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ABSTRACT

Beef jerky is a processed meat product. Nitrite or nitrate salts are usually used as curing agents for beef jerky
processing. However, excessive nitrite intake can pose health risks and raise public concern, so natural alternatives
such as celery can be used. This study evaluated fresh celery as a natural curing agent for beef jerky based on its
physicochemical and sensory qualities. The study was conducted in two stages. In the first stage, beef was treated
with celery at three levels (2%, 4%, and 6%) and saltpeter as a control, combined with three incubation periods (1, 2,
and 3 hours) to identify the optimal treatment for the subsequent stage based on color characteristics and nitrite
residue. In the second stage, the selected curing treatments (saltpeter, 4% celery, and 6% celery) were applied to
beef jerky and evaluated over different storage periods (0, 2, and 4 weeks). The parameters analyzed included color
values, lightness (L*), redness (a*), yellowness (b*), nitrite content, and lipid oxidation, as well as sensory
attributes. The results of the first stage showed that the use of saltpeter produced the highest nitrite content (0.54
mg/kg), while the highest b* value was obtained in the treatment of 4% and 6% celery. The incubation length had no
significant effect on all parameters, but there was a significant interaction between the type of curing material and
the length of incubation on the value of a*. In the second stage, neither curing material treatment nor storage time
had a significant impact on organoleptic characteristics, and Thiobarbituric acid reactive substances values were
relatively low (< 0.5 mg MDA/kg) up to 4 weeks of storage. A 6% celery treatment yielded the highest L* value,
while the highest a* value was indicated by saltpeter, followed by 6% and 4% celery. Overall, the 6% celery
treatment showed comparable performance to saltpeter, especially in retaining redness, suppressing lipid oxidation,
and maintaining the sensory qualities of ground beef jerky.
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INTRODUCTION

Beef jerky is one of the oldest processed meat products that is traditionally processed through a preservation process.
The curing process usually uses synthetic nitrites from sodium nitrite or potassium nitrate (commonly called saltpeter),
which plays a role in forming a simple, antibacterial, red color and produces the distinctive taste and aroma of preserved
meat products (Kim et al., 2014). However, excessive nitrite intake has been reported to negatively affect human health
due to the formation of carcinogenic N-nitroso compounds (Ferysiuk and Wajciak, 2020). These health concerns, along
with growing consumer demand for clean-labeled meat products, have encouraged researchers to investigate natural
alternatives to synthetic nitrites. Several natural ingredients have shown potential as nitrite substitutes in meat products,
including celery (Li et al., 2011), parsley (Riel et al., 2017), cranberry (Karwowska et al., 2017), and beet root (Sucu and
Turp, 2018).

Celery is one of the alternative natural ingredients to replace synthetic nitrites because of its high nitrate content,
especially in the leaves. The nitrate content in celery can be converted to nitrite through controlled incubation (Sebranek,
2007; Saputro, 2017). Celery powder and juice have been reported to improve the redness of processed meat without
compromising overall consumer acceptability compared to conventionally cured products (Ramachandraiah and Chin,
2022).

Despite being of natural origin, the use of celery as a curing agent also presents challenges, including the potential
formation of nitrosamines, especially in meat products processed at high temperatures, such as beef jerky (Oral et al.,
2024). During storage, lipid oxidation in beef jerky can produce Malondialdehyde (MDA), a major secondary oxidation
product of polyunsaturated fatty acids. MDA is widely used as an indicator of lipid oxidation in meat because even at
low concentrations, it can lead to rancid odor development (Dominguez et al., 2019). The antioxidant properties of celery
may help mitigate such oxidative degradation (Hassanen et al., 2015).
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Several previous studies have used celery as a curing ingredient in various processed meat products, such as ham
slices, pork patties, pork sausage, and cold-smoked sausage (Horch et al., 2014; Sucu et al., 2018; Eisinaité et al., 2020).
Specific investigations on the use of fresh celery leaves in ground beef jerky remain limited. Beef jerky has unique
processing characteristics and oxidative susceptibility during storage, thus requiring further study. Therefore, the present
study aimed to evaluate the potential of fresh celery leaves (Apium graveolens) as a natural source of nitrite to replace
synthetic nitrites in ground beef jerky, and to assess their effects on physicochemical properties (color, nitrite residue,
lipid oxidation) and sensory attributes as indicators of animal product quality.

MATERIALS AND METHODS

Ethical approval

This study involved sensory evaluation by human panelists who assessed non-edible attributes of beef jerky
samples. No tasting or ingestion was performed. All panelists participated voluntarily after being informed about the
procedure. This study did not involve live animals; beef samples were obtained from halal-certified Antang
slaughterhouses in Makassar, South Sulawesi, Indonesia. This study has been carried out in accordance with the
applicable ethical guidelines at Hasanuddin University, Indonesia.

Time and place of study

This study was conducted from July to September 2024. Nitrite residue testing was carried out at the Health
Laboratory Center in Makassar in August 2024, Makassar, Indonesia. Color testing (L,a,b*), Thiobarbituric acid reactive
substances (TBARS) value analysis, and organoleptic evaluation were conducted from July to September 2024 at the
Meat and Egg Product Processing Laboratory, Faculty of Animal Science, Hasanuddin University, Makassar, Indonesia.

Study design

The study was conducted in two phases. Phase 1 focused on optimizing the celery leaf level and incubation time to
determine the optimal concentration of celery leaves and the incubation time required to generate sufficient nitrite levels
and achieve the desired meat color prior to jerky processing. The study employed a complete randomized design (CRD)
in a factorial arrangement consisting of two factors. The first factor, the curing ingredient, consists of four treatment
groups, including control (CO) with 0.03% saltpeter and celery leaves at 2% (C1), 4% (C2), and 6% (C3). The second
factor was incubation time, consisting of 1, 2, and 3 hours. Each treatment combination was replicated three times,
yielding a total of 36 experimental units. The parameters observed at this stage included color (Fadlilah et al., 2022) and
nitrite content (SNI, 1992).

Phase 2 focused on evaluating the quality of ground beef jerky during storage. This phase assessed the effects of
celery leaf application, under the optimal conditions determined in Phase 1, on the quality and stability of ground beef
jerky during storage. A completely randomized design (CRD) in a factorial arrangement with two factors was employed.
The first factor was the curing ingredient, consisting of three treatment groups, including Control (C0), 4% celery (C2),
and 6% celery (C3), selected based on the result of phase 1. The second factor was storage duration, consisting of 0, 2,
and 4 weeks. Each combination was replicated three times, resulting in a total of 27 experimental units. The parameters
observed in this phase included color (Fadlilah et al., 2022), lipid oxidation (Apriyantono et al., 1989), and sensory
attributes (Sugiarto and Marfuah, 2023).

Celery leaf preparation and incubation

The preparation of celery leaves as a curing agent is carried out based on the method of Saputro et al. (2016a) with
several modifications. Fresh celery leaves (Apium graveolens) are obtained from Pasar Daya, Makassar, Indonesia, and
are selected based on their ripeness level and uniform quality. Celery leaves are then washed using running water to
remove dirt and dust, drained, and then weighed according to the predetermined treatment levels (2%, 4%, and 6%).
Weighing was carried out by the ratio of celery weight to beef weight (weight/weight [w/w]). The weighed celery leaves
are added with clean water in a ratio of 5:1, then mashed using a blender (Cosmos, Indonesia) until a homogeneous paste
is formed.

The celery paste is applied evenly to the surface of the beef according to the treatment. Four treatments were used in
this stage, namely control with saltpeter (potassium nitrate; brand Koepoe-Koepoe sourced from the local supermarket)
and three celery treatments (2%, 4%, and 6%). All samples were then incubated at room temperature (x 32°C) for 1, 2, or
3 hours, depending on the treatment group. The incubation process aims to activate the natural nitrate reductase enzyme
contained in celery, thereby facilitating the conversion of nitrate into nitrite through microbial activity.
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Jerky preparation

The production of beef jerky in this study refers to the modified method of Saputro et al. (2016b), with the
formulation of ingredients following the study of Suryati et al. (2014) as shown in Table 1. The beef that has been cut to
a uniform size is treated with curing ingredients (0%, 4%, and 6%), and each treatment is made three times to produce 9
sample units, then incubated for 2 hours at room temperature (£ 32°C). After incubation, the meat is ground using a food
processor (Cosmos, India) with spices until a homogeneous dough is obtained. The dough is then shaped into sheets with
a thickness of about 2.2 mm and dried using a food dehydrator (Getra, China) at 75 °C for 4 hours on each side.

Table 1. Formulation of ground beef jerky

Treatment Co C1 C2 C3
Ingredient (%) Weight (g) (%) Weight (g) (%) Weight (g) (%) Weight (g)
Beef 1000 1000 1000 1000
Salt 2.5 25 25 25 2.5 25 2.5 25
Galangal 8.5 85 8.5 85 85 85 8.5 85
Coriander 2.0 10 2.0 10 2.0 10 2.0 10
sGarlic 10 50 10 50 10 50 10 50
Palm sugar 16.5 165 16.5 165 16.5 165 16.5 165
White sugar 16.5 165 16.5 165 16.5 165 16.5 165
Tamarind 0.3 3 0.3 3 0.3 3 0.3 3
Pepper 0.3 3 0.3 3 0.3 3 0.3 3
Saltpeter 0.03 0.3 - - - - - -
Celery leaves - - 2 20 4 40 6 60

CO0: 0.03% saltpeter, C1: 2% celery leaves, C2: 4% celery leaves, C3: 6% celery leaves.

Physicochemical analysis

Nitrite content

Nitrite content analysis was conducted at the Central Public Health Laboratory (BBLK), Makassar, in August 2024,
following the Indonesian National Standard method for nitrite determination in food products (SNI 01-2894-1992).
Samples were extracted using hot water, followed by protein precipitation, after which the nitrite was reacted with
sulfanilamide and the reagent N-1-naphthyl ethylenediamine dihydrochloride (NED) to form a pink azo dye, and the
absorbance was measured spectrophotometrically to quantify nitrite concentration using a standard calibration curve as
specified in the SNI method.

Lipid oxidation

Lipid oxidation in the samples was assessed by measuring malondialdehyde (MDA) levels using the (thiobarbituric
acid) TBA assay, as described by Apriyantono et al. (1989). For this analysis, 10 g of homogenized ground beef jerky
sample was transferred into a 300 mL Kjeldahl flask, the pH was adjusted, and the mixture was distilled. An aliquot of
the distillate was reacted with TBA reagent and heated in a water bath (Memmert, Germany) at 75°C for 35 minutes to
form a red chromogen. The absorbance was measured at 528 nm using a spectrophotometer UV-1800 (Shimadzu, Japan)
against a blank. The TBA value was expressed as milligrams of malondialdehyde per kilogram of sample (mg MDA/Kg).

Color measurement
Color measurements were performed objectively using a color meter (TES 135, Taiwan) based on the International
Commission on lllumination (CIE) Lab* color space system (Fadlilah et al., 2022).

Sensory evaluation

Sensory evaluation was conducted using a modified method based on Sugiarto and Marfuah (2023). Fifteen semi-
trained panelists participated in three separate sessions to assess the color, aroma, tenderness, texture, and overall
acceptability of the jerky samples. All attributes were assessed using a 5 point hedonic scale, in which color ranged from
1 (very brown) to 5 (reddish brown), aroma from 1 (no meat aroma), tenderness from 1 (very fragile) to 5 (very hard),
texture from 1 (very smooth) to 5 (very coarse) and overall acceptability from 1 (dislike very much) to 5 (like very
much).

Statistical analysis

All data were subjected to one-way analysis of variance (ANOVA) to evaluate the significance of differences among
treatment groups. When significant differences were detected (p < 0.05), Duncan’s multiple range test was conducted for
post hoc comparisons of means. Results are presented as mean + standard deviation (SD). Statistical analyses were
performed using SPSS software, version 16.0 (IBM Corp., Armonk, NY, USA).
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RESULT AND DISCUSSION

Optimization of celery concentration and incubation time (Phase 1)

Nitrite content

One of the main objectives of this study is to evaluate the ability of fresh celery leaves to produce sufficient nitrite
levels for natural preservation. Curing material has a significant effect on the nitrite content in beef, as shown in Table 2
the highest nitrite concentration was observed in the burp treatment (C0) with an average nitrite content of 0.54 mg/kg,
while the celery concentration (C1-C3) resulted in a much lower average nitrite content value of 0.11-0.13 mg/kg (p <
0.05). However, these levels are still within an acceptable range and are functionally comparable for preservation
purposes. According to Indonesian Food and Drug Authority (BPOM, 2019), the limit for nitrite use in beef is 30mg/kg,
while according to the Joint Expert Committee of the Food and Agriculture Organization (JEFCA) and the World Health
Organization (WHO), the acceptable daily intake is 0.07 mg nitrite per kg of body weight (Shakil et al., 2022). This
confirms that celery can be used as an alternative source of natural nitrites. These findings are in line with previous
research that showed that celery powder can effectively replace synthetic nitrites without compromising product quality
(Meawad Ahmed et al., 2022).

Although incubation time did not significantly affect nitrite concentration (p > 0.05), there was a tendency for nitrite
levels to increase with longer incubation periods. Incubation for 1 hour yielded nitrite levels of 0.12 mg/kg, then
increased to 0.24 mg/kg at 2-hour incubation, and continued to increase to 0.29 mg/kg at 3-hour incubation. This trend
may be attributed to the activity of endogenous nitrate reductase enzymes present in celery, which facilitate the
conversion of nitrate to nitrite during incubation (Saputro et al., 2016a).

Color attributes

In addition to its role as a preservative, nitrite also plays a crucial role in producing the characteristic and appealing
color of cured meat products (Sorour et al., 2023). The measurements of color parameters L* (lightness) and b*
(yellowness) in this study are presented in Table 3. The results for a* values (redness) are presented separately in Figure
1, as this parameter exhibited a significant interaction between curing agent treatments and incubation duration (p <
0.05).

Table 2. Nitrite content of beef samples (mg/kg) in the present study
Incubation time (hours)

Curing agent (%) ! 2 8 Mean £ SD
Cco 0.16+0.15 0.63+£0.74 0.84+0.31 0.54+0.40°
C1l 0.11+0.05 0.11+0.03 0.10+0.04 0.11+0.04%
c2 0.08+0.06 0.08+0.06 0.09+0.06 0.08+0.06%
C3 0.12+0.02 0.13+0.01 0.13+0.02 0.13+0.02°
Average 0.12+0.07 0.24+0.21 0.29+0.11

Note: CO: 0.03% saltpeter; C1: 2% celery leaves; C2: 4% celery leaves; C3: 6% celery leaves. *° Different superscript letters in the same column indicate
significant differences (p < 0.05).

Table 3. L* (lightness) and b* values (yellowness) of beef samples treated with different curing agents and incubation
time

Incubation time (hours)

Color Curing agent (%) 1 2 3 Mean + SD
Co 39.64+7.83 40.63+4.12 39.75 £5.30 40.01%5.75
C1 39.96+3.44 40.32 £6.55 30.88+6.64 40.05+5.54

L C2 38.93+6.55 40.43+3.37 38.35+3.26 39.24+4.39
C3 44.06+5.34 37.91+5.00 41.88+5.94 41.28+5.43
Average 40.6545.79 39.82+4.76 39.97+5.29
CO0 4.68+0.07 6.19+0.82 6.34+2.43 5.73+1.11°
C1 7.56+0.53 5.81+0.89 7.60+1.51 6.99+0.98%

b C2 8.01+1.93 8.41+2.26 6.50+£1.83 7.64+2.01°
C3 9.37£1.33 8.09£2.71 8.56£1.30 8.67+1.78°
Average 7.405+0.97 7.125+1.67 7.25%1.77

Note: CO: 0.03% saltpeter; C1: 2% celery leaves; C2: 4% celery leaves; C3: 6% celery leaves. ® Different superscript letters in the same column
indicate significant differences (p < 0.05).
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Figure 1. The a* value (redness) of beef as affected by different curing agents (CO: 0.03% saltpeter; C1: 2% celery leaves; C2: 4%
celery leaves; C3: 6% celery leaves) and incubation times (1, 2, and 3 hours)

L* value in Beef

The curing agents, incubation time, and their interaction did not significantly affect the brightness value (L*) in beef
jerky, as shown in Table 3 (p > 0.05). Interestingly, the highest L* value was found in the treatment with 6% celery (C3),
which indicates that natural curing using celery can achieve a level of brightness comparable to or even better than
conventional curing methods. These findings were in agreement with Policarpio (2024), who reported that celery juice
powder acts as an effective natural color stabilizer in meat products.

b* value in Beef

The concentration of celery had a significant effect on b* values (p < 0.05), with higher concentrations (4% and 6%)
resulting in increased yellowness compared to the saltpeter treatment, as shown in Table 3. This increase may be
attributed to the presence of natural pigments and antioxidant compounds in celery, such as flavonoids (Horsch et al.,
2014). In contrast, incubation time did not significantly affect b* values (p > 0.05). The observed increase in yellowness
is likely associated with pigment interactions during the curing process, including the formation of nitrosomyoglobin and
the reduction of oxymyoglobin facilitated by nitrite activity (Keszler et al., 2008).

a* value in Beef

A significant interaction between the curing agent and incubation time on the a* value of beef was observed (p <
0.05), as presented in Figure 2. The highest a* value was recorded in the treatment with 4% celery and 3 hours of
incubation (19.05), followed by 2% celery with 2 hours of incubation (17.74), both of which were significantly higher
than all treatments using 0.03% saltpeter (p < 0.05). This increase in redness indicated that the nitrate present in celery
was successfully converted into nitrite during incubation, which then reacted with myoglobin in the meat to form the
characteristic cured meat color. These findings further demonstrate that successful nitrate to nitrite conversion under
optimal conditions allows active nitrite to preserve or improve a* value in beef. This finding was consistent with the
report of Sindelar and Milkowski (2012), who emphasized nitrite’s dual role in both color stabilization and microbial
inhibition. The results confirmed that celery, when properly applied, can replicate the color development effects of
synthetic nitrite. Based on the best results of Phase 1 of the present study, treatment C2 (4% celery) and C3 (6% celery),
demonstrated strong potential as natural curing agents. Both treatments produce redness (value a*) comparable to or
higher than CO (synthetic nitrites), while resulting in substantially lower nitrite residues. The selection of the 2-hour
incubation period was supported by the study results, as the a* value obtained at 2 hours did not differ significantly from
that at 3 hours, whereas the L* value (lightness) was higher at 2 hours. The higher L* value contributes positively to the
visual appearance of jerky products, while also offering improved time efficiency.

Co C2 C3

Figure 2. Color evaluation of ground beef jerky treated with different curing agents during 4 weeks of storage. CO0: 0.03% saltpeter
(synthetic nitrite); C2: 4% celery leaves; C3: 6% celery.
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Storage stability — Lipid oxidation (TBA values, Phase 2)

Lipid oxidation

As shown in Table 4, the thiobarbituric acid reactive substances (TBARS) analysis revealed no significant
differences in lipid oxidation levels between curing agents or across storage durations (p > 0.05). All TBARS values
remained low (< 0.5 mg MDAV/Kg), indicating that lipid oxidation was effectively controlled throughout the 4-week
storage period. The presence of nitrite from both saltpeter and celery likely contributed to this oxidative stability, as
nitrite is known to function as an antioxidant. According to Jo et al. (2020), nitrite could neutralize reactive oxygen
species such as hydroxyl radicals, thereby delaying lipid oxidation.

In this study, the antioxidant compounds present in celery also contributed to inhibiting lipid oxidation during
storage. Wulandari et al. (2015) reported that celery contains flavonoids, saponins, and essential oils, all of which
contribute to the preservation of meat quality during storage. This is in line with the findings of Kisworo et al. (2020),
who stated that celery leaf powder can be used as a source of antioxidants that can prevent and inhibit fat breakdown in
sausages. These findings are consistent with the previous study of Bolognesi et al. (2015), who noted that significant
lipid oxidation in commercial jerky products typically occurs after 120 days of storage, substantially longer than the
duration of this study.

Table 4. Thiobarbituric acid reactive substances values in ground beef jerky

Storage period (week)

Curing agent (%) ! 2 8 Mean £ SD
Co 0.29+0.08 0.38+0.39 0.26+0.41 0.31+0.29

c2 0.23+0.13 0.39+0.23 0.33+0.35 0.32+0.23

C3 0.32+0.14 0.33+0.25 0.44+0.67 0.36+0.37

Average 0.28+0.11 0.37+0.26 0.34+0.44

Note: CO: 0.03% saltpeter; C2: 4% celery leaves; C3: 6% celery leaves

Color stability during storage

Color is a key quality attribute in processed meat products, as it directly influences consumer perception and
marketability (Sorour et al.,, 2023). In cured meats, long-term color stability is primarily affected by pigment
development and oxidative processes. The results of the effects of celery leaf and storage duration on the lightness (L*),
redness (a*), and yellowness (b*) of ground beef jerky, presented in Figure 2.

Color values in beef jerky

Lightness in beef jerky

The lightness (L*) is one of the main visual attributes in processed meat products (do Santos et al., 2019). As
presented in Table 5, the storage time had no significant effect on the L* value (p > 0.05) in beef jerky, while the type of
curing material had a significant effect on the brightness level (p < 0.05) of jerky. The C3 treatment produced the highest
L* value, while the C0O and C2 treatments produced lower L* did not differ significantly between the two. This indicates
that C3 can increase the brightness level in beef jerky compared to other treatments.

Overall, L* values ranged from 30.22 to 34.40, reflecting relatively dark surface tones. This darkness may be
attributed to Maillard browning reactions during the drying process (Hosry et al., 2025). According to Han et al. (2024),
the interaction between reducing sugars and amino acids at elevated temperatures promotes the formation of
melanoidins, contributing to the characteristic brown color of jerky products. These findings are consistent with those
reported by Saputro et al. (2016b), who observed no significant changes in L* values in naturally cured meat stored for
up to 28 days, which suggests that pigment stability can be maintained using plant-based curing agents such as celery

Redness values in beef jerky

One of the objectives of this study was to evaluate the effect of curing agent concentration, particularly celery, and
storage duration on the redness (a*) of beef jerky. As shown in Table 5, curing ingredients, both from synthetic nitrites
and celery, had a very significant influence on the value of a* (p < 0.01) on beef jerky, while storage time had a
significant influence on beef jerky (p < 0.05).

The highest redness value was observed in the synthetic nitrite treatment (CO), followed by 6% celery (C3) and 4%
celery (C2). While the 6% celery treatment produced results comparable to synthetic nitrite, lower concentrations may
have yielded insufficient nitrite for optimal pigment formation and stabilization. Despite slight fluctuations during
storage, all treatments consistently maintained the characteristic cured red color of meat for up to 4 weeks. This finding
is in agreement with Govari and Pexara (2015), who reported that nitrite compounds are able to stabilize red color by
participating in color fixation processes, through interactions with heme proteins and scavenging free radicals, thereby
preventing pigment oxidation during storage.
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Yellowness values in beef jerky

The results of the analysis showed that variations in curing ingredients and storage duration did not have a
significant effect on the b* value of beef jerky (p > 0.05), with values ranging from 8 to 12.46. According to the CIE
Lab* color system, the b* parameter represents yellowness. As shown in Table 5, storage for up to 4 weeks did not affect
the b* value of beef jerky. These findings are consistent with the study of Salim et al. (2019), who reported that the b*
values were not influenced by storage time or muscle type.

Sensory attribute

Organoleptic test results are presented in Table 6. Based on the analysis of variance, the type of curing agent, either
synthetic nitrite (saltpeter) or natural (celery leaf), had no significant effect on any of the sensory parameters during the
storage period (p > 0.05). These findings indicated that the use of celery leaves as a natural source of nitrite did not
negatively impact the sensory quality of ground beef jerky. Furthermore, its performance in terms of consumer
perception, specifically color, meat aroma, chewiness, texture, and overall acceptability, was comparable to that of
synthetic nitrite. These results aligned with the findings of Pennisi et al. (2020), who reported that vegetable-derived
nitrates, whether in powder or juice form, exhibit high potential as natural alternatives to synthetic nitrates and nitrites in
processed meat products, providing a high nitrite source without leaving residues. In particular, celery powder provides a
pleasant, mild aroma without negatively affecting the product’s appearance.

Table 5. Color values (L, a, b*) of beef jerky

Storage Period (week)

Color Curing Agent (%) 0 5 7 Mean + SD
Co 31,07+1,54 31,55+1,11 31,49+0,07 31,37+0,98°
L C2 30,22+0,93 32,91+1,55 32,68+0,50 31,94+1,60°
c3 33,90+3,50 33,89+3,50 34,40+2,19 34,06+2,49°
Average 31,73+2,58 32,78+1,96 32,86+1,69
Co 12,44+0,40 12,90+0,23 11,81+0,57 12,38+0,60°
a C2 8,84+0,38 10,86+1,13 9,4620,64 9,72+1,12
c3 10,49+1,06 11,39+1,04 11,75+0,93 11,21+1,04°
Average 10,59+1,67% 11,71+1,20° 11,0141,32%®
Co 9,72+4,38 9,96+2,57 10,83+1,16 10,17+2,66
b C2 8,00+0,79 10,80+1,42 10,76+0,25 9,85+1,61
c3 12,46+3,83 11,57+2,75 12,65+2,13 12,23+2,63
Average 10,06+3,52 10,78+2,13 11,41+1,53

Note: Color parameters (L*, a*, b*) of beef jerky treated with different curing agents (CO: 0.03% saltpeter; C2: 4% celery leaves; C3: 6% celery
leaves) during storage. > ° Different superscript letters in the same column indicate significant differences (p < 0.05), while different superscripts in the
same row indicate highly significant differences (p < 0.01), where applicable.

Table 6. Sensory evaluation results of ground beef jerky

Storage Period (week)

Parameter Curing Agent (%) 0 5 7 Mean £ SD
co 3.44+0.67 2.67+0.22 3.06+0.69 3.06+0.60
Color c2 2.31+0.13 2.810.82 2.72+0.17 2.61+0.48
C3 3.17+0.29 3.11+0.69 2.53+0.13 2.94+0.49
Average 2.97+0.63 2.86+0.58 2.77£0.43
co 3.06+0.10 3.08+0.22 3.14+0.55 3.09+0.30
Aroma C2 3.42+0.14 2.92+0.17 3.11+0.34 3.15+0.30
C3 2.94+0.19 2.83+0.50 2.94+0.39 2.91+0.34
Average 3.14+0.25 2.94+0.31 3.06+0.39
co 3.00+0.29 3.08+0.44 3.06+0.29 3.05+0.30
Tenderness Cc2 3.50+0.17 3.11+0.27 3.17+0.44 3.26+0.33
C3 2.64+0.17 3.14+0.29 3.08+0.22 2.95+0.31
Average 3.05+0.42 3.11+0.30 3.10+0.29
co 3.03+0.49 3.39+0.13 3.36x0.17 3.26+0.32
Texture Cc2 3.69+0.27 3.22+0.13 3.25+0.08 3.39+0.28
C3 3.25+0.30 3.00+0.44 3.28+0.32 3.18+0.34
Average 3.22+0.43 3.20+0.29 3.30+0.19
Cco 3.11+0.19 3.14+0.55 3.11+0.55 3.12+0.40
Overall C2 2.81+0.13 3.11+0.34 3.14+0.32 3.02+0.29
acceptability C3 3.19+0.38 2.94+0.39 3.17+0.30 3.10+0.33
Average 3.04+0.28 3.06+0.39 3.14+0.35
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CONCLUSION

Treatment with 4% and 6% celery combined with 2 hours of incubation successfully produced safe nitrite levels,
maintained the color of the preserved meat, and maintained oxidative stability during 4 weeks of storage. Among such
treatments, 6% celery showed comparable performance to saltpeter, especially in retaining redness, minimizing lipid
oxidation, and not negatively impacting the sensory qualities of ground beef jerky. These findings confirmed the
potential of fresh celery leaves as a natural preservative agent in processed meat products and reduce reliance on
synthetic additives. This study has not evaluated the taste aspects of beef jerky, so further study is needed to optimize the
potential of fresh celery as a natural curing ingredient. In addition, further study is also needed to validate its
effectiveness in terms of food safety to ensure its feasibility for application in commercial meat processing
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