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Abstract.

Pempek is an authentic traditional dish of Indonesian cuisine. As a popular food, it needs to be both tasty and nutritious.
Mashed pumpkin can add some health-beneficial properties to the traditional pempek and reduce its carbohydrate content.
This research featured pempek made of farmed toman fish (Channa micropeltes), which is an affordable raw material. The
research objective was to evaluate the consumer acceptance of the experimental pempek based on its sensory assessment and
a folding test. This research also revealed the proximate composition, f-carotene, and amino acids in the pempek samples.
The research procedure included the following stages: making pumpkin puree; making pempek by substituting tapioca flour
with pumpkin puree (control: 0%, Formulation 1: 10%, Formulation 2: 20%); sensory assessment and folding test; proximate
analysis; f-carotene analysis; and amino acid analysis.

A greater proportion of pumpkin puree improved the appearance, color, aroma, flavor, and texture values of the experimental
sample. Based on the folding test, the elasticity of pempek decreased as the pumpkin share increased. Pumpkin puree improved
the quality of pempek in terms of its protein, moisture, ash, carbohydrate, f-carotene, and amino acid composition. Formulation 2
with 20% of tapioca flour substituted with pumpkin puree showed the best results for protein (7.91%) and amino acids
(10.27%), as well as the lowest carbohydrate content (26.76%).

Mashed pumpkin proved to be an excellent substitute of tapioca flour in the traditional Indonesian pempek fishcake as it
improved both its sensory profile and nutritional value.

Keywords. Giant snakehead, Channa micropeltes, toman fish, pempek, pumpkin, nutritional value, f-carotene, amino acids
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AHHOTAIHSA.

Ilemnex — TpagunuoHHOE OJII00 MHIOHE3UHCKON KYXHH, IPEACTaBIAIONIee COO0N PHIOHBIC KOTIETH ¢ J0OABICHHEM MYKH
13 TamHOKH. THIKBEHHOE MIOpEe MOKET NMPHUAATH TPATUIHOHHOMY MEMIIEKY MUTAaTeIbHbIE CBOWCTBA M CHU3UTH COAEpIKAHHE
YTII€BOJIOB, TIOCKOJIBKY MOIMYJIAPHBIE Y HACEIECHUS MPOAYKTHI MUTAHUS JAOJKHBI OBITh HE TOJIBKO BKYCHBIMHU, HO U TIOJE3HBIM.
Llenp uccnaenoBaHus 3aKkil04yanach B OLIEHKE KaueCcTBa MEMIEKa, IPUTOTOBIEHHOTO MO pa3paboTaHHON peuenTtype u3 donee
JOCTYITHOTO, Ye€M TPAJUIIMOHHOE ChIPbE, H BHIPALLIEHHOI'0 HCKYCCTBEHHBIM CII0c000M 3Meeronosa kpacHoro (Channa micropeltes
WM TOMaH) C 100aBJIeHHEM THIKBEHHOTO ITIOpE.

HccnenoBanue BKIIIOYAIIO CIEYONINE TAIBL: TOATOTOBKA THIKBCHHOTO IIOPE; IIPUTOTOBJICHNE IIEMIICKA ITyTeM 3aMEHBI MYKH
13 TalMOKH THIKBEHHBIM TIope (KoHTpoib: 0 %, perentypa 1: 10 %, perentypa 2: 20 %); opraHonenTiHdeckast OIeHKa U HCITbI-
TaHUE Ha NMepernd; aHaaIn3 KOMIIOHEHTHOTO M AMUHOKHCIOTHOTO COCTaBOB; OIIPEJIeIeHNe COACPKAHNS f-KapOTHHA.
VBeau4yeHue 01 THIKBEHHOTO MIOpE YIy4IlINIO BHEIIHUN B, LIBET, apOMAT, BKYC U TEKCTYPY SKCIEPUMEHTAIbHOI0 00pa3ua.
VcnbiTanus Ha meperud mokasai, 4TO AJIACTHYHOCTh MEMIIeKa CHMXKAach 110 Mepe YBEIMUYSHUs JOJU THIKBEHHOTO IIOpe.
Benenue B penenTtypy nemreka THIKBEHHOTO MIOPE MOBBICHIIO KAU4ECTBO OJII0/a [0 TAKUM acleKkTaM, Kak cojepikanue Oenka,
BIIaTH, 30JIbI, YIJIEBOJIOB U f-KapOTHHA, a TAK)K€ aMHHOKHCIIOTHBIN cocTaB. Perenrypa 2, B koTopoit 20 % MyKH U3 TallHOKH
OBLTO 3aMEHEHO THIKBEHHBIM MIOpPE, I0Ka3ana JIyqnrne pe3yasraTsl mo 6enky (7,91 %) u amunokucnoram (10,27 %), a Taxke
HaUMEHbIIEe COAepKaHne yriueBoaos (26,76 %).

Dkcnepumenrtaibioe Omogo uz ¢une C. micropeltes ¢ pobaBiieHHEM THIKBEHHOTO IIOPE IMOJyYMIO 00Jiee BBICOKYIO
OpraHOJIENTHYECKYIO OLICHKY, YeM TPaJUIMOHHBIC PHIOHBIE KOTJIETHI «IeMIek». Ero nuiieBas EHHOCTh OKa3ajach BBIIIE.
HccnenoBanue 1mokasano, YTO THIKBEHHOE ITIOPE MOXKET YCIIEIIHO 3aMEHHUTh MYKY M3 TallMOKH B TPAIUIIMOHHBIX NH/IOHE3UIHCKUX
PBIOHBIX KOTJIETAX IEMIICK).

KuiroueBsie cioBa. ['urantckuii 3meeronos, Channa micropeltes, pp1da TOMaH, IEeMIIEK, THIKBA, UILEBAs IICHHOCTb, f-KapOTHH,
AMHUHOKHCIOTHI

®unancupoBanue. lccienosanue BeimoiaHeHo 3a cuet rpanta ®onna DIPA Yausepcurera JlamOyHT MaHrKypaTRp:R B 2022 .
(Ne CIT JUITA — 023.17.2.6777518/2022, npuka3 pexropa Ne 458/UN8/PG/2022) n Munucrepcrsa 00pa3oBaHus, KyJIbTypHI,
WCCIeIOBaHMH U TexHoyorui PecnyOnnkn UHgoHE3MS.

Jnst nurupoBanmsi: KauecTBo phIOHBIX KOTIIET «IIEMIIEK» U3 3MeerosioBa kpacuoro (Channa micropeltes) ¢ TBIKBEHHBIM MiOpe /
P. AnaBua [u np.] // TexHuKa U TEXHOJIOTHUS MUIIEBBIX Mpon3BoaAcTB. 2023. T. 53. Ne 3. C. 465—474. (Ha anrm.). https://doi.org/
10.21603/2074-9414-2023-3-2449

Introduction Snakehead, skipjack, eel, catfish, and some freshwater
Pempek is an authentic traditional food from Indo-  fish are a few of scientifically proven less expensive
nesia. It is especially popular in South Sumatra. As alternatives [2—6].
a rule, pempek was made of belida fish or mackerel. In South Kalimantan, Indonesia, pempek is made
However, these types of fish were rare and expensive, and from giant snakehead fish, known in the region as
people started looking for an alternative raw material [1]. toman. Toman is omni-seasonal and, as a result, more
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affordable. In addition, toman can be farmed: in 2017,
the production of toman fish rose from 5 to 9 tons [7].
Toman farming grows in line with its use as a raw
material for semi-finished pempek. We chose toman
fish for our research because it has white meat and a
substantial amount of protein. As a result, it jellify-ies
quite easily, thus giving pempek its characteristic tex-
ture. Fitriyani et al. reported that toman fish was rich
in protein (24.75%) [8]. In addition, albumin protein
in toman fish is beneficial for health [9, 10].

Pempek is one of the most popular dishes of Indone-
sian cuisine, second only to rendang and meatballs. The
market price of pempek is quite reasonable and ranges
from 1000 to 20 000 Indonesian rupiahs, depending on
the size and type [11]. However, the traditional pempek
formulation includes tapioca flour, which is notorious
for its high amylopectin content. Syamsir ef al. repor-
ted that tapioca starch had 48-50% amylopectin [12].
Amylopectin-rich starch in human diet can cause obe-
sity. Burke proved that excessive consumption of amy-
lopectin caused weight gain, indigestion, diarrhea, rash,
and flatulence [13]. Therefore, it is necessary to find
alternative materials to substitute tapioca flour in the
traditional pempek.

Pumpkin has numerous health benefits: not only does
it contain antioxidant vitamins and minerals, but it also
reduces digestive disorders and is known to prevent
diabetes and cancer [14, 15]. Pumpkin was reported to
contain carotenoids (f-carotene, lutein, lycopene), po-
lyphenols, flavonoids, polysaccharides, pectin, and die-
tary fiber [16—19]. The content of polysaccharides and
dietary fiber in pumpkin is good for anti-diabetic diets.
Therefore, the last decade has seen many studies that used
pumpkin to fortify biscuits, biscuits for babies, analog
rice, flakes, and bread [20-25]. Pumpkin is used as flour
or puree that is easy to mix with other food ingredients.
In this research, we evaluated the consumer acceptance
of pumpkin-substituted pempek based on the hedonic
scale and a folding test. In addition, the experimental
pempek also underwent a proximate analysis and was
tested for f-carotene and amino acids.

Study objects and methods

Pumpkin puree. The pumpkin was washed, peeled,
and cleaned from seeds. It was then cut into several
pieces, which were steamed at 100°C for 10 min. The
resulting pulp went through a food processor until it
reached a puree texture.

Toman fish pempek. Toman fish was scaled and
washed thoroughly, then filleted to separate the flesh
from the skin and bones. The resulting fillet was mashed
in a food processor. After that, we mixed it with spices
and tapioca flour until homogeneous. The pumpkin pu-
ree was added in the proportions specified in Table 1
and mixed until homogeneous. After giving it a traditio-
nal elongated shape (lenjer), we steamed it at 100°C
for 10 min.
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Table 1. Formulations of toman pempek with pumpkin
puree

Tabnuna 1. PenenTypsl poIOHBIX KOTJIET «IIEMITECK»
u3 Channa micropeltes 1 THIKBEHHOTO MIOPE

Ingredients Treatments
Control | Formulation 1 | Formulation 2

(10%) (20%)
Toman fillet, g 300.0 300.0 300.0
Pumpkin puree, g 0 10.0 20.0
Tapioca flour, g 100.0 90.0 80.0
Salt, g 7.5 7.5 7.5
Garlic, g 15.0 15.0 15.0
Water, mL 110.0 110.0 110.0

Sensory assessment and folding test. The samp-
les were tested for appearance, color, aroma, flavor,
and texture on a hedonic scale from 1 to 9 as stated
in Indonesian National Standard No. 01 2346-2006
Instructions for organoleptic and or sensory testing.
The scores were as follows: like extremely (9), like
very much (8), like moderately (7), like slightly (6),
neither like nor dislike (5), dislike slightly (4), dislike
moderately (3), dislike very much (2), and dislike ext-
remely (1). The folding test defines the quality of fish-
based gel. We carried it out by cutting pempek into
thin (3 mm) slices. The panelists placed a slice between
their thumb and forefinger and folded. After that, the
piece was examined for cracks. The maximal score
was five [26]. The sensory assessment and the folding
tests involved six certified trained panelists from the
Fisheries Product Quality Implementation Center, South
Kalimantan, Indonesia.

Proximate analysis. The proximate test included
a gravimetric measuring of the moisture content ba-
sed on Indonesian National Standard No. 2973:2018
Biscuits. The ash and fat content were also measured
gravimetrically, while the protein content was studied
titrimetrically. The carbohydrate content followed In-
donesian National Standard No. 01-2891-1992 How to
test food and beverages [27].

p-carotene analysis. The f-carotene test involved
the method of high-performance liquid chromatogra-
phy (HPLC) in a Hewlett Packard 1050 device with a
151 UV/VIS detector and a shim-pack VP ODS column
5 m 150x4.6 mm. The mobile phase was 60 mL of metha-
nol (1 g/L BHT). The flow rate was 1.0 mL/min, and
the column temperature was 24°C. f-carotenes were
detected at 450 nm and quantified using calibration cur-
ves obtained for each standard, both separately and as
a mix [28].

Amino acid analysis. The amino acid composition
was detected using HPLC (Shimadzu) as described by
Rieuwpassa et al. [29]. The solid and liquid samples
were 0.5 g and 0.5 mL, respectively. The amino acid
standard solutions were prepared in standard series
of 0, 1, 5, 10, 25, and 50 using 25 mL of distilled water.
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The reagents included orthophthaldehyde (OPA), tri-
sodium citrate pH 3.25 (as the mobile phase), HCl 6 N,
HCI I N, and HC1 0.01 N. The amino acid test relied
on a HPLC device with a Shim-pack VP ODS column
of 5m 150%4.6 mm, a CTO 10 ASVP column oven, a
RF20 Fluorescence detector, and the following test
conditions: run time = 30 min, wavelength = 450 nm,
flow rate = 1 mL/min, injection volume = 10 pL. The
results were processed using LabSolution 5.6.1 for
Windows.

Results and discussion

Figure 1 illustrates the sensory profile of the samp-
les. The score for color, aroma, flavor, and texture in-
creased together with the share of pumpkin puree, only
the appearance value remained the same.

The pumpkin did not affect the appearance presu-
mably because its percentage was as low as 10-20%.
This was in line with the results obtained by Pongjanta,
where 10-20% pumpkin flour had no effect on the
appearance of cookies [25]. In contrast to appearance,
other parameters, i.c., color, aroma, flavor, and texture,
increased in value as the percentage of pumpkin pu-
ree in the formulation grew. Formulation 1 with 20%
of pumpkin puree obtained the highest value compared
to the control treatment (0%) and Formulation 1 with
only 10% of pumpkin puree. The color changed due to
the yellow-orange pigment in f-carotene [17, 23, 30].
Zuraida and Supriati confirmed that pumpkin contai-
ned 80% f-carotene [31]. As a result, pumpkin inevitably
affects the color of food.

Aroma is usually interpreted as a combination of
smell and flavor resulting from the evaporation of par-
ticular compounds in the product [32]. Figure 1 shows
that Formulation 2 with 20% of pumpkin puree had a
higher preference value than the control sample (0%)
and Formulation 1 (10%). According to [23], pumpkin
flour emits a distinctive caramel aroma no other flo-
ur possesses. The panelists liked this aroma so much
that the aroma score grew together with the pumpkin
pu-ree percentage. In addition to aroma, flavor also de-
termines the quality of food products. According to
Fadhalah et al., pempek owes its flavor, which appears
after thermal processing, to the amino acids contained
in fish [1]. Pempek with 20% of pumpkin puree had a
higher preference value than the control sample (0%)
and Formulation 1 (10%). The panelists’ preference for
pempek with pumpkin puree was due to an increase
in the carbohydrate content in the pumpkin when hea-
ted [33]. This result was in line with the findings reported
by Pranomo et al., who proved that pumpkin could im-
prove the flavor profile of the final product [23].

Texture shows the appearance, shape, condition,
and softness of food whether dry, wet, or moist [34].
The texture of the experimental pempek was more prefe-
rable than that of the control sample (0%). Formula-
tion 2 with 20% of pumpkin puree received a higher
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score than Formulation 1 with only 10%. In general, the
texture of pempek depends on the type of fish because
of gelatinization. Pumpkin puree improved the jelli-
fying properties of the experimental samples due to its
good water absorption properties [35, 36].

Pempek is a product made from fish protein, and its
physical quality is measured by the level of elasticity.
Usually, jellified dishes, such as meatballs and pempek,
are tested for elasticity using the folding test method.
According to Ririsanti ef al., the main purpose of the
folding test is to determine the level of elasticity in a
product [37]. Figure 2 illustrates the results of the pem-
pek folding test.

Pumpkin puree reduced the elasticity of the ex-
perimental pempek samples. The control sample had
a value of 5, while Formulations 1 and 2 with 10 and
20% of pumpkin puree, respectively, had only 4. The
elasticity of pempek depends on myofibril protein in
fish and amylopectin in tapioca flour [1, 38, 39]. The

i

Hedonic scale

S = N W A LA XOOO

Appearance Color  Aroma Flavor Texture
Sensory assessment

= Control

= Formulation 1 (10% pumpkin puree)

Formulation 2 (20% pumpkin puree)

Figure 1. Sensory assessment of pempek with pumpkin
puree

Pucynok 1. Opranosientuyeckasi OlleHKa pblOHBIX KOTIET
«remnex» n3 Channa micropeltes 1 TBIKBEHHOTO MIOpe

Folding scale

S = N W kA 0

Control Formulation 1  Formulation 2

Treatments

Figure 2. Folding test of pempek with pumpkin puree

Pucynoxk 2. McnbiTanue Ha neperud polOHBIX KOTIET «IIEMIICK»
u3 Channa micropeltes v TBIKBEHHOTO MOPE
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low elasticity of the experimental pempek samples was
due to the reduced amount of tapioca flour. According
to Aminullah ef al., amylopectin in tapioca flour could
increase the elasticity of pempek [5]. Pumpkin has no
amylopectin but it does contain amylose. Pereira et al.
reported that pumpkin flour contained 0.9-3.0% amy-
lose [40]. According to Simpson, starch that is rich in
amylopectin gave the final product good jellifying pro-
perties, while starch with amylose resulted in a stiff
gel [41].

The proximate analysis defined the chemical pro-
file of the experimental pempek. Pumpkin puree was
able to increase the protein content (p < 0.05) (Table 2)
because pumpkin contained more protein than tapi-
oca flour [25, 40]. Hence, substituting pumpkin with
tapioca flour also affected the protein content of pem-
pek. In fact, the protein content of toman pempek with
pumpkin puree was 5—6 times higher than that of its
traditional analogue obtained from the Palembang
market. Pempek producers tend to reduce the share of
fish in the formulation to make the production more
economical; they replace fish with other protein sour-
ces, e.g., wheat flour, which lowers the protein value [8].
According to previous research, the selling price of
pempek affected consumer buying decisions [11].

Moisture content determines the shelf life of a pro-
duct. Pumpkin puree affected the moisture content
(p <0.05). Formulation 2 with 20% of pumpkin puree
had the highest moisture content and was significantly
different from Formulation 1 with 10% of pumpkin
puree and the control sample. The moisture content
increased because pumpkin mash has a quite high-water
content [45]. Ratnawati et al. also reported that adding
pumpkin to biscuits increased the moisture content [22].

Ash content is an inorganic component contained in
a material. Pumpkin puree also affected the ash content
(p <0.05). Formulation 2 with 20% of pumpkin puree
had the highest ash content compared to the control
and Formulation 1 (10%). Since the ash content in fresh
pumpkins is 1.25-10.53%, it also increased the ash
content in the experimental pempek [42, 45]. Similarly,
pumpkin was able to increase the ash content in bis-

cuits, analog rice, and cake [22, 23, 45]. The ash content
revealed the presence of minerals contained in the
pumpkin. According to Adebayo et al., pumpkin pulp
contains Na, K, Mg, Ca, Mn, Fe, Cu, Ni, P, and Pb [46].

The substitution of tapioca flour with pumpkin pu-
ree had a significant effect (p < 0.05) on the decrease
in carbohydrates. Both experimental formulations had
a lower content of carbohydrates than the control. The
decrease in carbohydrate content in the experimental
pempek contrasted with the protein content because
pumpkin has less carbohydrate than tapioca flour [42,
43]. As reported by Ratnawati et al. and Pranomo et al.,
pumpkin could reduce the amount of carbohydrates in
analog biscuits and rice [22, 23]. Moreover, pumpkins
only contained 10.51-43.39% carbohydrates [25, 42].
In fact, a certain polysaccharide in pumpkin was found
health-beneficial and could ward off free radicals if
appropriately consumed [47].

Fat is a component of essential macronutrients.
Pumpkin puree had no significant effect (» > 0.05) on
the fat content of the final product. Pumpkins have very
little fat, 0.89—1.45% [25, 42]. In this respect, our rese-
arch confirmed the results obtained by Ratnawati et al.
and Pramono et al., who reported that pumpkin substi-
tution did not increase fat content in analog rice and
biscuits [22, 23].

f-carotene is a carotenoid compound found in pump-
kin. This compound is a precursor for the formation of
vitamin A in the human body [14]. It is to be found in
vegetables and fruits, e.g., carrots, pumpkins, sweet po-
tatoes, etc. Pumpkin-fortified products have a better
nutrition value. In our research, pumpkin puree fortified
pempek with f-carotene (Fig. 3).

Figure 3 shows that the amount of S-carotene in
pempek correlated with the share of pumpkin puree.
Pongjanta et al. also reported that pumpkin was able
to increase the content of f-carotene in the finished
product [25]. Dhiman et al. found 11.2 mg f-carotene
per 100 g of finished product while Kim ez al. repor-
ted 1.48-17.04 mg/kg [42, 48]. f-carotene in pump-
kin is a natural antioxidant that protects the body
from free radicals brought about by oxidation [14].

Table 2. Proximate analysis of pempek with pumpkin puree

Tabuuna 2. KOMIOHEHTHBIN cocTaB peIOHBIX KOTIET «nemnek» u3 Channa micropeltes 1 THIKBEHHOT'O IIOpe

Parameters, % Pempek Pumpkin Tapioca Pempek [44]
Control Formulation 1 Formulation 2 puree [42] flour [43]
(10% pumpkin puree) | (20% pumpkin puree)

Protein 7.55+011* 7.82£0.13° 7.91+0.07° 11.31 8.28 0.50-1.20
Moisture 51.17 +1.032 55.05+0.72° 62.35+0.24° 840.40 12.49 56.00-63.57
Ash 1.38 £0.15° 1.40 +0.75* 1.75+0.10° 10.53 1.52 1.004.14
Carbohydrate 38.84 + 1.06° 34.45 +0.80° 26.76 + 0.14¢ 43.39 75.99 27.00-33.02
Fat 1.05+0.03* 1.23 +£0.08° 1.23+£0.13* 0.89 1.72 1.00-1.37

Different superscript letters (a, b, ¢) mark significantly different results (p < 0.05).

Hanctpounsie OykBel (a, b, ¢) 0003Hauar0T pasHbie pe3yiabTarsl (p < 0,05).
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Oxidation is caused by bad eating habits, resulting in
various diseases and obesity. A diet with lots of antio-
xidant foods may reduce obesity. Pumpkin can be an
excellent component of any anti-obesity diet because
it has a reasonably low carbohydrate content and lit-
tle protein, which also contains enough amino acids.
A diet that presupposes lots of f-carotene could reduce
heart disease and cancer morbidity as well as increase
immunity and protection from free radicals [49].

Fish protein is the primary nutritional source of
pempek. The quality of protein depends on the amount
and composition of its amino acids. Table 3 shows the
amino acid profile of the experimental pempek.
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Figure 3. f-carotene in pempek with pumpkin puree

Pucynoxk 3. Coznepxanue f-kapoTuHa B PHIOHBIX KOTJIETaX
«memniex» u3 Channa micropeltes n TBIKBEHHOTO THOpe

Table 3 shows the amino acid content in pempek
made of pumpkin puree, tapioca flour, and toman fish.
Pumpkin puree affected the amino acid content. For-
mulation 2 with 20% of pumpkin puree showed the best
results for amino acids (10.27%) whereas the control
sample had only 7.53%. In previous studies, pumpkin
puree was found to contain nine types of essential amino
acids and six types of non-essential amino acids [42].
Toman fish was reported to contain ten essential amino
acids and six non-essential amino acids [8]. Tapioca
starch is known to contain eight essential amino acids
and nine non-essential amino acids [43, 50].

Table 3 shows that leucine and valine were the
dominating essential amino acids in pempek with
pumpkin puree, which is in line with some other pub-
lications [42]. Leucine is essential for energy produc-
tion, especially in controlling protein synthesis [51].
It promotes brain function, stabilizes blood sugar levels,
and facilitates bone, muscle, and skin healing [52-54].
Valine functions in the nervous and digestive systems.
It helps against neuromuscular, mental, and emotional
disorders, insomnia, and nervous states [55]. Valine also
stimulates muscle coordination, helps to repair dama-
ged tissue, and maintains nitrogen balance [29].

Glutamic acid and arginine proved to be the domi-
nant non-essential amino acids in pempek with pump-
kin puree. Glutamic acid and arginine were reported
as the dominant non-essential amino acids in pumpkin,
toman fish, and tapioca flour. Glutamic acid gives a sa-
vory flavor to food products [56]. Arginine improves

Table 3. Amino acids in pempek with pumpkin puree

Tabnuua 3. CoxepkaHne aMHHOKHUCIIOT B PHIOHBIX KOTIETax «nemnek» u3 Channa micropeltes i THIKBEHHOTO MIOpe

Amino acids Pempek Pumpkin | Fresh toman | Tapioca
Control Formulation 1 Formulation 2 puree, % fish, % flour, %
(10% pumpkin puree) | (20% pumpkin puree) [42] [8] [43]
Essential amino acids
Isoleucine 0.35 0.38 0.43 0.71 0.95 0.33
Leucine 0.55 0.67 0.78 0.90 1.58 0.43
Lysine 0.19 0.25 0.26 0.43 1.93 3.00
Methionine 0.22 0.26 0.26 0.11 0.67 0.58
Phenylalanine 0.39 0.47 0.54 0.49 0.81 0.25
Tyrosine 0.19 0.22 0.26 0.26 0.67 0.71
Histidine 0.32 0.38 0.36 1.11 0.40 0.13
Threonine 0.25 0.29 0.33 0.28 0.83 1.49
Valine 0.48 0.56 0.58 0.73 0.97 0.15
Total 2.94 348 3.80
Non-essential amino acids

Alanine 0.36 0.43 0.49 0.77 1.14 6.11
Arginine 0.99 1.22 1.44 1.11 1.26 9.02
Aspartic Acid 0.73 0.83 0.99 2.21 2.06 0.39
Glutamic Acid 1.63 1.93 2.33 4.32 3.15 8.90
Glycine 0.41 0.48 0.57 0.12 0.88 0.29
Serine 0.47 0.59 0.65 0.36 0.74 0.30
Total 4.59 5.48 6.47
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semen quality and strengthens the immune system, as
well as inhibits oxidative stress and tissue damage [57,
58]. In addition, arginine lowers blood pressure, impro-
ves blood circulation, reduces fat levels, and strengthens
the heart muscle [59, 60]. Arginine can also stimulate
hormone secretion and promotes wound healing [61,
62]. Pempek fortified with pumpkin proved to increa-
se the amount of essential and non-essential amino
acids.

In Indonesia, toman fish is part of a great diversity
of processed foods. For instance, the residents of Kum-
ba Village on the Indonesia-Malaysia border use it to
cook fish nuggets [63]. Toman fish makes excellent fish-
balls with a soft texture, delicious taste, and charac-
teristic smell [64]. It can serve as a raw material for bis-
cuits with a protein content of 18% [65]. Indonesian
cuisine knows pumpkin as a fortification ingredient in
many foods, e.g., chicken sausages, wet noodles, and
cakes [66—68]. Therefore, toman fish meat and pump-
kin puree can definitely improve the nutritional value
of traditional pempek.

Conclusion

Pumpkin puree proved to be an effective substitute
for tapioca flour in toman fish pempek. It improved both
the sensory profile and nutritional value of pempek in
that it increased the contents of protein, f-carotene, and
amino acids while reducing the amount of carbohyd-
rates. Formulation 2 with 20% of pumpkin puree had
the best results for consumer acceptance and nutritional
quality.
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