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ABSTRACT 

Palm vinegar (Arenga pinnata), a traditional fermented product, contains acetic acid bacteria, particularly 

Acetobacter sp., which may serve as a natural immunomodulatory agent. The current study aimed to evaluate the 

effects of Acetobacter sp. isolated from palm vinegar on the immune response of white rats. A total of 24 male rats, 

aged 6-8 weeks and weighing 150-200 g, were randomly assigned to four groups of six rats each. The study included 

a control group that received normal saline and three treatment groups that received McFarland at doses of 0.5 (1.5 × 

10⁸ CFU/mL), 2 (6.0 × 10⁸ CFU/mL), and 4 (1.2 × 109 CFU/mL) orally over 21 days. Acetobacter sp. was 

administered once a day for 14 days, and effects were monitored through blood samples collected weekly. Serum 

samples were collected during the first and second weeks of observation to assess tumor necrosis factor-alpha 

(TNFα) levels by enzyme-linked immunosorbent assay (ELISA) and for hematological examination. The results 

showed no significant difference in TNF-α levels between the first and second weeks. In the first week, mean TNF-α 

decreased in a dose-dependent manner, with the lowest value in the McFarland 4 group. During the second week of 

observation, measured parameters fluctuated across the treatment groups. Levels in the control group and McFarland 

2 increased, while the McFarland 0.5 and 4 groups continued to decrease. Red blood cell (RBC) and WBC analysis 

showed no significant differences between observation times and between treatment groups. Descriptively, in the 

first week, the control group had the highest score and McFarland’s 0.5 the lowest, but the values at doses 2 and 4 

remained within the normal physiological range. In the second week, most groups showed an upward trend, except 

McFarland 0.5, which remained low. It can be concluded that Acetobacter sp. isolated from palm vinegar is effective 

as an immunomodulatory agent through a decrease in TNF-α levels. The stability of RBC and WBC parameters 

within normal limits confirms the safety of these bacteria, making them functional probiotic candidates that do not 

trigger systemic inflammation or blood balance disorders.  
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INTRODUCTION  

  

Indonesia is a biodiversity-rich region with a wide variety of plants that provide significant benefits for human life. One 

such plant is the sugar palm (Arenga pinnata), which belongs to the Arecaceae family (Martini et al., 2012). Local 

communities have long used the Arenga pinnata plant in daily life, particularly as a food source (Nuryanti et al., 2015). 

Palm sap is a sweet, clear liquid with a distinctive aroma obtained from the inflorescence of palm trees such as Arenga 

pinnata (Kurniawan et al., 2025). Fresh sap contains about 80-85% water, 15% sucrose, 7.61% glucose, 4.17% fructose, 

1.5% minerals, and 0.8% vitamins, making it a suitable substrate for fermentative microorganisms (Saputro et al., 

2019). Dominant microorganisms involved in sap fermentation include acetic acid bacteria, particularly Acetobacter 

sp. (Rastina et al., 2026). One product of palm sap fermentation is palm vinegar (Igbinadolor, 2009). 

Palm vinegar is a natural preservative that is relatively safe for consumption and readily available (Masyitah et al., 

2017). It is produced by naturally fermenting fresh palm sap in closed containers. The fermentation process begins with 

activity, particularly Saccharomyces cereviceae, followed by oxidative fermentation (aerobic respiration) b y  acetic 

acid bacteria such as Acetobacter sp. This bacterium has been reported to possess probiotic potential (Ilahi et al., 

2025). Acetobacter is a Gram-negative bacterium with ellipsoidal to rod-shaped (bacillary) morphology, which may 

appear as single cells, pairs, or chains (Guerrero, 2001). It exhibits aerobic metabolism and plays a key role in 

fermentation by oxidizing ethanol produced by Saccharomyces cereviceae and other carbohydrates into acetic acid 

(Artnarong et al., 2016). 
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Several studies show that acetic acid bacteria have probiotic potential because they can inhibit pathogenic 

bacteria, modulate gut microbiota, and enhance host immunity. Furthermore, bioactive compounds in palm vinegar, 

such as polyphenols and flavonoids, support the immunomodulatory role of acetic acid bacteria by contributing to 

antioxidant activity and antibody production (Dwisandi et al., 2021). In addition, Acetobacter sp. produces 

antimicrobial metabolites that can inhibit the growth of pathogenic bacteria in the gastrointestinal tract (Rastina et al., 

2026), while also supporting gut microbiota balance and digestive processes through its enzymatic activity (Wei et al., 

2017) 

The effects of Acetobacter sp. administration as a probiotic candidate on systemic health can be evaluated through 

tumor necrosis factor-alpha (TNFα) levels and hematological parameters, as blood serves as an important indicator of 

immunological and metabolic status (Fikri et al., 2025). Oral probiotic administration has been reported to influence 

hematological parameters, including erythrocyte and leukocyte counts and hemoglobin levels, which are 

associated with oxygen transport, immune response, and tissue repair (Quinn et al., 2016). Imbalances in 

hematological parameters may reflect infection, inflammation, or metabolic disturbances (Ayodeji and Babafemi, 

2020). Palm vinegar has long been used in culinary applications in Acehnese dishes (Erfiza et al., 2018). However, its 

potential as a natural probiotic source remains underexplored. Consequently, the present study aimed to 

determine the efficacy of Acetobacter sp. from palm vinegar as a natural probiotic by examining its impact on immune 

regulation and the maintenance of systemic equilibrium in rats. 

 

MATERIALS AND METHODS 

 

Ethical approval  

All experimental procedures involving animals were conducted in strict accordance with the ethical guidelines 

established by the Veterinary Ethics Committee, Faculty of Veterinary Medicine, Syiah Kuala University, Indonesia 

(Approval No. 456/KEPH/XII/2025).   
 

Study period and location 

The study was conducted from October to November 2025 at the Faculty of Veterinary Medicine, Universitas Syiah 

Kuala, Banda Aceh, Indonesia. 
 

Preparation of Acetobacter species  

The procedure for identifying Acetobacter sp. bacteria isolated from palm vinegar (Arenga pinnata) began by taking 

1 mL of vinegar and transferring it into a test tube. Next, the Pepton Yeast Glucose Broth (PYGB) medium (USA) was 

added to the tube and homogenized. The mixed suspension was incubated at 28°C for 24-48 hours. After incubation, 1 

mL of culture was transferred to a Petri dish, then PYG agar medium was added and homogenized. After the agar 

hardened, the Petri dish was incubated upside down at 28°C for 24-48 hours. Bacterial colonies were then identified by 

Gram staining and a series of biochemical tests, including Indole, Methyl Red, Voges-Proskauer, and Citrate tests. In 

addition, fermentation tests were carried out on various types of sugar such as maltose, sucrose, lactose, glucose, and 

mannitol. All fermentation tests were carried out by incubation for 24 hours at a temperature of 37°C (Ilahi et al., 2025).  

 

Study design 

A total of 24 male white rats, aged 6-8 weeks and weighing 150-200 g, were purchased from the Integrated 

Service Unit of Experimental Animals, Faculty of Veterinary Medicine, USK, Aceh, Indonesia, and maintained under 

standard laboratory conditions. The rats were acclimatized in their cages for one week before the study began. The rats 

were maintained in clean plastic cages with a stainless-steel top grill that provided proper aeration and a 12-hour 

light/dark cycle (Agustiningsih, 2025). The cages were cleaned weekly to maintain a clean environment. The white rats 

received pelleted feed (Rat Bio 1, Indonesia) and unrestricted access to water (Pritchett and Corning, 2004).  

 

Administration of Acetobacter species  

A total of 24 white rats were divided into 4 groups; treatment group one received standard feed and 5 mL distilled 

water and served as the test control. This treatment used McFarland’s standard method to determine the bacterial 

concentration. Treatment group tow included of Acetobacter sp. bacteria with a McFarland dose of 0.5 (1.5 × 10⁸ 

CFU/mL) as a low dose, then the Treatment group three was given standard feed and Acetobacter sp. bacteria with a 

dose of McFarland 2 (6.0 × 10⁸ CFU/mL) and the treatment group four was given standard feed and Acetobacter sp. with 

a dose of McFarland 4 (1.2 × 10
9 

CFU/mL as a high dose (Ahmadi-Soleimani et al., 2026). The experimental procedure 

involved daily oral administration of Acetobacter sp. via orogastric intubation (1 mL per rat) for 21 days. Blood and 

serum samples were collected from each group at weekly intervals to evaluate TNF-α levels and comprehensive 

hematological profiles. 
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Sample collection  

Following a seven-day acclimatization period (week 1), blood samples were collected on day 14 (week 2) and day 

21 (week 3). The male white rats were placed under mild anesthesia (ophthalmic drops, Indonesia) during the procedure. 

Approximately 1-3 mL of blood was collected from each rat via the retro-orbital sinus. The samples were then 

distributed into micro tubes containing ethylenediaminetetraacetic acid (EDTA) for hematological assessment and into 

plain tubes (without anticoagulants) to measure TNF-α levels via Enzyme-linked immunosorbent assay (ELISA). 

 

Tumor necrosis factor-alpha 

Tumor necrosis factor-alpha levels were measured using serum samples obtained from blood collected via the retro-

orbital sinus under anesthesia using a combination of ketamine100 mg/kg and xylazine 10 mg/kg, respectively (Rastina 

et al., 2026). The collected blood was placed in tubes without anticoagulants to allow serum separation, then 

centrifuged at 3000 rpm for 15 minutes. The resulting supernatant (serum) was then collected and analyzed for TNF-α 

levels using a Rat TNF-α ELISA kit (Bioassay Technology Laboratory, Cat. No. E0764Ra, China; Diehl et al., 2001; 

Parasuraman et al., 2010). 

 

Hematological analysis 

Hematological analysis was performed using an automated hematology analyzer (Licare CC-3200Vet, China). 

Blood samples were collected on day 14 (week 2) and day 21 (week 3) into EDTA vacutainer tubes via the retro-

orbital sinus under mild anesthesia (ophthalmic drops, Indonesia), with approximately 50 µL of EDTA-treated blood 

obtained from each animal, following the manufacturer’s instructions. Analyzed parameters included red blood cell 

(RBC) count, hemoglobin (Hb) concentration, hematocrit (HCT) value, and white blood cell (WBC) count (Lippi et 

al., 2005).  

 

Statistical analysis 

Comparisons between treatment groups and observation time points for all measured parameters were performed 

using Two-Way Repeated-Measures Analysis of Variance (ANOVA). Duncan’s multiple range test was applied as a 

post hoc analysis using SPSS® version 25. Statistical significance was set at a p-value less than 0.05. 

 

RESULTS  

 

Tumor necrosis factor-alpha  

The results showed no significant difference in TNF-α levels between the first and second weeks of observation (p > 

0.05; Table 1). However, descriptively, mean TNF-α levels showed a decreasing trend in the first week with increasing 

doses of Acetobacter sp., with the McFarland 4 group exhibiting the lowest mean value among all groups (p > 0.05). In 

the second week, TNF-α levels exhibited fluctuations across treatment groups. The control and McFarland 2 groups 

showed a non-significant increase in mean TNF-α levels compared with the first week (p > 0.05). In contrast, the 

McFarland 0.5 and McFarland 4 groups showed a non-significant decrease (p > 0.05). The standard deviations recorded 

during the second week reflect high inter-individual variation in biological responses within each group. TNF-α levels 

differed significantly among treatment doses (p < 0.05). The results demonstrated that the McFarland 4 group 

formed a distinct subset, significantly different from the control and McFarland 2 groups (p < 0.05). 

Meanwhile, the McFarland 0.5 group formed a subset, showing no significant difference compared with the control, 

McFarland 2, or McFarland 4 groups (p > 0.05). 

 

Table 1. Tumor necrosis factor-alpha levels were measured in male rats aged 6–8 weeks during the first and second 

weeks after administration of Acetobacter sp. 

Parameters Treatment groups (Mean ± SD) 

 Time interval (week) Control McFarland 0.5 McFarland 2 McFarland 4 

Tumor Necrosis factor-

alpha pg/mL) 

First week 

Second week 

31.82 ± 19.19 

32.67 ± 27.83 

28.05 ± 18.22 

5.80 ± 6.27 

25.11 ± 13.40 

37.85 ± 32.91 

17.93 ± 15.88 

5.23 ± 9.74 

 Mean ± SE 32.24 ± 5.39b 16.93 ± 5.39ab 31.48 ± 5.39b 11.58 ± 5.39a 

a,b,c,d Means within a row with different superscripts differ significantly (p < 0.05). SD: Standard deviation, SE: Standard error 
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Red blood cell profile 

Red blood cell analysis showed no significant differences between the first and second weeks of observation in rats 

administered Acetobacter sp. (p > 0.05; Table 2). During the first week, the control group had higher RBC values 

than the treatment groups, with the lowest value in the McFarland 0.5 group; however, these differences were not 

significant (p > 0.05). Concurrently, the McFarland 2 and McFarland 4 groups showed fluctuating RBC counts that 

remained within the established physiological reference range for white rats (5.6-7.89 × 10⁶/µL), with no statistically 

significant variation when compared to the control group (p > 0.05). In the second week, RBC values were observed in 

the control, McFarland 2, and McFarland 4 groups, whereas the McFarland 0.5 group remained at relatively lower 

values. Although descriptive fluctuations occurred, all RBC counts remained within the normal physiological range of 

5.6-7.89 × 10⁶/µL, and results showed no significant differences across the treatment groups (p > 0.05). However, RBC 

levels did not differ significantly across treatment groups (p > 0.05). The results indicated that all groups were 

classified within the same subset, suggesting no statistically significant variation in RBC values among groups (p > 

0.05). 

Hemoglobin (Hb) results in Table 2 remained stable throughout the study, as statistical analysis showed no 

significant effect of observation time between the first and second weeks (p > 0.05). Descriptively, the control group had 

a higher mean Hb level compared to all treatment groups, while the McFarland 0.5 group recorded the lowest value. The 

McFarland 2 and McFarland 4 groups showed relatively comparable Hb levels. Although numerical variations were 

observed, Hb levels did not differ significantly among the treatment groups (p > 0.05).  

In the second week, Hb levels increased in the McFarland 2 and McFarland 4 groups, while the McFarland 0.5 

group showed lower Hb values than the other groups. The results revealed no significant differences in Hb levels 

among treatment groups (p > 0.05).  

The haematocrit (HCT) results in Table 2 for rats administered Acetobacter sp. showed no significant effect of 

observation time between the first and second weeks (p > 0.05). Descriptively, during the first week, the control group 

tended to have higher HCT values than the treatment groups, with the lowest value in the McFarland 0.5 group; 

however, statistical analysis showed no significant differences among groups (p > 0.05) across all treatment doses. The 

McFarland 2 and McFarland 4 groups showed fluctuating hematocrit (HCT) levels within the established normal 

physiological range for white rats (36.0-46.0%) and no statistically significant differences compared with the control 

group (p > 0.05). I n  the second week, HCT values exhibited an increasing trend in the control, McFarland 2, and 

McFarland 4 groups, while the McFarland 0.5 group continued to show relatively lower values; however, statistical 

analysis confirmed that these variations were not significant (p > 0.05), as all experimental groups were categorized into 

a single homogeneous subset, confirming the absence of statistically significant differences. However, statistical 

analysis indicated no significant differences among treatment groups (p > 0.05).  

 

Table 2. Red blood cell parameters were measured in male rats aged 6-8 weeks during the first and second weeks after 

administration of Acetobacter sp. 

Parameters Treatment groups (mean ± SD) 

Red blood cells 
Time interval  

(mean ± SD) 
Control McFarland 0.5 McFarland 2 McFarland 4 

 (erythrocytes) (106/µL) 

First week 

Second week 

31.82 ± 19.19 

32.67 ± 27.83 

28.05 ± 18.22 

5.80 ± 6.27 

25.11 ± 13.40 

37.85 ± 32.91 

17.93 ± 15.88 

5.23 ± 9.74 

Mean ± SE 32.24 ± 5.39b 16.93 ± 5.39ab 31.48 ± 5.39b 11.58 ± 5.39a 

Hemoglobin (g/dL) 

First week 

Second week 

4.34 ± 0.91 

4.88 ± 2.18 

2.88 ± 3.58 

2.16 ± 1.03 

2.99 ± 2.72 

5.42 ± 1.05 

2.99 ± 2.77 

6.05 ± 2.21 

Mean ± SE 4.61 ± 0.95a 2.52 ± 0.95a 4.20 ± 0.95a 4.52 ± 0.95a 

Hematocrit (%) 

First week 

Second week 

28.2 ± 7.10 

29.8 ± 12.5 

17.7 ± 20.6 

13.8 ± 5.95 

18.1 ± 15.5 

27.7 ± 16.5 

19.5 ± 19.1 

37.7 ± 13.9 

Mean ± SE 29.0 ± 5.85a 15.7 ± 5.85a 22.9 ± 5.85a 28.6 ± 5.85a 

a,b,c,d Means within a row with different superscripts differ significantly (p < 0.05). SD: Standard deviation, SE: Standard error  

 

White blood cell profile 

White blood cell counts showed no significant differences between the first and second weeks of observation 

in rats administered Acetobacter sp. (p > 0.05; Table 3). In the first week of observation, WBC counts were highest in 

the control group and lowest in the McFarland 0.5 group, with significant variations observed across all treatment doses 

(p > 0.05). Although the McFarland 2 and 4 groups showed variable values, their counts remained within the established 

physiological limits for rats (2.9-15.3 ×10
3
/μL). 
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In the second week, WBC values tended to decrease in the control group. In contrast, during the second week, 

the treatment groups showed more uniform leukocyte profiles, particularly in the McFarland 2 group, whose values 

closely mirrored the control group. Across treatment groups, WBC counts differed significantly (p < 0.05).  

The analysis of lymphocyte counts showed no significant effect of observation time between the first and second 

weeks (p > 0.05; Table 3). Descriptively, during the first week, the highest lymphocyte counts were observed in the 

control group, while the lowest values were found in the McFarland 0.5 group, followed by the McFarland 2 and 

McFarland 4 groups. In the second week, lymphocyte levels in the control group tended to decrease, whereas the 

McFarland 2 and McFarland 0.5 groups showed increases (p > 0.05). The results indicated significant differences in 

lymphocyte counts (p < 0.05). Monocyte analysis showed no significant differences between observation times (p > 

0.05; Table 3). Descriptively, during the first week, the highest monocyte values were observed in the control group, 

while the lowest values were found in the McFarland 0.5 group, followed by the McFarland 2 and McFarland 4 

groups. In the second week, monocyte values decreased in the control group but remained relatively stable in the 

treatment groups. The results indicated significant differences among treatment groups (p < 0.05).  

Granulocyte analysis showed in Table 3 that observation time had no significant effect between the first and 

second weeks (p > 0.05). Descriptively, during the first week, the highest granulocyte values were observed in 

the control group, while the lowest values were found in the McFarland 0.5 group, followed by the McFarland 2 

and McFarland 4 groups. In the second week, granulocyte levels decreased in the control group, while 

treatment groups remained relatively stable, with a slight increase in the McFarland 0.5 group. Despite these 

descriptive variations, the results revealed no significant differences among treatment groups (p > 0.05).  

The results showed no significant differences in eosinophil percentages between the first and second weeks of 

observation (p > 0.05; Table 3). Descriptively, eosinophil values were relatively uniform across all groups during the 

first week. Meanwhile, the McFarland 2 and McFarland 4 groups exhibited variable RBC values that remained within 

the normal physiological range (p > 0.05). 

 

Table 3. White blood cell parameters were measured in male rats aged 6-8 weeks during the first and second weeks after 

administration of Acetobacter sp. 

Parameters Treatment groups (mean ± SD) 

Red blood cell 
Time interval  

(mean ± SD) 
Control McFarland 0.5 McFarland 2 McFarland 4 

Erythrocytes (106/µL) 

First week 

Second week 

31.82 ± 19.19 

32.67 ± 27.83 

28.05 ± 18.22 

5.80 ± 6.27 

25.11 ± 13.40 

37.85 ± 32.91 

17.93 ± 15.88 

5.23 ± 9.74 

Mean ± SE 32.24 ± 5.39b 16.93 ± 5.39ab 31.48 ± 5.39b 11.58 ± 5.39a 

Hemoglobin (g/dL) 

First week 

Second week 

4.34 ± 0.91 

4.88 ± 2.18 

2.88 ± 3.58 

2.16 ± 1.03 

2.99 ± 2.72 

5.42 ± 1.05 

2.99 ± 2.77 

6.05 ± 2.21 

Mean ± SE 4.61 ± 0.95a 2.52 ± 0.95a 4.20 ± 0.95a 4.52 ± 0.95a 

Hematocrit (%) 

First week 

Second week 

28.2 ± 7.10 

29.8 ± 12.5 

17.7 ± 20.6 

13.8 ± 5.95 

18.1 ± 15.5 

27.7 ± 16.5 

19.5 ± 19.1 

37.7 ± 13.9 

Mean ± SE 29.0 ± 5.85a 15.7 ± 5.85a 22.9 ± 5.85a 28.6 ± 5.85a 

White blood cell 
Time interval  

(mean ± SD)  
Control McFarland 0.5 McFarland 2 McFarland 4 

Leukocyte (103/µL) 

First week 

Second week 

20.2 ± 3.74 

9.10 ± 6.36 

1.67 ± 1.58 

8.23 ± 3.83 

9.63± 8.16 

9.70 ± 2.35 

7.56± 9.26 

4.86 ± 1.78 

Mean ± SE 14.6 ± 2.19b 4.95 ± 2.19a 9.66 ± 2.19ab 6.21 ± 2.19a 

Lymphocyte (cells/L) 

First week  

Second week 

7.40 ± 1.11 

4.70 ± 3.40 

0.76 ± 0.55 

2.76 ± 1,19 

3.10 ± 1.37 

4.26 ± 2.15 

3.16 ± 3.85 

2.60 ± 0.08 

Mean ± SE 6.05 ± 0.90b 1.76 ± 0.90a 3.68 ± 0.90ab 2.88 ± 0.90a 

Monocyte (103/µL) 

First week  

Second week 

0.83 ± 0.32 

0.30 ± 0.17 

0.33 ± 0.05 

0.33 ± 0.15 

0.50 ± 0.60 

0.30 ± 0.17 

0.23 ± 0.32 

0.16 ± 0.05 

Mean ± SE 0.56 ± 0.10b 0.18 ± 0.10a 0,.0 ± 0.10ab 0.20 ± 0.10a 

Granulocyte (cells/L) 

First weeks 

Second weeks 

11,9 ± 2.90 

4.10 ± 2.78 

0.86 ± 0.98 

5.13 ± 2.51 

6.03 ± 6.22 

5.13 ± 1.65 

4.16 ± 5.09 

2.10 ± 0.90 

Mean ± SE 8.03 ± 1.50a 3.00 ± 1.50a 5.58 ± 1.50a 3.13 ± 1.50a 

Eosinophil (%) 

First weeks 

Second weeks 

2.73 ± 0.11 

3.03 ± 0.11 

3.20 ± 0.40 

2.63 ± 0.05 

2.80 ± 0.26 

2.83 ± 0.55 

2.83 ± 0.05 

3.10 ± 0.10 

Mean ± SE 2.88 ± 0.13a 2.91 ± 0,13a 2.81 ± 0.13a 2.96 ± 0.13a 

a,b,c,d Means within a row with different superscripts differ significantly (p < 0.05). SE: Standard error.  
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DISCUSSION 

 

Immunomodulatory effects on tumor necrosis factor-α level 

Acetobacter sp. isolated from palm vinegar demonstrated a significant dose-dependent reduction in serum TNF-α 

levels, particularly at the McFarland 4 dose. As a pro-inflammatory cytokine, TNF-α is a critical biomarker for immune 

activation; its suppression suggests that the probiotic candidate effectively regulates systemic inflammation (Abbas et 

al., 2025). The immunomodulatory effect likely involves interactions between bacterial structural components such as 

peptidoglycan and exopolysaccharides with pattern recognition receptors, which modulate the NF-κB signaling pathway 

to prevent excessive inflammatory responses (Kim et al., 2023). 

The fluctuations observed in the second week across different doses may reflect trained immunity or immune 

priming, where prior microbial exposure dynamically enhances innate cytokine responses to eventually reach a stable, 

regulated homeostatic state (Netea et al., 2020). 

 

Stability of erythrocyte indices  

Analysis of RBC counts, hemoglobin, and hematocrit revealed no statistically significant differences across 

observation periods or treatment groups. The observed numerical variations, particularly the slight dip in the first week, 

can be explained by a single unified mechanism: the initial physiological adaptation to Gram-negative bacterial 

exposure.  

Lipopolysaccharides (LPS) in Acetobacter sp. can trigger a transient innate immune response, increasing TNF-α 

levels, which in turn stimulates hepatic hepcidin synthesis (Ganz and Nemeth, 2015). Elevated hepcidin restricts iron 

availability for erythropoiesis by inhibiting ferroprotein-mediated iron export, a process characteristic of mild “anemia of 

inflammation” (Weiss et al., 2019). However, stabilization and an upward trend in RBC, Hb, and HCT levels by the 

second week, especially in higher-dose groups, suggest that the host adapted successfully to the treatment (Markowiak 

and Śliżewska, 2017). Acetobacter sp. administration does not induce hemolysis or hematotoxicity and may eventually 

support erythrocyte stability by improving nutrient absorption through gut microbiota modulation (Wen et al., 2023). 

 

Dynamics of leukocyte profiles and immune priming 

Some WBC parameters, including lymphocytes and monocytes, varied significantly between groups; however, all 

values remained strictly within the normal physiological range for rats (Kurniawan et al., 2020). The initial decrease in 

circulating leukocytes and lymphocytes during the first week likely represents “leukocyte redistribution,” where immune 

cells migrate from peripheral circulation to gut-associated lymphoid tissues (GALT) upon first encountering the 

probiotic (Trinh et al., 2023). The subsequent stabilization in the second week indicates an adaptive immune adjustment 

rather than pathological suppression (Tari et al., 2018). 

Furthermore, stable granulocytes and eosinophils across all groups confirmed the safety of the bacterial 

administration. The slight descriptive increases in granulocytes at higher doses may reflect innate immune priming, 

where bacterial metabolites such as acetate interact with receptors such as FFAR2/FFAR3 to enhance the readiness of 

the nonspecific immune system without triggering acute systemic inflammation (Mousa et al., 2023). The absence of 

eosinophilia or sustained leukocytosis further supports that Acetobacter sp. is a safe, non-allergenic immunomodulatory 

agent that maintains immune homeostasis (Balta et al., 2021). 

 

CONCLUSION 

 

Administration of Acetobacter sp.  from palm vinegar in rats significantly reduced TNF-α levels, with the most 

pronounced effect observed at the McFarland 4 dose. Red blood cell parameters remained stable and within 

physiological ranges, indicating no adverse effects on erythrocyte homeostasis. White blood cell parameters fluctuated 

significantly in the 0.5 and 4 McFarland treatment groups compared with the control group; however, these values 

remained within normal limits and did not indicate systemic inflammation. These findings suggest that Acetobacter sp. is 

safe for use and has potential as a probiotic candidate that can modulate immune responses without disrupting 

hematological balance. Future studies should identify the specific molecular mechanisms and signaling pathways, such 

as NF-κB regulation and gut microbiota interaction, to better understand the precise mode of action by which 

Acetobacter exhibits its immunomodulatory potential. Additionally, further studies are warranted to evaluate the 

therapeutic efficacy of Acetobacter sp. in specific disease models, such as chronic inflammatory or infectious conditions, 

to confirm its clinical potential beyond healthy physiological states. 
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