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ABSTRACT

Yoghurt was produced and flavoured with graded levels of soursop pulp. Soursop pulp was used to substitute 0, 10, 20, 30, 40 and 50% of yoghurt.
The chemical, sensory and microbiological properties of the yoghurts were determined. The results showed that the pH of the yoghurt ranged from
4.30 to 4.60. The protein content varied from 2.68%-5.83% and the ash content ranged from 1.21% - 1.38%. The fat and moisture contents
decreased and the values varied from 2.21% - 4.12% and 74.57%- 79.26% respectively. However, the carbohydrate and micro-nutrient (Ca and
Vitamin C) content increased with increased level of soursop in the yoghurt. The total viable count and lactic acid bacteria count values were also
inversely proportional to the concentration of soursop. The values for Total viable count (TVC) ranged from 2.0x105-4.5x10° while the values for
Lactic acid bacteria (LAB) varied from1.3x103-3.9x105. There was no significant difference (p < 0.05) in the overall acceptability of all the products.
The most acceptable flavoured yoghurt contained 60% yoghurt and 40% soursop pulp and had a general acceptability of 7.15. Soursop could be

used to produce acceptable beverage.
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INTRODUCTION

Yoghurt is a diary product manufactured by bacterial fermentation
of milk. The bacteria used to make yoghurt are known as yoghurt
cultures. These cultures include Lactobacillus delbrueckii subspecie
bulgaricus and Streptococcus salivarius subspecie thermophilus. In
addition, other Lactobacilli and Bifidobacteria are also sometimes
added during or after culturing the yoghurt. Fermentation of lactose
by these bacteria produces lactic acid, which acts on milk protein to
give yoghurt its texture and characteristic tang (Anon, 2013a).
Yoghurt is a Turkish word for milk that has been curdled with lactic
starter (Fias Co. Farm, 2006). It can also be referred to as
pasteurized full cream or low fat milk coagulated to custard-like
consistency with a mixed lactic acid culture containing Lactobacillus
bulgaricus and Streptococcus thermophilus (Potter and Hotchkiss,
2007). It is a probiotic product since it contains live active micro-
organisms which upon ingestion in sufficient number exert health
benefits beyond the inherent basic nutrition (Guarner and Shaafsma,
1998). This benefit has increased the consumption of yoghurt.

However milk, the major ingredient in yoghurt production, is
manufactured by a number of animals, although in terms of
commercial quantity, milk from cow is the most popular. Cow’s milk
protein which comprises mainly of casein is most commonly used to
make yoghurt but milk from goat, water buffalo, ewe, mares, camels
and yaks can also be used. Goat milk has been reported to be a good
raw material for yoghurt processing as it compared well with cow
milk in terms of nutrient composition (Ohiokpehal, 2003; Obatolu et
al, 2007).

In mechanized production of yoghurt, skimmed milk is mixed with
whole or full cream milk and heated at 82 - 93°C for 30 - 60 minutes
to destroy pathogenic/spoilage micro-organisms and to destabilize
Kappa-casein. It is inoculated with a mixed culture of Streptococcus
thermophilus and Lactobacillus bulgaricus. Initially, S. thermophilus
grows rapidly to produce diacetyl, lactic, acetic and formic acids
(Fellows, 2009). L. bulgaricus possesses weak protease activity
which releases peptides from the milk proteins. These stimulate the
growth of S. thermophilus (Fellows, 2009). The increased acidity
then slows down the growth of S. thermophilus and promotes L.
bulgaricus, which is stimulated by formate produced in the initial

stage. L. bulgaricus produces most of the lactic acid and acetaldehyde
which together with diacetyl, gives the characteristic flavour and
aroma in yoghurt (Fellows, 2009). Yoghurt is generically known as
cultured milk as they all derive from the action of bacteria on all or
part of the lactose to produce lactic acid, carbon (IV) oxide, acetic
acid, diacetyl, acetaldehyde and several other compounds that give
the product the characteristic fresh taste and smell (Anon, 2013b).

Types of yoghurt vary from set and stirred to frozen, drinking,
concentrated, sweetened, dried and flavoured yoghurt (Anon,
2013c). Flavoured yoghurt is made by adding flavoured food stuff
such as fruits or other flavoured substances to a coagulated milk
product obtained by lactic acid fermentation of milk under L.
bulgaricus and S. thermophilus. Flavored Yoghurt with various
flavors and aroma has become very popular. The flavors are usually
added at or just prior to filling into pots. Common additives are fruit
or berries, usually as a puree or as whole fruit in syrup. These
additives often have as much as 50% sugar in them. However with
the trend towards healthy eating gaining momentum, many
manufacturers offer a low sugar and low fat version of their
products. Low or no sugar yoghurts are often sweetened with
saccharin or more commonly aspartame. The use of "fruit sugars"” in
the form of concentrated apple juice is sometimes found as a way of
avoiding added sugar on the ingredients declaration; this tends to be
a marketing ploy and has no real added benefit (Anon, 2013c).

Yoghurt is most often flavoured with fruit preserves or other
ingredients to mellow down or offset its natural sourness, the
flavours are usually added at or just prior to filling into pots.
Presently, only flavoured yoghurts from exotic fruits such as vanilla,
strawberry, peach, raspberry, and banana are commercially
available. However, there are some underutilized tropical fruits that
can be used in place of these exotic ones, for instance, soursop can
also be used as a flavouring agent in yoghurt.

Soursop (Annona muricata) is a member of the family of custard
apple trees called Annonaceae and specie of the genus Annona
known mostly for its edible fruits. Annona muricata produces fruits
that are usually called soursop due to its slightly acidic taste when
ripe. Soursop trees grew natively in the Caribbean and Central
America but are now widely cultivated and in some areas, escaping
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and living on their own in tropical climates throughout the world
(Anon, 2013d). The soursop fruit has a rich, creamy and fruity
flavour with an underlying citrus taste. The fruit is covered by a
green skin and contains a white sop and black cone-shaped seeds.
The sop is soft when ripe and can be eaten fresh or made into
soursop juice. The fruit pulp is a rich source of carbohydrate
particularly fructose, and contains significant amounts of vitamin C,
By, and B2 (Rice et al, 1991). Also, soursop is a juicy, acidic and
highly aromatic fruit. It also has many therapeutic and nutritive
properties. However, the ripe fruits are highly perishable or
susceptible to spoilage as they become easily bruised, soften rapidly
and become spongy and difficult to consume fresh.

To combat this spoilage and as such improve the use of the nutritive
and therapeutic properties of the fruit, soursop could be used as a
flavouring agent in yoghurt production. When incorporated into
yoghurt, the fruit would add to the nutritional quality of the product
by providing essential vitamins and minerals. It would also
contribute to the protein and calorific value of the product. Addition
of soursop would improve the taste of the yoghurt and the
micronutrient requirements of the consumers thereby playing a
considerable role in consumption and sales. It would add variety to
the already existing flavoured product thereby establishing a new
niche.

However, yoghurt is produced from milk which contains a
reasonable quantity of fat globules referred to as milk fat. Yoghurt
therefore is prone to oxidation and production of off-flavour.
However, fruits are rich sources of antioxidants that can prevent or
delay oxidative damage of lipids, proteins and nucleic acids by
reactive oxygen species (Shi et al, 2001). The most abundant
antioxidants in fruits are polyphenols and vitamins A, B, C, and E,
while carotenoids are present to a lesser extent in some fruits. These
polyphenols with antioxidant activities mostly belong to flavonoids
(Flueriet and Macheix, 2003). Meanwhile, soursop (Annona
muricata) is one of the tropical fruits that demonstrate antioxidant
properties. This plant contains annonaceous acetogenins which
display antitumor, pesticidal, antimalarial, antihelminthic, antiviral
and antimicrobial effects, thus suggesting many potential useful
applications.

Furthermore, most Nigerian fruits are seasonal. They are abundant
during their season (wet season) and as such most of them are
wasted or lost either to spoilage or pests. To avoid these post
harvest losses, these fruits (for instance soursop) could be
incorporated into yoghurt as a flavouring agent. Soursop, which is
one of the fruits neglected by the populace, is highly nutritious and
therapeutic. As such, its use as a flavourant in yoghurt which is the
most widely consumed fermented dairy product would increase the
number of consumers that derive from the enormous benefits of
soursop. Therefore, main thrust of this study was to produce and
evaluate yoghurt flavoured with graded levels of soursop pulp.

MATERIALS AND METHODS

Source of Raw Materials: Skimmed milk, starter culture
Yoghurmet), sugar and stabilizer were purchased from Ogige main
market, Nsukka Local Government Area of Enugu State, Nigeria. The
soursop fruit was obtained from Faculty of Agriculture farm,
University of Nigeria, Nsukka.

Processing of Soursop Fruit Juice: The soursop fruits were sorted
to remove the bad ones after which they were washed and peeled.
Fruit juice was extracted using a juice extractor and pasteurized for
85°C for 3 minutes. It was then cooled. The flow chart for soursop
juice production is shown in Figure 1.

Sour sop Flavoured Yoghurt Production

Soursop juice flavoured yoghurt was produced using the modified
method described by Ihekoronye (1999). The raw materials (whole
milk, Carboxy methyl cellulose (CMC) and sugar) were appropriately
weighed and mixed with water. The mixed product was then
homogenized to obtain a creamy and uniform product.
Pasteurization was then carried out at 85°C for 30 minutes as shown
in Figure 3 to reduce the number of spoilage microorganisms in the
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raw materials to provide a better environment for the growth of the
starter culture. The product was then cooled to a temperature of 43-
46°C which is the ideal growth temperature of the starter culture.
The fruit pulp was added and the starter inoculated. Fermentation
was then carried out for 16 hours after which the yoghurt was set.
Figure 2 shows the unit operations involved in the processing of
formulated soursop flavoured yoghurt samples.

CHEMICAL ANALYSIS OF SAMPLES
Determination of Moisture Content

The moisture content of the samples was determined using the hot
oven method of AOAC (2010). Two millilitres (2mls) of each sample
was put into a washed and dried crucible dish and placed in a
Phoenix oven at a temperature of 70-80°C for 2 hours and at 100-
105°C until the weight is constant. The samples were cooled in a
desiccator and weighed. The weight loss was obtained as the
moisture content and was calculated as:

% Moisture content = W2-W3 X 100
W2-W; 1

Sourson

fruiI

Sorting

!

Washing

Peelin;

Juice extractioi

Pasteurization
(85°C for 3 minutes)

}

Cooling

}

Soursop fruit
juice
Fig. 1: Production of soursop fruit juice.

Source: Abazu (2011)

Where; W1 = initial weight of empty crucible; W2 = weight of crucible
+ sample before drying; W3 = final weight of crucible + sample after
drying

Determination of Fat Content

The Solvent extraction method as described by AOAC (2010) was
used. The extraction flasks were washed with petroleum ether, dried
and cooled and weighed. Two millilitres (2mls) of the sample were
weighed into the extraction thimble. It was then placed back in the
Soxhlet apparatus. The washed flask was filled to about three
quarter of its volume with petroleum ether (that has the boiling
temperature range of 40-60°C). The apparatus was then set-up and
extraction carried out for a period of 4-6 hours after which complete
extraction was made. The petroleum ether was recovered leaving
only oil in the flask at the end of the extraction. The oil in the
extraction flask was dried in the oven, cooled and finally weighed.
The fat content was expressed as a percentage of raw materials. The
difference in weight of empty flasks and the flask with oil content
which was calculated as:

% Fat content = C-B X100 A
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Where; A = Weight of sample; B = Weight of empty flask; C = Weight
of flask + Oil.

Determination of Crude Protein

The crude protein of the samples was determined by the semi-micro
Kjeldahl technique described by AOAC (2010). A millilitre (1.0ml) of
the sample was put into a Kjeldahl flask. Three grams (3g)
anhydrous sodium sulphate and one (1g) of hydrated copper
sulphate (catalyst) were added into the flask. Then 20ml of
concentrated tetraoxosulphate (IV) acid (H2S04) was added to digest
the sample. The digestion continued under heat until a solution was
observed. The clear solution was then cooled and made up to 100ml
with distilled water and a digest of about 5ml was collected for
distillation. Also, 5ml of sodium hydroxide (NaOH) was put into the
distillation flask and distillation was allowed to take place for some
minutes. The ammonia distilled off was absorbed by boric acid
indicator and this was titrated with 0.01M hydrochloric acid (HCI).
The titre value of the end point at which the colour changed from
green to pink was taken. The crude protein was calculated as:

% Crude protein = 0.0001401 x T x 100 x 6.25

Wx5
Where: T= titre value; W= weight of sample dried
Determination of Ash Content

The ash content of the sample was determined by the method
recommended by AOAC (2010). A silica dish was heated to about
60°C, cooled in a desiccator and weighed. Five milligrams (5ml) of
the sample was put into the silica dish and transferred to the
furnace. The temperature of the furnace was then allowed to reach
about 5259C after placing the dish in it. The temperature was
maintained until whitish-grey colour was obtained indicating that all

Wholemil
Mixing (withsugar, water and CM

Homogenizatii
|

Pasteurization (85°C, 30 minutes)
Cooling (43-46°C) l

Addition of fruit pulp

Inoculation

Fermentation
(37°C+2°C 16
hours)

Soursop flavoured yoghurt

Fig. 2: Production of soursop flavoured yoghurt.
Source: lhekoronye (1999)

the organic matter content of the sample has been destroyed. The
dish was then brought out from the furnace and cooled in the
desiccator and re-weighed. The percentage ash content was the
calculated as:

Where: A = weight of empty dish; B = weight of empty dish + sample
before ashing;

C = weight dish + ash

Determination of Carbohydrate
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Carbohydrate was determined as the nitrogen free extraction
calculated by difference as described by Oyenuga (1968). The
formula below was used:

% Carbohydrate = 100 % - (protein + fat + fibre + ash + moisture)

Determination of Total Titrable Acidity (TTA) of the
Formulated Flavoured Yoghurt

The total titrable acidity was determined by the method described
by AOAC (2010). Then, 10ml of the sample was measured into a
conical flask and about 3 drops of phenolphthalein indicator was
added to the sample and titrated with 0.1N Sodium hydroxide
(NaOH) until colour change was observed. The end point was taken
and the TTA expressed as % lactic acid was given as % TTA as
lactic acid = m(NaOH) xN(NaOH)x0.09x100

Volume of sample
Determination of Total Solids of Formulated Flavoured Yoghurt

The total solid content of the formulated flavored yoghurt samples
was determined by drying 5ml of the sample to constant weight in a

hot air oven (Gallenkamp) at 13ODC. The total solid content was

obtained as percentage (%) total solids (AOAC, 2010).

% Total solids = Weight of dried sample x 100

Weight of sample 1
Determination of Milk Solid Non Fat (MSNF)

The milk solid nonfat content of the formulated flavored yoghurt
samples was determined by AOAC (2010) procedure. About three
milliliters of concentrated formalin was added into the already
titrated total titrable acidity solution and mixed well in order to
change the color back to white. It was then titrated with 0.1M NaOH.
Then the titre value was recorded and MSNF was calculated as

%MSNF=5.67(X-Y)
Where: X= titre value and Y=titre value of blank
Determination of pH

The pH was determined using a pH meter. The electrode was dipped
into the yoghurt solution and then the pH was determined.

DETERMINATION OF MICRONUTRIENTS
Determination of Vitamin B; Content

Five milligrams (5ml) of the sample was homogenized in 50ml
ethanoic Sodium hydroxide. Its 10ml filterate was added to 10ml
potassium dichromate and absorbance was recorded at 360nm after
colour had developed (Barkat et al., 1973).

Determination of Vitamin B2 Content

Five milligrams (5ml) of the sample was extracted with 100ml
ethanol for 1hour. Then 10ml of this filtered extract was added 10ml
of 5% potassium permanganate and 10ml of 30% hydrogen
peroxide (H20:2) and allowed to stand on hot water bath for 30
minuites. To this, 2ml of 40% Sodium sulphate was added. The
volume was made up to 50ml and absorbance was recorded at
510nm. This was used to calculate the vitamin B: content
(Bhandange, 2010).

Determination of Vitamin C Content

The ascorbic acid was determined using the method of (Osborne and
Voogt, 1978). Two milligrams (2ml) of the sample was weighed and
100ml of distilled water was added to it. It was then filtered to get a
clear solution. Also, 10ml of the clear solution was pipette into small
flask in which 2.5ml acetone was added. It was then titrated with
indophenols solution (2, 6-dicholorophenolindophenol) to a faint
pink colour which persists for 15 seconds. The Vitamin C was
calculated as:
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Vitamin C (mg/ 100ml of sample) =20xVx C

Where: V= indophenols solution in titration (ml); C= mg Vitamin
C/ml indophenols

Calcium Content Determination

It was determined by titration method according to Kirk and Sawyer
(1991). Two milligrams (2ml) of the ashed sample was diluted with
3ml of distilled water and 1ml of 50% ammonium oxalate. One drop
of methyl red indicator was made alkaline with ammonia drops and
drops of glacial acetic acid until colour changes to pink. It was stood
for 4 hours and centrifuged for 5 minutes, followed by decantation of
the supernatant. About 1ml of hydrogen sulphate was added to the
residue which was diluted with 4ml of distilled water. The solution
was boiled and titrated with 0.02N potassium permanganate.

Determination of Phosphorus

The already prepared ash solution was boiled with 10ml HCI and the
solution was washed into a flask with water. It was neutralised by
drop wise addition of 0.88 ammonia (the volume of the solution at
this stage was 50ml). Dilute nitric acid, and 25ml of vanadate-
molybdate solution was added and the volume was made up,
thereafter optical density was measured after 10 minutes that it was
allowed to stand (Kirk and Sawyer, 1991).

MICROBIAL ANALYSIS
Preparation of Ringer Solution

One Ringer tablet was dissolved in distilled water (500ml). The clear
solution formed was sterilized by autoclaving for 15 minutes at
121°C and 15lb pressure. The Ringer solution was allowed to cool
completely to a temperature of about 28+2°C.

Determination of Total Viable Count

The total viable count test was carried out using Prescott et al
(2005). Using of sample and sterilized quarter strength ringer
solution as diluents, 1 ml of the sample and 9 ml ringer solution was
made serial dilutions (10-4). The diluted sample was pipetted into a
marked Petri dish, swirled to mix and incubated at the temperature
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of about 37°C for 24 hours. After incubation, the number of colonies
was counted and represented as colony forming unit per milliliter.

Determination of Lactic Acid Bacteria (LAB) using deMan
Rogosa Sharpe (MRS) Agar

The microbial count of lactic acid bacteria (LAB) in the formulated
yoghurt was determined using deMan Rogosa Sharpe (MRS) Agar
(CM361) as described by Oxoid Manual (Oxoid, 1982). Samples were
serially diluted in duplicates using the surface pour plate method.
The plates were incubated under anaerobic conditions at 37°C for
48 hours (Harrigan and McCance, 1976).

Sensory Evaluation of the Formulated Flavored Yoghurt

Sensory properties of the samples were evaluated by 20 semi-
trained panelists who are conversant with yoghurt and consisting of
students of University of Nigeria, Nsukka for various sensory
attributes (colour, taste, flavour, texture and overall acceptability).
The extent of differences between the yoghurt samples for each
sensory quality was measured on a nine- point Hedonic scale where
“9” represents extremely like and “1” represents extremely dislike
(Ihekoronye and Ngoddy, 1985).

Data Analysis of the Formulated Flavored Yoghurt

Data analyses were carried out using SPSS (Statistical Package for
Social Science) version 17. The mean and standard deviation were
calculated. The mean and standard error of mean was calculated
using Analysis of Variance separated by Duncan’s new multiple
range test. Significance was accepted at (P< 0.05) according to Steel
and Torrie (1980).

RESULTS AND DISCUSSION

Proximate Composition of Yoghurt Flavoured with Graded
Levels of Soursop Pulp

Table 1 shows the proximate composition (%) of graded levels of
soursop flavored yoghurt samples.

Table 1: Proximate composition (%) of soursop flavoured yoghurt samples

Sample Moisture Carbohydrate Crude Protein Fats Ash
PY+SP (100:0) 79.262+0.17 9.41e+ 0.25 5.832+0.14 4.122+0.23 1.382+0.17
PY+SP (90:10) 78.412b £0.41 12.834+0.18 4.60°+0.18 2.845+0.33 1.322+0.18
PY+SP (80:20) 78.26+ 0.33 13.74¢£0.23 4.08+0.16 2.635+0.17 1.292+0.33
PY+SP (70:30) 77.82v+0.62 15.57v+0.23 3.124+0.27 2.23+0.30 1.26°+0.18
PY+SP (60:40) 77.80+0.18 15.71v+0.31 3.034+0.11 2.22b+0.34 1.242+0.11
PY+SP (50:50) 74.57<+0.27 19.332+0.35 2.689+0.30 2.210+0.18 1.212+0.25

Values are mean + standard deviation of duplicate readings. Means on the same column with different superscripts are significantly
different (p<0.05).

PY= Plain yoghurt. SP= Soursop pulp

The moisture content of the flavoured yoghurt samples ranged from
74.57% - 79.26%. (Table 1) There was no significant difference
(p<0.05) in the moisture contents of samples with PY+SP ratios of
80:20, 70:30 and 60:40 respectively. However, sample PY+SP
(50:50) had the lowest moisture content while the plain yoghurt
PY+SP (100:0) had the highest moisture content. This showed that
moisture levels decreased with increase in the concentration of the
soursop pulp added. The moisture content differed significantly
(p<0.05) from the range (85.00-89.01%) reported by Mbaeyi and
Awaziem (2007) and 87.76% reported by Anon(2012b) probably
due to the difference in formulation such as quantity of stabilizer
used (30g per litre).

Table 1 showed that the crude protein content ranged from 2.68%-
5.83% with plain yoghurt having the highest crude protein content.
The protein content of the flavoured yoghurt decreased with
increase in the level of soursop pulp added. This decrease could be
attributed to the lower protein content of soursop pulp compared to
milk. Morton (1987) reported that soursop has a protein content of

1% while Enweani et al. (2004) reported a protein content of 2.91.
Animal milk on the other hand, has a high protein quality as it
provides all of the amino acids the body needs to function correctly.
The protein content of the flavoured yoghurts concurred with the
value (4.9) reported by Dlamini et al. (2009) for vanilla flavoured
and strawberry fruit yoghurt. Also, the protein content of the plain
yoghurt agreed with the range (3.4-5.6%) reported by Janhoj et al
(2006).

The maximum fat content (4.12%) was seen in plain yoghurt
[sample PY+SP (100:0)] and fat content was found to
gradually decrease with addition of the fruit pulp (Table 1).
Generally, soursop contains low level of fat therefore the addition of
pulp might have decreased the fat percent of flavoured yoghurt. The
differences in fat percentage between plain yoghurt and yoghurt
containing fruit pulp were significant (p<0.05) while the fat content
found in flavoured yoghurts were significantly different. The fat
content of yogurts varies depending on the product, ranging from
approximately 10% fat for full fat Greek style yogurts, 3% fat for
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whole milk yogurts, 1.7% fat for low fat yogurts and non-fat varieties
containing less than 0.3% fat (Dairy council, 2013). Therefore, the
formulated soursop flavoured yoghurt which had a fat content
ranging from 2.21 to 2.84% could be referred to as whole milk
yoghurt. The fat content of the samples observed in this study
agreed with the range of 2.6%-3.24% for brands of commercial
yoghurt reported by (Orakwue, 2007).

Table 1 showed that the ash content ranged from 1.21% in sample
PY+SP (50:50) to 1.38% in sample PY+SP (100:0). This was in
agreement with the ash content in beetroot flavored yoghurt
(0.94%-1.49%) as reported by Mbaeyi-Nwaoha and Nwachukwu
(2012). The ash content of soursop flavoured yoghurt was
somewhat lower than that of plain yoghurt but differences in ash
content between samples was not significant (p<0.05). The ash
content of the samples was observed to decrease with increasing
level of soursop pulp added. This could be as attributed to the
decrease in the volume of milk using soursop pulp as a substitute.
According to McClements(2003), ash could be the residue remaining
after water and organic matter have been removed by heating in the
presence of oxidizing agents, which provides a measure of the total
amount of minerals present within a food. Milk is highly rich in
minerals some of which are not found in soursop. This therefore
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could have instigated that the decrease in ash content with the
addition of soursop pulp. However, this decrease in ash content was
minimal.

Carbohydrate content ranged from 9.41% in sample PY+SP (100:0)
to 19.33% in sample PY+SP (50:50) as shown in Table 1. The
carbohydrate content increased with increase in the concentration
of the pulp in the formulated flavored product. This corresponds
with the report by Hossain et al. (2012a,b) and could probably be
due to the fact that soursop had high carbohydrate content 14.63g in
100g (Morton, 1987). Rice et al. (1991) also reported the fruit pulp
as a rich source of carbohydrate particularly fructose. There was no
significant difference (p<0.05) between the carbohydrate content of
sample with PY+SP ratio of 90:10 (12.83%) and the value (12.4%)
reported by Anon (2012d) for strawberry flavoured yoghurt.

Physicochemical Properties of Flavoured with Graded Levels of
Soursop Pulp

Table 2 shows some selected physicochemical of yoghurt flavoured
with graded levels of soursop pulp.

Table 2: Physicochemical properties of soursop flavoured yoghurt samples.

Sample pH Titrable Acidity Total Solids (%) SNF (%)
PY+SP (100:0) 4.312+0.31 0.832+0.17 20.74<+0.31 16.634+0.20
PY+SP (90:10) 4.352+£0.16 0.802+0.24 21.59v+0.58 18.76¢+0.31
PY+SP (80:20) 4.402+0.17 0.782+0.14 21.74v+0.17 19.11¢+0.11
PY+SP (70:30) 4.452+0.20 0.772£0.17 22.19v+0.31 19.96+0.31
PY+SP (60:40) 4.512+0.25 0.752+0.21 22.19v+0.24 19.97v+0.31
PY+SP (50:50) 4.602+0.11 0.692+0.30 23.222+0.30 23.222+0.28

Values are mean + standard deviation of duplicate readings. Means on the same column with different superscripts are significantly
different (P<0.05). PY= Plain yoghurt, SP= Soursop pulp; SNF=Solids nonfat;

Table 2 showed that the pH of the flavoured yoghurt samples ranged
from 4.31 in sample PY+SP (100:0) to 4.60 in sample PY+SP (50:50).
This pH range is suitable for yoghurt marketed in the tropics
because of the expected effect of poor storage conditions such as
high temperature and epileptic power outage. The pH range was
similar to the range of 3.19-4.2 reported by Dlamini et al. (2009).
The flavoured yoghurt samples had slightly higher pH values than
plain yoghurt but this difference was not significant (p<0.05). The
pH was observed to be directly proportional to the concentration of
soursop pulp and inversely proportional to the titrable acidity.
Addition of soursop pulp slightly lowered the acidity of the yoghurts
and this was however in contrast with the report given by Dlamini et
al. (2009) whose results indicated that the use of indigenous fruits
as flavours resulted in a slight increase in the acidity of yoghurts.
The decrease in acidity could probably be attributed to fact that the
acidity of fruits decrease as they ripen. Also, the citric acid contained
in the fruit might have been oxidized due to exposure to atmosphere
and heat. Increases in acidity might also be perceived as a negative
attribute in yoghurt processing if the acidity results in very low pH
values, (below pH 3.5) as reported by Salvador et al. (2004). Results

presented in Table 2 have shown that the pH values obtained in this
study were in accordance with FDA specifications (of 4.6 or lower)
for the pH of yoghurt (FDA, 2009).

Total solids increased with increase in concentration of the soursop
pulp in yoghurt. Sample PY+SP (100:0) had the lowest total solids
content (20.74%) while sample PY+SP (50:50) had the highest total
solids content (23.22%). Dublin-Green and Ibe (2005) reported
values for fruit yoghurts ranging from 15.0-22.8%. Similar results
(20.74-23.22%) were obtained from this study. Expectedly the SNF
content increased with increase in soursop content of the yoghurt.
According to Food Standards, yoghurt should not contain less than
8.25% SNF (USDA, 2001) and (FDA 2009). The result of this study
therefore shows that the SNF content of the formulated product was
within the stipulated standard.

MICRO-NUTRIENT COMPOSITION OF SOURSOP FLAVOURED
WITH GRADED LEVELS OF SOURSOP PULP.

The selected vitamins and minerals composition of the flavored
yoghurt samples are shown in Table 3.

Table 3: Selected vitamins and mineral composition of soursop flavored yoghurt.

Sample Vitamin By Vitamin B: Vitamin C Phosphorus Calcium
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
(PY+SP) 100:0 0.572+0.18 0.842+ 0.13 6.72¢+1.05 5.672+0.18 8.022+0.48
(PY+SP) 90:10 0.562+0.07 0.832+0.17 6.86+0.64 3.33b+0.24 7.992+0.01
(PY+SP) 80:20 0.472+0.07 0.822+0.18 7.43bc+0.59 3.32b+0.15 7.98+0.04
(PY+SP) 70:30 0.452+0.03 0.812+0.20 8.823v+0.66 3.00°+0.31 6.80°+0.44
(PY+SP) 60:40 0.432+0.25 0.753+0.17 9.302+0.42 2.73b¢+0.31 6.40°+0.03
(PY+SP) 50:50 0.422+0.17 0.752+0.10 9.312+0.11 2.29¢+0.33 5.20¢£0.31

Values are mean * standard deviation of duplicate readings. Means on the same column with different superscripts are significantly
different (P<0.05).

PY= Plain yoghurt; SP= Soursop pulp;

Table 3 showed that thiamine content ranged from 0.42-0.57
mg/100g and plain yoghurt sample had the highest thiamine content
while sample PY+SP (50:50) had the lowest. However, there was no
significant (p<0.05) difference in the thiamine content of the

samples. The thiamine content reduced with the addition of soursop.
This could be attributed to losses during heat treatment. Thiamine is
unstable to heat as such, losses could have occurred during
sterilization of the soursop pulp and pasteurization of the milk.
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The riboflavin (Vitamin Bz) content of the formulated products was
found to be inversely proportional to the quantity of soursop added.
The decrease in riboflavin content (0.84 mg/100g in plain yoghurt to
0.75 mg/100g in sample flavored with 50% soursop) could probably
be as a result of the substitution of milk with soursop which was
lower than milk in riboflavin content. Morton (1987) stated that
soursop has a riboflavin content of 0.05mg/100g while according to
Anon (2012c), plain yoghurt has a riboflavin content of
0.12mg/100g. However, there was no significant difference in the
thiamine and riboflavin content of all the samples respectively.

The ascorbic acid content (Table 3) had a range between
6.72mg/100g in plain yoghurt to 9.31mg/100g in the sample
flavored with 50% soursop. The ascorbic acid content increased
with the addition of soursop. This could probably be due to the high
ascorbic acid content of soursop. Soursop is a kind of fruit rich in
antioxidants with vitamin C which helps destroy free molecular
radicals (Anon, 2011). According to Morton (1987), soursop has an
ascorbic acid content of 29.6mg/100g. Soursop is rich in vitamin
Cand help bladder weakness in children, especially if the heart of
the fruit is eaten (Anon, 2012d). This implies that by incorporating
soursop into yoghurt which is more widely consumed, the benefit
would be made easily accessible.

Phosphorus (P) content is ranged from 2.29mg/100g in the sample
containing with 50% soursop to 5.67 mg/100g in sample plain
yoghurt (Table 3). Phosphorus content decreased with increase in
concentration of the soursop content of the yoghurt. Plain yoghurt
had the highest phosphorus content (5.67mg/100g). There was no
significant difference (p< 0.05) in phosphorus content of the
flavoured samples.

Table 3 showed that the calcium (Ca) content of the samples ranged
between 5.20mg/100g to 8.02mg/100mg. Plain yoghurt had the
highest calcium content. There was no significant difference (p<
0.05) in the calcium content of the plain yoghurt sample and the
samples containing 10% and 20% soursop. The lower level of
calcium in the samples containing soursop pulp could be attributed
to the substitution of milk with soursop which has lower calcium
content. According to Morton (1987), soursop has a calcium content
of 10.3mg/100g. Plain Yoghurt however contains 120.8mg of
calcium per 100g (Anon, 2012c).

Microbial Count (cfu/ml) of Yoghurt Flavoured with Graded
Levels of Soursop Pulp
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Table 4 shows the microbial population of the formulated products.

Table 4: Lactic acid bacteria (LAB) and total viable count (TVC).

SAMPLE(mI) TVC (cfu/ml) LAB
(cfu/ml)

PY+SP (100:0) 4.3x105 3.9x10°
PY+SP (90:10) 3.5x10° 2.8x10°
PY+SP (80:20) 3.0x10° 2.1x10°
PY+SP (70:30) 4.5x105 3.2x10¢4
PY+SP (60:40) 2.1x10° 1.5x10°
PY+SP (50:50) 2.0x10° 1.3x10°

PY= Plain yoghurt; SP= Soursop pulp; LAB= Lactic acid bacteria
TVC= Total viable count

As shown in Table 4 the samples showed a total viable count of
between 2.0x105 in sample PY+SP (50:50) to 4.5x105 cfu/ml in plain
yoghurt [sample PY+SP (100:0)]. The total viable count was
observed to decrease with increase in soursop pulp with the
exception of the sample PY+SP (70:30) which showed an increase in
TVC. This increase could be as a result of proliferation since the
samples are rich in nutrients.

The samples showed a lactic acid bacteria count of between 1.3x10°-
3.9x105cfu/ml. With the exception of the sample containing 30%
soursop, the LAB count was also observed to decrease with increase
in soursop concentration. This could be as a result of the decrease in
milk content which contains the lactose which acts as a substrate for
the growth and multiplication of the lactic acid bacteria (LAB). This
decrease could also be responsible for the increase in pH observed.

Scientific studies have shown that soursop contains a class of
compounds known as bioactive acetogenins of Annonaceae, which
has antimicrobial properties (Varien-Moos, 2013). These anti-
microbial properties may have affected the microorganisms thereby
leading to reduction in their level with increased addition of
soursop.

Sensory Scores of Yoghurt Flavoured with Graded Levels of
Soursop Pulp

Table 5 shows the sensory scores of the yoghurt flavoured with
graded levels of soursop.

Table 5: Sensory properties of yoghurt flavoured with graded levels of soursop pulp.

Sample Colour Flavour Taste Aftertaste

Consistency  Mouthfeel Overall Acceptability

PY+SP (100:0) 8.352+ 0.93 7.452+ 1.61
PY+SP (90:10)  7.802* +1.00 5.95bc+1.90
PY+SP (80:20)  7.10b* 1.41 5.75bc+1.97
PY+SP (70:30)  6.75¢+1.62 5.35¢+2.18

PY+SP (50;50)  7.10%+ 1.74 6.75+1.74

6.952+1.47 7.052+1.32
5.600+2.26  5.30°<*2.15
5.50v+1.96  4.95+2.26
6.202x2.07  6.102<+2.05
PY+SP (60:40)  7.50%b<x 1.19  6.3520¢+2.06 6.402+x2.01  6.352+1.95
6.550+2.09  6.40%+2.09

7.852+1.53 7.552£1.50 8.052£1.05
7.05%v+1.61 7.102 £1.62 6.25+1.97
6.752v+1.86  6.452+1.93 6.05> +2.01
6.55b+1.67 6.702 £1.98 6.75» +1.65
6.50v+1.61 7.102 £1.45 7.152> +1.53
6.60°+1.90 6.952 +1.85 6.95% + 2.04

Values are mean * standard deviation. Means on the same column with different superscripts are significantly different P<0.05.

PY= Plain yoghurt; SP= Soursop pulp

The mean scores for quality attributes of the flavoured yoghurt
samples are shown in Table 5. The mean scores of colour ranged
from 6.75 in the sample containing with 30% soursop to 8.35 in
sample plain yoghurt. Plain yoghurt had the highest score for colour
but there was no significant difference (p<0.05) in the colour of the
plain yoghurt sample and the samples containing 10% and 40%
soursop respectively. The range values observed for colour was
similar to 7.19 and 7.76 reported for soursop drink without sugar
syrup and soursop drink with sugar syrup respectively (Onyechi et
al, 2012). The value for mouthfeel ranged from 6.95-7.55 and this
was not significantly different (p<0.05) from the values (5.05-7.80)
reported for beetroot flavoured yoghurt (Mbaeyi-Nwaoha and
Nwachukwu, 2012).

The values for consistency ranged from 6.50 in sample PY+SP
(60:40) to 7.85 in sample plain yoghurt. Plain yoghurt had the

highest score (7.85) for consistency. The preference for the
consistency of the products reduced with increasing level of soursop
addition. This is in agreement with the report that apart from the
processing method, the highly influencing attributes for
texture/consistency are fat content and addition of milk powder or
milk proteins (Stolz et al, 2011).

The results show that there was no significant difference (p<0.05) in
mouthfeel and general acceptability. Although plain yoghurt had the
highest mean score for taste (6.95) from the panelists, the flavored
yoghurt samples competed favourably with it presenting sample
PY+SP (50:50) and PY+SP (60:40) as good substitutes for
commercial production.

The mean scores for overall acceptability ranged from 6.05in sample
PY+SP (80:20) to 8.05 in plain yoghurt. High mean values (>6.9)
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were obtained for the plain yoghurt for all sensory attributes (color,
flavor, taste, aftertaste, consistency and mouth feel) therefore
making it the most preferred sample with an overall acceptability of
8.0. Sample PY+SP (60:40) had the highest mean for general
acceptability (7.15) compared to the other flavored yoghurt samples
and was second in overall preference. Low means were observed in
the sample containing 20% soursop for aftertaste (4.95) and general
acceptability (6.05). Generally, the mean values for overall
acceptability of all soursop flavored yoghurts were more than
‘slightly like’ (6.0). The results of the sensory evaluation implied that
yoghurt flavored with up to 40% soursop pulp could be produced
without having a negative impact on the consumer acceptability of
the product.

These quality findings may be useful for yoghurt industries to
produce new variety of yoghurts. Plain yoghurt was more highly
rated than soursop flavored yoghurt in all the sensory attributes.
This could be attributed to the fact that the panelists were more
accustomed to plain yoghurt rather than the soursop flavored
yoghurts that had never been used in yoghurt production before.

CONCLUSION

In summary, the addition of soursop pulp to yoghurt had a positive
impact on the proximate, micronutrient and sensory properties of
the formulated product. From the results obtained in this study, it
can be concluded that the yoghurt combined with soursop at a ratio
of 60:40 was the most preferred among the flavored yoghurt
samples formulated. It had a general acceptability of 7.15. The crude
protein content of the most preferred sample was 3.03% while its
ash content was 1.24. It also had a fat content of 2.22 and a total
solids content of 22.19. Increased levels of soursop led to increase in
the ascorbic acid and a decrease in the titrable acidity.

Based on the findings, it is recommended that soursop pulp should
replace the use of essence in the production of flavored yoghurt to
improve the nutrient value of the product. Consumers should be
enlightened on the nutritional and health benefits of soursop. A
similar study targeting panelists that are more conversant with
soursop fruit could be done to confirm the findings from this study.
Further studies should be done on the shelf stability of soursop
flavored yoghurt.
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