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Abstract: The microbiological, rheological, and sensory properties of set-type yoghurt were inves-
tigated in the presence of camel and cow casein hydrolysates produced by the action of trypsin
enzymes. The hydrolysates significantly decreased the fermentation and coagulation time of the
yoghurt production. The rate of pH decrease was significantly (p < 0.05) higher in samples treated
with cow casein hydrolysate in comparison with control samples. Compared with the control, the
cell growth of the yoghurt culture increased with the supplementation of the casein hydrolysate.
Moreover, the survival of lactic acid bacteria (LAB) was enhanced by the addition of hydrolysates.
The fortification of cow milk with camel and cow casein hydrolysates contributed to a significant
improvement of the rheological and sensory properties of yoghurt. In conclusion, camel and cow
casein hydrolysate could be used as a supplement in set-type yoghurt production with a potential
beneficial effect on fermentation time, survival of total bacterial count, and overall acceptability.

Keywords: camel casein hydrolysate; lactic acid bacteria; sensory evaluation; rheological properties
of yoghurt

1. Introduction

Milk protein hydrolysates are rich in small peptides (di-and tripeptides) and have
a higher nutritive value than native milk protein or an equivalent mixture of free amino
acids [1,2]. These peptides can be used as functional food, or as nutritional and pharmaceu-
tical ingredients to improve human health and prevent disease [3,4]. Protein hydrolysates
have been used for preparing special foods for allergic infants and individuals [5,6]. Casein
derived peptides play a major role in the enhancement of the immune system [7,8]. Some
peptides derived from milk protein hydrolysate are found to be active against a broad range
of pathogenic organisms, such as Listeria monocytogenes and Escherichia coli O157:H7 [9,10].
These peptides also inhibit angiotensin-converting enzyme (ACE), aiding the regulation
of blood pressure (antihypertensive effect) [11-13]. Some bioactive peptides derived from
casein hydrolysate have antioxidant activities and suppress cholesterol absorption, such as
[3-casomorphin exorphin, casoxin derived from hydrolysis of 3-as, and k-casein, respec-
tively [14-16]. Furthermore, casein hydrolysate is used as a slurry to accelerate cheese
ripening and to increase the growth rate of LAB [17,18]. Moreover, small peptides derived
from casein hydrolysate act as a substrate for lactocepin enzymes to release free amino acids
to be used in the metabolism of LAB [19]. Hydrophilic amino acid residues, including His,
Lys, Glu, and Ser, derived from casein hydrolysate, are beneficial for bacterial growth [20].
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Ma et al. (2019) [21] studied the effect of casein hydrolysate addition (2 g/kg skim milk)
on acidification and textural attributes of set-style yogurt samples. They found that the
addition endowed higher titratable acidity but lower pH values and thus enhanced yogurt
fermentation and improved yogurt texture. Zhao et al. (2006) [22] studied the effect of
added cow casein hydrolysate on the rheological properties of yoghurt. The addition of
casein hydrolysate to yoghurt milk decreased its viscosity and fermentation time [18,23].
Han et al. (2020) [24] reported that Streptococcus thermophilus in the presence of 1 g/L casein
hydrolysate as a nitrogen source, yielded y-Aminobutyric acid (GABA concentrations as
high as 5.4 g/L) which has techno-functional properties (i.e. radical scavenging, antimi-
crobial properties, and incorporation in beverage formulation). However, data concerning
the application of camel casein hydrolysate on the properties of yogurt are still scarce in
the literature. The aim of this study was to compare the effects of camel and cow casein
hydrolysate supplementation on the microbiological, sensory, and rheological properties of
yoghurt made from cow milk.

2. Materials and Methods

Strains and ingredients: Lactobacillus delbrueckii, ssp. bulgaricus DSM 20081 and Strepto-
coccus thermophilus DSM 20617 were obtained from Deutsche Sammlung von Mikroorganis-
men und Zellkultturen (DSMZ). GmbH, Germany. Trypsin enzyme was provided by sigma
Co. (Sigma Aldrich Cheme. GmbH, Steinheim, Germany).

2.1. Acid Casein Preparation

Acid casein was prepared from camel and cow raw skim milk according to Salmen
et al. (2012) [25]. Briefly, camel and cow skim milk were acidified to pH 4.3 and 4.6,
respectively, with 1 M HCl at 40 °C. The precipitated casein was collected by centrifugation
at 1500 x g for 20 min and then washed three times with acidified distilled water (pH 4.3
and 4.6). The precipitate was suspended in water and neutralized by NaOH (1 M). Finally,
the neutralized casein was reprecipitated at pH 4.3 and 4.6 for camel and cow casein,
respectively, followed by lyophilizing using a Unitop 600 SL (Virtis Company, Gardiner,
NY, USA) and stored at —20 °C until use.

2.2. Casein Hydrolysate Preparation

Casein hydrolysates were prepared using a modified method developed by
Al-Saleh et al. (2014) [26]. Trypsin enzyme was dissolved in 50 mM phosphate buffer
at pH 7.0, The acid caseins were reconstituted in Jennes & Koops buffer [27] to have a final
casein concentration of 2.5 g 100 mL. The pH of casein solutions was adjusted to pH 7.0
by adding 1 M NaOH and completely suspended before adding the enzyme. The enzyme
solution was added to casein solution with an enzyme to substrate ratio [E/S] of 1/100
and hydrolysis was carried out at 37 °C for 1 h. The reactions were terminated by heating
the enzyme casein mixture at 100 °C in a boiling-water bath for 10 min. The resulting
mixture was rapidly cooled in an ice-water bath and then was added to cow milk just
before yoghurt preparation.

2.3. Determination of Degree of Casein Hydrolysis

The degree of casein hydrolysis was determined using the ortho-phthadialdehyde
(OPA) according to Donkor et al. (2005) [28]. The hydrolysis degree of samples was
estimated using this equation:

- 1
Degree of hydrolysis (% ) = (§=C) x100 1)
D-C
where, S is the reading of casein hydrolysate samples by trypsin enzyme, D is the read-
ing of hydrolysed samples for 24 h incubation; C is the un-hydrolysed casein reading.
SDS-polyacrylamide gel electrophoresis (PAGE) was performed using 12.5% acrylamide
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separating gel and 5% stacking gel to measure the level of casein hydrolysis according to
Laemmli (1970) [29].

2.4. Yoghurt Preparation

Whole cow pasteurized-homogenized milk (3% fat; 8.57% SNF and 0.73% ash) was
obtained from a local market. The milk was heated in a controlled water bath for 30 min
at 85 °C and was then cooled to 45 °C under running tap water. The heated milk was
supplemented with camel or cow casein hydrolysate separately at 0.5, 1.0, and 1.5% (v/v)
levels. The milk that was not supplemented with casein hydrolysate was used as the
control. The milk samples were inoculated with working starter culture (1.5%) (Streptococcus
thermophilus and Lactobacillus delbrueckii ssp. Bulgaricus 1:1). Inoculated milk samples were
incubated at 42 °C until pH values reached 4.6. Fermentation was terminated by cooling
the fermented milk to 4 °C in a refrigerator. The refrigerated samples were stored at 4 °C
until used.

The pH of the samples was measured with a pH meter (Corning pH meter 240, England).

2.5. Texture Profile Analysis

Texture profile analysis (TPA) was performed using Brookfield CT3 texture analyzer
(Commerce Boulevard, Middleboro, MA, USA) to determine the textures of the yoghurts
using an acrylic cylindrical probe 25.4 mm diameter, 35 long. The probe penetrated the
samples to a depth of 15 mm at a speed of 0.5 mm/s and the force exerted on the probe
was automatically recorded. The parameters recorded included hardness, cohesiveness,
adhesiveness, and springiness. Gumminess and chewiness were calculated using the for-
mulas: gumminess = hardness x cohesiveness and chewiness = gumminess x springiness.
Four yoghurt samples were analyzed at 4 &+ 2 °C for each trial and the average readings
were recorded.

2.6. Water-Holding Capacity of Yoghurt

The susceptibility of yoghurt to water-holding capacity was determined using the
method of (Isanga and Zhang, 2009) [30], with minor modification. In 50 mL conical plastic
tubes, (falcon type) 45 g of yoghurt (Y) was centrifuged at 3000 x g for 20 min at 4 °C (using
Hraeus Christ GMBH centrifuge, H. Jurgens & Co. Bremen, Bremen, Germany). The clear
supernatant (W) was poured off, weighed and the water-holding capacity (WHC, g 100 g)
was calculated as: WHC = (Y — W)/Y x 100.

Enumeration of LAB of yoghurt. The total bacterial counts (L. delbrueckii ssp. bulgaricus,
and S. thermophilus) were determined using Plate Count de Man—-Rogosa—-Sharpe (MRS)
agar medium (Difco Laboratories, Detroit, MI, USA). The plates were incubated aerobically
and counted after 72 £ 3 h at 37 °C. the total counts were calculated by converting the
CFU/mL to log10.

Sensory characteristics. The organoleptic characteristics of the yoghurts were deter-
mined, using a taste panel consisting of 12 judges. The panelists were asked to evaluate
the products for appearance, texture, flavor, and overall acceptability using a five-point
hedonic scale (1, 3, and 5 represent dislike extremely, neither like nor dislike, and like
extremely, respectively).

Statistical Analysis. All analyses were performed in triplicate using the MINITAB 14
(Minitab Inc., State College, PA, USA), data were subjected to one-way analysis of variance
(ANOVA), and the significance levels were set as p < 0.05.

3. Results and Discussion
3.1. Degree of Hydrolysis

After incubation of caseins with trypsin enzyme for 1 h, the degrees of hydrolysis
were measured using O-phthaldehyde method (OPA). In this method, TCA was added
in a final concentration of 12% precipitating all proteins thus, the method measures only
amino acids and very small peptides. The results in Figure 1 show that about 75.81% and
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70.12% of the cow and the camel casein hydrolyzed during incubation time with trypsin,
respectively. The rest of the caseins revealed a degree of hydrolysis, but not enough to be
measured with the OPA method.

Degree of hydrolysate
=Ye) camel = cow
80
70 e
60
50
40
30
20
10

% Degree of hydrolysis

camel

Type of casein

Figure 1. Hydrolysis degree of cow and camel milk casein with trypsin enzyme.

Electrophoresis SDS clearly revealed that the cow and the camel casein extensively
hydrolyzed during incubation time (for 1 h) with trypsin enzyme (Figure 2). These results
are consistent with those of Ugwu et al. (2019) [31] and Irshad et al. (2015) [32], who found
that about 64.14% of camel casein and 83.33% of cow casein hydrolysis was achieved after
one hour with trypsin enzyme. Complete degradation of cow and camel milk «s- and (3
—caseins was observed with the addition of trypsin enzyme and incubation for 15 min [33].
No peptide fragments were found on SDS-PAGE (Figure 2). Rivera, et al. (2018) [34]
stated that the SDS-PAGE method proposed by Laemmli (1970) [29] is not suitable to detect
small peptide proteins and some modification is required to detect lower molecular weight
proteins < 10 KDa.

1 2 3 a4

&, -Casein

B-Casein

K-Casein

Figure 2. SDS-PAGE profile of cow and camel milk casein hydrolysis. Lane 1: camel milk casein
treated with trypsin for one hour, Lane 2: camel milk casein (untreated), Lane 3: cow milk casein
treated with trypsin for one hour, Lane 4: cow milk casein (untreated).

3.2. Fermentation Time

The results in Figure 3 represent changes in fermentation times of yogurts supple-
mented with different ratios of camel casein hydrolysate. The results revealed that the
addition of the casein hydrolysates significantly decreased the fermentation times of the
yogurts in comparison with the control sample. This is in accordance with results obtained
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by Ma et al. (2019) [21] and Zhao et al. (2006) [22]. Moreover, the decrease in fermentation
times was proportional to casein hydrolysate addition (Figure 3). This shows that casein
hydrolysates encourage the growth of the starter culture. This may be attributed to the
presence of higher levels of free amino acids and small peptides in casein hydrolysates.

3.60

3.50 _}

3.40

MW camel = cow

3.30 I—{

3.20

3.10 ‘

3.00 ‘

2.90

2.80 — = a—
1 1.5

0 0.5

Fermentation time/h

Casein hydrolysate %

Figure 3. Fermentation times of yogurt with added casein hydrolysates.

These small peptides and free amino acids are known to be bioactive peptides and can
enhance the growth and acidifying activity of starter culture. Canon et al. 2021 [35] reported
that the activity of LAB (higher acidification rates and lower pH) was strongly associated
with higher concentrations of tryptophan, valine, phenylalanine, leucine, isoleucine, and
small peptides. Moreover, Adams et al. (2020) [36] stated that the growth rates of LAB
strains increased in the medium supplemented with 0.1% casein hydrolysate.

3.3. Changes in pH

The results in Figure 4a represent changes in pH of yoghurts made from cow milk
supplemented with different levels of camel and cow casein hydrolysates. The addition of
hydrolysates to milk yoghurts has a strong effect on pH changes during fermentation. The
rate of pH decrease was significantly (p < 0.05) higher in treated samples in comparison
with those of control, which indicates that the camel and the cow casein hydrolysate
promote the growth of yoghurt culture. Moreover, the addition of cow casein hydrolysate
significantly decreased the pH of yoghurt samples, more than that of the camel casein
hydrolysate (p < 0.05). The pH proportionally decreased with increasing casein hydrolysate.
Ma et al. (2019) [21] reported that peptides were superior to reduce the fermentation
time and casein-hydrolyzed peptide was shown to be the best one. These results are in a
good agreement with those obtained by [18,21-23]. Casein hydrolysates probably contain
small peptides and free amino acids, which promote the growth of yoghurt culture [35,36].
Zhang et al. (2011b) [37] found that addition of casein hydrolysate with small peptides
lower than 3000 Da, markedly increased lactic acid formation. Moreover, the pH of yoghurt
samples significantly decreased (0.33 pH unit in control samples) during storage at 4 °C for
three weeks and the pH of treated samples exhibited a greater decrease than that of the
control product (Figure 4b). This may be attributed to the greater viability of lactic culture
in treated samples.

3.4. Viability of Yoghurt Culture during Fermentation and Storage

The growth of S. thermophilus and L. delebrueckii ssp. bulgaricus during fermentation
of yoghurt is presented in Figure 5b. Addition of camel and cow casein hydrolysates to
milk yoghurt significantly increased the total bacterial counts compared to the control
(p <0.05). The highest total bacterial count was observed with 1.0% camel casein hy-
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drolysate; this indicates that the camel casein hydrolysate enhanced the growth of yoghurt
culture. However, the growth of yoghurt culture decreased with an increased addition of
both hydrolysates (cow and camel hydrolysates) to 1.5%. These findings were confirmed
by Zhao et al. (2006) [22], who found that the growth of probiotic bacteria decreased
with the increase in the addition of casein hydrolysates. Zhang et al. (2011a) [20] and
Zhao et al. (2006) [22] reported that the growth of LAB (L. delbrueckii ssp. bulgaricus and
S. thermophilus) in yoghurt increased with the supplementation of the peptides fraction
(<3000 Da), produced with papain, from 8.29 in the control sample to 8.42 log CFU mL in
the treated sample. In addition, the time needed to reach pH 4.5 reduced from 5.21 to 4.29 h.
Adams et al. (2020) [36] found that addition of peptides derived from fermented milk into
MRS medium promotes the growth of LAB. The increase in the level of peptide and free
amino acids (particularly, the hydrophilic amino acid residues including His, Lys, Glu
and Ser) by the addition of hydrolysate may enhance the growth and acidic activity of the
S. thermophilus [18,20]. Additionally, the presence of caseinophosphopeptide-rich fraction
released in the trypsin treated milk, may stimulate the growth of LAB [38—40]. Moreover,
the growth of S. thermophilus and L. delebrueckii ssp. bulgaricus significantly increased with
the addition of peptides derived from «s; and as; bovine casein [37]. Settier-Ramirez et al.
(2021) [41] found that incorporation of casein hydrolysate resulted in an increase in cell
viability of LAB. Moreover, Naibaho et al. (2022) [42] reported that the higher solubility of
proteins increased when pH reached 4.3—4.5; this improved the LAB growth in yoghurt.
No significant changes (p < 0.05) were observed in the total counts of untreated samples
during storage for three weeks (Figure 5b). However, the total counts of treated samples
decreased significantly, particularly with 0.5% and 1% camel casein hydrolysate where the
initial counts were significantly high (Figure 5a).
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Figure 4. The change in pH during the fermentation of casein hydrolysate-treated yoghurt after
one-day storage at 4 °C (a) and after storage for three weeks (b). No significant differences with the
same letters among treatments.
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Figure 5. Viability of total bacterial count of yoghurt made from cow milk with different levels of
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camel and cow casein hydrolysate after storage for one day at 4 °C (a) and after three weeks (b). No
significant differences with the same letters among treatments.

This could be attributed to the decrease of pH of treated samples (Figure 3). Zhao et al.
(2006) [22] found that the addition of casein hydrolysates reduced the fermentation time of
yoghurt and increased the total bacterial count, but the total bacterial number decreased
during storage period. The total population of microorganisms in live and active culture
yoghurt must be 108 CFU/g at the time of manufacture, as recommended by the National
Yoghurt Association [43]. The total bacterial counts in the yoghurt samples after three
weeks of storage met the National Yoghurt Association’s requirements, with total bacterial
counts of 3.4 x 108 in control samples compared to 4.3, 4.8, and 4.9 x 108 in samples treated
with 0.5, 1.0, and 1.5% camel casein hydrolysate, respectively. In samples treated with cow
casein hydrolysate, these values were 4.2, 4.4, and 4.5 x 10® in the same order (Figure 5b).

3.5. Rheological Characteristics

The changes in rheological properties of the yoghurts supplemented with casein
hydrolysates at different concentrations were determined (Table 1). The hydrolysates
significantly (p < 0.05) increased the hardness and adhesiveness of the yoghurts, except for
the 0.5% cow casein hydrolysate sample.

Table 1. Changes in rheological properties of fresh yoghurt (after a night at 4 °C).

Samples Hardness Cohesiveness Springiness  Adhesiveness Gumminess  Chewiness

0 27.75P 0.4475 2 872 0.252b 12422 108.04 2
05L 29.67 b 0.4832 8.666 2 0.32b 14.332 124.17 2
10L 3152 0.44°2 8.3752 042 13.86 @ 116.08 2
15L 29 ab 0.405 2 8.6752 0.38 20 11.752 101.89 2
05W 24.25¢ 0.4452 8.6° 0.15P 10.79 @ 92.802
1.0W 31.02 0.392 872 042 12.09 @ 105.182
1.5W 3152 04352 872 0.33 2 13.70 2@ 119.212

L: camel milk casein hydrolysate; W: cow milk casein hydrolysate; A different superscript letters indicate a
significant difference (p < 0.05) through columns.

It seems that casein hydrolysate can penetrate the casein micelles network and fill
the pores of the protein, thereby increasing yoghurt hardness and adhesiveness. The ad-
hesiveness had a positive effect on the thickness of the yoghurts and was an important
factor leading to the products’ stability [44]. This resulted in a good mouthfeel and im-
proved the texture characteristics and the yoghurts’ stability during storage. The rate of
pH decrease was higher with the addition of casein hydrolysates (Figure 3). This may have
affected the strength of the yoghurt curd. After one day of storage, there were no significant
variations in the cohesiveness, springiness, gumminess, or chewiness of the yoghurt with
and without casein hydrolysates (p < 0.05). However, there were significant differences in
hardness between fresh and stored samples after three weeks of storage, except for 1.5%
cow milk casein hydrolysate (Table 2). In general, there were no significant differences in
cohesiveness, springiness, gumminess, and chewiness after storage for three weeks at 4 °C.
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In comparison to the other samples, the adhesiveness of yoghurt treated with 0.5% cow
casein hydrolysate was significantly reduced.

Table 2. Effect of storage period for three weeks at 4 °C on rheological properties of yoghurt.

Sample
Type

Hardness

Cohesiveness Springiness Adhesiveness Gumminess Chewiness

B

A

B A B A B A B A B A

control
05L
1.0L
15L
05 W
1.0W
15W

27.75b

29.67 ab
3152
29 ab
24.25¢
31.02
3152

3¢
33.75¢
35.75 ¢
37.25P

36°¢
38.2542
32.75¢

044752  (0.4432 872 8.132 0.252b 0.4 bed 12.422 14.22 108.042  115.892
0.4832 0.468 2 8.666 2 8.4872 0.3 0.45 be 14.332 15.812 124172 13442

0.44° 0.4482 8.3752 8.382 042 0.5752 13.862 16.032  116.082 134.782
0.4052 0.44 2 8.6752 8332 0.38 2P 0.475° 11.7542 16422  101.892 136.73%
0.4452 04172 862 812 0.15b 0.25¢ 10.79 2 15.032 92802 121472

0.392 0.428 2 872 8.132 042 0.38 cd 12.09 2 16392  105.182  133.282
03172 0.4352 872 7.952 0.33 b 0354 13.70 2 13.052  119.212 103.132

30

N
w

N
o

% water holding capacity
= =
o v

v

camel co

L: camel milk hydrolysate; W: cow milk hydrolysate; B: fresh yoghurt; A: after storage.

The hardness of treated and untreated samples significantly increased during storage
and the increase was higher with increased addition of casein hydrolysate, except for the
sample with an addition of 1.5% cow casein hydrolysate (Table 2). The increase of hardness
during storage may be due to the formation of a higher cross-linkage of the casein network
in yoghurts and/or the evaporation of some moisture in the head space of the yoghurt cup.

3.6. Water-Holding Capacity

The water-holding capacity of yoghurt samples after centrifugation at 4 °C for 20 min
at 3000 x g showed a significant (p < 0.05) decrease with the addition of 1.5% camel and cow
casein (Figure 6). However, there were no significant differences between control samples
and samples treated with 0.5% and 1% casein hydrolysates. Dave and Shah (1998) [45]
found that the protein network of yoghurt supplemented with acid casein hydrolysate has
small flocs and pores.

I
| I‘

E0OEO05 E]1 m15

=

s — B =
.

w

co

camel w camel cow

one week two weeks three weeks

Time/week

Figure 6. Changes in water-holding capacity of yoghurt made with addition of casein hydrolysates
during storage.

The same observation was confirmed by Sodini et al. (2005) [23], who observed a
more open and less branched structure in yoghurts when the milk protein hydrolysates
were incorporated at high concentration (4%). It seems that the open structure of the
protein network of yoghurt makes the drainage of whey easier during the syneresis process.
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Moreover, the water-holding capacities of yoghurt significantly (p < 0.05) increased during
the storage period. Protein molecules have positive net charges at pH < 4.6, which may
react with the negative charges in casein hydrolysates [39]. Addition of casein hydrolysates
improved water-holding capacities of yoghurts. Corredig and Salvatore (2016) [46] reported
that the number of bonds between each junction in freshly made gels is not yet very high,
as in aged gels. This may explain why wheying-off occurs in young gels, but not as much
in aged gels.

3.7. Sensory Evaluation

The effects of camel and cow casein hydrolysates supplementation on the sensory
characteristics of yoghurt are presented in Table 3. With the addition of casein hydrolysate,
the sensory scores for acceptability of yoghurt significantly (p < 0.05) increased. No signifi-
cant differences were found between control samples (zero addition) and yoghurt samples
supplemented with 1% camel casein hydrolysate and 0.5% cow casein hydrolysate. The
texture of all treated samples was comparable with control samples except with 0.5% camel
casein hydrolysate, where it significantly (p < 0.05) decreased. The control samples and the
samples treated with 0.5% cow casein hydrolysate and 1.0% camel casein hydrolysate had
the maximum overall scores, whereas yoghurt containing 0.5% camel casein hydrolysate
had the minimum. The acceptability score for the fresh sample 1 L (1% camel casein
hydrolysate) was 4.67 2 while it was 4 b for the control sample. However, after 21 days
no significant changes were recorded (the same significant letter). The sample with 0.5%
camel casein hydrolysate had a significantly (p < 0.05) lower acceptability score than the
control (3.42).

Table 3. Effect of milk casein hydrolysate addition on sensory evaluation of yoghurt.

Fresh After 21 Days

o] 9] ) ) )

=] = 9 — Q ] ) — o]

52 g 5 g g E g g

5% 5 £ 5 & g % 5 &

o © o [34) (S Q (oW = [ o]

O\ > Q, v} (oW Q

< < < < <

zero  4.584ab 4173 4254 4be 4672 4,08 ab 4ab 425ab

05L 4672 3.25b 3420b 342° 4672 4332 452 452

1L 4752 452 4422 4673 4173 4083 3833 4.0 abc
15L 425 4582 3.83ab 4.17" 4253 358ab  3gpab 3.75 abe

05W 4922 4832 452 4922 4b 3.17b 3.33b 3.33¢
1W 45ab 4252 35b 4253 4672 4422 3.67P 3.92 abe
15W 4Pb 4172 3.83ab 417b 433ab 3.17P 3.33P 3.5 be

As storage progressed, the overall acceptability scores significantly decreased in all
cow casein hydrolysate treatments. However, there was marked improvement in samples
treated with 0.5 and 1% camel casein hydrolysate after the storage period.

4. Conclusions

The results demonstrated that the casein hydrolysates significantly (p < 0.05) reduced
the fermentation time of the yoghurt. The hydrolysates increased the total bacterial counts
after fermentation, particularly with the addition of 1.0% hydrolysate. The total bacterial
counts in the yoghurt samples decreased during storage. However, the decline in the total
bacterial counts during storage could be retarded by the addition of hydrolysates. The
hydrolysates significantly (p < 0.05) increased the hardness and adhesiveness, except for
the 0.5% cow casein hydrolysate sample. The sensory attributes of the yoghurts were
significantly (p < 0.05) improved by the addition of hydrolysates, especially with 1.0%
camel casein hydrolysate. In general, the results of the present study demonstrate the
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possibilities of the use of camel casein hydrolysate in the manufacture of yoghurt, for better
viability of lactic acid bacteria, and improved rheological and sensory properties.

Author Contributions: Conceptualization, A.A.M. and E.A L; writing—original draft preparation,
HM.Y,, M.EE. and A.AM., writing—review and editing, A.A.M., project administration, A.A.M. and
E.A L, funding acquisition, M.EE. and H.M.Y. All authors have read and agreed to the published
version of the manuscript.

Funding: The Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia, project number
PNURSP2023R23.

Data Availability Statement: Data are contained within the article.

Acknowledgments: This study was supported by Princess Nourah bint Abdulrahman University
Researchers Supporting Project number (PNURSP2023R23), Princess Nourah bint Abdulrahman
University, Riyadh, Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  O’Keeffe, M.B.; FitzGerald, R.J. Identification of short peptide sequences in complex milk protein hydrolysates. Food Chem. 2015,
184, 140-146. [CrossRef] [PubMed]

2. Choi, ]J.; Sabikhi, L.; Hassan, A.; Anand, S. Bioactive peptides in dairy products. Int. ]. Dairy Technol. 2012, 65, 1-12. [CrossRef]

3.  Bielecka, M.; Cichosz, G.; Czeczot, H. Antioxidant, antimicrobial and anticarcinogenic activities of bovine milk proteins and their
hydrolysates—A review. Int. |. Dairy Technol. 2022, 127, 105208. [CrossRef]

4. Karami, Z.; Akbari-Adergani, B. Bioactive food derived peptides: A review on correlation between structure of bioactive peptides
and their functional properties. J. Food Sci. Technol. 2019, 56, 535-547. [CrossRef] [PubMed]

5. Vandenplas, Y.; De Greef, E.; Xinias, I.; Vrani, O.; Mavroudi, A.; Hammoud, M.; Halut, C. Safety of a thickened extensive casein
hydrolysate formula. Nutrition 2016, 32, 206-212. [CrossRef] [PubMed]

6.  De Greef, E.; Hauser, B.; Devreker, T.; Veereman-Wauters, G.; Vandenplas, Y. Diagnosis and management of cow’s milk protein
allergy in infants. World J. Pediatr. 2012, 8, 19-24. [CrossRef] [PubMed]

7. Chalamaiah, M.; Yu, W.; Wu, J. Inmunomodulatory and anticancer protein hydrolysates (peptides) from food proteins: A review.
Food Chem. 2018, 245, 205-222. [CrossRef]

8. Sharma, S.; Singh, R.; Rana, S. Bioactive Peptides: A Review. Int. ]. Bioautomation 2011, 15, 223-250.

9.  Christman, ].M. Antimicrobial Activity of Casein Hydrolysates against Listeria monocytogenes and Escherichia Coli O157:H7.
Master’s Thesis, University of Tennessee, Knoxville, TN, USA, 2010.

10. Meignanalakshmi, S.; Vinoth Kumar, S.V. Antibacterial activity of papain hydrolysates of buffalo milk whey protein against
mastitis pathogens. Int. J. Pharma Bio Sci. 2013, 4, 1133.

11. Sanchez-Rivera, L.; Ferreira Santos, P.; Sevilla, M.A.; Montero, M.].; Recio, I.; Miralles, B. Implication of Opioid Receptors in
the Antihypertensive Effect of a Bovine Casein Hydrolysate and «s1-Casein-Derived Peptides. J. Agric. Food Chem. 2020, 68,
1877-1883. [CrossRef]

12.  Miralles, B.; Amigo, L.; Recio, I. Critical review and perspectives on food-derived antihypertensive peptides. J. Agric. Food Chem.
2018, 66, 9384-9390. [CrossRef]

13.  Alhaj, O.A; Metwalli, A.A.; Ismail, E.A.; Ali, H.S.; Al-Khalifa, A.S.; Kanekanian, A.D. Angiotensin converting enzyme-inhibitory
activity and antimicrobial effect of fermented camel milk (Camelus dromedarius). Int. . Dairy Technol. 2018, 71, 27-35. [CrossRef]

14. Rao, PS.; Bajaj, R.; Mann, B. Impact of sequential enzymatic hydrolysis on antioxidant activity and peptide profile of casein
hydrolysate. . Food Sci. Technol. 2020, 57, 4562-4575. [CrossRef]

15. Bamdad, F; Shin, S.H.; Suh, ].W.; Nimalaratne, C.; Sunwoo, H. Anti-inflammatory and antioxidant properties of casein hy-
drolysate produced using high hydrostatic pressure combined with proteolytic enzymes. Molecules 2017, 22, 609. [CrossRef]
[PubMed]

16. Nagaoka, S.; Futamura, Y.; Miwa, K.; Awano, T.; Yamauchi, K.; Kanamaru, Y.; Tadashi, K.; Kuwata, T. Identification of novel
hypocholesterolemic peptides derived from bovine milk beta-lactoglobulin. Biochem. Biophys Res. Commun. 2001, 281, 7-11.
[CrossRef]

17.  Akhgar, RN.R,; Hesari, J.; Damirchi, S.A. Effect of slurry incorporation into retentate on proteolysis of Iranian ultrafiltered white
cheese. Czech . Food Sci. 2016, 34, 173-179. [CrossRef]

18. Lucas, A.; Sodini, I.; Monnet, C.; Jolivet, P.; Corrieu, G. Probiotic cell counts and acidification in fermented milks supplemented
with milk protein hydrolysates. Int. Dairy ]. 2004, 14, 47-53. [CrossRef]

19. Ardo, Y. Enzymes in Cheese Ripening. In Agents Change; Springer Nature: Berlin, Germany, 2021; pp. 363-395.

20. Zhang, Q.; Ren, J.; Zhao, H.; Mouming, Z.; Xu, J.; Zhao, Q. Influence of casein hydrolysates on the growth and lactic acid

pro-duction of Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus. Int. ]. Food Sci. Technol. 2011, 46, 1014-1020.
[CrossRef]


http://doi.org/10.1016/j.foodchem.2015.03.077
http://www.ncbi.nlm.nih.gov/pubmed/25872436
http://doi.org/10.1111/j.1471-0307.2011.00725.x
http://doi.org/10.1016/j.idairyj.2021.105208
http://doi.org/10.1007/s13197-018-3549-4
http://www.ncbi.nlm.nih.gov/pubmed/30906011
http://doi.org/10.1016/j.nut.2015.08.008
http://www.ncbi.nlm.nih.gov/pubmed/26704966
http://doi.org/10.1007/s12519-012-0332-x
http://www.ncbi.nlm.nih.gov/pubmed/22282379
http://doi.org/10.1016/j.foodchem.2017.10.087
http://doi.org/10.1021/acs.jafc.9b03872
http://doi.org/10.1021/acs.jafc.8b02603
http://doi.org/10.1111/1471-0307.12383
http://doi.org/10.1007/s13197-020-04495-2
http://doi.org/10.3390/molecules22040609
http://www.ncbi.nlm.nih.gov/pubmed/28394279
http://doi.org/10.1006/bbrc.2001.4298
http://doi.org/10.17221/361/2015-CJFS
http://doi.org/10.1016/S0958-6946(03)00147-X
http://doi.org/10.1111/j.1365-2621.2011.02578.x

Fermentation 2023, 9, 353 11 of 11

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

Ma, Y.S.; Zhao, H.J.; Zhao, X.H. Comparison of the effects of the alcalase-hydrolysates of caseinate, and of fish and bovine gelatins
on the acidification and textural features of set-style skimmed yogurt-type products. Foods 2019, 8, 501. [CrossRef]

Zhao, Q.Z.; Wang, ].S.; Zhao, M.M,; Jiang, Y.M.; Chun, C. Effect of Casein Hydrolysates on Yoghurt Fermentation and Texture
Properties during Storage. Food Technol. Biotechnol. 2006, 44, 429-434.

Sodini, I; Lucas, A,; Tissier, J.P.; Corrieu, G. Physical properties and microstructure of yoghurts supplemented with milk protein
hydrolysates. Int. Dairy J. 2005, 15, 29-35. [CrossRef]

Han, M.; Liao, W.Y.; Wu, S.M.; Gong, X.; Bai, C. Use of Streptococcus thermophilus for the in situ production of y-aminobutyric
acid-enriched fermented milk. J. Dairy Sci. 2020, 103, 98-105. [CrossRef] [PubMed]

Salmen, S.H.; Abu-Tarboush, H.M.; Al-Saleh, A.A.; Metwalli, A.A. Amino acids content and electrophoretic profile of camel milk
casein from different camel breeds in Saudi Arabia. Saudi J. Biol. Sci. 2012, 19, 177-183. [CrossRef] [PubMed]

Al-Saleh, A.A.; Metwalli, A.A.; Ismail, E.A.; Alhaj, O.A. Antioxidative activity of camel milk casein hydrolysates. J. Camel Pract.
Res. 2014, 21, 229-237. [CrossRef]

Jennes, R.; Koops, J. Preparation and properties of a salt solution which simulates milk ultrafiltrate. Neth. Milk Dairy J. 1962, 16,
153-164.

Donkor, O.N.; Henriksson, A.; Vasiljevic, T.; Shah, N.P. Probiotic strains as starter cultures improve angiotensin-converting
enzyme inhibitory activity in soy yoghurt. J. Food Sci. 2005, 70, 375-381. [CrossRef]

Laemmli, U.K. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature 1970, 227, 680-685.
[CrossRef]

Isanga, J.; Zhang, G. Production and evaluation of some physicochemical parameters of peanut milk yoghurt. LWT Food Sci.
Technol. 2009, 42, 1132-1138. [CrossRef]

Ugwu, C.P; Abarshi, M.M.; Mada, S.B.; Sanusi, B.; Nzelibe, H.C. Camel and horse milk casein hydrolysates exhibit angiotensin
converting enzyme inhibitory and antioxidative effects in vitro and in silico. Int. J. Pept. Res. Ther. 2019, 25, 1595-1604. [CrossRef]
Irshad, I.; Kanekanian, A.; Peters, A.; Masud, T. Antioxidant activity of bioactive peptides derived from bovine casein hydrol-ysate
fractions. J. Food Sci. Technol. 2015, 52, 231-239. [CrossRef]

Salami, M.; Yousefi, R.; Ehsani, M.R.; Dalgalarrondo, M.; Chobert, ] M.; Haertlé, T.; Razavi, S.H.; Saboury, A.A.; Niasa-ri-Naslaji,
A.; Moosavi-Movahedi, A.A. Kinetic characterization of hydrolysis of camel and bovine milk proteins by pancre-atic enzymes.
Int. Dairy ]. 2008, 18, 1097-1102. [CrossRef]

Rivera, C.E.; Rosales, ].D.; Freites-Perez, J.C.; Rodriguez, E. Very Low Molecular Weight Proteins Electrophoresis Protocol.
Bio-Protocol 2018, €3093. [CrossRef]

Canon, F,; Maillard, M.B.; Henry, G.; Thierry, A.; Gagnaire, V. Positive interactions between lactic acid bacteria promoted by
nitrogen-based nutritional dependencies. Appl. Environ. Microbiol. 2021, 87, e0105521. [CrossRef] [PubMed]

Adams, C.; Sawh, F; Green-Johnson, ].M.; Taggart, H.].; Strap, ]J.L. Characterization of casein-derived peptide bioactivity:
Dif-ferential effects on angiotensin-converting enzyme inhibition and cytokine and nitric oxide production. J. Dairy Sci. 2020, 103,
5805-5815. [CrossRef]

Zhang, Q.; Ren, J.; Zhao, M.; Zhao, H.; Regenstein§, ].M.; Li, Y.; Wu, J. Isolation and characterization of three novel peptides from
casein hydrolysates that stimulate the growth of mixed cultures of streptococcus thermophilus and Lactobacillus delbrueckii
subsp. Bulgaricus. ]. Agric. Food Chem. 2011, 59, 7045-7053. [CrossRef]

Liu, Z.; Zhu, Y.; Wang, T.; Wang, X.; Mao, X. Effect of casein phosphopeptide-calcium complex on storage properties of yoghurt.
China Dairy Industry 2016, 44, 4-6.

Shah, N.P. Effect of milk-derived bioactive: An overview. Br. J. Nutr. 2000, 84, S3-S10. [CrossRef]

Lorenzen, P.C.; Meisel, H. Influence of trypsin action in yoghurt milk on the release of caseinophosphopeptide-rich fractions and
physical properties of the fermented products. Int. J. Dairy Technol. 2005, 58, 119-124. [CrossRef]

Settier-Ramirez, L.; Lopez-Carballo, G.; Gavara, R.; Hernandez-Munoz, P. Effect of casein hydrolysates on the survival of
pro-tective cultures of Lactococcus lactis and Lactobacillus sakei in PVOH films. Food Hydrocoll. 2021, 121, 107012. [CrossRef]
Naibaho, J.; Butula, N.; Jonuzi, E.; Korzeniowska, M.; Laaksonen, O.; Foste, M.; Yang, B. Potential of brewers’ spent grain in
yogurt fermentation and evaluation of its impact in rheological behaviour, consistency, microstructural properties and acidity
profile during the refrigerated storage. Food Hydrocoll. 2022, 125, 107412. [CrossRef]

Senok, A.C.; Ismaeel, A.Y.; Botta, G.A. Probiotics: Facts and myths. Clin. Microbiol. Infect. 2005, 11, 958-966. [CrossRef] [PubMed]
Helal, A.; Rashid, N.; Dyab, M.; Otaibi, M.; Alnemr, T. Enhanced functional, sensory, microbial and texture properties of low-fat
set yogurt supplemented with high-density inulin. J. Food Process. Beverages 2018, 6, 1-11.

Dave, R.I; Shah, N.P. The influence of ingredient supplementation on the textural characteristics of yoghurt. Aust. J. Dairy Technol.
1998, 53, 180-184.

Corredig, M.; Salvatore, E. Enzymatic coagulation of milk. In Advanced Dairy Chemistry: Volume 1B: Proteins: Applied Aspects;
McSweeney, P.L.H., O'Mahony, ].A., Eds.; Springer: New York, NY, USA, 2016; pp. 287-307.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3390/foods8100501
http://doi.org/10.1016/j.idairyj.2004.05.006
http://doi.org/10.3168/jds.2019-16856
http://www.ncbi.nlm.nih.gov/pubmed/31668446
http://doi.org/10.1016/j.sjbs.2011.12.002
http://www.ncbi.nlm.nih.gov/pubmed/23961177
http://doi.org/10.5958/2277-8934.2014.00041.1
http://doi.org/10.1111/j.1365-2621.2005.tb11522.x
http://doi.org/10.1038/227680a0
http://doi.org/10.1016/j.lwt.2009.01.014
http://doi.org/10.1007/s10989-018-09802-2
http://doi.org/10.1007/s13197-012-0920-8
http://doi.org/10.1016/j.idairyj.2008.06.003
http://doi.org/10.21769/BioProtoc.3093
http://doi.org/10.1128/AEM.01055-21
http://www.ncbi.nlm.nih.gov/pubmed/34347516
http://doi.org/10.3168/jds.2019-17976
http://doi.org/10.1021/jf200903u
http://doi.org/10.1017/S000711450000218X
http://doi.org/10.1111/j.1471-0307.2005.00195.x
http://doi.org/10.1016/j.foodhyd.2021.107012
http://doi.org/10.1016/j.foodhyd.2021.107412
http://doi.org/10.1111/j.1469-0691.2005.01228.x
http://www.ncbi.nlm.nih.gov/pubmed/16307549

	Introduction 
	Materials and Methods 
	Acid Casein Preparation 
	Casein Hydrolysate Preparation 
	Determination of Degree of Casein Hydrolysis 
	Yoghurt Preparation 
	Texture Profile Analysis 
	Water-Holding Capacity of Yoghurt 

	Results and Discussion 
	Degree of Hydrolysis 
	Fermentation Time 
	Changes in pH 
	Viability of Yoghurt Culture during Fermentation and Storage 
	Rheological Characteristics 
	Water-Holding Capacity 
	Sensory Evaluation 

	Conclusions 
	References

