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ARTICLE INFO ABSTRACT
Article history: The aim of this study was to determine the best nutritional requirements, focusing on
Received 10 November 2024 sugar concentration and nitrogen sources, for a newly acetic acid strain Acetobacter

Receivedin revisedform 19 December 2024 tropicalis isolated from MD2 pineapple peels. To this aim, the identification of isolated
Accepted 21 January 2025 strains from spontaneous fermentation of pineapple peel was done through PCR
Available online 28 February 2025 amplification and sequencing of the 16S rRNA gene. Identified Acetobacter tropicalis
shows characteristics and biochemical traits align with Acetobacter genus. The study
delves into the carbon and nitrogen source requirements for MD2 pineapple peel juice
with varying sugar concentrations. The study explores how acidity, yield, and microbial
growth are affected, uncovering optimal outcomes with particular sugar concentrations
and levels of nitrogen sources. Notably, the addition of 0.25 g/L yeast extract resulted
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in the highest acidity of 36.03 g/L and product yield of 0.643 g acid/ g substrate and
AAB acetic acid bacteria; GYC glucose- 0.011 g acid/ g biomass. Surprisingly, this new strain flourishes without a need of
yeast extract-calcium; carbonate; GYE additional sugar. The findings contribute valuable information for optimizing acetic acid
glucose-yeast extract-ethanol; OPP)J fermentation processes utilizing Acetobacter tropicalis, highlighting the importance of
original pineapple peel juice carbon and nitrogen sources for this strain.

1. Introduction

Acetic Acid Bacteria (AAB) represent an extensively researched bacterial group, owing to their
distinctive metabolic capabilities at low pH, which make them highly adaptable than other bacterial
cohorts [1]. They play a pivotal role in vinegar production and the development of chocolate flavor
precursors during fermentation, primarily due to their capacity to convert alcohol (ethanol or wine)
into acids [2]. Among the AAB group, Acetobacter sp. stands out as a prominent strain, commonly
found in sourdoughs, cocoa fermentation [3], and spontaneously fermented wine [4]. Each AAB strain
exhibits distinct nutritional requirements, including carbon and nitrogen sources. For example, a co-
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culture of Saccharomyces cerevisiae and Acetobacter aceti necessitates 80 g/L of glucose to achieve
a maximum acetic acid yield of 57 g/L, while pure culture of Acetobacter pasteurianus under similar
conditions, requires 200 g/L of total sugar to produce 47.9 g/L of acetic acid [5]. These variations in
nutrient requirements and acetic acid production can be attributed to the specific strains employed
[6].

Carbon sources are essential nutrients that support strain growth by consuming glucose through
the glycolytic pathway (EMP) and the hexose monophosphate shunt (HMS), ultimately leading to
pyruvate production. Pyruvate is then converted into acetaldehyde by terminal oxidase (PDB) [7].
Nitrogen, on the other hand, is vital for providing building blocks for microbial growth and enhancing
enzyme complexes responsible for catalyzing acetic acid production [8]. A study by Roman-Camacho
et al., [9] has demonstrated that the growth of AAB is optimal in the presence of a nitrogenous
mixture. For instance, yeast extract, often referredto as "yeast food," is rich in essential nutrients
such as free alpha-amino nitrogen, minerals, and vitamins, in addition to its antioxidative properties
[8]. Furthermore, yeast extract could stimulate the growth of cells [10]. Simultaneously, peptone, a
mixture of proteins and amino acids, contributes to enzymatic stability and promoting acetic acid
production [11]. The combination of both compounds in the media results in optimal fermentation
performance.

To date, no comprehensive study has investigated the nutritional requirements of the
Acetobacter tropicalis strain isolated from MD2 pineapple peel. This research focuses on examining
the sugar and nitrogen requirements of the newly isolated strain for acetic acid production. Prior to
this, the Acetobacter tropicalis strain was isolated from spontaneously fermented MD2 pineapple
peel and subsequently characterized through physical and biochemical analyses.

2. Methodology
2.1 Materials

MD?2 pineapple was collected from a local market in Kuantan, Pahang, Malaysia. The clean peels
were liquidized using an electrical blender (Panasonic MX-900M) at a ratio of 1:1 (w/v) with sterile
distilled water based on the assumption of equal density [12]. The resulting pineapple peel juice was
filtered through a 20 um pore size coffee filter [13], and the juice was kept at -20 °C for further usage
as fermentation media, also known also original pineapple peel juice (OPPJ).

Acetic acid of 99.8% purity, 99.7% ethanol, calcium carbonate, yeast extract, glucose, nutrient
agar, nutrient broth, sucrose, and sodium hydroxide were obtained from R&M Chemicals (Malaysia).
Other chemicals and standards were purchased from Sigma-Aldrich (USA).

2.2 Isolation, Identification and Characterization of AAB

Enrichment of pineapple peel juice was performed aerobically for 72 h at 30 °C with agitation at
200 rpm. The potential AAB isolates were identified in a selective Carr medium (0.04 g/L
bromothymol blue, 20 g/L agar, 10 g/L yeast extract, 3 g/L glucose, 17.5 g/L (v/v) ethanol, and 10 g/L
calcium carbonate) [14] and glucose-yeast extract-calcium carbonate (GYC) (50 g/L glucose, 10 g/L
yeast extract, 5 g/L CaCOs) [15]. The potential AAB strain was further assessed for acid production
capability by single-stage fermentation using glucose-yeast extract-ethanol (GYE) medium (10 g/L
yeast extract, 50 g/L glucose or 70 g/L (v/v) ethanol) at 30 °C with 200 rpm agitation for five days
[15,16]. Further evaluation on acid-producing ability was evaluated on potency index (Pl) using
modified GYC agar comprised of 50 g/L glucose, 10 g/L yeast extract, 5 g/L CaCO3,and 20 g/L agar in
distilled water [15,17]. Selected strains were subjected to molecular identification using the universal
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primers 27F and 1492R, PCR amplification of the 16S rRNA gene [18,19], and morphological (physical
appearance and Gram stain) [18] and biochemical traits (catalase, oxidase, motility, and indole test)
[14].

2.3 Carbon and Nitrogen Source Requirement

Pineapple peel juice prepared earlier was used as fermentation media, with sugar adjustment.
Total sugar concentration of the juice was adjusted using glucose to reach five different
concentrations: original pineapple peel (33 g/L sugar), 46, 57, 66, and 71 g/L. Ethanol (7 % v/v) and
inoculum (5 % v/v) were also added, and the final working volume was 50 mL.

The nitrogen source used was peptone and yeast extracts. Four combinations were tested: no
additional nitrogen source, 0.25 g/L yeast extract, 0.50 g/L peptone, and 0.25 g/L yeast extract + 0.50
g/L peptone. Ethanol (7 % v/v) and inoculum (5 % v/v) were also added, and the final working volume
was 50 mL of the pineapple peel juice.

All fermentations were carried out at 30 °C for five days with agitation at 200 rpm. Sample was
taken at the beginning and the end of the fermentation course and undergo centrifugation at 4000
rpm for 15 min for analytical methods. Sample for biomass quantification was without centrifugation.

2.4 Analytical Methods
2.4.1 Quantification of sugar and ethanol with high performance liquid chromatography

Standard sugar solutions were prepared for xylose, glucose, fructose, and sucrose. These
represent the sugar composition in the pineapple peel juice. High performance liquid
chromatography (HPLC) 1260 Infinity Il (model number G7111B, serial number DEAET 00386, Agilent
Technologies) system equipped with refractive index detector (RID) was employed to quantify the
sugars according to the method provided by SUPELCOGEL (Cat. No. 59320-U).

Sugar separation was performed in C-610H column (SUPELCOGEL) with 280 mm length and 4.6
mm diameter injected with 10 pL of sample. 0.1 % of phosphoric acid at 0.50 mL/min constant
flowrate was used as the mobile phase and the column temperature was set to 30 °C. Ethanol
separation was achieved using the same column and mobile phase, but at 0.70 mL/min constant
flowrate with 50 °C column temperature. The mobile phase was filtered and degassed for 30 minutes
before analysis [20].

2.4.2 Determination of total nitrogen

Total nitrogen content in the fermentation culture was determined using a total nitrogen kit by
HACH, USA. All procedure was following the instructions given by the manual from the company.
Sample digestion was done ina DR1900 HACH digital reactor block and optical density was read using
DR900 HACH portable colorimeters with 394 N, Total HR TNT program.

2.4.3 Acidity determination

Total acidityin the samples was estimated using titration [21-23]. About 1.0 mL sample was mixed
with a few drops of phenolphthalein and titrated using 0.1 M NaOH as the neutralizer. Each sample
was titrated twice and the mean of the NaOH volume used was used to calculate the acidity following

Eq. (1).
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. _ {0.1MNaOH x Vol. of NaOH (L) A
Total acid (g/L)—( Y — ) x Dilution Factor x 60.052 g/mol (1)

2.4.4 Biomass quantification

Cell growth was measured either as optical density (OD) at 600 nm with an ultraviolet
spectrophotometer (UV Vis) or by measuring the cell dry weight (CDW). CDW was performed
following method by Ming et al., [24] dried for 24 h at 60 °C.

2.5 Statistical Analysis

The experiment was conducted in duplicates. Microsoft Excel 2010 was applied to perform One-
way Analysis of variance (ANOVA) with confidence interval of 95%.

3. Results
3.1 Isolation, Identification and Characteristic of AAB

Twenty-five bacterial isolates were retrieved from MD2 pineapple peel and were identified as
acetic acid bacteria (AAB) based on their capability to grow as green colonies [25] on blue Carr agar,
as depicted in Figure 1.

on Carr agar with sample dilution of 10”7

Figure 2 shows the acidification capacity based on acid concentration and potency index (PI). Out
of the 25 strained tested, three isolates, 5, 19, and 22 displayed the highest acidification capacity,
with the maximum acid production up to 6.76 g/L and maximum Pl values of 6.2. These three isolates
were further characterized for their morphology and biochemical traits.
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Microscopic examination of isolates 5, 19, and 22 on nutrient agar followed by Gram staining
revealedthe presence of an ellipsoidal rod-shaped cell with Gram-negative bacteria occurringin pairs
and chains (Table 1). Biochemical tests confirmed that these isolates were catalase-positive, oxidase-
negative, indole-negative and motility test-negative. These characteristics corresponded to the
isolates' profile belonging to genus Acetobacter, as reported by El-Askri et al., [18]. Current findings
were consistent with those studies, which reported the presence of Acetobacter fabarum and A.
pasteurianus displaying the same morphological traits as the isolate 5.

Table 1

Cell morphology and biochemical characteristics of selected isolates

Isolate number 5 19 22

Morphology characteristics Cell shape Rod Cocci Cocci
Gram'’s stain - - -

Biochemical characteristics Catalase + + +
Oxidase - - -
Production of acetic acid from ethanol + + +
Motility test - - -
Indole test - - -

PCR amplification and sequencing of the 16S rRNA gene were performed, and the species of
isolates 5, 19, and 22 were determined. The nucleotide sequences of the isolates were compared to
the NCBI library by constructing a phylogenetic tree [26]. The sequence of 16S rRNA gene from isolate
5 showed 100 % similarity with Acetobacter tropicalis Ni-6b strain, while isolate 19 had 98 % similarity
with Staphylococcus haemolyticus and isolate 22 had 98 % identity with Staphylococcus ureilyticus.
As a result, only isolate 5 was confirmed as AAB and selected for nutritional requirement study.

3.2 Carbon Requirement

Total sugar content in MD2 pineapple peel juice (OPPJ) was 32.79 g/L, comprising 8.66 g/L
sucrose, 9.21 g/L glucose, and 14.91 g/L fructose. A different study by Tanamool et al., [27] reported
a lower sugar content (16.69 g/L) consist of 3.56 g/L sucrose, 6.08 g/L glucose, and 7.05 g/L fructose
from a random pineapple species. In the process of fermentation, carbon sources are necessary to
facilitate the initiation of yeast activity, leading to the production of ethanol during alcoholic
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fermentation [28]. Nevertheless, in this study, a single-stage fermentation was performed which is
an acetous fermentation, leaving out the alcoholic fermentation stage. Instead, ethanol was directly
incorporated into the media. As a result, the carbon source was mainly utilized for the growth of
isolate 5, Acetobacter tropicalis. In this way, ethanol undergoes an incomplete oxidation process
through the catalysis of the ADH enzyme, resulting in the production of acetaldehyde. Consequently,
acetaldehyde is converted into acetic acid by ALDH. The effect of different sugar concentration to
acidity and yield is shown in Figure 3.
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Fig. 3. Acidity and Yield (YP/S) as afunction of different sugar concentration
in the media. OPPJ: Original Pineapple Peel Juice

The highest level of acidity (40 g/L acid) was observed at a sugar concentration of 57 g/L while
the yield was the highest in the OPPJ substrate (1.16 g acid/g sugar). From the figure, sugar addition
into OPPJ fairly improved the acid production until certain level (57 g sugar/L). At higher sugar
concentration, it was detrimental to acid production, as the acidity reduced to a minimum of 32.28
g acid/L at 71 g sugar/L. On contrary, study by Fronteras etal., [5], shows a high requirement of sugar
in their fermentation. Their study utilized calamansi and mango peel in a two-stages fermentation
using co-culture of Saccharomyces cerevisiae and Acetobacter aceti. By using up to 250 g/L of sugar,
both peel media produced 47.90 and 34.20 g/L of acetic acid for calamansi and mango, respectively.
Another study by Tanamool et al., [27], produces 72 g acid/L from 140 g sugar/L using co-culture of
Saccharomyces cerevisiae and Acetobacter pasteurianus. These findings show a variety of carbon
requirements, specifically sugar, will depend on the media and strain also the fermentation strategy
involved, single or two-stages fermentation.

Another point to ponder is that acid yield, based on sugar consumption exhibits a negative effect
as sugar concentration increased in the OPPJ media. Figure 3 shows that the highest yield, Yy, was
obtained in the original OPPJ media (1.158 g acid/g sugar). The yield was sharply decreased by more
than 50 % as the total sugar increased up, to 71 g/L (0.324 g acid/g sugar). A similar trend was
observed in a study by Fronteras et al., [5], as the acetic acid yield was steadily decreased from 0.16
to 0.14 g acid/g sugar as the sugar concentration increased from 15 to 25 %. The reduced yield
resulting from an increase of sugar concentrations suggests that the conditions were not optimized.
Thus, the acidity generated ought to be proportional to the quantity of sugar necessary to achieve a
higher yield.
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3.3 Nitrogen Requirement

The study investigates the role of nitrogen as an essential nutrient in acetic acid fermentation,
focusing on the influence of yeast extract and peptone on microbial growth and acetic acid
production. The provided information by Sankuan et al., [29] emphasizes the importance of nitrogen
in the biosynthesis of key cellular components, including amino acids, proteins, and nucleotides.
Yeast extract and peptone, rich in essential nutrients, are commonly used in food industries and
bacterial culture media [8].

The nitrogen content was tested in four conditions which were the original OPPJ without nitrogen
source addition, 0.25 g/L yeast extract, 0.50 g/L peptone, and a combination of 0.25 g/L yeast extract
and 0.50 g/L peptone. The results, illustrated in Figure 4, indicate that the addition of 0.25 g/L yeast
extract produced the highest acidity at 36.03 g/L, suggesting an enhance acetate assimilation and
microbial growth [30]. The original OPPJ media produces the second-best acid (34.98 g/L) and a
remarkable product over substrate yield, Yr/s (3.18 g acid/g sugar) than the other media formulation.
Moving on to another nitrogen source addition, OPPJ with 0.50 g/L peptone produced 34.68 g/L acid
and the lowest was in OPPJ with a mixture of 0.25 g/L yeast extract and 0.50 g/L peptone (33.78 g/L
acid).

Acetobacter possesses the ability to utilize acetic acid through the action of acetyl-CoA
synthetase (acs), which converts acetate into acetyl-CoA and citrate synthase (aarA), thereby
allowing acetyl-CoA to enter the TCA cycle. This process facilitates the removal of acetic acid from
the cytoplasm via the TCA cycle, thereby reducing its deleterious effects on the cytoplasm. The fact
that Acetobacter can acidify its cytoplasm suggests that it contains substances that can adapt to an
acidic environment, which aids in the production of high concentrations of acetic acid and decreases
the growth doubling time [7]. Another point to note is that cell over substrate yield, Yx/s for all
fermentation media, were barely changing in a range from 0.005 to 0.099 g/g (Figure 4). This finding
aligns with Nutongkaew et al., [31] study, which demonstrated optimal acetic acid production (2.87
g/L) was without nitrogen addition in a co-culture fermentation using oil palm trunk residues
hydrolysate.
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Fig. 4. Acidity and product yield as a function of different nitrogen sources in OPPJ

4, Conclusions

The newly isolated strain from MD2 pineapple peel was identified as Acetobacter tropicalis,
exhibited the traits of AAB. This strain shows an affinity with the original pineapple peel juice (OPPJ)
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media with a maximum acid production of 37.98 g acid/L, without any additional sugar and nitrogen
source enhancement. This early investigation provides valuable insights into the isolation,
identification and characteristics of new AAB strain from MD2 pineapple peel and its nutrition
requirements to grow and produce acid. Further research can build upon these results for
fermentation processes to maximize the cell growth and acetic acid production.
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