Food Science and Applied Biotechnology, 2024, 7(1), 58-66

;‘5. gt FT Academic Publishing House, Plovdiv

000 A B Food Science and Applied Biotechnology

e-ISSN: 2603-3380

Fé

* <

PP . v o

009 Applied Biotechnology Journal home page: www.ijfsab.com
https://doi.org/10.30721/fsab2024.v7.il

OPEN 8 ACCESS

Research Article

Microbiological characteristics, proximate composition and sensory properties of plant-
based set yoghurt analogue produced from blends of maize-soybean

Adekunbi Adetola Malomo™, Motunrayo Ogunjemilusi®?, Oluwatosin Faith Ibukun®, Ezembu
Joanne Ogechukwu?

! Department of Food Science and Technology, Obafemi Awolowo University, Ile-1fe, 22002, Osun state, Nigeria
2\Westley University, Ondo State, Nigeria

Abstract

This research produced yoghurt analogue from vitamin A bio-fortified maize with or without substitution
with soymilk to combat micronutrient deficiencies. Microorganisms were enumerated and isolated and pH
was also determined at 7 days intervals for three weeks. Proximate composition, organoleptic properties
and total sugar were also determined on the products using standard methods. The result showed that the
TVC and LAB count was within the range of 4.778-8.193 log CFU.ml* and 6.000-8.662 log CFU.ml*
respectively and the pH generally decreased during the period of storage at refrigeration temperature.
Streptococcus thermophilus, Lactobacillus delbrueckii spp. bulgaricus, Bacillus licheniformis,
Saccharomyces cerevisiae and Aspergillus niger were isolated from the samples during storage. Protein
(2.23-2.86%), fat (0.43-0.61%) and ash (0.41-0.56%) contents increased while carbohydrate contents
decreased with an increase in the addition of soymilk. There was no significant difference (p>0.05) in the
scores for colour, sourness and overall acceptability of all samples. The addition of soymilk at 50%
significantly increased (p<0.05) the taste and aroma of the yoghurt analogue. Thus, cereal-based yoghurt
analogue can be produced from maize milk analogue substituted with up to 50% soymilk to enhance the
consumption of nutrient-dense plant-based yoghurt analogue.
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Introduction

Yoghurt is one of the most popular fermented dairy
products consumed all over the world. It is an
important dairy product which supplies essential
amino acid, calcium and vitamin D. Yoghurt
products include, set yoghurt and stirred yoghurt
with different flavours with or without the addition
of sucrose. It has a smooth texture, sour taste and
pleasant flavour. It is produced by inoculating dairy
milk with Lactobacillus delbrueckii spp. bulgaricus
and Streptococcus  thermophilus. These
microorganisms give yoghurt its desirable sour taste
and flavour by producing acetaldehyde (Qureshi et
al. 2011; Malomo and Abiose 2020b).

Dairy yoghurt is consumed all over the world but
there are few exceptions due to nutritional status,
religious reasons and financial status. To ensure
consumers' satisfaction and accessibility to good
nutrition, dairy yoghurt has been substituted with
legume yoghurt analogue with similar nutritional
composition,  rheological and  organoleptic
properties. Legumes are an affordable source of
protein and micronutrients, especially for those
living in low- and middle-income countries where
animal proteins are expensive and not affordable to
the average citizen (Malomo et al. 2019).

Soybean (Glycine max) is a common legume which
is available and affordable all over the world. It is
a very important source of protein, minerals, fat and
vitamin B contributing significantly to the
nutritional requirement of people living in
developing countries. During fermentation by lactic
acid bacteria, beany flavour which has a negative
effect on the acceptability of soybean products is
reduced and the texture improves resulting in
products with high acceptability (Obadina et al.
2013; Malomo and Abiose 2020a; Agim-Ezenwaka
et al. 2020).

Cereal is the major source of energy in developing
countries and could be used in developing
functional foods to improve food security in the
region (Kearney 2010). Maize (Zea mays) is
cultivated globally for its high energy and
micronutrient content (Prashanthi et al. 2017). It
ranked third after wheat and rice regarding the area
of cultivation. It is important in the production of
breakfast cereal, fermented dumplings, porridges,
composite flour and adjuncts in beer production
(Oladejo and Adetunji 2012; Malomo and Abiose
2020).

Yellow maize has been bio-fortified with vitamin A
to reduce the problem of micronutrient deficiencies
in Africa. International Institute for Tropical
Agriculture (IITA) in conjunction with Agricultural
Research and Training (IAR and T), Nigeria
developed pro-vitamin A maize through a project
funded by HarvestPlus. Researchers have confirmed
that the two bio-fortified hybrids produced can
supply vitamin A when boiled, roasted or processed
into flour or fermented (IITA 2012). Maize milk
analogue is a new product from maize which has
been used in the production of cereal-based yoghurt
analogue and has been reported to have good
organoleptic and nutritional properties similar to
other vegetable-based milk (Yasni and Maulidya
2014). The beverage produced from the
combination of cereal and legumes has been
reported to provide balanced nutrition (Makanjuola
2012). Many authors have worked on the production
of yoghurt from cow milk, soymilk and other
legumes but there is still a dearth of information on
the microbiological and chemical composition of
maize-based yoghurt analogue. Hence, this research
aims to study the suitability of maize milk analogue
with or without the addition of soymilk in the
production of a safe and acceptable cereal-based set
yoghurt analogue.

Materials and Methods

Soybean and yellow maize (DMR SLR-yellow)
were obtained from the Teaching and Research farm
in Obafemi Awolowo University (OAU), lle-Ife,
Nigeria, Yogourment was obtained from OAU
central market. All chemicals (Sigma, USA) and
media (Lab M) used were of analytical standard.

Preparation of maize and maize-soy yoghurt
analogue. Maize was harvested and the grains were
removed from the cob, cleaned and wet milled in the
blender. The slurry was thereafter screened through
muslin cloth to obtain the milk analogue. The milk
analogue obtained was dispensed into a sterile
container for further use. Soybean was sorted,
washed and steeped in portable water for 12 h at
room temperature. Steep water was drained and
boiled for 20 min in water before dehulling. The
dehulled beans were milled, homogenized with
water, and sieved with muslin cloth and the residue
was discarded. Maize milk analogue and soymilk
were mixed at ratios 80: 20; 70: 30; 60: 40; and 50:
50 while 100% maize milk analogue served as the
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control. The samples were inoculated with 1.5% of
commercial yoghurt culture containing
Lactobacillus delbrueckii spp. bulgaricus and
Streptococcus thermophilus and incubated for 12 h
at 45°C. The yoghurt analogue samples obtained
were thereafter stored in the refrigerator for further
analysis (Omueti and Ajomale 2005).

Microbial analysis. Each sample of yoghurt
analogue (5 ml) was dispensed into a stomacher bag
containing peptone water (45 ml) and homogenized
in a stomacher. The mixture obtained was diluted
appropriately and dispensed into the sterile petri
dish. Molten agar (20 ml) was poured and rocked
gently for an even distribution of growth (Malomo
and Abiose 2020a). NA, MRS and PDA are used for
total viable count (TVC), Lactic acid bacteria count
(LAB) and fungi count respectively and plates were
incubated anaerobically for LAB count at 35°C for
72 h in an inverted position, TVC at 35°C for 24 h
and fungi at 25°C for 3 to 5 d. The enumeration of
microorganisms was determined in triplicate for
each yoghurt analogue sample. Colonies formed
were counted and steaked to obtain pure culture.
Pure bacteria isolates obtained were identified using
cultural and morphological characteristics, reaction
to Gram’s staining and biochemical tests using the
scheme described by Harrigan (1998) and Wood
and Holzapfel and Wood (2012). Yeast isolates
were identified using cultural characteristics, shape,
size, and types of budding using a microscope
(Leica DM500 Model 13613210), and nitrate and
carbon assimilation were also assessed. Mould was
identified using colour, type of spores, mode
reproduction and presence of special structures
(Barnett et al. 2000).

Determination of the proximate composition.
Crude protein content was determined using a
Kjedhal analyzer, fat content was determined by
Soxhlet extraction, ash content was determined
using a muffle furnace and the carbohydrate content
of maize and maize-soy yoghurt analogue was
determined by difference using the method of
AOAC (2005b,c,d). The proximate composition of
all yoghurt analogues produced was determined in
triplicate.

Determination of pH. pH of yoghurt analogue
samples was determined using a digital pH meter
(Philips model PHS-3C). The pH meter was
calibrated with buffer solutions of pH 4 and pH 7.

Each yoghurt analogue (10 ml) was dispensed into
a conical flask, pH was read in duplicate and the
average was calculated AOAC (2005a).

Determination of total sugar. The total sugar
content of yoghurt analogue samples was
determined by Morris (1948). Each sample was
filtered with Whatman 1 filter paper and the filtrate
(1 ml) was dispensed into a test tube. Anthrone
reagent (4 ml) was added and heated in a boiling
water bath (Gallenkomp, HH-S6, England) for 10
min and cooled. The absorbance was read in a UV-
spectrophotometer (Spectrumlab 7528,
YM1206PHB2, China) at 620 nm. The amount of
total sugar liberated was extrapolated from the
standard curve of known concentrations of glucose
(10-100 mg.I*Y). (Malomo et al. 2022)

Sensory evaluation. The maize-soy yoghurt
analogue samples were coded and presented to
selected semi-trained Judges who were familiar
with yoghurt for evaluation of colour, aroma,
mouthfeel, taste and overall acceptability using a
seven-point Hedonic scale where 1 indicated dislike
extremely and 7 like extremely (Montgomery
2004).

Statistical analysis. Data obtained from the
experiments were evaluated using Analysis of
Variance and means were separated using Duncan
Test on SPSS 2010. XLSTAT 2018 was used for
panel analysis.

Results and Discussion

Changes in the microbial count of maize and
maize-soy yoghurt analogue. The total viable
count and lactic acid bacteria count of the maize-soy
yoghurt analogue are shown in Fig. 1 and Fig. 2. The
TVC of maize-soy yoghurt analogue increased with
an increase in the days of storage (4.778-—8.193 log
CFU.mlY). The lowest count was observed in 100%
maize yoghurt (4.778 log CFU.mlI) while the
highest count was recorded in yoghurt analogue
produced from 60% maize and 40% soymilk (5.898
log CFU.mI%) at the beginning of storage. The count
was generally higher in samples containing soybean
than 100% maize from day zero to day 14 probably
due to an increase in the availability of amino acids
and other nutrients with the addition of soybeans
(Malomo et al. 2019).
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Figure 1. TVC of maize-soy yoghurt during storage

A: 100% maize yoghurt analogue; B: 80% maize and 20% soy
yoghurt analogue; C: 70% maize and 30% soy yoghurt
analogue; D: 60% maize and 40% soy yoghurt analogue; E:
50% maize and 50% soy yoghurt analogue

The LAB count range in maize and maize-soy
yoghurt analogue was between 6.000 and 8.662 log
CFU.ml* during the period of storage.
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Figure 2. Lactic acid bacteria count of maize-soy
yoghurt analogue.

A: 100% maize yoghurt analogue; B: 80% maize and 20% soy
yoghurt analogue; C: 70% maize and 30% soy yoghurt
analogue; D: 60% maize and 40% soy yoghurt analogue; E:
50% maize and 50% soy yoghurt analogue

Count was highest in the 100% maize yoghurt
analogue from day O to day 14 with the range of
7.332 to 8.662 log CFU.mI. It was highest in

yoghurt analogue produced from 100% maize
probably because of the high pH that was suitable
for the growth and reproduction of Streptococcus
thermophilus and Lactobacillus delbrueckii spp.
bulgaricus. Counts in all yoghurt analogue samples
show that maize-soy yoghurt analogue can be
consumed as a functional drink because it contains
the permissible quantity of lactic acid bacteria
recommended by standard organizations (Codex
Alimentarius 2011).

Microorganisms isolated from maize and maize-
soy yoghurt analogue. Microorganisms isolated
are Streptococcus thermophilus, Lactobacillus
delbrueckii  spp. bulgaricus,  Bacillus
licheniformis, Saccharomyces cerevisiae and
Aspergillus niger. Streptococcus thermophilus is a
gram-positive cocci shaped microorganism with a
diameter ranging from 0.7-1.0 pum. They are
facultative anaerobes that grow optimally at 45°C
and can also withstand a temperature of 65°C for 30
min. They occur in pairs and long chains (De Vos,
2009). They accounted for about 42% of the
microorganisms isolated from the samples. Bacillus
licheniformis is a gram-positive rod with an
endospore which could be centrally or subterminal
located (De Vos, 2009; Makowski et al. 2021).
Lactobacillus delbrueckii spp. bulgaricus are gram-
positive rods, which occur singly or in chains.
Lactobacillus  delbrueckii ~ spp.  bulgaricus
accounted for about 37% of the total
microorganisms isolated probably because of the
use of yoghurt starter culture. Both Streptococcus
thermophilus and Lactobacillus delbrueckii spp.
bulgaricus (Fig. 3a and 3b) were present in the
samples from day 0 to day 21. B. licheniformis has
been reported as a probiotic microorganism that can
adapt to the human gastrointestinal tract (Muras et
al. 2021; Ramirez-Olea et al. 2022). It was isolated
from all yoghurt containing soymilk from day 14 to
day 21. Saccharomyces cerevisiae (Fig. 3c) is the
most common yeast in the fermentation of plants
(Malomo et al. 2018). It was isolated in 100% maize
yoghurt from day 14 to 21 and in all other samples
on day 21. Aspergillus niger was isolated in yoghurt
produced from 100% maize at day 21.
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a. Streptococcus thermophilus; b. Lactobacillus delbrueckii spp. bulgaricus; c. Saccharomyces cerevisiae

Proximate composition of maize and maize-soy
yoghurt analogue. The proximate composition of
maize and maize-soy yoghurt analogue is shown in
Table 1. The moisture content was within the range
of 90.70 to 91.43%. It was highest in the sample
produced from 100% maize (91.43%) and lowest in
the yoghurt analogue sample produced from 50%
maize milk analogue and 50% soymilk (90.70%).
The reduction could be due to the high amount of
protein in soybean which increased the water
binding capacity of the maize-soy yoghurt analogue
samples. The values obtained were similar to 90.61-
93.90 reported by Ejinkeonye and Fabian (2018) for
soybean yoghurt.

Table 1. Proximate composition of maize-soy
yoghurt analogue

Moisture, Protein, Fat, Ash, Carbohydrate,
% % % % %
A 91.43+ 2.23+ 0.43+ 0.41+ 5.51+
0.28?2 0.02¢ 0.28¢ 0.03¢ 0.112
B 91.23+ 2.37+ 0.48+ 0.43+ 547+
0.35% 0.02d 0.11¢ 0.02¢ 0.102
c 91.15+ 2.53+ 0.52+ 0.50+ 5.33+
0.28° 0.03¢ 0.01be 0.01° 0.072
D 90.85+  2.75+ 0.56+ 0.55+ 5.31+
0.21¢ 0.01° 0.012 0.072 0.062
E 90.70+ 2.86+ 0.61+ 0.56+ 5.30+
0.21¢ 0.042 0.032 0.072 0.072

A: 100% maize yoghurt analogue; B: 80% maize and 20% soy
yoghurt analogue; C: 70% maize and 30% soy yoghurt
analogue; D: 60% maize and 40% soy yoghurt analogue; E:
50% maize and 50% soy yoghurt analogue. Superscript on
mean values on each column indicate significant difference at
p<0.05

The protein content of maize and maize-soy yoghurt
analogue was between 2.23 to 2.86%. It
significantly increased (p<0.05) in all samples with
an increase in the concentration of soymilk.
Soybean contains about 40% protein while maize is
low in protein content. This is an indication that the
soybeans caused an increase in the protein content
of the yoghurt. Studies have shown that the addition
of soybeans increases the protein content of cereals,
roots and tuber (Owuzu-Kwarteng et al. 2014).
Malomo et al. (2019) also observed an increase in
the free amino acid content of masa snacks with an
increase in the concentration of soybeans. The
protein content of the 100% maize yoghurt analogue
sample and all maize-soy yoghurt analogue samples
was higher than the value reported by Descalzo et
al. (2018).

Maize and maize-soy yoghurt analogues had fat
content ranging from 0.43-0.61% with sample E
having the highest percentage. The fat content was
significantly higher (p<0.05) in samples C, D and E
than in sample A. The increase observed was a
result of the increase in the proportion of soybean
milk which is an indication that soybeans are high
in fat. The values obtained in this study are lower
than 0.79-2.35% reported by Ejinkeonye and Fabian
(2018) and this is due to the difference in the
yoghurt constituents. There was no detectable crude
fibre in all the yoghurt-like samples and this also
supports the findings on soybean yoghurt reported
by Ejinkeonye and Fabian (2018).

The ash content was significantly (p<0.05) highest
(0.56%) in sample E yoghurt and lowest in sample
A (0.41). Ash content is an indication of how rich
the mineral content in a product is. The increase in
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ash content was observed among the samples as the
guantity of soymilk increased and this is because the
soybean seeds have been reported to contain an
appreciable quantity of minerals (Sanful and Darko
2010). A decrease in the carbohydrate was observed
with an increase in concentration of soymilk but it
was not significant (p<0.05).

The total sugar content of maize and maize-soy
yoghurt analogue. The total sugar of maize-soy
yoghurt is shown in Fig. 4. It was highest in 100%
maize yoghurt analogue (22.9 mg.ml?) and reduced
with an increase in the addition of soymilk at day
zero. Maize-soy yoghurt analogue produced from
100% maize also had the highest concentration of
total sugar at days zero, fourteen and twenty-one.
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Figure 4. Total sugar content of maize-soy yoghurt.

A: 100% maize yoghurt analogue; B: 80% maize and 20% soy
yoghurt analogue; C: 70% maize and 30% soy yoghurt
analogue; D: 60% maize and 40% soy yoghurt analogue; E:
50% maize and 50% soy yoghurt analogue

The total sugar generally reduces with an increase
in the concentration of soymilk throughout the
period of storage. This may be due to the low
carbohydrate content of soymilk and the high
carbohydrate content of maize. It has been reported
that carbohydrate is broken down into simple sugars
by lactic acid bacteria and other microorganisms
involved in fermentation (Adepoju et al. 2016).
According to Jideani and Jideani (2011), the high
level of total sugar in 100% maize yoghurt analogue
could be attributed to the high level of digestible
carbohydrates which were broken down into simple
sugar by the microorganisms involved in the
fermentation process.

pH of maize and maize-soy yoghurt analogue
during storage. The pH of the yoghurt analogue
samples is shown in Fig. 5. pH ranged between 3.90
and 5.34 during the period of storage.

6

=@ A =01 C =@=D =o—E

5.5

3.5

0 21

7 14
Days of storage
Figure 5. The pH of maize-soy yoghurt during storage.
A: 100% maize yoghurt analogue; B: 80% maize and 20%
soy yoghurt analogue; C: 70% maize and 30% soy yoghurt
analogue; D: 60% maize and 40% soy yoghurt analogue; E:
50% maize and 50% soy yoghurt analogue
Yoghurt containing 100% maize had the lowest pH
throughout the period of storage. The pH generally
increased with an increase in the addition of
soymilk. A similar observation was reported by
Malomo et al. (2018) during the production of masa.
Low pH in 100% maize yoghurt could be attributed
to the acidic nature of Zein protein in maize. Also,
acid production depends on the ability of
microorganisms to metabolize carbohydrates which
is more abundant in maize than soybeans

(Makunjuola 2012).

Sensory properties of maize and maize-soy
yoghurt analogue. Maize-soy yoghurt
containing 50% maize and 50% soy had the
highest score for colour (5.51), aroma (5.00),
sourness (5.00), taste (5.40) and overall
acceptability (5.00) (Table 2). There was no
significant difference (p>0.05) in the scores for
colour, sourness and overall acceptability of all
samples but the scores for aroma and taste of
sample E was significantly higher (p<0.05) than
other samples. Adding soymilk had a
significant effect (p<0.05) on the taste and
aroma of maize-soy yoghurt analogue at 50%
concentration. Low scores recorded for the
samples could be a result of the absence of
sucrose.
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Table 2. Sensory properties of maize and maize-
soy yoghurt analogue

Colour Aroma Sourness Taste Overa!l'
acceptability

A 460+ 3.10+ 3.60+ 2.80+ 3.60+
1.772 1.29° 2.052 1.03° 1.782

B  4.40+ 3.20+ 4.50+ 3.20+ 3.70+
1.422 1.03° 1.712 1.61° 1.252

C 5.50+ 3.30+ 4.50+ 3.40+ 3.90+
0.712 0.94° 1.582 1.580 1.41%

D 550+ 3.80+ 4.50+ 3.50+ 430+
0.712 1.26° 1.402 0.84b 0.992

E 551+ 5.00+ 5.00+ 5.40+ 5.00+
0.532 0.862 1.322 1.072 1.052

A: 100% maize yoghurt analogue; B: 80% maize and 20% soy
yoghurt analogue; C: 70% maize and 30% soy yoghurt
analogue; D: 60% maize and 40% soy yoghurt analogue; E:
50% maize and 50% soy yoghurt analogue. Superscript on
mean values on each column indicate significant difference at
p<0.05

Panel analysis. The response of the assessors on
aroma showed that assessors 3, 5, 8, 9, and 10 had
similar observations, assessors 6 and 7 also had
similar observations but assessor 2 response was
different from the response of other assessors (Fig.
6). Assessors 2, 3 and 4 had similar observations of
the colour, 1, 6, 7, 8, 9 and 10 also had similar
observations while assessor 5 view on the colour
was different from other assessors showing the
farthest distance. All assessors had similar
responses for taste which all clustered at the outer
circle. For sourness, the responses of accessors 2, 3,
4, 5 and 10 clustered together, 1, 6, 7 and 8 also
clustered together but the response of assessor 9 has
the farthest distance from all other responses. All
assessors except 5 had similar observations for the
overall acceptability of the yoghurt analogue. This
shows that the assessors are familiar with yoghurt
because only 2, 5 and 9 had a different response on
the aroma, colour, overall acceptability and taste
respectively. Showing that about 70% of the
assessors have similar responses on the maize and
maize-soy yoghurt analogue.

Conclusions

The lactic acid bacteria count of all maize-soy
yoghurt samples produced was within the
permissible limit during the period of storage. The
higher percentage of lactic acid bacteria isolated
from maize-soy yoghurt analogue shows that it is a
potential functional protein-energy drink that can
provide adequate balance nutrients for the teaming

population. The result of the organoleptic
evaluation shows that the yoghurt analogue
produced from 50% maize and 50% soymilk was
most preferred. Thus, safe yoghurt analogue with
adequate nutritional quality can be produced from
maize milk and soymilk.
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Figure 6. Responses of the taste panelists

References

Adepoju, A.A., Abiose, S.H. and Adeniran, H.A. Effect
of pasteurisation and selected chemical preservatives
on fura de nunu during storage. African Journal of
Food Science and Technology, 2016, 7(8): 178-185.
https://doi.org/10.14303/ajfst.2016.102

Agim-Ezenwaka O.A, Anyaogu I, Onuh E.F,
Onwusiribe  U.D., Chukwu, M.N. Proximate
composition and organoleptic attributes of legume-
yoghurt samples fermented by lactic acid bacteria.
Journal of Nutrition & Food Science, 2020, 2(1): 016.
https://www.henrypublishinggroups.com/wp-
content/uploads/2020/06/proximate-compaosition-
and-organoleptic-attributes-of-legume-yoghurt-
samples-fermented-by-lactic-acid-bacteria.pdf

Malomo et al., 2024

Production of plant-based yoghurt
Page 64


https://doi.org/10.14303/ajfst.2016.102
https://www.henrypublishinggroups.com/wp-content/uploads/2020/06/proximate-composition-and-organoleptic-attributes-of-legume-yoghurt-samples-fermented-by-lactic-acid-bacteria.pdf
https://www.henrypublishinggroups.com/wp-content/uploads/2020/06/proximate-composition-and-organoleptic-attributes-of-legume-yoghurt-samples-fermented-by-lactic-acid-bacteria.pdf
https://www.henrypublishinggroups.com/wp-content/uploads/2020/06/proximate-composition-and-organoleptic-attributes-of-legume-yoghurt-samples-fermented-by-lactic-acid-bacteria.pdf
https://www.henrypublishinggroups.com/wp-content/uploads/2020/06/proximate-composition-and-organoleptic-attributes-of-legume-yoghurt-samples-fermented-by-lactic-acid-bacteria.pdf

Food Science and Applied Biotechnology, 2024, 7(1), 58-66

AOAC Official Method 920.124-1920. Acidity of
cheese. Titrimetric method. Gaithersburg, MD, USA,
AOAC International, 2005a.

AOAC Official Method 926.08-1927. Loss on drying
(moisture) in cheese. Method I. Gaithersburg, MD,
USA, AOAC International, 2005b.

AOAC Official Method 955.30-1955. Cheese -
Preparation of Test Portion Procedure. Gaithersburg,
MD, USA, AOAC International, 2005c.

AOAC Official Method 2001.14. Determination of
Nitrogen (Total) in Cheese. Gaithersburg, MD, USA,
AOAC International, 2005d.

Barnett J. A., Payne R. W., Yarrow D. Yeasts:
Characteristics and Identification (Thirrd Edition).
Cambridge University Press, Cambridge. 2000, 679
pages. Print ISBN: 978-0-5215-7396-2

Codex Alimentarius. Milk and Milk Products (Second
Edition). World Health Organization Food and
Agriculture Organization of the United Nations.
Rome, 248 pages. Print ISBN: 978-92-5-105837-4
Available at:
https://www.fao.org/3/i2085e/i2085e00.pdf

Descalzo A.M., Rizzo., S.A., Servent A., Rossetti L.,
Lebrun M., Pe'rez C.D., Boulanger R., Mestres C.,
Pallet D., Dhuique-Mayer C. Oxidative status of a
yogurt-like fermented maize product containing
phytosterols. Journal of Food Science and
Technology, 2018, 55(5): 1859-1869.
https://doi.org/10.1007/s13197-018-3102-5

De Vos P., George M.G., Dorothy J., Noel R.K.,
Wolfgang L., Fred A.R., William B.W. Phylum XIII.
Firmicutes Gibbons and Murray 1978, 5 (Firmacutes
[sic] Gibbons and Murray 1978, 5). In: Bergey’s
Manual® of Systematic Bacteriology (Second
Edition). Springer-Verlag. 2009. pp. 90-104, Print
ISBN: 978-0-387-95041-9, Online ISBN: 978-0-387-
68489-5. https://doi.org/10.1007/978-0-387-68489-5

Ejinkeonye U., Fabian U. Production and quality
evaluation of soymilk yoghurt. Nigeria Journal of
Nutritional Sciences, 2018, 39(1): 127-135. Avaialble
at: https://maxwellsci.com/print/ajfst/v4-130-134.pdf

Harrigan W.F. Laboratory Methods in Food and Dairy
Microbiology (Thirrd Edition). Academic Press, San
Diego. 1998, 532 pages. Print ISBN: 978-0-1232-
6043-7

Holzapfel W.H., Wood B.J.B. Lactic acid bacteria in
contemporary perspective. In: The Genera of Lactic
Acid Bacteria (B. J. B. Wood, W. H. Holzapfel Eds).
The Lactic Acid Bacteria (LAAB, volume 2) Book
Series, CRC Press, Springer New York, NY. 1995,
pp. 1-6. Print ISBN: 978-0-7514-0215-5, eBook
ISBN 978-1-4615-5817-0 ISBN: 978-1-4613-7666-8
https://doi.org/10.1007/978-1-4615-5817-0

IITA. International Institute for Tropical Agriculture.
Annual Report, 2012, 68 Pages. Retrieved on
February 20, 2023. Available at:

https://www.iita.org/wp-
content/uploads/2016/04/Annual-Report-2012.pdf

Jideani A., Jideani V.A. Developments on the cereal
grains Digitaria exilis (acha) and Digitaria iburua
(iburu). Journal of Food Science and Technology,
2011, 48(3): 251-259.
https://doi.org/10.1007/s13197-010-0208-9

Kearney J. Food consumption trends and drivers.
Philosophical Transactions of The Royal Society of
London Series B-Biologic. 2010, 365(9): 2793-2807.
https://doi.org/10.1098/rstb.2010.0149

Makanjuola O.M. Production and quality evaluation of
soy-corn yoghurt. Advance Journal of Food Science
and Technology, 2012, 4(3): 130-134. Available at:
https://maxwellsci.com/print/ajfst/v4-130-134.pdf

Makowski K., Leszczewicz M., Broncel N., Lipifiska-
Zubrycka L., Glebski A., Komorowski P. Isolation,
biochemical characterization and identification of
thermotolerant and cellulolytic Paenibacillus lactis
and Bacillus licheniformis. Food Technology and
Biotechnology. 2021, 59(6): 325-336.
http://doi.org/10.17113/fth.59.03.21.7096

Malomo A.A., Abiose S.H. Effect of ginger extract on the
viability of lactic acid bacteria and sensory
characteristics of dairy yoghurt and soy yoghurt.
Bacterial Empire, 2020b, 3(3): 41-45,
https://doi.org/10.36547/be.2020.3.3.41-45

Malomo A.A., Abiose S.H. The Effect of substitution of
acha (Digitaria exilis) and soybean on the chemical
composition and sensory properties of maize masa.
Croatian Journal of Food Science and Technology,
2020a, 11(2): 101-1009.
https://doi.org/10.17508/CJFST.2020.12.1.13

Malomo, A.A., Abiose, S.H., Adeniran, H.A. Effects of
Substitution of Acha and Soybean on Alpha - amylase
activity, sugars and total free amino acid during
production of maize masa. Journal of Microbiology,
Biotechnology and Food Science, 2019, 9(3): 534-
538. Available at:
https://office2.jmbfs.org/index.php/IMBFS/article/vi
ew/8946/3151

Malomo A.A., Abiose S.H., Adeniran H.A.
Microbiological changes during the production of
maize-acha masa fortified with soybean. Annals.
Food Science and Technology, 2018, 19(2): 349-357.

Malomo A.A., Odubanjo A.F., Olawoye O., Olaniyi O.1.,
Lawal M.A. Effect of turmeric on the quality of
canned African catfish in tomato sauce during storage
at 25°C and 45°C. Food Science and Applied
Biotechnology, 2022, 5(1): 12-21.
https://doi.org/10.30721/fsab2022.v5.i1.162

Montgomery D.C. Design and Analysis of Experiments
(Tenth Edition). John Wiley & Sons, Inc. 2019, 688
pages. eBook ISBN: 978-1-119-49244-3

Malomo et al., 2024

Production of plant-based yoghurt
Page 65


https://www.fao.org/3/i2085e/i2085e00.pdf
https://doi.org/10.1007/s13197-018-3102-5
https://doi.org/10.1007/978-0-387-68489-5
https://maxwellsci.com/print/ajfst/v4-130-134.pdf
https://doi.org/10.1007/978-1-4615-5817-0
https://www.iita.org/wp-content/uploads/2016/04/Annual-Report-2012.pdf
https://www.iita.org/wp-content/uploads/2016/04/Annual-Report-2012.pdf
https://doi.org/10.1007/s13197-010-0208-9
https://doi.org/10.1098/rstb.2010.0149
https://maxwellsci.com/print/ajfst/v4-130-134.pdf
http://doi.org/10.17113/ftb.59.03.21.7096
https://doi.org/10.36547/be.2020.3.3.41-45
https://doi.org/10.17508/CJFST.2020.12.1.13
https://office2.jmbfs.org/index.php/JMBFS/article/view/8946/3151
https://office2.jmbfs.org/index.php/JMBFS/article/view/8946/3151
https://doi.org/10.30721/fsab2022.v5.i1.162

Food Science and Applied Biotechnology, 2024, 7(1), 58-66

Morris D.L. Quantitative determination of carbohydrate
with dreywood’s anthrone. Reagent Science, 1948,
107(3): 254-255.
http://doi.org/10.1126/science.107.2775.254

Muras A., Romero M., Mayer C., Otero A.
Biotechnological applications  of  Bacillus
licheniformis. Critical Review of Biotechnology,
2021, 41(4): 609-627.
http://doi.org/10.1080/07388551.2021.1873239

Obadina A.O.1., Akinol O.J., Shittu T.A., Bakare H.A.
Effect of Natural Fermentation on the Chemical and
Nutritional Composition of Fermented Soymilk
Nono. Nigerian Food Journal, 2013, 31(2): 91-97.
https://doi.org/10.1016/S0189-7241(15)30081-3

Oladejo J.A., Adetunji M.O. Economic Analysis of
Maize (Zea mays) Production in Oyo State of Nigeria.
Agriculture Science Research Journal, 2012, 2(2):
77-83. Available at: http://www.resjournals.com/ARJ

Omueti, O., Ajomale, K. Chemical and sensory attributes
of soy-corn milk types. African Journal of
Biotechnology, 2005, 4(6): 847-851. Awvailable at:
https://www.ajol.info/index.php/ajb/article/view/151
95

Owusu-Kwarteng, J., Akabanda, F. Soybean fortification
of maasa: a ghanaian fermented millet-based cake.
Canadian Journal of Pure Applied Science, 2014,
8(1): 2733-2738. Available at:
https://citeseerx.ist.psu.edu/document?repid=repl&t
ype=pdf&doi=01250479922920b5e084a5d8b87a2a0
cc3883e49#page=71

Prasanthi P.S., Naveena N., Vishnuvardhana M.,
Bhaskarachary K. Compositional variability of
nutrients and phytochemicals in corn after processing.
Journal Food Science Technology, 2017, 54(5):
1080-1090.
https://doi.org/10.1007/s13197-017-2547-2

Qureshi A.M., Hassan S.Y., Sulariya A.M., Rashid A.A.
Preparation and nutritional evaluation of garlic-based
yogurt. Science International (Lahore), 2011, 23(1):
59-62. Available at:
http://www.sci-int.com/pdf/80438625912-
shaheryar%2059-62.pdf

Ramirez-Olea H., Reyes-Ballesteros B., Chavez-
Santoscoy R.A. Potential application of the probiotic
Bacillus licheniformis as an adjuvant in the treatment
of diseases in humans and animals: A systematic
review. Frontier in Microbiololgy, 2022, 13(9):
993451. https://doi.org/10.3389/fmich.2022.993451

Sanful R.E., Darko S. Utilization of soybeans flour in the
production of bread. Pakistan Journal of Nutrition,
2010, 9(8): 815-818.
http://doi.org/10.3923/pjn.2010.815.818

Yasni S., Maulidya S. Development of corn milk yoghurt
using mixed culture of Lactobacillus delbruekii,
Streptococcus salivarus, and Lactobacillus casei.
HAYATI Journal of Biosciences, 2014, 21(1): 1-7.
http://doi.org/10.4308/hjb.21.1.1

Malomo et al., 2024

Production of plant-based yoghurt
Page 66


http://doi.org/10.1126/science.107.2775.254
http://doi.org/10.1080/07388551.2021.1873239
https://doi.org/10.1016/S0189-7241(15)30081-3
http://www.resjournals.com/ARJ
https://www.ajol.info/index.php/ajb/article/view/15195
https://www.ajol.info/index.php/ajb/article/view/15195
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=01250479922920b5e084a5d8b87a2a0cc3883e49#page=71
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=01250479922920b5e084a5d8b87a2a0cc3883e49#page=71
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=01250479922920b5e084a5d8b87a2a0cc3883e49#page=71
https://doi.org/10.1007/s13197-017-2547-2
http://www.sci-int.com/pdf/80438625912-shaheryar%2059-62.pdf
http://www.sci-int.com/pdf/80438625912-shaheryar%2059-62.pdf
https://doi.org/10.3389/fmicb.2022.993451
http://doi.org/10.3923/pjn.2010.815.818
http://doi.org/10.4308/hjb.21.1.1

