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Abstract

The aim of the current investigation was to evaluate the impact of different
quantities of avocado fruit pulp powder (AFPP) (0, 5, 10, 15, and 20%) on the
sensory properties, physicochemical properties, and fatty acid profile of
Camel's milk processed cheese (CMPC). CMPC cheese represents the control
sample without AFPP addition. At ratios of 100:0, 95:5, 90:10, 85:15, and
80:20, AFPP was used to substitute CMPC cheese (%, w/w). Standard official
methods were used to analyze the proximate composition, mineral content,
fatty acid profile, health lipid indices, as well as consumer acceptability of
CMPC, AFPP, and binary mixtures of them. AFPP was rich in fat, protein, ash,
and fibers (58.18, 8.19, 7.48, and 7.00%, respectively). CMPC is mainly
composed of moisture (63.03 %), with 23.9%, % of crude protein, 9.15 % of
lipids and3.92 % ash. Fat, fiber, ash and energy contents of fortified cheese
samples increased significantly with the addition of AFPP. No significant
differences were recorded in protein between control cheese samples and
those cheese samples containing AFPP. The results also revealed that the K,
Mg, Fe, and Zn content in CMPC cheese samples enriched with 20% AFPP
were about 2.41,1.18,1.72, and 1.30-fold higher, respectively, when
compared to control cheese without any addition of AFPP. In fortified cheese
samples, the amounts of oleic, linoleic, and linolenic acids significantly
increased as the AFPP dosage increased; however, the amounts of myristic,
palmitic, and stearic acids decreased as the AFPP concentration increased.
The reduction in atherogenic and thrombogenic indices of CMPC cheese
samples with different concentrations of AFPP demonstrate the nutritional
advantages of CMPC cheese enriched with avocado powder. The sensory
evaluation results indicated that all processed cheese samples in the current
investigation were acceptable and received high overall acceptability scores
ranged from76.19 to 84.60.
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The food supply must include both processed and fresh items. Processed foods promote
both nutritional safety (ensuring that food quality satisfies human nutrient demands) and
food security (ensuring that there is enough food available). Nutritionists and food scientists
are diligently working really hard to develop healthy foods. The incorporation of nuts, fruits,
vegetables, herbs, and spices into processed foods became an effective way to improve and
enhance their nutritional qualities due to the fact that they have a wide range of nutrients

(1,2).
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Camels have been domesticated for a very long time, and they provide food (meat and
milk) and fabrics (fiber and hair strands) as livestock. Camels can contribute to economic
growth and food security through the production of meat, dairy products, as well as
additional products (3). Camel profitability in desert environments is ensured by their
comparative advantages in their ability to adapt and remain productive under hard
environmental circumstances (4). Previous study has shown that camel and camel milk
production contributes significantly to local and national economies, as well as individual
livelihoods (5). The camel milk business has a lot of opportunities for improvement. to
strengthen the livelihoods and economic position of communities of pastoralists (6). Camel
milk (CM) is known as the "white gold of the desert" because to its nutritional value (7).
Camel's milk has a pH range of 6.2 to 6.5, is white and opaque, has a slightly salty taste, has a
very low-fat content of 96% triglycerides, and has about 30 mg of cholesterol per 100 grams
of dry matter (8). Camel milk is extremely rich in vitamins B1, B2, and C (9) The amount of
vitamin C in camel milk is between three and five times more than in bovine milk, in
accordance with studies conducted by Kamal and Karoui (10). Camel's milk and fermented
camel milk (FCM) has been shown to have antibacterial, antioxidant, anticancer,
antihypertensive, and anti-diabetic properties (11). The antidiabetic activity of camel dairy
products might be correlated with the inhibition of numerous metabolic enzymes
corresponding to the progression of diabetes, such as dipeptidyl peptidase IV (DPP-IV), an
enzyme that degrades the insulin-secreting incretin hormones glucagon-like peptide (GLP)
and gastric inhibitory polypeptide (GIP), a-amylase, and a-glucosidase (12).

Avocado (Persea americana) fruit (AF) is typically consumed in its ripe form as a table
vegetable (fresh cut) or used in recipes like mayonnaise and margaritas. Processed avocado
products include frozen slices and pulp, packaged guacamole and avocado oil. Due to their
exceptional health and distinctive flavor and scent, these fruits have a significant commercial
value (13). Avocado fruits contain proteins, carbohydrates, lipids, vitamins (B2, B3, B5, B6, B7,
B9, C, E, and so on), minerals (calcium, copper, iron, magnesium, manganese, and
phosphorus), and natural colors (chlorophylls and carotenoids), which contribute to their
nutritional value (14). According to Dreher and Davenport (15), avocado oil contains 71%
monounsaturated fatty acids, 13% polyunsaturated fatty acids, and 16% saturated fatty acids,
which contributes to maintain balanced blood lipid profiles and increases absorption of
phytochemicals and fat-soluble vitamins. Lye et al. (14) described and summarized the
therapeutic properties of avocado fruits, which include antioxidant, antitumor, hypoglycemic,
antiatherosclerotic, antimicrobial, as well as anti-inflammatory activities. On the contrary,
avocado is a climacteric fruit with a high moisture content that seems to be extremely difficult
to store, resulting in a lower shelf life and higher postharvest loss (16). As a consequence,
employing avocados as fresh commodities made it difficult to give both economic value and
trade stability.

Avocados that have been preserved and processed may have an extended shelf life,
retain more nutritional quality, and have a higher commercial and economic value. Different
novel processed food products can also be developed and commercialized (17). Additionally,
due to their wide range of sensory attributes, including flavor and texture, processed cheeses
have become more popular and consumed by both children and young people. As a result, it
is extensively utilized in a wide range of applications (in fast-food and catering chains), either
raw or processed cheese (18). Processed cheese (PC) and processed cheese spread (PCS) are
cheese-based food items made by blending, shearing, and emulsifying natural cheese(s) of
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different maturity dates in the presence of appropriate emulsifying salts (ES). In addition,
dairy product (such as cream, butter, and anhydrous milk fat as well as different milk powder
blends) and nondairy substances (such as stabilizers, preservatives, acidifying agents, and
NaCl) are employed to comply with the finished product's specifications (19,20).

In order to produce processed cheese, both dairy and non-dairy components can be
blended with natural cheeses. Several non-dairy components have been employed, including
mushrooms, vegetables, wheat fiber, egg protein, meat, fruit juices and pulp, almonds, as
well as oats (21). When compared to control samples, processed cheese (PC) samples
containing tomato powder (PCTs) had higher levels of proteolysis degree phenolic and
lycopene concentrations, as well as antioxidant capacities (22). Adding denatured whey
protein paste (DWPP) into cheese dropped saturated fatty acid levels while increased
unsaturated fatty acid (USFA) levels, which resulted in a reduction in cheese hardness at high
doses of DWPP due to the low melting points of USFA. The results also concluded that the
that supplementing Gouda cheese with 1 or 2% DWPP increased the textural attributes (23).

At present, the features of processed cheese by employing avocado fruit pulp powder
(AFPP) have not been evaluated. Therefore, the objective of the current study was to
determine the impact of adding different levels avocado fruit pulp powder (AFPP) (0, 5, 10,
15 and 20%) on the sensory properties, physicochemical properties, and fatty acid profile of
Camel's milk processed cheese CMPC.

Six kilograms of Camel's milk Edam cheese and AF (Persea americana) were purchased
from a local market in Giza, Egypt's Maadi - City Center branch, all reagents and chemicals
that were used in this study were of analytical grade.

Avocado fruit were washed with tap water, peeled. The fruit pulp was chopped into
small pieces (2x2x2 cm). The Small pieces of pulp fruit were frozen at - 40°C for 18 hours and
then freeze-dried for 5 days using freeze-dryer (Labconco Corporation, Kansas City, MO, USA).
The freeze-dryer's shelf temperature was 40 °C and the chamber temperature was 20 °C (i.e.,
the avocado pulp sample was frozen at - 40 °C and subsequently dried to 20°C) with an
operating pressure of 200 Pa. The freeze- dried pulp fruit sample was kept in a brown bottle
at 4 °C until use.

Camel's milk Edam cheese was used to produce camel’s milk processed cheese (CMPC) spread
according the procedures described by Rafig and Ghosh (21). In brief, chopped Camel's milk
Edam cheese was blended with distilled water (20% of the cheese weight) and 3% potassium
phosphates (emulsifying salt) in a pilot-scale cheese cooker (Thermaflo, Takaro, Palmerston,
New Zealand). The mixture was cooked in the cheese cooker for 5 minutes at 90+5°C with
constant stirring (1500 rpm) until the cheese mass became homogeneous. AFPP powder was
added to this basic mixture in various ratios (0, 5%, 10, 15 and 20 % w/w), and each formula
was heated for 5 minutes at 80 £5°C with constant mixing. The hot melted cheese was placed
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individually in 500 cm3 glass containers, cooled in a 15 °C cooled incubator for two hours, and
then stored in a refrigerator (4+1°C) for further investigation.

Moisture content, protein content, ash, and crude fiber contents of CMPC samples were
assessed according to AOAC (24), methods 925.09 B, 950.36, 930.22and 950.37, respectively).
Total crude lipids were determined using Soxhlet method based on Ling (25) procedures. Total
carbohydrate content was calculated by subtraction of the sum of the crude protein, total fat,
moisture, and ash from 100g (26).

The following equation was used to compute the energy value (kcal/100 g) (26).
Energy (kilocalories per 100 grams) = [9(lipids%) + 4 (proteins%) + 2(fiber%) +
4(carbohydrates%)].

The mineral contents in a diluted solution of the ashed samples were determined using an
atomic absorption spectrophotometer (3300 PerkinElmer, Spectra Lab Scientific Inc. 38
McPherson St. Markham, ON, CanadalL3R 3V6), using the method described by Althwab et al.,
(27)

The fatty acids were analyzed and qualitatively determined using capillary gas
chromatography (HP 6890, Agilent Technologies, Inc. 2850 Centerville Road Wilmington, DE
19808-1610), and the results were presented as relative area percentages (28).

The health lipid indices of the CMPC samples were assessed using various fatty acid ratios and
combinations. The atherogenic (Al) and thrombogenic (Tl) indices and Hypocholesterolemic
Fatty Acids (DFA), were determined using the Ulbright and Southgate (29) equations. as
follows:

C12:0 + 4 x C14:0 + C16:0 (1)
- MUFA + PUFA
(C14:0 + C16:0 + C18:0) (2)

Tl=
(0.5MUFA + 0.5 w-6 PUFA + 3 w-3PUFA + w-3/w-6)

DFA= UFA+C18:0 (3)

Where MUFA, Monounsaturated Fatty Acids; PUFA, Polyunsaturated Fatty Acids, UFA,
Unsaturated fatty acids (UFA) are formed by integrating polyunsaturated (PUFA) and
monounsaturated (MUFA) fatty acids.

To perform the sensory evaluation for the CMPC samples, 30 semi-trained panelists (22
females and 8 males) were recruited from the graduate students and staff of the Department
of Food Science and Human Nutrition, College of Agriculture and Food, Qassim University,
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Buraydah, Saudi Arabia. Three-digit codes were used for labeling cheese samples. A number
of factors were evaluated for reaching the final decision, including flavor (30), body and
texture (30), color and appearance (20), consistency (10), mouth feel (10), and overall
acceptance (100). During the sensory evaluation, bottled drinking water were provided to
keep the mouth clean in between CMPC cheese samples.

The results of each analysis were performed in five replicates, and they were presented as
mean valuest standard deviation. One-way analysis of variance (ANOVA) was used to
statistically evaluate the difference between the mean values (p< 0.05).

Table 1 illustrates the proximate composition of AFPP and CMPC enriched with various
AFPP concentrations (0, 5%, 10, 15, and 20% w/w). The moisture value of AFPP was 5.68%;
the low moisture level allows for easier storage, maintains shelf life, and ensures the safety
of food products (30). The freeze-drying product maintains its form, is easily rehydrated, and
can inhibit microbe growth, freeze-drying is the best method for dehydrating avocado fruits
(31). AFPP contained high quantities of fat, protein, ash, and fibers (58.18, 8.19, 7.48and 7.00
%, respectively). These results are consistent with those of Casteneda-Saucedo et al. (31),
who reported that rainfed freeze-drying avocado pulp has 68.78% fat, 11.24% ash, 6.30%
protein and 6.27% fiber. Based on these data, AFPP can be used as a source of fat, protein,
ash, and fiber. CMPC is mainly composed of moisture (63.03 %), with 23.9%, % of crude
protein, 9.15 % of lipids and 3.92 % ash. These findings complied with those reported by
Abbas et al., (18). As consequently, when CMPC is supplemented with different amounts of
AFPP, incorporating AFPP as a recommended additive could enhance its nutritional qualities.
The proximate compositions (nutritional quality) of the CMPC enriched with different AFPP
quantities (0, 5%, 10, 15, and 20% w/w) are shown in Table 1. The incorporation of AFPP
affected the chemical properties of CMPC significantly (Table 1). Moisture content was
significantly lower in the processed cheese samples supplemented with AFPP than in the
control without AFPP addition. The moisture content decreased significantly from 63.03 % in
control cheese samples to 60.13, 57.15,54.39 and 51.48 in those CMPC samples
supplemented with 5, 10, 15, and 20 % respectively. Increasing AFPP substitution significantly
(P £0.05) enhanced the fat content of CMPC samples, as expected (Table 1). The highest fat
level (18.83%) was discovered in CMPC samples supplemented with 20% AFPP, whereas the
lowest (9.15%) was detected in control samples without fortification. The fat content of CMPC
samples increased significantly as AFPP levels in the recipes increased (p < 0.05). The
percentage of fat increases in enriched cheeses ranged from 26.77% to 105.79%. These
increases in fat content of treated cheese samples could be due to the high lipid content of
AFPP. AFPP contains 58.18% fat on dry weight (Table 1. Avocados have a high total fat content
(15.4 g/100 g, as fresh weight basis), which is dominated by MUFA (9.8 g/100 g), a high
phytosterol content (57 mg/100 g), and no cholesterol (32). Cheese analogues are created by
combining fat and/or protein sources other than those found in milk with a flavor system that
is as close to the real product as possible. An appropriate processing process capable of
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incorporating these ingredients to achieve the desired textural and functional qualities must
also be developed (33).

Protein content varied from 20.75 t0.23.90% in cheese samples. There were no
statistically significant differences in protein content between control cheese samples
(23.90%) and those enriched with 5% AFPP (23.13%). Protein content of enriched cheese
samples decreased significantly when CMPC was replaced with 10%, 15%, and 20% AFPP. The
addition of 15 and 20% AFPP powder into cheese blends resulted in significant reductions in
protein content (21.53 and 20.75%) compared to the protein content of the control sample
(23.90%). These decreases are consistent with the findings that AFPP had a high
concentration of lipids and a low concentration of protein (Table 1).

The ash level of fortified cheese samples with various amounts of AFPP was higher than
that of the control (unfortified cheese sample). The ash level of CMPC samples with 20% AFPP
supplementation was the highest (4.65 g / 100 g), meanwhile the control (with no AFPP
supplementation) was the lowest (3.92 g/ 100). Simultaneously, increasing the amount of
AFPP fortification significantly (p< 0.05) increased the ash content of fortified cheese.
Avocado (Persea americana) fruit can be considered as a good source of minerals, it contains
high amount of ash ranged 9.40 to 11.24 % (31). The findings are consistent with those
presented by Mehanna et al., (34), who found that adding tomato juice to processed cheese
enhanced its ash levels. Fiber content (g/100 g) of fortified cheese samples ranged from not-
detectable level to 1.40 %. Cheese samples with various amounts of AFPP had significantly
higher levels of fiber content than control samples without AFPP addition. Fiber content of
the fortified cheese samples can be arranged in the decreasing order as follows: Cheese with
20 % AFPP > Cheese with 15 % AFPP > Cheese with 10 % AFPP > Cheese with 5 % AFPP >
control samples without AFPP addition. Avocado fruit is a great source of dietary fiber (31).
According to the research, "fiber has emerged as an important dietary component in the
prevention of chronic diseases. High fiber consumption lowers the risk of cardiovascular
disease, certain cancers, hypertension (high blood pressure), diabetes, and malnutrition (26).

The carbohydrate content of enriched cheese samples ranged from not-detectable level
to 1.83 %. Substituting AFPP powder into CMPC cheese resulted in considerable increases in
carbohydrate content of cheese samples. The addition of 15 and 20% AFPP powder into
cheese blends resulted in significant increases in carbohydrate content (1.39 and 1.83 %)
compared to the control sample without AFPP inclusion. These increases are consistent with
the findings that AFPP powder included a considerable quantity of carbohydrates (Table 1).
The energy content of the cheese samples ranged from 56.11 to 177.46 (kcal / 100 g).
Substituting CMPC cheese with different quantities of AFPP powder results in significant
increases in energy content. Cheese samples enriched with 5-20% AFPP powder contain
considerably higher energy than control samples. The greatest energy values (145.64
and177.46 kcal) were found in CMPC cheese samples enriched with 15% and 20% AFPP
powder, respectively. These calorie increases could be attributed to the AFPP powder's high
fat and protein content Table 1). In compared to other tropical fruits, avocados are rich in
calories. It has a high nutritional value since it contains a significant amount of proteins (1.11
to 1.75 g per 100 g), lipids (4.8 to 10.15 g per 100 g), and carbohydrates (7.3 to 11.54 g per
100 g) (35). According to Othman et al., (36), who reported a similar conclusion, energy
content increased significantly as dietary lipids content increased. Previous studies
discovered that muffins fortified with avocado puree exhibited significant increases in
moisture, ash, and carbohydrate when compared to the control sample (36), which is similar
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with the current findings. The pH value of cheese samples ranged from 6.7 to 6.8. There were
no statistically significant changes in pH value between fortified and unfortified cheese
samples.

These results indicate that the addition of AFPP powder into CMPC cheese samples
showed significant improvements in ash, fat, fibers, carbohydrates as well as energy content,
while protein content was slightly reduced due to AFPP powder addition.

CMPC + AFPP
Component AFPP CMPC
(95:5%w/w)  (90:10%w/w) (85:15%w/w) (80:20%w/w)
a
Moisture 5.68/£0.27 fi'gg 60.16°+2.98 57.30°+1.96 54.439+1.95 51.50°+2.13

Crude protein  8.19°+0.64 23.90°+1.09 23.13°°+1.23 22.32°+1.46 21.53%1.12 20.75%+0.87
Fat content 58.18°+1.07 9.15°t0.77  11.6%t0.84 14.05¢1.02 16.50¢t0.94 18.83°+0.88

Ash 7.48°+0.53  3.92%+0.21 4.10+0.22 4.28°+0.31 4.45+0.35 4.65+0.33
Dietary fibers ~ 7.00%+.91 ND 0.35%+0.03 0.70°+0/06 1.05°°+0.05 1.40°+0.06
Total 9.1540.86  ND 0.46% 0.929+0.08 1.39%40.11 1.83%40.13
carbohydrates

pH 6.82+0.02 6.68£0.04  6.69°+0.03 6.692+0.03 6.70°4£0.01 6.70°+£0.06

Energyvalue  646.9a+0,98 56.11f+t0.67 87.14°t1.24 113.67°t1.46 145.64+0.96 177.46°+1.22
(kCal/100 g)

Mineral’s content of CMPC cheese samples fortified with different levels of AFPP (on
dry weight basis) are presented in Table 2. The mineral content of CMPC cheese samples was
completely affected by modifying the AFPP powder blending ratio. Generally, the content of
K, Mg, Fe, and Zn of CMPC cheese samples supplemented with different amounts of AFPP
increased significantly (p < 0.05) as AFPP replacement levels increased (Table 2). This finding
could be due to the high contents of mineral elements in AFPP. Avocado fruits were shown
to be rich in minerals such as calcium copper, iron, magnesium, manganese, and phosphorus
(14). The highest quantity of these micro- and macro elements was detected in CMPC cheese
samples supplemented with 20% AFPP, whereas the lowest values of these elements were
observed for control cheese samples (without AFPP supplementation). The results also
revealed that the K, Mg, Fe, and Zn content in CMPC cheese samples enriched with 20% AFPP
were about 2.41,1.18,1.72, and 1.30-fold higher, respectively, when compared to control
cheese without AFPP addition. This finding confirms with the results presented by Mohamed
et al. (37) who showed that processed cheese analogue enriched with spirulina powder at
levels of 1, 2 and 3% had better mineral content than control cheese without additives.
Similarly, Yadav and Mishra (38) discovered that spreadable cheese supplemented with
mushroom powder contained more micro- and macro-elements than control cheese samples
without supplementation.
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CMPC + AFPP
AFPP CMPC
(95:5%w/w) (90:10%w/w)  (85:15%w/w)  (80:20%w/w)
Na 59.90°+1.34 512.30°+7.88 488.57%°+8.99  464.84°+7.34 441.11°412.08 417.38%+7.00
Ca 23.20°+2.88 526.30°#9.18 500.01%°+11.23 473.73°#9.13 447.44°+16.71 421.15%4.88
K 584.00°+13.09 72.20°+1.96  68.61°+0.97 65.02°43.74  61.44%3.00 57.85e+2.98
Mg 37.70°+0.87 19.40°+1.22  18.44*°+2.08 17.47°42.08  16.51%+0.95 15.54°+1.08
Fe 0.56°+0.09 0.11°+0.00 0.12°+0.00 0.12+0.02 0.12°+0.00 0.12b+0.00
Zn 0.44°+0.03 0.18+0.00 0.17°+0.00 0.17°+0.03 0.16*°+0.03 0.15°40.02
Mn 0.10%+0.00 0.35%+0.04 0.34°+0.06 0.32°+0.00 0.30*°+0.00 0.29°4¢0.00
Cu 0.13°+0.00 2.40%+0.08 2.28%+0.00 2.16°+0.00 2.04°+0.00 1.929+0.00

The fat content of CMPC cheese samples supplemented with various amounts of AFPP%
(w/w) is shown in Table 3. Generally, the fat content of CMPC samples ranged from 9.15 to
18.83. In this regard, Engberink et al. (40) classified high- and low dairy foods based on their
total fat content: low-fat dairy: milk and milk products with less than 2.0 g fat per 100 g,
cheese products with less than 20 g fat per 100 g; high-fat milk and cheese: milk and milk
products with more than 3.5 g fat per 100 g, cheese products with more than 20 g fat per 100
g. As a result, the CMPC samples under investigation are high-fat dairy foods. Therefore, to
reduce the risk of CVD through maintaining appropriate plasma lipids and lipoprotein
cholesterol levels, exclusively reduced and fat-free milk as well as dairy products are
recommended as part of a balanced diet (39).

Fatty acids are categorized into three types: saturated (SFA), mono-unsaturated (MUFA)
and polyunsaturated (PUFA) fatty acids. Unsaturated fatty acids, on the other hand, are
separated into omega groups, with omega-9 believed to be non-essential for humans and
omega-3 and -6 considered to be essential, because the latter cannot be synthesized by
mammalian and must thus be supplied through diet (40). Table 1 shows the Fatty acid
compositions of CMPC cheese samples fortified with various doses of AFPP. The predominant
fatty acids in CMPC fats (100:0, with no AFPP addition) were oleic (27.1%), palmitic (26.8%),
stearic (14%), palmitoleic (cis-9-hexadecenoic) acid (13.22%), and myristic (9.9%)., whereas
the predominant fatty acids in AFPP oil were oleic acid (68.08%), palmitic (15.4%), palmitoleic
(cis-9-hexadecenoic) acid (7.33%), and linoleic acid (7.19%), respectively. Avocado oil contains
a high concentration of oleic acid, antioxidants, and phytosterols (41).The results revealed
that the concentrations of oleic (cis-9-octadecenoic) acid (C 18:1), linoleic (9,12-
octadecadienoic) acid (C 18:2), and linolenic (9,12,15-octadecatrienoic) acid (C 18:3)
increased significantly with increasing the AFPP levels in the cheese blend formulations; while
the quantities of myristic (tetradecanoic) acid (C 14:0), palmitic (hexadecanoic) acid (C 16:0)
and stearic (octadecanoic) acid ( C 18:0 ) dropped as the AFPP concentration was increased.
Supplementing cheese samples with various quantities of AFPP% (w/w) led to produce CMPC
cheese with significant increases in monounsaturated and polyunsaturated FAs, mainly as
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oleic and linoleic acids, respectively. Avocado oil's fatty acid composition is mostly composed
of unsaturated fatty acids (79.7%) and a little amount of saturated fatty acids, this indicates
the high concentration of poly and mono unsaturated fatty acids that are favorable to health,
since the triglycerides found in avocados are not fats but oils that remains liquid at room
temperature (31). According to Dreher and Davenport (15), 'Hass' avocado oil contains 71%
monounsaturated fatty acids, 13% polyunsaturated fatty acids, and 16% saturated fatty acids,
promoting balanced blood lipid profiles and increasing the absorption of fat-soluble vitamins
and phytochemicals. According to recent nutritional guidelines, the majority of people should
limit total fat consumption to less than 30% of total calories and saturated fat consumption
to less than 10% of total calories. For patients with high LDL cholesterol or cardiovascular
disease, the American Heart Association (AHA) recommends lowering saturated fats to 7% of
total calories. To achieve a more healthful dietary patterns, modern nutritional guidelines
advise people to consume more fruits, vegetables, and grains while reducing the type and
amount of fat they receive (42,43).

Furthermore, the PUFA/SFA and PUFA n-6/n-3 ratios, hypocholesterolemic and
hypercholesterolemic fatty acid levels, as well as atherogenic and thrombogenic indices have
become some of the key metrics for assessing the nutritional value and healthiness of diets
(44). Therefore, the present study focused on identifying certain quality indicators associated
with lipid health (such as Al, Tl, and DFA). The atherogenic index (Al) is calculated as sum of
the amounts of saturated fatty acids (C12:0 + 4xC14:0 + C16:0) and then dividing that amount
by the total concentration of unsaturated fatty acids (29).

Generally, Atherogenic and thrombogenic indices were reduced in CMPC cheese
samples supplemented with various doses of AFPP, confirming the improvement of
nutritional aspects of CMPC cheese supplemented with avocado powder. The balance of n-6
and n-3 PUFA in the diet, in particular, is important in the prevention of numerous ailments,
including coronary artery disease (45). The current study indicates also that supplementation
of CMPC cheese samples with 20% AFPP was able to reduce the atherogenic index
andhrombogenic index by 14.51% and 16.93 %. respectively. According to Paszczyk and
uczyska (46), dairy products may offer protection against coronary heart disease (CHD) if their
atherogenic index (Al) is low. Table 3. shows that DFAs values of produced cheese samples
ranged from 60.27 to 65.14. Cheese fortified with AFPP powder showed a higher DFAs values
than control cheese. The highest DFAs value (65.14) was recorded for CMPC cheese samples
enriched with AFPP 20% (w/w), meanwhile, the lowest DFAs value was found in control
samples without AFPP addition. Generally, increasing the amount of AFPP fortification
significantly (p< 0.05) increased the DFAs value of fortified cheese. Higher dietary intakes of
unsaturated fatty acids have been associated with higher amounts of DFA in milk, according
to Osmari et al., (47). DFAs are anti-atherogenic because they include stearic acid (C18:0) and
unsaturated fatty acids, both of which reduce plasma cholesterol and triacylglycerols. Recent
investigations has demonstrated that avocado seed extract has anti-dyslipidemic potential,
which could be effective in the treatment of hypertension and other dyslipidemic diseases
(48). Avocado oil has acquired popularity in the human diet as a result of its high
concentration of MUFA (65.3%) and beneficial health effects in terms of anti-inflammatory
characteristics and cardiovascular disease. The concentration of the most significant PUFA,
18:3 (n-3), in avocado oil and olive oil was nearly same (0.73 and 0.78%, respectively (49).
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Samples CMPC %+ AFPP % (w/w)

H 0,

e AFPP 1000 95:5 90:10 85:15 80:20
C 4: 0 Butyric acid 0.00°  0.79° 0.73° 0.70° 0.66° 0.64¢
C 6:0 Caproic acid 0.00¢  0.32° 0.32° 0.30° 0.28° 0.25¢
C 8:0 Caprylic acid 0.00¢ 0.19° 0.19° 0.17° 0.17° 0.15¢
C 10:0 Capric (decanoic) acid 0.00¢ 0.26° 0.24° 0.24° 0.21° 0.21¢
C 12:0 Lauric (dodecanoic) acid 0.00¢  0.45° 0.44° 0.40° 0.39° 0.35¢
ac;;t:o Myristic (tetradecanoic) 0.00°  9.92° 9.43 8.90° 8.40¢ 7.95¢
;:;j:o Palmitic (hexadecanoic) 15.4°  26.80°  26.20° 25.69° 25.115¢ 24.40°
C 18:0 Stearic (octadecanoic) acid ~ 2.00¢  14.00*  13.43% 12.80° 12.21b¢ 11.72¢
C 20:0 Arachidic (eicosanoic) acid  0.00¢  1.00° 0.94%° 0.90° 0.84%¢ 0.79¢
C 16:1 Palmitoleic (cis-3- 733¢ 13220 12.94% 12.60° 12.30°¢ 12.14¢
hexadecenoic) acid ) ’ ) ) ’ )
g;;z:l Oleic (cis-9-octadecenoic) oo o0 57 100 59,14 31.23¢ 33,29 35.20°
¢ 18:2 Llnc?lelc.(9,12'— 7.19°  4.90¢ 5.02¢ 5.10¢ 5.25b¢ 5.46°
octadecadienoic) acid
C 18:3 Linolenic (9,12,15- ; ab b b
octadecatrienoic) acid 0.00°¢ 1.05° 1.00 0.98 0.88 0.84
The ratio of fatty acids
SFA 17.40° 53.73° 51.91° 50.10 48.27¢ 46.47°
MUFA 75.4128  40.32¢ 42.08¢ 43.83%¢ 45.59° 47.34°
PUFA 7.19¢  5.95¢ 6.01 6.08° 6.13¢ 6.20°
UFA 82.60° 46.27¢9  48.09% 49.91°¢ 51.72°¢ 53.54°
Health Lipid Indices
Al 0.19f 1.452 1.34° 1.24¢ 1.144 1.06°
Tl 0.42¢ 1.95° 1.83° 1.72¢ 1.62¢ 1.52¢
DFA 84.60° 60.27< 61.49° 62.71b¢ 63.92° 65.14b

Sensory features represent an essential variable factor in a consumer's decision to buy
cheese; therefore, it is essential to ensure that additional substances have no an adverse
effect on sensory attributes (50). Table 4 shows sensory evaluation findings for CMPC cheese
samples enriched with different amounts of AFPP. Sensory characteristics of cheese samples
were determined in freshly prepared samples. The results showed that there were no
significant differences were observed regarding the flavor, body and texture, color and
appearance, consistency and mouth feel among CMPC cheese samples fortified with (0, 5 and
10 % w/w) of AFPP. The scores of flavors, body and texture, color and appearance,
consistency, and mouth feel were significantly lower in the CMPC fortified with AFPP (85:15
and 80:20 %w/w). The panelists reported that all processed cheese samples in this study were
acceptable and received high overall acceptability scores ranged from 76.19 to 84.60. In this
regard, Al-Hamdan et al., (51) discovered that fortifying fermented dairy products with dates
significantly enhanced their sensory quality when compared to unfortified samples.
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Samples CMPC %+ AFPP % (w/w)

Parameters CMPC
95:5 90:10 85:15 80:20
Flavor (30) 26.00°+3.8 25.50°+3.11  25.23°+4.02 24.55°+4.07 24.30°+3.77
Body And Texture (30) 25.00°+2.74 25.78%%3.17  25.78°+4.08 24.56°+3.02 24.00°+3.05
Color And Appearance (20) 17.00°+1.87 16.23+2.14  16.21%+2.33 15.00°+1.03 14.53°42.08
Consistency (10) 8.00a+1.23  7.50a+1.18 7.50a+1.97 7.00b+2.45 6.36c+2.11
Mouth Feel (10) 8.00%+1.08 7.79%+1.05 7.70°+1.14 7.40°+1.18 7.00°¢1.06
Overall Acceptability (100) 84.00°+2.16 82.80%+2.13  82.42%+2.70 78.51°+2.35 76.19¢2.42

The incorporation of Avocado Fruit Pulp Powder (AFPP) into Camel Milk Processed
Cheese (CMPC) significantly enhances its nutritional profile and sensory attributes. AFPP is
rich in fat, protein, ash, and fiber, while CMPC primarily consists of moisture and protein. The
addition of AFPP not only increases the fat, fiber, and mineral content of the cheese but also
improves the fatty acid composition, reducing atherogenic and thrombogenic indices, which
suggests health benefits associated with its consumption.
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