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Abstract

Beef liver-meat paste was a diversified ready-to-eat food product. Packaging, storage temperature, and storage duration were
important factors to consider in assessment of ready-to-eat food products quality. The study was aimed to analyze the stability of
malondyaldehyde (MDA) content, antioxidant activity, and microbiological quality of beef liver-meat paste packaged in retort
pouches during its storage. The spices used in this study is stew seasoning spices mixture with the addition of apple. The liver and
meat are cooked with stew spices for 20 minutes at 70-75 °C, then pureed with the apples for 5 minutes in a food processor, and
then packaged in a retort pouch, sterilized using an autoclave at 110 °C for 5 minutes. The product was stored at chilled and frozen
temperatures for 14 days. This study was designed using a completely randomized design (CRD) with a 2x 3 factorial pattern,
consisting of two different temperatures and three different storage durations, with three production periods. Using of antioxidant-
rich spice seasonings in beef liver-meat paste products in retort pouch packaged and stored under chilled and frozen conditions
effectively ensures food product quality stability; this is evidenced by MDA content that remains below the rancidity threshold,
sustained high antioxidant activity, and microbiological quality remaining within safe limits throughout the storage period.
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Introduction

In general, the nutritional content of beef liver does not
significantly differ from that of beef. 100 g of beef contains
19 g of protein and 2.5 g of fat, while 100 g of beef liver
contains 19.8 g of protein and 4.2 g of fat. Beef is a source of
high-quality animal protein and contains a complete range
of essential amino acids. Beef liver contains many vitamins
such as vitamin B complex, vitamin A, vitamin B12, and fo-
lic acid [1]. Beef liver and meat contain iron that can cover
human iron needs to prevent anemia. Anemia is a disease
caused by a lack of iron in the body. The form of iron that
is easily absorbed by the body is found in animal protein,
namely heme iron [2]. Therefore, consuming beef liver
and meat can help prevent anemia. However, not everyone
likes beef liver because of its bitterish taste.

Processing beef liver into pasta is one way to diversify
beef liver products and attract public interest to consum-
ing beef liver. Pasta is a processed food product made from
finely or coarsely chopped meat and fat along with various
herbs and spices added. It can be served as a main dish or
side dish [3]. Beef liver-meat pasta can be prepared using
various types of spices, including stew seasoning and curry
seasoning as used in this study. Spices are used to enhance
the flavor of the beef liver-meat pasta and thus mask the
bitterish taste of beef liver. The addition of beef meat and
fruits to pasta improves the texture of the pasta. Pasta fea-

tures a variety of textures, ranging from smooth and soft to
coarse and dense. Diversification of beef liver pasta prod-
ucts has the potential to become a food product with high
nutritional value. Beef liver pasta can be served as a side
dish for the toddlers and adults. Its smooth texture makes
it easy for toddlers to chew and digest, and it can be served
as a spread on bread. For people with anemia, consuming
beef liver-meat pasta can help meet the body’s iron needs.
The processing of beef liver-meat paste involves high
temperatures, which can trigger lipid oxidation reactions
that produce MDA, a toxic compound. Lipid oxidation can
occur during both processing and storage. Factors such as
temperature, storage duration, and exposure to light and
oxygen can accelerate the oxidation process. Extensive
lipid oxidation can alter texture, flavor, and color, thereby
reducing product quality. MDA content directly correlates
with the degree of rancidity in a food material. The higher
the MDA content, the greater the degree of rancidity [4,5].
MDA content levels in a product serve as indicators of the
intensity of lipid oxidation, product rancidity, and overall
product quality and safety [6]. According to [4], factors
influencing the rate of oxidation reactions in food prod-
ucts include the chemical structure of the lipids included,
the amount and type of oxygen under storage conditions,
storage temperature, packaging material properties, and
the presence of antioxidant compounds. Antioxidant
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compounds can prevent the formation of free radicals
in lipid oxidation. Therefore, the presence of antioxidant
compounds is crucial in food products, but antioxidant
compounds can also act as pro-oxidants. Processing and
storage can also affect antioxidant activity [7]. Natural
sources of antioxidant compounds are found in spices such
as cinnamon, star anise, cloves, nutmeg, garlic, turmeric,
and bay leaf [8].

Processed meat products are classified as highly perish-
able foods, which means that they are exposed to high risk
of spoilage. Changes in and the deterioration of product
quality can be influenced by storage temperature. Higher
storage temperatures accelerate microbial growth and
chemical reactions, whereas lower temperatures reduce
the rate of quality degradation, thereby extending the
product’s shelf life [9,10]. Optimal storage temperatures for
meat and meat products are within from 0°C to 5°C for
a three-day storage period up to one week long. Storage
at freezing temperatures (-18 °C) prevents microbiological
spoilage and slows down the rates of enzymatic and chemi-
cal reactions [11]. Although low storage temperatures can
inhibit microbial growth and extend shelf life, hygiene and
safety standards must still be maintained during the prod-
uct processing stage.

In addition to storage temperature, packaging meth-
ods can also reduce product damage during storage. Food
product packaging is used to extend the product’s shelf life
and prevent damage, thereby maintaining product safe-
ty [12]. Retort pouches are flexible, pouch-shaped packag-
ing which are commonly used for packaging the ready-to-
eat food products. Retort pouch packaging has a layered
structure with an outer layer made of polyethylene tere-
phthalate (PET), a middle layer of nylon, an aluminum foil
barrier layer, and a polyolefin as a sealing layer [13].

Beef liver paste packaged in retort pouches is one way
of diversification of ready-to-eat food products. Storage
temperature and duration are important factors to con-
sider in ready-to-eat food products. Several studies on
processed pasta have been conducted abroad, such as [14]
using beef liver; [15] using pork liver; [16] using a mixture
of beef liver, meat, pork heart, and pork meat; and [17]
using lamb liver and fat, but these studies only conducted
sensory, physicochemical, and microbiological analyses
of the processed pasta. Research on processed pasta in
Indonesia is not yet widely reported. This study analyzed
the stability of beef liver-meat paste product packaged in
retort pouches during storage at various temperatures by
examining MDA content, antioxidant activity, and mi-
crobiological quality.

Objects and methods

Materials

Liver and meat in this study were obtained from the
knuckles of Brahman cross-breed cattle and were bought
from a meat supplier in Bogor, West Java. The ingredients

used for the production of stew seasoning were bought
from a local market in Indonesia.

Materials and seasoning preparation

The stew and curry seasoning formula used was the
result of a trial-and-error method on the pre-research
stage using a limited number of panelists; each ingredi-
ent was weighed in ratio based on the weight of liver and
meat used. The spicy stew seasoning is made by grinding
garlic, shallots, galangal, and brown sugar with a blender
(Phillips, PT. Phillips Indonesia) until everything is mixed
together. The curry seasoning is made by grinding garlic,
shallots, red chili, turmeric, and candlenut. The liver is
boiled in water with bay leaves for 5-10 minutes to remove
the blood and the fishy smell. Further the liver and meat
are cut and weighed into 175 grams each. The composition
of the spice seasoning ingredients used is shown in Table 1.

Production of beef liver paste

The ground spices are sautéed using 28 g of cooking oil
for 5 minutes, and then 300 ml of water is added. Next, the
liver and meat are seasoned with bay leaves and star anise
for stew seasoning; and bay leaves, lime leaves, cardamom,
and lemongrass for the curry formula and cooked until the
10" minute. Other complementary ingredients, such as
powdered spices and sweet soy sauce are added gradually
until the 15" minute. The liver and meat are stirred peri-
odically until the 20* minute, so that the stew spices are
completely absorbed into meat and liver, and cooked with
them. Overall, the liver and meat along with the spices are
cooked for 20 minutes until cooked at an internal tempera-
ture of 70-75°C. The liver and meat are cooled at a chilled
temperature (in refrigerator) for 10 minutes. The liver and
meat along with the spices and added apple are pureed us-
ing a food processor for 5 minutes.

Packaging and storage

The beef liver paste was packaged in retort pouches
(7x10 cm; RCPP, PA, PET, aluminium foil; 240 um thick-
ness) (Retort Packaging Store, Jakarta, Indonesia) and steril-
ized using an autoclave Hirayama HVES50 (Hirayama Manu-
facturing Corporation) at 110°C for 5 minutes. The product
was stored at chilling (5°C) and freezing (-21°C) tempera-
tures for 14 days. Sample analysis was conducted every 7 days
for 14 days long, starting from day 0, day 7, and day 14.

Organoleptic test

Organoleptic testing comprised hedonic assessment
and hedonic quality tests involving 30 semi-trained panel-
ists-individuals who had received basic training or gained
knowledge regarding organoleptic properties testing and
who had prior experience in such evaluations. The pan-
elists were briefed on the sample attributes to be assessed
and the testing procedures. Beef liver-meat paste samples
were served in tasting booths in the containers labeled
with random numerical codes, and the paste was spread
onto bread. The booths were also equipped with coffee
powder and mineral water to neutralize odors and flavors
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Table 1. Formula composition for beef liver-meat paste using stew seasoning and curry seasoning

Ingredients SA SN
g % g
Malang apple 105 32.42 —
Honey pineapple — — 105
Garlic 16.8 5.19 16.8
Shallot 56 17.29 56
Salt 4 1.23 4
Galangal 17.6 5.43 17.6
Cinnamon powder 4.2 1.30 4.2
Star anise 3 0.93 3
Cloves powder 0.2 0.06 0.2
Palm sugar 10.5 3.24 10.5
Nutmeg powder 1.6 0.49 1.6
Pepper 1 0.31 1
Sweet soy sauce 102 31.49 102
Bay leaves 2 0.62 2
Lime leaves — — —
lemongrass — — —
Red chili — — —
Turmeric — — —
Coriander powder — — —
Candlenut — — —
Cumin powder — — —
Cardamom — — —
Total 323.9 100 323.9

Formulas
CA CN
% g % g %
— 105 30 — —
32.42 — — 105 30
5.19 80 22.86 80 22.86
17.29 24 6.86 24 6.86
1.23 3 0.86 3 0.86
5.43 — — — —
1.30 — — — —
0.93 — — — —
0.06 — — — —
3.24 — — — —
0.49 — — — —
0.31 — — — —
31.49 — — — —
0.62 2 0.57 2 0.57
— 2 0.57 2 0.57
— 10.5 3 10.5 3
— 23 6.57 23 6.57
— 21 6 21 6
— 17.5 5 17.5 5
— 41 11.71 41 11.71
— 17.5 5 17.5 5
— 3.5 1 3.5 1
100 350 100 350 100

Note: SA = stew seasoning with apple; SN = stew seasoning with pineapple; CA = curry seasoning with apple; CN = curry seasoning with pineapple. For-
mula composition for 175 g of beef liver and 175 g of beef meat. Percentages are calculated based on the total weight of ingredients used in each formula.

perception. The hedonic test was conducted by evaluating
samples based on the panelists’ degree of liking. The at-
tributes assessed included color, texture, aroma, taste, and
overall appearance, using a numerical scale of 1 to 4, where:
1 = strongly dislike; 2 = dislike; 3 = like; 4 = strongly like.
The hedonic quality test was performed to evaluate the in-
tensity of specific quality attributes of the samples, while
the parameters of hedonic quality scales were assessed as
follows:

Color : 1) light grayish-brown, 2) light yellowish-brown,
3) moderately dark brown, 4) dark brown
Texture : 1) very coarse, 2) moderately coarse, 3) smooth,

4) very smooth
Spices aroma :1) very weak, 2) weak, 3) strong, 4) very strong
Fishy aroma :1) very weak, 2) weak, 3) strong, 4) very strong
Iron-like aroma : 1) very weak, 2) weak, 3) strong, 4) very strong
Taste of liver
Spreadability

: 1) very weak, 2) weak, 3) strong, 4) very strong
: 1) very difficult, 2) difficult, 3) easy, 4) very easy

Analysis of MDA content

MDA content analysis was carried out using the thio-
barbituric acid reactive substances (TBARS) content.
A 10 g sample was homogenized with 50 mL of distilled
water containing 0.1% propyl gallate (PG) and 0.1% ethyl-
enediamine tetraacetate (EDTA) for 1 minute. The mixed
solution was transferred into a distillation tube by washing
with the previous mixed solution and adding 47.5 mL of

distilled water containing 0.1% PG and 0.1% EDTA. The
mixed solution was acidified with 2.5 mL of HCI solution
with a ratio of 1:2 of HCI solution, and 5 drops of anti-
foaming agent were added. The mixture was then distilled
until the volume reached 50 mL in each distillation. A to-
tal of 5 mL of distillate was mixed with 5 mL of 0.02 M
TBA solution, incubated at 100 °C for 40 minutes and then
cooled down to room temperature. Absorbance was mea-
sured using a spectrophotometer (UV-Vis 8453, Agilent,
USA) at a wavelength of 532 nm in duplicate for each sam-
ple. TBARS values were expressed in mg of MDA content
per one kg of the sample using TEP as a standard.

Analysis of antioxidant activity and antioxidant

capacity

A1 g sample was placed in a test tube and extracted
using 2.5 mL of 100 % methanol at room temperature for
24 hours. The sample solution was then filtered. The filtrate
was separated in another tube and 2.5 mL of methanol was
added. The first filtrate was stored for 24 hours at -25°C in
a closed tube. After 24 hours, the filtrate from the second
filtration was separated and mixed with the previous day’s
filtrate in a 10 mL volumetric flask and methanol was add-
ed until the volume of the volumetric flask reached 10 mL.
The extract was stored at —-25°C before analysis. A total
of 0.15 mL of the sample extract was mixed with 0.9 mL
of 0.1 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) solution
and placed in a microtube to react for 2 minutes at room
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temperature. The standard reference absorbance was ob-
tained from the reaction of 0.9 mL of DPPH solution in
0.1 mM methanol with 0.15 mL of vitamin C, which was
left for 20 minutes at room temperature. The absorbance of
the standard reference and sample solutions was measured
using a spectrophotometer (UV-Vis 8453, Agilent, USA) at
a wavelength of 517 nm. Antioxidant capacity was assessed
from the conversion results of %SA (scavenging activity)
based on the standard curve. The antioxidant capacity was
expressed in units of mg equivalent of vitamin C 100 g™ of
beef liver-meat paste (mgEVC 100 g™).

Analysis of total microbes

25 grams of the sample was weighedand then placed
into a sterile container. 225 mL of 0.1% buffered peptone
water (BPW) solution was added to the sterile container
and then homogenized by vortex for 1 minute to achieve
a 107! dilution. A total of 1 mL of the 107! dilution suspen-
sion was transferred into 9 mL of BPW solution to achieve
1072 dilution. Dilution was carried out up to achieving 10-°.
A total of 1 mL of suspension from each dilution from 103
to 10~ was put into a petri dish in duplicate, and 15 mL of
plate count agar (PCA) that had been cooled to 45°C was
added to each petri dish. The suspension solution and PCA
media were mixed by rotating the petri dish (Oxoid, Oxoid
Ltd.) in 8-shaped movement trajectory and then left to set-
tle down and solidify. The petri dish was incubated at 37°C
for 48 hours by placing the dish in an inverted position.

Analysis of Staphylococcus aureus

25 grams of the prepared sample was weighed and tak-
en, then put into 225 mL of 0.1% BPW solution to obtain
a dilution of 107", A total of 1 mL of suspension from the
107! dilution was transferred into 9 mL of BPW for a dilu-
tion of 1072 Dilution was carried out up to 107, All dilu-
tion samples were taken 1 mL each and placed into a petri
dish in duplicate, then added 15 mL of bisphenol A (BPA)
media (Oxoid CM0275, Oxoid Ltd.) containing 5% egg
yolk (Himedia, HiMedia Laboratories Pvt. Ltd.). The sus-
pension solution and media were homogenized by rotating
them in 8-shaped movement trajectory and left to settle
down and solidify. The Petri dish was incubated at 37°C in
an inverted position for 24 hours. S. aureus colonies were
colored gray to blackish with a white colony edge and sur-
rounded by a bright area.

Analysis of Escherichia coli

25 grams of the prepared sample was weighed and tak-
en, then put into 225 mL of 0.1% BPW solution to obtain
a dilution of 107\, A total of 1 mL of suspension from the
107! dilution was transferred into 9 mL of BPW for achiev-
ing a dilution of 102 Dilution was carried out up to 107.
All dilution samples were taken 1 mL each and put into
a petri dish in duplicate, then added 15 mL of EMBA (Hi-
media, HiMedia Laboratories Pvt. Ltd.) liquid media. The
suspension solution and EMBA media were homogenized
by rotating them in 8-shaped movement trajectory and left

to settle down and solidify. The Petri dish was incubated
at 37°C in an inverted position for 24 hours. Colonies that
appeared metallic green in EMBA media were counted as
Escherichia coli colonies.

Analysis of Salmonella

25 grams of the prepared sample was weighed and tak-
en,, then put into 225 mL of 0,1% BPW solution to obtain
a dilution of 1071, A total of 1 mL of suspension from the
107! dilution was transferred into 9 mL of BPW for a dilu-
tion of 102, Dilution was carried out up to achieving 107,
All dilution samples were taken 1 mL each and placed into
a petri dish in duplicate, then 15 mL of XLDA (Himedia,
HiMedia Laboratories Pvt. Ltd.) liquid media was added.
The suspension solution and XLDA media were homog-
enized by rotating them in 8-shaped figure movement
trajectory and left to settle down and solidify. The Petri
dishes were incubated at 37°C in an inverted position for
24 hours. Colonies that appeared red with a blackish center
were counted as Salmonella sp. colonies.

Experimental design and data analysis

The study was designed using a completely random-
ized design (CRD) with a 2x3 factorial pattern consist-
ing of two different temperatures (chilled and frozen) and
three different storage times (0 day, 7 days, and 14 days)
with three production periods. The data were analyzed us-
ing analysis of variance (ANOVA) to determine the effect
of the combined factor, and the differences in means were
analyzed using the Tukey test.

Results and discussion

Optimization of beef liver-meat paste properties

Organoleptic testing was conducted to evaluate food
product characteristics using human senses. The organo-
leptic characteristics of beef liver-meat paste were assessed
through a hedonic test. The hedonic test was performed
to measure the panelists’ degree of liking for the product
based on the sensory attributes evaluated. The results of
the hedonic test for beef liver-meat paste indicated that the
use of different formulas had a significant effect (p < 0.05)
on the sensory attributes (Table 2).

Table 2. The hedonic test scores of beef liver-meat paste using
different formulas

Formulas
Parameters
SA SN CA CN

Color 3.310.71*  2.7+0.84% 2.4+0.72°4 2.3+0.69%
Texture 3.1£0.57* 2.9+0.80° 2.4+0.81% 2.7+0.96*
Aroma 3.1£0.48* 2.9+0.87% 3.2+0.89*° 2.6+0.97"
Flavor 3.2+0.66° 2.8+0.89° 2.9+0.82*° 2.0+0.81°
Overall 314068 2.8+0.81% 2.5+0.86> 2.2+0.83¢
appearance

Note: SA = stew seasoning with apple; SN = stew seasoning with pineap-
ple; CA = scurry seasoning with apple; CN = curry seasoning with pine-
apple. The scale for variable tested ranged from 1 to 4 (1 = strongly dislike,
2 = dislike, 3 = like, 4 = strongly like). Values within the same row fol-
lowed by different superscripts indicate significant differences (p < 0.05).
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The beef liver-meat paste formulated with stew sea-
soning and added apple achieved the highest hedonic test
scores across all sensory attributes compared to the other
formulations, thus making it the most preferred beef liver-
meat paste among the panelists. Hedonic quality testing
was conducted to identify the intensity of the product’s
sensory characteristics. The results of the hedonic quality
test on beef liver-meat paste indicated that the use of dif-
ferent formulas had a significant effect (p < 0.05) on the
attributes of color, texture, spice aroma, iron aroma, char-
acteristic liver flavor, and spreadability, but did not signifi-
cantly affect the fishy aroma attribute (Table 3).

Table 3. The hedonic quality test scores for beef liver-meat paste
using different formulas

Parameters Eormpylas
SA SN CA CN
Color 33+0.64° 3.7+0.61° 2.1+0.52° 2.0+0.49%
Texture 23+0.75* 3.1+0.73%¢ 1.8+0.68° 3.3+0.64
Spicearoma  2.7+0.76° 2.7+0.98" 3.4+0.68° 3.2+0.76"
Fishy aroma 24+0.89 22+0.82 1.9+1.03 2.0+0.76
Iron-like aroma 2.4+0.89" 2.3+0.99° 1.8+0.87° 1.9+0.78%
Taste of liver 3.1+£0.64° 3.2+0.81° 2.2+0.73* 2.2+0.89"
Spreadability  2.7+0.66° 3.4+0.73"" 1.6+0.77° 3.4+0.81™

Note: SA = stew seasoning with apple; SN = stew seasoning with pineap-
ple; CA = curry seasoning with apple; CN = curry seasoning with pine-
apple. The scale for each tested variable ranges from 1 to 4. Color: 1) light
grayish-brown, 2) light yellowish-brown, 3) moderately dark brown,
4) dark brown; Texture: 1) very coarse, 2) moderately coarse, 3) smooth,
4) very smooth; Spice aroma: 1) very weak, 2) weak, 3) strong, 4) very
strong; Fishy aroma: 1) very weak, 2) weak, 3) strong, 4) very strong; Iron-
like aroma: 1) very weak, 2) weak, 3) strong, 4) very strong; Taste of liver:
1) very weak, 2) weak, 3) strong, 4) very strong; Spreadability: 1) very diffi-
cult, 2) difficult, 3) easy, 4) very easy. Values within the same row followed
by different superscripts indicate significant differences (p < 0.05).

Color is the first sensory attribute observed by the pan-
elists when evaluating a product and can attract consumer
interest. The use of different formulas had a significant ef-
fect (p < 0.05) on the panelists’ preference for the color of
beef liver-meat paste (Table 2). The color of beef liver-meat
paste made with stew seasoning formula was preferred
over that made with the curry seasoning formula. Based
on the hedonic quality test, the use of different formulas
also had a significant effect (p < 0.05) on the color of beef
liver-meat paste (Table 3). Beef liver-meat paste using stew
seasoning with the addition of apple or pineapple exhib-
its a moderately dark brown color. The use of cinnamon,
palm sugar, and sweet soy sauce triggers a Maillard reac-
tion involving reducing sugars and amino acids from meat
proteins during heating which results in emerging a dark
brown color [18,19]. Beef liver-meat paste using curry sea-
soning with the addition of apple or pineapple displays
a light yellowish-brown color. This is attributed to the cur-
cumin compound in turmeric, which provides a yellow
pigment [20], thereby influencing the color of beef liver-
meat paste.

Texture can indicate a product’s characteristic and in-
fluence the level of consumer’s acceptance. Using of vari-
ous formulations provided a significant effect (p < 0.05) on
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panelists’ preference for the color of beef liver-meat paste
(Table 2). Regarding texture, beef liver-meat paste using
stew seasoning spices with added apple or pineapple, and
curry seasoning spices with added pineapple was preferred
by panelists over the meat paste version with curry sea-
soning and added apple. Based on the hedonic quality test,
using of various formulas also provided a significant effect
(p £ 0.05) on the texture of beef liver-meat paste (Table 3).
The addition of fruit into the seasoning formula provides
for distinct textural characteristics. Adding apple to stew
or curry seasoning results in a slightly coarser texture,
whereas adding pineapple ensures a smooth texture. Apple
fiber is rich in pectin, which binds water more stably, helps
maintain structure through gel formation, and reinforces
the protein network; this results in a paste product with
a texture that is slightly coarse, dense, and stable [21]. Pine-
apple contains bromelain, a proteolytic enzyme capable
of degrading myofibrillar proteins and collagen in meat.
Bromelain hydrolyzes myofibrillar proteins such as myosin
and actin as well as connective tissue into small-molecule
peptides and amino acids, thereby increasing tenderness
and reducing meat toughness [22].

Aroma is a key factor in determining consumer’s ac-
ceptance of a product. A pleasant aroma can attract con-
sumer’s attention. Using of various formulations provided
a significant effect (p < 0.05) on the panelists’ liking scores
for the aroma of beef liver-meat paste (Table 2). Beef liver-
meat paste cooked with using stew and curry seasonings
with added apple obtained higher liking scores than the
formulations with added pineapple. Based on the hedonic
quality test, using of various formulas also had a significant
effect (p < 0.05) on the spice aroma and iron-like aroma of
beef liver-meat paste, though no significant difference was
observed regarding the fishy aroma (Table 3). The beef liv-
er-meat paste exhibited a faint fishy aroma, a strong spice
aroma, and a faint iron-like aroma. The strong spice aroma
in all seasoning formulas effectively masked the fishy aro-
ma of the beef liver. Curry seasoning with the addition of
either apple or pineapple produced a spice aroma rated as
stronger than the stew seasoning. This result may be attrib-
uted to the greater variety of spices used in the curry sea-
soning compared to the stew seasoning, such as lime leaves,
lemongrass, cardamom, coriander, cumin, and turmeric.
These spices contain essential oils and volatile compounds
that impart a strong spice aroma capable of masking fishy
and iron-like odors [23]. The characteristic aromas of lime
leaves, lemongrass, coriander, cardamom, and cumin are
derived from essential oil constituents such as citronellal,
citronellol, linalool, geraniol, a-terpineol, and B-pinene.
These compounds volatilize readily at room temperature,
thereby generating a stronger and more distinctive aroma
during processing [23-25].

Flavor is perceived through oral stimulation. Changes
in the texture or viscosity of a food product can alter its
flavor by affecting the stimulation of receptor cells. Us-
ing of various formulations provided a significant effect
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(p < 0.05) on the panelists’ liking scores for the flavor of
the beef liver-meat paste (Table 2). The stew seasoning for-
mula with added apple and pineapple, as well as the curry
seasoning formula with added apple obtained liking scores
that did not differ significantly from the “like” score; how-
ever, they differed significantly from the curry seasoning
formula with added pineapple, which received a “dislike”
score. Based on the hedonic quality test, using of various
formulas also provided a significant effect (p < 0.05) on the
taste of liver of beef liver-meat paste (Table 3). The stew
seasoning differed significantly from the curry seasoning.
The stew seasoning exhibited a strong characteristic liver
flavor, whereas the curry formula displayed a weaker one.
According to [26], liver possesses savory, metallic, and
slightly bitter flavor notes derived from its iron and high
lipid content, which can influence consumer’s acceptance.
This taste of liver can be mitigated by incorporating spices
into the seasoning formula. The stew seasoning imparts
a sweetness derived from palm sugar and sweet soy sauce.
In contrast, the curry formula offers a more complex flavor
profile due to the use of a wider variety of spices, thus re-
sulting in a stronger spiced taste that effectively reduces the
intensity of the peculiar liver flavor. The use of spices and
the addition of fruit help reduce the peculiar flavor of liver
and improve consumer’s acceptance.

Spreadability refers to the ease with which beef liver-
meat paste can be spread onto the food surface, such as
the bread used in the testing. Based on the hedonic qual-
ity test, using of various formulas also provided a signifi-
cant effect (p < 0.05) on the spreadability of beef liver-meat
paste (Table 3). Beef liver-meat pastes that were cooked us-
ing stew seasoning and curry seasonings with the addition
of pineapple exhibited high spreadability properties, as
they were easy to spread, whereas formulas with the same
seasonings but containing apple exhibited low spreadabil-
ity, thus making them difficult to spread. The spreadability
of beef liver-meat paste can be influenced by the type of
fruit added to the formula; the addition of pineapple to the
paste made it easier to spread due to the fruit’s higher water
content which is 90% [27] compared to apple 84 % [28].
Furthermore, pineapple contains bromelain, an enzyme
that breaks down connective tissue, thereby reducing the
meat’s water-binding capacity and this way resulting in
amore tender, easily disintegrated texture [22]. In contrast,
apples contain pectin, which enhances the meat’s water-
binding capacity and helps maintain structural integrity
through gel formation, this way resulting in a denser meat
texture [21].

Overall appearance is an attribute that characterizes
the general quality of the product. The results indicate that
using the various formulations significantly influenced
(p < 0.05) panelists’ preferences regarding the overall ap-
pearance of beef liver-meat paste (Table 2). Overall, the
stew seasoning formulations whether with added apple or
pineapple, received higher scores (indicator “like”) com-
pared to the curry seasoning formulations with added ap-

ple or pineapple, which received scores indicating “dislike”
These findings suggest that the stew seasoning formula-
tions, with either apple or pineapple additions, success-
fully enhanced panelists’ appeal regarding the sensory at-
tributes in question, thus resulting in product acceptance.
This aligns with the hedonic test results showing that beef
liver-meat paste that was cooked with using stew seasoning
along with added apple or pineapple also achieved higher
scores for other sensory attributes, such as color, texture,
aroma, and taste.

Beef liver-meat paste

Based on the hedonic test results, beef liver-meat paste
cooked with using stew seasoning with added apple exhib-
ited the highest hedonic scores compared to the other for-
mulations (Table 2). This specific formulation was selected
as the best and was subsequently used for the packaging
stage where retort pouches were used, and was put for stor-
age under chilled and frozen conditions for 14 days. A retort
pouch is a flexible package commonly used for ready-to-
eat food products. The packaging features a multi-layered
structure consisting of an outer polyethylene terephthalate
(PET) layer, a nylon middle layer, an aluminum foil barrier
layer, and a polyolefin sealing layer. This layered structure
enables a shelf life of up to three years for the packaged
food when stored at 27 °C [13].

Beef liver-meat paste is prepared using a stew seasoning
spice formula with the addition of apples. It features a dark
brown color and a coarse, dense texture (Figure 1). The
stew seasoning spice contributes to the dark brown color
through brown sugar, cinnamon, and sweet soy sauce in
the seasoning. During cooking, brown sugar reacts with
heat, and a Maillard reaction occurs between the carbonyl
groups of reducing sugars and the amino groups of meat
proteins and amino acids, thus resulting in a dark brown
color [19]. Cinnamon contains cinnamaldehyde compo-
nents that enhance aroma, color, and flavor. Cinnamon
bark is rich in antioxidant compounds, sugars, and cou-
marins that can produce a brown color, so more cinnamon
makes the food color darker [18]. Apples are a source of
fiber containing cellulose, hemicellulose, lignin, and pectin

Figure 1. Appearance of beef liver-meat paste
using stew seasoning with the addition of apple

292



Hayati et al. | THEORY AND PRACTICE OF MEAT PROCESSING, 2026, vol. 11, no. 3, pp. 287-297

that improve texture. Apple fiber, which is rich in pectin,
increases water-binding capacity, strengthens the structure
through gelation, and stabilizes the protein network, thus
resulting in a denser paste [21].

MDA content of beef liver-meat paste during storage

Malondialdehyde is a by-product of lipid oxidation that
is used as a marker of lipid oxidation level in meat [29].
Lipid oxidation results in rancidity and a deterioration in
nutritional quality, color, flavor, texture, and food safety.
Liver paste is considered a product susceptible to oxidation
due to its high fat and iron content, while the manufactur-
ing processes such as grinding and heating can also affect
lipid oxidation in the product [30]. The beef liver — meat
paste in retort pouch packaging showed that the storage
temperature and storage duration treatments did not pro-
vide a significant effect on the MDA content (Table 4).
The MDA content during storage tended to decrease from
0.80 mg kg™ to 0.33 mg kg™ at chilled temperature and
0.43 mg kg™ at frozen temperatures.

Table 4.1MDA content of beef liver-meat paste during storage
(mgkg™)

Storage Storage duration (days)
temperature 0* 7 14
Chilled (5°C 0.59+0.13 0.33+0.06
illed (5°C) 4 800,08
Frozen (-21°C) 0.51+0.10 0.43+0.16

Note: *) Day 0 measurement result was taken as an initial reference value.

Research by [31] reported that the threshold level of
MDA associated with detectable rancid odor is less than
2.28 mg kg ™. The MDA content of beef liver-meat paste
during storage (Table 4) remained below 0.80 mg kg™, so
no rancid odor was produced. The stability of MDA con-
tent in beef liver-meat paste during its storage up to the
14'" day may be attributed to the various spices used in the
stew seasoning formulation and the addition of apples,
which provide antioxidant compounds. Spices are the nat-
ural antioxidant sources rich in phenolic acids, flavonoids,
alkaloids, and tannins that can inhibit lipid oxidation [16].
Antioxidant compounds in processed products also play
a crucial role in maintaining quality stability by protecting
against oxidation reactions during the sterilization pro-
cess [32]. Research by [33], reported that processed meat
products such as sausages enriched with senduduk leaves
exhibited MDA contents ranging from 1.01 to 2.10 mg kg™
when stored at room temperature for up to 10 hours. These
low MDA contents are attributed to the phenolic com-
pounds in the senduduk leaf extract, which act as antioxi-
dants and thereby prevent increased oxidation.

Another factor contributing to the stability of MDA con-
tent in beef liver-meat paste product is the using of retort
pouch packaging, which helps inhibit oxidation reactions
by reducing oxygen concentration and light exposure. Re-
tort pouches utilize a vacuum system to inhibit oxidation
by lowering oxygen levels, while alumunium foil layer pro-
tects the product from light exposure. During the propaga-

tion phase of oxidation, oxygen reacts with alkyl radicals to
form peroxy radicals and acts as a source of reactive oxy-
gen species, whereas light promotes the initiation phase via
photo-oxidation. The use of vacuum packaging and alu-
munium foil as barrier layer helps maintain lipid oxidation
stability [4]. These findings align with the research by [32],
reported that MDA contents of buffalo meat packed in re-
tort pouches ranged from 0.24-0.98 mg kg™ during stor-
age. The three-layer structure of the retort pouch inhibits
oxygen permeability, and vacuum sealing slows down the
oxidation process. Additionally, antioxidant compound
within the processed product contribute to oxidation sta-
bility during food sterilization [32].

Antioxidant activity of beef liver — meat paste during

storage

Antioxidants are the compounds that can inhibit or
prevent the oxidation process in food so that it does not
cause rancidity/damage. DPPH radical scavenging activity
measures the ability of the formulas ingredients to inhibit
oxidation during the processing of beef liver-meat paste.
Antioxidant capacity measures the overall antioxidant
potential of the compounds within the sample being ana-
lyzed. A higher percentage of DPPH radical scavenging
activity indicates a higher antioxidant capacity, signifying
a greater ability of the formula to inhibit oxidation. Using
of antioxidant-rich spices in the seasoning helps prevent
the formation of MDA content resulting from lipid oxi-
dation. The beef liver-meat paste in retort pouch packag-
ing showed that the storage temperature and storage du-
ration treatments did not provide a significant effect on
DPPH radical scavenging activity and antioxidant capac-
ity (Table 5), meaning that the antioxidant activity of beef
liver-meat paste remained stable during its storage.

Table 5. Antioxidant activity of beef liver-meat paste during its
storage

e Parameters
Storage duration DPPH rac'lical Antioxifiant
temperatures (days) sca've.:ngmg capacity
activity (%)  (mgEVC 100 g™!)
Chilled (5°C) 0* 71.67 £1.60 459.74+15.35
7 68.72£2.50 450.02+17.22
14 63.66+5.24 413.16+30.43
Frozen (-21°C) 0* 71.67 £1.60 459.74+15.35
7 70.71+£7.45 457.52+46.42
14 66.49 + 8.34 439.11+51.47

Note: *) Day 0 measurement result was taken as an initial reference value.

Based on [34], antioxidant capacity is divided into four
categories, in particular: very high (>500 mg EVC g™),
high (>200-500 mg EVC g'), moderate (100-200 mg
EVC g™), and low (<100 mg EVC g'). The antioxidant
capacity of beef liver paste during storage until the 14"
day is included in the high category, at chilled tempera-
tures ranging from 459-413 mgEVC g™ and frozen tem-
peratures ranging from 459-439 mgEVC g™ The relation
of the antioxidant activity data of beef liver-meat paste to
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the levels of MDA formed indicates that the antioxidant
components within the paste effectively inhibit lipid oxi-
dation during the product heat treatment process. The
quality stability of beef liver-meat paste during storage is
effectively ensured by the retort pouch packaging, storage
temperature, and the antioxidant components present in
the product. These findings align with research by [35],
reported that using the natural antioxidants in chicken
meatballs significantly reduced lipid oxidation and kept
MDA content level below 1 mg kg™'. Using the natural an-
tioxidants is an effective strategy for preventing oxidative
deterioration, preserving product quality, and inhibiting
rancidity development. The spices used in stew seasoning
contain antioxidant compounds such as quercetin and alli-
cin in garlic and shallots, pinene and eugenol in star anise,
myricetin and catechin in nutmeg, eugenol and gallic acid
in cloves, catechin and tannins in cinnamon, and piperine
in pepper [8]. Stew spices with added apples contain vari-
ous phenolic and flavonoid compounds that act as natural
antioxidants. Phenolic compounds interact with reactive
free radicals seeking partners by attacking and binding
to the surrounding electrons, then donating electrons to
the reactive free radicals, thus forming stable molecules.
Therefore, MDA content depends on the concentration of
phenolic compounds in the spices [36]. Research [37] also
noted that light-impermeable vacuum retort pouch pack-
aging helps maintain the stability of antioxidant activity
and the product’s nutritional quality.

Microbiological quality of beef liver-meat paste

during storage

The beef liver-meat paste packed in retort pouch pack-
aging showed that the storage temperature and storage du-
ration treatments did not provide a significant effect in all
microbiological parameters (Table 6). That indicates that
beef liver-meat paste has stable microbiological quality
during 14 days of storage under chilled (5°C) and frozen
(-21°C) temperatures. Based on Food Standards Austra-
lia New Zealand (FSANZ)!, the total plate count (TPC)
of beef liver-meat paste indicates that the product main-
tained a microbiological status within an acceptable range
for ready-to-eat (RTE) foods. The absence of E. coli and
Salmonella, as well as S. aureus levels below the threshold
limit (< 2 log CFU g™), falls into the ‘satisfactory’ category
according to FSANZ microbiological criteria for RTE food.
The satisfactory category means the results are within ex-
pected microbiological levels (lower range) and present no
food safety concern.

Total count of microbes and S. aureus in beef liver-meat
paste decreased during storage, while E. coli and Salmonella
were not detected at all. This proves that low-temperature
storage can inhibit microbial growth and extend the prod-

1 Food Standards Australia New Zealand (FSANZ) 2025 «Compendium of
Microbiological Criteria for Food». Canberra: Food Standards Australia New
Zealand. Retrieved from https://www.foodstandards.gov.au/sites/default/
files/2025-08/Compendium%200f%20Microbiological%20Criteria%202025.
pdf. Accessed Sept 6, 2026.

uct’s shelf life [38]. However, total microbes were still de-
tected on the day 0 following the sterilization process. This
may be attributed to heat-resistant thermophilic bacteria;
consequently, the product requires rapid cooling after its
sterilization to prevent bacterial re-growth [39]. According
to [9], vacuum packaging can inhibit bacterial growth at as
low temperatures as 4 °C; however, when the temperature
reaches the optimum range of 30-37 °C, microorganisms-
particularly mesophilic bacteria can grow again.

Table 6. Microbiological quality of beef liver-meat paste during
storage

’g Parameters
<
SR © T TPC E. . S.aureus  Salmonella
temperatures Eg.é coli
38 (log CFUg™)
Chilled (5°C) 0* 5.40+0.47 <3/g 2.62+0.25 Negative/25g
7 5.03+0.55 <3/g 2.61+0.22 Negative/25g
14 4.74%£0.36 <3/g 2.41+0.03 Negative/25g
Frozen 0* 5.40+0.47 <3/g 2.62+0.25 Negative/25¢g
(-21°C) 7 4954096 <3/g 2.56+0.28 Negative/25g
14 4.63+0.41 <3/g 2.49+0.16 Negative/25g

Note: *) Day 0 measurement result was taken as an initial reference value.

Beef liver-meat paste packaged in the retort pouches
under both chilled and frozen storage conditions showed
no presence of E. coli and Salmonella throughout the 14-day
storage period (Table 6). Sterilization was performed to
ensure microbiological safety and storage stability. The
sterilization process applied to food products packaged in
the sealed pouches is effective in inactivating pathogenic
bacteria and thus extending food shelf life [13]. The barrier
properties of the aluminum foil layer and the sealing ca-
pabilities of the polyolefin in retort pouch packaging help
maintain product sterility during storage time [40]. Re-
search by [41], reported that goshtaba meatballs packaged
in retort pouches maintained stable microbiological-safe
quality during three months of their storage at 25°C after
their sterilization at 121°C for 15 minutes, thus demonstrat-
ing the effectiveness of sterilization in extending the shelf
life of meat and meat products.

In addition, spices and the addition of apples in beef
liver-meat paste formulation also helped inhibit bacterial
growth. Spices used in stew seasoning, such as garlic, shal-
lots, bay leaves, nutmeg, cinnamon, and star anise, contain
antibacterial compounds including flavonoids, saponins,
tannins, quercetin, allicin, myristicin, and pectin [42-45].
Flavonoid compounds are able to inhibit microbial growth
because they can form complex compounds with proteins,
thereby disrupting bacterial cell membranes [46]. Cloves
contain flavonoids, phenols, and eugenol, which exhibit
antibacterial activity against S. aureus. Eugenol, a hydro-
phobic compound, can inhibit both Gram-positive and
Gram-negative bacteria by penetrating the lipopolysac-
charide layer of the cell membrane and this way damag-
ing the cell structure [47]. Pepper contains antimicrobial
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compounds such as piperine, which is capable of lysing
bacterial cells [48].

Conclusion

Beef liver-meat paste formulated with stew seasoning
spices and apple was the most preferred food formulation
based on its hedonic score, and was selected for its storage.
Beef liver-meat paste packed in retort pouches during its
storage maintained oxidative, antioxidant, and microbio-
logical stability under both chilled (5 °C) and frozen (-21°C)
conditions. MDA content remained below the rancidity

threshold (<2.28 mg kg™). Antioxidant capacity remained
in the high category (400-500 mg EVC 100 g™), ranging
from 413-459 mg EVC 100 gl under chilled conditions stor-
age and 439-459 mg EVC 100 g™ under frozen conditions
storage. Microbiological quality remained within safe lim-
its regarding microbial contamination throughout the stor-
age period. Using of antioxidant-rich seasonings in beef
liver-meat paste products packed in retort pouch packaged
and stored under chilled and frozen conditions effectively
maintained the oxidative and microbiological quality of the
food product for 14 days of its storage.
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