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Abstract
Corn milk is considered as a new innovation especially in the making of
yoghurt based products. The present study was conducted to study antioxidants components such as (phenols compounds and DPPH scavenging activity), total volatile free fatty acids, microbiological and microstructure characteristics in yoghurt samples produced from two different ratios of buffalos
and corn milk (70:30 coded A and 60:40 coded B) respectively. Results indicated that the increasing ratio of corn milk led to increase the content of
phenolic components and DPPH scavenging activity. Total viable content
decreased in samples (70:30 and 60:40). Streptococci and lactobacilli count
decreased by the increase of corn milk in produced samples. Results also
show that the trend of yeasts content was the opposite ones. Election microscopy examination revealed that adding corn milk to yoghurt had more
smoothly and systematically distributed casein with a bit coarse structure less
porosity in the network of casein. From these results could be concluded that
adding 40% corn milk during processing of yoghurt is increasing the antioxidant activity and improves the microstructure as well.
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1. Introduction
Yoghurt is one of the popular acceptable fermented dairy products. The nutritive
value of yoghurt is based on the use of milk as the principal ingredient and subsequent changes that occur as a result of lactic acid fermentation. Corn (zee
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mays), a common staple tropical crop, is mainly starch with very low protein
and the profile of the amino acid is poor [1]. Developing a new corn based
product in the form of healthy yoghurt is an avenue to raise the awareness on
corn consumption. Besides, the sweet taste of corn milk along with its aroma
and balanced nutritional content is compared to other types of vegetable [2]. A
good quality of raw corn milk can be obtained from milky stage of corn cob [3].
On one hand, Omueti and Ashye [4] reported that soy corn milk had higher acceptability and digestibility than soy milk for both of adults and children.
Yoghurt produced by blend 30% corn milk with 70% buffalos milk and 40%
corn milk with 60% buffalos milk had a high value of curd firmness compared to
the yoghurt that produced from raw buffalos milk. On the other hand, these ratios had a good acceptability in flavor, body texture, appearance and color [5].
In recent years, there has been increasing interest in the use of natural food
additives into the diet. Epidemiological studies also show that fruit and vegetable
consumption are associated with the reduced risk of several lifestyle related diseases such as cancer, cardiovascular disease (CVD) and stroke [6] [7] [8].
Processed sweet corn has high antioxidant activity. Also sweet corn has many
of bioactive components i.e. lutein, frolic acid and phenol compounds [9] [10].
Nondairy additives like poly saccharides such as starches can be used in yoghurt
in conjunction with dairy ingredients or on their own to modify the rheological
properties [11]. [12] reported that using of modified starch in produced camel
milk yoghurt increases water holding capacity and decreases synersis significantly.
Also, microstructure of yogurt affected by the addition, the microstructure was
dense and smoother than control samples. Unfortunately, there is no enough data
reported dealing with the determination of the nutritional value such as antioxidant components, microbiological characteristics and microstructure of yoghurt
produced from buffalos and corn milk.
The objective of study was to evaluate the nutritive value, bioactive component, microstructure and microbiological quality of yoghurt produced from buffalo’s milk and corn milk yoghurt.

2. Materials and Methods
2.1. Materials
Morning raw buffalo’s milk was obtained from faculty of agriculture, Sohag
University.
Corn milk: was obtained from sohag governorate by harvest white cob corn
grains at milky stage of maturity when grains most juicy and milky. Then the
grains were separated and mixed with water in ratio 1:2 (w\w) using blender.
Finally the mixture was filtered through cheese cloth.

2.2. Manufacture of Buffalos Corn Milk Yogurt
Buffalos milk was add to corn milk at tow ratios, the first ratio 70% buffalo milk:
30% Corn milk and the second ratio 60% buffalo milk: 40% corn milk. The mixDOI: 10.4236/fns.2019.105040
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tures were pasteurized to 75˚C for 15 second, and then cooled to 40˚C, the milk
was inoculated with 1.5% of starter that obtained from chr. Hansen (Strepto-

coccus thermophiles and Lactobacillus delbruckii sup sp. bulgaricus). The cups
were incubated at 40˚C until coagulation and stored at 5˚C. The selected different ratios amid to selection the best ratio in producing a good quality yoghurt as
regard to the accessibility, low cost and highly nutritional value [5]. Samples
analyzed as fresh after 24 h and periodically during storage period for 14 d. All
experiments were carried out in triplicate.

2.3. Chemical Analysis
2.3.1. Total Phenolic Assay
Total phenolic compounds were determined by an assay modified from Shetty
[13].
2.3.2. DPPH Free Radicals Scavenging Activity
The ability of the extracts to scavenge 1,1-diphenyl-2-picrylhydrazyl (DPPH)
free radicals was determined by the method described by Molyneux [14].
2.3.3. Determination of Flavor Components
Total components were qualified by determination of total volatile free fatty acids (TVFFA) using the method described by Kosikowski [15].
2.3.4. Microbiological Analyses
Total Microbial Count (TC) was determined according to Marshall [16]. Lactic
acied bacteria were counted on streptococci and Lactobacilli medium as described by IDF [17]. Yeasts and molds were carried out by IDF [18] using malt
extract agar medium.

2.4. Scanning Electron Microscopy (SEM)
The scanning electron microscopy was prepared as described by Khalifa and
Ibrahim [12] in National Research Center, Giza, Egypt.

2.5. Statistical Analysis
Data was analyzed to compare means by repeated measurements analysis within
treatment and storage periods using SPSS vesion 11.5.06 sep, 2002. SPSS Inc.,
1999-2002.

3. Results and Discussion
3.1. Total Phenolic Content (TPC)
The total phenolic content (TPC) of buffalo and corn milk was 2.10 ± 0.26 and
7.07 ± 0.66 mg GAE/100 g respectively. The TPC were significantly increased for
all yogurt samples during refrigerated storage periods at 5˚C as well as by increasing of replacement percentages. Control yogurt sample had the lowest value
3.46 ± 0.36 mg GAE/100 g where, buffalo and corn yogurt samples with a perDOI: 10.4236/fns.2019.105040
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centage of replacement 60:40 respectively had the highest value 12.36 ± 0.58 mg
GAE/100 g at the end of storage time (Table 1). The increased TPC in yogurt
samples during storage period can be explained by the presence of indigenous
phytochemical compounds in corn milk (e.g., flavonoids and phenolic compounds). The amino acids like tyrosine has a phenolic side chain suggested led to
an increasing in the TPC [19]. Another possibility is that microbial utilization of
phenolic acids such as ferulic and p-coumaric acid during fermentation process
and post acidification lead to the production of other phenolic acids such as vanillic and p-hydroxybenzoic acids before the aromatic ring structure is broken
down [20].

3.2. DPPH Scavenging Activity
DPPH is a very stable organic free radical with a deep violet color which gives
absorption in maxima within the 515 - 528 nm range. Upon receiving a proton
from any hydrogen donor, mainly from phenolics, it loses its chromophore and
becomes yellow [21]. The antioxidant activity of methanolic extracts of corn
milk and yoghurt samples were detected where it were not in buffalo milk, adding of corn milk were influenced significantly on the antioxidant activity of
yoghurt during the first day of storage, where DPPH scavenging activity of control sample was 13.31% ± 1.45% it has slightly increased to 23.15% ± 1.73% in
buffalo and corn yogurt sample with a percentage of replacement 60:40 respectively, compared with the reference standards Ascorbic acid, BHT and Trolox it
were 93.39 ± 0.07, 93.19 ± 0.21 and 84.82% ± 0.21% respectively. The Inhibition
of DPPH oxidations by each yoghurt samples were decreased with the progress
of storage period (Table 2). Where it dramatically decreased in control sample
was 3.04% ± 0.28%, it slightly decreased in buffalo and corn yoghurt sample with
a percentage of replacement 60:40 respectively.
Highest DPPH inhibition during first days of storage may be attributed to the
metabolically active yoghurt bacteria even at low temperature [22]. Continued
microbial growth during refrigerated storage may have altered some of the phenolic compounds and hence their antioxidant activities [20]. The reduction in
Table 1. Total phenolic content of buffalo and corn milk, and its yogurts at different percentage of replacement during storage periods.
Milk samples

Total phenols (mg/100 g)

Buffalos-milk
Corn-milk

2.10 ± 0.26
7.07 ± 0.66
Storage period (days)

Yogurt samples
Control
A
B

1

7

14

3.46 ± 0.36
3.65 ± 0.17
4.71 ± 0.23

8.41 ± 0.56
9.63 ± 0.86
11.38 ± 0.71

10.15 ± 0.56
11.47 ± 0.31
12.36 ± 0.58

Control = 100% buffalos milk, A = 70% buffalo’s milk: 30% corn milk, B = 60% buffalo’s milk: 40% corn
milk.
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antioxidant activities during refrigerated storage of yogurt is attributed to increasing degradation of phenolic compounds with antioxidant activities [23]
and/or increasing milk protein polyphenol interaction [24]. In this regard, the
consumption of yoghurt is highly advisable within 7 days after yoghurt-making
to benefit from high live bacterial contents [25] and high antioxidant activities
useful for protective cardiovascular effect [26].

3.3. Total Volatile Free Fatty Acids
Total volatile free fatty acids was determined as flavor components reported to be
presented in yoghurt and zeer milk [27] [28]. Total volatile free fatty acids as mL
0.1N NaOH/100 g decreased with increasing corn milk ratio Table 3. TVFFA
Control samples were the highest compared with corn milk yoghurt and reached
1.4 mL 0.1N NaOH at 14 day storage. The lowest value was 0.6 mL 0.1N NaOH
on fresh corn milk yoghurt. From the presented data in Table 3 the values of
Table 2. DPPH scavenging activity of buffalo and corn milk, and its yogurts at different
percentage of replacement during storage periods.
Milk samples

DPPH scavenging activity (%)

Buffalos-milk
Corn-milk

ND
34.22± 1.06
Storage period (days)

Yogurt samples

1

7

14

Control
A
B
Ascorbic acid (1 mg/ml)
BHT (1 mg/ml)
Trolox (1 mg/ml)

13.31 ± 1.45
19.03 ± 0.87
23.15 ± 1.73
93.39 ± 0.07
93.19 ± 0.21
84.82 ± 0.21

10.99 ± 1.77
20.00 ± 0.65
17.26 ± 1.06

3.04 ± 0.28
12.08 ± 0.20
15.20 ± 0.77

Control = 100% buffalos milk, A = 70% buffalo’s milk: 30% corn milk, B = 60% buffalo’s milk: 40% corn
milk ND = not detected.

Table 3. Total volatile of yoghurt made from buffalos two ratios of corn milk during storage.
Treatments

Control

A

B

Storage period day

TVFFA mL 0.1N NaOH

Fresh

0.9

7 day

1.1

14 day

1.4

Fresh

0.7

7 day

0.8

14 day

1.2

Fresh

0.6

7 day

0.7

14 day

0.8

Control = 100% buffalos milk, A = 70% buffalo’s milk: 30% corn milk, B = 60% buffalo’s milk: 40% corn
milk.
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TVFFA are very low than those found in zabady by Abou-Donia [29]. The decrease of TVFFA seems related to the how fat content of corn milk yoghurt.

3.4. Microbiological Analysis
Microbiological properties of yoghurt which was made from raw buffalo’s milk
and buffalos-corn milk are shown in Table 4. The total viable count decreased in
the treatment A and B compared control. This finding may be due to decrease
the total volatile free fatty acids in treatment A and B, these results are in agreement with that reported by Abou Ayana and Gamal El Deen [30].
On the other hand total viable count decreased significantly (P < 0.05) during
storage periods (7 and 14 day) of control, A and B (log 9.75 cfu/g, log 9.70 cfu/g
and log 9.71 cfu/g), (log 9.54 cfu/g, log 9.08 cfu/g and log 9.079 cfu/g) and (log
9.54 cfu/g, log 9.38 cfu/g and log 9.079 cfu/g) respectively. Streptococcus count
in fresh control log 9.45 cfu/g was observed to be higher than that of A and B
treatment log 9.35 cfu/g and log 9.33 cfu/g respectively. Throughout the storage
period the numbers of lactobacillus spp. in fresh control, A and B treatment had
lower number log 7.95 cfu/g, log 7.89 cfu/g and log 7, 75 cfu/g respectively than
that had by streptococcus log 9.45 cfu/g, log 9.35 cfu/g and log 9.33 cfu/g respectively. Above results has agreement with that reported by Tamime and Robinson
[31], the yoghurt should contain 107 viable cells of lactic acid bacteria per 1 ml/L.
All the fresh treatment control, A and B showed low count of yeast log 2.85
cfu/g, log 2.70 cfu/g and log 2.30 cfu/g respectively. This finding was agreement
with Makanjuola [32] who found that log 2.29 cuf/g for soy corn yoghurt (80%
soy: 20% corn). Yeasts and molds were significantly (p < 0.05) increased with
increase storage time with maximum value log 4.48 cfu/g for control, log 4.78
Cfu/g for treatment A and log 4.85 cfu/g for treatment B at 14 day. Dardashti
[33] reported that contamination by molds and yeast in traditional processed
yoghurt.
Table 4. Total, streptococci, lactobacilli and yeasts count of yoghurt made from buffalos
milk and tow levels of corn milk.
Treatments Storage period day

Control

A

B

Total count streptococcus
Log cfu/g
Log cfu/g

lactobacillus Log cfu/g

Yeast
Log cfu/g

Fresh

9.75

9.45

7.95

2.85

7 day

9.70

9.03

7.74

3.41

14 day

9.71

9.01

8.23

4.48

Fresh

9.54

9.35

7.89

2.70

7 day

9.08

8.99

7.78

3.44

14 day

9.08

7.65

7.50

4.78

Fresh

9.54

9.33

7.75

2.30

7 day

9.38

9.00

7.68

3.66

14 day

9.08

7.60

7.48

4.85

Control = 100% buffalos milk, A = 70% buffalo’s milk: 30% corn milk, B = 60% buffalo’s milk: 40% corn milk.
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3.5. Microstructure
The microstructure of buffalos-corn milk yoghurt as affected by the addition of
corn milk ratios are demonstrated in Figure 1. Microstructure analysis illustrated that the internal structure of buffalos-corn (A and B) yoghurt was
smoother and denser than the surface of control sample Figure 1. The control
buffalo’s milk yoghurt showed rough and granular outer surfaces by comparison
the buffalos-corn milk yoghurt (A and B) that had smoother and denser structure. This structure may be due to the texture attributes of product. Add corn
milk to yoghurt had more smoothly and systematically distributed casein with a

control 100 µm

control 50 µm

A 100 µm

A 50 µm

B 100 µm

B 50 µm

Control = 100% buffalos milk, A = 70% buffalo’s milk: 30% corn milk, B = 60% buffalo’s milk: 40% corn milk.

Figure 1. Microstructure of buffalos and buffalos-corn milk yoghurt.
DOI: 10.4236/fns.2019.105040
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bit coarse structure, also less porosity in the network of casein. This may be attributed to emulsion and hydrocolloids stability catalyzed cross-link formation
between milk proteins as demonstrated by Lorenzen [34]. Also this finding has
agreement with Kalifa and Ibrahim [12] they found the same effect when add
modified starches to camel’s milk yoghurt. On other hand Figure 1 shown that
increase the ratio of corn milk in yoghurt from 30% to 40% makes the structure
more smooth, dense and homogenous. Finally addition corn milk to buffalos—corn yoghurt improved the texture of yoghurt which has agreement with
Ibrahim [5] they reported that addition of corn milk to buffalos—corn yoghurt
improved texture body due to high cured firmness.

4. Conclusion
The present study concluded that adding corn milk during processing of yoghurt
by blend 30% corn milk with 70% buffalos milk and 40% corn milk with 60%
buffalos milk added value to the produced yoghurt through in-creased nutrient
content, content of phenolic components and antioxidant activity, also improved the microstructure through in-creased smooth, dense and homogenous.
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