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ABSTRACT

Background: The increasing demand for probiotic-rich and functional food products has led to the
exploration of alternative sources for yoghurt production.

Objective: This study evaluated the antioxidant and antimicrobial properties of yoghurt produced from
full cream milk and soursop juice.

Methodology: The yoghurt samples were produced in the following ratios: 100% cow milk and 0%
soursop juice (YCo), which served as the control; 50% cow milk and 50% soursop juice (YS); and 0%
cow milk and 100% soursop juice (SCo). The chemical, antioxidant, and antimicrobial properties of the
yoghurts were determined.

Results: The pH, total titratable acidity, and total soluble solids ranged from 3.80 to 4.55, 1.06-
1.44%, and 20.70-31.60%, respectively. Syneresis value ranged from 0.00 to 26.70%, with sample
SCo having the highest value. The addition of soursop juice to the yoghurt significantly (p<0.05) in-
creased the syneresis value. There was a significant (p<0.05) difference among the samples in their
viscosity concentration, ranging from 1191.50- 39.75 mPa - s. The DPPH IC-50 and total phenolic
content increased significantly as soursop juice was added, and values ranged from 5.51-25.36mg/ml
and 28.24-73.6 mgGAE/100g, respectively, while Vitamin C content ranged from 2.11 -18. 11
mg/100g, and increased significantly as soursop juice was added. Sample SCo had the highest anti-
bacterial activity (20.67 mm) at 100% concentration, while sample YCO had the lowest antibacterial
activity (10 mm) at 100%. The minimum inhibitory concentration varied from 12.5-25 %.

Conclusion: This study showed that the use of soursop juice in yoghurt production improved the anti-
oxidant and antimicrobial properties of yoghurt.
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INTRODUCTION health by supplying essential nutrients. This

Plant milks are suspensions of dissolved and disin-
tegrated plant material in water that has the look
of cow's milk (1). Plant-based milk alternatives are
emerging functional beverages (2). This is because
beverages are no longer just thirst quenchers in to-
day's world; consumers look for specific function-
ality that fits info their lifestyle. Growing knowledge
of the relationship between nutrition and health
has resulted in a high level of acceptance and de-
sire for foods and food products that improve
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knowledge has increased demand for functional
foods, especially among children and other high-
risk groups. Functionality in these beverages may
address various needs such as boosting energy,
combating aging, fatigue and stress, lower choles-
terol, immune system support, reducing bloating,
anti-inflammatory properties, probiotics for gut
health and potential anti-cancer effects. Yoghurt is
a cow milk fermented product, having several
health benefits (3). It is high in protein, vitamins,
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minerals, and omega-3 fatty acids (4). In the pro-
duction of yoghurt, milk is fermented by a defined
bacterial culture under a controlled atmosphere,
which modifies milk contents technologically and
induces characteristic smell, taste, texture, colour,
and flavour (5). The texture and distinct tangy fla-
vour of yoghurt are caused by the fermentation of
milk protein by lactic acid bacteria (6). The lactic
acid producing bacteria strains that have been
used for the culturing of yoghurt are Lactobacillus
bulgaricus and Streptococcus thermophilus in com-
bination with various optional dairy ingredients
such as cream, milk and skim milk (7). Over the
past decade, studies have shown that probiotic
bacteria like Bifidobacterium and Lactobacillus are
beneficial to health. Lactobacillus plantarum is a
facultative heterofermentative LAB with a wide
range of uses. lts dual role as an indigenous hu-
man gut inhabitant and safe starter culture in food
fermentation makes it a preferred candidate for the
development of novel functional products (8).

Global food consumption has significantly driven
an increase in food production due to the growth
of the global population. There has been a rise in
protein consumption in high-income countries over
the last 50 years (9). Meat, eggs, milk and dairy
products account for most of this increase, rising
from 39 to 52g per capita between 1961 and
2011 (10). Increased consumer awareness regard-
ing environmental and health impacts of food pro-
duction has further led to a decline in demand for
animal-derived food products in industrialized
countries (11). Many food producers and research-
ers are now focusing on developing healthy and
sustainable alternative plant-based food products
as a result of the increased awareness to meet cur-
rent consumer expectations and environmental
concerns (12). Plant-based fermented beverages
have received much attention recently, because of
their health benefits and sustainable food produc-
tion (13). Applying fermentation to plant-based
matrices has been found to be a safe and efficient
biotechnological way to improve their functional,
sensory, technical, and nutritional qualities (14),
thereby meeting consumer and food industry de-
mand. Due to lactose intolerance or allergies to
dairy milk proteins and increasing awareness re-
garding the potential benefits of plant-based prod-
ucts, consumers are switching to plant-based yo-
ghurts (13).

Plant-based yoghurt is typically made through
aqueous extracts of legumes, cereals, nut flours,
pseudo-cereals, and oilseeds. A variety of basic in-
gredients such as soy, oats, legumes, fruits, and
coconut can be used to make plant-based yoghurt.
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Soursop (Annona muricata) is a juicy, acidic, and
aromatic tropical fruit with many therapeutic and
nutritive properties (15). It belongs to the An-
nonaceae family. It contains nutrients such as vita-
mins, minerals, fibres, and carbohydrates. It is
quite high in vitamins C, B1, and B2 as well as
fructose (16). Soursop is considered a healthy fruit
because of its bioactive compounds such as aceto-
genins, alkaloids, flavonoids, terpenoids, carote-
noids, polyphenols, and tannins, among others.
Soursop is still very much underutilized, although it
contains valuable bioactive compounds which
have many therapeutic and nutritive properties.
Soursop juice-based yoghurt would create a new
market segment by adding diversity to the already
existing product. Therefore, the production of yo-
ghurt from soursop juice was carried out fo find al-
ternative uses of soursop in the probiotfic food
product market and to determine the antioxidant
activity and antimicrobial status of the formulated
yoghurt.

MATERIALS AND METHOD

The soursop (Annona muricata Linnaeus) was pur-
chased from Opi Market, Nsukka, Enugu State.
The full cream powdered milk, analytical lactose,
and sucrose were purchased from Ogige Market,
Nsukka, Enugu State. The starter culture used was
Direct Vat Set, which was purchased from Onitsha
Main Market, Anambra State, and Lactobacillus
plantarum (B1848), which was goften from the
United States Department of Agriculture (USDA).

The method described by (11), with slight modifi-
cation, was used. The soursop fruits were sorted to
remove the bad ones, after which they were
washed and peeled. Soursop juice was extracted
using a juice extractor and pasteurized at 85°C for
3 minutes. It was then cooled.

The yoghurt was produced using the method de-
scribed by (5) with slight modification. In formulat-
ing the yoghurt samples, full cream milk and sour-
sop juice were measured and blended in propor-
tions of 100:0(YCy), 50:50(YS), and 0:100(SCy),
full cream milk to soursop juice, respectively. The
100% full-cream milk yoghurt served as the con-
trol. Analytical lactose was added to samples YS
and SCo, while sucrose was added to all the sam-
ples, and the mixtures were homogenized properly.
The lactose served as a source of fermentable
sugar for the microorganisms, while the sucrose
served as a sweetener. The mixture was then
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pasteurized at 80°C for 15 minutes. The samples
were cooled to a temperature of 45°C and inocu-
lated with 5 mL of the starter culture DVS for YC,
and Lactobacillus plantarum for YS and SCo, and
mixed thoroughly. The plastic containers were
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Plate 1 .:

A standard pH meter (model 20 pH conductivity
meter, Denver Instrument, United Nations Inven-
tory Database) was standardized using buffer so-
lutions of pH 4.4 and 9.0. The pH electrode was
dipped into the yoghurt, and after a few minutes of
equilibrium, the pH of the yoghurt sample was
taken (18).

The titratable acidity was measured by titrating
15ml of the yoghurt with 0.1 M sodium hydroxide
until the substance reached a pH value of 8.2 cor-
responding to the end-point of phenolphthalein.
The total titratable acidity of the samples was cal-
culated as given in equation (1).

Titratable acidity =

Titre value XM X 90 100

— 1

Volume of sample PRRRRLALE AL LRELLEE D

Where M= molar concentration of NaOH

Total solids content of the yoghurt samples was de-
termined gravimetrically using the method de-

scribed by (18).

The method of (19) was adopted. One hundred
and fifty milliliters (150ml) of the yoghurt was used
and stirred mechanically for 3 hours at room tem-
perature. Brookfield Digital Viscometer Model DV-
Il was used to measure the viscosity.
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Pictorial Representation of Soursop Fruit and Soursop Juice

covered and incubated in @ warm environment that
maintained the temperature at 45°C for 12 hours.
After incubating at 45 °C for 12 hours, a set yo-
ghurt was obtained.

The syneresis (%) of yoghurt samples was deter-
mined by a centrifugation procedure using a mod-
ified version as described by (20).

1,1-Diphenyl-2-picryl-hydrazyl ~ (DPPH) radical
scavenging activity was measured using a modified
method by (21). Briefly, 150 pL of the sample was
mixed with 750 pL of 0.1 mM DPPH solution
(Sigma-Aldrich (St. Louis, MO, USA)) in ethanol.
After 30 min, the solution was centrifuged ot
14,240 X g for 1 min. The absorbance of the su-
pernatant was measured at 517 nm. DPPH radical
scavenging activity was calculated using equation
(2) as follows:

% Inhibition of DPPH absorbance A =

Ac-As 100
X o 2
Ac 1

Ac = Absorbance of the control
As = Absorbance of the aliquots

The total phenolic content (TPC) was measured us-
ing the modified method of (22). Briefly, 50 pL of
food sample was mixed with 1T mL of 2% Na,COs.
After 5 min, 50 plL of 50% Folin-Ciocalteu reagent
was added to the mixture. After 30 min, the ab-
sorbance was measured at 750 nm. TPC was ex-
pressed as mg gallic acid equivalent (GAE)/ml.
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Determination of Vitamin C

This was done according to the method of (19).
About 5 g of the sample and 2.5 ml of 20% meta-
phosphoric acid were used as a stabilizing agent
and diluted with distilled water. Ten milliliters of the
solution and 2.5 ml of acetone were added. The
absorbance reading at 264 nm, using a UV spec-
trophotometer, gives the vitamin C content.

Determination of Antimicrobial Property
The antimicrobial status of the formulated yoghurt
against Escherichia coli (E. coli) was determined,
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are
.

Plate 4: Sample YCO (100% Cow Milk and 0% Soursop Jui

following the (23) guidelines. The inhibitory zone
diameter (IZD) and the minimum inhibitory con-
centration (MIC) were measured.

Statistical Design
The statistical design was laid down in a completely
randomized design (CRD). Duncan’s new multiple
range test was used for mean separation using sta-
fistical product for service solution (SPSS) version
25.0, and the significance was accepted at
p<0.05. Plate 1 to 4 shows the pictorial samples
of the formulated yoghurt.

N
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RESULTS

Table 1 shows the physicochemical properties of
the formulated yoghurt. The pH of the formulated
yoghurt samples was within the range of 3.80 to
4.55. Samples YC, and YS differed significantly
(p<0.05) from SCo. Sample YS had the highest pH
value (4.55+0.07), followed by YC, while SCo had
the lowest value (3.80+0.00). Conversely, total ti-
tratable content of the yoghurt samples ranged
from 1.06 to 1.44%. There was a significant differ-
ence (p<0.05) between the samples. Total titrata-
ble acidity was significantly highest in Sample SCo
(1.44+0.05) and lowest in YS (1.06+0.03). Re-
garding total soluble solids, the samples ranged
from 20.70% to 31.60%. Sample YS recorded the

highest value (31.60+0.28), while sample SCo had
the lowest (20.70+0.14). There are significant dif-
ferences (p<0.05) between the samples. The vis-
cosity of the yoghurt samples showed significant
(p< 0.05) variations and ranged from 39.75 to
1191.50 mPa.s. Viscosity was highest in YCq
(1191.50=1.70), followed by YS (384.20+0.42),
while SCo had the lowest value (39.75+0.49). The
values of syneresis of the yoghurt samples ranged
from 0.00 to 26.70%, and they varied significantly
(p< 0.05). The syneresis value was highest in SCo
(26.70+0.14), the highest value, while YCq rec-
orded no value for Syneresis (0.00+0.00). Over-
all, sample YC, stood out with the highest values
for viscosity, while sample YS stood out with the
highest values for pH, total soluble solids, and SCo
stood out with the highest values for total titratable
acidity and Syneresis.

Table 1: The Physicochemical Content of Yoghurt Samples Produced from Cow Milk and Soursop Juice

Sample pH Total  titratable Total soluble sol- Viscosity (mpa.s) Syneresis (%)
acidity (%)

YCo 4.50°+0.00 1.32°+0.05 26.20°+0.28 1191.50°+1.70 0.00°+=0.00

YS 4.55°+0.07 1.06=0.03 31.60°+0.28 384.20°+0.42 16.30°+0.28

SCo 3.80°+0.00 1.44°+0.05 20.70°=0.14 39.75°+0.49 26.70°+£0.14

Values are means * standard deviation of 2 replicate determinations.

Key: YCO-yoghurt with 100% cow milk and 0% soursop juice; YS- yoghurt with 50% cow milk and 50% soursop juice; SCO- yoghurt with 0%

cow milk and 100% soursop juice

Table 2 shows the antioxidant properties of yoghurt
samples produced from cow milk and soursop
juice. From the table, sample YCq had the lowest
DPPH IC-50 value (5.51), while sample SCo had
the highest DPPH IC-50 value (25.36), followed by
sample YS (16.13). Total phenolic content ranged
from 28.24 to 73.60 mgGAE/100g. The analysis
revealed significant differences (p<0.05) among
the samples. Sample YC, recorded the lowest value

(28.24+1.01), while sample SCo had the highest
value  (73.60+1.39), followed by YS
(49.61x0.23). The vitamin C content of the yo-
ghurt samples ranged from 2.11 to 18.11
mg/100g. Vitamin C content was significantly low-
est in YC0(2.11+2.73), while YS (11.01+0.73)
and SCo (18.11+0.00) had comparably high val-
ues. Overall, sample SCo contained the highest val-
ues of total phenolic content, DDPH, and vitamin
C content, while YCq contained the lowest values
across the analysis.

Table 2: Antioxidant Properties of Yoghurt Samples Produced from Cow Milk and Soursop Juice

Sample DPPH IC-50 values Total Phenolic Content Vitamin C (mg/100g)
(mg/ml) (mgGAE/100g)

YCo 5.51 28.24°+1.04 2.11¢x2.73

YS 16.13 49.61°+0.23 11.01+0.73

SCo 25.36 73.60°+1.39 18.11°+0.00

Values are means * standard deviation of 2 replicate determinations.

Key: YCO-yoghurt with 100% cow milk and 0% soursop juice; YS- yoghurt with 50% cow milk and 50% soursop juice; SCO- yoghurt with 0%

cow milk and 100% soursop juice

Table 3 and Figure 1 show the antibacterial activity
indicated by inhibition zone diameter (mm) and the
minimum inhibitory concentration (%).
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The inhibition zone diameters recorded with agar
diffusion are presented in Table 3. From the table,
the diameter of the inhibition zone was wider for
sample SCo than for YS and YCo. The result showed
that all the samples were effective against E. coli at

Vol. 47 No. 2

Nigerian Journal of Nutritional Sciences



100% concentration, but at other concentrations
(80%, 60%, 40%, and 20%), only sample SCo ex-
hibited antimicrobial activity. At 100% concentra-
tion, sample SCo showed the highest antibacterial
efficacy, while sample YCy showed the lowest anti-
microbial activity, characterized by the presence of
zones of growth inhibition with diameters of 20.67
mm and 10 mm, respectively. At 80%, 60%, 40%,
and 20% concentrations, only SCo showed an in-
hibitory effect characterized by the presence of
zones of growth inhibition with diameters of 14
mm, 13.33 mm, 11.33 mm, and 10.67 mm, re-
spectively.

Figure 1 shows the minimum inhibitory concentra-
tion (MIC) values of the yoghurt samples in per-
centage. The MIC values of the formulated yoghurt
samples, YCo, YS, and SCo, are 25%, 20%, and
12.5%, respectively. The lowest MIC value, which
led to very high antimicrobial susceptibility against
E. coli, was 12.5% for sample SCo. This shows that
sample SCo had the highest inhibitory effect
against E.coli since its MIC value was the lowest.
Minimum inhibitory concentration is the lowest
concentration of an antibiotic at which bacterial
growth is completely inhibited.

Table 3: Antibacterial Activity of the Yoghurt Samples Produced from Cow Milk and Soursop Juice Indicated by

Inhibition Zone Diameter (Mm)

Samples Inhibition zone diameter (IZD), measured in mm, at the concen- Control (Gentami-
tration gradients (%) cin)
100% 80% 60% 40% 20% 10ug/ml

YCo 10 mm - - - - 30.67 mm

YS 15 mm - - - - 36.67 mm

SCo 20. 67 mm 14 mm 13.33mm 11.33mm 10.67 mm 37.33 mm

Values are means * standard deviation of 2 replicate determinations.

Key: YCO-yoghurt with 100% cow milk and 0% soursop juice; YS- yoghurt with 50% cow milk and 50% soursop juice; SCO- yoghurt with 0%

cow milk and 100% soursop juice

mYCO

mYS

SCO

Figure 1: Minimum Inhibitory Concentration (MIC %) of the Formulated Yoghurt Samples Against E. coli.
Key: YCo- yoghurt with 100% cow milk and 0% soursop juice; YS= yoghurt with 50% cow milk and 50% soursop juice; SCO=yoghurt with 0%

cow milk and 100% soursop juice

DISCUSSION

The pH values obtained in this study were in ac-
cordance with FDA specifications (4.6 or lower) for
the pH of the yoghurt samples (25). The pH values
reported by (6) were within the range of 4.31 to
4.60, which are similar to the pH values of YC, and
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YS in this research. The lower pH of SCy is due to
the low pH of soursop juice. (18) reported 3.85 for
the pH of soursop juice. Table 1 showed that the
Titratable acidity of the samples decreased with an
increase in pH values. Titratable acidity of 0.6% is
the minimum value required by the Food
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Standards Code for plain yoghurt (26). The FDA
requires yoghurt to have a Titratable acidity of not
less than 0.70%. However, all the yoghurt samples
meet the total acidity standards of the USA, which
is 0.9%, and that of Australia and New Zealand,
which is not less than 0.7% (27). The TTA values
obtained in the present study are higher compared
to the TTA values obtained by (6) and (28), which
are between 0.69-0.83% in flavoured yoghurt pro-
duced from graded levels of soursop pulp, and
0.85-0.88% in flavoured yoghurt produced from
graded levels of sweet variety of African bush
mango ‘ugiri’ juice and pulp, respectively. Also, the
TTA of soursop-incorporated set yoghurt (0.70%)
developed by (29) and that of soursop-incorpo-
rated stirred yoghurt (0.62%) developed by (30)
are lower in value than the result obtained in the
present study. The high TTA value of SCy is due to
the inherent acidity of soursop. (31) reported that
just 3-4 days after harvesting of ripe soursop, malic
acid increased by sevenfold, ascorbic acid in-

creased by 11-fold, and citric acid increased by
threefold.

The total solids increased with an increase in the
concentration of the soursop juice in yoghurt. The
addition of soursop juice to yoghurt increased the
total solids content of sample YS. The total solids
values (20.74 to 23.22%) of flavoured yoghurt
produced from graded levels of soursop developed
by (6) and 13.85 to 14.24% of flavoured yoghurt
from graded levels of sweet variety of African bush
mango “ugiri” juice and pulp are lower than the
results in the present study. (32) also reported a to-
tal solids value of 16.5% in yoghurt partially sub-
stituted with soursop juice. The low total solids con-
tent of sample SCo may be due to the high moisture
content in soursop juice, and soursop juice has a
lower total solids content compared to the cow milk
used.

The viscosity of the cow milk yoghurt (YCo) was
higher than that of the other samples (1191.50
mPa.s.) because of the increased interactions
between the molecules of milk due to casein
micelles and whey proteins in milk. The viscosity
dropped with the addition of soursop juice. This
could be due to plant-based yoghurt's hydrophobic
and electrostatic interactions, which are thought to
be weak physical bonds (33).

Syneresis is a major visible issue in commercial yo-
ghurt manufacturing, which leads to accumulation
of whey on the surface of the gel, and it is consid-
ered a textural defect in yoghurt. This can lead to
poor consumer acceptance of the product. The
higher Syneresis value observed in yoghurts
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containing soursop juice is in agreement with the
findings of other studies (15) in yoghurt incorpo-
rated with various Annona species pulp. The low
pH of Sample SCo may have led to the contraction
of the casein network and a higher level of syner-
esis.

The DPPH assay is considered a simple method
that gives information on the radical scavenging
activity of the antioxidant substance existing in a
sample. IC-50 values are used as an indicator to
evaluate the DPPH radical scavenging activity of
the yoghurt samples. It is the concentration of the
sample required to scavenge 50% of the DPPH free
radical. The ability of antioxidant activity is gener-
ally divided into 4 categories: powerful antioxi-
dants with IC-50 values between 0-50 mg/ml, po-
tent antioxidants with 1C-50 values of 50-100
mg/ml, moderate antioxidants with IC-50 values
of 100-150 mg/ml, and weak antioxidants with IC-
50 values between 151-200 mg/ml (34). The
smaller the IC-50 value, the higher the scavenging
rate (35). From the results obtained in Table 2, all
the samples are powerful antioxidants, with sam-
ple SCo exhibiting the highest antioxidant activity,
followed by YS. The high DPPH radical scavenging
activity could be a result of the presence of phe-
nolic content and vitamin C in soursop fruits. Fer-
mentation leads to the release of phenolic acids
and improved bioaccessibility and colonic metab-
olism of phenolic acids in fermentation (36).

There was an increase in total phenolic content as
more soursop juice was included. This could be as
a result of the phenolic content present in soursop
fruit. Also, the increment may be due to the activi-
ties of enzymes that lead to the liberation of bound
polyphenolic compounds during fermentation
(37). (38) also reported an increase in total phe-
nolic content in set yoghurt fortified with passion
fruit juice. Also, the addition of strawberry pulp was
shown to enhance the total phenolic content and
antioxidant properties of yoghurt (39).

There was an increase in the vitamin C content with
an increase in soursop juice. This could be due to
the high vitamin C content in soursop. Vitamin C is
one of the best-known natural antioxidants, essen-
tial for the proper functioning of the human body.
The result of the vitamin C content is similar to the
result obtained by (6). There was a significant (p<
0.05) difference among the samples. According to
(16), soursop has a vitamin C content of
29.6mg/100g. However, it was reduced when the
samples were subjected to a pasteurization tem-
perature of above 80°C and this could be
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attributed to the degradation of vitamin C at a
higher temperature.

The result of the antibacterial activity, as indicated
by the inhibition zone, indicated that E. coli was
more sensitive to sample SCo. The diameter of the
inhibition zone formed depends on the concentra-
tion of metabolite compounds. The higher the con-
centration of the metabolite compound formed by
the sample, the stronger the ability to suppress the
growth of pathogenic bacteria (40).

An inhibition zone diameter > 20mm is catego-
rized as powerful; 10- 20 mm diameter is catego-
rized as potent; 5- 10 mm is categorized as inter-
mediate, and < 5mm is categorized as weak (34).
This shows that SC, exhibited a powerful antibac-
terial efficacy, while YS and YC, are categorized as
potent and intermediate antibacterial efficacy, re-
spectively. This could be attributed to the antimicro-
bial effect of the soursop. Scientific studies have
shown that soursop contains a class of compounds
known as bioactive acetogenins of Annonaceae,
which have antimicrobial properties (41,42). Also,
soursop contains bioactive chemicals called alka-
loids (annonaine, asimilobine, liriodenirine, nor-
nuci-ferine, etc.) that target the outer and plasma
membranes of bacteria to produce broad-spec-
trum antibacterial activity (43).

The exhibition of high antibacterial activities of
soursop is aftributed to the presence of terpenoids,
flavonoids, and alkaloids (43). Also, the presence
of bacteriocins, hydrogen peroxide, or lactic acid
might be responsible for the inhibitory activity. This
is in line with this study; the data from this study
showed that the yoghurt samples containing sour-
sop juice exhibit enhanced antibacterial activity
against E. coli.

CONCLUSION

Stirred yoghurt samples were produced from sour-
sop juice in varying ratios. The pH and total acidity
showed an inverse relationship. The pH and vis-
cosity decreased as soursop juice was added, while
syneresis increased with the inclusion of soursop
juice. The vitamin C content, total phenol, and
DPPH of the yoghurt increased with the inclusion of
soursop juice. The addition of soursop juice en-
hanced the antioxidant and antimicrobial proper-
ties of the yoghurt. Therefore, the inclusion of sour-
sop juice in yoghurt increased the functionality of
yoghurt.
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