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Article

The Effect of x-Carrageenan Proportion and Hot Water Extract of Pluchea IndicaL ess
Leaf Tea to Quality and Sensory Properties of Stink Lily (Amorphophallus Muelleri)
Wet Noodles

Paini Sri Widyawati'™*, Thomas Indarto Putut Suseno!, Anna Ingani Widjajaseputrat,
Theresia Endang Widoeri Widyastuti®, Vincentia Wilhelmina Moeljadi!, and Sherina
Tandiono!

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 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 differencein
the proportion of k-carrageenan (K) (0, 1, 2, and 3% b/b) and the addition of hot water extract
of PlucheaindicaLessleaf tea(L) (0, 15, and 30% b/v) with 12 treatment level (KOLO, KOL 1,
KOL2, KI1LO, K1L1, K1L2, K2LO, K2L1, K2L2, K3L0, K3L1, K3L2). The data were
analyzed by the Anova at o= 5% and continued with the Duncan's Multiple Range Test at
o= 5% and the best treatment was determined by the Spider web method based on sensory
assay by a hedonic method. The proportions of k-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 k-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.

Keywor ds: Amorphophallus muelleri, Plucheaindica Less, wet noodles, quality and sensory
properties

1. Introduction

Noodles are a rice substitute commodity that is much favored by the public [1],
especialy 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 likesto 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 whichisquite high in Indonesia, the average
consumption of wheat flour for the Indonesian population in 2019 is 17.8 kg/capitalyear [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 3-1,4 and 3-1,6 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 noodlesis able
to replace the role of gliadin and glutenin proteins in the formation of gluten with an elastic
texture [10]. Polysaccharidesin stink lily flour can dissolve in water to form athick solution,
form a gel, expand, and melt like agar [11], can increase the elasticity and cohesiveness
[12,13] with increasing a-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 |eaves
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
0/100 g, calcium 251 g/100 g, B-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, 3-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 atotal
phenolic content of 9.3 mg EAG/ g, total flavonoid content 22.0 mg EC/ g, DPPH freeradical
scavenging activity DPPH 27.2 mg EAG/ g, and reduced ironion 10.2 mg EAG/ g [20], due
to the presence of phytochemicals (alkaloids, flavonoids, phenolics, sterols, cardiac
glycosides, phenol hydrogquinone, tannins, terpenoids, and saponins) [20], which has been
shown to have potential as an antioxidant [20,21] and antidiabetic [22]. The effect of using
K-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 k-carrageenan and hot water extract of pluchea |eaf
tea on the quality and sensory of stink lily wet noodles.

2 Materidsand 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). Methanal, folin



ciocalteus phenol, sodium nitric, aluminium chloride, k-carrageenan, and sodium hydroxide
were purchased from Merck (New Jersey, USA).

2.2. Preparation of Pluchea L eaf Tea.

Pluchealeaves 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 120°C 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 L eaf Tea.

Pluchea leaf teain tea bag was extracted by hot water at 95°C 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
Concentration of hot water extract of pluchea leaf tea (% b/v)

Materials 0 15 30
Pluchea |eaf tea (Q) 0 45 9
Hot water (mL) 30 30 30

2.4. Stink Lily Wet Noodles M aking.

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 pluchealeaf 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 60°C
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 35°C, 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, 50°C for 60 min until getting 2 mL extract. Then 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 to
determine the amount of water absorbed in wet noodles at a certain temperature and time.
The amount of water absorbed in wet noodl es 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 L oss 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. Deter mination of Tenslle Strength of Wet Noodles

The tensile strength (elongation) is one important parameter of texture anaysis in
noodle products. The texture was determined using TA-XT2 texture anayzer (Stable Micro
System Co., Ltd., Surrey, UK) fitted with a5 kg load cell equipped with the Texture Exponent
32 software V.4.0.5.0 (SMYS). 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 noodl e 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 cal culated per gram.

2.9. Color M easurement

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* valueswere 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

Tota 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 electronsin alkaline medium from
phenolic compounds to form a blue chromophore constituted by a phosphotungstic/
phosphomol ybdenum complex. The reduced folin ciocalteus phenol reagent is detected by a
spectrophotometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at A 760 nm and
gallic acid isused 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 sampleswas measured by spectrophotometric method with
reaction between AlIClz and NaNO. 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 A 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-col ored solution. Reaction between DPPH in methanol solution with
samples was measured by spectrophotometer (Spectrophotometer UV-Vis 1800, Shimadzu,
Japan) at A 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 parameterstested 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 k-carrageenan (K) and differences in the concentration of
pluchea tea extract (L) added to wet noodles. The proportion of k-carrageenan consisted of
4 (four) treatment levels, including 0% (KO0), 1% (K1), 2% (K2), 3% (K3) and the
concentration of plucheateaextract consisted of 3 (three) levels, i.e. 0% (LO), 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 ANOV A, 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
K-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 k-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 KOL2 had the lowest moisture content.
Furthermore the addition of the k-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 KOL2 and the highest was
K3LO0. Whereas the cooking loss of wet noodles decreased significantly with the addition of
the proportion of k—carrageenan but increased significantly with the addition of plucheatea
extract. The cooking loss of wet noodles was ranged 17.83+0.4% to 20.13+0.7%. KOL2 was
treatment with the biggest cooking loss and K3L0 was treatment with the smallest cooking
loss. Tensle 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. Theanalysisof 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 k-carrageenan and pluchea tea extract
color aso 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 k-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. Theformulaof stink lily wet noodles

Material KOLO KOL1 KOL2 KILO KiL1 K1L2 K2L0 K2L1 K2L2 K3L0 K3L1 K3L2
Whest flour (g) 120 120 120 120 120 120 120 120 120 120 120 120
Stink lily flour (g) 30 3 30 285 285 285 27 21 27 255 255 255
w-Carrageenan (g) 0 0 0 15 15 15 3 3 3 45 45 45
Fg9(9) 30 30 30 30 30 30 30 30 30 30 30 30
Sat(g) 3 3 3 3 3 3 3 3 3 3 3 3
Baking Powder () 15 15 15 15 15 15 15 15 15 15 15 15
Weter (mL) 0. 0 0O 3% 0 0 3 0 0 3 0 O
Hot water extract
of pluchealeaves
150 (L) 0 30 0 0 30 0 0 30 0 0 30 0
Hot water extract
of pluchealeaves 0 0 30 0 0 30 0 0 30 0 0 30
30% (mL)

Totd (g) 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145

Note: KO =wheat flour: stink lily flour: k-carrageenan =80:20:0
K1 = wheat flour: stink lily flour: k-carrageenan =80:19:1
K2 = wheat flour: stink lily flour: k-carrageenan =80:18: 2
K3 = wheat flour: stink lily flour: x-carrageenan =80:17: 3
LO = concentration of hot water extract from pluchealeaf tea= 0%
L1 = concentration of hot water extract from pluchealeaf tea= 15%
L2 = concentration of hot water extract from pluchea leaf tea = 30%



Figure 1. Stink Lily Noodles
Note: KO = wheat flour: stink lily flour: k-carrageenan =80:20:0, K1 =wheat flour: stink lily flour: k-carrageenan =80:19:1, K2 =wheat flour: stink lily flour: k-

carrageenan =80 : 18 : 2, K3 = wheat flour: stink lily flour: x-carrageenan =80 : 17 : 3, LO = 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 L oss, and Tensile Strength of Stink Lily Noodles

Color Moisture Swelling Cooking Tensle
Samples Content (%) Index (%) Loss(%) Strength (N)
L* a* b* C h
KOLO 73.00+0,06 120+006 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
KOL1 68.70+£ 035 260+0.06 2650+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
KOL2 67.80+0.20 280x0.06 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
K1LO0 7340+ 0.25 1.30+£006 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 280x0.12 27.30+045e 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+0.15 300+0.12 2860+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 7370+ 010 150+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 0.106x+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
K3LO 7450+ 023 170+0.12 1810+0.00c 18.10+0.06b 84.60+0.21cd 65.83+0.22 162.21+0.251 17.83+0.41 0.110+0.003
K3L1 69.80+ 050 3.20£006 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 330x026 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 (a phabets)
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 k-carrageenan and the
addition of plucheatea extract (Table 4). The results of the analysis showed that the control
sample KOLO had the lowest total phenal, 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 KOLO had the
lowest TFC value and K2L 2 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 k-carrageenan and pluchea tea extract.
KOLO had the lowest AOA value and K2L 2 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 atest 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 avalue of 0-3.0 indicated "strongly didlike", avalue of 3.1-6.0 "does not like", avalue
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 a=5% showed that interaction effect of each treatment
significantly influenced the pandlists 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 (KOLO) and the treatment with the lowest color preference
value was KOL 1. 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 K1LO and the treatment with the lowest preference value was K3L2
treatment. The preference value of noodles taste was only affected by k-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 KOL2. 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).



Table4. Total Phenol Content, Total Flavonoid Content, and DPPH FreeRadical Scavenging Activity of Stink Lily Noodles

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

KOLO
KOL1
KOL2
K1LO
K1iL1
K1L2
K2LO0
K2L1
K2L2
K3LO
K3L1
K3L2

0.3409+0.0338%
0.9480+0.0273¢
1.0991+0.0466°
0.4576+0.0396"
0.9243+0.0774°
1.0047+0.0704¢
0.4997+0.0450°
0.9648+0.0248"
1.1963+0.0272
0.5267+0.0070°
0.8070+0.0307°
1.1446+0.0636

0.0571+0.0035%
0.7044+0.0065°
1.1087+0.0065¢
0.0821+0.00172
0.7348+0.0030°
1.0910+0.0949¢
0.0888+0.0084%
0.7181+0.0179°
1.3364+0.0460°
0.2181+0.0025°
0.7264+0.0385°
1.0674+0.0627¢

0.4143+0.00607
0.7424+0.0159°
0.7571+0.0013°
0.5229+0.0259°
0.7497+0.0055°
0.7509+0.0012°
0.5318+0.0052°
0.7477+0.0043°
0.7576+0.0092°
0.5873+0.0197°
0.7508+0.0077¢
0.7505+0.0066°

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

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 k-carrageenan and the addition of plucheatea 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 KOLO and the
treatment with the lowest preference value was K3L2. Determination of the best treatment
for differencesin the proportions of k-carrageenan and the addition of plucheatea extract on
wet noodles was determined using the spider web method based on organol eptic parameters
(color, aroma, taste, texture and overall). The spider web graph can be seenin Fgure 2. Data
showed that the treatment with the largest areawasK2L0, i.e. wet noodleswith the proportion
of k-carrageenan 2 % with the addition of 0% pluchea tea extract. The area of the K2L0O
treatment area was 79.16 cm? and had a preference score of 15.8 with a very like category.

—o— KOLO
—&—KOL1
== KOL2

K1LO
—¢—K1L1
—o—K1L2
—+—K2L0
——K2L1

K2L2

K3LO
—m—K3L1
—Aa— K3L2

overall aroma

tekstur rasa

Figure 2. Spider web Graph to Deter mine The Best Treatment of Stink Lily Noodles



Table 5. Sensory Properties of Stink Lily Noodles

Hedonic Preference Score

Samples Color Aroma Taste Texture Overall
KOLO 12.02f 10.93d 10.52 10.95 11.24f
KOL1 9.12a 10.26¢d 8.72 10.03 8.79
KOL2 11.83¢f 8.86ab 8.18 9.58 9.04ab
K1LO 9.98hc 11.58¢e 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
K2LO 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
K3LO 11.51ef 10.36c¢d 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 magjor 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 k-
carrageenan addition gave a significant difference of moisture content to wet noodles. The
K-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 k-carrageenan can bind with limited free water molecule, form complexes
compoundswith 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, k-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, chemica composition, and water content [43]. The
swelling index of wet noodles was determined by the presence of k-carrageenan, protein,
starch, glucomannan, and bioactive compounds of plucheatea extract in dough. [13] said that
glutelin proteins of wheat flour can involve intra-and intermolecular disulfide bondsto result
afibrous shape, and then globular gliadin protein of wheat flour can be bound at the glutenin
skeleton by non-covalent bonds to be a unigque 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 k-carrageenan in dough can be synergist with glucomannan to
change sulfhydryl groups to be disulfide bonds in protein. [20] informed that bioactive
compounds of plucheatea extract are akaloids, flavonoids, phenaolics, 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
0/100 g, calcium 251 g/100 g, B-carotene 1.225 ¢/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, B-carotene 1.70 £ 0.05 mg/100 g body
weight and total carotenoids8.7 £ 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 -n stacking. The presence of k-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 k-carrageenan and bioactive compounds of pluchea
tea extract, especialy phenolic compounds, that involved the interaction with protein and
carbohydrate in dough. k-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], k-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 k-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 plucheatea 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]. k-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
K-carrageenan to bind water molecul es, 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 val ue.

4.2. Bioactive Compounds and Antioxidant Activity

The stinky silky wet noodles KOLO had the lowest TPC and TFC because there was
contributed of phenalic 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 KOLO sample is thought to be due to the presence of athiol group in egg white
which isableto chelate metal ions and is able to be conjugated with saccharides [51], as well
as 3,5-diacetyltambulin compounds from stink lily flour [52]. Whilethe 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 acidsand flavonoids. The existence of anon-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,
k-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 phenolsin plant caused the antioxidant activity
of Grewia carpinifolia extract. The antioxidant activity of phenolicsisrelated to their redox
properties which induced them to act as reducing agents, hydrogen donors, singlet oxygen
guenchers 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 scal e 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 (KOLO) was
the highest value because the treatment without the addition of plucheatea extract not change
the color of the wet noodles was yellowish-white. And then the treatment with the lowest
color preference value was KOL1 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 thiswet 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 k-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], k-
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 |eaves have 66 volatile compounds,
these volatile compounds play arole in forming the aromain 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 k-carrageenan do not have
a distinctive or neutral taste, increasing the concentration of k-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 k-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 k-carrageenan change the overall preference value of wet noodles to be
significantly different overall compared to the controal, this was because the proportion of k-
carrageenan influenced the al sensory attribute (color, aroma, and taste). The addition of
plucheateaextract in wet noodles decreased the overall preference val ue because the addition
of extract affected the organoleptic characters tested due to the content of secondary



metabolites of pluchealeaves, 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 K2L0O 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 k-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 k-carrageenan, for tensile
strength, cooking loss, lightness, and redness, and the preference value for texture and taste
were influenced by the proportions of k-carrageenan and the concentration of pluchea leaf
tea extract, respectively. The best treatment based on the spider web graph showed that the
KOL2 treatment had the largest area 79.16 cm? and a preference score of 15.8 with a very
like category, thisisin 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 x-Carrageenan Proportion and Hot Water Extract of Pluchea IndicaL ess
Leaf Tea to Quality and Sensory Properties of Stink Lily (Amorphophallus Muelleri)
Wet Noodles

Paini Sri Widyawati'™*, Thomas Indarto Putut Suseno!, Anna Ingani Widjajaseputrat,
Theresia Endang Widoeri Widyastuti®, Vincentia Wilhelmina Moeljadi!, and Sherina
Tandiono!

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 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 differencein
the proportion of k-carrageenan (K) (0, 1, 2, and 3% b/b) and the addition of hot water extract
of PlucheaindicaLessleaf tea(L) (0, 15, and 30% b/v) with 12 treatment level (KOLO, KOL 1,
KOL2, KI1LO, K1L1, K1L2, K2LO, K2L1, K2L2, K3L0, K3L1, K3L2). The data were
analyzed by the Anova at o= 5% and continued with the Duncan's Multiple Range Test at
o= 5% and the best treatment was determined by the Spider web method based on sensory
assay by a hedonic method. The proportions of k-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 k-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.

Keywor ds: Amorphophallus muelleri, Plucheaindica Less, wet noodles, quality and sensory
properties

1. Introduction

Noodles are a rice substitute commodity that is much favored by the public [1],
especialy 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 likesto 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 whichisquite high in Indonesia, the average
consumption of wheat flour for the Indonesian population in 2019 is 17.8 kg/capitalyear [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 3-1,4 and 3-1,6 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 noodlesis able
to replace the role of gliadin and glutenin proteins in the formation of gluten with an elastic
texture [10]. Polysaccharidesin stink lily flour can dissolve in water to form athick solution,
form a gel, expand, and melt like agar [11], can increase the elasticity and cohesiveness
[12,13] with increasing a-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 |eaves
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
0/100 g, calcium 251 g/100 g, B-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, 3-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 atotal
phenolic content of 9.3 mg EAG/ g, total flavonoid content 22.0 mg EC/ g, DPPH freeradical
scavenging activity DPPH 27.2 mg EAG/ g, and reduced ironion 10.2 mg EAG/ g [20], due
to the presence of phytochemicals (alkaloids, flavonoids, phenolics, sterols, cardiac
glycosides, phenol hydrogquinone, tannins, terpenoids, and saponins) [20], which has been
shown to have potential as an antioxidant [20,21] and antidiabetic [22]. The effect of using
K-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 k-carrageenan and hot water extract of pluchea |eaf
tea on the quality and sensory of stink lily wet noodles.

2 Materidsand 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). Methanal, folin



ciocalteus phenol, sodium nitric, aluminium chloride, k-carrageenan, and sodium hydroxide
were purchased from Merck (New Jersey, USA).

2.2. Preparation of Pluchea L eaf Tea.

Pluchealeaves 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 120°C 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 L eaf Tea.

Pluchea leaf teain tea bag was extracted by hot water at 95°C 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
Concentration of hot water extract of pluchea leaf tea (% b/v)

Materials 0 15 30
Pluchea |eaf tea (Q) 0 45 9
Hot water (mL) 30 30 30

2.4. Stink Lily Wet Noodles M aking.

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 pluchealeaf 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 60°C
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 35°C, 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, 50°C for 60 min until getting 2 mL extract. Then 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 to
determine the amount of water absorbed in wet noodles at a certain temperature and time.
The amount of water absorbed in wet noodl es 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 L oss 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. Deter mination of Tenslle Strength of Wet Noodles

The tensile strength (elongation) is one important parameter of texture anaysis in
noodle products. The texture was determined using TA-XT2 texture anayzer (Stable Micro
System Co., Ltd., Surrey, UK) fitted with a5 kg load cell equipped with the Texture Exponent
32 software V.4.0.5.0 (SMYS). 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 noodl e 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 cal culated per gram.

2.9. Color M easurement

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* valueswere 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

Tota 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 electronsin alkaline medium from
phenolic compounds to form a blue chromophore constituted by a phosphotungstic/
phosphomol ybdenum complex. The reduced folin ciocalteus phenol reagent is detected by a
spectrophotometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at A 760 nm and
gallic acid isused 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 sampleswas measured by spectrophotometric method with
reaction between AlIClz and NaNO. 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 A 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-col ored solution. Reaction between DPPH in methanol solution with
samples was measured by spectrophotometer (Spectrophotometer UV-Vis 1800, Shimadzu,
Japan) at A 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 parameterstested 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 k-carrageenan (K) and differences in the concentration of
pluchea tea extract (L) added to wet noodles. The proportion of k-carrageenan consisted of
4 (four) treatment levels, including 0% (KO0), 1% (K1), 2% (K2), 3% (K3) and the
concentration of plucheateaextract consisted of 3 (three) levels, i.e. 0% (LO), 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 ANOV A, 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
K-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 k-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 KOL2 had the lowest moisture content.
Furthermore the addition of the k-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 KOL2 and the highest was
K3LO0. Whereas the cooking loss of wet noodles decreased significantly with the addition of
the proportion of k—carrageenan but increased significantly with the addition of plucheatea
extract. The cooking loss of wet noodles was ranged 17.83+0.4% to 20.13+0.7%. KOL2 was
treatment with the biggest cooking loss and K3L0 was treatment with the smallest cooking
loss. Tensle 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. Theanalysisof 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 k-carrageenan and pluchea tea extract
color aso 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 k-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. Theformulaof stink lily wet noodles

Material KOLO KOL1 KOL2 KILO KiL1 K1L2 K2L0 K2L1 K2L2 K3L0 K3L1 K3L2
Whest flour (g) 120 120 120 120 120 120 120 120 120 120 120 120
Stink lily flour (g) 30 3 30 285 285 285 27 21 27 255 255 255
w-Carrageenan (g) 0 0 0 15 15 15 3 3 3 45 45 45
Fg9(9) 30 30 30 30 30 30 30 30 30 30 30 30
Sat(g) 3 3 3 3 3 3 3 3 3 3 3 3
Baking Powder () 15 15 15 15 15 15 15 15 15 15 15 15
Weter (mL) 0. 0 0O 3% 0 0 3 0 0 3 0 O
Hot water extract
of pluchealeaves
150 (L) 0 30 0 0 30 0 0 30 0 0 30 0
Hot water extract
of pluchealeaves 0 0 30 0 0 30 0 0 30 0 0 30
30% (mL)

Totd (g) 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145

Note: KO =wheat flour: stink lily flour: k-carrageenan =80:20:0
K1 = wheat flour: stink lily flour: k-carrageenan =80:19:1
K2 = wheat flour: stink lily flour: k-carrageenan =80:18: 2
K3 = wheat flour: stink lily flour: x-carrageenan =80:17: 3
LO = concentration of hot water extract from pluchealeaf tea= 0%
L1 = concentration of hot water extract from pluchealeaf tea= 15%
L2 = concentration of hot water extract from pluchea leaf tea = 30%
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Figure 1. Stink Lily Noodles
Note: KO = wheat flour: stink lily flour: k-carrageenan =80:20:0, K1 =wheat flour: stink lily flour: k-carrageenan =80:19:1, K2 =wheat flour: stink lily flour: k-

carrageenan =80 : 18 : 2, K3 = wheat flour: stink lily flour: x-carrageenan =80 : 17 : 3, LO = 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 L oss, and Tensile Strength of Stink Lily Noodles

Color Moisture Swelling Cooking Tensle
Samples Content (%) Index (%) Loss(%) Strength (N)
L* a* b* C h
KOLO 73.00+0,06 120+006 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
KOL1 68.70+£ 035 260+0.06 2650+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
KOL2 67.80+0.20 280x0.06 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
K1LO0 7340+ 0.25 1.30+£006 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 280x0.12 27.30+045e 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+0.15 300+0.12 2860+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 7370+ 010 150+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 0.106x+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
K3LO 7450+ 023 170+0.12 1810+0.00c 18.10+0.06b 84.60+0.21cd 65.83+0.22 162.21+0.251 17.83+0.41 0.110+0.003
K3L1 69.80+ 050 3.20£006 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 330x026 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 (a phabets)
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 k-carrageenan and the
addition of plucheatea extract (Table 4). The results of the analysis showed that the control
sample KOLO had the lowest total phenal, 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 KOLO had the
lowest TFC value and K2L 2 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 k-carrageenan and pluchea tea extract.
KOLO had the lowest AOA value and K2L 2 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 atest 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 avalue of 0-3.0 indicated "strongly didlike", avalue of 3.1-6.0 "does not like", avalue
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 a=5% showed that interaction effect of each treatment
significantly influenced the pandlists 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 (KOLO) and the treatment with the lowest color preference
value was KOL 1. 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 K1LO and the treatment with the lowest preference value was K3L2
treatment. The preference value of noodles taste was only affected by k-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 KOL2. 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).



Table4. Total Phenol Content, Total Flavonoid Content, and DPPH FreeRadical Scavenging Activity of Stink Lily Noodles

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

KOLO
KOL1
KOL2
K1LO
K1iL1
K1L2
K2LO0
K2L1
K2L2
K3LO
K3L1
K3L2

0.3409+0.0338%
0.9480+0.0273¢
1.0991+0.0466°
0.4576+0.0396"
0.9243+0.0774°
1.0047+0.0704¢
0.4997+0.0450°
0.9648+0.0248"
1.1963+0.0272
0.5267+0.0070°
0.8070+0.0307°
1.1446+0.0636

0.0571+0.0035%
0.7044+0.0065°
1.1087+0.0065¢
0.0821+0.00172
0.7348+0.0030°
1.0910+0.0949¢
0.0888+0.0084%
0.7181+0.0179°
1.3364+0.0460°
0.2181+0.0025°
0.7264+0.0385°
1.0674+0.0627¢

0.4143+0.00607
0.7424+0.0159°
0.7571+0.0013°
0.5229+0.0259°
0.7497+0.0055°
0.7509+0.0012°
0.5318+0.0052°
0.7477+0.0043°
0.7576+0.0092°
0.5873+0.0197°
0.7508+0.0077¢
0.7505+0.0066°

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

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 k-carrageenan and the addition of plucheatea 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 KOLO and the
treatment with the lowest preference value was K3L2. Determination of the best treatment
for differencesin the proportions of k-carrageenan and the addition of plucheatea extract on
wet noodles was determined using the spider web method based on organol eptic parameters
(color, aroma, taste, texture and overall). The spider web graph can be seenin Fgure 2. Data
showed that the treatment with the largest areawasK2L0, i.e. wet noodleswith the proportion
of k-carrageenan 2 % with the addition of 0% pluchea tea extract. The area of the K2L0O
treatment area was 79.16 cm? and had a preference score of 15.8 with a very like category.

—o— KOLO
—#—KOL1
== KOL2

K1LO
—%—K1L1
—0—K1L2
—+—K2L0
—K2L1

K2L2

K3L0
—8—K3L1
—A&— K3L2

Overall Aroma

Texture Taste

Figure 2. Spider web Graph to Deter mine The Best Treatment of Stink Lily Noodles



Table 5. Sensory Properties of Stink Lily Noodles

Hedonic Preference Score

Samples Color Aroma Taste Texture Overall
KOLO 12.02f 10.93d 10.52 10.95 11.24f
KOL1 9.12a 10.26¢d 8.72 10.03 8.79
KOL2 11.83¢f 8.86ab 8.18 9.58 9.04ab
K1LO 9.98hc 11.58¢e 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
K2LO 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
K3LO 11.51ef 10.36c¢d 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 magjor 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 k-
carrageenan addition gave a significant difference of moisture content to wet noodles. The
K-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 k-carrageenan can bind with limited free water molecule, form complexes
compoundswith 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, k-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, chemica composition, and water content [43]. The
swelling index of wet noodles was determined by the presence of k-carrageenan, protein,
starch, glucomannan, and bioactive compounds of plucheatea extract in dough. [13] said that
glutelin proteins of wheat flour can involve intra-and intermolecular disulfide bondsto result
afibrous shape, and then globular gliadin protein of wheat flour can be bound at the glutenin
skeleton by non-covalent bonds to be a unigque 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 k-carrageenan in dough can be synergist with glucomannan to
change sulfhydryl groups to be disulfide bonds in protein. [20] informed that bioactive
compounds of plucheatea extract are akaloids, flavonoids, phenaolics, 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
0/100 g, calcium 251 g/100 g, B-carotene 1.225 ¢/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, B-carotene 1.70 £ 0.05 mg/100 g body
weight and total carotenoids8.7 £ 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 -n stacking. The presence of k-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 k-carrageenan and bioactive compounds of pluchea
tea extract, especialy phenolic compounds, that involved the interaction with protein and
carbohydrate in dough. k-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], k-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 k-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 plucheatea 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]. k-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
K-carrageenan to bind water molecul es, 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 val ue.

4.2. Bioactive Compounds and Antioxidant Activity

The stinky silky wet noodles KOLO had the lowest TPC and TFC because there was
contributed of phenalic 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 KOLO sample is thought to be due to the presence of athiol group in egg white
which isableto chelate metal ions and is able to be conjugated with saccharides [51], as well
as 3,5-diacetyltambulin compounds from stink lily flour [52]. Whilethe 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 acidsand flavonoids. The existence of anon-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,
k-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 phenolsin plant caused the antioxidant activity
of Grewia carpinifolia extract. The antioxidant activity of phenolicsisrelated to their redox
properties which induced them to act as reducing agents, hydrogen donors, singlet oxygen
guenchers 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 scal e 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 (KOLO) was
the highest value because the treatment without the addition of plucheatea extract not change
the color of the wet noodles was yellowish-white. And then the treatment with the lowest
color preference value was KOL1 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 thiswet 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 k-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], k-
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 |eaves have 66 volatile compounds,
these volatile compounds play arole in forming the aromain 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 k-carrageenan do not have
a distinctive or neutral taste, increasing the concentration of k-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 k-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 k-carrageenan change the overall preference value of wet noodles to be
significantly different overall compared to the controal, this was because the proportion of k-
carrageenan influenced the al sensory attribute (color, aroma, and taste). The addition of
plucheateaextract in wet noodles decreased the overall preference val ue because the addition
of extract affected the organoleptic characters tested due to the content of secondary



metabolites of pluchealeaves, 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 K2L0O 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 k-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 k-carrageenan, for tensile
strength, cooking loss, lightness, and redness, and the preference value for texture and taste
were influenced by the proportions of k-carrageenan and the concentration of pluchea leaf
tea extract, respectively. The best treatment based on the spider web graph showed that the
KOL2 treatment had the largest area 79.16 cm? and a preference score of 15.8 with a very
like category, thisisin 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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Your manuscript has now been reviewed by experts in the field. Please find
your manuscript with the referee reports at this link:
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Please revise the manuscript according to the referees' comments and upload
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(Il Please provide a cover letter to explain, point by point, the details
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native English-speaking colleague.
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revision of your manuscript. We look forward to hearing from you soon.
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Ms. Jasna Sotirovic,
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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 | will publish my manuscript in the molecular journal for the regular
edition and not in the special edition.

Therefore, if | revise this manuscript, how can | be sure that it is not published in a special edition?

Because | 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]
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Cc: Molecules Editorial Office <molecules@mdpi.com>

Dear Dr. Widyawati,
Thank you very much for your letter.

| 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.
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> Dear Dr. Widyawati,
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Dear Ms Jasna Saotirovic
Thanks for attention

The Best Regards
Paini Sri W
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Dear Reviewer

Thank you for your suggestions to improve our manuscript.
Attached | send the manuscript that | have revised. The sections |
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
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( ) English language and style are fine/minor spell check
required.

( ) lam not qualified to assess the quality of English in this
paper.

Can be Must be Not

Yes improved improved applicable

Does the introduction provide sufficient

() (x) () ()

background and include all relevant references?

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) () () ()
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Suggestions The study has some interesting information. However, it
for Authors 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?
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Date
Date of this 07 Jul 2022 02:16:26
review
© 1996-2024 MDPI (Basel, Switzerland) unless otherwise stated Disclaimer Terms and Conditions

(https://Iwww.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 (/luser/edit) Logout  Submit (/Juser/manuscripts/upload)

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

Information (https://www.mdpi.com/guidelines)  Author Senvices (https://www.mdpi.com/authors/english) Initiatives
About (https://www.mdpi.com/about)
v User Menu @
Journal  Molecules (https://www.mdpi.com/journal/molecules) (ISSN 1420-
Home 3049)
(luser/myprofile) Manuscript D molecules-1821369
Manage Type Article
Accounts
(luser/manage_accounts) Title  The Effect of k-Carrageenan Proportion and Hot Water Extract of
Change Pluchea Indica Less Leaf Tea to Quality and Sensory Properties of
Stink Lily (Amorphophallus Muelleri) Wet Noodles
Password (https://www.mdpi.com/1420-3049/27/16/5062)
(/luser/chgpwd)
i Authors  Paini Sri Widyawati * £ (https://sciprofiles.com/profile/2124526) ,
Edit Profile Thomas Indarto Putut Suseno , Theresia Endang Widoeri
(luser/edit) Widyastuti , Anna Ingani Widjajaseputra , Vincentia Wilhelmina
Logout Moeljadi , Sherina Tandiono
(/userflogout) 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
v Submissions used was a Randomized Block Design with two factors, i.e. the
Menu 2] 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
Submit leaf tea (L) (0, 15, and 30% b/v) with 12 treatment level (KOLO,
Manuscript KOL1, KOL2, K1LO, K1L1, K1L2, K2L0, K2L1, K2L2, K3L0, K3L1,
(luser/manuscripts/upload) K3L2). The data were analyzed by the Anova at 1= 5% and
Display continued with the Duncan'§ Multiple Range Test at p= 5% and the
i best treatment was determined by the Spider web method based
Submitted on sensory assay by a hedonic method. The proportions of (-
Manuscripts carrageenan and the concentration of pluchea tea extract had a
(/luser/manuscripts/status) significant effect on cooking quality and sensory properties.
English Editing However, the interaction of the two factors affected the swelling
(luserlpre_english_article/status) index, yellowness (b*), chroma (C), hue (h), total phenoll content
(TPC), total flavonoid content (TFC), and DPPH free radical
Discount scavenging assay (AOA). The best treatment of wet noodles was
Vouchers K2L0 with a preference score of 15.8. The binding of [1-
(/luser/discount_voucher) carrageenan and phenolic compounds to make networking
. structure by intra- and inter-disulfide bind between glucomannan
Invoices ; ;
o and gluten, was thought to affect the cooking quality, sensory
(userfinvoices) properties, bioactive compounds (TPC and TFC), and AOA.
LaTex Word
Count
(/luser/get/latex_word_count)
The coverletter for this review report has been saved in the
database. You can safely close this window. v
v Reviewers
Menu (2]

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

iews
ser/reviewer/status)


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

Author's
Notes

\olunteer
Preferences
(/volunteer_reviewer_info/view)

Author's
Notes File

Dear Reviewer

Thank you for your suggestions to improve our manuscript.
Attached | send the manuscript that | have revised. The sections |
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

Report Notes (/user/review/displayFile/28288125/\L.nCAyd3?
file=author-coverletter&report=20816743)

Review Report Form

Open
Review

Quality of
English
Language

Yes Can be Must be Not
improved improved applicable
Does the introduction provide sufficient
. (x) () () ()
background and include all relevant references?
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

( ) l'would not like to sign my review report
(x) lwould like to sign my review report

( ) 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.

( ) lam not qualified to assess the quality of English in this
paper.

| 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.

Howevwer, 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

Submission
Date

Date of this
review

- 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 < 0.057?

- 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/ML.nCAyd3?
file=review&report=20816743)

01 July 2022

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

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

M Gmail 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 ***

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

17


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/

(o]

10
11
12
13
14
15
16
17
18

42

molecules

MDPIL

Article

The Effect of k-Carrageenan Proportion and Hot Water Extract
of Pluchea Indica Less Leaf Tea on Quality and Sensory Proper-
ties 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

Citation: Widyawati, P.S.; Suseno,
T.LP.; Widjajaseputra, A.L;
Widyastuti, T.E.W.; Moeljadi, V.W; 1
Tandiono, S. The Effect of x-Carra-

geenan Proportion and Hot Water 23
¢ 24

20

Extract of Pluchea Indica Less Lea
Tea to Quality and Sensory Proper-
ties of Stink Lily (Amorphophallus 25
Muelleri) Wet Noodles. Molecules 26
2022, 26, x.
https://doi.org/10.3390/xxxxx

Received: date 27
Accepted: date 28
Published: date 29

Publisher’s Note: MDPI stays nelf’-o
tral with regard to jurisdictiona‘?l1
claims in published maps and instit®2

tional affiliations. 33

34
:

Copyright: © 2022 by the author53.6
Submitted for possible open acces?’
publication under the terms and corsd
ditions of the Creative Commons A89
tribution (CC BY) license (https://cré0

ativecommons.org/licenses/by/4.0/) 41

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

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% w/w) and the addition of hot water extract of Pluchea indica Less leaf
tea (L) (0, 15, and 30% w/v) with 12 treatment level (KOLO, KOL1, KOL2, K1L0, K1L1, K1L2, K2L0,
K2L1, K2L2, K3L0, K3L1, K3L2). The data were 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 k-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 rad-
ical scavenging assay (DPPH). The best treatment of wet noodles was K2L0 with a preference score
of 15.8. The binding of k-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 DPPH

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], es-
pecially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, noo-
dles 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, includ-
ing stink lily flour, can reduce the consumption of wheat flour which is quite high in In-
donesia, the average consumption of wheat flour for the Indonesian population in 2019 is
17.8 kg/capita/year [4].

Stink lily flour (Amorphophallus muelleri) is a group of Araceae that contains glucoman-
nan 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 p-1,4
and B-1,6 glycoside bonds [7], which can reduce body weight, sugar content blood levels,
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LDL cholesterol levels and prolong gastric emptying time [8,9]. Stink lily flour has a gly-
cemic 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 a-helix and B-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 hydrocolloids, including
carrageenan, because they can increase elasticity [14]. The combination of the use of glu-
comannan 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 noo-
dles 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, B-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, myri-
cetin 0.09+ 0.03 mg/100 g wb), total anthocyanins 0.27+0.01 mg/100 g wb, B-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 rad-
ical 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
k-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 k-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. Reagents and Materials

The compounds 2,2-diphenyll-picrylhydrazyl (DPPH), sodium carbonate, gallic
acid, and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, USA). Methanol,
folin ciocalteus phenol, sodium nitric, aluminium chloride, k-carrageenan, and sodium
hydroxide were purchased from Merck (New Jersey, USA).

Pluchea leaves as raw material for making pluchea leaf tea are collected from gardens
around the city of Surabaya. Specification of pluchea plant is according to the GBIF taxon
ID number database: 3132728. Stink lily flour is obtained from the stink lily flour pro-
cessing industry in East Java. Specification of Stink lily plant is according to the GBIF taxon
ID number database: 735493731. The wheat flour used is high protein flour obtained from
the wheat flour processing industry in Indonesia.

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 pow-
der was heated by drying oven (Binder, Merck KGaA, Darmstadt, Germany) at 120 °C for
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93 10 min. Then dried powder of pluchea leaves was packed 2 g in tea bag that called pluchea
94 leaf tea.
95
9% 2.3. Preparation of Hot Water Extract of Pluchea Leaf Tea.
97 Pluchea leaf tea in tea bag was extracted by hot water at 95 °C for 1 min to get 15 and
98 30% (b/v) concentrations (Table 1). And then each concentration of extract was used to
99 make stink lily wet noodles.
100 Table 1. The formula of hot water extract of pluchea leaf tea.
. Concentration of hot water extract of pluchea leaf tea (% b/v)
Materials
0 15 30
Pluchea leaf tea (g) 0 45 9
Hot water (mL) 30 30 30
101 2.4. Stink Lily Wet Noodles Making.
102 Stink lily wet noodles were made with mixing of wheat and stink lily flour, and -
103 carrageenan at 1, 2, and 3% (b/b) concentrations. And then the mixture was added egg,
104 salt, baking powder, and hot water extract of pluchea leaf tea and kneaded to form a
105 dough by a mixer machine. Then the dough was passed through a roller to make face
106 bands the desired thickness and cut through rollers using cutting blades. The formula of
107 stink lily wet noodle was showed at Table 2.
108 2.5. Stink Lily Wet Noodles Extraction.
109 125 g each sample from stink lily wet noodles was weighed (Ohaus, Ohaus Instru-
110 ments (Shanghai) Co., Ltd., RRT) and then they were dried by cabinet drying at 60 °C for
111 4 hours to get dried noodles. Next each sample was powdered by chopper machine at
112 second speed for 35 seconds and then 20 g powdered sample was added 50 mL methanol
113 by shaking water bath at 35 °C, 70 rpm for 1 hour. Filtrate was separated by Whatman
114 filter paper grade 40 and residue was extracted again with same pattern way. Filtrate was
115 collected and dried by rotary evaporator (Buchi Rotary Evaporator; Buchi Shanghai Ltd,
116 RRT) at 0.2-0.3 atm, 50 °C for 60 min until getting 2 mL extract. Then extract was kept at 0
117 °C before further study.
118 2.6. Swelling Index Assay
119 Swelling index or water absorption is the ability of noodles to absorb water after ge-
120 latinization during the boiling process [24]. The principle of water absorption testing is to
121 determine the amount of water absorbed in wet noodles at a certain temperature and time.
122 The amount of water absorbed in wet noodles can be determined from the difference be-
123 tween the weight of the noodles after and before being boiled divided by the weight of
124 the noodles before boiling [25].
125 2.7. Cooking Loss Assay
126 Cooking loss is one of the important quality parameters in wet noodles to determine
127 the quality of wet noodles after cooking [26]. The cooking loss test for stink lily wet noo-
128 dles was carried out to determine the number of solids that came out of the noodle strands
129 during the cooking process, namely the release of a small portion of starch from the noodle
130 strands.
131 2.8. Determination of Tensile Strength of Wet Noodles
132 The tensile strength (elongation) is one important parameter of texture analysis in
133 noodle products. The texture was determined using TA-XT2 texture analyzer (Stable Mi-

134 cro System Co., Ltd., Surrey, UK) fitted with a 5 kg load cell equipped with the Texture
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135 Exponent 32 software V.4.0.5.0 (SMS). The principle of the texture analyzer is to prepare
136 a suitable probe for the test, then place the noodle samples on the table under the probe.
137 The elongation of the noodles was individually tested by putting one end into the lower
138 roller arm slot and sufficiently winding the loosened arm to fasten the noodle end. The
139 same procedure was done to tighten the other end of the strip to the upper roller arm.
140 Elongation, which was the maximum force to deform and break noodles by extension,
141 was measured using a test speed of 3.0 mm/s, with a 100 mm distance between two rollers.
142 Deformations were recorded using the software during the extension and are expressed
143 as a graph. The elongation at breaking was calculated per gram.

144 2.9. Color Measurement

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

151 2.10. Total Phenol Content Assay

152 Total phenol content (TPC) of stink lily wet noodles was analyzed by spectrophoto-
153 metric method using folin ciocateus phenol reagent [28]. Principles assay of the TPC assay
154 are interaction between phenolic compounds and phosphomolybdic/ phosphotungstic
155 acid complexes based on the transfer of electrons in alkaline medium from phenolic com-
156 pounds to form a blue chromophore constituted by a phosphotungstic/ phosphomolyb-
157 denum complex. The reduced folin ciocalteus phenol reagent is detected by a spectropho-
158 tometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at . 760 nm and gallic acid
159 is used as the reference standard compound and results are expressed as gallic acid equiv-
160 alents (mg/kg wet noodles).

161 2.11. Total Flavonoid Content Assay

162 Total flavonoid content of samples was measured by spectrophotometric method
163 with reaction between AlCls and NaNO: with aromatic ring of flavonoid compounds [29].
164 And then mixture was added aluminium chloride to result yellow solution. Next, addition
165 of NaOH solution in mixture caused red solution that was measured by spectrophotome-
166 ter (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at A 510 nm. As standard refer-
167 ence compound used was (+) catechin and results were expressed as catechin equivalents
168 (mg/kg wet noodles).

169 2.12. DPPH Free Radical Scavenging Activity Assay

170 DPPH free radical scavenging activity was measured by the spectrophotometric
171 method [30]. This method is used to determine the antioxidant capacity of a compound
172 from an extract or other biological sources, based on transferring from the odd electron of
173 a nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to
174 result in DPPH-H with yellow-colored solution. Reaction between DPPH in methanol so-
175 lution with samples was measured by spectrophotometer (Spectrophotometer UV-Vis
176 1800, Shimadzu, Japan) at A 517 nm. As standard reference compound used was gallic
177 acid and results were expressed as gallic acid equivalents (mg/kg wet noodles).

178

179 2.13. Sensory Evaluation

180 Sensory assay was carried out to determine the level of panelist acceptance of wet
181 noodles substituted with stink lily flour with the addition of carrageenan and hot water

182 extract of pluchea leaf tea [31]. The test was carried out using the hedonic scale scoring
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183 method. This method is designed to measure the level of panelist preference for the prod-
184 uct by rating the level of preference for the product being tested. Samples were served in
185 dishes coded with random three-digit numbers that carried out using a completely ran-
186 domized design (CRD) trial using 100 untrained panelists with an age range of 17 to 25
187 years. The hedonic method used in this study is the hedonic scoring method, the panelists
188 were asked to give a preference score for each sample. The hedonic score used was a value
189 of 1-15 given by the panelists according to the level of preference for the product. Values
190 0-3.0 indicate "strongly dislike", values 3.1-6.0 "dislike", values 6.1-9.0 "neutral", values 9.1-
191 12.0 "like", and a value of 12.1-15.0 "very much like".

192 Each panelist is faced with 12 (twelve) samples and a questionnaire containing test
193 instructions and is asked to give each sample a score according to their level of preference.
194 The parameters tested were taste, aroma, texture, color, and overall acceptance of wet
195 noodles substituted with stink lily flour. The best treatment of samples was determined
196 by spider web method that was correlated by the large area of graph [32].

197 2.14. Experiment Design and Statistical Analysis

198 The research design of physicochemical assay used was a randomized block design
199 with two factors, i.e. differences in the proportion of k-carrageenan (K) and differences in
200 the concentration of pluchea tea extract (L) added to wet noodles. The proportion of «-
201 carrageenan consisted of 4 (four) treatment levels, including 0% (K0), 1% (K1), 2% (K2),
202 3% (K3) and the concentration of pluchea tea extract consisted of 3 (three) levels, i.e., 0%
203 (LO), 15% (L1), and 30% (L2). Each treatment was repeated 3 (three) times in order to ob-
204 tain 36 (thirty-six) experiment units. The sensory test used a completely randomized de-
205 sign (CRD) on 100 untrained panelists.

206 The data before further analysis was determined by the normal distribution and ho-
207 mogeneity tests. And then the data are presented as mean + SD of the triplicate determi-
208 nations and were analyzed using ANOVA at p< 5%, if the results of the ANOVA test had
209 a significant effect, then proceed with the DMRT (Duncan Multiple Range Test) test at p<
210 5% to determine the level of treatment that gave significantly different results. The analy-
211 sis used SPSS 17.0 software (SPSS Inc. Chicago, IL, USA).

212 3. Results

213 3.1. Cooking Quality

214 The evaluated cooking properties of the stink lily wet noodles were showed in Table
215 3 and the stink lily wet noodles product was showed at Figure 1. The level of cooking was
216 estimated by the moisture content, swelling index, cooking loss and tensile strength from
217 noodles. Based on statistically analysis by ANOVA at p <5%, showed that the increasing
218 of k-carrageenan proportion went up significant difference of moisture content of wet
219 noodles, but the addition of pluchea leaf hot water extract and the interaction effect of the
220 proportion of k-carrageenan and the addition of the extract no influenced to moisture con-
221 tent of wet noodles. The moisture content value was ranged from 62.83+0.58 to 65.83+0.22.
222 The sample K3L0 had the highest moisture content and KOL2 had the lowest moisture
223 content. Furthermore, the addition of the k-carrageenan proportion or pluchea tea extract
224 had a significantly different effect such as the interaction effect of the addition of the two
225 parameters, on the swelling index or water absorption value of wet noodles based on sta-
226 tistical analysis at p < 5%. The water absorption value was ranged from 142.25+0.39% to
227 162.21+0.25%. The treatment with the lowest swelling index was KOL2 and the highest
228 was K3L0. Whereas the cooking loss of wet noodles decreased significantly with the ad-
229 dition of the proportion of k—carrageenan but increased significantly with the addition of
230 pluchea tea extract. The cooking loss of wet noodles was ranged 17.83+0.4% to 20.13+0.7%.
231 KOL2 was treatment with the biggest cooking loss and K3L0 was treatment with the small-
232 est cooking loss. Tensile strength value of stink lily noodles was significant different be-

233 cause there was an interaction effect of k-carrageenan proportion and pluchea tea extract
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addition. Tensile strength wet noodles were 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 k-carrageenan and plu-
chea 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 k-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 KOL0o KOL1 Ko0L2 KiI1Lo Ki1L1 Ki1L2 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 30 285 285 285 27 27 27 255 255 255
k-Carrageenan (g) 0 0 0 1.5 15 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 0 30 0 0 30 0 0 30 0 0 30 0
15% (mL)
Hot water extract
of pluchea leaves 0 0 30 0 0 30 0 0 30 0 0 30
30% (mL)
Total (g) 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145

Note: KO = wheat flour: stink lily flour: k-carrageenan = 80 : 20 : 0.
K1 = wheat flour: stink lily flour: k-carrageenan =80:19: 1.
K2 = wheat flour: stink lily flour: k-carrageenan = 80 : 18 : 2.
K3 = wheat flour: stink lily flour: k-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 KO = wheat flour: stink lily flour: k-carrageenan =80:20:0, K1 =wheat flour: stink lily flour: k-
carrageenan =80:19:1, K2=wheat flour: stinklily flour: k-carrageenan =80:18:2, K3 = wheat flour: stink lily flour: k-carrageenan
=80:17:3, LO = 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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Table 3. Color, Moisture Content, Swelling Index, Cooking Loss, and Tensile Strength of Stink Lily Noodles.
Color Moisture  Swelling Cooking  Tensile
Samples Content (%) Index (%) Loss (%) Strength (N)
L* a* b* C h
KOLO 73.00+0,06 120+0.06 16.90+0.252 17.00+0.312 86.40+0.008 64.15+0.70 148.90+0.15¢ 18.83+0.44 0.106+0.002
KOL1 68.70+0.35 2.60+0.06 26.50+0.329 26.50+0.29¢ 84.40+0.21* 63.66+0.38 146.36+0.27° 19.06+0.43 0.105+0.001
KOL2 67.80+020 280+0.06 27.80+0.46¢f 27.80+0.45¢ 84.20+0.322bc 62.83+0.58 142.25+0.392 20.13+0.71 0.116+0.006
KI1LO 73.40+0.25 1.30+0.06 17.30+0.15® 17.30+0.15®> 85.70+0.21f 64.42+0.80 149.63+0.349 18.47+0.31 0.086+0.005
KIL1 69.00+0.36 2.80+0.12 27.30+0.45¢ 27.40+0.50¢ 84.20+0.15*° 62.95+0.68 146.65+0.43> 19.36+0.92 0.103+0.004
KI1L2 68.30+0.15 3.00+0.12 28.60+0.128 28.70+0.15° 84.00+0.15%¢ 63.37+1.04 148.85:057¢ 19.76+0.90 0.108+0.005
K2LO 73.70+0.10 1.50+0.00 17.70+0.26> 17.80+.232 85.20+0.06% 64.67+1.08 155.67+0.46" 18.18+0.45 0.098+0.002
K2L1  69.40+0.15 3.00+0.06 28.20+0.15% 28.40+0.15¢ 83.80+0.172> 63.74+0.75 150.96+0.71¢ 18.62+0.41 0.106+0.005
K2L2 68.70+0.06 3.10+0.15 29.30+0.000 29.40+0.068 84.00+0.15%¢ 64.25+1.60 154.82+0.448 19.34+0.77 0.114+0.003
K3LO 7450+023 1.70+0.12 18.10+0.00c 18.10+0.06> 84.60+0.21<¢ 65.83+0.22 162.21+0.25' 17.83+0.41 0.110+0.003
K3L1 69.80+050 3.20+0.06 29.30+0.12" 29.30+0.068 83.80+0.53%» 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+0.060 30.10+0.06" 83.60+0.06° 65.49+1.04 159.59+0.52! 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 <5%.

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

Bioactive compounds analyzed included total phenol content (TPC) and total flavo-
noid content (TFC). The analysis data showed that the TPC and TFC increased signifi-
cantly due to the interaction effect between the proportion of k-carrageenan and the addi-
tion of pluchea tea extract (Table 4). The results of the analysis showed that the control
sample KOLO 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 KOLO 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 cor-
related with AOA. The higher the TPC and TFC values, the higher the DPPH value. The
DPPH free radicals scavenging activity of wet noodles was determined significantly by
the interaction effect of adding the proportion of x-carrageenan and pluchea tea extract.
KOLO had the lowest DPPH value and K2L2 had the highest DPPH 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 accept-
ability. 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 score 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 sta-
tistical tests by ANOVA at p < 5% showed that interaction effect of each treatment signif-
icantly 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 (KOL0) and the treatment with the lowest color preference value
was KOL1. The interaction effect of each treatment were significantly determined the pan-
elists' 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



294
295
296
297
298
299
300
301
302
303

304

305
306
307
308
309
310
311
312
313
314
315
316
317
318
319

Molecules 2021, 26, x FOR PEER REVIEW 9 of 18

treatment. The preference value of noodles taste was only affected by k-carrageenan pro-
portion 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
K2LO0 while the treatment with the lowest taste preference value was KOL2. Increasing the
proportion of carrageenan to 2% increased the preference value for taste, after that it de-
creased with the addition of the proportion of 3% carrageenan. While increasing the con-
centration of pluchea leaf tea extract decreased the panelists' preference for taste. The re-
sults 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.

TPC (mg GAE/g dry noo-  TFC (mg CE/g dry noo- DPPH Scavenging Activity (mg GAE/g dry noo-

Samples dles) dles) dles)
KOLO 0.3409+0.0338a 0.0571+0.00352 0.4143+0.00602
KOL1 0.9480+0.02734 0.7044+0.0065¢ 0.7424+0.0159¢
KOL2 1.0991+0.0466¢ 1.1087+0.00654 0.7571+0.0013¢
K1LO0 0.4576+0.0396° 0.0821+0.00172 0.5229+0.0259v
K1L1 0.9243+0.07744 0.7348+0.0030¢ 0.7497+0.0055¢
K1L2 1.0047+0.07044 1.0910+0.09494 0.7509+0.0012¢
K2L0 0.4997+0.0450° 0.0888+0.00842 0.5318+0.0052b
K211 0.9648+0.02484 0.7181+0.0179¢ 0.7477+0.0043¢
K2L2 1.1963+0.0272f 1.3364+0.0460¢ 0.7576+0.0092¢
K3L0 0.5267+0.0070° 0.2181+0.0025° 0.5873+0.0197°
K3L1 0.8070+0.0307¢ 0.7264+0.0385¢ 0.7508+0.0077¢
K3L2 1.1446+0.0636¢f 1.0674+0.06274 0.7505+0.0066¢

*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 <5%.

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 k-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 KOLO
and the treatment with the lowest preference value was K3L2. Determination of the best
treatment for differences in the proportions of k-carrageenan and the addition of pluchea
tea extract on wet noodles was determined using the spider web method based on organ-
oleptic 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 k-carrageenan 2 % with the addition of 0% pluchea tea
extract. The area of the K2L0 treatment area was 79.16 cm? and had a preference score of
15.8 with a very like category.
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——KOLO
—&—KOL1
—— KOL2
—>—K1LO0
—*—K1L1
—o—K1L2
Overall K210
—K2L1
K2L2
K3L0
——K3L1
—A—K3L2
Texture Taste
Figure 2. Spider web Graph to Determine the Best Treatment of Stink Lily Noodles.
Table 5. Sensory Properties of Stink Lily Noodles.
Hedonic Preference Score
Samples
Color Aroma Taste Texture Overall Acceptance
KOLO 12.02f 10.93¢ 10.52 10.95 11.24¢
KOL1 9.122 10.26< 8.72 10.03 8.792
KOL2 11.83¢f 8.862 8.18 9.58 9.042
K1LO 9.98b¢ 11.58¢ 10.15 11.66 10.3¢de
K1L1 9.442b 9.58b¢ 9.49 10.66 8.932
K1L2 10.59<d 8.452 8.87 9.46 9.11%
K2LO0 11.62f 10.93de 11.08 11.15 11.074ef
K2L1 10.63< 10.14¢2> 9.82 10.61 9.42abc
K2L2 10.94de 8.84 9.09 10.38 10.16%e
K3L0 11.51¢f 10.36< 10.37 11.07 10.84ef
K3L1 9.373b 10.072 9.95 11 9.72b¢
K3L2 9.472b 8.29« 9.57 9.64 8.622

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 result
showed that the x-carrageenan addition gave a significant difference of moisture content
to wet noodles. The k-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 net-
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334 work structure of gluten [13,41]. The k-carrageenan can bind with limited free water mol-
335 ecule, form complexes compounds with water, and interact with gluten network [13].
336 However, the mobility of water mainly depends on changes in the hydrogen bond struc-
337 ture. The presence of hydrophilic components such as proteins, carbohydrates, glucoman-
338 nan, k-carrageenan and polyphenolic compounds in wet noodles can be involved in hy-
339 drogen bonding with water molecules that determine water mobility [13,34,41,42]. Thus,
340 increasing the proportion of k-carrageenan used in the manufacture of stink lily noodles
341 can increase the amount of free water and weakly bound water in wet noodles. the inter-
342 action between the hydroxyl functional groups in carrageenan and water molecules sup-
343 ports an increase in the water content of wet noodles.

344 The swelling index or water absorption is the ability of a product to absorb water
345 which is influenced by particle size, chemical composition, and water content [43]. The
346 research showed that the interaction of k-carrageenan proportion and hot water extract of
347 pluchea leaf tea addition gave a significant effect of the swelling index properties from
348 wet noodles. The swelling index of wet noodles was determined by the presence of «-
349 carrageenan, protein, starch, glucomannan, and bioactive compounds of pluchea tea ex-
350 tract in dough. [13] said that glutelin proteins of wheat flour can involve intra-and inter-
351 molecular disulfide bonds to result a fibrous shape, and then globular gliadin protein of
352 wheat flour can be bound at the glutenin skeleton by non-covalent bonds to be a unique
353 networks structure of gluten. The addition of the glucomannan of stinky silky flour as a
354 non-ionic hydrocolloid has good water holding capacity and can be made a stronger three-
355 dimensional network structure. [44] informed that the glucomannan can fill the number
356 of holes of the network structure of gluten that make a structure dense and stable. [13]
357 underlined that glucomannan has many hydroxyl group in the structure that can be
358 bound tightly with water by electrostatic forces and hydrogen bond. [41] said that the
359 presence of k-carrageenan in dough can be synergist with glucomannan to change sulfhy-
360 dryl groups to be disulfide bonds in protein. [20] informed that bioactive compounds of
361 pluchea tea extract are alkaloids, flavonoids, phenolics, phenol hydroquinone, saponins,
362 tannins, sterols, terpenoids, and cardiac glycosides. Meanwhile [16] informed that pluchea
363 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
364 fiber, 0.45 g/100 g dissolved fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 g/100 g, cal-
365 cium 251 g/100 g, B-carotene 1.225 g/100 g and vitamin C 30.17 g/100 g, and phenolic acid
366 bioactive compounds 28.48+ 0.67 mg/100 g body weight (chlorogenic acid 20+0.24 mg/100
367 g body weight, caffeic acid 8.65+0.46 mg/100 g body weight), total flavonoids 6.39 mg/100
368 g body weight (quercetin 5.21+ 0.26 mg/100 g body weight, kaempferol 0.28 + 0.02 mg/100
369 g body weight, myrisetin 0.09 + 0.03 mg/100 g body weight), total anthocyanins 0.27 +
370 mg/100 g body weight, B-carotene 1.70 + 0.05 mg/100 g body weight and total carotenoids
371 8.7 £ 0.34 mg/100 g body weight. [17,18,19] proved that pluchea leaves contain 3-O-
372 caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-
373 dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5- O-dicaffeoylquinic acid. [45]
374 informed that phenolic acid can be bound with protein and carbohydrate by non-covalent
375 interactions, i.e. hydrophobic interaction, hydrogen bonding, electrostatic interaction, van
376 der Waals interaction, and n-n stacking. The presence of k-carrageenan proportion and
377 pluchea tea extract addition that differed caused change of composition and various in-
378 teraction of compounds that determined different swelling index of wet noodles.

379 The cooking loss of stink lily noodles was influenced significantly by k-carrageenan
380 proportion nor extract addition, but interaction of two factors was insignificant differ-
381 ence. The phenomena was caused by k-carrageenan and bioactive compounds of pluchea
382 tea extract, especially phenolic compounds, that involved the interaction with protein and
383 carbohydrate in dough. k-carrageenan can stabilized and supported a rigid structure of
384 gluten. The hydrocolloid can avoid starch gelatinization process because it can bind
385 tightly with water molecule caused lower the water activity. Supported by [13,46,41], -
386 carrageenan can trap the free water molecule that starch can’t absorb the water molecule

387 and require higher energy to break the energy barrier required for the starch gelatinization



Molecules 2021, 26, x FOR PEER REVIEW 12 of 18

388 process. Whereas [42,47,45] clarified that starch can be bound with polyphenol, including
389 hydrophobic and electrostatic interactions and hydrogen bond that the hydrogen bond is
390 dominant binding forces. This interaction can support releasing of amylose of starch ge-
391 latinization process that the cooking loss increased at the higher pluchea tea extract addi-
392 tion. The presence of polyphenol compounds of pluchea tea extract caused water compe-
393 tition with glutenin and gliadin of wheat flour that inhibited interaction between glutenin
394 and gliadin to form gluten. According to [47], gluten and gliadin in a random coil struc-
395 ture can be aggregated by phenolic compounds and starch easily undergoes a gelatiniza-
3% tion process where amylose interacts with polyphenolic compounds, through hydrogen
397 bonds and hydrophobic interactions. The more protein in the form of random coil struc-
398 ture causes the protein to easily interact with polyphenols and come out of the noodles
399 during the cooking process that the cooking loss increases.

400 The tensile strength of stink lily was influenced significantly by x-carrageenan pro-
401 portion nor extract addition. The increasing k-carrageenan proportion grew up tensile
402 strength because this hydrocolloid could be made strong cross linking through inter-mo-
403 lecular and intra-molecular bonds involving the glutenin and gliadin of wheat flour pro-
404 tein, and glucomannan of stink lily flour. The more networks that are formed between the
405 components of the noodles have an effect on the tensile strength of wet noodles, and vice
406 versa [13,48]. The synergism effect of the wet noodles component determined water bind
407 capacity and water mobility that established texture properties of wet noodles, this state-
408 ment is supported by [34,40,41]. [49] also informed that the addition of hydrocolloids in
409 the noodles-making process increases the viscosity and water absorption because the wa-
410 ter binding and holding properties of hydrocolloids that can form gel. However, the ad-
411 dition of pluchea tea extract caused the tensile strength to decline because the polyphenol
412 compounds of pluchea tea extract induced breakdown of the networking structure among
413 the components of dough because there was water competition among them. Further-
414 more, the polyphenol compounds could be reacted with starch and protein because the
415 formation of the gluten network was disrupted that gliadin and glutenin in the form of
416 random coils and starch could be underwent an excessive gelatinization process. This
417 opinion is supported by [13,42,41]. k-carrageenan has a yellowish white color and has the
418 ability to bind water molecules that it increases the lightness of wet noodles, while the
419 pluchea tea extract contains polyphenolic compounds, such as tannins which can give the
420 noodles a brown color that the lightness level is reduced. This opinion was supported by
421 [20,38]. The increase in yellowness was in line with the increase in lightness because the
422 higher the water content value was caused by the ability of k-carrageenan to bind water
423 molecules, thereby increasing the brightness and the brown color contribution of the plu-
424 chea tea extract gave a brownish-yellow color of the wet noodles that the intensity of this
425 color increased as indicated by the increased chroma value.

426 4.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity

427 The stinky silky wet noodles KOLO had the lowest TPC and TFC because there was
428 contributed of phenolic content from wheat flour and egg. [50] said that wheat flour has
429 phenolic acids including ferulic, caffeic, and p-coumaric acid. Moreover, the presence of
430 TFC in the KOLO sample is thought to be due to the presence of a thiol group in egg white
431 which is able to chelate metal ions and is able to be conjugated with saccharides [51], as
432 well as 3,5-diacetyltambulin compounds from stink lily flour [52]. While the TFC and TPC
433 values in the K2L2 sample were dominantly contributed by the presence of phytochemical
434 compounds in the pluchea tea extract. [20] explained that there are phytochemical com-
435 pounds in the pluchea tea extract. [16, 17,18,19] also emphasized that pluchea leaves con-
436 tain phenolic acids and flavonoids. The existence of a non-significant difference between
437 treatments in the TPC and TFC assays indicated an interaction between the components
438 in the dough that it affected the presence of free hydroxyl groups that could bind to the

439 Folin Ciocalteus phenol reagent. as described by [13,41,42,45,47] glutenin, gliadin, gluco-
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440 mannan, k-carrageenan, and polyphenol compounds are involved in the formation of net-
441 works structure in the dough so as to determine the quality of wet noodles. The interac-
442 tions that occur involve various non-covalent interaction mechanisms that affect the pres-
443 ence of free hydroxyl groups. The TPC and TFC values of wet noodles in each treatment
444 affected DPPH free radical scavenging activity (DPPH). They determined DPPH of wet
445 noodles, usually positively correlated. [53] said that TPC and DPPH were strongly corre-
446 lated in seeds, sprouts and grasses of corn (Zea mays L.). [54] also informed that there is
447 an excellent correlation coefficient between the TPC, TFC and antioxidant activities of Pha-
448 leria macrocarpa fruit. [55] explained that the high level of flavonoids and phenols in plant
449 caused the antioxidant activity of Grewia carpinifolia extract. The antioxidant activity of
450 phenolics is related to their redox properties which induced them to act as reducing
451 agents, hydrogen donors, singlet oxygen quenchers and metal chelators. [56] underlined
452 that DPPH free radical scavenging activity of polyphenol compounds of T. pallida extract
453 was determined by hydrogen donating ability which it highly correlated. The potency of
454 wet noodles as AOA was determined by reduced capability of DPPH free radical solution
455 color from purple to be yellow color.

456 4.3. Sensory Properties

457 The analysis of sensory properties of the stink lily noodles was conducted by the he-
458 donic scale scoring method with attribute the preference of color, taste, aroma, texture and
459 overall. The result of the color preference test showed that the control treatment (KOLO)
460 was the highest value because the treatment without the addition of pluchea tea extract
461 not change the color of the wet noodles was yellowish-white. And then the treatment with
462 the lowest color preference value was KOL1 due to the addition of this extract decreased
463 the panelists' preference for the color because the noodles were darker and brownish
464 color. [16,20] said that the color of the pluchea tea extract contributed to changing the color
465 of this wet noodle originated from tannins, flavonoids, and chlorophyll. However, in this
466 study, increasing the extract concentration did not significantly affect the panelists' pref-
467 erence for color when the proportion of k-carrageenan increased, because the addition of
468 stink lily flour and k-carrageenan would increase the lightness of the wet noodles that the
469 produced color of the wet noodles was brighter and preferred by panelists. This data was
470 supported by the data from color rider analysis, where the results of the sensory test by
471 the panelists were in line with the decrease in the lightness value, the increase in the red-
472 dish and yellowish values, the hue value showed the yellow-red color, and chroma value
473 showed an increase in color intensity. The panelist preference of aroma from wet noodles
474 was determined by the aroma from the material used to make wet noodles or the interac-
475 tion of aroma produced from the reaction among the material composition. According to
476 [57], stink lily flour has a musty aroma, and all wet noodles produced have a musty smell.
477 Meanwhile, according to [58], k-carrageenan is unscented that not contribute to wet noo-
478 dles. The addition of pluchea tea extract decreased the panelists' preference for the aroma
479 of wet noodles because the addition of the extract caused the wet noodles to smell like
480 leaves (floral) and unpleasant and the panelists did not like it. Fragrant or unpleasant
481 aroma comes from volatile compounds contained in pluchea leaves. According to [59],
482 pluchea leaves have 66 volatile compounds, these volatile compounds play a role in form-
483 ing the aroma in the hot water extract of pluchea leaf tea. According to [60], pluchea leaves
484 contain volatile compounds contributed by aliphatic aldehyde group compounds or aro-
485 matic compounds that give a distinctive aroma, therefore the presence of these com-
486 pounds in steeping water can give a specific aroma, i.e. fragrant (floral) in wet noodles.
487 There was a difference in the effect of the proportion of k-carrageenan and pluchea leaf
488 tea extract on taste due to the contribution of taste produced by carrageenan and extract.
489 According to [57,61], stink lily flour and k-carrageenan do not have a distinctive or neutral
490 taste, increasing the concentration of k-carrageenan gives a higher preference value be-
491 cause noodles are considered to have a better texture that contributes to the assessment of

492 taste. The increase in the concentration of pluchea tea extract caused the taste preference



Molecules 2021, 26, x FOR PEER REVIEW 14 of 18

493 value of noodles to decrease significantly, this is due to the presence of tannins, catechins,
494 and phenolic compounds in the pluchea tea extract which determined bitter and slightly
495 astringent. The effect of k-carrageenan proportion and tea extract to make wet noodles
496 influenced panelist preference of texture because this hydrocolloid can be make strong
497 cross linking through inter-molecular and intra-molecular bonds involving the glutenin
498 and gliadin of wheat flour protein, and glucomannan of stink lily flour that determined
499 water bind capacity and water mobility [34,40,41]. Presence of the polyphenol compounds
500 of pluchea tea extract can be breakdown of the networking structure among the compo-
501 nents of dough because of water competition of them. [13,42,41] said that the polyphenol
502 compounds could be reacted with starch and protein to disrupt the gluten network and
503 cause starch to undergo an excessive gelatinization process. The difference in the propor-
504 tion of k-carrageenan change the overall preference value of wet noodles to be signifi-
505 cantly different overall compared to the control, this was because the proportion of «-
506 carrageenan influenced the all sensory attribute (color, aroma, and taste). The addition of
507 pluchea tea extract in wet noodles decreased the overall preference value because the ad-
508 dition of extract affected the organoleptic characters tested due to the content of secondary
509 metabolites of pluchea leaves, such as flavonoids, phenols, and tannins that could affect
510 the taste, aroma, the color, and texture of the noodles. Based on spider web graph showed
511 that K20 was the best treatment of stink lily wet noodles. It was also supported by better
512 physicochemical properties than the control, including yellowish white wet noodles, bet-
513 ter swelling index, lower cooking loss, higher tensile strength value, and lower moisture
514 content. However, this K2LO0 treatment did not have the highest TPC, TFC, and AOA, i.e.
515 0.4997+0.0450; 0.0888+0.0084; and 0.5318+0.0052, respectively.

516 5. Conclusions

517 The use of k-carrageenan proportions and pluchea leaf tea extract had a significant
518 effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical
519 analysis at p < 5% showed that there was an interaction effect of the proportion of «-car-
520 rageenan and pluchea leaf tea extract on the swelling index, yellowness, chroma, hue,
521 TPC, TFC, DPPH, the preference value for color, aroma, and overall acceptance. While the
522 moisture content of wet noodles was only affected by the proportion of k-carrageenan, for
523 tensile strength, cooking loss, lightness, and redness, and the preference value for texture
524 and taste were influenced by the proportions of k-carrageenan and the concentration of
525 pluchea leaf tea extract, respectively. The best treatment based on the spider web graph
526 showed that the KOL2 treatment had the largest area 79.16 cm? and a preference score of
527 15.8 with a very like category, this is in accordance with the results of physicochemical
528 and sensory tests, but it was no correlated with the highest bioactive content (TPC and
529 TFC) and DPPH.
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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% w/w) and the addition of hot water extract of Pluchea indica Less leaf
tea (L) (0, 15, and 30% w/v) with 12 treatment level (KOLO, KOL1, KOL2, K1L0, K1L1, K1L2, K2L0,
K2L1, K2L2, K3L0, K3L1, K3L2). The data were 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 k-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 rad-
ical scavenging assay (DPPH). The best treatment of wet noodles was K2L0 with a preference score
of 15.8. The binding of k-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 DPPH

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], es-
pecially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, noo-
dles 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, includ-
ing stink lily flour, can reduce the consumption of wheat flour which is quite high in In-
donesia, the average consumption of wheat flour for the Indonesian population in 2019 is
17.8 kg/capita/year [4].

Stink lily flour (Amorphophallus muelleri) is a group of Araceae that contains glucoman-
nan 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 p-1,4
and B-1,6 glycoside bonds [7], which can reduce body weight, sugar content blood levels,
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LDL cholesterol levels and prolong gastric emptying time [8,9]. Stink lily flour has a gly-
cemic 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 a-helix and B-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 hydrocolloids, including
carrageenan, because they can increase elasticity [14]. The combination of the use of glu-
comannan 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 noo-
dles 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, B-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, myri-
cetin 0.09+ 0.03 mg/100 g wb), total anthocyanins 0.27+0.01 mg/100 g wb, B-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 rad-
ical 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
k-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 k-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. Reagents and Materials

The compounds 2,2-diphenyl-1-picrylhydrazyl (DPPH), sodium carbonate, gallic
acid, and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, USA). Methanol,
folin ciocalteus phenol, sodium nitric, aluminium chloride, k-carrageenan, and sodium
hydroxide were purchased from Merck (New Jersey, USA).

Pluchea leaves as raw material for making pluchea leaf tea are collected from gardens
around the city of Surabaya. Specification of pluchea plant is according to the GBIF taxon
ID number database: 3132728. Stink lily flour is obtained from the stink lily flour pro-
cessing industry in East Java. Specification of Stink lily plant is according to the GBIF taxon
ID number database: 735493731. The wheat flour used is high protein flour obtained from
the wheat flour processing industry in Indonesia.

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 pow-
der was heated by drying oven (Binder, Merck KGaA, Darmstadt, Germany) at 120 °C for
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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 95 °C 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.

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

Material
aterials 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.

Table 2. The formula of stink lily wet noodles.

Material KOL0O KOL1 Ko0L2 KI1Lo KiI1L1 Ki1L2 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 30 285 285 285 27 27 27 255 255 255
k-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 15 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 0 30 0 0 30 0 0 30 0 0 30 0
15% (mL)
Hot water extract
of pluchea leaves 0 0 30 0 0 30 0 0 30 0 0 30
30% (mL)
Total (g) 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145

Note: KO = wheat flour: stink lily flour: k-carrageenan =80 : 20 : 0.

K1 = wheat flour: stink lily flour: x-carrageenan=280:19:1.
K2 = wheat flour: stink lily flour: x-carrageenan =80 : 18 : 2.
K3 = wheat flour: stink lily flour: x-carrageenan=280:17: 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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118 2.5. Stink Lily Wet Noodles Extraction.

119 125 g each sample from stink lily wet noodles was weighed (Ohaus, Ohaus Instru-
120 ments (Shanghai) Co., Ltd., RRT) and then they were dried by cabinet drying at 60 °C for
121 4 hours to get dried noodles. Next each sample was powdered by chopper machine at
122 second speed for 35 seconds and then 20 g powdered sample was added 50 mL methanol
123 by shaking water bath at 35 °C, 70 rpm for 1 hour. Filtrate was separated by Whatman
124 filter paper grade 40 and residue was extracted again with same pattern way. Filtrate was
125 collected and dried by rotary evaporator (Buchi Rotary Evaporator; Buchi Shanghai Ltd,
126 RRT) at 0.2-0.3 atm, 50 °C for 60 min until getting 2 mL extract. Then extract was kept at 0
127 °C before further study.

128 2.6. Swelling Index Assay

129 Swelling index or water absorption is the ability of noodles to absorb water after ge-
130 latinization during the boiling process [24]. The principle of water absorption testing is to
131 determine the amount of water absorbed in wet noodles at a certain temperature and time.
132 The amount of water absorbed in wet noodles can be determined from the difference be-
133 tween the weight of the noodles after and before being boiled divided by the weight of
134 the noodles before boiling [25].

135 2.7. Cooking Loss Assay

136 Cooking loss is one of the important quality parameters in wet noodles to determine
137 the quality of wet noodles after cooking [26]. The cooking loss test for stink lily wet noo-
138 dles was carried out to determine the number of solids that came out of the noodle strands
139 during the cooking process, namely the release of a small portion of starch from the noodle
140 strands.

141 2.8. Determination of Tensile Strength of Wet Noodles

142 The tensile strength (elongation) is one important parameter of texture analysis in
143 noodle products. The texture was determined using TA-XT2 texture analyzer (Stable Mi-
144 cro System Co., Ltd., Surrey, UK) fitted with a 5 kg load cell equipped with the Texture
145 Exponent 32 software V.4.0.5.0 (SMS). The principle of the texture analyzer is to prepare
146 a suitable probe for the test, then place the noodle samples on the table under the probe.
147 The elongation of the noodles was individually tested by putting one end into the lower
148 roller arm slot and sufficiently winding the loosened arm to fasten the noodle end. The
149 same procedure was done to tighten the other end of the strip to the upper roller arm.
150 Elongation, which was the maximum force to deform and break noodles by extension,
151 was measured using a test speed of 3.0 mmy/s, with a 100 mm distance between two rollers.
152 Deformations were recorded using the software during the extension and are expressed
153 as a graph. The elongation at breaking was calculated per gram.

154 2.9. Color Measurement

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

161 2.10. Total Phenol Content Assay

162 Total phenol content (TPC) of stink lily wet noodles was analyzed by spectrophoto-
163 metric method using folin ciocateus phenol reagent [28]. Principles assay of the TPC assay

164 are interaction between phenolic compounds and phosphomolybdic/ phosphotungstic
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165 acid complexes based on the transfer of electrons in alkaline medium from phenolic com-
166 pounds to form a blue chromophore constituted by a phosphotungstic/ phosphomolyb-
167 denum complex. The reduced folin ciocalteus phenol reagent is detected by a spectropho-
168 tometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at A 760 nm and gallic acid
169 is used as the reference standard compound and results are expressed as gallic acid equiv-
170 alents (mg/kg wet noodles).

171 2.11. Total Flavonoid Content Assay

172 Total flavonoid content of samples was measured by spectrophotometric method
173 with reaction between AlCls and NaNO: with aromatic ring of flavonoid compounds [29].
174 And then mixture was added aluminium chloride to result yellow solution. Next, addition
175 of NaOH solution in mixture caused red solution that was measured by spectrophotome-
176 ter (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at A 510 nm. As standard refer-
177 ence compound used was (+) catechin and results were expressed as catechin equivalents
178 (mg/kg wet noodles).

179 2.12. DPPH Free Radical Scavenging Activity Assay

180 DPPH free radical scavenging activity was measured by the spectrophotometric
181 method [30]. This method is used to determine the antioxidant capacity of a compound
182 from an extract or other biological sources, based on transferring from the odd electron of
183 a nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to
184 result in DPPH-H with yellow-colored solution. Reaction between DPPH in methanol so-
185 lution with samples was measured by spectrophotometer (Spectrophotometer UV-Vis
186 1800, Shimadzu, Japan) at A 517 nm. As standard reference compound used was gallic
187 acid and results were expressed as gallic acid equivalents (mg/kg wet noodles).

188 2.13. Sensory Evaluation

189 Sensory assay was carried out to determine the level of panelist acceptance of wet
190 noodles substituted with stink lily flour with the addition of carrageenan and hot water
191 extract of pluchea leaf tea [31]. The test was carried out using the hedonic scale scoring
192 method. This method is designed to measure the level of panelist preference for the prod-
193 uct by rating the level of preference for the product being tested. Samples were served in
194 dishes coded with random three-digit numbers that carried out using a completely ran-
195 domized design (CRD) trial using 100 untrained panelists with an age range of 17 to 25
196 years. The hedonic method used in this study is the hedonic scoring method, the panelists
197 were asked to give a preference score for each sample. The hedonic score used was a value
198 of 1-15 given by the panelists according to the level of preference for the product. Values
199 0-3.0 indicate "strongly dislike", values 3.1-6.0 "dislike", values 6.1-9.0 "neutral", values 9.1-
200 12.0 "like", and a value of 12.1-15.0 "very much like".

201 Each panelist is faced with 12 (twelve) samples and a questionnaire containing test
202 instructions and is asked to give each sample a score according to their level of preference.
203 The parameters tested were taste, aroma, texture, color, and overall acceptance of wet
204 noodles substituted with stink lily flour. The best treatment of samples was determined
205 by spider web method that was correlated by the large area of graph [32].

206 2.14. Experiment Design and Statistical Analysis

207 The research design of physicochemical assay used was a randomized block design
208 with two factors, i.e. differences in the proportion of k-carrageenan (K) and differences in
209 the concentration of pluchea tea extract (L) added to wet noodles. The proportion of k-
210 carrageenan consisted of 4 (four) treatment levels, including 0% (KO0), 1% (K1), 2% (K2),

211 3% (K3) and the concentration of pluchea tea extract consisted of 3 (three) levels, i.e., 0%
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212 (LO), 15% (L1), and 30% (L2). Each treatment was repeated 3 (three) times in order to ob-
213 tain 36 (thirty-six) experiment units. The sensory test used a completely randomized de-
214 sign (CRD) on 100 untrained panelists.

215 The data before further analysis was determined by the normal distribution and ho-
216 mogeneity tests. And then the data are presented as mean + SD of the triplicate determi-
217 nations and were analyzed using ANOVA at p< 5%, if the results of the ANOVA test had
218 a significant effect, then proceed with the DMRT (Duncan Multiple Range Test) test at p<
219 5% to determine the level of treatment that gave significantly different results. The analy-
220 sis used SPSS 17.0 software (SPSS Inc. Chicago, IL, USA).

221 3. Results

222 3.1. Cooking Quality

223 The evaluated cooking properties of the stink lily wet noodles were showed in Table
224 3 and the stink lily wet noodles product was showed at Figure 1. The level of cooking was
225 estimated by the moisture content, swelling index, cooking loss and tensile strength from
226 noodles. Based on statistically analysis by ANOVA at p <5%, showed that the increasing
227 of k-carrageenan proportion went up significant difference of moisture content of wet
228 noodles, but the addition of pluchea leaf hot water extract and the interaction effect of the
229 proportion of k-carrageenan and the addition of the extract no influenced to moisture con-
230 tent of wet noodles. The moisture content value was ranged from 62.83+0.58 %wb to
231 65.83+0.22 %wb. The sample K3L0 had the highest moisture content and KOL2 had the
232 lowest moisture content. Furthermore, the addition of the k-carrageenan proportion or
233 pluchea tea extract had a significantly different effect such as the interaction effect of the
234 addition of the two parameters, on the swelling index or water absorption value of wet
235 noodles based on statistical analysis at p < 5%. The water absorption value was ranged
236 from 142.25+0.39% to 162.21+0.25%. The treatment with the lowest swelling index was
237 KOL2 and the highest was K3L0. Whereas the cooking loss of wet noodles decreased sig-
238 nificantly with the addition of the proportion of k-carrageenan but increased significantly
239 with the addition of pluchea tea extract. The cooking loss of wet noodles was ranged
240 17.83+0.4% to 20.13+0.7%. KOL2 was treatment with the biggest cooking loss and K3L0
241 was treatment with the smallest cooking loss. Tensile strength value of stink lily noodles
242 was significant different because there was an interaction effect of k-carrageenan propor-
243 tion and pluchea tea extract addition. Tensile strength wet noodles were ranged
244 0.096x0.004 N to 0.174+0.015 N. The analysis of stink lily noodles color showed that light-
245 ness had a significant increase in with an increasing proportion of carrageenan and de-
246 creased with increasing pluchea tea extract used because of the color effect of carrageenan
247 and pluchea tea extract. The lightness of wet noodles was ranged 67.80+0.22 to 74.50+0.23.
248 The effect of the k-carrageenan and pluchea tea extract color also influenced significantly
249 redness of wet noodles. The redness of wet noodles was ranged 1.20+0.04 to 3.30+0.23. The
250 interaction effect of k-carrageenan and pluchea tea extract addition was appeared on yel-
251 lowness, chroma and hue values. The yellowness, chroma and hue values were ranged
252 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-
253 tively.

254
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K3L2

Figure 1. Stink Lily Noodles. Note KO = wheat flour: stink lily flour: k-carrageenan =80:20:0, K1 =wheat flour: stink lily flour: k-
carrageenan =80:19:1, K2=wheat flour: stinklily flour: k-carrageenan =80:18:2, K3 = wheat flour: stink lily flour: k-carrageenan
=80:17:3, LO=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%.



261

262
263

264

265
266
267
268
269
270
271
272
273
274
275
276
277
278

279

Molecules 2021, 26, x FOR PEER REVIEW 8 of 18
Table 3. Color, Moisture Content, Swelling Index, Cooking Loss, and Tensile Strength of Stink Lily Noodles.
Color l\é[:));sttel:: Swelling Cooking  Tensile
Samples o Index (%) Loss (%) Strength (N)
(%wb)
L* a* b* C h
KOLO 73.00+0,06 1.20+0.06 16.90+0.25° 17.00+0.31> 86.40+0.008 64.15+0.70 148.90+0.15¢ 18.83+0.44 0.106+0.002
KOL1 68.70+0.35 260+0.06 26.50+0.329 26.50+0.29¢ 84.40+0.21>* 63.66+0.38 146.36+0.27° 19.06+0.43 0.105+0.001
KOL2 67.80+0.20 2.80+0.06 27.80+0.46¢f 27.80+0.45¢ 84.20+0.323b¢ 62.83+0.58 142.25+0.392 20.13+0.71 0.116+0.006
KILO 7340+025 130+0.06 17.30+0.15% 17.30+0.152 85.70+0.21f 64.42+0.80 149.63+0.344 18.47+0.31 0.086+0.005
KIL1 69.00+0.36 280+0.12 27.30+0.45¢ 27.40+0.50¢ 84.20+0.15° 62.95+0.68 146.65+0.43> 19.36+0.92 0.103+0.004
K1L2 68.30+0.15 3.00+0.12 28.60+0.128 28.70+0.15f 84.00+0.15%¢ 63.37+1.04 148.85+057¢ 19.76+0.90 0.108+0.005
K2LO 7370+0.10 150+0.00 17.70+0.26>* 17.80+.232 85.20+0.06% 64.67+1.08 155.67+0.46" 18.18+0.45 0.098+0.002
K2L1  69.40+0.15 3.00+0.06 28.20+0.15% 28.40+0.15f 83.80+0.17®* 63.74+0.75 150.96+0.71¢ 18.62+0.41 0.106+0.005
K2L2 68.70+0.06 3.10+0.15 29.30+0.000 29.40+0.068 84.00+0.15%b¢ 64.25+1.60 154.82+0.448 19.34+0.77 0.114+0.003
K3LO 7450+023 1.70+0.12 18.10+0.00c 18.10+0.06> 84.60+0.21<¢  65.83+0.22 162.21+0.25' 17.83+0.41 0.110+0.003
K3L1 69.80+050 3.20+0.06 29.30+0.12" 29.30+0.068 83.80+0.53® 64.57+1.78 153.35+0.15°¢ 18.36+0.17 0.124+0.007
K3L2 69.00+020 3.30+0.26 30.00+0.060 30.10+0.06" 83.60+0.060 65.49+1.04 159.59+0.52! 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 <5%.

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

Bioactive compounds analyzed included total phenol content (TPC) and total flavo-
noid content (TFC). The analysis data showed that the TPC and TFC increased signifi-
cantly due to the interaction effect between the proportion of k-carrageenan and the addi-
tion of pluchea tea extract (Table 4). The results of the analysis showed that the control
sample KOLO had the lowest total phenol, i.e. 0.341 +0.034 mg GAE/kg dry noodles. The
K2L2 sample had the highest total phenol, which was 1.196 + 0.027 mg GAE/kg dry noo-
dles. This result was suitable with the TFC value of wet noodles where KOLO had the low-
est TFC value and K2L2 had the highest value, i.e., 0.057 + 0.004 and 1.336 + 0.046 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 DPPH value. The DPPH
free radicals scavenging activity of wet noodles was determined significantly by the inter-
action effect of adding the proportion of k-carrageenan and pluchea tea extract. KOLO 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 dry noodles, respectively.

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

TPC (mg GAE/g dry noo-  TFC (mg CE/g dry noo- DPPH Scavenging Activity (mg GAE/g dry noo-
Samples
dles) dles) dles)
KOLO 0.341+0.0342 0.057+0.0042 0.414+0.006°
KOL1 0.948+0.027¢ 0.704+0.007¢ 0.742+0.016¢
KOL2 1.099+0.047¢ 1.109+0.0074 0.757+0.001¢
K1LO 0.458+0.040P 0.082+0.0022 0.523+0.026°
Ki1L1 0.924+0.077¢ 0.735+0.003¢ 0.750+0.006¢
K1L2 1.005+0.070¢ 1.091+0.0954 0.751+0.001¢
K2LO0 0.500+0.045° 0.089+0.0082 0.532+0.005>
K2L1 0.965+0.025¢ 0.718+0.018¢ 0.748+0.004¢
K2L2 1.196+0.027 1.336+0.046° 0.758+0.009¢
K3L0 0.527+0.007° 0.218+0.003> 0.587+0.020°
K3L1 0.807+0.031¢ 0.726+0.039¢ 0.751+0.008¢
K3L2 1.145+0.064 1.067+0.063¢ 0.751+0.007¢
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*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 <5%.

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 accept-
ability. 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 score 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 sta-
tistical tests by ANOVA at p < 5% showed that interaction effect of each treatment signif-
icantly 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 (KOL0) and the treatment with the lowest color preference value
was KOL1. The interaction effect of each treatment were significantly determined the pan-
elists' 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 k-carrageenan pro-
portion 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 KOL2. Increasing the
proportion of carrageenan to 2% increased the preference value for taste, after that it de-
creased with the addition of the proportion of 3% carrageenan. While increasing the con-
centration of pluchea leaf tea extract decreased the panelists' preference for taste. The re-
sults 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 5. Sensory Properties of Stink Lily Noodles.

Hedonic Preference Score

Samples Color Aroma Taste Texture Overall Acceptance
KOLO 12.02f 10.934 10.52 10.95 11.24¢
KOL1 9.12a 10.26<d 8.72 10.03 8.792
KOL2 11.83¢f 8.86 8.18 9.58 9.047b
K1LO 9.98b¢ 11.58¢ 10.15 11.66 10.3¢cde
K1L1 9.44ab 9.58k¢ 9.49 10.66 8.93q
K1L2 10.59< 8.45 8.87 9.46 9.114
K2Lo 11.62f 10.934de 11.08 11.15 11.074def
K2L1 10.63<d 10.142b 9.82 10.61 9.42abe
K2L2 10.94de 8.84cd 9.09 10.38 10.16¢de
K3L0 11.51f 10.36¢d 10.37 11.07 10.84¢ef
K3L1 9.37:b 10.072 9.95 11 9.72be
K3L2 9.474b 8.29dd 9.57 9.64 8.622

*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 <5%.
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317 The increasing the addition of extracts decreased the level of the texture preference
318 of wet noodles. The overall preference value of wet noodles showed that there was the
319 interaction effect between the proportion of k-carrageenan and the addition of pluchea tea
320 extract. The preference value for the overall of wet noodles was ranged from 8.62 to 11.24
321 (neutral-like). The treatment with the highest preference value was stink lily noodles KOLO
322 and the treatment with the lowest preference value was K3L2. Determination of the best
323 treatment for differences in the proportions of k-carrageenan and the addition of pluchea
324 tea extract on wet noodles was determined using the spider web method based on organ-
325 oleptic parameters (color, aroma, taste, texture and overall). The spider web graph can be
326 seen in Figure 2. Data showed that the treatment with the largest area was K2L0, i.e. wet
327 noodles with the proportion of k-carrageenan 2 % with the addition of 0% pluchea tea
328 extract. The area of the K2L0 treatment area was 79.16 cm? and had a preference score of
329 15.8 with a very like category.

—e—KOLO
—=—KOL1
—h— KOL2
K1LO
—*—K1L1
—o—K1L2
Overall Aroma . -9
—K2L1
K2L2
K3L0
—a—K3L1
—&—K3L2
Texture Taste
330
331 Figure 2. Spider web Graph to Determine the Best Treatment of Stink Lily Noodles.
332 4. Discussion
333 4.1. Cooking Quality
334 Moisture content is a major parameter of stinky silky wet noodles that shows the
335 amount of water contained in food product that determines rheological characteristics,
336 chemical, physical, and sensory properties, and shelf life of food product [34]. The result
337 showed that the k-carrageenan addition gave a significant difference of moisture content
338 to wet noodles. The k-carrageenan is hydrocolloids that has a group of sulfate and water-
339 soluble polysaccharides [35,36,37], composes an ester sulfate content about 25-30% and
340 a 3,6-anhydro-galactose (3,6-AG) about 28 to 35% [38,36]. This anionic carrageenan can
341 interact very tightly with water molecule [39] and can be collaborated with glucomannan
342 from stink lily on gelation process [40] with making intra- and inter-disulfide bind at net-
343 work structure of gluten [13,41]. The k-carrageenan can bind with limited free water mol-
344 ecule, form complexes compounds with water, and interact with gluten network [13].

345 However, the mobility of water mainly depends on changes in the hydrogen bond struc-
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346 ture. The presence of hydrophilic components such as proteins, carbohydrates, glucoman-
347 nan, k-carrageenan and polyphenolic compounds in wet noodles can be involved in hy-
348 drogen bonding with water molecules that determine water mobility [13,34,41,42]. Thus,
349 increasing the proportion of k-carrageenan used in the manufacture of stink lily noodles
350 can increase the amount of free water and weakly bound water in wet noodles. the inter-
351 action between the hydroxyl functional groups in carrageenan and water molecules sup-
352 ports an increase in the water content of wet noodles.

353 The swelling index or water absorption is the ability of a product to absorb water
354 which is influenced by particle size, chemical composition, and water content [43]. The
355 research showed that the interaction of x-carrageenan proportion and hot water extract of
356 pluchea leaf tea addition gave a significant effect of the swelling index properties from
357 wet noodles. The swelling index of wet noodles was determined by the presence of «-
358 carrageenan, protein, starch, glucomannan, and bioactive compounds of pluchea tea ex-
359 tract in dough. Li et al. [13] said that glutelin proteins of wheat flour can involve intra-and
360 intermolecular disulfide bonds to result a fibrous shape, and then globular gliadin protein
361 of wheat flour can be bound at the glutenin skeleton by non-covalent bonds to be a unique
362 networks structure of gluten. The addition of the glucomannan of stinky silky flour as a
363 non-ionic hydrocolloid has good water holding capacity and can be made a stronger three-
364 dimensional network structure. Chen et al. [44] informed that the glucomannan can fill
365 the number of holes of the network structure of gluten that make a structure dense and
366 stable. Li et al. [13] underlined that glucomannan has many hydroxyl group in the struc-
367 ture that can be bound tightly with water by electrostatic forces and hydrogen bond.
368 Huang et al. [41] said that the presence of k-carrageenan in dough can be synergist with
369 glucomannan to change sulfhydryl groups to be disulfide bonds in protein. Widyawati et
370 al. [20] informed that bioactive compounds of pluchea tea extract are alkaloids, flavonoids,
371 phenolics, phenol hydroquinone, saponins, tannins, sterols, terpenoids, and cardiac gly-
372 cosides. Meanwhile Suriyaphan [16] informed that pluchea leaves contain 1.79 g/100 g
373 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
374 fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 g/100 g, calcium 251 g/100 g, B-carotene
375 1.225 g/100 g and vitamin C 30.17 g/100 g, and phenolic acid bioactive compounds 28.48+
376 0.67 mg/100 g body weight (chlorogenic acid 20+0.24 mg/100 g body weight, caffeic acid
377 8.65+0.46 mg/100 g body weight), total flavonoids 6.39 mg/100 g body weight (quercetin
378 5.21+ 0.26 mg/100 g body weight, kaempferol 0.28 + 0.02 mg/100 g body weight, myricetin
379 0.09 + 0.03 mg/100 g body weight), total anthocyanins 0.27 + mg/100 g body weight, -
380 carotene 1.70 + 0.05 mg/100 g body weight and total carotenoids 8.7 + 0.34 mg/100 g body
381 weight. Vongsak et al. [17]; Ruan et al. [18]; Chan et al. [19] proved that pluchea leaves
382 contain 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-
383 dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5- O-dicaffeoylquinic acid.
384 Schefer at al. [45] informed that phenolic acid can be bound with protein and carbohydrate
385 by non-covalent interactions, i.e. hydrophobic interaction, hydrogen bonding, electro-
386 static interaction, van der Waals interaction, and n-n stacking. The presence of k-carragee-
387 nan proportion and pluchea tea extract addition that differed caused change of composi-
388 tion and various interaction of compounds that determined different swelling index of
389 wet noodles.

390 The cooking loss of stink lily noodles was influenced significantly by k-carrageenan
391 proportion nor extract addition, but interaction of two factors was insignificant differ-
392 ence. The phenomena was caused by k-carrageenan and bioactive compounds of pluchea
393 tea extract, especially phenolic compounds, that involved the interaction with protein and
394 carbohydrate in dough. x-carrageenan can stabilized and supported a rigid structure of
395 gluten. The hydrocolloid can avoid starch gelatinization process because it can bind
396 tightly with water molecule caused lower the water activity. Supported by Li et al.[13];
397 Herawati [46]; Huang et al. [41], k-carrageenan can trap the free water molecule that starch
398 can’'t absorb the water molecule and require higher energy to break the energy barrier

399 required for the starch gelatinization process. Whereas Zhu [42]; Amoako and Awika [47];
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400 Schefer et al. [45] clarified that starch can be bound with polypheno], including hydropho-
401 bic and electrostatic interactions and hydrogen bond that the hydrogen bond is dominant
402 binding forces. This interaction can support releasing of amylose of starch gelatinization
403 process that the cooking loss increased at the higher pluchea tea extract addition. The
404 presence of polyphenol compounds of pluchea tea extract caused water competition with
405 glutenin and gliadin of wheat flour that inhibited interaction between glutenin and glia-
406 din to form gluten. According to Amoako and Awika [47], gluten and gliadin in a random
407 coil structure can be aggregated by phenolic compounds and starch easily undergoes a
408 gelatinization process where amylose interacts with polyphenolic compounds, through
409 hydrogen bonds and hydrophobic interactions. The more protein in the form of random
410 coil structure causes the protein to easily interact with polyphenols and come out of the
411 noodles during the cooking process that the cooking loss increases.

412 The tensile strength of stink lily was influenced significantly by x-carrageenan pro-
413 portion nor extract addition. The increasing k-carrageenan proportion grew up tensile
414 strength because this hydrocolloid could be made strong cross linking through inter-mo-
415 lecular and intra-molecular bonds involving the glutenin and gliadin of wheat flour pro-
416 tein, and glucomannan of stink lily flour. The more networks that are formed between the
417 components of the noodles have an effect on the tensile strength of wet noodles, and vice
418 versa [13,48]. The synergism effect of the wet noodles component determined water bind
419 capacity and water mobility that established texture properties of wet noodles, this state-
420 ment is supported by Li et al.[34]; Saha and Bhattacharya [40]; Huang et al. [41]. Diniyah
421 et al.[49] also informed that the addition of hydrocolloids in the noodles-making process
422 increases the viscosity and water absorption because the water binding and holding prop-
423 erties of hydrocolloids that can form gel. However, the addition of pluchea tea extract
424 caused the tensile strength to decline because the polyphenol compounds of pluchea tea
425 extract induced breakdown of the networking structure among the components of dough
426 because there was water competition among them. Furthermore, the polyphenol com-
427 pounds could be reacted with starch and protein because the formation of the gluten net-
428 work was disrupted that gliadin and glutenin in the form of random coils and starch could
429 be underwent an excessive gelatinization process. This opinion is supported by Li et al.
430 [13]; Zhu [42]; Huang et al. [41]. k-carrageenan has a yellowish white color and has the
431 ability to bind water molecules that it increases the lightness of wet noodles, while the
432 pluchea tea extract contains polyphenolic compounds, such as tannins which can give the
433 noodles a brown color that the lightness level is reduced. This opinion was supported by
434 Widyawati et al. [20]; Necas et al. [38]. The increase in yellowness was in line with the
435 increase in lightness because the higher the water content value was caused by the ability
436 of k-carrageenan to bind water molecules, thereby increasing the brightness and the
437 brown color contribution of the pluchea tea extract gave a brownish-yellow color of the
438 wet noodles that the intensity of this color increased as indicated by the increased chroma
439 value.

440 4.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity

441 The stinky silky wet noodles KOLO had the lowest TPC and TFC because there was
442 contributed of phenolic content from wheat flour and egg. Punia et al. [50] said that wheat
443 flour has phenolic acids including ferulic, caffeic, and p-coumaric acid. Moreover, the
444 presence of TFC in the KOLO sample is thought to be due to the presence of a thiol group
445 in egg white which is able to chelate metal ions and is able to be conjugated with saccha-
446 rides [51], as well as 3,5-diacetyltambulin compounds from stink lily flour [52]. While the
447 TFC and TPC values in the K2L2 sample were dominantly contributed by the presence of
448 phytochemical compounds in the pluchea tea extract. Widyawati et al. [20] explained that
449 there are phytochemical compounds in the pluchea tea extract. Suriyaphan [16]; Vongsak
450 et al. [17]; Ruan et al. [18]; Chan et al. [19] also emphasized that pluchea leaves contain
451 phenolic acids and flavonoids. The existence of a non-significant difference between treat-

452 ments in the TPC and TFC assays indicated an interaction between the components in the
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453 dough that it affected the presence of free hydroxyl groups that could bind to the Folin
454 Ciocalteus phenol reagent. as described by Li et al. [13]; Herawati [41]; Zhu [42]; Schefer
455 et al. [45]; Amoako and Awika [47] glutenin, gliadin, glucomannan, k-carrageenan, and
456 polyphenol compounds are involved in the formation of networks structure in the dough
457 so as to determine the quality of wet noodles. The interactions that occur involve various
458 non-covalent interaction mechanisms that affect the presence of free hydroxyl groups. The
459 TPC and TFC values of wet noodles in each treatment affected DPPH free radical scav-
460 enging activity (DPPH). They determined DPPH of wet noodles, usually positively corre-
461 lated. Niroula et al. [53] said that TPC and DPPH were strongly correlated in seeds,
462 sprouts and grasses of corn (Zea mays L.). Lim et al. [54] also informed that there is an
463 excellent correlation coefficient between the TPC, TFC and antioxidant activities of Phale-
464 ria macrocarpa fruit. Adebiyi et al. [55] explained that the high level of flavonoids and phe-
465 nols in plant caused the antioxidant activity of Grewia carpinifolia extract. The antioxidant
466 activity of phenolics is related to their redox properties which induced them to act as re-
467 ducing agents, hydrogen donors, singlet oxygen quenchers and metal chelators. Rahman
468 et al. [56] underlined that DPPH free radical scavenging activity of polyphenol com-
469 pounds of T. pallida extract was determined by hydrogen donating ability which it highly
470 correlated. The potency of wet noodles as AOA was determined by reduced capability of
471 DPPH free radical solution color from purple to be yellow color.

472 4.3. Sensory Properties

473 The analysis of sensory properties of the stink lily noodles was conducted by the he-
474 donic scale scoring method with attribute the preference of color, taste, aroma, texture and
475 overall. The result of the color preference test showed that the control treatment (KOLO)
476 was the highest value because the treatment without the addition of pluchea tea extract
477 not change the color of the wet noodles was yellowish-white. And then the treatment with
478 the lowest color preference value was KOL1 due to the addition of this extract decreased
479 the panelists' preference for the color because the noodles were darker and brownish
480 color. Suriyaphan [16]; Widyawati et al. [20] said that the color of the pluchea tea extract
481 contributed to changing the color of this wet noodle originated from tannins, flavonoids,
482 and chlorophyll. However, in this study, increasing the extract concentration did not sig-
483 nificantly affect the panelists' preference for color when the proportion of k-carrageenan
484 increased, because the addition of stink lily flour and x-carrageenan would increase the
485 lightness of the wet noodles that the produced color of the wet noodles was brighter and
486 preferred by panelists. This data was supported by the data from color rider analysis,
487 where the results of the sensory test by the panelists were in line with the decrease in the
488 lightness value, the increase in the reddish and yellowish values, the hue value showed
489 the yellow-red color, and chroma value showed an increase in color intensity. The panelist
490 preference of aroma from wet noodles was determined by the aroma from the material
491 used to make wet noodles or the interaction of aroma produced from the reaction among
492 the material composition. According to Ramdani et al. [57], stink lily flour has a musty
493 aroma, and all wet noodles produced have a musty smell. Meanwhile, according to Fitan-
494 tri et al. [58], k-carrageenan is unscented that not contribute to wet noodles. The addition
495 of pluchea tea extract decreased the panelists' preference for the aroma of wet noodles
496 because the addition of the extract caused the wet noodles to smell like leaves (floral) and
497 unpleasant and the panelists did not like it. Fragrant or unpleasant aroma comes from
498 volatile compounds contained in pluchea leaves. According to Widyawati et al. [59], plu-
499 chea leaves have 66 volatile compounds, these volatile compounds play a role in forming
500 the aroma in the hot water extract of pluchea leaf tea. According to Lee et al. [60], pluchea
501 leaves contain volatile compounds contributed by aliphatic aldehyde group compounds
502 or aromatic compounds that give a distinctive aroma, therefore the presence of these com-
503 pounds in steeping water can give a specific aroma, i.e. fragrant (floral) in wet noodles.
504 There was a difference in the effect of the proportion of k-carrageenan and pluchea leaf

505 tea extract on taste due to the contribution of taste produced by carrageenan and extract.
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506 According to Ramdani et al. [57]; Haryu et al. [61], stink lily flour and k-carrageenan do
507 not have a distinctive or neutral taste, increasing the concentration of k-carrageenan gives
508 a higher preference value because noodles are considered to have a better texture that
509 contributes to the assessment of taste. The increase in the concentration of pluchea tea
510 extract caused the taste preference value of noodles to decrease significantly, this is due
511 to the presence of tannins, catechins, and phenolic compounds in the pluchea tea extract
512 which determined bitter and slightly astringent. The effect of x-carrageenan proportion
513 and tea extract to make wet noodles influenced panelist preference of texture because this
514 hydrocolloid can be make strong cross linking through inter-molecular and intra-molec-
515 ular bonds involving the glutenin and gliadin of wheat flour protein, and glucomannan
516 of stink lily flour that determined water bind capacity and water mobility [34,40,41]. Pres-
517 ence of the polyphenol compounds of pluchea tea extract can be breakdown of the net-
518 working structure among the components of dough because of water competition of them.
519 Li et al. [13]; Zhu [42]; Huang et al. [41] said that the polyphenol compounds could be
520 reacted with starch and protein to disrupt the gluten network and cause starch to undergo
521 an excessive gelatinization process. The difference in the proportion of k-carrageenan
522 change the overall preference value of wet noodles to be significantly different overall
523 compared to the control, this was because the proportion of k-carrageenan influenced the
524 all sensory attribute (color, aroma, and taste). The addition of pluchea tea extract in wet
525 noodles decreased the overall preference value because the addition of extract affected the
526 organoleptic characters tested due to the content of secondary metabolites of pluchea
527 leaves, such as flavonoids, phenols, and tannins that could affect the taste, aroma, the
528 color, and texture of the noodles. Based on spider web graph showed that K2L0 was the
529 best treatment of stink lily wet noodles. It was also supported by better physicochemical
530 properties than the control, including yellowish white wet noodles, better swelling index,
531 lower cooking loss, higher tensile strength value, and lower moisture content. However,
532 this K2LO treatment did not have the highest TPC, TFC, and AOA, i.e. 0.500+0.045;
533 0.089+0.008; and 0.532+0.005, respectively.

534 5. Conclusions

535 The use of k-carrageenan proportions and pluchea leaf tea extract had a significant
536 effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical
537 analysis at p < 5% showed that there was an interaction effect of the proportion of k-car-
538 rageenan and pluchea leaf tea extract on the swelling index, yellowness, chroma, hue,
539 TPC, TFC, DPPH, the preference value for color, aroma, and overall acceptance. While the
540 moisture content of wet noodles was only affected by the proportion of k-carrageenan, for
541 tensile strength, cooking loss, lightness, and redness, and the preference value for texture
542 and taste were influenced by the proportions of k-carrageenan and the concentration of
543 pluchea leaf tea extract, respectively. The best treatment based on the spider web graph
544 showed that the KOL2 treatment had the largest area 79.16 cm? and a preference score of
545 15.8 with a very like category, this is in accordance with the results of physicochemical
546 and sensory tests, but it was no correlated with the highest bioactive content (TPC and
547 TFC) and DPPH.
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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% w/w) and the addition of hot water extract of Pluchea indica Less leaf
tea (L) (0, 15, and 30% w/v) with 12 treatment level (KOLO, KOL1, KOL2, K1L0, K1L1, K1L2, K2L0,
K2L1, K2L2, K3L0, K3L1, K3L2). The data were 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 k-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 rad-
ical scavenging assay (DPPH). The best treatment of wet noodles was K2L0 with a preference score
of 15.8. The binding of k-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 DPPH
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1. Introduction

Noodles are a rice substitute commodity that is much favored by the public [1], es-
pecially in China, Indonesia, India, Japan, Vietnam, and the United States. Basically, noo-
dles 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, includ-
ing stink lily flour, can reduce the consumption of wheat flour which is quite high in In-
donesia, the average consumption of wheat flour for the Indonesian population in 2019 is
17.8 kg/capita/year [4].

Stink lily flour (Amorphophallus muelleri) is a group of Araceae that contains glucoman-
nan 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 p-1,4
and B-1,6 glycoside bonds [7], which can reduce body weight, sugar content blood levels,
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LDL cholesterol levels and prolong gastric emptying time [8,9]. Stink lily flour has a gly-
cemic 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 a-helix and B-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 hydrocolloids, including
carrageenan, because they can increase elasticity [14]. The combination of the use of glu-
comannan 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 noo-
dles 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, B-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, myri-
cetin 0.09+ 0.03 mg/100 g wb), total anthocyanins 0.27+0.01 mg/100 g wb, B-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 rad-
ical 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
k-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 k-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. Reagents and Materials

The compounds 2,2-diphenyl-1-picrylhydrazyl (DPPH), sodium carbonate, gallic
acid, and (+)-catechin were purchased from Sigma-Aldrich (St. Louis, USA). Methanol,
folin ciocalteus phenol, sodium nitric, aluminium chloride, k-carrageenan, and sodium
hydroxide were purchased from Merck (New Jersey, USA).

Pluchea leaves as raw material for making pluchea leaf tea are collected from gardens
around the city of Surabaya. Specification of pluchea plant is according to the GBIF taxon
ID number database: 3132728. Stink lily flour is obtained from the stink lily flour pro-
cessing industry in East Java. Specification of Stink lily plant is according to the GBIF taxon
ID number database: 735493731. The wheat flour used is high protein flour obtained from
the wheat flour processing industry in Indonesia.

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 pow-
der was heated by drying oven (Binder, Merck KGaA, Darmstadt, Germany) at 120 °C for
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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 95 °C 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.

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

Material
aterials 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.

Table 2. The formula of stink lily wet noodles.

Material KOL0O KOL1 Ko0L2 KI1Lo KiI1L1 Ki1L2 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 30 285 285 285 27 27 27 255 255 255
k-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 15 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 0 30 0 0 30 0 0 30 0 0 30 0
15% (mL)
Hot water extract
of pluchea leaves 0 0 30 0 0 30 0 0 30 0 0 30
30% (mL)
Total (g) 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145

Note: KO = wheat flour: stink lily flour: k-carrageenan =80 : 20 : 0.

K1 = wheat flour: stink lily flour: x-carrageenan=280:19:1.
K2 = wheat flour: stink lily flour: x-carrageenan =80 : 18 : 2.
K3 = wheat flour: stink lily flour: x-carrageenan=280:17: 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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118 2.5. Stink Lily Wet Noodles Extraction.

119 125 g each sample from stink lily wet noodles was weighed (Ohaus, Ohaus Instru-
120 ments (Shanghai) Co., Ltd., RRT) and then they were dried by cabinet drying at 60 °C for
121 4 hours to get dried noodles. Next each sample was powdered by chopper machine at
122 second speed for 35 seconds and then 20 g powdered sample was added 50 mL methanol
123 by shaking water bath at 35 °C, 70 rpm for 1 hour. Filtrate was separated by Whatman
124 filter paper grade 40 and residue was extracted again with same pattern way. Filtrate was
125 collected and dried by rotary evaporator (Buchi Rotary Evaporator; Buchi Shanghai Ltd,
126 RRT) at 0.2-0.3 atm, 50 °C for 60 min until getting 2 mL extract. Then extract was kept at 0
127 °C before further study.

128 2.6. Swelling Index Assay

129 Swelling index or water absorption is the ability of noodles to absorb water after ge-
130 latinization during the boiling process [24]. The principle of water absorption testing is to
131 determine the amount of water absorbed in wet noodles at a certain temperature and time.
132 The amount of water absorbed in wet noodles can be determined from the difference be-
133 tween the weight of the noodles after and before being boiled divided by the weight of
134 the noodles before boiling [25].

135 2.7. Cooking Loss Assay

136 Cooking loss is one of the important quality parameters in wet noodles to determine
137 the quality of wet noodles after cooking [26]. The cooking loss test for stink lily wet noo-
138 dles was carried out to determine the number of solids that came out of the noodle strands
139 during the cooking process, namely the release of a small portion of starch from the noodle
140 strands.

141 2.8. Determination of Tensile Strength of Wet Noodles

142 The tensile strength (elongation) is one important parameter of texture analysis in
143 noodle products. The texture was determined using TA-XT2 texture analyzer (Stable Mi-
144 cro System Co., Ltd., Surrey, UK) fitted with a 5 kg load cell equipped with the Texture
145 Exponent 32 software V.4.0.5.0 (SMS). The principle of the texture analyzer is to prepare
146 a suitable probe for the test, then place the noodle samples on the table under the probe.
147 The elongation of the noodles was individually tested by putting one end into the lower
148 roller arm slot and sufficiently winding the loosened arm to fasten the noodle end. The
149 same procedure was done to tighten the other end of the strip to the upper roller arm.
150 Elongation, which was the maximum force to deform and break noodles by extension,
151 was measured using a test speed of 3.0 mmy/s, with a 100 mm distance between two rollers.
152 Deformations were recorded using the software during the extension and are expressed
153 as a graph. The elongation at breaking was calculated per gram.

154 2.9. Color Measurement

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

161 2.10. Total Phenol Content Assay

162 Total phenol content (TPC) of stink lily wet noodles was analyzed by spectrophoto-
163 metric method using folin ciocateus phenol reagent [28]. Principles assay of the TPC assay

164 are interaction between phenolic compounds and phosphomolybdic/ phosphotungstic
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165 acid complexes based on the transfer of electrons in alkaline medium from phenolic com-
166 pounds to form a blue chromophore constituted by a phosphotungstic/ phosphomolyb-
167 denum complex. The reduced folin ciocalteus phenol reagent is detected by a spectropho-
168 tometer (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at A 760 nm and gallic acid
169 is used as the reference standard compound and results are expressed as gallic acid equiv-
170 alents (mg/kg wet noodles).

171 2.11. Total Flavonoid Content Assay

172 Total flavonoid content of samples was measured by spectrophotometric method
173 with reaction between AlCls and NaNO: with aromatic ring of flavonoid compounds [29].
174 And then mixture was added aluminium chloride to result yellow solution. Next, addition
175 of NaOH solution in mixture caused red solution that was measured by spectrophotome-
176 ter (Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at A 510 nm. As standard refer-
177 ence compound used was (+) catechin and results were expressed as catechin equivalents
178 (mg/kg wet noodles).

179 2.12. DPPH Free Radical Scavenging Activity Assay

180 DPPH free radical scavenging activity was measured by the spectrophotometric
181 method [30]. This method is used to determine the antioxidant capacity of a compound
182 from an extract or other biological sources, based on transferring from the odd electron of
183 a nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to
184 result in DPPH-H with yellow-colored solution. Reaction between DPPH in methanol so-
185 lution with samples was measured by spectrophotometer (Spectrophotometer UV-Vis
186 1800, Shimadzu, Japan) at A 517 nm. As standard reference compound used was gallic
187 acid and results were expressed as gallic acid equivalents (mg/kg wet noodles).

188 2.13. Sensory Evaluation

189 Sensory assay was carried out to determine the level of panelist acceptance of wet
190 noodles substituted with stink lily flour with the addition of carrageenan and hot water
191 extract of pluchea leaf tea [31]. The test was carried out using the hedonic scale scoring
192 method. This method is designed to measure the level of panelist preference for the prod-
193 uct by rating the level of preference for the product being tested. Samples were served in
194 dishes coded with random three-digit numbers that carried out using a completely ran-
195 domized design (CRD) trial using 100 untrained panelists with an age range of 17 to 25
196 years. The hedonic method used in this study is the hedonic scoring method, the panelists
197 were asked to give a preference score for each sample. The hedonic score used was a value
198 of 1-15 given by the panelists according to the level of preference for the product. Values
199 0-3.0 indicate "strongly dislike", values 3.1-6.0 "dislike", values 6.1-9.0 "neutral", values 9.1-
200 12.0 "like", and a value of 12.1-15.0 "very much like".

201 Each panelist is faced with 12 (twelve) samples and a questionnaire containing test
202 instructions and is asked to give each sample a score according to their level of preference.
203 The parameters tested were taste, aroma, texture, color, and overall acceptance of wet
204 noodles substituted with stink lily flour. The best treatment of samples was determined
205 by spider web method that was correlated by the large area of graph [32].

206 2.14. Experiment Design and Statistical Analysis

207 The research design of physicochemical assay used was a randomized block design
208 with two factors, i.e. differences in the proportion of k-carrageenan (K) and differences in
209 the concentration of pluchea tea extract (L) added to wet noodles. The proportion of k-
210 carrageenan consisted of 4 (four) treatment levels, including 0% (KO0), 1% (K1), 2% (K2),

211 3% (K3) and the concentration of pluchea tea extract consisted of 3 (three) levels, i.e., 0%
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212 (LO), 15% (L1), and 30% (L2). Each treatment was repeated 3 (three) times in order to ob-
213 tain 36 (thirty-six) experiment units. The sensory test used a completely randomized de-
214 sign (CRD) on 100 untrained panelists.

215 The data before further analysis was determined by the normal distribution and ho-
216 mogeneity tests. And then the data are presented as mean + SD of the triplicate determi-
217 nations and were analyzed using ANOVA at p< 5%, if the results of the ANOVA test had
218 a significant effect, then proceed with the DMRT (Duncan Multiple Range Test) test at p<
219 5% to determine the level of treatment that gave significantly different results. The analy-
220 sis used SPSS 17.0 software (SPSS Inc. Chicago, IL, USA).

221 3. Results

222 3.1. Cooking Quality

223 The evaluated cooking properties of the stink lily wet noodles were showed in Table
224 3 and the stink lily wet noodles product was showed at Figure 1. The level of cooking was
225 estimated by the moisture content, swelling index, cooking loss and tensile strength from
226 noodles. Based on statistically analysis by ANOVA at p <5%, showed that the increasing
227 of k-carrageenan proportion went up significant difference of moisture content of wet
228 noodles, but the addition of pluchea leaf hot water extract and the interaction effect of the
229 proportion of k-carrageenan and the addition of the extract no influenced to moisture con-
230 tent of wet noodles. The moisture content value was ranged from 62.83+0.58 %wb to
231 65.83+0.22 %wb. The sample K3L0 had the highest moisture content and KOL2 had the
232 lowest moisture content. Furthermore, the addition of the k-carrageenan proportion or
233 pluchea tea extract had a significantly different effect such as the interaction effect of the
234 addition of the two parameters, on the swelling index or water absorption value of wet
235 noodles based on statistical analysis at p < 5%. The water absorption value was ranged
236 from 142.25+0.39% to 162.21+0.25%. The treatment with the lowest swelling index was
237 KOL2 and the highest was K3L0. Whereas the cooking loss of wet noodles decreased sig-
238 nificantly with the addition of the proportion of k-carrageenan but increased significantly
239 with the addition of pluchea tea extract. The cooking loss of wet noodles was ranged
240 17.83+0.4% to 20.13+0.7%. KOL2 was treatment with the biggest cooking loss and K3L0
241 was treatment with the smallest cooking loss. Tensile strength value of stink lily noodles
242 was significant different because there was an interaction effect of k-carrageenan propor-
243 tion and pluchea tea extract addition. Tensile strength wet noodles were ranged
244 0.096x0.004 N to 0.174+0.015 N. The analysis of stink lily noodles color showed that light-
245 ness had a significant increase in with an increasing proportion of carrageenan and de-
246 creased with increasing pluchea tea extract used because of the color effect of carrageenan
247 and pluchea tea extract. The lightness of wet noodles was ranged 67.80+0.22 to 74.50+0.23.
248 The effect of the k-carrageenan and pluchea tea extract color also influenced significantly
249 redness of wet noodles. The redness of wet noodles was ranged 1.20+0.04 to 3.30+0.23. The
250 interaction effect of k-carrageenan and pluchea tea extract addition was appeared on yel-
251 lowness, chroma and hue values. The yellowness, chroma and hue values were ranged
252 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-
253 tively.

254
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KOL1

K1L1

K2LO0 K2L1 K2L2

Figure 1. Stink Lily Noodles. Note KO = wheat flour: stink lily flour: k-carrageenan =80:20:0, K1 =wheat flour: stink lily flour: k-
carrageenan =80:19:1, K2=wheat flour: stinklily flour: k-carrageenan =80:18:2, K3 = wheat flour: stink lily flour: k-carrageenan
=80:17:3, LO=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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Table 3. Color, Moisture Content, Swelling Index, Cooking Loss, and Tensile Strength of Stink Lily Noodles.
Color l\é[:));sttel:: Swelling Cooking  Tensile
Samples o Index (%) Loss (%) Strength (N)
(%wb)
L* a* b* C h
KOLO 73.00+0,06 1.20+0.06 16.90+0.25° 17.00+0.31> 86.40+0.008 64.15+0.70 148.90+0.15¢ 18.83+0.44 0.106+0.002
KOL1 68.70+0.35 260+0.06 26.50+0.329 26.50+0.29¢ 84.40+0.21>* 63.66+0.38 146.36+0.27° 19.06+0.43 0.105+0.001
KOL2 67.80+0.20 2.80+0.06 27.80+0.46¢f 27.80+0.45¢ 84.20+0.323b¢ 62.83+0.58 142.25+0.392 20.13+0.71 0.116+0.006
KILO 7340+025 130+0.06 17.30+0.15% 17.30+0.152 85.70+0.21f 64.42+0.80 149.63+0.344 18.47+0.31 0.086+0.005
KIL1 69.00+0.36 280+0.12 27.30+0.45¢ 27.40+0.50¢ 84.20+0.15° 62.95+0.68 146.65+0.43> 19.36+0.92 0.103+0.004
K1L2 68.30+0.15 3.00+0.12 28.60+0.128 28.70+0.15f 84.00+0.15%¢ 63.37+1.04 148.85+057¢ 19.76+0.90 0.108+0.005
K2LO 7370+0.10 150+0.00 17.70+0.26>* 17.80+.232 85.20+0.06% 64.67+1.08 155.67+0.46" 18.18+0.45 0.098+0.002
K2L1  69.40+0.15 3.00+0.06 28.20+0.15% 28.40+0.15f 83.80+0.17®* 63.74+0.75 150.96+0.71¢ 18.62+0.41 0.106+0.005
K2L2 68.70+0.06 3.10+0.15 29.30+0.000 29.40+0.068 84.00+0.15%b¢ 64.25+1.60 154.82+0.448 19.34+0.77 0.114+0.003
K3LO 7450+023 1.70+0.12 18.10+0.00c 18.10+0.06> 84.60+0.21<¢  65.83+0.22 162.21+0.25' 17.83+0.41 0.110+0.003
K3L1 69.80+050 3.20+0.06 29.30+0.12" 29.30+0.068 83.80+0.53® 64.57+1.78 153.35+0.15°¢ 18.36+0.17 0.124+0.007
K3L2 69.00+020 3.30+0.26 30.00+0.060 30.10+0.06" 83.60+0.060 65.49+1.04 159.59+0.52! 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 <5%.

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

Bioactive compounds analyzed included total phenol content (TPC) and total flavo-
noid content (TFC). The analysis data showed that the TPC and TFC increased signifi-
cantly due to the interaction effect between the proportion of k-carrageenan and the addi-
tion of pluchea tea extract (Table 4). The results of the analysis showed that the control
sample KOLO had the lowest total phenol, i.e. 0.341 + 0.034 mg GAE/kg dry noodles. The
K2L2 sample had the highest total phenol, which was 1.196 + 0.027 mg GAE/kg dry noo-
dles. This result was suitable with the TFC value of wet noodles where KOLO had the low-
est TFC value and K2L2 had the highest value, i.e., 0.057 + 0.004 and 1.336 + 0.046 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 DPPH value. The DPPH
free radicals scavenging activity of wet noodles was determined significantly by the inter-
action effect of adding the proportion of k-carrageenan and pluchea tea extract. KOLO 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 dry noodles, respectively.

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

TPC (mg GAE/g dry noo-  TFC (mg CE/g dry noo- DPPH Scavenging Activity (mg GAE/g dry noo-
Samples
dles) dles) dles)
KOLO 0.341+0.0342 0.057+0.0042 0.414+0.006°
KOL1 0.948+0.027¢ 0.704+0.007¢ 0.742+0.016¢
KOL2 1.099+0.047¢ 1.109+0.0074 0.757+0.001¢
K1LO 0.458+0.040P 0.082+0.0022 0.523+0.026°
Ki1L1 0.924+0.077¢ 0.735+0.003¢ 0.750+0.006¢
K1L2 1.005+0.070¢ 1.091+0.0954 0.751+0.001¢
K2LO0 0.500+0.045° 0.089+0.0082 0.532+0.005>
K2L1 0.965+0.025¢ 0.718+0.018¢ 0.748+0.004¢
K2L2 1.196+0.027 1.336+0.046° 0.758+0.009¢
K3L0 0.527+0.007° 0.218+0.003> 0.587+0.020°
K3L1 0.807+0.031¢ 0.726+0.039¢ 0.751+0.008¢
K3L2 1.145+0.064 1.067+0.063¢ 0.751+0.007¢
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*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 <5%.

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 accept-
ability. 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 score 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 sta-
tistical tests by ANOVA at p < 5% showed that interaction effect of each treatment signif-
icantly 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 (KOL0) and the treatment with the lowest color preference value
was KOL1. The interaction effect of each treatment were significantly determined the pan-
elists' 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 k-carrageenan pro-
portion 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 KOL2. Increasing the
proportion of carrageenan to 2% increased the preference value for taste, after that it de-
creased with the addition of the proportion of 3% carrageenan. While increasing the con-
centration of pluchea leaf tea extract decreased the panelists' preference for taste. The re-
sults 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 5. Sensory Properties of Stink Lily Noodles.

Hedonic Preference Score

Samples Color Aroma Taste Texture Overall Acceptance
KOLO 12.02f 10.934 10.52 10.95 11.24¢
KOL1 9.12a 10.26<d 8.72 10.03 8.792
KOL2 11.83¢f 8.86 8.18 9.58 9.047b
K1LO 9.98b¢ 11.58¢ 10.15 11.66 10.3¢cde
K1L1 9.44ab 9.58k¢ 9.49 10.66 8.93q
K1L2 10.59< 8.45 8.87 9.46 9.114
K2Lo 11.62f 10.934de 11.08 11.15 11.074def
K2L1 10.63<d 10.142b 9.82 10.61 9.42abe
K2L2 10.94de 8.84cd 9.09 10.38 10.16¢de
K3L0 11.51f 10.36¢d 10.37 11.07 10.84¢ef
K3L1 9.37:b 10.072 9.95 11 9.72be
K3L2 9.474b 8.29dd 9.57 9.64 8.622

*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 <5%.
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317 The increasing the addition of extracts decreased the level of the texture preference
318 of wet noodles. The overall preference value of wet noodles showed that there was the
319 interaction effect between the proportion of k-carrageenan and the addition of pluchea tea
320 extract. The preference value for the overall of wet noodles was ranged from 8.62 to 11.24
321 (neutral-like). The treatment with the highest preference value was stink lily noodles KOLO
322 and the treatment with the lowest preference value was K3L2. Determination of the best
323 treatment for differences in the proportions of k-carrageenan and the addition of pluchea
324 tea extract on wet noodles was determined using the spider web method based on organ-
325 oleptic parameters (color, aroma, taste, texture and overall). The spider web graph can be
326 seen in Figure 2. Data showed that the treatment with the largest area was K2L0, i.e. wet
327 noodles with the proportion of k-carrageenan 2 % with the addition of 0% pluchea tea
328 extract. The area of the K2L0 treatment area was 79.16 cm? and had a preference score of
329 15.8 with a very like category.

—e—KOLO
—=—KOL1
—h— KOL2
K1LO
—*—K1L1
—o—K1L2
Overall Aroma . -9
—K2L1
K2L2
K3L0
—a—K3L1
—&—K3L2
Texture Taste
330
331 Figure 2. Spider web Graph to Determine the Best Treatment of Stink Lily Noodles.
332 4. Discussion
333 4.1. Cooking Quality
334 Moisture content is a major parameter of stinky silky wet noodles that shows the
335 amount of water contained in food product that determines rheological characteristics,
336 chemical, physical, and sensory properties, and shelf life of food product [34]. The result
337 showed that the k-carrageenan addition gave a significant difference of moisture content
338 to wet noodles. The k-carrageenan is hydrocolloids that has a group of sulfate and water-
339 soluble polysaccharides [35,36,37], composes an ester sulfate content about 25-30% and
340 a 3,6-anhydro-galactose (3,6-AG) about 28 to 35% [38,36]. This anionic carrageenan can
341 interact very tightly with water molecule [39] and can be collaborated with glucomannan
342 from stink lily on gelation process [40] with making intra- and inter-disulfide bind at net-
343 work structure of gluten [13,41]. The k-carrageenan can bind with limited free water mol-
344 ecule, form complexes compounds with water, and interact with gluten network [13].

345 However, the mobility of water mainly depends on changes in the hydrogen bond struc-
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346 ture. The presence of hydrophilic components such as proteins, carbohydrates, glucoman-
347 nan, k-carrageenan and polyphenolic compounds in wet noodles can be involved in hy-
348 drogen bonding with water molecules that determine water mobility [13,34,41,42]. Thus,
349 increasing the proportion of k-carrageenan used in the manufacture of stink lily noodles
350 can increase the amount of free water and weakly bound water in wet noodles. the inter-
351 action between the hydroxyl functional groups in carrageenan and water molecules sup-
352 ports an increase in the water content of wet noodles.

353 The swelling index or water absorption is the ability of a product to absorb water
354 which is influenced by particle size, chemical composition, and water content [43]. The
355 research showed that the interaction of x-carrageenan proportion and hot water extract of
356 pluchea leaf tea addition gave a significant effect of the swelling index properties from
357 wet noodles. The swelling index of wet noodles was determined by the presence of «-
358 carrageenan, protein, starch, glucomannan, and bioactive compounds of pluchea tea ex-
359 tract in dough. Li et al. [13] said that glutelin proteins of wheat flour can involve intra-and
360 intermolecular disulfide bonds to result a fibrous shape, and then globular gliadin protein
361 of wheat flour can be bound at the glutenin skeleton by non-covalent bonds to be a unique
362 networks structure of gluten. The addition of the glucomannan of stinky silky flour as a
363 non-ionic hydrocolloid has good water holding capacity and can be made a stronger three-
364 dimensional network structure. Chen et al. [44] informed that the glucomannan can fill
365 the number of holes of the network structure of gluten that make a structure dense and
366 stable. Li et al. [13] underlined that glucomannan has many hydroxyl group in the struc-
367 ture that can be bound tightly with water by electrostatic forces and hydrogen bond.
368 Huang et al. [41] said that the presence of k-carrageenan in dough can be synergist with
369 glucomannan to change sulfhydryl groups to be disulfide bonds in protein. Widyawati et
370 al. [20] informed that bioactive compounds of pluchea tea extract are alkaloids, flavonoids,
371 phenolics, phenol hydroquinone, saponins, tannins, sterols, terpenoids, and cardiac gly-
372 cosides. Meanwhile Suriyaphan [16] informed that pluchea leaves contain 1.79 g/100 g
373 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
374 fiber, total fiber 1.34 g/100 g, carbohydrates 8.65 g/100 g, calcium 251 g/100 g, B-carotene
375 1.225 g/100 g and vitamin C 30.17 g/100 g, and phenolic acid bioactive compounds 28.48+
376 0.67 mg/100 g body weight (chlorogenic acid 20+0.24 mg/100 g body weight, caffeic acid
377 8.65+0.46 mg/100 g body weight), total flavonoids 6.39 mg/100 g body weight (quercetin
378 5.21+ 0.26 mg/100 g body weight, kaempferol 0.28 + 0.02 mg/100 g body weight, myricetin
379 0.09 + 0.03 mg/100 g body weight), total anthocyanins 0.27 + mg/100 g body weight, -
380 carotene 1.70 + 0.05 mg/100 g body weight and total carotenoids 8.7 + 0.34 mg/100 g body
381 weight. Vongsak et al. [17]; Ruan et al. [18]; Chan et al. [19] proved that pluchea leaves
382 contain 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,4-O-
383 dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, and 4,5- O-dicaffeoylquinic acid.
384 Schefer at al. [45] informed that phenolic acid can be bound with protein and carbohydrate
385 by non-covalent interactions, i.e. hydrophobic interaction, hydrogen bonding, electro-
386 static interaction, van der Waals interaction, and n-n stacking. The presence of k-carragee-
387 nan proportion and pluchea tea extract addition that differed caused change of composi-
388 tion and various interaction of compounds that determined different swelling index of
389 wet noodles.

390 The cooking loss of stink lily noodles was influenced significantly by k-carrageenan
391 proportion nor extract addition, but interaction of two factors was insignificant differ-
392 ence. The phenomena was caused by k-carrageenan and bioactive compounds of pluchea
393 tea extract, especially phenolic compounds, that involved the interaction with protein and
394 carbohydrate in dough. x-carrageenan can stabilized and supported a rigid structure of
395 gluten. The hydrocolloid can avoid starch gelatinization process because it can bind
396 tightly with water molecule caused lower the water activity. Supported by Li et al.[13];
397 Herawati [46]; Huang et al. [41], k-carrageenan can trap the free water molecule that starch
398 can’'t absorb the water molecule and require higher energy to break the energy barrier

399 required for the starch gelatinization process. Whereas Zhu [42]; Amoako and Awika [47];
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400 Schefer et al. [45] clarified that starch can be bound with polypheno], including hydropho-
401 bic and electrostatic interactions and hydrogen bond that the hydrogen bond is dominant
402 binding forces. This interaction can support releasing of amylose of starch gelatinization
403 process that the cooking loss increased at the higher pluchea tea extract addition. The
404 presence of polyphenol compounds of pluchea tea extract caused water competition with
405 glutenin and gliadin of wheat flour that inhibited interaction between glutenin and glia-
406 din to form gluten. According to Amoako and Awika [47], gluten and gliadin in a random
407 coil structure can be aggregated by phenolic compounds and starch easily undergoes a
408 gelatinization process where amylose interacts with polyphenolic compounds, through
409 hydrogen bonds and hydrophobic interactions. The more protein in the form of random
410 coil structure causes the protein to easily interact with polyphenols and come out of the
411 noodles during the cooking process that the cooking loss increases.

412 The tensile strength of stink lily was influenced significantly by x-carrageenan pro-
413 portion nor extract addition. The increasing k-carrageenan proportion grew up tensile
414 strength because this hydrocolloid could be made strong cross linking through inter-mo-
415 lecular and intra-molecular bonds involving the glutenin and gliadin of wheat flour pro-
416 tein, and glucomannan of stink lily flour. The more networks that are formed between the
417 components of the noodles have an effect on the tensile strength of wet noodles, and vice
418 versa [13,48]. The synergism effect of the wet noodles component determined water bind
419 capacity and water mobility that established texture properties of wet noodles, this state-
420 ment is supported by Li et al.[34]; Saha and Bhattacharya [40]; Huang et al. [41]. Diniyah
421 et al.[49] also informed that the addition of hydrocolloids in the noodles-making process
422 increases the viscosity and water absorption because the water binding and holding prop-
423 erties of hydrocolloids that can form gel. However, the addition of pluchea tea extract
424 caused the tensile strength to decline because the polyphenol compounds of pluchea tea
425 extract induced breakdown of the networking structure among the components of dough
426 because there was water competition among them. Furthermore, the polyphenol com-
427 pounds could be reacted with starch and protein because the formation of the gluten net-
428 work was disrupted that gliadin and glutenin in the form of random coils and starch could
429 be underwent an excessive gelatinization process. This opinion is supported by Li et al.
430 [13]; Zhu [42]; Huang et al. [41]. k-carrageenan has a yellowish white color and has the
431 ability to bind water molecules that it increases the lightness of wet noodles, while the
432 pluchea tea extract contains polyphenolic compounds, such as tannins which can give the
433 noodles a brown color that the lightness level is reduced. This opinion was supported by
434 Widyawati et al. [20]; Necas et al. [38]. The increase in yellowness was in line with the
435 increase in lightness because the higher the water content value was caused by the ability
436 of k-carrageenan to bind water molecules, thereby increasing the brightness and the
437 brown color contribution of the pluchea tea extract gave a brownish-yellow color of the
438 wet noodles that the intensity of this color increased as indicated by the increased chroma
439 value.

440 4.2. Bioactive Compounds and DPPH Free Radical Scavenging Activity

441 The stinky silky wet noodles KOLO had the lowest TPC and TFC because there was
442 contributed of phenolic content from wheat flour and egg. Punia et al. [50] said that wheat
443 flour has phenolic acids including ferulic, caffeic, and p-coumaric acid. Moreover, the
444 presence of TFC in the KOLO sample is thought to be due to the presence of a thiol group
445 in egg white which is able to chelate metal ions and is able to be conjugated with saccha-
446 rides [51], as well as 3,5-diacetyltambulin compounds from stink lily flour [52]. While the
447 TFC and TPC values in the K2L2 sample were dominantly contributed by the presence of
448 phytochemical compounds in the pluchea tea extract. Widyawati et al. [20] explained that
449 there are phytochemical compounds in the pluchea tea extract. Suriyaphan [16]; Vongsak
450 et al. [17]; Ruan et al. [18]; Chan et al. [19] also emphasized that pluchea leaves contain
451 phenolic acids and flavonoids. The existence of a non-significant difference between treat-

452 ments in the TPC and TFC assays indicated an interaction between the components in the
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453 dough that it affected the presence of free hydroxyl groups that could bind to the Folin
454 Ciocalteus phenol reagent. as described by Li et al. [13]; Herawati [41]; Zhu [42]; Schefer
455 et al. [45]; Amoako and Awika [47] glutenin, gliadin, glucomannan, k-carrageenan, and
456 polyphenol compounds are involved in the formation of networks structure in the dough
457 so as to determine the quality of wet noodles. The interactions that occur involve various
458 non-covalent interaction mechanisms that affect the presence of free hydroxyl groups. The
459 TPC and TFC values of wet noodles in each treatment affected DPPH free radical scav-
460 enging activity (DPPH). They determined DPPH of wet noodles, usually positively corre-
461 lated. Niroula et al. [53] said that TPC and DPPH were strongly correlated in seeds,
462 sprouts and grasses of corn (Zea mays L.). Lim et al. [54] also informed that there is an
463 excellent correlation coefficient between the TPC, TFC and antioxidant activities of Phale-
464 ria macrocarpa fruit. Adebiyi et al. [55] explained that the high level of flavonoids and phe-
465 nols in plant caused the antioxidant activity of Grewia carpinifolia extract. The antioxidant
466 activity of phenolics is related to their redox properties which induced them to act as re-
467 ducing agents, hydrogen donors, singlet oxygen quenchers and metal chelators. Rahman
468 et al. [56] underlined that DPPH free radical scavenging activity of polyphenol com-
469 pounds of T. pallida extract was determined by hydrogen donating ability which it highly
470 correlated. The potency of wet noodles as AOA was determined by reduced capability of
471 DPPH free radical solution color from purple to be yellow color.

472 4.3. Sensory Properties

473 The analysis of sensory properties of the stink lily noodles was conducted by the he-
474 donic scale scoring method with attribute the preference of color, taste, aroma, texture and
475 overall. The result of the color preference test showed that the control treatment (KOLO)
476 was the highest value because the treatment without the addition of pluchea tea extract
477 not change the color of the wet noodles was yellowish-white. And then the treatment with
478 the lowest color preference value was KOL1 due to the addition of this extract decreased
479 the panelists' preference for the color because the noodles were darker and brownish
480 color. Suriyaphan [16]; Widyawati et al. [20] said that the color of the pluchea tea extract
481 contributed to changing the color of this wet noodle originated from tannins, flavonoids,
482 and chlorophyll. However, in this study, increasing the extract concentration did not sig-
483 nificantly affect the panelists' preference for color when the proportion of k-carrageenan
484 increased, because the addition of stink lily flour and x-carrageenan would increase the
485 lightness of the wet noodles that the produced color of the wet noodles was brighter and
486 preferred by panelists. This data was supported by the data from color rider analysis,
487 where the results of the sensory test by the panelists were in line with the decrease in the
488 lightness value, the increase in the reddish and yellowish values, the hue value showed
489 the yellow-red color, and chroma value showed an increase in color intensity. The panelist
490 preference of aroma from wet noodles was determined by the aroma from the material
491 used to make wet noodles or the interaction of aroma produced from the reaction among
492 the material composition. According to Ramdani et al. [57], stink lily flour has a musty
493 aroma, and all wet noodles produced have a musty smell. Meanwhile, according to Fitan-
494 tri et al. [58], k-carrageenan is unscented that not contribute to wet noodles. The addition
495 of pluchea tea extract decreased the panelists' preference for the aroma of wet noodles
496 because the addition of the extract caused the wet noodles to smell like leaves (floral) and
497 unpleasant and the panelists did not like it. Fragrant or unpleasant aroma comes from
498 volatile compounds contained in pluchea leaves. According to Widyawati et al. [59], plu-
499 chea leaves have 66 volatile compounds, these volatile compounds play a role in forming
500 the aroma in the hot water extract of pluchea leaf tea. According to Lee et al. [60], pluchea
501 leaves contain volatile compounds contributed by aliphatic aldehyde group compounds
502 or aromatic compounds that give a distinctive aroma, therefore the presence of these com-
503 pounds in steeping water can give a specific aroma, i.e. fragrant (floral) in wet noodles.
504 There was a difference in the effect of the proportion of k-carrageenan and pluchea leaf

505 tea extract on taste due to the contribution of taste produced by carrageenan and extract.
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506 According to Ramdani et al. [57]; Haryu et al. [61], stink lily flour and k-carrageenan do
507 not have a distinctive or neutral taste, increasing the concentration of k-carrageenan gives
508 a higher preference value because noodles are considered to have a better texture that
509 contributes to the assessment of taste. The increase in the concentration of pluchea tea
510 extract caused the taste preference value of noodles to decrease significantly, this is due
511 to the presence of tannins, catechins, and phenolic compounds in the pluchea tea extract
512 which determined bitter and slightly astringent. The effect of x-carrageenan proportion
513 and tea extract to make wet noodles influenced panelist preference of texture because this
514 hydrocolloid can be make strong cross linking through inter-molecular and intra-molec-
515 ular bonds involving the glutenin and gliadin of wheat flour protein, and glucomannan
516 of stink lily flour that determined water bind capacity and water mobility [34,40,41]. Pres-
517 ence of the polyphenol compounds of pluchea tea extract can be breakdown of the net-
518 working structure among the components of dough because of water competition of them.
519 Li et al. [13]; Zhu [42]; Huang et al. [41] said that the polyphenol compounds could be
520 reacted with starch and protein to disrupt the gluten network and cause starch to undergo
521 an excessive gelatinization process. The difference in the proportion of k-carrageenan
522 change the overall preference value of wet noodles to be significantly different overall
523 compared to the control, this was because the proportion of k-carrageenan influenced the
524 all sensory attribute (color, aroma, and taste). The addition of pluchea tea extract in wet
525 noodles decreased the overall preference value because the addition of extract affected the
526 organoleptic characters tested due to the content of secondary metabolites of pluchea
527 leaves, such as flavonoids, phenols, and tannins that could affect the taste, aroma, the
528 color, and texture of the noodles. Based on spider web graph showed that K2L0 was the
529 best treatment of stink lily wet noodles. It was also supported by better physicochemical
530 properties than the control, including yellowish white wet noodles, better swelling index,
531 lower cooking loss, higher tensile strength value, and lower moisture content. However,
532 this K2LO treatment did not have the highest TPC, TFC, and AOA, i.e. 0.500+0.045;
533 0.089+0.008; and 0.532+0.005, respectively.

534 5. Conclusions

535 The use of k-carrageenan proportions and pluchea leaf tea extract had a significant
536 effect on the cooking quality and sensory properties of stink lily wet noodles. Statistical
537 analysis at p < 5% showed that there was an interaction effect of the proportion of k-car-
538 rageenan and pluchea leaf tea extract on the swelling index, yellowness, chroma, hue,
539 TPC, TFC, DPPH, the preference value for color, aroma, and overall acceptance. While the
540 moisture content of wet noodles was only affected by the proportion of k-carrageenan, for
541 tensile strength, cooking loss, lightness, and redness, and the preference value for texture
542 and taste were influenced by the proportions of k-carrageenan and the concentration of
543 pluchea leaf tea extract, respectively. The best treatment based on the spider web graph
544 showed that the KOL2 treatment had the largest area 79.16 cm? and a preference score of
545 15.8 with a very like category, this is in accordance with the results of physicochemical
546 and sensory tests, but it was no correlated with the highest bioactive content (TPC and
547 TFC) and DPPH.
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Abstract: The study aims to determine the effect of the proportion of k-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
k-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 (KOLO, KOL1, KOL2, K1L0, K1L1, K1L2,
K2L0, K2L1, K212, 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 k-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 k-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 (3-1,4
and (3-1,6 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 o-helix and (3-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, 3-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, 3-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 «-
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 k-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, k-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.

Concentration of Hot Water Extract of Pluchea Leaf Tea (% b/v)

Materials
0 15 30
Pluchea leaf tea (g) 0 45 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 k-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 KOLO KOL1 KOL2 Ki1L0O KiL1 Ki1L2 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 25.5 255 255
k-Carrageenan (g) 0 0 0 1.5 1.5 1.5 3 3 3 45 45 45
Egg () 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 0 0 30 0 0 30 0 0 30 0 0 30

pluchea leaves 30% (mL)

Total (g)

2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145 2145

Note: KO = wheat flour: stink lily flour: «k-carrageenan = 80:20:0. K1 = wheat flour: stink lily flour:
k-carrageenan = 80:19:1. K2 = wheat flour: stink lily flour: k-carrageenan = 80:18:2. K3 = wheat flour: stink
lily flour: k-carrageenan = 80:17:3. LO = 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 A 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 AICl; and NaNO; 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 A 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 A 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 k-carrageenan (K) and differences
in the concentration of the pluchea tea extract (L) added to the wet noodles. The proportion
of k-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
K-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 k-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 KOL2 had the lowest moisture content. Furthermore, the addition of
the k-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 KOL2, and the highest was K3L0. Contrary to this, the
cooking loss of the wet noodles decreased significantly with the addition of the proportion
of k—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%. KOL2 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 k-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 k-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 k-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.
Moisture . . .
Color Content ndex (05 TowS  suongh
Samples (%wb) ° ° 8
L* a* b* C h

KOLO 73004006 1204006 169040252 17.00 + 0.31 3 8640+ 0008  6415+070 14890 +0.15° 1883 +044  0.106 + 0.002
KOL1 68.70 £+ 0.35 2.60 & 0.06 26.50 +0.32 4 26.50 +0.29 © 84.40 4+ 0.21 be 63.66 £+ 0.38 146.36 + 0.27 19.06 + 0.43 0.105 £ 0.001
KOL2 67.80 £ 0.20 2.80 = 0.06 27.80 + 0.46 ¢ 27.80 4 0.45 ¢ 84.20 4 0.32 abe 62.83 £ 0.58 142.25 £ 0392 20.13 +0.71 0.116 £ 0.006
K1LO0 73.40 £ 0.25 1.30 + 0.06 17.30 & 0.15 2P 17.30 £0.152 85.70 + 0.21 f 64.42 £+ 0.80 149.63 + 0.34 4 18.47 + 0.31 0.086 + 0.005
K1L1 69.00 £ 0.36 2.80 +£0.12 27.30 +0.45¢ 27.40 +0.50 4 8420 £0.152 62.95 + 0.68 146.65 + 0.43 P 19.36 + 0.92 0.103 £ 0.004
K1L2 68.30 + 0.15 3.00 £0.12 28.60 +0.128 28.70 + 0.15 f 84.00 + 0.15 2bc 63.37 £ 1.04 148.85 £ 0.57 ¢ 19.76 £+ 0.90 0.108 £ 0.005
K2L0 73.70 £0.10 1.50 £ 0.00 17.70 + 0.26 bc 17.80 £0.232 85.20 + 0.06 de 64.67 +£1.08 155.67 4+ 0.46 1 18.18 + 0.45 0.098 £ 0.002
K2L1 69.40+ 0.15 3.00 £ 0.06 2820 +0.15f8 2840 +0.15f 83.80 + 0.17 2P 63.74 £ 0.75 150.96 + 0.71 ¢ 18.62 + 0.41 0.106 £ 0.005
K2L2 68.70 £ 0.06 3.10 £ 0.15 29.30 + 0.00 1 29.40 4+ 0.06 & 84.00 + 0.15 abe 64.25 £+ 1.60 154.82 + 044 8 19.34 £ 0.77 0.114 £ 0.003
K3L0 74.50 £ 0.23 1.70 £ 0.12 18.10 £ 0.00 € 18.10 + 0.06 © 84.60 + 0.21 <d 65.83 £ 0.22 162.21 £ 0251 17.83 + 0.41 0.110 £+ 0.003
K3L1 69.80 £ 0.50 3.20 £ 0.06 29.30 +0.12h 29.30 4+ 0.06 & 83.80 + 0.53 2P 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 ! 30.10 &+ 0.06 1 83.60 £+ 0.06 2 65.49 + 1.04 159.59 4 0.52 1 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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.

Figure 1. Stink lily noodles. Note that KO = wheat flour: stink lily flour: k-carrageenan = 80:20:0,
K1 = wheat flour: stink lily flour: k-carrageenan = 80:19:1, K2 = wheat flour: stink lily flour:
k-carrageenan = 80:18:2, K3 = wheat flour: stink lily flour: k-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 k-carrageenan and the
addition of the pluchea tea extract (Table 4). The results of the analysis show that the control
sample KOLO 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 KOLO had the lowest
TFC value and K212 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 k-carrageenan and the pluchea tea extract.
KOLO 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 (ﬁgo(éﬁls)/g Dry TFC l(\[n(l)% dC]Eg Dry DPPH S(:avenginlgI (I)Xocéllxélst)y (mg GAE/g Dry
KOLO 0.341 4 0.034 2 0.057 4 0.004 2 0.414 4 0.006
KOL1 0.948 + 0.027 4 0.704 + 0.007 © 0.742 4+ 0.016
KOL2 1.099 -+ 0.047 © 1.109 + 0.007 4 0.757 4 0.001 ©
K1L0 0.458 4+ 0.040 P 0.082 4 0.002 @ 0.523 + 0.026 P
K1L1 0.924 + 0.077 4 0.735 + 0.003 © 0.750 =+ 0.006 ©
K1L2 1.005 + 0.070 4 1.091 + 0.095 4 0.751 + 0.001 ©
K2L0 0.500 + 0.045 P 0.089 4 0.008 @ 0.532 + 0.005 P
K2L1 0.965 + 0.025 4 0.718 £ 0.018 ¢ 0.748 + 0.004 ©
K2L2 1.196 + 0.027 f 1.336 & 0.046 © 0.758 =+ 0.009 ©
K3L0 0.527 =+ 0.007 b 0.218 £ 0.003 P 0.587 +0.020 °
K3L1 0.807 £ 0.031 ¢ 0.726 + 0.039 © 0.751 + 0.008 ©
K3L2 1.145 + 0.064 1.067 + 0.063 4 0.751 + 0.007 ©

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 (KOL0), and the treatment with the lowest
color preference value was KOL1. 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 k-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 KOL2. 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).



Molecules 2022, 27, 5062

9o0f 16

Table 5. Sensory properties of the stink lily noodles.

Hedonic Preference Score

Samples
Color Aroma Taste Texture Overall Acceptance
KOLO 12.02f 10934 10.52 10.95 11.24f
KOL1 9.124 10.26 <d 8.72 10.03 8794
KOL2 11.83 ¢f 8.86 b 8.18 9.58 9.04 b
K1LO 9.98 be 11.58¢ 10.15 11.66 10.3 cde
K1L1 9.44 b 9.58 be 9.49 10.66 8.93 b
K1L2 10.59 < 8.452 8.87 9.46 9.112b
K2L0 11.62f 10.93 de 11.08 11.15 11.07 def
K2L1 10.63 <d 10.14 b 9.82 10.61 9.42 abe
K2L2 10.94 de 8.84 cd 9.09 10.38 10.16 cde
K3L0 11.51 ¢ 10.36 < 10.37 11.07 10.84 def
K3L1 9.37 ab 10.07 2 9.95 11 9.72 be
K3L2 9.47 ab 8.29 cd 9.57 9.64 8.622

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 k-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 KOLO,
and the treatment with the lowest preference value was K3L2. The determination of the
best treatment for the differences in the proportions of k-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 k-carrageenan 2% and with the addition
of 0% pluchea tea extract. The area of the K2L0 treatment area was 79.16 cm?, and had a
preference score of 15.8 (very like).

= (L0
—s— k0Ll
e KOL2
K110

K1l
—s— K112
o e TT
— K211
kL2

K30

—=— 311
—a— K312

Crrarall

Taxtura Taste

Figure 2. Spider web graph to determine the best treatment of the stink lily noodles.
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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 k-carrageenan addition gave a significant difference of moisture
content to the wet noodles. The k-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 «-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, k-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 k-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
K-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 k-carrageenan
in dough can be synergist with glucomannan to change sulfthydryl 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, 3-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, 3-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,
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i.e., hydrophobic interaction, hydrogen bonding, electrostatic interaction, Van der Waals in-
teraction, and 7t-7 stacking. The presence of the k-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 k-carrageenan
proportion and the extract addition, but interaction of two factors had an insignificant
difference. The phenomena were caused by the k-carrageenan and bioactive compounds
of the pluchea tea extract, especially phenolic compounds, that involved the interaction
with proteins and carbohydrates in dough. k-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], k-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 k-carrageenan
proportion and the extract addition. The increasing k-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]. k-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 k-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 KOLO 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 KOLO 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, k-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 (KOLO) 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 KOL1,
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 k-carrageenan increased, because the addition of the stink lily
flour and the k-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],
K-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 k-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 k-carrageenan do not have a distinctive or neutral taste,
so increasing the concentration of k-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 k-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 k-carrageenan
changes the overall preference value of wet noodles to be significantly different overall
compared to the control, because the proportion of the k-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 k-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
k-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.



Molecules 2022, 27, 5062 14 of 16

While the moisture content of the wet noodles was only affected by the proportion of
k-carrageenan, the tensile strength, cooking loss, lightness, redness, and the preference
value for texture and taste were influenced by the proportions of k-carrageenan and the
concentration of the pluchea leaf tea extract, respectively. The spider web graph showed
that the KOL2 treatment had the largest area at 79.16 cm? 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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