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Isolation and biochemical characterization of yeast strains from fruits




ABSTRACT

	The present study focused on the isolation and biochemical characterization of yeast strains from  fruits to evaluate their metabolic and functional diversity. Yeasts were isolated from fresh fruit samples such as grape, orange, pineapple, lychee, sugarcane juice, using Yeast Glucose Agar supplemented with chloramphenicol. A total of five yeast isolates (YS1–YS5) were successfully obtained, while no yeast growth was observed from buns and mangosteen samples. Morphological characterization using lactophenol cotton blue staining revealed oval to round yeast cells with budding and occasional ascospores. Biochemical characterization demonstrated considerable variability among the isolates. Sugar fermentation tests showed  no fermentation. Nitrogen utilization studies indicated that all isolates could utilize ethylamine and tryptophan, while only YS5  was able to utilize DL-lysine. Complementary tests revealed that most isolates tolerated 5–10% NaCl and 1% acetic acid, with several strains showing delayed but measurable growth even at 16% NaCl, indicating strong stress tolerance. Urease activity was  not detected  in any isolates. Oxidation–fermentation tests showed predominantly oxidative metabolism, Overall, the results highlight significant physiological and metabolic diversity among yeast isolates from food sources, suggesting their potential applicability in fermentation processes and functional food development.
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1. INTRODUCTION
Yeasts are eukaryotic, single-celled microorganisms classified under the kingdom Fungi, domain Eukaryote, and are found within the phyla Ascomycota (which includes the subphylum Saccharomycotina, true yeasts, and Taphinomycotina p.p) and Basidiomycota (including the subphyla Agaricomycete p.p and Pucciniomycotina p.p), with over 1,500 recognized species (Hoffman et al. 2015). These microorganisms thrive in various environments where they can ferment available substrates, converting complex compounds, primarily carbohydrates, into simpler ones while producing beneficial metabolites. Saccharomyces cerevisiae (brewer's yeast or baker's yeast) is a species of yeast cells are round to ovoid, 5–10 μm in diameter. It reproduces by budding. The species has been instrumental in winemaking, baking, and brewing since ancient times. It is believed to have been originally isolated from the skin of grapes. It is one of the most intensively studied eukaryotic model organisms in molecular and cell biology, much like Escherichia coli as the model bacterium. Saccharomyces cerevisiae is the most commonly used yeast species in industry and serves as a key model organism in biotechnological research. This yeast is widely employed in the food, feed, and pharmaceutical industries. Additionally, S. cerevisiae holds "Generally Recognized as Safe" (GRAS) status for use in food products. It provides an affordable and readily available source of protein and amino acids, either as nutritional yeast biomass or as a nitrogen source in extract form. As a result, S. cerevisiae offers a cost-effective solution for scientific studies aimed at industrial applications, benefiting both researchers and industry alike. (Calinoiu et al. 2019). S. boulardii is a mesophilic and non-pathogenic yeast, also being metabolically and physiologically different from S. cerevisiae because of its resistance to low pH, ideal growth temperature at 37 ºc and tolerance to bile acids, among other characteristics (Mcfarland et al. 2017).

2. material and methods 	Comment by SAGAR: MATERIALS AND METHODS
Various fresh fruit samples were used for the isolation of yeast (YS 1-YS 5) such as  Grape(YS 1), Orange(YS 2), Pine apple(YS 3), Lychee (YS 4) and Sugar cane juice(YS 5) were collected from the local market of Bangalore.
[bookmark: _Hlk203135673]2.1 To isolate and characterize yeasts from various food samples.
Yeasts were isolated from various fresh fruits (Grape, Orange, Pineapple, Lychee, Sugarcane juice). About 11 g of each sample was homogenized in sterile phosphate buffer and serially diluted samples were pour plated on Yeast Glucose Agar (1% yeast extract, 2% glucose, 1.5% agar, pH 5.4) supplemented with 0.1% chloramphenicol. The plates were incubated at 30 ± 2 °C for 48–72 hours. After incubation, distinct yeast colonies were isolated and subjected to morphological and biochemical characterization. The pure cultures were maintained on Yeast Glucose Agar slants containing chloramphenicol. A total of eight yeast isolates were obtained and labeled as YS1 to YS5, whereas no yeast growth was observed from buns and mangosteen fruit samples. 
    2.1.1 Morphological Characterization
To determine the morphological characteristics, all the yeast isolates (YS 1- YS 5) were examined for shape and budding nature using Lactophenol cotton blue for staining procedure and stain was observed under high power objective in the compound microscope.
 2.1.2 Biochemical Characterization
For species level identification of yeasts, all the 5 yeast isolates (YS 1- YS 5) were subjected for several biochemical tests such as Sugar fermentation tests (Lactose, Glucose, Raffinose, Galactose, Maltose etc.), Nitrogen utilization tests (DL-Lysine, Tryptophane and ethylamine) and other complementary tests (Growth at NaCl-5%, 10% & 16%, Hydrolysis of Urea, growth at 1% acetic acid, oxidative & fermentative test) were analyzed (Eman et al. 2023).
2.1.2.1 Sugar fermentation test 
All the 5 yeast isolates were subjected for sugar fermentation tests (Lactose, Xylose, Maltose, Fructose, Dextrose, Galactose, Raffinose, Trehalose, Melibiose, Sucrose, L-Arabinose and Mannose)  using  Hi CarboTM Kit, Part A. Positive fermentation was denoted by the colour change of the media from reddish-orange to yellow. Negative fermentation was denoted by no colour change of the medium (remains reddish-orange).
2.1.2.2 Nitrogen utilization test (DL-Lysine, ethylamine and Tryptophane)
DL-Lysine utilization test
The DL-lysine test was performed to determine the ability of yeast isolates to utilize DL-lysine as a nitrogen source. YPD medium containing 0.1% DL-lysine was inoculated with yeast cultures and incubated at 37°C for 48 h. Growth or a color change from yellow to purple indicated positive lysine utilization through metabolic pathways such as decarboxylation, while no growth or color change denoted a negative result (Olga et al. 2007).
Ethylamine utilization
The ethylamine test checked if a yeast isolate can break down ethylamine, an amine compound. It helped to reveal metabolic pathways like decarboxylation or deamination involved in yeast fermentation. The test used YPD media with 0.5–1% ethylamine and may include a pH indicator like bromocresol purple or phenol red. Yeast samples (YS 1–YS 5) were added and incubated at 37°C for 48 h. If the yeast grew or the medium changed color, the test was considered positive. This indicated ethylamine metabolism and the formation of byproducts such as ammonia or acids. No growth or color change meant the yeast could not use ethylamine  Xia et al. (2021).
Tryptophane utilization test
The tryptophane test for yeasts was used to determine whether a yeast strain can metabolize tryptophan, an essential amino acid, into byproducts like indole, which was a key indicator of tryptophan degradation. This test was valuable for assessing the yeast's ability to utilize tryptophan in different metabolic pathways. In this test first YPD medium containing tryptophan 1% was prepared, and a pH indicator phenol red was used to detect pH changes during metabolism. After inoculating the medium with a yeast suspension (YS 1 -YS 5) and incubated at 37 ℃ for both 24 and 48 h, the presence of indole was checked. A positive result was indicated by the production of indole, which can be detected using Kovac’s reagent. A negative result was showed by absence of color change.  (Montgomery et al. 2022).
2.1.3 General complimentary tests for yeast isolates from various food sources
2.1.3.1 Growth at NaCl (5,10,16%)
The NaCl (Sodium Chloride) test  for yeast was used to assess the salt tolerance of yeast isolates by evaluating their ability to grow in environments with varying NaCl concentrations which was important for applications like fermentation of salty foods, biotechnology, and other industrial processes where salt was a factor. The test typically involved preparing a basic yeast growth medium, such as YPD and then adjusted the NaCl concentration to 5%, 10%, and 16%. For each concentration, the media was sterilized, and then yeast cells, grown to the mid-log phase in YPD, were inoculated into liquid media containing the different NaCl concentrations. The inoculated liquid cultures were incubated at 37°C for 48 h. After incubation, yeast growth was observed for the turbidity in liquid media. A positive result, indicated salt tolerance, was marked by visible growth at the respective NaCl concentrations, while a lack of growth suggests sensitivity to the salt concentration. A control with no NaCl was included to compare normal growth.
2.1.3.2 Urease production test
The urease test for yeasts was used to determine whether a yeast isolate can produce the enzyme urease, which hydrolyses urea into ammonia and carbon dioxide. To perform the test, a urease test medium, typically containing urea-2%, peptone -0.1%, potassium phosphate- 0.015%, a  pH indicator  like phenol red, and a suitable nutrient base, was  prepared. The yeast isolates (YS1-YS 5) were inoculated into the urease test medium, and the tubes or plates were incubated at 37°C for 24- 48 h. If the yeast isolates produced urease, the hydrolysis of urea increased the pH of the medium, resulting in a color change from yellow (acidic) to pink (alkaline), indicating a positive result. If there was no color change, the test was considered negative, suggesting that the yeast strain did not produce urease. (Al Halim et al. 2024).
2.1.3.3 Growth at 1% acetic acid
The growth at 1% acetic acid test was conducted to evaluate the acid tolerance of eight yeast isolates (YS1–YS5). YPD medium containing yeast extract (1%), peptone (2%), and dextrose (2%) at pH 5–6 was supplemented with 1% acetic acid to create an acidic environment. The yeast cultures were inoculated and incubated at 37°C for 48 hours. After incubation, growth was assessed based on turbidity or colony formation. Visible growth indicated the ability of the yeast to tolerate and grow in 1% acetic acid, while no or poor growth showed sensitivity to the acidic environment (Rabeiro et al. 2021).
2.1.3.4  Oxidative - Fermentative test
Sterile test tubes containing Hugh and Leifson’s (HL) medium were inoculated by stabbing with 72-hour-old yeast isolates (YS1–YS5) from YGCA slants. One tube was sealed with sterile liquid paraffin to create anaerobic conditions, while the other remained open for aerobic conditions. This setup enabled the Oxidative-fermentation (OF) test to assess the yeast's ability to metabolize glucose. After incubation at 37°C for 48 h, acid production from glucose metabolism lowered the pH, triggering a color change in the bromothymol blue indicator. A shift from blue to yellow indicated glucose Oxidation (aerobic tube) or fermentation (anaerobic tube). If both tubes remain blue, it meant that yeast could not metabolize glucose (Bacteriological Analytical Manual, 1998).
        
3. results 
            3.1 Screening of yeasts from various food samples
Various food samples, including grape, orange, pineapple, lychee, sugarcane juice, kefir, cream cheese, and scoby from kombucha, were screened for yeast isolation. Samples were serially diluted and pour plated on ygca containing 0.01% Chloramphenicol and incubated at 30 ± 2 °C for 48–72 hours. After incubation, yeast colonies appeared as oval or round, cream-white, non-cottony colonies on ygca plates. Cell morphology was observed microscopically, and the average yeast counts were recorded (table 1). Yeast counts varied significantly among samples, with YS5 (sugarcane juice) showing the highest count (2.56 log₁₀ cfu/ml) and YS 3 (Pineapple) the lowest (1.95 log₁₀ cfu/g).Isolates sharing the same superscript letters (a, b, or c) were not significantly different from each other. The critical difference (CD) at P= 0.05 was 0.11, indicating that variations greater than 0.11 were statistically significant, while some isolates such as YS5 vs YS2 were non-significant, and others like YS1 vs YS4 showed significant differences (tables 1 and 2).
3.1.1 Morphological characterization 
3.1.2 Simple staining 
To determine the morphological characteristics , all the isolates of yeast (YS 1 – YS 5) were examined for  presence of round / oval shaped blue colored colonies , budding and presence of ascospores  using lactophenol cotton blue stain and the cells were observed under high objective (100X) in the compound microscope using cedarwood oil as shown in Plate 1.
Oval shaped yeast cells.

Table 1: Enumeration of yeast cells from fruits on Yeast glucose               
                                               chloramphenicol agar
	[bookmark: _Hlk206313318]
Yeast isolate
	
Food source
	Total yeast count (log10 cfu /ml)


	YS 1
	Grape
	                      2.43a


	YS 2
	Orange
	2.10b


	YS 3
	Pine apple
	1.95b


	YS 4
	           Lychee
	2.41a


	YS 5
	Sugarcane juice
	2.56a


	CD(P=0.05)
	
	0.11




Note:
· All values are average of three trials
· CD(P=0.05) – Critical Difference
· YGCA- Yeast glucose chloramphenicol agar 
                                         [image: ]
              Plate  1: Cell morphology of yeast cells under 100X








Table 2: Colony and cell morphology of isolated yeasts from fruits
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Source

	
Isolate code

	
Colony morphology

	
Cell morphology

	
Grape
	
YS 1

	








White/ creamy white round, non-cottony colonies
	








Blue circular to ovoid cells  in simple staining with budding /ascospores

	
Orange

	
YS 2

	
	

	
Pineapple

	
YS 3

	
	

	
Lychee

	
YS 4

	
	

	
Sugarcane juice

	
YS 5

	
	

	
Total isolates

	
08
	
	



Note:
· Colony morphology on YGCA with 0.01 % of chloramphenicol  
· Cell morphology observed under 100 X of bright field microscope through simple   staining using lactophenol blue stain.
3.1.3 Biochemical characterization of yeast isolates from fruits
The sugar fermentation and nitrogen utilization tests of five yeast isolates (YS1–YS5) revealed diverse metabolic capabilities. YS1, YS 5 showed no sugar fermentation, while YS2, YS3, YS4, exhibited varying weak to strong fermentations for specific sugars, indicating the highest fermentative ability. In nitrogen utilization, all isolates utilized ethylamine and tryptophan but only YS 5 could metabolize DL-lysine. Complementary tests showed that all isolates grew well at 5–10% NaCl, while most tolerated 16% NaCl with delayed growth in YS 3. All grew in 1% acetic acid, though YS1 showed delayed growth, In the oxidation-fermentation test, all isolates showed oxidative metabolism, these results indicate broad variability in sugar and nitrogen metabolism, salt and acid tolerance, and enzymatic activity among the yeast isolates, reflecting their diverse adaptive and metabolic traits as shown in table 3, 4 and 5.









Table 3. Sugar fermentation test for yeast isolates from fruits
	
  Sugar
	
   YS 1
	
   YS 2
	
   YS 3
	
    YS 4
	
   YS 5

	Lactose
	-
	-
	-
	-
	-

	 Xylose
	-
	+/-
	-
	-
	-

	Maltose
	-
	+
	+/-
	-
	-

	Fructose
	-
	+
	-
	+
	-

	Dextrose
	-
	+/-
	+
	-
	-

	Galactose
	-
	+
	-
	-
	-

	Raffinose
	-
	+/-
	-
	-
	-

	Trehalose
	-
	+
	-
	-
	-

	Melibiose
	-
	+
	+/-
	-
	-

	Sucrose
	-
	+
	-
	-
	-

	L-arabinose
	-
	-
	-
	-
	-

	Mannose
	-
	-
	-
	-
	-





















Note: + : Positive fermentation ( Reddish to orange)
           - : Negative fermentation ( No color change)
          +/- : Weak fermentation    ( Weak color change)


Table 4: Nitrogen utilization test for yeast isolates from fruits

	

Yeast isolates
	DL-lysine
	Ethylamine
	Tryptophane

	
	Incubation period (h)

	
	
24
	
48
	
24
	
48
	
24
	
48

	
YS 1
	
-
	-
	+
	+
	+
	+

	
YS 2
	
-
	-
	+
	+
	+
	+

	
YS 3
	
-
	-
	+
	+
	+
	+

	
YS 4
	
-
	-
	+
	+
	+
	+

	
YS 5
	
+
	+
	+
	+
	+
	+



Note: +: Positive nitrogen utilization
           - : Negative nitrogen utilization








Table 5: General complimentary tests for yeast isolates from fruits
	

Yeast isolates
	Growth at NaCl
%
	Growth at 1% acetic acid
	Urease utilization test
	OF test

	
	5
	10
	16
	
	
	Aerobic
	anaerobic

	
	Incubation period (h)

	
	24
	48
	24
	48
	24
	48
	24
	48
	24
	48
	24
	48

	YS 1

	+
	+
	+
	+
	+
	+
	-
	-
	-
	-
	+
	+

	YS 2
	+
	+
	+
	+
	+
	+
	+
	+
	-
	-
	+
	+

	YS 3
	+
	+
	+
	+
	+
	+
	+
	+
	-
	-
	+
	+

	YS 4
	+
	+
	+
	+
	+
	+
	+
	+
	-
	-
	+
	+

	YS 5
	+
	+
	-
	-
	+
	+
	+
	+
	-
	-
	+
	+



	Note: + : Positive 
	          - : Negative
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3.  DISCUSSION
3.1 Isolation and characterization of  yeasts from fruits
3.1.1 Screening of yeasts from various fruits
In the present study,  yeasts were isolated from different fruit samples such as orange, pineapple, grapes, lychee and sugarcane juice. each sample was serially diluted and pour plated using YGCA 0.5 µg/l chloramphenicol.  followed by solidification. All the plates were incubated at 30±2 °C for 48-72 h. after incubation, yeast colonies appeared white to creamy white, round, and non-cottony on YGCA plates, with blue, circular to ovoid cells showing budding and occasional ascospores under simple staining. In this line a comparative study conducted by Negus et al. (2023)  who isolated yeasts from fruits such as grapes and pineapple and serially diluted using YPDA followed by 0.5 µg/l chloramphenicol. Then, the inoculated agar plates were incubated at 30 °C for 48 h. reporting colonies that were mostly white with one creamy type, showing both circular and irregular shapes. Their isolates exhibited varied colony elevations and surface textures, including rough surfaces in some cases. Microscopic observations in their study revealed oval, cylindrical, and spherical cell shapes. Another study conducted by  Yohannes et al. 2020 for isolation of probiotic yeast from fermented cereals dough by serial dilution  using PDA and  1µl of kanamycin reporting colonies were circular to irregular white or creamy colonies.



3.2 Biochemical characterization of yeast isolates from fruits
3.2.1 Sugar fermentation  test for yeast isolates:
The study by Yuma et al. (2020) on probiotic yeast isolates from fermented cereal dough reported that almost all isolates were able to ferment the tested sugars, with the exception of lactose. Sugar fermentation was indicated by a color change from  red to yellow, suggesting that most of the yeast strains possessed a broad ability to utilize various sugars. In contrast, the results of the present study showed a wider variation in sugar fermentation abilities among the five yeast isolates (YS 1 to YS 5). YS1 and YS 5 did not ferment any sugars, whereas YS 2, YS 3 and YS 4 displayed weak to strong fermentation for certain sugars. Another study conducted by Negus et al., (2023) carbohydrate fermentation test for five yeast isolates in which  all yeast isolates fermented all sugars such as glucose, sucrose, galactose, maltose except lactose .
 3.2.2 Nitrogen utilization test for yeast isolates 
The ability of yeast to utilize tryptophan as a nitrogen source is well established and continues to be a focus of metabolic engineering efforts. Zhao et al. (2024) demonstrated the efficient de novo biosynthesis of tryptophol from L-tryptophan in S. cerevisiae by enhancing the shikimate and Ehrlich pathways, achieving a tryptophol yield of over 1 g/L—representing a 650-fold improvement over wild-type strains. This study confirms that yeast not only assimilate tryptophan but can also convert it into valuable metabolites. Complementing this, Li et al., (2023) reviewed L-tryptophan biosynthesis and metabolism in yeast, highlighting its role in stress resistance, membrane transport (e.g., via TAT1 and TAT2), and metabolic flexibility. These recent findings support your observation that all isolates consistently utilized tryptophan under the tested conditions. In contrast, lysine metabolism in yeast is more restrictive. Most yeasts synthesize lysine via the α-aminoadipate pathway but do not catabolize it for nitrogen or energy. However, exceptions may occur under specific genetic or environmental conditions. 
or strain-specific uptake and modification mechanisms. Further supporting this, Lee et al. (2021) engineered a high-lysine-producing yeast strain by modifying feedback regulation in the homocitrate synthase (Lys20) gene. While this study focused on lysine biosynthesis rather than degradation, it reinforces the idea that yeast lysine pathways can be manipulated, which may occur naturally in certain isolates such as YS5 .Regarding ethylamine, while no recent publications (within the past five years) directly study its utilization in yeasts, earlier foundational studies (e.g., van Dijken & Bos, 1981) documented that many yeast strains can utilize primary amines like ethylamine as nitrogen sources. 
3.2.3 General complimentary tests for yeast isolates  
Salt tolerance (NaCl 5%, 10%, and 16%) 
Most isolates showed moderate salt tolerance, growing at 5% and 10% NaCl within 24–48 h most isolates grew by 24 h, while YS3  showed delayed growth by 48 h. Overall, the isolates demonstrated good salt tolerance, though some needed more time to adapt. A recent study on Debaryomyces hansenii (Navarrete et al. 2020) was shown to tolerate around 11.6% NaCl (2 M) by increasing respiration and biomass under salt stress. This is similar to your isolates, especially YS 3 which showed delayed growth at 16% NaCl—suggesting they may also rely on metabolic adaptation to survive high salinity.
 Another study by Tekarslan Sahin et al. (2018) developed a salt-tolerant Saccharomyces cerevisiae mutant (T8) that grew at 8.5% NaCl due to osmolyte production (trehalose, glycogen) and stress-gene activation. Your isolates naturally tolerate even higher salt levels (up to 16%), though similar protective mechanisms have not yet been explored, pointing to an area for further investigation. 
Growth at 1% acetic Acid
Yeast isolates demonstrated strong acid tolerance, with all showing growth at 1% acetic acid and only YS 1 exhibiting delayed growth at 48 h. This level of tolerance is noteworthy when compared to findings by Rodrussamee (2025), where only one out of 43 natural yeast strains (MY2/P1) could grow at the same acetic acid concentration highlighting that your isolates are comparatively more resilient to acidic stress. According to Antunes et al. (2023), acid tolerance in S. cerevisiae involves the Hrk1 kinase, which helps maintain ion homeostasis (H⁺ and K⁺ balance) during acid stress. It is possible your isolates rely on similar mechanisms, though further molecular studies are needed to confirm this. Additionally, Salas‑Navarrete et al., (2023) showed that evolved acid-tolerant yeasts adapt by upregulating plasma membrane H⁺-ATPase (PMA1) and stress-related genes like HSF1, SKN7, and WAR1. The delayed growth of YS 1 might indicate that it needs time to activate such protective stress responses, allowing it to eventually survive and grow in acidic conditions.
Urease utilization test
The present study showed the Urease activity was negative for all isolates , which showed a positive reaction at both 24 and 48 h. being the only exception. A study conducted by Chandimala et al. (2023) where he  isolated 24 yeast strains from various local foods and tested them for urease activity. Among these, 4 isolates (approximately 17%) tested positive for urease activity, indicating that urease-producing yeasts are relatively uncommon in food samples. The  study by Al Halim et al., (2024) found that 30 out of 42 yeast isolates exhibited urease activity, suggesting a higher prevalence of urease-producing yeasts in their samples.
 Oxidation-Fermentation (OF) test
All isolates exhibited positive Oxidative metabolism at both time points, indicating predominant aerobic sugar utilization. A study conducted by Wang et al. (2023) on OF Metabolism in Yeasts from Fermented Food in Which most yeast isolates showed positive Oxidative metabolism under aerobic conditions, while only a few demonstrated fermentations under anaerobic conditions, matching your observation. Another study conducted by Silva et al. (2024) evaluated 13 yeast strains, including Saccharomyces cerevisiae CAT-1 and 12 isolates from Brazil. Under anaerobic conditions with glucose, S. cerevisiae CAT-1 exhibited the highest maximum specific growth rate (μₘₐₓ) of 0.35 h⁻¹ .

4. Conclusion

In conclusion, this study successfully isolated yeast strains from diverse fruit sources, demonstrating the wide distribution of yeasts in commonly consumed products. Morphological and biochemical characterization confirmed the presence of distinct yeast species with varying metabolic capabilities. The isolates showed differences in sugar fermentation and assimilation patterns, indicating functional diversity among the strains. Such biochemical variability suggests potential applications in food fermentation and biotechnology. The ability of certain isolates to tolerate different environmental conditions highlights their adaptability. These findings emphasize the importance of food sources as reservoirs of industrially relevant yeasts. The study also provides baseline data for further molecular identification of the isolates. Overall, the results contribute to a better understanding of yeast diversity in fruit ecosystems. Future research should focus on genetic characterization and safety assessment. The isolated strains may serve as promising candidates for food and industrial applications.
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