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Abstract: Jelly candy is children's favourite snack because it has an attractive colour and delicious flavour. Using mackerel
skin gelatine is expected to increase the protein content in jelly candy. The present study aimed to determine consumer acceptance,
proximate value, and the quality of gelatin jelly candy with various natural flavours. Gelatin was extracted from mackerel fish skin.
Gelatin jelly candy was formulated and added with eight different natural flavours: honey, date juice, olive oil, soy milk, goat's milk,
grape juice, avocado, and pumpkin. The quality of gelatin jelly candy was analyzed based on the water, ash, fat, protein content and
the absence of bacterial colonies. The sensory analysis was done through the hedonic test with 10 panellists to determine the ac-
ceptance of natural ingredients. The results showed that panellists accepted all the variations in the flavour of gelatin jelly candy,
including appearance, odour, flavour, and texture, with a hedonic scale of 7.00 (really like). The best formulation of gelatine gelly
candy was the addition of natural flavouring containing soy milk with water (9.76 £ 0.70%), ash (0.21 £ 0.02%), protein (16.20 =
0.37%), fat (2.32 £ 0.50%), carbohydrate (51.61 = 0.80%), and reducing sugar (0.14 £ 0.01%). Gelatin jelly candy was free from
Salmonella sp. and Escherichia coli, with a total plate count of 1 x 102 colonies/g. The mackerel skin gelatin jelly candy contains
high protein and is well received by panellists. Based on these findings, gelatin jelly candy met the Indonesia National Standard for
jelly candy.

Keywords: characteristics, jelly candy, nutritional value, mackerel skin

Introduction

Gelatin is a protein commonly extracted from cartilage, skin, and scales from several animals, such as cows, pigs,
and fish [1]. One halal gelatin or without gelatin pig can be extracted from fishery resources such as mackerel
(Scomberomorus commersonii) [2]. Gelatin preparations can be used in various food and non-food fields. Several re-
search results explain that gelatin can be used as an emulsifier, stabilizer, biodegradable packaging, and microencapsu-
lation agent. Gelatin is used due to its ability to form gels, viscosity, melting point, and form gels. One of the food
products made from gelatin is candy [1].

Candy is divided into hard and soft candy (jelly). Generally, candy is made from cane sugar, corn sugar, flavourings,
dyes, and gelling agents. Gelatin-based candy is called jelly candy and has a higher sugar content [3]. Jelly candy is
preferred among children to introduce consuming vitamins and minerals [4]. Some jelly candies utilize natural flavour-
ings such as nutmeg extract [5], strawberries [6] and mangoes [7]. However, some confectionery industries use synthet-
ic acid flavourings such as citric acid [8], tartaric acid, and lactic acid as food additives whose safety has not been guar-
anteed. According to Fajarini and Wahyani [9], the food industry does not meet these nutrition standards because pro-
ducers want to maximize profit by ignoring consumer safety. In addition, jelly candy is rarely found with a high enough
protein content. Therefore, adding fish skin gelatin is expected to produce jelly candy with high protein content.

Adding natural flavourings containing vitamins and minerals is an alternative to making gelatin jelly candies. Ac-
cording to Kia et al. [10], food products with natural additives can improve health. The natural ingredients added in this
study were honey, date juice, olive oil, soy milk, goat's milk, grapes, avocado, and pumpkin. Consumers are expected to
prefer the new variants of gelatin candy flavours. Furthermore, eating jelly candy from mackerel skin gelatin will pro-
vide protein intake and reduce sugar consumption. Therefore, this study aimed to determine consumer acceptance, prox-
imate value, and the quality of mackerel skin gelatin candy with eight flavours.

Objectives and Methods

Extraction of Mackerel Fish Skin Gelatin

The process of extracting gelatin from mackerel fish skin is referred to the Rahmawati and Pranoto [11]. Dried
mackerel skin samples were soaked in water for + 5 h. The sample was heated for + 1 min to remove the remaining im-
purities. Soak the sample in 0.05 M of CH3COOH acid solution for 10 h. The extraction process used H20 at 80°C for 2
h. The gelatin extract was then dried for three days at 55°C.

Preparation of Gelatin Jelly Candy

This study designed eight different natural flavor treatments (honey, date juice, olive oil, soy milk, goat's milk,
grape juice, avocado, and pumpkin) with three repetitions. The procedure for making gelatin jelly candy from mackerel
fish gelatin was referred to by Eletra et al. [12] with some modifications. All materials, such as 75 g of gelatin, 85 g of
sucrose, 5 g of salt, 85 g of natural ingredients, were mixed. After that, 300 mL of cold water was added and stirred
until evenly distributed. The sample was heated at 100°C for 2 min, then moulded with soft silicone bear-shaped until
the sample cooled.



Water Content Assay

The water content was analyzed based on AOAC [13] method. The sample was weighed up to + 2 g in a porcelain
dish of known mass. The samples were dried in an oven at 105°C for 3 h. The sample was then cooled in a desiccator;
then, the sample was weighed for further analysis.

Ash Content Assay

The sample was weighed up to = 2 g on a porcelain dish of known mass. Then it was ignited on a burner flame and
burned in an electric furnace at a maximum temperature of 550°C until complete combustion. Then, samples were
cooled in a desiccator and weighed until a constant mass was obtained [13].

Fat Content Assay

The sample was weighed to + 2 g and then placed in a cotton-lined paper bag. The sample's paper sleeve was cov-
ered with cotton, dried in an oven at a temperature of not more than 80°C for = 1 h, and then put into the Soxhlet appa-
ratus connected to an oil bottle containing boiling chips. Samples were dried, the weight was determined, and then ex-
tracted with hexane for = 6 h. The hexane was filtered, and the fat extract was dried in an oven at 105°C. The fat extract
was cooled and weighed. The cooling process was repeated until a constant weight was reached [13].

Protein Content Assay

The analysis of protein content is based on the AOAC method [13]. During the digestion, the sample was weighed
as much as + 1 g and put into a 100 mL Kjehdahl flask, and then 10 mL of concentrated sulfuric acid was pipetted into a
Kjeldahl flask. A catalyst was added to speed up the digestion. The distillation stage was continued by diluting the di-
gestion results with distilled water up to 100 mL. After homogenization and cooling, 5 mL was pipetted into a distilla-
tion flask. A total of 10 mL of 30% sodium hydroxide solution was added through the walls of the still flask until a lay-
er formed under the acid solution. The container was filled with 10 mL of 0.1 N hydrochloric acid solution and drained
with a methyl red indicator. The titration step resulted from the distillation, which was accommodated in an Erlenmeyer
containing 0.1 N hydrochloric acids with 5 drops of methyl red indicator added and titrated directly using 0.1 N of sodi-
um hydroxide solution. The titration step resulted in a pink-to-yellow colour. This treatment was carried out three times
for each sample.

Total Plate Count

The total plate count method was referred to Salanggon et al. [14] method. A total of 25 g of sample was weighed
aseptically, added with 225 mL of Butterfield's Phosphate Buffered, and then homogenized for 2 min. This homogenate
was diluted to 10-1. 1 mL of the homogenate was pipetted using a sterile pipette and was put into a vial containing 9
mL of Butterfield's Phosphate Buffered solution to obtain a sample with a dilution of 10-2. Each diluent was stirred at
least 25 times, the same for the 10-3, 10-4, 10-5, and other dilutions. The volume of each diluent was 1 mL and was
repeated in a sterile petri dish using a sterile pipette. In each petri dish containing the sample, 12-15 mL of PCA medi-
um was cooled to 5°C. After the agar hardened, it was incubated for 8 h at 35°C. The number of bacterial colonies in a
petri dish was counted.

Screening of Escherichia coli

Twenty-five grams of the sample was homogenized with 225 mL of peptone buffer and then enriched at 37°C for 18
h. Next, 1 mL of the sample was inoculated directly into 9 mL of MacConkey broth (CM5a; Oxoid) and then incubated
at 37°C for 18 h [15]. The enriched broth preparations were sprayed directly onto Eosin Methylene Blue Agar (EMBA)
and then incubated at 37°C for 18-24 h. The isolates were confirmed biochemically using the E. coli antiserum rapid
diagnostic Kit. Escherichia coli O antiserum consisted of polyclonal antibodies used for zero-classification of Esche-
richia coli O antigens.

Screening of Salmonella sp.

At the pre-enrichment stage, the collected samples were serially diluted (10, 102, 103, 10#, 10, and so on) using
peptone water [16]. At the enrichment stage, it was planted on sterile Selenite Cystine Broth (SCB) selective media and
was incubated at 37°C for 24 h. From the enrichment stage in each dilution, 1 mL was taken and planted on Xylose Ly-
sine Deoxycholate (XLD) selective media. Bacteria growth was analyzed by counting the colonies and observing the
morphology of the colonies. Purification of bacteria was using quadrant streaking technique on XLD media so that it
was then incubated at 37°C for 48 h. Purification targets were colonies with different colony morphology and belonged
to Gram-negative bacteria.

Furthermore, two types of colonies were selected to characterize the colonies and bacteria. Each colony was made in
duplicate so that 40 colonies were obtained. The purification results were grown on slanted Nutrient Agar (NA) media,
incubated at 37°C for 24 h, and stored at -20°C as stock culture. Storage of pure bacterial isolates with the addition of
60% glycerol in a ratio of 1:1 at a temperature of -80°C.

Sensory Analysis
In the study, gelatin jelly candy with the addition of natural ingredients (honey, date juice, olive oil, soy milk, goat's
milk, grapes, avocado, and pumpkin) was placed on a white plastic plate with a glass of water, coded, and served to
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panellists randomly at under the light. The sample was evaluated by 10 trained panellists from the laboratory of testing
and quality control of fishery products, Banjarbaru, South Kalimantan. The descriptive terms chosen were appearance,
odour, texture, and flavour. Panellists rated acceptance of gelatin jelly candy on a 9-point hedonic scale (1. very dislike;
2. dislike; 3. rather dislike; 4. Ordinary; 5. rather like; 6. Likes; 7. really like; 8. very much like; and 9. really like it very
much)

Data Analysis

All data which passed the homogeneity and normality test were further analyzed using SPSS for Windows version
20.0. ANOVA (Analysis of Variance) further analyzed the significance of the parameters (p<0.05) followed by the
Duncan Test.

Results and Discussion

Mackerel Skin Gelatin Characterization

The water content of fish skin gelatin was 6.45%, which is lower than the raw material (Table 1). The water
content of gelatin was higher than that of Viji et al. [17] from the fish skins (4.81 + 0.41%) and lower than the
research by Ismail and Abdullah [18] from the blackfish skins (6.93%). However, the water content of the gelatin
meets the Indonesian National Standard (SNI) No. 01-3735-1995 [19]. The Joint FAO/WHO Expert Committee on
Food Additives (JECFA) has a maximum of 18% [20], and the Gelatin Manufacturers Institute of America
(GMIA) has a 10.5 = 1.5% [21].

Table 1
Mackerel skin gelatin proximate

Proximate (%) Mackerel raw skin l\:r?;:l:l:'il N;ae‘l::te.tnfl
‘Water 60.74 20.18 6.45
Ash 5.23 2.36 0.86
Protein 35.63 69.76 91.52
Fat 4.85 2.24 0.73
Carbohydrate 60.74 20.18 6.45

According to Esfahani et al. [22], water content plays a role in determining the stability of dry products. High
water content causes particle agglomeration and accelerates microbial growth and oxidation. While ash content
was essential for evaluating gelatin quality, especially mineral and gelatin purity. The ash content of fish skin gel-
atin (Table 1) meets the SNI standards (3.25%) [19]; JECFA (maximum 2.00%) [20], and GMIA (0.5 £0.4) — (1.5
+ 0.5) %. An aquatic environment, habitat, and species affect the ash content of fish skin gelatin. The extraction
process influenced gelatin ash content [23].

The protein content of gelatin was influenced by the time and concentration of chemicals used. This concentra-
tion caused more amino acid bonds to be broken, so more protein was broken down in the extraction process. The
results showed the protein content of gelatin was 91.52%, which increased from the initial raw material for dry
skin (69.76%) and 35.63% for wet skin. The protein content in gelatin meets the SNI (87.25%), which was higher
than Zarubin et al. [23] by 73.2 + 0.9%. The difference in the protein content is caused by differences in the con-
centration of acid and base used in gelatin extraction. The combination of acid and base concentration and immer-
sion time produces high protein content between acid-base, concentration, and length of soaking time [24].

The content of fat affected the quality of raw materials during storage. The fat content of skin gelatin was
0.73%, lower than the initial raw materials for dry skin (4.85%) and wet skin (2.24%). This result was almost
close to the research by Gunawan et al. [24], in which fat content was 0.71 + 0.07%. High-fat content affects the
shelf life of gelatin to be relatively short [23]. The high-fat content in gelatin jelly candy affects the quality of
gelatin in the application process. The value of carbohydrates in gelatin was 6.45%, which was very small com-
pared to the raw material for dry skin (20.18%) and wet skin (60.74%). According to Khirzin et al. [25], carbohy-
drates are not an essential parameter in gelatin but only supporting data. The essential parameters of gelatin were
protein, water, and ash.

Sensory of Gelatin Jelly Candy

The sensation is a psycho-physiological process in which sensory recognition of object characteristics is car-
ried out through stimuli received by the senses. The panellists' assessment showed the "really like” to “very much
like" category of the appearance of the gelatin jelly candy. Figure 1 shows that adding honey has the highest value
compared to date palm juice, olive oil, and grape juice, both liquid forms. This was because the natural colour of
honey, clear brown when added, would give a light brown colour. Adding olive oil and date juice makes the jelly
candy blackish brown [26], while adding grape juice makes the jelly candy yellowish [27]. The appearance of the
jelly candy with the addition of soy milk and goat's milk was insignificant different; both were yellow-brown but
very different from the addition of honey. This was because the milk powder had a colour similar to that of the
jelly candy formulation. According to Charoenphun [28], milk powder in jelly candy produces a light yellow to
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pale white colour. With the addition of avocado and pumpkin, gelatin jelly candy will turn black. This is because
avocado naturally produces ethylene gas closely related to ripening which converts methionine to S-
adenosylmethionine, which causes blackness [29] when added to food.

Honey (Liquid)
8.2

Pumpkin (paste) Dates Juice (Liquid)

Avocado (paste)

Olive Oil (Liquid)

Grape Juice (Liquid) Soy Milk (powder)

Goat's Milk (powder)
—&—Appearance =®=Odor =#=Flavor Texture

Figure 1. Sensory analysis of gelatin jelly candy

The panellist gave a "really like" category rating of all flavour variants from the odour of gelatin jelly candy.
The addition of goat's milk powder had the highest odour value (7.6) with olive oil (7.3) and other natural addi-
tives such as honey, grape juice, date palm juice, soy milk, avocado, and pumpkin (7.1 — 7.2). This was because
the aroma of goat's milk was stronger than the other ingredients. Even though it is not processed, goat's milk has a
strong aroma and taste [30]. This aroma is caused by caproic acid in goat's milk. The goaty aroma can be removed
by adding rare sugar (D-psychose, D-tagatose, D-sorbose) to neutralize caproic acid (goaty smell) through a gly-
cation reaction. Znamirowska et al. [31] stated that fresh goat milk contains protein (2.69 + 0.22%), fat (2.98 +
0.53%), and general acidity (6.20 = 1.20%).

The panellists assessed the "really like" category on the value of flavour. The addition of natural ingredients
has varying values (7.0-7.4). The addition of avocado paste has the highest value (7.4). This was because avoca-
dos had a naturally sweet taste, soft and savoury. The savoury flavour is obtained from the fat vegetable content in
avocados between 0.71 — 2.15% and the total fatty acid content (37 — 85%) [32].

From the gelatin jelly candy texture, the panellists assessed the "really like" to “very much like” category, with
olive oil adding a significant difference from other natural ingredients. This was because olive oil had a character-
istic yellowish-gold colour and even greenish, a relatively thick texture, and was more oily. According to
Bermmidez-Oria et al. [33], adding gelatin serves as a stabilizer, adhesive and gelling agent in jelly candy, while
olive oil gives an oily and shiny chewy texture to jelly candy.

Gelatin Jelly Candy Proximate Analysis Results

Proximate analysis of gelatin jelly candy results with the addition of various natural ingredients can be seen in
Table 2. Based on the statistical analysis of the water content of gelatin jelly candy with various types of natural
ingredients, there was no significant effect (p>0.05). These results indicated that each added natural ingredient
had different water content. Adding soy milk and powdered goat's milk produced the best water content between
9.76 £ 0.70 — 9.92 £ 0.68%. This is because powdered soy milk contains 3.31 + 0.27% water [34] and powdered
goat's milk is 5.48 + 0.23% [35]. The addition of natural ingredients in liquid form (honey, dates, olive oil, and
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grapes) had a very high water content compared to pasta ingredients (avocado and pumpkin). This is strongly in-
fluenced by the water content of added natural raw materials such as honey containing 5.20 £ 0.33% of water [36],
grapes 21.17 = 0.76% [37], avocado 34.28 + 0.95% [38], and pumpkin 14.18 + 0.22% [39].

Table 2
Proximate analysis of gelatin jelly candy
Proximate (%)
Treatment of natural Sugar
ingredients Water Ash Protein Fat Carbohydrate REdEHBR
ko i [
Honey (liquid) 10.25+0.42% | 0.13 +0.01* | 15.67 +0.52* '(')',?yi 63.93 +1.28° 0.18 +0.07*
+ 2 +0. 2
Dates juice (liquid) 14094 | 435 4000 | 15821053 39 64.03+1.14° | 026+0.03°
0.84 0.26
s — 2.09+
Olive oil (liquid) 10.71 +0.60* | 0.18 +0.01° | 15.77 +0.67* 00,97; 58.26 +1.60° 0.13 +0.05°
232
Soy Milk (powder) 9.76+0.70° | 0.21 +0.02¢ | 16.20 +0.37* _635_02: 51.61 +0.80° 0.14+0.01°
" 0.20 + 13.97 + 1.99 +
! der 2+0.68° o = = .57+0.79%¢ .17 +0.09°
Goat's milk (powder) 9.92+0.68 0.03°% S o 57.57+0.79* 0.17+0.09
s v .62+ 231+
Grape juice (liquid) 10.82+0.78% | 0.15+0.01° lg 27; 03313; 62.55+0.59* | 0.18+0.05
Avocado (paste) 10.23+0.46* | 0.18 +0.01°f lg'g;ﬁ 166370:3 63.94+1.46%f | 0.12+0.05*
: 30+ 220+
Pumpkin (paste) 10.48 +0.56* | 0.14 +0.02* lg 231,— 0 395; 61.81 +1.20%¢ 0.22 +0.05°
SNI about jelly candy 20.00 3.00 - - - 25.00

Note: Means in the rows with different superscripts are significantly (p<0.05) different.

The concentration of water content greatly affects the quality and durability of gelatin jelly candy [40]. Based
on the study results, the overall water content of gelatin jelly candy still followed the standards set by SNI No.
3547-2-2008 about jelly candy [41], a maximum of 20.00%. The variance analysis shows that adding natural in-
gredients to manufacture jelly candy significantly affected the water content (p<0.05). The highest ash content
was added with 0.21 + 0.02% soy milk powder. The value of ash content in this study met the standards required
by SNI for jelly candy, which was a maximum of 3.00%. The high ash content of jelly candy in the treatment of
soy milk and powdered goat's milk was due to the initial raw materials containing high minerals. The ash content
of powdered soybean milk is 0.40 + 0.05% [34], and powdered goat's milk is 0.07 £+ 0.00% [42].

During the jelly candy processing process, the total minerals in the raw materials did not change significantly.
The ash content and gelling agents in making jelly candy will be higher. For the ash content of jelly candy with
natural additives in liquid form (honey, olive oil, dates juice, and grapes) and paste form (avocado and pumpkin),
the ash content tended to be lower. This is because the fruit extraction process decreases the mineral content of the
fruit juice. The components are easily decomposed or evaporated during fruit ashing [43].

Table 2 showed that the value of protein content ranged from 13.62 + 0.37 — 16.20 = 0.37%. The variance
analysis showed that adding natural ingredients to produce gelatin jelly candy significantly affected protein con-
tent (p<0.05). The highest protein content was added with 16.20 + 0.37% powdered soy milk. This is because
fresh soy milk contains 23.08 + 0.16% protein [44], while powdered soy milk has a protein content of 5.09 +
0.29% [34]. Interestingly, the protein content of gelatin produces a very high protein content of 91.52%.

Protein intake is needed to build muscle mass, especially for toddlers. Jelly candy is one of the media to deliv-
er bioactive compounds required by the toddler's body. Protein content in the treatment of the addition of natural
ingredients in liquid form (honey, olive oil, dates, and grapes) and paste form (avocado and pumpkin) also had a
relatively high protein content [45]. According to Kia et al. [10], jelly candy with gelatin tends to have a higher
protein content.

Adding natural ingredients to manufacture jelly candy did not significantly affect fat content (p<0.05). After
adding natural ingredients or soy milk powder, the fat content was 2.32 £ 0.50%. The high and low-fat content of
jelly candy was due to differences in the raw materials used. According to Nemo and Bacha [36], the fat content
in honey is 0.27 + 0.20%, soy milk powder is 11.36 = 0.44% [34], powdered goat's milk is 1.02 + 0.09% [42],
grapes 0.64 = 1.17% [37], avocado 6.66 £ 0.10 [38], pumpkin 4.50 = 0.21% [39].

The total value of carbohydrates in the study ranged from 51.61 + 0.80 — 64.03 = 1.14%. The variance analysis
showed that adding natural ingredients to manufacture gelatin jelly candy significantly affected total carbohy-
drates (p<0.05). The highest total carbohydrate value with the addition of dates juice was 64.03 + 1.14%. This was
because the calculation of carbohydrates was carried out using the by-difference method. The high value of carbo-
hydrates in each treatment could meet the body's energy needs.
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Liu et al. (2019) explained that carbohydrates give food a sweet taste, especially monosaccharides and disac-
charides that provide energy for the body. The value of carbohydrates in the study was influenced by raw materi-
als containing high carbohydrates, such as grapes 49.17 + 2.31% [37], avocado 54.23 + 0.02% [38], and pumpkin
61.71 £ 0.10% [39].

Sugar residue was a substance left or left in a specific chemical process; this residue could be likened to salt.
Based on the study results, the average value was 0.12 £ 0.05 — 0.26 + 0.05%. The results followed the standard
SNI set about jelly candy, a maximum of 25.00%. Based on a statistical analysis of the sugar reduction value of
gelatin jelly candy with the treatment of various natural ingredients, there was no significant effect (p>0.05). This
was because the sugar residue came from the sucrose produced by jelly candy. Garusti et al. [46] stated that palm
sugar contains 87.10% sucrose content with 6.06% reducing sugar. The content of reducing sugars is closely relat-
ed to the inversion of sucrose into reducing sugars. The low, reducing sugar in the study was due to the natural
ingredients used. Reducing sugar in natural ingredients tends to be lower and can be easily synthesized by the
body [47].

Microbiological Analysis

The total plate count (TPC) value was < 1 x 102 colonies/g, which still followed the SNI for jelly candy which
was 3 x 103 colonies/g [41]. This was because the addition of sucrose in making gelatin jelly candy had antibacte-
rial properties. Balakrishnan et al. [48] explained that sucrose would be oxidized to form acetals in the heating
process. The acetal group can release cation-charged ions that interact with the anionic charge of the microbial
cell membrane through electrostatic bonds leading to increased cell permeability and cell leakage leading to cell
death.

All treatments in gelatin jelly candy exhibited negative results for E. coli and Salmonella sp. The results also
met SNI's standards about jelly candy, which stated that jelly candy must be negative for E. coli and Salmonella
sp. There was no identification of E. coli and Salmonella sp. because the natural ingredients used in manufactur-
ing jelly candy have a natural antibacterial activity. Handayani et al. [49] explained that some natural ingredients
in liquid form have antibacterial properties against Staphylococcus aureus and E. coli with a maximum concentra-
tion 0of 0.04 g/mL.

Conclusions

The addition of natural flavour to the skin mackerel gelatin jelly candy could be well received by panellists, with the ‘real-
ly like” to “very much like” category. The nutritional and quality of gelatin jelly candy met the Indonesia National Standard
about jelly candy. The best treatment was the addition of natural flavouring ingredients soy milk with the highest protein dan
the lowest carbohydrate content. Furthermore, it is necessary to analyze the amino acids of each flavour variant of gelatin jelly
candy.
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The characteristic of gelatin jelly candy from mackerel skin (Scomberomorus commersonii)
based on proximate and sensory analysis
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Abstract: Jelly candy is children's favourite snack because it has an attractive colour and delicious flavour. Using mackerel
skin gelatine is expected to increase the protein content in jelly candy. The present study aimed to determine consumer acceptance,
proximate value, and the quality of gelatin jelly candy with various natural flavours. Gelatin was extracted from mackerel fish skin.
Gelatin jelly candy was formulated and added with eight different natural flavours: honey, date juice, olive oil, soy milk, goat's milk,
grape juice, avocado, and pumpkin. The quality of gelatin jelly candy was analyzed based on the water, ash, fat, protein content and
the absence of bacterial colonies. The sensory analysis was done through the hedonic test with 10 panellists to determine the
acceptance of natural ingredients. The results showed that panellists accepted all the variations in the flavour of gelatin jelly candy,
including appearance, odour, flavour, and texture, with a hedonic scale of 7.00 (really like). The best formulation of gelatine gelly
candy was the addition of natural flavouring containing soy milk with water (9.76 + 0.70%), ash (0.21 = 0.02%), protein (16.20 +
0.37%), fat (2.32 + 0.50%), carbohydrate (51.61 + 0.80%), and reducing sugar (0.14 + 0.01%). Gelatin jelly candy was free from
Salmonella sp. and Escherichia coli, with a total plate count of 1 x 102 colonies/g. The mackerel skin gelatin jelly candy contains
high protein and is well received by panellists. Based on these findings, gelatin jelly candy met the Indonesia National Standard for
jelly candy.

Keywords: characteristics, jelly candy, nutritional value, mackerel skin

Introduction

Gelatin is a protein commonly extracted from cartilage, skin, and scales from several animals, such as cows, pigs,
and fish [1]. One halal gelatin or without gelatin pig can be extracted from fishery resources such as mackerel
(Scomberomorus commersonii) [2]. Gelatin preparations can be used in various food and non-food fields. Several
research results explain that gelatin can be used as an emulsifier, stabilizer, biodegradable packaging, and
microencapsulation agent. Gelatin is used due to its ability to form gels, viscosity, melting point, and form gels. One of
the food products made from gelatin is candy [1].

Candy is divided into hard and soft candy (jelly). Generally, candy is made from cane sugar, corn sugar, flavourings,
dyes, and gelling agents. Gelatin-based candy is called jelly candy and has a higher sugar content [3]. Jelly candy is
preferred among children to introduce consuming vitamins and minerals [4]. Some jelly candies utilize natural
flavourings such as nutmeg extract [5], strawberries [6] and mangoes [7]. However, some confectionery industries use
synthetic acid flavourings such as citric acid [8], tartaric acid, and lactic acid as food additives whose safety has not
been guaranteed. According to Yanchenko et al. [9], the food industry does not meet these nutrition standards because
producers want to maximize profit by ignoring consumer safety. In addition, jelly candy is rarely found with a high
enough protein content. Therefore, adding fish skin gelatin is expected to produce jelly candy with high protein content.

Adding natural flavourings containing vitamins and minerals is an alternative to making gelatin jelly candies.
According to Kia et al. [10], food products with natural additives can improve health. The natural ingredients added in
this study were honey, date juice, olive oil, soy milk, goat's milk, grapes, avocado, and pumpkin. Consumers are
expected to prefer the new variants of gelatin candy flavours. Furthermore, eating jelly candy from mackerel skin
gelatin will provide protein intake and reduce sugar consumption. Therefore, this study aimed to determine consumer
acceptance, proximate value, and the quality of mackerel skin gelatin candy with eight flavours.

Objectives and Methods

Extraction of Mackerel Fish Skin Gelatin

The process of extracting gelatin from mackerel fish skin is referred to the Rahmawati and Pranoto [11]. Dried
mackerel skin samples were soaked in water for + 5 h. The sample was heated for + 1 min to remove the remaining
impurities. Soak the sample in 0.05 M of CH3COOH acid solution for 10 h. The extraction process was done by heating
with H,O at 80°C for 2 h. The gelatin extract was then dried in oven for three days at 55°C.

Preparation of Gelatin Jelly Candy

This study designed eight different natural flavor treatments (honey, date juice, olive oil, soy milk, goat's milk,
grape juice, avocado, and pumpkin) with three repetitions. The procedure for making gelatin jelly candy from mackerel
fish gelatin was referred to by Eletra et al. [12] with some modifications. All materials, such as 75 g of gelatin, 85 g of
sucrose, 5 g of salt, 85 g of natural ingredients, were mixed. After that, 300 mL of cold water was added and stirred
until evenly distributed. The sample was heated at 100°C for 2 min, then moulded with soft silicone bear-shaped until
the sample cooled.



Water Content Analysis

The water content was analyzed based on AOAC [13] method. The sample was weighed up to 2 + 0.01 g in a
porcelain dish of known mass. The samples were dried in an oven at 105°C for 3 h. The sample was then cooled in a
desiccator; then, the sample was weighed for further analysis.

Ash Content Analysis

The sample was weighed up to 2 + 0.01 g on a porcelain dish of known mass. Then it was ignited on a burner flame
and burned in an electric furnace at a maximum temperature of 550°C until complete combustion. Then, samples were
cooled in a desiccator and weighed until a constant mass was obtained [13].

Fat Content Analysis

The sample was weighed to 2 = 0.01 g and then placed in a cotton-lined paper bag. The sample's paper sleeve was
covered with cotton, dried in an oven at a temperature of not more than 80°C for + 1 h, and then put into the Soxhlet
apparatus connected to an oil bottle containing boiling chips. Samples were dried, the weight was determined, and then
extracted with hexane for + 6 h. The hexane was filtered, and the fat extract was dried in an oven at 105°C. The fat
extract was cooled and weighed. The cooling process was repeated until a constant weight was reached [13].

Protein Content Analysis

The analysis of protein content is based on the AOAC method [13]. During the digestion, the sample was weighed
as much as 1 +0.01 g and put into a 100 mL Kjehdahl flask, and then 10 mL of concentrated sulfuric acid was pipetted
into a Kjeldahl flask. A catalyst was added to speed up the digestion. The distillation stage was continued by diluting
the digestion results with distilled water up to 100 mL. After homogenization and cooling, 5 mL was pipetted into a
distillation flask. A total of 10 mL of 30% sodium hydroxide solution was added through the walls of the still flask until
a layer formed under the acid solution. The container was filled with 10 mL of 0.1 N hydrochloric acid solution and
drained with a methyl red indicator. The titration step resulted from the distillation, which was accommodated in an
Erlenmeyer containing 0.1 N hydrochloric acids with 5 drops of methyl red indicator added and titrated directly using
0.1 N of sodium hydroxide solution. The titration step resulted in a pink-to-yellow colour. This treatment was carried
out three times for each sample.

Total Plate Count

The total plate count method was referred to Salanggon et al. [14] method. A total of 25 g of sample was weighed
aseptically, added with 225 mL of Butterfield's Phosphate Buffered, and then homogenized for 2 min. This homogenate
was diluted to 10-1. 1 mL of the homogenate was pipetted using a sterile pipette and was put into a vial containing 9
mL of Butterfield's Phosphate Buffered solution to obtain a sample with a dilution of 10-2. Each diluent was stirred at
least 25 times, the same for the 10-3, 10-4, 10-5, and other dilutions. The volume of each diluent was 1 mL and was
repeated in a sterile petri dish using a sterile pipette. In each petri dish containing the sample, 12-15 mL of PCA
medium was cooled to 5°C. After the agar hardened, it was incubated for 8 h at 35°C. The number of bacterial colonies
in a petri dish was counted.

Screening of Escherichia coli

Twenty-five grams of the sample was homogenized with 225 mL of peptone buffer and then enriched at 37°C for 18
h. Next, 1 mL of the sample was inoculated directly into 9 mL of MacConkey broth (CM5a; Oxoid) and then incubated
at 37°C for 18 h [15]. The enriched broth preparations were sprayed directly onto Eosin Methylene Blue Agar (EMBA)
and then incubated at 37°C for 18-24 h. The isolates were confirmed biochemically using the E. coli antiserum rapid
diagnostic Kit. Escherichia coli O antiserum consisted of polyclonal antibodies used for zero-classification of
Escherichia coli O antigens.

Screening of Salmonella sp.

At the pre-enrichment stage, the collected samples were serially diluted (10, 102, 107, 10, 10?, and so on) using
peptone water [16]. At the enrichment stage, it was planted on sterile Selenite Cystine Broth (SCB) selective media and
was incubated at 37°C for 24 h. From the enrichment stage in each dilution, 1 mL was taken and planted on Xylose
Lysine Deoxycholate (XLD) selective media. Bacteria growth was analyzed by counting the colonies and observing the
morphology of the colonies. Purification of bacteria was using quadrant streaking technique on XLD media so that it
was then incubated at 37°C for 48 h. Purification targets were colonies with different colony morphology and belonged
to Gram-negative bacteria.

Furthermore, two types of colonies were selected to characterize the colonies and bacteria. Each colony was made in
duplicate so that 40 colonies were obtained. The purification results were grown on slanted Nutrient Agar (NA) media,
incubated at 37°C for 24 h, and stored at -20°C as stock culture. Storage of pure bacterial isolates with the addition of
60% glycerol in a ratio of 1:1 at a temperature of -80°C.

Sensory Analysis
In the study, gelatin jelly candy with the addition of natural ingredients (honey, date juice, olive oil, soy milk, goat's
milk, grapes, avocado, and pumpkin) was placed on a white plastic plate with a glass of water, coded, and served to
2



panellists randomly at under the light. The sample was evaluated by 10 trained panellists from the laboratory of testing
and quality control of fishery products, Banjarbaru, South Kalimantan. The descriptive terms chosen were appearance,
odour, texture, and flavour. Panellists rated acceptance of gelatin jelly candy on a 9-point hedonic scale (1. very dislike;
2. dislike; 3. rather dislike; 4. Ordinary; 5. rather like; 6. Likes; 7. really like; 8. very much like; and 9. really like it very
much)

Data Analysis

All data which passed the homogeneity and normality test were further analyzed using SPSS for Windows version
20.0. ANOVA (Analysis of Variance) further analyzed the significance of the parameters (p<0.05) followed by the
Duncan Test.

Results and Discussion

Mackerel Skin Gelatin Characterization

The water content of fish skin gelatin was 6.45%, which is lower than the raw material (Table 1). The water
content of gelatin was higher than that of Viji et al. [17] from the fish skins (4.81 £ 0.41%) and lower than the
research by Ismail and Abdullah [18] from the blackfish skins (6.93%). However, the water content of the gelatin
meets the Indonesian National Standard (SNI) No. 01-3735-1995 [19]. The Joint FAO/WHO Expert Committee on
Food Additives (JECFA) has a maximum of 18% [20], and the Gelatin Manufacturers Institute of America
(GMIA) has a 10.5 + 1.5% [21].

Table 1
Mackerel skin gelatin proximate

Proximate (%) Mackerel raw skin ]\(;[ackefel Macke_rel

ry skin gelatin
Water 60.74 20.18 6.45
Ash 5.23 2.36 0.86
Protein 35.63 69.76 91.52
Fat 4.85 2.24 0.73
Carbohydrate 60.74 20.18 6.45

According to Esfahani et al. [22], water content plays a role in determining the stability of dry products. High
water content causes particle agglomeration and accelerates microbial growth and oxidation. While ash content
was essential for evaluating gelatin quality, especially mineral and gelatin purity. The ash content of fish skin
gelatin (Table 1) meets the SNI standards (3.25%) [19]; JECFA (maximum 2.00%) [20], and GMIA (0.5 + 0.4) —
(1.5 £ 0.5) %. An aquatic environment, habitat, and species affect the ash content of fish skin gelatin. The
extraction process influenced gelatin ash content [23].

The protein content of gelatin was influenced by the time and concentration of chemicals used. This
concentration caused more amino acid bonds to be broken, so more protein was broken down in the extraction
process. The results showed the protein content of gelatin was 91.52%, which increased from the initial raw
material for dry skin (69.76%) and 35.63% for wet skin. The protein content in gelatin meets the SNI (87.25%),
which was higher than Zarubin et al. [23] by 73.2 + 0.9%. The difference in the protein content is caused by
differences in the concentration of acid and base used in gelatin extraction. The combination of acid and base
concentration and immersion time produces high protein content between acid-base, concentration, and length of
soaking time [24].

The content of fat affected the quality of raw materials during storage. The fat content of skin gelatin was
0.73%, lower than the initial raw materials for dry skin (4.85%) and wet skin (2.24%). This result was almost
close to the research by Gunawan et al. [24], in which fat content was 0.71 + 0.07%. High-fat content affects the
shelf life of gelatin to be relatively short [23]. The high-fat content in gelatin jelly candy affects the quality of
gelatin in the application process. The value of carbohydrates in gelatin was 6.45%, which was very small
compared to the raw material for dry skin (20.18%) and wet skin (60.74%). Carbohydrates are not an essential
parameter in gelatin but only supporting data. The essential parameters of gelatin were protein, water, and ash.

Sensory of Gelatin Jelly Candy

The sensation is a psycho-physiological process in which sensory recognition of object characteristics is
carried out through stimuli received by the senses [25]. The panellists' assessment showed the "really like” to
“very much like" category of the appearance of the gelatin jelly candy. Figure 1 shows that adding honey has the
highest value compared to date palm juice, olive oil, and grape juice, both liquid forms. This was because the
natural colour of honey, clear brown when added, would give a light brown colour. Adding olive oil and date juice
makes the jelly candy blackish brown [26], while adding grape juice makes the jelly candy yellowish [27]. The
appearance of the jelly candy with the addition of soy milk and goat's milk was insignificant different; both were
yellow-brown but very different from the addition of honey. This was because the milk powder had a colour
similar to that of the jelly candy formulation. According to Charoenphun [28], milk powder in jelly candy
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produces a light yellow to pale white colour. With the addition of avocado and pumpkin, gelatin jelly candy will
turn black. This is because avocado naturally produces ethylene gas closely related to ripening which converts
methionine to S-adenosylmethionine, which causes blackness [29] when added to food.

Honey (Liquid)
8.2

Pumpkin (paste) Dates Juice (Liquid)

Avocado (paste)

Olive Oil (Liquid)

Grape Juice (Liquid) Soy Milk (powder)

Goat's Milk (powder)
=o—Appearance =®=QOdor =#=Flavor Texture

Figure 1. Sensory analysis of gelatin jelly candy

The panellist gave a "really like" category rating of all flavour variants from the odour of gelatin jelly candy.
The addition of goat's milk powder had the highest odour value (7.6) with olive oil (7.3) and other natural
additives such as honey, grape juice, date palm juice, soy milk, avocado, and pumpkin (7.1 — 7.2). This was
because the aroma of goat's milk was stronger than the other ingredients. Even though it is not processed, goat's
milk has a strong aroma and taste [30]. This aroma is caused by caproic acid in goat's milk. The goaty aroma can
be removed by adding rare sugar (D-psychose, D-tagatose, D-sorbose) to neutralize caproic acid (goaty smell)
through a glycation reaction. Znamirowska et al. [31] stated that fresh goat milk contains protein (2.69 + 0.22%),
fat (2.98 £ 0.53%), and general acidity (6.20 £+ 1.20%).

The panellists assessed the "really like" category on the value of flavour. The addition of natural ingredients
has varying values (7.0-7.4). The addition of avocado paste has the highest value (7.4). This was because
avocados had a naturally sweet taste, soft and savoury. The savoury flavour is obtained from the fat vegetable
content in avocados between 0.71 —2.15% and the total fatty acid content (37 —85%) [32].

From the gelatin jelly candy texture, the panellists assessed the "really like" to “very much like” category, with
olive oil adding a significant difference from other natural ingredients. This was because olive oil had a
characteristic yellowish-gold colour and even greenish, a relatively thick texture, and was more oily. According to
Bermudez-Oria et al. [33], adding gelatin serves as a stabilizer, adhesive and gelling agent in jelly candy, while
olive oil gives an oily and shiny chewy texture to jelly candy.

Gelatin Jelly Candy Proximate Analysis Results

Proximate analysis of gelatin jelly candy results with the addition of various natural ingredients can be seen in
Table 2. Based on the statistical analysis of the water content of gelatin jelly candy with various types of natural
ingredients, there was no significant effect (p>0.05). These results indicated that each added natural ingredient
had different water content. Adding soy milk and powdered goat's milk produced the best water content between
9.76 £ 0.70 — 9.92 + 0.68%. This is because powdered soy milk contains 3.31 + 0.27% water [34] and powdered
goat's milk is 5.48 + 0.23% [35]. The addition of natural ingredients in liquid form (honey, dates, olive oil, and
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grapes) had a very high water content compared to pasta ingredients (avocado and pumpkin). This is strongly
influenced by the water content of added natural raw materials such as honey containing 5.20 + 0.33% of water
[36], grapes 21.17 £ 0.76% [37], avocado 34.28 + 0.95% [38], and pumpkin 14.18 + 0.22% [39].

Table 2
Proximate analysis of gelatin jelly candy
Proximate (%)
Treatment of natural S
ingredients Water Ash Protein Fat Carbohydrate LEAL
Reduction

Honey (liquid) 10.25+0.42° | 0.13+0.01° | 15.67+0.52" 2(')2203§ 6393+ 128" | 0.18+0.07°
Dates juice (liquid) 1409+ 084" | 03240010 | 13822033 26325; 6403+ 114" | 0264003
Olive oil (liquid) 10.71£0.60° | 0.18+0.01° | 15.77 0.67° 26029; 5826+ 1.60° | 0.13+0.05
Soy Milk (powder) 9.76+0.70" | 0.21+0.02¢ | 16.20+037 2(')3520? 5161 +0.80° | 0.14+0.01°
Goat's milk (powder) 9.92+0.68 | 0.20+0.03% | 13.97 + 036" 1692983 5757+0.79% | 0.17+0.09°
Grape juice (liquid) 1082078 | 015001 | 13624037 | 2HE | 6255£059% | 018+005°
Avocado (pastc) 1023 +0.46" | 0.18+0.01% | 14.19 + 0.45" ’6637()} 63.94+ 146" | 0.12+0.05°
Pumpkin (pastc) 1048 +0.56 | 0.14+0.02° | 14.39 + 0.64" 262395? 6181+ 1.20% | 022+0.05°
SNI about jelly candy 20.00 3.00 _ _ _ 25.00

Note: Means in the rows with different superscripts are significantly (p<0.05) different.

The concentration of water content greatly affects the quality and durability of gelatin jelly candy [40]. Based
on the study results, the overall water content of gelatin jelly candy still followed the standards set by SNI No.
3547-2-2008 about jelly candy [41], a maximum of 20.00%. The variance analysis shows that adding natural
ingredients to manufacture jelly candy significantly affected the water content (p<0.05). The highest ash content
was added with 0.21 £ 0.02% soy milk powder. The value of ash content in this study met the standards required
by SNI for jelly candy, which was a maximum of 3.00%. The high ash content of jelly candy in the treatment of
soy milk and powdered goat's milk was due to the initial raw materials containing high minerals. The ash content
of powdered soybean milk is 0.40 + 0.05% [34], and powdered goat's milk is 0.07 £ 0.00% [42].

During the jelly candy processing process, the total minerals in the raw materials did not change significantly.
The ash content and gelling agents in making jelly candy will be higher. For the ash content of jelly candy with
natural additives in liquid form (honey, olive oil, dates juice, and grapes) and paste form (avocado and pumpkin),
the ash content tended to be lower. This is because the fruit extraction process decreases the mineral content of the
fruit juice. The components are easily decomposed or evaporated during fruit ashing [43].

Table 2 showed that the value of protein content ranged from 13.62 + 0.37 — 16.20 + 0.37%. The variance
analysis showed that adding natural ingredients to produce gelatin jelly candy significantly affected protein
content (p<0.05). The highest protein content was added with 16.20 + 0.37% powdered soy milk. This is because
fresh soy milk contains 23.08 + 0.16% protein [44], while powdered soy milk has a protein content of 5.09 +
0.29% [34]. Interestingly, the protein content of gelatin produces a very high protein content of 91.52%.

Protein intake is needed to build muscle mass, especially for toddlers. Jelly candy is one of the media to
deliver bioactive compounds required by the toddler's body. Protein content in the treatment of the addition of
natural ingredients in liquid form (honey, olive oil, dates, and grapes) and paste form (avocado and pumpkin) also
had a relatively high protein content [45]. According to Kia et al. [10], jelly candy with gelatin tends to have a
higher protein content.

Adding natural ingredients to manufacture jelly candy did not significantly affect fat content (p<0.05). After
adding natural ingredients or soy milk powder, the fat content was 2.32 + 0.50%. The high and low-fat content of
jelly candy was due to differences in the raw materials used. According to Nemo and Bacha [36], the fat content
in honey is 0.27 + 0.20%, soy milk powder is 11.36 + 0.44% [34], powdered goat's milk is 1.02 £+ 0.09% [42],
grapes 0.64 + 1.17% [37], avocado 6.66 + 0.10 [38], pumpkin 4.50 + 0.21% [39].

The total value of carbohydrates in the study ranged from 51.61 + 0.80 —64.03 + 1.14%. The variance analysis
showed that adding natural ingredients to manufacture gelatin jelly candy significantly affected total
carbohydrates (p<0.05). The highest total carbohydrate value with the addition of dates juice was 64.03 + 1.14%.
This was because the calculation of carbohydrates was carried out using the by-difference method. The high value
of carbohydrates in each treatment could meet the body's energy needs.
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Liu et al. (2019) explained that carbohydrates give food a sweet taste, especially monosaccharides and
disaccharides that provide energy for the body. The value of carbohydrates in the study was influenced by raw
materials containing high carbohydrates, such as grapes 49.17 + 2.31% [37], avocado 54.23 + 0.02% [38], and
pumpkin 61.71 £ 0.10% [39].

Sugar residue was a substance left or left in a specific chemical process; this residue could be likened to salt.
Based on the study results, the average value was 0.12 = 0.05 — 0.26 + 0.05%. The results followed the standard
SNI set about jelly candy, a maximum of 25.00%. Based on a statistical analysis of the sugar reduction value of
gelatin jelly candy with the treatment of various natural ingredients, there was no significant effect (p>0.05). This
was because the sugar residue came from the sucrose produced by jelly candy. Garusti et al. [46] stated that palm
sugar contains 87.10% sucrose content with 6.06% reducing sugar. The content of reducing sugars is closely
related to the inversion of sucrose into reducing sugars. The low, reducing sugar in the study was due to the
natural ingredients used. Reducing sugar in natural ingredients tends to be lower and can be easily synthesized by
the body [47].

Microbiological Analysis

The total plate count (TPC) value was < 1 x 107 colonies/g, which still followed the SNI for jelly candy which
was 3 x 10° colonies/g [41]. This was because the addition of sucrose in making gelatin jelly candy had
antibacterial properties. Balakrishnan et al. [48] explained that sucrose would be oxidized to form acetals in the
heating process. The acetal group can release cation-charged ions that interact with the anionic charge of the
microbial cell membrane through electrostatic bonds leading to increased cell permeability and cell leakage
leading to cell death.

All treatments in gelatin jelly candy exhibited negative results for E. coli and Salmonella sp. The results also
met SNI's standards about jelly candy, which stated that jelly candy must be negative for E. coli and Salmonella
sp. There was no identification of E. coli and Salmonella sp. because the natural ingredients used in
manufacturing jelly candy have a natural antibacterial activity. Handayani et al. [49] explained that some natural
ingredients in liquid form have antibacterial properties against Staphylococcus aureus and E. coli with a maximum
concentration of 0.04 g/mL.

Conclusions

The addition of natural flavour to the skin mackerel gelatin jelly candy could be well received by panellists, with the
“really like” to “very much like” category. The nutritional and quality of gelatin jelly candy met the Indonesia National
Standard about jelly candy. The best treatment was the addition of natural flavouring ingredients soy milk with the highest
protein dan the lowest carbohydrate content. Furthermore, it is necessary to analyze the amino acids of each flavour variant of
gelatin jelly candy.
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- In the introduction it is
necessary to indicate the
purpose of the work.

The aim of the study was added
in the introduction

The last sentence in the last
paragraph of introduction.
Highlighted in yellow color

- In the "Objects and methods"
section, it is correct to present
the extraction and heating time
ranges (for example, 5+0.1
hours). From the presented
extraction technique, it is not
clear by what method and at
what installation the gelatin
extract was dried.

| have added in the object and
methods

The extraction process was
done by heating with H,0 at
80°C for 2 h. The gelatin extract
was then dried in oven for three
days at 55°C.

- In the "Objects and Methods"
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ranges in the methods: Water
content analysis, Fat content
analysis, Protein content
analysis (for example, 2+0.01 g).
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content analysis, Protein
content analysis
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- The text of the article does not

describe  the method of
degreasing raw materials to
obtain gelatin extracts, and
whether this process was
carried out.
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Dried mackerel skin samples
were soaked in water for £ 5 h.
The sample was heated for + 1
min to remove the remaining
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0.05 M of CH3COOH acid
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process was done by heating
with H20 at 80°C for 2 h. The
gelatin extract was then dried in
oven for three days at 55°C.
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Abstract.

Jelly candies are colorful, delicious, and loved by children. Mackerel skin gelatin has a good nutritional potential to increase
the protein content in jelly candy. The present study tested consumer acceptance, proximate value, and quality of gelatin
jelly candy fortified with eight different natural flavorings: honey, date juice, olive oil, soy milk, goat’s milk, grape juice,
avocado, and pumpkin.

Gelatin was extracted from mackerel (Scomberomorus commersonii) skin. The quality assessment involved tests on the water,
ash, fat, and protein contents, as well as bacterial contamination. The sensory evaluation involved a hedonic test with 10
panelists, who found all samples acceptable in appearance, smell, flavor, and texture.

The average score for each criterium was 7.00 out of 9.00. The sample with soy milk proved to have the most optimal formu-
lation: water (9.76 £ 0.70%), ash (0.21 = 0.02%), protein (16.20 £ 0.37%), fat (2.32 £ 0.50%), carbohydrate (51.61 = 0.80%),
reducing sugar (0.14 = 0.01%). All samples were free from Salmonella sp. and Escherichia coli, with a total plate count of
1x10? colonies per 1 g.

The jelly candy with mackerel skin gelatin was high in protein, had a favorable sensory profile, and met the Indonesia National
Standard for this type of food products.

Keywords. Gelatin, halal gelatin, jelly candy, nutritional value, quality, mackerel skin, Scomberomorus commersonii
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AHHOTANHSA.

JKeBare IbHBIT MapMeIal — 3T0 ApKoe II BKyCHOe JAKOMCTBO, KOTOPOe I0Ib3YeTCs CIpocoM y aeTeii. JKesIaTIH 113 KOKII CKyMOpIII
(Scomberomorus commersonii) 0061aaeT XOPOIIIIMII IINTATeILHEIMII CBOHCTBAMII II MOXKET CIIOCOOCTBOBAThH YBETIIEHIIIO
cojepkaHIA Oelka B jKeBaTeAbHOM MapMernaie. Omicann HOTPeONTeIbCKYI0 IPIBIeKaTeIbHOCTD, IMIMEBYI LUEHHOCTh II
Ka4ecTBO KeBaTeIbHOI0 MapMesajia ¢ KeIaTIIHOM 13 KOKII CKyMOPINII 11 8 HaTypalbHBIMII apOMATI3aToOpaMIL: Mell, (IHIKOBHIIT
COK, OJIIBKOBOE Macj0, COEBOE MOIOKO, KO3b€ MOJIOKO, BITHOT paIHBIIT COK, aBOKAJIO 11 THIKBA.

JKenTaTiH 5KCTPArupoBaiIil I3 KOXI CKyMOpHI (S. commersonii). KadecTBo MapMeJIalia OLEHIBAIIII IO COJePIKaHIIO BIArlL,
307IB1, KIIpa, OeIKa I Haan4mo 6akTepii. OpraHoaenTiyeckas oleHKa 3aK109anack B IPOBEICHIIII IeIOHINECKOTO TecTa:
JlecaTh SKCIePTOB OLEHILIN BCe 00pa3Ibl KaK IpIeMIeMble 110 BHENIHEMY BILILY, 3allaxy, BKyCy II TeKCType.

CpeHIIT 627171 1o KazIoMy KPHTepHIo cocTaBIvT 7,0 13 9,0. ONTIMAaIbHBIM 110 COCTaBY OKa3aacs oOpa3ell ¢ COeBBIM MOTOKOM:
cozlepKaHIle BIarl cocTaBIuio 9,76 = 0,70 %, 30761 — 0,21 = 0,02 %, 6enka — 16,20 = 0,37 %, x1upa — 2,32 = 0,50 %, yIIeBo10B —
51,61 = 0,80 %, pexymnupyromero caxapa — 0,14 = 0,01 %. B obpa3nax He oOHapy:xeHsI Salmonella sp. wmt Escherichia coli;
obImee KOIIYeCTBO GaKTepIni cocTaBILIo 1x10° KoxoHml Ha 1 T.

JKeBaTelpHBIT MapMesIal ¢ KeJaTITHOM I3 KOXII CKYMOPIIII oKa3aics doraT 6eaKoM, MPOJeMOHCTPIPOBAT XOPOIIIle opra-
HOJIENTIYecKHe CBOIICTBA II COOTBETCTBOBA TOCYJapCTBEHHOMY CTaHIAPTy, IPHHATOMY B ITHIOHE3MI JUIA JaHHOIO TIIIA
MIHIIEBHIX IPOIYKIOB.

KaroueBble cioBa. JKenaTH, XaaaIbHBIIT JKeIaTIlH, KeleliHpre KOHQJSTH, ImImeBsas OeHHOCTh, Ka9eCTBO, KOXa CKyMSpIHI.
Scomberomonrus commersonii

duHaHCcHpPoBaHHe. IlccaenoBanne ObIIO MouiepxaHo IIporpammoil 0dg3aTenpHBIX IIccaenoBaHIl mo cxeme PNBP i
npenoxasateneil Vangsepentera JJamGyHr ManrkypatROR B 2021 draaHCcOBOM roxy (0cHOBHOII Ki1acTtep), 1orosop Ne 010.49/
UN 8.2/PL/2021.

Jlns nuTHpoBaHuA: JKeBaTe IbHEIT MapMenal ¢ KeTaTHHOM I3 KOKII CKyMOpII (Scomberomorus commersonii) / ATycTnaHa
[11 1p.] // TexHIIKa I TEXHOOTIIS MIILEBHIX IPOI3BOICTB. 2024. T. 54. Ne 2. C. 236-244. (Ha anri.). https://doi.org/10.21603/2074-
9414-2024-2-2503

Introduction

Gelatin is a protein commonly extracted from carti-
lage, skin, and scales of cows, pigs, and fish [1]. Halal
gelatin cannot contain any pig-based products. As a rule,
it is extracted from fish, e.g., mackerel (Scomberomorus
commersonii) [2]. Gelatin preparations are part of vari-
ous foods and non-food products. Gelatin serves as an
emulsifier, a stabilizer, a microencapsulation agent, as a
component of biodegradable packaging, etc. [3]. Its most
useful property is the ability to form gels with convenient

237

viscosity and melting point. As a result, gelatin is a popu-
lar component of various candy products [1].

Candy can be hard and soft. As a rule, candy contains
cane sugar, corn sugar, flavorings, dyes, and gelling agents.
Gelatin-based candy is called jelly candy and has a hi-
gher sugar content [4]. Jelly candy is often fortified with
vitamins and minerals to improve children’s diet [5]. So-
me sorts of jelly candy involve natural flavorings, e.g.,
nutmeg extract, strawberries and mangoes [6-8]. Howe-
ver, some confectionery industries prefer synthetic acid
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flavorings with unreliable safety, e.g., citric acid, tartaric
acid, and lactic acid [9]. According to Yanchenko et al.,
the food industry does not meet nutrition standards in
this sphere because producers ignore consumer safety
to maximize profit [10]. In addition, jelly candy is ra-
rely rich in protein. Fish skin gelatin may solve this prob-
lem by fortifying jelly candy with protein.

Natural flavorings with vitamins and minerals of-
fer good prospects for candy production. According to
Kia et al., food products with natural additives are health-
beneficial [11]. In this research, we used such natural in-
gredients as honey, date juice, olive oil, soy milk, goat’s
milk, grapes, avocado, and pumpkin. These flavorings
are expected to raise the consumer attractiveness of ha-
lal gelatin candy. Furthermore, jelly candy made from
mackerel skin gelatin potentially provides protein intake
and reduces sugar consumption. This study featured con-
sumer acceptance, proximate value, and quality profile
of jelly candy with mackerel skin gelatin fortified with
eight different natural flavorings.

Study objects and methods

Extracting mackerel skin gelatin. We used the pro-
tocol described by Rahmawati & Pranoto to extract gela-
tin from mackerel skin [12]. After soaking dried mackerel
skin in water for 5 h, we heated it for + 1 min to remove
the remaining impurities. Then, the sample was soaked
in 0.05 M of ethanolic acid (CH,COOH) solution for
10 h. The extraction process involved heating with H.O
at 80°C for 2 h. Finally, the gelatin extract remained
three days in an oven at 55°C.

Preparing gelatin jelly candy. We designed eight dif-
ferent natural flavorings, i.e., honey, date juice, olive oil,
soy milk, goat’s milk, grape juice, avocado, and pumpkin.
Each test was performed in triplicate. The formulation
and technology for jelly candy with fish skin gelatin was
borrowed from Eletra et al. with some modifications [13].
We mixed 75 g gelatin, 85 g sucrose, 5 g salt,and 85 g
natural ingredients. After adding 300 mL cold water, we
stirred the mix until it became homogeneous. The sample
was then heated at 100°C for 2 min, molded with soft
silicone bear-shape templates, and cooled.

‘Water content analysis. To analyze the water content,
we appealed to the method published by the Association
of Official Analytical Chemists [14]. The samples were
weighed up to 2 £ 0.01 g on a porcelain dish of known
weight and dried in an oven at 105°C for 3 h. After being

cooled in a desiccator, the weighing was repeated.

Ash content analysis. The samples were weighed up
to 2+ 0.01 g on a porcelain dish of known weight, igni-
ted on a burner flame, and burned in an electric furnace at
< 550°C until complete combustion. Then, they were coo-
led in a desiccator and weighed until constant mass [14].

Fat content analysis. We placed 2 + 0.01 g of each
sample into a cotton-lined paper bag. The paper sleeve
was covered with cotton, dried in an oven at < 80°C
for+ 1 h, and put into the Soxhlet extraction apparatus

connected to an oil bottle with boiling chips. After dry-
ing, we determined the weight and extracted the sam-
ple with hexane for + 6 h. Then we filtered the hexane
and dried the fat extract in an oven at 105°C, cooled
it, and weighed. The cooling process continued until
constant weight [14].

Protein content analysis. The analysis of protein
content relied on the method recommended by the As-
sociation of Official Analytical Chemists [14]. During
the digestion, we put 1 + 0.01 g of each sample into a
100 mL Kjehdahl flask with 10 mL of concentrated sulfu-
ric acid. A catalyst was added to speed up the digestion.
After the distillation, the digestion results were diluted
with distilled water up to 100 mL. After homogenization
and cooling, we pipetted 5 mL into a distillation flask.
A total of 10 mL of 30% sodium hydroxide solution pe-
netrated through the walls of the still flask until a layer
formed under the acid solution. The container was filled
with 10 mL of 0.1 N hydrochloric acid solution and drai-
ned with a methyl red indicator. The titration was accom-
modated in an Erlenmeyer flask with 0.1 N hydrochloric
acids and five drops of methyl red indicator. The mix
was titrated directly using a 0.1 N sodium hydroxide
solution. The titration resulted in a pink-to-yellow color.
This treatment was repeated three times for each sample.

Total plate count. The total plate count method be-
longed to Salanggon et al. [15]. A total of 25 g of each
sample was weighed aseptically. After adding 225 mL
Butterfield’s phosphate buffer, we homogenized the mix
for 2 min and diluted it. The homogenate was put with a
sterile pipette into a vial containing 9 mL of Butterfield’s
phosphate buffer solution to obtain a sample with a dilu-
tion of 102, Each dilutant was stirred at least 25 times
to obtain further dilutants (1073, 10~, 107>, etc.). The
volume of each diluent was 1 mL, and the procedure was
repeated in a sterile petri dish with a sterile pipette. In
each petri dish, 12—15 mL of medium was cooled to 5°C
for the plate count agar method. After the agar hardened,
it was incubated at 35°C for 8 h to count the number
of bacterial colonies in the petri dish.

Screening of Escherichia coli. We homogenized
25 g of each sample with 225 mL peptone buffer and
then fortified it at 37°C for 18 h. Next, 1 mL of the sam-
ple was inoculated directly into 9 mL of MacConkey
broth (CM5a; Oxoid) and then incubated at 37°C for
18 h [16]. After that, we sprayed the fortified broth pre-
parations directly onto eosin methylene blue agar and
incubated them at 37°C for 18-24 h. The isolates we-
re confirmed biochemically using an E. coli antiserum
express diagnostic kit. E. coli O antiserum consisted
of polyclonal antibodies used for zero-classification of
E. coli O antigens.

Screening Sa/monella sp. At the pre-fortification
stage, the collected samples were serially diluted (107,
107, 1073, 1074, 107, etc.) using peptone water [17]. At
the fortification stage, we planted them on sterile se-
lenite cystine broth selective media and incubated at
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37°C for 24 h. After the fortification stage in each diluti-
on, 1 mL was planted on xylose lysine deoxycholate. We
analyzed bacteria growth by counting the colonies and
observing their morphology. Purification involvedthe
quadrant streaking method, with presupposed xylose
lysine deoxycholate media and incubation at 37°C for
48 h. The purification process targeted colonies with dif-
ferent colony morphology that belonged to gram-nega-
tive bacteria.

After that, we selected two types of colonies. Each
colony was duplicated so that eventually 40 colonies
were obtained. The purification results were grown on
slanted nutrient agar, incubated at 37°C for 24 h, and
stored at —20°C as stock culture. The storage condition
of pure bacterial isolates involved 60% glycerol in a
ratio of 1:1 at —80°C.

Sensory analysis. Each sample was placed on a white
plastic plate together with a glass of water, coded, and
served to panelists randomly in a well-lit environment.
The panel consisted of 10 trained panelists from the la-
boratory of testing and quality control of fishery pro-
ducts, Banjarbaru, South Kalimantan. The criteria inclu-
ded appearance, smell, texture, and flavor. The panelists
rated the acceptance using a nine-point hedonic scale:
1 — dislike extremely, 2 — dislike very much, 3 — dislike
moderately, 4 — dislike slightly, 5 —neither like nor dis-
like, 6 — like slightly, 7 — like moderately; 8 — like very
much, 9 — like extremely.

Data analysis. All data that passed the homogeneity
and normality tests were further analyzed using SPSS
20.0 for Windows and ANOVA Analysis of Variance
(p < 0.05) followed by the Duncan’s Test.

Results and discussion

Mackerel skin gelatin characterization. The water
content in fish skin gelatin was 6.45%, which was lo-
wer than in the raw material (Table 1). In this research,
the water content exceeded that reported by Viji ef al.
as 4.81 £ 0.41% [18]. However, it was lower than the
data published by Ismail & Abdullah as 6.93% [19]. Yet,
the water content met the Indonesian National Standard
No. 01-3735-1995 Gelatin quality and test method. The
Joint FAO/WHO Expert Committee on Food Additives
defines the maximum of 18%, and the Gelatin Manufactu-
rers Institute of America mentions 10.5 + 1.5% [20, 21].

According to Esfahani ef al., water content determi-
nes the stability of dry products [22]. High water content
causes particle agglomeration and accelerates microbial
growth and oxidation. Ash content was essential for eva-
luating gelatin quality, especially in terms of mineral
content and purity. The ash content of fish skin gelatin
(Table 1) meets the standards specified by the Indone-
sian National Standard (3.25%), the Joint FAO/WHO
Expert Committee on Food Additives (max. 2.00%), and
the Gelatin Manufacturers Institute of America 0.5 +
0.4 — 1.5 £ 0.5% (Indonesian National Standard No. 01-
3735-1995) [20]. Specifics of aquatic environment, habi-
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tat, and species affect the ash content of fish skin gelatin.
Its ash content also depends on the extraction process [23].

In this research, the protein content of gelatin depen-
ded on the time and concentration of chemicals used.
This concentration broke more amino acid bonds, so that
more protein broke down during extraction. The resul-
ting protein content in gelatin was 91.52%, which excee-
ded the initial data for dry fish skin (69.76%) and wet
fish skin (35.63%). The protein content in gelatin met
the Indonesian National Standard (87.25%). However,
our results exceeded those obtained by Zarubin et al. by
73.2 £ 0.9% [23]. The difference in the protein content
resulted from the differences in the concentration of acid
and base used during extraction. Acid and base concent-
ration and immersion time combined were reported to
produce high protein content [24].

Fat content is known to affect the quality of raw ma-
terials during storage. The fat content of skin gelatin
equaled 0.73%, which was lower than the initial data
for dry skin (4.85%) and wet skin (2.24%). This result
was similar to that reported by Gunawan et al. as 0.71 +
0.07% [24]. High-fat content shortens the shelf-life of
gelatin and affects the quality of gelatin in the applica-
tion process [23]. In our research, the value of carbo-
hydrates in gelatin was 6.45%, which was much less
than the initial data for dry fish skin (20.18%) and wet
fish skin (60.74%). Carbohydrates are not considered as
an essential parameter in gelatin production: the essen-
tial parameters include protein, water, and ash.

Sensory profile of gelatin jelly candy. Sensation
is a psycho-physiological process in which sensory re-
cognition of object characteristics is carried out thro-
ugh stimuli received by the senses [25]. In our research,
the sensory evaluation results for the appearance ranged
from “liked moderately” to “like very much”. Figure 1
shows that the liquid honey-flavored sample received a
bigger score than date juice, olive oil, and grape juice.
The natural color of honey, clear brown when added,
turned light brown. Adding olive oil and date juice made
the jelly candy blackish-brown while adding grape juice
made it yellowish [26, 27]. The appearance score of the
soy milk and goat’s milk samples was very similar; both
were yellow-brown but not like the honey sample. The
milk powder had a color similar to that of the jelly candy
formulation. According to Charoenphun, milk powder

Table 1. Mackerel skin gelatin proximate

Tabmina 1. IIpeaBapHTe IbHBIH aHATH3 COCTaBa KOXKH CKYMODHHI

Proximate, % | Mackerel Mackerel Mackerel
raw skin dry skin gelatin
Water 60.74 20.18 6.45
Ash 5.23 2.36 0.86
Protein 35.63 69.76 91.52
Fat 4.85 2.24 0.73
Carbohydrate 60.74 20.18 6.45
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Figure 1. Sensory analysis of gelatin jelly candy

PucyHOK 1. OpraHOIeNnTHIecKHil aHATH3 KeBaTeJIbHOTO
MapMeIaja ¢ jKeJIaTHHOM H3 KOKH CKyMOpHH

makes jelly candy light yellow or pale white [28]. Avo-
cado and pumpkin tumed the gelatin black. The problem
is that avocado naturally produces ethylene gas, which
is associated with ripening. It converts methionine to
S-adenosylmethionine, which causes blackness when
added to food [29].

The smell category received “like moderately” from
all panelists. The samples with goat’s milk powder had
the highest score for smell (7.6), followed by olive oil
(7.3) and honey, grape juice, date juice, soy milk, avo-
cado, and pumpkin (7.1-7.2). The aroma of goat’s milk
turned out to be stronger than that of the other flavorings.

Even unprocessed, goat’s milk has a strong smell and
taste caused by caproic acid [30]. The specific aroma can
be removed by adding rare sugar (D-psychose, D-taga-
tose, D-sorbose): it would neutralize caproic acid with a
glycation reaction. Znamirowska et al. stated that fresh
goat’s milk contains protein (2.69 + 0.22%), fat (2.98 +
0.53%), and general acidity (6.20 + 1.20%) [31].

The flavor category also received “like moderately”
from most panelists, the score ranging from 7.0 to 7.4. The
avocado paste sample had the highest score of 7.4. Avo-
cado has a naturally sweet taste, soft and savory. The sa-
vory flavor comes from the fat vegetable content 0f 0.71—
2.15% and the total fatty acid content of 37-85% [32].

The texture evaluation ranged from “like moderately”
to “like very much”. The sample fortified with olive oil
demonstrated a significant difference from other samples
in this respect. Olive oil has a characteristic yellowish-
gold color, sometimes greenish, and its relatively thick
texture is rather oily. According to Bermudez-Oria et al.,
gelatin serves as a stabilizer, as well as an adhesive and
gelling agent in jelly candy while olive oil gives it an
oily and shiny chewy texture [33].

Gelatin jelly candy proximate analysis. Table 2
shows the proximate analysis of gelatin jelly candy with
various natural ingredients. Water content had no signi-
ficant effect (p > 0.05): each natural ingredient brought
about different water content. The samples with soy milk
and goat’s milk powder produced the best water content
between 9.76 + 0.70 and 9.92 + 0.68%. Initially, soy milk
powder contains 3.31 + 0.27% water, and goat’s milk
powder has 5.48 + 0.23% water [34, 35]. Honey, dates,
olive oil, and grapes added in liquid form resulted in
very high water content compared to pasta ingredients
(avocado and pumpkin). The correlation with the initial
water content in the natural raw materials is very strong:
honey contains 5.20 + 0.33% of water while grapes con-
tain 21.17 £ 0.76%, avocado contains 34.28 + 0.95%,
and pumpkin contains 14.18 + 0.22% [36-39].

Table 2. Proximate analysis of gelatin jelly candy

Tabmua 2. [IpeaBapHTeNbHEI aHATH3 COCTABA KeBATEIPHOIO MapMeIaa C JKeIaTHHOM H3 KOKH CKYMOPHH

Natural ingredients, Proximate, %
form Water Ash Protein Fat Carbohydrate | Sugar reduction

Honey (liquid) 10.25 + 0.42* 0.13+0.01* 15.67 + 0.522 2.20+ 0.23* 63.93 + 1.28* 0.18 = 0.07*
Date juice (liquid) 14.09 = 0.84° 0.32+0.01° 15.82+£0.53* 2.35% 0.26* 64.03 = 1.14° 0.26 = 0.03*
Olive oil (liquid) 10.71 = 0.60° 0.18=0.01° 15.77 £ 0.67* 2.09 + 0.22* 58.26 = 1.60° 0.13 = 0.05*
Soy milk (powder) 9.76 = 0.70* 0.21 + 0.02¢ 16.20 = 0.37* 2.32+0.50* 51.61 = 0.80° 0.14 = 0.01*
Goat’s milk (powder) 9.92 = 0.68* 0.20 = 0.03* 13.97 £ 0.36° 1.99 = 0.28* 57.57 £ 0.79% 0.17 = 0.09*
Grape juice (liquid) 10.82 = 0.78* 0.15+0.01* 13.62+£037° 2.31+0.33* | 62.55+0.59"% | 0.18 + 0.05*
Avocado (paste) 10.23 = 0.46° 0.18 £ 0.01%° | 14.19+045" 1.67 = 0.30° | 63.94 = 1.46"f| 0.12 = 0.05*
Pumpkin (paste) 10.48 = 0.56° 0.14 £ 0.02* 14.39 = 0.64° 229+ 0.35* | 61.81+1.20"*¢ | 0.22 + 0.05*
Indonesian National 20.00 3.00 - - - 25.00
Standard for jelly candy

Note: Means in the rows with different superscripts are significantly (p < 0.05) different.

TIpumevanue: CpeJHHE 3HAYEHHS C PAa3HBIMH BeDXHHMH HHISKCAMH CYIIeCTBEHHO pasmuuarTces (p < 0,05).
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Water content greatly affects the quality and durabi-
lity of gelatin jelly candy [40]. In our study, the overall wa-
ter content of gelatin jelly candy fell within the standards
set by Indonesian National Standard No. 3547-2-2008
Jelly candy with its maximum of 20.00%. The variance
analysis showed that adding natural ingredients affec-
ted the water content significantly (p <0.05). The highest
ash content of 0.21 + 0.02% belonged to the sample forti-
fied with soy milk powder. However, the value of ash
content in this study met the standards required by the
Indonesian National Standard (max. 3.00%). The high
ash content in the samples with soy milk and goat’s milk
powder was due to the initial mineral content in the raw
materials. The ash content of soy milk powder is 0.40 +
0.05%, and that of goat’s milk is 0.07 + 0.00% [34, 41].

During processing, the total minerals in the raw ma-
terials did not change significantly. The ash content and
that of gelling agents were higher in the final product.
The ash content tended to be lower in the samples with
liquid honey, olive oil, date juice, and grapes, as well
as in avocado and pumpkin pastes. Obviously, the fruit
extraction process reduced the mineral content in the
fruit juice. The components are easily decomposed or
evaporated during fruit ashing [42].

Table 2 showed that the value of protein content ran-
ged from 13.62 + 0.37 to 16.20 £+ 0.37%. According to
the variance analysis, the natural ingredients produced
a significant effect on the protein content (p < 0.05).
The highest protein content of 16.20 + 0.37% belonged
to the sample fortified with soy milk powder. Fresh soy
milk contains 23.08 + 0.16% protein while powdered
soy milk has a protein content of 5.09 + 0.29% [34, 43].
Interestingly, the protein content of gelatin produced
a very high protein content of 91.52%.

Protein intake is needed to build muscle mass, espe-
cially in toddlers. Jelly candy can deliver bioactive com-
pounds required by the toddler’s body. The protein con-
tent in the samples fortified with natural ingredients in li-
quid form (honey, olive oil, dates, and grapes) and paste
form (avocado and pumpkin) also had a relatively high
protein content [44]. Kia et al. reported that jelly candy
with gelatin had a higher protein content [11].

The natural ingredients produced no significant effect
on fat content (p < 0.05). In the sample with soy milk
powder, the fat content was 2.32 £ 0.50%. The high and
low-fat content of jelly candy depended on the differences
in the raw materials used. According to Nemo & Bacha,
the fat content in honey is 0.27 + 0.20% [36]. Other stu-
dies reported the following fat contents for different raw
materials: soy milk powder — 11.36 + 0.44%, goat’s milk
powder — 1.02 £ 0.09%, grapes — 0.64 £ 1.17%, avocado —
6.66 £ 0.10, pumpkin — 4.50 = 0.21% [34, 37-39, 41].

The total value of carbohydrates in this study ranged
from 51.61 + 0.80 to 64.03 + 1.14%. The variance analy-
sis showed that adding natural ingredients to gelatin jelly
candy had a significant impact on total carbohydrates
(p <0.05). The highest total carbohydrate value belon-
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ged to the sample fortified with date juice and equaled
64.03 £ 1.14%, probably because the calculation of carbo-
hydrates was carried out using the by-difference method.
The high value of carbohydrates in each treatment ma-
naged to meet the requirements for energy intake.

Liu et al. explained that carbohydrates give food a
sweet taste, especially monosaccharides and disaccha-
rides that provide energy for the body [44]. The value of
carbohydrates in our study depended on the raw mate-
rials. The level of carbohydrates was quite high in grapes
(49.17 £ 2.31%), avocado (54.23 + 0.02%), and pumpkin
(61.71 £ 0.10%) [37-39].

Sugar residue is a substance left after a specific che-
mical process; this residue could be likened to salt. In
our research, the mean value ranged from 0.12 + 0.05 to
0.26 £ 0.05%. The results followed the Indonesian Natio-
nal Standard for jelly candy with its maximum of 25.00%.
The statistical analysis of the sugar reduction between the
samples revealed no significant effect (p > 0.05). It was
because the sugar residue came from the sucrose produ-
ced by jelly candy. Garusti ef al. stated that palm sugar
contains 87.10% sucrose with 6.06% reducing sugar [45].
The content of reducing sugars depends on the inversion
of sucrose into reducing sugars. The low level of redu-
cing sugar in the study was due to the natural ingredients
used. Reducing sugar in natural ingredients tends to be
lower and can be easily synthesized by the body [46].

Microbiological analysis. The total plate count va-
lue was < 1x10 colonies per 1 g, which met the Indone-
sian National Standard for jelly candy, i.e., 3x10° colo-
nies per 1 g (Indonesian National Standard No. 3547-
2-2008). The low total plate count could be explained
by the fact that sucrose has antibacterial properties. In
Balakrishnan ef al., sucrose was oxidized to form ace-
tals in the heating process [47]. The acetal group can
release cation-charged ions that interact with the ani-
onic charge of the microbial cell membrane through
electrostatic bonds, thus increasing cell permeability,
and cell leakage leads to cell death.

All samples of gelatin jelly candy exhibited negative
results for E. coli and Salmonella sp. The results also
met the Indonesian National Standard. The absence of
E. coli and Salmonella sp. could be traced to the natural
antibacterial activity of the ingredients added. Accor-
ding to Handayani ef al., some natural ingredients in li-
quid form have antibacterial properties against Staphy-
lococcus aureus and E. coli at a maximum concentration
0f 0.04 g/mL [48].

Conclusion

The mackerel skin gelatin jelly candy fortified by
different natural flavorings was well received by panelists,
with evaluations ranging from “like moderately™ to “like
very much”. The nutritional quality of the gelatin jelly
candy met the Indonesian National Standard. The best
results belonged to the samples fortified with soy milk:
it had the highest protein and the lowest carbohydrate
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contents. Further research will feature the amino acids
in each flavor sample of gelatin jelly candy.
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