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Introduction: The indigenous microbiota of traditional date vinegar is inadequately 
reported in the literature, yet its understanding is necessary for the industrial 
development of this product. This study aimed to perform microbiological and 
chemical analyses of traditional date vinegar.

Methods: Forty home-made samples (HMS) and laboratory-made samples (LMS) 
of date vinegar were analyzed. Escherichia coli, coliforms, and Enterobacteriaceae 
were enumerated using conventional plate methods to evaluate the hygienic 
quality. Bacteria and yeasts were identified by polymerase chain reaction. 
Acetic acid, ethanol, and methanol contents were analyzed by headspace gas 
chromatography.

Results and Discussion: Escherichia coli was not detected in any sample. Coliforms 
and Enterobacteriaceae occurred in 75 and 67% of HMS, respectively, and in 
3.6% (both groups) of LMS. The LMS had better hygienic quality and supported 
better growth of yeasts and AAB than the HMS. Thirty-five yeasts belonged to 6 
genera and 55 acetic acid bacteria (AAB) to 5 Gluconobacter species. The highest 
content of ethanol correlated with the presence of Saccharomyces cerevisiae. 
Gluconobacter japonicus and Gluconobacter oxydans tolerated 7.5% ethanol. 
Gluconobacter frateurii survived at pH 2.59. The percentage of acetic acid was less 
than the international recommended standard levels and ranged from 0.09% to 
3.38%, and 0.03% to 3.46% in HMS, and LMS, respectively. The content of ethanol 
ranged from 0.14% to 2.17%, and 0.07% to 7.81% in HMS, and LMS, respectively. 
Methanol was less in LMS (≤ 0.06%) than in HMS (≤ 0.17%). Utilizing the traditional 
method for producing date vinegar does not assure the production of true and 
safe vinegar that contains the specified levels of acetic acid and ethanol. It may 
also contain unacceptable levels of the toxic chemical methanol. However, a 
high microbial diversity of yeasts and Gluconobacter spp. was identified which 
indicates the potential of producing a high-quality and safe product by modifying 
the production process possibly by using the isolated yeasts and AAB as starter 
cultures.
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1. Introduction

One of the earliest cultivated plants in the world is the date palm 
(Phoenix dactylifera L.) that had been cultivated for 5,000 years 
(Hamden et al., 2022) in arid and semi-arid regions of the world and 
is considered one of the most important fruits in the Arabian 
Peninsula (Al-Bulushi et al., 2017). The main producer countries in 
the world include Egypt, Iran, Saudi Arabia, Algeria, Iraq, Pakistan, 
Oman, and the United Arab Emirates (Maqsood et al., 2020). In the 
late 1800s, the United States introduced some of the best verities of 
dates to Texas, Arizona, and Sothern California (Baliga et al., 2011). 
Oman is ranked the eighth-largest country in date’s production with 
an average production of 260,000 metric tons per year (Al-Yahyai and 
Khan, 2015). The fruit of the date palm (Phoenix dactylifera L.) 
contains carbohydrates, proteins, fibers, fats, minerals, vitamins, and 
polyphenols (Matloob and Balakita, 2016). Although a low-quality 
date that is dark in color or black, small, bruised with undesirable 
flavor (see Sarraf et al., 2021 for date fruit quality) is unmarketable, its 
high content of sugars potentiates its use as a raw material for 
manufacturing several value-added products, such as date syrup, date 
paste, liquid sugar, and vinegar (Mohamed and Fennir, 2017). Vinegar 
is a liquid product that contains alcohols, acids, esters, aldehydes, and 
ketones, in which acetic acid is the main volatile component that gives 
vinegar its sour flavor and identifies it as vinegar (Ho et al., 2017). It is 
obtained from carbohydrate sources by alcoholic and subsequent 
acetous fermentation. In alcoholic fermentation, yeasts convert sugars 
to alcohol, while acetic acid bacteria (AAB) are involved in the second 
process of the acetous fermentation in which alcohol is oxidized to 
acetic acid. The AAB can also oxidize carbohydrates, sugar alcohols, 
and alcohols into organic acids, aldehydes, or ketones (Komagata 
et al., 2014).

The main groups of fermenting yeasts that produce the alcoholic 
substrate from carbohydrates are the yeasts belonging to the genus 
Saccharomyces, apiculate yeasts of the genera Hanseniaspora and 
Kloeckera, lactose-fermenting yeasts of the genus Kluyveromyces, and 
osmophilic yeasts of the genus Zygosaccharomyces (Solieri and Giudici, 
2009; Villarreal et al., 2022). The most common five genera of AAB 
are Acetobacter, Gluconobacter, Gluconacetobacter, Asaia, and 
Komagataeibacter. The main three genera of AAB responsible for 
acetic fermentation in vinegar are Acetobacter, Gluconacetobacter, and 
Komagataeibacter (Yetiman and Kesmen, 2015). Throughout the 
oxidation process, AAB grow on the surface of the liquid and form a 
non-toxic film composed of AAB and cellulose which accumulate on 
the surface of the vinegar. This film is known as the “mother of 
vinegar”. It plays an important role in the production of vinegar and 
can be reused in the back-slopping practice as a starter culture to 
trigger the acetification required for vinegar production (Hidalgo 
et al., 2012). Gluconobacter strains prefer sugar-enriched environments 
while Acetobacter strains prefer alcohol-enriched and acidic 
environments such as vinegar, wine, and beer. Some genera of AAB 
oxidize the produced acetic acid to CO2 and H2O while Gluconobacter 
does not (Gomes et al., 2018).

Date vinegar is prepared from fermented dried date fruit and is 
commonly used as a condiment due to its nutritional and health 
benefits, ability to act as an antimicrobial agent, and to flavor foods 
(Mohamed and Fennir, 2017). Despite dates are produced in many 
countries and that the date vinegar has been consumed since ancient 
times, few studies are available on the date vinegar (Matloob, 2014; 

Halladj et al., 2016; Matloob and Balakita, 2016; Mohamed and Fennir, 
2017) and none of them focused on the microbiological aspects of the 
date vinegar, especially its indigenous microflora.

In Oman, traditional homemade date vinegar is the major 
ingredient in marinated meat recipes. It is prepared by mixing water 
and dried dates and leaving the mixture for 10–40 days during which 
the spontaneous fermentation is assumed to take place. The product 
of this process may be considered an herbal-flavored vinegar (Solieri 
and Giudici, 2009) in which garlic, peppers, dried lemon, and other 
herbs are commonly added at the start of the fermentation process. It 
is important to emphasize that although the product throughout this 
paper is called date vinegar, as it is locally named, however, this term 
does not necessarily imply that the product meets the international 
standards used to identify the product as vinegar. This is because the 
production process is not controlled, the quality of the product 
remains undetermined, and no scientific standards exist for this 
product in Oman. It was hypothesized that the date vinegar contains 
yeasts and acetic acid bacteria capable of producing ethanol and acetic 
acid, respectively, at levels acceptable by the international standards. 
The aim of this study was to test the efficiency of the traditional 
method used for the production of “date vinegar” by examining 
homemade and lab-made samples prepared using the same traditional 
method. In particular, the objectives of this work were to analyze the 
samples at different stages of the production process for ethanol, 
methanol, acetic acid, and pH, to study the hygienic condition of the 
products by enumerating Escherichia coli, coliforms, and 
Enterobacteriaceae, and to isolate and identify AAB and yeasts 
isolated from the samples. This work can give an insight into the 
quality and safety of date vinegar produced using the 
traditional method.

2. Materials and methods

2.1. Collection of home-made samples 
(HMS)

According to their availability, 12 traditional date vinegar samples 
were collected from different regions in Oman (Al-Batinah, 
Al-Dakhlya, Muscat, and A’Sharqiyah). They included 6 samples that 
were fermented for 10 days and 6 other samples in which each two of 
them were fermented for 20, 30, and 40 days. Additional information 
about these samples are provided in Supplementary Table S1. The 
samples were prepared from various varieties of dates; mainly “Khalas, 
Fardh, and Um al Sila” and sometimes with the addition of dried 
lemon, red pepper, and salt. The samples were stored in closed food 
buckets and fermented for about 10–40 days. The traditional method 
of production of date vinegar in Oman is described in 
Supplementary Figure S1.

2.2. Preparation of laboratory-made 
samples (LMS)

The dried date (Phoenix dactylifera L.) was collected from a local 
farm in Al-Batinah Governorate. The same variety of low-quality date 
“Um al Sila” was used in the experiment. The procedures were similar 
to the homemade method (spontaneous fermentation) but with some 
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modifications. Dried dates with seeds were homogenized with sterile 
mineral water (Oasis, Oman) in a stomacher (BAGMIXER 100 
MiniMix, Interscience, Bois Arpents, France) for 1 min. The mixture 
was put in closed jars. The ratio of the date to water was 1:4 (w/v); 
375 g of date fruit and 1,500 mL of water (Mohamed and Fennir, 2017). 
All of the 28 prepared samples were kept at 30°C in an incubator 
(Gallen Kamp, United Kingdom) in which every six samples were 
incubated for a specific duration 10, 20, 30, 40, or 50 days (four 
samples were prepared for 50 days incubation period). Samples were 
kept closed during the incubation period, as the traditional date 
vinegar is prepared in Oman. However, it is worth mentioning that the 
containers had spaces with trapped air above the mixture and beneath 
the lids.

2.3. Microbiological analysis

The samples were analyzed aseptically in a biosafety cabinet 
(Purifier class II, Labconco, Kansas, United States). The AAB were 
isolated and the yeasts, Enterobacteriaceae, coliforms, and E. coli were 
counted on appropriate selective media. All chemicals and media were 
from Oxoid, United Kingdom except the specified ones.

2.3.1. Isolation of acetic acid bacteria and lactic 
acid bacteria

AAB were first enriched in an enrichment broth that contained 
1% D-Glucose (w/v), 0.5% ethanol (v/v), 1.5% peptone (w/v), 0.8% 
yeast extract (w/v), 0.3% acetic acid (v/v), and 0.01% cycloheximide 
(w/v) and the pH was adjusted to 3.5 using 4% HCl (ThermoFisher 
Scientific, United  States) (Yamada et  al., 1999). The addition of 
cycloheximide was necessary to inhibit the overgrowth of yeasts 
especially in the early stage of fermentation. One mL of the sample 
was mixed with 5 mL of the enrichment medium and incubated at 
30°C for 5–7 days. A modified medium of “Glucose Yeast Extract 
Peptone Ethanol Calcium carbonate; GYPEC” was used for the 
isolation of AAB (Yamada et al., 1999; Lisdiyanti et al., 2003; Mounir 
et al., 2016). This medium contained 2.0% D-glucose (w/v), 0.8% yeast 
extract (w/v), 0.5% peptone (w/v), 0.5% ethanol (v/v), 0.3% CaCO3 
(w/v), 1.5% agar (w/v), and bromocresol green 0.022 g/L. A loopful of 
each enrichment sample was streaked on the isolation medium and 
incubated at 30°C for 3–5 days. Bacteria that produced a clear halo on 
the medium and changed the green color of bromocresol to yellow, as 
an indicator of the production of acetic acid, were presumptively 
identified as AAB. Gram staining and Gram reaction were performed 
for these bacteria, and they were tested for the presence of catalase and 
oxidase (Al-Bulushi, 2018, p. 21). In total, 55 isolates of presumptively 
identified AAB were preserved in cryogenic vials with beads (Viabank, 
United Kingdom) at −80°C. In addition, the presence of lactic acid 
bacteria (LAB) was checked by preparing dilutions from vinegar 
samples (see Section 2.3.2) and plating 0.1 mL of different dilutions on 
MRS agar (De MAN Rogosa and Sharp) and incubating the plates for 
72 h at 30°C (Al-Bulushi, 2018, p. 52).

2.3.2. Enumeration of yeasts and molds
Yeasts and molds were counted on Potato Dextrose Agar (PDA) 

using the spread plate method (Hassan et  al., 2011). The vinegar 
samples were diluted by transferring 1 mL of the sample to 9 mL of 
Maximum Recovery Diluent (MRD) to yield 10−1 dilution. Other 

serial dilutions were prepared as required. Then, 0.1 mL of the test 
sample and the dilutions were spread on PDA plates and incubated at 
25°C for 3–4 days. Then, the yeasts and molds were enumerated and 
the recovered yeasts (35 isolates) were purified and preserved on PDA 
slants and kept at 4°C for identification.

2.3.3. Enumeration of Enterobacteriaceae, 
coliforms, and Escherichia coli

Enterobacteriaceae and coliforms were counted on Violet Red Bile 
Glucose (VRBG) agar and Violet Red Bile Lactose (VRBL) agar, 
respectively using the pour plate method (Nguz et  al., 2005) and 
incubated at 35°C for 24 h. Escherichia coli was counted on Tryptone 
Bile X-Glucuronide (TBX) medium using the spread plate method 
(Hassan et al., 2011) and incubated at 35°C for 24 h.

2.3.4. Identification of acetic acid bacteria and 
yeasts by polymerase chain reaction (PCR) and 
phylogenetic analysis

Bacteria and yeasts were identified by amplifying and sequencing 
the 16S rRNA gene and the rRNA gene internal transcribed spacer 
(ITS1-5.8S-ITS2; the full ITS region), respectively (Arbefeville et al., 
2017). DNA was extracted using “foodproof®StarPrep Two Kit” 
(Biotecon Diagnostics GmbH, Potsdam, Germany) for both bacteria 
and yeasts according to manufacturer’s guidelines. NanoDrop™ 2000 
(Thermoscientific, United States) was used to check the quality and 
quantity of the DNA. PCR for acetic acid bacteria was done as 
previously described elsewhere (Al-Kharousi et al., 2016). In short, 1 
𝜇L of each primer (27F and 1492R; DNA sequences: 
5′-AGAGTTTGATCMTGGCTCAG-3′ and 5′-TACGGYTACCTT 
GTTACGACTT-3′, respectively), 22 𝜇L of sterile milliQ water, and 1 
𝜇L of the DNA sample were transferred to PCR reaction tubes 
containing PCR beads (puReTaq Ready-To-Go PCR beads, GE 
Healthcare, United Kingdom). The thermal profile (Veriti 96-well 
Thermal cycler, Applied Biosystems, Singapore) for PCR reaction was 
as follows: denaturation at 95°C for 2 min, followed by 35 cycles of 
denaturation at 95°C for 30 s, annealing at 54°C for 30 s, and extension 
at 72°C for 1 min. The final extension was at 72°C for 10 min and then 
kept at 4°C. A similar PCR procedure was performed for the 
identification of yeasts except using different primers and thermal 
profile. The primers were ITS4 (5’-TCCTCCGCTTATTGATATGC-3′) 
and ITS5 (5’-GGAAGTAAAAGTCGTAACAAGG-3′). The thermal 
profile of the PCR procedure was as follows: stage 1; denaturation at 
94°C for 3 min, stage 2; denaturation at 94°C for 1 min, annealing at 
50°C for 1 min, extension at 72°C for 3 min (30 cycles), and stage 3; 
final extension at 72°C for 10 min (Landeweert et al., 2003) and then 
kept at 4°C.

For both bacteria and yeasts, five-microliter aliquots of PCR 
products were checked by gel electrophoresis with 1.5% agarose gel 
and 0.5 μg/mL ethidium bromide (Sigma-Aldrich, United States). Gels 
were visualized by UV using GelDoc (GeneFlash, Syngene, 
United States). The PCR products were sequenced using the same 
primers as used for amplification (Macrogen, South Korea). DNA 
sequences were analyzed through “ChromasPro” program (version 
2.1.5, 2017, Technelysium Pty Ltd., South Brisbane, Queensland, 
Australia.). Briefly, sequences of the products of both primers were 
assembled into a contiguous consensus. The sequences as displayed in 
the chromatogram were edited using the sequence editor. The low 
quality sequences in the left and right trim locations were cleared. The 

https://doi.org/10.3389/fsufs.2023.1142152
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Al-Malki et al. 10.3389/fsufs.2023.1142152

Frontiers in Sustainable Food Systems 04 frontiersin.org

TABLE 1 Microbial counts (log CFU mL−1) and chemical parameters [pH, acetic acid (%), ethanol (%), and methanol (%)] in home-made samplesc (HMS).

Sample 
ID

Days of 
fermentation

Coliform Enterobacteriaceae Yeast LAB pH
Acetic 
acid

Ethanol Methanol

HM1 10 2.88 ND 3.84b +++ 4.24a 0.09a 0.81a 0.04a

HM2 10 ND ND 3.53b +++ 3.86a 3.38a 2.17a 0.05a

HM3 10 3.91 3.11 NDb +++ 4.55a NDa 1.29a 0.10a

HM4 10 3.41 3.15 NDb +++ 4.66a NDa 0.57a 0.09a

HM5 10 2.12 1.45 NDb +++ 4.96a NDa 1.89a 0.17a

HM6 10 2.59 2.84 NDb +++ 3.82a NDa 0.45a 0.08a

HM7 20 1.56 2.17 6.26a +++ 3.50ab 0.09a 0.45a 0.06a

HM8 20 1.57 1.86 6.67a + 3.48ab 1.66a 0.52a 0.08a

HM9 30 0.3 0.85 6.53a +++ 3.35b 0.23a 1.11a 0.03a

HM10 30 0.6 0.78 6.41a +++ 3.34b 0.25a 1.13a 0.03a

HM11 40 ND ND NDb +++ 3.10b 0.12a 0.15a 0.04a

HM12 40 ND ND NDb +++ 3.10b 0.10a 0.14a 0.04a

According to fermentation time, values that are not connected by the same letter in the same column are significantly different (Tukey Kramer HSD test, p ≤ 0.05). cVarieties of date fruit: 
Fardh, Madlook, and Um al Sila. ND, Not detected.

sequences were aligned and compared online with those found in the 
“National Centre for Biotechnology Information” (NCBI) using the 
‘Basic Local Alignment Search Tool’ (BLAST) program.1 The 
sequences of AAB and yeasts were submitted to the GenBank to 
be given accession numbers.

Phylogenetic analysis was performed based on the 16S rRNA gene 
sequences of AAB and the rRNA gene internal transcribed spacer 
(ITS1-5.8S-ITS2) of yeasts. MUSCLE was used for the alignment of 
sequences. The phylogenetic trees were constructed in MEGA11 
(Tamura et  al., 2021) using the Neighbor-Joining method. The 
evolutionary distances were computed using the Jukes-Cantor method 
for AAB and the Kimura 2-parameter method for yeasts (1,000 
replicates) after testing the best method in Mega 11.

2.4. Chemical analysis

The pH of the samples was measured using a pH meter (Metrohm, 
744 pH meter) after calibration. The acetic acid (CH3COOH), 
methanol (CH3OH), and ethanol (C2H6O) contents were analyzed by 
Headspace (HS-20 Loop Model), Gas Chromatography (AGILENT-
7890A, United States) with Flame Ionization Detection (HS-GC-FID). 
The samples were filtered first using filter paper (185 mm, Whatman). 
Agilent 7890A-GC-Agilent-7697A HSS Loop headspace sampler was 
used in the static-loop headspace mode for sample introduction. 
Injection volume was 1 μL, inlet temperature was 100°C, and the split 
ratio was 5:1. Effluent from the HS-20 was split 20-to-1 and then 
divided into two identical columns using a 3-way “T” fitting. The 
column type was Supelco-23473.0—325°C, 30 m × 250 μm × 0.5 μm. 
The mobile phase flow rate (He) was 1 mL/min. The oven temperature 
was set at 60°C, then it was hold for 1 min. The temperature ramp was 
10°C per min until 150°C, then it was hold at 150°C for 10 min and 
the run time was 150 min. The outlet ends of the two columns were 

1 http://www.ncbi.nlm.nih.gov/

connected to the FID detectors. The detector temperature was 250°C 
and the detector hydrogen flow was 30 mL/min. The zero air was 
400 mL/min. The Software “Chemstation” was used for the analysis.

2.5. Data analysis

Analysis of different parameters was done three times and the 
averages were calculated. The data were subjected to statistical analysis 
using SAS statistical software package (JMP® SAS 12.2.0, 
United States). One-way analysis of variance (ANOVA) was used to 
study if the duration of fermentation significantly affected the 
chemical parameters and the microbial counts for all samples. Tukey–
Kramer HSD test was used to determine the groups that contributed 
to the significant differences when detected by ANOVA. A Pearson’s 
correlation test was used to study if there was a significant statistical 
correlation between the yeast count and the chemical parameters. In 
addition, the data were analyzed utilizing a multivariate analysis 
approach using XLSTAT 2023 statistical software (Vidal et al., 2020) 
to perform Principal Component Analysis (PCA) to find any 
correlation patterns between the chemical parameters and the 
microbiological counts.

3. Results

3.1. Microbial counts

The results of the microbial analysis for HMS and LMS are shown 
in Tables 1, 2, respectively. Escherichia coli was not detected in any 
sample. Coliforms and Enterobacteriaceae were found in 75% and 
66.7% of HMS, respectively but generally, their number decreased 
with the duration of the fermentation process, particularly in the 
samples fermented for 30 and 40 days that had higher acidity 
(pH ≤ 3.35, Table  1). The maximum counts for coliforms and 
Enterobacteriaceae were 3.9 and 3.1 log CFU mL−1, respectively in 
HMS but both counts were less than 2.0 log CFU mL−1 in 
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LMS. Coliforms and Enterobacteriaceae were detected only in one 
(3.6%) of LMS. The AAB were distinguished by producing clear haloes 
around bacterial colonies on GYPEC medium due to the production 
of the acid (Gullo et al., 2016), as shown in Figures 1, 2. According to 
the duration of fermentation, the count of AAB differed significantly 
between HMS and LMS (p = 0.00012, α = 0.05). The AAB were not 
detected in any HMS (Table 1), but they occurred in all LMS (Table 2). 
The difference in the intensity of growth of AAB between different 
durations of fermentation for LMS was significant [Chi-Square 
(χ2) = 0.4525, p = 0.0057, α = 0.05] and generally the intensity of growth 
decreased with time.

Yeasts were isolated from 50, and 92.9% of HMS and LMS, 
respectively (Tables 1, 2). The highest number of yeasts was noted in 
the samples HM8 and HM9; 6.67 and 6.53 log CFU mL−1, respectively. 
In LMS, the number of yeasts ranged from 4.14 to 6.73 log CFU mL−1 
in the durations of 10 to 40 days of the fermentation process; however, 

yeast’s count dropped to ≤3.4 log CFU mL−1 in the samples of 50 days 
of fermentation (Table  2). Statically, the count of yeasts differed 
significantly according to the duration of fermentation for HMS 
(ANOVA, p  = 0.0023, α = 0.05) and LMS (ANOVA, p  < 0.0001, 
α = 0.05). Yeasts were not detected in some HMS (Table 1) that were 
fermented for 10 days (HM3, HM4, HM5, and HM6) or 40 days 
(HM11, and HM12). According to the duration of fermentation, there 
was no significant difference between HMS and LMS regarding the 
yeast count (p = 0.1364, 0.14778, α = 0.05). Both AAB and yeasts were 
absent in two LMS (B50a and B50b; Table 2) that were fermented for 
50 days.

Using the PCA biplot (Supplementary Figure S4), LMS samples 
were found to better correlate with the variables acetic acid, ethanol, 
methanol, yeast, and AAB than the HMS. The AAB negatively 
correlated (Person’s correlation: −0.808, α = 0.05) with the LAB. The 
PCA also showed a negative correlation between the duration of 

TABLE 2 Microbial counts (log CFU mL−1) and chemical parameters [pH, acetic acid (%), ethanol (%), and methanol (%)] of lab-made samplesc (LMS).

Sample 
ID

Days of 
fermentation

Coliform Enterobacteriaceae Yeast AAB LAB pHd Acetic 
acidd Ethanold Methanold

A10a 10 ND ND 6.26a +++ + 3.43 0.20 0.23 0.09

A10b 10 ND ND 4.68a +++ + 3.54 0.22 0.25 0.02

A10c 10 ND ND 6.10 a +++ + 4.06 0.64 0.3 0.07

B10a 10 1.52 1.8 5.38a +++ + 3.38 0.17 2.04 0.29

B10b 10 ND ND 4.17a +++ + 3.38 0.04 0.15 0.04

B10c 10 ND ND 5.93a +++ + 3.37 3.15 0.93 0.17

A20a 20 ND ND 5.91a + +++ 3.54 1.58 6.51 0.32

A20b 20 ND ND 6.36a +++ + 3.24 0.22 0.22 0.11

A20c 20 ND ND 4.14a + +++ 3.31 0.08 0.21 0.05

B20a 20 ND ND 6.23a +++ + 3.51 0.36 0.14 0.08

B20b 20 ND ND 6.73a − ++ 3.32 0.69 2.75 0.15

B20c 20 ND ND 5.56a + ++ 3.52 1 7.5 0.06

A30a 30 ND ND 5.96a + +++ 3.39 1.22 0.98 0.03

A30b 30 ND ND 5.27a + +++ 3.71 0.14 0.04 0.02

A30c 30 ND ND 5.94a + ++ 3.42 1.95 0.98 ND

B30a 30 ND ND 6.42a − +++ 4.33 ND 0.07 ND

B30b 30 ND ND 5.72a + ++ 3.4 0.51 0.48 ND

B30c 30 ND ND 6.37a +++ − 3.85 3.07 1.59 0.03

A40a 40 ND ND 6.52a ++ + 3.72 2.23 1.7 0.03

A40b 40 ND ND 5.13a + +++ 3.77 0.81 0.97 0.03

A40c 40 ND ND 5.02a ++ + 3.04 0.16 0.11 0.03

B40a 40 ND ND 5.47a + + 3.98 0.03 0.07 0.07

B40b 40 ND ND 5.71a − ++ 3.55 2.99 7.81 0.35

B40c 40 ND ND 5.62a − ++ 3.35 1.66 1.51 0.03

A50a 50 ND ND 3.45b + +++ 3.65 3.46 1.68 ND

A50b 50 ND ND 3.41b + ++ 3.51 3.45 7.26 ND

B50a 50 ND ND NDb − ++ 3.45 0.16 0.32 0.04

B50b 50 ND ND ND b − + 3.18 0.4 0.16 0.02

According to fermentation time, values that are not connected by the same letter in the same column are significantly different (Tukey Kramer HSD test, p ≤ 0.05). cThe variety of date fruits of 
Um al Sila was used for all samples. dValues are statistically similar according to the fermentation time (ANOVA, p ≤ 0.05). +++, very good growth; ++, good growth; +, weak growth; −, no 
growth. ND, Not detected.
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FIGURE 2

Growth of Gluconobacter kanchanaburiensis on GYPEC medium 
(prepared without bromocresol green) shows clear halos around 
bacterial colonies due to acid production and digestion of calcium 
carbonate incorporated in the medium. 1: clear halos. 2: areas with 
calcium carbonate precipitate in the medium.

fermentation and the presence of AAB (Person’s correlation: 0.354, 
α = 0.05).

3.2. Chemical analysis

The pH, and the content of ethanol, methanol, and acetic acid in 
HMS, and LMS are presented in Tables 1, 2, respectively. For HMS, the 
highest pH value was recorded for a 10 days fermentation HMS and 
was 4.96 while the lowest value was 3.10 recorded for 40 days 
fermentation samples (Table  1). Statistically, the duration of 
fermentation significantly affected the pH (ANOVA, p  = 0.0068, 
α = 0.05) and split it into 3 groups; pH of 10 days, 20 days, and 30 and 
40 days of fermentation; thus, the pH decreased with increasing 
fermentation time and was statistically similar over the last 2 periods 
of fermentation (Table 1). The highest amount of acetic acid was 3.38% 
in a 10 days sample (HM2) and it was not detected in four samples 
(HM3, HM4, HM5, and HM6), all of them were 10 days fermentation 
samples. The highest percentage of ethanol (2.17%) was also in a 
sample (HM2) of 10 days of fermentation. The percentage of methanol 
was ≤0.17% in all HMS. The percentages of acetic acid, ethanol, and 
methanol were not significantly affected by the duration of fermentation 
(ANOVA, p = 0.8998, 0.1638, and 0.2570 respectively, α = 0.05).

For LMS, the pH ranged from 3.04 to 4.33 (Table 2). The highest 
percentage of acetic acid was 3.46% and was found in a 50 days (A50) 
sample while the highest amount of ethanol (7.81%) was detected in 
a 40 days (B40b) sample. The percentages of methanol were lower than 
0.36% in all samples. The duration of fermentation did not significantly 
affect the pH, acetic acid, ethanol, or methanol (ANOVA, p = 0.5059, 
0.5340, 0.4323, 0.1299 respectively, α = 0.05). The percentages of 
methanol in HMS and LMS varied between 0.03%–0.17%, and 0.00%–
0.35%, respectively. According to the duration of fermentation, only 
the pH differed significantly between HMS and LMS (p = 0.04901, 
α = 0.05). The statistical tests did not detect significant differences 
between HMS and LMS regarding the contents of acetic acid, ethanol, 
and methanol (p = 0.20059, 0.63597, 0.07763, α = 0.05).

3.3. Identification of acetic acid bacteria 
and yeasts and phylogenetic analysis

Identification was performed for 55 isolates of AAB and 35 isolates 
of yeasts (Table 3) (GenBank accession no. MN888812 to MN888866 for 
AAB;  Supplementary Table S2 and MN888778 to MN888809 for yeasts;  
Supplementary Table S3). Five species of Gluconobacter were identified 
(Table 3). The most encountered species was Gluconobacter frateurii (26 
isolates) followed by Gluconobacter japonicus (14 isolates), Gluconobacter 
oxidans (eight isolates), Gluconobacter kanchanaburiensis (six isolates), 
and lastly Gluconobacter thailandicus (one isolate). According to a 
qualitative measurement, G. kanchanaburiensis exhibited a high potential 
to produce acid in the culture media as it was observed from their heavy 
and fast growth and the quick conversion of the color of agar medium 
from green to yellow due to acid production. G. japonicus and G. oxydans 
tolerated a high percentage of ethanol of 7.5%. G. frateurii could tolerate 
3.07% acetic acid. G. japonicus showed the slowest growth rate in culture 
media among the isolates. G. frateurii could survive at a low pH of 2.59.

Six genera and eight species of yeasts were identified (Table 3). The 
most detected one was Clavispora lusitaniae (11 isolates) followed by 
Pichia kudriavzevii (nine isolates), Saccharomyces cerevisiae (five 
isolates), Candida tropicalis and Torulaspora delbrueckii (three isolates 
each), Candida parapsilosis (two isolates), and lastly, Meyerozyma 
caribbica and Meyerozyma guilliermondii (one isolate each). 
S. cerevisiae exhibited strong fermentative metabolism and tolerance 
to high ethanol concentration up to 7.81%. P. kudriavzevii showed the 
ability to survive at a low pH of 2.9.

FIGURE 1

From left to right: progressive growth of Gluconobacter spp. on GYPEC medium (with bromocresol green) and conversion of its original green color to 
yellow.
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The phylogenetic analyses of AAB and yeasts are shown in the  
Supplementary Figures S2, S3, respectively. G. kanchanaburiensis 
made a distinct clear cluster (a bootstrap value of 61). G. thailandicus, 
G. oxydans, G. frateurii and G. japonicus clustered together with a low 
bootstrap value (25%–50%). For yeasts, there was a very well 
separation of all isolates into distinct clusters based on their genus/
species with strong bootstrap values (84%–100%) for all clusters. 
These included clusters of C. tropicalis, C. parapsilosis, M. guilliermondii 
and M. caribbica (in one cluster), S. cerevisiae, T. delbrueckii, 
C. lusitaniae, and P. kudriavzevii.

4. Discussion

4.1. Microbial counts

The absence of E. coli in all samples indicates a good hygienic 
status of the products throughout handling and processing (Nguz 
et al., 2005; Ema et al., 2022). Vinegar is a natural antimicrobial system 
that can inactivate E. coli (Medina et al., 2007). Generally, the number 
of coliforms and Enterobacteriaceae decreased with the duration of 
the fermentation process particularly in the HMS fermented for 30 
and 40 days and this could be because of the increased acidity of these 
samples (Table 1). Coliforms and Enterobacteriaceae were detected 
only in one (3.6%) LMS which indicates a better sanitary condition in 
these samples as compared with HMS in which these indicator 
bacterial groups were more prevalent (75% and 67%, respectively). 
The hygienic condition of HMS or the presence of coliforms or 
Enterobacteriaceae in the raw material might have played a role in 
their presence in the final product. Moreover, the counts of coliforms 
and Enterobacteriaceae were greater in HMS (maximum counts of 3.9 
and 3.1 log CFU mL−1, respectively) than in LMS (less than 2.0 log 
CFU mL−1; detection limit: 1.0 log CFU mL−1). No specific standard 

limits are available for the number of coliforms and Enterobacteriaceae 
in vinegar. However, The Health Protection Agency (2009) reported 
some limits for vegetables preserved in vinegar and according to it, 
only four samples (HM1, HM3, HM4, and HM6) had counts of 
coliforms and Enterobacteriaceae in the borderline between 2 and 4 
log CFU mL−1. All other samples maintained a satisfactory level with 
values lower than 2 log CFU mL−1.

Acetic acid bacteria are part of the natural microbiota of fruits, 
and they can survive the adverse conditions of alcoholic fermentation 
(Du Toit and Pretorius, 2002) and carry on the acetous fermentation 
in vinegar (Hidalgo et al., 2012). The AAB were not detected in any 
HMS but they occurred in all LMS. Some factors might have led to 
inhibiting the growth of AAB such as using old date fruit that might 
have no viable indigenous AAB, poor handling and storage of date 
fruit, the inappropriate storage temperature of the fermented product, 
or adding high concentrations of sodium chloride and garlic to some 
HMS. Moreover, the growth of AAB might get halted because of the 
reduced amount of oxygen as containers are usually kept tightly closed 
throughout the traditional fermentation process and they may remain 
viable but not culturable (Hidalgo et al., 2012; Mas et al., 2014) or 
because the samples received a heat treatment in the final step of their 
production that might have affected the viability and recovery of AAB.

Acetic acid was present in some HMS in which AAB were not 
detected; this may indicate that other AAB genera or species were 
present but were not detected using the described culturing technique. 
The AAB are fastidious in their growth and many strains lose some 
characteristics after they grow in culture media such as the ability to 
produce enough amount of acetic acid. Acetic acid can also 
be produced by microorganisms other than AAB such as lactic acid 
bacteria (Mas et al., 2014) that were isolated from all HMS. In fact, the 
PCA showed a negative correlation between LAB and AAB (Person’s 
correlation: −0.808, α = 0.05) which may indicate a role of LAB in 
acetic acid production when AAB were absent from the samples. The 
significant statistical differences that were detected in the intensity of 
growth of AAB between different durations of fermentation in LMS 
could be attributed to various factors such as availability of oxygen, 
the type of strain, sensitivity to ethanol, acidity, and competition with 
other microorganisms (e.g., lactic acid bacteria). This statistical result 
was also supported by the PCA analysis that showed negative 
correlation between the duration of fermentation and the AAB 
presence (Person’s correlation: −0.354, α = 0.05).”

Yeasts play an important role in producing ethanol required for 
acetous fermentation and using different strains of yeasts could 
influence the final vinegar product (Ho et al., 2017). The yeast count 
was as high as 6.73 and 6.67 in LMS B20b and HM8, respectively, and 
generally decreased as the period of fermentation approached 40 and 
50 days (Table 2). These results are supported by the statistical tests 
that showed significant differences in the counts of yeasts according 
to the duration of fermentation for both HMS and LMS. Similar 
results were reported by Song et al. (2016) in black raspberry vinegar 
and Hidalgo et  al. (2012) in studying spontaneous alcoholic 
fermentation of persimmon and strawberry in which the yeast 
population reached 7 log CFU mL−1 and then it gradually declined. 
This has been attributed to the low pH values of about 3.0 as the 
optimum pH for yeast growth is 4.0–4.5 (Song et al., 2016). A quick 
decline in the growth of some strains of yeasts may happen at the 
beginning of the fermentation process, while others may disappear in 
the middle stage of fermentation (Lin et  al., 2010). This might 

TABLE 3 Frequency of Gluconobacter and yeasts isolated from home-
made samples (HMS), and lab-made samples (LMS) of date vinegar.

Name of 
microorganism

Frequency Source

AAB

Gluconobacter frateurii 26 LMS

Gluconobacter japonicus 14 LMS

Gluconobacter 

kanchanaburiensis

6 LMS

Gluconobacter oxydans 8 LMS

Gluconobacter thailandicus 1 LMS

Yeasts

Candida parapsilosis 2 HMS

Candida tropicalis 3 HMS

Clavispora lusitaniae 11 LMS

Meyerozyma caribbica 1 LMS

Meyerozyma guilliermondii 1 HMS

Pichia kudriavzevii 9 LMS

Saccharomyces cerevisiae 5 LMS

Torulaspora delbrueckii 3 LMS
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be related to different factors such as the strains of the yeasts, their 
sensitivity to ethanol (Aguilera et  al., 2006), acidity tolerance, 
utilization of specific sugars, oxygen tolerance, depletion of nutrients, 
and competition with other microorganisms (Lin et al., 2010). The 
absence of yeasts in some HMS that were fermented for 10 days (HM3, 
HM4, HM5, and HM6) or 40 days (HM11 and HM12) could 
be because they were prepared from old date fruits or because the 
samples received heat treatment in the final step of their production 
that might have affected the viability of some strains. According to the 
duration of fermentation, there was no significant difference between 
HMS and LMS regarding the yeast count which may generally indicate 
the capability of the yeasts to survive in various environmental 
conditions, as HMS contained various ingredients such as salt, spices, 
and herbs other than dates and water. The absence of AAB and yeasts 
in two LMS (B50a and B50b; Table 2) that were fermented for 50 days 
could be due to the reasons that were mentioned previously that could 
affect the survival and growth of AAB and yeasts as well as to the 
accumulation of waste produced from microbial metabolism and the 
decay of the date organic material with time. Filtering the date juice 
used for the fermentation process may give better results and permit 
longer aging of date vinegar if it is required.

4.2. Chemical parameters

The HMS showed a decrease in the pH with increasing the 
fermentation time and ranged from 4.96 in a 10 days fermentation 
sample to 3.10  in a 40 days fermentation sample. Statistically, the 
duration of fermentation significantly affected the pH and split it into 
3 groups; pH of 10 days, 20 days, and pH of 30 and 40 days of 
fermentation (Table 1). The decrease in pH over time could be due to 
the accumulation of acetic acid or other acids secreted by AAB, yeasts, 
and lactic acid bacteria (Gullo and Giudici, 2008). However, the pH 
that ranged from 4.33 to 3.04 for LMS (Table 2) was not statistically 
different according to the duration of fermentation. Low pH values 
that ranged from 3.26 to 2.99 were found by Matloob and Balakita 
(2016) in homemade and commercial date vinegar samples. The 
highest amounts of acetic acid were nearly similar in HMS (3.38% in 
a 10 days sample; HM2) and LMS (3.46% in a 50 days sample; A50) 
but they were lower than what was attained by Matloob (2014) in date 
vinegar (6.62%) produced by inoculation with S. cerevisiae at the first 
stage and AAB from old vinegar at the second stage of the acidification 
process and by Halladj et al. (2016) (6.0%) in traditional date vinegar 
produced using an improved method. However, our results are slightly 
larger than what was found (3.18%) in some commercial date vinegar 
samples consumed in Iraq (Matloob and Balakita, 2016). Thus, the 
amount of acetic acid in this investigation was less than the standard 
recommended level; not less than 4% (Food Regulations, 1985; Ho 
et  al., 2017). The highest amount of ethanol was 7.81% found in 
40 days of fermentation LMS (B40b) but it was much lower in HMS 
(2.17% in HM2 fermented for 10 days) which was, in turn, less than 
the highest concentration of ethanol (2.53%) in commercial date 
samples analyzed by Matloob and Balakita (2016). Thus in some 
samples, the amount of ethanol in this study was greater than the 
recommended level; less than 0.5% (Food Regulations, 1985; Ho 
et al., 2017).

Fermentation errors may lead to epidemic methanol poisoning 
due to the production of high levels of methanol (Ashurst and Nappe, 

2023). Methanol is a toxic substance that can cause death when 
ingested in excess and several food poisoning events due to methanol 
contamination have been reported previously (Ohimain, 2016). 
Methanol is absorbed quickly and directly to the total body water 
compartment when ingested, as it is not a protein-bound compound. 
Liver is the main organ for metabolizing methanol through serial 
reactions that achieve a zero-order elimination of approximately 
8–9 mg/dL/h for levels between 100 and 200 mg/dL (0.1%–0.2%) 
methanol. The main product of these reactions is formic acid which is 
difficult to be eliminated and mostly accumulates. Unmetabolized 
methanol is difficult to be cleared through the lungs and the kidneys. 
Formic acid can damage the body organs and the retina because of 
formic acid’s oxidative stress (Ashurst and Nappe, 2023). 
Formaldehyde which is a carcinogen is also produced from methanol 
metabolism and can cause age-related damage to neurons. The 
European Union (EU) general limit for naturally occurring methanol 
is 10 g methanol/L ethanol or 0.4% (v/v) methanol at 40% alcohol 
volume (Botelho et  al., 2020). In this study, the percentages of 
methanol in HMS and LMS varied between 0.03%–0.17%, and 0.00%–
0.35% respectively; thus, in some samples, it was outside the acceptable 
range of methanol in wine vinegar (0.002%–0.009%), and in cider 
vinegar (0.004%–0.038%) (Bourgeois et al., 2006). However, more 
studies are needed to determine the safe standard level of methanol in 
date vinegar. Methanol production results from the partial hydrolysis 
of pectin to pectic acid and methanol, due to the activities of 
pectinesterase from yeasts, fungi, and bacteria. Some strains of 
S. cerevisiae also produce methanol. It would be important to keep the 
level of methanol in date vinegar to a minimum. This may be achieved 
by selecting the type of raw material that contains a lesser amount of 
pectin and by selecting a starter culture or mother of vinegar that 
contain microbial strains that do not produce methanol (Ohimain, 
2016). Other investigations will be necessary to determine the safety 
of date vinegar regarding the presence and levels of methanol or other 
toxic chemicals.

The statistical similarity of the contents of acetic acid, ethanol, and 
methanol in HMS and LMS could be due to the large variation of the 
parameters within each group (LMS or HMS) as compared to the 
variation between these two groups which can be attributed to factors 
related to controlling the process of fermentation and the raw material; 
for instance, controlling the degrees of Brix in the mixture of dates 
with water and the amount of oxygen throughout the process. Thus, 
the statistical tests demonstrate the necessity to monitor, modify, and 
control the traditional method for producing consistently good quality 
date vinegar. However, the PCA (Supplementary Figure S4) showed 
that the LMS correlated better with the variables acetic acid, ethanol, 
methanol, yeast, and acetic acid (all clustered in the fourth quadrant 
of the biplot) than the HMS which indicates that standardizing and 
improving the method of date vinegar production can improve the 
product homogeneity. The use of the back-slopping in which AAB are 
transferred from a successful previously made vinegar to a new batch 
and the utilization of starter cultures can be  considered in 
future research.

4.3. Acetic acid bacteria and yeasts

This study reports for the first time identification of five species of 
Gluconobacter in date vinegar (Table  3); G. frateurii (26 isolates), 
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G. japonicus (14 isolates), G. oxidans (eight isolates), 
G. kanchanaburiensis (six isolates), and G. thailandicus (one isolate). 
The Gluconobacter genus involves bacteria that prefer to live in fruits, 
flowers, and sugar-enriched environments while the main three 
genera of AAB reported being responsible for acetous fermentation in 
vinegar are Acetobacter, Gluconacetobacter, and Komagataeibacter 
which prefer to live in acidic environments such as vinegar and 
alcohol-enriched products (Yetiman and Kesmen, 2015). 
Gluconobacter spp. are known to have more oxidative capability of 
sugars to produce acetic acid than Acetobacter which produces acetic 
acid from ethanol efficiently (Deppenmeier et al., 2002). Nevertheless, 
the raw materials used in vinegar production can significantly 
determine the species of AAB present in the fermentation medium 
(Gomes et al., 2018). Lisdiyanti et al. (2003) isolated Acetobacter and 
Gluconacetobacter from fermented foods while Gluconobacter was 
found in fruits and flowers. G. oxydans and G. frateurii were the only 
detected species. However, our results showed the ability of the 
isolated five Gluconobacter species to thrive in date vinegar. Bacteria 
belonging to the genus Gluconobacter have many biotechnological 
uses (Supplementary Table S4) and the ability to grow in extreme 
conditions (Deppenmeier et  al., 2002). In this study, 
G. kanchanaburiensis showed heavy and fast growth and quick 
conversion of the color of the GYPEC medium from green to yellow 
due to acid production. G. japonicus and G. oxydans tolerated a high 
concentration of ethanol of 7.5%. G. frateurii could tolerate 3.07% 
acetic acid. G. japonicus showed the slowest growth rate in culture 
media among the isolates. Interestingly, G. frateurii could survive at 
low pH of 2.59 though the optimum pH for the growth of AAB ranges 
from 5.5 to 6.3 (Raspor and Goranovič, 2008).

A wide diversity of yeasts, represented by six genera and eight species 
were identified (Table  3). These yeasts have many biotechnological 
applications (Supplementary Table S4). S. cerevisiae exhibited strong 
fermentative metabolism and tolerance to high ethanol concentrations 
of up to 7.81%, which can give this yeast a good competitive capability 
over other non-Saccharomyces yeasts. This can lead to an increase in the 
levels of alcohol and the progressive imposition of S. cerevisiae during 
alcoholic fermentation (Andorrà et al., 2010). P. kudriavzevii showed the 
ability to survive at a low pH of 2.9. Song et  al. (2016) isolated 
non-Saccharomyces species including Issatchenkia spp., and Candida spp. 
at the initial fermentation stage that nearly disappeared at the end of 
fermentation when S. cerevisiae dominated. Similarly, in this study, 
Candida spp. was isolated from samples fermented for 10, 20, and 30 days 
but not from 50 days fermentation samples while S. cerevisiae was also 
isolated from samples fermented for 50 days (Supplementary Table S2).

In this study, the phylogenetic analysis of 16S rRNA gene 
sequences of Gluconobacter enabled separation of 
G. kanchanaburiensis into a distinct clear cluster (all isolated 
from LMS fermented for 10 days) from the other species, 
supported by a bootstrap value of 61%. Difficulties in separating 
different species of Gluconobacter into distinct single genospecies 
based on 16S rRNA sequences have been previously reported (Li 
et al., 2017). Using 16S r DNA and 16S-23S rDNA ITS analyses, 
Takahashi et al. (2006) found G. thailandicus, G. oxydans, and 
G. frateurii to cluster together and suggested using phenotypic 
and DNA–DNA hybridization studies to resolve the unambiguity 
in their classification. Likewise, in this study, G. thailandicus, 
G. oxydans, G. frateurii, and G. japonicus clustered together with 
a low bootstrap value (25%–50%) which suggests that these 

species are closely related (Takahashi et al., 2006). Phylogenetic 
analysis of enzymes involved in metabolism may also help 
improve the phylogenetic resolution of the closely related species 
of AAB (Matsutani et al., 2011).

According to the phylogenetic analysis of yeasts, there was a very 
well separation of all isolates into distinct clusters based on their 
genus/species with strong bootstrap values for all clusters. This is 
regardless of the type of sample and the fermentation time. For 
example, P. kudriavzevii Y36 was isolated from a homemade sample 
(HM8) fermented for 20 days, clustered (bootstrap value of 99%) with 
all other P. kudriavzevii that were isolated from LMS fermented for 10, 
40, and 50 days. Similarly, C. parapsilosis Y4 and C. parapsilosis Y6 that 
were isolated from homemade samples (HM2 and HM6, respectively) 
prepared using different varieties of dates (Fardh and Madlook, 
respectively) and different ingredients (Supplementary Table S1), 
clustered together supported with a bootstrap value of 99% which may 
indicate a flow of yeasts between different types of dates in Oman.

5. Conclusion

This study demonstrated that using the traditional method in 
Oman to produce date vinegar does not guarantee the production of 
good quality date vinegar, particularly, since the concentration of 
acetic acid was lower than the international recommended standard 
level (4%). The safety of this product will remain questionable as it 
might contain toxic levels of methanol. Nevertheless, it was possible 
to isolate five species of Gluconobacter from date vinegar in which 
G. frateurii was the most abundant species. Six genera of yeasts were 
identified with which C. lusitaniae was the most detected one. The 
isolated AAB and yeasts demonstrated their ability to survive the 
harsh conditions of dried dates processing and to thrive in date 
vinegar and they might be  exploited in many biotechnological 
applications. Gluconobacter frateurii survived at pH 2.59 and the 
highest content of ethanol correlated with the presence of S. cerevisiae. 
The phylogenetic analysis based on the 16S rRNA gene sequences 
revealed that G. thailandicus, G. oxydans, G. frateurii, and G. japonicus 
are closely related species in the genus Gluconobacter and phenotypic 
or other genotypic methods might be  necessary for their 
discrimination while G. kanchanaburiensis was well separated from 
the other Gluconobacter species. The yeasts C. tropicalis, 
C. parapsilosis, M. guilliermondii and M. caribbica, S. cerevisiae, 
T. delbrueckii, C. lusitaniae, and P. kudriavzevii were very well 
separated according to their genus/species level. This work is on 
continuation to study the role and efficiency of the isolated yeasts and 
AAB in producing good quality date vinegar. More genetic studies 
will be performed to investigate the presence of unculturable AAB in 
date vinegar. Selecting specific type of raw material, using the mother 
of vinegar, or formulating a starter culture that contains microbial 
strains that do not produce methanol might be  considered in 
future research.
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