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Article 
The Effect of -Carrageenan Proportion and Hot Water Extract of Pluchea Indica Less 
Leaf Tea to Quality and Sensory Properties of Stink Lily (Amorphophallus Muelleri) 
Wet Noodles 
 

Paini Sri Widyawati1,†,*, Thomas Indarto Putut Suseno1, Anna Ingani Widjajaseputra1, 
Theresia Endang Widoeri Widyastuti1, Vincentia Wilhelmina Moeljadi1, and Sherina 
Tandiono1 

1 Food Technology Study Program, Agricultural Technology Faculty, Widya Mandala 
Surabaya Catholic University, Dinoyo   Street Number 42-44, Surabaya, East Java, 
Indonesia, 60265  
* Correspondence: paini@ukwms.ac.id 

Abstract : The study aimed to determine the effect of the proportion of -carrageenan and 
hot water extract of pluchea leaf tea on the quality and sensory of stink lily wet noodles. The 
research design used was a Randomized Block Design with two factors, i.e. the difference in 
the proportion of -carrageenan (K) (0, 1, 2, and 3% b/b) and the addition of hot water extract 
of Pluchea indica Less leaf tea (L) (0, 15, and 30% b/v) with 12 treatment level (K0L0, K0L1, 
K0L2,  K1L0, K1L1, K1L2, K2L0, K2L1, K2L2, K3L0, K3L1, K3L2). The data were 
analyzed by the Anova at = 5% and continued with the Duncan's Multiple Range Test at 
= 5% and the best treatment was determined by the Spider web method based on sensory 
assay by a hedonic method. The proportions of -carrageenan and the concentration of 
pluchea tea extract had a significant effect on cooking quality and sensory properties. 
However, the interaction of the two factors affected the swelling index, yellowness (b*), 
chroma (C), hue (h), total phenol content (TPC), total flavonoid content (TFC), and DPPH 
free radical scavenging assay (AOA). The best treatment of wet noodles was K2L0 with a 
preference score of 15.8. The binding of -carrageenan and phenolic compounds to make 
networking structure by intra- and inter-disulfide bind between glucomannan and gluten, was 
thought to affect the cooking quality, sensory properties, bioactive compounds (TPC and 
TFC), and AOA. 

Keywords: Amorphophallus muelleri, Pluchea indica Less, wet noodles, quality and sensory 
properties 

1.   Introduction 
 Noodles are a rice substitute commodity that is much favored by the public [1], 
especially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, 
noodles are divided into wet noodles and dry noodles. Indonesia is the second country in the 
world that likes to consume noodles [2]. In 2017, the consumption of instant noodles achieves 
by 180.2 packets per head in the world, and in Indonesia, the consumption of wet noodles 
shows that all age groups and education levels like it [3]. Meanwhile, instant noodle 
consumption in 2020 reached 12,640 million portions [2]. Noodles are generally made from 
wheat flour, the use of local food ingredients based on carbohydrates, including stink lily 
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flour, can reduce the consumption of wheat flour which is quite high in Indonesia, the average 
consumption of wheat flour for the Indonesian population in 2019 is 17.8 kg/capita/year [4].  

Stink lily flour (Amorphophallus oncophyllus) is a group of Araceae that contains 
glucomannan oligosaccharides around 15-64% dry base [5] or more than 60% [6]. 
Glucomannan is a heteropolysaccharide consisting of 67% D-mannose and 33% D-glucose 
and has -1,4 and -1,6 glycoside bonds [7], which can reduce body weight, sugar content 
blood levels, LDL cholesterol levels and prolong gastric emptying time [8,9]. Stink lily flour 
has a glycemic index of 85 which is lower than the glycemic index of glucose which is 
considered to be 100 [7]. The use of stink lily flour in the manufacture of wet noodles is able 
to replace the role of gliadin and glutenin proteins in the formation of gluten with an elastic 
texture [10]. Polysaccharides in stink lily flour can dissolve in water to form a thick solution, 
form a gel, expand, and melt like agar [11], can increase the elasticity and cohesiveness 
[12,13] with increasing -helix and -sheet stuctures of wet noodles [13]. However, the 
higher the substitution of stink lily flour, the lower the texture preference because the noodles 
break easily and are sticky [12]. Therefore, it is necessary to add hydrocolloids, including 
carrageenan, because they can increase elasticity [14]. The combination of the use of 
glucomannan and carrageenan can form a strong and elastic gel [15]. 

The addition of hot water extract from pluchea leaf tea in making stink lily wet 
noodles is expected to increase the functional value of wet noodle products. Pluchea  leaves 
contain nutrients, such as: protein 1.79 g/100 g, fat 0.49 g/100 g, ash 0.20 g/100 g, insoluble 
fiber 0.89 g/100 g, soluble fiber 0.45 g/100 g, total fiber 1.34 g/100 g, carbohydrates 8.65 
g/100 g, calcium 251 g/100 g, -carotene 1.225 mg/100 g and vitamin C 30.17 mg/100 g as 
well as bioactive compounds, such as: phenolic acid 28.48±0.67 mg/100 g wb (chlorogenic 
acid 20±0.24 mg/100 g wb, caffeic acid 8.65±0.46 mg/100 g wb), total flavonoids 6.39 
mg/100 g wb (quercetin 5.21±0.26 mg/100 g wb, kaempferol 0.28±0.02 mg/100 g wb, 
myricetin 0.09± 0.03 mg/100 g wb), total anthocyanins 0.27±0.01 mg/100 g wb, -carotene 
1.70±0.05 mg/100 g wb, and total carotenoids 8.7±0.34 mg/100 g wb [16], 3-O-
caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-
dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid 
[17,18,19]. Meanwhile, hot water extract of 2% pluchea leaf tea (2 g/100 ml) contains a total 
phenolic content of 9.3 mg EAG/ g, total flavonoid content 22.0 mg EC/ g, DPPH free radical 
scavenging activity DPPH 27.2 mg EAG/ g, and reduced iron ion 10.2 mg EAG/ g [20], due 
to the presence of phytochemicals (alkaloids, flavonoids, phenolics, sterols, cardiac 
glycosides, phenol hydroquinone, tannins, terpenoids, and saponins) [20], which has been 
shown to have potential as an antioxidant [20,21] and antidiabetic [22]. The effect of using 
-carrageenan and water extract of pluchea leaf tea on the quality and sensory of stink lily 
wet noodles has not been studied in detail. Therefore, the purpose of this study was to 
determine the effect of the proportion of -carrageenan and hot water extract of pluchea leaf 
tea on the quality and sensory of stink lily wet noodles. 
 
2. Materials and Methods 
2.1. Chemicals and Reagents.  

The compounds 2,2-diphenyl1-picrylhydrazyl (DPPH), sodium carbonate, gallic 
acid, and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, USA). Methanol, folin 



ciocalteus phenol, sodium nitric, aluminium chloride, -carrageenan, and sodium hydroxide 
were purchased from Merck (New Jersey, USA). 
 
2.2. Preparation of Pluchea Leaf Tea.  

Pluchea leaves on each branch number 1-6 from the shoot were collected, sorted, and 
dried at an ambient temperature for 7 days until moisture content 11.16±0.09% dry base. And 
then dried leaves were powdered to get 45 mesh size [23]. Futhermore the leaf powder was 
heated by drying oven (Binder, Merck KGaA, Darmstadt, Germany) at 120oC for 10 min. 
Then dried powder of pluchea leaves was packed 2 g in tea bag that called pluchea leaf tea.  
 
2.3.  Preparation of Hot Water Extract of Pluchea Leaf Tea.  

Pluchea leaf tea in tea bag was extracted by hot water at 95oC for 1 min to get 15 and 
30% (b/v) concentrations (Table 1). And then each concentration of extract was used to make 
stink lily wet noodles.   
Table 1. The formula of hot water extract of pluchea leaf tea 

Materials 
Concentration of hot water extract of pluchea leaf tea (% b/v) 

0 15 30 
Pluchea leaf tea (g) 0 4.5 9 
Hot water (mL) 30 30 30 

 
2.4.  Stink Lily Wet Noodles Making.  

Stink lily wet noodles were made with mixing of wheat and stink lily flour, and -
carrageenan at 1, 2, and 3% (b/b) concentrations. And then the mixture was added egg, salt, 
baking powder, and hot water extract of pluchea leaf tea and kneaded to form a dough by a 
mixer machine. Then the dough was passed through a roller to make face bands the desired 
thickness and cut through rollers using cutting blades. The formula of stink lily wet noodle 
was showed at Table 2.  
 
2.5. Stink Lily Wet Noodles Extraction.  

125 g each sample from stink lily wet noodles was weighed (Ohaus, Ohaus 
Instruments (Shanghai) Co.,Ltd. RRT)  and then they were dried by cabinet drying at 60oC 
for 4 hours to get dried noodles.  Next each sample was powdered by chopper machine at 
second speed for 35 seconds and then 20 g powdered sample was added 50 mL methanol by 
shaking water bath at 35oC, 70 rpm for 1 hour. Filtrate was separated by Whatman filter paper 
grade 40 and residue was extracted again with same pattern way. Filtrate was collected and 
dried by rotary evaporator (Buchi Rotary Evaporator; Buchi Shanghai Ltd, RRT) at 0.2-0.3 
atm, 50oC for 60 min until getting 2 mL extract. Then extract was kept at 0oC before further 
study.   
 
2.6. Swelling Index Assay  

Swelling index or water absorption is the ability of noodles to absorb water after 
gelatinization during the boiling process [24]. The principle of water absorption testing is to 
determine the amount of water absorbed in wet noodles at a certain temperature and time. 
The amount of water absorbed in wet noodles can be determined from the difference between 



the weight of the noodles after and before being boiled divided by the weight of the noodles 
before boiling [25]. 
 
2.7. Cooking Loss Assay 

Cooking loss is one of the important quality parameters in wet noodles to determine 
the quality of wet noodles after cooking [26]. The cooking loss test for stink lily stink lily 
wet noodles was carried out to determine the number of solids that came out of the noodle 
strands during the cooking process, namely the release of a small portion of starch from the 
noodle strands. 
 
2.8. Determination of Tensile Strength of Wet Noodles 
 The tensile strength (elongation) is one important parameter of texture analysis in 
noodle products. The texture was determined using TA-XT2 texture analyzer (Stable Micro 
System Co., Ltd., Surrey, UK) fitted with a 5 kg load cell equipped with the Texture Exponent 
32 software V.4.0.5.0 (SMS).  The principle of the texture analyzer is to prepare a suitable 
probe for the test, then place the noodle samples on the table under the probe. The elongation 
of the noodles was individually tested by putting one end into the lower roller arm slot and 
sufficiently winding the loosened arm to fasten the noodle end. The same procedure was done 
to tighten the other end of the strip to the upper roller arm. Elongation, which was the 
maximum force to deform and break noodles by extension, was measured using a test speed 
of 3.0 mm/s, with a 100 mm distance between two rollers. Deformations were recorded using 
the software during the extension and are expressed as a graph. The elongation at breaking 
was calculated per gram. 

 
2.9. Color Measurement  

The noodle samples were measured by a colorimeter (Minolta CM-3500D; Minolta 
Co. Ltd., Osaka, Japan), and the CIE-Lab L*, a* and b* values were recorded as described 
by [27]. And then L*, a* and b* values were collected.  The L* value was stated the position 
on the white/black axis, the a* value the position on the red/green axis, and the b* value the 
position on the yellow/blue axis. The measurements were done in triplicate and the readings 
were averaged. 

2.10. Total Phenol Content Assay  
Total phenol content (TPC) of stink lily wet noodles was analyzed by 

spectrophotometric method using folin ciocateus phenol reagent [28]. Principles assay of the 
TPC assay are interaction between phenolic compounds and phosphomolybdic/ 
phosphotungstic acid complexes based on the transfer of electrons in alkaline medium from 
phenolic compounds to form a blue chromophore constituted by a phosphotungstic/ 
phosphomolybdenum complex. The reduced folin ciocalteus phenol reagent is detected by a 
spectrophotometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   760 nm and 
gallic acid is used as the reference standard compound and results are expressed as gallic acid 
equivalents (mg/kg wet noodles).   

 
  



2.11. Total Flavonoid Content Assay  
Total flavonoid content of samples was measured by spectrophotometric method with 

reaction between AlCl3 and NaNO2 with aromatic ring of flavonoid compounds [29]. And 
then mixture was added aluminium chloride to result yellow solution. Next, addition of 
NaOH solution in mixture caused red solution that was measured by spectrophotometer 
(Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   510 nm. As standard reference 
compound used was (+) catechin and results were expressed as catechin equivalents (mg/kg 
wet noodles). 

  
2.12. DPPH Free Radical Scavenging Activity Assay  

DPPH free radical scavenging activity was measured by the spectrophotometric 
method [30]. This method is used to determine the antioxidant capacity of a compound from 
an extract or other biological sources, based on transferring from the odd electron of a 
nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to result 
in DPPH-H with yellow-colored solution. Reaction between DPPH in methanol solution with 
samples was measured by spectrophotometer  (Spectrophotometer UV-Vis 1800, Shimadzu, 
Japan) at   517 nm. As standard reference compound used was gallic acid and results were 
expressed as gallic acid equivalents (mg/kg wet noodles).   

 
2.13. Sensory Evaluation 

Sensory assay was carried out to determine the level of panelist acceptance of wet 
noodles substituted with stink lily flour with the addition of carrageenan and hot water extract 
of pluchea leaf tea [31]. The test was carried out using the hedonic scale scoring method. 
This method is designed to measure the level of panelist preference for the product by rating 
the level of preference for the product being tested. Samples were served in dishes coded 
with random three-digit numbers that carried out using a completely randomized design 
(CRD) trial using 100 untrained panelists. Each panelist is faced with 15 (fifteen) samples 
and a questionnaire containing test instructions, and is asked to give each sample a score 
according to their level of preference. The parameters tested were taste, aroma, texture, color, 
and overall preference of wet noodles substituted with stink lily flour. The best treatment of 
samples was determined by spider web method that was correlated by the large area of graph 
[32].  

 
2.14. Experiment Design and Statistical Analysis 

The research design used was a randomized block design with two factors, i.e. 
differences in the proportion of -carrageenan (K) and differences in the concentration of 
pluchea tea extract (L) added to wet noodles. The proportion of -carrageenan consisted of 
4 (four) treatment levels, including 0% (K0), 1% (K1), 2% (K2), 3% (K3) and the 
concentration of pluchea tea extract consisted of 3 (three) levels, i.e. 0% (L0), 15% (L1), and 
30% (L2). Each treatment was repeated 3 (three) times in order to obtain 36 (thirty-six) 
experiment units. The experiment design of stink lily noodles can be seen in Table 2.  

The data are presented as mean ± SD of the triplicate determinations and were 
analyzed using ANOVA, followed by Duncan multiple range test for significant differences 



using the SPSS 17.0 software (SPSS Inc. Chicago, IL, USA). Values were considered 
significant at p = 0.05. 

 
3. Results  
3.1. Cooking Quality  

The evaluated cooking properties of the stink lily wet noodles were showed in Table 
3 and the stink lily wet noodles product was showed at Figure 1. The level of cooking was 
estimated by the moisture content, swelling index, cooking loss and tensile strength from 
noodles. Based on statistically analysis by Anova at p=0.05, showed that the  increasing of 
-carrageenan proportion went up significant difference of moisture content of wet noodles, 
but the addition of pluchea leaf hot water extract and the interaction effect of the proportion 
of -carrageenan and the addition of the extract no influenced to moisture content of wet 
noodles. The moisture content value was ranged from 62.83±0.58 to 65.83±0.22. The sample 
K3L0 had the highest moisture content and K0L2 had the lowest moisture content. 
Furthermore the addition of the -carrageenan proportion or pluchea tea extract had a 
significantly different effect such as the interaction effect of the addition of the two 
parameters, on the swelling  index or water absorption value of wet noodles based on 
statistical analysis at p=0.05. The water absorption value was ranged from 142.25±0.39% to 
162.21±0.25%. The treatment with the lowest swelling index was K0L2 and the highest was 
K3L0. Whereas the cooking loss of wet noodles decreased significantly with the addition of 
the proportion of –carrageenan but increased significantly with the addition of pluchea tea 
extract. The cooking loss of wet noodles was ranged 17.83±0.4% to 20.13±0.7%. K0L2 was 
treatment with the biggest cooking loss and K3L0 was treatment with the smallest cooking 
loss. Tensile strength value of stink lily noodles was significant different because there was 
an interaction effect of  -carrageenan proportion and pluchea tea extract addition . Tensile 
strength wet noodles was ranged 0.096±0.004 N to 0.174±0.015 N.  The analysis of stink lily 
noodles color showed that lightness had a significant increase in with an increasing 
proportion of carrageenan and decreased with increasing pluchea tea extract used because of 
the color effect of carrageenan and pluchea tea extract.  The lightness of wet noodles was 
ranged 67.80±0.22 to 74.50±0.23. The effect of the -carrageenan and pluchea tea extract 
color also influenced  significantly redness of wet noodles. The redness of wet noodles was 
ranged 1.20±0.04 to 3.30±0.23. The interaction effect of -carrageenan and pluchea tea 
extract addition was appeared on yellowness, chroma and hue values. The yellowness, 
chroma and hue values were ranged 16.90±0.27 to 30.00±0.07, 17.00±0.28 to 30.10±0.03, 
and 83.70±0.07 to 86.40±0.02, respectively. 
 
 
 



Table 2.  The formula of stink lily wet noodles   
Material K0L0 K0L1 K0L2 K1L0 K1L1 K1L2 K2L0 K2L1 K2L2 K3L0 K3L1 K3L2 

Wheat flour (g)  
 

120  120  120  120  120  120  120  120  120  120  120  120  

Stink lily flour (g)  
 

30  30  30  28.5  28.5  28.5  27  27  27  25.5  25.5  25.5  

-Carrageenan (g)  
 

0  0  0  1.5  1.5  1.5  3  3  3  4.5  4.5  4.5  

Egg (g)  
 

30  30  30  30  30  30  30  30  30  30  30  30  

Salt (g)  
 

3  3  3  3  3  3  3  3  3  3  3  3  

Baking Powder (g)  
 

1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  

Water (mL)  
 

30  0  0  30  0  0  30  0  0  30  0  0  

Hot water extract 
of pluchea leaves  
15% (mL)  
 

0  30 0  0  30 0  0  30  0  0  30  0  

Hot water extract 
of pluchea leaves 
30% (mL)  

0  0  30  0  0  30  0  0  30  0  0  30  

Total (g)  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  
Note:  K0 = wheat flour: stink lily flour: -carrageenan  = 80 : 20 : 0  
            K1 = wheat flour: stink lily flour: -carrageenan  = 80 : 19 : 1  
            K2 = wheat flour: stink lily flour: -carrageenan  = 80 : 18 : 2  
            K3 = wheat flour: stink lily flour: -carrageenan  = 80 : 17 : 3  
            L0 = concentration of hot water extract from pluchea leaf tea = 0%  
            L1 = concentration of hot water extract from pluchea leaf tea = 15%  
            L2 = concentration of hot water extract from pluchea leaf tea = 30% 



 
Figure 1. Stink Lily Noodles 

Note:  K0 = wheat flour: stink lily flour: -carrageenan  = 80 : 20 : 0,   K1 = wheat flour: stink lily flour: -carrageenan  = 80 : 19 : 1 ,   K2 = wheat flour: stink lily flour: -
carrageenan  = 80 : 18 : 2 , K3 = wheat flour: stink lily flour: -carrageenan  = 80 : 17 : 3,  L0 = concentration of hot water extract from pluchea leaf tea = 0%,   L1 = 
concentration of hot water extract from pluchea leaf tea   = 15% , L2 = concentration of hot water extract from pluchea leaf tea = 30% 



Table 3. Color, Moisture Content, Swelling Index, Cooking Loss, and Tensile Strength of Stink Lily Noodles 
 

Samples 
Color 

Moisture 
Content (%) 

Swelling 
Index (%) 

Cooking 
Loss (%) 

Tensile 
Strength (N) 

L* a* b* C h     
K0L0 73.00 ± 0,06 1.20 ± 0.06 16.90 ± 0.25a 17.00±0.31a 86.40±0.00g 64.15±0.70 148.90±0.15c 18.83±0.44 0.106±0.002 
K0L1 68.70 ± 0.35 2.60 ± 0.06 26.50 ± 0.32d 26.50±0.29c 84.40±0.21bc 63.66±0.38 146.36±0.27b 19.06±0.43 0.1051±0.001 
K0L2 67.80 ± 0.20 2.80 ± 0.06 27.80 ± 0.46ef 27.80±0.45e 84.20±0.32abc 62.83±0.58 142.25±0.39a 20.13±0.71 0.116±0.006 
K1L0 73.40 ± 0.25 1.30 ± 0.06 17.30 ± 0.15ab 17.30±0.15a 85.70±0.21f 64.42±0.80 149.63±0.34d 18.47±0.31 0.086±0.005 
K1L1 69.00 ± 0.36 2.80 ± 0.12 27.30 ± 0.45e 27.40±0.50d 84.20±0.15a 62.95±0.68 146.65±0.43b 19.36±0.92 0.103±0.004 
K1L2 68.30 ± 0.15 3.00 ± 0.12 28.60 ± 0.12g 28.70±0.15f 84.00±0.15abc 63.37±1.04 148.85±057c 19.76±0.90 0.108±0.005 
K2L0 73.70 ± 0.10 1.50 ± 0.00 17.70 ± 0.26bc 17.80±.23a 85.20±0.06de 64.67±1.08 155.67±0.46h 18.18±0.45 0.098±0.002 
K2L1 69.40± 0.15 3.00 ± 0.06 28.20 ± 0.15fg 28.40±0.15f 83.80±0.17ab 63.74±0.75 150.96±0.71e 18.62±0.41 0.106±0.005 
K2L2 68.70 ± 0.06 3.10 ± 0.15 29.30 ± 0.00h 29.40±0.06g 84.00±0.15abc 64.25±1.60 154.82±0.44g 19.34±0.77 0.114±0.003 
K3L0 74.50 ± 0.23 1.70 ± 0.12 18.10 ± 0.00c 18.10±0.06b 84.60±0.21cd 65.83±0.22 162.21±0.25i 17.83±0.41 0.110±0.003 
K3L1 69.80 ± 0.50 3.20 ± 0.06 29.30 ± 0.12h 29.30±0.06g 83.80±0.53ab 64.57±1.78 153.35±0.15f 18.36±0.17 0.124±0.007 
K3L2 69.00 ± 0.20 3.30 ± 0.26 30.00 ± 0.06i 30.10±0.06h 83.60±0.06a 65.49±1.04 159.59±0.52i 19.22±0.84 0.126±0.008 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) 
in the same column are significantly different, p<0.05. 



3.2. Bioactive Compounds and Antioxidant Activity 
 Bioactive compounds analyzed included total phenol content (TPC) and total 
flavonoid content (TFC). The analysis data showed that the TPC and TFC increased 
significantly due to the interaction effect between the proportion of -carrageenan and the 
addition of pluchea tea extract (Table 4). The results of the analysis showed that the control 
sample K0L0 had the lowest total phenol, i.e.  0.3409 ± 0.0338 mg GAE/kg dry noodles. The 
K2L2 sample had the highest total phenol, which was 1.1963 ± 0.0272 mg GAE/kg dry 
noodles. This result was suitable with the TFC value of wet noodles where K0L0 had the 
lowest TFC value and K2L2 had the highest value, i.e. 0.0534 ± 0.0036 and 1.3364 ± 0.04601 
mg CE/kg dry noodles, respectively. The high and low values of TPC and TFC were 
correlated with AOA. The higher the TPC and TFC values, the higher the AOA value. The 
DPPH free radicals scavenging activity (AOA) of wet noodles was determined significantly 
by the interaction effect of adding the proportion of -carrageenan and pluchea tea extract. 
K0L0 had the lowest AOA value and K2L2 had the highest AOA value, i.e. 0.4143±0.0060 
and 0.7576±0.0092 mg GAE/kg dry noodles, respectively. 
 
3.3.    Sensory Properties 

The evaluated sensory properties of the stink lily noodles were shown in Table 5. 
Parameter sensory that analyzed included aroma, color, taste, texture, and overall 
acceptability.  The method used for sensory assay of stink lily noodles was hedonic scale 
scoring or a test of the level of consumer preference for a product by giving an assessment 
or score on a certain trait [33]. Organoleptic testing of stink lily wet noodles was presented 
to 100 untrained panelists aged 17-25 years. Panelists are asked to give scores or numbers 
based on their level of preference for certain treatments. The value scale used was 1-15, 
where a value of 0-3.0 indicated "strongly dislike", a value of 3.1-6.0 "does not like", a value 
of 6.1-9.0 "neutral", a value of 9.1-12.0 “like”, and 12.1-15.0 “like very much”. The results 
of statistical tests by ANOVA at =5% showed that interaction effect of each treatment 
significantly influenced the panelists' preference for noodle color. The preference value of 
stink lily noodles color was ranged from 9.12 to 12.02 (like). The highest color preference 
value was the control treatment (K0L0) and the treatment with the lowest color preference 
value was K0L1. The interaction effect of each treatment were significantly determined the 
panelists' preference for the aroma. The preference value for the aroma of wet noodles was 
ranged from 8.29 to 11.58 (neutral-like). The treatment with the highest preference value was 
stink lily noodles K1L0 and the treatment with the lowest preference value was K3L2 
treatment. The preference value of noodles taste was only affected by -carrageenan 
proportion or extract concentration. The preference value for the wet noodle taste was ranged 
from 8.18 to 11.08 (neutral-like). The treatment with the highest taste preference value was 
K2L0 while the treatment with the lowest taste preference value was K0L2. Increasing the 
proportion of carrageenan to 2% increased the preference value for taste, after that it 
decreased with the addition of the proportion of 3% carrageenan. While increasing the 
concentration of pluchea leaf tea extract decreased the panelists' preference for taste. The 
results of statistical tests using ANOVA at p= 5% showed that the addition of extract only 
significantly influenced the panelists' preference for noodles texture. In this study, the 
preference for wet noodles texture was ranged from 9.46 to 11.66 (like).



Table 4. Total Phenol Content, Total Flavonoid Content, and DPPH Free Radical Scavenging Activity of Stink Lily Noodles 

Samples TPC (mg GAE/g dry noodles) TFC (mg CE/g dry noodles) DPPH Scavenging Activity (mg GAE/g dry noodles) 

K0L0 0.3409±0.0338a 0.0571±0.0035a 0.4143±0.0060a 
K0L1 0.9480±0.0273d 0.7044±0.0065c 0.7424±0.0159c 
K0L2 1.0991±0.0466e 1.1087±0.0065d 0.7571±0.0013c 
K1L0 0.4576±0.0396b 0.0821±0.0017a 0.5229±0.0259b 
K1L1 0.9243±0.0774d 0.7348±0.0030c 0.7497±0.0055c 
K1L2 1.0047±0.0704d 1.0910±0.0949d 0.7509±0.0012c 
K2L0 0.4997±0.0450b 0.0888±0.0084a 0.5318±0.0052b 
K2L1 0.9648±0.0248d 0.7181±0.0179c 0.7477±0.0043c 
K2L2 1.1963±0.0272f 1.3364±0.0460e 0.7576±0.0092c 
K3L0 0.5267±0.0070b 0.2181±0.0025b 0.5873±0.0197b 
K3L1 0.8070±0.0307c 0.7264±0.0385c 0.7508±0.0077c 
K3L2 1.1446±0.0636ef 1.0674±0.0627d 0.7505±0.0066c 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) 
in the same column are significantly different, p<0.05. 



The increasing the addition of extracts decreased the level of the texture preference of wet 
noodles. The overall preference value of wet noodles showed that there was the interaction 
effect between the proportion of -carrageenan and the addition of pluchea tea extract. The 
preference value for the overall of wet noodles was ranged from 8.62 to 11.24 (neutral-like). 
The treatment with the highest preference value was stink lily noodles K0L0 and the 
treatment with the lowest preference value was K3L2. Determination of the best treatment 
for differences in the proportions of -carrageenan and the addition of pluchea tea extract on 
wet noodles was determined using the spider web method based on organoleptic parameters 
(color, aroma, taste, texture and overall). The spider web graph can be seen in Figure 2. Data 
showed that the treatment with the largest area was K2L0, i.e. wet noodles with the proportion 
of -carrageenan 2 % with the addition of 0% pluchea tea extract. The area of the K2L0 
treatment area was 79.16 cm2 and had a preference score of 15.8 with a very like category.  
 

 
 

Figure 2. Spider web Graph to Determine The Best Treatment of Stink Lily Noodles 
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Table 5. Sensory Properties of Stink Lily Noodles 
 

Samples 
Hedonic Preference Score  

Color Aroma Taste Texture Overall  

K0L0 12.02f 10.93d 10.52 10.95 11.24f 

K0L1 9.12a 10.26cd 8.72 10.03 8.79a 

K0L2 11.83ef 8.86ab 8.18 9.58 9.04ab 

K1L0 9.98bc 11.58e 10.15 11.66 10.3cde 

K1L1 9.44ab 9.58bc 9.49 10.66 8.93ab 

K1L2 10.59cd 8.45a 8.87 9.46 9.11ab 

K2L0 11.62f 10.93de 11.08 11.15 11.07def 

K2L1 10.63cd 10.14ab 9.82 10.61 9.42abc 

K2L2 10.94de 8.84cd 9.09 10.38 10.16cde 

K3L0 11.51ef 10.36cd 10.37 11.07 10.84def 

K3L1 9.37ab 10.07a 9.95 11 9.72bc 

K3L2 9.47ab 8.29cd 9.57 9.64 8.62a 



4. Discussion 
4.1. Cooking Quality  

Moisture content is a major parameter of stinky silky wet noodles that shows the 
amount of water contained in food product that determines rheological characteristics, 
chemical, physical, and sensory properties, and shelf life of food product [34]. The -
carrageenan addition gave a significant difference of moisture content to wet noodles. The 
-carrageenan is hydrocolloids that has a group of sulfate and water-soluble polysaccharides 
[35,36,37],  composes  an ester sulfate content about  25-30% and a 3,6-anhydro-galactose 
(3,6-AG) about 28 to 35% [38,36]. This anionic carrageenan can interact very tightly with 
water molecule [39] and can be collaborated with glucomannan from stink lily on gelation 
process [40] with making intra- and inter-disulfide bind at network structure of gluten 
[13,41]. The -carrageenan can bind with limited free water molecule, form complexes 
compounds with water, and interact with gluten network [13]. However, the mobility of water 
mainly depends on changes in the hydrogen bond structure. The presence of hydrophilic 
components such as proteins, carbohydrates, glucomannan, -carrageenan and polyphenolic 
compounds in wet noodles can be involved in hydrogen bonding with water molecules that 
determine water mobility [13,34,41,42]. Thus, increasing the proportion of k-carrageenan 
can increase the amount of free water and weakly bound water in the wet noodles. 

The swelling index or water absorption is the ability of a product to absorb water 
which is influenced by particle size, chemical composition, and water content [43]. The 
swelling index of wet noodles was determined by the presence of -carrageenan, protein, 
starch, glucomannan, and bioactive compounds of pluchea tea extract in dough. [13] said that 
glutelin proteins of wheat flour can involve intra-and intermolecular disulfide bonds to result 
a fibrous shape, and then globular gliadin protein of wheat flour can be bound at the glutenin 
skeleton by non-covalent bonds to be a unique networks structure of gluten. The addition of 
the glucomannan of stinky silky flour as a non-ionic hydrocolloid has good water holding 
capacity and can be made a stronger three-dimensional network structure. [44] informed that 
the glucomannan can fill the number of holes of the network structure of gluten that make a 
structure dense and stable. [13] underlined that glucomannan has many hydroxyl group in 
the structure that can be bound tightly with water by electrostatic forces and hydrogen bond. 
[41] said that the presence of -carrageenan in dough can be synergist with glucomannan to 
change sulfhydryl groups to be disulfide bonds in protein. [20] informed that bioactive 
compounds of pluchea tea extract are alkaloids, flavonoids, phenolics, phenol hydroquinone, 
saponins, tannins, sterols, terpenoids, and cardiac glycosides. Meanwhile [16] informed that 
pluchea leaves contain 1.79 g/100 g protein, 0.49 g/100 g fat, 0.20 g/100 g ash, 0.89 g/100 g 
insoluble fiber, 0.45 g/100 g dissolved fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 
g/100 g, calcium 251 g/100 g, -carotene 1.225 g/100 g and vitamin C 30.17 g/100 g, and 
phenolic acid bioactive compounds 28.48± 0.67 mg/100 g body weight (chlorogenic acid 
20±0.24 mg/100 g body weight, caffeic acid 8.65±0.46 mg/100 g body weight), total 
flavonoids 6.39 mg/100 g body weight (quercetin 5.21± 0.26 mg/100 g body weight, 
kaempferol 0.28 ± 0.02 mg/100 g body weight, myrisetin 0.09 ± 0.03 mg/100 g body weight), 
total anthocyanins 0.27 ± mg/100 g body weight, -carotene 1.70 ± 0.05 mg/100 g body 
weight and total carotenoids 8.7 ± 0.34 mg/100 g body weight. [17,18,19] proved that pluchea 
leaves contain 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 



3,4-O-dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5- O-dicaffeoylquinic acid. 
[45] informed that phenolic acid can be bound with protein and carbohydrate by non-covalent 
interactions, i.e. hydrophobic interaction, hydrogen bonding, electrostatic interaction, van der 
Waals interaction, and - stacking. The presence of -carrageenan proportion and pluchea 
tea extract addition that differed caused change of composition and various interaction of 
compounds that determined different swelling index of wet noodles.  

The phenomena was caused by -carrageenan and  bioactive compounds of pluchea 
tea extract, especially phenolic compounds, that involved the interaction with protein and 
carbohydrate  in dough. -carrageenan can stabilized and supported a rigid structure of 
gluten. The hydrocolloid can avoid starch gelatinization process because it can bind tightly 
with water molecule caused lower the water activity. Supported by [13,46,41], -carrageenan 
can trap the free water molecule that starch can’t absorb the water  molecule and require 

higher energy to break the energy barrier required for the starch gelatinization process. 
Whereas [42,47,45] clarified that starch can be bound with polyphenol, including 
hydrophobic and electrostatic interactions and hydrogen bond that the hydrogen bond is 
dominant binding forces. This interaction can support releasing of amylose of starch 
gelatinization process that the cooking loss increased at the higher pluchea tea extract 
addition. The presence of polyphenol compounds of pluchea tea extract caused water 
competition with glutenin and gliadin of wheat flour that inhibited interaction between 
glutenin and gliadin to form gluten. According to [47], gluten and gliadin in a random coil 
structure can be aggregated by phenolic compounds and starch easily undergoes a 
gelatinization process where amylose interacts with polyphenolic compounds, through 
hydrogen bonds and hydrophobic interactions. The more protein in the form of random coil 
structure causes the protein to easily interact with polyphenols and come out of the noodles 
during the cooking process that the cooking loss increases. 

The increasing -carrageenan proportion grew up tensile strength  because this 
hydrocolloid could be made strong cross linking through inter-molecular and intra-molecular 
bonds involving the glutenin and gliadin of wheat flour protein, and glucomannan of stink 
lily flour. The more networks that are formed between the components of the noodles have 
an effect on the tensile strength of wet noodles, and vice versa [13,48]. The synergism effect 
of the wet noodles component determined water bind capacity and water mobility that 
established texture properties of wet noodles, this statement is supported by [34,40,41]. [49] 
also informed that the addition of hydrocolloids in the noodles-making process increases the 
viscosity and water absorption because the water binding and holding properties of 
hydrocolloids that can form gel. However, the addition of pluchea tea extract caused the 
tensile strength to decline because the polyphenol compounds of pluchea tea extract induced 
breakdown of the networking structure among the components of dough because there was 
water competition among them. Furthermore, the polyphenol compounds could be reacted 
with starch and protein because the formation of the gluten network was disrupted that gliadin 
and glutenin in the form of random coils and starch could be underwent an excessive 
gelatinization process. This opinion is supported by [13,42,41]. -carrageenan has a 
yellowish white color and has the ability to bind water molecules that it increases the 
lightness of wet noodles, while the pluchea tea extract contains polyphenolic compounds, 
such as tannins which can give the noodles a brown color that the lightness level is reduced. 



This opinion was supported by [20,38]. The increase in yellowness was in line with the 
increase in lightness because the higher the water content value was caused by the ability of 
-carrageenan to bind water molecules, thereby increasing the brightness and the brown color 
contribution of the pluchea tea extract gave a brownish-yellow color of the wet noodles that 
the intensity of this color increased as indicated by the increased chroma value. 
 
4.2. Bioactive Compounds and Antioxidant Activity 

The stinky silky wet noodles K0L0 had the lowest TPC and TFC because there was 
contributed of phenolic content from wheat flour and egg.  [50] said that wheat flour has 
phenolic acids including ferulic, caffeic, and p-coumaric acid. Moreover, the presence of 
TFC in the K0L0 sample is thought to be due to the presence of a thiol group in egg white 
which is able to chelate metal ions and is able to be conjugated with saccharides [51], as well 
as 3,5-diacetyltambulin compounds from stink lily flour [52]. While the TFC and TPC values 
in the K2L2 sample were dominantly contributed by the presence of phytochemical 
compounds in the pluchea tea extract. [20] explained that there are phytochemical 
compounds in the pluchea tea extract. [16, 17,18,19] also emphasized that pluchea leaves 
contain phenolic acids and flavonoids.  The existence of a non-significant difference between 
treatments in the TPC and TFC assays indicated an interaction between the components in 
the dough that it affected the presence of free hydroxyl groups that could bind to the Folin 
Ciocalteus phenol reagent. as described by [13,41,42,45,47] glutenin, gliadin, glucomannan, 
-carrageenan, and polyphenol compounds are involved in the formation of networks 
structure in the dough so as to determine the quality of wet noodles. The interactions that 
occur involve various non-covalent interaction mechanisms that affect the presence of free 
hydroxyl groups. The TPC and TFC values of wet noodles in each treatment affected 
antioxidant activity (AOA). They determined AOA of wet noodles, usually positively 
correlated. [53] said that TPC and AOA were strongly correlated in seeds, sprouts and grasses 
of corn (Zea mays L.). [54] also informed that there is an excellent correlation coefficient 
between the TPC, TFC and antioxidant activities of Phaleria macrocarpa fruit. [55] 
explained that the high level of flavonoids and phenols in plant caused the antioxidant activity 
of Grewia carpinifolia extract. The antioxidant activity of phenolics is related to their redox 
properties which induced them to act as reducing agents, hydrogen donors, singlet oxygen 
quenchers and metal chelators.  [56] underlined that DPPH free radical scavenging activity 
of polyphenol compounds of T. pallida extract was determined by hydrogen donating ability 
which it highly correlated. The potency of wet noodles as AOA was determined by reduced 
capability of DPPH free radical solution color from purple to be yellow color. 

 
4.3.    Sensory Properties 

The analysis of sensory properties of the stink lily noodles was conducted by the 
hedonic scale scoring method with attribute the preference of color, taste, aroma, texture and 
overall. The result of the color preference test showed that the control treatment (K0L0) was 
the highest value because the treatment without the addition of pluchea tea extract not change 
the color of the wet noodles was yellowish-white. And then the treatment with the lowest 
color preference value was K0L1 due to the addition of this extract decreased the panelists' 
preference for the color because the noodles were darker and brownish color. [16,20] said 



that the color of the pluchea tea extract contributed to changing the color of this wet noodle 
originated from tannins, flavonoids, and chlorophyll. However, in this study, increasing the 
extract concentration did not significantly affect the panelists' preference for color when the 
proportion of -carrageenan increased, because the addition of stink lily flour and -
carrageenan would increase the lightness of the wet noodles that the produced color of the 
wet noodles was brighter and preferred by panelists. This data was supported by the data 
from color rider analysis, where the results of the sensory test by the panelists were in line 
with the decrease in the lightness value, the increase in the reddish and yellowish values, the 
hue value showed the yellow-red color, and chroma value showed an increase in color 
intensity. The panelist preference of aroma from wet noodles was determined by the aroma 
from the material used to make wet noodles or the interaction of aroma produced from the 
reaction among the material composition. According to [57], stink lily flour has a musty 
aroma, and all wet noodles produced have a musty smell. Meanwhile, according to [58], -
carrageenan is unscented that not contribute to wet noodles. The addition of pluchea tea 
extract decreased the panelists' preference for the aroma of wet noodles because the addition 
of the extract caused the wet noodles to smell like leaves (floral) and unpleasant and the 
panelists did not like it. Fragrant or unpleasant aroma comes from volatile compounds 
contained in pluchea leaves. According to [59], pluchea leaves have 66 volatile compounds, 
these volatile compounds play a role in forming the aroma in the hot water extract of pluchea 
leaf tea. According to [60], pluchea leaves contain volatile compounds contributed by 
aliphatic aldehyde group compounds or aromatic compounds that give a distinctive aroma, 
therefore the presence of these compounds in steeping water can give a specific aroma, i.e. 
fragrant (floral) in wet noodles. There was a difference in the effect of the proportion of -
carrageenan and pluchea leaf tea extract on taste due to the contribution of taste produced by 
carrageenan and extract. According to [57,61], stink lily flour and -carrageenan do not have 
a distinctive or neutral taste, increasing the concentration of -carrageenan gives a higher 
preference value because noodles are considered to have a better texture that contributes to 
the assessment of taste. The increase in the concentration of pluchea tea extract caused the 
taste preference value of noodles to decrease significantly, this is due to the presence of 
tannins, catechins, and phenolic compounds in the pluchea tea extract which determined 
bitter and slightly astringent. The effect of -carrageenan proportion and tea extract to make 
wet noodles influenced panelist preference of texture because this hydrocolloid can be make 
strong cross linking through inter-molecular and intra-molecular bonds involving the 
glutenin and gliadin of wheat flour protein, and glucomannan of stink lily flour that 
determined water bind capacity and water mobility [34,40,41]. Presence of the polyphenol 
compounds of pluchea tea extract can be breakdown of the networking structure among the 
components of dough because of water competition of them. [13,42,41] said that the 
polyphenol compounds could be reacted with starch and protein to disrupt the gluten network 
and cause starch to undergo an excessive gelatinization process. The difference in the 
proportion of -carrageenan change the overall preference value of wet noodles to be 
significantly different overall compared to the control, this was because the proportion of -
carrageenan influenced  the all sensory attribute (color, aroma, and taste). The addition of 
pluchea tea extract in wet noodles decreased the overall preference value because the addition 
of extract affected the organoleptic characters tested due to the content of secondary 



metabolites of pluchea leaves, such as flavonoids, phenols, and tannins that could affect the 
taste, aroma, the color, and texture of the noodles. Based on spider web graph showed that 
K2L0 was the best treatment of stink lily wet noodles. It was also supported by better 
physicochemical properties than the control, including yellowish white wet noodles, better 
swelling index, lower cooking loss, higher tensile strength value, and lower moisture content. 
However, this K2L0 treatment did not have the highest TPC, TFC, and AOA, i.e. 
0.4997±0.0450; 0.0888±0.0084; and 0.5318±0.0052, respectively. 
 
5. Conclusions 

The use of -carrageenan proportions and pluchea leaf tea extract had a significant 
effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical 
analysis at p=5% showed that there was an interaction effect of the proportion of -
carrageenan and pluchea leaf tea extract on the swelling index, yellowness, chroma, hue, 
TPC, TFC, AOA, the preference value for color, aroma, and overall. While the moisture 
content of wet noodles was only affected by the proportion of -carrageenan, for tensile 
strength, cooking loss, lightness, and redness, and the preference value for texture and taste 
were influenced by the proportions of -carrageenan and the concentration of pluchea leaf 
tea extract, respectively. The best treatment based on the spider web graph showed that the 
K0L2 treatment had the largest area 79.16 cm2 and a preference score of 15.8 with a very 
like category, this is in accordance with the results of physicochemical and sensory tests, but 
it was no correlated with the highest bioactive content (TPC and TFC) and antioxidant 
activity.  
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Article 
The Effect of -Carrageenan Proportion and Hot Water Extract of Pluchea Indica Less 
Leaf Tea to Quality and Sensory Properties of Stink Lily (Amorphophallus Muelleri) 
Wet Noodles 
 

Paini Sri Widyawati1,†,*, Thomas Indarto Putut Suseno1, Anna Ingani Widjajaseputra1, 
Theresia Endang Widoeri Widyastuti1, Vincentia Wilhelmina Moeljadi1, and Sherina 
Tandiono1 

1 Food Technology Study Program, Agricultural Technology Faculty, Widya Mandala 
Surabaya Catholic University, Dinoyo   Street Number 42-44, Surabaya, East Java, 
Indonesia, 60265  
* Correspondence: paini@ukwms.ac.id 

Abstract : The study aimed to determine the effect of the proportion of -carrageenan and 
hot water extract of pluchea leaf tea on the quality and sensory of stink lily wet noodles. The 
research design used was a Randomized Block Design with two factors, i.e. the difference in 
the proportion of -carrageenan (K) (0, 1, 2, and 3% b/b) and the addition of hot water extract 
of Pluchea indica Less leaf tea (L) (0, 15, and 30% b/v) with 12 treatment level (K0L0, K0L1, 
K0L2,  K1L0, K1L1, K1L2, K2L0, K2L1, K2L2, K3L0, K3L1, K3L2). The data were 
analyzed by the Anova at = 5% and continued with the Duncan's Multiple Range Test at 
= 5% and the best treatment was determined by the Spider web method based on sensory 
assay by a hedonic method. The proportions of -carrageenan and the concentration of 
pluchea tea extract had a significant effect on cooking quality and sensory properties. 
However, the interaction of the two factors affected the swelling index, yellowness (b*), 
chroma (C), hue (h), total phenol content (TPC), total flavonoid content (TFC), and DPPH 
free radical scavenging assay (AOA). The best treatment of wet noodles was K2L0 with a 
preference score of 15.8. The binding of -carrageenan and phenolic compounds to make 
networking structure by intra- and inter-disulfide bind between glucomannan and gluten, was 
thought to affect the cooking quality, sensory properties, bioactive compounds (TPC and 
TFC), and AOA. 

Keywords: Amorphophallus muelleri, Pluchea indica Less, wet noodles, quality and sensory 
properties 

1.   Introduction 
 Noodles are a rice substitute commodity that is much favored by the public [1], 
especially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, 
noodles are divided into wet noodles and dry noodles. Indonesia is the second country in the 
world that likes to consume noodles [2]. In 2017, the consumption of instant noodles achieves 
by 180.2 packets per head in the world, and in Indonesia, the consumption of wet noodles 
shows that all age groups and education levels like it [3]. Meanwhile, instant noodle 
consumption in 2020 reached 12,640 million portions [2]. Noodles are generally made from 
wheat flour, the use of local food ingredients based on carbohydrates, including stink lily 
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flour, can reduce the consumption of wheat flour which is quite high in Indonesia, the average 
consumption of wheat flour for the Indonesian population in 2019 is 17.8 kg/capita/year [4].  

Stink lily flour (Amorphophallus oncophyllus) is a group of Araceae that contains 
glucomannan oligosaccharides around 15-64% dry base [5] or more than 60% [6]. 
Glucomannan is a heteropolysaccharide consisting of 67% D-mannose and 33% D-glucose 
and has -1,4 and -1,6 glycoside bonds [7], which can reduce body weight, sugar content 
blood levels, LDL cholesterol levels and prolong gastric emptying time [8,9]. Stink lily flour 
has a glycemic index of 85 which is lower than the glycemic index of glucose which is 
considered to be 100 [7]. The use of stink lily flour in the manufacture of wet noodles is able 
to replace the role of gliadin and glutenin proteins in the formation of gluten with an elastic 
texture [10]. Polysaccharides in stink lily flour can dissolve in water to form a thick solution, 
form a gel, expand, and melt like agar [11], can increase the elasticity and cohesiveness 
[12,13] with increasing -helix and -sheet stuctures of wet noodles [13]. However, the 
higher the substitution of stink lily flour, the lower the texture preference because the noodles 
break easily and are sticky [12]. Therefore, it is necessary to add hydrocolloids, including 
carrageenan, because they can increase elasticity [14]. The combination of the use of 
glucomannan and carrageenan can form a strong and elastic gel [15]. 

The addition of hot water extract from pluchea leaf tea in making stink lily wet 
noodles is expected to increase the functional value of wet noodle products. Pluchea  leaves 
contain nutrients, such as: protein 1.79 g/100 g, fat 0.49 g/100 g, ash 0.20 g/100 g, insoluble 
fiber 0.89 g/100 g, soluble fiber 0.45 g/100 g, total fiber 1.34 g/100 g, carbohydrates 8.65 
g/100 g, calcium 251 g/100 g, -carotene 1.225 mg/100 g and vitamin C 30.17 mg/100 g as 
well as bioactive compounds, such as: phenolic acid 28.48±0.67 mg/100 g wb (chlorogenic 
acid 20±0.24 mg/100 g wb, caffeic acid 8.65±0.46 mg/100 g wb), total flavonoids 6.39 
mg/100 g wb (quercetin 5.21±0.26 mg/100 g wb, kaempferol 0.28±0.02 mg/100 g wb, 
myricetin 0.09± 0.03 mg/100 g wb), total anthocyanins 0.27±0.01 mg/100 g wb, -carotene 
1.70±0.05 mg/100 g wb, and total carotenoids 8.7±0.34 mg/100 g wb [16], 3-O-
caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-
dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid 
[17,18,19]. Meanwhile, hot water extract of 2% pluchea leaf tea (2 g/100 ml) contains a total 
phenolic content of 9.3 mg EAG/ g, total flavonoid content 22.0 mg EC/ g, DPPH free radical 
scavenging activity DPPH 27.2 mg EAG/ g, and reduced iron ion 10.2 mg EAG/ g [20], due 
to the presence of phytochemicals (alkaloids, flavonoids, phenolics, sterols, cardiac 
glycosides, phenol hydroquinone, tannins, terpenoids, and saponins) [20], which has been 
shown to have potential as an antioxidant [20,21] and antidiabetic [22]. The effect of using 
-carrageenan and water extract of pluchea leaf tea on the quality and sensory of stink lily 
wet noodles has not been studied in detail. Therefore, the purpose of this study was to 
determine the effect of the proportion of -carrageenan and hot water extract of pluchea leaf 
tea on the quality and sensory of stink lily wet noodles. 
 
2. Materials and Methods 
2.1. Chemicals and Reagents.  

The compounds 2,2-diphenyl1-picrylhydrazyl (DPPH), sodium carbonate, gallic 
acid, and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, USA). Methanol, folin 



ciocalteus phenol, sodium nitric, aluminium chloride, -carrageenan, and sodium hydroxide 
were purchased from Merck (New Jersey, USA). 
 
2.2. Preparation of Pluchea Leaf Tea.  

Pluchea leaves on each branch number 1-6 from the shoot were collected, sorted, and 
dried at an ambient temperature for 7 days until moisture content 11.16±0.09% dry base. And 
then dried leaves were powdered to get 45 mesh size [23]. Futhermore the leaf powder was 
heated by drying oven (Binder, Merck KGaA, Darmstadt, Germany) at 120oC for 10 min. 
Then dried powder of pluchea leaves was packed 2 g in tea bag that called pluchea leaf tea.  
 
2.3.  Preparation of Hot Water Extract of Pluchea Leaf Tea.  

Pluchea leaf tea in tea bag was extracted by hot water at 95oC for 1 min to get 15 and 
30% (b/v) concentrations (Table 1). And then each concentration of extract was used to make 
stink lily wet noodles.   
Table 1. The formula of hot water extract of pluchea leaf tea 

Materials 
Concentration of hot water extract of pluchea leaf tea (% b/v) 

0 15 30 
Pluchea leaf tea (g) 0 4.5 9 
Hot water (mL) 30 30 30 

 
2.4.  Stink Lily Wet Noodles Making.  

Stink lily wet noodles were made with mixing of wheat and stink lily flour, and -
carrageenan at 1, 2, and 3% (b/b) concentrations. And then the mixture was added egg, salt, 
baking powder, and hot water extract of pluchea leaf tea and kneaded to form a dough by a 
mixer machine. Then the dough was passed through a roller to make face bands the desired 
thickness and cut through rollers using cutting blades. The formula of stink lily wet noodle 
was showed at Table 2.  
 
2.5. Stink Lily Wet Noodles Extraction.  

125 g each sample from stink lily wet noodles was weighed (Ohaus, Ohaus 
Instruments (Shanghai) Co.,Ltd. RRT)  and then they were dried by cabinet drying at 60oC 
for 4 hours to get dried noodles.  Next each sample was powdered by chopper machine at 
second speed for 35 seconds and then 20 g powdered sample was added 50 mL methanol by 
shaking water bath at 35oC, 70 rpm for 1 hour. Filtrate was separated by Whatman filter paper 
grade 40 and residue was extracted again with same pattern way. Filtrate was collected and 
dried by rotary evaporator (Buchi Rotary Evaporator; Buchi Shanghai Ltd, RRT) at 0.2-0.3 
atm, 50oC for 60 min until getting 2 mL extract. Then extract was kept at 0oC before further 
study.   
 
2.6. Swelling Index Assay  

Swelling index or water absorption is the ability of noodles to absorb water after 
gelatinization during the boiling process [24]. The principle of water absorption testing is to 
determine the amount of water absorbed in wet noodles at a certain temperature and time. 
The amount of water absorbed in wet noodles can be determined from the difference between 



the weight of the noodles after and before being boiled divided by the weight of the noodles 
before boiling [25]. 
 
2.7. Cooking Loss Assay 

Cooking loss is one of the important quality parameters in wet noodles to determine 
the quality of wet noodles after cooking [26]. The cooking loss test for stink lily stink lily 
wet noodles was carried out to determine the number of solids that came out of the noodle 
strands during the cooking process, namely the release of a small portion of starch from the 
noodle strands. 
 
2.8. Determination of Tensile Strength of Wet Noodles 
 The tensile strength (elongation) is one important parameter of texture analysis in 
noodle products. The texture was determined using TA-XT2 texture analyzer (Stable Micro 
System Co., Ltd., Surrey, UK) fitted with a 5 kg load cell equipped with the Texture Exponent 
32 software V.4.0.5.0 (SMS).  The principle of the texture analyzer is to prepare a suitable 
probe for the test, then place the noodle samples on the table under the probe. The elongation 
of the noodles was individually tested by putting one end into the lower roller arm slot and 
sufficiently winding the loosened arm to fasten the noodle end. The same procedure was done 
to tighten the other end of the strip to the upper roller arm. Elongation, which was the 
maximum force to deform and break noodles by extension, was measured using a test speed 
of 3.0 mm/s, with a 100 mm distance between two rollers. Deformations were recorded using 
the software during the extension and are expressed as a graph. The elongation at breaking 
was calculated per gram. 

 
2.9. Color Measurement  

The noodle samples were measured by a colorimeter (Minolta CM-3500D; Minolta 
Co. Ltd., Osaka, Japan), and the CIE-Lab L*, a* and b* values were recorded as described 
by [27]. And then L*, a* and b* values were collected.  The L* value was stated the position 
on the white/black axis, the a* value the position on the red/green axis, and the b* value the 
position on the yellow/blue axis. The measurements were done in triplicate and the readings 
were averaged. 

2.10. Total Phenol Content Assay  
Total phenol content (TPC) of stink lily wet noodles was analyzed by 

spectrophotometric method using folin ciocateus phenol reagent [28]. Principles assay of the 
TPC assay are interaction between phenolic compounds and phosphomolybdic/ 
phosphotungstic acid complexes based on the transfer of electrons in alkaline medium from 
phenolic compounds to form a blue chromophore constituted by a phosphotungstic/ 
phosphomolybdenum complex. The reduced folin ciocalteus phenol reagent is detected by a 
spectrophotometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   760 nm and 
gallic acid is used as the reference standard compound and results are expressed as gallic acid 
equivalents (mg/kg wet noodles).   

 
  



2.11. Total Flavonoid Content Assay  
Total flavonoid content of samples was measured by spectrophotometric method with 

reaction between AlCl3 and NaNO2 with aromatic ring of flavonoid compounds [29]. And 
then mixture was added aluminium chloride to result yellow solution. Next, addition of 
NaOH solution in mixture caused red solution that was measured by spectrophotometer 
(Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   510 nm. As standard reference 
compound used was (+) catechin and results were expressed as catechin equivalents (mg/kg 
wet noodles). 

  
2.12. DPPH Free Radical Scavenging Activity Assay  

DPPH free radical scavenging activity was measured by the spectrophotometric 
method [30]. This method is used to determine the antioxidant capacity of a compound from 
an extract or other biological sources, based on transferring from the odd electron of a 
nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to result 
in DPPH-H with yellow-colored solution. Reaction between DPPH in methanol solution with 
samples was measured by spectrophotometer  (Spectrophotometer UV-Vis 1800, Shimadzu, 
Japan) at   517 nm. As standard reference compound used was gallic acid and results were 
expressed as gallic acid equivalents (mg/kg wet noodles).   

 
2.13. Sensory Evaluation 

Sensory assay was carried out to determine the level of panelist acceptance of wet 
noodles substituted with stink lily flour with the addition of carrageenan and hot water extract 
of pluchea leaf tea [31]. The test was carried out using the hedonic scale scoring method. 
This method is designed to measure the level of panelist preference for the product by rating 
the level of preference for the product being tested. Samples were served in dishes coded 
with random three-digit numbers that carried out using a completely randomized design 
(CRD) trial using 100 untrained panelists. Each panelist is faced with 15 (fifteen) samples 
and a questionnaire containing test instructions, and is asked to give each sample a score 
according to their level of preference. The parameters tested were taste, aroma, texture, color, 
and overall preference of wet noodles substituted with stink lily flour. The best treatment of 
samples was determined by spider web method that was correlated by the large area of graph 
[32].  

 
2.14. Experiment Design and Statistical Analysis 

The research design used was a randomized block design with two factors, i.e. 
differences in the proportion of -carrageenan (K) and differences in the concentration of 
pluchea tea extract (L) added to wet noodles. The proportion of -carrageenan consisted of 
4 (four) treatment levels, including 0% (K0), 1% (K1), 2% (K2), 3% (K3) and the 
concentration of pluchea tea extract consisted of 3 (three) levels, i.e. 0% (L0), 15% (L1), and 
30% (L2). Each treatment was repeated 3 (three) times in order to obtain 36 (thirty-six) 
experiment units. The experiment design of stink lily noodles can be seen in Table 2.  

The data are presented as mean ± SD of the triplicate determinations and were 
analyzed using ANOVA, followed by Duncan multiple range test for significant differences 



using the SPSS 17.0 software (SPSS Inc. Chicago, IL, USA). Values were considered 
significant at p = 0.05. 

 
3. Results  
3.1. Cooking Quality  

The evaluated cooking properties of the stink lily wet noodles were showed in Table 
3 and the stink lily wet noodles product was showed at Figure 1. The level of cooking was 
estimated by the moisture content, swelling index, cooking loss and tensile strength from 
noodles. Based on statistically analysis by Anova at p=0.05, showed that the  increasing of 
-carrageenan proportion went up significant difference of moisture content of wet noodles, 
but the addition of pluchea leaf hot water extract and the interaction effect of the proportion 
of -carrageenan and the addition of the extract no influenced to moisture content of wet 
noodles. The moisture content value was ranged from 62.83±0.58 to 65.83±0.22. The sample 
K3L0 had the highest moisture content and K0L2 had the lowest moisture content. 
Furthermore the addition of the -carrageenan proportion or pluchea tea extract had a 
significantly different effect such as the interaction effect of the addition of the two 
parameters, on the swelling  index or water absorption value of wet noodles based on 
statistical analysis at p=0.05. The water absorption value was ranged from 142.25±0.39% to 
162.21±0.25%. The treatment with the lowest swelling index was K0L2 and the highest was 
K3L0. Whereas the cooking loss of wet noodles decreased significantly with the addition of 
the proportion of –carrageenan but increased significantly with the addition of pluchea tea 
extract. The cooking loss of wet noodles was ranged 17.83±0.4% to 20.13±0.7%. K0L2 was 
treatment with the biggest cooking loss and K3L0 was treatment with the smallest cooking 
loss. Tensile strength value of stink lily noodles was significant different because there was 
an interaction effect of  -carrageenan proportion and pluchea tea extract addition . Tensile 
strength wet noodles was ranged 0.096±0.004 N to 0.174±0.015 N.  The analysis of stink lily 
noodles color showed that lightness had a significant increase in with an increasing 
proportion of carrageenan and decreased with increasing pluchea tea extract used because of 
the color effect of carrageenan and pluchea tea extract.  The lightness of wet noodles was 
ranged 67.80±0.22 to 74.50±0.23. The effect of the -carrageenan and pluchea tea extract 
color also influenced  significantly redness of wet noodles. The redness of wet noodles was 
ranged 1.20±0.04 to 3.30±0.23. The interaction effect of -carrageenan and pluchea tea 
extract addition was appeared on yellowness, chroma and hue values. The yellowness, 
chroma and hue values were ranged 16.90±0.27 to 30.00±0.07, 17.00±0.28 to 30.10±0.03, 
and 83.70±0.07 to 86.40±0.02, respectively. 
 
 
 



Table 2.  The formula of stink lily wet noodles   
Material K0L0 K0L1 K0L2 K1L0 K1L1 K1L2 K2L0 K2L1 K2L2 K3L0 K3L1 K3L2 

Wheat flour (g)  
 

120  120  120  120  120  120  120  120  120  120  120  120  

Stink lily flour (g)  
 

30  30  30  28.5  28.5  28.5  27  27  27  25.5  25.5  25.5  

-Carrageenan (g)  
 

0  0  0  1.5  1.5  1.5  3  3  3  4.5  4.5  4.5  

Egg (g)  
 

30  30  30  30  30  30  30  30  30  30  30  30  

Salt (g)  
 

3  3  3  3  3  3  3  3  3  3  3  3  

Baking Powder (g)  
 

1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  

Water (mL)  
 

30  0  0  30  0  0  30  0  0  30  0  0  

Hot water extract 
of pluchea leaves  
15% (mL)  
 

0  30 0  0  30 0  0  30  0  0  30  0  

Hot water extract 
of pluchea leaves 
30% (mL)  

0  0  30  0  0  30  0  0  30  0  0  30  

Total (g)  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  
Note:  K0 = wheat flour: stink lily flour: -carrageenan  = 80 : 20 : 0  
            K1 = wheat flour: stink lily flour: -carrageenan  = 80 : 19 : 1  
            K2 = wheat flour: stink lily flour: -carrageenan  = 80 : 18 : 2  
            K3 = wheat flour: stink lily flour: -carrageenan  = 80 : 17 : 3  
            L0 = concentration of hot water extract from pluchea leaf tea = 0%  
            L1 = concentration of hot water extract from pluchea leaf tea = 15%  
            L2 = concentration of hot water extract from pluchea leaf tea = 30% 
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Figure 1. Stink Lily Noodles 

Note:  K0 = wheat flour: stink lily flour: -carrageenan  = 80 : 20 : 0,   K1 = wheat flour: stink lily flour: -carrageenan  = 80 : 19 : 1 ,   K2 = wheat flour: stink lily flour: -
carrageenan  = 80 : 18 : 2 , K3 = wheat flour: stink lily flour: -carrageenan  = 80 : 17 : 3,  L0 = concentration of hot water extract from pluchea leaf tea = 0%,   L1 = 
concentration of hot water extract from pluchea leaf tea   = 15% , L2 = concentration of hot water extract from pluchea leaf tea = 30% 



Table 3. Color, Moisture Content, Swelling Index, Cooking Loss, and Tensile Strength of Stink Lily Noodles 
 

Samples 
Color 

Moisture 
Content (%) 

Swelling 
Index (%) 

Cooking 
Loss (%) 

Tensile 
Strength (N) 

L* a* b* C h     
K0L0 73.00 ± 0,06 1.20 ± 0.06 16.90 ± 0.25a 17.00±0.31a 86.40±0.00g 64.15±0.70 148.90±0.15c 18.83±0.44 0.106±0.002 
K0L1 68.70 ± 0.35 2.60 ± 0.06 26.50 ± 0.32d 26.50±0.29c 84.40±0.21bc 63.66±0.38 146.36±0.27b 19.06±0.43 0.1051±0.001 
K0L2 67.80 ± 0.20 2.80 ± 0.06 27.80 ± 0.46ef 27.80±0.45e 84.20±0.32abc 62.83±0.58 142.25±0.39a 20.13±0.71 0.116±0.006 
K1L0 73.40 ± 0.25 1.30 ± 0.06 17.30 ± 0.15ab 17.30±0.15a 85.70±0.21f 64.42±0.80 149.63±0.34d 18.47±0.31 0.086±0.005 
K1L1 69.00 ± 0.36 2.80 ± 0.12 27.30 ± 0.45e 27.40±0.50d 84.20±0.15a 62.95±0.68 146.65±0.43b 19.36±0.92 0.103±0.004 
K1L2 68.30 ± 0.15 3.00 ± 0.12 28.60 ± 0.12g 28.70±0.15f 84.00±0.15abc 63.37±1.04 148.85±057c 19.76±0.90 0.108±0.005 
K2L0 73.70 ± 0.10 1.50 ± 0.00 17.70 ± 0.26bc 17.80±.23a 85.20±0.06de 64.67±1.08 155.67±0.46h 18.18±0.45 0.098±0.002 
K2L1 69.40± 0.15 3.00 ± 0.06 28.20 ± 0.15fg 28.40±0.15f 83.80±0.17ab 63.74±0.75 150.96±0.71e 18.62±0.41 0.106±0.005 
K2L2 68.70 ± 0.06 3.10 ± 0.15 29.30 ± 0.00h 29.40±0.06g 84.00±0.15abc 64.25±1.60 154.82±0.44g 19.34±0.77 0.114±0.003 
K3L0 74.50 ± 0.23 1.70 ± 0.12 18.10 ± 0.00c 18.10±0.06b 84.60±0.21cd 65.83±0.22 162.21±0.25i 17.83±0.41 0.110±0.003 
K3L1 69.80 ± 0.50 3.20 ± 0.06 29.30 ± 0.12h 29.30±0.06g 83.80±0.53ab 64.57±1.78 153.35±0.15f 18.36±0.17 0.124±0.007 
K3L2 69.00 ± 0.20 3.30 ± 0.26 30.00 ± 0.06i 30.10±0.06h 83.60±0.06a 65.49±1.04 159.59±0.52i 19.22±0.84 0.126±0.008 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) 
in the same column are significantly different, p<0.05. 



3.2. Bioactive Compounds and Antioxidant Activity 
 Bioactive compounds analyzed included total phenol content (TPC) and total 
flavonoid content (TFC). The analysis data showed that the TPC and TFC increased 
significantly due to the interaction effect between the proportion of -carrageenan and the 
addition of pluchea tea extract (Table 4). The results of the analysis showed that the control 
sample K0L0 had the lowest total phenol, i.e.  0.3409 ± 0.0338 mg GAE/kg dry noodles. The 
K2L2 sample had the highest total phenol, which was 1.1963 ± 0.0272 mg GAE/kg dry 
noodles. This result was suitable with the TFC value of wet noodles where K0L0 had the 
lowest TFC value and K2L2 had the highest value, i.e. 0.0534 ± 0.0036 and 1.3364 ± 0.04601 
mg CE/kg dry noodles, respectively. The high and low values of TPC and TFC were 
correlated with AOA. The higher the TPC and TFC values, the higher the AOA value. The 
DPPH free radicals scavenging activity (AOA) of wet noodles was determined significantly 
by the interaction effect of adding the proportion of -carrageenan and pluchea tea extract. 
K0L0 had the lowest AOA value and K2L2 had the highest AOA value, i.e. 0.4143±0.0060 
and 0.7576±0.0092 mg GAE/kg dry noodles, respectively. 
 
3.3.    Sensory Properties 

The evaluated sensory properties of the stink lily noodles were shown in Table 5. 
Parameter sensory that analyzed included aroma, color, taste, texture, and overall 
acceptability.  The method used for sensory assay of stink lily noodles was hedonic scale 
scoring or a test of the level of consumer preference for a product by giving an assessment 
or score on a certain trait [33]. Organoleptic testing of stink lily wet noodles was presented 
to 100 untrained panelists aged 17-25 years. Panelists are asked to give scores or numbers 
based on their level of preference for certain treatments. The value scale used was 1-15, 
where a value of 0-3.0 indicated "strongly dislike", a value of 3.1-6.0 "does not like", a value 
of 6.1-9.0 "neutral", a value of 9.1-12.0 “like”, and 12.1-15.0 “like very much”. The results 
of statistical tests by ANOVA at =5% showed that interaction effect of each treatment 
significantly influenced the panelists' preference for noodle color. The preference value of 
stink lily noodles color was ranged from 9.12 to 12.02 (like). The highest color preference 
value was the control treatment (K0L0) and the treatment with the lowest color preference 
value was K0L1. The interaction effect of each treatment were significantly determined the 
panelists' preference for the aroma. The preference value for the aroma of wet noodles was 
ranged from 8.29 to 11.58 (neutral-like). The treatment with the highest preference value was 
stink lily noodles K1L0 and the treatment with the lowest preference value was K3L2 
treatment. The preference value of noodles taste was only affected by -carrageenan 
proportion or extract concentration. The preference value for the wet noodle taste was ranged 
from 8.18 to 11.08 (neutral-like). The treatment with the highest taste preference value was 
K2L0 while the treatment with the lowest taste preference value was K0L2. Increasing the 
proportion of carrageenan to 2% increased the preference value for taste, after that it 
decreased with the addition of the proportion of 3% carrageenan. While increasing the 
concentration of pluchea leaf tea extract decreased the panelists' preference for taste. The 
results of statistical tests using ANOVA at p= 5% showed that the addition of extract only 
significantly influenced the panelists' preference for noodles texture. In this study, the 
preference for wet noodles texture was ranged from 9.46 to 11.66 (like).



Table 4. Total Phenol Content, Total Flavonoid Content, and DPPH Free Radical Scavenging Activity of Stink Lily Noodles 

Samples TPC (mg GAE/g dry noodles) TFC (mg CE/g dry noodles) DPPH Scavenging Activity (mg GAE/g dry noodles) 

K0L0 0.3409±0.0338a 0.0571±0.0035a 0.4143±0.0060a 
K0L1 0.9480±0.0273d 0.7044±0.0065c 0.7424±0.0159c 
K0L2 1.0991±0.0466e 1.1087±0.0065d 0.7571±0.0013c 
K1L0 0.4576±0.0396b 0.0821±0.0017a 0.5229±0.0259b 
K1L1 0.9243±0.0774d 0.7348±0.0030c 0.7497±0.0055c 
K1L2 1.0047±0.0704d 1.0910±0.0949d 0.7509±0.0012c 
K2L0 0.4997±0.0450b 0.0888±0.0084a 0.5318±0.0052b 
K2L1 0.9648±0.0248d 0.7181±0.0179c 0.7477±0.0043c 
K2L2 1.1963±0.0272f 1.3364±0.0460e 0.7576±0.0092c 
K3L0 0.5267±0.0070b 0.2181±0.0025b 0.5873±0.0197b 
K3L1 0.8070±0.0307c 0.7264±0.0385c 0.7508±0.0077c 
K3L2 1.1446±0.0636ef 1.0674±0.0627d 0.7505±0.0066c 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) 
in the same column are significantly different, p<0.05. 



The increasing the addition of extracts decreased the level of the texture preference of wet 
noodles. The overall preference value of wet noodles showed that there was the interaction 
effect between the proportion of -carrageenan and the addition of pluchea tea extract. The 
preference value for the overall of wet noodles was ranged from 8.62 to 11.24 (neutral-like). 
The treatment with the highest preference value was stink lily noodles K0L0 and the 
treatment with the lowest preference value was K3L2. Determination of the best treatment 
for differences in the proportions of -carrageenan and the addition of pluchea tea extract on 
wet noodles was determined using the spider web method based on organoleptic parameters 
(color, aroma, taste, texture and overall). The spider web graph can be seen in Figure 2. Data 
showed that the treatment with the largest area was K2L0, i.e. wet noodles with the proportion 
of -carrageenan 2 % with the addition of 0% pluchea tea extract. The area of the K2L0 
treatment area was 79.16 cm2 and had a preference score of 15.8 with a very like category.  
 
 

 
 

Figure 2. Spider web Graph to Determine The Best Treatment of Stink Lily Noodles 
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Table 5. Sensory Properties of Stink Lily Noodles 
 

Samples 
Hedonic Preference Score  

Color Aroma Taste Texture Overall  

K0L0 12.02f 10.93d 10.52 10.95 11.24f 

K0L1 9.12a 10.26cd 8.72 10.03 8.79a 

K0L2 11.83ef 8.86ab 8.18 9.58 9.04ab 

K1L0 9.98bc 11.58e 10.15 11.66 10.3cde 

K1L1 9.44ab 9.58bc 9.49 10.66 8.93ab 

K1L2 10.59cd 8.45a 8.87 9.46 9.11ab 

K2L0 11.62f 10.93de 11.08 11.15 11.07def 

K2L1 10.63cd 10.14ab 9.82 10.61 9.42abc 

K2L2 10.94de 8.84cd 9.09 10.38 10.16cde 

K3L0 11.51ef 10.36cd 10.37 11.07 10.84def 

K3L1 9.37ab 10.07a 9.95 11 9.72bc 

K3L2 9.47ab 8.29cd 9.57 9.64 8.62a 



4. Discussion 
4.1. Cooking Quality  

Moisture content is a major parameter of stinky silky wet noodles that shows the 
amount of water contained in food product that determines rheological characteristics, 
chemical, physical, and sensory properties, and shelf life of food product [34]. The -
carrageenan addition gave a significant difference of moisture content to wet noodles. The 
-carrageenan is hydrocolloids that has a group of sulfate and water-soluble polysaccharides 
[35,36,37],  composes  an ester sulfate content about  25-30% and a 3,6-anhydro-galactose 
(3,6-AG) about 28 to 35% [38,36]. This anionic carrageenan can interact very tightly with 
water molecule [39] and can be collaborated with glucomannan from stink lily on gelation 
process [40] with making intra- and inter-disulfide bind at network structure of gluten 
[13,41]. The -carrageenan can bind with limited free water molecule, form complexes 
compounds with water, and interact with gluten network [13]. However, the mobility of water 
mainly depends on changes in the hydrogen bond structure. The presence of hydrophilic 
components such as proteins, carbohydrates, glucomannan, -carrageenan and polyphenolic 
compounds in wet noodles can be involved in hydrogen bonding with water molecules that 
determine water mobility [13,34,41,42]. Thus, increasing the proportion of k-carrageenan 
can increase the amount of free water and weakly bound water in the wet noodles. 

The swelling index or water absorption is the ability of a product to absorb water 
which is influenced by particle size, chemical composition, and water content [43]. The 
swelling index of wet noodles was determined by the presence of -carrageenan, protein, 
starch, glucomannan, and bioactive compounds of pluchea tea extract in dough. [13] said that 
glutelin proteins of wheat flour can involve intra-and intermolecular disulfide bonds to result 
a fibrous shape, and then globular gliadin protein of wheat flour can be bound at the glutenin 
skeleton by non-covalent bonds to be a unique networks structure of gluten. The addition of 
the glucomannan of stinky silky flour as a non-ionic hydrocolloid has good water holding 
capacity and can be made a stronger three-dimensional network structure. [44] informed that 
the glucomannan can fill the number of holes of the network structure of gluten that make a 
structure dense and stable. [13] underlined that glucomannan has many hydroxyl group in 
the structure that can be bound tightly with water by electrostatic forces and hydrogen bond. 
[41] said that the presence of -carrageenan in dough can be synergist with glucomannan to 
change sulfhydryl groups to be disulfide bonds in protein. [20] informed that bioactive 
compounds of pluchea tea extract are alkaloids, flavonoids, phenolics, phenol hydroquinone, 
saponins, tannins, sterols, terpenoids, and cardiac glycosides. Meanwhile [16] informed that 
pluchea leaves contain 1.79 g/100 g protein, 0.49 g/100 g fat, 0.20 g/100 g ash, 0.89 g/100 g 
insoluble fiber, 0.45 g/100 g dissolved fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 
g/100 g, calcium 251 g/100 g, -carotene 1.225 g/100 g and vitamin C 30.17 g/100 g, and 
phenolic acid bioactive compounds 28.48± 0.67 mg/100 g body weight (chlorogenic acid 
20±0.24 mg/100 g body weight, caffeic acid 8.65±0.46 mg/100 g body weight), total 
flavonoids 6.39 mg/100 g body weight (quercetin 5.21± 0.26 mg/100 g body weight, 
kaempferol 0.28 ± 0.02 mg/100 g body weight, myrisetin 0.09 ± 0.03 mg/100 g body weight), 
total anthocyanins 0.27 ± mg/100 g body weight, -carotene 1.70 ± 0.05 mg/100 g body 
weight and total carotenoids 8.7 ± 0.34 mg/100 g body weight. [17,18,19] proved that pluchea 
leaves contain 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 



3,4-O-dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5- O-dicaffeoylquinic acid. 
[45] informed that phenolic acid can be bound with protein and carbohydrate by non-covalent 
interactions, i.e. hydrophobic interaction, hydrogen bonding, electrostatic interaction, van der 
Waals interaction, and - stacking. The presence of -carrageenan proportion and pluchea 
tea extract addition that differed caused change of composition and various interaction of 
compounds that determined different swelling index of wet noodles.  

The phenomena was caused by -carrageenan and  bioactive compounds of pluchea 
tea extract, especially phenolic compounds, that involved the interaction with protein and 
carbohydrate  in dough. -carrageenan can stabilized and supported a rigid structure of 
gluten. The hydrocolloid can avoid starch gelatinization process because it can bind tightly 
with water molecule caused lower the water activity. Supported by [13,46,41], -carrageenan 
can trap the free water molecule that starch can’t absorb the water  molecule and require 

higher energy to break the energy barrier required for the starch gelatinization process. 
Whereas [42,47,45] clarified that starch can be bound with polyphenol, including 
hydrophobic and electrostatic interactions and hydrogen bond that the hydrogen bond is 
dominant binding forces. This interaction can support releasing of amylose of starch 
gelatinization process that the cooking loss increased at the higher pluchea tea extract 
addition. The presence of polyphenol compounds of pluchea tea extract caused water 
competition with glutenin and gliadin of wheat flour that inhibited interaction between 
glutenin and gliadin to form gluten. According to [47], gluten and gliadin in a random coil 
structure can be aggregated by phenolic compounds and starch easily undergoes a 
gelatinization process where amylose interacts with polyphenolic compounds, through 
hydrogen bonds and hydrophobic interactions. The more protein in the form of random coil 
structure causes the protein to easily interact with polyphenols and come out of the noodles 
during the cooking process that the cooking loss increases. 

The increasing -carrageenan proportion grew up tensile strength  because this 
hydrocolloid could be made strong cross linking through inter-molecular and intra-molecular 
bonds involving the glutenin and gliadin of wheat flour protein, and glucomannan of stink 
lily flour. The more networks that are formed between the components of the noodles have 
an effect on the tensile strength of wet noodles, and vice versa [13,48]. The synergism effect 
of the wet noodles component determined water bind capacity and water mobility that 
established texture properties of wet noodles, this statement is supported by [34,40,41]. [49] 
also informed that the addition of hydrocolloids in the noodles-making process increases the 
viscosity and water absorption because the water binding and holding properties of 
hydrocolloids that can form gel. However, the addition of pluchea tea extract caused the 
tensile strength to decline because the polyphenol compounds of pluchea tea extract induced 
breakdown of the networking structure among the components of dough because there was 
water competition among them. Furthermore, the polyphenol compounds could be reacted 
with starch and protein because the formation of the gluten network was disrupted that gliadin 
and glutenin in the form of random coils and starch could be underwent an excessive 
gelatinization process. This opinion is supported by [13,42,41]. -carrageenan has a 
yellowish white color and has the ability to bind water molecules that it increases the 
lightness of wet noodles, while the pluchea tea extract contains polyphenolic compounds, 
such as tannins which can give the noodles a brown color that the lightness level is reduced. 



This opinion was supported by [20,38]. The increase in yellowness was in line with the 
increase in lightness because the higher the water content value was caused by the ability of 
-carrageenan to bind water molecules, thereby increasing the brightness and the brown color 
contribution of the pluchea tea extract gave a brownish-yellow color of the wet noodles that 
the intensity of this color increased as indicated by the increased chroma value. 
 
4.2. Bioactive Compounds and Antioxidant Activity 

The stinky silky wet noodles K0L0 had the lowest TPC and TFC because there was 
contributed of phenolic content from wheat flour and egg.  [50] said that wheat flour has 
phenolic acids including ferulic, caffeic, and p-coumaric acid. Moreover, the presence of 
TFC in the K0L0 sample is thought to be due to the presence of a thiol group in egg white 
which is able to chelate metal ions and is able to be conjugated with saccharides [51], as well 
as 3,5-diacetyltambulin compounds from stink lily flour [52]. While the TFC and TPC values 
in the K2L2 sample were dominantly contributed by the presence of phytochemical 
compounds in the pluchea tea extract. [20] explained that there are phytochemical 
compounds in the pluchea tea extract. [16, 17,18,19] also emphasized that pluchea leaves 
contain phenolic acids and flavonoids.  The existence of a non-significant difference between 
treatments in the TPC and TFC assays indicated an interaction between the components in 
the dough that it affected the presence of free hydroxyl groups that could bind to the Folin 
Ciocalteus phenol reagent. as described by [13,41,42,45,47] glutenin, gliadin, glucomannan, 
-carrageenan, and polyphenol compounds are involved in the formation of networks 
structure in the dough so as to determine the quality of wet noodles. The interactions that 
occur involve various non-covalent interaction mechanisms that affect the presence of free 
hydroxyl groups. The TPC and TFC values of wet noodles in each treatment affected 
antioxidant activity (AOA). They determined AOA of wet noodles, usually positively 
correlated. [53] said that TPC and AOA were strongly correlated in seeds, sprouts and grasses 
of corn (Zea mays L.). [54] also informed that there is an excellent correlation coefficient 
between the TPC, TFC and antioxidant activities of Phaleria macrocarpa fruit. [55] 
explained that the high level of flavonoids and phenols in plant caused the antioxidant activity 
of Grewia carpinifolia extract. The antioxidant activity of phenolics is related to their redox 
properties which induced them to act as reducing agents, hydrogen donors, singlet oxygen 
quenchers and metal chelators.  [56] underlined that DPPH free radical scavenging activity 
of polyphenol compounds of T. pallida extract was determined by hydrogen donating ability 
which it highly correlated. The potency of wet noodles as AOA was determined by reduced 
capability of DPPH free radical solution color from purple to be yellow color. 

 
4.3.    Sensory Properties 

The analysis of sensory properties of the stink lily noodles was conducted by the 
hedonic scale scoring method with attribute the preference of color, taste, aroma, texture and 
overall. The result of the color preference test showed that the control treatment (K0L0) was 
the highest value because the treatment without the addition of pluchea tea extract not change 
the color of the wet noodles was yellowish-white. And then the treatment with the lowest 
color preference value was K0L1 due to the addition of this extract decreased the panelists' 
preference for the color because the noodles were darker and brownish color. [16,20] said 



that the color of the pluchea tea extract contributed to changing the color of this wet noodle 
originated from tannins, flavonoids, and chlorophyll. However, in this study, increasing the 
extract concentration did not significantly affect the panelists' preference for color when the 
proportion of -carrageenan increased, because the addition of stink lily flour and -
carrageenan would increase the lightness of the wet noodles that the produced color of the 
wet noodles was brighter and preferred by panelists. This data was supported by the data 
from color rider analysis, where the results of the sensory test by the panelists were in line 
with the decrease in the lightness value, the increase in the reddish and yellowish values, the 
hue value showed the yellow-red color, and chroma value showed an increase in color 
intensity. The panelist preference of aroma from wet noodles was determined by the aroma 
from the material used to make wet noodles or the interaction of aroma produced from the 
reaction among the material composition. According to [57], stink lily flour has a musty 
aroma, and all wet noodles produced have a musty smell. Meanwhile, according to [58], -
carrageenan is unscented that not contribute to wet noodles. The addition of pluchea tea 
extract decreased the panelists' preference for the aroma of wet noodles because the addition 
of the extract caused the wet noodles to smell like leaves (floral) and unpleasant and the 
panelists did not like it. Fragrant or unpleasant aroma comes from volatile compounds 
contained in pluchea leaves. According to [59], pluchea leaves have 66 volatile compounds, 
these volatile compounds play a role in forming the aroma in the hot water extract of pluchea 
leaf tea. According to [60], pluchea leaves contain volatile compounds contributed by 
aliphatic aldehyde group compounds or aromatic compounds that give a distinctive aroma, 
therefore the presence of these compounds in steeping water can give a specific aroma, i.e. 
fragrant (floral) in wet noodles. There was a difference in the effect of the proportion of -
carrageenan and pluchea leaf tea extract on taste due to the contribution of taste produced by 
carrageenan and extract. According to [57,61], stink lily flour and -carrageenan do not have 
a distinctive or neutral taste, increasing the concentration of -carrageenan gives a higher 
preference value because noodles are considered to have a better texture that contributes to 
the assessment of taste. The increase in the concentration of pluchea tea extract caused the 
taste preference value of noodles to decrease significantly, this is due to the presence of 
tannins, catechins, and phenolic compounds in the pluchea tea extract which determined 
bitter and slightly astringent. The effect of -carrageenan proportion and tea extract to make 
wet noodles influenced panelist preference of texture because this hydrocolloid can be make 
strong cross linking through inter-molecular and intra-molecular bonds involving the 
glutenin and gliadin of wheat flour protein, and glucomannan of stink lily flour that 
determined water bind capacity and water mobility [34,40,41]. Presence of the polyphenol 
compounds of pluchea tea extract can be breakdown of the networking structure among the 
components of dough because of water competition of them. [13,42,41] said that the 
polyphenol compounds could be reacted with starch and protein to disrupt the gluten network 
and cause starch to undergo an excessive gelatinization process. The difference in the 
proportion of -carrageenan change the overall preference value of wet noodles to be 
significantly different overall compared to the control, this was because the proportion of -
carrageenan influenced  the all sensory attribute (color, aroma, and taste). The addition of 
pluchea tea extract in wet noodles decreased the overall preference value because the addition 
of extract affected the organoleptic characters tested due to the content of secondary 



metabolites of pluchea leaves, such as flavonoids, phenols, and tannins that could affect the 
taste, aroma, the color, and texture of the noodles. Based on spider web graph showed that 
K2L0 was the best treatment of stink lily wet noodles. It was also supported by better 
physicochemical properties than the control, including yellowish white wet noodles, better 
swelling index, lower cooking loss, higher tensile strength value, and lower moisture content. 
However, this K2L0 treatment did not have the highest TPC, TFC, and AOA, i.e. 
0.4997±0.0450; 0.0888±0.0084; and 0.5318±0.0052, respectively. 
 
5. Conclusions 

The use of -carrageenan proportions and pluchea leaf tea extract had a significant 
effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical 
analysis at p=5% showed that there was an interaction effect of the proportion of -
carrageenan and pluchea leaf tea extract on the swelling index, yellowness, chroma, hue, 
TPC, TFC, AOA, the preference value for color, aroma, and overall. While the moisture 
content of wet noodles was only affected by the proportion of -carrageenan, for tensile 
strength, cooking loss, lightness, and redness, and the preference value for texture and taste 
were influenced by the proportions of -carrageenan and the concentration of pluchea leaf 
tea extract, respectively. The best treatment based on the spider web graph showed that the 
K0L2 treatment had the largest area 79.16 cm2 and a preference score of 15.8 with a very 
like category, this is in accordance with the results of physicochemical and sensory tests, but 
it was no correlated with the highest bioactive content (TPC and TFC) and antioxidant 
activity.  
 
Author Contributions: P.S.W., T.I.P.S., A.I.W., and T.E.W.W. conceived the research; 
P.S.W., T.I.P.S., I.W., and T.E.W.W carried out the literature search and designed the 
methodology of lab analyses; P.S.W., V.W.M. and S.T. implemented the fieldwork; P.S.W., 
V.W.M. and S.T. performed the experiments and processed raw data; P.S.W., V.W.M. and 
S.T. processed the data and performed data analyses; P.S.W. wrote the manuscript. All 
authors have read and agreed to the published version of the manuscript. 

Funding: This research received internal funding from the Center for Food and Nutrition 
Research, Institute for Research and Community Service from Widya Mandala Surabaya 
Catholic University. 

Institutional Review Board Statement: Not applicable.  

Informed Consent Statement: Not applicable. 

Data Availability Statement: Data reported in this study are contained within the article. 
The underlying raw data are available on request from the corresponding author. 

Acknowledgments: The authors would like to thank chemistry and food analysis 
laboratories and staff for the technical support during experimental process. 

Conflicts of Interest: The authors declare that they have no conflict of interest. 

Sample Availability: Samples of stink lily wet noodles and pluchea leaf tea are available 
from the authors. 



 

References 

1. Sumartini; Ratrinia, P.W. Nutrition of wet noodles with mangrove fruit flour during the 
shelf life by adding catechins as a source of antioxidants. IOP Conf. Series: Earth and 
Environmental Science 2022, 967, (2022), 012015. 

2. Luthfi, W.  The Most Consumption of Instant Noodles In The World. 
https://www.goodnewsfromindonesia.id/2021/08/10/doyan-mi-indonesia-jadi-salah-
satu-negara-dengan-konsumsi-mi-instan-terbanyak-di-dunia  (accessed 27 June 2022) [In 
Bahasa Indonesia].   

3. The Indonesian Noodle Market Its Importance to Australian Wheat Exports. 
https://aegic.org.au/wp-content/uploads/2021/03/AEGIC-The-Indonesian-noodle-
market_LR.pdf (accessed 27 June 2022) 

4. Food Security Agency of the Ministry of Agriculture. Directory of Food Consumption 
Development 2020, Jakarta, 2020.  
http://repository.pertanian.go.id/bitstream/handle/123456789/12042/DIREKTORI%20
KONSUMSI%20PANGAN%20SERI%2020%20REVISI.pdf?sequence=1&isAllowed=
y   (accessed 27 June 2022)  [In Bahasa Indonesia].   

5. Faridah, A.; Widjanarko, S.B.; Sutrisno, A.; Susilo, B. Optimization of stink lily flour 
production from stink lily chip mechanically with surface response method. JTI  2012, 
13, 2, 158–166. https://ejournal.umm.ac.id/index.php/industri/article/view/1181/1276. 
[In Bahasa Indonesia].   

6. Wardhani, D.H.; Rahayu, L.H.; Cahyono, H.; Ulya, H.N. Purification of glucomannan of 
porang (Amorphophallus oncophyllus) flour using combination of isopropyl alcohol and 
ultrasound-assisted extraction. Reaktor  2020,  20, 4, 203-209. 

7. Laksmitawati, D.R.; Prilasari, S.A.; Marwati, U. Value of glycemic index and intestinal 
transit index of stink lily flour (Amorphophallus muelleri Blume) in white mice.  Indones. 
J. Pharm. 2017, 9, 2, 317-323. 
http://sisdam.univpancasila.ac.id/uploads/repository/lampiran/DokumenLampiran-
16032021074733.pdf. [In Bahasa Indonesia]. 

8. Zalewski, B.M.; Chmielewska, A.; Szajewska, H. The effect of glucomannan on body 
weight in overweight or obese children and adults: A systematic review of randomized 
controlled trials. Nutr. 2015, 31(3):437-442. 

9. Sood, N.; Baker, W.L.; Coleman, C.I. Effect of glucomannan on plasma lipid and glucose 
concentrations, body weight, and blood pressure: systematic review and meta-analysis 
Am. J. Clin. Nutr. 2008, 88, 1167–75.  

10. Ardhyatama, V. W.  Effect of porang flour addition and substitution of arrowroot flour 
on physical, chemical characteristics and preference level of wet noodles. Thesis, 
Bachelor Degree, Agroindustry Faculty, Mercu Buana University, Yogyakarta. 2019. 
http://eprints.mercubuana-yogya.ac.id/5143/ [In Bahasa Indonesia]. 

11. Yanuriatia, A.; Marseno, D.W.; Rochmadi; Harmayani, E. Characteristics of 
glucomannan isolated from fresh tuber of porang (Amorphophallus muelleri Blume). 
Carbohydr Polym. 2017, 156, 56-63.  

12. Panjaitan, T. W. S.; Rosida, D. A.; Widodo, R. Aspects of the quality and level of 

https://www.goodnewsfromindonesia.id/2021/08/10/doyan-mi-indonesia-jadi-salah-satu-negara-dengan-konsumsi-mi-instan-terbanyak-di-dunia
https://www.goodnewsfromindonesia.id/2021/08/10/doyan-mi-indonesia-jadi-salah-satu-negara-dengan-konsumsi-mi-instan-terbanyak-di-dunia
https://aegic.org.au/wp-content/uploads/2021/03/AEGIC-The-Indonesian-noodle-market_LR.pdf
https://aegic.org.au/wp-content/uploads/2021/03/AEGIC-The-Indonesian-noodle-market_LR.pdf
http://repository.pertanian.go.id/bitstream/handle/123456789/12042/DIREKTORI%20KONSUMSI%20PANGAN%20SERI%2020%20REVISI.pdf?sequence=1&isAllowed=y
http://repository.pertanian.go.id/bitstream/handle/123456789/12042/DIREKTORI%20KONSUMSI%20PANGAN%20SERI%2020%20REVISI.pdf?sequence=1&isAllowed=y
http://repository.pertanian.go.id/bitstream/handle/123456789/12042/DIREKTORI%20KONSUMSI%20PANGAN%20SERI%2020%20REVISI.pdf?sequence=1&isAllowed=y
https://ejournal.umm.ac.id/index.php/industri/article/view/1181/1276
http://sisdam.univpancasila.ac.id/uploads/repository/lampiran/DokumenLampiran-16032021074733.pdf
http://sisdam.univpancasila.ac.id/uploads/repository/lampiran/DokumenLampiran-16032021074733.pdf
https://www.sciencedirect.com/journal/nutrition
https://www.sciencedirect.com/journal/nutrition
http://eprints.mercubuana-yogya.ac.id/5143/


consumer preference for wet noodle products with porang flour substitution. Heuristic 
2017, 14,1, 1-16. DOI: https://doi.org/10.30996/he.v14i01.1040. [In Bahasa Indonesia]. 

13. Li, Z.; Qu, Z.; Feng, J.; Chen, Y. Improved physicochemical and structural properties of 
wheat gluten with konjac glucomannan. J. Cereal Sci.2020, 95, (2020,1-7.    

14. Herawati, H. (2018) The hydrocolloids potential as additive materials to the qualified 
food and non-food products, J. Agric. Res. Develop. 2018, 37, 1, 17-25. 
DOI: 10.21082/jp3.v37n1.2018.p17-25 [In Bahasa Indonesia]. 

15. Fitrah, A. N. Air Freshener Gel Formulation using Carrageenan and Glucomannan with 
Kaffir and Ylang Oil Fragrance. Thesis, Bachelor Degree, Agricultural Faculty, Bogor 
Agricultural University, Bogor. 2013. 
file:///C:/Users/Dell%20Inspiron/Downloads/adoc.pub_formulasi-gel-pengharum-
ruangan-menggunakan-karage.pdf [In Bahasa Indonesia]. 

16. Suriyaphan, O. Nutrition, health benefits and applications of Pluchea indica (L) Less 
leaves”, PSA 2014, 41, 4, 1-10. 

17. Vongsak, B.; Kongkiatpaiboon, S.; Jaisamut, S.; Konsap, K. Comparison of active 
constituents, antioxidant capacity, and α-glucosidase inhibition in Pluchea Indica leaf 
extracts at different maturity stages. Food Biosci. 2018, 25, 68-73.  

18. Ruan, J.; Yan, J.; Zheng, D.; Sun, F.; Wang, J.; Han, L.; Zhang, Y.; Wang, T. 
Comprehensive chemical profiling in the ethanol extract of Pluchea indica aerial parts 
by liquid chromatography/mass spectrometry analysis of its silica gel column 
chromatography fractions. Molecules 2019, 24, 15, 2784.  

19. Chan, E.W.C.; Ng, Y.K.; Wong, S.K., Chan, H.T. Pluchea indica: An updated review of 
its botany, uses, bioactive compounds and pharmacological properties. Pharm. Sci. Asia 
2022, 49, 1, 77-85. 

20. Widyawati,  P.S.; Budianta, T.D.W.,  Utomo, A.R.;  Harianto, I. The physicochemical 
and antioxidant properties of Pluchea indica  Less drink in tea bag packaging. IJFANS 
2016, 5, 3, 13-120. 

21. Srisook, K.; Buapool, D.; Boonbai, R.; Simmasut, P.; Charoensuk, Y.; Srisook, E. 
Antioxidant and anti-inflammatory activities of hot water extract from Pluchea indica 
Less. herbal tea. J. Medicinal Plants Res. 2012, 6, 23, 4077-4081. 

22. Werdani, Y.D.W.; Widyawati, P.S. Antidiabetic effect on tea of Pluchea indica Less as 
functional beverage in diabetic patients. ASSEHR 2018, 98, 164-167. 

23. Widyawati, P.S.; Budianta, T.D.W.; Werdani, Y.D.W.;  Halim, M.O. Antioxidant activity 
of pluchea leaves-black tea drink (Pluchea indica Less-Camelia sinensis). Agritech 2018, 
38, 2, 200-207. https://doi.org/10.22146/agritech.25699 [ In Bahasa Indonesia].  

24. Islamiya, T. Y. Characteristics of Wet Noodles with Substitution of Yellow Corn Flour 
and Moringa Leaf Flour (Moringa oleifera) as Functional Foods. Thesis, Bachelor 
Degree, Agricultural Technology Faculty, Jember University, Jember. 2015. 
http://repository.unej.ac.id/bitstream/handle/123456789/65440/Tri%20Yuli%20Islamiy
a%20-%20101710101058.pdf?sequence=1&isAllowed=y [In Bahasa Indonesia]. 

25. Rangana, S. C.  Manual of Analysis of Fruit and Vegetable Products, Tata Mc Graw Hill 
Publishing Company Limited: New Delhi, 1977. 

26. Kang, J.; Lee, J.; Choi, M.; Jin, Y.; Chang, D.; Chang, Y.H.; Kim, M.; Jeong, Y.; Lee, Y. 
Physicochemical and textural properties of noodles prepared from different potato 
varieties. Preventive Nutr. Food Sci. 2017, 22, 3, 246-250. 

https://doi.org/10.30996/he.v14i01.1040
https://dx.doi.org/10.21082/jp3.v37n1.2018.p17-25
file:///C:/Users/Dell%20Inspiron/Downloads/adoc.pub_formulasi-gel-pengharum-ruangan-menggunakan-karage.pdf
file:///C:/Users/Dell%20Inspiron/Downloads/adoc.pub_formulasi-gel-pengharum-ruangan-menggunakan-karage.pdf
https://www.ijfans.org/searchresult.asp?search=&author=Paini+Sri+Widyawati&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ijfans.org/searchresult.asp?search=&author=Tarsisius+Dwi+Wibawa+Budianta&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ijfans.org/searchresult.asp?search=&author=Adrianus+Rulianto+Utomo&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ijfans.org/searchresult.asp?search=&author=Ivan+Harianto&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://doi.org/10.22146/agritech.25699
http://repository.unej.ac.id/bitstream/handle/123456789/65440/Tri%20Yuli%20Islamiya%20-%20101710101058.pdf?sequence=1&isAllowed=y
http://repository.unej.ac.id/bitstream/handle/123456789/65440/Tri%20Yuli%20Islamiya%20-%20101710101058.pdf?sequence=1&isAllowed=y


27. Rathorel, V. S.; Kumar, M. S.; Verma, A. Colour based image segmentation using 
L*A*B* colour space based on genetic algorithm, Int. J. Emerg. Technol. Adv. Eng. 
2012, 2, 6, 156-162.  

28. Aryal, S.; Baniya, M.K.; Danekhu, K.; Kunwar, P.; Gurung, R.; Koirala, N. Total 
phenolic content, flavonoid content and antioxidant potential of wild vegetables from 
Western Nepal. Plants 2019, 8, 96:1-12. 

29. Pękal, A.; Pyrzynska, K. Evaluation of aluminium complexation reaction for flavonoid 
content assay. Food Anal.Methods 2014, 7, 1776-1782. 

30. Kedare, S.B.; Singh, R.P. Genesis and development of DPPH method of antioxidant 
assay. J. Food Sci. Technol. 2011, 48, 4, 412-422.  

31.  Suryono, C.;  Ningrum, L.; Dewi, T.R. Desirability and organoleptic test on 5 packages 
and products of the thousand islands descriptively. Tourism J. 2018, 5, 2, 95-106.  

32. Kemp, S. E.; Hollowood, T.; Hort, J. Sensory Evaluation:A Practical Handbook, John 
Wiley and Sons:United Kingdom, 2009; pp106-107. 2009. 

33. Tarwendah, I. P. Comparative study of sensory attributes and brand awareness in food 
product : A review. JPA 2017, 5, 2, 66-73. 
https://jpa.ub.ac.id/index.php/jpa/article/view/531 [In Bahasa Indonesia] 

34. Li, L.; Wang, N.; Ma, S.; Yang, S.; Chen, X.; Ke, Y.; Wang, X. Relationship of moisture 
status and quality characteristics of fresh wet noodles prepared from different grade 
wheat flours from flour milling streams. Hindawi J.Chem. 2018, 2018:1-6.  

35. Campo, V. L.; Kawano, D. F.; Silva, D. B.; Carvalho, I. Carrageenans: biological 
properties, chemical modifications and structural analysis – a review. Carbohydr. Polym. 
2009, 77(2), 167–180. 

36. Ahmed, A.B.A.; Adel, M.; Karimi, P.; Peidayesh, M. Pharmaceutical, cosmeceutical, and 
traditional applications of marine carbohydrates, Adv. Food Nutr. Res. 2014, 73,197-220.  

37. Susilowati, E. Edible Film Quality from Carrageenan with Addition of Turmeric Extract 
to Seaweed Substitution Dodol (Eucheuma Cottonii). Thesis, Bachelor Degree, 
Husbandry Agricultural Faculty, Malang Muhammadiyah University, Malang.2018. 
https://eprints.umm.ac.id/39700/ [In Bahasa Indonesia]. 

38. Necas, J.; Bartosikova, L.Carrageenan: A review, Vet.Med. 2013, 58, 4, 187-205. 
39. Tan, H. L.; Tan, T. C.; Easa, A. M. The use of selected hydrocolloids to enhance cooking 

quality and hardness of zero-salt noodles.  Int. J. Food Sci. Technol. 2018, 53, 7, 1603–

1610. 
40. Saha D.; Bhattacharya, S. Hydrocolloids as thickening and gelling agents in food: A 

critical review. Int. J. Food Sci. Technol. 2010, 47(6):587-597.  
41. Huang, M.; Theng, A.H.P.; Yang, D.; Yang, H. 2010. Influence of -carrageenan on the 

rheological behavior of a model cake flour system. LWT-Food Sci. Technol.  2010, 136, 
2021, 1-9.  

42. Zhu, F. Interactions between starch and phenolic compound. Trends Food Sci. Technol. 
2015, 43, 129–143. 

43. Ntau, L.; Sumual, M.F.; Assa, J.R. The fermentation effects of lactobacillus casei to sweet 
corn physical characteristic. ITEPA 2017, 5, 2, 11-19. 
https://ejournal.unsrat.ac.id/index.php/itp/article/view/19712/19295 [In Bahasa 
Indonesia].  

https://jpa.ub.ac.id/index.php/jpa/article/view/531
https://eprints.umm.ac.id/39700/
https://ejournal.unsrat.ac.id/index.php/itp/article/view/19712/19295


44. Chen, H.H; Huang, Y.C. Rheological properties of HPMC enhanced surimi analyzed by 
small- and large-strain tests—II: Effect of water content and ingredients. Food Hydrocoll. 
2008, 22, 2008, 313–322. 

45. Schefer, S.; Oest, M.; Rohn, S. Interactions between phenolic acids, proteins, and 
carbohydrates—influence on dough and bread properties. Foods 2021, 10, 2798.  

46. Herawati, H. The hydrocolloids potential as additive materials to the qualified food and 
non-food products. J. Litbang Pert. 2018, 37, 1, 17-25. 
https://media.neliti.com/media/publications/260950-none-ce65ab32.pdf [In Bahasa 
Indonesia]. 

47. Amoako, D.; Awika, J. M. Polyphenol interaction with food carbohydrates and 
consequences on availability of dietary glucose. Food Sci. 2016, 8, 14-18. 

48. Tako, M.; Konishi, T. Discovery of -carrageenan-like agarose from a red seaweed, 
Gracilaria coronopifolia. Int. Res. J. Pure Appl. Chem. 2018,17, 2, 1-11. 

49. Diniyah, N.; Setiawati, D.; Windrati, W.S.; Subagio, A.  Characterization of mojang 
(mocaf-corn) noodles with different types and concentrations of binders. Indonesian J. 
Agric. postharvest Res. 2017, 14, 2, 98 – 107. 
https://media.neliti.com/media/publications/238313-none-889e5f6e.pdf [In Bahasa 
Indonesia] 

50. Punia, S.; Sandhu, K.S.; Siroha, A.K. Difference in protein content of wheat (Triticum 
aestivum L.): Effect on functional, pasting, color and antioxidant properties, J. Saudi Soc. 
Agric. Sci. 2019, 18, 378-384. 

51. Nimalaratne, C.; Wu, J. Hen Egg as an antioxidant food commodity: A review, Nutrients 
2015, 7, 8274-8293. 

52. Devaraj, R. D.; Reddy, C. K.; Xu, B. J. Health-promoting effects of konjac glucomannan 
and its practical applications: A critical review.  Int. J. Biol. Macromol.  2019, 126, 273-
281. 

53. Niroula, A.; Khatria, S.; Khadkaa , D.; Timilsinaa, R. Total phenolic contents and 
antioxidant activity profile of selected cereal sprouts and grasses. Int. J. Food Prop. 2019, 
22, 1, 427–437. 

54. Lim, Y.P.; Pang, S.F.; Yusoff,  M.M.; Gimbun, J. Correlation between the antioxidant, 
total flavonoid and total phenolic content of Phaleria macrocarpa fruit extract. IJRTE 
2019, 8, 1S, 38-42. 

55. Adebiyi, O.; Olayemi, F.; Ning-Hua, T.; Guang-Zhi, Z. In vitro antioxidant activity, total 
phenolic and flavonoid contents of ethanol extract of stem and leaf of Grewia carpinifolia. 
Beni-Suef Univ. J. Basic Appl. Sci. 2017, 6, 2017,10-14. 

56. Rahman, M.M.; Islam, B.; Biswas, M.; Alam, A.H.M.K. In vitro antioxidant and free 
radical scavenging activity of different parts of Tabebuia pallida growing in Bangladesh. 
BMC Res. Notes (2015), 8, 621. 

57. Ramdani, B. K. Effect of Porang Flour Concentration on Physicochemical and 
Organoleptic Properties of Red Banana-Dragon Fruit Leather, Scientific articles,  
Mataram University, Mataram.2018. http://eprints.unram.ac.id/11162/ [In Bahasa 
Indonesia]. 

58. Fitantri, P.; Prasiptiangga. Study of physicochemical and sensory characteristics of 
jackfruit leather (Artocarpus heterophyllus) with addition of carrageenan. Jurnal 

https://media.neliti.com/media/publications/260950-none-ce65ab32.pdf
https://media.neliti.com/media/publications/238313-none-889e5f6e.pdf
http://eprints.unram.ac.id/11162/


Teknosains Pangan 2014,3, 1, 26-34. https://jurnal.uns.ac.id/teknosains-
pangan/article/view/4598/3992  [In Bahasa Indonesia]. 

59. Widyawati, P. S.; Wijaya, C. H.; Hardjoworo, P. S.; Sajuthi, D. Volatile compounds of 
Pluchea indica Less and Ocimum basillicum Linn essential oil and potency as 
antioxidant. HAYATI 2013, 20, 3, 117-126. 

60. Lee, J.; Chambers, D. H.; Chambers, E.; Adhikari, K.; Yoon,Y. Volatile aroma 
compounds in various breewed green teas. Molecules 2013, 18,10024-10041. 

61. Haryu, A. S. P.; Parnanto, N. H. R.; Nursiwi, A. The influence of carrageenan addition 
to physical, chemical and sensory characteristic fruit and vegetable leather made from 
watermelon albedo (Citrullus vulgaris Schard.) and squash (Sechium edule). Jurnal 
Teknosains Pangan 2014, 5(3):1-8. https://jurnal.uns.ac.id/teknosains-
pangan/article/view/7238/6418 [In Bahasa Indonesia]. 

 

https://jurnal.uns.ac.id/teknosains-pangan/article/view/4598/3992
https://jurnal.uns.ac.id/teknosains-pangan/article/view/4598/3992
https://jurnal.uns.ac.id/teknosains-pangan/article/view/7238/6418
https://jurnal.uns.ac.id/teknosains-pangan/article/view/7238/6418


Paini Sri Widyawati <paini@ukwms.ac.id>

[Molecules] Manuscript ID: molecules-1821369 - Article Processing Charge
Confirmation

Molecules Editorial Office <molecules@mdpi.com> Fri, Jul 15, 2022 at 1:54 PM
Reply-To: sotirovic@mdpi.com
To: Paini Sri Widyawati <paini@ukwms.ac.id>
Cc: Thomas Indarto Putut Suseno <thomasindartoftp@gmail.com>, Theresia Endang Widoeri Widyastuti
<widoeri@ukwms.ac.id>, Anna Ingani Widjajaseputra <anna27july@yahoo.com>, Vincentia Wilhelmina Moeljadi
<vincentiawilhelmina@gmail.com>, Sherina Tandiono <sherinatandiono@gmail.com>, Molecules Editorial Office
<molecules@mdpi.com>

Dear Dr. Widyawati,

Thank you very much for submitting your manuscript to Molecules:

Journal name: Molecules
Manuscript ID: molecules-1821369
Type of manuscript: Article
Title: The Effect of k-Carrageenan Proportion and Hot Water Extract of
Pluchea Indica Less Leaf Tea to Quality and Sensory Properties of Stink Lily
(Amorphophallus Muelleri) Wet Noodles
Authors: Paini Sri Widyawati *, Thomas Indarto Putut Suseno, Theresia Endang
Widoeri Widyastuti, Anna Ingani Widjajaseputra, Vincentia Wilhelmina
Moeljadi, Sherina Tandiono
Received: 1 July 2022
E-mails: paini@ukwms.ac.id, thomasindartoftp@gmail.com, widoeri@ukwms.ac.id,
anna27july@yahoo.com, vincentiawilhelmina@gmail.com, sherinatandiono@gmail.com
Submitted to section: Food Chemistry,
https://www.mdpi.com/journal/molecules/sections/food_chemistry
Advances in Functional Foods
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food

We confirm that, if accepted for publication, the following Article
Processing Charges (APC), 2000 CHF, will apply to your article:

Journal APC: 2300 CHF
Voucher Discount: 300 CHF
Total APC: 2000 CHF
Please confirm that the APC is correct at the below link:
https://susy.mdpi.com/user/manuscripts/apc_info/40d36acaaee298d51e78236518358c5a

Please also check and confirm that the below information for the invoice
address is correct:
-----------------------------
Name: Paini Sri Widyawati
Address: Dr. Paini Sri Widyawati
Academic
FTP UKWMS Jl. Dinoyo 42-44
60265 Surabaya
Indonesia
E-Mail: paini@ukwms.ac.id
-----------------------------

You may be entitled to a discount if you have previously received a discount
code. Please note that reviewer vouchers must be applied before acceptance

8/6/24, 7:01 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Article Processing Charge Con…

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f :1738400704312964921&simpl=msg-f :1738400704312964… 1/2

mailto:paini@ukwms.ac.id
mailto:thomasindartoftp@gmail.com
mailto:widoeri@ukwms.ac.id
mailto:anna27july@yahoo.com
mailto:vincentiawilhelmina@gmail.com
mailto:sherinatandiono@gmail.com
https://www.mdpi.com/journal/molecules/sections/food_chemistry
https://www.mdpi.com/journal/molecules/sections/food_chemistry
https://www.mdpi.com/journal/molecules/sections/food_chemistry
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food
https://susy.mdpi.com/user/manuscripts/apc_info/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/apc_info/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/apc_info/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/apc_info/40d36acaaee298d51e78236518358c5a
mailto:paini@ukwms.ac.id


for publication. Vouchers cannot be applied once an APC invoice has been
issued. Reviewer vouchers, IOAP discounts, and vouchers offered by the
Editorial Office cannot be applied to one invoice at the same time. You need
to select one type of voucher to use. If you need to add any discount or
replace the current discount with another type of discount, please contact
the Molecules Editorial Office as soon as possible.

Please confirm that you support open access publishing, which allows
unlimited access to your published paper and that you will pay the Article
Processing Charge if your manuscript is accepted.

Thank you in advance for your cooperation. I look forward to hearing from you.

Kind regards,
Ms. Jasna Sotirovic,
Assistant Editor, MDPI Belgrade
E-Mail: sotirovic@mdpi.com

MDPI Branch Office, Belgrade
Bulevar Mihajla Pupina 115
11070 New Belgrade, Serbia
Tel.: +381 11 414 75 49

Newly Released Impact Factor for /Molecules/ (2021): 4.927
Newly released CiteScore for /Molecules/ (2021): 5.9 - Q1 (Chemistry
(miscellaneous))

Disclaimer: MDPI recognizes the importance of data privacy and
protection. We treat personal data in line with the General Data
Protection Regulation (GDPR) and with what the community expects of us. The
information contained in this message is confidential and intended solely for
the use of the individual or entity to whom they are
addressed. If you have received this message in error, please notify me and
delete this message from your system. You may not copy this message in its
entirety or in part, or disclose its contents to anyone.

8/6/24, 7:01 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Article Processing Charge Con…

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f :1738400704312964921&simpl=msg-f :1738400704312964… 2/2

mailto:sotirovic@mdpi.com


Paini Sri Widyawati <paini@ukwms.ac.id>

[Molecules] Manuscript ID: molecules-1821369 - Acknowledgement - Article
Processing Charge Confirmation Received

molecules@mdpi.com <molecules@mdpi.com> Fri, Jul 15, 2022 at 2:45 PM
Reply-To: molecules@mdpi.com
To: paini@ukwms.ac.id
Cc: paini@ukwms.ac.id, molecules@mdpi.com, sotirovic@mdpi.com

Dear Dr. Widyawati,

Thank you very much for your confirmation of the Article Processing Charge of
2000  CHF for the following manuscript:

Journal name: Molecules
Manuscript ID: molecules-1821369
Type of manuscript: Article
Title: The Effect of k-Carrageenan Proportion and Hot Water Extract of
Pluchea Indica Less Leaf Tea to Quality and Sensory Properties of Stink Lily
(Amorphophallus Muelleri) Wet Noodles
Authors: Paini Sri Widyawati *, Thomas Indarto Putut Suseno, Theresia Endang
Widoeri Widyastuti, Anna Ingani Widjajaseputra, Vincentia Wilhelmina
Moeljadi, Sherina Tandiono
Received: 1 July 2022
E-mails: paini@ukwms.ac.id, thomasindartoftp@gmail.com, widoeri@ukwms.ac.id,
anna27july@yahoo.com, vincentiawilhelmina@gmail.com, sherinatandiono@gmail.com

Please note that the invoice will be sent to the below address immediately
after your paper is accepted.
-----------------------------
Name:Paini Sri Widyawati
Address:Dr. Paini Sri Widyawati
Academic
FTP UKWMS Jl. Dinoyo 42-44
60265 Surabaya
Indonesia
E-Mail:paini@ukwms.ac.id
-----------------------------
Changes to the invoice, including the addition of new vouchers, are not
possible after paper acceptance.
If any of the above information is incorrect, please let us know as soon as
possible.

Kind regards,
Molecules Editorial Office
Postfach, CH-4020 Basel, Switzerland
Office: St. Alban-Anlage 66, CH-4052 Basel
Tel. +41 61 683 77 34 (office)
E-mail: molecules@mdpi.com
https://www.mdpi.com/journal/molecules/

8/6/24, 7:01 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Acknow ledgement - Article Pro…

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f :1738403896117974797&simpl=msg-f :1738403896117974797 1/1

mailto:paini@ukwms.ac.id
mailto:thomasindartoftp@gmail.com
mailto:widoeri@ukwms.ac.id
mailto:anna27july@yahoo.com
mailto:vincentiawilhelmina@gmail.com
mailto:sherinatandiono@gmail.com
mailto:E-Mail%3Apaini@ukwms.ac.id
mailto:molecules@mdpi.com
https://www.mdpi.com/journal/molecules/
https://www.mdpi.com/journal/molecules/


paini@ukwms.ac.id 
 My Profile (/user/edit) 
 Logout 
 Submit (/user/manuscripts/upload)
(https://susy.mdpi.com)

Journals (https://www.mdpi.com/about/journals/) 
 Topics (https://www.mdpi.com/topics)


 Author Services (https://www.mdpi.com/authors/english) 
Information (https://www.mdpi.com/guidelines) Initiatives

About (https://www.mdpi.com/about)

User Menu

Home
(/user/myprofile)

Manage
Accounts
(/user/manage_accounts)

Change
Password
(/user/chgpwd)

Edit Profile
(/user/edit)

Logout
(/user/logout)

Submissions
Menu

Submit
Manuscript
(/user/manuscripts/upload)

Display
Submitted
Manuscripts
(/user/manuscripts/status)

English Editing
(/user/pre_english_article/status)

Discount
Vouchers
(/user/discount_voucher)

Invoices
(/user/invoices)

LaTex Word
Count
(/user/get/latex_word_count)

Reviewers
Menu

Reviews
(/user/reviewer/status)

Manuscript Information Overview

Manuscript ID molecules-1821369

Status Under review

Article type Article

Title The Effect of k-Carrageenan Proportion and Hot Water Extract of
Pluchea Indica Less Leaf Tea to Quality and Sensory Properties of
Stink Lily (Amorphophallus Muelleri) Wet Noodles

Journal Molecules (https://www.mdpi.com/journal/molecules)

Section Food Chemistry
(https://www.mdpi.com/journal/molecules/sections/food_chemistry)

Special Issue Advances in Functional Foods
(https://www.mdpi.com/journal/molecules/special_issues/adv_func
_food)

Abstract The study aimed to determine the effect of the proportion of k-
carrageenan and hot water extract of pluchea leaf tea on the
quality and sensory of stink lily wet noodles. The research design
used was a Randomized Block Design with two factors, i.e. the
difference in the proportion of k-carrageenan (K) (0, 1, 2, and 3%
b/b) and the addition of hot water extract of Pluchea indica Less
leaf tea (L) (0, 15, and 30% b/v) with 12 treatment level (K0L0,
K0L1, K0L2, K1L0, K1L1, K1L2, K2L0, K2L1, K2L2, K3L0, K3L1,
K3L2). The data were analyzed by the Anova at = 5% and
continued with the Duncan's Multiple Range Test at p= 5% and the
best treatment was determined by the Spider web method based
on sensory assay by a hedonic method. The proportions of -
carrageenan and the concentration of pluchea tea extract had a
significant effect on cooking quality and sensory properties.
However, the interaction of the two factors affected the swelling
index, yellowness (b*), chroma (C), hue (h), total phenol content
(TPC), total flavonoid content (TFC), and DPPH free radical
scavenging assay (AOA). The best treatment of wet noodles was
K2L0 with a preference score of 15.8. The binding of -
carrageenan and phenolic compounds to make networking
structure by intra- and inter-disulfide bind between glucomannan
and gluten, was thought to affect the cooking quality, sensory
properties, bioactive compounds (TPC and TFC), and AOA.

Keywords Amorphophallus muelleri, Pluchea indica Less, wet noodles,
quality and sensory properties

Manuscript
File

manuscript.docx
(/user/manuscripts/displayFile/40d36acaaee298d51e78236518358
c5a)









https://susy.mdpi.com/user/edit
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/
https://www.mdpi.com/about/journals/
https://www.mdpi.com/topics
https://www.mdpi.com/authors/english
https://www.mdpi.com/guidelines
javascript:void(0);
https://www.mdpi.com/about
https://susy.mdpi.com/user/myprofile
https://susy.mdpi.com/user/manage_accounts
https://susy.mdpi.com/user/chgpwd
https://susy.mdpi.com/user/edit
https://susy.mdpi.com/user/logout
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/pre_english_article/status
https://susy.mdpi.com/user/discount_voucher
https://susy.mdpi.com/user/invoices
https://susy.mdpi.com/user/get/latex_word_count
https://susy.mdpi.com/user/reviewer/status
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/journal/molecules/sections/food_chemistry
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food
https://susy.mdpi.com/user/manuscripts/displayFile/40d36acaaee298d51e78236518358c5a


Volunteer
Preferences
(/volunteer_reviewer_info/view)

PDF File
manuscript.pdf
(/user/manuscripts/displayFile/40d36acaaee298d51e78236518358
c5a/latest_pdf)

APC information

Journal APC: 2,300.00 CHF

Discount
Voucher:

29ad06afbf065051 (300.00 CHF) (paini@ukwms.ac.id)

Total
Payment
Amount:

2,000.00 CHF

© 1996-2022 MDPI (Basel, Switzerland) unless otherwise stated Disclaimer 
Terms and Conditions
(https://www.mdpi.com/about/terms-and-conditions)

Privacy Policy (https://www.mdpi.com/about/privacy)



https://susy.mdpi.com/volunteer_reviewer_info/view
https://susy.mdpi.com/user/manuscripts/displayFile/40d36acaaee298d51e78236518358c5a/latest_pdf
javascript:void(0);
https://www.mdpi.com/about/terms-and-conditions
https://www.mdpi.com/about/privacy


3. First Review: Major Revision (4-7-2022) 
-Correspondence 
-Author Responses to Reviewer’s Comments 
-Review Report Form 
-Document 



Paini Sri Widyawati <paini@ukwms.ac.id>

[Molecules] Manuscript ID: molecules-1821369 - Major Revisions

Molecules Editorial Office <molecules@mdpi.com> Mon, Jul 18, 2022 at 2:02 PM
Reply-To: sotirovic@mdpi.com
To: Paini Sri Widyawati <paini@ukwms.ac.id>
Cc: Thomas Indarto Putut Suseno <thomasindartoftp@gmail.com>, Theresia Endang Widoeri Widyastuti
<widoeri@ukwms.ac.id>, Anna Ingani Widjajaseputra <anna27july@yahoo.com>, Vincentia Wilhelmina Moeljadi
<vincentiawilhelmina@gmail.com>, Sherina Tandiono <sherinatandiono@gmail.com>, Molecules Editorial Office
<molecules@mdpi.com>

Dear Dr. Widyawati,

Thank you again for your manuscript submission:

Manuscript ID: molecules-1821369
Type of manuscript: Article
Title: The Effect of k-Carrageenan Proportion and Hot Water Extract of
Pluchea Indica Less Leaf Tea to Quality and Sensory Properties of Stink Lily
(Amorphophallus Muelleri) Wet Noodles
Authors: Paini Sri Widyawati *, Thomas Indarto Putut Suseno, Theresia Endang
Widoeri Widyastuti, Anna Ingani Widjajaseputra, Vincentia Wilhelmina
Moeljadi, Sherina Tandiono
Received: 1 July 2022
E-mails: paini@ukwms.ac.id, thomasindartoftp@gmail.com, widoeri@ukwms.ac.id,
anna27july@yahoo.com, vincentiawilhelmina@gmail.com, sherinatandiono@gmail.com
Submitted to section: Food Chemistry,
https://www.mdpi.com/journal/molecules/sections/food_chemistry
Advances in Functional Foods
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food

Your manuscript has now been reviewed by experts in the field. Please find
your manuscript with the referee reports at this link:

https://susy.mdpi.com/user/manuscripts/resubmit/40d36acaaee298d51e78236518358c5a

Please revise the manuscript according to the referees' comments and upload
the revised file within 10 days.

Please use the version of your manuscript found at the above link for your
revisions.

(I) Please check that all references are relevant to the contents of the
manuscript.
(II) Any revisions to the manuscript should be marked up using the “Track
Changes” function if you are using MS Word/LaTeX, such that any changes can
be easily viewed by the editors and reviewers.
(III) Please provide a cover letter to explain, point by point, the details
of the revisions to the manuscript and your responses to the referees’
comments.
(IV) If you found it impossible to address certain comments in the review
reports, please include an explanation in your rebuttal.
(V) The revised version will be sent to the editors and reviewers.

If one of the referees has suggested that your manuscript should undergo
extensive English revisions, please address this issue during revision. We

8/6/24, 7:05 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Major Revisions

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f :1738672974467120372&simpl=msg-f :1738672974467120… 1/2

mailto:paini@ukwms.ac.id
mailto:thomasindartoftp@gmail.com
mailto:widoeri@ukwms.ac.id
mailto:anna27july@yahoo.com
mailto:vincentiawilhelmina@gmail.com
mailto:sherinatandiono@gmail.com
https://www.mdpi.com/journal/molecules/sections/food_chemistry
https://www.mdpi.com/journal/molecules/sections/food_chemistry
https://www.mdpi.com/journal/molecules/sections/food_chemistry
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food
https://www.mdpi.com/journal/molecules/special_issues/adv_func_food
https://susy.mdpi.com/user/manuscripts/resubmit/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/resubmit/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/resubmit/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/resubmit/40d36acaaee298d51e78236518358c5a


propose that you use one of the editing services listed at
https://www.mdpi.com/authors/english or have your manuscript checked by a
native English-speaking colleague.

Do not hesitate to contact us if you have any questions regarding the
revision of your manuscript. We look forward to hearing from you soon.

Kind regards,
Ms. Jasna Sotirovic,
Assistant Editor, MDPI Belgrade
E-Mail: sotirovic@mdpi.com

MDPI Branch Office, Belgrade
Bulevar Mihajla Pupina 115
11070 New Belgrade, Serbia
Tel.: +381 11 414 75 49

Newly Released Impact Factor for /Molecules/ (2021): 4.927
Newly released CiteScore for /Molecules/ (2021): 5.9 - Q1 (Chemistry
(miscellaneous))

Disclaimer: MDPI recognizes the importance of data privacy and
protection. We treat personal data in line with the General Data
Protection Regulation (GDPR) and with what the community expects of us. The
information contained in this message is confidential and intended solely for
the use of the individual or entity to whom they are
addressed. If you have received this message in error, please notify me and
delete this message from your system. You may not copy this message in its
entirety or in part, or disclose its contents to anyone.

8/6/24, 7:05 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Major Revisions

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f :1738672974467120372&simpl=msg-f :1738672974467120… 2/2

https://www.mdpi.com/authors/english
https://www.mdpi.com/authors/english
mailto:sotirovic@mdpi.com


Paini Sri Widyawati <paini@ukwms.ac.id>

[Molecules] Manuscript ID: molecules-1821369 - Major Revisions

Paini Sri Widyawati <paini@ukwms.ac.id> Mon, Jul 18, 2022 at 3:30 PM
To: sotirovic@mdpi.com

Dear Journal Editor

In connection with my previous letter to Ms. Julien that I will publish my manuscript in the molecular journal for the regular
edition and not in the special edition. 
Therefore, if I revise this manuscript, how can I be sure that it is not published in a special edition?
Because I would have a hard time paying the journal APC if this manuscript was published in a special issue.

Please help so that this manuscript can be published regularly. Thank you for your attention.

Regards

Paini Sri Widyawati
[Quoted text hidden]

8/6/24, 7:06 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Major Revisions

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-a:r-3591257611524779898&simpl=msg-a:r-3591257611524… 1/1



Paini Sri Widyawati <paini@ukwms.ac.id>

[Molecules] Manuscript ID: molecules-1821369 - Major Revisions

Jasna Sotirović <sotirovic@mdpi.com> Tue, Jul 19, 2022 at 4:16 PM
To: Paini Sri Widyawati <paini@ukwms.ac.id>
Cc: Molecules Editorial Office <molecules@mdpi.com>

Dear Dr. Widyawati,

Thank you very much for your letter.

I apologize for a delay in response. Your manuscript has been moved from
Special Issue to a regular submission in Journal Molecules, as requested.

Should you have any further questions or concerns, please let me know.

Have a nice day.

Kind regards,

Ms. Jasna Sotirovic,
Assistant Editor, MDPI Belgrade
E-Mail: sotirovic@mdpi.com

MDPI Branch Office, Belgrade
Bulevar Mihajla Pupina 115
11070 New Belgrade, Serbia
Tel.: +381 11 414 75 49

Newly Released Impact Factor for /Molecules/ (2021): 4.927

Disclaimer: MDPI recognizes the importance of data privacy and
protection. We treat personal data in line with the General Data
Protection Regulation (GDPR) and with what the community expects of us. The
information contained in this message is confidential and intended
solely for
the use of the individual or entity to whom they are
addressed. If you have received this message in error, please notify me and
delete this message from your system. You may not copy this message in its
entirety or in part, or disclose its contents to anyone.

On 2022-07-18 10:30, Paini Sri Widyawati wrote:
> Dear Dr. Widyawati,

8/6/24, 7:07 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Major Revisions

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f :1738772009717383151&simpl=msg-f :1738772009717383… 1/1

mailto:sotirovic@mdpi.com


Paini Sri Widyawati <paini@ukwms.ac.id>

[Molecules] Manuscript ID: molecules-1821369 - Major Revisions

Paini Sri Widyawati <paini@ukwms.ac.id> Tue, Jul 19, 2022 at 7:16 PM
To: Jasna Sotirović <sotirovic@mdpi.com>

Dear Ms Jasna Sotirovic

Thanks for attention

The Best Regards

Paini Sri W

[Quoted text hidden]

8/6/24, 7:08 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Major Revisions

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-a:r-9053093752604763721&simpl=msg-a:r-9053093752604… 1/1



paini@ukwms.ac.id  My Profile (/user/edit)  Logout  Submit (/user/manuscripts/upload)

 (https://susy.mdpi.com)  Journals (https://www.mdpi.com/about/journals/)  Topics (https://www.mdpi.com/topics)

 Author Services (https://www.mdpi.com/authors/english)  Information (https://www.mdpi.com/guidelines) Initiatives

About (https://www.mdpi.com/about)

User Menu

Home
(/user/myprofile)

Manage
Accounts
(/user/manage_accounts)

Change
Password
(/user/chgpwd)

Edit Profile
(/user/edit)

Logout
(/user/logout)

Submissions
Menu

Submit
Manuscript
(/user/manuscripts/upload)

Display
Submitted
Manuscripts
(/user/manuscripts/status)

English Editing
(/user/pre_english_article/status)

Discount
Vouchers
(/user/discount_voucher)

Invoices
(/user/invoices)

LaTex Word
Count
(/user/get/latex_word_count)

Reviewers
Menu

Reviews
(/user/reviewer/status)

Journal Molecules (https://www.mdpi.com/journal/molecules) (ISSN 1420-
3049)

Manuscript ID molecules-1821369

Type Article

Title The Effect of k-Carrageenan Proportion and Hot Water Extract of
Pluchea Indica Less Leaf Tea to Quality and Sensory Properties of
Stink Lily (Amorphophallus Muelleri) Wet Noodles
(https://www.mdpi.com/1420-3049/27/16/5062)

Authors Paini Sri Widyawati *  (https://sciprofiles.com/profile/2124526) ,
Thomas Indarto Putut Suseno , Theresia Endang Widoeri
Widyastuti , Anna Ingani Widjajaseputra , Vincentia Wilhelmina
Moeljadi , Sherina Tandiono

Abstract The study aimed to determine the effect of the proportion of k-
carrageenan and hot water extract of pluchea leaf tea on the
quality and sensory of stink lily wet noodles. The research design
used was a Randomized Block Design with two factors, i.e. the
difference in the proportion of k-carrageenan (K) (0, 1, 2, and 3%
b/b) and the addition of hot water extract of Pluchea indica Less
leaf tea (L) (0, 15, and 30% b/v) with 12 treatment level (K0L0,
K0L1, K0L2, K1L0, K1L1, K1L2, K2L0, K2L1, K2L2, K3L0, K3L1,
K3L2). The data were analyzed by the Anova at = 5% and
continued with the Duncan's Multiple Range Test at p= 5% and the
best treatment was determined by the Spider web method based
on sensory assay by a hedonic method. The proportions of -
carrageenan and the concentration of pluchea tea extract had a
significant effect on cooking quality and sensory properties.
However, the interaction of the two factors affected the swelling
index, yellowness (b*), chroma (C), hue (h), total phenol content
(TPC), total flavonoid content (TFC), and DPPH free radical
scavenging assay (AOA). The best treatment of wet noodles was
K2L0 with a preference score of 15.8. The binding of -
carrageenan and phenolic compounds to make networking
structure by intra- and inter-disulfide bind between glucomannan
and gluten, was thought to affect the cooking quality, sensory
properties, bioactive compounds (TPC and TFC), and AOA.

The coverletter for this review report has been saved in the
database. You can safely close this window.

Authors' Responses to Reviewer's Comments (Reviewer 1)









https://susy.mdpi.com/user/edit
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/
https://www.mdpi.com/about/journals/
https://www.mdpi.com/topics
https://www.mdpi.com/authors/english
https://www.mdpi.com/guidelines
javascript:void(0);
https://www.mdpi.com/about
https://susy.mdpi.com/user/myprofile
https://susy.mdpi.com/user/myprofile
https://susy.mdpi.com/user/manage_accounts
https://susy.mdpi.com/user/manage_accounts
https://susy.mdpi.com/user/manage_accounts
https://susy.mdpi.com/user/chgpwd
https://susy.mdpi.com/user/chgpwd
https://susy.mdpi.com/user/chgpwd
https://susy.mdpi.com/user/edit
https://susy.mdpi.com/user/edit
https://susy.mdpi.com/user/logout
https://susy.mdpi.com/user/logout
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/pre_english_article/status
https://susy.mdpi.com/user/pre_english_article/status
https://susy.mdpi.com/user/discount_voucher
https://susy.mdpi.com/user/discount_voucher
https://susy.mdpi.com/user/discount_voucher
https://susy.mdpi.com/user/invoices
https://susy.mdpi.com/user/invoices
https://susy.mdpi.com/user/get/latex_word_count
https://susy.mdpi.com/user/get/latex_word_count
https://susy.mdpi.com/user/get/latex_word_count
https://susy.mdpi.com/user/reviewer/status
https://susy.mdpi.com/user/reviewer/status
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/1420-3049/27/16/5062
https://www.mdpi.com/1420-3049/27/16/5062
https://www.mdpi.com/1420-3049/27/16/5062
https://www.mdpi.com/1420-3049/27/16/5062
https://sciprofiles.com/profile/2124526
https://sciprofiles.com/profile/2124526


Volunteer
Preferences
(/volunteer_reviewer_info/view)

Author's
Notes

Dear Reviewer

Thank you for your suggestions to improve our manuscript.
Attached I send the manuscript that I have revised. The sections I
am revising are marked in yellow in the manuscript.
There are several explanations regarding reviewer questions
1. The maximum amount of k-carrageenan allowed is not clear, but
the concentration of k-carrageenan for noodle products is a
maximum of 3%
2. Testing of the bioactive compound content and antioxidant
activity (DPPH) was only carried out on cooked noodles, while raw
wet noodles were not carried out, so it is not known the number
loss of bioactive compounds and antioxidant activity.

The Best Regards

Paini Sri Widyawati

Author's
Notes File

Report Notes (/user/review/displayFile/28121138/4figOAWI?
file=author-coverletter&report=20684664)

Review Report Form

Open
Review

(x) I would not like to sign my review report
( ) I would like to sign my review report

Quality of
English

Language

( ) The English is very difficult to understand/incomprehensible.
( ) Extensive editing of English language and style required.
(x) Moderate English changes required.
( ) English language and style are fine/minor spell check
required.
( ) I am not qualified to assess the quality of English in this
paper.

Yes Can be
improved

Must be
improved

Not
applicable

Does the introduction provide sufficient

background and include all relevant references?
( ) (x) ( ) ( )

Is the research design appropriate? ( ) (x) ( ) ( )

Are the methods adequately described? (x) ( ) ( ) ( )

Are the results clearly presented? ( ) (x) ( ) ( )

Are the conclusions supported by the results? (x) ( ) ( ) ( )

Comments
and



https://susy.mdpi.com/volunteer_reviewer_info/view
https://susy.mdpi.com/volunteer_reviewer_info/view
https://susy.mdpi.com/volunteer_reviewer_info/view
https://susy.mdpi.com/user/review/displayFile/28121138/4figOAWI?file=author-coverletter&report=20684664
https://susy.mdpi.com/user/review/displayFile/28121138/4figOAWI?file=author-coverletter&report=20684664
https://susy.mdpi.com/user/review/displayFile/28121138/4figOAWI?file=author-coverletter&report=20684664


Suggestions
for Authors

The study has some interesting information. However, it
needs to be clear in the introduction why k-carrageenan and the
extract are added to the noodles, what defects of the noodles are
to be improved, and what functions the addition of the extract
makes edible, not simply the determination of the antioxidant
properties in the noodles.

 

1.    L 205-206 revise the sentence.

2.      3. Is there a standard for the maximum allowable amount
of k-carrageenan in noodles?

3.      4.1. Cooking Quality provides an extensive discussion of
the effects of k- carrageenan, including its use in other
studies, but fails to provide a focused account of what
was seen in the different samples in this study, and it is
recommended that an analysis specific to the results of
this study be included in the discussion.

4.      Bioactive Compounds and Antioxidant Activity

What is the significance of this section on TPC, TFC and
DPPH of stink lily wet noodles? Is there any loss of
activity after boiling? Is it still meaningful to eat after the
loss?

Submission
Date

01 July 2022

Date of this
review

07 Jul 2022 02:16:26

© 1996-2024 MDPI (Basel, Switzerland) unless otherwise stated Disclaimer  Terms and Conditions
(https://www.mdpi.com/about/terms-and-conditions)

Privacy Policy (https://www.mdpi.com/about/privacy)



javascript:void(0);
https://www.mdpi.com/about/terms-and-conditions
https://www.mdpi.com/about/terms-and-conditions
https://www.mdpi.com/about/privacy
https://www.mdpi.com/about/privacy


paini@ukwms.ac.id  My Profile (/user/edit)  Logout  Submit (/user/manuscripts/upload)

 (https://susy.mdpi.com)  Journals (https://www.mdpi.com/about/journals/)  Topics (https://www.mdpi.com/topics)

 Author Services (https://www.mdpi.com/authors/english)  Information (https://www.mdpi.com/guidelines) Initiatives

About (https://www.mdpi.com/about)

User Menu

Home
(/user/myprofile)

Manage
Accounts
(/user/manage_accounts)

Change
Password
(/user/chgpwd)

Edit Profile
(/user/edit)

Logout
(/user/logout)

Submissions
Menu

Submit
Manuscript
(/user/manuscripts/upload)

Display
Submitted
Manuscripts
(/user/manuscripts/status)

English Editing
(/user/pre_english_article/status)

Discount
Vouchers
(/user/discount_voucher)

Invoices
(/user/invoices)

LaTex Word
Count
(/user/get/latex_word_count)

Reviewers
Menu

Reviews
(/user/reviewer/status)

Journal Molecules (https://www.mdpi.com/journal/molecules) (ISSN 1420-
3049)

Manuscript ID molecules-1821369

Type Article

Title The Effect of k-Carrageenan Proportion and Hot Water Extract of
Pluchea Indica Less Leaf Tea to Quality and Sensory Properties of
Stink Lily (Amorphophallus Muelleri) Wet Noodles
(https://www.mdpi.com/1420-3049/27/16/5062)

Authors Paini Sri Widyawati *  (https://sciprofiles.com/profile/2124526) ,
Thomas Indarto Putut Suseno , Theresia Endang Widoeri
Widyastuti , Anna Ingani Widjajaseputra , Vincentia Wilhelmina
Moeljadi , Sherina Tandiono

Abstract The study aimed to determine the effect of the proportion of k-
carrageenan and hot water extract of pluchea leaf tea on the
quality and sensory of stink lily wet noodles. The research design
used was a Randomized Block Design with two factors, i.e. the
difference in the proportion of k-carrageenan (K) (0, 1, 2, and 3%
b/b) and the addition of hot water extract of Pluchea indica Less
leaf tea (L) (0, 15, and 30% b/v) with 12 treatment level (K0L0,
K0L1, K0L2, K1L0, K1L1, K1L2, K2L0, K2L1, K2L2, K3L0, K3L1,
K3L2). The data were analyzed by the Anova at = 5% and
continued with the Duncan's Multiple Range Test at p= 5% and the
best treatment was determined by the Spider web method based
on sensory assay by a hedonic method. The proportions of -
carrageenan and the concentration of pluchea tea extract had a
significant effect on cooking quality and sensory properties.
However, the interaction of the two factors affected the swelling
index, yellowness (b*), chroma (C), hue (h), total phenol content
(TPC), total flavonoid content (TFC), and DPPH free radical
scavenging assay (AOA). The best treatment of wet noodles was
K2L0 with a preference score of 15.8. The binding of -
carrageenan and phenolic compounds to make networking
structure by intra- and inter-disulfide bind between glucomannan
and gluten, was thought to affect the cooking quality, sensory
properties, bioactive compounds (TPC and TFC), and AOA.

The coverletter for this review report has been saved in the
database. You can safely close this window.

Authors' Responses to Reviewer's Comments (Reviewer 2)









https://susy.mdpi.com/user/edit
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/
https://www.mdpi.com/about/journals/
https://www.mdpi.com/topics
https://www.mdpi.com/authors/english
https://www.mdpi.com/guidelines
javascript:void(0);
https://www.mdpi.com/about
https://susy.mdpi.com/user/myprofile
https://susy.mdpi.com/user/myprofile
https://susy.mdpi.com/user/manage_accounts
https://susy.mdpi.com/user/manage_accounts
https://susy.mdpi.com/user/manage_accounts
https://susy.mdpi.com/user/chgpwd
https://susy.mdpi.com/user/chgpwd
https://susy.mdpi.com/user/chgpwd
https://susy.mdpi.com/user/edit
https://susy.mdpi.com/user/edit
https://susy.mdpi.com/user/logout
https://susy.mdpi.com/user/logout
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/user/manuscripts/upload
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/manuscripts/status
https://susy.mdpi.com/user/pre_english_article/status
https://susy.mdpi.com/user/pre_english_article/status
https://susy.mdpi.com/user/discount_voucher
https://susy.mdpi.com/user/discount_voucher
https://susy.mdpi.com/user/discount_voucher
https://susy.mdpi.com/user/invoices
https://susy.mdpi.com/user/invoices
https://susy.mdpi.com/user/get/latex_word_count
https://susy.mdpi.com/user/get/latex_word_count
https://susy.mdpi.com/user/get/latex_word_count
https://susy.mdpi.com/user/reviewer/status
https://susy.mdpi.com/user/reviewer/status
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/1420-3049/27/16/5062
https://www.mdpi.com/1420-3049/27/16/5062
https://www.mdpi.com/1420-3049/27/16/5062
https://www.mdpi.com/1420-3049/27/16/5062
https://sciprofiles.com/profile/2124526
https://sciprofiles.com/profile/2124526


Volunteer
Preferences
(/volunteer_reviewer_info/view)

Author's
Notes

Dear Reviewer

Thank you for your suggestions to improve our manuscript.
Attached I send the manuscript that I have revised. The sections I
am revising are marked in yellow in the manuscript.
We have changed, corrected, and added information according to
the reviewer's suggestions

The Best Regards

Paini Sri Widyawati

Author's
Notes File

Report Notes (/user/review/displayFile/28288125/vLnCAyd3?
file=author-coverletter&report=20816743)

Review Report Form

Open
Review

( ) I would not like to sign my review report
(x) I would like to sign my review report

Quality of
English

Language

( ) The English is very difficult to understand/incomprehensible.
( ) Extensive editing of English language and style required.
( ) Moderate English changes required.
(x) English language and style are fine/minor spell check
required.
( ) I am not qualified to assess the quality of English in this
paper.

Yes Can be
improved

Must be
improved

Not
applicable

Does the introduction provide sufficient

background and include all relevant references?
(x) ( ) ( ) ( )

Is the research design appropriate? (x) ( ) ( ) ( )

Are the methods adequately described? ( ) ( ) (x) ( )

Are the results clearly presented? ( ) ( ) (x) ( )

Are the conclusions supported by the results? ( ) (x) ( ) ( )

Comments
and

Suggestions
for Authors

I think that the topic is very interesting for the journal fits perfectly
in the Special Issue to which it has been submitted, since it
provides the possibility of increase the functional value of wet
noodle products.

However, there are important aspects that must be clarified to be
published:

- LINE 3. Replace "to" with "on".



https://susy.mdpi.com/volunteer_reviewer_info/view
https://susy.mdpi.com/volunteer_reviewer_info/view
https://susy.mdpi.com/volunteer_reviewer_info/view
https://susy.mdpi.com/user/review/displayFile/28288125/vLnCAyd3?file=author-coverletter&report=20816743
https://susy.mdpi.com/user/review/displayFile/28288125/vLnCAyd3?file=author-coverletter&report=20816743
https://susy.mdpi.com/user/review/displayFile/28288125/vLnCAyd3?file=author-coverletter&report=20816743


- LINES 13 and 14. What do you mean with "b/b" and "b/v"?
Review it throughout the text.

- LINE 15. Put Anova in capital letters.

- LINE 21. The DPPH free radical scavenging assay is usually
associated with the acronym DPPH and not with AOA.

- LINE 76. The figures included in the non-published material could
be included in the manuscript to better understand the elaboration
process.

- LINE 101. The information included in the manuscript seems
misplaced. Introduce tables and figures as close as possible to
where they are cited in the text.

- LINE 121. Remove repeated words.

- LINE 141. Include the name of the authors, replacing “by [27]”
with “by Rathorel et al. [27]”. Review it throughout the text.

- LINE 173-185. The experimental design should be explained in
more detail: Detail hedonic scale scoring method.

- LINES 194-197. Explain better the statistical analysis. Were you
do a pre-treatment of the data (normal distribution and variance
homogeneity)? Were the values considered significant when P =
0.05 or when P < 0.05?

- LINE 238. Figure 1b is not clear. Please replace it with a higher
quality one. Moreover, reflect in the legend that there is Figure 1a
and 1b.

- LINE 243. Please, use superscripts in the table. The same in
Table 5.

 

- LINE 289. Revise the number of significant decimals.

 

peer-review-20816743.v1.docx
(/user/review/displayFile/28288125/vLnCAyd3?
file=review&report=20816743)

Submission
Date

01 July 2022

Date of this
review

17 Jul 2022 13:33:02



https://susy.mdpi.com/user/review/displayFile/28288125/vLnCAyd3?file=review&report=20816743
https://susy.mdpi.com/user/review/displayFile/28288125/vLnCAyd3?file=review&report=20816743
https://susy.mdpi.com/user/review/displayFile/28288125/vLnCAyd3?file=review&report=20816743


Paini Sri Widyawati <paini@ukwms.ac.id>

[Molecules] Manuscript ID: molecules-1821369 - Manuscript Resubmitted

Molecules Editorial Office <molecules@mdpi.com> Sun, Jul 24, 2022 at 11:08 PM
Reply-To: Jasna Sotirovic <sotirovic@mdpi.com>, Molecules Editorial Office <molecules@mdpi.com>
To: Paini Sri Widyawati <paini@ukwms.ac.id>
Cc: Thomas Indarto Putut Suseno <thomasindartoftp@gmail.com>, Theresia Endang Widoeri Widyastuti
<widoeri@ukwms.ac.id>, Anna Ingani Widjajaseputra <anna27july@yahoo.com>, Vincentia Wilhelmina Moeljadi
<vincentiawilhelmina@gmail.com>, Sherina Tandiono <sherinatandiono@gmail.com>

Dear Dr. Widyawati,

Thank you very much for resubmitting the modified version of the following
manuscript:

Manuscript ID: molecules-1821369
Type of manuscript: Article
Title: The Effect of k-Carrageenan Proportion and Hot Water Extract of
Pluchea Indica Less Leaf Tea to Quality and Sensory Properties of Stink Lily
(Amorphophallus Muelleri) Wet Noodles
Authors: Paini Sri Widyawati *, Thomas Indarto Putut Suseno, Theresia Endang
Widoeri Widyastuti, Anna Ingani Widjajaseputra, Vincentia Wilhelmina
Moeljadi, Sherina Tandiono
Received: 1 July 2022
E-mails: paini@ukwms.ac.id, thomasindartoftp@gmail.com, widoeri@ukwms.ac.id,
anna27july@yahoo.com, vincentiawilhelmina@gmail.com, sherinatandiono@gmail.com

https://susy.mdpi.com/user/manuscripts/review_info/40d36acaaee298d51e78236518358c5a

A member of the editorial office will be in touch with you soon regarding
progress of the manuscript.

Kind regards,
Molecules Editorial Office
Postfach, CH-4020 Basel, Switzerland
Office: St. Alban-Anlage 66, CH-4052 Basel
Tel. +41 61 683 77 34 (office)
E-mail: molecules@mdpi.com
https://www.mdpi.com/journal/molecules/

*** This is an automatically generated email ***

8/6/24, 7:08 PM Universitas Katolik Widya Mandala Surabaya Mail - [Molecules] Manuscript ID: molecules-1821369 - Manuscript Resubmitted

https://mail.google.com/mail/u/0/?ik=630b2ef43d&view =pt&search=all&permmsgid=msg-f :1739250933394720304&simpl=msg-f :1739250933394720… 1/1

mailto:paini@ukwms.ac.id
mailto:thomasindartoftp@gmail.com
mailto:widoeri@ukwms.ac.id
mailto:anna27july@yahoo.com
mailto:vincentiawilhelmina@gmail.com
mailto:sherinatandiono@gmail.com
https://susy.mdpi.com/user/manuscripts/review_info/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/review_info/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/review_info/40d36acaaee298d51e78236518358c5a
https://susy.mdpi.com/user/manuscripts/review_info/40d36acaaee298d51e78236518358c5a
mailto:molecules@mdpi.com
https://www.mdpi.com/journal/molecules/
https://www.mdpi.com/journal/molecules/


 

 
 

 

 
Molecules 2021, 26, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/molecules 

Article 1 

The Effect of -Carrageenan Proportion and Hot Water Extract 2 

of Pluchea Indica Less Leaf Tea on Quality and Sensory Proper-3 

ties of Stink Lily (Amorphophallus Muelleri) Wet Noodles 4 

Paini Sri Widyawati †,*, Thomas Indarto Putut Suseno , Anna Ingani Widjajaseputra , Theresia Endang Widoeri 5 

Widyastuti, Vincentia Wilhelmina Moeljadi and Sherina Tandiono 6 

Food Technology Study Program, Agricultural Technology Faculty, Widya Mandala Surabaya Catholic Univer-7 

sity, Dinoyo Street Number 42-44, Surabaya, East Java 60265, Indonesia:  8 

* Correspondence: paini@ukwms.ac.id 9 

Abstract : The study aimed to determine the effect of the proportion of -carrageenan and hot water 10 

extract of pluchea leaf tea on the quality and sensory of stink lily wet noodles. The research design 11 

used was a Randomized Block Design with two factors, i.e. the difference in the proportion of -12 

carrageenan (K) (0, 1, 2, and 3% w/w) and the addition of hot water extract of Pluchea indica Less leaf 13 

tea (L) (0, 15, and 30% w/v) with 12 treatment level (K0L0, K0L1, K0L2,  K1L0, K1L1, K1L2, K2L0, 14 

K2L1, K2L2, K3L0, K3L1, K3L2). The data were analyzed by the ANOVA at p< 5% and continued 15 

with the Duncan's Multiple Range Test at p< 5% and the best treatment was determined by the 16 

Spider web method based on sensory assay by a hedonic method. The proportions of -carrageenan 17 

and the concentration of pluchea tea extract had a significant effect on cooking quality and sensory 18 

properties. However, the interaction of the two factors affected the swelling index, yellowness (b*), 19 

chroma (C), hue (h), total phenol content (TPC), total flavonoid content (TFC), and DPPH free rad-20 

ical scavenging assay (DPPH). The best treatment of wet noodles was K2L0 with a preference score 21 

of 15.8. The binding of -carrageenan and phenolic compounds to make networking structure by 22 

intra- and inter-disulfide bind between glucomannan and gluten, was thought to affect the cooking 23 

quality, sensory properties, bioactive compounds (TPC and TFC), and DPPH 24 

Keywords: Amorphophallus muelleri; Pluchea indica Less; wet noodles; quality and sensory properties 25 

 26 

1. Introduction 27 

Noodles are a rice substitute commodity that is much favored by the public [1], es-28 

pecially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, noo-29 

dles are divided into wet noodles and dry noodles. Indonesia is the second country in the 30 

world that likes to consume noodles [2]. In 2017, the consumption of instant noodles 31 

achieves by 180.2 packets per head in the world, and in Indonesia, the consumption of 32 

wet noodles shows that all age groups and education levels like it [3]. Meanwhile, instant 33 

noodle consumption in 2020 reached 12,640 million portions [2]. Noodles are generally 34 

made from wheat flour, the use of local food ingredients based on carbohydrates, includ-35 

ing stink lily flour, can reduce the consumption of wheat flour which is quite high in In-36 

donesia, the average consumption of wheat flour for the Indonesian population in 2019 is 37 

17.8 kg/capita/year [4].  38 

Stink lily flour (Amorphophallus muelleri) is a group of Araceae that contains glucoman-39 

nan oligosaccharides around 15-64% dry base [5] or more than 60% [6]. Glucomannan is 40 

a heteropolysaccharide consisting of 67% D-mannose and 33% D-glucose and has -1,4 41 

and -1,6 glycoside bonds [7], which can reduce body weight, sugar content blood levels, 42 
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LDL cholesterol levels and prolong gastric emptying time [8,9]. Stink lily flour has a gly-43 

cemic index of 85 which is lower than the glycemic index of glucose which is considered 44 

to be 100 [7]. The use of stink lily flour in the manufacture of wet noodles is able to replace 45 

the role of gliadin and glutenin proteins in the formation of gluten with an elastic texture 46 

[10]. Polysaccharides in stink lily flour can dissolve in water to form a thick solution, form 47 

a gel, expand, and melt like agar [11], can increase the elasticity and cohesiveness [12,13] 48 

with increasing -helix and -sheet structures of wet noodles [13]. However, the higher 49 

the substitution of stink lily flour, the lower the texture preference because the noodles 50 

break easily and are sticky [12]. Therefore, it is necessary to add hydrocolloids, including 51 

carrageenan, because they can increase elasticity [14]. The combination of the use of glu-52 

comannan and carrageenan can form a strong and elastic gel [15]. 53 

The addition of hot water extract from pluchea leaf tea in making stink lily wet noo-54 

dles is expected to increase the functional value of wet noodle products. Pluchea  leaves 55 

contain nutrients, such as: protein 1.79 g/100 g, fat 0.49 g/100 g, ash 0.20 g/100 g, insoluble 56 

fiber 0.89 g/100 g, soluble fiber 0.45 g/100 g, total fiber 1.34 g/100 g, carbohydrates 8.65 57 

g/100 g, calcium 251 g/100 g, -carotene 1.225 mg/100 g and vitamin C 30.17 mg/100 g as 58 

well as bioactive compounds, such as: phenolic acid 28.48±0.67 mg/100 g wb (chlorogenic 59 

acid 20±0.24 mg/100 g wb, caffeic acid 8.65±0.46 mg/100 g wb), total flavonoids 6.39 60 

mg/100 g wb (quercetin 5.21±0.26 mg/100 g wb, kaempferol 0.28±0.02 mg/100 g wb, myri-61 

cetin 0.09± 0.03 mg/100 g wb), total anthocyanins 0.27±0.01 mg/100 g wb, -carotene 62 

1.70±0.05 mg/100 g wb, and total carotenoids 8.7±0.34 mg/100 g wb [16], 3-O-63 

caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-64 

dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid 65 

[17,18,19]. Meanwhile, hot water extract of 2% pluchea leaf tea (2 g/100 ml) contains a total 66 

phenolic content of 9.3 mg EAG/ g, total flavonoid content 22.0 mg EC/ g, DPPH free rad-67 

ical scavenging activity DPPH 27.2 mg EAG/ g, and reduced iron ion 10.2 mg EAG/ g [20], 68 

due to the presence of phytochemicals (alkaloids, flavonoids, phenolics, sterols, cardiac 69 

glycosides, phenol hydroquinone, tannins, terpenoids, and saponins) [20], which has been 70 

shown to have potential as an antioxidant [20,21] and antidiabetic [22]. The effect of using 71 

-carrageenan and water extract of pluchea leaf tea on the quality and sensory of stink lily 72 

wet noodles has not been studied in detail. Therefore, the purpose of this study was to 73 

determine the effect of the proportion of -carrageenan and hot water extract of pluchea 74 

leaf tea on the quality and sensory of stink lily wet noodles. 75 

2. Materials and Methods 76 

2.1. Reagents and Materials  77 

The compounds 2,2-diphenyl1-picrylhydrazyl (DPPH), sodium carbonate, gallic 78 

acid, and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, USA). Methanol, 79 

folin ciocalteus phenol, sodium nitric, aluminium chloride, -carrageenan, and sodium 80 

hydroxide were purchased from Merck (New Jersey, USA). 81 

Pluchea leaves as raw material for making pluchea leaf tea are collected from gardens 82 

around the city of Surabaya. Specification of pluchea plant is according to the GBIF taxon 83 

ID number database: 3132728. Stink lily flour is obtained from the stink lily flour pro-84 

cessing industry in East Java. Specification of Stink lily plant is according to the GBIF taxon 85 

ID number database: 735493731. The wheat flour used is high protein flour obtained from 86 

the wheat flour processing industry in Indonesia. 87 

2.2. Preparation of Pluchea Leaf Tea.  88 

Pluchea leaves on each branch number 1-6 from the shoot were collected, sorted, and 89 

dried at an ambient temperature for 7 days until moisture content 11.16±0.09% dry base. 90 

And then dried leaves were powdered to get 45 mesh size [23]. Futhermore the leaf pow-91 

der was heated by drying oven (Binder, Merck KGaA, Darmstadt, Germany) at 120 °C for 92 
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10 min. Then dried powder of pluchea leaves was packed 2 g in tea bag that called pluchea 93 

leaf tea.  94 

 95 

2.3. Preparation of Hot Water Extract of Pluchea Leaf Tea.  96 

Pluchea leaf tea in tea bag was extracted by hot water at 95 °C for 1 min to get 15 and 97 

30% (b/v) concentrations (Table 1). And then each concentration of extract was used to 98 

make stink lily wet noodles.   99 

Table 1. The formula of hot water extract of pluchea leaf tea. 100 

Materials 
Concentration of hot water extract of pluchea leaf tea (% b/v) 

0 15 30 
Pluchea leaf tea (g) 0 4.5 9 

Hot water (mL) 30 30 30 

2.4. Stink Lily Wet Noodles Making.  101 

Stink lily wet noodles were made with mixing of wheat and stink lily flour, and -102 

carrageenan at 1, 2, and 3% (b/b) concentrations. And then the mixture was added egg, 103 

salt, baking powder, and hot water extract of pluchea leaf tea and kneaded to form a 104 

dough by a mixer machine. Then the dough was passed through a roller to make face 105 

bands the desired thickness and cut through rollers using cutting blades. The formula of 106 

stink lily wet noodle was showed at Table 2.  107 

2.5. Stink Lily Wet Noodles Extraction.  108 

125 g each sample from stink lily wet noodles was weighed (Ohaus, Ohaus Instru-109 

ments (Shanghai) Co., Ltd., RRT) and then they were dried by cabinet drying at 60 °C for 110 

4 hours to get dried noodles.  Next each sample was powdered by chopper machine at 111 

second speed for 35 seconds and then 20 g powdered sample was added 50 mL methanol 112 

by shaking water bath at 35 °C, 70 rpm for 1 hour. Filtrate was separated by Whatman 113 

filter paper grade 40 and residue was extracted again with same pattern way. Filtrate was 114 

collected and dried by rotary evaporator (Buchi Rotary Evaporator; Buchi Shanghai Ltd, 115 

RRT) at 0.2-0.3 atm, 50 °C for 60 min until getting 2 mL extract. Then extract was kept at 0 116 

°C before further study.   117 

2.6. Swelling Index Assay  118 

Swelling index or water absorption is the ability of noodles to absorb water after ge-119 

latinization during the boiling process [24]. The principle of water absorption testing is to 120 

determine the amount of water absorbed in wet noodles at a certain temperature and time. 121 

The amount of water absorbed in wet noodles can be determined from the difference be-122 

tween the weight of the noodles after and before being boiled divided by the weight of 123 

the noodles before boiling [25]. 124 

2.7. Cooking Loss Assay 125 

Cooking loss is one of the important quality parameters in wet noodles to determine 126 

the quality of wet noodles after cooking [26]. The cooking loss test for stink lily wet noo-127 

dles was carried out to determine the number of solids that came out of the noodle strands 128 

during the cooking process, namely the release of a small portion of starch from the noodle 129 

strands. 130 

2.8. Determination of Tensile Strength of Wet Noodles 131 

The tensile strength (elongation) is one important parameter of texture analysis in 132 

noodle products. The texture was determined using TA-XT2 texture analyzer (Stable Mi-133 

cro System Co., Ltd., Surrey, UK) fitted with a 5 kg load cell equipped with the Texture 134 
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Exponent 32 software V.4.0.5.0 (SMS).  The principle of the texture analyzer is to prepare 135 

a suitable probe for the test, then place the noodle samples on the table under the probe. 136 

The elongation of the noodles was individually tested by putting one end into the lower 137 

roller arm slot and sufficiently winding the loosened arm to fasten the noodle end. The 138 

same procedure was done to tighten the other end of the strip to the upper roller arm. 139 

Elongation, which was the maximum force to deform and break noodles by extension, 140 

was measured using a test speed of 3.0 mm/s, with a 100 mm distance between two rollers. 141 

Deformations were recorded using the software during the extension and are expressed 142 

as a graph. The elongation at breaking was calculated per gram. 143 

2.9. Color Measurement  144 

The noodle samples were measured by a colorimeter (Minolta CM-3500D; Minolta 145 

Co. Ltd., Osaka, Japan), and the CIE-Lab L*, a* and b* values were recorded as described 146 

by Rathorel et  al.[27]. And then L*, a* and b* values were collected.  The L* value was 147 

stated the position on the white/black axis, the a* value the position on the red/green axis, 148 

and the b* value the position on the yellow/blue axis. The measurements were done in 149 

triplicate and the readings were averaged. 150 

2.10. Total Phenol Content Assay  151 

Total phenol content (TPC) of stink lily wet noodles was analyzed by spectrophoto-152 

metric method using folin ciocateus phenol reagent [28]. Principles assay of the TPC assay 153 

are interaction between phenolic compounds and phosphomolybdic/ phosphotungstic 154 

acid complexes based on the transfer of electrons in alkaline medium from phenolic com-155 

pounds to form a blue chromophore constituted by a phosphotungstic/ phosphomolyb-156 

denum complex. The reduced folin ciocalteus phenol reagent is detected by a spectropho-157 

tometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   760 nm and gallic acid 158 

is used as the reference standard compound and results are expressed as gallic acid equiv-159 

alents (mg/kg wet noodles).   160 

2.11. Total Flavonoid Content Assay  161 

Total flavonoid content of samples was measured by spectrophotometric method 162 

with reaction between AlCl3 and NaNO2 with aromatic ring of flavonoid compounds [29]. 163 

And then mixture was added aluminium chloride to result yellow solution. Next, addition 164 

of NaOH solution in mixture caused red solution that was measured by spectrophotome-165 

ter (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   510 nm. As standard refer-166 

ence compound used was (+) catechin and results were expressed as catechin equivalents 167 

(mg/kg wet noodles). 168 

2.12. DPPH Free Radical Scavenging Activity Assay  169 

DPPH free radical scavenging activity was measured by the spectrophotometric 170 

method [30]. This method is used to determine the antioxidant capacity of a compound 171 

from an extract or other biological sources, based on transferring from the odd electron of 172 

a nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to 173 

result in DPPH-H with yellow-colored solution. Reaction between DPPH in methanol so-174 

lution with samples was measured by spectrophotometer (Spectrophotometer UV-Vis 175 

1800, Shimadzu, Japan) at   517 nm. As standard reference compound used was gallic 176 

acid and results were expressed as gallic acid equivalents (mg/kg wet noodles).  177 

 178 

2.13. Sensory Evaluation 179 

Sensory assay was carried out to determine the level of panelist acceptance of wet 180 

noodles substituted with stink lily flour with the addition of carrageenan and hot water 181 

extract of pluchea leaf tea [31]. The test was carried out using the hedonic scale scoring 182 
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method. This method is designed to measure the level of panelist preference for the prod-183 

uct by rating the level of preference for the product being tested. Samples were served in 184 

dishes coded with random three-digit numbers that carried out using a completely ran-185 

domized design (CRD) trial using 100 untrained panelists with an age range of 17 to 25 186 

years. The hedonic method used in this study is the hedonic scoring method, the panelists 187 

were asked to give a preference score for each sample. The hedonic score used was a value 188 

of 1-15 given by the panelists according to the level of preference for the product. Values 189 

0-3.0 indicate "strongly dislike", values 3.1-6.0 "dislike", values 6.1-9.0 "neutral", values 9.1-190 

12.0 "like", and a value of 12.1-15.0 "very much like". 191 

Each panelist is faced with 12 (twelve) samples and a questionnaire containing test 192 

instructions and is asked to give each sample a score according to their level of preference. 193 

The parameters tested were taste, aroma, texture, color, and overall acceptance of wet 194 

noodles substituted with stink lily flour. The best treatment of samples was determined 195 

by spider web method that was correlated by the large area of graph [32].  196 

2.14. Experiment Design and Statistical Analysis 197 

The research design of physicochemical assay used was a randomized block design 198 

with two factors, i.e. differences in the proportion of -carrageenan (K) and differences in 199 

the concentration of pluchea tea extract (L) added to wet noodles. The proportion of -200 

carrageenan consisted of 4 (four) treatment levels, including 0% (K0), 1% (K1), 2% (K2), 201 

3% (K3) and the concentration of pluchea tea extract consisted of 3 (three) levels, i.e., 0% 202 

(L0), 15% (L1), and 30% (L2). Each treatment was repeated 3 (three) times in order to ob-203 

tain 36 (thirty-six) experiment units. The sensory test used a completely randomized de-204 

sign (CRD) on 100 untrained panelists. 205 

The data before further analysis was determined by the normal distribution and ho-206 

mogeneity tests.  And then the data are presented as mean ± SD of the triplicate determi-207 

nations and were analyzed using ANOVA at p< 5%, if the results of the ANOVA test had 208 

a significant effect, then proceed with the DMRT (Duncan Multiple Range Test) test at p< 209 

5% to determine the level of treatment that gave significantly different results. The analy-210 

sis used SPSS 17.0 software (SPSS Inc. Chicago, IL, USA).  211 

3. Results  212 

3.1. Cooking Quality  213 

The evaluated cooking properties of the stink lily wet noodles were showed in Table 214 

3 and the stink lily wet noodles product was showed at Figure 1. The level of cooking was 215 

estimated by the moisture content, swelling index, cooking loss and tensile strength from 216 

noodles. Based on statistically analysis by ANOVA at p < 5%, showed that the  increasing 217 

of -carrageenan proportion went up significant difference of moisture content of wet 218 

noodles, but the addition of pluchea leaf hot water extract and the interaction effect of the 219 

proportion of -carrageenan and the addition of the extract no influenced to moisture con-220 

tent of wet noodles. The moisture content value was ranged from 62.83±0.58 to 65.83±0.22. 221 

The sample K3L0 had the highest moisture content and K0L2 had the lowest moisture 222 

content. Furthermore, the addition of the -carrageenan proportion or pluchea tea extract 223 

had a significantly different effect such as the interaction effect of the addition of the two 224 

parameters, on the swelling index or water absorption value of wet noodles based on sta-225 

tistical analysis at p < 5%. The water absorption value was ranged from 142.25±0.39% to 226 

162.21±0.25%. The treatment with the lowest swelling index was K0L2 and the highest 227 

was K3L0. Whereas the cooking loss of wet noodles decreased significantly with the ad-228 

dition of the proportion of –carrageenan but increased significantly with the addition of 229 

pluchea tea extract. The cooking loss of wet noodles was ranged 17.83±0.4% to 20.13±0.7%. 230 

K0L2 was treatment with the biggest cooking loss and K3L0 was treatment with the small-231 

est cooking loss. Tensile strength value of stink lily noodles was significant different be-232 

cause there was an interaction effect of  -carrageenan proportion and pluchea tea extract 233 
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addition. Tensile strength wet noodles were ranged 0.096±0.004 N to 0.174±0.015 N.  The 234 

analysis of stink lily noodles color showed that lightness had a significant increase in with 235 

an increasing proportion of carrageenan and decreased with increasing pluchea tea extract 236 

used because of the color effect of carrageenan and pluchea tea extract.  The lightness of 237 

wet noodles was ranged 67.80±0.22 to 74.50±0.23. The effect of the -carrageenan and plu-238 

chea tea extract color also influenced significantly redness of wet noodles. The redness of 239 

wet noodles was ranged 1.20±0.04 to 3.30±0.23. The interaction effect of -carrageenan and 240 

pluchea tea extract addition was appeared on yellowness, chroma and hue values. The 241 

yellowness, chroma and hue values were ranged 16.90±0.27 to 30.00±0.07, 17.00±0.28 to 242 

30.10±0.03, and 83.70±0.07 to 86.40±0.02, respectively. 243 

Table 2. The formula of stink lily wet noodles. 244 

Material K0L0 K0L1 K0L2 K1L0 K1L1 K1L2 K2L0 K2L1 K2L2 K3L0 K3L1 K3L2 

Wheat flour (g) 120  120  120  120  120  120  120  120  120  120  120  120  

Stink lily flour (g) 30  30  30  28.5  28.5  28.5  27  27  27  25.5  25.5  25.5  

-Carrageenan (g)  0  0  0  1.5  1.5  1.5  3  3  3  4.5  4.5  4.5  

Egg (g)  30  30  30  30  30  30  30  30  30  30  30  30  

Salt (g)  3  3  3  3  3  3  3  3  3  3  3  3  

Baking Powder (g)  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  

Water (mL)  30  0  0  30  0  0  30  0  0  30  0  0  

Hot water extract 

of pluchea leaves 

15% (mL)  

0  30 0  0  30 0  0  30  0  0  30  0  

Hot water extract 

of pluchea leaves 

30% (mL)  

0  0  30  0  0  30  0  0  30  0  0  30  

Total (g)  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  

Note:  K0 = wheat flour: stink lily flour: -carrageenan = 80 : 20 : 0. 245 

K1 = wheat flour: stink lily flour: -carrageenan = 80 : 19 : 1. 246 

K2 = wheat flour: stink lily flour: -carrageenan = 80 : 18 : 2. 247 

K3 = wheat flour: stink lily flour: -carrageenan = 80 : 17 : 3. 248 

L0 = concentration of hot water extract from pluchea leaf tea = 0%. 249 

L1 = concentration of hot water extract from pluchea leaf tea = 15%. 250 

L2 = concentration of hot water extract from pluchea leaf tea = 30%. 251 
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Figure 1. Stink Lily Noodles. Note  K0 = wheat flour: stink lily flour: -carrageenan  = 80 : 20 : 0,   K1 = wheat flour: stink lily flour: -252 

carrageenan  = 80 : 19 : 1 ,   K2 = wheat flour: stink lily flour: -carrageenan  = 80 : 18 : 2 , K3 = wheat flour: stink lily flour: -carrageenan  253 

= 80 : 17 : 3,  L0 = concentration of hot water extract from pluchea leaf tea = 0%,   L1 = concentration of hot water extract from pluchea 254 

leaf tea   = 15% , L2 = concentration of hot water extract from pluchea leaf tea = 30%. 255 

 256 

  257 
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Table 3. Color, Moisture Content, Swelling Index, Cooking Loss, and Tensile Strength of Stink Lily Noodles. 258 

Samples 
Color 

Moisture 

Content (%) 

Swelling 

Index (%) 

Cooking 

Loss (%) 

Tensile 

Strength (N) 

L* a* b* C h     

K0L0 73.00 ± 0,06 1.20 ± 0.06 16.90 ± 0.25a 17.00±0.31a 86.40±0.00g 64.15±0.70 148.90±0.15c 18.83±0.44 0.106±0.002 

K0L1 68.70 ± 0.35 2.60 ± 0.06 26.50 ± 0.32d 26.50±0.29c 84.40±0.21bc 63.66±0.38 146.36±0.27b 19.06±0.43 0.105±0.001 

K0L2 67.80 ± 0.20 2.80 ± 0.06 27.80 ± 0.46ef 27.80±0.45e 84.20±0.32abc 62.83±0.58 142.25±0.39a 20.13±0.71 0.116±0.006 

K1L0 73.40 ± 0.25 1.30 ± 0.06 17.30 ± 0.15ab 17.30±0.15a 85.70±0.21f 64.42±0.80 149.63±0.34d 18.47±0.31 0.086±0.005 

K1L1 69.00 ± 0.36 2.80 ± 0.12 27.30 ± 0.45e 27.40±0.50d 84.20±0.15a 62.95±0.68 146.65±0.43b 19.36±0.92 0.103±0.004 

K1L2 68.30 ± 0.15 3.00 ± 0.12 28.60 ± 0.12g 28.70±0.15f 84.00±0.15abc 63.37±1.04 148.85±057c 19.76±0.90 0.108±0.005 

K2L0 73.70 ± 0.10 1.50 ± 0.00 17.70 ± 0.26bc 17.80±.23a 85.20±0.06de 64.67±1.08 155.67±0.46h 18.18±0.45 0.098±0.002 

K2L1 69.40± 0.15 3.00 ± 0.06 28.20 ± 0.15fg 28.40±0.15f 83.80±0.17ab 63.74±0.75 150.96±0.71e 18.62±0.41 0.106±0.005 

K2L2 68.70 ± 0.06 3.10 ± 0.15 29.30 ± 0.00h 29.40±0.06g 84.00±0.15abc 64.25±1.60 154.82±0.44g 19.34±0.77 0.114±0.003 

K3L0 74.50 ± 0.23 1.70 ± 0.12 18.10 ± 0.00c 18.10±0.06b 84.60±0.21cd 65.83±0.22 162.21±0.25i 17.83±0.41 0.110±0.003 

K3L1 69.80 ± 0.50 3.20 ± 0.06 29.30 ± 0.12h 29.30±0.06g 83.80±0.53ab 64.57±1.78 153.35±0.15f 18.36±0.17 0.124±0.007 

K3L2 69.00 ± 0.20 3.30 ± 0.26 30.00 ± 0.06i 30.10±0.06h 83.60±0.06a 65.49±1.04 159.59±0.52i 19.22±0.84 0.126±0.008 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) in 259 

the same column are significantly different, p < 5%. 260 

3.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity (DPPH) 261 

Bioactive compounds analyzed included total phenol content (TPC) and total flavo-262 

noid content (TFC). The analysis data showed that the TPC and TFC increased signifi-263 

cantly due to the interaction effect between the proportion of -carrageenan and the addi-264 

tion of pluchea tea extract (Table 4). The results of the analysis showed that the control 265 

sample K0L0 had the lowest total phenol, i.e.  0.3409 ± 0.0338 mg GAE/kg dry noodles. 266 

The K2L2 sample had the highest total phenol, which was 1.1963 ± 0.0272 mg GAE/kg dry 267 

noodles. This result was suitable with the TFC value of wet noodles where K0L0 had the 268 

lowest TFC value and K2L2 had the highest value, i.e., 0.0534 ± 0.0036 and 1.3364 ± 0.04601 269 

mg CE/kg dry noodles, respectively. The high and low values of TPC and TFC were cor-270 

related with AOA. The higher the TPC and TFC values, the higher the DPPH value. The 271 

DPPH free radicals scavenging activity of wet noodles was determined significantly by 272 

the interaction effect of adding the proportion of -carrageenan and pluchea tea extract. 273 

K0L0 had the lowest DPPH value and K2L2 had the highest DPPH value, i.e. 274 

0.4143±0.0060 and 0.7576±0.0092 mg GAE/kg dry noodles, respectively. 275 

3.3. Sensory Properties 276 

The evaluated sensory properties of the stink lily noodles were shown in Table 5. 277 

Parameter sensory that analyzed included aroma, color, taste, texture, and overall accept-278 

ability.  The method used for sensory assay of stink lily noodles was hedonic scale scoring 279 

or a test of the level of consumer preference for a product by giving an assessment or score 280 

on a certain trait [33]. Organoleptic testing of stink lily wet noodles was presented to 100 281 

untrained panelists aged 17-25 years. Panelists are asked to give scores or numbers based 282 

on their level of preference for certain treatments. The value score used was 1-15, where a 283 

value of 0-3.0 indicated "strongly dislike", a value of 3.1-6.0 "does not like", a value of 6.1-284 

9.0 "neutral", a value of 9.1-12.0 “like”, and 12.1-15.0 “like very much”. The results of sta-285 

tistical tests by ANOVA at p < 5% showed that interaction effect of each treatment signif-286 

icantly influenced the panelists' preference for noodle color. The preference value of stink 287 

lily noodles color was ranged from 9.12 to 12.02 (like). The highest color preference value 288 

was the control treatment (K0L0) and the treatment with the lowest color preference value 289 

was K0L1. The interaction effect of each treatment were significantly determined the pan-290 

elists' preference for the aroma. The preference value for the aroma of wet noodles was 291 

ranged from 8.29 to 11.58 (neutral-like). The treatment with the highest preference value 292 

was stink lily noodles K1L0 and the treatment with the lowest preference value was K3L2 293 
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treatment. The preference value of noodles taste was only affected by -carrageenan pro-294 

portion or extract concentration. The preference value for the wet noodle taste was ranged 295 

from 8.18 to 11.08 (neutral-like). The treatment with the highest taste preference value was 296 

K2L0 while the treatment with the lowest taste preference value was K0L2. Increasing the 297 

proportion of carrageenan to 2% increased the preference value for taste, after that it de-298 

creased with the addition of the proportion of 3% carrageenan. While increasing the con-299 

centration of pluchea leaf tea extract decreased the panelists' preference for taste. The re-300 

sults of statistical tests using ANOVA at p < 5% showed that the addition of extract only 301 

significantly influenced the panelists' preference for noodles texture. In this study, the 302 

preference for wet noodles texture was ranged from 9.46 to 11.66 (like). 303 

Table 4. Total Phenol Content, Total Flavonoid Content, and DPPH Free Radical Scavenging Activity of Stink Lily Noodles. 304 

Samples 
TPC (mg GAE/g dry noo-

dles) 

TFC (mg CE/g dry noo-

dles) 

DPPH Scavenging Activity (mg GAE/g dry noo-

dles) 

K0L0 0.3409±0.0338a 0.0571±0.0035a 0.4143±0.0060a 

K0L1 0.9480±0.0273d 0.7044±0.0065c 0.7424±0.0159c 

K0L2 1.0991±0.0466e 1.1087±0.0065d 0.7571±0.0013c 

K1L0 0.4576±0.0396b 0.0821±0.0017a 0.5229±0.0259b 

K1L1 0.9243±0.0774d 0.7348±0.0030c 0.7497±0.0055c 

K1L2 1.0047±0.0704d 1.0910±0.0949d 0.7509±0.0012c 

K2L0 0.4997±0.0450b 0.0888±0.0084a 0.5318±0.0052b 

K2L1 0.9648±0.0248d 0.7181±0.0179c 0.7477±0.0043c 

K2L2 1.1963±0.0272f 1.3364±0.0460e 0.7576±0.0092c 

K3L0 0.5267±0.0070b 0.2181±0.0025b 0.5873±0.0197b 

K3L1 0.8070±0.0307c 0.7264±0.0385c 0.7508±0.0077c 

K3L2 1.1446±0.0636ef 1.0674±0.0627d 0.7505±0.0066c 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) in 305 

the same column are significantly different, p < 5%. 306 

The increasing the addition of extracts decreased the level of the texture preference 307 

of wet noodles. The overall preference value of wet noodles showed that there was the 308 

interaction effect between the proportion of -carrageenan and the addition of pluchea tea 309 

extract. The preference value for the overall of wet noodles was ranged from 8.62 to 11.24 310 

(neutral-like). The treatment with the highest preference value was stink lily noodles K0L0 311 

and the treatment with the lowest preference value was K3L2. Determination of the best 312 

treatment for differences in the proportions of -carrageenan and the addition of pluchea 313 

tea extract on wet noodles was determined using the spider web method based on organ-314 

oleptic parameters (color, aroma, taste, texture and overall). The spider web graph can be 315 

seen in Figure 2. Data showed that the treatment with the largest area was K2L0, i.e. wet 316 

noodles with the proportion of -carrageenan 2 % with the addition of 0% pluchea tea 317 

extract. The area of the K2L0 treatment area was 79.16 cm2 and had a preference score of 318 

15.8 with a very like category.  319 
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Figure 2. Spider web Graph to Determine the Best Treatment of Stink Lily Noodles. 321 

Table 5. Sensory Properties of Stink Lily Noodles. 322 

Samples 
Hedonic Preference Score  

Color Aroma Taste Texture Overall Acceptance  

K0L0 12.02f 10.93d 10.52 10.95 11.24f 

K0L1 9.12a 10.26cd 8.72 10.03 8.79a 

K0L2 11.83ef 8.86ab 8.18 9.58 9.04ab 

K1L0 9.98bc 11.58e 10.15 11.66 10.3cde 

K1L1 9.44ab 9.58bc 9.49 10.66 8.93ab 

K1L2 10.59cd 8.45a 8.87 9.46 9.11ab 

K2L0 11.62f 10.93de 11.08 11.15 11.07def 

K2L1 10.63cd 10.14ab 9.82 10.61 9.42abc 

K2L2 10.94de 8.84cd 9.09 10.38 10.16cde 

K3L0 11.51ef 10.36cd 10.37 11.07 10.84def 

K3L1 9.37ab 10.07a 9.95 11 9.72bc 

K3L2 9.47ab 8.29cd 9.57 9.64 8.62a 

4. Discussion 323 

 4.1. Cooking Quality  324 

Moisture content is a major parameter of stinky silky wet noodles that shows the 325 

amount of water contained in food product that determines rheological characteristics, 326 

chemical, physical, and sensory properties, and shelf life of food product [34]. The result 327 

showed that the -carrageenan addition gave a significant difference of moisture content 328 

to wet noodles. The -carrageenan is hydrocolloids that has a group of sulfate and water-329 

soluble polysaccharides [35,36,37],  composes  an ester sulfate content about  25-30% and 330 

a 3,6-anhydro-galactose (3,6-AG) about 28 to 35% [38,36]. This anionic carrageenan can 331 

interact very tightly with water molecule [39] and can be collaborated with glucomannan 332 

from stink lily on gelation process [40] with making intra- and inter-disulfide bind at net-333 
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work structure of gluten [13,41]. The -carrageenan can bind with limited free water mol-334 

ecule, form complexes compounds with water, and interact with gluten network [13]. 335 

However, the mobility of water mainly depends on changes in the hydrogen bond struc-336 

ture. The presence of hydrophilic components such as proteins, carbohydrates, glucoman-337 

nan, -carrageenan and polyphenolic compounds in wet noodles can be involved in hy-338 

drogen bonding with water molecules that determine water mobility [13,34,41,42]. Thus, 339 

increasing the proportion of k-carrageenan used in the manufacture of stink lily noodles 340 

can increase the amount of free water and weakly bound water in wet noodles. the inter-341 

action between the hydroxyl functional groups in carrageenan and water molecules sup-342 

ports an increase in the water content of wet noodles. 343 

The swelling index or water absorption is the ability of a product to absorb water 344 

which is influenced by particle size, chemical composition, and water content [43]. The 345 

research showed that the interaction of -carrageenan proportion and hot water extract of 346 

pluchea leaf tea addition gave a significant effect of the swelling index properties from 347 

wet noodles. The swelling index of wet noodles was determined by the presence of -348 

carrageenan, protein, starch, glucomannan, and bioactive compounds of pluchea tea ex-349 

tract in dough. [13] said that glutelin proteins of wheat flour can involve intra-and inter-350 

molecular disulfide bonds to result a fibrous shape, and then globular gliadin protein of 351 

wheat flour can be bound at the glutenin skeleton by non-covalent bonds to be a unique 352 

networks structure of gluten. The addition of the glucomannan of stinky silky flour as a 353 

non-ionic hydrocolloid has good water holding capacity and can be made a stronger three-354 

dimensional network structure. [44] informed that the glucomannan can fill the number 355 

of holes of the network structure of gluten that make a structure dense and stable. [13] 356 

underlined that glucomannan has many hydroxyl group in the structure that can be 357 

bound tightly with water by electrostatic forces and hydrogen bond. [41] said that the 358 

presence of -carrageenan in dough can be synergist with glucomannan to change sulfhy-359 

dryl groups to be disulfide bonds in protein. [20] informed that bioactive compounds of 360 

pluchea tea extract are alkaloids, flavonoids, phenolics, phenol hydroquinone, saponins, 361 

tannins, sterols, terpenoids, and cardiac glycosides. Meanwhile [16] informed that pluchea 362 

leaves contain 1.79 g/100 g protein, 0.49 g/100 g fat, 0.20 g/100 g ash, 0.89 g/100 g insoluble 363 

fiber, 0.45 g/100 g dissolved fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 g/100 g, cal-364 

cium 251 g/100 g, -carotene 1.225 g/100 g and vitamin C 30.17 g/100 g, and phenolic acid 365 

bioactive compounds 28.48± 0.67 mg/100 g body weight (chlorogenic acid 20±0.24 mg/100 366 

g body weight, caffeic acid 8.65±0.46 mg/100 g body weight), total flavonoids 6.39 mg/100 367 

g body weight (quercetin 5.21± 0.26 mg/100 g body weight, kaempferol 0.28 ± 0.02 mg/100 368 

g body weight, myrisetin 0.09 ± 0.03 mg/100 g body weight), total anthocyanins 0.27 ± 369 

mg/100 g body weight, -carotene 1.70 ± 0.05 mg/100 g body weight and total carotenoids 370 

8.7 ± 0.34 mg/100 g body weight. [17,18,19] proved that pluchea leaves contain 3-O-371 

caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-372 

dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5- O-dicaffeoylquinic acid. [45] 373 

informed that phenolic acid can be bound with protein and carbohydrate by non-covalent 374 

interactions, i.e. hydrophobic interaction, hydrogen bonding, electrostatic interaction, van 375 

der Waals interaction, and - stacking. The presence of -carrageenan proportion and 376 

pluchea tea extract addition that differed caused change of composition and various in-377 

teraction of compounds that determined different swelling index of wet noodles.  378 

The cooking loss of stink lily noodles was influenced significantly by -carrageenan 379 

proportion nor extract addition, but interaction of two factors was insignificant  differ-380 

ence. The phenomena was caused by -carrageenan and bioactive compounds of pluchea 381 

tea extract, especially phenolic compounds, that involved the interaction with protein and 382 

carbohydrate in dough. -carrageenan can stabilized and supported a rigid structure of 383 

gluten. The hydrocolloid can avoid starch gelatinization process because it can bind 384 

tightly with water molecule caused lower the water activity. Supported by [13,46,41], -385 

carrageenan can trap the free water molecule that starch can’t absorb the water molecule 386 

and require higher energy to break the energy barrier required for the starch gelatinization 387 
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process. Whereas [42,47,45] clarified that starch can be bound with polyphenol, including 388 

hydrophobic and electrostatic interactions and hydrogen bond that the hydrogen bond is 389 

dominant binding forces. This interaction can support releasing of amylose of starch ge-390 

latinization process that the cooking loss increased at the higher pluchea tea extract addi-391 

tion. The presence of polyphenol compounds of pluchea tea extract caused water compe-392 

tition with glutenin and gliadin of wheat flour that inhibited interaction between glutenin 393 

and gliadin to form gluten. According to [47], gluten and gliadin in a random coil struc-394 

ture can be aggregated by phenolic compounds and starch easily undergoes a gelatiniza-395 

tion process where amylose interacts with polyphenolic compounds, through hydrogen 396 

bonds and hydrophobic interactions. The more protein in the form of random coil struc-397 

ture causes the protein to easily interact with polyphenols and come out of the noodles 398 

during the cooking process that the cooking loss increases. 399 

The tensile strength of stink lily was influenced significantly by -carrageenan pro-400 

portion  nor  extract addition. The increasing -carrageenan proportion grew up tensile 401 

strength because this hydrocolloid could be made strong cross linking through inter-mo-402 

lecular and intra-molecular bonds involving the glutenin and gliadin of wheat flour pro-403 

tein, and glucomannan of stink lily flour. The more networks that are formed between the 404 

components of the noodles have an effect on the tensile strength of wet noodles, and vice 405 

versa [13,48]. The synergism effect of the wet noodles component determined water bind 406 

capacity and water mobility that established texture properties of wet noodles, this state-407 

ment is supported by [34,40,41]. [49] also informed that the addition of hydrocolloids in 408 

the noodles-making process increases the viscosity and water absorption because the wa-409 

ter binding and holding properties of hydrocolloids that can form gel. However, the ad-410 

dition of pluchea tea extract caused the tensile strength to decline because the polyphenol 411 

compounds of pluchea tea extract induced breakdown of the networking structure among 412 

the components of dough because there was water competition among them. Further-413 

more, the polyphenol compounds could be reacted with starch and protein because the 414 

formation of the gluten network was disrupted that gliadin and glutenin in the form of 415 

random coils and starch could be underwent an excessive gelatinization process. This 416 

opinion is supported by [13,42,41]. -carrageenan has a yellowish white color and has the 417 

ability to bind water molecules that it increases the lightness of wet noodles, while the 418 

pluchea tea extract contains polyphenolic compounds, such as tannins which can give the 419 

noodles a brown color that the lightness level is reduced. This opinion was supported by 420 

[20,38]. The increase in yellowness was in line with the increase in lightness because the 421 

higher the water content value was caused by the ability of -carrageenan to bind water 422 

molecules, thereby increasing the brightness and the brown color contribution of the plu-423 

chea tea extract gave a brownish-yellow color of the wet noodles that the intensity of this 424 

color increased as indicated by the increased chroma value. 425 

4.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity 426 

The stinky silky wet noodles K0L0 had the lowest TPC and TFC because there was 427 

contributed of phenolic content from wheat flour and egg.  [50] said that wheat flour has 428 

phenolic acids including ferulic, caffeic, and p-coumaric acid. Moreover, the presence of 429 

TFC in the K0L0 sample is thought to be due to the presence of a thiol group in egg white 430 

which is able to chelate metal ions and is able to be conjugated with saccharides [51], as 431 

well as 3,5-diacetyltambulin compounds from stink lily flour [52]. While the TFC and TPC 432 

values in the K2L2 sample were dominantly contributed by the presence of phytochemical 433 

compounds in the pluchea tea extract. [20] explained that there are phytochemical com-434 

pounds in the pluchea tea extract. [16, 17,18,19] also emphasized that pluchea leaves con-435 

tain phenolic acids and flavonoids.  The existence of a non-significant difference between 436 

treatments in the TPC and TFC assays indicated an interaction between the components 437 

in the dough that it affected the presence of free hydroxyl groups that could bind to the 438 

Folin Ciocalteus phenol reagent. as described by [13,41,42,45,47] glutenin, gliadin, gluco-439 
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mannan, -carrageenan, and polyphenol compounds are involved in the formation of net-440 

works structure in the dough so as to determine the quality of wet noodles. The interac-441 

tions that occur involve various non-covalent interaction mechanisms that affect the pres-442 

ence of free hydroxyl groups. The TPC and TFC values of wet noodles in each treatment 443 

affected DPPH free radical scavenging activity (DPPH). They determined DPPH of wet 444 

noodles, usually positively correlated. [53] said that TPC and DPPH were strongly corre-445 

lated in seeds, sprouts and grasses of corn (Zea mays L.). [54] also informed that there is 446 

an excellent correlation coefficient between the TPC, TFC and antioxidant activities of Pha-447 

leria macrocarpa fruit. [55] explained that the high level of flavonoids and phenols in plant 448 

caused the antioxidant activity of Grewia carpinifolia extract. The antioxidant activity of 449 

phenolics is related to their redox properties which induced them to act as reducing 450 

agents, hydrogen donors, singlet oxygen quenchers and metal chelators.  [56] underlined 451 

that DPPH free radical scavenging activity of polyphenol compounds of T. pallida extract 452 

was determined by hydrogen donating ability which it highly correlated. The potency of 453 

wet noodles as AOA was determined by reduced capability of DPPH free radical solution 454 

color from purple to be yellow color. 455 

4.3. Sensory Properties 456 

The analysis of sensory properties of the stink lily noodles was conducted by the he-457 

donic scale scoring method with attribute the preference of color, taste, aroma, texture and 458 

overall. The result of the color preference test showed that the control treatment (K0L0) 459 

was the highest value because the treatment without the addition of pluchea tea extract 460 

not change the color of the wet noodles was yellowish-white. And then the treatment with 461 

the lowest color preference value was K0L1 due to the addition of this extract decreased 462 

the panelists' preference for the color because the noodles were darker and brownish 463 

color. [16,20] said that the color of the pluchea tea extract contributed to changing the color 464 

of this wet noodle originated from tannins, flavonoids, and chlorophyll. However, in this 465 

study, increasing the extract concentration did not significantly affect the panelists' pref-466 

erence for color when the proportion of -carrageenan increased, because the addition of 467 

stink lily flour and -carrageenan would increase the lightness of the wet noodles that the 468 

produced color of the wet noodles was brighter and preferred by panelists. This data was 469 

supported by the data from color rider analysis, where the results of the sensory test by 470 

the panelists were in line with the decrease in the lightness value, the increase in the red-471 

dish and yellowish values, the hue value showed the yellow-red color, and chroma value 472 

showed an increase in color intensity. The panelist preference of aroma from wet noodles 473 

was determined by the aroma from the material used to make wet noodles or the interac-474 

tion of aroma produced from the reaction among the material composition. According to 475 

[57], stink lily flour has a musty aroma, and all wet noodles produced have a musty smell. 476 

Meanwhile, according to [58], -carrageenan is unscented that not contribute to wet noo-477 

dles. The addition of pluchea tea extract decreased the panelists' preference for the aroma 478 

of wet noodles because the addition of the extract caused the wet noodles to smell like 479 

leaves (floral) and unpleasant and the panelists did not like it. Fragrant or unpleasant 480 

aroma comes from volatile compounds contained in pluchea leaves. According to [59], 481 

pluchea leaves have 66 volatile compounds, these volatile compounds play a role in form-482 

ing the aroma in the hot water extract of pluchea leaf tea. According to [60], pluchea leaves 483 

contain volatile compounds contributed by aliphatic aldehyde group compounds or aro-484 

matic compounds that give a distinctive aroma, therefore the presence of these com-485 

pounds in steeping water can give a specific aroma, i.e. fragrant (floral) in wet noodles. 486 

There was a difference in the effect of the proportion of -carrageenan and pluchea leaf 487 

tea extract on taste due to the contribution of taste produced by carrageenan and extract. 488 

According to [57,61], stink lily flour and -carrageenan do not have a distinctive or neutral 489 

taste, increasing the concentration of -carrageenan gives a higher preference value be-490 

cause noodles are considered to have a better texture that contributes to the assessment of 491 

taste. The increase in the concentration of pluchea tea extract caused the taste preference 492 
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value of noodles to decrease significantly, this is due to the presence of tannins, catechins, 493 

and phenolic compounds in the pluchea tea extract which determined bitter and slightly 494 

astringent. The effect of -carrageenan proportion and tea extract to make wet noodles 495 

influenced panelist preference of texture because this hydrocolloid can be make strong 496 

cross linking through inter-molecular and intra-molecular bonds involving the glutenin 497 

and gliadin of wheat flour protein, and glucomannan of stink lily flour that determined 498 

water bind capacity and water mobility [34,40,41]. Presence of the polyphenol compounds 499 

of pluchea tea extract can be breakdown of the networking structure among the compo-500 

nents of dough because of water competition of them. [13,42,41] said that the polyphenol 501 

compounds could be reacted with starch and protein to disrupt the gluten network and 502 

cause starch to undergo an excessive gelatinization process. The difference in the propor-503 

tion of -carrageenan change the overall preference value of wet noodles to be signifi-504 

cantly different overall compared to the control, this was because the proportion of -505 

carrageenan influenced the all sensory attribute (color, aroma, and taste). The addition of 506 

pluchea tea extract in wet noodles decreased the overall preference value because the ad-507 

dition of extract affected the organoleptic characters tested due to the content of secondary 508 

metabolites of pluchea leaves, such as flavonoids, phenols, and tannins that could affect 509 

the taste, aroma, the color, and texture of the noodles. Based on spider web graph showed 510 

that K2L0 was the best treatment of stink lily wet noodles. It was also supported by better 511 

physicochemical properties than the control, including yellowish white wet noodles, bet-512 

ter swelling index, lower cooking loss, higher tensile strength value, and lower moisture 513 

content. However, this K2L0 treatment did not have the highest TPC, TFC, and AOA, i.e. 514 

0.4997±0.0450; 0.0888±0.0084; and 0.5318±0.0052, respectively. 515 

5. Conclusions 516 

The use of -carrageenan proportions and pluchea leaf tea extract had a significant 517 

effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical 518 

analysis at p < 5% showed that there was an interaction effect of the proportion of -car-519 

rageenan and pluchea leaf tea extract on the swelling index, yellowness, chroma, hue, 520 

TPC, TFC, DPPH, the preference value for color, aroma, and overall acceptance. While the 521 

moisture content of wet noodles was only affected by the proportion of -carrageenan, for 522 

tensile strength, cooking loss, lightness, and redness, and the preference value for texture 523 

and taste were influenced by the proportions of -carrageenan and the concentration of 524 

pluchea leaf tea extract, respectively. The best treatment based on the spider web graph 525 

showed that the K0L2 treatment had the largest area 79.16 cm2 and a preference score of 526 

15.8 with a very like category, this is in accordance with the results of physicochemical 527 

and sensory tests, but it was no correlated with the highest bioactive content (TPC and 528 

TFC) and DPPH.  529 
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best treatment was determined by the Spider web method based
on sensory assay by a hedonic method. The proportions of -
carrageenan and the concentration of pluchea tea extract had a
significant effect on cooking quality and sensory properties.
However, the interaction of the two factors affected the swelling
index, yellowness (b*), chroma (C), hue (h), total phenol content
(TPC), total flavonoid content (TFC), and DPPH free radical
scavenging assay (AOA). The best treatment of wet noodles was
K2L0 with a preference score of 15.8. The binding of -
carrageenan and phenolic compounds to make networking
structure by intra- and inter-disulfide bind between glucomannan
and gluten, was thought to affect the cooking quality, sensory
properties, bioactive compounds (TPC and TFC), and AOA.
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Article 1 

The Effect of -Carrageenan Proportion and Hot Water Extract 2 

of Pluchea Indica Less Leaf Tea on Quality and Sensory Proper-3 

ties of Stink Lily (Amorphophallus Muelleri) Wet Noodles 4 

Paini Sri Widyawati †,*, Thomas Indarto Putut Suseno , Anna Ingani Widjajaseputra , Theresia Endang Widoeri 5 

Widyastuti, Vincentia Wilhelmina Moeljadi and Sherina Tandiono 6 

Food Technology Study Program, Agricultural Technology Faculty, Widya Mandala Surabaya Catholic Univer-7 

sity, Dinoyo Street Number 42-44, Surabaya, East Java 60265, Indonesia 8 

* Correspondence: paini@ukwms.ac.id 9 

Abstract : The study aimed to determine the effect of the proportion of -carrageenan and hot water 10 

extract of pluchea leaf tea on the quality and sensory of stink lily wet noodles. The research design 11 

used was a Randomized Block Design with two factors, i.e. the difference in the proportion of -12 

carrageenan (K) (0, 1, 2, and 3% w/w) and the addition of hot water extract of Pluchea indica Less leaf 13 

tea (L) (0, 15, and 30% w/v) with 12 treatment level (K0L0, K0L1, K0L2,  K1L0, K1L1, K1L2, K2L0, 14 

K2L1, K2L2, K3L0, K3L1, K3L2). The data were analyzed by the ANOVA at p< 5% and continued 15 

with the Duncan's Multiple Range Test at p< 5% and the best treatment was determined by the 16 

Spider web method based on sensory assay by a hedonic method. The proportions of -carrageenan 17 

and the concentration of pluchea tea extract had a significant effect on cooking quality and sensory 18 

properties. However, the interaction of the two factors affected the swelling index, yellowness (b*), 19 

chroma (C), hue (h), total phenol content (TPC), total flavonoid content (TFC), and DPPH free rad-20 

ical scavenging assay (DPPH). The best treatment of wet noodles was K2L0 with a preference score 21 

of 15.8. The binding of -carrageenan and phenolic compounds to make networking structure by 22 

intra- and inter-disulfide bind between glucomannan and gluten, was thought to affect the cooking 23 

quality, sensory properties, bioactive compounds (TPC and TFC), and DPPH 24 

Keywords: Amorphophallus muelleri; Pluchea indica Less; wet noodles; quality and sensory properties 25 

 26 

1. Introduction 27 

Noodles are a rice substitute commodity that is much favored by the public [1], es-28 

pecially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, noo-29 

dles are divided into wet noodles and dry noodles. Indonesia is the second country in the 30 

world that likes to consume noodles [2]. In 2017, the consumption of instant noodles 31 

achieves by 180.2 packets per head in the world, and in Indonesia, the consumption of 32 

wet noodles shows that all age groups and education levels like it [3]. Meanwhile, instant 33 

noodle consumption in 2020 reached 12,640 million portions [2]. Noodles are generally 34 

made from wheat flour, the use of local food ingredients based on carbohydrates, includ-35 

ing stink lily flour, can reduce the consumption of wheat flour which is quite high in In-36 

donesia, the average consumption of wheat flour for the Indonesian population in 2019 is 37 

17.8 kg/capita/year [4].  38 

Stink lily flour (Amorphophallus muelleri) is a group of Araceae that contains glucoman-39 

nan oligosaccharides around 15-64% dry base [5] or more than 60% [6]. Glucomannan is 40 

a heteropolysaccharide consisting of 67% D-mannose and 33% D-glucose and has -1,4 41 

and -1,6 glycoside bonds [7], which can reduce body weight, sugar content blood levels, 42 
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LDL cholesterol levels and prolong gastric emptying time [8,9]. Stink lily flour has a gly-43 

cemic index of 85 which is lower than the glycemic index of glucose which is considered 44 

to be 100 [7]. The use of stink lily flour in the manufacture of wet noodles is able to replace 45 

the role of gliadin and glutenin proteins in the formation of gluten with an elastic texture 46 

[10]. Polysaccharides in stink lily flour can dissolve in water to form a thick solution, form 47 

a gel, expand, and melt like agar [11], can increase the elasticity and cohesiveness [12,13] 48 

with increasing -helix and -sheet structures of wet noodles [13]. However, the higher 49 

the substitution of stink lily flour, the lower the texture preference because the noodles 50 

break easily and are sticky [12]. Therefore, it is necessary to add hydrocolloids, including 51 

carrageenan, because they can increase elasticity [14]. The combination of the use of glu-52 

comannan and carrageenan can form a strong and elastic gel [15]. 53 

The addition of hot water extract from pluchea leaf tea in making stink lily wet noo-54 

dles is expected to increase the functional value of wet noodle products. Pluchea  leaves 55 

contain nutrients, such as: protein 1.79 g/100 g, fat 0.49 g/100 g, ash 0.20 g/100 g, insoluble 56 

fiber 0.89 g/100 g, soluble fiber 0.45 g/100 g, total fiber 1.34 g/100 g, carbohydrates 8.65 57 

g/100 g, calcium 251 g/100 g, -carotene 1.225 mg/100 g and vitamin C 30.17 mg/100 g as 58 

well as bioactive compounds, such as: phenolic acid 28.48±0.67 mg/100 g wb (chlorogenic 59 

acid 20±0.24 mg/100 g wb, caffeic acid 8.65±0.46 mg/100 g wb), total flavonoids 6.39 60 

mg/100 g wb (quercetin 5.21±0.26 mg/100 g wb, kaempferol 0.28±0.02 mg/100 g wb, myri-61 

cetin 0.09± 0.03 mg/100 g wb), total anthocyanins 0.27±0.01 mg/100 g wb, -carotene 62 

1.70±0.05 mg/100 g wb, and total carotenoids 8.7±0.34 mg/100 g wb [16], 3-O-63 

caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-64 

dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid 65 

[17,18,19]. Meanwhile, hot water extract of 2% pluchea leaf tea (2 g/100 ml) contains a total 66 

phenolic content of 9.3 mg EAG/ g, total flavonoid content 22.0 mg EC/ g, DPPH free rad-67 

ical scavenging activity DPPH 27.2 mg EAG/ g, and reduced iron ion 10.2 mg EAG/ g [20], 68 

due to the presence of phytochemicals (alkaloids, flavonoids, phenolics, sterols, cardiac 69 

glycosides, phenol hydroquinone, tannins, terpenoids, and saponins) [20], which has been 70 

shown to have potential as an antioxidant [20,21] and antidiabetic [22]. The effect of using 71 

-carrageenan and water extract of pluchea leaf tea on the quality and sensory of stink lily 72 

wet noodles has not been studied in detail. Therefore, the purpose of this study was to 73 

determine the effect of the proportion of -carrageenan and hot water extract of pluchea 74 

leaf tea on the quality and sensory of stink lily wet noodles. 75 

2. Materials and Methods 76 

2.1. Reagents and Materials  77 

The compounds 2,2-diphenyl-1-picrylhydrazyl (DPPH), sodium carbonate, gallic 78 

acid, and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, USA). Methanol, 79 

folin ciocalteus phenol, sodium nitric, aluminium chloride, -carrageenan, and sodium 80 

hydroxide were purchased from Merck (New Jersey, USA). 81 

Pluchea leaves as raw material for making pluchea leaf tea are collected from gardens 82 

around the city of Surabaya. Specification of pluchea plant is according to the GBIF taxon 83 

ID number database: 3132728. Stink lily flour is obtained from the stink lily flour pro-84 

cessing industry in East Java. Specification of Stink lily plant is according to the GBIF taxon 85 

ID number database: 735493731. The wheat flour used is high protein flour obtained from 86 

the wheat flour processing industry in Indonesia. 87 

2.2. Preparation of Pluchea Leaf Tea.  88 

Pluchea leaves on each branch number 1-6 from the shoot were collected, sorted, and 89 

dried at an ambient temperature for 7 days until moisture content 11.16±0.09% dry base. 90 

And then dried leaves were powdered to get 45 mesh size [23]. Futhermore the leaf pow-91 

der was heated by drying oven (Binder, Merck KGaA, Darmstadt, Germany) at 120 °C for 92 
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10 min. Then dried powder of pluchea leaves was packed 2 g in tea bag that called pluchea 93 

leaf tea.  94 

2.3. Preparation of Hot Water Extract of Pluchea Leaf Tea.  95 

Pluchea leaf tea in tea bag was extracted by hot water at 95 °C for 1 min to get 15 and 96 

30% (b/v) concentrations (Table 1). And then each concentration of extract was used to 97 

make stink lily wet noodles.   98 

Table 1. The formula of hot water extract of pluchea leaf tea. 99 

Materials 
Concentration of hot water extract of pluchea leaf tea (% b/v) 

0 15 30 

Pluchea leaf tea (g) 0 4.5 9 

Hot water (mL) 30 30 30 

2.4. Stink Lily Wet Noodles Making.  100 

Stink lily wet noodles were made with mixing of wheat and stink lily flour, and -101 

carrageenan at 1, 2, and 3% (b/b) concentrations. And then the mixture was added egg, 102 

salt, baking powder, and hot water extract of pluchea leaf tea and kneaded to form a 103 

dough by a mixer machine. Then the dough was passed through a roller to make face 104 

bands the desired thickness and cut through rollers using cutting blades. The formula of 105 

stink lily wet noodle was showed at Table 2.  106 

Table 2. The formula of stink lily wet noodles. 107 

Material K0L0 K0L1 K0L2 K1L0 K1L1 K1L2 K2L0 K2L1 K2L2 K3L0 K3L1 K3L2 

Wheat flour (g) 120  120  120  120  120  120  120  120  120  120  120  120  

Stink lily flour (g) 30  30  30  28.5  28.5  28.5  27  27  27  25.5  25.5  25.5  

-Carrageenan (g)  0  0  0  1.5  1.5  1.5  3  3  3  4.5  4.5  4.5  

Egg (g)  30  30  30  30  30  30  30  30  30  30  30  30  

Salt (g)  3  3  3  3  3  3  3  3  3  3  3  3  

Baking Powder (g)  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  

Water (mL)  30  0  0  30  0  0  30  0  0  30  0  0  

Hot water extract 

of pluchea leaves 

15% (mL)  

0  30 0  0  30 0  0  30  0  0  30  0  

Hot water extract 

of pluchea leaves 

30% (mL)  

0  0  30  0  0  30  0  0  30  0  0  30  

Total (g)  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  

Note:  K0 = wheat flour: stink lily flour: -carrageenan = 80 : 20 : 0. 108 

K1 = wheat flour: stink lily flour: -carrageenan = 80 : 19 : 1. 109 

K2 = wheat flour: stink lily flour: -carrageenan = 80 : 18 : 2. 110 

K3 = wheat flour: stink lily flour: -carrageenan = 80 : 17 : 3. 111 

L0 = concentration of hot water extract from pluchea leaf tea = 0%. 112 

L1 = concentration of hot water extract from pluchea leaf tea = 15%. 113 

L2 = concentration of hot water extract from pluchea leaf tea = 30%. 114 

 115 

 116 

 117 
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2.5. Stink Lily Wet Noodles Extraction.  118 

125 g each sample from stink lily wet noodles was weighed (Ohaus, Ohaus Instru-119 

ments (Shanghai) Co., Ltd., RRT) and then they were dried by cabinet drying at 60 °C for 120 

4 hours to get dried noodles.  Next each sample was powdered by chopper machine at 121 

second speed for 35 seconds and then 20 g powdered sample was added 50 mL methanol 122 

by shaking water bath at 35 °C, 70 rpm for 1 hour. Filtrate was separated by Whatman 123 

filter paper grade 40 and residue was extracted again with same pattern way. Filtrate was 124 

collected and dried by rotary evaporator (Buchi Rotary Evaporator; Buchi Shanghai Ltd, 125 

RRT) at 0.2-0.3 atm, 50 °C for 60 min until getting 2 mL extract. Then extract was kept at 0 126 

°C before further study.   127 

2.6. Swelling Index Assay  128 

Swelling index or water absorption is the ability of noodles to absorb water after ge-129 

latinization during the boiling process [24]. The principle of water absorption testing is to 130 

determine the amount of water absorbed in wet noodles at a certain temperature and time. 131 

The amount of water absorbed in wet noodles can be determined from the difference be-132 

tween the weight of the noodles after and before being boiled divided by the weight of 133 

the noodles before boiling [25]. 134 

2.7. Cooking Loss Assay 135 

Cooking loss is one of the important quality parameters in wet noodles to determine 136 

the quality of wet noodles after cooking [26]. The cooking loss test for stink lily wet noo-137 

dles was carried out to determine the number of solids that came out of the noodle strands 138 

during the cooking process, namely the release of a small portion of starch from the noodle 139 

strands. 140 

2.8. Determination of Tensile Strength of Wet Noodles 141 

The tensile strength (elongation) is one important parameter of texture analysis in 142 

noodle products. The texture was determined using TA-XT2 texture analyzer (Stable Mi-143 

cro System Co., Ltd., Surrey, UK) fitted with a 5 kg load cell equipped with the Texture 144 

Exponent 32 software V.4.0.5.0 (SMS).  The principle of the texture analyzer is to prepare 145 

a suitable probe for the test, then place the noodle samples on the table under the probe. 146 

The elongation of the noodles was individually tested by putting one end into the lower 147 

roller arm slot and sufficiently winding the loosened arm to fasten the noodle end. The 148 

same procedure was done to tighten the other end of the strip to the upper roller arm. 149 

Elongation, which was the maximum force to deform and break noodles by extension, 150 

was measured using a test speed of 3.0 mm/s, with a 100 mm distance between two rollers. 151 

Deformations were recorded using the software during the extension and are expressed 152 

as a graph. The elongation at breaking was calculated per gram. 153 

2.9. Color Measurement  154 

The noodle samples were measured by a colorimeter (Minolta CM-3500D; Minolta 155 

Co. Ltd., Osaka, Japan), and the CIE-Lab L*, a* and b* values were recorded as described 156 

by Rathorel et al.[27]. And then L*, a* and b* values were collected.  The L* value was 157 

stated the position on the white/black axis, the a* value the position on the red/green axis, 158 

and the b* value the position on the yellow/blue axis. The measurements were done in 159 

triplicate and the readings were averaged. 160 

2.10. Total Phenol Content Assay  161 

Total phenol content (TPC) of stink lily wet noodles was analyzed by spectrophoto-162 

metric method using folin ciocateus phenol reagent [28]. Principles assay of the TPC assay 163 

are interaction between phenolic compounds and phosphomolybdic/ phosphotungstic 164 
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acid complexes based on the transfer of electrons in alkaline medium from phenolic com-165 

pounds to form a blue chromophore constituted by a phosphotungstic/ phosphomolyb-166 

denum complex. The reduced folin ciocalteus phenol reagent is detected by a spectropho-167 

tometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   760 nm and gallic acid 168 

is used as the reference standard compound and results are expressed as gallic acid equiv-169 

alents (mg/kg wet noodles).   170 

2.11. Total Flavonoid Content Assay  171 

Total flavonoid content of samples was measured by spectrophotometric method 172 

with reaction between AlCl3 and NaNO2 with aromatic ring of flavonoid compounds [29]. 173 

And then mixture was added aluminium chloride to result yellow solution. Next, addition 174 

of NaOH solution in mixture caused red solution that was measured by spectrophotome-175 

ter (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   510 nm. As standard refer-176 

ence compound used was (+) catechin and results were expressed as catechin equivalents 177 

(mg/kg wet noodles). 178 

2.12. DPPH Free Radical Scavenging Activity Assay  179 

DPPH free radical scavenging activity was measured by the spectrophotometric 180 

method [30]. This method is used to determine the antioxidant capacity of a compound 181 

from an extract or other biological sources, based on transferring from the odd electron of 182 

a nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to 183 

result in DPPH-H with yellow-colored solution. Reaction between DPPH in methanol so-184 

lution with samples was measured by spectrophotometer (Spectrophotometer UV-Vis 185 

1800, Shimadzu, Japan) at   517 nm. As standard reference compound used was gallic 186 

acid and results were expressed as gallic acid equivalents (mg/kg wet noodles).  187 

2.13. Sensory Evaluation 188 

Sensory assay was carried out to determine the level of panelist acceptance of wet 189 

noodles substituted with stink lily flour with the addition of carrageenan and hot water 190 

extract of pluchea leaf tea [31]. The test was carried out using the hedonic scale scoring 191 

method. This method is designed to measure the level of panelist preference for the prod-192 

uct by rating the level of preference for the product being tested. Samples were served in 193 

dishes coded with random three-digit numbers that carried out using a completely ran-194 

domized design (CRD) trial using 100 untrained panelists with an age range of 17 to 25 195 

years. The hedonic method used in this study is the hedonic scoring method, the panelists 196 

were asked to give a preference score for each sample. The hedonic score used was a value 197 

of 1-15 given by the panelists according to the level of preference for the product. Values 198 

0-3.0 indicate "strongly dislike", values 3.1-6.0 "dislike", values 6.1-9.0 "neutral", values 9.1-199 

12.0 "like", and a value of 12.1-15.0 "very much like". 200 

Each panelist is faced with 12 (twelve) samples and a questionnaire containing test 201 

instructions and is asked to give each sample a score according to their level of preference. 202 

The parameters tested were taste, aroma, texture, color, and overall acceptance of wet 203 

noodles substituted with stink lily flour. The best treatment of samples was determined 204 

by spider web method that was correlated by the large area of graph [32].  205 

2.14. Experiment Design and Statistical Analysis 206 

The research design of physicochemical assay used was a randomized block design 207 

with two factors, i.e. differences in the proportion of -carrageenan (K) and differences in 208 

the concentration of pluchea tea extract (L) added to wet noodles. The proportion of -209 

carrageenan consisted of 4 (four) treatment levels, including 0% (K0), 1% (K1), 2% (K2), 210 

3% (K3) and the concentration of pluchea tea extract consisted of 3 (three) levels, i.e., 0% 211 
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(L0), 15% (L1), and 30% (L2). Each treatment was repeated 3 (three) times in order to ob-212 

tain 36 (thirty-six) experiment units. The sensory test used a completely randomized de-213 

sign (CRD) on 100 untrained panelists. 214 

The data before further analysis was determined by the normal distribution and ho-215 

mogeneity tests.  And then the data are presented as mean ± SD of the triplicate determi-216 

nations and were analyzed using ANOVA at p< 5%, if the results of the ANOVA test had 217 

a significant effect, then proceed with the DMRT (Duncan Multiple Range Test) test at p< 218 

5% to determine the level of treatment that gave significantly different results. The analy-219 

sis used SPSS 17.0 software (SPSS Inc. Chicago, IL, USA).  220 

3. Results  221 

3.1. Cooking Quality  222 

The evaluated cooking properties of the stink lily wet noodles were showed in Table 223 

3 and the stink lily wet noodles product was showed at Figure 1. The level of cooking was 224 

estimated by the moisture content, swelling index, cooking loss and tensile strength from 225 

noodles. Based on statistically analysis by ANOVA at p < 5%, showed that the  increasing 226 

of -carrageenan proportion went up significant difference of moisture content of wet 227 

noodles, but the addition of pluchea leaf hot water extract and the interaction effect of the 228 

proportion of -carrageenan and the addition of the extract no influenced to moisture con-229 

tent of wet noodles. The moisture content value was ranged from 62.83±0.58 %wb to 230 

65.83±0.22 %wb. The sample K3L0 had the highest moisture content and K0L2 had the 231 

lowest moisture content. Furthermore, the addition of the -carrageenan proportion or 232 

pluchea tea extract had a significantly different effect such as the interaction effect of the 233 

addition of the two parameters, on the swelling index or water absorption value of wet 234 

noodles based on statistical analysis at p < 5%. The water absorption value was ranged 235 

from 142.25±0.39% to 162.21±0.25%. The treatment with the lowest swelling index was 236 

K0L2 and the highest was K3L0. Whereas the cooking loss of wet noodles decreased sig-237 

nificantly with the addition of the proportion of –carrageenan but increased significantly 238 

with the addition of pluchea tea extract. The cooking loss of wet noodles was ranged 239 

17.83±0.4% to 20.13±0.7%. K0L2 was treatment with the biggest cooking loss and K3L0 240 

was treatment with the smallest cooking loss. Tensile strength value of stink lily noodles 241 

was significant different because there was an interaction effect of  -carrageenan propor-242 

tion and pluchea tea extract addition. Tensile strength wet noodles were ranged 243 

0.096±0.004 N to 0.174±0.015 N.  The analysis of stink lily noodles color showed that light-244 

ness had a significant increase in with an increasing proportion of carrageenan and de-245 

creased with increasing pluchea tea extract used because of the color effect of carrageenan 246 

and pluchea tea extract.  The lightness of wet noodles was ranged 67.80±0.22 to 74.50±0.23. 247 

The effect of the -carrageenan and pluchea tea extract color also influenced significantly 248 

redness of wet noodles. The redness of wet noodles was ranged 1.20±0.04 to 3.30±0.23. The 249 

interaction effect of -carrageenan and pluchea tea extract addition was appeared on yel-250 

lowness, chroma and hue values. The yellowness, chroma and hue values were ranged 251 

16.90±0.27 to 30.00±0.07, 17.00±0.28 to 30.10±0.03, and 83.70±0.07 to 86.40±0.02, respec-252 

tively. 253 
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Figure 1. Stink Lily Noodles. Note  K0 = wheat flour: stink lily flour: -carrageenan  = 80 : 20 : 0,   K1 = wheat flour: stink lily flour: -255 

carrageenan  = 80 : 19 : 1 ,   K2 = wheat flour: stink lily flour: -carrageenan  = 80 : 18 : 2 , K3 = wheat flour: stink lily flour: -carrageenan  256 

= 80 : 17 : 3,  L0 = concentration of hot water extract from pluchea leaf tea = 0%,   L1 = concentration of hot water extract from pluchea 257 

leaf tea   = 15% , L2 = concentration of hot water extract from pluchea leaf tea = 30%. 258 

 259 

  260 
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Table 3. Color, Moisture Content, Swelling Index, Cooking Loss, and Tensile Strength of Stink Lily Noodles. 261 

Samples 
Color 

Moisture 

Content  

(%wb) 

Swelling 

Index (%) 

Cooking 

Loss (%) 

Tensile 

Strength (N) 

L* a* b* C h     

K0L0 73.00 ± 0,06 1.20 ± 0.06 16.90 ± 0.25a 17.00±0.31a 86.40±0.00g 64.15±0.70 148.90±0.15c 18.83±0.44 0.106±0.002 

K0L1 68.70 ± 0.35 2.60 ± 0.06 26.50 ± 0.32d 26.50±0.29c 84.40±0.21bc 63.66±0.38 146.36±0.27b 19.06±0.43 0.105±0.001 

K0L2 67.80 ± 0.20 2.80 ± 0.06 27.80 ± 0.46ef 27.80±0.45e 84.20±0.32abc 62.83±0.58 142.25±0.39a 20.13±0.71 0.116±0.006 

K1L0 73.40 ± 0.25 1.30 ± 0.06 17.30 ± 0.15ab 17.30±0.15a 85.70±0.21f 64.42±0.80 149.63±0.34d 18.47±0.31 0.086±0.005 

K1L1 69.00 ± 0.36 2.80 ± 0.12 27.30 ± 0.45e 27.40±0.50d 84.20±0.15a 62.95±0.68 146.65±0.43b 19.36±0.92 0.103±0.004 

K1L2 68.30 ± 0.15 3.00 ± 0.12 28.60 ± 0.12g 28.70±0.15f 84.00±0.15abc 63.37±1.04 148.85±057c 19.76±0.90 0.108±0.005 

K2L0 73.70 ± 0.10 1.50 ± 0.00 17.70 ± 0.26bc 17.80±.23a 85.20±0.06de 64.67±1.08 155.67±0.46h 18.18±0.45 0.098±0.002 

K2L1 69.40± 0.15 3.00 ± 0.06 28.20 ± 0.15fg 28.40±0.15f 83.80±0.17ab 63.74±0.75 150.96±0.71e 18.62±0.41 0.106±0.005 

K2L2 68.70 ± 0.06 3.10 ± 0.15 29.30 ± 0.00h 29.40±0.06g 84.00±0.15abc 64.25±1.60 154.82±0.44g 19.34±0.77 0.114±0.003 

K3L0 74.50 ± 0.23 1.70 ± 0.12 18.10 ± 0.00c 18.10±0.06b 84.60±0.21cd 65.83±0.22 162.21±0.25i 17.83±0.41 0.110±0.003 

K3L1 69.80 ± 0.50 3.20 ± 0.06 29.30 ± 0.12h 29.30±0.06g 83.80±0.53ab 64.57±1.78 153.35±0.15f 18.36±0.17 0.124±0.007 

K3L2 69.00 ± 0.20 3.30 ± 0.26 30.00 ± 0.06i 30.10±0.06h 83.60±0.06a 65.49±1.04 159.59±0.52i 19.22±0.84 0.126±0.008 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) in 262 

the same column are significantly different, p < 5%. 263 

3.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity (DPPH) 264 

Bioactive compounds analyzed included total phenol content (TPC) and total flavo-265 

noid content (TFC). The analysis data showed that the TPC and TFC increased signifi-266 

cantly due to the interaction effect between the proportion of -carrageenan and the addi-267 

tion of pluchea tea extract (Table 4). The results of the analysis showed that the control 268 

sample K0L0 had the lowest total phenol, i.e.  0.341 ± 0.034 mg GAE/kg dry noodles. The 269 

K2L2 sample had the highest total phenol, which was 1.196 ± 0.027 mg GAE/kg dry noo-270 

dles. This result was suitable with the TFC value of wet noodles where K0L0 had the low-271 

est TFC value and K2L2 had the highest value, i.e., 0.057 ± 0.004 and 1.336 ± 0.046 mg 272 

CE/kg dry noodles, respectively. The high and low values of TPC and TFC were correlated 273 

with AOA. The higher the TPC and TFC values, the higher the DPPH value. The DPPH 274 

free radicals scavenging activity of wet noodles was determined significantly by the inter-275 

action effect of adding the proportion of -carrageenan and pluchea tea extract. K0L0 had 276 

the lowest DPPH value and K2L2 had the highest DPPH value, i.e. 0.414±0.006 and 277 

0.758±0.009 mg GAE/kg dry noodles, respectively. 278 

Table 4. Total Phenol Content, Total Flavonoid Content, and DPPH Free Radical Scavenging Activity of Stink Lily Noodles. 279 

Samples 
TPC (mg GAE/g dry noo-

dles) 

TFC (mg CE/g dry noo-

dles) 

DPPH Scavenging Activity (mg GAE/g dry noo-

dles) 

K0L0 0.341±0.034a 0.057±0.004a 0.414±0.006a 

K0L1 0.948±0.027d 0.704±0.007c 0.742±0.016c 

K0L2 1.099±0.047e 1.109±0.007d 0.757±0.001c 

K1L0 0.458±0.040b 0.082±0.002a 0.523±0.026b 

K1L1 0.924±0.077d 0.735±0.003c 0.750±0.006c 

K1L2 1.005±0.070d 1.091±0.095d 0.751±0.001c 

K2L0 0.500±0.045b 0.089±0.008a 0.532±0.005b 

K2L1 0.965±0.025d 0.718±0.018c 0.748±0.004c 

K2L2 1.196±0.027f 1.336±0.046e 0.758±0.009c 

K3L0 0.527±0.007b 0.218±0.003b 0.587±0.020b 

K3L1 0.807±0.031c 0.726±0.039c 0.751±0.008c 

K3L2 1.145±0.064ef 1.067±0.063d 0.751±0.007c 
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*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) in 280 

the same column are significantly different, p < 5%. 281 

3.3. Sensory Properties 282 

The evaluated sensory properties of the stink lily noodles were shown in Table 5. 283 

Parameter sensory that analyzed included aroma, color, taste, texture, and overall accept-284 

ability.  The method used for sensory assay of stink lily noodles was hedonic scale scoring 285 

or a test of the level of consumer preference for a product by giving an assessment or score 286 

on a certain trait [33]. Organoleptic testing of stink lily wet noodles was presented to 100 287 

untrained panelists aged 17-25 years. Panelists are asked to give scores or numbers based 288 

on their level of preference for certain treatments. The value score used was 1-15, where a 289 

value of 0-3.0 indicated "strongly dislike", a value of 3.1-6.0 "does not like", a value of 6.1-290 

9.0 "neutral", a value of 9.1-12.0 “like”, and 12.1-15.0 “like very much”. The results of sta-291 

tistical tests by ANOVA at p < 5% showed that interaction effect of each treatment signif-292 

icantly influenced the panelists' preference for noodle color. The preference value of stink 293 

lily noodles color was ranged from 9.12 to 12.02 (like). The highest color preference value 294 

was the control treatment (K0L0) and the treatment with the lowest color preference value 295 

was K0L1. The interaction effect of each treatment were significantly determined the pan-296 

elists' preference for the aroma. The preference value for the aroma of wet noodles was 297 

ranged from 8.29 to 11.58 (neutral-like). The treatment with the highest preference value 298 

was stink lily noodles K1L0 and the treatment with the lowest preference value was K3L2 299 

treatment. The preference value of noodles taste was only affected by -carrageenan pro-300 

portion or extract concentration. The preference value for the wet noodle taste was ranged 301 

from 8.18 to 11.08 (neutral-like). The treatment with the highest taste preference value was 302 

K2L0 while the treatment with the lowest taste preference value was K0L2. Increasing the 303 

proportion of carrageenan to 2% increased the preference value for taste, after that it de-304 

creased with the addition of the proportion of 3% carrageenan. While increasing the con-305 

centration of pluchea leaf tea extract decreased the panelists' preference for taste. The re-306 

sults of statistical tests using ANOVA at p < 5% showed that the addition of extract only 307 

significantly influenced the panelists' preference for noodles texture. In this study, the 308 

preference for wet noodles texture was ranged from 9.46 to 11.66 (like). 309 

Table 5. Sensory Properties of Stink Lily Noodles. 310 

Samples 
Hedonic Preference Score  

Color Aroma Taste Texture Overall Acceptance  

K0L0 12.02f 10.93d 10.52 10.95 11.24f 

K0L1 9.12a 10.26cd 8.72 10.03 8.79a 

K0L2 11.83ef 8.86ab 8.18 9.58 9.04ab 

K1L0 9.98bc 11.58e 10.15 11.66 10.3cde 

K1L1 9.44ab 9.58bc 9.49 10.66 8.93ab 

K1L2 10.59cd 8.45a 8.87 9.46 9.11ab 

K2L0 11.62f 10.93de 11.08 11.15 11.07def 

K2L1 10.63cd 10.14ab 9.82 10.61 9.42abc 

K2L2 10.94de 8.84cd 9.09 10.38 10.16cde 

K3L0 11.51ef 10.36cd 10.37 11.07 10.84def 

K3L1 9.37ab 10.07a 9.95 11 9.72bc 

K3L2 9.47ab 8.29cd 9.57 9.64 8.62a 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) in 311 

the same column are significantly different, p < 5%. 312 

 313 

 314 

 315 

 316 



Molecules 2021, 26, x FOR PEER REVIEW 10 of 18 
 

The increasing the addition of extracts decreased the level of the texture preference 317 

of wet noodles. The overall preference value of wet noodles showed that there was the 318 

interaction effect between the proportion of -carrageenan and the addition of pluchea tea 319 

extract. The preference value for the overall of wet noodles was ranged from 8.62 to 11.24 320 

(neutral-like). The treatment with the highest preference value was stink lily noodles K0L0 321 

and the treatment with the lowest preference value was K3L2. Determination of the best 322 

treatment for differences in the proportions of -carrageenan and the addition of pluchea 323 

tea extract on wet noodles was determined using the spider web method based on organ-324 

oleptic parameters (color, aroma, taste, texture and overall). The spider web graph can be 325 

seen in Figure 2. Data showed that the treatment with the largest area was K2L0, i.e. wet 326 

noodles with the proportion of -carrageenan 2 % with the addition of 0% pluchea tea 327 

extract. The area of the K2L0 treatment area was 79.16 cm2 and had a preference score of 328 

15.8 with a very like category.  329 

 330 

Figure 2. Spider web Graph to Determine the Best Treatment of Stink Lily Noodles. 331 

4. Discussion 332 

 4.1. Cooking Quality  333 

Moisture content is a major parameter of stinky silky wet noodles that shows the 334 

amount of water contained in food product that determines rheological characteristics, 335 

chemical, physical, and sensory properties, and shelf life of food product [34]. The result 336 

showed that the -carrageenan addition gave a significant difference of moisture content 337 

to wet noodles. The -carrageenan is hydrocolloids that has a group of sulfate and water-338 

soluble polysaccharides [35,36,37],  composes  an ester sulfate content about  25-30% and 339 

a 3,6-anhydro-galactose (3,6-AG) about 28 to 35% [38,36]. This anionic carrageenan can 340 

interact very tightly with water molecule [39] and can be collaborated with glucomannan 341 

from stink lily on gelation process [40] with making intra- and inter-disulfide bind at net-342 

work structure of gluten [13,41]. The -carrageenan can bind with limited free water mol-343 

ecule, form complexes compounds with water, and interact with gluten network [13]. 344 

However, the mobility of water mainly depends on changes in the hydrogen bond struc-345 
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ture. The presence of hydrophilic components such as proteins, carbohydrates, glucoman-346 

nan, -carrageenan and polyphenolic compounds in wet noodles can be involved in hy-347 

drogen bonding with water molecules that determine water mobility [13,34,41,42]. Thus, 348 

increasing the proportion of k-carrageenan used in the manufacture of stink lily noodles 349 

can increase the amount of free water and weakly bound water in wet noodles. the inter-350 

action between the hydroxyl functional groups in carrageenan and water molecules sup-351 

ports an increase in the water content of wet noodles. 352 

The swelling index or water absorption is the ability of a product to absorb water 353 

which is influenced by particle size, chemical composition, and water content [43]. The 354 

research showed that the interaction of -carrageenan proportion and hot water extract of 355 

pluchea leaf tea addition gave a significant effect of the swelling index properties from 356 

wet noodles. The swelling index of wet noodles was determined by the presence of -357 

carrageenan, protein, starch, glucomannan, and bioactive compounds of pluchea tea ex-358 

tract in dough. Li et al. [13] said that glutelin proteins of wheat flour can involve intra-and 359 

intermolecular disulfide bonds to result a fibrous shape, and then globular gliadin protein 360 

of wheat flour can be bound at the glutenin skeleton by non-covalent bonds to be a unique 361 

networks structure of gluten. The addition of the glucomannan of stinky silky flour as a 362 

non-ionic hydrocolloid has good water holding capacity and can be made a stronger three-363 

dimensional network structure. Chen et al. [44] informed that the glucomannan can fill 364 

the number of holes of the network structure of gluten that make a structure dense and 365 

stable. Li et al. [13] underlined that glucomannan has many hydroxyl group in the struc-366 

ture that can be bound tightly with water by electrostatic forces and hydrogen bond. 367 

Huang et al. [41] said that the presence of -carrageenan in dough can be synergist with 368 

glucomannan to change sulfhydryl groups to be disulfide bonds in protein. Widyawati et 369 

al. [20] informed that bioactive compounds of pluchea tea extract are alkaloids, flavonoids, 370 

phenolics, phenol hydroquinone, saponins, tannins, sterols, terpenoids, and cardiac gly-371 

cosides. Meanwhile Suriyaphan [16] informed that pluchea leaves contain 1.79 g/100 g 372 

protein, 0.49 g/100 g fat, 0.20 g/100 g ash, 0.89 g/100 g insoluble fiber, 0.45 g/100 g dissolved 373 

fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 g/100 g, calcium 251 g/100 g, -carotene 374 

1.225 g/100 g and vitamin C 30.17 g/100 g, and phenolic acid bioactive compounds 28.48± 375 

0.67 mg/100 g body weight (chlorogenic acid 20±0.24 mg/100 g body weight, caffeic acid 376 

8.65±0.46 mg/100 g body weight), total flavonoids 6.39 mg/100 g body weight (quercetin 377 

5.21± 0.26 mg/100 g body weight, kaempferol 0.28 ± 0.02 mg/100 g body weight, myricetin 378 

0.09 ± 0.03 mg/100 g body weight), total anthocyanins 0.27 ± mg/100 g body weight, -379 

carotene 1.70 ± 0.05 mg/100 g body weight and total carotenoids 8.7 ± 0.34 mg/100 g body 380 

weight. Vongsak et al. [17]; Ruan et al. [18]; Chan et al. [19] proved that pluchea leaves 381 

contain 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-382 

dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5- O-dicaffeoylquinic acid. 383 

Schefer at al. [45] informed that phenolic acid can be bound with protein and carbohydrate 384 

by non-covalent interactions, i.e. hydrophobic interaction, hydrogen bonding, electro-385 

static interaction, van der Waals interaction, and - stacking. The presence of -carragee-386 

nan proportion and pluchea tea extract addition that differed caused change of composi-387 

tion and various interaction of compounds that determined different swelling index of 388 

wet noodles.  389 

The cooking loss of stink lily noodles was influenced significantly by -carrageenan 390 

proportion nor extract addition, but interaction of two factors was insignificant  differ-391 

ence. The phenomena was caused by -carrageenan and bioactive compounds of pluchea 392 

tea extract, especially phenolic compounds, that involved the interaction with protein and 393 

carbohydrate in dough. -carrageenan can stabilized and supported a rigid structure of 394 

gluten. The hydrocolloid can avoid starch gelatinization process because it can bind 395 

tightly with water molecule caused lower the water activity. Supported by Li et al.[13]; 396 

Herawati [46]; Huang et al. [41], -carrageenan can trap the free water molecule that starch 397 

can’t absorb the water molecule and require higher energy to break the energy barrier 398 

required for the starch gelatinization process. Whereas Zhu [42]; Amoako and Awika [47]; 399 
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Schefer et al. [45] clarified that starch can be bound with polyphenol, including hydropho-400 

bic and electrostatic interactions and hydrogen bond that the hydrogen bond is dominant 401 

binding forces. This interaction can support releasing of amylose of starch gelatinization 402 

process that the cooking loss increased at the higher pluchea tea extract addition. The 403 

presence of polyphenol compounds of pluchea tea extract caused water competition with 404 

glutenin and gliadin of wheat flour that inhibited interaction between glutenin and glia-405 

din to form gluten. According to Amoako and Awika [47], gluten and gliadin in a random 406 

coil structure can be aggregated by phenolic compounds and starch easily undergoes a 407 

gelatinization process where amylose interacts with polyphenolic compounds, through 408 

hydrogen bonds and hydrophobic interactions. The more protein in the form of random 409 

coil structure causes the protein to easily interact with polyphenols and come out of the 410 

noodles during the cooking process that the cooking loss increases. 411 

The tensile strength of stink lily was influenced significantly by -carrageenan pro-412 

portion  nor  extract addition. The increasing -carrageenan proportion grew up tensile 413 

strength because this hydrocolloid could be made strong cross linking through inter-mo-414 

lecular and intra-molecular bonds involving the glutenin and gliadin of wheat flour pro-415 

tein, and glucomannan of stink lily flour. The more networks that are formed between the 416 

components of the noodles have an effect on the tensile strength of wet noodles, and vice 417 

versa [13,48]. The synergism effect of the wet noodles component determined water bind 418 

capacity and water mobility that established texture properties of wet noodles, this state-419 

ment is supported by Li et al.[34]; Saha and Bhattacharya [40]; Huang et al. [41]. Diniyah 420 

et al.[49] also informed that the addition of hydrocolloids in the noodles-making process 421 

increases the viscosity and water absorption because the water binding and holding prop-422 

erties of hydrocolloids that can form gel. However, the addition of pluchea tea extract 423 

caused the tensile strength to decline because the polyphenol compounds of pluchea tea 424 

extract induced breakdown of the networking structure among the components of dough 425 

because there was water competition among them. Furthermore, the polyphenol com-426 

pounds could be reacted with starch and protein because the formation of the gluten net-427 

work was disrupted that gliadin and glutenin in the form of random coils and starch could 428 

be underwent an excessive gelatinization process. This opinion is supported by Li et al. 429 

[13]; Zhu [42]; Huang et al. [41]. -carrageenan has a yellowish white color and has the 430 

ability to bind water molecules that it increases the lightness of wet noodles, while the 431 

pluchea tea extract contains polyphenolic compounds, such as tannins which can give the 432 

noodles a brown color that the lightness level is reduced. This opinion was supported by 433 

Widyawati et al. [20]; Necas et al. [38]. The increase in yellowness was in line with the 434 

increase in lightness because the higher the water content value was caused by the ability 435 

of -carrageenan to bind water molecules, thereby increasing the brightness and the 436 

brown color contribution of the pluchea tea extract gave a brownish-yellow color of the 437 

wet noodles that the intensity of this color increased as indicated by the increased chroma 438 

value. 439 

4.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity 440 

The stinky silky wet noodles K0L0 had the lowest TPC and TFC because there was 441 

contributed of phenolic content from wheat flour and egg.  Punia et al. [50] said that wheat 442 

flour has phenolic acids including ferulic, caffeic, and p-coumaric acid. Moreover, the 443 

presence of TFC in the K0L0 sample is thought to be due to the presence of a thiol group 444 

in egg white which is able to chelate metal ions and is able to be conjugated with saccha-445 

rides [51], as well as 3,5-diacetyltambulin compounds from stink lily flour [52]. While the 446 

TFC and TPC values in the K2L2 sample were dominantly contributed by the presence of 447 

phytochemical compounds in the pluchea tea extract.Widyawati et al. [20] explained that 448 

there are phytochemical compounds in the pluchea tea extract. Suriyaphan [16]; Vongsak 449 

et al. [17]; Ruan et al. [18]; Chan et al. [19] also emphasized that pluchea leaves contain 450 

phenolic acids and flavonoids.  The existence of a non-significant difference between treat-451 

ments in the TPC and TFC assays indicated an interaction between the components in the 452 
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dough that it affected the presence of free hydroxyl groups that could bind to the Folin 453 

Ciocalteus phenol reagent. as described by Li et al. [13]; Herawati [41]; Zhu [42]; Schefer 454 

et al. [45]; Amoako and Awika [47] glutenin, gliadin, glucomannan, -carrageenan, and 455 

polyphenol compounds are involved in the formation of networks structure in the dough 456 

so as to determine the quality of wet noodles. The interactions that occur involve various 457 

non-covalent interaction mechanisms that affect the presence of free hydroxyl groups. The 458 

TPC and TFC values of wet noodles in each treatment affected DPPH free radical scav-459 

enging activity (DPPH). They determined DPPH of wet noodles, usually positively corre-460 

lated. Niroula et al. [53] said that TPC and DPPH were strongly correlated in seeds, 461 

sprouts and grasses of corn (Zea mays L.). Lim et al. [54] also informed that there is an 462 

excellent correlation coefficient between the TPC, TFC and antioxidant activities of Phale-463 

ria macrocarpa fruit. Adebiyi et al. [55] explained that the high level of flavonoids and phe-464 

nols in plant caused the antioxidant activity of Grewia carpinifolia extract. The antioxidant 465 

activity of phenolics is related to their redox properties which induced them to act as re-466 

ducing agents, hydrogen donors, singlet oxygen quenchers and metal chelators.  Rahman 467 

et al. [56] underlined that DPPH free radical scavenging activity of polyphenol com-468 

pounds of T. pallida extract was determined by hydrogen donating ability which it highly 469 

correlated. The potency of wet noodles as AOA was determined by reduced capability of 470 

DPPH free radical solution color from purple to be yellow color. 471 

4.3. Sensory Properties 472 

The analysis of sensory properties of the stink lily noodles was conducted by the he-473 

donic scale scoring method with attribute the preference of color, taste, aroma, texture and 474 

overall. The result of the color preference test showed that the control treatment (K0L0) 475 

was the highest value because the treatment without the addition of pluchea tea extract 476 

not change the color of the wet noodles was yellowish-white. And then the treatment with 477 

the lowest color preference value was K0L1 due to the addition of this extract decreased 478 

the panelists' preference for the color because the noodles were darker and brownish 479 

color. Suriyaphan [16]; Widyawati et al. [20] said that the color of the pluchea tea extract 480 

contributed to changing the color of this wet noodle originated from tannins, flavonoids, 481 

and chlorophyll. However, in this study, increasing the extract concentration did not sig-482 

nificantly affect the panelists' preference for color when the proportion of -carrageenan 483 

increased, because the addition of stink lily flour and -carrageenan would increase the 484 

lightness of the wet noodles that the produced color of the wet noodles was brighter and 485 

preferred by panelists. This data was supported by the data from color rider analysis, 486 

where the results of the sensory test by the panelists were in line with the decrease in the 487 

lightness value, the increase in the reddish and yellowish values, the hue value showed 488 

the yellow-red color, and chroma value showed an increase in color intensity. The panelist 489 

preference of aroma from wet noodles was determined by the aroma from the material 490 

used to make wet noodles or the interaction of aroma produced from the reaction among 491 

the material composition. According to Ramdani et al. [57], stink lily flour has a musty 492 

aroma, and all wet noodles produced have a musty smell. Meanwhile, according to Fitan-493 

tri et al. [58], -carrageenan is unscented that not contribute to wet noodles. The addition 494 

of pluchea tea extract decreased the panelists' preference for the aroma of wet noodles 495 

because the addition of the extract caused the wet noodles to smell like leaves (floral) and 496 

unpleasant and the panelists did not like it. Fragrant or unpleasant aroma comes from 497 

volatile compounds contained in pluchea leaves. According to Widyawati et al. [59], plu-498 

chea leaves have 66 volatile compounds, these volatile compounds play a role in forming 499 

the aroma in the hot water extract of pluchea leaf tea. According to Lee et al. [60], pluchea 500 

leaves contain volatile compounds contributed by aliphatic aldehyde group compounds 501 

or aromatic compounds that give a distinctive aroma, therefore the presence of these com-502 

pounds in steeping water can give a specific aroma, i.e. fragrant (floral) in wet noodles. 503 

There was a difference in the effect of the proportion of -carrageenan and pluchea leaf 504 

tea extract on taste due to the contribution of taste produced by carrageenan and extract. 505 
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According to Ramdani et al. [57]; Haryu et al. [61], stink lily flour and -carrageenan do 506 

not have a distinctive or neutral taste, increasing the concentration of -carrageenan gives 507 

a higher preference value because noodles are considered to have a better texture that 508 

contributes to the assessment of taste. The increase in the concentration of pluchea tea 509 

extract caused the taste preference value of noodles to decrease significantly, this is due 510 

to the presence of tannins, catechins, and phenolic compounds in the pluchea tea extract 511 

which determined bitter and slightly astringent. The effect of -carrageenan proportion 512 

and tea extract to make wet noodles influenced panelist preference of texture because this 513 

hydrocolloid can be make strong cross linking through inter-molecular and intra-molec-514 

ular bonds involving the glutenin and gliadin of wheat flour protein, and glucomannan 515 

of stink lily flour that determined water bind capacity and water mobility [34,40,41]. Pres-516 

ence of the polyphenol compounds of pluchea tea extract can be breakdown of the net-517 

working structure among the components of dough because of water competition of them. 518 

Li et al. [13]; Zhu [42]; Huang et al. [41] said that the polyphenol compounds could be 519 

reacted with starch and protein to disrupt the gluten network and cause starch to undergo 520 

an excessive gelatinization process. The difference in the proportion of -carrageenan 521 

change the overall preference value of wet noodles to be significantly different overall 522 

compared to the control, this was because the proportion of -carrageenan influenced the 523 

all sensory attribute (color, aroma, and taste). The addition of pluchea tea extract in wet 524 

noodles decreased the overall preference value because the addition of extract affected the 525 

organoleptic characters tested due to the content of secondary metabolites of pluchea 526 

leaves, such as flavonoids, phenols, and tannins that could affect the taste, aroma, the 527 

color, and texture of the noodles. Based on spider web graph showed that K2L0 was the 528 

best treatment of stink lily wet noodles. It was also supported by better physicochemical 529 

properties than the control, including yellowish white wet noodles, better swelling index, 530 

lower cooking loss, higher tensile strength value, and lower moisture content. However, 531 

this K2L0 treatment did not have the highest TPC, TFC, and AOA, i.e. 0.500±0.045; 532 

0.089±0.008; and 0.532±0.005, respectively. 533 

5. Conclusions 534 

The use of -carrageenan proportions and pluchea leaf tea extract had a significant 535 

effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical 536 

analysis at p < 5% showed that there was an interaction effect of the proportion of -car-537 

rageenan and pluchea leaf tea extract on the swelling index, yellowness, chroma, hue, 538 

TPC, TFC, DPPH, the preference value for color, aroma, and overall acceptance. While the 539 

moisture content of wet noodles was only affected by the proportion of -carrageenan, for 540 

tensile strength, cooking loss, lightness, and redness, and the preference value for texture 541 

and taste were influenced by the proportions of -carrageenan and the concentration of 542 

pluchea leaf tea extract, respectively. The best treatment based on the spider web graph 543 

showed that the K0L2 treatment had the largest area 79.16 cm2 and a preference score of 544 

15.8 with a very like category, this is in accordance with the results of physicochemical 545 

and sensory tests, but it was no correlated with the highest bioactive content (TPC and 546 

TFC) and DPPH.  547 
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Article 1 

The Effect of -Carrageenan Proportion and Hot Water Extract 2 

of Pluchea Indica Less Leaf Tea on Quality and Sensory Proper-3 

ties of Stink Lily (Amorphophallus Muelleri) Wet Noodles 4 

Paini Sri Widyawati †,*, Thomas Indarto Putut Suseno , Anna Ingani Widjajaseputra , Theresia Endang Widoeri 5 

Widyastuti, Vincentia Wilhelmina Moeljadi and Sherina Tandiono 6 

Food Technology Study Program, Agricultural Technology Faculty, Widya Mandala Surabaya Catholic Univer-7 

sity, Dinoyo Street Number 42-44, Surabaya, East Java 60265, Indonesia 8 

* Correspondence: paini@ukwms.ac.id 9 

Abstract : The study aimed to determine the effect of the proportion of -carrageenan and hot water 10 

extract of pluchea leaf tea on the quality and sensory of stink lily wet noodles. The research design 11 

used was a Randomized Block Design with two factors, i.e. the difference in the proportion of -12 

carrageenan (K) (0, 1, 2, and 3% w/w) and the addition of hot water extract of Pluchea indica Less leaf 13 

tea (L) (0, 15, and 30% w/v) with 12 treatment level (K0L0, K0L1, K0L2,  K1L0, K1L1, K1L2, K2L0, 14 

K2L1, K2L2, K3L0, K3L1, K3L2). The data were analyzed by the ANOVA at p< 5% and continued 15 

with the Duncan's Multiple Range Test at p< 5% and the best treatment was determined by the 16 

Spider web method based on sensory assay by a hedonic method. The proportions of -carrageenan 17 

and the concentration of pluchea tea extract had a significant effect on cooking quality and sensory 18 

properties. However, the interaction of the two factors affected the swelling index, yellowness (b*), 19 

chroma (C), hue (h), total phenol content (TPC), total flavonoid content (TFC), and DPPH free rad-20 

ical scavenging assay (DPPH). The best treatment of wet noodles was K2L0 with a preference score 21 

of 15.8. The binding of -carrageenan and phenolic compounds to make networking structure by 22 

intra- and inter-disulfide bind between glucomannan and gluten, was thought to affect the cooking 23 

quality, sensory properties, bioactive compounds (TPC and TFC), and DPPH 24 

Keywords: Amorphophallus muelleri; Pluchea indica Less; wet noodles; quality and sensory properties 25 

 26 

1. Introduction 27 

Noodles are a rice substitute commodity that is much favored by the public [1], es-28 

pecially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, noo-29 

dles are divided into wet noodles and dry noodles. Indonesia is the second country in the 30 

world that likes to consume noodles [2]. In 2017, the consumption of instant noodles 31 

achieves by 180.2 packets per head in the world, and in Indonesia, the consumption of 32 

wet noodles shows that all age groups and education levels like it [3]. Meanwhile, instant 33 

noodle consumption in 2020 reached 12,640 million portions [2]. Noodles are generally 34 

made from wheat flour, the use of local food ingredients based on carbohydrates, includ-35 

ing stink lily flour, can reduce the consumption of wheat flour which is quite high in In-36 

donesia, the average consumption of wheat flour for the Indonesian population in 2019 is 37 

17.8 kg/capita/year [4].  38 

Stink lily flour (Amorphophallus muelleri) is a group of Araceae that contains glucoman-39 

nan oligosaccharides around 15-64% dry base [5] or more than 60% [6]. Glucomannan is 40 

a heteropolysaccharide consisting of 67% D-mannose and 33% D-glucose and has -1,4 41 

and -1,6 glycoside bonds [7], which can reduce body weight, sugar content blood levels, 42 
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LDL cholesterol levels and prolong gastric emptying time [8,9]. Stink lily flour has a gly-43 

cemic index of 85 which is lower than the glycemic index of glucose which is considered 44 

to be 100 [7]. The use of stink lily flour in the manufacture of wet noodles is able to replace 45 

the role of gliadin and glutenin proteins in the formation of gluten with an elastic texture 46 

[10]. Polysaccharides in stink lily flour can dissolve in water to form a thick solution, form 47 

a gel, expand, and melt like agar [11], can increase the elasticity and cohesiveness [12,13] 48 

with increasing -helix and -sheet structures of wet noodles [13]. However, the higher 49 

the substitution of stink lily flour, the lower the texture preference because the noodles 50 

break easily and are sticky [12]. Therefore, it is necessary to add hydrocolloids, including 51 

carrageenan, because they can increase elasticity [14]. The combination of the use of glu-52 

comannan and carrageenan can form a strong and elastic gel [15]. 53 

The addition of hot water extract from pluchea leaf tea in making stink lily wet noo-54 

dles is expected to increase the functional value of wet noodle products. Pluchea  leaves 55 

contain nutrients, such as: protein 1.79 g/100 g, fat 0.49 g/100 g, ash 0.20 g/100 g, insoluble 56 

fiber 0.89 g/100 g, soluble fiber 0.45 g/100 g, total fiber 1.34 g/100 g, carbohydrates 8.65 57 

g/100 g, calcium 251 g/100 g, -carotene 1.225 mg/100 g and vitamin C 30.17 mg/100 g as 58 

well as bioactive compounds, such as: phenolic acid 28.48±0.67 mg/100 g wb (chlorogenic 59 

acid 20±0.24 mg/100 g wb, caffeic acid 8.65±0.46 mg/100 g wb), total flavonoids 6.39 60 

mg/100 g wb (quercetin 5.21±0.26 mg/100 g wb, kaempferol 0.28±0.02 mg/100 g wb, myri-61 

cetin 0.09± 0.03 mg/100 g wb), total anthocyanins 0.27±0.01 mg/100 g wb, -carotene 62 

1.70±0.05 mg/100 g wb, and total carotenoids 8.7±0.34 mg/100 g wb [16], 3-O-63 

caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-64 

dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid 65 

[17,18,19]. Meanwhile, hot water extract of 2% pluchea leaf tea (2 g/100 ml) contains a total 66 

phenolic content of 9.3 mg EAG/ g, total flavonoid content 22.0 mg EC/ g, DPPH free rad-67 

ical scavenging activity DPPH 27.2 mg EAG/ g, and reduced iron ion 10.2 mg EAG/ g [20], 68 

due to the presence of phytochemicals (alkaloids, flavonoids, phenolics, sterols, cardiac 69 

glycosides, phenol hydroquinone, tannins, terpenoids, and saponins) [20], which has been 70 

shown to have potential as an antioxidant [20,21] and antidiabetic [22]. The effect of using 71 

-carrageenan and water extract of pluchea leaf tea on the quality and sensory of stink lily 72 

wet noodles has not been studied in detail. Therefore, the purpose of this study was to 73 

determine the effect of the proportion of -carrageenan and hot water extract of pluchea 74 

leaf tea on the quality and sensory of stink lily wet noodles. 75 

2. Materials and Methods 76 

2.1. Reagents and Materials  77 

The compounds 2,2-diphenyl-1-picrylhydrazyl (DPPH), sodium carbonate, gallic 78 

acid, and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, USA). Methanol, 79 

folin ciocalteus phenol, sodium nitric, aluminium chloride, -carrageenan, and sodium 80 

hydroxide were purchased from Merck (New Jersey, USA). 81 

Pluchea leaves as raw material for making pluchea leaf tea are collected from gardens 82 

around the city of Surabaya. Specification of pluchea plant is according to the GBIF taxon 83 

ID number database: 3132728. Stink lily flour is obtained from the stink lily flour pro-84 

cessing industry in East Java. Specification of Stink lily plant is according to the GBIF taxon 85 

ID number database: 735493731. The wheat flour used is high protein flour obtained from 86 

the wheat flour processing industry in Indonesia. 87 

2.2. Preparation of Pluchea Leaf Tea.  88 

Pluchea leaves on each branch number 1-6 from the shoot were collected, sorted, and 89 

dried at an ambient temperature for 7 days until moisture content 11.16±0.09% dry base. 90 

And then dried leaves were powdered to get 45 mesh size [23]. Futhermore the leaf pow-91 

der was heated by drying oven (Binder, Merck KGaA, Darmstadt, Germany) at 120 °C for 92 
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10 min. Then dried powder of pluchea leaves was packed 2 g in tea bag that called pluchea 93 

leaf tea.  94 

2.3. Preparation of Hot Water Extract of Pluchea Leaf Tea.  95 

Pluchea leaf tea in tea bag was extracted by hot water at 95 °C for 1 min to get 15 and 96 

30% (b/v) concentrations (Table 1). And then each concentration of extract was used to 97 

make stink lily wet noodles.   98 

Table 1. The formula of hot water extract of pluchea leaf tea. 99 

Materials 
Concentration of hot water extract of pluchea leaf tea (% b/v) 

0 15 30 

Pluchea leaf tea (g) 0 4.5 9 

Hot water (mL) 30 30 30 

2.4. Stink Lily Wet Noodles Making.  100 

Stink lily wet noodles were made with mixing of wheat and stink lily flour, and -101 

carrageenan at 1, 2, and 3% (b/b) concentrations. And then the mixture was added egg, 102 

salt, baking powder, and hot water extract of pluchea leaf tea and kneaded to form a 103 

dough by a mixer machine. Then the dough was passed through a roller to make face 104 

bands the desired thickness and cut through rollers using cutting blades. The formula of 105 

stink lily wet noodle was showed at Table 2.  106 

Table 2. The formula of stink lily wet noodles. 107 

Material K0L0 K0L1 K0L2 K1L0 K1L1 K1L2 K2L0 K2L1 K2L2 K3L0 K3L1 K3L2 

Wheat flour (g) 120  120  120  120  120  120  120  120  120  120  120  120  

Stink lily flour (g) 30  30  30  28.5  28.5  28.5  27  27  27  25.5  25.5  25.5  

-Carrageenan (g)  0  0  0  1.5  1.5  1.5  3  3  3  4.5  4.5  4.5  

Egg (g)  30  30  30  30  30  30  30  30  30  30  30  30  

Salt (g)  3  3  3  3  3  3  3  3  3  3  3  3  

Baking Powder (g)  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  

Water (mL)  30  0  0  30  0  0  30  0  0  30  0  0  

Hot water extract 

of pluchea leaves 

15% (mL)  

0  30 0  0  30 0  0  30  0  0  30  0  

Hot water extract 

of pluchea leaves 

30% (mL)  

0  0  30  0  0  30  0  0  30  0  0  30  

Total (g)  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  214.5  

Note:  K0 = wheat flour: stink lily flour: -carrageenan = 80 : 20 : 0. 108 

K1 = wheat flour: stink lily flour: -carrageenan = 80 : 19 : 1. 109 

K2 = wheat flour: stink lily flour: -carrageenan = 80 : 18 : 2. 110 

K3 = wheat flour: stink lily flour: -carrageenan = 80 : 17 : 3. 111 

L0 = concentration of hot water extract from pluchea leaf tea = 0%. 112 

L1 = concentration of hot water extract from pluchea leaf tea = 15%. 113 

L2 = concentration of hot water extract from pluchea leaf tea = 30%. 114 

 115 

 116 

 117 
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2.5. Stink Lily Wet Noodles Extraction.  118 

125 g each sample from stink lily wet noodles was weighed (Ohaus, Ohaus Instru-119 

ments (Shanghai) Co., Ltd., RRT) and then they were dried by cabinet drying at 60 °C for 120 

4 hours to get dried noodles.  Next each sample was powdered by chopper machine at 121 

second speed for 35 seconds and then 20 g powdered sample was added 50 mL methanol 122 

by shaking water bath at 35 °C, 70 rpm for 1 hour. Filtrate was separated by Whatman 123 

filter paper grade 40 and residue was extracted again with same pattern way. Filtrate was 124 

collected and dried by rotary evaporator (Buchi Rotary Evaporator; Buchi Shanghai Ltd, 125 

RRT) at 0.2-0.3 atm, 50 °C for 60 min until getting 2 mL extract. Then extract was kept at 0 126 

°C before further study.   127 

2.6. Swelling Index Assay  128 

Swelling index or water absorption is the ability of noodles to absorb water after ge-129 

latinization during the boiling process [24]. The principle of water absorption testing is to 130 

determine the amount of water absorbed in wet noodles at a certain temperature and time. 131 

The amount of water absorbed in wet noodles can be determined from the difference be-132 

tween the weight of the noodles after and before being boiled divided by the weight of 133 

the noodles before boiling [25]. 134 

2.7. Cooking Loss Assay 135 

Cooking loss is one of the important quality parameters in wet noodles to determine 136 

the quality of wet noodles after cooking [26]. The cooking loss test for stink lily wet noo-137 

dles was carried out to determine the number of solids that came out of the noodle strands 138 

during the cooking process, namely the release of a small portion of starch from the noodle 139 

strands. 140 

2.8. Determination of Tensile Strength of Wet Noodles 141 

The tensile strength (elongation) is one important parameter of texture analysis in 142 

noodle products. The texture was determined using TA-XT2 texture analyzer (Stable Mi-143 

cro System Co., Ltd., Surrey, UK) fitted with a 5 kg load cell equipped with the Texture 144 

Exponent 32 software V.4.0.5.0 (SMS).  The principle of the texture analyzer is to prepare 145 

a suitable probe for the test, then place the noodle samples on the table under the probe. 146 

The elongation of the noodles was individually tested by putting one end into the lower 147 

roller arm slot and sufficiently winding the loosened arm to fasten the noodle end. The 148 

same procedure was done to tighten the other end of the strip to the upper roller arm. 149 

Elongation, which was the maximum force to deform and break noodles by extension, 150 

was measured using a test speed of 3.0 mm/s, with a 100 mm distance between two rollers. 151 

Deformations were recorded using the software during the extension and are expressed 152 

as a graph. The elongation at breaking was calculated per gram. 153 

2.9. Color Measurement  154 

The noodle samples were measured by a colorimeter (Minolta CM-3500D; Minolta 155 

Co. Ltd., Osaka, Japan), and the CIE-Lab L*, a* and b* values were recorded as described 156 

by Rathorel et al.[27]. And then L*, a* and b* values were collected.  The L* value was 157 

stated the position on the white/black axis, the a* value the position on the red/green axis, 158 

and the b* value the position on the yellow/blue axis. The measurements were done in 159 

triplicate and the readings were averaged. 160 

2.10. Total Phenol Content Assay  161 

Total phenol content (TPC) of stink lily wet noodles was analyzed by spectrophoto-162 

metric method using folin ciocateus phenol reagent [28]. Principles assay of the TPC assay 163 

are interaction between phenolic compounds and phosphomolybdic/ phosphotungstic 164 
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acid complexes based on the transfer of electrons in alkaline medium from phenolic com-165 

pounds to form a blue chromophore constituted by a phosphotungstic/ phosphomolyb-166 

denum complex. The reduced folin ciocalteus phenol reagent is detected by a spectropho-167 

tometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   760 nm and gallic acid 168 

is used as the reference standard compound and results are expressed as gallic acid equiv-169 

alents (mg/kg wet noodles).   170 

2.11. Total Flavonoid Content Assay  171 

Total flavonoid content of samples was measured by spectrophotometric method 172 

with reaction between AlCl3 and NaNO2 with aromatic ring of flavonoid compounds [29]. 173 

And then mixture was added aluminium chloride to result yellow solution. Next, addition 174 

of NaOH solution in mixture caused red solution that was measured by spectrophotome-175 

ter (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at   510 nm. As standard refer-176 

ence compound used was (+) catechin and results were expressed as catechin equivalents 177 

(mg/kg wet noodles). 178 

2.12. DPPH Free Radical Scavenging Activity Assay  179 

DPPH free radical scavenging activity was measured by the spectrophotometric 180 

method [30]. This method is used to determine the antioxidant capacity of a compound 181 

from an extract or other biological sources, based on transferring from the odd electron of 182 

a nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to 183 

result in DPPH-H with yellow-colored solution. Reaction between DPPH in methanol so-184 

lution with samples was measured by spectrophotometer (Spectrophotometer UV-Vis 185 

1800, Shimadzu, Japan) at   517 nm. As standard reference compound used was gallic 186 

acid and results were expressed as gallic acid equivalents (mg/kg wet noodles).  187 

2.13. Sensory Evaluation 188 

Sensory assay was carried out to determine the level of panelist acceptance of wet 189 

noodles substituted with stink lily flour with the addition of carrageenan and hot water 190 

extract of pluchea leaf tea [31]. The test was carried out using the hedonic scale scoring 191 

method. This method is designed to measure the level of panelist preference for the prod-192 

uct by rating the level of preference for the product being tested. Samples were served in 193 

dishes coded with random three-digit numbers that carried out using a completely ran-194 

domized design (CRD) trial using 100 untrained panelists with an age range of 17 to 25 195 

years. The hedonic method used in this study is the hedonic scoring method, the panelists 196 

were asked to give a preference score for each sample. The hedonic score used was a value 197 

of 1-15 given by the panelists according to the level of preference for the product. Values 198 

0-3.0 indicate "strongly dislike", values 3.1-6.0 "dislike", values 6.1-9.0 "neutral", values 9.1-199 

12.0 "like", and a value of 12.1-15.0 "very much like". 200 

Each panelist is faced with 12 (twelve) samples and a questionnaire containing test 201 

instructions and is asked to give each sample a score according to their level of preference. 202 

The parameters tested were taste, aroma, texture, color, and overall acceptance of wet 203 

noodles substituted with stink lily flour. The best treatment of samples was determined 204 

by spider web method that was correlated by the large area of graph [32].  205 

2.14. Experiment Design and Statistical Analysis 206 

The research design of physicochemical assay used was a randomized block design 207 

with two factors, i.e. differences in the proportion of -carrageenan (K) and differences in 208 

the concentration of pluchea tea extract (L) added to wet noodles. The proportion of -209 

carrageenan consisted of 4 (four) treatment levels, including 0% (K0), 1% (K1), 2% (K2), 210 

3% (K3) and the concentration of pluchea tea extract consisted of 3 (three) levels, i.e., 0% 211 
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(L0), 15% (L1), and 30% (L2). Each treatment was repeated 3 (three) times in order to ob-212 

tain 36 (thirty-six) experiment units. The sensory test used a completely randomized de-213 

sign (CRD) on 100 untrained panelists. 214 

The data before further analysis was determined by the normal distribution and ho-215 

mogeneity tests.  And then the data are presented as mean ± SD of the triplicate determi-216 

nations and were analyzed using ANOVA at p< 5%, if the results of the ANOVA test had 217 

a significant effect, then proceed with the DMRT (Duncan Multiple Range Test) test at p< 218 

5% to determine the level of treatment that gave significantly different results. The analy-219 

sis used SPSS 17.0 software (SPSS Inc. Chicago, IL, USA).  220 

3. Results  221 

3.1. Cooking Quality  222 

The evaluated cooking properties of the stink lily wet noodles were showed in Table 223 

3 and the stink lily wet noodles product was showed at Figure 1. The level of cooking was 224 

estimated by the moisture content, swelling index, cooking loss and tensile strength from 225 

noodles. Based on statistically analysis by ANOVA at p < 5%, showed that the  increasing 226 

of -carrageenan proportion went up significant difference of moisture content of wet 227 

noodles, but the addition of pluchea leaf hot water extract and the interaction effect of the 228 

proportion of -carrageenan and the addition of the extract no influenced to moisture con-229 

tent of wet noodles. The moisture content value was ranged from 62.83±0.58 %wb to 230 

65.83±0.22 %wb. The sample K3L0 had the highest moisture content and K0L2 had the 231 

lowest moisture content. Furthermore, the addition of the -carrageenan proportion or 232 

pluchea tea extract had a significantly different effect such as the interaction effect of the 233 

addition of the two parameters, on the swelling index or water absorption value of wet 234 

noodles based on statistical analysis at p < 5%. The water absorption value was ranged 235 

from 142.25±0.39% to 162.21±0.25%. The treatment with the lowest swelling index was 236 

K0L2 and the highest was K3L0. Whereas the cooking loss of wet noodles decreased sig-237 

nificantly with the addition of the proportion of –carrageenan but increased significantly 238 

with the addition of pluchea tea extract. The cooking loss of wet noodles was ranged 239 

17.83±0.4% to 20.13±0.7%. K0L2 was treatment with the biggest cooking loss and K3L0 240 

was treatment with the smallest cooking loss. Tensile strength value of stink lily noodles 241 

was significant different because there was an interaction effect of  -carrageenan propor-242 

tion and pluchea tea extract addition. Tensile strength wet noodles were ranged 243 

0.096±0.004 N to 0.174±0.015 N.  The analysis of stink lily noodles color showed that light-244 

ness had a significant increase in with an increasing proportion of carrageenan and de-245 

creased with increasing pluchea tea extract used because of the color effect of carrageenan 246 

and pluchea tea extract.  The lightness of wet noodles was ranged 67.80±0.22 to 74.50±0.23. 247 

The effect of the -carrageenan and pluchea tea extract color also influenced significantly 248 

redness of wet noodles. The redness of wet noodles was ranged 1.20±0.04 to 3.30±0.23. The 249 

interaction effect of -carrageenan and pluchea tea extract addition was appeared on yel-250 

lowness, chroma and hue values. The yellowness, chroma and hue values were ranged 251 

16.90±0.27 to 30.00±0.07, 17.00±0.28 to 30.10±0.03, and 83.70±0.07 to 86.40±0.02, respec-252 

tively. 253 
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Figure 1. Stink Lily Noodles. Note  K0 = wheat flour: stink lily flour: -carrageenan  = 80 : 20 : 0,   K1 = wheat flour: stink lily flour: -255 

carrageenan  = 80 : 19 : 1 ,   K2 = wheat flour: stink lily flour: -carrageenan  = 80 : 18 : 2 , K3 = wheat flour: stink lily flour: -carrageenan  256 

= 80 : 17 : 3,  L0 = concentration of hot water extract from pluchea leaf tea = 0%,   L1 = concentration of hot water extract from pluchea 257 

leaf tea   = 15% , L2 = concentration of hot water extract from pluchea leaf tea = 30%. 258 

 259 

  260 
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Table 3. Color, Moisture Content, Swelling Index, Cooking Loss, and Tensile Strength of Stink Lily Noodles. 261 

Samples 
Color 

Moisture 

Content  

(%wb) 

Swelling 

Index (%) 

Cooking 

Loss (%) 

Tensile 

Strength (N) 

L* a* b* C h     

K0L0 73.00 ± 0,06 1.20 ± 0.06 16.90 ± 0.25a 17.00±0.31a 86.40±0.00g 64.15±0.70 148.90±0.15c 18.83±0.44 0.106±0.002 

K0L1 68.70 ± 0.35 2.60 ± 0.06 26.50 ± 0.32d 26.50±0.29c 84.40±0.21bc 63.66±0.38 146.36±0.27b 19.06±0.43 0.105±0.001 

K0L2 67.80 ± 0.20 2.80 ± 0.06 27.80 ± 0.46ef 27.80±0.45e 84.20±0.32abc 62.83±0.58 142.25±0.39a 20.13±0.71 0.116±0.006 

K1L0 73.40 ± 0.25 1.30 ± 0.06 17.30 ± 0.15ab 17.30±0.15a 85.70±0.21f 64.42±0.80 149.63±0.34d 18.47±0.31 0.086±0.005 

K1L1 69.00 ± 0.36 2.80 ± 0.12 27.30 ± 0.45e 27.40±0.50d 84.20±0.15a 62.95±0.68 146.65±0.43b 19.36±0.92 0.103±0.004 

K1L2 68.30 ± 0.15 3.00 ± 0.12 28.60 ± 0.12g 28.70±0.15f 84.00±0.15abc 63.37±1.04 148.85±057c 19.76±0.90 0.108±0.005 

K2L0 73.70 ± 0.10 1.50 ± 0.00 17.70 ± 0.26bc 17.80±.23a 85.20±0.06de 64.67±1.08 155.67±0.46h 18.18±0.45 0.098±0.002 

K2L1 69.40± 0.15 3.00 ± 0.06 28.20 ± 0.15fg 28.40±0.15f 83.80±0.17ab 63.74±0.75 150.96±0.71e 18.62±0.41 0.106±0.005 

K2L2 68.70 ± 0.06 3.10 ± 0.15 29.30 ± 0.00h 29.40±0.06g 84.00±0.15abc 64.25±1.60 154.82±0.44g 19.34±0.77 0.114±0.003 

K3L0 74.50 ± 0.23 1.70 ± 0.12 18.10 ± 0.00c 18.10±0.06b 84.60±0.21cd 65.83±0.22 162.21±0.25i 17.83±0.41 0.110±0.003 

K3L1 69.80 ± 0.50 3.20 ± 0.06 29.30 ± 0.12h 29.30±0.06g 83.80±0.53ab 64.57±1.78 153.35±0.15f 18.36±0.17 0.124±0.007 

K3L2 69.00 ± 0.20 3.30 ± 0.26 30.00 ± 0.06i 30.10±0.06h 83.60±0.06a 65.49±1.04 159.59±0.52i 19.22±0.84 0.126±0.008 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) in 262 

the same column are significantly different, p < 5%. 263 

3.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity (DPPH) 264 

Bioactive compounds analyzed included total phenol content (TPC) and total flavo-265 

noid content (TFC). The analysis data showed that the TPC and TFC increased signifi-266 

cantly due to the interaction effect between the proportion of -carrageenan and the addi-267 

tion of pluchea tea extract (Table 4). The results of the analysis showed that the control 268 

sample K0L0 had the lowest total phenol, i.e.  0.341 ± 0.034 mg GAE/kg dry noodles. The 269 

K2L2 sample had the highest total phenol, which was 1.196 ± 0.027 mg GAE/kg dry noo-270 

dles. This result was suitable with the TFC value of wet noodles where K0L0 had the low-271 

est TFC value and K2L2 had the highest value, i.e., 0.057 ± 0.004 and 1.336 ± 0.046 mg 272 

CE/kg dry noodles, respectively. The high and low values of TPC and TFC were correlated 273 

with AOA. The higher the TPC and TFC values, the higher the DPPH value. The DPPH 274 

free radicals scavenging activity of wet noodles was determined significantly by the inter-275 

action effect of adding the proportion of -carrageenan and pluchea tea extract. K0L0 had 276 

the lowest DPPH value and K2L2 had the highest DPPH value, i.e. 0.414±0.006 and 277 

0.758±0.009 mg GAE/kg dry noodles, respectively. 278 

Table 4. Total Phenol Content, Total Flavonoid Content, and DPPH Free Radical Scavenging Activity of Stink Lily Noodles. 279 

Samples 
TPC (mg GAE/g dry noo-

dles) 

TFC (mg CE/g dry noo-

dles) 

DPPH Scavenging Activity (mg GAE/g dry noo-

dles) 

K0L0 0.341±0.034a 0.057±0.004a 0.414±0.006a 

K0L1 0.948±0.027d 0.704±0.007c 0.742±0.016c 

K0L2 1.099±0.047e 1.109±0.007d 0.757±0.001c 

K1L0 0.458±0.040b 0.082±0.002a 0.523±0.026b 

K1L1 0.924±0.077d 0.735±0.003c 0.750±0.006c 

K1L2 1.005±0.070d 1.091±0.095d 0.751±0.001c 

K2L0 0.500±0.045b 0.089±0.008a 0.532±0.005b 

K2L1 0.965±0.025d 0.718±0.018c 0.748±0.004c 

K2L2 1.196±0.027f 1.336±0.046e 0.758±0.009c 

K3L0 0.527±0.007b 0.218±0.003b 0.587±0.020b 

K3L1 0.807±0.031c 0.726±0.039c 0.751±0.008c 

K3L2 1.145±0.064ef 1.067±0.063d 0.751±0.007c 
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*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) in 280 

the same column are significantly different, p < 5%. 281 

3.3. Sensory Properties 282 

The evaluated sensory properties of the stink lily noodles were shown in Table 5. 283 

Parameter sensory that analyzed included aroma, color, taste, texture, and overall accept-284 

ability.  The method used for sensory assay of stink lily noodles was hedonic scale scoring 285 

or a test of the level of consumer preference for a product by giving an assessment or score 286 

on a certain trait [33]. Organoleptic testing of stink lily wet noodles was presented to 100 287 

untrained panelists aged 17-25 years. Panelists are asked to give scores or numbers based 288 

on their level of preference for certain treatments. The value score used was 1-15, where a 289 

value of 0-3.0 indicated "strongly dislike", a value of 3.1-6.0 "does not like", a value of 6.1-290 

9.0 "neutral", a value of 9.1-12.0 “like”, and 12.1-15.0 “like very much”. The results of sta-291 

tistical tests by ANOVA at p < 5% showed that interaction effect of each treatment signif-292 

icantly influenced the panelists' preference for noodle color. The preference value of stink 293 

lily noodles color was ranged from 9.12 to 12.02 (like). The highest color preference value 294 

was the control treatment (K0L0) and the treatment with the lowest color preference value 295 

was K0L1. The interaction effect of each treatment were significantly determined the pan-296 

elists' preference for the aroma. The preference value for the aroma of wet noodles was 297 

ranged from 8.29 to 11.58 (neutral-like). The treatment with the highest preference value 298 

was stink lily noodles K1L0 and the treatment with the lowest preference value was K3L2 299 

treatment. The preference value of noodles taste was only affected by -carrageenan pro-300 

portion or extract concentration. The preference value for the wet noodle taste was ranged 301 

from 8.18 to 11.08 (neutral-like). The treatment with the highest taste preference value was 302 

K2L0 while the treatment with the lowest taste preference value was K0L2. Increasing the 303 

proportion of carrageenan to 2% increased the preference value for taste, after that it de-304 

creased with the addition of the proportion of 3% carrageenan. While increasing the con-305 

centration of pluchea leaf tea extract decreased the panelists' preference for taste. The re-306 

sults of statistical tests using ANOVA at p < 5% showed that the addition of extract only 307 

significantly influenced the panelists' preference for noodles texture. In this study, the 308 

preference for wet noodles texture was ranged from 9.46 to 11.66 (like). 309 

Table 5. Sensory Properties of Stink Lily Noodles. 310 

Samples 
Hedonic Preference Score  

Color Aroma Taste Texture Overall Acceptance  

K0L0 12.02f 10.93d 10.52 10.95 11.24f 

K0L1 9.12a 10.26cd 8.72 10.03 8.79a 

K0L2 11.83ef 8.86ab 8.18 9.58 9.04ab 

K1L0 9.98bc 11.58e 10.15 11.66 10.3cde 

K1L1 9.44ab 9.58bc 9.49 10.66 8.93ab 

K1L2 10.59cd 8.45a 8.87 9.46 9.11ab 

K2L0 11.62f 10.93de 11.08 11.15 11.07def 

K2L1 10.63cd 10.14ab 9.82 10.61 9.42abc 

K2L2 10.94de 8.84cd 9.09 10.38 10.16cde 

K3L0 11.51ef 10.36cd 10.37 11.07 10.84def 

K3L1 9.37ab 10.07a 9.95 11 9.72bc 

K3L2 9.47ab 8.29cd 9.57 9.64 8.62a 

*The results were presented as SD of the means that were gotten by quadruplicate.  Means with different superscripts (alphabets) in 311 

the same column are significantly different, p < 5%. 312 

 313 

 314 

 315 

 316 
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The increasing the addition of extracts decreased the level of the texture preference 317 

of wet noodles. The overall preference value of wet noodles showed that there was the 318 

interaction effect between the proportion of -carrageenan and the addition of pluchea tea 319 

extract. The preference value for the overall of wet noodles was ranged from 8.62 to 11.24 320 

(neutral-like). The treatment with the highest preference value was stink lily noodles K0L0 321 

and the treatment with the lowest preference value was K3L2. Determination of the best 322 

treatment for differences in the proportions of -carrageenan and the addition of pluchea 323 

tea extract on wet noodles was determined using the spider web method based on organ-324 

oleptic parameters (color, aroma, taste, texture and overall). The spider web graph can be 325 

seen in Figure 2. Data showed that the treatment with the largest area was K2L0, i.e. wet 326 

noodles with the proportion of -carrageenan 2 % with the addition of 0% pluchea tea 327 

extract. The area of the K2L0 treatment area was 79.16 cm2 and had a preference score of 328 

15.8 with a very like category.  329 

 330 

Figure 2. Spider web Graph to Determine the Best Treatment of Stink Lily Noodles. 331 

4. Discussion 332 

 4.1. Cooking Quality  333 

Moisture content is a major parameter of stinky silky wet noodles that shows the 334 

amount of water contained in food product that determines rheological characteristics, 335 

chemical, physical, and sensory properties, and shelf life of food product [34]. The result 336 

showed that the -carrageenan addition gave a significant difference of moisture content 337 

to wet noodles. The -carrageenan is hydrocolloids that has a group of sulfate and water-338 

soluble polysaccharides [35,36,37],  composes  an ester sulfate content about  25-30% and 339 

a 3,6-anhydro-galactose (3,6-AG) about 28 to 35% [38,36]. This anionic carrageenan can 340 

interact very tightly with water molecule [39] and can be collaborated with glucomannan 341 

from stink lily on gelation process [40] with making intra- and inter-disulfide bind at net-342 

work structure of gluten [13,41]. The -carrageenan can bind with limited free water mol-343 

ecule, form complexes compounds with water, and interact with gluten network [13]. 344 

However, the mobility of water mainly depends on changes in the hydrogen bond struc-345 
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ture. The presence of hydrophilic components such as proteins, carbohydrates, glucoman-346 

nan, -carrageenan and polyphenolic compounds in wet noodles can be involved in hy-347 

drogen bonding with water molecules that determine water mobility [13,34,41,42]. Thus, 348 

increasing the proportion of k-carrageenan used in the manufacture of stink lily noodles 349 

can increase the amount of free water and weakly bound water in wet noodles. the inter-350 

action between the hydroxyl functional groups in carrageenan and water molecules sup-351 

ports an increase in the water content of wet noodles. 352 

The swelling index or water absorption is the ability of a product to absorb water 353 

which is influenced by particle size, chemical composition, and water content [43]. The 354 

research showed that the interaction of -carrageenan proportion and hot water extract of 355 

pluchea leaf tea addition gave a significant effect of the swelling index properties from 356 

wet noodles. The swelling index of wet noodles was determined by the presence of -357 

carrageenan, protein, starch, glucomannan, and bioactive compounds of pluchea tea ex-358 

tract in dough. Li et al. [13] said that glutelin proteins of wheat flour can involve intra-and 359 

intermolecular disulfide bonds to result a fibrous shape, and then globular gliadin protein 360 

of wheat flour can be bound at the glutenin skeleton by non-covalent bonds to be a unique 361 

networks structure of gluten. The addition of the glucomannan of stinky silky flour as a 362 

non-ionic hydrocolloid has good water holding capacity and can be made a stronger three-363 

dimensional network structure. Chen et al. [44] informed that the glucomannan can fill 364 

the number of holes of the network structure of gluten that make a structure dense and 365 

stable. Li et al. [13] underlined that glucomannan has many hydroxyl group in the struc-366 

ture that can be bound tightly with water by electrostatic forces and hydrogen bond. 367 

Huang et al. [41] said that the presence of -carrageenan in dough can be synergist with 368 

glucomannan to change sulfhydryl groups to be disulfide bonds in protein. Widyawati et 369 

al. [20] informed that bioactive compounds of pluchea tea extract are alkaloids, flavonoids, 370 

phenolics, phenol hydroquinone, saponins, tannins, sterols, terpenoids, and cardiac gly-371 

cosides. Meanwhile Suriyaphan [16] informed that pluchea leaves contain 1.79 g/100 g 372 

protein, 0.49 g/100 g fat, 0.20 g/100 g ash, 0.89 g/100 g insoluble fiber, 0.45 g/100 g dissolved 373 

fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 g/100 g, calcium 251 g/100 g, -carotene 374 

1.225 g/100 g and vitamin C 30.17 g/100 g, and phenolic acid bioactive compounds 28.48± 375 

0.67 mg/100 g body weight (chlorogenic acid 20±0.24 mg/100 g body weight, caffeic acid 376 

8.65±0.46 mg/100 g body weight), total flavonoids 6.39 mg/100 g body weight (quercetin 377 

5.21± 0.26 mg/100 g body weight, kaempferol 0.28 ± 0.02 mg/100 g body weight, myricetin 378 

0.09 ± 0.03 mg/100 g body weight), total anthocyanins 0.27 ± mg/100 g body weight, -379 

carotene 1.70 ± 0.05 mg/100 g body weight and total carotenoids 8.7 ± 0.34 mg/100 g body 380 

weight. Vongsak et al. [17]; Ruan et al. [18]; Chan et al. [19] proved that pluchea leaves 381 

contain 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-382 

dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5- O-dicaffeoylquinic acid. 383 

Schefer at al. [45] informed that phenolic acid can be bound with protein and carbohydrate 384 

by non-covalent interactions, i.e. hydrophobic interaction, hydrogen bonding, electro-385 

static interaction, van der Waals interaction, and - stacking. The presence of -carragee-386 

nan proportion and pluchea tea extract addition that differed caused change of composi-387 

tion and various interaction of compounds that determined different swelling index of 388 

wet noodles.  389 

The cooking loss of stink lily noodles was influenced significantly by -carrageenan 390 

proportion nor extract addition, but interaction of two factors was insignificant  differ-391 

ence. The phenomena was caused by -carrageenan and bioactive compounds of pluchea 392 

tea extract, especially phenolic compounds, that involved the interaction with protein and 393 

carbohydrate in dough. -carrageenan can stabilized and supported a rigid structure of 394 

gluten. The hydrocolloid can avoid starch gelatinization process because it can bind 395 

tightly with water molecule caused lower the water activity. Supported by Li et al.[13]; 396 

Herawati [46]; Huang et al. [41], -carrageenan can trap the free water molecule that starch 397 

can’t absorb the water molecule and require higher energy to break the energy barrier 398 

required for the starch gelatinization process. Whereas Zhu [42]; Amoako and Awika [47]; 399 
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Schefer et al. [45] clarified that starch can be bound with polyphenol, including hydropho-400 

bic and electrostatic interactions and hydrogen bond that the hydrogen bond is dominant 401 

binding forces. This interaction can support releasing of amylose of starch gelatinization 402 

process that the cooking loss increased at the higher pluchea tea extract addition. The 403 

presence of polyphenol compounds of pluchea tea extract caused water competition with 404 

glutenin and gliadin of wheat flour that inhibited interaction between glutenin and glia-405 

din to form gluten. According to Amoako and Awika [47], gluten and gliadin in a random 406 

coil structure can be aggregated by phenolic compounds and starch easily undergoes a 407 

gelatinization process where amylose interacts with polyphenolic compounds, through 408 

hydrogen bonds and hydrophobic interactions. The more protein in the form of random 409 

coil structure causes the protein to easily interact with polyphenols and come out of the 410 

noodles during the cooking process that the cooking loss increases. 411 

The tensile strength of stink lily was influenced significantly by -carrageenan pro-412 

portion  nor  extract addition. The increasing -carrageenan proportion grew up tensile 413 

strength because this hydrocolloid could be made strong cross linking through inter-mo-414 

lecular and intra-molecular bonds involving the glutenin and gliadin of wheat flour pro-415 

tein, and glucomannan of stink lily flour. The more networks that are formed between the 416 

components of the noodles have an effect on the tensile strength of wet noodles, and vice 417 

versa [13,48]. The synergism effect of the wet noodles component determined water bind 418 

capacity and water mobility that established texture properties of wet noodles, this state-419 

ment is supported by Li et al.[34]; Saha and Bhattacharya [40]; Huang et al. [41]. Diniyah 420 

et al.[49] also informed that the addition of hydrocolloids in the noodles-making process 421 

increases the viscosity and water absorption because the water binding and holding prop-422 

erties of hydrocolloids that can form gel. However, the addition of pluchea tea extract 423 

caused the tensile strength to decline because the polyphenol compounds of pluchea tea 424 

extract induced breakdown of the networking structure among the components of dough 425 

because there was water competition among them. Furthermore, the polyphenol com-426 

pounds could be reacted with starch and protein because the formation of the gluten net-427 

work was disrupted that gliadin and glutenin in the form of random coils and starch could 428 

be underwent an excessive gelatinization process. This opinion is supported by Li et al. 429 

[13]; Zhu [42]; Huang et al. [41]. -carrageenan has a yellowish white color and has the 430 

ability to bind water molecules that it increases the lightness of wet noodles, while the 431 

pluchea tea extract contains polyphenolic compounds, such as tannins which can give the 432 

noodles a brown color that the lightness level is reduced. This opinion was supported by 433 

Widyawati et al. [20]; Necas et al. [38]. The increase in yellowness was in line with the 434 

increase in lightness because the higher the water content value was caused by the ability 435 

of -carrageenan to bind water molecules, thereby increasing the brightness and the 436 

brown color contribution of the pluchea tea extract gave a brownish-yellow color of the 437 

wet noodles that the intensity of this color increased as indicated by the increased chroma 438 

value. 439 

4.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity 440 

The stinky silky wet noodles K0L0 had the lowest TPC and TFC because there was 441 

contributed of phenolic content from wheat flour and egg.  Punia et al. [50] said that wheat 442 

flour has phenolic acids including ferulic, caffeic, and p-coumaric acid. Moreover, the 443 

presence of TFC in the K0L0 sample is thought to be due to the presence of a thiol group 444 

in egg white which is able to chelate metal ions and is able to be conjugated with saccha-445 

rides [51], as well as 3,5-diacetyltambulin compounds from stink lily flour [52]. While the 446 

TFC and TPC values in the K2L2 sample were dominantly contributed by the presence of 447 

phytochemical compounds in the pluchea tea extract.Widyawati et al. [20] explained that 448 

there are phytochemical compounds in the pluchea tea extract. Suriyaphan [16]; Vongsak 449 

et al. [17]; Ruan et al. [18]; Chan et al. [19] also emphasized that pluchea leaves contain 450 

phenolic acids and flavonoids.  The existence of a non-significant difference between treat-451 

ments in the TPC and TFC assays indicated an interaction between the components in the 452 
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dough that it affected the presence of free hydroxyl groups that could bind to the Folin 453 

Ciocalteus phenol reagent. as described by Li et al. [13]; Herawati [41]; Zhu [42]; Schefer 454 

et al. [45]; Amoako and Awika [47] glutenin, gliadin, glucomannan, -carrageenan, and 455 

polyphenol compounds are involved in the formation of networks structure in the dough 456 

so as to determine the quality of wet noodles. The interactions that occur involve various 457 

non-covalent interaction mechanisms that affect the presence of free hydroxyl groups. The 458 

TPC and TFC values of wet noodles in each treatment affected DPPH free radical scav-459 

enging activity (DPPH). They determined DPPH of wet noodles, usually positively corre-460 

lated. Niroula et al. [53] said that TPC and DPPH were strongly correlated in seeds, 461 

sprouts and grasses of corn (Zea mays L.). Lim et al. [54] also informed that there is an 462 

excellent correlation coefficient between the TPC, TFC and antioxidant activities of Phale-463 

ria macrocarpa fruit. Adebiyi et al. [55] explained that the high level of flavonoids and phe-464 

nols in plant caused the antioxidant activity of Grewia carpinifolia extract. The antioxidant 465 

activity of phenolics is related to their redox properties which induced them to act as re-466 

ducing agents, hydrogen donors, singlet oxygen quenchers and metal chelators.  Rahman 467 

et al. [56] underlined that DPPH free radical scavenging activity of polyphenol com-468 

pounds of T. pallida extract was determined by hydrogen donating ability which it highly 469 

correlated. The potency of wet noodles as AOA was determined by reduced capability of 470 

DPPH free radical solution color from purple to be yellow color. 471 

4.3. Sensory Properties 472 

The analysis of sensory properties of the stink lily noodles was conducted by the he-473 

donic scale scoring method with attribute the preference of color, taste, aroma, texture and 474 

overall. The result of the color preference test showed that the control treatment (K0L0) 475 

was the highest value because the treatment without the addition of pluchea tea extract 476 

not change the color of the wet noodles was yellowish-white. And then the treatment with 477 

the lowest color preference value was K0L1 due to the addition of this extract decreased 478 

the panelists' preference for the color because the noodles were darker and brownish 479 

color. Suriyaphan [16]; Widyawati et al. [20] said that the color of the pluchea tea extract 480 

contributed to changing the color of this wet noodle originated from tannins, flavonoids, 481 

and chlorophyll. However, in this study, increasing the extract concentration did not sig-482 

nificantly affect the panelists' preference for color when the proportion of -carrageenan 483 

increased, because the addition of stink lily flour and -carrageenan would increase the 484 

lightness of the wet noodles that the produced color of the wet noodles was brighter and 485 

preferred by panelists. This data was supported by the data from color rider analysis, 486 

where the results of the sensory test by the panelists were in line with the decrease in the 487 

lightness value, the increase in the reddish and yellowish values, the hue value showed 488 

the yellow-red color, and chroma value showed an increase in color intensity. The panelist 489 

preference of aroma from wet noodles was determined by the aroma from the material 490 

used to make wet noodles or the interaction of aroma produced from the reaction among 491 

the material composition. According to Ramdani et al. [57], stink lily flour has a musty 492 

aroma, and all wet noodles produced have a musty smell. Meanwhile, according to Fitan-493 

tri et al. [58], -carrageenan is unscented that not contribute to wet noodles. The addition 494 

of pluchea tea extract decreased the panelists' preference for the aroma of wet noodles 495 

because the addition of the extract caused the wet noodles to smell like leaves (floral) and 496 

unpleasant and the panelists did not like it. Fragrant or unpleasant aroma comes from 497 

volatile compounds contained in pluchea leaves. According to Widyawati et al. [59], plu-498 

chea leaves have 66 volatile compounds, these volatile compounds play a role in forming 499 

the aroma in the hot water extract of pluchea leaf tea. According to Lee et al. [60], pluchea 500 

leaves contain volatile compounds contributed by aliphatic aldehyde group compounds 501 

or aromatic compounds that give a distinctive aroma, therefore the presence of these com-502 

pounds in steeping water can give a specific aroma, i.e. fragrant (floral) in wet noodles. 503 

There was a difference in the effect of the proportion of -carrageenan and pluchea leaf 504 

tea extract on taste due to the contribution of taste produced by carrageenan and extract. 505 
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According to Ramdani et al. [57]; Haryu et al. [61], stink lily flour and -carrageenan do 506 

not have a distinctive or neutral taste, increasing the concentration of -carrageenan gives 507 

a higher preference value because noodles are considered to have a better texture that 508 

contributes to the assessment of taste. The increase in the concentration of pluchea tea 509 

extract caused the taste preference value of noodles to decrease significantly, this is due 510 

to the presence of tannins, catechins, and phenolic compounds in the pluchea tea extract 511 

which determined bitter and slightly astringent. The effect of -carrageenan proportion 512 

and tea extract to make wet noodles influenced panelist preference of texture because this 513 

hydrocolloid can be make strong cross linking through inter-molecular and intra-molec-514 

ular bonds involving the glutenin and gliadin of wheat flour protein, and glucomannan 515 

of stink lily flour that determined water bind capacity and water mobility [34,40,41]. Pres-516 

ence of the polyphenol compounds of pluchea tea extract can be breakdown of the net-517 

working structure among the components of dough because of water competition of them. 518 

Li et al. [13]; Zhu [42]; Huang et al. [41] said that the polyphenol compounds could be 519 

reacted with starch and protein to disrupt the gluten network and cause starch to undergo 520 

an excessive gelatinization process. The difference in the proportion of -carrageenan 521 

change the overall preference value of wet noodles to be significantly different overall 522 

compared to the control, this was because the proportion of -carrageenan influenced the 523 

all sensory attribute (color, aroma, and taste). The addition of pluchea tea extract in wet 524 

noodles decreased the overall preference value because the addition of extract affected the 525 

organoleptic characters tested due to the content of secondary metabolites of pluchea 526 

leaves, such as flavonoids, phenols, and tannins that could affect the taste, aroma, the 527 

color, and texture of the noodles. Based on spider web graph showed that K2L0 was the 528 

best treatment of stink lily wet noodles. It was also supported by better physicochemical 529 

properties than the control, including yellowish white wet noodles, better swelling index, 530 

lower cooking loss, higher tensile strength value, and lower moisture content. However, 531 

this K2L0 treatment did not have the highest TPC, TFC, and AOA, i.e. 0.500±0.045; 532 

0.089±0.008; and 0.532±0.005, respectively. 533 

5. Conclusions 534 

The use of -carrageenan proportions and pluchea leaf tea extract had a significant 535 

effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical 536 

analysis at p < 5% showed that there was an interaction effect of the proportion of -car-537 

rageenan and pluchea leaf tea extract on the swelling index, yellowness, chroma, hue, 538 

TPC, TFC, DPPH, the preference value for color, aroma, and overall acceptance. While the 539 

moisture content of wet noodles was only affected by the proportion of -carrageenan, for 540 

tensile strength, cooking loss, lightness, and redness, and the preference value for texture 541 

and taste were influenced by the proportions of -carrageenan and the concentration of 542 

pluchea leaf tea extract, respectively. The best treatment based on the spider web graph 543 

showed that the K0L2 treatment had the largest area 79.16 cm2 and a preference score of 544 

15.8 with a very like category, this is in accordance with the results of physicochemical 545 

and sensory tests, but it was no correlated with the highest bioactive content (TPC and 546 

TFC) and DPPH.  547 
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The Effect of κ-Carrageenan Proportion and Hot Water Extract
of the Pluchea indica Less Leaf Tea on the Quality and Sensory
Properties of Stink Lily (Amorphophallus muelleri) Wet Noodles
Paini Sri Widyawati * , Thomas Indarto Putut Suseno, Anna Ingani Widjajaseputra,
Theresia Endang Widoeri Widyastuti, Vincentia Wilhelmina Moeljadi and Sherina Tandiono

Food Technology Study Program, Agricultural Technology Faculty, Widya Mandala Surabaya Catholic University,
Dinoyo Street Number 42-44, Surabaya 60265, Indonesia
* Correspondence: paini@ukwms.ac.id

Abstract: The study aims to determine the effect of the proportion of κ-carrageenan and the hot
water extract of pluchea leaf tea on the quality and sensory properties of stink lily wet noodles. The
research design is a randomized block design with two factors, i.e., the difference in the proportion of
κ-carrageenan (K) (0, 1, 2, and 3% w/w) and the addition of the hot water extract of the Pluchea indica
Less leaf tea (L) (0, 15, and 30% w/v), with 12 treatment levels (K0L0, K0L1, K0L2, K1L0, K1L1, K1L2,
K2L0, K2L1, K2L2, K3L0, K3L1, K3L2). The data are analyzed by the ANOVA at p < 5% and continued
with the Duncan’s multiple range test at p < 5%, and the best treatment was determined by the spider
web method based on sensory assay by a hedonic method. The proportions of κ-carrageenan and
the concentration of pluchea tea extract had a significant effect on the cooking quality and sensory
properties. However, the interaction of the two factors affected the swelling index, yellowness (b*),
chroma (C), hue (h), total phenol content (TPC), total flavonoid content (TFC), and DPPH free radical
scavenging assay (DPPH). The best treatment of wet noodles was K2L0, with a preference score of
15.8. The binding of κ-carrageenan and phenolic compounds to make a networking structure by intra-
and inter-disulfide bind between glucomannan and gluten was thought to affect the cooking quality,
sensory properties, bioactive compounds (TPC and TFC), and DPPH.

Keywords: Amorphophallus muelleri; Pluchea indica Less; wet noodles; quality and sensory properties

1. Introduction

Noodles are a rice-substitute commodity that are much favored by the public [1], espe-
cially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, noodles
are divided into wet noodles and dry noodles. Indonesia is the country that consumes the
second-highest amount of noodles in the world [2]. In 2017, the consumption of instant noo-
dles became 180.2 packets per head in the world, and in Indonesia, the consumption of wet
noodles shows that all age groups and education levels enjoy them [3]. Meanwhile, instant
noodle consumption in 2020 reached 12,640 million portions [2]. Noodles are generally
made from wheat flour; however, the use of local food ingredients based on carbohydrates,
including stink lily flour, can reduce the consumption of wheat flour, which is quite high in
Indonesia, with the average consumption of wheat flour for the Indonesian population in
2019 being 17.8 kg/capita/year [4].

Stink lily flour (Amorphophallus muelleri) is a group of Araceae that contains glucoman-
nan oligosaccharides of around 15–64% dry base [5], or more than 60% [6]. Glucomannan
is a heteropolysaccharide consisting of 67% D-mannose and 33% D-glucose, and has β-1,4
and β-1,6 glycoside bonds [7] which can reduce body weight, blood sugar content levels,
LDL cholesterol levels, and prolong gastric emptying time [8,9]. Stink lily flour has a
glycemic index of 85, which is lower than the glycemic index of glucose (which is consid-
ered to be 100 [7]). The use of stink lily flour in the manufacture of wet noodles is able
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to replace the role of the gliadin and glutenin proteins in the formation of gluten with
an elastic texture [10]. Polysaccharides in stink lily flour can dissolve in water to form a
thick solution, form a gel, expand, melt like agar [11], and can increase the elasticity and
cohesiveness [12,13] with increasing α-helix and β-sheet structures of wet noodles [13].
However, the higher the substitution of stink lily flour, the lower the texture preference,
because the noodles break easily and are sticky [12]. Therefore, it is necessary to add hydro-
colloids, including carrageenan, because they can increase elasticity [14]. The combination
of the use of glucomannan and carrageenan can form a strong and elastic gel [15].

The addition of the hot water extract from pluchea leaf tea in making stink lily wet
noodles is expected to increase the functional value of wet noodle products. Pluchea
leaves contain nutrients, such as: protein 1.79 g/100 g, fat 0.49 g/100 g, ash 0.20 g/100 g,
insoluble fiber 0.89 g/100 g, soluble fiber 0.45 g/100 g, total fiber 1.34 g/100 g, carbo-
hydrates 8.65 g/100 g, calcium 251 g/100 g, β-carotene 1.225 mg/100 g, and vitamin C
30.17 mg/100 g, as well as bioactive compounds, such as: phenolic acid 28.48 ± 0.67 mg/100 g
wb (chlorogenic acid 20 ± 0.24 mg/100 g wb, caffeic acid 8.65 ± 0.46 mg/100 g wb),
total flavonoids 6.39 mg/100 g wb (quercetin 5.21 ± 0.26 mg/100 g wb, kaempferol
0.28 ± 0.02 mg/100 g wb, myricetin 0.09 ± 0.03 mg/100 g wb), total anthocyanins
0.27 ± 0.01 mg/100 g wb, β-carotene 1.70 ± 0.05 mg/100 g wb, and total carotenoids
8.7 ± 0.34 mg/100 g wb [16], 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid,
3,4-O-dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid [17–19].
Meanwhile, the hot water extract of 2% pluchea leaf tea (2 g/100 mL) contains a total phe-
nolic content of 9.3 mg EAG/g, total flavonoid content 22.0 mg EC/g, DPPH free radical
scavenging activity DPPH 27.2 mg EAG/g, and reduced iron ion 10.2 mg EAG/g [20],
due to the presence of phytochemicals (alkaloids, flavonoids, phenolics, sterols, cardiac
glycosides, phenol hydroquinone, tannins, terpenoids, and saponins) [20], which has been
shown to have potential as antioxidants [20,21] and antidiabetics [22]. The effect of using κ-
carrageenan and the water extract of pluchea leaf tea on the quality and sensory properties
of stink lily wet noodles has not been studied in detail. Therefore, the purpose of this study
is to determine the effect of the proportion of κ-carrageenan and the hot water extract of
pluchea leaf tea on the quality and sensory properties of stink lily wet noodles.

2. Materials and Methods
2.1. Reagents and Materials

The compounds 2,2-diphenyl-1-picrylhydrazyl (DPPH), sodium carbonate, gallic acid,
and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, MO, USA). Methanol,
Folin–Ciocalteu’s phenol, sodium nitric, aluminum chloride, κ-carrageenan, and sodium
hydroxide were purchased from Merck (Kenilworth, NJ, USA).

The pluchea leaves as a raw material for making the pluchea leaf tea were collected
from gardens around the city of Surabaya. The specification of the pluchea plant was
according to the GBIF taxon ID number database: 3132728. The stink lily flour was obtained
from the stink lily flour processing industry in East Java. The specification of the ttink
lily plant was according to the GBIF taxon ID number database: 735493731. The wheat
flour used was a high-protein flour obtained from the wheat flour processing industry
in Indonesia.

2.2. Preparation of the Pluchea Leaf Tea

The pluchea leaves on each branch (number 1–6 from) the shoot was collected,
sorted, and dried at an ambient temperature for 7 days, until the moisture content was
11.16 ± 0.09% dry base. Then, the dried leaves were powdered to achieve a 45 mesh
size [23]. Furthermore, the leaf powder was heated by a drying oven (Binder, Merck KGaA,
Darmstadt, Germany) at 120 ◦C for 10 min. Then, the dried powder of the pluchea leaves
was packed as 2 g per tea bag, which was then called pluchea leaf tea.
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2.3. Preparation of the Hot Water Extract of Pluchea Leaf Tea

The pluchea leaf tea in a tea bag was extracted by hot water at 95 ◦C for 1 min to
achieve 15 and 30% (b/v) concentrations (Table 1). Then, each concentration of the extract
was used to make stink lily wet noodles.

Table 1. The formula of the hot water extract of the pluchea leaf tea.

Materials
Concentration of Hot Water Extract of Pluchea Leaf Tea (% b/v)

0 15 30

Pluchea leaf tea (g) 0 4.5 9
Hot water (mL) 30 30 30

2.4. Stink Lily Wet Noodles Making

The stink lily wet noodles were made with a mixture of wheat and stink lily flour
and κ-carrageenan at 1, 2, and 3% (b/b) concentrations. Then, the mixture was added to
egg, salt, baking powder, and the hot water extract of the pluchea leaf tea, and kneaded to
form a dough by a mixer machine. The dough was then passed through a roller to make
face bands of the desired thickness, and was cut through rollers using cutting blades. The
formula of the stink lily wet noodle is showed in Table 2.

Table 2. The formula of the stink lily wet noodles.

Material K0L0 K0L1 K0L2 K1L0 K1L1 K1L2 K2L0 K2L1 K2L2 K3L0 K3L1 K3L2

Wheat flour (g) 120 120 120 120 120 120 120 120 120 120 120 120
Stink lily flour (g) 30 30 30 28.5 28.5 28.5 27 27 27 25.5 25.5 25.5
κ-Carrageenan (g) 0 0 0 1.5 1.5 1.5 3 3 3 4.5 4.5 4.5

Egg (g) 30 30 30 30 30 30 30 30 30 30 30 30
Salt (g) 3 3 3 3 3 3 3 3 3 3 3 3

Baking powder (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Water (mL) 30 0 0 30 0 0 30 0 0 30 0 0

Hot water extract of the
pluchea leaves 15% (mL) 0 30 0 0 30 0 0 30 0 0 30 0

Hot water extract of the
pluchea leaves 30% (mL) 0 0 30 0 0 30 0 0 30 0 0 30

Total (g) 214.5 214.5 214.5 214.5 214.5 214.5 214.5 214.5 214.5 214.5 214.5 214.5

Note: K0 = wheat flour: stink lily flour: κ-carrageenan = 80:20:0. K1 = wheat flour: stink lily flour:
κ-carrageenan = 80:19:1. K2 = wheat flour: stink lily flour: κ-carrageenan = 80:18:2. K3 = wheat flour: stink
lily flour: κ-carrageenan = 80:17:3. L0 = concentration of the hot water extract from the pluchea leaf tea = 0%.
L1 = concentration of the hot water extract from the pluchea leaf tea = 15%. L2 = concentration of the hot water
extract from the pluchea leaf tea = 30%.

2.5. Stink Lily Wet Noodles Extraction

125 g of each sample of the stink lily wet noodles was weighed (Ohaus, Ohaus
Instruments (Shanghai) Co., Ltd., Shanghai, China), and then they were dried by cabinet
drying at 60 ◦C for 4 h to get dried noodles. Next, each sample was powdered by a chopper
machine at a second speed for 35 s, and then 20 g of each powdered sample was added
to 50 mL methanol by a shaking water bath at 35 ◦C, 70 rpm, for 1 h. The filtrate was
separated by Whatman filter paper grade 40, and the residue was extracted again with same
pattern method. The filtrate was collected and dried by a rotary evaporator (Buchi Rotary
Evaporator; Buchi Shanghai Ltd., RRT, Shanghai, China) at 0.2–0.3 atm, 50 ◦C, for 60 min,
until a 2 mL extract was achieved. Then, the extract was kept at 0 ◦C before further study.

2.6. Swelling Index Assay

Swelling index, or water absorption, is the ability of noodles to absorb water after
gelatinization during the boiling process [24]. The principle of water absorption testing is
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to determine the amount of water absorbed in wet noodles at a certain temperature and
time. The amount of water absorbed in wet noodles can be determined from the difference
between the weight of the noodles after and before being boiled divided by the weight of
the noodles before boiling [25].

2.7. Cooking Loss Assay

Cooking loss is one of the important quality parameters in wet noodles to determine
the quality of wet noodles after cooking [26]. The cooking loss test for stink lily wet
noodles was carried out to determine the number of solids that came out of the noodle
strands during the cooking process, namely, the release of a small portion of starch from
the noodle strands.

2.8. Determination of the Tensile Strength of Wet Noodles

The tensile strength (elongation) is one important parameter of texture analysis in
noodle products. The texture was determined using a TA-XT2 texture analyzer (Stable
Micro System Co., Ltd., Surrey, UK), fitted with a 5 kg load cell equipped with the Texture
Exponent 32 software V.4.0.5.0 (SMS). The principle of the texture analyzer was to prepare
a suitable probe for the test, then place the noodle samples on the table under the probe.
The elongations of the noodles were individually tested by putting one end into the lower
roller arm slot and sufficiently winding the loosened arm to fasten the noodle end. The
same procedure was performed to tighten the other end of the strip to the upper roller arm.
Elongation, which was the maximum force to deform and break the noodles by extension,
was measured using a test speed of 3.0 mm/s, with a 100 mm distance between the two
rollers. Deformations were recorded using the software during the extension, and are
expressed as a graph. The elongation at breaking was calculated per gram.

2.9. Color Measurement

The noodle samples were measured by a colorimeter (Minolta CM-3500D; Minolta Co. Ltd.,
Osaka, Japan), and the CIE-Lab L*, a*, and b* values were recorded as described by
Rathorel et al. [27]. Then, the L*, a*, and b* values were collected. The L* value was stated
as the position on the white/black axis, the a* value the position on the red/green axis, and
the b* value the position on the yellow/blue axis. The measurements were carried out in
triplicate, and the readings were averaged.

2.10. Total Phenol Content Assay

The total phenol content (TPC) of the stink lily wet noodles was analyzed by the
spectrophotometric method using the Folin–Ciocateu’s phenol reagent [28]. Principles
assay of the TPC assay are the interactions between phenolic compounds and phospho-
molybdic/phosphotungstic acid complexes, based on the transfer of electrons in an alkaline
medium from the phenolic compounds to form a blue chromophore constituted by a
phosphotungstic/phosphomolybdenum complex. The reduced Folin–Ciocalteu’s phenol
reagent was detected by a spectrophotometer (Spectrophotometer UV-Vis 1800, Shimadzu,
Japan) at λ 760 nm and gallic acid was used as the reference standard compound, and the
results are expressed as gallic acid equivalents (mg/kg wet noodles).

2.11. Total Flavonoid Content Assay

The total flavonoid content of the samples was measured by the spectrophotometric
method, with a reaction between AlCl3 and NaNO2 with an aromatic ring of flavonoid
compounds [29]. Then, the mixture was added to aluminum chloride, resulting in a yellow
solution. Next, the addition of the NaOH solution in the mixture caused a red solution, that
was measured by a spectrophotometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan)
at λ 510 nm. A standard reference compound of (+) catechin was used, and the results were
expressed as catechin equivalents (mg/kg wet noodles).
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2.12. DPPH Free Radical Scavenging Activity Assay

The DPPH free radical scavenging activity was measured by the spectrophotometric
method [30]. This method is used to determine the antioxidant capacity of a compound
from an extract or other biological sources, based on the transferring from the odd electron
of a nitrogen atom in DPPH being reduced by receiving a hydrogen atom from antioxidants,
to result in DPPH-H with a yellow-colored solution. The reaction between the DPPH in
methanol solution with the samples was measured by a spectrophotometer (Spectropho-
tometer UV-Vis 1800, Shimadzu, Japan) at λ 517 nm. The standard reference compound
used was gallic acid, and the results were expressed as gallic acid equivalents (mg/kg
wet noodles).

2.13. Sensory Evaluation

Sensory assay was carried out to determine the level of panelist acceptance of wet
noodles substituted with stink lily flour with the addition of carrageenan and the hot
water extract of pluchea leaf tea [31]. The test was carried out using the hedonic scale
scoring method. This method is designed to measure the level of panelist preference for
the product by rating the level of preference for the product being tested. Samples were
served in dishes coded with random three-digit numbers that allowed for a completely-
randomized design (CRD) trial to be carried out, using 100 untrained panelists with an age
range of 17 to 25 years. The hedonic method used in this study was the hedonic scoring
method, and the panelists were asked to give a preference score for each sample. The
hedonic score used was a value of 1–15, given by the panelists according to the level
of preference for the product. Values 0–3.0 indicated “strongly dislike”, values 3.1–6.0
indicated “dislike”, values 6.1–9.0 indicated “neutral”, values 9.1–12.0 indicated “like”, and
a value of 12.1–15.0 indicated “very much like”.

Each panelist was faced with 12 (twelve) samples and a questionnaire containing
test instructions, and was asked to give each sample a score according to their level of
preference. The parameters tested were taste, aroma, texture, color, and overall acceptance
of wet noodles substituted with stink lily flour. The best treatment of the samples was
determined by the spider web method, that was correlated by the large area of graph [32].

2.14. Experiment Design and Statistical Analysis

The research design of the physicochemical assay used was a randomized block design
with two factors, i.e., differences in the proportion of the κ-carrageenan (K) and differences
in the concentration of the pluchea tea extract (L) added to the wet noodles. The proportion
of κ-carrageenan consisted of four treatment levels, including 0% (K0), 1% (K1), 2% (K2),
and 3% (K3), and the concentration of pluchea tea extract consisted of three levels, i.e.,
0% (L0), 15% (L1), and 30% (L2). Each treatment was repeated three times in order to obtain
36 experiment units. The sensory test used a completely randomized design (CRD) on
100 untrained panelists.

The data, before further analysis, was determined by the normal distribution and
homogeneity tests. Then, the data were presented as the mean ± SD of the triplicate
determinations, and were analyzed using ANOVA at p < 5%. If the results of the ANOVA
test had a significant effect, then the DMRT (Duncan Multiple Range Test) was proceed
with at p < 5% to determine the level of treatment that gave significantly different results.
The analysis used SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Cooking Quality

The evaluated cooking properties of the stink lily wet noodles were shown in Table 3,
and the stink lily wet noodles product was shown in Figure 1. The level of cooking
was estimated by the moisture content, swelling index, cooking loss, and tensile strength
from the noodles. Based on the statistical analysis by ANOVA at p < 5%, the increasing
κ-carrageenan proportion was shown to have created a significant difference of moisture
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content of the wet noodles, but the addition of the pluchea leaf hot water extract, and
the interaction effect of the proportion of κ-carrageenan and the addition of the extract,
had no influence on the moisture content of the wet noodles. The moisture content value
ranged from 62.83 ± 0.58 %wb to 65.83 ± 0.22 %wb. The sample K3L0 had the highest
moisture content, and K0L2 had the lowest moisture content. Furthermore, the addition of
the κ-carrageenan proportion or the pluchea tea extract had significantly different effects,
such as the interaction effect of the addition of the two parameters, on the swelling index
or water absorption value of the wet noodles, based on the statistical analysis at p < 5%.
The water absorption value ranged from 142.25 ± 0.39% to 162.21 ± 0.25%. The treatment
with the lowest swelling index was K0L2, and the highest was K3L0. Contrary to this, the
cooking loss of the wet noodles decreased significantly with the addition of the proportion
of κ–carrageenan, but increased significantly with the addition of the pluchea tea extract.
The cooking loss of the wet noodles ranged 17.83 ± 0.4% to 20.13 ± 0.7%. K0L2 was the
treatment with the biggest cooking loss, and K3L0 was the treatment with the smallest
cooking loss. The tensile strength value of the stink lily noodles was significant different
because there was an interaction effect of the κ-carrageenan proportion and the pluchea
tea extract addition. The tensile strengths of the wet noodles ranged 0.096 ± 0.004 N to
0.174 ± 0.015 N. The analysis of the stink lily noodles color showed that lightness had
a significant increase with an increasing proportion of carrageenan and decreased with
the increase in the amount of pluchea tea extract used, because of the color effect of the
carrageenan and pluchea tea extracts. The lightness of the wet noodles ranged from
67.80 ± 0.22 to 74.50 ± 0.23. The effect of the κ-carrageenan and the pluchea tea extract
color also significantly influenced the redness of wet noodles. The redness of the wet
noodles ranged from 1.20 ± 0.04 to 3.30 ± 0.23. The interaction effect of the κ-carrageenan
and the pluchea tea extract addition appeared on the yellowness, chroma, and hue values.
The yellowness, chroma, and hue values ranged 16.90 ± 0.27 to 30.00 ± 0.07, 17.00 ± 0.28
to 30.10 ± 0.03, and 83.70 ± 0.07 to 86.40 ± 0.02, respectively.

Table 3. Color, moisture content, swelling index, cooking loss, and tensile strength of the stink
lily noodles.

Samples
Color

Moisture
Content
(%wb)

Swelling
Index (%)

Cooking
Loss (%)

Tensile
Strength (N)

L* a* b* C h

K0L0 73.00 ± 0.06 1.20 ± 0.06 16.90 ± 0.25 a 17.00 ± 0.31 a 86.40 ± 0.00 g 64.15 ± 0.70 148.90 ± 0.15 c 18.83 ± 0.44 0.106 ± 0.002
K0L1 68.70 ± 0.35 2.60 ± 0.06 26.50 ± 0.32 d 26.50 ± 0.29 c 84.40 ± 0.21 bc 63.66 ± 0.38 146.36 ± 0.27 b 19.06 ± 0.43 0.105 ± 0.001
K0L2 67.80 ± 0.20 2.80 ± 0.06 27.80 ± 0.46 ef 27.80 ± 0.45 e 84.20 ± 0.32 abc 62.83 ± 0.58 142.25 ± 0.39 a 20.13 ± 0.71 0.116 ± 0.006
K1L0 73.40 ± 0.25 1.30 ± 0.06 17.30 ± 0.15 ab 17.30 ± 0.15 a 85.70 ± 0.21 f 64.42 ± 0.80 149.63 ± 0.34 d 18.47 ± 0.31 0.086 ± 0.005
K1L1 69.00 ± 0.36 2.80 ± 0.12 27.30 ± 0.45 e 27.40 ± 0.50 d 84.20 ± 0.15 a 62.95 ± 0.68 146.65 ± 0.43 b 19.36 ± 0.92 0.103 ± 0.004
K1L2 68.30 ± 0.15 3.00 ± 0.12 28.60 ± 0.12 g 28.70 ± 0.15 f 84.00 ± 0.15 abc 63.37 ± 1.04 148.85 ± 0.57 c 19.76 ± 0.90 0.108 ± 0.005
K2L0 73.70 ± 0.10 1.50 ± 0.00 17.70 ± 0.26 bc 17.80 ± 0.23 a 85.20 ± 0.06 de 64.67 ± 1.08 155.67 ± 0.46 h 18.18 ± 0.45 0.098 ± 0.002
K2L1 69.40± 0.15 3.00 ± 0.06 28.20 ± 0.15 fg 28.40 ± 0.15 f 83.80 ± 0.17 ab 63.74 ± 0.75 150.96 ± 0.71 e 18.62 ± 0.41 0.106 ± 0.005
K2L2 68.70 ± 0.06 3.10 ± 0.15 29.30 ± 0.00 h 29.40 ± 0.06 g 84.00 ± 0.15 abc 64.25 ± 1.60 154.82 ± 0.44 g 19.34 ± 0.77 0.114 ± 0.003
K3L0 74.50 ± 0.23 1.70 ± 0.12 18.10 ± 0.00 c 18.10 ± 0.06 b 84.60 ± 0.21 cd 65.83 ± 0.22 162.21 ± 0.25 i 17.83 ± 0.41 0.110 ± 0.003
K3L1 69.80 ± 0.50 3.20 ± 0.06 29.30 ± 0.12 h 29.30 ± 0.06 g 83.80 ± 0.53 ab 64.57 ± 1.78 153.35 ± 0.15 f 18.36 ± 0.17 0.124 ± 0.007
K3L2 69.00 ± 0.20 3.30 ± 0.26 30.00 ± 0.06 i 30.10 ± 0.06 h 83.60 ± 0.06 a 65.49 ± 1.04 159.59 ± 0.52 i 19.22 ± 0.84 0.126 ± 0.008

* The results were presented as SD of the means that were achieved by quadruplicate. Means with different
superscripts (alphabets) in the same column are significantly different, p < 5%.
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tion of the hot water extract from the pluchea leaf tea = 0%, L1 = concentration of the hot water ex-
tract from the pluchea leaf tea = 15%, L2 = concentration of the hot water extract from the pluchea 
leaf tea = 30%. 
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Figure 1. Stink lily noodles. Note that K0 = wheat flour: stink lily flour: κ-carrageenan = 80:20:0,
K1 = wheat flour: stink lily flour: κ-carrageenan = 80:19:1, K2 = wheat flour: stink lily flour:
κ-carrageenan = 80:18:2, K3 = wheat flour: stink lily flour: κ-carrageenan = 80:17:3, L0 = concentration
of the hot water extract from the pluchea leaf tea = 0%, L1 = concentration of the hot water extract
from the pluchea leaf tea = 15%, L2 = concentration of the hot water extract from the pluchea leaf
tea = 30%.

3.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity (DPPH)

The bioactive compounds analyzed include the total phenol content (TPC) and the
total flavonoid content (TFC). The analysis data shows that the TPC and TFC increased
significantly due to the interaction effect between the proportion of κ-carrageenan and the
addition of the pluchea tea extract (Table 4). The results of the analysis show that the control
sample K0L0 had the lowest total phenol, i.e., 0.341 ± 0.034 mg GAE/kg of dry noodles. The
K2L2 sample had the highest total phenol, which was 1.196 ± 0.027 mg GAE/kg of dry noo-
dles. This result is suitable with the TFC value of wet noodles, where K0L0 had the lowest
TFC value and K2L2 had the highest value, i.e., 0.057 ± 0.004 and 1.336 ± 0.046 mg CE/kg
of dry noodles, respectively. The high and low values of TPC and TFC were correlated
with AOA. The higher the TPC and TFC values, the higher the DPPH value. The DPPH
free radicals scavenging activity of the wet noodles was determined to be significant by the
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interaction effect of adding the proportion of κ-carrageenan and the pluchea tea extract.
K0L0 had the lowest DPPH value and K2L2 had the highest DPPH value, i.e., 0.414 ± 0.006
and 0.758 ± 0.009 mg GAE/kg of dry noodles, respectively.

Table 4. Total phenol content, total flavonoid content, and the DPPH free radical scavenging activity
of the stink lily noodles.

Samples TPC (mg GAE/g Dry
Noodles)

TFC (mg CE/g Dry
Noodles)

DPPH Scavenging Activity (mg GAE/g Dry
Noodles)

K0L0 0.341 ± 0.034 a 0.057 ± 0.004 a 0.414 ± 0.006 a

K0L1 0.948 ± 0.027 d 0.704 ± 0.007 c 0.742 ± 0.016 c

K0L2 1.099 ± 0.047 e 1.109 ± 0.007 d 0.757 ± 0.001 c

K1L0 0.458 ± 0.040 b 0.082 ± 0.002 a 0.523 ± 0.026 b

K1L1 0.924 ± 0.077 d 0.735 ± 0.003 c 0.750 ± 0.006 c

K1L2 1.005 ± 0.070 d 1.091 ± 0.095 d 0.751 ± 0.001 c

K2L0 0.500 ± 0.045 b 0.089 ± 0.008 a 0.532 ± 0.005 b

K2L1 0.965 ± 0.025 d 0.718 ± 0.018 c 0.748 ± 0.004 c

K2L2 1.196 ± 0.027 f 1.336 ± 0.046 e 0.758 ± 0.009 c

K3L0 0.527 ± 0.007 b 0.218 ± 0.003 b 0.587 ± 0.020 b

K3L1 0.807 ± 0.031 c 0.726 ± 0.039 c 0.751 ± 0.008 c

K3L2 1.145 ± 0.064 ef 1.067 ± 0.063 d 0.751 ± 0.007 c

Note: The results were presented as SD of the means that were achieved by quadruplicate. Means with different
superscripts (alphabets) in the same column are significantly different, p < 5%.

3.3. Sensory Properties

The evaluated sensory properties of the stink lily noodles are shown in Table 5. The
sensory parameters that were analyzed included aroma, color, taste, texture, and overall
acceptability. The method used for the sensory assay of the stink lily noodles was a hedonic
scale scoring, or a test of the level of consumer preference for a product by giving an
assessment or score on a certain trait [33]. The organoleptic testing of the stink lily wet
noodles was presented to 100 untrained panelists aged 17–25 years. The panelists were
asked to give scores or numbers based on their level of preference for certain treatments.
The value score used was 1–15, where a value of 0–3.0 indicated “strongly dislike”, a
value of 3.1–6.0 indicated “does not like”, a value of 6.1–9.0 indicated “neutral”, a value
of 9.1–12.0 indicated “like”, and a value of 12.1–15.0 indicated “like very much”. The
results of the statistical tests by ANOVA at p < 5% show that the interaction effect of each
treatment significantly influenced the panelists’ preference for noodle color. The preference
value of the stink lily noodles’ color was ranged from 9.12 to 12.02 (like). The highest
color preference value was the control treatment (K0L0), and the treatment with the lowest
color preference value was K0L1. The interaction effect of each treatment had a significant
impact on the panelists’ preference for the aroma. The preference value for the aroma
of the wet noodles was ranged from 8.29 to 11.58 (neutral–like). The treatment with the
highest preference value was the stink lily noodles K1L0, and the treatment with the lowest
preference value was the K3L2 treatment. The preference value of noodles taste was only
affected by the κ-carrageenan proportion or the extract concentration. The preference
value for the wet noodle taste ranged from 8.18 to 11.08 (neutral–like). The treatment with
the highest taste preference value was K2L0, while the treatment with the lowest taste
preference value was K0L2. Increasing the proportion of carrageenan to 2% increased
the preference value for taste, however after that it decreased with the addition of the
proportion of 3% carrageenan. Meanwhile, increasing the concentration of the pluchea leaf
tea extract decreased the panelists’ preference for taste. The results of the statistical tests
using ANOVA at p < 5% show that the addition of the extract only significantly influenced
the panelists’ preference for the noodles texture. In this study, the preference for the wet
noodles texture ranged from 9.46 to 11.66 (like).
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Table 5. Sensory properties of the stink lily noodles.

Samples
Hedonic Preference Score

Color Aroma Taste Texture Overall Acceptance

K0L0 12.02 f 10.93 d 10.52 10.95 11.24 f

K0L1 9.12 a 10.26 cd 8.72 10.03 8.79 a

K0L2 11.83 ef 8.86 ab 8.18 9.58 9.04 ab

K1L0 9.98 bc 11.58 e 10.15 11.66 10.3 cde

K1L1 9.44 ab 9.58 bc 9.49 10.66 8.93 ab

K1L2 10.59 cd 8.45 a 8.87 9.46 9.11 ab

K2L0 11.62 f 10.93 de 11.08 11.15 11.07 def

K2L1 10.63 cd 10.14 ab 9.82 10.61 9.42 abc

K2L2 10.94 de 8.84 cd 9.09 10.38 10.16 cde

K3L0 11.51 ef 10.36 cd 10.37 11.07 10.84 def

K3L1 9.37 ab 10.07 a 9.95 11 9.72 bc

K3L2 9.47 ab 8.29 cd 9.57 9.64 8.62 a

Note: The results were presented as SD of the means that were achieved by quadruplicate. Means with different
superscripts (alphabets) in the same column are significantly different, p < 5%.

Increasing the addition of the extracts decreased the level of texture preference of
the wet noodles. The overall preference value of the wet noodles shows that there is an
interaction effect between the proportion of κ-carrageenan and the addition of the pluchea
tea extract. The overall preference value of the wet noodles ranged from 8.62 to 11.24
(neutral–like). The treatment with the highest preference value was stink lily noodles K0L0,
and the treatment with the lowest preference value was K3L2. The determination of the
best treatment for the differences in the proportions of κ-carrageenan and the addition of
the pluchea tea extract on the wet noodles was determined using the spider web method,
based on organoleptic parameters (color, aroma, taste, texture, and overall). The spider
web graph can be seen in Figure 2. The data shows that the treatment with the largest area
was K2L0, i.e., wet noodles with the proportion of κ-carrageenan 2% and with the addition
of 0% pluchea tea extract. The area of the K2L0 treatment area was 79.16 cm2, and had a
preference score of 15.8 (very like).
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4. Discussion
4.1. Cooking Quality

Moisture content is a major parameter of the stinky silky wet noodles that shows the
amount of water contained in food product that determines rheological characteristics,
the chemical, physical, and sensory properties, and the shelf life of the food product [34].
The result show that the κ-carrageenan addition gave a significant difference of moisture
content to the wet noodles. The κ-carrageenan is a hydrocolloid that has a group of sulfate-
and water-soluble polysaccharides [35–37], and composes an ester sulfate content of about
25–30% and a 3,6-anhydro-galactose (3,6-AG) of about 28 to 35% [36,38]. This anionic
carrageenan can interact very tightly with water molecules [39], and can collaborate with
the glucomannan from the stink lily on the gelation process [40] by making intra- and
inter-disulfide binds at the network structure of gluten [13,41]. The κ-carrageenan can
bind with limited free water molecules, form complex compounds with water, and interact
with gluten networks [13]. However, the mobility of water mainly depends on changes in
the hydrogen bond structure. The presence of hydrophilic components such as proteins,
carbohydrates, glucomannan, κ-carrageenan, and polyphenolic compounds in the wet
noodles can be involved in hydrogen bonding with the water molecules that determine
water mobility [13,34,41,42]. Thus, increasing the proportion of k-carrageenan used in
the manufacture of stink lily noodles can increase the amount of free water and weakly
bound water in the wet noodles. The interaction between the hydroxyl functional groups in
carrageenan and water molecules supports an increase in the water content of wet noodles.

The swelling index, or water absorption, is the ability of a product to absorb water,
which is influenced by particle size, chemical composition, and water content [43]. The re-
search shows that the interaction of the κ-carrageenan proportion and the hot water extract
of the pluchea leaf tea addition had a significant impact on the swelling index properties
of wet noodles. The swelling index of the wet noodles was determined by the presence of
κ-carrageenan, protein, starch, glucomannan, and bioactive compounds of the pluchea tea
extract in the dough. Li et al. [13] stated that the glutelin proteins of wheat flour can allow
intra- and inter-molecular disulfide bonds to create a fibrous shape, and that then the globu-
lar gliadin protein of the wheat flour can be bound at the glutenin skeleton by non-covalent
bonds to be a unique networks structure of gluten. The addition of the glucomannan of
the stinky silky flour as a non-ionic hydrocolloid has good water holding capacity, and
can be made into a stronger three-dimensional network structure. Chen et al. [44] stated
that the glucomannan can fill the number of holes of the network structure of gluten that
make a structure dense and stable. Li et al. [13] underlined that glucomannan has many
hydroxyl groups in the structure that can be bound tightly with water by electrostatic
forces and hydrogen bonds. Huang et al. [41] stated that the presence of κ-carrageenan
in dough can be synergist with glucomannan to change sulfhydryl groups into disulfide
bonds in protein. Widyawati et al. [20] stated that the bioactive compounds of pluchea
tea extract are alkaloids, flavonoids, phenolics, phenol hydroquinone, saponins, tannins,
sterols, terpenoids, and cardiac glycosides. Meanwhile, Suriyaphan [16] noted that pluchea
leaves contain 1.79 g/100 g protein, 0.49 g/100 g fat, 0.20 g/100 g ash, 0.89 g/100 g insolu-
ble fiber, 0.45 g/100 g dissolved fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 g/100 g,
calcium 251 g/100 g, β-carotene 1.225 g/100 g, and vitamin C 30.17 g/100 g, as well as
phenolic acid bioactive compounds 28.48± 0.67 mg/100 g body weight (chlorogenic acid
20 ± 0.24 mg/100 g body weight, caffeic acid 8.65 ± 0.46 mg/100 g body weight), total
flavonoids 6.39 mg/100 g body weight (quercetin 5.21± 0.26 mg/100 g body weight,
kaempferol 0.28 ± 0.02 mg/100 g body weight, myricetin 0.09 ± 0.03 mg/100 g body
weight), total anthocyanins 0.27 ± mg/100 g body weight, β-carotene 1.70 ± 0.05 mg/100 g
body weight, and total carotenoids 8.7 ± 0.34 mg/100 g body weight. Vongsak et al. [17],
Ruan et al. [18], and Chan et al. [19] proved that pluchea leaves contain 3-O-caffeoylquinic
acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-dicaffeoylquinic acid,
3,5-O-dicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid. Schefer at al. [45] noted that
phenolic acid can be bound with proteins and carbohydrates by non-covalent interactions,



Molecules 2022, 27, 5062 11 of 16

i.e., hydrophobic interaction, hydrogen bonding, electrostatic interaction, Van der Waals in-
teraction, and π-π stacking. The presence of the κ-carrageenan proportion and the pluchea
tea extract addition that differed caused a change of composition and various interactions
of compounds that determined different swelling indexes of the wet noodles.

The cooking loss of the stink lily noodles was influenced significantly by the κ-carrageenan
proportion and the extract addition, but interaction of two factors had an insignificant
difference. The phenomena were caused by the κ-carrageenan and bioactive compounds
of the pluchea tea extract, especially phenolic compounds, that involved the interaction
with proteins and carbohydrates in dough. κ-carrageenan can stabilize and supported
a rigid structure of gluten. The hydrocolloid can avoid the starch gelatinization process
because it can bind tightly with water molecules, causing lower water activity. According
to Li et al. [13], Herawati [14], and Huang et al. [41], κ-carrageenan can trap the free water
molecules that starch can’t absorb, and require higher energy to break the energy barrier
required for the starch gelatinization process. However, Zhu [42], Amoako and Awika [46],
and Schefer et al. [45] clarified that starch can be bound with polyphenol, including hy-
drophobic and electrostatic interactions and hydrogen bonds, and that the hydrogen bond
is dominant binding forces. This interaction can support the releasing of the amylose of
the starch gelatinization process that the cooking loss increased at the higher pluchea tea
extract addition. The presence of the polyphenol compounds of the pluchea tea extract
causes water competition with the glutenin and gliadin of wheat flour that inhibited inter-
action between glutenin and gliadin to form gluten. According to Amoako and Awika [46],
gluten and gliadin in a random coil structure can easily be aggregated by phenolic com-
pounds and starch when undergoing a gelatinization process where amylose interacts with
polyphenolic compounds through hydrogen bonds and hydrophobic interactions. More
protein in the form of random coil structures causes the protein to easily interact with
polyphenols and come out of the noodles during the cooking process, meaning that the
cooking loss increases.

The tensile strength of the stink lily was influenced significantly by the κ-carrageenan
proportion and the extract addition. The increasing κ-carrageenan proportion increased the
tensile strength because this hydrocolloid could be made strong by cross linking through the
inter-molecular and intra-molecular bonds involving the glutenin and gliadin of wheat flour
protein and the glucomannan of stink lily flour. The more networks that are formed between
the components of the noodles, the greater the effect on the tensile strength of wet noodles,
and vice versa [13,47]. The synergism effect of the wet noodles component determined
the water bind capacity and water mobility, that in turn established texture properties of
wet noodles; this statement is supported by Li et al. [34], Saha and Bhattacharya [40], and
Huang et al. [41]. Diniyah et al. [48] also reported that the addition of hydrocolloids in the
noodles-making process increases their viscosity and water absorption, due to the water
binding and holding properties of hydrocolloids that can form gel. However, the addition
of the pluchea tea extract caused the tensile strength to decline, because the polyphenol
compounds of the pluchea tea extract induced a breakdown of the networking structure
among the components of the dough because there was water competition among them.
Furthermore, the polyphenol compounds could react with starch and protein because the
formation of the gluten network was disrupted, and also gliadin and glutenin in the form
of random coils and starch could have undergone an excessive gelatinization process. This
opinion is supported by Li et al. [13], Zhu [42], and Huang et al. [41]. κ-carrageenan has a
yellowish white color, and has the ability to bind water molecules so that it increases the
lightness of wet noodles, while the pluchea tea extract contains polyphenolic compounds,
such as tannins, which can give the noodles a brown color so that the lightness level is
reduced. This opinion is supported by Widyawati et al. [20] and Necas et al. [38]. The
increase in yellowness was in line with the increase in lightness, because the higher water
content value was caused by the ability of κ-carrageenan to bind water molecules, thereby
increasing the brightness; meanwhile. the brown color contribution of the pluchea tea
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extract gave a brownish–yellow color to the wet noodles, the intensity of which increased
as indicated by the increased chroma value.

4.2. Bioactive Compounds and the DPPH Free Radical Scavenging Activity

The stinky silky wet noodles K0L0 had the lowest TPC and TFC because there was
a contribution of phenolic content from the wheat flour and egg. Punia et al. [49] said
that wheat flour had phenolic acids including ferulic, caffeic, and p-coumaric acid. More-
over, the presence of TFC in the K0L0 sample is thought to be due to the presence of
a thiol group in egg white, which is able to chelate metal ions and is able to be conju-
gated with saccharides [50], as well as the 3,5-diacetyltambulin compounds from stink
lily flour [51]. Meanwhile, the TFC and TPC values in the K2L2 sample were dominantly
contributed to by the presence of phytochemical compounds in the pluchea tea extract.
Widyawati et al. [20] explained that there are phytochemical compounds in the pluchea
tea extract. Suriyaphan [16], Vongsak et al. [17], Ruan et al. [18], and Chan et al. [19] also
emphasized that pluchea leaves contain phenolic acids and flavonoids. The existence
of a non-significant difference between treatments in the TPC and TFC assays indicated
an interaction between the components in the dough, and that it affected the presence
of free hydroxyl groups that could bind to the Folin–Ciocalteu’s phenol reagent. As de-
scribed by Li et al. [13], Huang et al. [41], Zhu [42], Schefer et al. [45], and Amoako and
Awika [46], glutenin, gliadin, glucomannan, κ-carrageenan, and polyphenol compounds
are involved in the formation of network structures in the dough so as to determine the
quality of the wet noodles. The interactions that occur involve various non-covalent in-
teraction mechanisms that affect the presence of free hydroxyl groups. The TPC and TFC
values of wet noodles in each treatment affected the DPPH free radical scavenging activity
(DPPH). They determined the DPPH of wet noodles, and were usually positively correlated.
Niroula et al. [52] said that TPC and DPPH were strongly correlated in seeds, sprouts, and
grasses of corn (Zea mays L.). Lim et al. [53] also stated that there is an excellent correlation
coefficient between the TPC, TFC, and antioxidant activities of the Phaleria macrocarpa
fruit. Adebiyi et al. [54] explained that the high level of flavonoids and phenols in plants
caused the antioxidant activity of the Grewia carpinifolia extract. The antioxidant activity
of phenolics is related to their redox properties, which induced them to act as reducing
agents, hydrogen donors, singlet oxygen quenchers, and metal chelators. Rahman et al. [55]
underlined that the DPPH free radical scavenging activity of the polyphenol compounds of
the T. pallida extract was determined by the hydrogen donating ability, with which it highly
correlated. The potency of wet noodles as AOA was determined by the reduced capability
of the DPPH free radical solution color from purple to yellow color.

4.3. Sensory Properties

The analysis of the sensory properties of the stink lily noodles was conducted by the
hedonic scale scoring method, with attributes including the preferences of color, taste,
aroma, texture, and overall. The result of the color preference test shows that the control
treatment (K0L0) was the highest value, because the treatment without the addition of
pluchea tea extract did not change the color of the wet noodles, meaning that they remained
a yellowish–white. Then, the treatment with the lowest color preference value was K0L1,
due to the addition of this extract decreasing the panelists’ preference for the color because
the noodles were darker and a brownish color. Suriyaphan [16] and Widyawati et al. [20]
said that the color of the pluchea tea extract contributed to the changing of the color of
this wet noodle due to its tannins, flavonoids, and chlorophyll. However, in this study,
increasing the extract concentration did not significantly affect the panelists’ preference for
color when the proportion of κ-carrageenan increased, because the addition of the stink lily
flour and the κ-carrageenan would increase the lightness of the wet noodles, so that the
produced color of the wet noodles was brighter and preferred by panelists. This data is
supported by the data from color rider analysis, where the results of the sensory test by the
panelists are in line with the decrease in the lightness value, the increase in the reddish and
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yellowish values, the hue value that showed the yellow–red color, and the chroma value
that showed an increase in color intensity. The panelist’s preference of the aroma from the
wet noodles was determined to be due to the aroma from the material used to make the
wet noodles or the interaction of the aroma produced from the reaction among the material
composition. According to Ramdani et al. [56], stink lily flour has a musty aroma, and all of
the wet noodles produced had a musty smell. Meanwhile, according to Fitantri et al. [57],
κ-carrageenan is unscented, meaning that it has no aroma to contribute to the wet noodles.
The addition of the pluchea tea extract decreased the panelists’ preference for the aroma
of the wet noodles because the addition of the extract caused the wet noodles to smell
like leaves (floral), which was unpleasant and so the panelists did not like it. Fragrant
or unpleasant aromas come from volatile compounds contained in the pluchea leaves.
According to Widyawati et al. [58], pluchea leaves have 66 volatile compounds, and these
volatile compounds play a role in forming the aroma in the hot water extract of the pluchea
leaf tea. According to Lee et al. [59], pluchea leaves contain volatile compounds contributed
to by aliphatic aldehyde group compounds, or aromatic compounds, that give a distinctive
aroma, therefore the presence of these compounds in steeping water can give a specific
aroma, i.e., fragrant (floral) in wet noodles. There was a difference in the effect of the
proportion of the κ-carrageenan and pluchea leaf tea extract on taste due to the contribution
of taste produced by the carrageenan and the extract. According to Ramdani et al. [56] and
Haryu et al. [60], stink lily flour and κ-carrageenan do not have a distinctive or neutral taste,
so increasing the concentration of κ-carrageenan gives a higher preference value because
noodles are considered to have a better texture that contributes to the assessment of taste.
The increase in the concentration of pluchea tea extract caused the taste preference value of
the noodles to decrease significantly, which was due to the presence of tannins, catechins,
and phenolic compounds in the pluchea tea extract, which were determined to be bitter
and slightly astringent. The effect of the κ-carrageenan proportion and tea extract to make
wet noodles influenced the panelist’s preference of texture because this hydrocolloid can
cause strong cross linking through inter-molecular and intra-molecular bonds involving the
glutenin and gliadin of wheat flour protein and the glucomannan of stink lily flour, which
determined the water bind capacity and water mobility [34,40,41]. The presence of the
polyphenol compounds of the pluchea tea extract can cause a breakdown of the networking
structure among the components of the dough because of water competition of them.
Li et al. [13], Huang et al. [41] and Zhu [42] reported that the polyphenol compounds could
react with starch and protein to disrupt the gluten network and cause starch to undergo
an excessive gelatinization process. The difference in the proportion of the κ-carrageenan
changes the overall preference value of wet noodles to be significantly different overall
compared to the control, because the proportion of the κ-carrageenan influenced the all-
sensory attribute (color, aroma, and taste). The addition of the pluchea tea extract in the
wet noodles decreased the overall preference value because the addition of the extract
affected the organoleptic characters tested due to the content of secondary metabolites of
the pluchea leaves, such as flavonoids, phenols, and tannins that could affect the taste,
aroma, color, and texture of the noodles. The spider web graph showed that K2L0 was
the best treatment of the stink lily wet noodles. This was also supported by it containing
better physicochemical properties than the control, including yellowish–white wet noodles,
better swelling index, lower cooking loss, higher tensile strength value, and lower moisture
content. However, this K2L0 treatment did not have the highest TPC, TFC, and AOA, i.e.,
0.500 ± 0.045; 0.089 ± 0.008; and 0.532 ± 0.005, respectively.

5. Conclusions

The use of κ-carrageenan proportions and pluchea leaf tea extract have a significant
effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical
analysis at p < 5% showed that there was an interaction effect of the proportion of the
κ-carrageenan and the pluchea leaf tea extract on the swelling index, yellowness, chroma,
hue, TPC, TFC, DPPH, the preference value for color, aroma, and overall acceptance.
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While the moisture content of the wet noodles was only affected by the proportion of
κ-carrageenan, the tensile strength, cooking loss, lightness, redness, and the preference
value for texture and taste were influenced by the proportions of κ-carrageenan and the
concentration of the pluchea leaf tea extract, respectively. The spider web graph showed
that the K0L2 treatment had the largest area at 79.16 cm2 and a preference score of 15.8
(which can be assigned to the very like category), suggesting that this is the best treatment;
this is in accordance with the results of the physicochemical and sensory tests, but it did
not correlate with the highest bioactive content (TPC and TFC) and DPPH.
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