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HIGHLIGHT 

 The characteristic compound of isolate YIS-3 was benzeneethanamine, while that of YIS-4 was o-nitrostyrene. 

 Both isolates produced a similar bread-like aroma as they originated from the same species, Saccharomyces cerevisiae. 

 Isolate YIS-3 shared 95.88% genetic similarity with strain XZFM13-1, and YIS-4 shared 95.25% similarity with strain 

HBUAS61689. 
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 ABSTRACT 

Background: Yeast is a widely utilized microorganism in the fermentation industry, 

particularly as a leavening agent for bread. The bread-making process yields a 

number of metabolites, particularly volatile compounds, which influence the end 

product quality. This study sought to identify volatile compounds and yeast species 

involved in the leavening process of bread derived from salak pondoh fruit (Salacca 

edulis Reinw.) to enhance bread aroma. 

Methods: This study was conducted in between January and September 2024. Yeast 

isolates were selected based on their dough-leavening ability and were designated as 

YIS-3 and YIS-4. A descriptive experimental design was applied to evaluate the 

fermentation performance of both strains in bread making. Two yeast isolates were 

used in this study, and each isolate was used to produce bread. Volatile compounds in 

the bread were analyzed using Gas Chromatography–Mass Spectrometry, and 

sensory evaluation was conducted through organoleptic testing by 30 semi-trained 

panelists aged 20-35 years. Molecular identification was performed by sequencing 

the Internal Transcribed Spacer region. The Kruskal–Wallis test was used to identify 

significant differences among sample groups. When significant differences were 

observed (p<0.05), post hoc pairwise comparisons were conducted using the Mann–

Whitney U test to determine which groups differed significantly. 

Results: Gas Chromatography–Mass Spectrometry analysis identified 254 volatile 

compounds in bread fermented with YIS-3 and 231 compounds in bread fermented 

with YIS-4. The dominant volatile compound in YIS-3 bread was 

benzeneethanamine, while o-nitrostyrene was predominant in YIS-4 bread. Sensory 

evaluation revealed no significant difference in aroma preference between the two 

samples (p>0.05). Molecular identification showed that isolate YIS-3 shared 95.88% 

sequence similarity with Saccharomyces cerevisiae strain XZFM13-1, while YIS-4 

shared 95.25% similarity with S. cerevisiae strain HBUAS61689. 

Conclusion: Both species, identified as S. cerevisiae, contributed distinctive and 

sensorially acceptable aroma profiles in bread fermentation. 

© 2025, Shahid Sadoughi University of Medical Sciences. This is an open access 

article under the Creative Commons Attribution 4.0 International License. 
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Introduction 

   Bread is a widely consumed food product, primarily due 

to its convenience. In Indonesia, the bread industry has 

experienced continuous growth, driven by increasing 

consumer demand. According to Dong et al. (2018), food 

safety has become a key concern for consumers, who are 

increasingly aware of the relationship between food, 

nutrition, and health. Among the factors influencing food 

quality, volatile compounds are regarded by consumers as 

critical contributors. A recent review highlights that 

volatile compounds are essential in defining the 

characteristic aroma of foods, which correlates with 

nutritional value and provides valuable insights into the 

nutritional composition of food products. During the bread-

making process, volatile compounds are generated through 

both fermentation and baking. Fermentation begins when 

yeast is mixed into the dough, during which secondary 

metabolites are produced, releasing a variety of volatile 

compounds (Makhoul et al., 2015). Additionally, volatile 

compounds generated during baking result from Maillard 

reactions and lipid oxidation. Those derived from Maillard 

reactions are primarily responsible for bread’s distinctive 

aroma, which enhances consumer appeal. According to De 

Luca et al. (2021), alcohols, acids, and aldehydes are the 

most common volatile compounds found in fermented 

bread. Makhoul et al. (2015) noted that fermentation 

activates secondary metabolic pathways in yeast, 

producing volatile compounds such as propanol, 2-

phenylethanol, 3-methyl-1-butanol, 2-methyl-1-propanol, 

ethyl acetate, ethyl hexanoate, ethyl octanoate, and ethyl 

benzoate. Izzreen et al. (2016) further reported that during 

baking, most of the produced volatile compounds belong to 

the pyrazine group, including 2-methylpyrazine, 2-

ethylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine, 

2,3-dimethylpyrazine, 2-ethyl-6-methylpyrazine, 2-ethyl-5-

methylpyrazine, 2-ethyl-3-methylpyrazine, 2-

vinylpyrazine, and 2-ethyl-3,5-dimethylpyrazine. 

   Several studies have explored the volatile profiles of 

fermented products, including traditional cereal-based 

foods. Ogunremi et al. (2020) identified 45 volatile 

compounds in Nigerian fermented cereal products, 

classified into organic acids, alcohols, carbonyls, and 

esters. Among the yeast strains evaluated, Pichia kluyveri 

LKC17 produced the largest proportion of carbonyl 

compounds, Issatchenkia orientalis OSL11 yielded the 

highest diversity of alcohols, and Pichia kudriavzevii 

OG32 was notable for its elevated ester production. 

Phenylethyl alcohol was found to be a dominant 

component produced by several strains, highlighting the 

role of yeast diversity in shaping aroma profiles. 

   Despite the richness of natural and industrial yeast 

sources, the potential of salak fruit (Salacca edulis Reinw.) 

as a novel reservoir of functional bread yeasts remains 

underexplored. Specifically, research on endophytic yeasts 

from salak and their capacity to produce aromatic volatile 

compounds during bread fermentation is still limited. 

Notably, these volatile compounds are crucial to the 

sensory quality of bread. Only a few studies have 

addressed the volatile profiles of endophytic yeasts from 

tropical fruits, and there has been no systematic evaluation 

of their leavening potential compared to commercial 

baker’s yeast. 

   Recent advances in yeast genomics have revealed 

significant genetic diversity between wild and 

domesticated strains of Saccharomyces cerevisiae, 

particularly in traits related to stress resistance, sugar 

metabolism, and aroma compound biosynthesis (Gallone et 

al., 2016). Endophytic yeasts, having adapted to plant 

microenvironments, may possess distinctive traits, such as 

tolerance to oxidative stress, high sugar concentrations, or 

antimicrobial compounds, differentiating them from 

laboratory or industrial strains. 

   Key aroma-active compounds such as phenylethyl 

alcohol and ethyl acetate are synthesized via the Ehrlich 

pathway and ester biosynthesis, respectively (Hazelwood et 

al., 2008). These metabolic pathways are governed by 

genes encoding decarboxylases, alcohol dehydrogenases, 

and acetyltransferases, and are influenced by yeast's 

metabolic flux and genetic background. Studies have 

demonstrated that targeted modifications of these 

pathways, such as overexpression of Alcohol 

Acetyltransferase 1 (ATF1) or deletion of Aldehyde 

Dehydrogenase 6 (ALD6), can significantly enhance ester 

production and thereby improve the aromatic profiles of 

fermented products (Saerens et al., 2010). 

   To support such biochemical insights, molecular 

identification of yeast species was conducted using the 

Internal Transcribed Spacer (ITS) region, which is widely 

recognized for its high resolution in species-level 

identification (Genç and Günay, 2020; Karimi et al., 2015). 

Compared to other markers, such as the D1/D2 domain of 

the 26S rDNA, the ITS region offers superior inter-species 

discrimination, making it suitable for identifying closely 

related yeast taxa (Schoch et al., 2012). Phylogenetic 

analysis based on ITS sequences was also employed to 

determine whether the isolates represent novel genotypes 

or are closely related to known strains, thereby providing 

insights into their evolutionary origins and genetic 

diversity. 

   This study aims to address the knowledge gap by 

characterizing the aroma profiles and phylogenetic identity 

of two endophytic yeast isolates (YIS-3 and YIS-4) derived 

from salak pondoh fruit. Previous research has shown that 

these isolates exhibit strong dough-leavening capabilities 

and deliver superior sensory characteristics compared to 
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commercial baker’s yeast (Zahroh et al., 2022). This dual 

approach aims to establish a link between the species 

identity and metabolic potential of the isolates and their 

functional performance as alternative, indigenous bread 

starters. 

 

Materials and methods  

   This study was conducted between January and 

September 2024. Yeast isolates were obtained from salak 

pondoh fruit (Salacca edulis Reinw.) and were selected 

based on their dough-leavening ability. Two yeast isolates 

were used in this study, designated as YIS-3 and YIS-4, 

and each isolate was used to produce bread. A total of four 

bread samples (two from each yeast strain) were prepared 

and analyzed. 

Equipment and materials 

   The study employed a Laminar Air Flow (LAF; Esco, 

Singapore) hood, a Polymerase Chain Reaction (PCR) 

Thermal Cycler (Bio-Rad T100™, USA), a DNA 

electrophoresis apparatus (Cleaver Scientific, UK), a gel 

documentation system (Bio-Rad Gel Doc™ XR+, USA), 

and a Gas Chromatography-Mass Spectrometry (GC-MS; 

instrument Shimadzu QP 2010 Plus, Kyoto, Japan). 

Additionally, the materials included yeast isolates (YIS-3 

and YIS-4) isolated from salak pondoh fruit (S. edulis 

Reinw.) collected in Jombang, East Java, Indonesia. These 

isolates were selected based on their superior bread-

leavening performance demonstrated in preliminary 

experiments.  

   Culture media and reagents included Yeast Malt Broth 

(YMB), Yeast Malt Extract Agar (YMEA), and Yeast 

Peptone Glucose (YPG), all obtained from HiMedia 

(India); Sodium DL-lactate (Sigma-Aldrich, USA); and 

oligonucleotide primers for molecular identification: 

forward primer ITS1 (5′-TCC GTA GGT GAA CCT GCG 

G-3′) and reverse primer ITS4 (5′-TCC TCC GCT TAT 

TGA TAT GC-3′), purchased from Integrated DNA 

Technologies, USA. 

Bread-making process using yeast isolates YIS-3 and YIS-4 

   The dough preparation was carried out using a modified 

method adapted from Watanabe et al. (2016). The 

ingredients used included 50 g of wheat flour, 0.75 g of salt, 

3.75 g of sugar, 4 g of butter, 2 g (4%) of yeast pellets, and 

20 ml of water. All ingredients were mixed and kneaded 

until a smooth dough consistency was achieved. Each dough 

sample was placed in a mold and incubated at approximately 

30 ºC for 6 h. The final step in bread making involved 

baking at 120 ºC for 15 min (Karki et al., 2017). After 

baking, the bread was sliced for organoleptic evaluation. A 3 

g portion of each bread sample was collected for volatile 

compound analysis (Dong et al., 2018). 

Volatile compound analysis of bread fermented with YIS-3 

and YIS-4 

   Volatile compound analysis was conducted through 

sample extraction and GC-MS analysis. Samples were 

extracted based on the protocol of Dong et al. (2018). 

Three g of bread were placed in a 20 ml vial without 

solvent and tightly sealed with PTFE/silicone septa. The 

sample was incubated in a water bath at 60 °C for 20 min. 

Volatile compounds were extracted using Solid-Phase 

Microextraction (SPME: PK3 SPME ASSY 50/30 µm 

DVB/CAR/PDMS, Bellefonte, PA, USA) at 60 °C for 30 

min, with the SPME fiber inserted into the vial. The fiber 

was desorbed for 7 min at the GC injection port set to 250 

°C in splitless mode before conducting GC-MS analysis. 

   The volatile compound was analyzed using a GC-MS 

under the following conditions: oven temperature set at 35 

°C, injector temperature at 250 °C, pressure at 47.6 kPa, 

total flow rate of 4 ml/min, column flow rate of 1 ml/min, 

linear velocity at 36.0 cm/s, and purge flow at 3 ml/min. 

The column temperature was set at 35 °C for 6 min, raised 

to 40 °C at a rate of 2 °C/min, further increased to 210 °C 

at 5 °C/min, and finally ramped to 250 °C at 10 °C/min, 

where the state was upheld for 5 min. For MS, conditions 

were as follows: m/z range of 35-500, event time of 0.3 s, 

interface temperature at 280 °C, and ion source 

temperature at 230 °C. 

Organoleptic analysis of bread fermented with YIS-3 and 

YIS-4 

   The organoleptic evaluation of the bread focused on 

aroma and was conducted using a hedonic test method to 

assess consumer preference. A total of 30 untrained 

panelists (consumers), comprising both male and female 

participants aged between 20 and 35 years, were involved 

in the assessment. The panelists were asked to evaluate the 

bread's aroma based on their personal preference using a 9-

point hedonic scale, which is considered more acceptable 

and provides greater sensitivity than the commonly used 5-

point scale. The scale was defined as follows: 1=dislike 

extremely, 2=dislike very much, 3=dislike moderately, 

4=dislike slightly, 5=neither like nor dislike, 6=like 

slightly, 7=like moderately, 8=like very much, and 9=like 

extremely. This method allows for a more nuanced 

measurement of liking and is widely accepted in sensory 

analysis. Prior to the evaluation, all panelists were given 

clear instructions, and the test was carried out under 

controlled conditions to minimize bias. The method was 

adapted from the procedure described by Cabello-Olmo et 

al. (2023), with modifications to the scale for improved 

accuracy in capturing consumer preferences. 

Identifying yeast isolates YIS-3 and YIS-4 

-DNA isolation 
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   DNA was isolated using the direct PCR method. A direct 

thermal lysis method was employed to disrupt the cell wall 

and release genomic DNA. A single yeast colony was 

selected from the sub-cultured plate and transferred into a 

0.2 ml microtube containing 20 μl of sterile nuclease-free 

water. The tube was then subjected to boiling at 95 °C for 

10 min to lyse the cells and release genomic DNA. After 

boiling, the sample was briefly centrifuged, and 2 μl of the 

resulting supernatant was used as the DNA template. The 

PCR reaction mixture consisted of 10 µl of PCR master 

mix, 1 µl of forward primer (ITS1: 5’-TCC GTA GGT 

GAA CCT GCG G-3’), 1 µl of reverse primer (ITS4: 5’-

TCC TCC GCT TAT TGA TAT GC-3’), 2 µl of DNA 

template, and 6 µl of nuclease-free water, yielding a final 

volume of 20 µl. Amplification was performed according 

to a modified protocol from Ben-Amar et al. (2017), 

involving an initial denaturation at 94 °C for 7 min, 

followed by 29 cycles of denaturation at 94 °C for 45 s, 

annealing at 56 °C for 60 s, and extension at 72 °C for 60 s, 

with a final extension at 72 °C for 7 min.  

-Sequence analysis 

   The PCR products were sequenced to determine 

nucleotide order and composition, employing sequencing 

services from Limited Liability Company (LLC) Genetika 

Sains, Singapore. The results were analyzed through 

aligning process using Basic Local Alignment Search Tool 

(BLAST) to determine base-pair similarity percentages 

compared to reference sequences in the NCBI GenBank 

(https://www.ncbi.nlm.nih.gov/). Phylogenetic tree 

construction was performed using MEGA-X software. The 

yeast isolates’ sequences were compared with other 

isolates, and phylogenetic trees were reconstructed using 

the Neighbor-Joining method with bootstrap testing as 

referred to Feng et al. (2017). 

Statistical analysis 

   Statistical analysis of the organoleptic data was carried 

out using IBM SPSS Statistics software version 25.0 (IBM 

Corp., Armonk, NY, USA). Since the sensory data did not 

meet the assumptions of normality and homogeneity of 

variances, non-parametric tests were employed. The 

Kruskal-Wallis test was used to identify significant 

differences among sample groups. When significant 

differences were found (p<0.05), post-hoc pairwise 

comparisons were performed using the Mann-Whitney U 

test to determine which specific groups differed from each 

other. The level of statistical significance was set at 

p<0.05. 

 

Results and Discussion 

Volatile compound analysis of bread fermented with YIS-3 

and YIS-4 

   Based on chromatographic analysis, a total of 254 

volatile compounds were identified in bread samples 

fermented with yeast isolate YIS-3 (Figure 1a), while 231 

volatile compounds were detected in samples fermented 

with yeast isolate YIS-4 (Figure 1b). From each sample, 

the 50 volatile compounds with the highest peak quality 

were selected and classified into different categories based 

on their functional groups. 

 

 
Figure 1: Total Ion Chromatogram (TIC) of volatile compounds detected in bread samples fermented with yeast (a): isolates YIS-3 and (b): YIS-4  
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   As a result, the bread sample fermented with YIS-3 

contained eight aldehydes, seven alcohols, one furan, 

eleven esters, two benzene derivatives, one alkene, six 

alkanes, one amine, one nitrile, one ketone, and eleven 

other compounds. In contrast, the bread sample fermented 

with YIS-4 contained eight aldehydes, six alcohols, one 

furan, eleven esters, five benzene derivatives, one alkene, 

five alkanes, one nitrile, one nitro compound, and eleven 

other compounds. These findings indicate that esters were 

the dominant group of volatile compounds in both YIS-3 

and YIS-4 bread samples. 

   According to Mazumdar et al. (2019), esters are the 

primary volatile compounds in ripe salak fruit (S. edulis). 

This is consistent with the findings of the present study, as 

yeast fermentation processes typically generate a high ester 

profile, particularly when the substrate is rich in simple 

carbohydrates and lipids. However, the difference in the 

total number of volatile compounds between YIS-3 and 

YIS-4 may be attributed to variations in secondary 

metabolism among yeast isolates, with YIS-3 potentially 

producing more fatty acid-derived compounds. 

The ten volatile compounds with the highest peak area 

percentages were identified for each sample (Table 1). 

Among these compounds, benzaldehyde exhibited a peak 

area percentage of 9.33% in the YIS-3 sample and 7.43% 

in the YIS-4 sample. According to De Luca et al. (2021), 

benzaldehyde is associated with almond, sweet, and 

cherry-like aromas. This compound is commonly formed 

through lipid oxidation, fermentation, and Maillard 

reactions. The higher concentration of benzaldehyde in 

YIS-3 suggests a greater activity of oxidative enzymes in 

lipid or aromatic amino acid metabolic pathways. In 

contrast, YIS-4 showed a higher production of nonanal, a 

compound more closely associated with saturated lipid 

oxidation, supporting the hypothesis that YIS-4 may 

exhibit greater activity in lipid metabolism compared to 

amino acid fermentation. 

 

Table 1: List of the top 10 volatile compounds with the widest area percentages 

Sample No 

time 

retention 

(min) 

% area 
Molecular 

mass 

Molecular 

(formula) 
Compound Group 

YIS-3 

1 13.5 9.33 106.1219 C7H6O Benzaldehyde (CAS) Phenylmethanal Aldehyde 

2 15.5 4.12 138.2069 C9H14O Furan, 2-pentyl- (CAS) 2- Amylfuran Furan 

3 15.7 2.94 296.6158 C8H24O4Si4 Cyclotetrasiloxane, octamethyl- (CAS) - 

4 16.1 4.88 144.2114 C8H16O2 Hexanoic acid, ethyl ester (CAS) Ester 

5 16.5 2.56 147.002 C6H4Cl2 Benzene, 1,4-dichloro- Benzene 

6 17.6 3.15 108.1378 C7H8O Benzenemethanol Alcohol 

7 20.9 13.57 121.1796 C8H11N Benzeneethanamine (CAS) Amine 

8 24.0 13.77 172.2646 C10H20O2 Octanoic acid, ethyl ester (CAS) Ester 

9 28.5 3.6 178.23 C11H14O2 Butanoic acid, phenylmethyl ester (CAS) Benzyl butanoate Ester 

10 29.9 2.78 200.3178 C12H24O2 Decanoic acid, ethyl ester (CAS) ethyl decanoate Ester 

YIS-4 

1 13.6 7.43 106.1219 C7H6O 
Benzaldehyde (CAS) 

phenylmethanal 
Aldehyde 

2 15.5 3.01 138.2069 C9H14O Furan, 2-pentyl- (CAS) Furan 

3 16.1 5.02 144.2114 C8H16O2 Hexanoic acid, ethyl ester (CAS) ethyl n-caproate Ester 

4 16.5 4.17 147.002 C6H4Cl2 Benzene, 1,3-dichloro- (CAS) Benzene 

5 17.6 5.16 108.1378 C7H8O Benzenemethanol (CAS) Alcohol 

6 20.6 1.99 142.2386 C9H18O Nonanal (CAS) n-nonanal Aldehyde 

7 20.9 17.08 149.15 C8H7NO O-nitrostyrene Nitro 

8 24.0 12.14 172.2646 C10H20O2 Octanoic acid, ethyl ester (CAS) Ester 

9 28.5 3.45 178.23 C11H14O2 Butanoic acid, phenylmethyl ester (CAS) benzyl butanoate Ester 

10 29.9 4.44 256.4241 C16H32O2 Tetradecanoic acid, ethyl ester (CAS) Ester 

CAS=Chemical Abstracts Service 

 

   Furthermore, nonanal was detected in the YIS-4 bread 

sample at a peak area of 1.99%. Nonanal is known for its 

fruity aroma with rose, citrus, and orange-like notes and is 

mainly derived from fermentation and lipid oxidation. Both 

benzaldehyde and nonanal belong to the aldehyde group of 

volatile compounds (De Luca et al., 2021). Iranmanesh et 

al. (2018) noted that aldehydes can be directly formed via 

the Maillard reaction pathways (amadori or heyns 

products), particularly in thermally processed foods. 

Aldehydes are also major products of the autoxidation of 

unsaturated fatty acids via lipid oxidation mechanisms. 

   Another compound, 2-pentylfuran, exhibited peak areas 

of 4.12% in YIS-3 and 3.01% in YIS-4. This compound 

contributes to caramel-like, sweet, fruity, nutty, and meaty 

aromas (Wailzer et al., 2016). It is formed through both 

lipid oxidation and Maillard reactions (Izzreen et al., 

2016). 2-pentylfuran belongs to the furan group, typically 

generated at the final stages of Maillard reactions. This 

finding aligns with Wailzer et al. (2016), though the 

concentration difference suggests that the YIS-3 strain may 

exhibit higher decarboxylase or peroxidase activity, 

accelerating furan formation from unsaturated lipid 

substrates. 

   Ethyl hexanoate, ethyl octanoate, phenylmethyl 
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butanoate, ethyl decanoate, and ethyl tetradecanoate are 

classified as esters. According to Iranmanesh et al. (2018), 

various microorganisms, particularly yeast species, are 

capable of producing esters. Ester biosynthesis involves 

two key steps: first, triglycerides in lipids are hydrolyzed 

by lipase enzymes to generate Free Fatty Acids (FFAs); 

second, FFAs are esterified with alcohols catalyzed by 

esterase enzymes. 

   Ethyl hexanoate exhibited peak areas of 4.88% in YIS-3 

and 5.02% in YIS-4. Ethyl octanoate accounted for 13.77% 

in YIS-3 and 12.14% in YIS-4. These compounds are 

known for their fatty, acidic, cheesy, and fruity aromas. 

Hexanoic acid is formed during fermentation and lipid 

oxidation (Pico et al., 2018). Phenylmethyl butanoate, 

which imparts cheesy and buttery aromas, contributed 

3.6% in YIS-3 and 3.45% in YIS-4 (Astuti et al., 2022). 

Ethyl decanoate was present in YIS-3 at a peak area of 

2.78%, associated with fruity and cheesy notes (Boltar et 

al., 2015). Ethyl tetradecanoate was observed in YIS-4 at 

4.44% and is associated with cheesy, fatty, and coconut-

like aromas (Astuti et al., 2022; Poveda et al., 2008). 

   The high ester concentrations confirm that both yeast 

isolates possess significant lipase and esterase activity; 

however, YIS-3 produced slightly higher concentrations of 

medium-chain esters. This may be attributed to differences 

in enzyme expression or the availability of precursor 

substrates such as ethanol. 

   Benzenemethanol, also known as benzyl alcohol, 

exhibited peak areas of 3.15% in YIS-3 and 5.16% in YIS-

4. The higher benzyl alcohol concentration in YIS-4 

suggests a more dominant phenylalanine metabolic 

pathway, consistent with the Ehrlich pathway. A similar 

observation was reported by Olaniran et al. (2017), who 

noted that specific yeast strains exhibit enhanced aromatic 

amino acid degradation activity. Benzyl alcohol contributes 

fruity, sweet, floral, and mild aromas. It is produced 

through yeast fermentation, specifically via the reduction 

of benzoic acid in the glycolytic pathway (Ardiansyah et 

al., 2021). This volatile compound belongs to the alcohol 

group. According to Olaniran et al. (2017), alcohols are 

synthesized via the Ehrlich pathway, wherein specific 

amino acids undergo transamination to form α-keto acids. 

   Benzene, 1,4-dichloro– was produced by YIS-3 with a 

peak area of 2.56%, whereas benzene, 1,3-dichloro– was 

produced by YIS-4 with 4.17%. Both are classified as 

benzene-type volatile compounds. Zhang et al. (2020) 

reported that benzene derivatives are produced during 

fermentation. Additionally, o-nitrostyrene (2-nitrostyrene), 

classified as a nitro compound, was detected in YIS-4 with 

a peak area of 17.08%. Aromatic nitro compounds such as 

2-nitrostyrene are rarely reported in bread products, 

suggesting possible involvement of unique aromatic 

enzyme activity in YIS-4. Pavlovica et al. (2014) further 

demonstrated that the Henry reaction is influenced by pH 

conditions and the availability of aromatic aldehydes, 

which may vary between isolates. According to Pavlovica 

et al. (2014), 2-nitrostyrene is formed through the 

condensation of aromatic aldehydes with nitroalkanes via 

the Henry reaction, a key carbon–carbon bond-forming 

process in organic chemistry. 

   Benzeneethanamine, or phenylethylamine, accounted for 

13.57% of the area in YIS-3. The higher content of 

phenylethylamine in YIS-3 indicates the contribution of the 

Ehrlich pathway in producing compounds with positive 

sensory characteristics. Martínez-Avila et al. (2018) 

showed that this compound is a critical precursor of aroma 

compounds such as 2-phenylethanol (2-PE) and 2-

phenylethyl acetate (2-PEA). The presence of 

benzeneethanamine in YIS-3 suggests its potential impact 

on aroma quality, contributing sweet and floral notes. In 

contrast, o-nitrostyrene in YIS-4 may impart unique aroma 

characteristics such as nutty or smoky. According to 

Martínez-Avila et al. (2018), these compounds contribute 

to aroma and can be further reduced into other aromatic 

compounds such as 2-PE and 2-PEA. Phenylethylamine is 

a nitrogen-containing volatile compound classified as an 

amine. Jackson (2008) defined amines as organic 

compounds related to the ammonia group. Amine 

concentrations may decrease due to volatility during yeast 

metabolism in fermentation but can also increase through 

yeast autolysis. 

Cyclotetrasiloxane, octamethyl-Chemical Abstracts Service 

(CAS), was detected in YIS-3 with a peak area of 2.94%. 

This finding highlights the need to evaluate potential 

contamination from extraction equipment, as also noted by 

Companioni-Damas et al. (2012). Siloxane derivatives 

such as cyclotetrasiloxane, octamethyl-, decamethyl 

cyclopentasiloxane, and dodecamethyl cyclohexasiloxane 

were also detected in their study, indicating that siloxane 

contamination may originate from polydimethylsiloxane 

(PDMS), the main component of divinylbenzene/ 

carboxen/polydimethylsiloxane (DVB/CAR/PDMS) based 

SPME fibers. 

   According to Nakamura et al. (2018), volatile 

compounds are formed during fermentation, baking 

(involving Maillard reactions), and lipid oxidation. Park 

and Kim (2019) classified the formation of volatile 

compounds into three main metabolic pathways: 

carbohydrate metabolism, amino acid metabolism, and 

fatty acid metabolism. Carbohydrate metabolism is closely 

linked to the production of various volatile compounds via 

alcohol fermentation. Amino acid metabolism, particularly 

through the Ehrlich pathway, is essential for the 

degradation of specific amino acids to yield volatile 

compounds. Fatty acid metabolism occurs during 

fermentation, wherein fats are hydrolyzed into glycerol and 
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fatty acids by lipase enzymes. Lipid metabolic pathways 

encompass fatty acids and their derivatives. 

Organoleptic analysis of bread fermented with YIS-3 and 

YIS-4 

   An organoleptic test was aimed to determine the sensory 

differences between the samples using human senses. 

According to the results of the Kruskal-Wallis test, for all 

evaluated attributes, aroma, taste, color, and texture, the p-

values exceeded 0.05 (p>0.05) (Table 2). This indicates 

that the null hypothesis (H0) is accepted, suggesting no 

significant differences between the treatments (YIS-3 and 

YIS-4 bread) in terms of aroma, taste, color, and texture. 

This infers respondents perceived both bread samples as 

exhibiting similar sensory characteristics. The average 

scores for all attributes were approximately seven, which 

indicates a like moderately response from the respondents 

regarding the aroma, taste, color, and texture of both 

breads. This scoring was based on a scale where 1=dislike 

extremely, 2=dislike very much, 3=dislike moderately, 

4=dislike slightly, 5=neither like nor dislike, 6=like 

slightly, 7=like moderately, 8=like very much, and 9=like 

extremely (Cabello-Olmo et al., 2023).  

 

Table 2: Organoleptic analysis ( aroma, color, texture, and taste) of 

the bread samples 

Attribute Descriptive statistics (Mean±SD) 

Aroma 

Color 

Texture 

Taste 

7.63±0.882 a 

7.60±0.764 a 

7.43±0.945 a 

7.18±0.854 a 

Means within a column followed by the same letter are not 

significantly different at p <0.05 

 

   The quality of bread is significantly influenced by the 

Maillard reaction and various other chemical processes that 

occur during baking. According to Starowicz (2021), the 

products of the Maillard reaction are diverse sensory-active 

compounds that play a critical role in determining key 

quality attributes such as aroma, taste, color, and texture. 

Among these attributes, aroma holds particular importance, 

as it is primarily generated through the production of 

secondary metabolites by yeast during fermentation. 

Supporting this, Pétel et al. (2017) identified approximately 

300 secondary metabolites in bread, the majority of which 

are volatile compounds that can be categorized into several 

main groups, including alcohols, esters, and aldehydes. 

   In general, aroma is the result of a balanced composition 

of volatile compounds present in a specific product 

(Ouyang et al., 2017). These compounds are inhaled when 

a person smells the food, triggering a sensory response via 

the olfactory system. According to Agustina et al. (2021), 

aroma is perceived when volatile molecules enter the nasal 

cavity and are detected by the olfactory receptors. The 

resulting aroma is closely associated with the palatability 

and consumer acceptance of food products, which is 

largely influenced by the raw ingredients and processing 

methods. Therefore, aroma plays a crucial role in 

determining the overall quality and acceptance of food 

products, including bread. 

   Organoleptic analysis of bread fermented with two 

different yeast isolates showed no significant differences in 

the four evaluated sensory attributes: aroma, color, texture, 

and taste. Although variations in the volatile compound 

profiles were observed between the two bread samples, 

these differences were not sufficient to alter the panelists’ 

perception of the sensory attributes. This suggests that the 

variation in volatile compounds remained below the human 

sensory detection threshold. Even in the absence of 

perceptible differences in aroma, the analysis of volatile 

compounds remains essential for understanding the 

biochemical mechanisms that influence bread aroma 

quality. A comprehensive understanding of the relationship 

between volatile compounds and sensory perception is 

fundamental for the development of bread products with 

enhanced and consumer-preferred aroma and flavor 

characteristics. 

   This phenomenon can be attributed to various 

technological factors involved in bread-making, such as 

fermentation methods, fermentation temperature, baking 

temperature, the type and concentration of ingredients 

used, as well as the strain and population of yeast. The 

combination of these factors may lead to similar aroma 

profiles between samples, as reflected in the organoleptic 

results showing no significant difference in aroma. This 

finding aligns with the statement by Longin et al. (2020), 

who noted that both environmental and genetic factors 

during bread production may influence the aroma profile. 

Furthermore, Pétel et al. (2017) emphasized that the 

formation of volatile compounds is highly dependent on 

the complex interactions among ingredient types and 

concentrations, yeast activity during fermentation, and 

fermentation conditions such as time and temperature. 

Molecular identification and phylogenetic analysis of yeast 

isolates YIS-3 and YIS-4 

   Molecular of the yeast strains YIS-3 and YIS-4 was 

identified using direct PCR method. Direct PCR involves 

direct addition of samples to the amplification reaction 

disregarding prior DNA extraction, purification, or 

quantification. This method optimizes the amount of target 

DNA, minimizes the risk of error and contamination from 

reagents, and reduces both the time and cost associated 

with the procedure. Amplification was performed on the 

ITS region, a non-coding segment within rDNA 

(Fajarningsih, 2016).  

   Results of PCR product visualization indicate that both 
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yeast isolates successfully produced DNA bands of 

approximately 950 bp, as presented in Figure 2. This 

suggests that the PCR process was executed effectively. 

The target amplification size is typically less than 1,000 bp 

or 1 kbp, as DNA fragments exceeding this size are more 

susceptible to inhibitors that impair the activity of DNA 

polymerase, in addition, the migration time during 

electrophoresis is prolonged. A number of different factors 

influence the successful appearance of DNA bands during 

electrophoresis, including agarose gel concentration, DNA 

molecule size, DNA conformation, voltage, and DNA dyes. 

Optimizing these factors impose more distinct DNA bands 

(Moniri et al., 2020). 

   Samples successfully visualized, using gel 

documentation, were subsequently sequenced to determine 

the nucleotide sequence. The results were subsequently 

analyzed using sequence scanner software. A high-quality 

sequencing output is characterized by distinct, tall 

chromatograms with numerous blue nitrogenous base 

peaks, while a suboptimal sequence exhibits overlapping, 

shallow chromatograms with a predominance of red 

nitrogenous bases (Al-Shuhaib and Hashim, 2023). 

Following sequencing, alignment was conducted using the 

BLAST to assess the homology between the query 

sequences and those available in the NCBI database. The 

BLAST results for the two yeast isolates are presented in 

Table 3. 

 

 
Figure 2: Visualization of Polymerase Chain Reaction (PCR) results: (M)=1 kb marker; (A)=YIS-3 replicate 1; (B)=YIS-3 replicate 2; (C)=YIS-4 

replicate 1; (D)=YIS-4 replicate 2 

 

 

Tabel 3: Results of Basic Local Alignment Search Tool (BLAST) yeast isolates YIS-3 and YIS-4 

Isolate 

code 

BLAST result 

Species name Identity (%) Accession 

YIS-3 

YIS-4 

Saccharomyces cerevisiae strain XZFM13-1 

S. cerevisiae starin HBUAS61689 
95.88% 

95.25% 

MW710189.1 

OM348826.1 

 

   The results presented in Table 3 signify that the yeast 

isolate YIS-3 shares a significant similarity with S. 

cerevisiae strain XZFM13-1, exhibiting a percentage 

similarity of 95.88%. Similarly, yeast isolate YIS-4 

presents 95.25% similarity with S. cerevisiae strain 

HBUAS61689. A higher percentage of similarity correlates 

with a greater degree of homology to the species in the 

NCBI database. According to Genç and Günay (2020), 

yeast species typically display sequence homology in the 

ITS rDNA region ranging between 99-100%. In contrast, 

lower homology values, particularly below 99%, suggest 

potential differences from known species. The lower 

sequence homology observed in isolates YIS-3 and YIS-4 

compared to reference strains indicates that these isolates 

represent novel strains of S. cerevisiae. In addition, the 

obtained value may also indicate low sequence quality, 

artifacts resulting from the PCR process, or potential 

contamination with hybrid yeast strains or closely related 

species. To address this issue, raw sequencing data should 

be reanalyzed using software such as MOTHUR or 

USEARCH to identify possible chimeras or low quality 

sequences. Furthermore, Multi-Locus Sequence Typing 

(MLST), targeting conserved genes e.g., Translation 

Elongation Factor 1-alpha (TEF1) and RNA Polymerase II 
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largest subunit (RPB1), is recommended to confirm the 

identity of the strain. 

   The phylogenetic relationships of the identified yeast 

strains are reflected through the construction of a 

phylogenetic tree. Phylogenetic tree potentially reveals the 

relationships between organisms based on shared 

characteristics, genetic backgrounds, and evolutionary 

connections. The phylogenetic tree is commonly depicted 

as a branching diagram, where branch lengths correspond 

to evolutionary distances. In this study, phylogenetic tree 

reconstruction was performed using the Neighbor-Joining 

(NJ) method in the MEGA X software, employing a 1,000-

replicate Bootstrap analysis with the Kimura 2-parameter 

model (Figure 3). According to Davidson and Martín Del 

Campo (2020), the NJ method is a distance-based 

phylogenetic approach that calculates a tree metric derived 

from dissimilarities out of the biological data. 

 

 
Figure 3: Reconstruction of phylogenetic tree for the yeast isolates YIS-3 and YIS-4 

 

   The results indicate that these two samples did not cluster 

within the same branch as the reference sequences 

(ingroup). This is presumably attributed to gaps (indicated 

by dashed lines) observed in the alignment results, due to 

the highly variable nature of the ITS region. Gaps 

represented mutations, either deletions or insertions, within 

the sequence. Additionally, the alignment revealed that the 

ITS region experienced rapid evolution, as evidenced by 

the multitude of nucleotide differences observed in specific 

regions across the sequences of various species. As such, 

the ITS region is commonly utilized for species-level 

identification, despite being applicable at finer taxonomic 

levels, such as strain identification (Park et al., 2020). 

Fajarningsih (2016) adds that the ITS region, being a 

highly polymorphic non-coding region, exhibits sufficient 

taxonomic resolution to distinguish sequences at the 

species level. 

   The phylogenetic tree reconstruction demonstrated that 
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yeast isolate YIS-3 was closely related to the ancestor of S. 

cerevisiae strain XZFM13-1, while YIS-4 shared a close 

evolutionary relationship with both YIS-3 and the other S. 

cerevisiae strains represented in the phylogenetic tree. This 

relationship was supported by the proximity of the 

branches, distinctly separated from the outgroup 

sequences. Moreover, the relationship was evidenced by 

the BLAST results from NCBI. At the base of the 

phylogenetic tree, a scale with a value of 0.10 was 

depicted. According to Huynh et al. (2020), a phylogenetic 

tree with a scale bar of 0.01 signifies a genetic distance 

with one nucleotide change per 100 bp. Thus, a scale of 

0.10 indicates 10 nucleotide changes per 100 bp. 

   The bootstrap values for the phylogenetic tree were 

observed between 71-77%. Hesham et al. (2014) suggest 

that species relationships are inferred from both the 

magnitude of bootstrap values and the alignment of the 

corresponding branches. The bootstrap value serves as an 

indicator of the robustness of the data model in the 

analysis. These values are classified into different 

categories: high (>85%), moderate (70-85%), weak (50-

69%), or very weak (<50%). High bootstrap values imply 

that the branching patterns in the phylogenetic tree are 

reliable, whereas low bootstrap values indicate that the 

branches are less trustworthy (Katsura et al., 2017; Subari 

et al., 2021). 

   This study established that YIS-3 and YIS-4 were related 

to S. cerevisiae, albeit with different strains. Consistent 

with this finding, the volatile compounds contributing to 

the aroma of the bread produced by YIS-3 and YIS-4 were 

largely similar, despite the fact that each strain produced 

unique compounds, benzeneethanamine in bread from YIS-

3 and o-nitrostyrene in bread from YIS-4. The variation in 

volatile compound production indicates specific 

characteristics of an organism. Yeast exhibits genetic 

variability that leads to differing capacities to produce a 

wide range of aroma compounds at varying concentrations 

(Synos et al., 2015). 

 

Conclusion 

   Bread fermented with yeast isolates YIS-3 and  

YIS-4 produced distinctive volatile compounds: 

benzeneethanamine in YIS-3 and o-nitrostyrene in YIS-4. 

Despite these differences in volatile profiles, organoleptic 

testing of aroma revealed no significant differences 

between the two bread samples, suggesting that the 

panelists perceived their aromas as relatively similar. This 

similarity may be attributed to the taxonomic proximity of 

the isolates, with YIS-3 showing 95.88% sequence 

similarity to S. cerevisiae strain XZFM13-1 and YIS-4 

showing 95.25% similarity to strain HBUAS61689. Both 

YIS-3 and YIS-4 exhibit potential as sustainable 

alternatives to commercial yeast, suitable for use in both 

artisanal and industrial-scale bread production. These 

isolates could be developed as adaptive local yeast strains 

with sensory characteristics that are acceptable to 

consumers. However, the present study is limited by the 

scope of the bread formulations tested and the lack of 

further multigene analysis to ensure comprehensive 

taxonomic identification. Future studies are therefore 

recommended to explore large-scale production, the 

consistency of fermentation performance across diverse 

bread recipes, and the potential application of YIS-3 and 

YIS-4 in other fermented food products. Moreover, a more 

in-depth genetic analysis of aroma-related genes (e.g., 

ATF1, ADH2) is needed to elucidate the role of volatile 

metabolites in shaping the sensory characteristics. 
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