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ABSTRACT

This study aims to analyze the effect of oxygen absorber on the color stability of gelamai.
It evaluates changes in chroma and hue angle using the CIE Lab color system under two
types of packaging (PE and vacuum) and two storage temperatures (room temperature and
freezer) during 8 days. The colour changes observed in the samples were caused by
oxidation. Throughout storage, the oxygen absorber reduces or retardes oxidative reactions.
These findings revealed that vacuum packaging slowed colour changes more effectively
than PE packaging, especially at room temperature, while freezer storage produced more
complex and nonlinear patterns, likely due to physicochemical interactions. Kinetic
analysis disclosed a difference in reaction rate constants (k) between packaging and
temperature conditions, vacuum packaging disclosed lower kinetic value and more stable
color than other conditions. PE room temp (R? = 0.9311), Vacuum room temp (R? =
0.5776), PE freezer (R? = 0.5847), Vacuum freezer (R = 0.7258). Statistically disclosed
no significant difference in all treatments. This study concludes that oxygen absorbers are
effective in preserving the color quality of gelamai during storage.
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INTRODUCTION

From West Sumatera, galamai is a traditional food made from coconut milk, brown
sugar, and glutinous rice flour. Traditionally made with wood-fired cooking methods, the
preparation entails folding the ingredients and heating them at high heat until a dark brown
dough develops (Murtius & Hari, 2016). Historically, a traditional semi-moist confection,
it is cited as hailing from Payakumbuh Regency, West Sumatra, Indonesia (Ermiati &
Gusmalini, 2022). Classified as an intermediate-moisture food product, inherently limiting
its shelf life (Kasmita et al., 2018). It makes an excellent gift due to its palatable taste.
Additionally, it's frequently sold as a memento to tourists going to other places (Ermiati &
Gusmalini, 2022).

Gelamai is a semi-moist food that is supposed to look good for lasting over several
month and the challenge of this product lies in its high moisture and fat content, which

makes it prone to oxidation (Wen-xuan et al., 2020). Because of its high water and coconut
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milk content, the remaining gelamai oxidizes and becomes rancid. The remaining oxygen
in the packing is the cause of this alteration in sensory qualities. Oxygen absorber is one
method where it can be used to lower the amount of oxygen in the container. To the best
of the authors’ knowledge, no prior studies have investigated the effect of oxygen absorbers
on the quality of gelamai during storage.

By actively regulating the in-package conditions, oxygen absorber aims to prolong
the product's shelf life and preserve its quality. Common oxygen absorber materials include
compounds that absorb or otherwise adsorb oxygen, ethylene, carbon dioxide, or moisture
or those that release carbon dioxide or ethanol (Lopez-Cervantes et al., 2003). Iron-based
oxygen scavengers within a polymer matrix react at a relative humidity of 75% or higher,
meaning the oxygen scavengers are activated by moisture. This behaviour is because non-
nano scale sodium chloride absorbs water vapor at relative humidities above approximately
75% at 23°C (Cichello, 2015).

Recognized as aerolabile, foods are required to reduce environmental oxygen
access or packaged in multi-layered O,-resistant plastic packaging (Mueller et al., 2013).
O, permeability observed during recovery is levels and leads to spoilage. To reduce the
increase in oxygen permeation caused by retort shock, an O, scavenger layer is voated in a
distinct layer within multi-layered construction. It uptakes O, diffusion and functions as an
active barrier. The oxygen absorbers repeatedly applied for the layer are Fe powders spread
throughout agents within a polymer matrix (Cichello, 2015). Light influences gene activity
engaged in anthocyanin biosynthesis, which leads to the red, blue, and purple colors in
many fruits, according to Ermiati & Gusmalini. (2022) the advantage of packaging is
effective in preserving food. Based-O- abrsobtion packaging is acknowledged as the most
advanced and addressed packaging.

Numerous foods are responsive to O, (Miltz & Perry, 2005). In theory, 300cc of CO;
and oxygen may be absorbed by 1g of iron (Miltz & Perry, 2005). The most popular metal
agents in packaged food items are iron-based scavengers, which provide increased
effectiveness, affordability, and a quicker rate of oxidation (Gupta, 2023). Based on the
aforementioned concerns, it can be concluded that powder has the advantage of absorbing
oxygen, making it possible to mathematically model the active oxygen absorber packaging
for gelamai at various temperatures and packaging types.

Polyethene (PE) packaging and vacuum techniques can reduce exposure to oxygen
and moisture (Dong-ying et al., 2020), thereby slowing down product degradation. Color

stability evaluation can be performed using the CIE Lab system, with parameters a*
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(redness-greenness), b* (yellowness-blueness), chroma (color intensity), and hue angle
(color dominance). Reaction kinetics approaches can be applied to predict the rate of color
stability by modelling the data using zero-order, first-order equations to assess the effect of
temperature on the reaction rate constant. The results of this study are expected to provide
recommendations for optimal packaging techniques and storage to preserve gelamai while
maintaining its color quality. The kinetic models produced can also be used as a guide in
the food business to forecast how the quality of products will change over time. The study
aimed to predict the dynamics of color stability using the chroma kinetics equation and

examine gelamai's color stability under various storage conditions and packaging methods.

RESEARCH METHODOLOGY

Tools and Material
Glutinous rice flour, instant coconut milk, water, palm sugar, salt, pandan leaves,
vacuum packaging, Polyethylene (PE), and O-Buster - oxygen absorber. The tools used in

this study include a wok, knife and cutting board, weighing scale, sealer, and colorimeter.

Experimental Design

The experimental design used is a Completely Randomized Design (CRD) with
two factor: variations in storage temperature and packaging type. The experiment was
conducted with three replications, as shown in Table 1. A total of four samples were used,
each with three replications, resulting in 12 samples in total. Room temperature was

measured in the range of approximately 23-30 °C.
Table 1. Experiment Design

Packaging Type

Storage Temperature

PE (K1) PE (K2)
Freezer (3°C) (T1) K1T1 K2T1
Room Temperature (20-25°C) (T2) K1T2 K2T2
Data Analysis
Color

The sample’s color was measured periodically using a colorimeter. The readings
were expressed in CIELab L, a*, and b* values. Chroma (C*) and Hue angle (h°) were
calculated using the method adopted by Darvish et al. (2022). The calculation of Hue angle

and Chroma values is shown in Equations (1) and (2).
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Hue angle (°) = tan‘l(z—:) (@))

Chroma =,/ (a*)? + (b*)? 2

Kinetics
Equation (3) shows that the changes in the sample’s Hue Angle and Chroma values
of the sample during storage under different temperatures and packaging conditions were

analyzed using kinetic equations, as shown in Equation (3).

Preparation of Experimental Apparatus and Materials
a. Production of Gelamai

The Gelamai samples were prepared using a 1:1:0.5 kg ratio of glutinous rice flour,
palm sugar, and white sugar. They were cut into pieces and weighed approximately 50
grams each.
b. Packaging Procedure

After cooking, the samples were weighed to 200 grams each. Each sample was
then wrapped in packaging material, and one sachet of iron powder was placed inside each
package. The samples were stored under different temperature conditions for each
treatment. Observations were carried out on days 0, 2, 4, 6, and 8 of storage.
c. Determination of Kinetic Model

In general, the quality fluctuation of a product during storage can be described
utilizing 0-order, 1-order, or higher-0 kinetics (Zhang et al., 2021). Equations 2 and 3
present the integrated forms of the 0- and 1- order models.
d. Kinetics

The gelamai attributes during storage were analyzed using 0-, 1-, and 2-order
kinetic analysis, depending on the shape of the graph obtained from each quality parameter.
The general kinetic equation is presented in Equation (3) (Zhang et al., 2021).

==k M 3)
Where:

k = Change Rate Constant

M = measurable quality data

n = order
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Equation (4) is used to calculate order 0, equation (5) order 1, and equation (6)

order 2.
M, =Mgy.e™*¢ (5)
_ My
M, = Mo-k.t+1 6)
Table 2. Gelamai Color Measurement Data During Storage
Type of Condition Storage Time - * * Hue
packaging Storage (Day) a b Chroma angle (°)

0 4.63 3.53 5,82 37.3°
Room 2 4.77 3.78 6,08 38.3°
4 4.77 3.89 6.16 39.1°
Temperature 6 477 422 6.55 40.1°
PE Packaging 8 5.10 5.00 7.14 44.4°
0 4.63 3.53 5.82 37.3°
Freezer 2 4.78 3.90 6.16 39.1°
Temperature 4 4.67 5.01 6.86 47.1°
P 6 501  5.44 7.39 47.1°
8 5.23 5.82 7.83 47.1°
0 4.63 3.53 5.82 37.3°
Room 2 4.55 3.54 5.76 37.9°
Temporature 4 484  3.89 6.22 38.8°
P 6 4.89 3.99 6.31 39.2°
Vacuum 8 4.89 3.93 6.96 45.2°
Packaging 0 4.63 3.53 5.82 37.3°
Freezer 2 4.88 3.90 6.23 38.6°
Temreretire 4 490 401 6.33 39.3°
P 6 5.10 4.99 7.15 44.4°
8 5.11 5.02 7.17 44.5°

RESULTS AND DISCUSSION

The red-green axis in the CIELAB color system may originate from composition
of the pigment (anthocyanins, carotenoids, betalains, and chlorophyll) is one of the primary
contributors (Dubinina et al., 2020; J. Lee & Schwartz, 2005; Leo, 2004; Podsedek, 2023;
Rockland, 2017), pH level (Walkowiak-Tomczak et al., 2016), temperature and light
exposure (Walkowiak-Tomczak et al., 2016) as well as oxygen and water activity (Nollet,
2004; Rockland, 2017). Indirectly, packaging nanoencapsulation protecting products
against light and oxygen can retain colour (Anna, 2023; Berthold et al., 2024; Nollet, 2004;
Podsedek, 2023; Shivani et al., 2023). Likewise, the thermal process helps maintain the
natural color of food (Nowacka et al., 2021; Pandiselvam et al., 2023). Discolouration in

the samples was attributed to oxidative reactions (Petrozziello et al., 2018). Throughout
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storage, the oxygen absorber functioned as an oxygen scavenger, effectively reducing or
retarding oxidation (Villmann & Weickhardt, 2021).

Materials containing glutinous rice flour show an initial increase followed by a
decrease in color value as environmental temperature rises, with the lightness reaching its
minimum at 55°C (Wei et al., 2020). According to Nakagawa et al. (2016) increased
hydrophobicity is caused by protein modification, foods containing glutinous rice flour
undergo dramatic color stability at high temperatures.

As the yellow-blue chromaticity axis, the b* value in CIELAB color is very
important. Furthermore, b* is crucial for determining the product’s ripeness and quality.
For example, a more yellowish color, which is often associated with fruit ripeness, can be
indicated by a higher b* value (Molina et al., 2023). Consumer preferences can be strongly
influenced by the yellow-blue axis (b*); customers are more likely to choose foods with an
attractive b* (Lis & Bartuzi, 2020; Nollet, 2004).

Changes that take put amid the generation and capacity of nourishment may be
shown by changes within the b*. For occasion, a drop within the b* implies that yellow
colors are being misplaced, which might affect the product's stylish, engaging quality
(Molina et al., 2023). To secure customers, the utilization of color additives—including
those that modify the b*—is firmly controlled. Characteristic colorants are progressively
being utilized in put of engineered ones since they are thought to be more secure and may
have wellbeing b* (Lipman, 2008). When measuring nourishment color, the b* may be a
factor influencing shopper choice, quality assessment, and administrative compliance.
Long-term nourishment color analysis is being molded by innovative progressions and the
move toward common colorants, which can ensure that nourishment things fulfill client
desires and security controls.

The color characteristics of nourishment have a critical effect on its brightness. For
example, the ingredients used in food goods might affect their L*. Depending on the kind
of fruit powder used, the brightness in a study on pudding compositions varied from 42.57
to 81.91 (Popova et al., 2024). Likewise, protein balls color lightness value dropped from
40 to 30 when cricket flour was added (Khalil et al., 2024).

The brightness level of food products can be changed by adding specific
substances. Salted egg white (SEW), for instance, lessens the brightness of steamed
bread (Abker et al., 2024), and muffins made with cold-pressed anise flour (CAF) have
lower lightness ratings (Goksen & Ekiz, 2021). Food. brightness includes how food looks

as well as how consumers perceive its nutritional value. Ingredients and processing
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techniques can greatly impact brightness levels, while labeling and sensory characteristics
have an impact on how consumers perceive snack items. Proper illumination can improve
food products’s perceived freshness and aesthetic appeal. Developing food items that

satisfy customer tastes and follow health trends requires understanding these elements.

Chroma

Tempersture_Conditon
Figure 1. Chroma Normality Test

Based on Figure 1. the normality test, all chroma value samples—K1T2 (Sig. =
0.605), K1T1 (Sig. = 0.796), K2T2 (Sig. = 0.436), and K2T1 (Sig. = 0.299)—showed
normal distributions as their significance values were greater than 0.05. The homogeneity
of variance test yielded a significance value of 0.385, above 0.05, indicating equal or
homoscedastic variances across the four storage temperature conditions, thus fulfilling the
homogeneity assumption required for one-way ANOVA. The ANOVA results showed a
significance value of 0.478, greater than 0.05, indicating no significant differences among

the four storage temperature conditions, so a post-hoc DMRT test was unnecessary.
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Figure 2. Hue angle Normally Test

Based on Figure 2. the normality test, the Hue angle data showed a mixed
distribution; K1T2 (0.302) and K2T1 (0.144) were normally distributed (Sig. > 0.05), while
K1T1 (0.023) and K2T2 (0.043) were not (Sig. < 0.05). The homogeneity of variance test
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yielded a significance value of 0.108, indicating homogeneous variances across the four
storage temperature conditions, thus meeting the assumption for one-way ANOVA. The
ANOVA result (Sig. = 0.343) showed no significant differences between the conditions, so

a post-hoc DMRT test was unnecessary.

Kinetic

Table 3 displayed a kinetics analysis gelamai chroma change at various storage and
packaging conditions. Vacuum packaging is more effective in preserving color stability
than PE, both at room and freezer temperatures. At room temperature, PE packaging
exposed chroma enhancement patterns linearly by time (Ht=HO0+5.82x10-2t+1).
Meanwhile, vacuum packaging retrieved a slower rate of change (Ht=H0+5.76x10—2t+1).
At freezer temperature, PE packaging showed greater non-linear variations. while vacuum
packaging showed a stable pattern with a lower rate of change (Ht=H0+6.33x10-2t+1).
These findings asserted that vacuum packaging should preserve gelamai color because of

chemical degradation and oxidation, thus extending its shelf-life.
Table 3. Chroma Kinetic Analysis

Day(s) PE (Room Vacuum (Room

Chroma Kinetic Chroma Kinetic

Storage Temp) Temp)

0 5.82 - H 5.82 - Ho
H, Hox 5.82x10~2x t + 1 H, Hpx5.82x10~2% t + 1

2 6.08 - H 5.76 - H
H, Hox6.08x102x t + 1 H, Hox5.76x102x t + 1

4 6.16 - H 6.22 - H
H, Hox6.16x10~2xt + 1 H, Hox6.22x102x t + 1

6 6.55 - H 6.31 - H
H, Ho.x6.55x10~2xt + 1 H, Hox6.31x1072x ¢ + 1

8 7.14 - H 6.96 - H
H, Hox7.14x10 2x t + 1 H, Hyx6.96x10~2x t + 1

PE Vacuum
Day(s) (Freezer Chroma Kinetic (Freezer Chroma Kinetic
Storage Temp) Temp)

0 5.82 - H 5.82 - H
Hy Hox5.82x10~2x t + 1 Hy Hox5.82x10~2x t + 1

2 6.16 - H 6.23 - H
H, Hox 6.16x1072x t + 1 H, Hox 6.23x1072x t + 1

4 6.86 - H 6.33 - Ho
H, Hox6.86x10~2x t + 1 H, Hpx6.33x10~2x t + 1

6 7.39 - H 7.15 - H
H, Hox7.39x10~2x t + 1 H, Hox7.15x102x t + 1

8 7.83 H, = _ Ho 7.17 H, = Ho

" Hox7.83x10~2xt +1 " Hox7.17x102xt+1

Table 4 exposed analysis of hue change kinetics of angle gelamai at various storage
and packaging conditions. It exposed that vacuum packaging more effective in preserving
hue angle compared to PE packaging both room and freezer temperatures. At room

temperature, PE packaging exposed hue angle enhancement pattern in lineer by time
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(Ht=H0+37.3x10—2t+1). Meanwhile, vacuum packaging showed a lower enhancement

pattern (Ht=HO0+37.9x10—2t+1). At freezer temperature, PE packaging is exposed higher

non-linear various. Meanwhile, vacuum packaging showed a stable pattern with a lower

rate of change (Ht=H0+45.2x10-2t+1). These findings asserted that vacuum packaging

preserves gelamai hue angle. Thus, these could preserve gelamai quality visually.

Table 4. Hue Angle Kinetic Analysis

Day(s) PE Vacuum
Sto?’/a o (Room Hue angle Kinetic (Room Hue angle Kinetic
g Tempt) Tempt)
0 37.3 g =— f 37.3° g =— "t
b Hox373x10 2x t+1 T Hox 010 2xt+1
2 38.3 = Ho 37.9° = Ho
' H=——— ' H=——
Hox38.3x10 2x t+1 Hox37.9x10 2x t + 1
4 39.1 = Ho 38.8° - H
H, = = H, = —
Hpx39.1x107“xt + 1 Hpx 38.8x107“xt+1
6 40.1 - Ho 39.2° - Ho
Ht - —2 Ht - -2
Hpx40.1x107“xt+1 Hpx39.2x107“xt+1
8 44.4 = Ho 45.2° - Ho
Ht - 2 Ht - =2
Hox44.4x107 2+t +1 Hox 452x10 2 xt+1
Day(s) PE Vacuum
Y (Freezer Hue angle Kinetic (Freezer Hue Angle Kinetic
Storage
Tempt) Tempt)
0 373° o _H 37.3° N H
7 Hox0.10"2x t+1 t 7 Hox 0x10=2x t +1
2 39.1° H. = Ho 38.6° g =— fo
t 7 Hox2431x10 2x t +1 t " Hox38.6x102x t +1
4 47.10 H = Ho 39.30 H = #
b7 Hox3231x10~2xt+1 t 7 Hox393x10~2x t +1
6 47.1° H. = Ho 44 .4° H. = Ho
U Hox2431x10-2x t+1 7 Hox7.1x10"2x t + 1
8 47.1° H. = Ho 44.5° g =— fo
7 Hyx2431x10~2xt+1 t " Hox7.2x10"2x t +1
Regression
0,2 0,00 <
3 4 5
0.15 R2=0,8636 oo
~ y =0,0394x - 0,0543 002 1
§ 01 § y =-0,0089x - 0,0063
5] 0,03
c 005 g
-

o

IS)
o
S

Y(Day(s))

PE (Room Temperature)

-0,05 -

-0,06 -

R2=0,5776

(Day(s))

Vacuum (Room Temperature)
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Figure 3. Hue Angle Values

This study investigated gelamai discoloration during shelf-life using different

conditions and packaging. Based on Figure 3, In a nutshell, vacuum condition demonstrates

more ability in colorfastness gelamai than PE packaging.
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Figure 4. Chroma Values

Figure 4 demonstrates that chroma stability of gelamai is strongly influenced by

storage conditions and packaging methods. PE packaging, at room temperature, showed a

positive (linear) chroma change pattern with Rz = 0.9311. Whereas vacuum packaging

showed a negative trend (R2 = 0.5776), indicating that deceleration or stabilization of
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discoloration. At freezer temperature, PE packaging showed a non-linear pattern (R? =
0.5847), whereas vacuum packaging showed a positive linear pattern (R2 = 0.7258),
although rate of color stability is slower than PE. This results emphasize that vacuum
packaging is more effective in slowing down color stability, both at room temperature and
freezer temperature. Thus, it could preserve the shelf life of gelamai in color stability.
According to Lee et al. (2024) vacuum packaging minimises lipid oxidation, a primary

factor contributing to colour stability.

CONCLUSION

This study demonstrated that the application of oxygen absorber preserved the color
quality of gelamai during storage. Compared to PE packaging, oxygen absorber treatment
extended the shelf life of gelamai by approximately 2—3 days at room temperature and up
to 8 days under freezer storage before noticeable discoloration occurred. The chroma and
hue angle kinetics indicated that the critical limit of acceptability for color stability was
reached when the hue angle exceeded =45°, as this shift was associated with visible
browning and reduced consumer acceptability. Therefore, the integration of oxygen
absorber into vacuum packaging is a reliable strategy to slow oxidative discoloration and

extend the shelf life of gelamai while maintaining its visual quality.
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