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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
1=10¢ 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.
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AHHOTALHA.

JKepaTensHbiii MapMenan — 970 APKOE M BKYCHOE JIAKOMCTBO, KOTOPOE NO/b3yeTea ciupocom y deteil. Menarun n3 komu ckymOpun
(Scomberomorus commersonii) 0DIAAAET XOPOWMMH IHTATENbHLIME CBOHCTBAME B MOKET CHOCOOCTBOBATL VBEINYEHHIO
cojepxkanus Denka B keparTenbnoM mapmenage. Onucanu norpeduTelbeky 0 NPHBIEKATENBHOCTb, HHIEBYI) LEHHOCTh I
K24ECTBO KEBATCILHOIO MAPMEIA/a ¢ KEIATHHOM H3 KO#H cKyMOpuH 1 8 HaTypaiibHbIMH apoMaTH3aropami: Mejl, GHHHKOBbIH
COK, QJIMBKOBOE MACII0, COEBOE MOJIOKO, KO3bE MOJIOKD, BUHOIPA/HbIH COK, ABOKAJ0 W THIKBA.

JKenatun akeTparupopain U3 koxu ckymGpun (S, commersonir). KadecTso MapMenaja OLEHNBAI 110 COARPIKAHMI0 BIAIN,
J0.bl, Aupa, Gemka u nannuuio daxrepuil. OpramojenTHyeckas OLEHKA JaKII0MAIACH B IPOBEASHHH IeJOHHYECKOro TecTa:
JleCATh IKCHEPTOB OLEH N Bee 00pasiel Kak NPHEMICMBIE 110 BHEIIHEMY BH/Y, 3alaXy, BEYCY U TEKCTYpE.

Cpeanuii 6ana no kaxaomMy kpurepuro coctasun 7,0 13 9,0, OnTHMAIEHEIM [0 COCTABY OKazaics 00pasell ¢ CoeBbIM MOJIOKOM:
cojiepianne Brarn coctaenno 9,76 £ 0,70 %, sone — 0,21 £ 0,02 %, denka — 16,20 £0,37 %, swupa — 2,32 + 0,50 %, yrnesojos —
51,61 0,80 %, penyuupyiomero caxapa — 0,14 £ 0,01 %. B obpasuax ne obuapyiennt Salmonella sp. win Escherichia coli;
ofwee konnuectso Gaxrepuii coctasuno 1% 107 kononnii ua 1 r.

JKeparenbublil MapMenaj ¢ KellaTHHOM U3 KOXKM cikyMOpuM okazaics Gorar GelkoM, NPOJIEMOHCTPUPOBAI XOpoLIHe opra-
HOJIENTHHECKHE CBOICTEA H COOTBETCTBOBAI FOCYIAPCTBEHHOMY CTAHAAPTY, HpUHATOMY B MuI0He3Mn 118 JaHHOro THHA
[HUIEBbIX HPOLYKTOB.

Kmovensie ciosa. Kenatun, xamnbuelii kenatun, seneiinse kondersl, NHIERaH UEHHOCTE, KAYECTBO, KOXKA ckyMOpun,
Scomberomorus commersonii

Punancuposanne. Heenenopanne Owo noggepxano Iporpammodi ofssatensHeix neenetopannii no cxeme PNBP nm
npenopasareneii ¥Yuusepeurera Jlambyur Maul'l\'ypa'rm 8 2021 dunancopoM rogy (ocHoBHOl Knacrep), norosop Ne 010.49/
UN 8.2/PL/2021.

UHTHpoBAHHA: JKepaTelbHBIH MapMenal ¢ KelaTHHOM M3 KokH ckyMOpun (Scomberomorus commersonii) [ AryetHana
[u ap.] // Texumka u TexHonorus nuuessx npoussoaers. 2024, T, 54 Ne 2. C. 236244, (Ha anrn.). https://doi.org/10.21603/2074-
9414-2024-2-2503

Introduction viscosity and melting point. As a result, gelatin is a popu-

Gelatin is a protein commonly extracted from carti-  lar component of various candy products [1].

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

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,?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
ofjelly 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 ef al. with some modifications [13].
We mixed 75 g gelatin, 85 g sucrose, 5 g salt, and 85 ¢
natural ingredients. After adding 300 mL col@®ater, we
stirred the mix until it became homogeneous. The sample
was then heated at 100°C for 2 min, molded with soft
siliBne bear-shape templates, and cooled.

Water content analysis. To analyze tijwater content,
we appealed to the method published by the Association
of Official Analytical Chemists [14]. The samples were
weighed uffdp 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
to2 + 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 fiper 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 hfffhen 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 Analyticaffhemists [ 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 difBstion.
After the distillation, the digestion results were diluted
with distilled water up to 100 mIEJAfter 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
form@fAnder the acid solution. The container was filled
with 10 mL of 0.1 N hydrochloric acid solution and drai-
ned with@nethyl red indicator. The titration was accom-
modated i 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 @te count method be-
longed to Salanggon ef 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 107, Each dilutant was stirred at least 25 times
to obtain further dilutants (107, 10, 107, ete.). The
volume of each diluent was 1 mL, and the procedure was
repeated in a sterile petri dish with a sterile pipette. In
eanﬂ:tri dish, 12-15 mL of medium was cooled to 5°C
for the [fifke 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 cach saffple with 225 mL peptone buffer and
then fortified it at 37°C for 18 h. Next, | mL of the sam-
ple was inoculated directly into 9 mL of MacConkey
broth (CM35a; Oxoid) and then incubated at 37°C for
18 h [16]. After that, wdffirayed 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 biochemidBlly using an E. coli antiserum
express diagnostic kit. E. eoli O antiserum consisted
of polyclonal antibodies used for zero-classification of
E. coli O antigens.

Screening Salnfffdlelia sp. At the pre-fortification
stage, the collected samples were serially diluted (10,
102,107, 107, 107, etc.) using peptone water [17]. At
the fortification stage, we planted tIffn 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 methodfgjith 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 obffned. 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 1solates involved 60% glycerol in a
ratio of 1:1 at —80°

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, rextln, 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§fhlyzed using SPSS
20.0 for Windows and ANOV A 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 Sranml
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 er 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 sptmcd 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-

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 ef 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 EJtial data
for dry skin (4.85%) and wet skin (2.24%). This result
was similar to that reported by Gunawaff a/. 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
1s 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-broffbut 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

Tabnuua 1. pessapi TenkHelii aHATH3 COCTABA KOKH CKYMOpHH

Proximate, % | Mackerel Mackerel Mackerel
raw skin dry skin gelatin
Water 60.74 20.18 6.45
Ash 523 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

Pucynok 1. OpraHoIenTHYECKHil aHATH3 HeEBATENLHOTO
MapMeNana ¢ HeNATHHOM H3 KOKH CKYMOpPHH

makes jelly candy light yellow or pale white [28]. Avo-
cado and pumpkin turned the gelatin black. The problem
is that avocado naturally produces ethylene gas, which
is assoclated 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 of 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

TaGnumna 2. npﬁ,ﬂBﬂpllTEJ’JbHLl i AHATTH3 COCTABA K EBATENEHOTO MapMenana ¢ HenaTHHOM H3 KOXH CI(_VMﬁpIIII

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

Honey (liquid) 10.25£042* | 0.13x0.01% 15.67+0.52° | 220+£0.23* | 63.93+ .28 0.18 £0.07*
Date juice (liquid) 14.09+ 0.84* | 032+£0.01" | 1582+£0.53* | 235+£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+0.024 16,20+ 0.37* | 232+£0.500 | 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+ 079 0.17 £0.09°
Grape juice (liquid) 10.82£0.78 | 0.15+0.01* 13.62 + 0.37" 231+£0.33 | 62.55+£0.59% | 0.18 £0.05*
Avocado (paste) 10.23 + 0.46° 0.18 + 0.01° 14.19 + 045" 1670300 | 6394+ 146" | 012005
Pumpkin (paste) 1048 £0.56* | 0.14+ 0.02¢ 14.39 + 0.64° 229+0.35 | 61811200 | 0.22£0.05°
Indonesian National 20.00 3.00 - - - 25.00
Stangdagd for jelly candy

Note: Means in the rows with different superseripts are significantly (p = 0.05) different.

[pumeuanne: CpeHue THAYEHHS C PATHBIMH BEPXHHMH HHIEKCAMH CYIecTBeHHO pasnHuatoTed (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 withinfJ§ standards
set by Indonesian National Standard No. 3547-2-2008
Jelly candy with its maximum of 20.00%. The variance
analysis showed th{fF3iding 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 (ma,ﬁﬂ%], 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 1s 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 n 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 n@E}al 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 ef al. reported that jelly candy
with gelatin had a higher protein cfffent [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-

ged to the sample fortified with date juice and equaled
64.03 + IEJ4%, 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 er 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 1s 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 ana[ggJ 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 < 1 x10* colonies per 1 g, which met the Indone-
sian National Standard for jelly candy, i.e., 3%10° colo-
nies per B; (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 Eliples of gelatin jelly candy exhibited negative
results for E. coli and Salmonella sp. The results also
{83t 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 er al., some natural ingredients in li-
quid form have antibacterial properties against Staphy-
lococcus aureus and E. coli at a maximum concentration
of 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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