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Abstract

This study explored the potential of fortified pomegranate gummy candies (GC) as a solution for insufficient
vitamin C and phenol intake. It entailed two objectives: assessing the impact of ambient storage (20+2 °C) on various
GC properties and developing kinetic models to predict vitamin C and phenol degradation during storage. The study
involved the preparation of GC using a modified formulation and examined moisture content, water activity, texture,
vitamin C, total phenolic content, and microbiological counts during 15-day-storage. Findings revealed that the
moisture content decreased from 21.82% to 13.41%, potentially affecting texture. Water activity remained high (0.84-
0.86), posing potential microbiological risks. The textural analysis indicated high hardness, springiness, gumminess,
and chewiness, which may impact consumer acceptance. Adhesiveness remained minimal. Vitamin C decreased from
2,176.90 mg AA/100g to 1,419.10 mg AA/100g, possibly influenced by moisture and oxygen. Phenolic content
decreased from 2,845.97 mg GAE/100g to 2,183.70 mg GAE/100g, remaining remarkably high. Kinetic modeling
revealed that zero-order kinetics best described degradation, with constant degradation rates. In conclusion, fortified
pomegranate GC demonstrate potential as functional food. However, further research is necessary to optimize texture
properties, improve formulation and understand complex interactions between gelatin and phenolic compounds for
enhanced consumer acceptance and health benefits.
Keywords: gummy candy, kinetic modelling, phenol, physicochemical properties, vitamin C

Abstrak

Studi ini mengeksplorasi potensi gummy candy (GC) fortifikasi buah delima sebagai solusi kekurangan asupan
vitamin C dan fenol. Penelitian ini bertujuan untuk menilai dampak penyimpanan suhu ruang (20+2 °C) pada berbagai
sifat GC dan mengembangkan model kinetik untuk memprediksi degradasi vitamin C dan fenol selama penyimpanan.
Pembuatan GC pada penelitian ini menggunakan formulasi yang dimodifikasi dan kemudian dilakukan pemeriksaan
kadar air, aktivitas air, tekstur, vitamin C, kandungan fenolik total, dan jumlah mikrobiologis selama 15 hari
penyimpanan. Hasil menunjukkan bahwa di akhir penyimpanan, kadar air menurun dari 21,82% menjadi 13,41%,
berpotensi memengaruhi tekstur. Aktivitas air tetap tinggi (0,84-0,86), sehingga menimbulkan potensi risiko
mikrobiologis. Analisis tekstur menunjukkan kekerasan, springiness, gumminess, dan chewiness yang tinggi, yang
mungkin berdampak pada daya terima konsumen. Daya rekatnya tetap rendah. Vitamin C menurun dari 2.176,90 mg
AA/100g menjadi 1.419,10 mg AA/100g, kemungkinan dipengaruhi oleh kelembapan dan oksigen. Kandungan fenolik
menurun dari 2.845,97 mg GAE/100g menjadi 2.183,70 mg GAE/100g, namun masih sangat tinggi. Pemodelan kinetik
mengungkapkan bahwa kinetika orde nol paling tepat menggambarkan degradasi, dengan laju degradasi yang
konstan. GC yang difortifikasi buah delima menunjukkan potensi sebagai pangan fungsional. Penelitian lebih lanjut
diperlukan untuk mengoptimalkan sifat tekstur, meningkatkan formulasi dan memahami interaksi kompleks antara
gelatin dan senyawa fenolik untuk meningkatkan daya terima konsumen dan manfaat kesehatan.
Kata Kunci: fenol, gummy candy, pemodelan kinetik, sifat fisikokimia, vitamin C
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INTRODUCTION

Gummy candies (GC) are confectionery products with a gel-like structure, which are commonly
composed of fruit extract, sugar, acids, aroma, food colorants, flavorings, and gelling agents such as gelatin
(Teixeira-Lemos et al., 2021). Due to the chewy texture, GC was well-liked by children under seventeen
(Periche et al., 2014). Recently, the use of pomegranate fruits as an ingredient for food products has gained
interest because of its substantial antioxidant properties sourced from its phenolic compounds, including for
confectionery production (Alyas et al., 2020; Kong et al., 2020). Besides having high antioxidant activity,
pomegranate has a significant pectin content, making it an ideal ingredient for producing confectionery
products such as GC and jellies (Garrido et al., 2015). Also, pomegranate was a natural colorant that gave a
red-purple color to gummies, thereby making the gummies appealing to consumers, especially children. A
growing number of jellies and hard candies products utilize pomegranate as the main ingredient (Belcaro et
al., 2020; Pandey et al., 2022). However, limited pomegranate-flavored gummy products are available in
the market (Belcaro et al., 2020).

Interestingly, GC could be used as a carrier to incorporate essential vitamins into daily diets,
particularly among children who widely consumed them. In recent years, the global COVID-19 pandemic
has caused increased focus on personal health, resulting in awareness and demand for functional foods,
including vitamin-fortified products (Vishwakarma et al., 2022). Consequently, there has been a notable
surge in popularity for vitamin C-fortified GC due to their ease of consumption, nutritional composition,
visually attractive appearance, and tasty flavor. GC serves as an excellent option for children, especially
those who struggle with swallowing supplement tablets or have particular dietary preferences. It was
estimated that the global fortified GC market would grow at a compound annual growth rate (CAGR) of
6.1% from 2021 to 2031 (Albany, 2022; Yan et al., 2021).

Previous studies showed consumer demand turned from traditional confectionary products to low-sugar
or healthier products (Periche et al., 2014). Yan et al. (2021) have reported on the escalating popularity of
vitamin-fortified gummies in recent years due to their ease of swallowing, appealing appearance, and tasty
flavors. Nevertheless, there was limited understanding regarding the impact of using pomegranate juice as
a source of phenol enrichment, coupled with vitamin C fortification, on gummies' key physicochemical and
textural attributes. Conversely, studies on various food products revealed that the stability of vitamin C and
phenolic compounds could be compromised during storage, which was not ideal for consumers seeking
optimal bioactive compound content (Basha et al., 2020; Kong et al., 2020). Therefore, assessing these
specially formulated gummies holds significant importance, as it may serve as a reference point for
manufacturing gummies with desirable gqualities and functional value derived from vitamin C and phenols,
which act as antioxidants for potential health benefits.

Given the background mentioned above, the potential of fortified pomegranate GC to serve as an
effective and stable functional food has become this study interest. This study's objectives were twofold:
evaluate the effect of ambient storage on the moisture content, water activity, texture, vitamin C content,
total phenolic content, and microbiological counts of the gummies, as well as to develop kinetic models for
predicting the degradation of vitamin C and total phenolic content at ambient storage. The study was mainly
motivated by the recent reports of lower intake of phenols and vitamin C among the population, especially
children (Hemil4, 2017; Hussain et al., 2022). Therefore, this study results are expected to be beneficial for
improving the production of functional GC toward combatting phenols and vitamin C deficiency. The study
adopted the latest definition presented by the Functional Food Center (FFC) in 2018, which described
functional food as natural or processed food containing components that positively affect health (Alongi &
Anese, 2021). In this study, the preparation of functional GC was conducted using pomegranate concentrate
that was rich in phenols and also included the fortification process to add vitamin C. Fortifying the gummy
mixture with vitamin C was imperative due to the loss of vitamin C in the primary raw material, pomegranate
concentrate. This loss occurred during the previous juice-concentrate processing, which involved thermal
processing, packaging, and food storage, as outlined in the study by Nielsen (2017). Additionally, it was
necessary to investigate important quality attributes of the prepared pomegranate gummy to assess its overall
quality during ambient storage. An ambient temperature of 20 °C is among the common storage
temperatures for confectionary products such as GC. By understanding key physicochemical, functional,
and microbiological properties, valuable insights could be gained to ensure the market potential and shelf-
life stability of the pomegranate GC fortified with vitamin C during ambient storage. The development of a
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reliable kinetic model becomes important to accurately assess the rate of decrease in vitamin C and total
phenol content over time. Such a model would provide valuable insights into the potential degradation and
loss of health benefits associated with these bioactive compounds. Additionally, the manufacturers could
make informed decisions regarding product formulation and strategize effectively for time-to-market
considerations.

METHODS

The GC was prepared by modifying the formulation proposed by Charoen et al. (2015). The ingredients
used were pomegranate concentrate (21.8%), reverse osmosis water (43.6%), gelatin (10.9%), glucose syrup
(10.9%), brown sugar (10.9%), citric acid (0.2%), and ascorbic acid (1.7%). The preparation of GC began
by diluting the pomegranate concentrate with reverse osmosis water. The diluted pomegranate juice was
then stirred and heated using a hot plate. The rest of the ingredients were added to the juice in the appropriate
proportions, according to Charoen et al. (2015). The mixture was heated to 95 °C for 30 seconds and
subsequently cooled to 40 °C. The high temperature was used for heating since this enabled the release of
membrane-bound phenolic content in the juice following the study by Kong et al. (2020). Finally, vitamin
C was fortified by adding vitamin C into the cooled mixture, reducing the pH from 4.11 to 3.20. pH below
four was found to help slow down microbial growth, as evidenced by the study conducted by Kong et al.
(2020). The mixture was then poured into molds, and as it cooled further, it began to set and take the shape
of the molds. Once the GC mixture was fully set, the candies were removed from the molds and packaged
in airtight containers. The GC was stored at ambient and dark storage with a temperature of 20 + 2 °C for
15 days. The relative humidity in the storage is approximately 60%. The measurement of the essential
gualities and bioactive compounds was conducted at an interval of 3 days. Based on a previous study on the
properties of GC during storage, the control sample was represented by the initial condition of the food
before the storage time had elapsed (Handayani et al., 2020). Hence, the GC samples on Day 0 in this study
were used as the control sample, which acted as a reference point for comparison.

Measurement of Moisture Content

The moisture content of GC samples, weighing approximately 2 g each, was determined using a
moisture analyzer (XM 50, Precisa, Switzerland) at 105 °C. The data were collected in triplicate for each
sample to obtain the average moisture content value.

Measurement of Water Activity

The GC samples' water activity (aw) was measured using a water activity meter (Pawkit, Meter brand,
USA). The meter was first calibrated using sodium hydrochloride solution with aw of 0.760 before it was
used. The water activity of each GC sample was measured in triplicate, and the resulting average value was
recorded.

Measurement of Texture Properties

Texture profile analysis was conducted at 25 + 2 °C using a texture analyzer (TA XT Plus, Texture
Technologies, USA). The cylindrical probe with a diameter of 6 mm was used to compress 75% of the GC
samples from their original height. The samples were compressed twice to replicate (Lee et al., 2016). The
texture analyzer settings were as follows: pre-test speed 1 mm/s, test speed 5 mm/s, post-test speed 5 mm/s,
waiting time between cycles 5 s, and trigger force 5g. Textural parameters such as hardness, springiness,
chewiness, gumminess, cohesiveness, and adhesiveness of each GC sample were measured in triplicates.

Measurement of Vitamin C Content

The procedures for determining vitamin C were based on titration using a 2,6-
dichlorophenolindophenol (DCPIP) solution. Firstly, a standard vitamin C solution (ascorbic acid) is
prepared by accurately weighing 0.5 g Celin tablet and dissolving it in 100 ml of distilled water. Next, the
resulting solution underwent filtration using a Whatman Filter Paper No. 1. and was collected in a beaker.
Subsequently, the solution was transferred to the burette using a funnel while adjusting it to the zero mark.
Then, a measured amount of DCPIP solution was placed in a conical flask and titrated against the Celin
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tablet solution until the color transitioned from blue to pink (endpoint), ultimately becoming colorless. The
recorded measurement was designated as the standard reading.

The measurement of vitamin C in GC began with crushing the GC and dissolving 1 g of GC samples,
40 ml of water, and 10 ml of ethanol. The resulting solution was filtered using Whatman Paper No. 1. This
solution was then transferred to a burette and titrated against a measured amount of DCPIP solution in a
conical flask until the color changed to pink and eventually became colorless. The titration was conducted
in triplicate, and the average value of the required volume was recorded. Based on the principle of molar
equivalence in the stoichiometry of the reaction between vitamin C and DCPIP, the concentration of vitamin
C in the GC sample was determined as mg of ascorbic acid (AA) per mL and subsequently determined for
100 g of GC sample (mg AA/100 g).

Measurement of Total Phenolic Content (TPC)

The total phenolic content determination followed the procedures outlined by Kong et al. (2020) and
Herlina et al. (2022). A gallic acid stock solution was prepared by dissolving 100 mg of gallic acid powder
in 500 ml of distilled water. Dilutions of gallic acid in distilled water were then made to obtain standard
solutions with concentrations ranging from 20 mg/ml to 180 mg/ml. The standard gallic acid solutions were
placed in centrifuge tubes and mixed with 5 ml of diluted Folin Ciocalteu's reagent. After a 5-minute
incubation at 25 + 2 °C in the dark, 4 ml of 7.5% sodium carbonate solution was added to the tubes, followed
by a 2-hour incubation at the same temperature and darkness. The phenolic content of the gallic acid was
measured at 765 nm using a UV-visible spectrophotometer (Genesys 180, Thermo Fisher Scientific,
Malaysia). A standard calibration curve for gallic acid was plotted using the equation y = 0.011x - 0.020 (R?
=0.994).

The GC samples were dissolved in a solution containing 10 mL of ethanol and 100 mL of distilled
water, then further diluted with an additional 100 mL of distilled water. Next, 1 mL of the diluted GC
samples was mixed with 5 mL of diluted Folin Ciocalteu's solution in centrifuge tubes. After a 5-minute
incubation at 25 + 2 °C in the dark, 4 mL of 7.5% sodium carbonate solution was added, followed by a 2-
hour incubation under the same conditions. The phenolic content in the GC samples was determined by
measuring the blue intensity at 765 nm using a UV-visible spectrophotometer (Genesys 180, USA). The
total phenolic content of the GC samples was expressed as mg gallic acid equivalents (GAE) per mL and
subsequently determined for 100 g of GC sample (mg GAE/100 g). Measurements were taken in triplicate
for each GC sample every three days during a 15-day storage period.

Determination of Microbiological Counts

The GC samples underwent microbiological analyses to assess their aerobic plate count (APC), yeasts,
and mold count (YM). The APC was determined using the pour-plate technigue on plate count agar. First,
the GC samples were diluted and plated on agar plates. These plates were then incubated for 48 hours at a
temperature of 36 + 1 °C, following the method described by Aljahani (2020). Furthermore, the yeasts and
molds in the GC samples were quantified using pour plates of acidified potato dextrose agar. After dilution,
the GC samples were plated on agar plates containing acidified potato dextrose agar. The plates were then
incubated for three to five days at a temperature of 25 + 2 °C, as described by Aljahani (2020).

Kinetic Modelling of Vitamin C and Total Phenolic Content

Concentration was plotted against the storage period to observe the kinetic changes in the concentration
of fortified vitamin C and phenols during storage at 20 £ 2 °C over 15 days. These changes were assessed
for their fit to three different models, namely zero-order, first-order, and second-order Kinetics. Regression
analysis was employed to identify the optimal mathematical model that best fits the experimental data,
whereas the goodness of fit data assesses the most appropriate kinetic model for describing the vitamin C
and total phenolic content degradation. The analysis involved expressing the zero-order, first-order, and
second-order kinetic models following Demir et al. (2019) using integrated law equations 1 to 3,
respectively.

Zero-order reaction: [Al: =-kt+[A]o @

First-order reaction: In[A]: =—kt + In[A]o (2)
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Second-order reaction: 1/[A]: =kt +1/[A]o 3
Where,
A = Measured concentration of bioactive compounds in the samples (mg/100g)

Ao = Initial concentration of bioactive compounds in the samples (mg/100g)
k = Rate constant (mg e 100g*day)
t = Number of storage days (days)

The accuracy of each kinetic model was evaluated based on the Coefficient of Determination (R?) and
the Root Mean Sum of Errors (RMSE). The Coefficient of Determination (R?) is the proportion of the
variance in the dependent variable (measured concentration of bioactive compounds in the samples, A) that
could be predicted from the independent variable (Number of storage days, t). It indicates how well the
linear regression model predicts the actual data, whereby the closer it R? to 1, the better the model.
Meanwhile, RMSE measures the difference between predicted and actual values (the standard deviation of
the residuals). The model with maximum R? and minimum RMSE was deemed the best.

Statistical Analysis

A Tukey’s test was conducted using the Minitab Statistic 16 Edition (Minitab, LLC, USA) to examine
the significant differences between mean values over time. All the experiments were conducted with
triplicate measurements at three-day intervals. The results were expressed as the mean + standard deviation.
A confidence level of 95% was used to assess the statistical significance. The differences were considered
significant when the p-value < 0.05 (Herlina et al., 2022).

RESULTS AND DISCUSSION

This section provides the findings of the study conducted to assess the effect of ambient storage,
controlled at 20 + 2 °C, on physicochemical properties, bioactive compounds degradation kinetics, and
microbiological counts of fortified pomegranate GC.

Effect of Ambient Storage on the Moisture Content

Moisture content measures the total quantity of bounded and free water present in a food product,
usually expressed as a percentage by weight on a wet basis (Zambrano et al., 2019). It was essential for GC
candies to have a certain amount of moisture to maintain their soft, chewy texture. However, too much
moisture could lead to issues like stickiness or mold growth, while too little moisture could result in a hard
and unpleasant texture. According to Gunes et al. (2022), in principle, the moisture content of chewable
products and marshmallows usually varies between 10 and 20% and is mostly recommended at <20%
(Periche et al., 2014). According to Tireki et al. (2023), the moisture content could be controlled by setting
the glucose syrup to sucrose ratio. This study showed in Figure 1 that the moisture content was slightly
higher than the required moisture content, as reported by Gunes et al. (2022). On Day 0, moisture content
was 21.82+1.05% but significantly decreased to 13.41% on Day 15 (p<0.05). Although the moisture content
was still appropriate on Day 15, the moisture's significant loss could lead to quality variations in the product,
such as premature crystallization, processing difficulties, and undesirable changes in textural properties,
especially the hardness parameters (Gunes et al., 2022).

Moisture loss was one of the major concerns during the production of GC. The moisture loss occurred
due to a diffusion mechanism driven by the partial water-vapor pressure difference between the product's
inside and surface turning the water into vapor. An important aspect to be considered for controlling the
final product's moisture content was the formulation, whereby gelatine, a type of hydrocolloid, was used in
this study, and thus, the moisture content would depend on the gelatin's amount with the recommended
percentage of 6% to 10% by Hartel et al. (2018). It was discovered that formulations that used gelatin had a
higher initial moisture content and were more susceptible to water loss (Patel et al., 2018). During storage,
the water trapped within the gelatin network structure gradually evaporated, causing the gummies to lose
moisture. For future research, it is recommended to investigate various methods, including using additives
like humectants and smart packaging, to protect against moisture migration. Such approaches have the
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potential to offer substantial benefits in terms of extending the shelf life and preserving the quality of GC
products (Subramaniam, 2016).
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Figure 1: Moisture Content of the Fortified Pomegranate GC during 15 Days of Storage

Effect of Ambient Storage on Water Activity

Water activity (aw) is the measurement of water availability for biological reactions, which also refers
to the ratio of water vapor pressure in food to pure water's vapor pressure. It was a critical parameter that
directly influenced microbial stability and the overall quality of GC products. Labuza et al. (1972) reported
that the aw below 0.70 was common for the confectionary products, whereby in principle, the bacteria could
not grow below a, of 0.85, yeasts and molds growth were slowed down around a, of 0.7, and no growth
occurred below 0. However, Labuza et al. (1972) also pointed out that a high reduction in a, could result in
a much harder product; thus, evaluating its texture and other physic properties and consumer acceptance
would be necessary. In this study, throughout the storage period, the a, of the GC samples was high yet
stable with no significant difference (p<0.05), as shown in Figure 2, ranging from 0.84 to 0.86. The a, was
considered higher than a previous study by Periche et al. (2014), who reported that the developed GC with
commercially similar quality had aw of 0.79. While Gunes et al. 2022) listed that common a, was in the
range of 0.45 and 0.75, these levels were below the critical values for microbial growth. Meanwhile,
Buerman et al. (2019) and Tarahi et al. (2023) reported that the aw of confectionery products usually ranged
from 0.54-0.66. However, the GC products should have higher ay because of their soft and jelly nature,
which ranges acceptably from 0.7 to 0.8 (Periche et al., 2014).

S = = = T = I
210.80 T
=
5 0.70 T
<
T 060 T
=
0.50
0 15

6 . 9
Storage Period (Days)
Figure 2: Water Activity (aw) of the Fortified Pomegranate GC during 15 Days of Storage

High aw (>0.80), as obtained in this study, indicated that the free water could encourage the growth of
microorganisms and promote chemical reactions that might affect the stability of these products
(Jiamjariyatam, 2018; Periche et al., 2014). The high aw in this study was due to the major water proportion
from the dissolved pomegranate juice (>65%) that provided the phenolic compound with functional
properties for the gummies. Gunes et al. (2022) reported that the percentage of water in the GC formulation
should be only 10% to 20%, while 50% of the formulation was originally from sucrose that could bind with
water and, thus, reduced the availability of free water (aw). Furthermore, the high water activity of GC (aw
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> 0.8) further contributed to moisture loss during storage, which was maintained under a relative humidity
of approximately 60% in this study (Basha et al., 2021; Patel et al., 2018).

Effect of Ambient Storage on Texture Properties

Table 1 presents the textural parameters, including hardness, adhesiveness, springiness, cohesiveness,
gumminess, and chewiness of the GC samples over 15 days of ambient storage. Hardness also referred to
as firmness, is considered the primary sensory parameter as it plays a crucial role in assessing the mouthfeel
of a product. Hardness is the force needed to achieve a given deformation (Garrido et al., 2015). The harder
the GC, the more rigid its structure will be. The result showed that the GC samples fluctuated from 470.73N
to 893.66N, with the highest hardness observed at the end of the storage period. The overall hardness was
considered high and undesirable compared to the previous study by Nasir et al. (2022), who reported that
preferred GC candy should have a small hardness scale around 300N. According to Tireki et al. (2021), the
hardness of GC candy was affected significantly by ingredients (glucose syrup to sucrose ratio, starch, and
gelatine level). The initial rise in hardness could be attributed to the decrease in moisture content (Siddique
& Park, 2019). The gelatin content may plausibly explain the remaining fluctuating trend of hardness.
According to Siddique & Park (2019), the subsequent decrease in hardness may be linked to a reduction in
the number of pores caused by protein matrix breakage (gelatin) and fusion, leading to a softer texture. The
further reaction potentially enhanced the binding between the added microparticles and the fused protein,
consequently leading to an increase in the hardness of the GC, which could be observed at the end of the
storage period (Siddique & Park, 2019).

Table 1: Textural properties of pomegranate fortified GC during 15 days of storage

Storage Hardness Adhesiveness  Springiness . Gumminess .
Period (Days) (N) (Ns) (mm) Cohesiveness (N) Chewiness (J)

0 617.38 + . be 0.93 + 573.31 + 1240.88 +
16.85°¢ 0 2.14£0.95 0.042 12.75¢ 57.97P

3 715.45 + 0? 2.41+ 0.93 + 660.33 £ 1539.78 +
22.73P 0.73abc 0.032 9.60°¢ 55.73P

6 632.54 + -0.08 = b 092 + 578.39 + 1491.40 +
30.99° 0.142 1.95+069 0.012 34.70° 321,50

9 857.67 -0.08 = 4,70 + 095+ 813.20 + 3717.03 +
34.972b 0.082 0.882 0.012 70.322b 101.392

12 470.73 £ -0.83 + ab 0.98 + 466.40 902.23 +
9.26° 0.742 391127 0.022 109.82¢ 187.74°

15 893.66 + -0.51 + 152 + 093+ 825.90 + 1250.51 +
41.542 0.882 0.36° 0.042 21.17¢8 281.18P

The data are presented in triplicates (+ standard deviation). Different letters in the same column indicate significant
differences between the samples, based on Tukey’s test (p < 0.5)

Meanwhile, adhesiveness, or stickiness, refers to the work needed to overcome the attractive forces
between the food surface and the material surface with which the food comes into contact, such as the tongue
and teeth (Mutlu et al., 2018). Adhesiveness, as highlighted by Hamedi et al. (2018), is influenced by surface
properties and the combined impact of adhesive and cohesive forces, which are associated with the product's
molecular structure (Mutlu et al., 2018). In this study, the range of adhesiveness was from -0.08 Ns* to -
0.83 Ns*. The range was comparable with results obtained by Nasir et al. (2022), with an average of -0.44
Ns* for the preferable gummy and considered minimal. The adhesiveness of acceptable gummies should be
minimal, as high adhesiveness indicates their potential to stick to the teeth, palate, and tongue (Sumonsiri
et al., 2021). The GC showed higher adhesiveness on Day 0 and Day 3 compared to the remaining storage
duration since the moisture content at this time was high, as Hartel et al. (2018) described.

The following textural parameter of interest was springiness. Springiness, also known as elasticity, is
the mechanical textural attribute relating to the rapidity and degree of recovery from a deforming force
(Chen & Rosenthal, 2015). The fortified pomegranate GC exhibited high springiness (all values above 0.95)
compared to previously studied gummy candies by Periche et al. (2014) and Nasir et al. (2022). Springiness
is known to be closely associated with the concentration of gelatin (Hamedi et al., 2018). Therefore, the
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higher proportion of gelatin used in this study (>10%) contributes to the relatively high springiness
compared to the previous study's findings. This springiness enhancement is attributed to gelatin's intrinsic
nature, a protein derived from collagen, which can create a three-dimensional network upon dissolving in
water and subsequent cooling (Hamedi et al., 2018). Water is effectively trapped within this network,
yielding a distinctive gel-like structure, whereby a higher proportion of gelatin results in a denser and more
tightly interconnected network (Hamedi et al., 2018).

Cohesiveness refers to the mechanical textural attribute relating to the degree to which a food can be
deformed before it breaks (Chen & Rosenthal, 2015). Kawano et al. (2017) highlighted that cohesiveness is
crucial for consumer acceptance across all age groups. The fortified pomegranate GC samples showed
cohesiveness, ranging from 0.92 to 0.98 during storage, with no significant difference. These results closely
align with the findings of Charoen et al. (2015) and are similar to the gummy sample preferences highlighted
in Nasir et al. (2022), where cohesiveness values ranging from 0.90 to 0.98 were favored. Within this range,
cohesiveness implies the desirable ability of the gummy candy to withstand rapid disintegration during
chewing, thus ensuring a pleasurable and prolonged chewing experience for consumers. The observed
cohesiveness of the GC samples could also be attributed to viscous effects originating from the pomegranate
concentrate.

Gumminess, a secondary parameter, is determined by multiplying hardness and cohesiveness and is
defined as the energy required to disintegrate a semi-solid food into a state suitable for swallowing (Garrido
et al., 2015). In this study, the observed range of gumminess (466.40 to 825.90 N) was notably higher when
compared to the acceptable gummy values produced by Nasir et al. (2022), which recorded a value of 331.26
N. This discrepancy can be attributed to the broader range of hardness observed in Table 1, resulting in a
higher range of gumminess. As suggested by Mutlu et al. (2018), an increase in hardness leads to an increase
in gumminess due to the higher energy required to disintegrate a semi-solid food product into a swallowable
state.

The final textural parameter was chewiness, reflecting the energy needed to chew a solid food into a
swallowable state and arising from a combination of hardness, cohesiveness, and springiness (Chen &
Rosenthal, 2015). Santos et al. (2014) highlighted the advantages of adjusting chewiness to lower values to
reduce the energy required during chewing, especially for enhancing sensory acceptance in softer candies.
Notably, in this study, chewiness values frequently exceeded those reported by Nasir et al. (2022) and
Charoen et al. (2015), who recorded preferred GC candy values of 1314 J and 1226 J, respectively. Similar
to gumminess, the elevated chewiness of the GC samples primarily resulted from their high hardness,
suggesting increased chewing effort.

Effect of Ambient Storage on Vitamin C Content

The stability of vitamin C in GC was vital due to its sensitivity to degradation, impacting nutritional
value, flavor, appearance, and bioavailability. Vitamin C's susceptibility could lead to degradation pathways
that reduce its effectiveness, potentially compromising health benefits. The initial analysis indicated that the
GC was fortified with 2176.90 mg AA/100g at the outset of storage. Subsequently, as demonstrated in
Figure 3, a significant decline (p < 0.05) in vitamin C concentration was observed within the GC samples
over a 15-day storage interval, reaching 1419.10 mg AA/100g. Regarding a single sample of GC, the results
suggested an initial measurement of 29 mg AA/GC on Day 0, which subsequently decreased to 18.90 mg
AA/GC by Day 15. Despite the degradation, the Vitamin C content aligns positively with the Recommended
Dietary Allowance (RDA) guidelines and was considered high compared to other vitamin C-rich foods
(Hosseinifarahi et al., 2020). These guidelines recommend a daily vitamin C intake of 75-90 mg/day for
adults (19+ years old) and 45-75 mg/day for children and teenagers (<18 years old) (Yan et al., 2021).
Consequently, individuals within these age groups would need to consume roughly 3 to 5 pomegranate-
fortified GC per day, each containing 18.90 mg of vitamin C, to meet the recommended intake (Yan et al.,
2021).

The decreasing amount of vitamin C in fortified food agreed with the previous findings by Herbig &
Renard (2017). The high aw in the studied GC might have accelerated vitamin C degradation by facilitating
chemical reactions that lead to the breakdown of vitamin C over time. Another possible degradation
mechanism was due to the oxygen accessibility in the headspace of storage containers. Oxygen molecules
could react with vitamin C molecules, causing them to lose electrons and transform into oxidized forms.
One common oxidation product was dehydroascorbic acid, an oxidized form of vitamin C (Herbig &
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Renard, 2017). Dehydroascorbic acid reduced antioxidant activity compared to vitamin C and was less
effective in providing the health benefits of vitamin C consumption.
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Figure 3: Vitamin C’s Concentration of The Fortified Pomegranate GC during 15 Days of Storage

Effect of Ambient Storage on Total Phenolic Contents (TPC)

The stability of phenolic content in the GC is vital for preserving their health benefits, antioxidative
activity, bioavailability, sensory properties, and shelf life (Sukardi et al., 2022). Maintaining stable phenolic
levels ensures that consumers can reap the intended health advantages of these compounds while enjoying
a consistent and high-quality GC. Figure 4 shows the decreasing trend of TPC of the GC samples, indicating
the degradation of phenols during ambient storage. Initially, the GC was found to have 2,845.97 mg
GAE/100 g of phenols. At the end of 15 days, the concentration of phenols was reduced significantly
(p<0.05) to 2,183.70 mg GAE/100g. Regarding a single sample of GC, the results suggest an initial
measurement of 38.53 mg GAE/GC on Day 0, which subsequently decreased to 30.05 mg GAE/GC by Day
15. Notably, despite undergoing degradation, the phenolic compound content remained remarkably high,
surpassing 2000 mg GAE/100 g. This surpassing of levels observed in previous studies is of particular
interest, whereby Ali et al. (2021) reported 299 mg GAE/100 g in strawberry and red beetroot candy, while
Tarahi et al. (2023) documented 520 mg GAE/100 g in gummy candies formulated with Jaban watermelon
exocarp powder. As a result, our pomegranate gummy candy exemplified a potential sample showcasing an
abundant phenolic profile.
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Figure 4: Concentration of Phenolic Compound in The Fortified Pomegranate GC during 15 Days of Storage
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The degradation of phenols followed earlier investigations conducted on gummy candies (Casas-Forero
et al., 2022; Guo, 2015; Mandura et al., 2020). Casas-Forero et al. (2022) reported that the high aw favors
reactant mobility, contributing to the degradation of phenolic compounds. Another possible reason for the
reduction of phenolic compound bioavailability was due to the interaction between gelatin and phenolic
compound, leading to lower availability of polyphenols for hydrolysis and oxidation reactions (Tutunchi et
al., 2019). Likewise, Kia et al. (2020) indicated that the gelatin triple helix could retain antioxidant
compounds due to cross-linking and the formation of three-dimensional networks. While gelatin can
influence the bioavailability of phenolic compounds, the extent of this impact can vary based on factors
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such as the type of phenolic compound, the specific gelatin matrix, the processing methods used, and the
overall composition of the food product. As such, there is a clear need for further research to understand the
intricate interactions between gelatin and phenolics comprehensively. Manufacturers of functional foods
should consider these interactions when designing products to maintain the desired bioavailability and health
benefits of phenolic compounds, thereby warranting the exploration of these factors in future investigations.

Effect of Ambient Storage on Microbiological Counts

Table 2 shows the GC samples' microbiological qualities at the ambient storage's beginning and end.
The standard plate count of the GC samples at Day 0 was 4.0 x 10 CFU/g, suggesting the presence of
microorganisms, possibly due to contamination during gummy preparation. By the end of the storage period,
the GC samples had a moderate standard plate count of 3.0 x 10* CFU/g. The microbiological growth was
feasible in the GC samples since the ay was relatively high on Day 12, reaching 0.86, as in Figure 2.
Although the count did not exceed the microbiological limit set at 1 x 10% CFU/g by the Ministry of Health
Malaysia, this finding indicates poor hygiene practices and could lead to higher microbial growth (Khalid
et al., 2019). A reformulation was also needed to reduce aw to below or around 0.7 to inhibit microbial
growth.,

Table 2: Microbiological qualities of fortified pomegranate GC during 15 days of storage

Day of Storage Day-0 Day-15
Standard Plate Count (CFU/g) 4.0 x10 3 x10*
Total Yeast Count (CFU/g) Not detected 3.8 x10*
Total Mold Count (CFU/g) Not detected 9.0 x10°

Initially, there was no detectable growth of yeast and mold in the freshly prepared GC samples.
However, after being stored for 15 days at 20+2 °C, the yeast count significantly increased to 3.8 x10*
CFU/g, while the mold count reached 9.0 x103 CFU/g. These counts exceeded the maximum allowable limit
of 1.0 x10% CFU/qg for yeast and mold in ready-to-eat foods, as stated in the Food and Drug Administration
Food Code (Hasnan & Ramli, 2020). The growth of yeast and mold in the GC samples was feasible since
their acid/alkaline requirement for growth was quite broad, ranging from pH 2 to above pH 9. Their moisture
requirements were relatively low, whereby most species could grow at an ay of 0.85 or less, although yeasts
generally required a higher water activity (Labuza & Altunakar, 2020). Moreover, the gummy candy's high
sugar content, which reaches as high as 37% per gummy according to the formulation used in this study,
could also create favorable conditions for yeast and mold proliferation (Kong et al., 2020).

Kinetic Modelling of the Degradation of Vitamin C and Total Phenolic Content

The kinetics of vitamin C and total phenolic content (TPC) of the fortified pomegranate GC samples
were evaluated to determine the degradation rate of these valuable bioactive compounds. The reaction order
estimations achieved from fitting the zero, first, and second-order kinetic models for vitamin C and TPC are
shown in Table 3. The reaction order of these bioactive content changes was determined according to the R?
and RMSE as a function of storage days at ambient storage temperatures, controlled at 20 £ 2 °C.

By comparing all the kinetic models, the zero-order model exhibited the highest R*2 value and the
lowest RMSE value, indicating that it provided the best fit for describing the degradation Kinetics of vitamin
C in the GC samples. The degradation kinetics of vitamin C in GC was described by the zero-order kinetics
model, denoted as C=C,-47.446t. In this model, the rate of vitamin C degradation was constant over time
and independent of its initial concentration. This implies that the degradation rate constant, k, remained
steady throughout the storage period, regardless of the initial vitamin C concentration. With a degradation

rate constant of 47.446 fgfg’t;:y, it could be interpreted that 47.446 mg of vitamin C would degrade each day

for every 100 g of gummy candies. Additionally, based on this best-fit model, the calculated half-life of
24.163 days indicated that the initial vitamin C concentration in the gummy candies would decrease by half
in approximately 24 days due to degradation.
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Table 3: Kinetic loss rates constants, R? and RMSE values according to zero-order, first order and second-order kinetic
models fitted to the experimental data of vitamin C content and TPC in fortified pomegranate GC during 15 days of
storage

L. Zero-order First-order Second-order
Kinetic K K K
parameters 100  R? RMSE (mg/(100 R* RMSE (mg/(100 R®  RMSE
and models
g.day) g.day) g.day)
Vitamin C 47446  0.828 110.886  -0.026  0.793 124.008 1x10° 0.754 232.634
TPC 44341  0.973 38.221 0.017 0.969 39.303 7x10% 0.962 319.209

Similarly, the degradation TPC in the GC was best described by the zero-order kinetics model, denoted
as 2= /A — 44.341 ¢. This model suggests that the total phenolic content degradation rate was not influenced
by its concentration. Similar to the degradation of vitamin C, the degradation rate of phenol remains constant

throughout the storage period, regardless of the initial phenolic compound concentration. The degradation
rate constant 44.341 % indicated an average daily degradation of 44.341 mg of phenol for every 100
grams of GC candies. However, the half-life of 32.596 days indicated that the initial phenol concentration

in the GC candies would take around 33 days to reduce by half.
CONCLUSIONS

In conclusion, this research delved into the impact of ambient storage, maintained at 20 + 2 °C, on
various facets of fortified pomegranate gummy candies (GC). The findings revealed significant dynamics
in key attributes. The moisture content is initially slightly higher than recommended and decreased notably
during storage, potentially affecting texture characteristics. The water activity (aw) that was consistently
high, primarily due to dissolved pomegranate juice, raised concerns about microbial growth and chemical
reactions. The GC displayed elevated hardness levels, exceeding preferred ranges, with fluctuating trends
possibly linked to gelatin interactions and moisture changes. On the positive side, adhesiveness and
springiness fell within acceptable ranges, aligning with consumer preferences. However, gumminess and
chewiness values surpassed preferred levels, primarily driven by high hardness. Additionally, the study
observed vitamin C and phenolic compound degradation during storage, though they remained within
recommended intake levels. Moisture content and oxygen accessibility were identified as degradation
contributors. Notably, the GC retained exceptionally high phenolic concentrations, suggesting its potential
as a source of abundant phenolic compounds. The research has also successfully applied the zero-order
kinetic model for accurate compound degradation prediction under the defined storage conditions.

ACKNOWLEDGMENTS

The authors would like to acknowledge the financial support provided by Universiti Putra Malaysia
(GP-1PM/2019/9677900) under research grants.

References

Albany, N. Y. (2022). Growth of Gummy Market Estimated at CAGR of 6.1% During Forecast Period, says TMR
Study. https://www.bloomberg.com/press-releases/2022-01-27/growth-of-gummy-market-estimated-at-cagr-of-6-
1-during-forecast-period-says-tmr-study

Ali, M. R., Mohamed, R. M., & Abedelmaksoud, T. G. (2021). Functional strawberry and red beetroot jelly candies
rich in fibers and phenolic compounds. Food Systems, 4(2), 82—-88. https://doi.org/10.21323/2618-9771-2021-4-1-
82-88

Aljahani, A. H. (2020). Microbiological and physicochemical quality of vegetable pickles. Journal of the Saudi Society
of Agricultural Sciences, 19(6), 415-421. https://doi.org/10.1016/j.jssas.2020.07.001

Alongi, M., & Anese, M. (2021). Re-thinking functional food development through a holistic approach. Journal of
Functional Foods, 81, 104466. https://doi.org/10.1016/j.jff.2021.104466

Industria: Jurnal Teknologi dan Manajemen Agroindustri 12(2): 103-117 (2023)



114
Physicochemical Properties, Bioactive Compounds ...

Alyas, N. D., Zulkifli, N. I. M., & Hasnan, N. Z. N. (2020). Evaluation of total phenolic content and antioxidant
activities from different type of extraction technique of Helianthus tuberosus. Advances in Agricultural and Food
Research Journal, 2(1). https://doi.org/10.36877/aafrj.a0000165

Basha, R. K., Abuhan, N. F., Othman, S. H., Hasnan, N. Z. N., Sukor, R., Azmi, N. S., Amin, N. A. M., & Dom, Z. M.
(2020). Mechanical properties and antioxidant activity of sweet potato starch film incorporated with lemongrass
oil. Advances in Agricultural and Food Research Journal, 1(2). https://doi.org/10.36877/aafrj.a0000137

Basha, R. K., Leong, K. Y., Othman, S. H., Talib, R. A., Naim, M. N., Hasnan, N. Z. N., & Azmi, N. S. (2021).
Sorption characteristic of starch-based film. Food Research, 5(S1), 193-200.
https://doi.org/10.26656/fr.2017.5(S1).056

Belcaro, G., Cornelli, U., Cesarone, M. R., Feragalli, B., Cotellese, R., Bombardelli, E., Dugall, M., Corsi, M.,
Rosenkvist, L., & Shah, S. (2020). Decrease in Covid-19 contagiousness: Virucidals control the presence of Covid
in saliva and salivary glands. Medical & Clinical Research, 5(4), 55-58.

Buerman, E. C., Worobo, R. W., & Padilla-Zakour, O. I. (2019). Thermal resistance of xerophilic fungi in low-water-
activity (0.70 to 0.80) confectionery model foods. Journal of Food Protection, 82(3), 390-394.
https://doi.org/10.4315/0362-028X.JFP-18-407

Casas-Forero, N., Trujillo-Mayol, I., Zifiiga, R. N., Petzold, G., & Orellana-Palma, P. (2022). Effects of
cryoconcentrated blueberry juice as functional ingredient for preparation of commercial confectionary hydrogels.
Gels, 8(4), 217. https://doi.org/10.3390/gels8040217

Charoen, R., Savedboworn, W., Phuditcharnchnakun, S., & Khuntaweetap, T. (2015). Development of antioxidant
gummy jelly candy supplemented with Psidium guajava leaf extract. Applied Science and Engineering Progress,
8(2), 145-151.

Chen, J., & Rosenthal, A. (2015). Food texture and structure. In Modifying Food Texture (pp. 3-24). Elsevier.
https://doi.org/10.1016/B978-1-78242-333-1.00001-2

Demir, H. U., Atalay, D., & Erge, H. S. (2019). Kinetics of the changes in bio-active compounds, antioxidant capacity
and color of Cornelian cherries dried at different temperatures. Journal of Food Measurement and
Characterization, 13(3), 2032—2040. https://doi.org/10.1007/s11694-019-00124-5

Garrido, J. I, Lozano, J. E., & Genovese, D. B. (2015). Effect of formulation variables on rheology, texture, colour,
and acceptability of apple jelly: Modelling and optimization. LWT - Food Science and Technology, 62(1), 325-
332. https://doi.org/10.1016/j.Iwt.2014.07.010

Gunes, R., Palabiyik, I., Konar, N., & Said Toker, O. (2022). Soft confectionery products: Quality parameters,
interactions with processing and ingredients. Food Chemistry, 385, 132735.
https://doi.org/10.1016/j.foodchem.2022.132735

Guo, A. G. (2015). Stability of total phenolics and anthocyanins during storage of three types of black raspberry
confections.

Hamedi, F., Mohebbi, M., Shahidi, F., & Azarpazhooh, E. (2018). Ultrasound-assisted osmotic treatment of model
food impregnated with pomegranate peel phenolic compounds: Mass transfer, texture, and phenolic evaluations.
Food and Bioprocess Technology, 11(5), 1061-1074. https://doi.org/10.1007/s11947-018-2071-z

Handayani, F. F., Malaka, R., & Maruddin, F. (2020). Total bacteria and pH changes of matoa leaf-pasteurized milk
in refrigerator storage. IOP Conference Series: Earth and Environmental Science, 492(1), 012047.
https://doi.org/10.1088/1755-1315/492/1/012047

Hartel, R. W., von Elbe, J. H., & Hofberger, R. (2018). Water. In Confectionery Science and Technology (pp. 69-83).
Springer International Publishing. https://doi.org/10.1007/978-3-319-61742-8 3

Hasnan, N. Z. N., & Ramli, S. H. M. (2020). Modernizing the preparation of the Malaysian mixed rice dish (MRD)
with Cook-Chill Central Kitchen and implementation of HACCP. International Journal of Gastronomy and Food

Industria: Jurnal Teknologi dan Manajemen Agroindustri 12(2): 103-117 (2023)



115
Physicochemical Properties, Bioactive Compounds ...

Science, 19, 100193. https://doi.org/10.1016/j.ijgfs.2019.100193
Hemil4, H. (2017). Vitamin C and Infections. Nutrients, 9(4), 339. https://doi.org/10.3390/nu9040339

Herbig, A.-L., & Renard, C. M. G. C. (2017). Factors that impact the stability of vitamin C at intermediate temperatures
in a food matrix. Food Chemistry, 220, 444-451. https://doi.org/10.1016/j.foodchem.2016.10.012

Herlina, H., Vionita, R. R., Sulistiyani, S., Nurhayati, N., & Lindriati, T. (2022). Sauce product development with
black garlic addition as a flavour enhancer and antioxidant. Industria: Jurnal Teknologi Dan Manajemen
Agroindustri, 11(1), 31-39. https://doi.org/10.21776/ub.industria.2022.011.01.4

Hosseinifarahi, M., Jamshidi, E., Amiri, S., Kamyab, F., & Radi, M. (2020). Quality, phenolic content, antioxidant
activity, and the degradation kinetic of some quality parameters in strawberry fruit coated with salicylic acid and
Aloe vera gel. Journal of Food Processing and Preservation, 44(9), e14647. https://doi.org/10.1111/jfpp.14647

Hussain, A., Kausar, T., Sehar, S., Sarwar, A., Ashraf, A. H., Jamil, M. A., Noreen, S., Rafique, A., Iftikhar, K., &
Quddoos, M. Y. (2022). Determination of total phenolics, flavonoids, carotenoids, B-carotene and DPPH free
radical scavenging activity of biscuits developed with different replacement levels of pumpkin (Cucurbita maxima)
peel, flesh and seeds powders. Turkish Journal of Agriculture - Food Science and Technology, 10(8), 1506-1514.
https://doi.org/10.24925/turjaf.v10i8.1506-1514.5129

Jiamjariyatam, R. (2018). Influence of gelatin and isomaltulose on gummy jelly properties. International Food
Research Journal, 25(2), 776-783.

Kawano, Y., Kiuchi, H., Haraguchi, T., Yoshida, M., Uchida, T., Hanawa, T., & A.K, A. I. (2017). Preparation and
Evaluation of Physicochemical Propertiesof Isosorbide Gel Composed of Xanthan Gum, Locust Bean Gum and
Agar for Improving the Patients Adherence. International Journal of Medicine and Pharmacy, 5(1), 18-32.
https://doi.org/10.15640/ijmp.v5nla3

Khalid, N. I., Saulaiman, U. S., Nasiruddin, N. A., Hatdran, M. M., Aziz, N. A, Khaizura, M. A. R. N., Hasnan, N. Z.
N., Taip, F. S., & Sobri, S. (2019). Integrating cleaning studies with industrial practice: Case study of an effective
cleaning program for a frozen meat patties SME factory. Journal of Cleaner Production, 235, 688-700.
https://doi.org/10.1016/j.jclepro.2019.06.317

Kia, E. M., Ghaderzadeh, S., Langroodi, A. M., Ghasempour, Z., & Ehsani, A. (2020). Red beet extract usage in
gelatin/gellan based gummy candy formulation introducing Salix aegyptiaca distillate as a flavouring agent.
Journal of Food Science and Technology, 57(9), 3355-3362. https://doi.org/10.1007/s13197-020-04368-8

Kong, T. Y., Hasnan, N. Z. N., A, N. D., .M., N.-Z., Basha, R. K., Abdul Ghani, N. H., & Aziz, N. A. (2020). Effect
of different pasteurisation temperature on physicochemical properties, bioactive compounds, antioxidant activity
and microbiological qualities of reconstituted pomegranate juice (RPJ). Food Research, 4(S5), 157-164.
https://doi.org/10.26656/fr.2017.4(S6).057

Labuza, T. P., & Altunakar, B. (2020). Water Activity Prediction and Moisture Sorption Isotherms. In Water Activity
in Foods (pp. 161-205). Wiley. https://doi.org/10.1002/9781118765982.ch7

Labuza, T. P., Mcnally, L., Gallagher, D., Hawkes, J., & Hurtado, F. (1972). Stability of intermediate moisture foods.
1. Lipid oxidation. Journal of Food Science, 37(1), 154-159. https://doi.org/10.1111/j.1365-2621.1972.tb03408.x

Lee, Y., Kim, A. Y., Min, S., & Kwak, H. (2016). Characteristics of milk tablets supplemented with nanopowdered
eggshell or oyster shell. International Journal of Dairy Technology, 69(3), 337—345. https://doi.org/10.1111/1471-
0307.12268

Mandura, A., Seremet, D., S¢etar, M., Cebin, A. V., Bel§¢ak-Cvitanovié, A., & Komes, D. (2020). Physico-chemical,
bioactive, and sensory assessment of white tea-based candies during 4-months storage. Journal of Food Processing
and Preservation, 44(8), e14628. https://doi.org/10.1111/jfpp.14628

Mutlu, C., Tontul, S. A., & Erbag, M. (2018). Production of a minimally processed jelly candy for children using honey
instead of sugar. LWT, 93, 499-505. https://doi.org/10.1016/j.lwt.2018.03.064

Industria: Jurnal Teknologi dan Manajemen Agroindustri 12(2): 103-117 (2023)



116
Physicochemical Properties, Bioactive Compounds ...

Nasir, N. A. H., Yusof, Y. A,, Yuswan, M. H., & Kamaruddin, S. A. (2022). Physicochemical and texture profile
analysis of gummy candy made of nutritive and non-nutritive sweeteners. Conference on Food and Industrial
Crops.

Nielsen, S. S. (2017). Vitamin C Determination by Indophenol Method. In Food Analysis Laboratory Manual (pp.
143-146). Springer International Publishing. https://doi.org/10.1007/978-3-319-44127-6_15

Pandey, M., Chakravorty, A., Pandey, A., & Mishra, A. (2022). Preparation and sensory evaluation of pomegranate
(Punica granatum): Kiwi (Actinidia deliciosa) blended jelly. The Pharma Innovation Journal, 11(10), 126-129.

Patel, K. M., Gajdhar, D., Patel, V., & Shah, K. A. (2018). Experiment of air flow in cold storage to minimize the
weight loss of vegetable using CFD analysis. IJSTE - International Journal of Science Technology & Engineering,
5(4), 78-82.

Periche, A., Heredia, A., Escriche, 1., Andrés, A., & Castelld, M. L. (2014). Optical, mechanical and sensory properties
of based-isomaltulose gummy confections. Food Bioscience, 7, 37-44. https://doi.org/10.1016/j.fbio.2014.05.006

Santos, B. A. dos, Campagnol, P. C. B., Morgano, M. A., & Pollonio, M. A. R. (2014). Monosodium glutamate,
disodium inosinate, disodium guanylate, lysine and taurine improve the sensory quality of fermented cooked
sausages with 50% and 75% replacement of NaCl with KCI. Meat Science, 96(1), 509-513.
https://doi.org/10.1016/j.meatsci.2013.08.024

Siddique, A., & Park, Y. W. (2019). Effect of iron fortification on microstructural, textural, and sensory characteristics
of caprine milk Cheddar cheeses under different storage treatments. Journal of Dairy Science, 102(4), 2890-2902.
https://doi.org/10.3168/jds.2018-15427

Subramaniam, P. (2016). The Stability and Shelf Life of Confectionery Products. In The Stability and Shelf Life of
Food (pp. 545-573). Elsevier. https://doi.org/10.1016/B978-0-08-100435-7.00019-8

Sukardi, S., Pranowo, D., & Safitri, P. (2022). Modelling of Pulsed Electric Field (PEF) pretreatment on fresh Moringa
oleifera Leaves extraction using response Surface Methodology (RSM). Industria: Jurnal Teknologi Dan
Manajemen Agroindustri, 11(2), 101-106. https://doi.org/10.21776/ub.industria.2022.011.02.2

Sumonsiri, N., Phalaithong, P., Mukprasirt, A., & Jumnongpon, R. (2021). Value added gummy jelly from palmyra
palm ( Borassus flabellifer Linn.). E3S Web of Conferences, 302, 02002.
https://doi.org/10.1051/e3sconf/202130202002

Tarahi, M., Fakhr-Davood, M. M., Ghaedrahmati, S., Roshanak, S., & Shahidi, F. (2023). Physicochemical and sensory
properties of vegan gummy candies enriched with high-fiber jaban watermelon exocarp powder. Foods, 12(7),
1478. https://doi.org/10.3390/foods12071478

Teixeira-Lemos, E., Almeida, A. R., Vouga, B., Morais, C., Correia, ., Pereira, P., & Guiné, R. P. F. (2021).
Development and characterization of healthy gummy jellies containing natural fruits. Open Agriculture, 6(1), 466—
478. https://doi.org/10.1515/0pag-2021-0029

Tireki, S., Sumnu, G., & Sahin, S. (2021). Correlation between physical and sensorial properties of gummy confections
with different formulations during storage. Journal of Food Science and Technology, 58(9), 3397-3408.
https://doi.org/10.1007/s13197-020-04923-3

Tireki, S., Sumnu, G., & Sahin, S. (2023). Investigation of average crosslink distance and physicochemical properties
of gummy candy during storage: Effect of formulation and storage temperature. Physics of Fluids, 35(5), 1-18.
https://doi.org/10.1063/5.0146761

Tutunchi, P., Roufegarinejad, L., Hamishehkar, H., & Alizadeh, A. (2019). Extraction of red beet extract with -
cyclodextrin-enhanced ultrasound assisted extraction: A strategy for enhancing the extraction efficacy of bioactive
compounds and  their  stability in  food  models. Food  Chemistry, 297, 124994.
https://doi.org/10.1016/j.foodchem.2019.124994

Vishwakarma, S., Panigrahi, C., Barua, S., Sahoo, M., & Mandliya, S. (2022). Food nutrients as inherent sources of

Industria: Jurnal Teknologi dan Manajemen Agroindustri 12(2): 103-117 (2023)



117
Physicochemical Properties, Bioactive Compounds ...

immunomodulation during COVID-19 pandemic. LWT, 158, 113154. https://doi.org/10.1016/j.lwt.2022.113154

Yan, B., Davachi, S. M., Ravanfar, R., Dadmohammadi, Y., Deisenroth, T. W., Pho, T. Van, Odorisio, P. A., Darji, R.
H., & Abbaspourrad, A. (2021). Improvement of vitamin C stability in vitamin gummies by encapsulation in casein
gel. Food Hydrocolloids, 113, 106414. https://doi.org/10.1016/j.foodhyd.2020.106414

Zambrano, M. V., Dutta, B., Mercer, D. G., MacLean, H. L., & Touchie, M. F. (2019). Assessment of moisture content
measurement methods of dried food products in small-scale operations in developing countries: A review. Trends
in Food Science & Technology, 88, 484—496. https://doi.org/10.1016/j.tifs.2019.04.006

Industria: Jurnal Teknologi dan Manajemen Agroindustri 12(2): 103-117 (2023)



