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ABSTRACT

Background: Foods not only aim to satisfy hunger and provide for essential nutritional needs, but they also improve the
consumers' general health and prevent diseases related to nutrition. Nowadays, functional foods have seen rapid growth
in the market driven by technological innovation and new product development. Our recent study produced a novel
processed cheese using vegetables mixture that had a highly physicochemical composition and rheological and sensory

characteristics.

Methods: This study was conducted to improve the nutritional and functional qualities of processed cheese using several
vegetables (flavored-processed cheese, FPC) (mushrooms, dill, leeks, parsley, celery, green peas, green beans, squash,

potatoes, and carrots) with ratios of 2.5, 5, 7.5, and 10%.

Results: Our data on nutritional values for FPC samples contain extra micro and macro-nutrient components, such as
vitamins, minerals, antioxidants, amino acids, and unsaturated fatty acids, compared to the control cheese. Adding the
vegetable mixture was accepted by the consumers and can contribute to the production and development of a new and

safe type of processed cheese that has an excellent nutritional value, functional properties, and overall acceptability.

Ratios of 5% and 7.5% were observed as the best samples.
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products.

antioxidants
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Conclusion: We recommend that vegetables should be used as a natural food additive for technological purposes. These

are necessary sources of human health-promotion by nutritional and functional food properties of various dairy

Keywords: Processed cheese, vegetables, nutritional values, amino acids, fatty acids, minerals, vitamins, and

Processed Cheese from Vegetables
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INTRODUCTION
Given the significant effect of the coronavirus on the
physical and mental health of many people, there is a
growing interest in eating foods that serve health-related
purposes [1]. Many choose the organic system for old
favorites, such as cheese, which remain a constant staple.
There are various high-quality cheeses made by
professional cheese makers. With some creativity, adding
vegetables to cheese can be a great way to explore new
flavors and textures of this novel product.

The food industry demands are related to increasing
the healthy lifestyle and well-being of consumers, and

bio-functional foods supplemented with plant-based

ingredients play an important role in doing so. Many
biotechnology companies have developed new dairy
products as functional foods by adding bio-functional
activities to human health and consumer acceptance [2].
A mixture of natural cheeses, dairy, and nondairy
components can be added to make processed cheese.
Several nondairy products were used, such as vegetables,
fruit pulp or juices, mushrooms, oats, meat, egg protein,
and wheat fiber [3]. Consuming vegetables and fruits can
help fight inflammation and reduce the risk of many
diseases, such as heart disease, strokes, digestive or eye
problems, blood pressure. It also has a positive effect on

blood sugar and cancer presentation [4-5]. Also, it is one
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of the most important health advancement policies due
to its great content of phytonutrients, minerals, dietary
fibers, and vitamins [6]. Most vegetables are rich in
vitamins, minerals, and fiber, and low in calories [7].

The authors in a previous recent study (part 1)
Farahat et al. [8] produced a novel processed cheese
using the same vegetable mixture that had a highly
physicochemical composition and rheological and
sensory characteristics. This work determines the
possibility of creating and developing new healthy
functional foods, such as flavored-processed cheese,
using a mixture of many dried vegetables. It also
evaluates its effect on the nutritional assessment of the
resulting cheese.

Mushrooms (Lentinula edodes or Shiitake) belong to
the fungal plant kingdom, categorized as a vegetable in
the nutritional world (not technically a plant), and have a
high source of bioactive therapeutic ingredients, along
with many essential nutrients. They can potentiate the
immune system as they stimulate anti-mutants and
prevent the occurrence of tumors. For their benefits,
mushrooms have been rated as food and medicine
around the world for thousands of years [9-10].
Mushrooms are not only consumed as vegetables, but
also as alternatives to active substances in health
supplements and functional foods. They have been used
as food and flavoring substances because of their unique
and wonderful flavor. They are also low in energy, sugar,
and fat, but rich in proteins, vitamins, minerals, and
dietary fiber (non-starch polysaccharides). They also have
many biologically active molecules that are a good source
for human health. Several new value-added products
contain mushrooms such as noodles, ketchup, biscuits,
pickles, chips, soup powder, nuggets, and paste [11-14].

Mushrooms also contain a great source of vitamin
D, most of the B-vitamin group, high-quality proteins, and
essential amino acids. The essential USFA accounts for

72% of total fatty acids (TFA), where linoleic acid has
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been related to healthy food [15]. It contains
polysaccharide and phenolic components, which have
antioxidant activity and reduce the effect of oxidative
damage because of their high free radical scavenging
properties [16]. Additionally, the previous components
make it an effective therapeutic food product for the
fight against various degenerative diseases such as high
cholesterol, acquired immunodeficiency syndrome
(AIDS), cardiovascular disease, and cancer [17].
Mushrooms are more attractive as a beneficial food
source for health or pharmaceutical development. They
are effective for cardiovascular, hepatic, antidiuretic,
immunomodulation,

hypolipidemic, hypotensive,

antithrombotic, antitumor, anti-inflammatory,
antibacterial, antifungal, and antiviral issues [18].

Potatoes (Solanum tuberosum) have lower fat and
unique nutritional values and phytochemical profiles
(carotenoids, phenolic). They are also especially high in
water-soluble vitamins (B, C), minerals (K, Mg, Mn),
carbohydrates (polysaccharide starch), and dietary
fibers. It is an important plant for preventing under-
nutrition, over-nutrition (heart diseases, obesity,
diabetes), and many other diseases [19]. A recent study
showed that potatoes are rich in fiber, which has a
beneficial health effect for regulating appetite and gut
metabolism [20].

Squash (Cucurbita pepevars) is an excellent source
of vitamins (A, E, By, 3,6), folate, pantothenic acid, Mn, K,
and dietary fiber. It has good nutritional value that makes
it useful for digestion and blood pressure regulation, and
reduces the risk of diabetes, obesity, and heart disease.
Some vegetables and fruits, like squash, have a bright
orange pigment due to the presence of beta-carotene
that is an antioxidant. Other orange plant foods high in
beta-carotene include carrots, apricots, sweet potato,
pumpkin, cantaloupe, papayas, and broccoli [21].
Similarly, Cucurbita pepo is widely used as a food and folk

medicine worldwide such as in pharmacology, chemical
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ingredients, and clinical uses. It is mainly known for its
improvement in prostatic hyperplasia and urinary
dysfunction. Also, many pharmacological studies have
demonstrated benign prostatic hyperplasia, hepatic-
protection, antimicrobial, anti-inflammatory,
antidiabetic, antioxidant, antiulcer, and anticancer
effects [22]. Likewise, pumpkin (a type of squash) was an
excellent source of biologically active and nutritional
compounds (vitamin C, minerals, a, and B-carotene,
dietary fiber, and lutein), which are vital to provide
benefits for human health [23].

Carrots (Daucus carota) are considered one of the
most common and vital root vegetables to human
nutrition, which are high in biologically active
components (carotenoids, dietary fiber), minerals, and
vitamins. These components have many health benefits,
such as lowering cholesterol and signs of premature
aging, losing weight, protecting against cardiovascular
disease and cancer, detoxifying the body, boosting the
immune system, and improving digestion, skin health,
and eye health [24-25]. Also, the consumption of carrots
and its products is constantly increasing due to their rich
natural source of antioxidants (B-carotene), which have
an anti-cancer activity [24, 26].

Green beans (Phaseolus vulgaris) are a functional
food that promote good health because they contain
high levels of a good source of biologically active
ingredients  (polyphenols,  polysaccharides, and
peptides), protein, fiber, minerals, and vitamins [27]. It is
also a good source of the B vitamins group, carotenoids,
and minerals, particularly Mn that has antioxidant
capabilities, supports metabolism, and promotes wound
healing and bone health. Additionally, it reduces the risk
of heart disease and stroke because is low in sodium and
has no cholesterol. It also helps in maintaining a healthy
weight and contains several essential vitamins (folic acid)
that prevent defects of congenital anomalies and neural

tube [28-29]. In addition to containing a high level of

BCHD Page 16 of 32

antioxidants, it contains carotenoids and proteins which
make it a real nutrition mine [30]. Further, beans help
lower cholesterol and manage blood sugar through its
carbohydrate content lowering the glycemic index [31].

Green peas (Pisum sativum) are relatively low in
energy, rich in starch, and contain antioxidants, carotene,
proteins, vitamins, minerals, oil, and cellulose; thus, it
helps in treating and preventing some chronic diseases
such as diabetes, heart disease, and cancer [32]. In
addition to being high in vitamins and minerals, it
provides lutein, zeaxanthin, and the carotenoid,
phytonutrients, which promote vision and eye health [7].

Celery (Apium graveolens) is a bitter, aromatic herb,
containing organic acids, vitamins, and minerals, used as
a traditional medicinal food (indigestion, flatulence, anti-
inflammatory, anti-hypertension, and uterine tonic). The
herbs, roots, and ripe seeds are used for treating kidney
diseases, rheumatism, diuretic, stimulant, and
carminative [28, 33]. It is also used for bowel regulation,
gland stimulation, kidney and gallbladder stone
prevention, diuretic, nervous agitation, anti-helminthic,
exhaustion, appetite loss [34].

Leeks (Allium ampeloprasum var. kurrat) contain
much higher values of phenolic organic sulfur
components that contribute to its high flavor. They are
also used as an anti-fungal, anti-atherosclerotic, and
tumor inhibitor, and are an excellent source of
flavonoids, glucosinolates, polysaccharides, and nitrates.
These ingredients are rich in phenolic and biological
antioxidants used as an alternative natural antioxidant
source for applications in functional foods and
nutraceuticals [35-36].

Dill (Anethum graveolens) has as a powerful
antioxidant, antimicrobial, and anti-
hypercholesterolaemic effect, and treats gastrointestinal
diseases such as stomachic, antispasmodic, and
carminative [37]. Since it also has strong antioxidant and

immunological properties, it can be used for the
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applications of natural functional foods and
pharmacology [38].

Parsley herb (Petroselinum crispum) has been used
in folk medicine for many cases as a laxative [39], diuretic
[40], and treatment of urinary tract infections [41]. It also
reduces blood glucose [42] and contains a rich source of
B-carotene, phenols, flavonoids, vitamins (B, E, C), and
minerals [37, 43]. It is used as an herb of flavor in many
foods [44] because of its powerful, aromatic scent.

Plants are popular in the daily diet due to their
health benefits. Some of them are famous vegetables,
such as celery, parsley, and carrots, while others are
known for their medicinal and aromatic properties, such
as dill, angelica, lovage, caraway, anise, fennel, cumin,
and coriander [45]. Vegetable consumption protects
against stroke, colorectal cancer, depression, hip
fractures, and pancreatic diseases, while the fruits

consumption protect against colon cancer, depression,
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and pancreatic diseases besides cardiovascular disease
[46]. In a recent study, we observed the consumption of
various vegetables used for preventing myocardial

infarction [47].

1. MATERIALS AND METHODS

1.1. Raw materials: Vegetable selection, edible
mushrooms, ras and cheddar cheeses were collected
from a local market in Cairo, Egypt. Low-heat skim milk
powder was obtained from a local market (Irish Dairy
Council, Dublin, Ireland), emulsifying salts were obtained
from Green Land (International Dairy and Food Company,
10t Ramadan City, Egypt), and unsalted butter was
obtained from Dina Farm in Sadat City, Egypt. The raw
component composition used in the making of the
processed cheese with vegetables has been shown in

Table 1.

Table 1. The chemical composition (%) of the ingredients used in the manufacture of processed cheese

Ingredients Total Total Soluble Fat Ash Salt Total Fiber
solids protein nitrogen (NaCl) | carbohydrates

Cheddar cheese 66.00 25.50 * 1.19 38.5 5.50 1.53 ND ND
Ras cheese 54.80 22.26 * 0.66 25.00 | 4.93 3.07 1.50 ND
Skim milk powder 95.00 37.13 * 0.82 0.99 7.90 ND 47.67 ND
Unsalted butter 84.00 ND ND 82.00 ND ND ND ND
Several vegetables 96.00 22.80 ** ND 4.80 10.70 ND 31.07 26.61
powder blend

*. Protein % = N x 6.38, **: Protein % = N x 4.38, ND: Not determined.

1.2. Methods

1.2.1. Prepare a mixture of many vegetables: Many
vegetable types were selected to prepare one mixture as
follows: carrots (Daucus carota), potatoes (Solanum
tuberosum), squash (Cucurbita pepevars), green peas
(Pisum sativum), green beans (Phaseolus vulgaris), celery
(Apium graveolens), leeks (Allium ampeloprasum var.

kurrat), parsley (Petroselinum crispum), dill (Anethum

graveolens), and edible mushrooms (Lentinula edodes).

They have been cleaned and the outer peels have been
removed, washed well, and placed at room temperature
until completely dry. Once dry, we ground each type
separately into a fine powder, then set them in sealed
plastic bags and stored them in a dry place until use. We
added 10 g of each and mixed them well to become one
ingredient. Then they were used in flavored-processed

cheese with ratios 2.5, 5, 7.5, and 10%.



Bioactive Compounds in Health and Disease 2022; 5(1): 13-32

1.2.2. Sample preparation of flavored-processed cheese
(FPC) using vegetables powder mixture: FPC is prepared
from a mixture of natural cheeses with different maturity
degrees (old Cheddar, young Ras), other dairy products
(skim milk powder, unsalted butter), nondairy products
(emulsifying salts, flavor enhancers as dried vegetables
mixture in ratios of 2.5, 5.0, 7.5, 10%), and water. They
are put into a pilot machine (5-Kg double-shell steam
boiler) at NRC, Egypt, and prepared at 85-95°C/15 min
using direct injection steam at 1.5 bar pressure with
continuous stirring. When the hot mass becomes

homogenous, it is manually packaged into sterile 50 mL

Grinding of various
natural cheeses types
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glass cups, covered with aluminum foil, and stored at
refrigeration temperature until further use. The control
sample consists of all ingredients without vegetables;
three replicates were prepared for each formulation.
Figure 1 showed the flow chart of processed cheese
preparation, while Table 2 presented the different
constituents used in FPC manufacture. Resultant FPC
samples were assessed for their nutritional value [amino
acids (AA), fatty acids (FA), vitamins, minerals, and

antioxidants].

|
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i Pre-heating at 70°C

“

Sterilization at 150°C/35-40 s

v

Filtration

~

| Cooking at 85-95°C/20-30 min

v

Shaping and packaging

~

Cooling

\ 4

Stored at refrigeration

Figure 1. Schematic flowchart of processed cheese preparation.
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Table 2. Formulations of the ingredients used in the manufacture of FPC with several vegetables powder blend

Ingredients Control
Cheddar Cheese 12.80
Ras cheese 38.44
Skim milk powder 5.12
Unsalted butter 10.26
Emulsifying salts 2.5
Several vegetables powder blend -
Added water 30.88
Total 100

1.2.3. Analytical methods

1.2.3.1. The nutritional values of FPC samples using
vegetables powder mixture: The nutritional values
(amino acids, fatty acids, vitamins, minerals, and
antioxidants) of flavored processed cheese samples using

vegetables mixture were estimated.

1.2.3.1.1. Amino acid profile of FPC samples using
vegetables mixture: Amino acid profile analysis was
conducted using Eppendorf-Biotronic LC 3000 amino acid

analyzer (Eppendorf-Biotronic, Hamburg, Germany) [48].

1.2.3.1.2. Fatty acid profile of FPC samples using
vegetables mixture: Fatty acid profile analysis was
determined using gas-liquid chromatography (GLC
Hewlett Packard 6890) [48].

1.2.3.1.3. Vitamin level of FPC samples using
vegetables mixture: Fat-soluble vitamins (A and E) and
water-soluble vitamins (C, B;, By, Bs, and Bg) were

conducted using HPLC analysis method of [49].

Formulations with ratios of vegetables blend (%)

F1(2.5) F> (5.0) F3(7.5) Fs; (10)
12.80 12.80 12.80 12.80
38.44 38.44 38.44 38.44
5.12 5.12 5.12 5.12
10.26 10.26 10.26 10.26
2.5 2.5 2.5 2.5
2.50 5.00 7.5 10.00
28.38 25.88 23.38 20.88
100 100 100 100
1.2.3.1.4. Mineral level of FPC samples using

vegetables mixture: The mineral content was
determined by atomic absorption spectrophotometry

[48].

1.2.3.1.5. Antioxidant activity of FPC samples using
vegetables mixture: Antioxidants (free radical
scavenging and total phenolic compounds) of flavored
processed cheese samples using vegetables mixture were

determined.

1.2.3.1.5.1. Radical scavenging activity (RSA percent):
Antioxidants were determined as free radical scavenging
activity according to [50] and expressed as percentage
inhibition of the a-diphenyl-B-picrylhydrazyl (DPPH)

radical using the following equation:

RSA % = Abs control — Abs sample % 100

Abs control

Where: Abs controli: The control reaction absorbance (blank

with 0.1 ml ethanol and 1.9 m| DPPH).
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Abs smpe: The sample reaction absorbance (0.1 ml

sample diluted in ethanol and DPPH).

1.2.3.1.5.2. Total phenolic compounds (TPC): TPC was
determined according to [51] using Folin-Ciocalteu
reagent and expressed as milligram based on Gallic acid

(GA) per 100g.

1.2.3.2. Statistical analysis of FPC samples using
vegetables powder mixture: One-way analysis of
variance (ANOVA) was performed using software [52].
Duncan’s multiple comparison tests were selected to
determine the significant differences among samples at
p<0.05. All experiments were performed in three

replicates.

2. RESULTS AND DISCUSSIONS
Processed cheese is an important dairy product; it is
easily produced and handled without the need for special
conditions due to its high ability to preserve. It is gaining
increasing popularity worldwide for its wide use of
applications, diverse composition, and attractiveness to
all ages for its pleasant flavor and its distinct texture and
taste. There is a growing demand for healthy cheese,
although there are still few studies available that address
the use of vegetables and fruits for dairy fortification.
Recommendations on increasing the consumption
of vegetables and fruits have become a global priority as
they reduce the risks of cancer, cardiovascular disease,
and early mortality. It is also an important component of
a daily healthy diet because of its richness in antioxidants,
vitamins, and minerals; lower energy (fat, sugars); and

source of dietary fiber. It also improves digestive health
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and prevents weight gain, micronutrient deficiencies,
obesity. Obesity is also a risk factor for non-
communicable diseases (some cancers, cardiovascular)
and chronic diseases (i.e. diabetes) [53]. Moreover, it is
one of the dairy products that is high in calcium, protein,
and other nutrients as a balanced diet [54].

Several biotechnology companies have developed
new dairy products as functional foods by adding bio-
functional activities to meet human health and consumer
acceptance [2]. It has become a tendency to search for
dietary fiber as a nutrient source in food industries
because of its physiological attributes [15].

Mushroom is a vegetable that contains most of the
plant-food benefits, such as providing a good source of
fiber and minerals (particularly K) and being low in
energy, fat, and sugar. It also has health effects similar to
other plant foods, because of decreasing cardiovascular
disease [55]. Likewise, it has functional food components
such as dietary fiber, proteins, amino acids, peptides,
keto acids, poly-USFA, vitamins, minerals, and
antioxidants like glutathione and selenium [56-57]. It is
also not only valuable in a diet (as functional foods), but
it contains some beneficial chemical materials that give it
the biological effect of being high in protein but low in fat
[58]. Manufacturers have greatly increased the
importance of making processed cheese with health

benefits (low salt and fat) [59].

2.1. The nutritional values of FPC samples using
different vegetables powder mixture: Several nutrients
are vital due to their biochemical activities for body
nourishment, reproductive support, growth, and overall

good health. Nutrients are divided into macro and micro-
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nutrients, where the AA, FA, and carbohydrates are
classified as macro-nutrients that are consumed in
relatively large quantities, while the vitamins and
minerals are classified as micro-nutrients that are
consumed in relatively smaller quantities. These
nutrients are necessary for the body's processes to
survive and stay healthy [60]. Besides, antioxidant
compounds that provide phyto-nutrients are also
essential. Vegetables are essential to a balanced diet due
to their phytonutrients and nutraceutical compounds.
They are known as protective foods, which are rich in
carbohydrates, proteins, vitamins, and minerals, because
they have biological activity against several chronic

diseases [61].

2.1.1. Amino acid profile of FPC samples using
vegetables mixture: Amino acids are one of the main
macro-nutrient types, which represent the basic unit in
protein formation. They are nutritionally classified as
either essential amino acids (EAA) or non-essential amino
acids (NEAA). Table 3 shows that the glutamic acid
predominated in all processed cheese samples; it formed
19.18% of the total AA with an amount of 26.60 g/100g
protein in the control samples. There was a significant
difference between AA content of FPC and the control
samples. Some EAA (leucine, histidine, threonine, and
tryptophan) was significantly increased by the
fortification-processed cheese; however, in contrast to
other EAA (isoleucine, lysine, methionine, phenylalanine,
and valine), it was significantly decreased with the
highest ratio of fortification. The same manner was

observed for NEAA (arginine, cysteine, alanine, aspartic,
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and tyrosine), which significantly increased, while the
NEAA (glutamic, glycine, proline, and serine) significantly
decreased (p<0.05). We can conclude that the
enhancement of cheese using dried vegetables mixture
can produce a complete product with EAA and NEAA
needed for all human ages. Where the total AA was
increased significantly with add advancement the
vegetables mixture ratio of processed cheese samples it
represents 138.68, 147.31, 155.97, 165.38, and 169.80
g/100g protein in control, Fy, F,, F3, and Fq4, respectively.
NEAA can be synthesized enough in the body as
substrates needed for protein synthesis; however, EAA
cannot synthesize in the body, so it is taken from the diet.
Some AA is synthesized in the body in insufficient
amounts, which is called semi-essential amino (histidine
and arginine). Both EAA and NEAA should be consumed
in the conventional “ideal protein” formulation of
balanced diets to maximize protein development and
enhanced human health [62]. Our study was in
arrangement with that obtained by Khider et al. [15]
found that fortification of processed cheese with dried
mushrooms showed increases in leucine, histidine,
arginine, cysteine, alanine, and tyrosine. It is an
important source of natural flavor that stimulates the
flavor of amino acids, especially glutamic acid [63].
Furthermore, the mushroom proteins have all nine EAA
requisites by which humans can substitute for a meat
diet. We can conclude from the obtained data that the
enrichment of processed cheese with vegetables powder
mixtures can produce complete product with EAA and

NEAA needed for all human ages [64].
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Table 3. Amino acid profiles of FPC samples using vegetables powder blend

Amino acids (g/100g protein) Control

Essential amino acids (EAA):

Histidine 3.84¢
Isoleucine 7.35°2
Leucine 12.454
Lysine 10.75°
Methionine 3.847
Phenylalanine 7.35°2
Threonine 4.69¢
Tryptophan 1.86°
Valine 9.05°
Total EAA 61.18°

Non-essential amino acids (NEAA):

Alanine 4.30°¢
Arginine 4,304
Aspartic 9.624
Cysteine 0.49°
Glutamic 26.60°
Glycine 2.77°
Proline 14.15¢
Serine 7.92¢
Tyrosine 7.35¢
Total NEAA 77.50°¢

Total amino acids

138.68 ¢

Formulations with ratios of vegetables blend (%)

F1 (2.5) F, (5.0) F3 (7.5) Fa (10)
4.49 b 5.14° 5.79 2 6.44°
6.90 2 6.45 2 6.02 2 5.58 b
14.80 17.15° 19.50 2 21.85°
10.35 2 9.96 9.54b 9.17¢b
3.453 2.81°b 2,56 2.31b
6.25 5.15° 4.05¢ 2.95¢
6.70 ¢ 8.71° 10.70° 12.73°
2.10 % 2.34% 2,582 2.82°
8.20° 7.35°0 6.51 bc 5.65 ¢
63.24¢ 65.06 b 67.25° 69.50
6.60 ¢ 8.90°¢ 11.21° 13.50°
6.30 8.02° 10.05 ° 10.07 @
11.67 ¢ 14.22° 16.77 2 16.37°
0.70 2 0.912 1.122 1.322
24.30° 22.15°¢ 20.05 ¢ 18.00°¢
2.50 223 1.97 2 1.69°
15.80 ¢ 17.45¢ 19.10° 20.75°
7.30 b¢ 6.58 b 5.86 5.15°2
8.90 ¢ 10.45°¢ 12.00° 13.45°
84.07¢ 90.91° 98.13° 100.30°
147.31°¢ 155.97° 165.38° 169.80°

Values within a row having different superscripts differ significantly (p<0.05).

2.1.2. Fatty acid profile of FPC samples using
vegetables powder mixture: Fatty acids are one of the
main macro-nutrient types that play an important role in
human life and nutrition, especially USFA that plays a role
in the management and prevention of blood pressure
levels, triglyceride levels, and cardiovascular diseases.
Likewise, saturated fatty acids (SFA) exist in large
quantities in foods of animal origin. They are linked to
increasing triglycerides levels in the blood, and cause
hypertension [65]. Table 4 shows that the short-chain SFA
(butyric, caprylic, and capric acids) had no significant

decrease in FPC samples compared to the control sample.

Also, both myristic and myristoleic acids had decreased
in FPC samples but were significantly more decreased
than the control sample. Conversely, palmitic, stearic,
oleic, linoleic, and a-linolenic acids were increased
significantly in FPC with higher ratios of dried vegetables
mixture. The SFA were reduced, while USFA (oleic,
linoleic and a-linolenic) were significantly higher (p<0.05)
than the control sample. It was confirmed that
mushrooms and vegetables could be a remarkable source
of essential USFA due to the high level of USFA in

mushroom and leafy vegetables.
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Table 4. Fatty acid profiles of FPC samples using vegetables powder blend

Fatty acids (g/100 g fat) Control
Saturated fatty acids:

Butyric (Cs.0) 7.392
Caproic (Ce.0) 12.132
Caprylic (Cs.o) 9.58 2
Capric (Cio:0) 13.672
Lauric (C12.0) 7.302
Myristic (C14:0) 22.282
Palmitic (Ci6:0) 63.354
Stearic (Cig.0) 20.13°
Mono-unsaturated fatty acids:

Mpyristoleic (Ci4:1) n-5 3.272
Palmitoleic (C16.1) n-7 4762
Oleic (C1s:1), N-9 48.07°b
Cadoleic (C0.1) n-11 2.522
Poly-unsaturated Fatty Acids:

Linoleic (Cys:2) n-6 4,74 ¢
a-Linolenic (Cys:3) n-3 1.73¢
Unknown 5.342
Total fatty acids (TFA) 226.26 ¢

BCHD
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Formulations with ratios of vegetables blend (%)

F1(2.5) F2(5.0) F3(7.5) F4 (10)
7.352 7312 7.27°2 7.23°2
12.10° 12.07 @ 12.04 2 12.02 @
9.532 9.48 2 9.452 9.41°
13.62° 13.57 2 13.522 13.47 2
7.312 7.32° 7.332 7.342
21.10° 19.92 ¢ 18.74 ¢ 17.564
66.29 © 69.23° 72172 75.11°2
20.43° 20.73 2 21.03 2 21.332
2912 2.55 b 2.19°b 1.83°
4912 5.06° 5.21-° 5.36°
48.49° 48912b 49.33 20 49.752
2422 2.33° 2232 2.142
8.47 d 12.71¢ 16.92b 21.142
10.91¢ 15.75¢ 6.67° 20.582
5.40° 5.46° 5.522 5.582
236.40°¢ 247.56" 258.70° 269.85°

Values within a row having different superscripts differ significantly (p<0.05).

The fortification of the dried vegetables mixture
induced various changes in the FA profile of all FPC
samples, where little variations were recorded at lower
values around short-chain (non-significant slightly
decreased than control) and most mono-USFA (up and
down than control). While noticeable great changes were
observed in long-chain poly-USFA (especially linoleic acid
and a-linoleic acid), it had a significant higher increase in
all of the FPC samples than in the control.

Our achieved results (Table 4) for the fatty acid
profiles of FPC samples are in agreement with what was
[65] reported that processed cheese with peanuts
showed significant increases in oleic, linoleic, and a-
linolenic levels than the control sample. Similar results
were obtained previously regarding the SFA and USFA

levels of the soft cheese enhanced with mushrooms [66].

Also, mushrooms had trace amounts of fats with linoleic
acid, compared to protein and carbohydrates, which
makes it an ideal food to maintain the health of the
cardiovascular system. Otherwise, the FPC samples
contained a lower value of mono-USFA, but also a higher
content of poly-USFA than the control sample, due to the
higher contribution of linoleic acid [67]. This observation
was compatibly with what we [68] established, that the
mushroom has higher linoleic acid level and is a

significant factor as a healthy food.

2.1.3. Vitamin levels of FPC samples using vegetables
powder mixture: Vitamins and minerals are two of the
main micro-nutrient types that the body requires to
survive and function. Vitamins are organic composites

necessary for proper bodily function and are classified as
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either soluble in water or fat. Fat-soluble vitamins (A, D,
E, and K) can be absorbed, transported, and stored in
body fat. Water-soluble vitamins (C and B-complex)
cannot be stored in the body because over ingestion
results in the vitamins being dissolved in water and
eliminated through human fluids such as sweating and
urine, so they need to be renewed daily [69-70].

In the last decade, intake of vitamins has increased
because of their vital role in raising the immunity of the
human body and preventing health problems through

their biochemical activities. Fat-soluble vitamins are
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absorbed and transported from consumed fat, and
excess of these vitamins is stored in the liver and other
parts of the body. Vitamin A affects enhancing eye vision,
formatting blood cells, and improving immunity and
growth, whether in carrots, green leafy vegetables,
potatoes, squash, or dairy products. Vitamin E affects
blood vessels, immunity, and effective antioxidants, and
is present in dairy products, cereals, vegetable oils, and
peanuts. Water-soluble vitamins are unnatural
substances stored in high amounts in the human body,

making them necessary for daily intake [71].

Table 5. Vitamin, mineral, and antioxidant levels of FPC samples using vegetables powder blend

Components Control Formulations with ratios of vegetables blend (%)

F1(2.5) F, (5.0) F3(7.5) F4 (10)
Vitamins

Fat-soluble (ug/100 g fat):

A (as Carotene) 7.414 7.78d 8.16¢ 8.53°b 8.902

A (as Retinol) 3.694 3.88¢ 4.07b 4.252 4442

E (a-tocopherol) 2.50° 2.46° 2.432 2.392 2.362

Water-soluble (mg/100 g):

C (Ascorbic acid) 1.24¢ 3.51d 5.73¢ 7.21b 10.502

B1 (Thiamin) 1.11¢ 1.864 3.29¢ 446" 5.612

B, (Riboflavin) 0.91¢ 1.90 « 2.50¢ 3.29b 5.42a

B (Niacin) 0.914 1.224 2.54¢ 4.86" 6.182

Bs (Pyridoxine) 0.71¢ 1.39¢ 2.37°b 3.29b 4.472

Minerals

Major elements (mg/100 g):

Calcium (Ca) 526.32 490.1° 450.3°¢ 411.74 375.3¢

Sodium (Na) 535.22 496.1° 457.1¢ 418.0d 379.3¢

Phosphorous (P) 57162 431.3b 391.0¢ 350.7 9 310.4¢

Potassium (K) 72.2¢ 99,54 127.7 ¢ 154.3°b 189.62

Magnesium (Mg) 19.4b 21.2°b 23.02b 24.62b 26.6°2

Na/K ratio 7.41° 4,98 @b 3.58 be 2.70 ¢ 1.99¢

Trace elements (ppm):

Manganese (Mn) 0.3574 0.981¢ 1.213¢ 2.151°b 3.083 2

Copper (Cu) 0.1882 0.216" 0.249¢ 0.2854 0.317¢

Zinc (Zn) 0.184 2 0.126° 0.11872b 0.109® 0.101°

Iron (Fe) 0.1122 14.82 be 18.42° 21.92 25.932

Selenium (Se) ND 0.052 1.10b 1.40° 1.90b

Antioxidants
Radical scavenging activity (RSA %) 9.332 34.48° 68.73 ¢ 86.04 d 106.23 ¢
Total phenolic compounds (TPC mg/100g 7.81°2 114.01" 163.31¢ 199.124 238.95¢

based on Gallic acid)

Values within a row having different superscripts differ significantly (p<0.05).
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As shown in Table 5, vitamins A and E represent two
of the fat-soluble groups. Vitamin A (either in carotene or
retinol) gradually increased with by increasing the
vegetables mixture ratio in FPC samples compared to
control cheese; carotene was valued twice as high as
retinol. However, in reverse, vitamin E (a-tocopherol)
had not significantly decreased in FPC samples compared
to the control cheese. Similarly, the same trend occurred
in the water-soluble vitamin group, where vitamin C
gradually increased and was significantly higher in FPC
samples than the control one. Dairy products are poor
sources of vitamin C because of that, but the vegetables
are a considerably rich source for it. Also, vitamin B
complex (B, 2, 3, 6) levels were significantly higher in FPC
samples related to control cheese. Moreover, illustrated
in the same Table 5, vitamin A is an essential fat-soluble
micronutrient and gradually increased by increasing
ratios of the vegetable mixture of FPC samples compared
to the control cheese. It was significantly higher due to
some carotenoids found in plants (a-carotene, B-
carotene, and B-cryptoxanthine) that were converted to
vitamin A using enzymatic procedure [72]. Our data also
increased in riboflavin and niacin because of the high
amount of mushrooms in these ingredients [13].
Vitamins (C and E) and carotenoids are known together
as antioxidant vitamins, which act individually or
collectively to prevent oxidative reactions causing many
degenerative diseases like cancer, cardiovascular
diseases, and cataracts [73]. Our obtained data are in

accordance with [44, 74].

2.1.4. Mineral levels of FPC samples using vegetables
powder mixture: Minerals and vitamins are two of the
main micro-nutrient types that the body requires to
survive and stay healthy. Minerals are substances that
the body cannot manufacture but are necessary to form
healthy bones and teeth and regulate many vital body

processes. As presented in Table 5, the K, Mg, Se, and Fe
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values of FPC samples were higher (P<0.05) than the
control sample due to high mineral levels in the added
vegetables mixture. Mushroom also had the highest
trace mineral, (Se), content for thyroid function and as a
key antioxidant [10]. These elements were gradually
increased by increasing fortification ratios. In contrast,
calcium, sodium, phosphorous, and zinc levels were
decreased by increasing the fortified ratios compared to
the control cheese. Furthermore, there is an increase in
K with low Na levels in the FPC samples by increasing
fortification ratios with the vegetable’s mixture. In the
reverse, reducing K is done by decreasing in Na/K ratio.
This produced healthier processed cheese due to the
strong relationship between these elements’ levels and
high blood pressure in humans. Our finding is compatible
with [75], indicating that K reduces both diastolic and
systolic blood pressure, as well as decreases risk factors
of heart diseases and hypertension decreased when
increasing K and decreasing the Na/K ratio.

The proper K-care is an essential element of recent
health nutrition, thus its level in food is also a factor of
medical importance [58]. Our data agreed with this
author who found that mushrooms are not only valuable
foods (functional foods), but they contain a useful
chemical composition (high levels of K and P, low Na
content, large amounts of some microelements) [58].
Moreover, they have a double benefit of low Na and
more K and Fe than most foods [76]. The higher the Na/K
ratio, the greater the chance of death from
cardiovascular disease, a heart attack, or other reasons
[77]. We conclude that results have been obtained for
the production and development of a new dairy product
of processed cheese. The cheese has health benefits for
people of all ages because of its added vegetable mixture.
The mixture has health-promoting nutritional and
functional components as functional foods. Likewise, it
achieved many goals. The first accomplishment was it

has higher Fe levels than the normal cheese, and the
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second goal it achieved was it has a lower Na/K ratio.
These results were similar to the findings with [74, 78].
We later found that the enrichment of the cheese with
broccoli increased K, Mg, Zn, and Fe levels, whereas the
Ca level was lower than control cheese. Furthermore, Fe
is an essential mineral element and an important
component of proteins involved in oxygen transport and
metabolism [79]. Iron plays a major role in the formation
of hemoglobin; oxidation of fats, proteins, and
carbohydrates; and preservation of the normal function
of the central nervous system [80]. Cu is an important
cofactor for many major enzyme systems, while Zn (an
essential trace element) contributes to normal growth

and development [81].

2.1.5. Antioxidant activities of FPC samples using
vegetables powder mixture: Antioxidants are molecules
that can prevent the oxidation of proteins,
carbohydrates, fats, and nucleic acids in organisms, and
have attracted considerable attention as potential
compounds (free radical scavenging activity and
phenolic).

Foods classified as functional foods contain
components that provide nutrients essential for good
health, such as vegetables and fruits as good sources of
antioxidants. This is beyond usual nutrients such as
vitamins, minerals, anthocyanin, flavonoids, and phenolic
acids. So, consumers are now increasingly demanding
healthy foods. Of the 10.3 million new cancers diagnosed
worldwide each year, up to 2/3 result from nutritional
factors and lifestyle. Diets rich in vegetables and fruits
reduce the risk of many cancers and other degenerative
diseases. Vegetables and fruits contain many
phytonutrients that have antioxidant activities, which
plays an important role in health benefits. Carrots and
tomatoes contain high levels of B-carotene and lycopene
in order. Antioxidants are compounds (free radical

scavenging activity and phenolic) that can prevent
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oxidative-stress-related diseases, balance or inhibit
oxidation degradation of various substances by reducing
oxygen content and prevent chain initiation by
scavenging premier radicals such as hydroxyl radicals.

Vegetables are a powerful source of main
antioxidants and home nutrition, such as vitamins (A, C,
E, and K), minerals, enzymes, carotenoids, and several
phytochemicals (flavonoids, polyphenols, lycopene,
lutein, terpenoid, and saponins) [82]. These raw vegetal
compounds are vital natural nutrients due to their
essential biochemical activities. They are used in food,
pharmaceuticals, and cosmetic industries, where the
consumption of these natural antioxidant compounds is
thought to provide protection against oxidative damage
and contribute to health benefits.

Eating a diet rich in natural products, such as
vegetables, fruits, cereals, olive oil. and oats, can help to
reduce or prevent cardiovascular diseases and some
types of malignancy. The phenolic compounds are the
major antioxidant components of these foods, which
relate to their molecular structure (hydroxyl groups) and
to double-bond conjugation impacts [83]. Furthermore,
the vegetables and fruits contain high quantities of
phenolic compounds with other phytochemical
antioxidants and antimicrobial characterizations, which
are capable of neutralizing free radicals and helping to
reduce the risk of mortality of certain diseases such as
coronary heart diseases, the incidence of myocardial
infarction, cancer, diabetes, osteoporosis, and Alzheimer
[84-88]. The vegetables and fruits can also provide
important protective effects in cellular detoxification
processes [89].

Antioxidants are molecules that can prevent the
oxidation of proteins, carbohydrates, fats, and nucleic
acids in organisms. Also, they act as the radical traps that
protect tissues from free radicals that can cause illnesses.
Various phenolic compounds possess high antioxidant

activity, where the vegetables and fruits are a rich source
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of natural antioxidants and phenolic compounds [90].
Additionally, antioxidants have attracted considerable
attention as potential compounds (RSA and TPC) that can
prevent or delays oxidative-stress-related diseases,
where it can balance or inhibit oxidation degradation of
various substances by reducing oxygen content. This
prevents chain initiation by scavenging premier radicals,
such as hydroxyl radicals, and neutralizing them, and
preventing certain diseases. Oxidation is a chemical
reaction that can produce free radicals, thus leading to
chain reactions that damage the cells of organisms [88,

91-92].

2.1.5.1. Radical scavenging activity (RSA percent): Data
presented in Table 5 exposed that the supplemented
cheese with the vegetables mixture gradually increased
the RSA and TPC in the resultant FPC samples by
increasing the percentage added. The RSA values of FPC
were significantly higher compared to the control
sample, due to the higher content of antioxidant
components in the chosen vegetables. The obtained data
of RSA values of FPC samples were high, being 9.33,
34.48, 68.73, 86.04, and 106.23% for control, Fi, F, F3,
and F4, respectively. Our results tend to agree with those

reported [26, 44, 93].

2.1.5.2. Total phenolic compounds (TPC):
Furthermore, as illustrated in the same Table 5, the TPC
values take a similar trend for RSA in all these processed
cheese samples, where it had significantly FPC samples
compared to the control sample and gradually increased
by increasing enriched added ratios of vegetables
mixture, being 7.81, 114.01, 163.31, 199.12, and 238.95
(mg/100 g passed on GA) for control, F1, F, F3 and F4 in
order. Most of the total phenolic compounds of
vegetables and fruits show antioxidant activity, which can
inhibit the oxidative degradation of various substances

by scavenging reactive types, including free radicals. It

can be concluded that the antioxidant activity data was
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closely correlated with the total polyphenol compound.
Our data has the same tendency by [93]. Phytochemicals
are supported to reduce the expression of oxidation
stress in the body due to its biochemical ability to reduce
free radicals [94]. Other benefits of fruits and vegetables
include glucosinolates diet [95] or dietary fiber [96].
Cheese has health-promoting properties associated with
some immune functions in the body. Though,
polyphenols and the lack of carotenoids play a chief role
as antioxidants in the human body [97-98]. So, our main
objective of this study was to develop an innovative
product by mixing dried vegetables into processed
cheese for better nutrition and health promoting
principles such as antioxidants and other useful
phytochemicals. We conclude that the antioxidant
activity data were closely correlated with the total
polyphenol compound.

In the nutrition world, mushrooms represent a
vegetable, a healthy utilitarian sustenance and a source
of valuable medicines [99, 100]. Many types of
mushrooms consumed are excellent sources of
carbohydrates, proteins, fats, B-vitamins, phenols,
organic acids, and trace elements [101-102]. These
components have been established to be responsible for
immunomodaulatory, antimicrobial, antitumor,
antihypertensive, hepatoprotective, and antioxidant
activities [103-104].

In a recent study, the promotion of healthy
vegetable products has coincided with a rise in
consumers concerned with the health functional foods.
Each type of vegetable contains a unique mixture of
phytonutraceuticals that distinguishes it from the other.
It is beneficial to humans in preventing or treating many
diseases or improving physiological functioning. Where
they are closely related to improving the digestive system
and good vision and reduce the risk of chronic diseases
(diabetes, and some cancer types), heart disease, and

stroke [105].
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3. CONCLUSION

Functional Food Scientists of the Functional Food
Institute/Functional Food Center (FFC) are developing its
current definition of functional foods to fit a more
accurate and comprehensive idea of what functional
foods do. The Food and Drug Administration (FDA)
classified functional foods as a drug; however, FFC has
proposed a new definition: “Natural or processed foods
that contain biologically-active compounds, which, in
defined, effective, non-toxic amounts, provide a clinically
proven and documented health benefit utilizing specific
biomarkers, to promote optimal health and reduce the
risk of chronic/viral diseases and manage their
symptoms" [106].

We produced a new dairy product as functional and
healthy processed cheese using a mixture of various
vegetables powders with functional and nutritional
attributes. We concluded that the results have increased
nutritional quality such as high amounts of vitamins,
minerals, amino acids, and antioxidant compounds (RSA,
TPA). These parameters have positively increased health
promotion as functional foods of newly flavored
products. Additionally, FPC samples have gained high
acceptance and they satisfy the needs of all ages of
children and adults. The fortified cheeses use different
vegetables to provide a distinct taste, aroma, and flavor
for better consumer acceptance. It also has many health
benefits due to their high phenolic compounds and high
antioxidant capacity. Our vegetable processed cheese
product is a potential functional food, or a good
candidate for a functional food that ensures the safety of
administering bioactive compounds as a health-

improving tool.

Abbreviations: AA: amino acids, EAA: essential amino
acids, FA: fatty acids, FPC: flavored-processed cheese, F;:
formulation one with vegetables mixture (2.5%), Fa:

formulation two with vegetables mixture (5%), Fs:
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formulation three with vegetables mixture (7.5%), Fa:
formulation four with vegetables mixture (10%), NaCl:
sodium chloride, NEAA: non-essential amino acids, RSA:
radical scavenging activity, SFA: saturated fatty acids, SN:
soluble nitrogen, TPC: total phenolic compounds, USFA:

un-saturated fatty acids.
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