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Abstract

African breadfruit-corn milk was obtained from blend of extracts of
African breadfruit (Treculia africana var africana) and sweet corn (Golden
cob F1) on 60:40 proportions. The breadfruit-corn milk was fermented to give
a yoghurt-like product using inoculums from activated batch of dried starter
culture and previously made breadfruit-corn milk. The breadfruit-corn yoghurt
was stored in the refrigerator for four weeks, during which changes in
physicochemical properties and microbiological qualities were examined
weekly against commercial dairy yoghurt. It was found that changes in total
solids, pH, titratable acidity, apparent viscosity, syneresis, water holding
capacity followed similar trends, except for the whey drainage of the
commercial dairy yoghurt which was constant at 0.00. The two yoghurt
samples also exhibited similar microbiological changes during the period of
study. Thus suggesting that non-dairy yoghurt from African breadfruit-corn
milk shared common keeping characteristics with the dairy yoghurt.

Keywords: Yoghurt, Lactic acid bacteria, African breadfruit, Sweet corn,
Physicochemical, Microbiological

Introduction

Yoghurt is a coagulated milk product obtained by lactic acid
fermentation through the action of Streptococcus thermophilus and
Lactobacillus delbrukei spp. bulgaricus, and the viability and activity of
yoghurt bacteria are important commercial consideration so that they survive
throughout shelf life, transit through acidic conditions in the stomach as well
as enzymes and bile salts in the small intestine (Walia et al., 2013).
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Industrial production of yoghurt has increasingly developed world
wide due to the nutritional benefit of milk constituents and live lactic acid
bacteria (Afonso and Maia, 1999; Birollo, 2000; Park et al., 2005). The
presence of lactic acid bacteria (LAB) in milk fermentation can be either
spontaneous or inoculated starter culture since milk is known as one of the
natural habitats (Wouters et al., 2002; Delavenne et al., 2012). Although under
spontaneous fermentation the growth of LAB cannot be predicted or
controlled, but the procedure has been practiced and carried out traditionally
for years (Mennane et al., 2007; Sharma et al., 2012).

LAB has arole in milk fermentation to produce acid which is important
as preservative agent and for generating flavor of product. They also produce
exopolysaccharides which are essential for texture formation (Widyastuti et
al., 2014). Considering the existing reports on several health promoting
properties as well as their generally regarded as safe (GRAS) status of LAB
they can be now widely used to ferment milk product (Panessar, 2011).

However, consumption of cow milk is avoided by vegetarians and
people who are allergic to cow milk (Supavititpatana et al., 2010). As a result,
therefore, enormous efforts are diverted towards making yoghurt from a
variety of food resources (Granata and Morr, 1996; Lal et al., 2006). Yoghurt-
like products have been developed from several plant sources such as banana
(Wheeler and Gulufes, 1973), cowpea and mung beans (Rao et al., 1988),
soybeans (Buono et al., 1990), peanut (Isanga and Zhang, 2009), corn
(Supavititpatana et al., 2010). Yoghurt-like products have equally been made
by combining two or more plant materials such as tiger nut-coconut (Belewu
et al., 2010), soybean-corn (Olakunle 2012; Lestiyani et al., 2014), peanut-
soybean (Kpodo et al., 2014a). In addition, yoghurt has been developed from
blend of plant and dairy milk as in soy and milk solids yoghurt (Zhanlis and
Jideani, 2012), soy —peanut-cow milk yoghurt (Kpodo et al., 2014b), mango-
soy skimmed milk fortified yoghurt (Kumar and Mishra, 2004), peanut milk-
based yoghurt fortified with skimmed milk powder (Elsamani et al., 2014).

The microorganisms that have been implicated in the fermentation of
dairy and non-dairy yoghurt include Streptococcus thermophilus and
Lactobacillus bulgaricus. The mutual benefit between them occur by releasing
the amino acids from the milk as well as organic acids and therefore they
produce more lactic acid and aromatic compounds and texture, by converting
milk protein due to their proteolytic activities (Mayra-Makinen and Bigret,
2004; Kongo, 2013). The mild acidification of the milk protects the yoghurt
against spoilage microorganisms and proliferation of pathogens and mild acid
taste and pleasant fresh characteristics of fermented milk products such as
yoghurt and cheese. Both acids and bacteriocins are great potentials to be used
in food preservation, which are considered as safe natural preservatives (Moon
etal., 2012).
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Apart from the general benefits of yoghurts, non-dairy yoghurt offer
several distinct nutritional advantages over cow milk yoghurt, to the
consumer, such as reduced level of cholesterol, saturated fats and lactose (Lee
et al., 1990). African breadfruit-corn yoghurt will expectedly contribute to the
efforts made towards developing dairy free yoghurts that satisfy religious,
health and economic peculiarities of our time.

Materials and method
Sources of raw materials

Fresh seeds of African breadfruit (Treculia africana var africana)
were purchased from Oye Agu Market, Abagana, Njikoka L.G.A., Anambra
State, Nigeria. Green field sweet corn (Golden cob F1) was purchased from
Songhai Farm, Heneke, Ezeagu L.G.A., Enugu State, Nigeria.

Production of sample
Production of yoghurt sample commenced shortly after purchase and
subsequent preparation of the raw materials.

Preparation of raw materials

The breadfruit seeds were washed in excess volume of water to remove
extraneous materials and deformed seeds, drained and parboiled in water at
95°C for 15 min with constant stirring. The parboiled seeds were drained, air
dried and dehulled in a hand mill ( Corona, Landers YCIA, South Africa)
whose teeth gap was adjusted to approximately 15 mm to crack the seeds
without crushing. This was winnowed to remove the hull and washed in
potable water. The green field sweet corn was firstly husked, the silks removed
and washed in potable water. The grains were separated from the cob using
knife and cleaned to remove adhering materials.

Production of breadfruit-corn milk
The milk blending method of Udeozor (2012) was used.

Approximately 2 kg of the breadfruit cotyledons were soaked in
potable water for 6 h, with soak water changed every 2 h, to avoid fermentation
and to eliminate foul odour and greasy substances. They were repeatedly
washed before wet-milling in a variable speed blender (SB-736, Sonic, Japan),
with intermittent addition of distilled water. The slurry was filtered through
double layer linen cloth, wet-milled and filtered repeatedly to final seeds to
water ratio of 1:3 (w/v). The filtrate was boiled for 20 min with continuous
stirring, re-filtered to obtain plain breadfruit milk. Again, approximately 2 kg
of corn grains were soaked in potable water for 6 h and the soak water changed
as before. The grains were repeatedly washed, wet-milled and filtered as
before to a final grain to water ratio of 1:3 (w/v). The filtrate was boiled for
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15 min, re-filtered to give plain corn milk extracts. The two extracts were
blended on breadfruit milk: corn milk of 60:40 proportions (v/v) to obtain
breadfruit-corn milk used for yoghurt production.

Production of breadfruit-corn yoghurt

The methods reported by Miral and Steinkraius (1999) and Jimoh and
Kolapo (2007) were slightly modified.

Vegan yoghurt starter culture could not be sourced locally as at the
time of this study. A starter culture (Yogourmet, Canada) containing
Streptococcus thermophilus, Lactobacillus bulgaricus and L. acidophilus was
used according to manufacturer specifications. However, using the free dried
pack of this starter did not give expected result after the prescribed incubation
period. Extending the fermentation duration and varying incubation
temperature did not yield the desired coagulum. The product was however put
in tight lid container and preserved in the refrigerator to serve as activation
batch. Subsequently, exactly 2 L of plain breadfruit-corn milk was pasteurized
at 88°C for 15 min and left to cool to 45°C. Approximately 200 ml of culture
was drawn aseptically from the activation batch to inoculate the 2 L milk. This
was stirred with sterile spoon to evenly distribute the inoculums, incubated at
45+2°C for about 8 h to achieve better gel structure. The set yoghurt was
placed in the refrigerator for 3 h to stop fermentation. About 5% of sucrose,
0.02% of carboxyl methyl cellulose (CMC) and preservatives (0.01% sodium
benzoate and 0.01% potassium sorbate) were added to the coagulum, stirred
to mix, filled into screw capped plastic bottles and stored in the refrigerator.

‘Breadfruit seeds ‘

Dehlﬁling

Winnowing

Sorting iCIeaning
Weighing
Soaking (6 h)
Wet- milling
Filtering
Boil with continUfus stirring for 30 min

Re-filtering

Plain breadfruit milk extract

Fig. 1: Flow chart for the production of plain breadfruit milk extract
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Fig. 2: Flow chart for the production of plain corn milk extract

Plain breadirut milk extracts

Plamn corn milk extract

Mixing/Blending

Plain breadiruit-corn milk

Fig. 3: Flow chart for the production of plain breadfruit-corn milk
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IPlain breadfiuit-corn milk analogue |

Pasteurizing (88°C for 15 min)
Cooling (45°C)
Inoculating (100 ml of activation batch per 1 L of milk)
Incubating (45+2°C for 8 h)
Refrigerating (3 h to stop fermentation)
Mixing (Additives and coagulum)
Fiiing
Breadfiuit-corn yoghurt

Fig. 4: Flow chart for the production of breadfruit-corn yoghurt

Commercial cow milk yoghurt

The commercial cow milk yoghurt which was produced the same day
as the breadfruit-corn yoghurt was obtained from a manufacturer in Nigeria
for comparative analysis.

Physicochemical analysis
Total solids

Total solid was obtained by differential method.
%Total solids = 100 — Moisture content

pH

The pH of samples was measured by electrometric method using
Laboratory pH Meter Hanna model HI991300 (APHA, 1998).

The pH electrode was rinsed with distilled water and blot dry before
rinsing in a small beaker with a portion of the sample. Sufficient amount of
the sample was poured into a small beaker to allow the tips of the electrode to
be immersed to a depth of about 2 cm. The electrode was at least 1 cm away
from the sides and bottom of the beaker. The temperature adjustment dial
was adjusted accordingly. The pH meter was turned on and the pH of sample
recorded.

Titratable acidity

The method described by Lestiyani et al. (2014) was applied. Exactly
10 ml of yoghurt sample was mixed with 100 ml of distilled water.
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Phenolphthalein (1%) indicator was added and then titrated with 0.1N NaOH
to a persistent pink color. The titratable acidity was reported as % lactic acid
by weight using 1ml 0.1N NaOH = 0.0090g lactic acid (AOAC, 1990).

Apparent viscosity
Approximately 30 ml of sample was filled into a 50 m| beaker.
Viscosity was measured using Oswald type viscometer.

Syneresis

Syneresis ~ was measured using the method described by
Supavititpatana et al. (2010). About 20 g of yoghurt sample was spread
on Whatman filter paper and was filtered under vacuum. The filtrate was
weighed and expressed as a percentage of the yoghurt weight.

Whey drainage

The method described by Supavititpatana et al. (2010) was used. Whey
drainage was removed from yoghurt samples using a syringe within 24 h after
the yoghurt formation has completed. The relative amount of whey drained off
(in ml per 100 ml) of initial sample was calculated as the whey drainage.

Water holding capacity

The method of Parnell-Clunies et al. (1986) was used. About 10 g
sample was centrifuged at 3,000 rpm for 60 min at 10°C. The supernatant was
removed within 10 min and the weight of the pellet was recorded. The water
holding capacity was expressed as percentage of pellet weight relative to the
original weight of yoghurt.

Microbiological analysis
Total viable count and mould count were carried out according to the
method described by Ogbulie et al. (1998) for serial dilution and plating.

Total viable count

The plates, test tubes and pipettes used were previously sterilized at
160°C for 1 h in an electric oven. The test tubes were labeled in the order of
101 to 107 each filled to 9 ml volume with distilled water. A sterile 1ml pipette
was used to transfer aseptically 1ml of the sample into the first test tube
marked 1071, The test tube was rocked to mix thoroughly and 1ml aliquot was
transferred into the 102 tube using sterile pipette and 1ml aliquot was
transferred into 1072 test tube, and this was continued up to the 10 test tube.

The total viable count of the samples were carried out by inoculating
0.1 ml from 102 to 10 dilutions on plates of set sterile nutrient agar, in
duplicates for each. The plates were incubated at 37°C for 48 h after which
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colonies formed were counted and expressed in colony forming units per
milliliter (cfu/ml).

Mould count

Serial dilution was carried out as before. The mould count for each
sample was carried out by inoculating 0.1 ml from 10~ and 10 dilutions in
duplicates for each of set plates of already sterilized sabourand dextrose agar.
The plates were incubated at 25°C for 3 to 5 days after which the colony counts
per milliliter (cfu/ml) were recorded.

Results and discussion
Physicochemical properties
Chemical properties

The total solids content of commercial milk yoghurt was much higher
than that of the breadfruit-corn yoghurt as seen in Fig. 5. The total solids of
the breadfruit-corn yoghurt of 14.30% are however higher than the 12.25% of
corn milk yoghurt as reported by Supavititpatana et al. (2010) and 11.0% of
soy-corn yoghurt of Olakunle (2012). Also, the total solids of the commercial
cow milk yoghurt in this study were 22.16% compared to 21.56% of the
commercial yoghurt used for the same purpose by Supavititpatana et al.
(2010). The higher value of total solids in the commercial milk yoghurt may
be due to the skimmed milk powder from which it was constituted. Elsamani
et al. (2014) reported an increase in total solids of peanut milk based yoghurt
with addition of skimmed milk powder. This agreed with previous findings
by Rehman et al. (2009) on increase in total solids of lathyrus sativus L-
bovine milk by addition of skimmed milk powder. Similarly, increase in the
total solids content of soy milk fortified yoghurt occurred with the
concentration of both soymilk powder and non-fat dried milk (Zanhi and
Jideani, 2012). The total solids of both yoghurts decreased during the four
week storage in the refrigerator. This observation slightly differed from the
findings of Supavititpatana et al. (2010) who reported decrease in soluble
solids only. Walia et al. (2013) reported persistent decrease in total solids
during yoghurt fermentation. This reduction may be due to the utilization of
sugar by the starter cultures (Vasiljeric and Jelen, 2002; Wang et al., 2002).

The pH of the breadfruit-corn yoghurt was higher than that of the
commercial milk yoghurt as shown in Fig .6. The lower pH of commercial
milk yoghurt may be due to the skimmed milk powder used in the production
as well as fermentation time. Elsamani et al. (2014) reported lower pH in
sample with highest skimmed milk powder addition. Skimmed milk powder
addition increases the concentration of lactose that could be degraded by the
starter culture enzymes to produce lactic acid (Kpodo et al., 2014b). This acid
in turn increases the acidity and automatically reduces the pH. Onweluzo and
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Nwakalor (2009) reported similar relationship between pH and acidity. Walia
et al. (2013) reported that fermentation time had a positive effect on acidity
but a negative effect on pH, total solids, reducing and total sugars in mango
soy fortified yoghurt. Although the breadfruit-corn yoghurt contained corn
protein (zein) that may lower the pH, the acidification effect of skim milk
could bear more influence owing to faster utilization of lactose by the
fermenting microorganisms. In addition, the commercial milk yoghurt used
equally contained corn starch as declared on the label, an indication that the
zein protein may have equally contributed to the acidity. However, the pH of
the breadfruit-corn yoghurt of 4.98 correlated with those of soy-corn yoghurts
of 4.5 (Olakunle, 2012) and 4.76 (Lestiyani et al., 2014). Again, Fig .6 shows
that pH of both yoghurts decreased during storage. Supavititpatana et al.
(2010) reported similar trend in pH reduction during 35 days of corn milk
yoghurt and commercial milk yoghurt storage, with greater reduction found in
corn milk yoghurt. DeVos (1996) reported that when lactic acid is produced
in yoghurt and pH has reached 4.0, Lactobacillus bulgaricus ceases their
metabolic activity and lactose is not further utilized. By re-routing
metabolism of the lactic acid bacteria towards production of more pH neutral
components further conversions of lactose is possible.

It can be seen in Fig. 7 that the initial titratable acidity of the breadfruit-
corn yoghurt was lower than that of commercial milk yoghurt as a
consequence of the higher acidification effect of skim milk based beverages.
Rehman et al. (2007) reported highest acidity in milk sample for the sample
with highest content of skim milk which concurred with earlier findings by
Chien and Synder (1983) as well as Sexane and Singh (1997). The higher
titratable acidity of the commercial milk yoghurt might be due to the different
kind of substrate in relation to that of breadfruit-corn yoghurt. The main
substrate in dairy milk is lactose but sucrose in sweet corn is a major substrate
of the breadfruit-corn yoghurt. Streptococcus thermophillus and Lactobacillus
bulgariccus have an ability to consume lactose and fructose and convert them
to lactic acid via Embeden- Meyerhof-Parnas (EMP) pathway, but L.
bulgariccus is unable to convert the sucrose into lactic acid via EMP pathway
because the bacteria do not produce invertase (Estedez et al., 2008). It was
also observed that the acidity of the yoghurt samples increased during the 28
days storage. This increase in acidity during storage agreed with the findings
of Supavititpatana et al. (2010) and Adeiye et al. (2013) for corn milk yoghurt
and groundnut milk respectively. Similarly, Walia et al. (2013) reported that
acidity of mango-soy fortified yoghurt increased from 0.13 at 0 min to 0.62 at
270 min of fermentation. The increase in titratable acidity may be as a result
of anaerobic microbial activities resulting in the formation of lactic and other
organic acids. It has been reported that increase in titratable acidity and the
extent of increase was influenced by the type of lactic acid bacteria present

180



(Sanni et al., 1999; Bucker et al., 2008). However, as titratable acidity
increased, the pH decreased as a function of fermentation time (Walia et al.,
2013).

Apparent viscosity of breadfruit-corn yoghurt was lower than that of
commercial milk yoghurt as shown in Fig. 8. Viscosity of food system is
usually affected by sugar and other macromolecules through their interaction
with the solution or solvent (Zapsalis and Beck, 1985). The level of addition
of sugar, corn starch and stabilizers may have influenced the higher viscosity
of CMY. Trisnawati et al. (2013) reported the important role played by
xanthan gum in the viscosity of soy-corn milk. Walia et al. (2013) stated that
yoghurts rheology is described in terms of viscosity, viscosity loss and its
recovery, among other considerations. The viscosity loss during storage may
be due to microbial and biochemical changes leading to reduction in total
solids and sugar. Supavititpatana et al. (2010) reported that the hardness and
springiness of corn milk yoghurt and commercial milk yoghurt were reduced
with storage time, while the adhesiveness increased, which might be due to
degradation of gel structure. Since viscosity is a measure of thickness and
thinness of a fluid, such factors leading to gel degradation in yoghurt will
invariably reduce the thickness and result to viscosity loss.

25
20
1]
2 15
=]
W
="
T 10 - ——BLY
(=l
— CMY
5
0
0 5 10 15 20 25 30

Storage time (day)

Fig. 5: Changes in total solids of yoghurt samples during storage
BCY=Breadfruit-corn yoghurt, CMY= Commercial milk yoghurt
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Fig. 6: Changes in pH of yoghurt samples during storage
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Fig. 7: Changes in titratable acidity of yoghurt samples during storage
BCY=Breadfruit-corn yoghurt, CMY= Commercial milk yoghurt
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Fig. 8: Changes in apparent viscosity of yoghurt samples during storage
BCY=Breadfruit-corn yoghurt, CMY= Commercial milk yoghurt

Physical properties

It can be seen from Table 1 that there was higher syneresis in
breadfruit-corn yoghurt than in commercial milk yoghurt. This was similar to
the report by Supavititpatana et al. (2010) where corn milk yoghurt exhibited
higher syneresis than commercial milk yoghurt. The level of syneresis in the
breadfruit-corn yoghurt was higher than the values obtained by
Supavatitpatana et al. (2010) for corn milk yoghurt. The lower syneresis of the
corn milk yoghurt possibly resulted from the higher gel strength of corn starch
and the stabilizers added. The syneresis of CMY was lower than that of the
commercial milk yoghurt reported by Supavitipatana et al. (2010). This may
possibly be due to addition of corn starch and carboxyl methyl cellulose
(CMC) to the commercial yoghurt used in this study, which has the tendency
to improve gel strength. Addition of stabilizers such as gelatine or xanthan
gum has been reported to have lowered syneressis level in soy yoghurt and
soy-corn yoghurt (Estedez et al., 2008; Lestiyani et al., 2014). These findings
reflect that stabilizers bind and hold the free water in the system thus impacting
the syneresis values. There was increase in syneresis in both yoghurt samples,
but there was no significant (p>0.05) difference in rate of increase during
storage. This may be attributed to relative catabolic activities leading to
degradation of gel network, which expectedly increased syneresis.
Supavititpatana et al. (2010) reported that the gel structure of corn milk
yoghurt was harder than that of the cow milk yoghurt, adding that the hardness
and springiness of both yoghurts were reduced with storage time, while the
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adhesiveness increased, which could be mainly due to degradation of gel
structure.

The whey drainage of the breadfruit-corn yoghurt appeared after 7
days of storage and appreciated over the period of storage. Whey drainage
refers to the appearance of whey on the gel structure (Lucey, 2012). The whey
drainage is an indication of weakness of the gel network, which reduces the
water holding capacity and increases syneresis (Supavititpatana et al., 2010).
There was no whey drainage in the commercial milk yoghurt during the 28
days of storage, which agreed with the findings of Supavititpatana et al. (2010)
who only recorded whey drainage in corn milk yoghurt compared to the
commercial milk yoghurt. There was significant (p<0.05) difference in rate of
changes in whey drainage in both yoghurt samples during the four week
storage. The commercial milk yoghurt exhibited higher water holding
capacity than the breadfruit-corn yoghurt. Sodini et al. (2004) described the
water holding capacity as the method for indirect evaluation of network
homogeneity. The higher water holding capacity of the cow milk yoghurt was
probably due to better homogenization of milk before fermentation.
Homogenization produces small-sized fat globules which absorb more protein
on their surface, leading to increased ability to immobilize water (Keogh and
O’Kennedy, 1998; Supavititpatana et al., 2010). The finer nature of the cow
milk proteins make them more easily absorbed into the small fat globules
during homogenization which may have contributed to the higher water
holding capacity of the cow milk yoghurt compared to the breadfruit-corn
yoghurt. It is possible to improve the water holding capacity of yoghurt
depending on ingredients. Fernandez et al. (2006) reported that stabilizers,
such as xanthan gum bind the free water, therefore inhibit the water molecules
mobility, and form rigid gel structure. Akalin et al. (2012) investigated the
effect of sodium calcium caseinate (NCaCN) and whey protein concentrate
(WPC) on the water holding capacity of probiotic yoghurt. Addition of whey
protein concentrate was reported to have enhanced the water holding capacity
of the yoghurt more than the caseinate. Whereas the NCaCN resulted in a
coarse, smooth and more compact protein network, the WPC gave finer and
bunched structure in the scanning electron microscopy micrograph. The
impact of finer protein structure as reported by these authors ratifies the earlier
suggestion that the finer cow milk protein might have contributed to the higher
water holding capacity of the commercial milk yoghurt compared to the
breadfruit-corn yoghurt. The lower water holding capacity of the breadfruit-
corn yoghurt could result in higher syneresis and poor texture of the yoghurt.
There was however no significant (p<0.05) difference in rate of change in
water holdind capacity during the storage period.
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Table 1: Some physical properties of yoghurt samples

Yoghurt Storage time Syneresis (%) Whey drainage Water holding

(days) (%) capacity (%)

1 37.02%+0.03 0.002+0.00 56.82%+0.16

BCY 7 38.04%+0.06 0.012+0.00 57.46%+0.47
14 38.91%+0.03 0.032+0.00 56.05%+0.07

21 40.50%+0.05 0.082+0.01 53.72%+0.29

28 43.06%+0.06 0.112+0.02 48.892+0.03

1 28.49%+0.04 0.00°+0.00 74.01%+0.03

7 27.46%+0.05 0.00°+0.00 70.23%+0.02

CMY 14 27.99%+0.04 0.00°+0.00 68.44%+0.12
21 28.023+0.01 0.00°+0.00 65.09%+0.10

28 28.32%+0.02 0.00°+0.00 64.87%+0.04

Means within a column followed by different superscripts are significantly
(p<0.05) different. BCY=Breadfruit-corn yoghurt, CMY=Commercial milk
yoghurt.

Microbiological qualities
Total viable count

It is seen in Table 2 that the total viable count (TVC) of the breadfruit-
corn yoghurt correlated with the value obtained for the commercial milk
yoghurt. The high total viable count of the yoghurt samples might be due to
the cells of the LAB used in yoghurt fermentation. Lestiyani et al. (2014)
reported a total lactic acid bacteria of 6.2x10%°to 1.46x10* cfu/ml in soy-corn
yoghurt. The total viable count of both yoghurts revealed initial higher growth
rate during the first 14 days. Supavititpana et al. (2010) reported increased
psychrotrophs count of corn milk yoghurt and cow milk yoghurt during
storage but the rate of increase in cow milk yoghurt was lower than that of the
corn milk yoghurt. In addition to the starter culture, growth may be attributed
to cells of lactic acid bacteria that might have survived processing treatment
(Ukwuru and Ogbodo, 2011). The most well known characteristics of lactic
acid bacteria related to preservative property are their ability to produce acid
which in turn exhibit antimicrobial activity. The slower rate of growth in cow
milk may, therefore be partly due to the presence of sorbic acid which was
detected as one of the flavor compounds in cow milk yoghurt (Supavititpatana
et al., 2010). Sorbic acid and there salts are known to offer antimicrobial
activity. Although the addition of potassium sorbate to the breadfruit-corn
yoghurt might have conferred some preservative effect, but the natural
occurrence of sorbic acid in the cow milk yoghurt and further introduction of
the salt might have increased efficacy. The organic acids and the bacteriocines
produced by the lactic acid bacteria are great potentials to be used in food
preservation which are considered as safe natural preservatives. However,
Affonso and Maria (1999) reported the occurrence of after acidification and
proteolysis during yoghurt storage which occurred because of the enzymatic
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activity of lactic acid bacteria, which although reduced at refrigeration
temperature, was not completely stopped. This corroborated previous report
by Brough et al. (1993) that different degrees of coagulation occurred in
different milk products with no chemical preservation. More investigation is
required to determine chemical preservatives that complement acidification in
order to extend the shelf stability of yoghurts giving the incessant power
outage that affect efficient cold preservation in developing countries.
However, such preservatives must not exceed the permissible level by the
regulatory agencies.

Mould count

There was mould growth in both samples of yoghurt on day 1 as shown
in Table 2. Mould growth was more rapid in the breadfruit-corn yoghurt
apparently due to higher acidity and total solid of the commercial milk
yoghurt. The higher moisture content of the breadfruit-corn yoghurt may also
have contributed to the more rapid growth. Supavititpatana et al. (2010)
reported changes in the yeast and mould counts of cow milk yoghurt and corn
milk yoghurt which was similar to that of psychrotrophs. The higher rate of
changes in this study may be attributed to temperature fluctuations due to
unsteady power supply during the storage.Direct use of anti-fungal strains as
protective cultures present important application value to the food industry (Li
et al., 2013). In a yoghurt preservation period experiment and mould proof
accelerated testing at 4°C, addition of 2% (v/v) Lactobacillus casei AST18
in yoghurt completely inhibited the growth of Penicillum sp, which was used
as indicator fungi (Widyastuti et al., 2014). Supavitipatana et al. (2010)
reported that the shelf life of corn milk and cow milk at 5°C was 14 days. The
mould count of 1.0x10* cfu/ml of breadfruit-corn yoghurt and 4.5x10° cfu/ml
of commercial milk yoghurt on day 14 of storage were within the limit of
acceptance (2.0x10° cfu/ml) for dairy products by Codex Alimentarius

Commission (FAO/WHO, 2002 a, b).
Table 2: Microbiological quality of yoghurt samples during 28 days storage

Storage period (days)
Microbial Count (cfu/ml)

Sample
1 7 14 21 28
TVC Mould TVC Mould TVC Mould TCV Mould TVC Mould
BCY  1.75x10° 5x10% 2.8x10° 1.5x10° 6.5x10° 1.0x10* 1.9x107 4.0x10° 4.9x10" 3.0x10°
CMY  1.8x10° 1.5x10° 1.8x10° 7.0x10° 2.7x10% 4.5x10° 1.35x107 3.0x10° 1.04x10® 1.0x10°

BCY = Breadfruit-corn yoghurt; CMY = Commercial milk yoghurt
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Conclusion

This research has shown that non-dairy yoghurt derived from blend of

African breadfruit milk and corn milk possessed relevant characteristics
similar to dairy yoghurt. The effects of storage on the physicochemical
properties and microbiological qualities of the yoghurt so obtained correlated
with that of cow milk yoghurt. Perhaps more research on appropriate starter
cultures and fermentation procedure for dairy free yoghurts might lead to
products of common gel structure and physical characteristics with the cow
milk yoghurt.
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