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ABSTRACT
To study the bioactive substances of the walnut kernel of six cultivars

which were newly selected from Kurdistan-Iraq and one type import from America,
analyzed for their phytochemical contents and antioxidant activities. HPLC (High-
performance liquid chromatography) was used for phenolic compound estimation, GC
(Gas chromatography) for fatty acid analysis, and DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical-scavenging. In terms of fatty acids, palmitic acid, stearic acid,
oleic acid, linoleic acid, and linolenic acid of all seven types we analyzed, all of them
had a significant result. As for antioxidants, the same as before, the antioxidants were
significant for all the chosen samples. In terms of phenolic compounds, quinic acid,
gallic acid, 1,2,3,6 trigalloyl glucose, vanillic acid, syringic acid, and rutin, all types
were significant as well. Finally, our results show that most of them were of high
significance. Some regions in the Kurdistan region of Iraq showed high results for
important secondary products, while the American counterpart is lower but still better

than some of the Kurdistan region walnuts.
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INTRODUCTION
World Health Organization (WHO) statistics showed that around 80% of people rely on

traditional medicine made from plants. The important medicines we have such as anticancer,
antimicrobial, and anti-inflammatory drugs have their origins in nature (Shafaghat, 2011).
The walnut tree, or Juglans regia L., grows to great heights and lives for a very long time in
temperate regions of the world. (Zurek et al., 2022). Consumption of these has been linked to
a number of purported health benefits, including decreased change of heart related disease,
treatment of type Il diabetes, coronary heart diseases, prevention and treatment of specific
cancers, and alleviation of symptoms associated with aging and other neurological disorders.
Walnuts are good because they contain a great amount of omega-3 and omega-6 fatty acids
compared to any tree nut, which is attributable to their high polyunsaturated fatty acid
content (Hayes et al., 2016).

Walnuts are good for health because they contain lipids (tocopherol, fatty acid).
Approximately 60% of a walnut kernel's total mass is comprised of oil (Macrae et al., 1993).
Walnut oil content varies with cultivar, growing region, and watering schedule (Greve et al.,
1992; Caglarirmak et al., 2003). The way that was used to decide the main fatty acids present
in heartnuts and walnuts is Gas chromatography. These included linoleic (18:2n-6), alpha-
linolenic (18:3n-3), oleic (18:1n-9), palmitic (16:0), and stearic acid (18:0) (LiL 2007).
Typically, 100 g of walnuts contain 50 g of multi-unsaturated fatty acids, of which 38.09 g
are Omega 6 (linoleic acid) and 9.08 g are Omega 3 fatty acids (linolenic acid). Additionally,
phytochemical substances like phenolics are beneficial for human health. By avoiding
oxidative stress and biological macromolecule oxidation, they can decrease the risks of
degenerative and cardiovascular related diseases (Jahanban-Esfahlan et al., 2019). With the
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inclusion of its anti-cancer properties, it has been demonstrated that phenolic compounds
have the ability to neutralize free radicals and have metal-chelating properties (Jahanban-
Esfahlan et al., 2019). The walnut kernel has previously been assessed in this regard as an
antioxidant by Labuckas et al., (2008) and Zhang et al., (2009). Using either the free radical
2, 2-diphenyl-1-picrylnydrazyl assay or the photochemiluminescence method, it was
discovered that tocopherols, particularly the gamma-tocopherol, contributed the most to the
strong total antioxidant activities of both walnut and heartnut oils. To the best of our
knowledge, however, there is no information on the phytochemical components and
antioxidant activities of the ehanolic extract from Iraqi walnut kernels.

MATERIAL AND METHODS

Seven different cultivars of walnuts were collected some sample walnuts since October
of 2021. The locations of which the samples were gathered from for the research were:
Tawella, Byara, Sharbazher, Qaladiza, Sargallu Bargalu, Warte, and walnuts imported from
the United States of American origin. At elevations of: 1,688, 1,146, 1113, 882, 972, 1282
respectively (N/A elevation for the US origin walnuts).

Fatty acid composition

The walnuts were grinded inside a blender for a period of 30 seconds to decide their oil
content. Through using a Soxhlet apparatus, after grinding (Yerlikaya et al., 2012). The
walnuts extracted with hexane in a period of six hours after grinding. Gas chromatography
(GC; Varian Chromatograph, Model 1400; Varian Associates, Walnut Creek, CA), outfitted
with a flame ionization detector and a column with the measurements of 3.0 m x 0.32 cm, full
of LAC-3R-728(20%; Cambridge Ind. Co., Cambridge, UK) on Chromosorb W/AW, has
been ascertained for the composition of the fatty acids (80-100 mesh; Merck, Darmstadt,
Germany). In accordance with 1SO 5508:1990, "Analysis by gas chromatography of methyl
esters of fatty acids,” nitrogen was used as a carrier gas (flow rate, 24 mL/min) (AOCS,
1993).

Extraction of phenolic compounds

To acquire the crude metabolic extract (CME) including the solid to solvent ratio of
1:10(w/v) for an hour stored at room temperature, 20 grams of dried, ground black cumin
seedcake were extracted, containing 80% methanol (3*200ml) by sonication (Hasan
Technology, Seoul, Korea). The combination and concentration of CME was taken care of by
a rotary evaporator (Bauchi, Flail, Switzerland). The acquired CME (4.4g) was fractionated
by using 3 * 100 ml each of hexane, ethyl acetate, and water, using the leftover material to
produce the next fraction with each fractionation step. Each extraction procedure started with
homogenizing CME and its fractions in the solvent for a period of 15 minutes at a speed of
13,000 rpm, followed by sonication at a constant temperature of 30 °C in the span of an hour.
Then, CME was purified using a paper filter including the fractions (hexane fraction HF,
ethyl acetate fraction EAF, and water fraction WF). Next up, utilizing a rotary evaporator, the
solvents were removed (Shehata & lbrahima, 2019). Before being stored at -80°C for
additional analysis, each extract's yield and its fractions were measured (Mariod et al., 2009).
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HPLC-DAD system for phenolic compound analysis:

Chromatographic separations were carried out on a LUNA C-18 column (5 m, 250 x 4.6
mm) and HPLC analysis was carried out using Agilent G1310A pumps (Agilent, Stevens
Creek Blvd, Santa Clara, USA) (Phenomena, Torrance, CA, USA). With some tweaks
(Chirino and Pedraza-Chaverri, 2009). Described previously, the solvent composition and
usage of gradient elution conditions. The solvent (A) water-acetic acid (94:6, v/v, pH 2.27)
and the solvent (B) acetonitrile both made up the mobile phase. The gradient of the solvent
was 0-15% B in the span of 40 minutes, 15-45% B in the period of 40 minutes, and 45-100%
B in the period of 10 minutes as well. 20 ml of sample was injected at a flow rate of 0.5
milliliter per minute. Prior to HPLC injection, samples and mobile phases have been filtered
through a 0.22 m Millipore filter, type GV (Millipore, Bedford, MA). Analyses of each
fraction were conducted two times. By comparing the data of retention times and UV-Vis
spectral data to known, previously injected standards, phenolic compounds were identified
and quantified (Chirino & Pedraza-Chaverri, 2009).

Antioxidant
Radical scavenging activity by DPPH:

Started by grinding our walnut samples with a mortar and pestle. The powder material
weighing 0.1g was extracted with 1000 ml of 80% (v/v) methanol and incubated for 16 hours
at 10°C. Then we started centrifuging our samples for 19 minutes at 10,000 rpm and the
supernatant (extract) was retained and used for analysis of the DPPH test. After that, we
determined the antioxidant capacity of the extract according to the estimated method, 1-
diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging as defined by (Fajrina & Tahir, 2019).
With some improvements. Standard composition: The standard compound, 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (Troop), was used to construct the calibration
curve using a series of diluted solutions. 11mg of Trolox was mixed with a concentration of
75% ethanol solvent and diluted to obtain some concentrations up to 0.325, 0.625, 1.300,
1.950, 2.600, and 3.25 g/mL.Trolox concentrations were shown to have a linear relationship
with absorbance values at 517 nm. The tubes were divided into three groups. In Group 1, 2
ml of DPPH solution (6 x 10-5 M) was mixed with a 10 L sample. In Group 2, 10 L of
Methanol and 2 mL of DPPH solution are dissolved in methanol. In the third group, Trolox
was mixed with 2 mL of DPPH solution. All tubes (sample extract, control, and Trolox) were
incubated for 30 minutes in the dark in order to absorb against a blank that contained just
methanol (UV-365, Shimadzu, Japan). It was decided to carry out the triple experiment.
Using the formula Trolox Equivalent Trolox per Gram of Dry Matter, the ability of different
extracts to fight free radicals was calculated. DPPH antioxidant capacity (g Trolox/g DM) =
VIW x C

Where V is the volume of extract (mL), W is the weight of the sample (g), and C is the
concentration of Trolox determined from the standard curve.
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RESULTS AND DISSCUSSION

Table 1 showed the amounts of some chosen extracted fatty acids, which consists of:
Palmtitic, Stearic, Oleic, Linoleic, and Linolenic acids of each type of walnut that were
chosen for the analysis.

In this table, the results were laid out for each type of fatty acids per location. In
Palmtitic acid, W55 (Qaladiza walnuts) had the highest amount, measured at 12.507 mg/g,
meanwhile W155 (Tawella walnuts) had the least amount, measured at 4.184 mg/g. The
second one which is Stearic Acid had the highest recorded at W55 (Qaladiza walnuts)
measured at 12.540 mg/g, however W99 (Sargallu Bargalu walnuts) had the least amount,
measured at 5.665 mg/g. The third one, Oleic Acid had the highest record at W11
(Sharbazher walnuts) measured at 46.502 mg/g, although W33 (Warte walnuts) had the least
amount, measured at 10.747 mg/g. Before last, Linoleic Acid had the highest recorded at
W133 (American walnuts) measured at 52.070 mg/g, but W155 (Tawella walnuts) had the
least amount, measured at 13.936 mg/g. The last one which is Linolenic Acid, had the highest
record at W111 (Byara walnuts) measured at 24.199 mg/g, on the other hand, W155
(Tawella) had the least amount, measured at 0.223 mg/g. Overall, all the results for each
location were significant. The W133 (American walnuts) had the most amount of interaction
with Linoleic Acid, measured at 52.070. Meanwhile, the W155 (Tawella walnuts) which
record the least Linolenic Acid among all of them, measured at 0.223.

From previous analysis on Table 1, it was shown the reason behind the differences in
characteristics of the walnuts can be mainly geographical features such as: weather (the
amount of rain and temperature), soil and its containing minerals, topography of the areas.
Another small one could be the amount of helping hand of organizations and higher-ups,
helping farmers get enough resources and help to grow the walnuts in terms of quality and
quantity. Previously reported results were similar to Bou Abdallah et al. (2016).

Table (1): Fatty acids in Walnut sampled at different altitudes (mg/g).

Loc?gons Palmitic Acid Stearic Acid Oleic Acid Linoleic Acid Linolenic Acid
W55 12,507 a 12.540 a 19.043c 41.183¢c 8.257 e
W11 11.156 ab 5.833 ¢ 46.502 a 17.822d 14.608 d
Wi111 8.224 ¢ 10.834 ab 13.559 e 42,544 ¢ 24.199 a
W99 9.530 bc 5.665 ¢ 15.881d 51.882 a 17.042 ¢
W133 6.167 d 10.407 b 14.440 de 52.070 a 13.537d
W33 8.495 ¢ 9.510b 10.747 f 47.712b 20.693 b
W155 4,184 ¢ 5773 ¢ 44.175b 13.936 ¢ 0.223 f

Duncan's Multiple Range Test indicates a 1% significance difference between means that share a letter for all factors and interactions.
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Table 2 have the information on the amount of phenolic acids in the samples. The first
type was Quinic Acid, which recorded highest at W11 (Sharbazher walnuts) measured at
25.586 mg/g, meanwhile W133 measured the least at 17.287 mg/g. Next up, Gallic Acid was
recorded highest at W155 (Tawella walnuts) measured at 18.973 mg/g, although W133
(American walnuts) was the lowest of the bunch measured at 0.952 mg/g. Then, 1,2,3,6
Trigalloyl Glucose was measured the highest at W133 measured at 11.792 mg/g, but W111
(Byara walnuts) was measured the lowest at 1.819 mg/g. After that, in Vanillic Acid the
highest record was at W155 (Tawella walnuts) measured at 10.311 mg/g, on the other hand,
W33 was measured the lowest at 0.076 mg/g. Before last, Syringic Acid had the highest
record at W155 (Tawella walnuts) measured at 13.614 mg/g, however W111 (Byara walnuts)
had the least amount measured at 3.736 mg/g. For the last, Rutin was recorded the highest at
W11 (Sharbazher walnuts) measured at 11.997 mg/g, Whereas W33 (Warte walnuts) had the
least amount measured at 7.882 mg/g. All the results for each sample were significant.
Interaction of both W11 (Sharbazher walnuts) and Quinic Acid was the highest between all of
them, which was measured at 25.586. But, the interaction between W33 (Warte walnuts) and
Vanillic Acid had the least amount among them which measured at 0.076. The contributors in
the inconsistency of phenolic acids mostly relate back to table 1 and 2s

Contributors as well, the main ones being common geographical features. Minor
contributors such as farmers, as well as the helping hand of organizations and higher-ups. Pre
It was found in this study that some walnut varieties had higher concentrations of fatty acids
than others. The chemical makeup of walnut oil fluctuates based on factors like cultivar,
latitude, weather, and processing. Fertilizers used in the cultivation of walnuts, for instance,
change the oil's chemical composition. Walnut oil's chemical make-up is also influenced by
factors like the seed's position on the plant and how it's handled after harvest.viously reported
results were similar (ERCISLI et al., 2011).

Table (2): Phenolic compounds in Walnut at different altitudes (mg/g)

. - 1,2,3,6 - -
Loc?gons Q:C':gc Gallic Acid  Trigalloyl Vzrgliglc S)X::?glc Rutin
Glucose

W155 24.205a 18.973a 6.560 b 10.311 a 13.614a 10.828 ab
W11 25.586 a 10.171b 3.573¢ 4.063 c 9.675¢c 11.997 a
W133 17.287 d 0.952 ¢ 11.792 a 10.076 a 5.979d 11.515a
W55 21.076 b 6.643 d 3.238¢ 6.886 b 4.666 de 11.148 ab
W99 19.054 ¢ 8.945 bc 3.266 4,548 ¢ 11.198 bc 9.341 bc
W111 19.870 bc 10.481 b 1.819¢ 3.898 ¢ 3.736 e 10.839 ab
W33 19.775 bc 8.178 cd 3.226 C 0.076 d 12.279 ab 7.882 c

Duncan's Multiple Range Test indicates a 1% significance difference between means that share a letter for all factors and interactions.
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This table 3 hands us some great information about the amount of antioxidants in the
samples. The highest amount of antioxidants was located in W11 (Sharbazher walnuts),
measured at 304.459. But the least amount of antioxidants measured in our testing, was
20.676 in W33 (Warte walnuts). From table 3, it is shown that the differences in the amount
of antioxidants are the same ones that we discussed in table 1, the main contributors are:
geographical features such as: weather (the amount of rain and temperature), soil and its
containing minerals, topography of the areas. Minor contributors can have an effect as well
such as farmers using different farming techniques or having different levels of care to the
product. As well as small ones such as the helping hand of organizations and higher-ups.
Previously reported results were similar (Gharibzahedi et al., 2012).

It was found in this study that some walnut varieties had higher concentrations of fatty
acids than others. The chemical makeup of walnut oil fluctuates based on factors like cultivar,
latitude, weather, and processing. Fertilizers used in the cultivation of walnuts, for instance,
change the oil's chemical composition. Walnut oil's chemical make-up is also influenced by
factors like the seed's position on the plant and how it's handled after harvest (Crews et al.,
2005). Like fatty acids, the walnut cultivars had more phenolic acid and antioxidant activity
than other walnut varieties. Healthy levels of fatty acids, phenolic acid, and antioxidant
activity are present in the selected genotypes. This distinction might be the result of
genotypes, environmental factors, phenolic compound synthesis and accumulation, or
inefficient extraction on our part (Trandafir et al., 2016). This paper's findings corroborated
the widespread belief that walnuts are a good source of medicinal, aromatic, cosmetic, and
anti-disease agents due to their high nutrient density.

Table (3): Antioxidant in Walnut sampled at different altitudes (ug/g)

Locations ID Antioxidant
W11 304.459 a
W99 240.270 b
W55 146.351 ¢
W111 113.243 cd
W133 80.811d
W155 22.027 e
W33 20.676 e

Duncan's Multiple Range Test indicates a 1% significance difference between means that share a letter for all factors and interactions

CONCLUSION

From the results of our analysis that we have done in a lab. The species and samples that
we have gathered for the investigation showed that the products had a great amount of
Phenolic Acids, Fatty Acids, Antioxidants; they can be used for multiple different things like:
Medicinal, Aromatic, Cosmetic, and Anti disease agents. Furthermore, from all the samples of
walnuts that we had, we can say that: Phenolic, Fatty Acids, Antioxidants, etc.... but all with
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different amounts per sample. For example: generally, W99 (SargalluBargalu walnuts) had
the highest amount of Fatty Acids. Meanwhile, W155 (Tawella walnuts) had the least amount
of Fatty Acids. It can also be applied for the other secondary products in its own fashion.
Lastly, Topography, Environmental, and Experience of farmers all cause the amount of
secondary products depending on the region. After all the testing and analysis, we have
reached some recommendations from all the different samples that were tested. It can be tried
to create a species for walnuts, because walnuts in Kurdistan are planted by seed propagation.
It can be tried to grow them by vegetative propagation to obtain walnuts that phytochemically
and physically are identical to each other, to also reach higher nutritional values and
sellability. To get a successful and accurate enough analysis, we need a great pure set of
standard references especially for (GC) and High-performance liquid chromatography
(HPLC). From the study and research of walnuts, it can be shown its benefits to medical uses
in the economy. The age and method of storage can be contributors for the amount of material
in the products, like the previous ones that were explained. Can be impacted. It is shown that
it can be done with the help of Biotechnology, the walnuts can be genetically improved for
better resilience, more nutritious and the increase in terms of quality and quantity. Because it
can be beneficial for the long run as civilization continues to grow.
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