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Abstract

Avocado fruit (Persia americana) is one of the most promising alternatives as a fat
substitute because of its unique nutritional composition. This study investigated the
effects of oat cookies supplemented with avocado as a butter substitute on immune-
deficient rats and evaluated the cookies' chemical composition, sensory properties, and
antioxidant activity. It is being incorporated into oat cookies at 50%, 75%, and 100%
levels. The sensory evaluation revealed that cookies with 100% avocado had the overall
acceptance. The chemical composition revealed that protein, fiber, ash, and moisture
contents increased with the increased ratio of avocado puree, while the carbohydrate
content, fat content, and calories decreased. The addition of avocado puree to oat cookies
increased the levels of antioxidant parameters, including DPPH%, total phenols, and total
flavonoids. In the biological study, eighteen male albino rats (170 + 10 g) were divided
into two groups. Group I (n=6) served as the negative control, while Group II (n=12)
received Cyclosporine at a dosage of 50 mg/kg/day, subcutaneously in olive oil for 10
days to induce immune deficiency. After confirmation of immune suppression, Group II
was divided into two subgroups: one fed on oat cookies (positive control) and the second
fed on oat cookies supplemented with 100% avocado. After 8 weeks, rats fed on
OC+A100% showed significant improvement in immunoglobulin parameters compared
to the control (+ve) group, with IgG, IgM, and IgA levels increasing to 4.31, 3.12, and
0.92 ng/mL, respectively, compared to 2.23, 1.67, and 0.53 ng/mL in the control (+ve).
Additionally, showed improvement in lipid profile, kidney, liver functions and
hematological in serum. Moreover, the antioxidant activity elevated in OC+A 100%
group, SOD and CAT enzyme (13.91 U/L and 15.54 U/L). While MDA decreased to
88.32 nmole/L. In contrast, the control (+ve) group showed lower SOD, CAT and higher
MDA levels. Our biochemical studies corroborated the histology of spleen. These results
suggest that avocado supplementation enhances the nutritional value of oat cookies and
has a protective role in ameliorating immune deficiency and oxidative stress in rats.

Key Words: Physicochemical, Oat, Cookies, Avocado, Immune Deficiency.
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Introduction

The immune system is a sophisticated network of organs, cells, and
proteins that safeguards the body from infections while preserving its own
cells. The immune process relies heavily on accurate cell-cell
communication for optimal operation, and any disruption to the signaling
systems involved may lead to diminished immune system reactivity.
Sufficient levels of antioxidants are necessary to prevent damage to immune
cells (Adhikari and Tirosh, 2012). Antioxidant substances naturally inhibit
hydrolytic and oxidative digestion enzymes, exhibit anti-inflammatory
properties, and perform many biological or therapeutic functions, in addition
to scavenging damaging reactive oxygen species (Sachdeva et al., 2014).

The dietary status of an individual significantly impacts the efficacy of
the immune system. Undernutrition, resulting from insufficient intake of
micronutrients, may hinder the body's capacity to facilitate innate
immunological responses (Cai et al., 2020). Fruits, vegetables, and grains
are excellent sources of natural antioxidants, comprising diverse antioxidant
components (Ravimannan and Nisansala, 2017).

Cookies are highly popular in the human diet, mostly due to their
palatable flavor, convenience, affordability, and extended shelf life.
Consequently, they serve as superior snack options and possible vehicles for
health-enhancing components (Sozer et al., 2014). The advancement of
snack foods characterized by low glycemic index, elevated dietary fiber
content, and qualities that enhance satiety has garnered significant scientific
attention (Zhang et al., 2021).

Oat (Avena sativa) has garnered significant interest for its unique
multifunctional qualities, attributed to its high dietary fiber content and the
phytochemicals found in the grain (Rasane et al., 2015). Oats are abundant
in vital amino acids, unsaturated fatty acids, vitamins, minerals, and
antioxidants. Besides its nutritious features, certain research indicates that
the majority of individuals with celiac disease can tolerate oats (Othman et
al., 2011). Due to the use of high fat content in cookies, substituting them
with fruits, vegetables, or cereals results in healthier alternatives (Hayek
and Ibrahim, 2013). The development of alternative cookies can
incorporate traditional medicinal plants, such as avocado (Brahmachari,
2011).

Avocado (Persea americana) i1s a fruit from an evergreen tree
indigenous to Mexico, Central America, and South America, but it is now

706
2025 il . (gwadlly (ualad) asall . e galal) slaal)




e gill Al e § Sigmdl Alma

cultivated globally (Talabi et al., 2016). Rich in antioxidants, vitamins,
monounsaturated fatty acids, fiber, and potassium. The avocado fruit holds
immense value as a food source, medicinal agent, and provider of high-
quality oil. It is widely recognized as a functional food due to its health-
enhancing phytochemicals, including glutathione and beta-sitosterol, making
it suitable for making value-added food items that can enhance nutritional
benefits (Kim and Uhl, 2011). Nutritionally, avocado is calorie-dense and
distinguished by its high unsaturated fatty acid content, along with an
abundance of both lipo-soluble and water-soluble vitamins, particularly
vitamins A and C (Dreher and Davenport, 2013). Whereas the body
produces antioxidant enzymes, supplemental dietary antioxidants are
essential for enhancing immunity and protecting against the harmful effects
of free radicals and oxidative stress. The aim of the study was formulating
oat cookies supplemented with avocado (fat substitute) and their effect on
immune deficiency in rats; the physicochemical properties was also
considered.

Materials
Samples

Oat (Avena sativa), Avocado (Persea Americana) and all the
ingredients for preparing cookies were purchased from local markets
(Carrefour) in Alexandria, Egypt.

Chemicals and Kits

The chemicals and reagents utilized in this study were sourced from
EL-Goumhorya Chemical Company, Egypt. Cyclosporine (CsA) was
obtained from Morgan Chemical Factory in Cairo, Egypt, while the kits for
biochemical parameter determination were purchased from Sigma Chemical
Company, Egypt.

Animals

Normal male albino rats of the Sprague Dawley strain (n = 18), weighing
about 170 = 10 g, were obtained from the animal house of the Institute of
Graduate Studies and Research, Alexandria University.

Methods
Preparation of oat cookies supplemented with avocado
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Oat cookies were prepared with varying proportions of butter and
avocado puree as a fat substitute, compared to a control group consisting of
oat cookies (Table 1, Figure 1, and Photo 1). Oat flour was sifted into a
clean bowl, and then mashed avocado pulp (or butter), honey, salt, milk,
baking powder, and vanilla were added and blended to achieve a creamy
consistency. The mixture was then thoroughly combined to form a
homogeneous dough. The dough was kneaded manually on a clean, smooth
surface for approximately 5 minutes. It was then rolled out on a wooden
board using a rolling pin to a uniform thickness of about 4 mm. Using a
cookie cutter, the dough was cut into round shapes. The cut dough pieces
were arranged in a greased baking tray and baked in an electric oven at 200
°C for 20 minutes. Following baking, the cookie samples were allowed to
cool immediately and were then packed in polyethylene bags, sealed, and
stored in airtight containers for subsequent analysis. (Bornare and Khan,
2015).
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Kept until use -—
Oat Flour

Figure 1. Cookie production process flowchart

Table (1): Ingredients used for preparation of oat cookies supplemented
with avocado (fat substitute)

OC+A 50% | OC+A 75% OC+A 100%
Control
Ingredients Cookies Cookies Cookies
O-cookies

(1) (2) (&)
Oat flour g 150 150 150 150
Honey g 30 30 30 30
Butter g 110 55 27.5 0.0
708
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Avocado g 0.0 55 82.5 110
Backing 5 5 5 5
powder g

Vanilla g 3 3 3 3
Salt g 0.5 0.5 0.5 0.5
Milk Tbsp* 4 2 2 2

*The amount of milk was reduced because avocado, being a fruit, has a higher water content compared to
butter.

Control = Oat cookies (100% Butter ), O+A- cookies (1) = Oat cookies )50% Butter and 50%
avocado puree (;0+A- cookies (2) = Oat cookies (25% Butter and 75% avocado puree), O+A-
cookies (3) = Oat cookies (100% avocado puree)

Oat Cookies OC+AS0%

5%  OC+A100%

Photo 1. Preparation of Oat Cookies (OC) Supplemented with Avocado (A)
Chemical composition

The chemical composition of protein, fat, fiber, ash, and moisture
content in oat cookies and oat cookies supplemented with avocado was
determined using the methods established by the Association of Official
Analytical Chemists (AOAC, 2012). Carbohydrate content was calculated as
the difference, as described by the American Association of Cereal Chemists
(Radovanovi¢ et al,. 2010). The calorie value per 100 g was calculated
using the following formula: (9 x fat%) + (4 x protein%) + (4 x
carbohydrates%) Cal

Antioxidant activities, total phenolic and flavonoids of cookies

The DPPH radical scavenging activity (antioxidant activity) was
assessed using the stable radical 1,1-Diphenyl-2-picryl-hydrazyl (DPPH),
following the methodology outlined by (Hwang and Do Thi, 2014).
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The phenolic content in the extract was determined using both the
Folin-Ciocalteu (FC) and aluminum chloride colorimetric assays, as
described by Debnath et al, (2017). For the determination of phenolic
content, an aliquot of the extract (10 mg/mL) was prepared and combined
with gallic acid standards ranging from 0 to 500 ug/mL. These solutions
were mixed with FC reagent and incubated with sodium carbonate solution.
Absorbance was measured at 700 nm, and the results were expressed as
gallic acid equivalents (GAE) per 100 g of dry weight.

Total flavonoid content was assessed using catechin standards (0-25
pg/mL). A sample solution (10 mg/mL) was prepared and mixed with
sodium nitrite and aluminum chloride solutions. Absorbance was measured
at 517 nm, and he results were reported as catechin equivalents (CE) per 100
g of dry weight (Wronkowska et al,. 2010).

Sensory evaluation

Sensory evaluation was conducted with forty panelists, consisting of
staff and students from the Faculty of Specific Education at Alexandria
University. Samples of oat cookies and oat cookies supplemented with
avocado were assessed for color, taste, odor, texture, crispness, and overall
acceptance, following the methodology outlined by Cross (1978).

Biological study
Experimental animal design:

A total of 18 male albino rats, each weighing approximately 170 £ 10 g,
underwent a two-week adaptation period during which they were fed a basal
diet as per the guidelines outlined by Reeves et al., (1993), with water
provided ad libitum. Following the adaptation period, the rats were divided
into two main groups. Group I (n=6) was fed a standard diet and served as
the negative control group (-ve), while Group II (n=12) received
Cyclosporine (CsA) at a dosage of 50 mg/kg/day, administered
subcutaneously in olive oil for 10 days (Suke ez al., 2006). Subsequently,
their health condition was monitored, and daily changes were recorded until
symptoms began to appear, including lethargy, reduced movement, and lack
of appetite. Then random blood samples were drawn to confirm the
occurrence of immune deficiency. After that the rats of second Group II
divided into 2 sub-groups (each 6 rats) as follows:
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SupGroup II: (n=6 rats) were fed on a basal diet + 30% Oat Cookies
and they were kept as a positive control group (+ve).

SupGroup IV: (n=6 rats) were fed on a basal diet + 30%0Oat Cookies
(%30)supplemented with Avocado 100% (fat substitute).

At the end of experimental period (8 weeks) rats were fasted for 12
hours. Blood were collected and centrifuged (3000r.p.m.), serum was
separated and stored frozen at -20-C for analysis.

Biochemical analysis

Immunoglobulins (IgG, IgA, and IgM) are crucial components of the
immune system, playing significant roles in the body’s defense against
infections. They were quantified using enzyme-linked immunosorbent assay
(ELISA), as described by Burlingame and Rubin (1990). The total
cholesterol level was determined following the methodology outlined by
Richmond (1973), while triglyceride (T.G.) concentrations were measured
according to Fossati and Prencipe (1982). High-density lipoprotein (HDL-
c) levels were assessed using the method developed by Lopes-Virella et al.
(1977), and low-density lipoprotein (LDL-c) was also evaluated. Liver
enzyme activities, including alkaline phosphatase (ALP) activity, were
measured according to Lavie et al. (2018), while aspartate transaminase
(AST) activity was assessed following the protocol by Yagi et al. (1985).
Alanine transaminase (ALT) activity was determined using the method
described by Williamson (1974). Urea levels were evaluated according to
the method established by (Wuepper et al., 2003), and creatinine
concentrations were measured using the technique outlined by Shlipak et al.
(2013). The antioxidant enzyme activities of superoxide dismutase (SOD)
and catalase (CAT) were assessed using the methods of Sinha (1972) and
Fridovich (1972), respectively. Malondialdehyde (MDA) levels were
quantified based on the method developed by Aslanturk et al. (2011).
Complete blood count (CBC) parameters, including hemoglobin
concentration, packed cell volume (PCV), and the counts of red blood cells
(RBC) and white blood cells (WBC), were performed as per Shawky (2015)
and Jopling et al. (2009), with RBC and WBC counts conducted under low-
power microscopy.

Histological examination:

Spleen samples were preserved in 10% neutral buffered formalin for
microscopic inspection and then embedded in paraffin. Sections were
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prepared at a thickness of 5 um and then stained with Mayer’s hematoxylin
and eosin. The stained slices were analyzed using a light microscope at 10x
magnification. The slides were photographed and recorded in accordance
with the protocols established by Banchroft et al. (1996).

Statistical analysis

Data analysis was conducted using IBM SPSS software version 23.0.
Quantitative data was described using mean and standard deviation.
Statistical significance was determined at the 5% level. To compare more
than two groups, the F-test (ANOVA) was employed, followed by the Post
Hoc test (LSD) for pairwise comparisons, as described by Kirkpatrick and
Feeney (2013).

Results and Discussion
Proximate chemical composition of cookies

The different parameters of chemical composition of oat cookies (OC)
and oat cookies supplemented with avocado (OC+A 50%, OC+A 75%, and
OC+A 100%) are shown in Table 2. The results revealed that the addition of
avocado puree to oat cookies at ratios of 50, 75, and 100% increased the
protein concentration, fiber, and moisture contents compared to OC
(control). The highest protein concentration was observed in OC+A 100%
with a concentration of 12.9%, followed by OC+A 75% and OC+A 50%
with concentrations of 12.49% and 11.88%, respectively, compared to
11.22% for the control. However, no significant differences have been
observed between the protein content in OC+A50%, OC+A 75%, and
control. Similarly, fiber and ash contents increased with increasing the ratio
of avocado puree added to the OC to record about 2.9 and 1.78% for OC+A
100% compared to 1.6 and 1.67% in control. However, no significant
differences in ash content have been observed between all treatments.
Conversely, fat and carbohydrate contents decreased with increasing the
ratio of avocado puree added to reach about 15.14% and 49.89% for OC+A
100% compared to 20.29% and 60.68%, respectively, for control. while the
carbohydrates content in the three groups supplemented with avocado puree
was significantly different from control. Additionally, the obtained calories
in the three groups supplemented with avocado puree were significantly
lower than that of the control 470.21 with the OC+A 100% being the least in
calories obtained with a value of 387.42 Cal. The findings align with
previous studies that have reported the use of avocado as a supplementary
ingredient in various products. Adie et al., (2020) reported the nutritional
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properties of produced cookies by the addition of avocado pulp instead of
butter at ratios of 20, 30, 40, and 50%. The moisture, ash, and fiber contents
increased with increased avocado ratio to record 14.6, 2.09, and 0.62% at
50% ratio compared to 11.13, 1.4, and 0.29%, respectively, for the control
sample (100% butter). Also, the same study noted that fat and carbohydrate
contents decreased when the ratio of avocado pulp increased to record 16.0
and 59.7% compared to 18.03 and 61.31%, respectively, for control.
Conversely, the protein content decreased with an increasing proportion of
avocado pulp, which is inconsistent with our findings. Additionally, corn
chips supplemented with avocado paste at 10% increased the contents of ash
and fiber and decreased the carbohydrate contents, while the moisture
content decreased (Zuhiga-Martinez et al., 2024). Eteng et al., (2020)
clarified that producing cake supplemented with avocado puree at 20, 40, 80,
and 100% instead of butter increased the protein, fiber, ash, and moisture
contents. These parameters were 16.85, 2.10, 2.52, and 11.65% for 100%
wheat/avocado cake compared to 12.33, 1.44, 2.10, and 6.99%, respectively,
for 100% wheat/butter (control). Also, the fat content decreased to reach
20.67% for 100% wheat/avocado cake compared to 29.51% for control.

Table (2): Chemical composition of oat cookies and oat cookies
supplemented with avocado (fat substitute)

Variables Protein Fat Fiber Ash Carbt(;lslydra Moisture Calorie
Treatment
groups (g/100g) CaL
(Oat cookies) |11.22%£0.40 [20.29*+0.17| 1.6°+0.09 [1.67*+0.13]60.68 * £0.39| 4.54 © +0.65 | 470.21°+0.60
OC+A50% 11.88°°+0.24(18.80 ™ +£0.39| 2.1°£0.22 |1.71* £0.24[52.36° £0.43(13.15 ® £0.46/426.16 °£0.36
OC+A75% 12.49%+0.61(16.88 % +0.59) 2.5% +0.11 |1.76* +0.14149.49° +1.44/16.88 * +1.30 399.84 ° +1.8
OC+A100% | 12.9°20.59 [15.14°+1.05| 2.9% £0.23 |1.78 % +0.0949.89° +1.31(17.39 % +1.42|387.42 °+1.63
F 2.295 12.353* 10.314% 0.100 26.183* | 32.400%* 23.936*
P 0.155 0.002* 0.004* 0.958 <0.001* | <0.001* <0.001*
LSD 5% 1.578 2.083 0.565 0.511 3.319 3.404 24412

Data was expressed using Mean + SEM
F: F for ANOVA test, pairwise comparison bet. each 2 groups were done using Post Hoc Test (LSD)
Means in the same column with common letters are not significant (i.e. Means with Different letters are

significant)

*: Statistically significant at P < 0.05
Control = Oat cookies (100% Butter)
OC+A50% = Oat cookies (50% Butter and 50% avocado puree)
OC+A75 = Oat cookies (25% Butter and 75% avocado puree),
OC+A 100% = Oat cookies (100% avocado puree)

Antioxidant activities, total phenolic and total flavonoids of cookies
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Antioxidant activities, total phenols, and total flavonoids Table 3.
shows that all parameters increased when the ratio of avocado puree was
increased. The OC+A50%, OC+A 75%, and OC+A 100% were significantly
higher in DPPH scavenging activity (%) than control with values of 62.23,
80.31, and 39.91%, respectively. Similarly, total phenol and flavonoid
compounds were significantly higher than control in OC+A 75% and OC+A
100% with values of 223.4 and 295.21 mg GAE/100g for total phenols and
2.88 and 3.7 mg CE/100g for total flavonoids.

The obtained results are comparable to Zuiiiga-Martinez et al., (2024),
who concluded that total phenols, total flavonoids, and DPPH% in corn
chips supplemented with avocado increased with increasing the ratio of
avocado added (2-10%). Arueya et al.,(2021) reported that total phenols,
total flavonoids, and DPPH% in a snack of maize flour increased when the
ratio of avocado seed flour added to the snack increased. Total phenols, total
flavonoids, and DPPH% recorded 392.0 mg/100 g, 146.23 mg/100 g, and
54.09% at 30% of avocado compared to 252.74 mg/100 g, 138.14 mg/100 g,
and 39.0% for control (100% maize flour).

Table (3): Antioxidant activities, total phenolic and total flavonoids of
oat cookies and oat cookies supplemented with avocado (fat

substitute)
Parameters DPPH scavenging | Total phenols (mg | Total flavonoids
Treatment groups activity (%) GAE /100g) (mg CE /100g)
Control (Oat cookies) 39.91°+1.55 140.2° £17.41 130°+0.15
OC+A50% 41.15°+1.06 146.6 ° £18.1 1.92°+0.19
OC+A75% 6223°£1.54 | 223.40°+15.9 2.88°£0.17
OC+A100% 80.31%+4.19 295.21+16.2 3.7%+0.36
F 63.146* 18.679* 20.915%
P <0.001* 0.001%* <0.001*
LSD 5% 7.891 55.162 0.754

Data was expressed using Mean + SEM

F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (LSD)

Means in the same column with common letters are not significant (i.e. Means with Different letters are

significant)
*: Statistically significant at P < 0.05
Control = Oat cookies (100% Butter)

OC+A50% = Oat cookies (50% Butter and 50% avocado puree)
OC+A75 = Oat cookies (25% Butter and 75% avocado puree),
OC+A 100% = Oat cookies (100% avocado puree)

GAE, gallic acid equivalents; CE, catechin equivalents.
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Sensory evaluation of cookies

The parameters of sensory characteristics including color, taste, odor,
texture, crispness, and general acceptance of oat cookies (OC) and oat
cookies supplemented with avocado (OC+A 50%, OC+A 75%, and OC+A
100%) treatments are shown in Table 4. The data indicated non-significant
differences between all treatments in sensory characters with increased ratios
of avocado except color and texture. The acceptance scores for OC+A at
50% (7.65), 75% (7.65), and 100% (7.53) showed no significant differences
compared to the control group (7.94). In contrast, the color and texture
scores differed significantly between the avocado-supplemented groups and
the control. Specifically, the color and texture scores were as follows: OC+A
50% (7.02 and 7.63), OC+A 75% (6.97 and 7.48), and OC+A 100% (6.08
and 7.14), respectively. According to sensory evaluation, we chose 100%
avocado puree which has no impact on the sensory qualities of the cookies.
This makes avocado a suitable fat substitute, offering health benefits such as
antioxidants and healthy fats, while maintaining consumer acceptability.
Thus, this ratio is also, selected for use in the rat experiment to assess its
effect on enhancing immunity. Our results agreed with Hussein ez al.,
(2021), who reported that odor showed a steady decline in values as the
butter was substituted with avocado. In food applications, partial substitution
of Butter with avocado pulp in cookie production has been successful,
resulting in nutritious cookies with acceptable organoleptic qualities up to a
30% substitution level (Wekwete and Navder, 2008). Additionally,
avocado seed flour has been investigated as a partial substitute for wheat
flour in cookies, with a 50% substitution rate yielding the best results in
terms of taste, color, texture, and aroma (Hussein ez al., 2021). In contrast,
Eteng et al., (2020) noted that color, taste, aroma, texture, and general
acceptance of wheat cakes decreased significantly with the increased ratio of
avocado added. However, all samples of wheat/avocado cakes were
generally acceptable to the panelists. Also, color, texture, taste, aroma, and
general acceptance of cookies supplemented with 20, 30, 40, and 50% of
avocado decreased with increasing the ratio of avocado (Zuiiga-Martinez
et al., 2024). Moreover, cookies of wheat flour supplemented with 10% of
avocado peel showed a decrease in taste, crispness, aroma, appearance, and
general acceptance with values of 7.2, 6.6, 6.4, 6.1, and 6.7 compared to 7.6,
7.1, 7.4, 7.3, and 7.6 for cookies of 100% wheat flour (Olaoye et al., 2019).
The decrease in color and taste acceptability of cookies supplemented with
avocado could be attributed to the dull color of avocado and the presence of
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tannins, as has been documented by Eteng et al. (2020) in wheat/avocado
cakes.

Table (4): Sensory evaluation of oat cookies and oat cookies
supplemented with avocado
Variables
Color Taste Odor Textures Crispness | Acceptance
Treatment
groups
24
Control (cat 752020.19 | 8.32°0.12 |9.00°£0.10(8.18% = 0.23| 5 *022 | 79424000
cookies)
OC+A50% 7.02°£021 | 8.19°+0.11 |8.79°=0.40|7.63°=0.12| 8.61°=0.18 | 7.65°=0.11
OC+A75% 6.97°£0.09 | 7.97°+0.06 |8.12°+0.63|7.48°+0.14| 8.387=0.11 | 7.56°+0.10
OC+A100% 6.08=0.06 | 7.887£0.41 |8.07°%0.59(7.14°+0.15| 824°+0.21 | 7.53°+0.28
F 15.718* 0.794 0.968 6.828% 0.575 1.290
P 0.001* 0.531 0.454 0.013% 0.647 0.342
LSD 5% 0.493 0.732 0.679 0.541 1.150 0.606

Data was expressed using Mean + SEM

F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (LSD)

Means in the same column with common letters are not significant (i.e. Means with Different letters are
significant)

*: Statistically significant at P < 0.05

Control = Oat cookies (100% Butter)

OC+A50% = Oat cookies (50% Butter and 50% avocado puree);

OC+A75 = Oat cookies (25% Butter and 75% avocado puree),

OC+A 100% = Oat cookies (100% avocado puree)

Effect of oat cookies and oat cookies supplemented with avocado
(100%) on the lipid profile of the rats with induced immune deficiency

The parameters of lipid profile in rats with induced immune deficiency
fed on OC and OC+A 100% are displayed in Table 5. The results revealed
that rats in the control (+ve) group exhibited significantly high levels in the
parameters of lipid profile, including cholesterol, triglyceride (T.G) and low-
density lipoprotein (LDL) with values of 136.3, 160.6, and 72.54 mg/dl,
respectively. While, it was significantly less in high-density lipoprotein
(HDL), with a value of 16.5 compared to 35.3 and 31.3 for OC and OC+A
100%, respectively. The feeding of rats on OC+A 100% decreased the levels
of cholesterol (72.21 mg/dl), T.G (75.8 mg/dl), and LDL (25.12 mg/dl), and
increased the level of HDL (31.3 mg/dl), and their levels were not
significantly different from those of the control (-ve) group.

These results are in accordance with Miiion-Hernandez et al. (2021)
who reported that the ingestion of avocado peel by rats consuming a high-
sucrose and fate diet attenuated the high levels of cholesterol and T.G and
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enhanced the lower levels of HDL. Also, a mixture of 1:1 avocado seeds and
garlic aqueous extract modulated the lipid profile in rats with metabolic
syndrome induced by a high-calorie diet by lowering the levels of
cholesterol and T.G and enhancing the levels of HDL (Azantsa et al., 2022).
Moreover, Muzakar and Fudholi (2019) proved that avocado reduced the
levels of T.G and LDL by up to 20% and 22%, respectively. The
pretreatment of rats intoxicated with CCl, with 200 mg of aqueous extract of
avocado reduced the levels of total cholesterol (46.57 mg/dl) and
triacylglycerol (46.28 mg/dl) compared to 70.79 and 126.94 mg/dl for rats in
the CClg-intoxicated group (Brai et al., 2020). Further, Nasef and Ahmed
(2019) noted that there was a significant reduction in the levels of total
cholesterol, T.G and LDL and an elevation in the level of HDL in
hypocholesterolemic rats when they were treated with avocado fruit powder
compared to the control(+ve).The monounsaturated fatty acids (MUFAs) in
avocado may primarily account for its positive effects on blood lipids by
lowering LDL and plasma cholesterol levels without increasing triglycerides
(Colquhoun et al., 1992; Pieterse et al., 2005; Meyer et al., 2011).

Table (5): Effect of oat cookies and oat cookies supplemented with
avocado (fat substitute) on lipid profile in immune-deficient

rats

Treatment groups | Cholesterol (mg/dl) | T.G (mg/dl) | HDL (mg/dl) | LDL (mg/dl)
Control(-) 69.21° +5.33 73.1°+4.71 | 353°+1.95 [ 19.87° +1.60
control (+) 136.3%+16.41  [160.6*+16.92| 16.5° +1.44 | 72.54° +5.64
OC+A100% 75.21°+5.57 75.8°+4.24 | 31.3%+1.62 |25.12° +1.31

F 12.565% 22.762% 34.708* 69.996*

P 0.007* 0.002* 0.001* <0.001*

LSD 5% 36.242 36.091 5.817 12.0

Data was expressed using Mean + SEM
F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (LSD)
Means in the same column with common letters are not significant (i.e. Means with Different letters are

significant)

*: Statistically significant at P < 0.05
OC+A 100% = Oat cookies (100% avocado puree)

Effect of oat cookies and oat cookies supplemented with avocado100%
on the immunoglobulin parameters of rats with induced immune

deficiency
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The immunoglobulin parameters of rats with induced immune
deficiency treated with OC and OC+A 100% are displayed in Table 6. The
rats in the control group(+ve) showed a significant decrease in all
parameters, including IgG, IgM, and IgA, with values of 2.23, 1.67, and 0.53
ng/mL, respectively, compared to rats in the control(-ve) and OC+A 100%
groups. However, the treatment of these rats with OC+A 100% increased the
levels of IgG (4.31 ng/mL), IgM (3.12 ng/mL), and IgA (0.92 ng/mL). The
current results agree with Saad (2020), who indicated that the cyclosporine-
administered rats showed a significant decrease in IgA, IgM, and IgG with
values of 0.34, 0.34, and 0.55 ng/uL, respectively, compared to the control(-
ve). However, the levels of these parameters were increased significantly
when these rats were treated with avocado seed extract to reach 0.52, 0.66,
and 0.92 ng/uL, respectively. In addition, there was a significant increase in
the levels of IgM and IgG in rats with induced immune deficiency when
treated with avocado fruit and seed extracts at a ratio of 5 and 10% (Negm
and Abo-Raya, 2018). The enhancement of immune functions may be
related to the chemical composition of avocado fruit that contains high levels
of antioxidant compounds such as phenols, flavonoids, alkaloids, saponins,
steroids tannins, phytosterols and vitamins (E, ascorbic acid, and Carotene).
Cuevas et al., 2015.

Table (6): Effect of oat cookies and oat cookies supplemented with
avocado (fat substitute) on immunoglobulin in immune-
deficient rats

Treatment groups IgG(ng/ml) IgM (ng/ml) IgA (ng/ml)
Control(-) 6.01%+0.40 4.36"+0.25 0.950* +0.11
control (+) 2.23°+0.15 1.67°£0.16 0.53° +0.09

OC+A100% 431°+027 | 3.12°£0.19 | 0.92°+0.10
F 128.080* 133.930* 14.375%*
P <0.001* <0.001* 0.005*
LSD 5% 0.579 0.403 0.314

Data was expressed using Mean + SEM

F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (LSD)

Means in the same column with common letters are not significant (i.e. Means with Different letters are
significant)

*: Statistically significant at P < 0.05

OC+A 100% = Oat cookies (100% avocado puree)
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Effect of oat cookies and oat cookies supplemented with avocado % 100
(fat substitute) on liver enzymes and kidney function in immune-
deficient rats

The rats in the control (+ve) group displayed the highest activity of
liver enzymes, including alanine Aminotransferase (ALT) at 51.5 U/L,
aspartate Aminotransferase (AST) at 155.1 U/L, and alkaline Phosphatase
(ALP) at 70.2 U/L which varied significantly from that of the control(-ve)
and OC+A 100% (Table 7). However, these rats, when fed on OC+A 100%,
retrieved the activity of these enzymes to record values of 26.21, 55.2, and
35.31 U/L, respectively. In addition, no significant differences have been
observed in liver enzymes between rats in the control(-ve) and OC+A 100%
groups except for ALT activity. For kidney functions, the levels of creatinine
and urea in rats in the control (+ve) group were significantly higher than
those of the control (-ve) and OC+A 100%groups, with values of 1.8 and
56.0 mg/dl, respectively. Also, the feeding of rats on OC+A 100% decreased
the levels of creatinine (0.84 mg/dl) and urea (32.1 mg/dl), which did not
vary significantly from those of the control.

The current results clearly indicated that feeding rats on OC+A 100%
retrieved the liver enzyme activity to about their normal activity. The same
trend was observed in a previous study of Azantsa ef al. (2022) in which the
formulation 1:1 of avocado/garlic aqueous extract restored the activity of
liver enzymes in rats with induced metabolic syndrome by lowering their
activity compared to the rats in the control(+ve). While, Okpala et al.
(2022) concluded that rats with calcium carbide induced hepatotoxicity
treated with avocado seed extract showed no significant differences in
activity of ALT, ALP, and AST from that of the control (-ve) (rats fed water
and feed). However El-Kholie er al. (2023) demonstrated that treatment
with a 5% avocado-apricot mixture reduced the levels of ALT (93.97 U/L),
AST (7572 U/L), and ALP (7329 U/L) in infected with
immunocompromised rats to 39.75, 41.67, and 36.22 U/L, respectively.
Additionally, the feeding of rats with induced immune deficiency on OC+A
100% reduced the levels of creatinine, and urea to reach about the normal
levels. These findings agree with El-Kholie ef al. (2023), who mentioned
that the treated hepatic rats with a 5% avocado/apricot mixture returned the
renal biomarkers such as urea and creatinine to approximately their normal
values. Also, 7 days of dosing albino rats with avocado retrieved renal
biomarkers and serum creatinine to an acceptable level in rats treated with
meloxicam (Anshar et al., 2018). According to Elmoslemany ez al. (2021),
rats treated with cyclosporine demonstrated significantly elevated levels of
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uric acid (6.56 mg/dl), urea (74.23 mg/dl), and creatinine (1.46 mg/dl).
Following treatment with avocado seed powder, these levels showed a
marked reduction, with uric acid decreasing to 3.62 mg/dl, urea to 32.35
mg/dl, and creatinine to 0.93 mg/dl.

Table (7): Effect of oat cookies and oat cookies supplemented with
avocado (fat substitute) on liver and kidney enzymes in
immune-deficient rats

Parameters| ;1 AST ALP | Creatinine| Urea

Treatment 2roi U/L U/L U/L Mg/dl Mg/dl
Control(-) 20.1°+1.37 [50.21°+1.86]31.3°+1.42]0.71°+0.16]27.3° +1.65
control (+) 51.2°+1.83 [155.1°£13.1]70.2 +4.73 | 1.8%+0.14 [56.0* £2.30
OC+A100% 26.21°+1.34] 55.2°%£4.60 [35.31°£2.86/0.84°+0.17(32.1°+2.12

F 116.094%* 53.740% 42.227%* 14.903* 56.668*

P <0.001* <0.001* <0.001* 0.005%* <0.001*

LSD 5% 5.292 27.932 11.394 0.534 7.067

Data was expressed using Mean = SEM

F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (LSD)

Means in the same column with common letters are not significant (i.e. Means with Different letters are
significant)

*: Statistically significant at P < 0.05

OC+A 100% = Oat cookies (100% avocado puree)

Effect of oat cookies and oat cookies supplemented with avocado (fat
substitute) on antioxidant enzymes in rats with induced immune
deficiency

Table (8), presents the levels of antioxidant enzymes, including
superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA),
in immune-deficient rats treated with oat cookies supplemented with 100%
avocado (OC+A 100%). All enzyme activity was significantly higher in the
rats of OC+A 100% group than that of the control (+ve) with values of 13.91
U/L and 15.54 U/L for SOD and CAT. While the level of MDA decreased
(88.32 nmole/L,). The treatment of rats with control (+ve) decreased the
SOD, CAT, and MDA activities with values of 7.43 U/L, 8.80 U/L, and
110.09 nmole/L, respectively. All enzyme activity in rats fed on O-100% did
not vary significantly from that of control(-ve).

The obtained results are incompatible with Elmoslemany et al. (2021),
who indicated that treated rats with cyclosporine exhibited a significant
increase in the levels of MDA and a decrease in the levels of SOD and CAT
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compared to the control(-ve). However, the treatment of these rats with
avocado seed powder ameliorated their levels by decreasing the levels of
MDA and increasing the levels of SOD and CAT. Also, the rats with
hepatocarcinogenesis showed a marked decrease in the levels of GST, SOD,
and GSH, but their treatment with avocado extract modulated their levels by
increasing (Glutathione S-transferase (GST), SOD, and Glutathione (GSH)
activities to be roughly at their normal levels (Ahmed ef al., 2022). Radwan
et al. (2022) showed that treatment of rats with monosodium glutamate-
induced nephrotoxicity with avocado fruit extract retrieved antioxidant
enzymes by enhancing the activities of SOD and CAT. The use of avocado
as an antioxidant agent could be attributed to the presence of phytochemicals
including phytosterols, triterpenes, fatty acids and phenolic compounds
(Wang et al., 2010; Mushtaq and Wani, 2013; Padilla-Camberos ef al.,
2013).

Table (8): Effect oat cookies and of oat cookies supplemented with
avocado (fat substitute) on superoxide dismutase (SOD),
catalase (CAT) and glutathione (GSH) in immune-deficient

rats
Treatment groups SOD (U/ L) CAT (U/L) MDA ((nmol/L)
Control(-) 9.21°+0.92 9.82°+0.61 79.2° 43.49
control (+) 7.43°+0.74 8.80° £0.95 110.09 +6.74
OC+A100% 13.91 % +1.46 15.54%+1.76 88.32°+530
F 56.668* 9.060* 8.810%
P <0.001* 0.015* 0.016*
LSD 5% 3.751 4.177 18.504

Data was expressed using Mean = SEM

F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (LSD)

Means in the same column with common letters are not significant (i.e. Means with Different letters are
significant)

*: Statistically significant at P < 0.05

OC+A 100% = Oat cookies (100% avocado puree)

Effect of oat cookies and oat cookies supplemented with avocado (fat
substitute) on red and white blood cell in immune-deficient rats

The hematological parameters of rats with induced immune deficiency
fed on OC+A100% are shown in Table 9. The rats in the control(+ve) group
showed a significant decrease in red blood cells (RBCs) with a value of
2.58x10° /mm’ compared to 5.57x10° /mm’ and 4.31 x 10° /mm’ for rats in
the control (-ve) and OC+A100% groups. In contrast, the rats in the control
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(+ve) group showed the highest level of) white blood cells (WBCs) with a
value of 9.21x10° /mm’, which varied significantly from that of the control(-
ve) (5.56x10° /mm’) and OC+A100% (6.26x10°/mm’). The hemoglobin
concentration in the rats of the control (+ve) group was significantly
decreased with a value of 8.07 g/dl compared to 14.54 and 12.16 g/dl for the
rats in the control (-ve) and OC+A1l 00% groups, respectively. In a similar
way, the packed cell volume (PCV%) values in the rats of the (-ve) control
(56.13%) and OC+A100% (52.12%) groups were significantly higher than
that of the (+ve) control group (31.2%).

These findings are in accordance with Brai et al. (2020), who
mentioned that the treatment of CCly-intoxicated rats with aqueous leaf
extract of avocado ameliorated the hematological parameters by increasing
the PCV% and hemoglobin from 33.5% and 11.17 g/dl in CCl,-inoxicated
rats to 38.67% and 12.89 g/dl for intoxicated rats treated with avocado
extract. Saad (2020) reported that rats treated with cyclosporine showed a
significant decrease in RBCs, hemoglobin, and WBCs. The levels of R.B. Cs
(2.76x10° /mL), hemoglobin (9.35 g/dl), and WBCs (1.63x10*/um) in
cyclosporine-administered rats were increased significantly to 3.86x10° mL,
11.25 g/dl, and 4.6x10°/um , respectively, when they were treated with
avocado seed extract.

Table (9): Effect of oat cookies and oat cookies supplemented with
avocado (fat substitute) on red and white blood cell in
immune-deficient rats

Parameters
R.B. .B. Hemoglobin
Treatment (106/m$ns3) (1‘3;/m$83) ) go/(gnOb PCV %
groups
Control(-) 5.57°40.15 5.56°+1.13 14.54*£0.16 56.13%+0.63
control (+) 2.58°+0.10 9.21+1.20 8.07°+0.11 31.2%+3.41
0C+A100% 4.31%0.14 6.26"+1.10 12.16%0.13 52.12% +5.66
F 16.744% 19.039* 16.832* 110.160%*
P 0.004* 0.003* 0.003* <0.001*
LSD 5% 1.270 1.536 2.761 7.687

Data was expressed using Mean = SEM
F: F for ANOVA test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (LSD)

Means in the same column with common letters are not significant (i.e. Means with Different letters are

significant)
*: Statistically significant at P < 0.05
OC+A 100% = Oat cookies (100% avocado puree)
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Histological examinations of spleen tissue

A photomicrograph of spleen tissue from the control (-) group revealed
normal histological structure, showing red pulp (RP) and splenic sinusoids
(S) with splenic cords, as well as well-defined white pulp (WP) comprising
lymphoid follicles, including the marginal zone (MZ), mantle zone (M),
germinal center (GC), and central arteriole (—), as illustrated in Figure (2A).
In contrast, the spleen tissue from the control (+ve) group exhibited
significant degenerative changes in the white pulp (WP), characterized by
dense, irregular nuclei and vacuolated cytoplasm (thick arrow). Additionally,
congestion (thin arrow), dilation, hemorrhage (star), and heightened
activation of the red pulp (RP) with a loss of normal sinusoidal architecture
were observed, as shown in Figure (2B). However, the spleen tissue from
rats treated with the OC+A100% group showed near-normal architecture,
with red pulp (RP) and white pulp (WP) structures largely retained. Mild
sinusoid dilation (S) and minimal hemosiderin deposition (—) were also
noted, as demonstrated in Figure (2C). These results suggest the potential
protective effect of the OAC-100% treatment on spleen structure, possibly
due to its anti-inflammatory and antioxidant properties. The spleen from rats
fed on OC+A100%group showed significant recovery in its structure
compared to the control positive group. The spleen retained near-normal
architecture, with reduced damage to the white pulp and decreased
hemosiderin deposition. This improvement in immune response may be
attributed to the avocado in the diet, which is rich in antioxidants like
vitamin E and carotenoids. These compounds are known to enhance immune
function by reducing oxidative stress and inflammation.

Previous studies have demonstrated the immune-boosting and
protective effects of avocado, which align with the findings of this study. In
the current study, splenic sections from the control positive group showed
diffuse, ill-defined white pulp and congested blood vessels in the red pulp,
consistent with the results reported by Khattab ef al. (2019), who observed
that Cyclosporine A (CsA) caused significant reductions in white pulp
cellularity and congestion in the red pulp. Conversely, the group that
received avocado-seed-supplemented cookies showed improved spleen
architecture, supporting Saad (2020) findings that avocado seeds can
enhance immune function by increasing serum immunoglobulins and
antioxidant enzyme activity, partially mitigating CsA-induced spleen
damage. Furthermore, Arukwe et al. (2012) indicated that phenolic
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compounds in avocado act as anti-inflammatory agents, antioxidants, and
immune enhancers, which aligns with the improvements seen in the spleen's
structure in my study. Thacker and Janssen (2012) emphasized the spleen's
critical role in immune response regulation, particularly in the activation of
T and B cells and antibody production, further supporting the observed
enhancements in splenic function.

Figure (2): A photomicrograph of spleen treated groups A: Control (-), B: Control
(1), C: OC+A100% (H&E x 40).

Conclusion

The study concluded that supplementing oat cookies with avocado as a
fat substitute significantly improved their nutritional profile by reducing fat
and carbohydrate contents while increasing protein, fiber, and antioxidant
activity. Sensory evaluation showed that cookies with 100% avocado were
well accepted, making them a suitable fat alternative. The consumption of
oat cookies supplemented with 100% avocado improved lipid profiles, liver
enzyme activities, kidney function, and antioxidant enzyme levels in
immune-deficient rats. Additionally, the supplementation increased
immunoglobulin parameters, with higher levels of IgG, IgM, and IgA
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observed in rats fed the avocado-supplemented cookies. Histological
examination of spleen tissue confirmed these findings, showing near-normal
architecture in treated rats. These results support the use of avocado as a
healthy fat substitute in functional foods to enhance immune function and
overall health.

Ethical Approval

All study experiments were ethically approved by the Scientific
Research Ethics Committee from the University of Alexandria, Animal
Ethics Committee, Faculty of Medicine (Approval no2023-8-13 SREC
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