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Abstract Rescarch on gluten-free noodles made from composite flour (modified cassava flour
(mocaf), tapioca, cornstarch, and soybeans) has been carmed out in previous studies. However,
research on the shelf life of these noodles has not been carmied out Information on shelf life s
ntended to ensure product quality 15 1n good condition when consumed and does not endanger
consumers' health This research aims to determine the shelf hfe of gluten-free dry noodles
made from composite flowr (mocaf, apoca. cornstarch, and soybeans) Determmation of
gluten-free dry noodles’ shelfl life using Accelerated Shelf Life Testing (ASLT) with the
Arrhenius approach based on the pattern of changes » water content. Gluten-free dry noodles
are packed using polypropylene plastic with a thickness of 0.09 mm. The packaged noodles
were then stored at different temperatwres, 25°C, 35°C, and 45°C  The parameter observed was
moisture content on days 0, 14, 28 35, and 42 days The result showed that water content tends
to increase dunng storage of gluten-free dry noodles from composite flowr (mocaf, tapioca,
comnstarch, and soybeans) Gluten-free dry noodles from the composite flowr (mocaf, apioca,
comstarch, and soybeans) stored at 25°C had the most sustable shelf life, around 161 days
Keywords gluten-free, dry noodles. shelf Ife, ASLT

1. lntreduction
The community 1s mcreasingly developmg gluten-free foods This shows that people are ncreasingly
concerned about the effect of gluten on health, especially in people with Celiac Disease or people with
aunsm In previous research, gluten-free noodles were made from modified cassava flour (mocaf
flour), tapioca flowr, comstarch, and soybeans flour Based on this research, it 15 known that the best
gluten-free noodles are produced from noodles made from mocaf flour, tapioca flowr, and comstarch
with the addmion of 15% soy flour Gluten-free wet noodles with substitution of 15% soybeans flour
@e the best veatment that produces noodles with a charactenstic water content of 61 18%, the ash
content of 0 56%, protewn content of 6 96%, fat content of 4 68%, carbohydrates 23 30%, crude fiber
content of 3 33%, 27 50% elasticaty, 102 29%% water absorption, 69 18% swelling mndex, and 11 39%
cooking loss The organoleptic analysss result showed that panclists favored ghuten-free noodles n
terms of texture and appearance In terms of The panelist’s color, aroma, and taste provide a neutral
assessment [1)
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" *uuhMJm mste. awoma, texture. and
“‘ Dirmg e mornge and Aerduree srocess the product will expenence a decrease m
Tsth 0 semary and musrmae [2] beformaron e delf e s mtended o ensure product quality
1811 good condetum whee corrsmmed v Ares Aot endirger comsumens health  The avelersted shelt
life teut (ASLT) method 1 2 metheed S cor be cwd 10 determme the shelf [ife of a food product
The approsch 1o determining S shedf ide of food products with the ASL T method s carned out by
sormy the product i the ey ronmens scosberaemg e dechme o product quabiny (1] Faimating shelf
Itfe using the ASLYT method u camed ot weh e Anbenmus approach, which accelerates the
occurrence of product qualiy degraders e reactoes 8 exTeme sorwe temperature condions, which
wre then camed oul mathematical caloudsvms Based v thas hackground, an estimation of the shelf
Itfe of gluten-free noodles made from composte floar w3l be carmed out
The purpose of this study was 10 determme the shell Iife of ghuten free noodles made of composite
{mocal, taproca, comutarch, and sovheans) Shelf life testing will deseribe how long the produet can
last &t the same Qulh'\ dmmy the sorage Prowess

2. Materials and Methods

2.1 Marertals and | oals

The mgredients used n the manulacture . . oadles were mocal, aprocn, cornstarch,
sovbheans flour, eggs, CMCO salt » ! “ ske gluten- free noodles are a pot
Slove, spoon, sweve, scale. trmn N A edd maly ze gluten - free noodles

were alummum plates, desiccato

d Kesearch [myvemonia

244 Makmg Cluten-i rec ¥y N . o uif ifriir i sensiarch, and
Seonvboans ) (1 walalna ¢

he noodles ware made by ang e . 3 3 3 ¥ anstarch lowr and

sovbheans. CMC, salt beaten ege and oo - ¢ a wer Aler the dough 18

finished. the dough 13 Tamed 0 shoets & g : < odles Noodles that have been

formed are then steamed for |5 oS & e dned 3 i at A0C for 20 howrs CGluten

fiee dry noodies from composite Thows wal Epexa s aud wyheans) will be obtamed

from the drymg resull The dn wodies ae e acneld wng Poly oy lene plastic with a thaickness

of OOV mm

222 Swemage of Glwsen-b ree Din Noudles from e e wr (Mocaf, lapioca, Comstarch, and

Nonadhenans
Noodies that have been paciod wath poby propn korne plastic ore then stored 1 an meubator at vanous
o stunes The stivage lomporanae of e BoOdes & condioned at D°C, 315°C, and 45C The
phsonvalons made wore wala conlend @nah 35 wang e Nermogrsy et method (4] and free fatly
acid levels using the acd number tranon method (4] on days 0, 14, 28, 35, and 42
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S J ' MC : ’ = 1 - i
tion of shelf life begins with a graph of the relationship between storage time (days) on the x-
o o] - axasand the average loss of quality/day on the y-axis. The plot of values is carried out in the orders 0
S - and 1. After that, perform linear regression with the x-axis representing 1 / T and the y-axis
s o representing In Ea / R, where T is the storage temperature used. Data from the analysis of each
B parameter 1s plotied against time (days). The linear regression equation is obtained so that four
equations are obtained for the four conditions of product storage temperature y = a + bx. Where y =
product characteristic value, x = storage time (days), b = characteristic change rate, a = initial quality
characterl:lstlic value. The slope or bx will be the same as Ea / RT, and the intercept or a will be the

same as In ko.

Arrhenius equation:

Ey
ke = ko.e ) (1)
with k is constant of temperature drop, kO is Constant independent of temperature, Ea is activation
energy (cal / mol), R is gas constant (1.986 (cal / mol °K), and T is absolute temperature (°K).
The equation in logarithmic form:

Ink=lnky- (%)% 2)

with k is constant deterioration, kO is constant independent of temperature, Ea is Activation energy
(cal / mol), R is gas constant (1.986 (cal / mol °K), and T is absolute temperature (°K).

The equation for estimating shelf life:

t order 0 = AO:A (3)
torder 1 = onk'lnA (4)

with t is Predicted shelf life (days), AO is initial quality value, A is The value of product quality
remaining after time t, and k is constant deterioration at normal temperature.

3. Results and Discussion
3.1 Quality Observation During Storage

3.1.1 Water Content

Dry noodles have a low moisture content, so that they can be stored relatively long at room
temperature. Gluten-free dry noodles from composite flour (mocaf, tapioca, cornstarch, and soybeans)
had a water content at the beginning of storage of 4.53%. The noodles obtained are following the
established standards. According to SNI 01-2774-1992, the moisture content requirement for quality I
dry noodles is a maximum of 8%, while for quality II a maximum of 10% [5] In the research of
making dry noodles made from cassava flour and mocaf, the moisture content of dry noodles ranged
from 8-10% [6].

The water content of gluten-free dry noodles from composite flour (mocaf, tapioca, comstarch, and
soybeans) tended to increase at storage temperature 25°C, 35°C, and 45°C. The water content value of
the noodles at 25°C ranged from 4.53% - 5.98%. At 35°C storage, the water content of noodles ranged
from 4.53% - 5.51%. At a storage temperature of 45°C, the water content of noodles ranged from
4.53% - 5.34%. The change in water content of gluten-free noodles from composite flour (mocaf,
tapioca, cornstarch, and soybeans) during storage can be seen in Figure 1.

The change in water content was caused by differences in environmental humidity with the gluten-
free dry noodle samples. When the partial pressure of ambient water vapor is greater than the vapor
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Figure 1. Changes in Water Content of Gluten-Free Noodles from Composite
Flour (Mocaf, Tapioca, Comstarch, and Soybeans) during Storage

3.1.2 Free Fany Acid (FIFA)

Increased levels of free fatty acids can be used as an indication of rancidity in a food product. High
free fatty acid (FFA) levels reflect low product quality The pnmary damage to fat 1s the appearance of
a rancid odor and taste. This 1s because fat 15 easy to absorb odors Rancidity can be caused by
hydrolysis or oxidation reactions [ 9]

Gluten-free dry noodles from composite flour (mocaf, tapioca, comstarch, and soybeans) had
0.17% free fatty acid content at the beginning of storage (on day 0) The free fatty acid content of
gluten-free dry noodles tended to increase both at 25°C, 35°C, and 45°C Changes in free fatty acid
levels of gluten-free dry noodles from composite flour (mocaf, tapioca, comstarch, and soybeans)
during storage can be seen in Figure 2 The value of free farty acid levels of noodles at a storage
temperature of 25°C ranges from 0 17% - 024% At 35°C storage, the free fatty acid content of
noodles ranged from 0 17% - 0 23% At a storage temperature of 45°C, the free fatty acid content of
noodles ranged from 0.17% - 0.31%
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er than if stored at low temperature and room temperature [10].
In the hydrolysis reaction of oils and fats, it is converted into free fatty acids and glycerol, which
- can cause damage to oils and fats. This occurs due to the presence of a certain amount of water in the
oil and fat, resulting in the fat being hydrolyzed. This occurs due to the presence of a certain amount
of water in the oil and fat. This can result in the taste and odor of rancid fat. Fat hydrolysis reaction or
lipolysis is a reaction to the release of free fatty acids from glycerin in the fat's molecular structure.
The hydrolysis reaction can be triggered by the activity of the lipase enzyme or heating, which causes
the termination of the ester bonds and the release of free fatty acids [11]

3.2 Zero Order Plot, First Order Plot and Arrhenius Plot of Gluten-Free Dried Noodles from
Composite Flour (Mocaf, Tapioca, Cornstarch, and Soybean)

3.2.1 Water Content

The relationship between storage time (days) and water content of gluten-free dry noodles from
composite flour (mocaf, tapioca, cornstarch, and soybeans) was plotted in zero order and first order

based on storage temperatures of 25 °C, 35 °C, and 45 °C. Zero-order reaction plots and the first-order
reaction plots are shown in Figures 3 to 8.
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Figure 3. Zero Order Plot of Water Content of Gluten-Free
Dry Noodles from Composite Flour (Mocaf’, Tapioca,
Cornstarch. and Soybeans) at 25 °C Sloragc

Figure 4. First Order Plot of Water Content of Gluten-Free
Dry Noodles from Composite Flour (Mocaf, Tapioca,
C omslarch and SO\ beans) at 2\ °C Storage
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Figure 5. Zero Order Plot of Water Content of Gluten-Free Flgure 6 Fust Order Plot of Water Content of Gluten-Free
Dry Noodles from Composite Flour (Mocaf. Tapioca, Dry Noodles from Composite Flour (Mocaf, Tapioca,
Cornstarch, and Soybeans) at 35 °C Storage. Cornstarch, and Soybeans) at 35 °C Storage.
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Figure 7. Zero Order Plot of Water Content of Gluten-Free
Dry Noodles from Composite Flour (Mocaf,, Tapioca,
Cornstarch, and Soybeans) at 45 °C Storage.

Figure 8. First Order Plot of Water Content of Gluten-Free
Dry Noodles from Composite Flour (Mocaf, Tapioca,
Cornstarch, and Soybeans) at 45 °C Storage.

Based on the Figure above, it is obtained a linear regression equation of each storage temperature
in zero order and first order; from the linear line equation, the slope, intercept, and correlation values
are obtained. Based on the linear regression equation for each storage temperature in zero order and
first order, the coefficient of determination (R?) of zero-order is higher than first order. The prediction
model for the water content of gluten-free dry noodles from composite flour (mocaf, tapioca,
cornstarch, and soybeans) follows a zero-order reaction rate. Linear regression equation water content
of zero order and first order gluten-free dry noodles from composite flour (mocaf, tapioca, cornstarch,

and soybeans) can be seen in Table 1.

Table 1. Linear Regression Equation Water Content of Zero Order Water Content and First Order
Gluten-Free Dry Noodles from Composite Flour (Mocaf, Tapioca, Cornstarch, and Soybeans)

Temp Temp Reaction Equation R2

(°C)  (°K) Zero Order First Order Zero Order  First Order
25 298  y=0,0290x +4,5685 y = 4,5848¢0.0056x 0,8723 0,8831
35 308 y=0,0219x +4,6138 y = 4,61 620004 0,9289 0,9222
45 318 y=0,0203x + 4,4547 y = 4,464220.0042x 0,9346 0,9360

Figure 8 shows that the Arrhenius model of water content parameters for gluten-free dry noodles
flour (mocaf, tapioca, cornstarch, and soybeans). This Arrhenius model 1s obtained from the linear
regression equation plot of zero-order for each storage temperature. The Arrhenius equation is
obtained from the first slope (k) value in Ln so that the Ln k value of each storage temperature 1s
obtained. This value will be plotted against the storage temperature, which 1s first converted to 1 / T
sequentially to fulfill the Arrhenius equation Ln k = Ln ko - Ea / RT. The Arrhenius equation obtained
for gluten-free dry noodles is y = 1699.9x - 9,276 (y = ax + b) where y 1s Ln k, a or slope 1s the value
of Ea/R,xis 1 /T, and b or intercept 1s the value of Ln ko.
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y=1699.9x - 9.276
R?=0.9118

4 -

Figure 9. The plot of Arrhenius from water content parameters of Gluten-Free Dried
Noodles from Composite Flour (Mocaf, Tapioca, Comnstarch, and Soybeans)

3.22 Free Fatty Acid (FFA)

The relationship between storage time (days) and free fatty acid of gluten-free dry noodles from
composite flour (mocaf, tapioca, comstarch, and soybeans) was plotted in zero order and first order
based on storage temperatures of 25 °C, 35 °C, and 45 °C_ Zero-order reaction plots and the first-order
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Figure 14. Zero Order Plot of FFA of Gluten-Free Dry
Noodles from Composite Flour (Mocaf, Tapioca,
Cornstarch, and Soybeans) at 45 °C Storage.

Figure 15. First Order Plot of FFA of Gluten-Free Dry
Noodles from Composite Flour (Mocaf. Tapioca,
Cormmnstarch, and Soybeans) at 45 °C Storage.

Based on the Figure above, it is obtained a linear regression equation of each storage temperature
in zero order and first order; from the linear line equation, the slope, mtercept, and correlation values
are obtained. Based on the linear regression equation for each storage temperature in zero order and
first order, the coefficient of determination (R?) of zero-order is lower than first-order. Linear
regression equation FFA of zero order and first order gluten-free dry noodles from composite flour
(mocaf, tapioca, cornstarch, and soybeans) can be seen in Table 2.

Table 2. Linear Regression Equation FFA of Zero Order Water Content and First Order Gluten-Free
Dry Noodles from Composite Flour (Mocaf, Tapioca, Cornstarch, and Soybeans)

Temp Temp Reaction Equation R?
(°C) (°K) Zero Order First Order Zero Order  First Order
25 298  y=0,0019x +0,1700 y =0,171]¢0.0092 0,8897 0,8941
35 308 y=0,0012x+0,1695 y = 0,17020-0063x 0,7230 0,7403
45 318  y=0,0036x +0,1634 y = 0,1660 00155 0,7879 0,8051
-5.400 ,__.__,,,,,,,,,v,,,,,l,[[ ——— e e
- 608,0_031 0_000315 0.0032 0.00325 0.0033 0.00335 0.0034
. -5.800 -
= i R2=0.3178
| = 6200 ®
. -6.400 |
| |
| -6.600 - .
| | @& |
-6.800

Figure 16. The plot of Arrhenius from FFA parameters of Gluten-Free Dried Noodles from
Composite Flour (Mocaf, Tapioca, Cornstarch and Soybeans)

In Figure 16, the Arrhenius model of water content parameters for gluten-free dry noodles flour
(mocaf, tapioca, cornstarch, and soybeans) 1s shown. This Arrhenius model 1s obtained_ from the 'l'meavu'
regression equation plot of zero-order for each storage temperature. The Arrhenius equation 1s
obtained from the slope (k) value, which is first in Ln so that the Ln k value of each storage
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.‘ 1c mhAnthnkeqmim*Lnko EalM' 3
ained ﬁ:rgi\mnﬁ'ecdrynoodlensy—-2947,2x+33694(y=m:+b)whmyslmh,a
sfm&isthovalueofEa/R,x:sl /T, and b or intercept is the value of Ln ko. Because the R2 value

~ obtained is low, the estimation of shelf life does not use the FFA parameter, so the estimation of shelf

life of Gluten-Free Dry Noodles from Composite Flour (Mocaf, Tapioca, Comstarch, and Soybean) is
carried out based on water content parameters.

3.3 Estimated Shelf Life of Gluten Free Dry Noodles from Composite Flour (Mocaf, Tapioca,
Cornstarch, and Soybean)

Based on the Arrhenius plot with water content parameters in gluten-free dry noodles from composite
flour (mocaf, tapioca, comnstarch, and soybeans). A straight-line equation y = 1699.9x - 9,276 (y = ax
+ b) is obtained where y is Ln k, a or slope is the value of Ea/ R, x is 1 / T, and b or intercept 1s the Ln
ko value. Based on the straight-line equation obtained y = - 9,276 + 1699,9x then:
Ea/R=1699.9
Lnko=-9,276

Based on the above values, the equation for estimating the gluten-free dry noodles' shelf life from
composite flour (mocaf, tapioca, cornstarch, and soybeans) k = 0.00094¢'°%? (/T js obtamed, so that
the k value of each storage temperature is obtained. The k value of each storage temperature can be
seen in Table 3.

Table 3. K values of each Gluten Free Dry Noodles from composite flour (mocaf, tapioca, cornstarch,
and soybeans) Storage Temperature

Temp (°C) 1/T Lnk k
25 0,0034 -3,5405 0,3042
35 0,0032 -3,8213 0.2165
45 0,0031 -3,8971 0,1827

After the k value (quality deterioration constant) at each storage temperature is obtained, then the
estimation of the age of gluten-free dry noodles from composite flour (mocaf, tapioca, cornstarch, and
soybeans) can be done in equation 3. Based on the Arrhenius model calculation, the determinant of
shelf-life gluten-free dry noodles from composite flour (mocaf, tapioca, cornstarch, and soybeans) is
based on water content parameters, namely at 250C for 161 days, 35°C for 194 days, and 45°C for
231 days. The shelf life of gluten-free dry noodles from composite flour (mocaf, tapioca, comnstarch,
and soybeans) can be seen in Table 4.

Table 4. The shelf life of gluten-free dry noodles from composite flour (mocaf, tapioca, comnstarch,
and soybeans)

Temp (°C) Temp (°K) Shelf Life (Days)
25 298 161
35 308 194
45 318 231

This study's results were consistent with research from Palupi et al., where the shelf life of dry com
noodles at a storage temperature of 28°C reaches 4,6 months (138 days) [12]. According to Elizabeth
and Setijorini, the shelf life of dry noodles made from composite flour, taro, and sweet potato at 30°C
15 46 weeks (324 days) [7]. According to Haryadi's research, sago starch noodles' shelf-life with a
water content of 11% 1s 6-12 months [13].

4. Conclusions
From the research conducted, it can be concluded the water content and free fatty acid content of
gluten-free dry noodles from composite flour (mocaf, tapioca, cornstarch, and soybeans) tend to rise
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‘ltfe based on content parameters beeause ﬂ:e coefficient
higher (0.9118) than the FFA value, meaning that the storage temperature
il nces the value of water content. Gluten-free dry noodles from composite flour (mocaf, tapioca,
o - comnstarch, and soybean flour) at a storage temperature of 25°C have a shelf life of 161 days, at a

R storage temperature of 35°C have shelf life 194 days and at a storage temperature of 45°C have a shelf
o life 231 days.
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