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Abstract: The current investigation was done to study the impact of adding banana peel powder (BPP) and treat-
ment with microbial transglutaminase (MTGase) on the structure, physicochemical, antioxidant, and sensory quali-
ties of yoghurt prepared from camel milk powder during cold storage. BPP analysis showed that it contained high
amounts of total phenolics, which were accompanied by strong antioxidant activity. When employed alone or with BPP,
MTGase polymerises yoghurt proteins, forming a structure with a high molecular weight above the stacking gel and
lacking pores. The levels of protein, total phenolic compounds (TPC), total solids, ash, and antioxidant activity (DPPH
— 2,2-diphenyl-1-picrylhydrazyl) increased after the addition of BPP to yoghurt, even after 21 days of storage. Adding
BPP to yoghurt initially decreased thiobarbituric acid reactive substances (TBARS) levels, which then increased with
the storage time. Yoghurt made with BPP and treated with MTGase was more stable with enhanced physicochemical,
antioxidant, and sensory qualities during storage when compared to yoghurt made with MTGase alone. The results
of the study demonstrated that MTGase is capable of cross-linking yoghurt proteins and that BPP can be applied
as a stabiliser, antioxidant, and functional component in yoghurt production.
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As anutritious substitute to cow's milk, camel milk has
been used for a long time in dry areas where other dairy

camel milk plays a role in overcoming metabolic diseas-
es, such as lactose intolerance, and is a better choice for

products are not available. It is also quite popular among
people because it has unique taste and and health bene-
fits (Ait El-Alia et al. 2025). Benmeziane-Derradji (2021)
reported that camel milk products are rich in min-
erals (Ca, Fe, and Mg) and vitamins such as C and B.
Healthy fats, mainly unsaturated fatty acids were found
in camel milk, which are found to decrease cholesterol
levels and stop plaque from building up in the arteries
(Swelum et al. 2021). Due to its lower level of lactose,

the stomach compared to cow's milk (Ho et al. 2022a).
In a study conducted by Khan et al. (2021), camel milk
contains lysozyme and immunoglobulins, which have
antimicrobial and immunological regulating effects. The
low coagulation power of camel milk makes it difficult
to produce yoghurt and other fermented food products
due to lower lactose content (Ait El Alia et al. 2023) and
the yoghurt produced has a thin consistency, more whey
separation, and an unappealing texture, making it less
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attractive and less likely to be accepted by customers
(Khalifa and Zakaria 2019). The consumers' attractive-
ness, taste, and acceptability of yoghurt are highly affect-
ed by its texture properties (Al-Zoreky and Al-Otaibi
2015). To overcome low consistency and high syneresis
of camel milk yoghurt, various attempts have been made
by blending camel milk with milk from other animals
(Khalifa and Zakaria 2019; Kamal-Eldin et al. 2020).

Nevertheless, blending camel milk with milk from
other mammals will reduce its natural benefits, fea-
tures, and other attributes (Ho et al. 2022b). Moreover,
other attempts have investigated the use of hydrocol-
loids and stabilisers to make more consistent camel
milk yoghurt, such as gelatine (Mudgil et al. 2018; Ho
et al. 2022a), and banana fibre mixed with peel fibre
(Safdari et al. 2021). In the study by Mudgil et al. (2018),
the addition of gelatine to camel milk yoghurt im-
proved the microstructure and decreased syneresis.
Additionally, Alia et al. (2023) found that the addition
of persimmon pulp and gelatine to camel milk yogurt
improves its rheological, sensory, and physicochemical
properties. Fazilah et al. (2018) reported that people
prefer yoghurt incorporated with fruit, which could
shed light on the ongoing practice of adding different
types of fruits to yoghurt. Ahmad et al. (2022) observed
that the addition of fruits improves the taste of yoghurt
and provides the added value of fruits, mainly sugars
and pectin, which give yoghurt a thicker, creamier tex-
ture and a more satisfying mouthfeel.

As an agricultural by-product, banana (Musa spp.)
peel, like many agricultural by-products, is frequently
wasted. Banana peels can be converted into functional
foods, as they have been traditionally used in various
regions globally for both food and medicinal purposes
(Zaini et al. 2022). Annually, approximately 36 mil-
lion tonnes of banana peels are generated, with cur-
rent disposal methods resulting in economic losses and
adverse environmental impacts (Gomes et al. 2022).
Pectin derived from banana peels has the potential
to be an effective gelling agent for various applications
(Rasidek et al. 2021). Banana peel possesses antibac-
terial, antimicrobial, and antioxidant characteristics,
and is rich in dietary fibre and bioactive compounds,
including anthocyanins, catechin, epicatechin, gallic
acid, and tannins (Sidhu and Zafar 2018).

MTGase (microbial transglutaminase) in food sys-
tems has been applied to improve the protein func-
tional properties (Akbari et al. 2021), which will help
overcome the problems related to camel milk yoghurt
processing using a similar technique to that used for
bovine milk. According to Mostafa (2020), MTGase
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cross-links the lysine residue and the glutamine resi-
due in a protein, resulting in a protein with a network
structure that makes the protein solutions thicker and
forms a firm gel. Moreover, Bulca and Biyiikgiimis
(2024) demonstrated that MTGase enhances the tex-
ture of yoghurt and prevents it from becoming watery
during storage. They showed that MTGase treatment
cross-linked yoghurt proteins, resulting in improved
physicochemical, microstructural, sensory, and fra-
grance qualities. Food formulations with a high con-
centration of banana peel are expected to enhance
phytochemical and antioxidant potency. Nonetheless,
this may result in food products exhibiting inadequate
physicochemical properties and sensory qualities that
are unacceptable (Zaini et al. 2022). This research
aimed to produce camel milk yoghurt treated with
MTGase and enriched with banana peel powder (BPP),
followed by an evaluation of its quality attributes.

MATERIAL AND METHODS

Material. In April 2025, the Riyadh vegetable mar-
ket in Saudi Arabia was the source of fresh bananas
(Musa spp.) that were free from pesticides and other
harmful chemicals. After being peeled by hand, the
fruits were rinsed three times with water and then left
to soak in a citric acid solution containing 1% (w/v) for
5 min to avoid any colour change. Then, the peels were
freeze-dried. Sigma-Aldrich (St. Louis, USA) provided
all of the chemicals, which were of standard grade.

Yoghurt preparation. Before starting this study,
we optimised the primary factors, specifically BPP and
MTGase concentrations, as well as the MTGase reac-
tion time. Nonetheless, camel milk containing only BPP
or lacking both BPP and MTGase did not undergo co-
agulation; thus, we utilised milk treated with MTGase
alone as a control. Camel milk yoghurt preparation
was performed using the method outlined by Zhang
et al. (2019), with minor modifications. Camel milk
powder (6.2 g) was dissolved in 50 mL of distilled water
to maintain a total soluble solids concentration between
10% and 15%, similar to that of fresh milk. The mixture
was pasteurised at 85 °C for 30 min and subsequently
cooled to room temperature. Then, 1% BPP was incor-
porated into pasteurised milk, followed by homogeni-
sation for 5 min and heating in a water bath until the
temperature reached 55 °C. Subsequently, MTGase
(6 U~g‘1) at a 0.6% concentration was incorporated into
the mixture and allowed to react for 20 min. Afterward,
the mixture was cooled to 42 °C and inoculated with
a commercial yoghurt culture comprising Lactobacil-
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lus delbrueckii subsp. bulgaricus and Streptococcus
thermophilus (YF-L903, CHR Hansen, Denmark). The
mixture was subsequently incubated at 42 °C for 5 h
until complete coagulation occurred, maintaining a pH
of 4.6. Then, the yoghurt was kept at 4 °C for 21 days
with a sampling interval of 7 days.

Yoghurt extract preparation. As described
by Zhang et al. (2019), the yoghurt supernatant ex-
tract was produced by centrifuging 10 g yoghurt sam-
ples (5 000 x g for 20 min at 4 °C), re-centrifuging the
supernatants (5 000 x g for 20 min at 4 °C), collecting
and combining the clear supernatants, and storing
them at —80 °C for later use.

Gel electrophoresis. According to Laemmli's meth-
od (1970), SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed using a 12% acrylamide
separating gel and a 4% acrylamide stacking gel, both
of which contained 0.1% SDS. Electrophoresis was per-
formed in a Tris-Glycine buffer containing 0.1% SDS,
with currents of 10 mA for 1 h followed by 20 mA for
2 h. Thereafter, the gel sheets were dyed with 0.2%
Coomassie Brilliant Blue R-250 and destained in a so-
lution of 10% acetic acid and 20% methanol for 18 h.

Scanning electron microscopy (SEM). A Dynavac
Engineering FD3 freeze-drier, sourced from Belmont,
Australia, was used to freeze-dry the yoghurt samples.
Scanning electron microscopy (JSM-6360A, JEOL, Ja-
pan) was used to analyse the yoghurt powders. The mi-
croscope was used to capture the images, which were
magnified at 500x and 600x. Coating samples with
a 10-12 nm thick layer at a 20 kV working voltage for
1.5 min was done before imaging.

Yoghurt's chemical composition and total solid
content determination. The ash, protein, and mois-
ture content of treated yoghurt samples were examined
during storage (AOAC 2005). The fat content in yo-
ghurt during storage was determined according to Bad-
ertscher et al. (2007). After deducting 100% from the
sample moisture, the total solid content was calculated.

Yoghurt's pH and titratable acidity determina-
tion. The pH of yoghurt during storage was evaluated
using an electronic pH meter (Universal Motion, model
H1-1131B, Mumbai, India) following calibration with
standard buffers. Titration acidity (TA) during storage
was measured as a percentage, using phenolphthalein
as an indicator and titration with 4 mg-mL~" of NaOH.
The data were presented as a percentage of lactic acid.

Yoghurt's total phenolic content (TPC) determi-
nation. TPC in yoghurt extract during storage was
determined using the method described by Hernan-
dez-Carranza et al. (2016) and the Folin-Ciocalteu rea-

gent. At 765 nm, the absorbance of gallic acid, BPP, and
yoghurt extract was measured using a Lambda EZ 150
spectrophotometer (PerkinElmer, USA), and TPC was
expressed as mg gallic acid equivalent (GAE)-(100 g)~".

Yoghurt's DPPH antiradical activity determina-
tion. The method described by Herndndez-Carranza
et al. (2016) was applied to measure the DPPH (2,2-di-
phenyl-1-picrylhydrazyl) antiradical activity of BPP
and camel yoghurt extract during storage. The absorb-
ance at 517 nm for both the sample and the control
(without the extracts) was measured using a Lambda
EZ 150 spectrophotometer (PerkinElmer, USA). Ac-
cording to the following equation, the percent DPPH
was determined:

DPPH scavenging(%) =
_ Absorbance of blank — Absorbance sample <100 (1)
Absorbance of blank

Determination of thiobarbituric acid reactive sub-
stances (TBARS). The procedure outlined by Rosmini
et al. (1996) was used to calculate the level of TBARS
in camel yoghurt extract during storage by determin-
ing the oxidation products of malonaldehyde (MDA).
The MDA (mg MDAkg™!) was calculated as absorb-
ance (532) multiplied by 7.8.

Sensory evaluation. A group of 37 males and fe-
males, aged 20 to 35, who are either professionals
or students at King Saud University's College of Food
and Agriculture, was requested to rate the sensory char-
acteristics of the yoghurt during storage. The method
provided by Dantas et al. (2016) was applied to deter-
mine sensory attributes. Before the sample examina-
tion, the panellists received three training sessions
to familiarise themselves with the sensory features that
would be examined. Panellists evaluated the yoghurt
product's sensory qualities during storage. Colour, tex-
ture, flavour, sourness, and overall acceptability were
all evaluated using a 9-point hedonic scale. Ethical per-
mission was not required because all the ingredients
used in the yoghurt's formulation are of food grade,
and appropriate protocols were followed to protect the
rights of the panellists. After providing a clear expla-
nation of the experiments, written informed consent
forms were obtained from all of them. The well-estab-
lished ethical guidelines, guaranteeing full compliance
with participant rights and privacy preservation, were
strictly followed throughout this study.

Statistical analyses. An analysis of variance (ANO-
VA) was done on data from three replicates using IBM
SPSS Statistics 23.0 software (SPSS Inc., USA). The re-
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sults were shown as means + SD. To determine if the
means were statistically significant, Duncan's multiple
range tests were used. For statistical purposes, a P-val-
ue of 0.05 or less was considered significant.

RESULTS AND DISCUSSION

SDS-PAGE. The MTGase polymerised milk pro-
teins were assessed using SDS-PAGE (Figure 1). The
polymerisation of camel milk yoghurt protein via MT-
Gase led to the emergence of new polymer fractions
(Figure 1, lanes 4 and 5) above the stacking gel and
a reduction in the monomeric fraction of intact pro-
tein in both MTGase-treated and MTGase-with-BPP
yoghurt samples, relative to the control and fermented
milk samples (Figure 1, lanes 2 and 3). Protein mole-
cules underwent cross-linking through a transfer pro-
cess involving an amide group in a glutamine-bound
protein and an e-amino group in a lysine side chain,

kDa
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45 =
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144 -

Figure 1. SDS-PAGE pattern of camel milk powder
yoghurt prepared using MTGase with and without BPP

Lane 1: molecular marker; lane 2: camel milk; lane 3: fer-
mented camel milk; lane 4: camel milk + MTGase; lane 5:
camel milk + MTGase + BPP. Arrows indicate the bound-
ary between stacking (upper) and separating (lower) gels;
MTGase — microbial transglutaminase; BPP — banana peel
powder
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potentially catalysed by MTGase. The addition of BPP
to yoghurt did not influence the MTGase response.
Bulca et al. (2022) examined the influence of MTGase
on yoghurt prepared from camel milk and observed
results that agree with those of the present finding.
Abou-Soliman et al. (2017) found that the gel electro-
phoresis pattern of MTGase-treated yoghurt exhibited
a notable decline in the intensities of casein and mono-
meric whey protein bands relative to control samples.
The variations in the bands were linked to a significant
quantity of aggregates that failed to infiltrate the stack-
ing gel. The observed alterations were attributed to the
activity of MTGase, which facilitated chemical cross-
links and promoted the formation of high-molecular-
weight, covalently bonded polymers.

Scanning electron microscopy (SEM). Figure 2
presents the scanning electron microscopy imag-
es of yoghurt samples produced with the addition
of MTGase with or without BPP. Yoghurt samples
were lyophilised one day post-production. The yo-
ghurt treated with MTGase, either alone (Figure 2A)
or with BPP (Figure 2B), was found to have a dens-
er, compact structure, a smoother microstructure,
and a more homogeneous protein matrix. These
changes can be due to the proteins cross-linking
by MTGase. It has been reported that milk proteins,
particularly caseins, are recognised as the most suit-
able substrates for MTGase (Velazquez-Dominguez
et al. 2023). The structure and texture of fermented
camel milk are less than ideal, owing to smaller fat
globules and larger micelles of camel milk casein
compared to milk of other animals. However, the re-
sults imply that the protein concentrate is a suitable
substrate for MTGase. Therefore, the yoghurt had the
most excellent structural distribution and the highest
interaction density. The results also showed that BPP
did not affect the action of MTGase. Similarly, Bulca
et al. (2022) found that camel milk yoghurt protein
matrices subjected to MTGase treatment were more
compact compared to the controls, owing to the im-
pact of MTGase on the microstructure, which causes
aggregates to form a denser matrix, thereby helping
to form a finer mesh network. The changes in protein
matrices make the gel harder by creating small pores
and reducing syneresis (Gharibzahedi and Chronakis
2018). It has been reported that adding whey protein
concentrate and beta-lactoglobulin to yoghurt, fol-
lowed by MTGase treatment, resulted in a yoghurt
microstructure that showed homogeneity with small-
er clusters and a stronger network than samples that
were not enriched (Abu Suleiman et al. 2017).
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(A)
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Figure 2. Scanning electron micrographs of camel milk yoghurts fortified with BPP and treated with MTGase.

A) MTGase; B) MTGase + BPP

MTGase — microbial transglutaminase; BPP — banana peel powder

Changes in the chemical composition of yoghurt
during storage. The data obtained for yoghurt com-
position treated with MTGase with and without BPP
during cold storage are displayed in Table 1. MTGase
treatment with and without BPP did not alter the com-
position of yoghurt during cold storage, except in a few
cases. Adding BPP to treated yoghurt, as opposed
to MTGase-treated yoghurt, significantly (P < 0.05)
dropped the moisture content, along with a significant
(P < 0.05) increase in total solids and other yoghurt
components over the storage period. The rise in total
solids following BPP addition may account for the re-
duction in yoghurt moisture content, suggesting that
BPP possesses a significant water-holding capacity
(Alam et al. 2020). Almusallam et al. (2021a) report-
ed a comparable rise in total solids and a reduction
in moisture content in yoghurt with date palm spike-
let extract. The low moisture level in MTGase-treated
yoghurt may result from MTGase's role in facilitating
the formation of new bonds between milk proteins,

primarily caseins, and in generating larger and more
robust protein networks through cross-linking, which
effectively entraps moisture within the structure. The
enhancement of protein-protein cross-linking fortifies
the stability of the yoghurt gel, thereby diminishing sy-
neresis and improving texture and viscosity (Mohamed
et al. 2022). The integration of BPP resulted in elevated
protein and ash levels in the manufactured yoghurt,
with significant impacts noted during the latter storage
phase. The substantial concentrations of protein, fat,
and ash in BPP (Zaini et al. 2022) may result in elevated
quantities of these components in the formed yoghurt.
The fat content remained unaffected by the incorpora-
tion of BPP or the storage time, primarily due to BPP's
low fat composition. Almusallam et al. (2021a) docu-
mented an elevation in protein and fat levels in yoghurt
enhanced with date palm spikelet extract, corroborat-
ing our results. Lactose is initially high but decreases
over time due to conversion to lactic acid, as described
by Barros et al. (2019).
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Table 1. Chemical composition (%) of camel skim milk yoghurt during storage prepared using MTGase with and

without BPP

Treatment/storage Composition (%) lactose total solids
period (days) moisture protein ash fat

MTGase

1 84.11 +0.11* 359 + 0.46°® 094 +0.02°® 348 £0.72°*  4.35+0.66**  15.89 + 0.548
7 84.02 + 0.35"*  3.41+0.61®  1.15+0.09® 3.62+051** 4.68+0.83*% 1598 +0.79%
14 84.39 + 0.08**  3.31+0.35** 096 +0.02°® 376 + 0.47**  4.11+0.49** 1561 + 0.89*
21 84.11 + 0.07*4 277 +0.26°C  0.99 £ 0.01**  3.72+0.32* 358 +0.38®  15.89 + 0.93""
MTGase + BPP

1 83.02+0.13%®  4.64 +0.59® 099 +0.11°® 398 +0.56*  4.41 + 0.59**  16.98 + 0.47°4
7 82.85 £ 0.09®  4.52+0.61°F  1.84 £0.07** 358 +0.71% 491 +0.63** 17.15+0.53**
14 82.74+0.27°® 359 +0.77°C  1.06 £ 0.02°® 389+ 047°®  3.55+075°® 17.26 + 0.38**
21 82.36 + 0.03®  3.55+0.69°C  1.07 +0.03°® 345+ 0.68"®  3.67 £ 0.65"® 17.64 + 0.49%*

Values are means of three samples + SD; abdifferent letters denote significant difference (P < 0.05) within treatment,
A-Cdifferent letters denote significant difference (P < 0.05) between treatments; MTGase — microbial transglutaminase;

BPP - banana peel powder

Changes in pH and titration acidity of camel
yoghurt during storage. Figure 3 illustrates the
pH and titration acidity levels of yoghurt subjected
to MTGase treatment, both with and without BPP.
Initially, the pH (Figure 3A) of yoghurt treated with
MTGase was elevated and significantly (P < 0.05)
decreased after 7 days, after which it remained sta-
ble; however, following the addition of BPP, a fur-
ther decrease was observed. The pH progressively
decreased with extended storage time, ultimately
reaching a minimum of 4.07 for MTGase with BPP
yoghurt after the storage period. The most significant
reduction in pH occurred with MTGase in BPP yo-

A)
7
aA
6
5 bB bB bB aB aB aB aB
4
T 3
2
1
0
1 7 14 21 1 7 14 21

Storage period (days)
MT Gase

Storage period (days)
MT Gase + BPP

ghurt. The incorporation of BPP resulted in a minor
decrease in pH, from 4.51 to 4.01, in yoghurt during
storage, indicating that BPP effectively regulates the
metabolic activity of LAB, thereby stabilising bacte-
rial counts during the storage period. Results similar
to our finding have been found in yoghurt with jujube
pulp (Feng et al. 2019) and with date palm spikelet
extract (Almusallam et al. 2021a). During the storage
time, the titration acidity (Figure 3B) of MTGase-yo-
ghurt with BPP increased steadily, reaching its high-
est point at the end of the 21 days (1.23%). The pH
drop and titration acidity rise during storage are likely
due to the increased metabolic activity of lactic acid

B)
.6
aA
14 w A
- 12 aA aA aA aA
x
< 1
z
3 0.8
)
2 0.6 bB
S 04
g
= 0.2
=
0
1 7 14 21 1 7 14 21
Storage period (days) Storage period (days)
MT Gase MT Gase + BPP

Figure 3. pH (A) and titration acidity (B) of camel skim milk yoghurt during storage prepared using MTGase with

and without BPP

abdifferent letters denote significant difference (P < 0.05) within treatment, ~Bdifferent letters denote significant differ-
ence (P < 0.05) between treatments; MTGase — microbial transglutaminase; BPP — banana peel powder

370


https://cjfs.agriculturejournals.cz/

Czech Journal of Food Sciences, 43, 2025 (5): 365-375

Original Paper

https://doi.org/10.17221/100/2024-CJES

bacteria (LAB), which produce lactic acid through
enzymatic hydrolysis of lactose, fatty acids, and fibre,
thereby lowering the pH and raising the titration acid-
ity of yoghurt samples. Yoghurt containing date palm
spikelets extract (Almusallam et al. 2021b), moringa
leaf extract (Zhang et al. 2019), and jujube pulp (Feng
etal. 2019) all showed similar changes in pH and titra-
tion acidity during storage.

Oxidative characteristics of yoghurt during cold
storage. Figure 4 shows the total phenolic content
(TPC), DPPH radical scavenging activity, and thiobar-
bituric acid reactive substances (TBARS) in camel milk
powder yoghurt treated with MTGase, with and with-
out BPP, stored under cold conditions. The total phenol-
ic content (Figure 4A) of yoghurt treated with MTGase
was measured at 55.98 mg GAE-(100 g)~}, correspond-
ing to a DPPH value of 37.41%. A high drop (P < 0.05)
was observed over the storage period, reaching a mini-
mum TPC of 46.87 mg GAE-(100 g)~! and a DPPH
value of 19.64% by the end of storage. The addition
of BPP to treated yoghurt caused a significant upsurge
(P < 0.05) in TPC to 109.44 mg GAE-(100 g)~!, accom-
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w80
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=
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[
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1 7 14 21 1 7 14 21
Storage period (days) Storage period (days)
MTGase MTGase + BPP

panied by a DPPH (Figure 4B) value of 79.52%. How-
ever, during storage time, the amount of TPC dropped
significantly (P < 0.05) to 92.89 mg GAE-(100 g)7',
and the DPPH value decreased to 75.47%. According
to the results obtained, adding BPP to yoghurt sig-
nificantly (P < 0.05) increased TPC levels, which was
accompanied by an increase in DPPH. The increase
in TPC and DPPH activity in yoghurt containing BPP
was noted, as BPP exhibited 18.67 mg GAE-g~! sample
and a DPPH value of 89.67% (data not shown), which
agrees with studies reporting that BPP exhibits sig-
nificantly higher levels of TPC and antioxidant activity
(Sidhu and Zafar 2018; Zaini et al. 2022). The elevated
level of TPC in BPP explained the upsurge in TPC and
DPPH of yoghurt when BPP was added. An investiga-
tion conducted by Alenisan et al. (2017) showed that
elevated concentrations of natural antioxidants caused
a significant upsurge in TPC and DPPH radical scav-
enging activity in yoghurt. During storage, however,
the TPC declined and was accompanied by a reduc-
tion in DPPH. The decrease in DPPH and TPC of yo-
ghurt during cold storage may result from interactions
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DPPH (%)
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Storage period (days)
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Figure 4. Total phenolics (A), DPPH radical scavenging
activity (B) and thiobarbituric acid reactive substances
(C) of camel milk powder yoghurt during storage prepared
using MTGase with and without BPP

2-<different letters denote significant difference (P < 0.05)
within treatment, *~Cdifferent letters denote significant dif-
ference (P < 0.05) between treatments; MTGase — microbial
transglutaminase; BPP — banana peel powder; TPC - total
phenolic compounds; TBARS - thioarbituric acid reactive
substances
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with other ingredients that mitigate oxidative rancid-
ity (Caipo et al. 2021). Pascariu et al. (2025) observed
a high initial total phenolic content, but this decreased
with increasing storage duration, attributing the de-
cline to the minor degradation of polyphenolic com-
pounds over time. However, Kim et al. (2019) noted
a rising trend in total phenolic content throughout the
7-day storage period of yoghurt, irrespective of the
inclusion of lotus leaf. The rise was attributed to the
decomposition of milk proteins by proteases, result-
ing in the liberation of amino acids with phenolic side
chains. The authors also stated that microbial metabo-
lism may have contributed to the formation of new
phenolic acids, thereby increasing the overall levels
of polyphenols.

TBARS data (Figure 4C) showed that adding BPP
to yoghurt lowered lipid peroxidation. The MTGase-
yoghurt showed 1.13 mg MDAkg™!, whereas the one
treated with MTGase alone showed 2.16 mg MDA kg™
The results indicated that BPP improves the lipid
oxidation stability of yoghurt compared to non-for-
mulated yoghurt. The TBARS levels of the MTGase
sample augmented significantly over the storage pe-
riod, reaching a peak of 2.67 mg MDAkg™! at the last
day of storage (day 21). On the other hand, the BPP-
formulated yoghurt had a maximum TBARS amount
of 1.67 mg MDA kg™ after being stored. The significant
increase in TBARS values of MTGase-yoghurt and the
moderate increase in TBARS values of MTGase-yo-
ghurt fortified with BPP during storage indicate lipid
oxidation and aldehyde formation in the Yoghurt (Al-
musallam et al. 2021a). The antioxidant components

https://doi.org/10.17221/100/2024-CJES

in BPP-fortified yoghurt enhanced the storage stability
and prolonged the shelf life of the yoghurt compared
to that treated with MTGase alone. Previous research
has also shown that adding Argel leaf extract (Moham-
ed Ahmed et al. 2021) and date palm spikelet extract
(Almusallam et al. 2021a) to yoghurt lowered TBARS
levels and made the fortified yoghurts more stable dur-
ing cold storage.

Sensory evaluation of camel yoghurt during cold
storage. Table 2 presents the sensory parameters, in-
cluding colour, taste, texture, sourness, and general ac-
ceptability, of MTGase-yoghurt with and without BPP.
The addition of BPP to yoghurt formulations demon-
strated diverse influences on the sensory parameters
of the products. The colour was diminished, yet other
quality parameters, such as texture, flavour, sourness,
and overall acceptability, were enhanced compared
to MTGase-yoghurt. The sensory properties scores for
yoghurt with BPP were better than those for yoghurt
with MTGase. This acceptability is likely due to BPP's
flavouring ingredients and high water-binding capac-
ity. All sensory qualities increased with storage dura-
tion, with the lowest scores at the end of 21 days, and
a slight decrease in yoghurt with BPP. The scores for
all of the yoghurts' sensory qualities stayed above the
cut-off score of 5 throughout the storage period. Con-
sistent with our findings, prior studies indicate that the
addition of pomegranate juice powder (Pan et al. 2019),
Argel leaf extract (Mohamed Ahmed et al. 2021), and
date palm spikelet extract (Almusallam et al. 2021a)
improved the sensory attributes of yoghurts and main-
tained quality during cold storage. The incorporation

Table 2. Sensory attributes of camel skim milk yoghurt during storage prepared using MTGase with and without BPP

Treatment/Storage Sensory attributes

period (days) colour texture taste flavour sourness  overall acceptability
MTGase

1 7.81+0.67°%  6.02+227"% 671 +216% 671 +201* 645+ 1.96*8 6.64 + 1.56*
7 8.09 + 1.17°"* 585+ 195" 6,65+ 1.46° 6.85+203" 6.35+ 1.35°4 6.61 +1.17%
14 8.06 + 0.89P% 629+ 1.89°F  6.65+2.21*" 671+ 1494 641 + 1.94*4 6.82 + 1.44A
21 832+ 0.68 642+ 1.84°® 6.21+235"® 642+1.984 632+ 1834 6.74 + 1.34*
MTGase + BPP

1 7.82+ 1.12% 735+ 1.66* 7.13+1.22°% 735+ 147*% 7.25+ 128 7.29 + 1.71%4
7 6.75 + 1.55" 695+ 1.39"* 691 + 1.25"* 695+ 1.36™  6.65 + 1.27"* 6.84 + 1.16"
14 6.94 + 1.67°° 742 + 1.63**  6.71 + 1.99°2  7.01 + 1.62°A  7.02 + 1.62%>4 6.95 + 1.69°*
21 7.05+1.61P% 732+ 1534 679 +1.81" 711+ 145 6.95+1.81% 7.04 + 1.45%PA

Values are means of three samples + SD; abdifferent letters denote significant difference (P < 0.05) within treatment,
ABdifferent letters denote significant difference (P < 0.05) between treatments within the same storage period; MTGase

— microbial transglutaminase; BPP — banana peel powder
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of BPP in yoghurt did not affect the action of MTGase
and improved sensory quality, which was maintained
during cold storage. According to Abou-Soliman
et al. (2020), the addition of MTGase to camel milk had
no significant impact on colour, flavour, or taste in both
untreated and MTGase-treated cheese samples.
Moreover, Abou-Soliman et al. (2017) observed that
MTGase-treated camel milk yoghurts had average sen-
sory attribute scores, an acceptable appearance, overall
acceptability, a uniform structure, and no free water
on the surface throughout the storage duration. Bulca
et al. (2022) also stated that the sensory characteristics
of yoghurt prepared from camel milk improved with
increased concentration of MTGase.

CONCLUSION

MTGase, a protein-crosslinking enzyme, and banana
peel powder, a source of antioxidants and stabilising
agents, were incorporated into camel milk to overcome
the problem of coagulation power during yoghurt man-
ufacture. According to the results, MTGase effectively
cross-linked milk proteins, as indicated by gel-electro-
phoresis and scanning electron microscopy. Adding
BPP to yoghurt improves its physical, nutritional, and
storage stability. Also, the addition improved protein,
ash, total solids, and bioactive properties, as well as im-
proved sensory characteristics, compared to MTGase
treatment. BPP enhanced the storage stability of yo-
ghurt by preserving its physicochemical quality attrib-
utes over 21 days at 4 °C. This study emphasised the
potential of using BPP in yoghurt as a functional addi-
tive and an alternative to synthetic additives.
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