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Dates and honey are known for their high nutritional values and associated benefits. Wine production with

dates and honey will help in value addition to dates and also reduce post-harvest losses. This study aims to

produce and evaluate wine produced from dates and honey using yeasts isolated from palm wine. Yeasts

were isolated from various samples of palm wine, selected, and identified using molecular techniques.

The best-performing yeasts, namely, isolate 065 (Saccharomyces cerevisiae) and isolate 047 (Candida

tropicalis), were used to produce date fruit and honey wines combined in the ratios of: date100%, D/H

50%/50%, D/H 40%/60% and D/H 30%/70% for 7 days. The performance results of the yeasts indicated

that isolate BFC 065 recorded the highest invertase activity (40.95 mmol min−1), followed by PPE 047

(36.84 mmol min−1), while IPA 151 showed the least invertase activity (4.3 mmol min−1). The alcohol

dehydrogenase activity results indicated that PPE 047 had the highest activity (13.67 unit per mL),

followed by BFC 065 (11.42 unit per mL), while IPA 151 had the least activity (2.4 unit per mL). The yeast

isolate's sugar tolerance properties showed that isolates 065 and 047 had the highest sugar tolerance

level at 20% sugar concentration with optical densities (OD) of 1.098 and 0.947, respectively, after 72 h

of incubation. In contrast, the isolate BFC 168 showed the least sugar tolerance level (OD = 0.674). The

ethanol tolerance potentials of the yeasts showed that the highest ethanol tolerance was observed for

BFC 065 (17.5 ± 0.18% v/v), followed by PPE 047 (14.00 ± 0.81% v/v), while IPA 142 showed the least

tolerance (4.5 ± 0.47% v/v). The total titratable acidity (TTA) producing potential of the yeasts showed

that the highest acid-producing potential was observed for BFC 065 (3.21% ± 0.144%), followed by PPE

047 (2.16% ± 0.35%), while IPA 131 had the least potential (0.27% ± 0.00%). The highest pH tolerance of

the yeasts was observed at pH 2. The isolate BFC 168 tolerated the lowest pH (pH 2), while IPA 110 (OD

= 0.115) showed the least tolerance. The composite value of the date syrup and honey showed that the

energy level of dates was 303.36 kJ, while that of honey was 335.69 kJ; the protein contents were 2.37%

and 1.09%, respectively, while the carbohydrate contents were 72.21% and 82.09%, respectively. The

essential element composition of dates and honey showed that they contained calcium levels of 468.90

mg and 3.67 mg, respectively, magnesium levels of 117.8 mg and 2.98 mg, respectively, and iron levels of

29.50 mg and 1.34 mg, respectively, while copper and zinc were not detected in honey. There was

a gradual decrease in soluble sugar (0Brix), pH, and specific gravity of various wines, while TTA increased

with the fermentation time. The alcohol contents of the wines fermented with the isolate 047 were

higher than those fermented with the isolate 065. The alcohol content ranged from 7.54% (D/H30/70)

and 9.65% (D/H30/70) to 9.98% (date100%) and 12.24% (date100%) for the isolates 065 and 047,

respectively. The result of the flavor compounds in the top three developed wines identified using GC-

MS indicated that hexadecanoic acid, oleic acid, octadecenoic acid, and methyl ester were present in all

the wines. In contrast, cis-vaccenic acid was present only in D/H40/60 fermented with the isolate 065.

The sensory evaluation of the wines ranked the commercial wine first, wine 2 second and wine 1 sixth.

This shows that acceptable wine could be produced from date fruit and honey blends.
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Sustainability spotlight

Although Nigeria is not a major producer of dates in the world, the crop strives in the northern part of the country particularly in areas that lie above latitude 10°
North of the equator. Large quantities of date fruits are disposed of yearly due to the non-availability of, or poor, storage facilities, resulting in loss of the vital
nutrients (vitamins) that are associated with them and loss of potential revenue sources. However, if the fruits could be used in wine production, the nutrients
that are lost can be harnessed and made available all year round in addition to generating revenue. This aligns with SDG 12, which is to ensure sustainable
consumption and production patterns.
Introduction

Wine is an alcoholic beverage, made of fermented fruit juice,
usually grapes. It is the fermented juice of grapes used as
a beverage. The natural chemical balance of grapes lets them
ferment without the addition of sugars, acids, enzymes, or other
nutrients. However, wine can also be dened as an alcoholic
drink made by the fermentation of plants or fruits other than
grapes.1 In this case, the wine is qualied by the name of the
plant or fruit from which it is made, e.g. pineapple wine, mango
wine, pawpaw wine, carrot wine, cucumber wine, watermelon
wine, banana wine and plantain wine. In this regard, a drink is
qualied as wine only if it is derived from the process of
fermentation of plant matter. Wine therefore refers to the
higher alcoholic content rather than the production process.2

From the foregoing and denitions, wine can be divided into
two major categories: First, wines made with grapes as the main
ingredient, and second, country wines, made from fruits other
than grapes, or nuts, grains, herbs, owers, and vegetables, and
seasoned with the creativity and imagination of amateur wine-
makers through generations.1,3 In general, grapes are the main
raw materials that have been used for wine production in the
past few decades.4 However, grapes are indigenous to Nigeria
and not readily available to the winemaker. Alternative sources,
fruits such as banana, cucumber and pineapple which are
readily available and in large quantity in Nigeria, are used in
wine production.5–9

In recent times, home-made wine production has been prac-
ticed with various fruits such as apples, pears, strawberries,
cherries, plums, bananas, pineapple, oranges, cucumber, water-
melon, and guava using species of Saccharomyces cerevisiae,
which converts the sugar in the fruit juices into alcohol and
organic acids that later react to form aldehydes, esters and other
chemical compounds, which also help to preserve the wine.10,11

This fermentation process could either be spontaneous by the
natural ora of the fruits or controlled by introducing industrial
strains of yeasts to ferment the juice.12 However, yeasts from
other sources such as palm wine could be used.13

Date palm (Phoenix dactylifera L.) production in Nigeria
started around the 17th century, but its cultivation and
marketing have been at the subsistence level. It was reported
that pilgrims brought date palms into Nigeria from North Africa
during the trans-Saharan trade.14,15 Though Nigeria is not
a major date producer in the world, the crop strives in the
northern parts of the country, particularly regions above lati-
tude 100 north of the equator.15 It is propagated by seed,
offshoot, and tissue culture. The date palm is a dioecious
perennial plant whose females normally begin to bear date
fruits aer four years depending on the agronomic practices. It
025 The Author(s). Published by the Royal Society of Chemistry
is a monocotyledonous plant with no tap root but a brous root
system. Date production in Nigeria has two fruiting seasons, the
dry and wet seasons; however, only the dry season fruit is
economically useful. Large quantities of those fruits are
disposed of yearly due to the non-availability of, or poor, storage
facilities, resulting in the loss of vital nutrients (vitamins) that
are associated with them and the loss of potential revenue
sources.15 However, if the fruits could be used in wine produc-
tion, the nutrients that are lost can be harnessed and made
available all year round in addition to generating revenue.

Mead is one of the world's oldest alcoholic beverages, con-
taining 8–18% (v/v) of ethanol, which results from the alcoholic
fermentation of diluted honey carried out by yeast strains.
However, mead is difficult to nd in the commercial market. This
is becausemead producers face several problems such as delayed
and arrested fermentation, production of off-avours by the
yeast, and lack of uniformity of the nal product.16,17 Honey is
a natural product and a highly concentrated solution of
a complex mixture of sugars. It also contains small amounts of
other constituents such as minerals, proteins, vitamins, organic
acids, avonoids, phenolic acids, enzymes, and other phyto-
chemicals.17 The components in honey responsible for its anti-
oxidative effect are avonoids, phenolic acids, ascorbic acid,
catalase, peroxidase, and carotenoids.18,19 The colour, avour,
aroma, and yeast inuence the quality of mead.20 The optimiza-
tion of process conditions is one of the most critical stages in the
development of an efficient and economic bioprocess.21

However, studies have shown that several fruits can be
implicated in wine production, including banana, pineapple,
plantain, carrot, pawpaw, mango, cucumber, watermelon, and
date fruit.1,5,12,15,22–26 However, the production of wine with date
fruits and honey is not readily available in the literature.
Therefore, the objective of the present study is to produce,
optimize, and evaluate the quality of wine produced from the
mixture of date fruit and honey using Saccharomyces cerevisiae
and Candida tropicalis isolated from palm wine.
Materials and methods
Source of materials

Palm wine samples of Raphia hookeri from palm wine markets
in Isuochi (Abia state-Nigeria), Badagri (Lagos-Nigeria), and
Papalento (Ogun State Nigeria) were purchased and transported
to the laboratory for investigations. The samples of date seeds
were purchased from local traders at Mushin Market in Lagos,
while samples of the honey were purchased from Mile 2 Market
in Lagos State, Nigeria. All analyses using the samples were
performed at the World Bank (Step B) Laboratory, Federal
Institute of Industrial Research, Oshodi, Lagos State.
Sustainable Food Technol., 2025, 3, 1136–1150 | 1137
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Determination of the population of palm wine yeasts and
isolation of yeasts

The samples of palm wine were diluted serially using a ten-fold
dilution technique and 0.1 mL of the diluted sample at various
levels of dilution was plated on a yeast extract peptone-dextrose
(YEPD) agar medium supplemented with 0.1 mg mL−1 strep-
tomycin sulphate, as previously described by Ugbogu and
Okereke.27 The plates were incubated at 25 °C for 24 to 48 hours.
Morphologically distinguished colonies were selected using
a dissection microscope and then counted. The counts were
calculated and expressed as colony-forming units per millilitre
(CFU mL−1) of the sample. The distinct yeast cells were isolated
and puried by subsequent streaking on the YEPD agar
medium. The pure culture of each strain was kept on YEPD agar
slants and stored at 4 °C until use.
Identication and characterization of yeast cells

Pure yeast isolates were transferred to a yeast extract peptone-
dextrose (YEPD) agar medium supplemented with 0.1 mg
mL−1 streptomycin sulphate for 24 h. The yeasts were identied
based on their cultural characteristics, microscopic examina-
tion, and morphology as well as their exhibited pattern of
carbohydrate fermentation and assimilation.8
Determination of invertase activities of palm wine isolates
from various local sources

The invertase activity was determined following the method
described by Harkness and Arnason.28 Each test yeast strain was
rst plated for growth on agar slants. The cells were incubated
for 24 hours and then harvested by pouring sterile distilled
water into the plates and gently scraping with a wire loop. The
cells were washed and centrifuged, and 0.1 g wet weight of each
was re-suspended in 50 mL of 50 mM sodium acetate, pH 5.1.
Exactly 12.5 mL of 0.5 M sucrose was added to the sample. This
was followed by incubation at 37 °C for 10 minutes. The reac-
tion was halted by the addition of 75 mL of 0.2 M K2HPO4,
subsequently placed on ice, boiled for 3 minutes and again put
on ice for 1 min. Colour reaction was commenced by adding 500
mL of the assay mix, which was made fresh by the addition of 50
mL of 5000 U mL−1 glucose oxidase, 62.5 mL of 1 mg mL−1

peroxidase, and 375 mL 10 mg mL−1 o-dianisidine into 25 mL of
0.1 M potassium phosphate, pH 7.0, as described by Harkness
and Arnason.28 The sample was incubated at 37 °C for 10
minutes. This was followed by the addition of 500 mL 6 NHCl for
colour development. The cell debris was pelleted and the
amount of sucrose converted to glucose was measured using
a spectrophotometer at 540 nm. The invertase activity was
measured as mM glucose converted per minute per 106 cells.
Determination of alcohol dehydrogenase activities of palm
wine yeast isolates from various local sources

Alcohol dehydrogenase (ADH) comprises a family of enzymes
that catalyze the conversion of alcohol into aldehydes in many
organisms. ADH plays an important role in alcohol detoxica-
tion and leads to the generation of carcinogenic acetaldehyde,
1138 | Sustainable Food Technol., 2025, 3, 1136–1150
which can be further converted into acetic acid by aldehyde
dehydrogenase. Each of the test yeast strains was rst plated for
growth on agar slants. The cells were then incubated for 24
hours and harvested by pouring sterile distilled water into the
plates and gently scraping with a wire loop. The cells were
washed and centrifuged, and 0.1 g wet weight of each was re-
suspended in a sucrose solution (4% w/v). The ADH assay
working reagent based on the number of samples to be
measured was prepared. This was done by mixing 60 mL assay
buffer, 10 mL developer solution (1×), 5 mL NAD (SCP), 5 mLWST
solution, and 10 mL substrate (Sigma-Aldrich). Ninety (90) mL of
working reagent was mixed into each well of the 96-well plate
containing diluted ADH-positive control, samples, and blank.
The set-up was mixed well immediately, and the measurements
were recorded at OD440 nm with 3 minute intervals, collecting
data every 0.5 min. The absorbance values obtained were
compared with a standard ADH calibration curve and then
calculated.

Determination of sugar tolerance properties of yeasts in
increasing sugar concentrations (% w/v)

The procedure reported by Fakruddin et al.29 was employed for
the observation of sugar tolerance in this study. A yeast Extract
Peptone Dextrose Broth containing 10%, 15%, and 20% sugar
(glucose) concentrations was prepared. Each McCartney con-
taining 15 mL of YEPD liquid media with an appropriate
concentration of salt and blank media was used as a control.
Then each was inoculated with a half-loopful of yeast cells, and
the initial optical density was measured at 600 nm, followed by
incubation at 30 °C for 48 h. Aer 48 h of cell solution, the
absorbance values were recorded at 600 nm. The increase in
optical density in a ask was recorded as evidence of growth and
tolerance.

Determination of the alcohol tolerance properties of the
yeasts

The procedures developed by Fakruddin et al.29 were employed
for the observation of sugar tolerance in this study. The yeast
Extract Peptone Dextrose Broth autoclaved under standard
conditions was used for the determination of ethanol tolerance.
The concentrations of absolute ethanol were varied from 5% to
20% (v/v) and then added to different asks. The initial optical
density of each ask was read using a spectrophotometer at
600 nm against the medium as blank. All cultures were incu-
bated at 25 °C for 48 hours. The increase in optical density in
a ask was recorded as evidence of growth. The concentration of
alcohol at which the growth of yeasts was just inhibited was
assessed as the ethanol tolerance of yeasts.

Determination of total titratable acidity

The yeast Extract Peptone Dextrose Broth was autoclaved and
inoculated with various yeast strains. Incubation in a shaker
incubator at 250 °C, 150 rpm was carried out for 72 hours. The
total titratable acidity was determined by the alkaline titration
method.30 Exactly 5 mL of the hydrolysate was dispensed into
a conical ask and 45 mL of distilled water was added to it and
© 2025 The Author(s). Published by the Royal Society of Chemistry
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mixed well. About 3 drops of phenolphthalein were added as an
indicator. This was well mixed and titrated against a dilute
alkaline solution (0.1 N NaOH). The appearance of light brick
red/purple colour marked the endpoint.

Determination of pH tolerance levels of yeasts from local
sources

The YEPD broth was prepared at different pH values (2.0 to 6.0).
Each McCartney contained 25 mL of YEPD agar media, and was
adjusted to different pH values 2.0, 3.0, 4.0, 5.0, and 6.0. Blank
media was used as a control. Then each was inoculated with
a loopful of yeast cells, and the initial optical density was
measured at 600 nm, followed by incubation at 30 °C for 48 h.
Aer 48 h, the cell density was further recorded at 600 nm for
growth. The procedures have been previously used by Willaert
and Nedovic.31

Determination of killer toxin-producing potentials of all the
yeast isolates

The Killer Toxin Production Capacity was determined by the
method developed by Ribéreau-Gayon et al.32 Yeast Extract
Peptone Dextrose Agar was prepared at a pH of 4.2, and 1 mL of
sensitive yeast strain solution was aseptically inoculated into
a fresh medium at a temperature of 35 °C before it solidies.
This was followed by spot streaking of the test yeast strain,
incubation at room temperature for 48 hours, and observation
of the zones and pattern of clearance.

Yeasts with higher sugar, alcohol, and pH tolerance, and less
killer toxin-producing potentials were selected and further
identied using molecular techniques. The essence of selecting
yeasts that have no or less killer toxin potentials is to avoid
death of the yeast cells before completion of the fermentation
process. This is very common with yeast cells with a high level of
killer toxin expression.

Deoxyribonucleic acid (DNA) extraction

The genomic DNA was extracted using a DNA extraction kit of
Zymo. A 24 h culture of the isolates was suspended in 200 mL
isotonic buffer (PBS) in a Lysis Tube. Exactly 750 mL Ethylene
Diamine Tetra-Acetate (EDTA), a Lysis Solution, was introduced
into the tube and then processed at a speed of 3000×g for 5min.
The Lysis Tube was spun using a micro-centrifuge at 10 000×g
for 1 min. Exactly 400 mL of the supernatant was introduced into
a Zymo-Spin TM IV Spin Filter in a collection tube, followed by
centrifugation at 7000×g for 1 min. The fungal DNA binding
buffer (1200 mL) was then added into a collection tube to the
ltrate. Exactly 800 mL of the mixture was transferred to a Zymo-
Spin TM IIC column and centrifuged at 10 000×g for 1 min. The
centrifugation was repeated aer discarding the ow from the
collection tube. Exactly 200 mL of the DNA pre-wash buffer was
then introduced to the Zymo-Spin TM IIC column in a separate
collection tube followed by centrifugation at 10 000×g for 1min.
Then 500 mL of Fungal DNA wash buffer was added to the Zymo-
Spin TM IIC Column and centrifuged at 10 000×g for 1 min.
This was transferred to a micro-centrifuge tube with the addi-
tion of 100 mL DNA elution buffer. This was centrifuged at 10
© 2025 The Author(s). Published by the Royal Society of Chemistry
000×g for 30 seconds to elute the DNA.33 The integrity and
quality of the extracted DNA was determined using 1.5%
Agarose gel by size fractionation, as described by Obidi et al.33
PCR amplication

The amplication by polymerase chain reaction (PCR) of the
fungal DNA (18S rDNA) genes was carried out following the
method described by Obidi et al.33 The technique of Sodium
acetate wash was employed for further amplicon purication
before sequencing. ITS 4 (TCCTCCGCTTATTGATATGS) and ITS
5 (GGAAGTAAAAGTCGTAACAAGG) universal primers were used
for the reaction.
Identication of 18S rDNA sequences

The sequences obtained from the amplied 18 S rDNA were
used for the identication of the fungal isolates by comparison
with the GenBank database using BLAST (basic local alignment
search tool). The representative sequences at the GenBank
corresponding to the organisms that have been previously
identied in the BLAST were used for the present identication.
Development of syrup from date seeds

One kg of date fruits was rst de-seeded manually and washed
thoroughly with clean water before soaking in 3 liters of clean
water for three hours to soen the eshy fruit. Aer three hours,
the samples were processed in batches with a maximum of
about 500 g of the de-seeded date fruit esh. Then, 50 grams of
them were loaded in a big beaker (1000 mL capacity) and
500 mL of sterile water was added. The preparation was trans-
ferred to a water bath and the temperature was adjusted to 50 °C
(the optimum temperature of the pectinase and cellulase
enzymes to be used). Cellulase and pectinase (from the Biotech
Department of FIIRO with activities of 22 000 units and 26 000
units, respectively) were added. Then, 10 mL of each of the
enzymes were added at 50 °C and then maintained for 2 h
30 min before stopping the reactions. Aer cooling, the prepa-
ration was blended and sieved with a muslin cloth of about
0.027 inches (685.8 micrometres) diameter size, and the resi-
dues were ltered off. The syrup was packaged in bottles and
kept at room temperature until use.
Determination of the chemical composition of the date fruit,
honey, and the wines

The chemical composition analysis of the fruits and the wines
was performed using the method of the Association of Analyt-
ical Chemistry (AOAC).34 to determine moisture, ash, bre,
protein, fat, and carbohydrate contents.
Energy value

The total energy (in kcal) was estimated according to the
following relation:35

Energy value (kcal/100 g) = (% carbohydrate) × 4 + (% protein)

× 4 + (% crude fat) × 9
Sustainable Food Technol., 2025, 3, 1136–1150 | 1139
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where the values 4, 4, and 9 are the conversion or efficiency
factors for carbohydrate, crude protein and crude fats.

Inoculum propagation

The inoculum development was accomplished at 28 °C in
a yeast extract peptone dextrose (YEPD) broth medium (Oxoid).
A loopful of each of the six isolates was inoculated with 10 mL of
sterile YEPD broth in test tubes, and aer 48 h of incubation,
the culture broths were transferred into 250 mL Erlenmeyer
asks containing 100 mL of sterile YEPD broth. The YEPD
culture broths were incubated in a rotary shaker incubator
rotating at 125 rpm. Yeast cells harvested were centrifuged at
5000 g for 4 minutes at 4 °C. The harvested yeast cells were
washed twice by suspending them in distilled water and then
centrifuged for washing of the cell pellets, and the supernatants
were decanted. The sediment of yeast cells was dissolved in
distilled water using a vortex mixer and stored at 4 °C.36

Supplementation of must/fermentation

Before pitching inoculums into Substrates, the must was sup-
plemented with accessory nutrients of 1.3 g L−1 KH2PO4, 2.0 g
L−1 NH4CL, 0.1 g L−1 MgSO4$7H2O, 0.1 g L−1 yeast extract, and
0.7 g L−1 K2HPO4. All the reagents were of analytical grade, and
produced and marketed by SCP Science. This fermentation
medium was sterilised at a temperature of 121 °C, 15 psi and
a holding time of 15 minutes. The stock inoculum was serially
diluted in sterilized distilled water and 10–8 test tubes were
pitched into 1000 mL of must aseptically. The asks were caped
with cotton wool for the aerobic stage of fermentation, which
enhances yeast growth. During the 3 days of aerobic fermenta-
tion, the samples were drawn from the asks for analyses
aseptically, aer which, the asks were corked with air-tight
caps, which initiated anaerobic fermentation processes. The
anaerobic fermentation lasted for 10 days, and the nal prod-
ucts were also analysed and allowed to age.37

The following experimental conditions were established
during the process:
S. no.
1140 | Susta
Date : honey
ratio (v/v)
inable Food Techno
Honey : date
ratio
l., 2025, 3, 1136–1150
Yeast isolates used
in the fermentation
1
 50 : 50
 —
 Isolate 065

2
 60 : 40
 —
 Isolate 065

3
 70 : 30
 —
 Isolate 065

4
 100
 —
 Isolate 065

5
 —
 50 : 50
 Isolate 047

7
 —
 60 : 40
 Isolate 047

8
 —
 70 : 30
 Isolate 047

9
 —
 100
 Isolate 047

Isolate 065: Saccharomyces cerevisiae, yeasts, Isolate 047: Candida
tropicalis
Total yeast cell counts during primary fermentation

The fermentation ask was properly shaken and 10 mL of the
fermented product must be withdrawn from the ask asepti-
cally. The sample was serially diluted and 0.1 mL of 10−8 was
plated on a sterile Petri dish. Semi-solid YEPD agar at
a temperature #40 °C was aseptically poured into the plate and
gently shaken to mix properly and allowed to solidify, followed
by incubation at 28 °C for 24 h. From the number of colonies
counted, the microbial load can be estimated by calculating the
colony forming unit per mL of the sample.38

Physicochemical parameters

All the physicochemical analyses were carried out at a temper-
ature of 20 °C, which included pH, total titratable acidity,
specic gravity, alcohol content, and sugar content.

pH determination

The pHwasmeasured using a pHmeter (pH 211microprocessor,
Hanna Instruments). Then, 5–10 mL of sample was dispensed
into a beaker and the pHmeter was dropped into the beaker. The
reading of the pH meter was taken when it was stable.

Determination of changes in ethanol content during
fermentation

The methods reported earlier by Sayyad and coworkers53 were
adopted with slight modication. The dichromate reagent
required for study was prepared by dissolving 40 g potassium
dichromate in approximately 200 mL of distilled water. Then
270 mL concentrated H2SO4 added cautiously, the resultant
solution cooled and volume is adjusted to 500 mL by adding
sufficient volume of distilled water.

Dichromate oxidation and spectrophotometric analysis

First, 3 mL of wine samples were transferred to a well labelled
tube and mixed with 3 mL freshly prepared predichromate
reagent by shaking at 150 rpm for 10 minutes.

Then, a lower layer was separated and subjected to
measurement of absorbance at 595 nm using a spectropho-
tometer (Shimadzu-1800).

Total titratable acid (TTA) as tartaric acid

A sample of 20 mL was dispensed into a 100 mL conical ask
and carbon(IV) oxide was removed by vigorously stirring the
sample. Then, 1–2 drops of phenolphthalein indicator were
added into the sample, and 50 mL of 0.1 moles of NaOH was
poured into the burette and titrated against the sample until the
sample turned pink. The volume of the remaining NaOH in the
burette – ‘the titer’ was recorded. The TTA was calculated as
a percentage of tartaric acid. Then, 1 mL of 0.1 NaOH represents
0.075 g tartaric acid. The total titratable acidity (TTA) is
expressed in percentage.39

Determination of avour compounds in the wines using GC-
MS

The samples of wines for GC-MS analyses were collected from
the experimental cellar and progressed for extraction. An
aliquot of 400 mL of wine sample or standard (calibration curve)
and 10 mL of C13 (internal standard at 1.28 g L−1 diluted at 50%
(v/v) in ethanol) were used for analysis at the World Bank Step B
laboratory of the Federal Institute of Industrial Research
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Population of yeasts from various palm wine samples

S. no. Sample Sample code Number of colonies Dilution factor CFU mL−1

1 ISUOCHI IPA 174 102 1.74 × 104

2 ISUOCHI IPA 81 105 8.1 × 106

3 ISUOCHI IPA 56 107 5.6 × 108

4 BADAGRY BFC 181 105 1.8 × 107

5 BADAGRY BFC 96 107 9.6 × 108

6 PAPALANTO PPE 195 105 1.95 × 107

7 PAPALANTO PPE 79 107 7.9 × 108
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Oshodi, Lagos-Nigeria. The Method has been previously re-
ported by Gómez-Ariza et al.52

Chromatographic conditions

Three microliters of a derivatized sample were injected in split
(1 : 10) mode into a GC system, SCHIMADZU QP2010 – Ultra,
equipped with a Rescekti TM column (60 m × 0.23 mm × 0.25
mm df). Helium was used as the carrier gas at a constant ow of
1.0 mL min−1. The compounds were detected using a mass
selective detector. The ionic source and interface temperature
was 280 °C, against a threshold of 2200. The MSD data were
Table 2 Invertase and alcohol dehydrogenase activities of palm wine
isolated from various local sources

S. no. Isolate code
Invertase activities
(mmol min−1)

Alcohol dehydrogenase
(unit per mL)

1 IPA 110 12.65 7.5
2 IPA 111 13.11 9.0
3 IPA 131 6.5 4.7
4 IPA 142 7.8 4.2
5 IPA 149 9.2 5.0
6 IPA 151 4.3 2.4
7 IPA 160 5.6 3.6
8 BFC 065 40.95 11.42
9 BFC 168 22.60 8.0
10 PPE 047 36.84 13.67
11 PPE 049 18.64 6.5
12 PPE 063 6.70 6.9

Table 3 Sugar tolerance properties of the yeasts in increasing sugar co

S. no. Isolate code

Optical density (10%)

0 24 72

1 IPA 110 0.246 0.324 0.946
2 IPA 111 0.212 0.336 0.847
3 IPA 131 0.284 0.406 0.744
4 IPA 142 0.286 0.926 1.118
5 IPA 149 0.333 0.947 1.096
6 IPA 151 0.267 0.804 0.926
7 IPA 160 0.382 0.674 0.920
8 BFC 065 0.202 0.696 1.980
9 BFC 168 0.147 0.464 0.987
10 PPE 047 0.240 0.614 1.784
11 PPE 049 0.116 0.374 1.860
12 PPE 063 0.240 0.610 1.901

© 2025 The Author(s). Published by the Royal Society of Chemistry
acquired in the electronic ionization scan mode at 70 eV within
the range of 35–650 amu aer a solvent delay of 3.0 min and
then analyzed using a Chemstation.
Specic gravity (SG)

The specic gravity was measured using a specic gravity bottle.
The empty specic gravity bottle was weighed, lled with 50 mL
of distilled water, and reweighed. The bottle was relled again
with 50 mL sample and weighed. The specic gravity of each
must was measured using a specic gravity bottle.39
Alcohol content

To estimate the nal alcoholic content of the nal product,
write the values of the specic gravity of must and nal product
omitting the decimal point. Then, subtract the value of the nal
product specic gravity from the value of must SG; divide the
difference by 7.4 (a constant).
Sugar content

The method employed to ascertain the residual sugar le aer
fermentation was adopted by Oti.40 A handheld refractometer
was used in measuring the residual sugar in brix (B0). One or
two drops of sample were placed on the glass surface of the
refractometer and then viewed in the presence of light. When
properly adjusted, the calibration of the refractometer indicates
the amount present.
ncentrations (% w/v)

Optical density (15%) Optical density (20%)

0 24 72 0 24 72

0.301 0.624 0.947 0.209 0.604 0.920
0.147 0.426 0.861 0.216 0.512 0.809
0.316 0.517 0.812 0.512 0.627 0.817
0.360 0.860 1.201 0.209 0.747 0.947
0.114 0.474 0.920 0.216 0.336 0.880
0.203 0.616 0.849 0.301 0.606 0.812
0.186 0.616 0.849 0.226 0.747 0.801
0.313 0.575 1.474 0.247 0.847 1.098
0.314 0.624 0.986 0.222 0.475 0.674
0.227 0.616 1.394 0.281 0.514 0.947
0.260 0.485 0.677 0.287 0.620 0.801
0.118 0.420 0.810 0.074 0.507 0.894

Sustainable Food Technol., 2025, 3, 1136–1150 | 1141
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Table 6 pH tolerance levels of yeasts from local sources

S. no. Isolate code

O.Da

pH 2.0 pH 3.0 pH 4.0 pH 5.0 pH 6.0

1 IPA 110 0.115 0.286 0.747 0.926 0.847
2 IPA 111 0.204 0.321 0.547 0.641 0.780
3 IPA 131 0.314 0.216 0.620 0.778 0.814
4 IPA 142 0.151 0.261 0.320 0.450 0.634
5 IPA 149 0.226 0.245 0.360 0.471 0.364
6 IPA 151 0.316 0.404 0.517 0.810 0.840
7 IPA 160 0.320 0.450 0.620 0.711 0.926
8 BFC 065 0.347 0.386 0.629 1.096 0.985
9 BFC 168 0.404 0.414 0.526 0.810 0.995
10 PPE 047 0.287 0.426 0.715 1.371 1.086
11 PPE 049 0.311 0.426 0.515 0.620 0.745
12 PPE 063 0.216 0.314 0.616 0.721 0.740

a O.D = Optical densities recorded at a particular pH.
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Determination of the concentrations of elements present in
honey and date syrup

To avoid organic impurities and prevent interference during
analysis, each 20 mL volume sample was digested using 2.0 mL
conc. HNO3 in a 250 mL conical ask placed on a fume cupboard.
The samples were covered and heated on a hot plate until the
solution was reduced to 10 mL. This was allowed to cool and
made up to mark with distilled water before ltering into a 50 mL
standard ask, labeled and kept ready for analysis. The blank
constituted 5% HNO3. The Atomic Absorption Spectroscopy (AAS)
instrument (SCHIMAZU-AA-7000) consisted of a hollow cathode
lamp with a slit width of 0.7 nm, and an air acetylene ame was
used for this work. The samples were analyzed for sodium,
potassium, magnesium, calcium, manganese, copper, and zinc.

Sensory data collection

Blind wine tasting data were provided from an experimental
part of a sensory evaluation of six different wines produced from
various combinations of date syrup and honey, and fermented
with different yeast isolates. In this primary research were thirty
known wine tasters. The purpose was to identify the wines
Table 4 Determination of the ethanol tolerance potential of some
selected yeast isolates

S. no. Isolate code
Highest ethanol
tolerance (%)

1 IPA 110 10.7 � 2.50
2 IPA 111 6.5 � 2.00
3 IPA 131 5.0 � 0.90
4 IPA 142 4.5 � 0.47
5 IPA 149 7.5 � 0.35
6 IPA 151 11.0 � 0.92
7 IPA 160 12.0 � 0.40
8 BFC 065 17.50 � 0.18
9 BFC 168 12.50 � 0.75
10 PPE 047 14.00 � 0.81
11 PPE 049 11.00 � 0.26
12 PPE 063 10.50 � 0.54

Table 5 Total titratable acid-producing potentials of various yeast
isolates

S. no. Isolate code TTA (mL)

1 IPA 110 0.68 � 0.80
2 IPA 111 1.22 � 0.354
3 IPA 131 0.27 � 0.00
4 IPA 142 0.54 � 0.714
5 IPA 149 0.97 � 0.384
6 IPA 151 0.86 � 0.141
7 IPA 160 0.58 � 0.344
8 BFC 065 3.21 � 0.144
9 BFC 160 0.95 � 0.453
10 BFC 168 0.85 � 0.244
11 PPE 047 2.16 � 0.354
12 PPE 168 1.09 � 0.816
13 PPE 168 0.35 � 0.274
14 PPE 063 0.49 � 0.454

1142 | Sustainable Food Technol., 2025, 3, 1136–1150
based on their aromatic characteristics and physical properties.
The rst six wines were the result of the comparison process of
fermentation with yeasts (Saccharomyces cerevisiae and Candida
tropicalis), and varied substrates. The 7th wine was commercial.
A form was given to the wine tasters about various physical and
aromatic properties, aer explaining to them how to carry out
the study and well guided in the area of lling the forms.

Results

Table 1 presents the population of yeast in various palm wine
samples from different locations. The result shows that the
population of yeast ranged from 9.6 × 108 cfu mL−1 (BADAGRY)
to 1.74 × 104 cfu mL−1 (ISUOCHI).

The invertase and alcohol dehydrogenase activities of the
various yeasts isolated from the different palm wine sources are
presented in Table 2. The result shows that the isolate BFC 065
recorded the highest invertase activity (40.95 mmol min−1),
Fig. 1 Agarose gel electrophoresis indicating the positive amplifica-
tion of the fungal samples using ITS universal primers.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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followed by isolate PPE 047 (36.84 mmol min−1), while IPA 151
was the least (4.3 mmol min−1). The result of the alcohol dehy-
drogenase activity shows that PPE 047 had the highest activity
(13.67 unit per mL), followed by BFC 065 (11.42 unit per mL),
while IPA 151 had the least activity (2.4 unit per mL).

Table 3 presents the sugar tolerance properties of the yeast
isolates. The result shows that isolate 065 and 047 have the
highest sugar tolerance level at 20% sugar concentration with
optical densities (OD) of 1.098 and 0.947, respectively, aer 72 h
Table 7 Sequences of the yeast isolates

Isolate code Sequences

Isolate PPE 047 CCATACTGATTTGCTTA
CTTTGGTGGCGGGAGC
TTTTATTTACAGTCAAA
CTTGGTTCTCGCATCGA
TCGTGAATCATCGAATC
TGCCTGTTTGAGCGTCA
GGTTTGTTTGAAAGAAT
TTATTTTGCTAGTGGCC
TGAACTTAAGCATATCC

Isolate IPA 110 CCACATTTTGCATACAC
AACTAAAACAAAAACATA
TGAAGAACGCAGCGAAA
TCGAATCTTTGAACGCA
TTTGAGCGTGATGTCTT
TTACAGCTTGCACGAAA
CAAATCAGGTAGGACTA
AAAAGAAACCAACAGGG
TTTGGAATCGCTCCGGC
GGCAAGTCCTTTGGAAC
TTTTGCTAGTGCTTCCT
CAGCTCTAAGTGGGTGG

Isolate BFC 065 CACTAATAATTTTGAAA
TGGGCAAGAAGACAAGA
CGCGGTCTTGCTAGGC
GGTGAGAGATTTCTGTG
CACACTGTGGAGTTTTC
TCGGGGCCCAGAGGTA
GTCAAAAACAAGAATTT
AACGGATCTCTTGGTTC
ACGTAATGTGAATTGCA
CCCCCTTGGTATTCCAG
ATTCTGTTTGGTAGTGA
GGCCTTTTCATTGGATG
AATGCAAGTACGGTCGT
TTTATACTGAGCGTATT

Isolate IPA 131 CACTAATAATTTTGAAA
GAGCTTTTACTGGGCAA
CTGCGCTTAAGTGCGC
ATTCCAAACGGTGAGAG
TTTCAATACAACACACT
AGCAATCGGGGCCCAG
ATTTTTGTCAAAAACAA
ACTTTCAACAACGGATC
AATGCGATACGTAATGT
AACGCACATTGCCCCCT
TTCCTTCTCAAACATTC
AAATTGCTGGCCTTTTC
CGTGCTTGAGGTATAAT
GCTAATCTTTTTTATAC

© 2025 The Author(s). Published by the Royal Society of Chemistry
of incubation. In contrast, the isolate BFC 168 showed the least
sugar tolerance level (OD, 0.674).

The ethanol tolerance potentials of the yeast isolated from
various palm wine sources are presented in Table 4. The result
showed that the highest ethanol tolerance was observed for BFC
065 (17.5% ± 0.18%), followed by PPE 047 (14.00% ± 0.81%),
while IPA 142 showed the least (4.5% ± 0.47%).

The total titratable acidity (TTA) producing potential of the
yeasts shows that the production of acid ranged from 0.27% ±
ATTGCACCACATGTGTTTTTTATTGAACAAATTT
AATCCTACCGCCAGAGGTTATAACTAAACCAAACT
CTTGATTTATTATTACAATAGTCAAAACTTTCAACAACGGATCT
TGAAGAACGCAGCGAAATGCGATACGTAATATGAATTGCAGATAT
TTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCA
TTTCTCCCTCAAACCCCCGGGTTTGGTGTTGAGCAATACGCTA
TTAACGTGGAAACTTATTTTAAGCGACTTAGGTTTATCCAAAAACGC
ACCACAATTTATTTCATAACTTTGACCTCAAATCAGGTAGGACTACCCGC
AT
ACTGATTTGGATTTTAAAACTAACCCAACGTTAAGTTC
AAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGA
TGCGATACGTAGTATGACTTGCAGACGTGAATCA
CATTGCGCCTTGGGGTATTCCCCAAGGCATGCCTG
CTCACCAATCTTCGCGGTGGCGTTGCATTCACAAAA
AAAATCTACGCTTTTTTTTTCGTTTTGTTGTCGCCT
CCCGCTGAACTTAAGCATATCAATAAGCGGAGG
ATTGCCTCAGTAACGGCGAGTGAAGCGGCAAGAGCTCAAC
GAGTTGTAGTCTGGAGGTGGCCACCACGAGGTGTTCTAGCAGCA
AAGGCGCCAGCGAGGGTGACAGCCCCGTACCTGC
GTGGCCCACCGACGAGTCGAGTTGTTTGGGAATG
CCATT

ATGGATTTTTTTGTTTTGGCAAGAGCATGAGAGCTTTTAC
GATGGAGAGTCCAGCCGGGCCTGCGCTTAAGTG
TTGTAAGTTTCTTTCTTGCTATTCCAAAC
CTTTTGTTATAGGACAATTAAAACCGTTTCAATACAA
ATATCTTTGCAACTTTTTCTTTGGGCATTCGAGCAA
ACAAACACAAACAATTTTATCTATTCATTAAATTTTT
TCGTAACTGGAAATTTTAAAAATATTAAAAACTTTCAAC
TCGCATCGATGAAGAACGCAGCGAAATGCGAT
GAATTCCGTGAATCATCGAATCTTTGAACGCACATTG
GGGGCATGCCTGTTTGAGCGTCATTTCCTTCTCAAAC
GTGATACTCTTTGGAGTTAACTTGAAATTGCT
TTTTTTTTCCAAAGAGAGGTTTCTCTGCGTGCTTGAGGTAT
TTTAGGTTTTACCAACTGCGGCTAATCTTT
GGAACGTTATCGATAAGAAGAGAGCGTCGCATT
ATGGATTTTTTTGTTTTGGCAAGAGCATGA
GAAGACAAGAGATGGAGAGTCCAGCCGGGC
GGTCTTGCTAGGCTTGTAAGTTTCTTTCTTGCT
ATTTCTGTGCTTTTGTTATAGGACAATTAAAACCG
GTGGAGTTTTCATATCTTTGCAACTTTTTCTTTGGGCATTCG
AGGTAACAAACACAAACAATTTTATCTATTCATTAA
GAATTTTCGTAACTGGAAATTTTAAAAATATTAAAA
TCTTGGTTCTCGCATCGATGAAGAACGCAGCGA
GAATTGCAGAATTCCGTGAATCATCGAATCTTTG
TGGTATTCCAGGGGGCATGCCTGTTTGAGCGTCAT
TGTTTGGTAGTGAGTGATACTCTTTGGAGTTAACTTG
ATTGGATGTTTTTTTTCCAAAGAGAGGTTTCTCTG
GCAAGTACGGTCGTTTTAGGTTTTACCAACTGCG
TGAGCGTATTGGAACGTTATCGATAAGAAGAGAGCGTCGCATT

Sustainable Food Technol., 2025, 3, 1136–1150 | 1143
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Table 9 Composite values of date syrup and honey

Parameters Date Honey

pH 4.05 4.4
Total reducing sugar 71.90 64.0
Crude ber 0.06 0.03
Ash 1.8 0.78
Fat content 0.56 0.33
Protein content 2.37 1.09
Moisture content 23.0 16.79
Carbohydrate
content

72.21 82.09

Energy level 303.36 335.69

Table 10 Essential element compositions of dates and honey

Parameters Dates/mg Honey/mg

Ca 468.90 3.67
Mg 1137.8 2.98
K 1420.0 45.50
Na 747.96 4.45
Iron 29.50 1.34
Copper 0.114 —
Manganese 0.540 1.08
Zinc 1.980 —
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0.004% (IPA 137) to 3.21% ± 0.144% (BFC 065). The highest
acid-producing potential was observed for BFC 065 (3.21% ±

0.144%), followed by PPE 047 (2.16% ± 0.35%), while IPA 131
had the least (0.27% ± 0.00%) (Table 5).

The highest pH tolerance of the yeasts was observed at pH 2
as shown in Table 6. The isolate BFC 168 tolerated the lowest pH
(pH2) with OD 0.404, followed by BFC 065 (OD. 0.347), IPA 131
(OD, 0.314), PPE 049 (OD, 0.311), and then PPE 047 (OD, 0.287),
while IPA 110 (OD, 0.115) showed the least tolerance.

Fig. 1 shows the agarose gel electrophoresis, indicating the
positive amplication of the fungal samples using the ITS
universal primers. The results indicate that the base pair (bp) of
the amplied genes of the organisms was above 500 bp.

The nucleotide sequences of the selected isolates (PPE 047,
IPA 110, BFC 065, and IPA 131) are presented in Table 7.

Table 8 presents the identication of the organisms using
polymerase chain reaction (PCR) amplication products and
sequences of the isolates. The organisms were identied as
Candida tropicalis Pe 1 (PPE 047), Saccharomyces cerevisiae
CBS1171 (BFC 065), Candida auris (IPA110) and Saccharomyces
cerevisiae B1B2 (IPA 131).

Table 9 presents the composite values of the date syrup and
honey. The result shows that the energy level of dates was
303.36 kJ, while that of honey was 335.69 kJ, the protein
contents were 2.37% and 1.09%, respectively, while the carbo-
hydrate contents were 72.21% and 82.09%, respectively.

The essential element compositions of the date and honey
are presented in Table 10. The result shows that dates and
honey contain calcium levels of 468.90 and 3.67, respectively,
magnesium levels of 117.8 and 2.98, respectively, and iron levels
of 29.50 and 1.34, respectively, while copper and zinc were not
detected in honey.

Table 11 presents the changes in pH, specic gravity, soluble
sugar level, and total titratable acidity (TTA) during wine
production using yeast isolates 047 and 065, respectively. The
result shows a gradual decrease in soluble sugar (0Brix), pH, and
specic gravity of the various wines, while TTA increased with
the fermentation time.

Fig. 2 presents the specic gravities (SGs) of the various
wines fermented with isolates 047 and 065. The specic gravi-
ties of wines fermented with the isolate 065 were greater than
those of the isolate 065. It ranged from 0.9833 (date100%) and
0.9861 (date100%) to 0.9866 (D/H30/70) and 0.9903 (D/H40/60)
for the isolates 047 and 065, respectively.

Fig. 3 presents the percentage alcohol contents of the various
wines using different isolates. The result shows that the alcohol
content of the wines fermented with the isolate 047 was higher
Table 8 Identities of the potential wine yeast isolates using PCR amplifi

S. no. Isolate code Percentage similarity

1 PPE 047 100
2 BFC 065 100
3 IPA110 99
4 IPA 131 99.72

1144 | Sustainable Food Technol., 2025, 3, 1136–1150
than that of the isolate 065. The alcohol content ranged from
7.54% (D/H30/70) and 9.65% (D/H30/70) to 9.98% (date100%)
and 12.24% (date100%) for isolates 065 and 047, respectively.

Table 12 presents the changes in reducing sugar during
fermentation of the wines. The result showed a gradual
decrease in reducing sugar for the various wines using the two
different isolates, 047 and 065.

Table 13 presents the avor compounds found in the best
three of the developed wines identied using GC-MS. The result
showed that hexadecanoic acid, oleic acid, octadecenoic acid,
and methyl ester were present in all the wines, while cis-vac-
cenic acid was present only in D/H40/60 fermented with the
isolate 065.

The sensory evaluation of the wines is presented in Table 14.
The commercial wine was ranked rst, wine 2 was ranked
second, while wine 1 was ranked sixth.
Discussion

The process that leads to the conversion of fruits into wine
involves a complex interplay of biochemical and ecological
cation and sequencing

Identity to strain level Accession number

Candida tropicalis Pe 1 MK752669.1
Saccharomyces cerevisiae strain CBS 1171 NR111007.1
Candida auris CP043535.1
Saccharomyces cerevisiae strain B1B2

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 11 Changes in pH, specific gravity, and total titratable acidity during wine production using yeast isolates 047 and 065a

Sample code/days

Soluble sugar,
0Brix pH value Specic gravity TTA (mL)

047 065 047 065 047 065 047 065

Day 1
Date (100%) 16 16 5.38 5.35 1.065 1.065 1.83 (5.41%) 1.84 (5.52%)
D/H 30/70 16 16 5.35 5.36 1.065 1.065 1.86 (5.58%) 1.85 (5.54%)
D/H 40/60 16 16 5.34 5.35 1.065 1.065 1.85 (5.64%) 1.87 (5.61%)
D/H 50/50 16 16 5.36 5.36 1.065 1.065 1.87 (5.61%) 1.86 (5.58%)

Day 2
Date (100%) 10.5 11.5 4.85 4.97 1.047 1.048 2.82 (8.48%) 2.74 (8.20%)
D/H 30/70 13.5 14 5.01 5.16 1.054 1.056 2.30 (6.91%) 2.38 (6.83%)
D/H 40/60 12.0 13.5 4.94 5.04 1.053 1.054 2.45 (7.36%) 2.33 (6.98%)
D/H 50/50 11.5 12.5 4.91 5.0 1.048 1.053 2.67 (8.02%) 2.36 (7.09%)

Day 3
Date (100%) 8.5 10 4.78 4.88 1.032 1.045 2.95 mL 2.93 mL
D/H 30/70 12.5 13 4.97 4.96 1.054 1.055 2.735 mL 2.70 mL
D/H 40/60 11.0 12 4.87 4.93 1.047 1.053 2.87 mL 2.66 mL
D/H 50/50 10.0 11 4.86 4.90 1.045 1.047 2.88 mL 2.83 mL

Day 4
Date (100%) 7.0 8.5 4.66 4.70 1.028 2.032 3.145 (9.49%) 3.11 (934%)
D/H 30/70 11.0 11.0 4.68 4.88 1.047 2.047 2.86 (8.59%) 2.93 (8.80%)
D/H 40/60 9.5 10.5 4.72 4.86 1.037 1.046 3.02 (9.08%) 2.95 (8.89%)
D/H 50/50 9.0 10.0 4.70 4.80 1.034 1.045 3.06 (9.19%) I2.98 (8.95%)

Day 5
Date (100%) 5.8 7.0 4.46 4.70 1.023 1.028 3.43 (10.30%) 3.20 (9.62%)
D/H 30/70 8.0 9.5 4.67 4.76 1.034 1.045 3.20 (9.61%) 3.16 (9.49%)
D/H 40/60 7.0 9.0 4.64 4.72 1.028 1.034 3.26 (9.79%) 3.14 (9.43%)
D/H 50/50 6.5 8.0 4.60 4.70 1.025 1.030 3.29 (9.86%) 3.24 (9.73%)

Day 6
Date (100%) 4.4 6.5 4.06 4.43 1.018 1.035 3.71 (11.14%) 3.46 (10.43%)
D/H 30/70 7.0 9.2 4.26 5.1 1.038 1.035 3.58 (10.75%) 3.40 (10.21%)
D/H 40/60 5.5 8.0 4.16 4.42 1.023 1.030 3.63 (10.90%) 3.53 (10.60%)
D/H 50/50 5.0 7.5 4.12 4.36 1.021 1.036 3.66 (10.99%) 3.57 (10.72%)

Day 7
Date (100%) 3.0 5.8 4.80 4.13 1.014 1.023 3.93 (11.80%) 3.67 (11.02%)
D/H 30/70 5.3 8.0 4.06 2.30 1.022 1.030 3.77 (11.18%) 3.58 (10.75%)
D/H 40/60 4.8 7.8 3.98 4.22 1.021 1.030 3.84 (11.53%) 3.62 (10.87%)
D/H 50/50 4.0 7.4 3.71 4.16 1.016 1.029 3.89 (11.68%) 3.74 (11.23%)

a D/H = date–honey ratio.
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processes involving yeasts as fermenting organisms. The yeasts,
during fermentation, convert the sugar present in the
substrates to alcohol and other aromatic compounds, leading to
the nal characteristics of the wine.8,11 In the present study,
yeasts from different palm wine sources were screened, selected
and used to produce different combinations of wines from date
fruit and honey blends.

The population of yeasts in various palm wine samples from
different locations shows that the population of yeast ranged
from 9.6 × 108 cfu mL−1 (BADAGRY) to 1.74 × 104 cfu mL−1

(ISUOCHI). The report of Ukwuru and Awah41 indicated high
presence of yeasts ranging from 3.7 to 4.8 log10 cfu mL−1, which
increases with the increase in storage time of the palm wine.
© 2025 The Author(s). Published by the Royal Society of Chemistry
Moreover, Matthew et al.42 reported yeast count ranging from
3.2 × 108 cfu mL−1 to 1.0 × 106 cfu mL−1 in palm wine from
different locations in their study ‘Molecular characterization of
yeast isolated from palm wine in Alakalis, Rivers State, Nigeria’.

The invertase and alcohol dehydrogenase activities of the
various yeasts isolated from different palm wine sources show
that the isolate BFC 065 recorded the highest invertase activity
(40.95 mmol min−1), followed by the isolate PPE 047 (36.84
mmol min−1), while IPA 151 showed the least (4.3 mmol min−1).
The result of the alcohol dehydrogenase activity shows that PPE
047 had the highest activity (13.67 unit per mL), followed by BFC
065 (11.42 unit per mL), while IPA 151 had the least activity (2.4
unit per mL). Saccharomyces cerevisiae has been reported to
Sustainable Food Technol., 2025, 3, 1136–1150 | 1145
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Fig. 2 Changes in specific gravity during the timeline in wine
production. Error bars represent standard error. D/H = date/honey
ratio.

Fig. 3 Changes in alcohol content during the timeline in wine
production. Error bars represent percentage errors. D/H= date/honey
ratio.
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produce invertase.43 Silveira et al.44 reported invertase produc-
tion by organisms such as Neurospra crassa, Candida utilis,
Fusarium oxysporium, Phytophthora megasperma, Aspergillus
niger, Schwanniomyces occidentalis, Schizosaccharomyces pombe
and Saccharomyces cerevisiae. Moreover, Saccharomyces cer-
evisiae has been reported to produce more invertase enzyme
than other organisms.33 This corresponds to the present
observation.

The sugar tolerance properties of the yeast isolates show that
isolates 065 and 047 have the highest sugar tolerance level at
20% sugar concentration with optical densities (OD) of 1.098
and 0.947, respectively, aer 72 h of incubation, while the
isolate BFC 168 showed the least sugar tolerance level (OD,
0.674). This observation is an indication that the organisms are
stable and shall not be inhibited by high sugar levels. It gives
Table 12 Changes in reducing sugar (% glucose) during fermentation

0HR 4th day

Date
(100%)

D/H
30/70

D/H
40/60

D/H
50/50

Date
(100%)

D/
30

Isolate 047 1622.3 1621.4 1621.8 1622.5 649.06 10
Isolate 065 1622.7 1621.8 1621.6 1622.3 835.27 10

1146 | Sustainable Food Technol., 2025, 3, 1136–1150
the organisms a competitive advantage over contaminating
organisms that cannot withstand a higher sugar level.

In the present study, the ethanol tolerance potentials of the
yeast isolates from various palm wine sources showed that the
highest ethanol tolerance was observed for BFC 065 (17.5% ±

0.18%), followed by PPE 047 (14.00% ± 0.81%), while IPA 142
had the least (4.5% ± 0.47%). A similar observation has been
reported by Ukwuru and Awah41 who demonstrated high
alcohol tolerance of Saccharomyces cerevisiae from palm wine in
the range of 14.7% to 17.2% (v/v). The property of ethanol
tolerance in yeasts makes them useful when applied for
industrial purposes.

The total titratable acidity (TTA) producing potential of the
yeasts shows that the production of acid ranged from 0.27% ±

0.004% (IPA 137) to 3.21% ± 0.144% (BFC 065). The highest
acid-producing potential was observed for BFC 065 (3.21% ±

0.144%), followed by PPE 047 (2.16% ± 0.35%), while IPA 131
was the least (0.27% ± 0.00%). The ability of the test yeasts to
produce acids is an indication of active viability in the utiliza-
tion of sugars.41

The highest pH tolerance of the yeasts was observed at pH 2.
The isolate BFC 168 tolerated the lowest pH (pH 2), while IPA
110 was the least. The ability of yeasts from palm wine to
tolerate low pH gives them an added advantage over contami-
nants that cannot withstand acidic conditions during wine
production.

The pH of the wines fermented with the two yeast isolates
was towards acidity. This was irrespective of the percentage
mixture of the blends of dates and honey that the pH ranged
from 3.78 to 5.38 in wines fermented with the isolate 047
(Candida tropicalis) and 2.30 to 5.36 in wines fermented with the
isolate 065 (Saccharomyces cerevisiae). The pH values showed
a gradual decrease with the increase in fermentation time. This
observation is consistent with the report of Ogodo et al.8 on
mixed fruit wines from pawpaw, banana and watermelon.
Ogodo et al.9 observed a similar trend of gradual decrease in the
pH of mango wine fermented with bakers' yeast (Saccharomyces
cerevisiae). The pH has direct effects on the stability of wine, and
low pH values during fermentation processes favour fermenting
organisms (yeasts) and eliminate contaminants and spoilage
bacteria.6,10 The report of Potey et al.45 also showed a gradual
decrease in pH towards acidity during the production of banana
wine using Saccharomyces cerevisiae. Moreover, low pH values
have been reported earlier in some tropical fruit wines such as
sapota wine,46 Tendu wine47 and sweet potato wine.48 There is
no reported use of isolate 047 (Candida tropicalis) strains in the
7th day

H
/70

D/H
40/60

D/H
50/50

Date
(100%)

D/H
30/70

D/H
40/60

D/H
50/50

83.81 894.60 876.25 209.17 368.70 333.27 289.21
91.19 986.51 957.55 576.08 795.68 781.39 483.81

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 13 Flavor compounds of the top three developed wines identified through GC-MS

Date : honey 70 : 30 Isolate 065 Date : honey 70 : 30 Isolate 047 Date : honey 40 : 60 Isolate 065

, Hexadecanoic acid,
methyl ester

, 2,4-Di-tert-butylphenol , Dodecanoic acid

, n-Hexadecanoic acid , 1,2-Benzenedicarboxylic acid,
bis(2-methylpropyl) ester

, Tetradecanoic acid

, 11-Octadecenoic acid,
methyl ester

, Phthalic acid , Tetradecanoic acid

, 9,17-Octadecadienal, (Z)- , Decyl isobutyl ester , p-Heptylbenzonitrile
, 10-Octadecenoic acid,
methyl ester

, Hexadecanoic acid, ethyl ester , Oxacycloundecane-2,7-dione

, 9,17-Octadecadienal, (Z)- , Methyl 9-cis,11-trans-octadecadienoate , 9-Octadecenoic acid (Z)-, methyl ester
, cis-13-Octadecenoic acid , 9,12-Octadecadienoic acid (Z,Z)-,

methyl ester
, Oleic acid

, Oleic acid , 8,11-Octadecadienoic acid, methyl ester , 9-Octadecenoic acid, (E)-
, cis-13-Octadecenoic acid , 9-Octadecenoic acid (Z)-, methyl ester , cis-Vaccenic acid
, 9,12-Octadecadienoic
acid (Z,Z)-

, cis-13-Octadecenoic acid, methyl ester , 9-Octadecenoic acid

, 9,17-Octadecadienal, (Z)- , 11-Octadecenoic acid, methyl ester , Oleic acid
, Octadecanoic acid , Phytol , cis-Vaccenic acid

, Methyl hexadecane, 1-iodo-tricosane , D-Glucitol, cyclic 1, s(ethylboronate)
, 2-methyl-bis(2-ethylhexyl) phthalate , Cholestan-22(26)-cholestan-22(26)-epoxy
, Diisooctyl phthalate , Aluminum, bis(2-methylpropyl)

(2,4- pentanedionato-O,O0)-, (T-4)-
, Carbamic acid, N-(3-chloro-4-methoxyphenyl)-,
glycidyl ester
, 4-Piperidinone, 1,3-dimethyl-
, 3-Dibenzofuranamine
, Lauric anhydride
, 1,2-Cyclohexanedicarboxylic acid
, Ethyl hexyl ester
, Dodecanoic acid, 1-(hydroxymethyl)-1,2-
ethanediyl ester
, Lauric anhydride
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production of fruit wines and this novel study can further be
exploited in wine production.

In the present study, there was a gradual increase in the total
titratable acidity (TTA) as the fermentation time progressed.
The TTA ranged from 5.42% to 11.68% in Candida tropicalis
fermented wines and 5.52% to 11.23% in Saccharomyces
Table 14 Sensory evaluation of produced wines

Attributes Wine 1 Wine 2 Wine 3

Colour/apperance 8 8 8
Taste 8 6 8
Aer taste 7 6 6
Aroma 6 8 7
Flavour 6 9 7
Full-bodied 6 9 7
Sweetness 7 6 8
Brightness 8 9 6
Sourness 8 8 6
Astringency 7 6 8
Aromatic intensity 6 8 8
Overall acceptibility 7 8 8
Ranking 6th 2nd 4th

© 2025 The Author(s). Published by the Royal Society of Chemistry
cerevisiae fermented wines. The values obtained in this study for
TTA are higher than those reported by Ogodo et al.8 and Ogodo
et al.,9 which were in the range of 0.41–0.71% and 0.71–0.80%
for mixed fruits of pawpaw, banana and watermelon wine and
mango wine, respectively. Moreover, the observation in this
study on acidity showed a higher value than that of bael wine,49
Wine 4 Wine 5 Wine 6 Commercial wine

8 8 6 8
8 7 4 8
7 8 6 8
8 7 6 8
9 6 5 9
9 6 5 9
7 7 3 9
8 7 3 8
8 7 3 8
8 7 6 7
9 8 7 8
8 8 6 9
3rd 5th 7th 1st

Sustainable Food Technol., 2025, 3, 1136–1150 | 1147
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sweet potato wine48 and sapota wine.46 The progress of
fermentation is favoured by high acidity because it gives the
fermenting yeast an edge to withstand competition by other
undesirable microorganisms.22

The soluble sugar contents of the wines during fermentation
by the two isolates, 047 (Candida tropicalis Pe 1) and 065
(Saccharomyces cerevisiae strain CBS), showed a gradual
decrease in soluble sugar (0Brix). The soluble sugar contents
ranged from 3.00Brix (date100%) to 8.00Brix (D/H 30%/70%).
There were signicant differences (p < 0.05) when the reducing
sugar of the wines fermented with the isolate 047 is compared
to wines fermented with the isolate 065. The reduction in
soluble sugar content was more in wines fermented with the
isolate 047. This is an indication of the capability of isolate 047
in utilizing the fermentable sugars in the substrates. The
observation in the present study can be compared to the report
by Panda et al.46 and Sahu et al.47 who reported 3.28 g/100 mL
and 3.78 g/100 mL for sapota wine and Tendu wine, respec-
tively. However, the present observation is higher than that re-
ported by Ray et al.48 for purple sweet potato wine and Panda
et al.47 for bael wine. The result showed that the total sugar
contents of the wines in this study are more than 1%, which
shows that the wines could be classied as sweet table.

The percentage alcohol contents of the various wines using
different isolates. The results of the percentage alcohol content
of the various wines produced using different isolates show that
the wines fermented with isolate 047 had higher alcohol
content than those fermented with isolate 065. The alcohol
content ranged from 7.54% (D/H30/70) and 9.65% (D/H30/70)
to 9.98% (date100%) and 12.24% (date100%) for isolates 065
and 047, respectively.

Signicant amounts of alcohol were produced from the fruit
wines during fermentation with the test yeasts in the present
study. The result shows that the alcohol content of the wines
fermented with the isolate 047 was more than that of the isolate
065. The alcohol content ranged from 7.54% (D/H30/70) and
9.65% (D/H30/70) to 9.98% (date100%) and 12.24% (date100%)
for isolates 065 and 047, respectively. This observation agreed
with the nding that palm wine yeast isolates may show alcohol
tolerance in the range of 10–20%.50 Similarly, a study by Noll
(2008)7 showed that yeast strains from palm wine are genetically
distinct when compared to the strains that ferment grapes
during wine making, and they can survive and continue the
fermentation process at an alcohol concentration of 18%. This
attribute can be exploited in the production of ethanol for fuel.
Moreover, the present study showed that isolate Candida tropi-
calis Pe 1 (047) produced more alcohol than Saccharomyces
cerevisiae strain CBS, and this property can further be exploited
in ethanol production. High alcohols have been reported to
serve as precursors in pleasant aroma development through the
production of esters (Clement-Jimenez et al. 2005).51 Similarly,
Reddy and Reddy4 asserted that the concentration of alcohol
contributes to the overall characteristic, quality and avour of
wine.

The good avour obtained from the present wine could be
due to the high content of alcohol51 or due to the presence of
some aromatic compounds such as hexadecanoic acid, methyl
1148 | Sustainable Food Technol., 2025, 3, 1136–1150
ester, n-hexadecanoic acid, 11-octadecenoic acid, methyl ester,
9,17-octadecadienal, (Z)-10-octadecenoic acid, methyl ester,
9,17-octadecadienal, (Z)-cis-13-octadecenoic acid, and oleic
acid, as identied from the various wines. These compounds
are capable of imparting good aroma to the nished product.

The sensory attributes of the wines produced in the present
study were compared favourably with commercial wines, which
was ranked rst, wine 2 was ranked second, while wine 1 was
ranked sixth. This shows that acceptable wines can be produced
from date fruit and honey blends.
Conclusion

The present study which was based on the evaluation of date
fruit and honey as substrates for wine production and the effi-
ciency of isolated yeasts from palm wine for mixed fruit wine
production has revealed that the test substrates (date fruits and
honey) are good for wine production. The biochemical and
sensory attributes of the wines were acceptable by the
consumers. The study has also given an insight into the efficacy
and role of Candida tropicalis Pe 1 and Saccharomyces cerevisiae
strain CBS from palm wine in wine production and alcohol
production, which can be explored for industrial purposes
especially with Candida tropicalis Pe 1. Therefore, nutrients,
minerals, vitamins, aroma and taste of dates and honey could
be preserved by fermenting them to wines.
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