


Assessment of the Impact of Acetic Acid Concentrations on Microbial Quality and Nutritional Profile of Cabbage (Brassica oleracea.var capitata)

 
                                                        ABSTRACT
Vegetables are an extraordinary dietary source of nutrients, micronutrients, vitamins and fibre for humans and are thus vital for health and well-being. The study investigates the effects of varying concentrations of acetic acid on the microbial quality and nutritional composition of cabbage. Total heterotrophic bacteria count, Total fungi count, Staphylococcus count and Escherichia count were done using standard microbiological method. Microbial analysis revealed significant variation in the heterotrophic bacteria counts, Results from the study showed that the cabbage treated with acetic acid of 0.5%, 1.5%, 2.5%,3.5%,4.5% and 5.5% concentrations ranged from 2.75x10⁵cfu/g to 1.05x10⁵cfu/g. The Staphylococcus count and Escherichia count ranged from 2.08x10⁴cfu/g to 1.15x10³ cfu/g, 4x10³cfu/g to 2.5x10²cfu/g respectively. The Staphylococcus count for the untreated sample (control) was 1.55 x10⁴ cfu/g. Escherichia count was 4.5x10⁵ cfu/g. The fungal counts ranged from 4.4x10³cfu/g to 5.4x10³cfu/g   for treated cabbage while the untreated cabbage was 6.45 x 10 3 cfu/g. The study showed the growth decreases as the concentrations increases. Organism isolated and percentage occurrence revealed   Staphylococcus (22%), E coli (24.3%), Bacillus (17%), Proteus (10%) Micrococcus (10%), Pseudomonas (12%), Klebsiella (5%), Mucor (11.8%), Aspergillus sp. (41.2%), Saccharomyces (29.4%), Fusarium (11.8%) and Rhizopus (6%). Escherichia sp. and Aspergillus sp. been the most predominant bacteria and fungi genera isolated. The proximate composition of untreated (control) and acetic acid-treated cabbage revealed  no significant  differences. The concentration of acetic acid and exposure time significantly influence its bactericidal activity, leading to a reduction in bacterial presence on cabbage surfaces.  This study contributes valuable information for the food industry and consumers seeking to extend the shelf life and nutritional value of cabbage through innovative preservation methods.
[bookmark: _Hlk159067760]INTRODUCTION
Cabbage (Brassica oleracea var. capitata L.) is one of the most cultivated vegetables in the world, it is a cruciferous vegetable used as a dietary supplement and in herbal medicines (Moreb et al., 2020). It is grouped in the genus Brassica and the mustard family Brassicaceae (Cruciferae). Brassicaceae is a monophyletic group consisting of 338 recognized genera and approximately 3,700 species, excluding Antarctica. Today, white cabbage is an economically important crop grown in more than 90 countries around the world. Several types of white cabbage are cultivated in different parts of the world with different morphological characteristics, nutritional properties, phytochemical composition and resistance to abiotic and biotic stress. Many   methods, such as morphological trait analysis, seed protein, isozymes, cytological   and biochemical   characteristics,  phytochemical  composition   and  various forms of DNA-based molecular markers, can study the diversity of crop germplasm (Wang et al., 2017).
Cabbage, which consists of several cultivars of Brassica oleracea, is a leafy green, red (purple) or white (light green) biennial plant grown as an annual vegetable crop for its densely leafy heads (Daniel et al., 2023). It comes from wild cabbage (B. oleracea var. oleracea) and belongs to the "collar crop" or brassicas, which means that it is closely related to broccoli and cauliflower (var. botrytis) Brussels sprouts (var. gemmiferous); and cabbage (var. sabauda). Cabbage usually weighs 500-1000 grams (1-2 1b). The most common are smooth-leafed green cabbages with a solid head, less common are smooth-leafed purple cabbages of both colors and less often. Cabbage can grow quite large in conditions of long sunny days. As of 2012, the heaviest cabbage was 62.71 kg (1381b 4oz). heads of cabbage are usually harvested during the first life cycle of the plant, but plants intended for seed are allowed to grow for a second year and must be kept separate from other crops to avoid cross-pollination (Pandita et al., 2023). Cabbage is susceptible to several nutrient deficiencies as well as several pests and bacterial and fungal diseases (Sharma et al., 2018)..
Despite their nutritional value and health, human infections associated with the consumption of fresh or minimally processed fruits and vegetables have increased in recent years (Balali et al., 2020). Enteropathogens such as Escherichia coli and Salmonella are a major concern during foodborne outbreaks. Several cases of typhus have been linked to eating contaminated vegetables grown in contaminated soil or sewage or fertilized with contaminated soil. The increase in fruit and vegetable infections may have been due to increased consumption of contaminated fruits and vegetables outside the home, as most people spend long hours outside.
Safe fruits and vegetables are essential to maximize the health benefits of proper consumption. of these products (Kapeleka et al., 2020). Proper washing of fruits and vegetables is essential for disinfection. Varying concentrations of organic acids such as acetic, citric, and sorbic acids has been shown to reduce microbial populations in fruits and vegetables. Previous studies have shown that vinegar soaking caused  a decrease in the number of aerobic bacteria in parsley leaves depending on the concentration of vinegar and the incubation time used (Bamkefa et al., 2022). 
Acetic acid is a colorless liquid organic compound sometimes called undiluted glacial acetic acid (Lynch et al., 2019). It comes from the fermentation of ethanol by acetic acid bacteria. It is considered a weak acid because it only partially dissociates in solution, but concentrated acetic acid is corrosive and can damage the skin. As an easily prepared mild acid, it has many industrial, medical, and domestic uses, some of which are still used today. Vinegar is widely used in cooking and as a general household cleaner (Cavdaroglu and Ozen 2023). Vinegar consists of roughly 5% acetic acid and 95% water. However, vinegars vary in the level of acidity they contain (Ertürkmen et al., 2023). For example, distilled white vinegar usually contains around 5% acidity, while champagne vinegar contains 6% acidity. A 5% acidity level is however common for most general all-purpose cleaning. The most commonly used vinegar in cleaning is distilled white vinegar. The organic variety is more earth-friendly, as the grains they are made of are organic and not treated with pesticides or fertilizers. Due to a pH of 2.0 and the acetic acid content, vinegar is an inhospitable environment for many microorganisms, so it is the perfect cleaner. Studies have been done testing how effectively it kills bacteria and viruses. For example, 10% malt vinegar solution was just as effective as commercial cleaning wipes in killing the Human Influenza A/H1N1 virus. (Şahin et al., 2023) showed that undiluted vinegar was just as effective as bleach in eliminating E. coli from surfaces and sponges, but not as effective in eliminating S. aureus. Also, vinegar reduced viruses by 95% when used as a strawberry wash (Aguilera, 2023).  Cabbage is a very nutritious vegetable with  various culinary uses. Hoverever its short shelf life and susceptibility to spoilage have led researchers to explore preservation methods. Acetic acid, a key component in vinegar, has been identified as a potential treatment option due to its antimicrobial properties and ability to inhibit bacterial growth.
Vinegar consists of approximately 5% acetic acid and 95% water. However, the degree of acidity of vinegars varies (Ertürkmen et al., 2023). For example, distilled white vinegar usually contains about 5% acidity, while champagne vinegar has 6%. However, 5% acidity is common for most general purpose cleaners. The most commonly used vinegar for cleaning is distilled white vinegar. The organic variety is more soil-friendly because their grains are organic and have not been treated with pesticides or fertilizers. With a pH of 2.0 and a content of acetic acid, vinegar is an unfavorable environment for many microorganisms, making it an ideal cleaning agent. There have been studies done on how effectively it kills bacteria and viruses. For example, a 10% solution of malt vinegar killed the human influenza A/H1N1 virus as effectively as commercial cleaning wipes. (Şahin et al., 2023) showed that undiluted vinegar was as effective as bleach E. coli from surfaces and fungi, but not as effective at removing S. aureus. Additionally, vinegar reduced viruses by 95% when used as a strawberry wash (Aguilera, 2023). Cabbage is a very nutritious vegetable that is used for a variety of culinary purposes. However, its short shelf life and tendency to spoil prompted researchers to investigate preservation methods. Acetic acid, the main component of vinegar, has been identified as a potential treatment option due to its antimicrobial properties and ability to inhibit bacterial growth..The study was aimed at determining the effect of the different concentration of acetic acid on the microbial quality and the proximate composition of cabbage (Brassica oleracea var. capitata L.).
				MATERIALS AND METHDOS
 Sample collection and Procedure
Cabbage were randomly procured locally using simple random sampling technique from fruit/food vendors at Choba and were transported in a sterilized bag to the Microbiology laboratory for analysis. The cabbage were wash with distilled water and then treated with acetic acid of different concentrations, 0.5%, 1.5%, 2.5%, 3.5%, 4.5% and 5.5% for 10mins.
To determine the efficacy of varying concentrations of acetic acid solution on the microbial load of Cabbage, 25 g of  the different cabbage samples was weighed and washed in 100 ml of 0.5, 1.5  2.5,3.5,4.5,5.5% acetic acid (vinegar) solutions respectively. Using 2 ml syringe, aliquot of 0.1 ml of each rinse solution was inoculated on  the different media at 10 min exposure and was incubated at 37 ℃ for 24- 48 hours. Number of colonies on each plate was counted using a colony counter. As described by Bukola et al., (2022)
 Samples preparation
[bookmark: _Hlk159067919]25g of  untreated samples into 225ml of diluent/peptone water then homogenized in a stomacher to get the stock solution. The respective samples were serially diluted and 0.1 ml each of the dilutions of the different samples were plated using spread plate method on Eosin methylene blue agar, Mannitol Salt agar (MSA) and Potato dextrose agar (PDA), Plate count agar (PCA).. The plates were incubated at 370C for 24 hours for bacteria isolates and 250C at 72hours for fungi isolates.  The distinct colonies were carefully sub-cultured on separate petri dishes using the streak plate method on Nutrient agar. Pure cultures were characterized using Gram reaction and biochemical tests following the standard protocols and identified using the Bergey’s manual of determinative bacteriology . 
 Total Bacteria Count
0.1 ml of diluted sample was added onto the solidified PCA plates and spread on the surface using a sterile glass rod. The plates were then incubated at 37oC for 24hours. Colonies observed were enumerated and sub-cultured on nutrient agar plates to purify and stored on agar slants
 Total Fungal Count
0.1ml of each 10-¹ - 10-3 diluted sample were spread on the potatoe dextrose agar, incubated for 25⁰C for 72 hours and observed for growth.  The cultural characteristics of each fungi isolates was identified according to their colour, shape and the cell morphology was done based on mycelia, hyphae, septate, spore formation using lactophenol blue. A piece of the mycelium from the Petri plates was mounted on a clean grease free slide using a sterile wire loop and covered with a cover slip, after which a drop of lactophenol cotton blue was added and examined with the microscope.
 Total Staphylococcus Count
1ml of each 10-¹ - 10-3 Diluted sample was spread on the mannitol salt agar, incubated for 25°C for 24-48 hours and observed for growth. The colony that grows yellow on the mannitol salt agar, Staphylococcus aureus and further identification is done using gram staining and biochemical test.
 Total Escherichia count 
1ml of each 10-¹ - 10-3 diluted sample was spread on the Eosin methylene blue agar, incubated for 25°C for 24-48 hours and observed for growth. The colony that grows green metallic color on the Eosin methylene blue agar were presumed to be Escherichia coli and further identification is done using gram staining and biochemical test.
Isolation and Preparation of Pure Colony
Using a sterile wire loop, random colony was pick from each culture and subculture on a freshly prepared sterile nutrient agar and incubated for 24hours for the bacteria while potato dextrose agar is used to incubate fungi for 5days to obtain pure colony.
 Enumeration of total bacterial count, total staphylococcus count, and total coliform count.
Counts from the incubated agar plates were enumerated after 24hours for bacteria and 72 hours for fungal count.
IDENTIFICATION OF ISOLATES
 Identification of bacteria
Bacterial isolates were characterized and identified using cultural, morphological and microscopic examinations. The macroscopic examination of the colonies was differentiated based on size, color, pigmentation, elevation surface texture and margin. Different biochemical tests such as Gram staining, Catalase, Coagulase, Methyl-red, Oxidase, Voges-proskauer and sugar fermentation test were employed to differentiate the bacterial isolates according to the standard microbiological methods
Fungal Identification 
Identification of all fungal isolates was also carried out using standard methods based on macroscopic and microscopic features as described by Lacto-phenol (Cotton blue test). On a clean slide, a drop of methanol was placed and a portion of fungi growth was cut with the aid of surgical blade and tested in the methanol. A drop of lacto-phenol cotton blue was added. A cover slip was placed on it gently and observed under the microscope with X40 objectives.
[bookmark: _Hlk158227237]Proximate Analysis  ; Proximate Analysis  was done as described by Faiza et al., (2018) 
RESULTS
 Total heterotrophic bacteria count obtained from the cabbage treated with acetic acid on their different concentrations and one without acetic acid 
Total heterotrophic bacteria count obtained from the cabbage treated with acetic acid of different concentrations ranged from 1.05 x10³ to 2.75 x 10⁵ cfu/g and one without acetic acid (control) were 1.6 x 10⁶cfu/g as shown in the figure 1 below.

Fig 1: Total heterotrophic bacteria count obtained from the cabbage treated with acetic acid of different concentrations and one without acetic acid (control).


 Total Staphylococcus bacteria count obtained from the cabbage treated with acetic acid on their different concentrations and one without acetic acid 
 Total Staphylococcus count obtained from the cabbage treated with acetic of different concentrations ranged 1.15 x 10³cfu/g to 2.08 x 10⁴cfu/g and one without acetic acid 1.55 x 10⁴cfu/g shown in figure 2 below. 

Fig 2 Total Staphylococcus bacteria count obtained from the cabbage treated with acetic acid of  different concentrations and one without acetic acid 
 Total Escherichia count obtained from the cabbage treated with acetic acid on their different concentrations and one without acetic acid 
 Total Escherichia count obtained from the cabbage treated with acetic of different concentrations ranged 2.5 x 10²cfu/g to 4 x 10³cfu/gand one without acetic acid 4.5 x 10⁵cfu/g shown in figure 3 below. 





Fig 3: Total Escherichia count obtained from the cabbage treated with acetic acid on their different concentrations and one without acetic acid 
 Total fungal count obtained from the cabbage treated with acetic acid on their different concentrations and one without acetic acid
The fungal load was observed to be higher in control sample having 6.5x10³cfu/g followed by 5.4x10³cfu/g of 0.5%, 4.4x10³cfu/g of 1.5% of acetic acid and the lowest count was recorded in the 5.5% acetic acid were 8x10cfu/g. 

Fig 4: Total fungal count obtained from the cabbage treated with acetic acid on their different concentrations and one without acetic acid



Table 1 Percentage Occurrences of the different bacteria isolated from the cabbage treated with acetic acid on their different concentrations and one without acetic acid
	Organisms
	No. of occurrence 
	Frequency (%)

	Bacillus sp.
	7
	17%

	Escherichia coli 
	10
	24.3%

	Staphylococcus sp.
	9
	22%

	Klebsiella sp.
	2
	4.8%

	Proteus sp.
	4
	9.8%

	Micrococcus sp.
	4
	9.8%

	Pseudomonas sp
	5
	12.2 %

	Total 
	41
	100













 Frequency of occurrence of fungal isolate obtained from the cabbage treated with acetic acid on their different concentrations and one without acetic acid
Table 2: Percentage Occurrences of the different fungi isolated.
	Organism 
	No. of occurrence 
	Frequency (%)

	Fusarium sp.
	2
	11.8%

	Saccharomyces sp
	5
	29.4%

	Mucor
	2
	11.8%

	Aspergillus sp
	7
	41.2%

	Rhizopus 
	1
	5.8%

	Total 
	17
	100


[bookmark: _Hlk156307187]
Table 3: Mean Proximate Composition of the samples studied 
	Samples 
	Carbohydrates (%) 
	Lipid
(%)
	Ash
(%)
	Moisture (%)
	Protein (%)
	Fibre (%)

	Untreated cabbage 
	5.420
	0.861
	0.393
	88.424
	2.551
	2.351

	Treated cabbage 
	5.409
	1.272
	0.423
	86.661
	4.682
	2.553



DISCUSSION 
Microbial Quality of Treated and Untreated Cabbage
[bookmark: _Hlk159067954]Results from the study obtained from the cabbage sample (control) before treatment of the acetic acid is 1.86x10⁶ cfu/g. Cenci-Goga et al., (2005) reported that the total heterotrophic bacteria counts was a good indicator of food safety. Results from the study showed that the cabbage treated with acetic acid of 0.5%, 1.5%, 2.5%,3.5%,4.5% and 5.5% concentrations ranging from1.05 x 10⁵ cfu/g to  2.75x10⁵ cfu/g  for 10 minutes duration for each treatment. The growth decreases as the concentrations increases. This was similar to the findings of Bukola et al., (2022) on Microbial profile of cabbage (Brassica oleraceae) sold in markets within Ibadan metropolis. The increase in the concentration of acetic acid (vinegar) with exposure time has great influence on microbial load, similar to the study of  Tran et al., (2020).  The highest reduction rate was observed in 5.5% acetic acid for 10minutes. Staphylococcus count decreases as the concentrations of acetic acid increases. The Staphylococcus count ranging from to 1.15 x 10³cfu/g  to 2.08 x 10⁴cfu/g. The Staphylococcus count of the untreated cabbage (control) was 1.55 x10⁴ cfu/g.
Escherichia .coli count obtained from the cabbage without treatment (control) were 4.5x10⁵ cfu/g. The treated cabbage E.coli count ranging 2.5x10²cfu/g  to 4x10³cfu/g. The detection of Escherichia coli in the study indicates poor hygiene standard in the handling of the cabbage or it could be from contamination during harvest (Mohammed et al., 2022). Presence of Escherichia coli indicate recent contamination by faecal matter and possible presence of other enteric pathogens known to be causative agent of food borne gastroenteritis and bacterial diarrhea diseases (Adebayo-Tayo et al. 2012).
The fungal load was observed to be higher in control sample having 6.5x10³cfu/g followed by 5.4x10³cfu/g of 0.5%, 4.4x10³cfu/g of 1.5% of acetic acid and the lowest count was recorded in the 5.5% acetic acid treated cabbage was 2.3 x103cfu/g. The counts exceeded the recommended World Health Organization (WHO, 1996) and International Commission on Microbiological Specifications for Food (ICMSF, 1998) standards of 103 CFU/g (for example, Log10 3.0 CFU/g) especially counts obtained from lower concentration of acetic acid. This may be due to the common agricultural practice of using microorganism-contaminated water to irrigate fields for vegetable production. It has also been reported when inappropriate mixed fertilizer is used to fertilize the farm field, which promotes microbial contamination of the produced vegetables, as shown by other studies (Taban and Halkman, 2011; Adjrah et al 2013, Mohammad 2022) at production levels, i.e. during cultivation, irrigation, harvesting, transportation, storage and processing. Dout et al., (2021). The results and microorganisms obtained in this condition are comparable to other studies where the organism was isolated from cabbage vegetables both in and outside of Nigeria. Balali et al., 2020]. The high microbial count observed in cabbage samples in this study is similar to other studies [11]. The high microbial contamination observed in this study reflects the storage and handling conditions and storage time before sampling. Bacteria and fungi in storage materials can transfer to stored products and cause cross-contamination of products stored together.The microbial quality comparison between acetic acid treated and untreated cabbage  showed a significant reduction in the overall microbial load, particularly in the treated samples. Acetic acid, being a common food preservative and disinfectant, is expected to have a negative impact on the growth and survival of various microorganisms, including bacteria, yeast, and mold. In general, the treated cabbage samples  exhibit a lower total viable count (TVC), fewer coliforms and E. coli, reduced yeast and mold counts. The  results may vary depending on factors such as the concentration of acetic acid used, the duration of treatment, and the initial microbial quality of the cabbage. Therefore, it is crucial to compare the results with the control (untreated cabbage) and ensure that the acetic acid treatment effectively improves the microbial quality of the cabbage while maintaining its overall safety and quality for consumption. Untreated vegetable harboured microorganisms above recommended and acceptable standard for ready-to-eat vegetables. The reduction of level of contamination achieved with treatment with vinegar  suggests that these vegetables be washed in these solutions prior to preparation to ensure safety of consumers.
Microbiological and biochemical characterization identified twelve genera of bacteria and fungal species across treated cabbage and the control sample, Klebsiella, Pseudomonas, Bacillus, Staphylococcus, Micrococcus, Escherichia coli, Proteus, Fusarium, Saccharomyce, Aspergillus, Mucor and Rhizopus sp. The frequency of occurrence revealed the Staphylococcus (22%), E coli (24.3%), Bacillus (17%), Proteus (10%) Micrococcus (10%), Pseudomonas (12%), Klebsiella (5%), Mucor (11.8%), Aspergillus sp. (41.2%), Saccharomyce (29.4%), Fusarium(11.8%) and Rhizopus(6%). Escherichia sp. and Aspergillus sp. been the most predominant bacteria and fungi genera isolated. These listed organisms are known to cause severe public health implications and health related issues which can lead to severe gastrointestinal illnesses, including diarrhea and vomiting. In some cases, they can lead to life-threatening conditions such as hemolytic uremic syndrome. 
Aminu & Ali (2017) and Bukola et al., (2022) isolated Escherichia coli, Bacillus sp., Staphylococcus spp., Micrococcus spp., Pseudomonas spp., in their study. The microorganisms found align with findings from studies on cabbage, both within and outside Nigeria (Balali et al., 2020). The presence of Staphylococcus spp., Pseudomonas spp., Bacillus spp., are natural flora among most common vegetable bacteria while Aspergillus spp., Fusarium spp. and Rhizopus spp., are soil contaminant that contaminate vegetables. The presence of these organisms is of public health concern and are capable of causing food-borne illnesses. The reduction in microbial count and alteration in microbial composition observed in the acetic acid-treated cabbage group indicate that acetic acid treatment can effectively inhibit bacterial growth and extend the shelf life of cabbage. This is in line with previous studies that have demonstrated the antimicrobial properties of acetic acid against various foodborne pathogens. Kaczmarek et al., (2019).The study noted that increasing acetic acid concentration over time reduced microbial populations in cabbage, as bacteria tend not to survive in acidic environment. Chen & Kan, (2021) Atter et al., (2023) Acetic acid treatment significantly reduced the overall microbial count and altered the microbial composition, suggesting improved preservation and reduced spoilage potential. The effectiveness of this method relies on various factors such as treatment type, target organism characteristics, produce surface qualities, exposure time, cleaner or sanitizer concentration, pH, and temperature (Kaczmarek et al., 2019) .
The Proximate Composition of Treated and Untreated Cabbage 
[bookmark: _Hlk158226762]The proximate composition of cabbage of treated and untreated (control) and the cabbage treated with acetic acid studied showed that the carbohydrates (5.420%) is slightly higher in untreated cabbage than the treated cabbage (5.409%). The lipid content is higher in treated (1.272%) compared to the untreated cabbage (0.861%). The Ash content of the untreated (0.323%) and the Ash content of treated were 0.423%. The moisture content was higher in the untreated cabbage (88.424%) compare to the treated cabbage (86.661%). The protein was (2.551%) which lower than the treated (4.682%) and the fibre content of the untreated were 2.351% which is slightly lower than (2.553%) of the treated cabbage sample. The current results are lower values compared  to  Faiza et al., 2018, who measured crude fiber, carbohydrate, fat, protein, ash  in  cabbage,  21.64%, 62-%, 0.52%, 14.3%, 5.82% respectively. Using a higher concentration of acetic acid on cabbage, particularly in pickling or marinating, can alter the taste and texture of the cabbage, but it typically doesn't significantly affect the proximate composition (nutrient content) of the cabbage itself. proximate analysis revealed no significant changes in moisture, protein, fat, ash, and fiber content between control and treatment groups.The absence of significant changes in proximate analysis suggests that the acetic acid treatment does not significantly affect the nutritional value of cabbage. This is consistent with a study by Faiza et al.,(2018  ), which found that acetic acid treatment did not cause significant changes in the proximate composition of cabbage.
 Conclusion 
The application of acetic acid on cabbage exhibits a notable impact on microbial load, predominantly targeting bacteria while displaying limited effectiveness against fungi. The concentration of acetic acid and exposure time significantly influence its bactericidal activity, leading to a reduction in bacterial presence on cabbage surfaces. However, the observed lower susceptibility of fungi to acetic acid treatment necessitates further investigation and the development of complementary strategies to address fungal contamination effectively.
Recommendations
The study recommends the use of vinegar in washing fruits and vegetable using the appropriate concentration is recommended .
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Log CFU/g




Log (CFU/g	0	0.5	1.5	2.5	3.5	4.5	5.5	6.27	6.0190000000000001	6.0190000000000001	5.8719999999999999	5.6529999999999996	5.5190000000000001	5.4390000000000001	ascetic acid (%)


Log CFU/g




Log (CFU/g	0	0.5	1.5	2.5	3.5	4.5	5.5	4.3170000000000002	4.1900000000000004	4.1020000000000003	3.8889999999999998	3.802	3.6579999999999999	3.06	ascetic acid (%) 


Log CFU/g




Log (CFU/g	0	0.5	1.5	2.5	3.5	4.5	5.5	3.653	3.6019999999999999	3.484	3.13	2.9540000000000002	2.6989999999999998	2.3980000000000001	ascetic acid (%) 


Log CFU/g
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