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Abstract 
The red lady variety of papaya was used for folate production and it was 
locally available throughout the year. The synthesis of folate involves 
four favorable microbes. Leuconostoc mesenteroides and Lactobacillus 
acidophilus both belong to the Lactic Acid Bacteria species. The most 
prevalent strain of brewer’s and baker’s yeast Saccharomyces cerevisiae, 
and the probiotic strain Streptococcus thermophilus were used. Three 
different concentrations of fruit pulp 10%, 20%, and 30% were used. 
All-beneficial microorganisms showed increased concentration of folic 
acid content in fruit pulp, even though Lactobacillus acidophilus showed 
a higher concentration of folic acid 2.98 mg/kg in 30% of fruit pulp 
compared to control. There was a significant difference observed in pH 
value during 24Hrs of fermentation study. The initial pH was 4.96 ± 0.010, 
4.80 ± 0.011 and 4.73 ± 0.005 and after 6Hrs, the pH of Lactobacillus 
acidophilus gradually increased to 5.09 ± 0.011, 4.96 ± 0.010, and 4.84 
± 0.011 in respective of 10%, 20%, and 30% fruit pulp concentrations. 
There was a significant difference observed in pH value during the 24 
hours of the fermentation study. The functional group changes in the 
fermented papaya pulp were screened for FTIR analysis.
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Abbreviation

FSSAI	 Food Safety Standards Authority of India
FTIR	 Fourier Transform Infrared Spectroscopy



1034RANGASWAMY et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(2) 1033-1046 (2026)

HPLC	 High Performance Liquid Chromatography
MTCC	 Microbial Type Culture Collection
NCDC	 National Collection of Dairy Cultures
NCIM	 National Collection of Industrial Microorganisms
NDRI	  National Dairy Research Institute
rpm	 Revolutions per minute

Introduction 
Papaya (Carica papaya L.) var Red lady is a tropical 
and climacteric fruit. Its high nutritive and medicinal 
properties lead to its commercial importance. 
Papayas are native to South Mexico and Costa 
Rica, and their wide range extends to Asia and 
America. The papaya production in India leads the 
world, followed by Mexico, Brazil, Nigeria, China, 
Indonesia, Thailand, Peru, and the Philippines.1 
The ripened papaya is a rich source of vitamin A 
due to the presence of carotenoids. There are three 
forms of carotenoids identified: β-cryptoxanthin, 
β-carotene and lycopene. Uniquely, it is rich in 
vitamin C and a good source of minerals, primarily 
potassium, magnesium, copper, and boron. Pulpy 
papaya contributes not only minor nutrients but 
also carbohydrates: mainly sucrose, fructose, and 
glucose. It also provides a significant amount of 
folate; 100 g of pulp supplies 9–12% of the daily 
requirement for folate.2,3 Folate, or folic acid, is a 
water-soluble vitamin B9 nutrient and one of the most 
important nutrients during growth and pregnancy. 
Folate deficiency leads to adverse effects during 
pregnancy, mainly neural tube deficiency, low birth 
weight, miscarriage, prematurity, and preeclampsia.4  
Since vitamin B complex is naturally soluble in 
water, it is lost during processing and washing. To 
meet the folate requirement and prevent deficiency, 
folate fortification and supplementation through 
foods have been carried out in several countries. 
Since 1998, folic acid supplementation has become 
mandatory in Canada and the USA through fortified 
flours to reduce the incidence of neural tube defects 
in newborns. The metabolism of synthetic folic acid 
has an adverse effect on the human body because 
it is not metabolized rapidly and its accumulation 
in the blood leads to symptoms that are similar to 
those of vitamin B12 (cobalamin) and can even 
trigger cancer.5

Synthetic folate is capable of masking vitamin 
B12 deficiency, but naturally produced folate from 
fermentation does not mask, so it is better to use 

food-grade microorganisms for the production 
of folate. Folate can be produced from several 
beneficial micro-organisms, mainly bacterial strains 
like Lactobacillus species, Lactococcus lactis 
species, Leuconostoc species, S. thermophilus, 
Bifidus species, and Propionibacterium species.6 
Several lactic acid bacterial cultures are investigated 
in reconstituted milk, mainly Bifidobacterium longum, 
Lactobacillus acidophilus, Lactobacillus delbrueckii 
ssp. Bulgaricus and Streptococcus thermophilus. 
All these strains produce a noticeable amount of 
folate.7 Baker yeast and brewer's yeast such as 
Saccharomyces cerevisiae have showed an increase 
in folate content in foods. In order to maximize 
the folate content of yeast-fermented foods, it is 
essential to select the appropriate culture because 
the various strains of Saccharomyces cerevisiae 
differ significantly in their folate content. The 
traditional method of fermenting the cereal-based 
foods like oats, the fermented products from barley 
and oats shown a greater folate content, but the 
use of specific lactic acid bacteria and yeasts hardly 
indicated a higher folate content. It was discovered 
that yeast isolates from bran increase the amount 
of folate produced during the fermentation of oats.8,9 

In this research, certain strains of probiotic bacteria 
and Lactic Acid Bacteria (LAB) were utilized, 
specifically Lactobacillus acidophilus, Streptococcus 
thermophilus, Leuconostoc mesenteroides, along 
with the yeast Saccharomyces cerevisiae. The main 
objective of this work is to estimate folic acid content 
in different pulp concentration and its functional 
group changes after the fermentation process, and 
as well physiochemical properties of pulp. The goal 
of this study is to utilize the locally available fruits 
and enrich the fruit's nutritional content through 
mentioned micro-organisms. 

Materials and Methods 
The details materials and methods were observed 
in parallel work with the Mango variety.10
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Sample Collection
The ripened Red Lady variety of papaya was 
received from the local farmer Thanjavur India. 
The folic acid standards, HPLC-grade solvent, and 
culture media were purchased from Hi-Media and 
Sigma-Aldrich.

Sample Preparation
The Red Lady var of papaya was cultivated in around 
Thanjavur due to its importance in processing as well 
marketing value. The ripened papaya has 13.5°Brix. 
One papaya fruit from one tree was selected for the 
research work. There was a one-week gap from the 
picking of papaya to sample analysis. The ripened 
papaya was minimally processed to remove the 
inedible parts. Using colloidal ball mill pulping of fruits 
were achieved. For future research, the pulped fruits 
were stored at -4°C after being sterilized.

Microbial Growth Conditions
Lactobacillus acidophilus MTCC 10307, Leuconostoc 
mesenteroides MTCC 867, and Streptococcus 
thermophilus NCDC 459 were supplied by the MTCC 
(IMTECH, Chandigarh, India) from the NCDC, Dairy 
Microbiology Division, NDRI, India. Saccharomyces 
cerevisiae NCIM-3059 was supplied by NCIM and 
obtained from NCIM, Pune, India. The incubated 
time, temperature as well culture media with respect 
to media were mentioned.10 Following the incubation 
period, the cultures were refrigerated for later use.

Cultures Selection for the Synthesis of Folate
The different broth with respect to micro-organisms 
were prepared according to the technical data.  For 
inoculation, the prepared broth was autoclaved and 
allowed to cool. The loopful of LAB were cultured 
in LAB MRS broth and for yeast culture in potato 
dextrose broth, and nutrient broth was used to grow 
Streptococcus thermophilus. After the incubation cells 
were centrifuged and washed to collect the pellets. 

Quantification of Pulp for Fermentation
The papaya pulp concentrations of 10 g, 20 g, and 
30 g were used for production of folate. This pulp 
concentration is seleted based on FSSAI standards 
for beverages. For each concentration of pulp 10ml 
of culture were added it contains 108–1010 cfu/ml. 
Each cultured pulp was incubated at a particular 
temperature and time as well to achieving the 

uniformity it was incubated in a shaker incubator  
at a speed of 120 rpm. The incubated cultured pulp 
was collected for HPLC analysis to observe the 
increase folic acid content.

Folate or Folic Acid Determination
The determination of folic acid was performed by 
using high-performance liquid chromatography 
(Shimadzu, Japan). The system is equipped with 
a degasser, autosampler, quaternary pump, a C18 
column and an ultraviolet detector at a wavelength 
of 280 nm. The chromatography was run based on 
gradient elution. The solvent mainly used in mobile 
phase A, B are hydrogen dipotassium phosphate 
and acetonitrile with respectively.

Sample Preparation for HPLC and FTIR Analysis 
The method used to prepare the samples was direct 
solvent extraction. Prior to analysis, papaya pulp 
samples were diluted. 10 g of precisely weighed 
homogenized material was added to a 50 mL 
centrifuge tube, along with 25 mL of extraction buffer 
(pH 7.0 of 0.1 M phosphate buffer), then mixture 
was ultrasonically extracted for 15 minutes. The 
extraction solution is then added to make up the 50 
ml volume. After centrifuging the samples at 4,500 
rpm and filtering the supernatant via a 0.22µm 
filter, the samples were injected  into the HPLC 
apparatus.11,12

For FTIR Analysis, Samples Were Freeze Dried 
and Analyzed Through the Irtracer-100 Shimadzu.

Analysis of Titratable Acidity in Fruit Pulp
Titratable acidity tests were carried out using the 
methodology described by,.13,14The known volume 
of sample was poured in conical flask. Thereafter, 
250 ml of hot boiled water was added and filtered. 
100ml of filtered samples were taken for titration. 
The dilutes samples were titrated against 0.1N 
NaOH in the presence of phenolphthalein indicator. 
The end point of titration was a permanent pale pink 
color. The titer value, which represents the volume 
of NaOH needed for titration, was finally reported. 
The following formula was used to calculate the 
percentage of titratable acidity:
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Whereas, N: normality of NaOH, T: titer value, E: 
equivalent weight of the acid, W: sample weight V1: 
volume made up to, V2: volume extracted.

Analysis of Vitamin C in Fruit Pulp
The Volumetric method was used to determine 
ascorbic acid or vitamin C.15 This method based 
on dye solution. The primary ingredients of 
this dye solution are sodium bicarbonate and 
2,6-dichrolophenol indophenol, which can be made 
up to 200 ml with distilled water. Standard solution: 
In volumetric flask 100 mg of ascorbic acid was 
dissolved in 100 ml of 4% oxalic acid solution. The 
working standard concentration was 100 μg/ml. Then 
5 ml was pipette out from the working standard into 
a 100 ml conical flask and added 10 ml of 4% oxalic 
acid. This working standard was titrated against 
dye solution, noted down the titer value (V1). The 
final result was the appearance of a pink hue that 
persisted for a short while. After weighing the sample 
and adding a known volume of 4% oxalic acid to 
centrifuge tubes, the samples were centrifuged at 
4500 rpm for ten minutes. Next, pipette 5 ml of the 
supernatant into a 50 ml conical flask, add 10 ml 
of 4% oxalic acid, and titrate the mixture against 
dye (V2).

Where, 
V1= titer value of standard
V2 = titer value of sample 

Total Phenolic Compounds
The total amount of phenols in papaya pulp was 
calculated as indicated by,.16 The pulp sample of 
50 mg was taken, and 5 ml of methanol was added. 
Subsequently sonicate the sample for 45 minutes at 
40 °C, this solution was centrifuged for 10 minutes 
at 1000 rpm. After collecting the supernatant, 200 
μl was extracted and 600 μl of water was added. 
With that 200 μl of FC reagents were added. 1ml 
of 8% saturated sodium carbonate solution was 

added after five minutes. The sample was then 
held in the dark for 30 minutes after the volume 
was increased to 3 ml using distilled water. At 765 
nm, the absorbance measurement was made. The 
mg/g of gallic acid was used to express the results.

Statistical Analysis 
To determine the significance of the findings, 
statistical analysis was performed on the different 
physicochemical parameter data. LTLH-dried fig 
(RF-untreated fig/control) data were compared 
with these results, which were shown as means ± 
standard deviations. Minitab (Version 17.3.1) was 
used to calculate a one-way analysis of variance 
(ANOVA).17 The data were considered significant 
when p < 0.05, and the Tukey test was carried out 
at a 5% significance level.

Results 
Different Strains of Fruit Pulp Synthesize Folic 
Acid at Varied Concentrations. 
Initially, the folic acid concentration in fruit was 
observed at 1.6 mg/kg. The HPLC chromatogram 
results and calibration is presented in Fig. 1 and 
2. The effects of  Leuconostoc mesenteroides, 
Lactobacil lus acidophilus, Saccharomyces 
cerevisiae and Streptococcus thermophilus on the 
folic acid content of fermented pulp concentration 
(10%, 20% and 30%) are mentioned in Table 1. 
In 10% of fermented pulp, the concentration of 
folic acid is lower than in control pulp. In 20% of 
fermented papaya pulp in Lactobacillus acidophilus, 
concentrations of folic acid have increased, which 
is near the control concentration value. Despite 
those remaining organisms also increased folic 
concentration as compared to the 10% of papaya 
pulp. The Lactobacillus acidophilus in 30% of 
papaya pulp doubled the folic acid concentration 
of about 2.98 mg/kg as compared to the raw 
pulp concentration. The HPLC spectral result for 
Lactobacillus acidophilus of three different fruit 
concentrations is shown in Fig. 3–5, respectively.
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Fig. 1: Calibration Curve for HPLC Result 

Fig. 2: Papaya Pulp Folic Acid Concentration

Table 1: Folic Acid Concentration of Papaya Pulp After the Fermentation

Strain 	 Folic acid concentration (mg/kg) with respect to pulp percentage
	
	 10%	 20%	 30%
Saccharomyces cerevisiae	 0.06	 0.13	 0.46
Streptococcus thermophilus	 0.41	 0.59	 0.54
Lactobacillus acidophilus 	 0.88	 1.46	 2.98
Leuconostoc mesenteroides	 0.27	 0.25	 0.26

FTIR Analysis of Papaya Pulp and Its Functional 
Group Changes 
As shown in Fig. 6, 7 and 8 for fruit pulp concentrations 
of 10%, 20%, and 30%, respectively, the unfermented 

papaya pulp (control) and the fermented pulp by 
beneficial microbes were compared for their changes 
in functional group and their bands identified with 
wavenumber. The bands of the absorption spectrum 
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range in size from 3300 to 600 cm-1. Even though 
each pulp concentration has a range of wave 
numbers, the bands in this spectrum change to 
correspond to the varied pulp concentrations. The 
two vibrational zones between 2000 and 1500 cm-1 
and 1500 and 1000 cm-1 show the most difference. 
There was a wider band between 3500 and 3000 cm-1 
in the bands compared to 10%, 20%, and 30% pulp 
and fermented pulp, which represents O-H stretching 
vibration of strong bonds and compounds present in 
intermolecular bonds. These bands are found in 10% 
[control, Saccharomyces cerevisiae, Streptococcus 
thermophilus] and 20%, 30% [control, Lactobacillus 
acidophilus] pulp, respectively. The absorption 
region is found in each of these pulp concentrations 

between 3300 and 3200 cm-1. Similar to this, O-H 
bending vibration of medium hydroxyl group present 
between the absorption of 1418-1409 cm-1 these 
group observed in 10% [control, Lactobacillus 
acidophilus], 20% [control, Lactobacillus acidophilus 
and Leuconostoc mesenteroides], and in 30% 
[Leuconostoc mesenteroides and Saccharomyces 
cerevisiae]. In fruit pulp, this stands in for the 
carboxylic group. The presence of alcohol in the 
papaya pulp was indicated by the O-H group, which 
was found.18 The 10% [Lactobacillus acidophilus 
and Leuconostoc mesenteroides], 20% and 30% 
[Leuconostoc mesenteroides, Saccharomyces 
cerevisiae and Streptococcus thermophilus], all 
exhibit a strong, sharp C-H stretching vibration.

Fig. 3: Folic Acid Concentration of 10% Pulp Containing Lactobacillus Acidophilu

Fig. 4: Folic Acid Concentration of 20% Pulp Containing Lactobacillus Acidophilus
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Fig. 5: Folic Acid Concentration of 30% Pulp Containing Lactobacillus Acidophilus 

Fig.  6: FTIR GrapH for 10% Fruit Pulp Concentration 

Fig. 7: FTIR GrapH for 30% Fruit Pulp Concentration
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Table 2: pH Result of Different Fruit Pulp Concentration

Hours 	 Fruit pulp 	 Mean and SD values
	 concentration

		  Lactobacillus 	 Leuconostoc	 Streptococcus	 Saccharomyces
		  acidophilus	 mesenteroides	 thermophilus	 cerevisiae

Initial 	 10%	 4.96 ± 0.010b	 4.89 ± 0.010a	 4.73 ± 0.005a	 4.72 ± 0.005a

	 20%	 4.80 ± 0.011e	 4.75 ± 0.005b	 4.61 ± 0.010abcde	 4.62 ± 0.010ab

	 30%	 4.73 ± 0.005fg	 4.69 ± 0.005c	 4.55 ± 0.010abcde	 4.59 ± 0.005ab

6hrs	 10%	 5.09 ± 0.011a	 4.25 ± 0.010f	 5.31 ± 0.015ab	 5.01 ± 0.005ab

	 20%	 4.96 ± 0.010b	 4.39 ± 0.010e	 5.21 ± 0.015ab	 5.10 ± 0.010ab

	 30%	 4.84 ± 0.011d	 4.44 ± 0.011d	 5.16 ± 0.011ab	 5.09 ± 0.005ab

12hrs	 10%	 4.92 ± 0.005c	 4.18 ± 0.011g	 5.01 ± 0.010abcd	 4.85 ± 0.010ab

	 20%	 4.76 ± 0.011f	 4.09 ± 0.010h	 5.09 ± 0.010abc	 5.07 ± 0.011ab

	 30%	 4.72 ± 0.010g	 4.23 ± 0.011f	 5.04 ± 0.010abcd	 5.04 ± 0.011ab

18hrs	 10%	 4.57 ± 0.005h	 3.88 ± 0.005i	 3.74 ± 0.005cde	 4.02 ± 0.011b

	 20%	 4.55 ± 0.010h	 3.84 ± 0.005j	 4.02 ± 0.011bcde	 4.16 ± 0.005b

	 30%	 4.48 ± 0.015i	 3.89 ± 0.005i	 4.14 ± 0.005bcde	 4.18 ± 0.010b

24hrs	 10%	 4.29 ± 0.015j	 3.78 ± 0.010k	 3.59 ± 0.010e	 3.81 ± 0.005b

	 20%	 4.18 ± 0.011k	 3.75 ± 0.010l	 3.71 ± 0.005de	 4.03 ± 0.005b

	 30%	 4.16 ± 0.015k	 3.63 ± 0.011m	 3.98 ± 0.005bcde	 3.86 ± 0.011b

*a to m In the values letter are do not share significantly different (P=0.05)

Fig. 8: FTIR GrapH for 30% Fruit Pulp Concentration

pH Result of Fermented Papaya Pulp 
The pH result from the 24Hrs studies has been 
noted and is listed in Table 2. After a 6Hrs period, 
pH gradually climbed in Lactobacillus acidophilus, 
Streptococcus thermophilus and Saccharomyces 
cerevisiae, but pH gradually declined in Leuconostoc 

mesenteroides. Exactly at 6Hrs and 12Hrs both 
Streptococcus thermophilus and Saccharomyces 
cerevisiae showed a similar increase in pH i.e 4.73 
± 0.005 to 5.09 ± 0.010. In 24Hrs study least pH 
(3.59 ± 0.010) observed in 10% of Streptococcus 
thermophilus.
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Titratable Acidity Content of Papaya Pulp 
The titratable acidity of all variable concentration of 
pulp as given in Table 3. The TA was increased with 
increasing the pulp concentration. The highest TA 
(1.19±0.02) observed in S. cerevisiae 30% of pulp 

concentration and least TA (0.25±0.02) was found 
in 10% of L. mesenteroides and S. thermophilus. 
The difference pulp concentration has significant 
difference within the pulp percentage (p < 0.05).

Table 4: Impact of In-Situ Fermentation On Papaya Pulp Vitamin C (Mg/G) Content

Pulp	 Lactobacillus 	 Leuconostoc	 Streptococcus	 Saccharomyces
concentration	 acidophilus	 mesenteroides	 thermophilus	 cerevisiae

10%	 20.85±1.12i	 29.44±0.68fghi	 25.76±0.68hi	 22.08±0.68i

20%	 40.48±1.36def	 76.05±1.66b	 53.36±1.84c	 36.80±0.68efgh

30%	 50.29±0.92cd	 105.49±0.25a	 73.60±3.68b	 42.93±0.52cde

Each value represents the three replicates' mean ± standard deviation. 
Statistically Significant Differences (P < 0.05) Are Indicated By Letters In The Same Column.

Vitamin C Content of Papaya Pulp 
In papaya the cultures were increased the vitamin 
C after the fermentation. The highest vitamin 
content observed in 30% L. mesenteroides of about 
105.49±0.25 mg/g followed by S. thermophilus 
73.60±3.68 mg/g. The least concentration observed 

in 10% L. acidophilus and S. cerevisiae. The 
concentration of Vitamin C was high which is double 
amount of control papaya pulp. Except for 30% L. 
mesenteroides, there was no noticeable distinction 
between the various pulp concentrations. Over all 
Vitamin C content mentioned in Table 4.

Table 5: Impact of In-Situ Fermentation On Papaya Pulp Total Phenols (Mg GAE/G) Content

Pulp	 Lactobacillus 	 Leuconostoc	 Streptococcus	 Saccharomyces
concentration	 acidophilus	 mesenteroides	 thermophilus	 cerevisiae

10%	 13.37±0.23i	 14.24±0.43cdfegh	 13.75±0.30fghi	 14.24±0.37cdfegh

20%	 14.79±0.23abcd	 15.28±0.26ab	 13.86±0.30efghi	 14.59±0.26bcde

30%	 14.21±0.26defgh	 15.53±0.07a	 14.30±0.23cdefg	 14.46±0.17cdef

Each value represents the three replicates' mean ± standard deviation. 
Statistically significant differences (p < 0.05) are indicated by letters in the same column.

Table 3: In-Situ Fermentation's Effects On Papaya Pulp's Titratable Acidity (%)

Pulp	 Lactobacillus 	 Leuconostoc	 Streptococcus	 Saccharomyces
concentration	 acidophilus	 mesenteroides	 thermophilus	 cerevisiae

10%	 0.27± 0.02de	 0.25±0.02de	 0.25±0.02de	 0.36±0.02c

20%	 0.36±0.02c	 0.31±0.03cd	 0.29±0.00cd	 0.56±0.02b

30%	 0.55±0.02b	 0.55±0.02b	 0.53±0.00b	 1.19±0.02a

Each value represents the three replicates' mean ± standard deviation. 
Statistically significant differences (p < 0.05) are indicated by letters in the same column.
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Phenols Content of Papaya Pulp 
The total phenols are important for the redox 
properties responsible for antioxidant capacity.19 
L. mesenteroides of 30% fruit pulp has showed 
high phenols content as compared to other 
concentration of pulp. The total phenols from all 
different concentration of pulp were mentioned 
in Table 5. There was no significance difference 
observed in papaya pulp.

Discussion 
Production of Folic Acid by Several Strains in 
Varying Fruit Pulp Concentrations
Even though Lactobacillus acidophilus has a higher 
concentration of folic acid synthesizing ability 
in fruit pulp, the remaining three cultures are 
proven to have the ability to synthesize folate 
at lower concentrations. It's been reported that 
Saccharomyces cerevisiae synthesizes folic acid 
in white wheat bread,20 beta-glucan-rich oats 
and barely matrices,8 oat bran fermentation,9 and 
fermented soybeans.21 The most important probiotic 
strain, Streptococcus thermophilus, synthesizes folic 
acid in dairy products, mainly yoghurt,22 fermented 
milk,23,24 cheese,25 and fruits and okra soybean.26 
The LAB species of Leuconostoc mesenteroides 
synthesized a higher amount of folic acid in 
reconstituted skim milk concentration,5 even though 
papaya pulp produced a lesser concentration of folic 
acid but showed the same ability to synthesize folic 
acid in fruit pulp. The LAB species of Leuconostoc 
mesenteroides synthesized a higher amount of folic 
acid in reconstituted skim milk concentration,5 even 
though papaya pulp produced a lesser concentration 
of folic acid but showed the same ability to synthesize 
folic acid in fruit pulp. In the same way, a LAB 
mixed culture containing Lactobacillus acidophilus 
showed an increased concentration of folic acid in 
banana juice,27 and in dairy products like coco milk 
drink,28 fermented milk,29 and bread.30 There was 
an increase in concentration with increasing fruit 
pulp concentration, which proved that beneficial 
microorganisms can synthesize folate in fruit pulp 
while undergoing fermentation. The beneficial 
micro-organisms synthesis the folate through de 
novo pathway, which also responsible for amino 
acids and nucleotides. This same folate biosynthesis 
pathway was found in fungi, green plants, and certain 
protozoa.29,31

FTIR Analysis of Papaya Pulp and Its Functional 
Group Changes
In all combinations of fruit pulp, the medium 
hydrocarbons stretching vibrations [C-H] were 
detected in the range of wave numbers 2931-2921 
cm-1. The conjugated alkene compound's C=C 
medium stretching vibration and its absorption region 
between 1600 and 1637 cm-1 were observed in all 
three pulp concentrations, with the exception of 10% 
and 30% [control, Lactobacillus acidophilus] where 
these vibrations were replaced by strong C=C strong 
stretching vibrations and absorptions between 1648 
and 1638 cm-1. According to,32 proteins, phosphate, 
and fatty acid compounds fall between the range of 
1500-1200 cm-1 and the wave number range of 1800-
1500 cm-1 represents the amide I and amide II group. 
Additionally, the medium OH-bending carboxylic 
group was found in the range of 1400 cm-1 and was 
present in 10% control, Leuconostoc mesenteroides, 
20% control, Lactobacillus acidophilus, Leuconostoc 
mesenteroides, and lastly 30% Leuconostoc 
mesenteroides and Saccharomyces cerevisiae. 
Aromatic amines are seen to have strong C-H 
stretching vibrations between 1300 cm-1. The zone 
for protein, nucleic acid, carbohydrates, and DNA 
was found by,32 as being between the wavenumbers 
of 1300-900 cm-1. The papaya contains major 
carbohydrates like fructose, sucrose, and glucose, 
as well as a region for polysaccharides; these peaks 
are observed in the fingerprint region between 1200-
900 cm-1.32–34 The most sugar regions in the range 
1240–1220 cm-1 were observed in 10% Leuconostoc 
mesenteroides and Saccharomyces cerevisiae, 
20%, Leuconostoc mesenteroides, Streptococcus 
thermophilus and in 30% Lactobacillus acidophilus, 
Saccharomyces cerevisiae.

pH, Titratable Acidity of Fruit Pulp  
In this investigation, a progressive drop in pH was 
seen in all three varied pulp concentrations after 
12Hrs. This identical outcome is consistent with 
probiotic fruit juice made from lactic acid bacteria, 
which after 12Hrs showed a pH reduction reported 
by,.35 The pH concentration of the Streptococcus 
thermophilus also decreased after 6 Hrs and its 
reported in functional fermented foods and milk 
products.36,37 After 24Hrs of fermentation, lowest 
pH observed in Leuconostoc mesenteroides strain. 
Its reported that during storage experiments, the 
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Leuconostoc mesenteroides strain utilized in the 
production of kimchi displayed a drop in pH.38 The pH 
of wine prepared from mixed fruit and fermented with 
Saccharomyces cerevisiae reportedly decreased.39 
The pulp concentration varied considerably (P = 
0.05) according to the pH results for Lactobacillus 
acidophilus and Leuconostoc mesenteroides. In 
Saccharomyces cerevisiae and Streptococcus 
thermophilus the varying fruit pulp concentrations 
do not significantly differ from one another.

The TA of different concentration of papaya pulp 
showed non-significant difference except in S. 
cerevisiae (30%). The increase in titratable acidity 
represent the sugar metabolism by LAB strain 
and forms lactic acid.40 The fermentation leads to 
formation of organic acids which leads to increases 
in TA of fruit pulp. The predominant organic acids 
present in papaya is citric acid and malic acid.41 The 
brewer yeast double the highest TA as compared to 
LAB strains.

The limitations of this study were all selected probiotic 
micro-organisms not suitable for folate production. 
The flavour production was not acceptable after the 
fermentation process. 

Conclusion
The present preliminary work is based on the efficiency 
of beneficial microorganisms to synthesis the folic 
acid present in fruit pulp. All four microorganisms 
synthesize folic acid, but Lactobacillus acidophilus 
synthesizes a higher concentration of folic acid. 
This works supports lactose intolerance-based 
folate rich products. The In-situ fermentation also 
changes the functional group which is responsible 
for folate production. Even pH and titratable acidity 
was significantly difference with respect to the 
micro-organisms. Usually, these studies are mostly 
carried over in milk and milk products. There are 
few research papers related to folic acid synthesis 
in fruits. This study supports folic acid enrichment 
in fruits which is economically important as well it 
supports value added too. These results help in the 
production of fruit juices rich in folate. 
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