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Abstract. Natural antioxidant use has increased as a consequence of consumer desire for natural and organic
foods. Almonds (Prunus dulcis Mill. D.) are an important food item both nutritionally and medicinally. The
health advantages attributed to these, and the value-added products developed from them have been linked to
the antioxidant activities of phenolic compounds in nuts. The nutritional characteristics, total phenolic
contents, and antioxidant activity of almond with brown skin and without skin were examined in the current
study. The findings of the nutritional facts support the possibility of using almonds with brown skin in the
food sector and they propose that almonds are a significant source of energy, protein, fiber, and lipid. The
results of phenolic content of almond that of with skin ranged from 240.6+3.2-295.5+4.2 and without skin
were ranged from 232.3+£2.8-278.4+3.6 mg GAE/100 g. The inhibition of DPPH radical scavenging capacity
varied over 37.60-65.09% of almond with skin and 28.83-45.51%, without skin at concentration of 5 mg/ml.
The reducing power (absorbance 700 nm) increased as the concentration increase in all varieties however
these activities were higher in skin almond of all varieties. This study showed that almonds are excellent
sources of nutrients and antioxidants that have a potential for value addition and nutraceutical development.
Keywords: almond, ecology, nutrients, polyphenols, DPPH, RPA

Introduction

The almond nuts Prunus dulcis (Mill.) D. A. Webb. cv. Pakistani, Prunus dulcis (Mill.)
D. A. Webb. cv. American, Prunus dulcis. cv. Irani, and Prunus dulcis cv. Kaghzi are
abundantly available in Pakistan and these are species of Purnus belonging to the family
Rosaceae (Fig. 1). In the globe, 26 species of almonds collectively make up a separate
and recognizable taxonomic category. Due to its rusticity and its adaptation to drought
and arid climate almond tree becomes the main nut tree in the Mediterranean zones.
Natural and artificial selection have been combined to create widely used variants (Perez
de Los et al., 2021). Around 1.7 million metric tons of almonds are produced worldwide
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each year and 80% of the almonds grown worldwide are in California (FAO-Stat, 2020).
Over 50% of the weight of almond seeds is made up of lipid, which is found in
intracellular oil bodies. 22—25% of the seed is made up of proteins, while 11-12% is made
up of dietary fiber (House et al., 2019).

Figure 1. Almond tree, fruit, and Seeds

Due to its numerous health advantages, such as anti-inflammatory, antihepatotoxic,
immunity-boosting and antioxidant properties, almond oil is used in a variety of
industries, including food, cosmetics, and alternative medicine (Lin et al., 2018; Moore
et al., 2020). Additionally, the lipid composition of almond oil is rich, with
monounsaturated (63.42-78.03%) and polyunsaturated (14.41-27.01%) fatty acids
(Summo et al., 2018; Oliveira et al., 2019). Moreover, this priceless nut provides a good
dietary source of antioxidants like tocopherols, polyphenols, hydrolysable tannins,
proanthocyanin, stilbene, phenolic acids, prunasin and flavonoids (catechin,
protocatechuic acid, prenylated benzoic acid, 2-prenylated benzoic acid, 2-prenyl-4-O-
dglucopyranosyl-oxy-4-hydroxybenzoic acid) (Fig. 2). These are exclusively present in
the vegetative sections of the almond plant (Xiang et al., 2023; Zhang et al., 2023; Aires
et al., 2018; Kahlaoui et al., 2019).

Antioxidants are substances that, when present in small quantities compared to an
oxidizable substrate, can greatly slow down or prevent the substrate's oxidative
destruction. Lipids, DNA, and proteins are the substances in human systems that are most
vulnerable to oxidative harm. According to Ghanaian et al. (2019) damage to these
oxidizable substrates has been linked to the possible onset and progression of a variety of
chronic disorders, including rheumatoid arthritis, inflammatory bowel disease and
Parkinson's disease. Dietary antioxidants play a significant role in the sophisticated
antioxidant defense that the human physiology has developed in reaction to these
potentially harmful impacts (Aziz et al., 2023b; Aziz et al., 2024). A growing variety of
chronic illnesses, including cardiovascular disorders are being linked to oxidative damage
as a common pathogen (Uddin et al., 2020; Riaz et al., 2021).

Consumers are known to believe that medications made from plant sources are safer
and healthier than those made from synthetic materials, hence efforts to replace synthetic
antioxidants with natural additions have increased (Raymond, 2019). Because of this,
investigations on the screening of medicinal plants having functional chemicals that give
antioxidant capabilities have recently been crucial in order to uncover novel and effective
sources (Al-Dabbas, 2017; Saeed et al., 2023). Diverse breed of almonds have more
disparity in genes opposing to aridity, saltiness, pests, diseases and other factors such as
quality, yield, taste & flavor. In order to compare the nutritional facts and the antioxidant
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activity of these different varieties of almond with skin and without skin were selected
for this study. The goals of this study were (1) to establish the nutritional content of
various almond varieties with skin and without skin (2) to measure its total phenols (3) to
ascertain its free radical scavenging capacity (4) to estimate its reducing power capacity
and (5) to compare the nutritional and antioxidant activity of various varieties of almonds.
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Figure 2. Main polyphenols present in whole almonds (Source: Barreca et al., 2020).

Materials and Methods
Collection of samples

Almond samples (Pakistani, American, Irani and Kaghazi) were purchased from local
dry fruit market of Lahore, Pakistan in January 2023 which was harvest in October-
November 2022. Almonds that had been manually shelled were dried in ambient
temperatures and they were kept in bottles with tight closures which were used throughout
the experiment.

Chemicals and reagents

All the reagents used in the current research were analytical grade from Merck or
Sigma. 2,2-diphenyl-1-picrylhydrazyl free radical (DPPH), Folin-Ciocalteu reagent were
purchased from Sigma Chemicals Co. (St. Louis, MO, USA). All other chemicals
(analytical grade) that are anhydrous sodium carbonate, sodium hydroxide, sodium
nitrite, ferrous chloride, ammonium thiocyanate, potassium dihydrogen phosphate and
dipotassium hydrogen phosphate used in this study were purchased from Merck
(Darmstadt, Germany).
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Fortitude of nutritional capacity

According to the AOAC (2016) methods, the moisture, ash, fat, fiber, protein and
carbohydrate were determined.

Extracting antioxidants from almonds

Using 200 mL of methanol and water the grinded almonds (50 g) were extracted in an
orbital shaker at room temperature for 6 hours. By filtering through filter paper (Whatman
No. 1), the residues were removed from the extracts; the residues were then extracted
once again using new both solvents. The extracted materials from both extractions were
combined and a rotary evaporator was used to remove the solvent under vacuum and at
45°C. The obtained semi-solid crude concentrated extracts were saved and kept at -4°C
until employed in further studies i.e. polyphelic content and antioxidant study. (Sultana
et al., 2009).

Determination of total phenolics content

The quantity of TP was determined with Folin-Ciocalteu reagent following the method
as described by Singlaton and Rossi (1965) with slight modification (Saeed et al., 2021).
In this experiment, 0.1 mL of almond extract was completely mixed with 0.5 mL Folin-
Ciocalteu reagent after 5 minutes. Then 1.4 mL of 7.5% sodium carbonate (Na.COz3) was
added and the mixture was left to react for 90 min at room temperature. The absorbance
was measured at 760 nm using spectrophotometer (UV-1700, Shimadzu Japan). The
results were expressed as gallic acid equivalents (GAE) mg/100 g of dry matter.

DPPH radical scavenging assay

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity of the
extracts was evaluated using a method similar to that previously utilized (Brand-
Williams, 1995) with a few minor modifications made by Saeed et al. (2018). Briefly,
100 ul almond extracts containing 5 mg/mL of dry mass, then added 2.9 ml of freshly
prepared DPPH free radical solution (0.004% in methanol). After 30 minutes of
incubation at 50 °C, the reaction mixture's absorbance was measured at 517 nm with a
spectrophotometer (1700, Shimazdu, Japan). The following equation was used to
compute the percent DPPH radical scavenging activity:

1% =100 — (Ablank - Asample)/AbIank (Eq-l)

In this equation Aniank denotes the absorbance of control while Asample is the absorbance
of the test reaction mixture.

Reducing power

The reducing power activity of almond with brown skin and without skin were
measured using the Oyaizu 1986 technique. Briefly phosphate buffer (1 mL, 0.2 M,
pH 6.6), potassium ferricyanide (1.0 mL, 10 mg/mL), and almond extracts (1 mg/mL)
were combined and incubated at 50 °C for 20 minutes. Then trichloroacetic acid (1.0 mL,
100 mg/mL) was added to the mixture and centrifuged for 5 minutes at 10,000 xg. The
supernatant (1.0 mL) was mixed with distilled water (1.0 mL) and ferric chloride (0.1 mL,
1mg/mL) and then the absorbance was measured at 700 nm.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(2):1495-1508.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ®ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2202_14951508
© 2024, ALOKI Kft., Budapest, Hungary



Saeed et al.: Fortitude of nutritional capacity, total polyphenolic content and antioxidant activity of diverse varieties of almond
(Prunus dulcis Mill. D.) from selected areas

Statistical analysis

- 1499 -

Every experiment had at least three replicates. The significance of findings between
treatments was determined using one-way ANOVA. SPSS v.11.5 was used for all
statistical analysis (Steel et al., 1997).

Results and Discussion

Almonds are tree nuts that are recognized as a healthy snack. They are rich in protein,
monounsaturated fatty acids, dietary fiber (insoluble/soluble fiber at a 4:1 ratio),
vitamin E, riboflavin, essential minerals (manganese, magnesium, copper, phosphorus)
and a daily intake of 30-50 g is recommended as part of a healthy diet (Gama et al., 2018).
The nutritional components (moisture, ash, fat, fiber, protein, and carbohydrates) of
various varieties of almond with skin and without skin available in Pakistan were
determined and the findings are reported in Tables 1-4.

Table 1. Nutritional Facts of American Almond

Sr. No. Parameters % Value (with skin) | % Value (without skin)
1 Moisture 4.01 +£0.90 539+1.20
2 Ash 2.00+0.14 2.07+0.15
3 Fat 51.00+ 3.15 47.80+ 2.9
4 Fiber 10.82 +1.35 1.98+0.12
5 Protein 19.10 +2.18 21.76+2.28
6 Carbohydrates 13.17+ 1.49 21.00+2.26

Data are represented + SD

Table 2. Nutritional Facts of Pakistani Almond

Sr. No. Parameters % Value (with skin) | % Value (without skin)
1 Moisture 4.65 +0.95 4.63+0.95
2 Ash 2.68+0.17 2.63+0.17
3 Fat 55.00 + 3.20 49.79+3.12
4 Fiber 12.25+1.40 1.88+0.11
5 Protein 18.06 +2.14 21.28+2.26
6 Carbohydrates 7.35+1.28 20.24 £2.21

Data are represented + SD

Table 3. Nutritional Facts of Irani Almond

Sr. No. Parameters % Value (with skin) | % Value (without skin)
1 Moisture 5.28 +1.08 5.23%1.16
2 Ash 2.40+0.15 2.12+0.14
3 Fat 54.90 + 3.20 49.00+ 3.12
4 Fiber 12.21+1.40 2.01+£0.10
5 Protein 18.36 £2.15 20.11+£2.22
6 Carbohydrates 6.84+1.24 21.54 +£2.25

Data are represented + SD

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(2):1495-1508.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ®ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2202_14951508
© 2024, ALOKI Kft., Budapest, Hungary



Saeed et al.: Fortitude of nutritional capacity, total polyphenolic content and antioxidant activity of diverse varieties of almond
(Prunus dulcis Mill. D.) from selected areas
- 1500 -

Table 4. Nutritional Facts of Kaghzi Almond

Sr. No. Parameters % Value (with skin) | % Value (without skin)
1 Moisture 5.02 £1.05 4.79+0.97
2 Ash 2.77+0.18 2.28+0.13
3 Fat 54.60 £3.16 4890+ 3.12
4 Fiber 1259+ 1.45 2.05+0.12
5 Protein 18.63+£2.17 20.36 =2.24
6 Carbohydrates 6.38+1.20 21.69 £2.25

Data are represented + SD

Moisture content of the investigated samples were ranging from 4.01+ 0.90-5.28+1.20
in almond with brown skin and 4.63+1.16%—-5.39+1.23% in almond without skin. The
ash content data indicated a non-significant amongst the studied samples, with the lowest
value of 2.07+0.15% without skin and 2.00+0.15% with skin found in American almond.
The ash concentration was lower than that reported by Simsek and Kizmaz (2017) in
Turkish almond (2.45-4.42%). In terms of crude fat, almond kernels are known to be
unusually high in oil, ranging from 48 to 67 g/100 g (Sakar et al., 2017; Simsek et al.,
2018).

The protein levels obtained in this study varied from 18.06+2.14-19.10+2.18% in
almonds with skin and 20.114+2.22-21.76+2.28% in almonds without skin and non-
significant difference were found. According to these findings, almonds' high protein
content might be utilized as a dietary supplement to combat protein deficit as well as for
patients suffering from hypertension. According to Socias Company and Gradziel (2017)
protein content of almond ranged from 10 to 35% on average.

The crude fiber content in almond with skin ranges from 10.82+1.35-12.59+1.45%,
whereas it was in almond without skin, ranging from 11.88+0.12%-2.05 + 0.15%. In our
study the value of fiber content of in almond without skin was lower than observed by
Falaye and Elezuo (2018). There was a significant difference between of fiber between
skin and without skin almonds. This variation could be explained by environmental effect
such as climatic conditions including weather and temperature variation, soil
characteristics, growing conditions and also agronomic practices (Ibourki et al., 2022).
The carbohydrates content of the almond was found to be in a range of 7.35+1.2—
21.69+2.50 and total carbohydrates content in almond with skin usually ranged from 14
to 28% (Roncero et al., 2020). Almond carbohydrates are mostly composed of soluble
sugars (primarily sucrose), starch, and other polysaccharides such as cellulose and non-
digestible hemicelluloses.

During this investigation, the energy value was also evaluated. Among the investigated
samples, the energies values were greater in almonds without skin than in almonds with
skin (Fig. 3). The lowest value (586.65+8.04 kcal/100 g (with skin);
614.20+9.35 kcal/100 g (without skin) was found in American almonds, while the highest
(596.03 £ 8.66 kcal/100 g) was found in Pakistani almonds with skin and in without skin
601.60£9.02 kcal/100 g, followed by Irani almonds (594.9+ 8.62 with skin; 608.33+9.22
without skin) and Kaghzi Almonds (591.44+8.53 with skin; 607.76+9.20 without skin).
Our findings were remarkably similar to those published by the US Department of
Agriculture, Agricultural Research Service (USDA, 2010) and Summo et al. (2018). The
almond samples have a high protein and lipid content, which offers energy and power to
the human body (Siddiqua et al., 2021).
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Figure 3. Energy values of various varieties of almonds with skin and without skin. *Energy
values was higher in almond without skin in all varieties

Total phenol content

Using gallic acid as a reference, the total phenol content of almonds with skin and
without skin was determined. The phenolic content of almond with skin ranged from
240.35+4.34-283.50+5.80 and without skin from 232.304+4.50-262.30+5.38 mg
GAE/100 g (Table 5). Our results are accordance to Valdes et al. (2022) who depicted
that almond are rich in total phenolic content (5.64 mg GAE g*), moreover these results
are accordance to given literature (Gracia et al., 2021; Timon et al., 2022), but lower than
Salem et al. (2022) who reported total phenolic content of almond with shells (21.46 mg
GAE/qg). Our results were similarly lower than those of Yildiz et al. (2014) who revealed
that the TPC values in various almonds ranged from 48.36 to 66.97 mg GAE/g. The most
active natural antioxidants in plants are phenolic compounds which act as antioxidants
due to their propensity to donate hydrogen or electrons and are stable radical
intermediates. In general, polyphenolic compounds are abundant in plant exterior layers
such as the peel (skin), shell and hull which protect inner materials (Farhat et al., 2020).
Our data clearly demonstrated that almond nuts are rich in total phenolic content.

Table 5. Total polyphenolic content (mg GAE/100 g) of various varieties of Almonds

Extracts Water Extract Methanol Extract
With skin Without skin With skin Without skin
American Almond 264.2+3.6 252.2+0.2 268.3+1.5 262.2+0.3
Pakistani Almond 282.5+3.7 260.6+0.5 295.5+4.2 278.4+3.8
Irani Almond 246.7+3.4 242.6+0.5 256.2+1.8 249.8+3.4
Kaghzi Almond 240.6+3.2 232.3+2.8 248.3+1.5 242.2+3.2

Data are represented as mean + SD
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Assay for radical scavenging using DPPH

Plants are often studied for their antioxidant capacity (Rasheed et al., 2021), and their
antioxidant capacity relates to its level of total polyphenolic and total flavonoids contents
(Masood et al., 2023). The presence of antioxidants in methanolic and water extract
extracts of almonds with brown skin and without skin was studied in this experiment and
the findings are shown in Figures 4 and 5. Efficacy of the employed almond varieties of
potent antioxidant components followed the order: methanolic extract with skin Pakistani
variety (65.09% 1) > American variety (56.62% I) > Irani variety (50.72% |) > Kaghzi
variety (42.25% ). While methanolic extract without skin Pakistani variety (61.50% I) >
American variety (52.60% 1) > Irani variety (47.46% 1) > Kaghzi variety (37.62% 1).
Water extract with skin Pakistani variety (55.61% I) > Amerikan variety (48.6% I) > Irani
variety (42.71% 1) > Kaghzi variety (37.6% I). While water extract without skin Pakistani
variety (45.14% 1) > Amerikan variety (40.14% 1) > Irani variety (36.67% I) > Kaghzi
variety (28.83% ). These results are same as described by Ozer (2017) who estimated the
percentages of DPPH scavenging activity of almond 45.5 + 0.6 in water extract. Our
findings are also consistent with the findings in the literature on the DPPH radical
scavenging activity of almond nuts (Nasreen et al., 2012; Win et al., 2019).

80 1

Owith Skin
70 1 -[

-|- @Without Skin

20 1
10 1
0 r r r
American Pakistani  Irani Almonds Kaghzi
Almonds Almonds Almonds
Varieties

Figure 4. % Inhibition of methanol extract of almond with skin and without skin

This activity was determined using the DPPH, which is a violet-colored stable organic
free radical with an absorption maximum between 515 and 528 nm. When proton is
received from hydrogen donor chemicals (phenolics), it loses its chromophore and turns
yellow (Benkhira et al., 2022). DPPH free radical scavenging capability increase when
phenolic compound content or degree of hydroxylation rises (Saeed et al., 2021; Javed et
al., 2022). The current study's findings show that almond methanol and water extract have
considerable antioxidant capacity. These actions are caused by the existence of various
active molecules in almond nuts, which have antioxidant properties and may have many
therapeutic uses.
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Figure 5. % Inhibition of water extract of almond with skin and without skin

Reducing power assay

The reducing antioxidant power assay is a popular method for evaluating the presence
of antioxidant molecules in a sample, in which antioxidants function as reductants in a
redox-linked colorimetric reaction (Jomi et al., 2022). Mechanistically, the reductive
capacity of Fe*3/Fe*2 conversions in the presence of almond extracts was examined in this
approach, with the resulting colour shift from yellow to blue green (Hejna et al., 2021).
The reducing potential of the compounds present in the reaction media directly influences
the intensity of colour. Increased colour intensity correlates with stronger absorption,
which correlates with higher antioxidant activity (Thasneem et al., 2022). The extracts'
reducing potential at concentrations ranging from (1 to 5 mg/mL) increased in a
concentration-dependent way. At a concentration 5 mg/mL the reducing potential in
methanol extract varied from 0.101 to 1.751 (absorbance values) in almond with skin
(Fig. 6a), whereas it ranged from 0.092 to 1.489 in almonds without skin (Fig. 6b).
Similarly, the reducing potential in aqueous extract ranged from 0.073 to 1.351 in almond
with skin (Fig. 6c¢), whereas it ranged from 0.061 to 1.238 in almond without skin (Fig.
6d). Methanolic extracts had a stronger reduction capability than water extracts in both
almonds skin or without skin. The statistical analysis revealed that the reduction potential
varied significantly depending on the extraction solvent and types studied. Esfahlan and
Jamei (2012) reported the reducing power absorbance of various almond species ranging
from 0.389 to 0.883, while Isfahlan et al. (2010) reported the reducing power of almond
shell extracts extracted with methanol to be 0.151 to 0.228, both of which were lower
than the values found in the current study. The high polyphenols content of almond’s
extracts appears to be responsible for electron donating to end the radical chain reaction
(Meshkini, 2016; Naveed at al., 2022; Aziz et al., 2023; Atta et al., 2023; Saleem et al.,
2023).
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Figure 6. RPA of methanol and water extracts of almond with and without skin
Conclusion

The potential of skinned almonds in their native state as a natural antioxidant in meals
was investigated in this study. The data obtained in this study demonstrated that almonds
with skin contain the highest nutrients and antioxidant activity due to the presence of
phenolic content in good quantity. We conclude that the use of almonds with skin has
more health benefits and further research on the isolation of bioactive components can
reveal the exact potency of almonds recommended.

Acknowledgements. This work was supported by Princess Nourah bint Abdulrahman University
Researchers Supporting Project number (PNURSP2024R356), Princess Nourah bint Abdulrahman
University, Riyadh, Saudi Arabia.

REFERENCES

[1] Aires, A., Morais, M. C., Barreales, D., Rodrigues, M. A., Ribeiro, A. C., Gongalves, B.
(2018): Variation of almond yield, biometry, a-tocopherol levels, and antioxidant
properties with nitrogen fertilization. — Journal of Food Biochemistry 42: e12685.

[2] Al-Dabbas, M. M. (2017): Antioxidant activity of different extracts from the aerial part of
Moringa peregrina (Forssk.) Fiori, from Jordan. — Pakistan Journal of Pharmaceutical
Sciences 30(6): 2151-2157.

[3] Ammara, A., Sobia, A., Nureen, Z., Sohail, A., Abid, S., Aziz, T., Nahaa, M. A., Rewaa,
S. J., Ahellah, M. J., Nouf, S. A. A, Nehad, A. S., Manal, Y. S., Amnah, A. A., Majid, A,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(2):1495-1508.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ®ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2202_14951508
© 2024, ALOKI Kft., Budapest, Hungary



Saeed et al.: Fortitude of nutritional capacity, total polyphenolic content and antioxidant activity of diverse varieties of almond

[4]
[5]

(6]

[7]

(8]

(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(Prunus dulcis Mill. D.) from selected areas
- 1505 -

Abdulhakeem, S. A., Anas, S. D., Saad, A. (2023): Revolutionizing the effect of
Azadirachta indica extracts on edema induced changes in C-reactive protein and
interleukin-6 in albino rats: in silico and in vivo approach. — Eur Rev Med Pharmacol Sci.
27(13): 5951-5963.

AOAC (2016): Official methods of analysis. — Edition 20", Association of Official
Analytical Chemists, Arlington VA, USA.

Aziz, T., lhsan, F., Ali Khan, A., Ur Rahman, S., Zamani, G. Y., Alharbi, M., Alshammari,
A., Alasmari, A. F. (2023a): Assessing the pharmacological and biochemical effects of
Salvia hispanica (Chia seed) against oxidized Helianthus annuus (sunflower) oil in selected
animals. Acta Biochim Pol. 70(1): 211-217.

Aziz T, Khan AA, Tzora A, Voidarou C, Skoufos I. (2023b). Dietary Implications of the
Bidirectional Relationship between the Gut Microflora and Inflammatory Diseases with
Special Emphasis on Irritable Bowel Disease: Current and Future Perspective. Nutrients.
2023; 15(13):2956

Aziz T, Hussain N, Hameed Z, Lin L. (2024). Elucidating the role of diet in maintaining
gut health to reduce the risk of obesity, cardiovascular and other age-related inflammatory
diseases: recent challenges and future recommendations. Gut Microbes.;16(1):2297864.
Barreca, D., Nabavi, S. M., Sureda, A., Rasekhian, M., Raciti, R., Silva, A. S. (2020):
Almonds (Prunus dulcis Mill. DA Webb): a source of nutrients and health-promoting
compounds. — Nutrients 12: 672.

Benkhaira, N., Koraichi, S. 1., Fikri-Benbrahim, K. (2022): In vitro Methods to Study
Antioxidant and Some Biological Activities of Essential Oils: a Review. — Biointerface
Research in Applied Chemistry 12(3): 3332-3347.

Brand-Williams, W., Cuvelier, M. E., Berset, C. (1995): Use of free radical method to
evaluate antioxidant activity. — LWT Food Science and Technology 28: 25-30.

Esfahlan, A. J., Jamei, R. (2012): Properties of biological activity of ten wild almond
(Prunus amygdalus L.) species. — Turk J Biol 36: 201-2009.

Falaye, A. E., Elezuo, K. O. (2018): Effect of Processing Methods on the Nutritional Value
of Tropical Almond (Terminalia catappa L.) Kernel Meal for Aqua Feed. — Continental J.
Biological Sciences 11(1): 24-40.

FAO-Stat (2020): Crops. Items: almond with shell. — Food and Agricultural Organization
https://www.fao.org /faostat/fr/#data/QC.2020.

Farhat, N., Hussain, S., Syed, S. K., Amjad, M., Javed, M., Igbal, M., Hussain, M., Haroon,
S. M., Raza, H., Butt, S. Z., Kiran, R., Riaz, S. (2020): Dietary phenolic compounds in
plants; their antioxidant and pharmacological potential. — Postepy Biologii Komorki 47(3):
307-20.

Gama, T., Wallace, H. M., Trueman, S. J., Bai, S. H. (2018): Variability in crude protein
and mineral nutrient concentrations of almonds. — Acta Hortic 1219: 259-264.
Ghanaatian, N., Lashgari, N-A., Abdolghaffari, A. H., Rajaee, S. M., Panahi, Y., Barreto,
G. E., Butler, A. E., Sahebkar, A. (2019): Curcumin as a therapeutic candidate for multiple
sclerosis: Molecular mechanisms and targets. — Journal of Cellular Physiology 234(8):
12237-12248.

Gracia, B. M., Reig, D. L., Rubio-Cabetas, M. J., Sanz Garcia, M. A. (2021): Compounds
and Antioxidant Capacity of Spanish Almonds. — Foods 10(10): 2334.

Hejna, M., Kovanda, L., Rossi, L., Liu, Y. (2021): Mint Oils: In Vitro Ability to Perform
Anti-Inflammatory, Antioxidant, and Antimicrobial Activities and to Enhance Intestinal
Barrier Integrity. — Antioxidants 10: 1004.

House, J. D., Hill, K., Neufeld, J., Franczyk, A., Nosworthy, M. G. (2019): Determination
of the protein quality of almonds (Prunus dulcis L.) as assessed by in vitro and in vivo
methodologies. — Food Science & Nutrition 7: 2932-2938.

Ibourki, M., Bouzid, H. A., Bijla, L., Aissa, R., Sakar, H., Ainane, T., Gharby, S.,
Hammadi, A. (2022): Physical fruit traits, proximate composition, fatty acid andelemental

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(2):1495-1508.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ®ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2202_14951508
© 2024, ALOKI Kft., Budapest, Hungary


https://www.fao.org/

Saeed et al.: Fortitude of nutritional capacity, total polyphenolic content and antioxidant activity of diverse varieties of almond

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(Prunus dulcis Mill. D.) from selected areas
- 1506 -

profiling of almond (Prunus dulcis Mill. DA Webb) kernels from ten genotypes grown in
southern Morocco. — Oilseed & Fats Crops and Lipids (OCL) 29(9): 1-13.

Isfahlan, A. J., Mahmoodzadeh, A., Hassanzadeh, A., Heidari, R., Jamei, R. (2010):
Antioxidant and antiradical activities of phenolic extracts from Iranian almond (Prunus
amygdalus L.) hulls and shells. — Turk J Biol. 34: 165-173.

Jagessar, R. C. (2019): Antioxidant Properties of Plant Extracts. — Edelweiss Pharma
Analytic Acta 1(1): 18-21.

Javed, M., Bibi, R., Nazir, K., Hussain, S. (2022): Phytochemistry of Ziziphus Mauritiana;
its Antioxidant and Antimicrobial Potential. — Adv. Life Sci. 9(2): 157-162.

Jomi, J. A., Abarna, S., Sathishkumar, T., Baskar, R., Muthukumaran, P. (2022):
Extraction, Evaluation, and Antioxidant Activity of Total Phenol from Callus of Abutilon
indicum (L.) Sweet. Letters in Applied NanoBioScience 11(3): 3652-3660.

Kahlaoui, M., Borotto, D. V. S., Giovine, F., Kbaier, H., Bouzouita, N., Pereira, B. L.
(2019): Characterization of polyphenolic compounds extracted from different varieties of
almond hulls (Prunus dulcis L.). — Antioxidants 8: 647.

Lin, T. K., Zhong, L., Santiago, J. L. (2018): Anti-inflammatory and skin barrier repair
effects of topical application of some plant oils. — International Journal of Molecular
Sciences 19: 70.

Masood, S., Ur Rehman, A., lhsan, M. A., Shahzad, K., Sabir, M., Alam, S., Ahmed, W.,
Shah, Z. H., Alghabari, F., Mehmood, A., Chung, G. (2023): Antioxidant potential and a-
glucosidase inhibitory activity of onion (Allium cepa L.) peel and bulb extracts. — Brazilian
Journal of Biology 83: 00264.

Meshkini, A. (2016): Acetone Extract of Almond Hulls Provides Protection against
Oxidative Damage and Membrane Protein Degradation. — J Acupunct Meridian Stud 9(3):
134-142.

Moore, E. M., Wagner, C., Komarnytsky, S. (2020): The enigma of bioactivity and toxicity
of botanical oils for skin care. — Frontiers in Pharmacology 11: 785.

Naveed, M., Batool, H., ur Rehman, S., Javed, A., Makhdoom, S. I., Aziz, T., Mohamed,
A. A., Sameeh, M. Y., Alruways, M. W., Dablool, A. S., Almalki, A. A., Alamri, A. S.,
Alhomrani, M. (2022): Characterization and Evaluation of the Antioxidant, Antidiabetic,
Anti-Inflammatory, and Cytotoxic Activities of Silver Nanoparticles Synthesized Using
Brachychiton populneus Leaf Extract. — Processes 10: 1521.

Oliveira, I., Meyer, A. S., Afonso, S., Aires, A., Goufo, P., Trindade, H. (2019): Phenolic
and fatty acid profiles, a-tocopherol and sucrose contents, and antioxidant capacities of
understudied Portuguese almond cultivars. — Journal of Food Biochemistry 43: e12887.
Oyaizu, M. (1986): Studies on products of browning reaction: antioxidative activities of
products of browning reaction prepared from glucosamine. — Jap J Nutr 44: 307-315.
Ozer, H. K. (2017): Phenolic compositions and antioxidant activities of Maya nut
(Brosimumalicastrum): Comparison with commercial nuts. — International Journal of Food
Properties 20(11): 2772-2781.

Perez de Los, C. F., Martinez-Garcia, P. J., Romero, A., Miarnau, X., Eduardo, I., Howard,
W. (2021): Pedigree analysis of 220 almond genotypes reveals two world mainstream
breeding lines based on only three different cultivars. — Horticulture Research 8: 1-11.
Rasheed, R. B., Hussain, S., Syed, S. K. (2021): Phytochemistry, nutritional and medicinal
value of kiwi fruit. — Postepy Biologii Komorki 48(2): 147-165.

Riaz, M., Fatima, H., ur Rehman, M. M., Qadir, R., Hussain, S., Hafeez, A., Siddique, A.
B. (2021): Appraisal of antioxidant potential and biological studies of bogan bail
(Bougainvillea glabra) leaf extracts using different solvents. — Czech Journal of Food
Sciences 39(3): 176-180.

Roncero, J. M., Alvarez-Orti, M., Pardo-Giménez, A., Rabadan, A., Pardo, E. J. (2020):
Review about non-lipid components and minor fat-soluble bioactive compounds of almond
kernel. — Foods 9(11): 1646.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(2):1495-1508.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ®ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2202_14951508
© 2024, ALOKI Kft., Budapest, Hungary



Saeed et al.: Fortitude of nutritional capacity, total polyphenolic content and antioxidant activity of diverse varieties of almond

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]
[49]
[50]

[51]

[52]

[53]

(Prunus dulcis Mill. D.) from selected areas
- 1507 -

Saeed, M. K., Zahra, N., Taj, R., Ahmad, I., Ashraf, M., Imran Kalim Masood, S., Nisa, A.
(2018): Assessment of nutritional facts and antioxidant efficacy of clove (Syzygium
aromaticum L.) collected from Lahore, Pakistan in water and methanol extracts. — Int. Res.
J. Biological Sci. 7(4): 13-16.

Saeed, M. K., Nisa, A., Ahmad, I., Hina, S., Zahra, N., Kalim, 1., Masood, S., Syed, Q.
(2021): Physico-chemical Analysis, Total Polyphenolic Content and Antioxidant Capacity
of Yellow Dye Extracted from Curcuma Longa. — Pak. J. Sci. Ind. Res. Ser. B: Biol. Sci.
64B(1): 25-29.

Saeed, I, Sajjad, A., Haq, I., Noreen, F., Masood, A., Baloch, K., Hussain, A. (2023):
Characterization of total phenolic content and antioxidant property in sweet cherry (Prunus
avium) kernel extract and oil. — Pure and Applied Biology 12(1): 378-382.

Sakar, E. H., El Yamani, M., Rharrabti, Y. (2017b): Variability of oil content and its
physico-chemical traits from five almond (Prunis dulcis) cultivars grown in Northern
Morocco. — J Mater Environ Sci 8(8): 2679-2686.

Saleem, A., Afzal, M., Naveed, M., Makhdoom, S. I., Mazhar, M., Aziz, T., Khan, A. A.,
Kamal, Z., Shahzad, M., Alharbi, M., Alshammari, A. (2022): HPLC, FTIR and GC-MS
Analyses of Thymus vulgaris Phytochemicals Executing In Vitro and In Vivo Biological
Activities and Effects on COX-1, COX-2 and Gastric Cancer Genes Computationally. —
Molecules 27: 8512.

Salem, M. A., Aborehab, N. M., Al-Karmalawy, A. A., Fernie, A. R., Alseekh, S., Ezzat,
S. M. (2022): Potential Valorization of Edible Nuts By-Products: Exploring the Immune-
Modulatory and Antioxidants Effects of Selected Nut Shells Extracts in Relation to Their
Metabolic Profiles. — Antioxidants 11: 462.

Siddiqua, A., Hussain, S., Syed, S. K. (2021): Phytochemistry, nutritional and medicinal
importance of almond. — Postepy Biologii Komorki 48(2): 167-180.

Simsek, M., Kizmaz, V. (2017): Determination of chemical and mineral compositions of
promising almond (Prunus Amygdalus L.) genotypes from Beyazsu (Mardin) Region.
Beyazsu (Mardin) Yéresisindeki Ustiin Badem (Prunus Amygdalus Batsch) Genotiplerinin
Kimyasal ve Mineral Kompozisyonlarinin Belirlenmesi. — Int J Agric Wildl Sci (IJAWS)
3(1): 6-11.

Simsek, M., Arikan, B., Yildirim, Y., Olmez, N., Boguc, F. (2018): Fatty acid, mineral and
proximate compositions of various genotypes and commercial cultivars of sweet almond
from the same ecological conditions. — Appl Ecol Environ Res 16.

Singleton, V. L., Rossi, J. A. (1965): Colorimetry of total phenolics with phosphomolybdic-
phosphotungsticacid reagents. — American Journal of Enology and Viticulture 16: 144-158.
Socias i Company R, Gradziel TM. (2017): Almonds: Botany, production and uses. —
Wallingford: CABI.

Steel, R. G. D., Torrie, J. H., Dicky, D. A. (1997): Principles and Procedures of Statistics:
A Biometrical Approach. — 3rd Ed., McGraw Hill Book Co. Inc., New York.

Sultana, B., Anwar, F., Ashraf, M. (2009): Effect of extraction solvent/Technique on the
antioxidant activity of selected medicinal plant extracts. — Molecules 14: 2167-2180.
Summo, C., Palasciano, M., Angelis, D., Paradiso, V. M., Caponio, F., Pasqualone, A.
(2018): Evaluation of the chemical and nutritional characteristics of almonds (Prunus
dulcis (Mill).D.A.Webb) as influenced by harvest time and cultivar. — Journal of the
Science of Food and Agriculture 98: 5647-5655.

Thasneem, C. K., Vijayasankar, G. R., Venkateswarlu, B. S., Chandira, R. M.,
Shanmuganathan, S. (2022): In vitro Antioxidant Activity and Preliminary Phytochemical
Evaluation of Different Extracts of Aerva javanica. — Pharmacog Res. 14(4): 468-73.
Thebo, N., Sheikh, W., Bhangar, M. I., Igbal, P., Nizamani, M. H. (2012): Therapeutic and
Antioxidant Potential in the Shell Extract of Prunus amygdalus against Dermal Mycosis. —
Med Aromat Plants 1: 6.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(2):1495-1508.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ®ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2202_14951508
© 2024, ALOKI Kft., Budapest, Hungary



Saeed et al.: Fortitude of nutritional capacity, total polyphenolic content and antioxidant activity of diverse varieties of almond

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

(Prunus dulcis Mill. D.) from selected areas
- 1508 -

Timon, M., Andrés, A. I., Sorrentino, L., Cardenia, V., Petron, M. J. (2022): Effect of
Phenolic Compounds from Almond Skins Obtained by Water Extraction on Pork Patty
Shelf Life. — Antioxidants 11: 2175.

Uddin, S. A, Akter, S., Hossen, S., Rahman, M. A. (2020): Antioxidant, antibacterial and
cytotoxic activity of Caulerpa racemosa (Forsskal) J. Agardh and Ulva (Enteromorpha)
intestinalis L. — Bangladesh J. Sci. Ind. Res. 55(4): 237-244.

USDA. (2010): Agricultural Research Service/USDA. — National Nutrient Database for
Standard Reference, Release 23. Retrieved 10/4/2010.

Valdes, A., Garrigos, M. C., Jimenez, A. (2022): Extraction and Characterization of
Antioxidant Compounds in Almond (Prunus amygdalus) Shell Residues for Food
Packaging Applications. — Membranes 12: 806.

Win, N. N,, Khaing, S. Y., Htay, Y. Y., San, N. N. (2019): Phytochemical, Nutritional and
Antioxidant Activity Evaluation of Seeds of Almond (Terminalia catappa L.). —
International Journal of Scientific and Research Publications 9(7): 322-325.

Xiang, J., Mlambo, R., Shaw, 1., Seid, Y., Shah, H., He, Y. He, B. (2023). Cryopreservation
of bioflavonoid-rich plant sources and bioflavonoid-microcapsules: emerging technologies
for preserving bioactivity and enhancing nutraceutical applications. Frontiers in Nutrition,
10.

Yildiz, H., Atli, S. H., Tosun, M., Ercisli, S., Pinar, H. (2014): Antioxidant activity, total
phenolic and flavonoids content of some local and cultivated almonds (Prunus dulcis L.).
— Oxidation Communications 37(3): 733-740.

Zhang, S., Dongye, Z., Wang, L., Li, Z., Kang, M., Qian, Y.,... Chen, C. (2023). Influence
of environmental pH on the interaction properties of WP-EGCG non-covalent
nanocomplexes. Journal of the Science of Food and Agriculture, 103(11), 5364-5375.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(2):1495-1508.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ®ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2202_14951508
© 2024, ALOKI Kft., Budapest, Hungary



