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ABSTRACT

Background. Plant-based additives are increasingly used in the dairy industry for their functional and nutri-
tional benefits. Incorporating plant residues or by-products into dairy products such as cheese, yoghurt and
Labneh can enhance their nutritional value. This study aimed to improve the nutritional properties of Karish
cheese by fortifying it with plant sources such as guava and lemon leaves, which are rich in vitamins, and
essential minerals.

Materials and methods. Fresh guava and lemon leaves were added to Karish cheese at concentrations of
0.25%, 0.50% and 0.75%. The physicochemical, microbiological, rheological, antioxidant, and organoleptic
properties, as well as bioactive compounds (total phenolic and total flavonoid content), were assessed during
storage at 5 +1°C for 21 days. Nutritional content, including selected minerals and vitamins, was evaluated
in fresh samples.

Results. The addition of guava and lemon leaves significantly affected the moisture, protein, SN, ash, acidity
and pH of Karish cheese. Fortified samples exhibited elevated levels of essential minerals (Ca, Fe, Mg, P, K
and Zn) and vitamins (B, B,, B,, B, A, C and E). Cheeses enriched with guava leaves showed significantly
higher (p < 0.05) antioxidant activity, total phenols, and flavonoid contents than those with lemon leaves.
Total bacterial counts were higher in the fortified treatments compared to the control, but coliforms were un-
detectable across all treatments throughout storage. Texture profile analysis revealed significant increases (p
<0.05) in hardness, cohesiveness, gumminess, and chewiness and decreases in adhesiveness and springiness.
All cheese treatments were found to be organoleptically acceptable, with the highest overall acceptability
recorded for cheese fortified with 0.25% guava and lemon leaves.

Conclusion. Fresh guava and lemon leaves can be effectively used to fortify Karish cheese at levels up to
0.75%, enhancing its nutritional, functional and sensory qualities without compromising overall acceptability.

Keywords: guava leaves, lemon leaves, Karish cheese, functional properties, nutritional properties, accept-
able organoleptically

INTRODUCTION

Cheese is a staple component of the Egyptian diet, with  digestibility, and affordability. Additionally, Karish
Karish cheese being one of the most popular traditional ~ cheese is considered beneficial for individuals with
soft fresh cheeses (Abou-Donia, 2008). Its widespread  specific health conditions such as hypertension and car-
consumption is largely attributed to its high protein  diovascular diseases (Abd-El-Salam et al., 1984; Sag-
and low-fat content, good nutritional value, ease of dic et al., 2010). However, due to the acid coagulation

*aroshdy_79@yahoo.com

© Copyright by Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu


http://www.food.actapol.net
mailto:aroshdy_79@yahoo.com
http://doi.org/10.17306/J.AFS.001203

Ali, A. R. M., Tawfek, M. A., Abd El-Halim, S. E. (2025). Manufacturing of functional Karish cheese fortified with vitamin C and cal-
cium from natural sources. Acta Sci. Pol. Technol. Aliment., 24(2), 271-282. http://doi.org/10.17306/).AFS.001203

method used in its production, Karish cheese has rela-
tively low calcium levels. This process alters the bal-
ance between colloidal and ionic calcium in the milk,
resulting in the conversion of colloidal calcium to its
ionic form, which is subsequently lost in the whey —
leading to the loss of approximately two-thirds of the
total calcium content.

In recent years, consumer food choices have be-
come increasingly influenced by convenience, taste,
and health and nutritional value. As a result, the de-
mand for functional foods has grown significantly.
Since 1994, considerable attention has been directed
toward the antioxidant properties of natural compounds
found in fruits and vegetables, which are known to help
reduce oxidative stress (Thomas, 1994). More recently,
there has been growing interest in using plant-by prod-
ucts as natural sources of antioxidants and antimicro-
bial agents. Epidemiological studies have shown that
diets rich in natural antioxidants can enhance plasma
antioxidant capacity and reduce the risk of chronic such
as cancer and cardiovascular conditions. These benefi-
cial effects are often attributed to a wide range of phy-
tochemicals, including vitamins, minerals, and dietary
fiber, particularly in citrus fruits (Benavente-Garcia and
Castillo, 2008; Su et al., 2008; Rohman et al., 2010).

Guava (Psidium guajava L.), a tropical a fruit com-
mon in regions of America, Asia, and Africa, is known
for its rich nutritional and phytochemical profile. Gua-
va leaves are particularly abundant in antioxidants,
vitamin C, potassium, calcium, iron and dietary fiber.
They contain a diverse array of bioactive compounds
such as flavonoids (especially quercetin), saponins,
tannins, ascorbic acid, citric acid, alkaloids anthraqui-
nones, phlobatannins and cardiac glycosides. Despite
their moderate protein content (10-14% DM), guava
leaves are notable for their high fiber content (ADF
27-39% DM) and elevated levels of tannins (10—15%
DM). Volatile compounds such as limonene (42.1%)
and caryophyllene (21.3%) are also present. Accord-
ing to Sanchez et al. (2000), the primary volatile com-
pounds in guava leaves include apinene (11.77%),
epi-a- bisabolol (10.85%), 1.8- cineol (9.22%), 1-epi-
cubenol (8.56%), globulol (5.88%), thujone (5.35%),
hexenal (5.03%), and terpineol (4.35%). Guava leaves
also contain calcium oxalate crystals and are tradition-
ally used to treat gastrointestinal disorders such as
diarrhea and gastroenteritis. Their flavonoid content
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contributes to their antibacterial and medicinal proper-
ties (Pino et al., 2001; Ogunwande et al., 2003; Suchi-
tra and Wanapat, 2008; Fu et al., 2010).

Lemon leaves are another valuable plant source,
particularly rich in vitamin C, with 100 g providing
approximately 64% of the daily value. They also con-
tain substantial amounts of vitamins B,, B,, calcium,
phosphorus, iron and dietary fibers. In addition, lemon
leaves are rich in phytochemicals, including polyphe-
nols, terpenes and tannins, and they possess a complex
blend of essential oils. These include limonene, beta-
pinene, myrcene, neral, geranial, and beta-caryophyl-
lene. The volatile oil fraction comprises 85-99% of
the total oil content and contains a variety of monoter-
penes, sesquiterpenes, and their oxygenated deriva-
tives. Non-volatile constituents include hydrocarbons,
flavonoids, sterols, fatty acids, coumarins, waxes, ca-
rotenoids and psoralens (Penniston et al., 2008; Rauf
et al., 2014; Hojjati and Barzegar, 2017).

MATERIALS AND METHODS

Materials

Fresh skimmed buffalo’s milk was obtained from the
herd of the Faculty of Agriculture, Cairo University.
The Yoghurt starter culture, consisting of Streptococ-
cus salivarius subsp. thermophillus and Lactobacillus
delbruckii subsp. bulgaricus (1:1) was sourced from
Chr. Hansen’s Laboratory (Copenhagen, Denmark).
Sodium chloride was purchased from the local market.
Fresh guava (Psidium guajava L.) and lemon leaves
(Citrus limon L.) were collected from trees grown at
the farm of Horticulture Research Institute, Agricul-
ture Research Center, Giza, Egypt. All fresh leaves
were cleaned, thoroughly washed with tap water,
milled into fine pieces and used immediately.

Methods

Cheese manufacture

Karish cheese was prepared following the method
described by Fahmi (1960). Skimmed buffalo’s milk
(0.4% fat, 10.52% SNF) was heated to 85°C for
15 seconds, then cooled to 38—40°C. The starter cul-
ture of Str: thermophilus and Lb. bulgaricus was added
(3% w/w) and incubated at 42°C until curd formula-
tion. The curd was then transferred into plastic frames
lined with muslin cloth.
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Salt (sodium chloride) 1% was sprinkled over the
surface of the curd. The curd was then divided into
seven equal portions as follows:

* control (C): no plant additives
* guavaleaf treatments: TG, (0.25%), TG, (0.50%),

and TG, (0.75%)

* lemon leaf treatments: TL, (0.25%), TL, (0.50%),

and TL, (0.75%).

Each treatment was mixed with the designated
amount of fresh leaf material, pressed under appropri-
ate weight, and stored at 5°C +2 for 21 days.

Analytical methods
Chemical analysis
Moisture, protein, soluble nitrogen and ash contents
were determined according to (AOAC, 2007). Titrat-
able acidity and pH values were measured as per BSI
(2010). Minerals content was analyzed using absorp-
tion spectrophotometry (Varian Model Spectra AA
100 & 200) following AOAC (2000) guidelines.
Vitamins B and C were quantified by high-perfor-
mance liquid chromatography (HPLC) following the
method of Ciulu et al. (2011), while vitamins A and
E were determined using the method of Leth and
Sonderyaro (1993).

Antioxidant activity

The antioxidant activity was assessed using the
2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging method described by Olivera et al. (2006).
Briefly, 3.9 mL of 0.15 mM DPPH solution was mixed
with 0.1 mL of the sample. The mixture was incubated
in the dark place at room temperature for 30 minutes.
Absorbance was measured at 515 nm using a UV-vis-
ible spectrophotometer (Shimadzu 1201). Antioxidant
activity was calculated using the formula:

-8 x 100

Antioxidant activity (%) =

where:

A — absorbance of pure DPPH in oxidized form

B — absorbance of the sample after 30 minutes.

Total phenolic content was determined according
to Zheng and Wang (2001), and total flavonoid con-
tent was measured following the method of Olajire
and Azeez (2011).

www.food.actapol.net/

Texture profile analysis

Texture profile analysis was conducted at 23°C using
a Universal Testing Machine (TMS-Pro, Food Technol-
ogy Corporation, Sterling, VA, USA) fitted with a 250
Ibf load cell and connected to a computer equipped
with Texture Pro™ software (program: DEV TPA with
hold). The parameters measured included hardness, co-
hesiveness, gumminess, chewiness, adhesiveness, and
springiness, as described by Bourne (1982).

Microbiological analysis

Microbiological evaluation included the determina-
tion of total bacterial count, yeast and mold count,
and coliforms. Analyses were carried out according to
Vadderzant and Splittsolesser (2005) using appropri-
ate selective media for each microorganism group.

Organoleptic evaluation

Sensory evaluation was performed by a panel of ten
trained staff members from the Dairy Research De-
partment, Food Technology Research Institute. Sam-
ples were scored for flavor (30 points), body & texture
(60 points) and appearance (10 points) (Bodyfelt et al.,
1988).

Statistical analysis

Data were analyzed using the Statistical Analysis
System Software package (SAS, 2013). Means were
compared using Duncan’s multiple range test, and sta-
tistical significance was considered at (p < 0.05).

RESULTS AND DISCUSION

The gross chemical composition and antioxidant ac-
tivity of guava and lemon leaves are presented in Ta-
ble 1. Fresh guava leaves exhibited higher moisture,
ash content, antioxidant activity, total phenolic con-
tent, and total flavonoid content compared to fresh
lemon leaves. These findings suggest that both guava
and lemon leaves are rich sources of essential minerals
such as Ca, Mg, P, K, Fe and Mn, with guava leaves
generally containing higher levels of these minerals
than lemon leaves.

The chemical composition of fresh and stored Kar-
ish cheese samples (stored at 5°C for 21 days) forti-
fied with guava and lemon leaves is summarized in
Table 2. The data indicate that the addition of guava
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Table 1. Chemical composition of guava and lemon leaves
powder

Components Guava leaves  Lemon leaves
Moisture, % 82.47 80.52
Ash, % 3.64 2.57
Antioxidant activity, % 80.50 80.31
Total phenolic content 474.29 472.21
mg GAE/100 g
Total flavonoid contents 80.43 79.11
mg QE/100 g
Minerals, mg/100 g DW

Ca 1685 1 460
Mg 438 301
P 366 322
K 1590 1010
Fe 13.50 6.23
Mn 103.12 94.65

GAE — gallic acid equivalents, QE — auercetin equivalents,
DW — dry weight.

and lemon leaves significantly affected the moisture
content of Karish cheese. The control sample (with-
out leaves) had the highest moisture content, while the
fortified samples showed progressively lower mois-
ture levels. This reduction could be due to the higher
TS present in guava and lemon leaves compared to
milk. Moisture content declined gradually throughout

1.3 -
OC OTG1 OTG2 OTG3 OTL1 OTL2 OTL3 _
1.2
= 1.1
>
5 11
Q
< 0.9
0.8 -
0.7 -

Fresh 7

ulul

the storage period, although the differences among
treatments were not statistically significant (p < 0.05).
Protein content in the fortified cheeses was slightly
lower than in the control, while ash content was high-
er in all treatments containing guava or lemon leaves.
Soluble nitrogen (SN) content was highest in the con-
trol sample (0.40 +0.01%), followed by the cheese
samples treated with increasing levels of guava and
lemon leaves, as follows:
» guava leaf-treated cheeses: 0.39 £0.01% (0.25%),
0.38 +£0.01% (0.50%), 0.32 +0.01% (0.75%)
» lemon leaf-treated cheeses: 0.38 £0.01% (0.25%),
0.35 +£0.01% (0.50%), 0.31 +0.01% (0.75%).

Soluble nitrogen content increased over the stor-
age periods in all treatments, which might be due to
protein hydrolysis. These findings are consistent with
those reported by Salem et al. (2013), Ismail et al.
(2016), El-Taweel et al. (2017), and Abd-El Rahim et
al. (2020).

Changes in titratable acidity and pH are critical, as
they influence both the shelf-life organoleptic properties
of cheese. Acidity and pH values were measured in all
fresh and stored cheese samples. As shown in Figures 3
and 4, titratable acidity increased with higher concen-
trations of guava and lemon leaves and continued to rise
during the 21-day storage period. This increase may be
attributed to the production of lactic acid resulting from
microbial metabolism (Abd-Allah et al., 1993).

From the data in Table 3, it is evident that the ad-
dition of guava and/or lemon leaves to Karish cheese
resulted in higher levels of Ca, Fe, Mg, P, K and Zn,
attributed to the naturally high concentrations of these

Storage periods, day

Fig. 1. Acidity (%) of Karish cheese fortified with guava and lemon leaves
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Table 2. Chemical composition of fresh and stored Karish cheese fortified with guava and lemon leaves

Treatments
Constitu- Storage
ent period guava leaves lemon leaves
% day C
TG, TG, TG, TL, TL, TL,

Moisture  fresh 75.70%40.19  75.66*+0.16  75.65*+0.21 75.61% 4030  75.69%+0.15  75.65°40.15  75.64**+0.20

7 74470 £0.21  74.454£0.15 744471021 744324045 7445 +0.19 74514 +0.15  74.40° +0.20
14 73.42%£0.30  73.38%+0.13  73.36*+0.21 73.37%£0.37  73.40%£0.21 73.38%£0.14  73.43%+0.20
21 71374 4+0.26  71.3324+0.29  71.314+0.21 712944028  71.35%+0.25  71.30*+0.19  71.28*+0.25

Protein  fresh 15.724¢£0.13 15.674° +0.11 15.418+0.12 15.3280£0.13 15.654° +0.12 15.408 +0.10 15.30% £0.10

7 15874 £0.18  15.774B°+0.21 15.694B +0.11 155280 £0.20  15.754B°£0.18 15.66"B* £0.10 15.50% £0.10
14 16134 £0.11 15974 £0.13  15.894 +0.14 15.8944£0.17 159540 +0.10  15.85"+0.14 15.8742£0.15
21 16.3542£0.15 16.154 £0.19 16.08% +£0.32 16.1242 £0.14 16.16%* +0.15 16.054 £0.22 16.10% £0.15
SN fresh 0.404¢£0.01 0.3942+0.01 0.384+0.01 0.32824+0.01 0.3842 +0.01 0.35%£0.01 0.3182+0.01
7 0.424° £0.01 0.4142£0.01 0.4142+0.01 0.3584£0.01 0.40% +0.01 0.39%+0.01 0.33%4+0.01
14 0.4340£0.01 0.4282 +0.01 0.42¢ +0.01 0.36™ +0.01 0.4142+0.01 0.40 +0.01 0.35P°+0.01
21 0.4542+0.01 0.445 +0.01 0.43¢ +0.01 0.38¢+0.01 0.4282+0.01 0.43¢ +0.01 0.37°¢£0.01
Ash fresh 1.43¢+0.12 1.64%+0.11 1.818240.12 2.11% +0.12 1.658+0.12 1.898++0.11 2.20%£0.10
7 1.45%+0.11 1.68%+0.18 1.8582+0.14 2214 £0.10 1.665 +0.15 1.928+4+0.12 2.28%2+0.10
14 1.46%+0.16 1.695% +£0.14 1.88%:+0.09 2.344240.13 1.675% +0.14 1.95%+0.10 2.32440.12
21 1.49% +0.21 1.765¢ +0.12 1.928: +0.12 2.38%2+£0.13 1.728% +0.14 1.988++0.12 2.35%40.13

A,B,C &Danda,b, c & d: means with the same letter among treatments and the storage periods respectively are not significantly
different (p < 0.05).

C — control TG, TL,:0.25% guava leaves, lemon leaves; TG,, TL,: 0.50% guava leaves, lemon leaves; TG,, TL,: 0.75% guava
leaves, lemon leaves.

Oc OTG1 OTG2 OTG3 OTL1 OTL2 OTL3

Fresh 7 14 21
Storage periods, day

Fig. 2. pH values of Karish cheese fortified with guava and lemon leaves
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Table 3. Mineral and vitamin content of Karish cheese fortified with guava and lemon leaves

Treatments*
Component guava leaves lemon leaves
¢ TG, TG, TG, TL, TL, TL,

Minerals, mg/100 g

Ca 567 590 605 620 584 602 618

Fe 0.7 1.05 1.52 1.98 1.22 1.67 2.05

Mg 33 45 57 68 38 50 59

P 514 595 645 735 581 632 711

K 2.05 4.11 7.95 10.13 3.95 551 6.88

Zn 1.95 3.55 5.11 6.78 3.15 4.45 6.45
Vitamins, 100 g

B, ng 110 124 145 165 125 141 158

B,, ug 380 422 455 510 395 440 489

B,, ug 9 31 55 85 26 33 66

B, ug 81 110 145 156 105 122 145

A, g 77 86 95 112 81 86 92

C, mg 0.6 10.61 11.33 12.06 6.56 7.11 7.42

E, ug 45 66 84 105 54 64 78

*See footnote of Table 2 for details.

minerals in the leaves. Cheese fortified with lemon
leaves showed higher iron content, whereas samples
fortified with guava leaves exhibited greater concen-
trations of Ca, Mg, P, K, and Zn compared to those
treated with lemon leaves alone. These findings sug-
gest that the fortified cheese could serve as a valuable
dietary source of several essential minerals, especially
calcium and phosphorus (Ismail et al., 2016).

In terms of vitamin content, the incorporation of
guava and lemon leaves led to increased levels of
vitamins vitamin B, (thiamine), B, (riboflavin), B,
(niacin), B, (pyridoxine), A (B-carotene), C (ascorbic
acid) and vitamin E (a- tocopherol), as shown in Ta-
ble 3. For example, vitamin A increased from 77 pg
in the control to 112 pg and 92 pg, while vitamin C
increased from 0.6 mg to be 12.06 mg and 7.42 mg in
Karish cheese treated with 0.75% of guava and lemon
leaves, respectively. These increases are due to the
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high vitamin content naturally present in the leaves.
Similar results were reported by Salem et al. (2013)
and El-Nawasany et al. (2015).

According to Table 4, Karish cheese fortified with
guava leaves had significantly higher (p < 0.05) higher
antioxidant activity, total phenols, and total flavo-
noid content compared to cheese fortified with lemon
leaves. However, these bioactive active compounds
and antioxidant activities significantly decreased (p
< 0.05) during cold storage due to their low stabil-
ity. These results align with findings by Salem et al.
(2013) and El-Gazzar et al. (2018).

The incorporation of guava and lemon leaves also
influenced the cheese’s textural properties (Table 5).
Specifically, hardness, cohesiveness, gumminess and
chewiness increased significantly (p < 0.05), while
adhesiveness and springiness decreased. This may
be due to reduced moisture content caused by the

www.food.actapol.net/
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Table 4. Total phenolic content, total flavonoid content, and antioxidant activity (%) of fresh and stored Karish cheese forti-
fied with guava and lemon leaves

Treatments™
Storage
Property period guava leaves lemon leaves
day C
TG TG TG TL TL TL

1 2 3 1 2 3

Total phenols  fresh 486" +£0.01 51.23%+0.11  74.258%2+0.07 97.54**+0.01 50.45%+0.07 71.78%2+0.02  94.34*+0.01

mg GAE/100 g
7 415" +0.15  48.21°+0.04  70.28%+0.25  92.154+0.13  4531%+0.01  66.22%2+£0.05  89.354*+0.08

14 3952 40,05 44.44%+0.09 65.98%°+£0.35 90.78%+0.04 40.17%+0.01 62.81%°+0.16  85.86"*+0.05
21 3,152 +0.05  39.45°+0.07 63.12%°+0.14 85.474°£0.09  38.23%+0.02  59.58%°+0.08  §82.384*+0.05
Total fresh 2.85%+0.03 8.78% +£0.05 9.1442+£0.03 9.76* £0.05 8.4542+0.02 8.8842£0.00 9.5742 +0.09
?nz;\/gné)/l;ioo g 7 2.458 4+0.26 8.41%£0.05 9.0742 +£0.09 9.56%4+0.07 8.15%+0.06 8.5444 +0.05 9.3442 +0.04
14 2.3182+0.05 8.324440.08 9.0247£0.11 9.254240.07 7.9944£0.15 8.214240.12 9.0142+£0.07
21 2.185% +0.14 8.15%+0.01 8.774 +£0.07 8.9442 +0.07 7.84% +0.09 8.1242+0.07 8.444° +£0.06

Antioxidant fresh 20.15%+£0.12  39.78%2£0.02 47.44°%+0.08 55.21%2+0.12  38.25%:+0.33  44.24%+£0.09 52.23*+0.05
activity, %

16.26%+0.21  35.318%2+0.02  42.19%+0.05 50.06%+0.07 35.08%2+0.06 40.46% +0.09  48.3442+0.03

14 14.53%+0.33  30.225°+0.03 40.712®+0.03  48.424+0.08 30.34%°+0.21 38.714°+0.07 45.544+0.14

21 12.45%+0.09  28.45%°+0.03  38.48"°+0.05 45.89°+0.15 27.27%°+0.09 36.80°+0.02  42.77*°+0.10

*See footnote of Table 2 for details.

Table 5. Textural properties of fresh and stored Karish cheese fortified with guava and lemon leaves

Treatments*
Storage
Property period guava leaves lemon leaves
(day) C
TG, TG, TG, TL, TL, TL,
1 2 3 4 5 6 7 8 9

Hardness, N fresh  2.058°+0.15 2.274¢£0.10 2.324¢£0.12 2.36% +0.06 2314 +0.17 2.35%+0.12 2.404° +0.06
7 2.30% +0.06 2.418£0.26 2.558+0.27 2.694° +0.25 2.624° £0.50 2.844° +0.15 2.74A° £0.22
14 2.3282+0.03 2,684 +0.29  2.8142 +0.05 2.9442 +£0.01 2.75° +0.06 2.9942+£0.27 3.05% +0.01
21 2.44% £0.10 3.05%£0.42 3.114 +0.40 3.164£0.46 3.124240.12 3.284£0.06 3.2942 4£0.45
Cohesiveness  fresh  0.53%°+0.02 0.55%° +0.02 0.574¢£0.02 0.584° +0.02 0.56%£0.02 0.574° +0.02 0.59° +0.02
ratio 7 0.56"* £0.05 0.584° +0.04 0.59% +0.01 0.644 +£0.03 0.58% +0.00 0.60"* +0.03 0.614° £0.04
14 0.614*+0.03  0.63%*+0.01 0.654* £0.03 0.644 +0.04 0.634* £0.03 0.674 +0.04 0.6842£0.01
21 0.66%* +£0.05 0.674* £0.05 0.69% +0.03 0.70% +£0.01 0.68% +0.03 0.70% +£0.01 0.71%2 +£0.05
Gumminess fresh  1.09°+0.15 1.258 +0.15 1.324¢£0.05 1.374¢£0.15 1.298¢ +0.06 1.34%4¢ £0.05 1.42%° +0.06
N 7 1.29¢+0.35  1.408*+0.06  1.50% +0.08 1.724% +0.35 1.528+0.08 1.704 £0.08  1.674°+0.08
14 1.42¢0 £0.01 1.695¢0+£0.03  1.838°+0.08 1.884°+0.01 1.73% +0.04 2.007* +0.08 2.074* £0.04

21 1.61¢+0.10 2.04% +0.10 2.158%+0.00 2.214£0.10 2.12%240.03 2.30%4+0.01 2.3442 +0.03
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Table 5 — cont.

1 2 3 4 5 6 7 8 9
Chewiness, mj fresh ~ 2.60° +0.39 2.974£0.18 3.05%° +0.10 2.79%° +0.26 3.044°£0.39 3.074°+0.18 2.835° +0.30

7 2.908 +£0.26 2.71€°£0.10 3.34% +0.02 3.18%+0.75 3.3440 £0.26 3.36%+0.10 2.998° +£0.07
14 2.89%40.20 2.758 £0.15 3.114840.07  3.16%+0.49 3.404* £0.20 3.31440.15 3.3242+0.02
21 3.00¢ +0.28 3318 +0.17 3.3582+0.30 3.2382+0.46 3,714 +0.28 3.44% +0.17 3.258240.10
Adhesiveness  fresh  0.5742+0.02 0.554 +0.14 0.51%2+0.08 0.484£0.04 0.484£0.14 0.454 +£0.08 0.42%42+0.01
m 7 0.504 +£0.01 0.5144£0.02 0.414+0.06  0.414+0.02 0.4242£0.10 0.394+£0.06  0.394 +0.02
14 0.414 +0.01 0.45% £0.03 0.384°+0.01 0.38%+0.02 0.35%+0.03 0.324°+0.01 0.34% +0.02
21 0.39%£0.06 0.4047£0.03 0.35%° +0.02 0.3242£0.01 0.31%2+0.03 0.30%° +0.02 0.2942 £0.04
Springiness fresh  2.39%+0.25 2.38%£0.12 2.314+0.05 2.04% +0.51 2.35%£0.25 2.2942+0.05 2.00% +0.51
o 7 2.25%40.31 1.948° +£0.08 2.224° +0.07 1.85%0+£0.19  2.204*+0.31 1.978 £0.07 1.798 +0.19
14 2.044* +0.20 1.638¢+0.20 1.708 £0.08 1.6850+0.11 1.964* £0.20 1.65% £0.08 1.60% £0.11

21 1.86° +0.04 1.624¢£0.03 1.56%¢£0.11 14628 +£0.09  1.754*+0.01 1.50%¢ £0.11 1.398° +0.09

A, B, C &Dand a, b, ¢c & d: means with the same letter among treatments and the storage periods respectively are not significantly
different (p < 0.05).
*See footnote of Table 2 for details.

water-binding capacity of the added leaves, as mois-  contributes to a smoother, more refined cheese texture
ture reduction weakness the casein curd (El-Taweel (Molander et al., 1990).

et al.,, 2017). These textural changes continued dur- Table 6 presents changes in the total bacterial
ing storage, possibly due to the proteolysis, which  count during refrigerated storage (5 £°C). Treatments

Table 6. Microbiological analysis (log cfu/g) of fresh and stored Karish cheese fortified with guava and lemon leaves

Treatments*
Storage
Property  period guava leaves lemon leaves
day C
TG, TG, TG, TL, TL, TL,

Total bacte- fresh 7.0 £0.03 7.325£0.02 7.524820.05 7.77A0+0.08 7.28%+0.62 7.44%£0.01 7.59%+0.33
rial count 76205002 7.80%£029 7.99%£0.04 8.12°£020 7.78%£0.14 7.82%40.02 8.05% =012
14 821%001 842%%003 8.55%%0.18 8.61%+025 8339000 844%=0.13 8.50%£0.20
21 B05ML022 8234005 83144021 845%=005 8.19M:027 8244+035 8.28%+0.41
Yeasts fresh  2.83A0£0.33  2.32%¢ 0.4 ND ND  225%+0.63 1.94%+0.29 ND
& molds 31504005 3.08%£023 296™+044 290 £0.18 31584019 3.11£028 2.61%+0.42
14 3622031 3544008 32442051 31142009 34402001 33242017 3.05% 030

21 3914 4+0.11 3.68%+0.15 3.45%+0.06 3.2242+0.26 3.814*+0.22 3.554+0.03 3.38%2+0.21

*See footnote of Table 2 for details.
ND — not detected.
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containing guava leaves or lemon leaves exhibited
higher bacterial counts than the control, likely due to
the nutritional richness of the leaves, including carbo-
hydrates, proteins, minerals and vitamins. Increasing
leaf concentrations further promoted bacterial growth.
Notably, cheese made with guava leaves had higher
bacterial counts than those made with lemon leaves.
Bacterial visibility remained high for the first 14 days
of cold storage, then started to decline. These findings
are consistent with Salem et al. (2013). Yeasts and
mold counts increased gradually throughout storage
period, with guava leaf treatments showing the high-
est count. Coliform bacteria were not detected in any
treatment, either fresh or during storage (Awad, 2016;
Abd El-Sattar et al., 2020).

Sensory evaluation results, as shown in Table 7,
revealed significant differences (p < 0.05) between
fresh and stored cheese samples. The addition of
guava and lemon leaves led to statistically significant
improvements in body and texture scores, particularly
at 0.25% and 0.5% concentrations. Treatments (TL,)
(lemon leaves, 0.25%) and TG1 (guava leaves, 0.25%)
achieved the highest scores of 29.67 and 29.60 points,
respectively. Flavor scores also peaked at up to 0.5%
leaf addition, with TL  and TG, being the most pre-
ferred. These improvements may be linked be linked
to the formation of flavor compounds such as acetal-
dehyde and short-chain fatty acids due to carbohydrate
degradation (Zayan, 2016). No significant differences
(p < 0.05) were found in general appearance across

Table 7. Sensory evaluation of fresh and stored Karish cheese fortified with guava and lemon leaves

Treatments*
Storage
Property period guava leaves lemon leaves
day C
TG, TG, TG, TL, TL, TL,

General fresh 9.674£0.57 9.5442£1.01 9.33424£0.56 8.954 £1.50 9.554£1.00 9.4242 £0.50 9.1142 +1.52
appearance
(10) 7 9.724 +0.08 9.65% £0.51 9.354 +0.50 9.10% £0.55 9.704*£0.50 9.62%2+0.58 9.1544+0.58

14 9.14%% +£0.59 9.12% 4£0.57 9.054+£0.42 8.894 +£0.54 9.1742£0.58 9.054 +0.51 8.754 +£0.52

21 8.76° £0.29 8.744° +0.30 8.654° +0.55 8.4444+0.30 8.814°+0.29 8.6744+0.50 8.52444+0.29
Body & fresh  29.45%+1.00 29.60%+2.66 29.52%+0.58  29.35%+1.00 29.674*+2.65 29.5542+0.58  29.4242+1.07
texture
(30) 7 29.554£0.58  29.754+0.75  29.65%+0.51 29.38%2+1.00 29.80%+0.74  29.67*+0.50  29.45*+1.09

14 29.12424£2.08  29.5442+1.55  29.4442+1.00 28.754°+0.51  29.63*+£1.53  29.51%°£1.00 28.994 +0.50

21 28.78%+£1.89  29.124*+1.00  28.954+1.00 28.544°+0.59  29.15%+1.24  29.05+£1.05 28.75°+0.58
Flavor fresh 55.67%£1.16  57.17%£1.00 56.67°*+1.62  55.17%£0.51 5823 +£1.08 57.04%*+1.61  55.44% +0.50
(60)

7 56.83%2+1.00  58.16%*+0.58  58.02**+1.01  5533%242.07 59.00%+0.58 57.83%2+1.00  56.51%2+2.08

14 55.8182+1.54  56.62%+1.16  56.55%+1.01 54.67%+1.25 57.05*°+1.16 56.33%+1.00 55.45% +1.26

21 55.504£1.53  56.3142+0.58  55.83%*+1.03 54.5%£1.30 56.832°+0.58  56.174°+1.04 55224 +].32
Total score fresh 947948 +1.00 96.31**+4.01 95.52*+1.80 93.47%:+0.29 97.45%+4.00 96.014*+1.80  93.97%° +0.29
(100)

7 96.104£1.04  97.56%*+0.59  97.02%*+1.61  93.81%*4+2.66  98.50*+0.58  97.124£1.61 95.114B*+2.65

14 94.0940 £3.97  95.28%% £0.57

21 93.04%°+3.40  94.174°+0.30

95.0442 +2.08

93.434° +0.58

92.31824£1.58 95.8540+0.58  94.894°+2.08  93.19%°+1.53

91.48%+2.01  94.79°+0.32  93.894°+0.58  92.49** +2.00

A,B,C &Danda,b, c & d: means with the same letter among treatments and the storage periods respectively are not significantly

different (p < 0.05).
*See footnote of Table 2 for details.
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most treatments, though slight increases in overall
sensory scores were noted with 0.25% and 0.5% of
leaf additions. Overall, all fortified cheese samples
remained organoleptically acceptable throughout the
storage period, in agreement with previous studies (Is-
mail et al., 2016; Peker and Arslan, 2016).

CONCLUSION

Fresh guava and lemon leaves can be incorporated
at levels up to 0.75%, with guava leaves yielding the
most favorable results, for the production of high-qual-
ity, functional Karish cheese. These additions enhance
mineral and vitamin content, improve antioxidant
properties, and maintain sensory acceptability, making
the product a promising natural source of antioxidants,
vitamin C, and calcium.

DECLARATIONS

Data statement
All data supporting this study has been included in this
manuscript.

Ethical Approval
Not applicable.

Competing Interests
The authors declare that they have no conflicts of
interest.

OPEN ACCESS

This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appro-
priate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other
third party material in this article are included in the
article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons li-
cence and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright

280

holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by/4.0/

REFERENCES

Abd-Allah, S. A. M., Abbas, H. M., El-Sayed, N. H., Taw-
fik (1993). Effect of substitution of soymilk on some
chemical properties, formation of biogenic amines and
pr-toxin of blue veined cheese. J. Agric. Sci. Mansoura
Univ., 18(7), 2002-2010.

Abd-El Rahim, A. M., Sadek, S. H., Mohran, M. A. (2020).
Effect of Thymus vulgaris aqueous extract on chemical,
microbiological and organoleptic properties of Karish
cheese. J. Food Dairy Sci., Mansoura Univ., 11(1), 33—
38. https://doi.org/10.21608/jfds.2020.77974

Abd-El-Salam, M. H., El-Shibiny, S., El-Alamy, H. A.
(1984). Production of skim milk (Karish cheese) from
ultrafiltered reconstituted milk. Egypt. J. Dairy Sci.,
12(1), 111-115.

Abd El-Sattar, E., Mahetab, F., Abd El-Wahed, E. M.
(2020). Production of probiotic low-fat yoghurt supple-
mented with Guava seeds powder. J. Food Dairy Sci.,
Mansoura Univ., 11(4), 91-96. https://doi.org/10.21608/
jfds.2020.95596

Abou-Donia, S. A. (2008). Origin, history and manufactur-
ing process of Egyptian dairy products: An overview.
Alex. J. Food Sci. Technol., 5(1), 51-62. https://doi.
org/10.21608/ajfs.2008.20141

AOAC (2000). Association of Official Analytical chemists.
Official methods of analysis, 17th ed. Washington, DC:
AOAC.

AOAC (2007). Ice cream. In: Dairy products. 18th ed
(pp. 72-80). Gaithersburg, MD, USA: Official Methods
of Analysis.

Awad, S. (2016). Microbial safety criteria and quality of tradi-
tional Egyptian Karish cheese. Afric. J. Micro. Res., 10(22),
804-812. https://doi.org/10.5897/AJMR2016.8022

Benavente-Garcia, O., Castillo, J. (2008). Update on uses
and properties of citrus flavonoids: new finding in an-
ticancer, cardiovascular and anti-inflammatory activity.
J. Agric. Food Chem., 56(15), 6185-6205. https://doi.
org/10.1021/5£8006568

Bodyfelt, F. W., Tobias, J., Trout, G. M. (1988). The sensory
evaluation of dairy products. New York: Von Nostrand
Reinhold.

Bourne, M. C. (1982). Texture profile analysis. Food Tech-
nol., 32, 62-66, 72.

BSI (2010). Dried milk: determination of titratable acidity
and pH value (Reference method). ISO, 6091.

www.food.actapol.net/


http://doi.org/10.17306/J.AFS.001203
http://www.food.actapol.net/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.21608/jfds.2020.77974
http://dx.doi.org/10.21608/jfds.2020.95596
http://dx.doi.org/10.21608/jfds.2020.95596
https://dx.doi.org/10.21608/ajfs.2008.20141
http://dx.doi.org/10.5897/AJMR2016.8022
https://doi.org/10.1021/jf8006568
https://doi.org/10.1021/jf8006568

Ali, A. R. M., Tawfek, M. A., Abd El-Halim, S. E. (2025). Manufacturing of functional Karish cheese fortified with vitamin C and cal-
cium from natural sources. Acta Sci. Pol. Technol. Aliment., 24(2), 271-282. http://doi.org/10.17306/).AF5.001203

Ciulu, M., Solineas, S., Floris, 1., Panzanelli, A., Pilo, M. 1.,
..., Sanna, G. (2011). RP-HPLC determination of wa-
ter-soluble vitamins in honey. Talanta, 83(3), 924-929.
https://doi.org/10.1016/j.talanta.2010.10.059

El-Gazzar, H., Moussa, M., Abo El-khair, S. A. A. (2018).
Fortification of Labneh with the extract of guava
leaves powder as functional products. J. Food and
Dairy Sci., Mansoura Univ., 9(4), 139-143. https://doi.
org/10.21608/JFDS.2018.35511

El-Nawasany, L. F., Sakr, H. S. A., Aboel-Enin, E. A.
(2015). The use of citrus fruits in the manufacture of
flavoured Karish cheese. Arab Univ. J. Agric. Sci., Ain
Shams Univ., 23(2), 563-570.https://doi.org/10.21608/
AJS.2015.14597

El-Taweel, H. S., El-Sisi, A. S., Mailam, M. A. (2017).
Improving functional properties of Kareish cheese by
adding low sodium salt and dried parsley. Egypt. J. Ag-
ric. Res., 95(3), 1179-1191. https://doi.org/10.13140/
RG.2.2.30342.32324

Fahmi, A. H. (1960). Kariesh cheese. J. Agric. Sci., 13, 1.

Fu, H. Z., Luo, Y. M., Li, C. J, Yang, J. Z., Zhang, D. M.
(2010). Psidials A—C, Three unusual meroterpenoids
from the leaves of Psidium guajava L. Org. Lett., 12(4),
656—659. https://doi.org/10.1021/019024869

Hojjati, M., Barzegar, H. (2017).Chemical composition and
biological activities of Lemon (Citrus limon) leaf essen-
tial oil. Nutri. Food Sci. Res., 4(4), 15-24. https://doi.
org/10.29252/nfsr.4.4.3

Ismail, A. L., Zaki, N. L., El-Shazly, H. A. (2016). Labneh
fortified with olive leaves as innovative dairy products.
J. Food Dairy Sci., Mansoura Univ., 7(10), 415-419.
https://doi.org/10.21608/JFDS.2016.46045

Leth, T., Sonderyaro, J. J. (1993). Vitamin A in Danish pig,
calf and ox liver. J. Food Comp. Anal., 6(1), 3-9. https://
doi.org/10.1006/jfca.1993.1002

Molander, E., Kristiansen, K. R., Werner, H. (1990). Instru-
mental and sensory measurement of Brie texture. Milch-
wissenschafft, 45, 589-593.

Ogunwande, 1. A., Olawore, N. O., Adeleke, K. A., Ekun-
dayo, O., Koenig, W. (2003). Chemical composition
of the leaf volatile oil of Psidium guajava L. growing
in Nigeria. Flav. Frag. J., 18(2), 136-138. https://doi.
org/10.1002/1j.1175

Olajire, A. A., Azeez, L. (2011). Total antioxidant activity,
phenolic, flavonoid and ascorbic acid contents of Nige-
rian vegetables. Afr. J. Food Sci. Technol., 2(2), 22-29.

Olivera, P., Mila, J., Mladen, M. (2006). Chemical composi-
tion and antioxidant activity of essential oils of twelve
spice plants. Croat. Chem. Acta, 79(4), 545-552.

www.food.actapol.net/

Sagdic, O., Ozturk, 1., Kesmen, Z., Yilmaz, M. T. (2010).
Characterization of cheese spoiling yeasts and their in-
hibition by some spices. J. Food Sci., 75(9), 597-603.
https://doi.org/10.1111/.1750-3841.2010.01871.x

Peker, H., Arslan, H. (2016). Effect of olive leaf extract on
the quality of low fat apricot yogurt. J. Food Process.
Preserv., 41(5), 1-10. https://doi.org/10.1111/jfpp.13107

Penniston, K. L., Nakada, S. Y., Holmes, R. P., Assimos, D. G.
(2008). Quantitative assessment of citric acid in lemon
juice, lime juice, and commercially-available fruit juice
products. J. Endourol., 22(3), 567-570. https://doi.
org/10.1089/end.2007.0304

Rauf, A., Uddin, G., Ali, J. (2014). Phytochemical analysis
and radical scavenging profile of juices of Citrus sinen-
sis, Citrus anrantifolia, and Citrus limonum. Org. Med.
Chem. Lett., 4(1), 5. https://doi.org/10.1186/2191-2858-
4-5

Rohman, A., Riyanto, S., Yuniarti, N., Saputra, W. R., Uta-
mi, R., Mulatsi, W. (2010). Antioxidant activity, total
phenolic and total flavonoid of extracts and fractions of
red fruits (Pandamus conoideus Lam). Int. Food Res. J.
17(1), 97-106.

Salem, A. S., Salama,W. M., Hassanein, A. M., El Ghan-
dour, H. M. A. (2013). Enhancement of nutritional and
biological values of Labneh by adding dry leaves of Mo-
ringa oleifera as innovative dairy products. World Appl.
Sci. J., 22(11), 1594-1602.

Sanchez, G. M., Giuliani, L., Re, M. A., Nunez Selles, A. J.,
Davison, G. P. Lean-Fernandez, O. S. (2000). Protective
effects of Mangifera indica L. extract, mangiferin and
selected antioxidants against TPA — induced biomol-
ecules oxidation and peritoneal macrophage activation
in mice. Pharmacol. Res., 42(6), 565-573. https://doi.
org/10.1006/phrs.2000.0727

SAS (2013). Statistical Analysis: System User Guide. Ver-
sion 9.3. Cary, NC, US: SAS Institute Inc.

Su, M. S., Shyu, Y. T., Chein, P. J. (2008). Antioxidant ac-
tivity of citrus herbal product extracts. Food Chem.,
111(4), 892-896. https://doi.org/10.1016/j.foodchem.
2008.05.002

Suchitra, K., Wanapat, M. (2008). Study on ruminal deg-
radability of local plants by using nylon bag technique.
Livest. Res. Rural Dev., 20 (Suppl.).

Pino, J. A., Agiiero, J., Marbot, R., Fuentes, V. (2001). Leaf
oil of Psidium guajava L. from Cuba. J. Essent. Oil Res.,
13(1), 61-62. https://doi.org/10.1080/10412905.2001.9
699607

Thomas, J. A. (1994). Oxidative stress, oxidative defense
and dietary constituents. In: M. E. Shils, J. Olson (Eds.),

281


http://doi.org/10.17306/J.AFS.001203
http://www.food.actapol.net/
https://doi.org/10.1016/j.talanta.2010.10.059
https://dx.doi.org/10.21608/jfds.2018.35511
https://doi.org/10.21608/ajs.2015.14597
https://doi.org/10.21608/ajs.2015.14597
http://dx.doi.org/10.13140/RG.2.2.30342.32324
http://dx.doi.org/10.13140/RG.2.2.30342.32324
https://doi.org/10.1021/ol9024869
http://dx.doi.org/10.29252/nfsr.4.4.3
https://dx.doi.org/10.21608/jfds.2016.46045
https://doi.org/10.1006/jfca.1993.1002
https://doi.org/10.1006/jfca.1993.1002
https://doi.org/10.1002/ffj.1175
https://doi.org/10.1002/ffj.1175
https://doi.org/10.1111/j.1750-3841.2010.01871.x
http://dx.doi.org/10.1111/jfpp.13107
https://doi.org/10.1089%2Fend.2007.0304
https://doi.org/10.1186%2F2191-2858-4-5
https://doi.org/10.1186%2F2191-2858-4-5
https://doi.org/10.1006/phrs.2000.0727
http://dx.doi.org/10.1016/j.foodchem.2008.05.002
http://dx.doi.org/10.1016/j.foodchem.2008.05.002
https://doi.org/10.1080/10412905.2001.9699607
https://doi.org/10.1080/10412905.2001.9699607

Ali, A. R. M., Tawfek, M. A., Abd El-Halim, S. E. (2025). Manufacturing of functional Karish cheese fortified with vitamin C and cal-
cium from natural sources. Acta Sci. Pol. Technol. Aliment., 24(2), 271-282. http://doi.org/10.17306/).AFS.001203

Modern Nutrition in Health and Disease. 8th ed. (pp. Univ., 7(4), 265-272. https://doi.org/10.21608/JFDS.
501-512). Philadelphia: Lee and Febiger. 2016.42997
Vadderzant, C., Splittsolesser, D. F. (Eds.) (2005). Methods ~ Zheng, W., Wang, S. Y. (2001). Antioxidant activity and
for the microbial examination of food. 3rd Ed. Washing- phenolic compounds in selected herbs. J. Agric. Food
ton D.C: American Public Health Association. Chem., 49(11), 5165-5170. https://doi.org/10.1021/
Zayan, A. F. (2016). Production of functional Kareish cheese jf010697n

by using plant stabilizer. J. Food Dairy Sci., Mansoura

282 www.food.actapol.net/


http://doi.org/10.17306/J.AFS.001203
http://www.food.actapol.net/
https://dx.doi.org/10.21608/jfds.2016.42997
https://dx.doi.org/10.21608/jfds.2016.42997
https://doi.org/10.1021/jf010697n
https://doi.org/10.1021/jf010697n

