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ABSTRACT

Background: The meat industry faces significant challenges in meeting consumers' nutritional requirements, quality expectations,
and food safety standards. These demands have heightened interest in biopreservation methods to enhance the shelf life and safety
of meat products. Organic acids, such as lactic acid and acetic acid, have been widely recognized for their preservative properties,
effectively controlling spoilage microorganisms while maintaining product quality and sensory attributes.

Objective: This study aimed to evaluate the microbial profile, shelf-life stability, and sensory attributes of buffalo meat sausages
treated with organic acids during chilled storage.

Methods: Buffalo meat sausages were treated with an organic acid mixture of lactic acid and acetic acid at concentrations of 0.75%,
1%, and 2% (v/v), with untreated sausages serving as the control. A total of 96 samples were prepared and stored at chilling
temperatures (0—4°C) for 12 days. Microbial analysis included total viable count (TVC), E. coli count, and Pseudomonas count,
while physicochemical parameters such as pH and water activity were assessed. Sensory evaluations were conducted to assess odor,
flavor, texture, juiciness, and overall acceptability. Data were analyzed using factorial ANOVA in SAS software, with Duncan’s
Multiple Range Test identifying significant differences at P < 0.05.

Results: Sausages treated with 2% organic acids showed the lowest TVC (4.49 log CFU/g), E. coli (2.01 log CFU/g), and
Pseudomonas (3.97 log CFU/g) compared to the control group with TVC (5.99 log CFU/g), E. coli (2.73 log CFU/g), and
Pseudomonas (5.20 log CFU/g). Treated sausages demonstrated stable pH values (5.30 for 2% acid vs. 5.73 for control) and
improved sensory scores, with overall acceptability highest in 1% acid-treated sausages.

Conclusion: Organic acids effectively reduced microbial load, stabilized physicochemical properties, and improved sensory
attributes of buffalo meat sausages, thereby enhancing shelf life and quality during chilled storage.

Keywords: E. coli, Lactic Acid, Meat Preservation, Meat pH, Organic Acids, Sensory Evaluation, Total Viable Count.
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INTRODUCTION

Meat and its derived products are integral sources of essential nutrients such as proteins, fatty acids, vitamins, and minerals, which are
vital for human growth and health (1). However, substantial quantities of these products are wasted due to microbial spoilage at various
stages of the supply chain, representing a significant global challenge in food preservation and safety (2). Ensuring the extended shelf
life of perishable meat products requires rigorous refrigeration practices, which not only demand substantial energy resources but also
underscore the need for alternative preservation methods (3). Meat serves as an ideal substrate for bacterial growth, and improper storage
conditions accelerate the proliferation of pathogenic bacteria, leading to food spoilage and safety concerns. This issue has garnered
global attention, with foodborne illnesses and quality deterioration becoming pressing matters for public health and industry stakeholders
(4). The availability of free water in meat products plays a pivotal role in bacterial survival and activity. Therefore, strategies aimed at
reducing water availability can effectively mitigate microbial spoilage and enhance product stability (5).

Incorporating non-meat ingredients into meat products offers a dual advantage by not only enhancing their functional and antioxidant
properties but also reducing production costs. While poultry meat processing dominates Pakistan's further processing industry, the rising
demand for red meat products, including beef sausages, is noteworthy. Sausages, a versatile meat product with varied classifications
such as fresh, cured, and fermented types, are still gaining traction in Pakistan. Their manufacturing also serves as an economical means
to utilize low-cost meat cuts while addressing protein requirements (6). Preservation techniques, including physical, chemical, and
biological interventions, have been extensively explored, with the addition of organic acids emerging as a safe and effective method to
extend shelf life (7). Organic acids such as acetic acid, citric acid, lactic acid, malic acid, propionic acid, and tartaric acid are commonly
employed for meat preservation due to their antimicrobial properties and ability to enhance flavor profiles (8). These acids function by
disrupting bacterial membranes and cytoplasmic processes through acidification, leading to toxicity in microbial cells. Among these,
citric acid demonstrates the highest antibacterial efficacy, followed by lactic acid, propionic acid, and acetic acid. Lactic acid, in
particular, is highly effective against gram-negative bacteria, disrupting their outer membranes without compromising the sensory
attributes of the meat (9, 10, 11, 12).

Despite advancements in meat preservation, there is a need to explore the combined impact of specific organic acids on the microbial
profile and shelf life of buffalo meat sausages under chilling conditions. This study aims to address this gap by evaluating the
effectiveness of lactic acid and acetic acid in enhancing the microbial stability and shelf-life of buffalo beef sausages stored at 0—4°C
over a 12-day period, ensuring their sensory attributes remain unaltered.

METHODS

This study was conducted at the Department of Meat Science and Technology, University of Veterinary and Animal Sciences (UVAS),
Lahore, Pakistan, utilizing facilities at the Meat Processing Lab, City Campus, Lahore, and the Food Safety and Hygiene Lab, Central
Laboratory Complex (CLC), Ravi Campus, Pattoki, Pakistan. The research was designed as a factorial experiment under a Completely
Randomized Design (CRD) with four treatment groups and three replicates. The treatments included three concentrations of an organic
acid mixture (lactic acid and acetic acid) at 0.75%, 1%, and 2% (v/v), along with a control group without organic acid. Observations
were recorded on the Oth, 4th, 8th, and 12th days of storage at chilling temperatures (0—4°C). A total of 96 samples were evaluated across
the storage period, with statistical analysis performed to assess treatment effects.
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Table 1: Experimental Layout

Treatment (Organic Acids With Storage Period Sample Size

Equal Ratio) (Days)

Control: without organic acid Concentration = 4
addition Storage =4

0.75 % + 0.75 % concentration of both (lactic and acetic acid) 0,4,8,12 Sample/replicate = 2

Replicate=3n=32x3=96

1 % + 1 % concentration of (lactic and acetic acid)

2 % + 2 % concentration of (lactic and acetic acid)

Approximately 4.8 kg of cube roll meat and 1.2 kg of edible animal fat were obtained from buffalo calves (Bubalus bubalis) slaughtered
at the UVAS Meat Processing Facility, Lahore. The calves were procured from commercial fattening farms and rested for 24 hours prior
to slaughter, during which they were provided water and feed as per standard pre-slaughter protocols. Ante-mortem inspections were
conducted, and the animals were slaughtered using the Halal method, following PS-3733 (2016) guidelines. After slaughter, the carcasses
were chilled for 24 hours before deboning to extract cube roll meat. All ingredients used in sausage preparation, including spices,
collagen-based casings, and organic acids, were Halal-certified and sourced from verified local suppliers or reputable international
manufacturers.

Table 2: Composition of the Batter (2kg)

Ingredients Quantity(grams)
Meat 1800

Fat 200

Spices 18

Nitrite-NaCl (0.5%) 70

Ascorbic acid 1.5

Phosphate 10

Ice 100

The organic acid solutions were prepared by diluting 80% pure lactic acid (Appli Chem GmbH, Germany) and 100% pure acetic acid
with distilled water to achieve concentrations of 0.75%, 1%, and 2% (v/v). These solutions were mixed in equal proportions and applied
to sausages using the sprinkling method at a rate of 1 ml per 10 g of meat. The sausage batter, composed of minced beef, edible fat,
spices, and additives (as outlined in Table 2), was prepared using standardized meat processing equipment. The batter was homogenized
with ice to maintain a low temperature during preparation. Organic acid solutions were sprayed onto the batter, which was then allowed
to cure for 24 hours in a chiller before stuffing into Halal-certified, collagen-based casings. Sausages were cooked in a hot air oven at
85°C until the internal temperature reached 75°C, ensuring food safety standards, and then cooled at room temperature for 15 minutes
before being stored in a display chiller.

Microbial analysis was conducted to assess the total viable count (TVC), E. coli count, and Pseudomonas count. TVC was determined
using nutrient agar following 1S06222:1999 protocols, with colony counts recorded after 48 hours of incubation at 37°C. E. coli was
identified using EMB agar based on ISO16654:2001, while Pseudomonas was assessed using cetrimide agar in accordance with
ISO13720:2010. All microbial analyses employed serial dilution techniques, with results calculated as colony-forming units (CFU) per
gram of sample. Water activity (Aw) was measured using a LabSwift-AW meter (Novasina, Switzerland), with readings taken on
specified days of storage. pH was measured using a calibrated WTW pH meter, with values recorded thrice for each sample. Sensory
evaluation was conducted by a trained panel using a nine-point hedonic scale to assess sensory attributes, including odor, flavor,
tenderness, juiciness, and overall acceptability.
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Ethical considerations were meticulously addressed. The study protocol was reviewed and approved by the Institutional Review Board
(IRB) of UVAS (approval number: UVAS-2025/IRB/02). All animals used in the study were handled in compliance with institutional
animal welfare guidelines, and humane slaughter practices were ensured. Informed consent was obtained from the sensory panel
members before their participation. Data were analyzed using factorial ANOVA with PROC GLM in SAS software (Version 9.1.3),
treating organic acid concentrations and storage periods as fixed effects. Mean differences were assessed using Duncan’s Multiple Range
Test, with significance set at P<0.05. The study design and statistical methods ensured robust analysis, yielding reliable results to address
the research objectives.

RESULTS

The results demonstrated significant differences across all parameters, reflecting the effect of organic acids on the shelf-life stability,
microbial profile, and sensory attributes of buffalo meat sausages. The total viable count (TVC) showed a significant reduction with
increasing concentrations of organic acids. The highest TVC was observed in the control group (T0) at 5.99 log CFU/g, while the lowest
count was recorded in T3 (2% organic acid concentration) at 4.49 log CFU/g. The effect of storage time was also significant, with TVC
progressively increasing over the 12-day storage period, from 3.88 log CFU/g on day 0 to 6.56 log CFU/g on day 12 (P <0.0001). The
E. coli count decreased significantly with higher concentrations of organic acids. The highest count was observed in the control group
(TO) at 2.73 log CFU/g, while the lowest was recorded in T3 at 2.01 log CFU/g. As storage time increased, a gradual rise in the E. coli
count was noted, with significant differences observed on the 12th day of storage (P < 0.0001).

The Pseudomonas count exhibited a similar trend, with the control group (T0) showing the highest count of 5.20 log CFU/g and T3
demonstrating the lowest at 3.97 log CFU/g. The storage period also had a significant impact, with counts increasing over time, from
3.67 log CFU/g on day 0 to 5.62 log CFU/g on day 12 (P < 0.0001). Water activity showed a significant reduction with the application
of organic acids, particularly at the highest concentration (T3), which recorded the lowest value of 0.85. Over the storage period, water
activity decreased marginally but remained within acceptable ranges, with no significant interaction between treatment and storage time.
The pH of the sausages decreased significantly with increasing concentrations of organic acids. The control group (T0) exhibited the
highest pH at 5.73, while T3 showed the lowest pH at 5.30. Changes in pH over the storage period followed a fluctuating trend, with
initial reductions followed by slight increases on the 12th day. Sensory analysis revealed that organic acid treatments significantly
improved the sensory attributes of the sausages, including odor, flavor, texture, juiciness, and overall acceptability. T2 (1%
concentration) scored the highest in overall acceptability, while T3 (2% concentration) displayed slightly lower scores, likely due to the
stronger acidity. The control group consistently scored the lowest across all sensory parameters. Over the storage period, sensory scores
declined slightly, with day 0 samples receiving the highest ratings.

Table 3: Effect of Organic Acids on the Microbial Profile of Buffalo Meat Sausages

Treatment TVC E.Coli Pseudomonas
TO 5.99 + 0.542 2.73+0.13% 5.20+0.372
T1 4.96+0.26° 2.40 £0.02° 476 +0.23°
T2 4.52+0.22¢ 2.13+£0.02¢ 4.37+0.15¢
T3 4.49 £ 0.23¢ 2.01+0.014 3.97+0.134
P-value <0.0001 <0.0001 <0.0001
Storage(Day)
0 3.88+£0.01¢ 2.26+0.07° 3.67 £ 0.024
4 435+0.11° 2.26 +0.05° 4.40+0.13¢
8 5.17+0.28° 2.25+ 0.06° 4.62+0.14°
12 6.56 £0.35° 2.50+0.18° 5.62+0.29%
P-value <0.0001 <0.0001 <0.0001
TO 0 3.92+0.01h 2.50 + 0.06° 3.73+£0.01"
4 4.82 +0.02f 2.45+0.01% 4.81 £0.01
8 6.70 £0.12° 2.46 + 0.02% 5.14 £ 0.02¢
12 8.53+£0.20* 3.49+0.01% 7.12 £0.028
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Treatment TVC E.Coli Pseudomonas
T1 0 3.90+£0.01h 2.45+0.01% 3.70 £ 0.02"

4 4.61+£0.012 2.38+£0.01°¢ 4.77 £ 0.02¢%
8 5.09 + 0.02¢ 2.40 +£0.06¢ 4.79 £ 0.02¢%
12 6.23 +£0.09¢ 2.37+0.01¢ 5.78 +£0.194¢
T2 0 3.89+£0.01h 2.10+0.06° 3.62+0.01h
4 3.99+£0.01h 2.20 + 0.06¢ 4.32+0.01F
8 4.45+0.012 2.11£0.01% 4.64+0.02¢
12 2.11£0.01%
5.75 +0.034 4.91 +0.05¢
T3 0 3.81+0.01" 1.98 +0.01F 3.62 +0.02"
4 3.97+0.01" 2.02+0.01¢f 3.71+0.01¢
8 4.44 +0.02¢ 2.02+0.01¢f 3.89 +0.068
12 5.72 £ 0.04¢ 2.03+£0.01¢f 4.67 £0.02¢
P-value <0.0001 <0.0001 <0.0001

Superscripts on various means within column showing significant results at P< 0.05

Table 4: Effect of Organic Acids on the pH and Water Activity of Buffalo Meat Sausages
Treatment pH Water Activity
TO 5.73 £0.06* 0.91 £0.01
T1 5.42 +0.05° 0.91 £0.001
T2 5.39+0.03% 0.91 £0.001
T3 5.30 £0.03¢ 0.85 +0.06
P-value <0.001 0.4351
Storage(Day)

0 5.52+0.06* 0.92 +£0.001
4 5.37 + 0.04° 0.85 +0.06
8 5.36+0.05° 0.91 £0.001
12 5.58+0.08* 0.89 +£0.001
P-value <0.001 0.4092
TO 0 5.80 + 0.06° 0.93 £0.001
4 5.50 + 0.06% 0.92 +0.01
8 5.60 £ 0.06° 0.92 +0.001
12 6.02+0.012 0.87 +0.01
T1 0 5.58£0.01¢ 0.92 +0.001
4 5.40 £0.12¢% 0.92 +£0.001
8 5.34+0.01% 0.91 +0.01
12 5.36+0.13% 0.89 +0.01
T2 0 5.40 £ 0.12¢d 0.92 +0.001
4 5.37+0.01% 0.91 £0.001
8 5.30 = 0.06% 0.91 £0.001
12 5.49+0.01¢ 0.89 +0.01
T3 0 5.30 = 0.06% 0.92 +£0.001
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Treatment pH Water Activity
5.23+£0.01¢ 0.66 £0.25
8 5.20 £ 0.06° 0.92 £0.001
12 5.45+0.001¢ 0.89 +0.01
P-value 0.0102 0.4294

Superscripts on various means within column showing significant results at P< 0.05

Table 5: Sensory Evaluation of Organic Acid-Treated Beef Sausages and Control without Treated with Acid

Treatment Odor Flavor Texture Juiciness Overall
acceptability
TO 4.79 + 0.044 4.63+0.01°¢ 5.32 +0.024 5.38+0.01°¢ 4.60+0.014
T1 6.51 £0.01°¢ 6.90 £ 0.07° 6.61 £ 0.08°¢ 6.60 + 0.08° 7.19+0.01°
T2 7.13 £0.01° 7.33+£0.032 7.22+£0.01° 7.21+£0.032 7.33+0.01?2
T3 7.17+0.012 7.29+0.012 7.27 +£0.022 7.18+0.012 7.00 £+ 0.06°
P-value <0.001 <0.001 <0.001 <0.001 <0.001
Storage(Day)
0 6.46 +£0.28% 6.62 £ 0.34% 6.68 £0.23% 6.69 £ 0.22¢8 6.63 £ 0.342
4 6.44 +0.28% 6.58 + 0.34% 6.66 +0.232 6.66 £ 0.22°% 6.54 + 0.34°
8 6.38 £ 0.30° 6.55 £ 0.34° 6.62 £ 0.24° 6.56 £ 0.22° 6.51 +0.34%
6.33+£0.31°¢
12 6.40 £0.33¢ 6.46 +0.25° 6.47 +0.23°¢ 6.45 + 0.34°¢
P-value <0.001 <0.001 <0.001 <0.001 <0.001
TO 0 4.92+0.01° 4.67+0.01° 5.38+0.01¢ 543 +0.01¢ 4.65+0.018
4 4.90+0.01° 4.65+0.01°¢ 5.38+0.01¢ 541+0.01¢ 4.61+0.01¢
8 4.70 £ 0.06¢ 4.62 £0.01° 5.27+0.01f 5.37+0.01¢ 4.59+0.01¢
12 4.63+0.01¢ 4.59+0.01°¢ 5.23 +£0.02f 5.32+£0.01¢ 4.54+0.01"
Tl 0 6.54 +£0.01 © 7.07 £ 0.02°¢ 6.76 £ 0.01° 6.90 + 0.06° 7.21+0.01%
4 6.52+£0.01¢¢ 7.04+£0.01°¢ 6.75+0.01° 6.80 + 0.06° 7.21+0.01%
8 6.51+£0.01¢¢ 7.00 + 0.06° 6.73 £ 0.02° 6.50 = 0.06° 7.19+0.01°¢
12 6.47+0.01¢ 6.50 £ 0.06¢ 6.20+0.124 6.21+0.014 7.16+0.01°¢
T2 0 7.17+0.012 7.40+0.122 7.26 £0.02% 7.22+0.012 7.35+£0.01%
4 7.15+£0.01% 7.32£0.02% 7.23£0.01% 7.22+0.012 7.34+0.01%
8 7.12+0.01% 7.29+£0.01% 7.19 £ 0.02% 7.20 £ 0.06* 7.34 £ 0.02°
12 7.09+0.01° 7.29+0.01% 7.18 £0.01° 7.20+0.122 7.29 +0.01%
T3
0 7.19+0.012 7.34+0.012 7.30 £ 0.06% 7.22+0.012 7.30 + 0.06%
4 7.19+0.012 7.32+£0.01%® 7.29+£0.01% 7.19+0.01° 7.00 £ 0.06¢
8 7.17+0.012 7.29 + 0.022 7.28 £0.012 7.17+0.012 6.90 + 0.06°
12 7.12£0.01% 7.22+0.01° 7.22+0.012% 7.13 +£0.022 6.80 + 0.06f
P-value <0.001 <0.001 <0.001 <0.001 <0.001

Superscripts on various means within column showing significant results at P< 0.05

© 2025 et al. -Health And Research Insights-Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.

21



Volume 3 Issue 1: Organic Acids Improve Sausages

| INSIGHTS-JLSS

Ahmad H et al. ]
& Insights-Journal of Life and
Social Sciences ® @ &
. Effect of Organic Acids on pH and Water Activity Effect of Organic Acids on Microbial Profile
pH 6 TVC (log CFU/g)
Water Activity = E. coli (log CFU/g)
mmm Pseudomonas (log CFU/g)
st
st
al
at
=@
w )
g, 5|
2 g
S
2 2
1 1
0 T0 TL i T3 0 T1 T2 T3
Treatments Treatments

The findings of this study provide valuable insights into the use of organic acids, such as lactic acid and acetic acid, as effective
preservatives for enhancing the shelf life and sensory attributes of buffalo meat sausages. The significant reduction in microbial counts,
including total viable counts, E. coli, and Pseudomonas, with increasing concentrations of organic acids highlights their efficacy in
controlling spoilage and pathogenic bacteria. Sausages treated with a 2% concentration of lactic and acetic acids exhibited the lowest
microbial counts, while untreated sausages (control) displayed the highest levels. These results are consistent with prior studies that
reported the antibacterial properties of organic acids, which act by disrupting bacterial membranes and reducing microbial survival
during storage. The gradual increase in microbial counts over time, even in treated samples, aligns with previous findings that storage
duration significantly impacts bacterial proliferation under chilled conditions (3, 17). The pH of the sausages showed a significant
decrease with increasing organic acid concentrations, reflecting the acidic nature of the treatments. The lowest pH values were observed
in sausages treated with 2% organic acids, indicating effective acid penetration into the meat matrix. However, a gradual increase in pH
was noted during the storage period, likely due to protein degradation and the production of basic compounds such as ammonia and
amines. These findings are consistent with studies suggesting that initial pH reduction is followed by an increase during prolonged
storage due to biochemical changes within the meat (24). While the reduction in pH aids in inhibiting bacterial growth, the later increase
could promote spoilage if storage is extended beyond optimal limits.

Water activity, a critical parameter for microbial growth and meat preservation, showed minimal changes across treatments. While
sausages treated with 2% organic acids exhibited slightly lower water activity values, the differences were not statistically significant.
The results are consistent with observations that chilled storage reduces water activity due to gradual moisture evaporation but does not
cause drastic changes in meat products over short storage periods (28). The limited impact of organic acids on water activity suggests
that their preservative effect is primarily due to their antibacterial properties rather than changes in meat moisture content. Sensory
evaluation revealed that the incorporation of organic acids improved the sensory attributes of buffalo meat sausages. Panelists
consistently rated acid-treated sausages higher in terms of odor, flavor, texture, juiciness, and overall acceptability compared to untreated
sausages. Sausages treated with a 1% concentration of organic acids were preferred over those treated with 2%, likely due to the stronger
acidic taste at higher concentrations. These findings align with previous studies reporting that organic acids enhance sensory qualities
by reducing spoilage bacteria while maintaining the natural flavor profile of the product. However, the slight decline in sensory scores
over the storage period reflects the gradual deterioration of meat quality, even under chilled conditions.

The study's strengths lie in its comprehensive evaluation of microbial, physicochemical, and sensory parameters, providing a holistic
understanding of the effects of organic acids on meat preservation. The factorial experimental design and the use of validated
methodologies ensure the reliability of the findings. However, limitations include the relatively short storage duration, which restricts
the ability to assess the long-term effects of organic acids. The study also focused exclusively on buffalo meat sausages, limiting the
generalizability of the results to other meat types or products. Future research could explore the use of organic acids in combination with
other preservation methods, such as vacuum packaging or modified atmosphere storage, to further enhance shelf life. Additionally,
studies investigating the impact of organic acids on the nutritional profile of meat products would provide a more comprehensive
assessment of their suitability as preservatives. The findings underscore the potential of organic acids as natural and economical
alternatives to synthetic preservatives. Their availability, affordability, and effectiveness in controlling spoilage and pathogenic bacteria
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make them suitable for widespread use in the meat industry. While the 2% concentration demonstrated the greatest microbial control,
the 1% concentration emerged as a more balanced option, offering both preservation and sensory benefits without compromising taste.
These findings pave the way for optimizing organic acid treatments to meet consumer preferences and industry requirements for safe,
high-quality meat products.

CONCLUSION

The study concluded that the combined use of lactic acid and acetic acid as natural preservatives effectively enhanced the quality and
shelf life of buffalo meat sausages stored at chilling temperatures. The treatment demonstrated significant improvements in microbial
stability, pH regulation, and sensory attributes, offering a practical solution for maintaining meat safety and quality. While higher
concentrations of organic acids provided greater microbial control, they also slightly impacted sensory acceptability due to altered taste
profiles. These findings underscore the potential of organic acids as economical and efficient alternatives to synthetic preservatives,
contributing to safer and higher-quality meat products for consumers.
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