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Abstract

Pistacia atlantica subsp. Kurdica (PAK) is distributed throughout the Zagros Mountains and is indigenous to Kurd-

istan province in western Iran. This study focused on the composition and thermal properties of gum extracted

from female and male trees from six regions of Kurdistan province. Significant differences were detected in the total
protein, total ash, total carbohydrate and monosaccharaide contents according to gender and geographic region, but
no significant difference was found for moisture content. Analysis of the monosaccharide composition using HPLC
showed the presence of arabinose, galactose, glucose, rhamnose and xylose. Significant differences were observed for
the amino acid contents of the various PAK gum samples. The most abundant amino acids were glutamic acid, aspar-
tic acid, serine, proline and histidine; however, the relative proportions of amino acids varied considerably between
samples. The results indicate that the volatile components (VoC) were significantly different between samples
according to gender and region, with the predominant VoC being a-Pinene. The results of thermogravimetric analysis
showed that the onset of the initial and main decomposition of the samples was at 80 °C and above 240 °C, respec-
tively. The differential scanning calorimetry results showed that nearly all gum samples included two glass transition
temperatures and heat capacity values and that nearly all of the values for the female gum samples were lower than

for the male samples.
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Introduction
There are 11 species of Pistacia globally [1]. Pistacia
atlantica is widely distributed from the Canary Moun-
tains in Spain to the mountains of Iran [2]. Iran is a major
source of Pistacia diversity in pistachio cultivation and
production [3]. P atlantica has four subspecies (mutica,
cubolica, atlantica and kurdica) [4]. P. atlantica subsp.
Kurdica (PAK) is distributed throughout the Zagros
Mountains and is indigenous to Kurdistan province in
western Iran [5].

Herbal medicine has been used to treat diseases
because of its therapeutic potential [6]. The different
products of PAK (leaves, fruit and gum) are valuable for
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and indicate if changes were made.

their medicinal, cosmetic and food value. They are used
to treat digestive disturbances and as moisturizers, anti-
microbials, antioxidants, edible oil, feed and chewing
gum [7, 8]. The quality and quantity of the gum, or oleo-
resin (jajka talla in Kurdish), depends on the species of
plant, gender and geographic origin [9]. Several studies
have examined the chemical composition of P. atlantica
essential oil [4, 10]. The optical rotation and nitrogen,
ash, moisture and tannin contents are the parameters
that are frequently used to recognize the properties of
gums used as food additives. The unique fundamental
properties of this gum are its high water solubility and
low viscosity [11].

Knowledge about the thermal properties of food
and food components is important. Thermogravimet-
ric analysis (TGA) continuously determines the weight
of a sample as a function of temperature over time. It
detects changes in the mass of a sample (gain or loss)
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and determines the temperatures that characterize a step
in mass loss and gain curves to monitor food processes
[12]. Several researchers have used thermal properties
to calculate the energy of activation based on the Broido
model. An increase in the energy of activation indicates
a higher thermal stability, so that an activation energy of
above 100 represents high polymer stability and suggests
the presence of synthetic polymers as compared to the
lower activation energy of biopolymers. The difference in
the energy of activation can be influenced by the origin
and species of the gum [10].

Differential scanning calorimetry (DSC) measures the
heat flow of samples as a function of temperature or time.
This method determines physical transition and chemical
reactions quantitatively [13]. The glass transition temper-
atures (T,) of synthetic polymers and biopolymers have
been measured using DSC. At the glass transition tem-
perature, materials convert from very viscous glassy to
rubbery form, the molecular mobility increases and the
viscosity decreases. This may result in structural changes
such as stickiness and collapse [14].

Materials and methods

Gum extraction

The oleoresin of PAK was extracted by piercing the
trunk of the tree with a specialized tool and collected
in a clay bowl attached to the trunk [15]. To keep mini-
mum damage during oeloresin extraction and maximum
consistency among samples, a sampling strategy intro-
duced by Karamshahi et al. [16] was employed. Trees
with 30-50 cm trunk diameter were selected and 20
horizontal grooves (2 cm length) were pierced to collect
the resinous exudates from male and female trees at the
beginning of July 2016 in six regions of Kurdistan prov-
ince in Iran (Armardeh, Kanisoor, Marivan, Sarvabad,
Dezli, Hawraman).

Moisture, total ash and protein contents

The moisture and total ash contents of the oleoresin sam-
ples were determined using the AOAC method [17]. The
total protein content was determined by analyzing the
nitrogen content using the semi-micro Khjeldahl method
[17]. On the basis of early determinations, a conversion
factor of 6.6 was used to calculate the crude protein con-
tent [18].

Total carbohydrate content

In order to determine the total carbohydrates (TC) con-
tent, 4 g of crude gum was dissolved in a final volume
of 100 mL of distilled water at 50 °C and then filtered
through Whatman no. 1 filter paper [19]. The total carbo-
hydrate content of the 4% solution was determined by the
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phenol-sulfuric acid colorimetric method with p-glucose
as the standard at 490 nm [20].

Amino acid composition

Oleoresin samples were hydrolyzed with 0.2 mL of 5.5 N
in constantly boiling HCI in a sealed tube at 110 °C for
18 h [21]. The hydrolyzed liquid was neutralized with
bicarbonate and centrifuged at 13,500¢ for 10 min. Then
200 pL of the supernatant was mixed with 50 pL of
4-(4,dimethylamino) phenyl azobenzene sulfonyl chlo-
ride (20 mg mL™") at 60 °C for 60 min to convert the
amino acids into dabsyl chloride derivatives. The acetone
then was evaporated and the final solution was injected
into the HPLC [21, 22].

Monosaccharide composition

The sample was labeled by adding 30 pL of NaOH (0.3 M)
and 20 pL of PMP (1-phenyl-3-methyl-5-pyrazolone)
solution (0.5 M in methanol). Fucose was added as an
internal standard to each sample before derivatization.
The mixtures were incubated at 70 °C for 60 min, cooled
to room temperature and neutralized with 30 pL of HCI
(0.3 M), 1 mL of trichloromethane was added. After vig-
orous shaking and layering, the organic phase was care-
fully removed and discarded. The aqueous layer was
passed through a 0.45 pm syringe filter before HPLC
analysis.

The PMP-labeled monosaccharides were analyzed
using an Unicam Crystal 200 HPLC system consisting
of a G1311C quaternary pump, G1329B autosampler
(0.1-100 pL), G1316A pre-column oven (273-333 K)
and G1315D-DAD detector (190-950 nm). The ana-
lytical column was a TC-C18 column (4.6 x 250 mm;
5 pm). The injection volume was 20 uL with an eluent
flow rate of 1.0 mL min~! at 35 °C. Mobile phase A was
100% acetonitrile and mobile phase B was a mixture of
distilled water and acetonitrile (90: 10, v/v) with 0.045%
KH,P0O,-0.05% triethylamine buffer (pH 7.5). Gradient
elution was performed at 94%—94%—88%—88% B with lin-
ear decreases at 0—4—5-20 min. The UV detection wave-
length was 245 nm [23].

Volatile components

To prepare the sample extracts, the oleoresin (75 g) was
firstly extracted with 300 mL of ethanol (90%) by soni-
cation. The n-hexane fraction was saponified with 0.5 N
methanolic NaOH solution by heating in a steam bath
until fat globules entered the solution (approximately
5 min) and then boiled for 2 min. After cooling, saturated
NaCl solution was added to each solution. The mixtures
were transferred to a separatory funnel individually and
each was extracted with 30 mL of petroleum ether and
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converted to their methyl ester forms with 20 mL of
boron trifluoride-methanol complex reagent [6].

Chromatographic analysis was carried out on Agilent
6890N network GC system combined with an Agilent
5973 network mass selective detector (GC-MS). The
capillary column used was an Agilent 19091N-136 (HP
Innowax capillary: 60.0 m x 0.25 mm x 0.25 pm). Helium
was used as a carrier gas at a flow rate of 0.8 mL min~!
with a 1 | injection volume. Samples were analyzed with
the column held initially at 60 °C for 1 min after injection
with a 10 min hold time, then increased to 220 °C with
4 °C min~! heating ramp and kept at 220 °C for 10 min.
The final temperature was increased to 240 °C with
1 °C min~! heating ramp. The injection was performed in
splitless mode. Detector and injector temperatures were
280 and 250 °C, respectively. The run time was 80 min
[6].

Fourier transform infrared spectroscopy

The IR spectra of the oleoresin samples were determined
using Fourier transform infrared spectrometry (FTIR)
(Perkin-Elmer; 16 PC spectrometer; USA). The samples
were ground with spectroscopic grade potassium bro-
mide powder and then pressed into 1 mm pellets for
FTIR measurement at wavenumber ranges of 400 and
4000 cm™! [24].

Thermogravimetric analysis

The thermal behavior of the oleoresin samples was ana-
lyzed by TGA (Mettler Toledo; TGA1, RT-800, STAR SW
10.00) at a heating rate of 10 °C min~! at a temperature
range of 0—600 °C in air. Samples of about 10 mg were
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weighed in an aluminum pan. Derivatograms of the TGA
curves (derivative mass loss) were also recorded [25].

Differential scanning calorimetry

DSC measurement was carried out in N, atmosphere
(Mettler Toledo; DSC1, — 130 to 600, STAR SW 12.00;
Switzerland) calibrated with indium as a standard.
Analysis started at —120 °C and continued up to 80 °C
at a heating rate of 10 °C min~', Samples were weighed
(10-15 mg) in aluminum DSC pans (aluminum cruci-
ble =40 pL) and an empty pan was used as a Ref. [13].

Statistical analysis

All chemical analyses were performed in triplicate. All
data was analyzed using a two-way general liner model
design analysis of variance (ANOVA) with the factors
of geographic region and gender. Tukey’s multiple range
test was used to compare the treatment means (SAS 9.3).
Non-parametric Spearman rank correlation coefficients
of chemical components and environment characteristics
were calculated using the SPSS software version 22.0.

Results and discussion

Chemical composition analysis

The results of compositional analysis for all PAK oleo-
resin samples are summarized in the Tables 1, 2 and 3.
Significant differences were observed in the total protein
(P<0.01) and total ash (P<0.05) contents for gender and
geographic region, but no significant difference in mois-
ture content was found. The values for moisture was
16.03% to 19.26%, for total ash was 0.86% to 0.94% and
for protein was 3.97% to 5.05%.

Table 1 Chemical composition of the extracted gum samples for factors under investigation

Sample Gender Geographic regions
Female Male Kanisoor Armardeh Hawraman Dezli Sarvabad Marivan
Moisture (%) 1830+£128a 1860+131a 1881+£093a 1889+135a 1858+050a 1603+0.19a 19.124+220a 19.26+0.16a
Ash (%) 0.934+0002a 0.884+0003b 0.944+0002a 0.9240.003ab 0.86+0.003b 0.914+0.003ab 0.93+0.002 ab 0.87£0.002 ab
Totalcarbohy- 4051+235b 4474+253a 4556+212a 4123+304a 4336+163a 4401+£263a 3983+133a 41.76+176a
drates (%)

Arabinose® 7363+£6.09a 6688+532b 7800£4.13b 7400£085c 6050+151e 69.00+£085d 5350+166f 8650+220a
Galactose 5342+555a 4942+566b 5000+247d 69.00+097a 3650+£069f 5963+081b 4138+138e 5200+1.38c
Rhamnose 2096+3.18a 19.08+247b 2033+040c 13.08+048f 2885+150a 17634+029d 24.154+093b 1540+037e
Fucose 358+145a 327+106b 173£033d 138%+001e 6.15+£049b  23740.15c 743+£032a 1494+0.10e
Xylose 2400£498b  2554435a 21.50%1.16¢c 17.004£038e 36504+059b 19.004+£038d 3800+085a 1650+059e
Glucose 5074+1.05a 469+125b  463+0.13¢C 2404£0.19e 758+029b 335+0.14d 808+035a 3.25+049d
Glucuronicacid 22.88+278a 1747+277b 1530+£059e 1570+299e 23334+203b 30.13+145a 1960+085c 1650+023f
Galacturonic 4363+537a 3533+498b 3423+169d 4980+258b 2780+052e 2830+3.18e 4475+£411c 5200+139a

acid

Values with different letters are significantly different

2 Unit for monosaccharide: milligrams (mg) per gram of carbohydrate
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Table 2 Chemical composition (total
under investigation

Protein and amino acids) of the extracted gum samples
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for factors

Sample Gender Geographic regions
Female Male Kanisoor Armardeh Hawraman Dezli Sarvabad Marivan
Total protein 463+022a 423+£020b 409+0.12d 482+0.15b 4184+005d 447+0.15c¢ 505+0.13a 397£011e
(%)

Alanine? 46.17+£537a 3533+498b 50.00£035b 40.6347.60 c 3388+186e 53.00£576a 3763+£282d 29.38+3.23f
Glycine 40.29+568b 4238+583a 37.00£043d 3250£059e 59004£089a 25504053f 4354059 ¢ 50.50£0.55b
Lysine 41.75+£187b 4633+288a 4385+043cd  4760+575a 44.18+161bc 4357+193d 4430+068 b 40.75+145e
Cysteine 416+088a 342+143b 298+0.52d 4.054+0.02c 160+£074e  593+056b 703+£065a 1.15+£053f
Threonine 3529+4.88b 4739+623a 5025+021b 40.80+£8.06 ¢ 3413£172e 5538£6.51a 3805+3.26d 2945+365f
Valine 3402+£5.14a 3198+498b  4875+0.75a 42.00+085b 3325+044c 2513+062e 19.904+0.55 f 29.00+035d
Phenylalanine 2471£3.08a 1720+£224b 16.75+£261e 16.50£0.59e 2300+193b 1850+1.66d 2947+£235a 21.50£4.39c¢
Histidine 7867+£6.13b 85.17£6.18a 101.50£220a 71.00£193e 91.50+1.12b  77.50+1.92d 66.50+1.66 f 83.50£195¢
Glutamine 3051+£335b 3263£3.38a 3638+£071b 39.85+£0.85a 3408+£051¢c 2810x061e 19.50+£0.59 f 31.50£0.59d
Isoleucine 2598+430a 2461+431b 21.50£049d 4000+035a 18.00+£0.85e 3250+£0.59b 2325+ 22c¢ 16.50+£0.23 f
Asparagine 4700+647 a 42.75+£647b 3350+£059e 36.00+3.57d 4450£1.12¢c 3400£148e 5350+1.11b 67.75£155a
Methionine 1708+£222a 2213+£662a 1263£214a 11.00£035a 1363£035a 2025£0.70a 20.13+£159a 15.00£3.02a
Serine 106.08 +£8.13a 9550+6.25b 78004 1.83f 11550+275b 90.75£2.10e 10450£2.75c 11800%+576a 98.00+249d
Arginine 2363+4.29b 2408£5.71a 9.75+044f 29.50£0.59c¢ 20254+124d 1550+£059f 3325+372b 3488+£0.27a
Proline 94.67£6.90 a 10342+752a 11875+£290a 87.254+209e 111.254£263b 94254+234d 7800£193f 10475+£261cC
Tyrosine 38.75+£4.16a 2725+£5.16b 3500£3.02b 31.25+3.18d 3375+234c 2650+2.75f 2725+£6.99e 4625+3.70a
Glutamicacid ~ 159.50£10.15b  184.00+£942a 17280£13.15b 16875+£1000b 18150+£550a 183.75£11.11a 171.50£1400b 152251191 ¢
Aspartic acid 11842+7.60b 103.83+6.53a 89.00+3.06 f 12225+4.25b 98.00+3.57e 117.254+425¢c 12875+480a 111.50+4.13d
Leucine 3042+544 a 29.17+482b 29.75+£535c¢ 18.00£0.05 f 2875+128d 3250+384b 4525+155a 2450+£3.30e
Tryptophan 745+225a 583+2.17b 550+ 1.66d 288+158¢e 950+1.12b 1250+1.12a 1.50+£082f 8.00£0.35¢

Values with different letters are significantly different

2 Unit for amino acids: milligrams (mg) per gram of protein

Significant differences were found for TC content
between samples (P <0.01), with the maximum and mini-
mum TC contents recorded for the Kanisoor (45.56%)
and Sarvabad (39.83%) regions, respectively. Interest-
ingly, the female tree samples had higher TC contents
than the males. Arabinose and galactose were the most
abundant monosaccharides in the samples, suggesting an
arabinogalactan structure for the gum [26]. It should be
noted that the presence of fairly high concentrations of
xylose and rhamnose may influence the physical prop-
erties (7,; Table 8) [27]. Substantial differences between
samples from different regions (P<0.01) could result
from topographic and land attributes (slope, aspect, soil
type, etc.) [28].

ANOVA results indicated that both geographic loca-
tion (P<0.01) and gender (P<0.01) had significant
effects on the amino acid concentrations (Table 2).
Slope, geographical direction and such could influence
these results [28]. The presence of high concentrations
of serine and proline in all samples may be related to
the arabinogalactan-protein content [26, 29].

Significant differences were observed for the vola-
tile components (VoC) contents according to region

(P<0.01) and gender (P<0.01). In both female and male
samples, a-Pinene was determined to be the principle
volatile component along with p-Pinene, longifolene,
trans-verbenol, 3-carene, comphene, a-terpinolene and
limonene (Table 3).

Maren [30] determined that concentrations of nitro-
gen, phosphorus, organic materials and moisture in the
soil were high in the north and the level of soil acidity
was low. These characterizations indicate that the effi-
ciency of VoC from the samples taken in the north was
higher than in the south. The samples from the south
showed increased concentrations of VoC compared to
samples from the north. Our results agree with these
findings [30].

Fourier transform infrared spectroscopy

Chemical and covalent bonding characterization and
detection of functional groups of PAK gum samples from
the female and male trees of different regions was carried
out using the transmittance spectra of the characteristic
peaks in FTIR spectroscopy. Figure 1 shows the FTIR
spectra of both female and male oleoresins.
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Table 3 Volatile components of the extracted gum samples for factors under investigation
Compound RI Gender Geographic regions
Female Male Kanisoor Armardeh Hawraman  Dezli Sarvabad Marivan

1,3 Octanal 873 1.15+0.16a 091+£025b 125+£022b 136+003a 1.00+0.16c 043+023e 125+£0.14b 090+008d
Tricyclene 898 098+008b 1.06+009a 100£004a 085+£002b 100+£003a 1.10£003a 1.10£007a 1.08+0.17a
a-Thujene 908 1.64+0.16a 160+025b 170+£003b 1.70£0.19b 195+£0.11a 135+£022c 195+£0.13a 1.084+004d
a-Pinene 920 4441+216a 4339+£193b 40.15+£1.07e 41.00+£169d 4505+200b 4480+0.14b 4283+£163c 4958+126a
Comphene 935 263+073b 332+£093a 3484+009b 310+£095b 3054+082c 305+090c 1434+009c 383+151a
verbenone 946 1.20+0.17b 088+035a 050+£027e 096+£005c 120+£005b 1.78+£007a 0.78+043d 1.00+£0.04c
Sabinene 960 153+022a 135+£021b 1204+0.19c 210+£003a 1.18+007c 120+0.18c 1.73£015b 1.254+0.08c
B-Pinene 971 441+£042b 555+074a 520+£008c 6.10+074a 465+005d 465+£008d 555+£065b 3.73+055e
Myrcene 990 1.57+0.18a 158+025a 1.75£0.18ab 130+0.19d 183+£021a 163+£014bc 148+024c 148+028c¢C
3-Carene 1006 3404+063a 189+082b 1984+053cd 193+1.06d 253+138bc 268+048b 445+004a 2.33+0.15bcd
a-Phelandrene 1020 150+£0.19b 1.714+£029a 2234+0.15a 168+0.16c 0954+002e 1284+012d 1.85+008b 1.654+0.25c
B-Ocimene 1031 1494+023a 1.13+£0.13b 1454+022b 104+008d 148+032b 1284+0.15c 163+£0.14a 1.00£002d
p-Cymen 1040 141+£017b 160+£026a 153+£007b 1.03+£002e 193+026a 140£025c 1254+0.14d 190+£0.08a
Fenchone 1052 0.73+£028b 135+020a 038+£020e 1.18+0.13bc 1.08+£002cd 120£016b 1.00+£055d 143+004a
Limonene 1065 285+047b 396+084a 330+041d 465+080a 330+0.14d 3804+008c 440+£052b 098+002e
1,8-Cineole 1084 1.08+009b 166+023a 153+£026b 1.00£008d 154+£032b 145+£008c 0994+001d 1.72+021a
y-Terpinene 1105 1534+023a 121£013b 1.00+£004c 175+£0.16a 144+006b 170+0.19a 1364+023b 0984+002c
a-Terpinolene 1122 273+£071b 301£055a 213+£002c 481+£004a 200+£033c 320+£065b 184+£026d 324+054b
Citronellel 1140 1324+038b 135+£023a 195+006a 163+037b 140+£0.19c 135+0.16c 090+£004d 078+043e
Linalool 1162 143+023a 135+024b 160£007b 1.00+£008e 125+020c 220+004a 1.14+002d 1.15£0.16cd
Cis-verbenol 1180 0.80+034b 089+024a 1.00+£004c 075+£041d 048+026e 038+£020f 130£033a 1.18+£005b
Trans-pinocar- 1196 1.03+£023b 1.184+0.14a 158+005a 093+£0.10d 1.08+014c 1.13£0.117c 0504+029e 140+0.14b

veol
Trans-verbenol 1212 495+£061b 513+£070a 585+£086a 593+£056a 415+£030c 463£037b 573£057a 395+0.05c
Terpinen-4-ol 1240 1.17£0117a 1.03+£026b 1.13£0.10b 155+£007a 1.13£005b 1.15£011b 1.18+007b 048+0.26¢C
Myrtenal 1264 108+0.11b 123+£0.12a 150£008a 093+£005d 1.15£011b 1.13£0.14bc 1.13£007bc 1.08£0.02c
Myrtenol 1277 111£0.14a 084+£022b 1.11£0.19b 134+£006a 083+£001d 104+£005c 066+036d 088+008d
Trans-carveol 1297 092+023b 125+0.19a 120£008b 1.10£008c 123+£005b 053+£023e 084+002d 163+0.19a
Bornylacetate 1339 1.15+0.12a 0714+026b 120+£008a 1.06+£006b 125+017a 048+026d 1.04+005b 056+030c
p-Cymen-7-ol 1355 083+021b 094+021a 090+£002c 000d 093+0.11c 127£002a 1.00£0.14b 1.24+0.17a
a-Burbonene 1369 094+0.10b 1.13+£0.17a 085+£002d 1.05+£011b 1.14£010a 1.19£014a 1.04+015b 095+£002c
a-Terpenyl 1396 1.29+0.12a 1.09+0.12b 143+£004a 1.29+0.18b 1.18+0.13c 1.05+£002d 1.14£0.16cd 1.06+0.11d

acetate
Longifolene 1440 391+071a 323+£102b 530+041a 235+065f 270+£048e 393+037c 434+£063b 283+1.00d
Germacren D 1505 096+0.11a 088+£022b 091+£002d 080+£007e 040+£022f 1.10£003b 098+002c 135+002a
a-Muurolene 1537 0644+025a 061+£025b 0384+020e 092+0.16b 101+£016a 049+026d 036+014e 058+031c
Total volatile 27.88 27.39 2647 26.73 28.67 27.04 28.28 28.59

components

(%)

Values with different letters are significantly different

The results of FTIR show that the pattern of the finger-
print region (500—1500 cm™?) is similar for nearly all gum
samples. This spectrum causes complex deformation of
transmittance, which is unique for each compound, and
this range cannot be used for recognition of uncertain
components [31]. In the PAK spectrum, the band range
at 4000-3750 cm ™! represents the existence of water

vapor [32]. The characteristic transmission band at 3500—
3200 cm ™ relates to the O—H stretch vibration, strong
dimer O-H stretching vibration, N-H stretching vibra-
tion and aromatic secondary (2°) amine [33]. The results
of FTIR spectra for nearly all PAK gum samples indicate
a band at 3000-2900 cm™! that was assigned to aliphatic
C-H stretching related to the existence of galactose,
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Fig. 1 FTIR spectra of kurdica gum samples from the female (a) and the male (b) trees of different regions in Kurdistan province, Iran

arabinose and rhamnose [34]. The spectra of nearly all
PAK samples showed a band at 2150-1900 cm ™! can be
assigned to aromatic cyanide and cyanate. The spectra
of nearly all PAK gum samples showed a band at 1725-
1700 cm™! which can be assigned to the presence of

carboxylic acid stretching and ketone [35]. FTIR results
for female samples of the content and intensity of func-
tional groups were higher than for the male samples in all
regions.
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Table 6 Matrix of Spearman’s correlation coefficient for ash, moisture, carbohydrates and environment factors, upper

triangle
Ash TS Ara Gal Rha Fuc Xyl Glc GIcA GalA Sl El MAT TAP SLO

MO —0175 0287 0476 —0070 —0.126 —0462 —0382 —0021 —0218 0165 —0.133 0224 —-0298 0021 —0298
Ash —0.19% —0.102 0.161 0.280 0.081 0.239 0.273 0295 —-0042 —-0441 —0517 0494 —-0469 —0.207
TS 0308 —0.105 —0.098 —0420 —0046 —0091 —0/10 —-0217 —0371 —=0357 0270 —0343 —0497
Ara 0599 —=0708 —0912 —0898 —=0648 —0306 0488 —0259 0312 —0025 —0.139 —0358
Gal —0839 —=0676 —0.754 —0804 0.018 0.347 0.028 0217 0.188 —0.039 —-0403
Rha 0781 0881 0916 0309 —0455 —0224 —0455 0028 —0074 0403
Fuc 0.852 0.630 0403 —-0386 0130 —0242 —-0.021 0.207 0.600
Xyl 0775 0183 —0543 —0007 —0502 0125 —0012 0322
Glc 0211 —-0294 -0112 —0378 —0014 =023 0175
GlcA —0239 —-0.144 —-0.095 0.063 0.276 0.590
GalA 0350 0630 —0247 —0.193 —0.102
SI 0741 —=0689 0501 0.158
El® —0842 0567 0270
MAT —0694 —0384
TAP 0.618

MO, moisture; TS, total sugar; Ara, arabinose; Gal, galactose; Rha, rhamnose; Fuc, fucose; Xyl, xylose; Glc, glucose; GlcA, glucuronic acid; GalA, galacturonic acid

Underlined numbers denote P < 0.05
Italic numbers denote P < 0.01

Statistical relationships

Spearman rank correlation coefficient results among ole-
oresin properties and environment factors (slope, annual
solar illumination, elevation, mean annual temperature
and total annual precipitation) are shown in Tables 4, 5
and 6. Fucose, glucuronic acid and P-pinene (P<0.05)
and verbenone (P<0.01) contents display significant
positive correlation with terrain slope. Solar illumination
showed significantly negative correlations with histidine
and serine at P<0.05 (r=(—0.613)—(— 0.558)) and with
arginine at P<0.01 (r=—0.692). Except for sabinene, no
significant correlation observed between volatile com-
ponents and solar illumination. Elevation significantly
correlates with arginine at P<0.01 (r=0.720) and with
galacturonic acid and a-terpinolene at P<0.05 (r=0.630
and 0.587, respectively). Also, elevation is found to be
negatively correlated with threonine (r=-—0.588). The
significant correlation between chemical components
and total annual precipitation was observed only for ver-
benone and a-terpinene at P<0.05 (r=0.606 and 0.677,
respectively).

Previous studies have showed clear evidence that
amino acid compositions have high correlation with envi-
ronment characteristics (solar illumination, elevation,
mean annual temperature and total annual precipita-
tion) [36—42]. It is well-established in the literature that
environmental factors (solar illumination, total annual
precipitation) plays a fundamental role in the control
content of carbohydrates production by photosynthesis

[43-47]. According to Maxwell [49], changes in climate
will strongly affect environmental factors. These changes
in turn will affect availability of important resources for
plants such as degree days, light, soil moisture, soil nutri-
ents and soil oxygen that will potentially result in large
alterations, both qualitatively and quantitatively, in pro-
duction of secondary compounds [39, 48-51].

Thermogravimetric analysis

TGA is a simple and precise method used to assay the
decomposition model and the thermal stability of poly-
mers. The results of TGA and derivative mass loss meas-
urements of PAK gum samples are shown in Table 7.

The primary and derivative thermograms for the PAK
gum samples in the TGA curves showing the details of
thermal behavior are given in Table 7. Nearly all sam-
ples of the various regions exhibited double major stage
decomposition patterns, except for the female trees of the
Dezli and Hawraman regions (which have three stages).
The first stage occurs at 80 °C and can be attributed to
the desorption of volatile essential oils and the loss of
moisture and structural water, which in turn is associated
with the hydrochloric nature of the functional groups of
the PAK gum samples (mass loss of 20% to 25%) [52].

The second stage of the samples from Dezli and Hawra-
man occurred at 200 to 300 °C (mass loss of 45% to 53%)
and the main decomposition of samples started above
240 to 360 °C (mass loss of 80% to 92%), both due to poly-
saccharide and polypeptide thermal decomposition [12,
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Table 7 Thermo-gravimetric data of PAK gum samples from the female and the male trees of different regions
in Kurdistan province, Iran

Gender Regions No. of decomposition ~ Temprature range (°C) Derivative mass loss Mass loss% Activation energy
stage peak (°C) (kJ mol™")
Female Armardeh 1 27.11-162 93.68 22.53 52.24
2 162-275 - 32,60 -
3 275-402 3623 91.15 5642
4 402-600 - 99.54 -
Kanisur 1 30.71-149 86.47 21.96 55.96
2 149-241 - 29.75 -
3 241-379 339.80 80.02 39.77
4 379-600 405.76 99.48 47.81
Dezli 1 26.79-164.82 77.21 24.86 47.64
2 165.133-207.31 - 28.84 -
3 207.70-286.67 257.99 4339 14.94
4 287.22-399.33 35946 92.19 50.96
5 399.43-600 - 99.5 -
Hawraman 1 29.60-142.74 84.07 19.82 68.92
2 143.20-201.06 - 25.99 -
3 201.83-309.75 289.67 52.65 28.08
4 310.40-388.08 35217 90.52 4898
5 388.89-600 - 99.52 -
Sarvabad 1 29.67-149.85 93.07 19.05 66.98
2 150.21-278.82 - 3391 -
3 279.17-402.36 354315 90.34 5228
4 402.36-600 - 99.71 -
Marivan 1 29.80-160.92 80.28 2242 64.06
2 161.26-276.08 - 32.87 -
3 276.12-402.73 357.59 90.22 52.78
4 403-600 - 99.52 -
Male Armardeh 1 2667-156.23 84.20 2343 62.51
2 157.19-241.49 - 2949 -
3 242.638-409.53 344.14 87.10 39.62
4 410.18-600 - 99.51 -
Kanisur 1 2649-171.38 85.20 23.46 58.93
2 172.273-256.47 - 29.49 -
3 320.131-395.24 350.73 87.1 4883
4 395.64-600 - 99.51 -
Dezli 1 26.79-164.82 80 2772 4522
2 165.133-207.31 - 5148 -
3 207.70-286.67 270.69 91.18 285
4 287.22-399.33 349.85 99.62 54
Hawraman 1 31.38-124.21 93.15 14.07 53.02
2 124.66-292.79 - 3355 -
3 292.80-401.55 363.23 90.97 57.97
4 402.315-600 - 99.71 -
Sarvabad 1 32.60-179.97 97.65 2325 59.22
2 180.36-273.40 - 30.75 -
3 273.56-402.68 358.69 90.09 57.59
4 402.98-600 - 99.52 -
Marivan 1 26.86-197.66 83.30 28.15 64.06
2 198.40-309.77 27821 56.12 -
3 309.83-385.38 35073 90 52.78
4 385.68-600 - 99.57 -

@ Activation energy for the major stage of decomposition according to the Borido method
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Table 8 DSC thermo-gram data of PAK gum samples from the female and the male trees of different regions in Kurdistan

province, Iran

Regions Gender  Glass transition Glass transition Peak of melting Enthalpy Heat capacity
temperature (Tg1) temperature (T92) toemperature (Tm) char_11ges (DH) [Cp 1] 9—1 k1
T, (°0) AC,Ug'k™) TGO AC,UgT'kT) o Vg™ 15 (°C)
Armardeh Female —3408 019 49.95 44.11 - - 1.71
Male —29.21 0.16 - - - - 1.78
Kanisoor Female —25.86 0.22 49.25 11.03 - - 1.67
Male —2495 008 65.18 46.59 - - 1.77
Dezli Female —27.28 0.25 3948 2747 61.52 —0.30 1.70
Male —3143 023 7227 81.00 51.19 —0.24 1.74
Hawraman Female —2749 0.24 46.24 343 63.85 —-0.17 1.68
Male —27.84 0.24 64.80 30.63 - - 1.79
Sarvabad Female —2416 021 49.81 6.37 - - 1.72
Male —27.60 0.24 60.70 0.11 - - 1.70
Marivan Female —26.15 0.263 42.07 33.01 - - 1.71
Male — 2746 0.24 58.23 2.71 - - 1.76

52]. The peaks of the derivative mass loss curves of female
trees occurred at 362.3, 339.80, 359.46, 352.17, 355.64
and 357.59 °C for Armardeh, Kanisoor, Dezli, Hawra-
man, Sarvabad and Marivan, respectively. The peaks of
the derivative mass loss curves of the male trees appeared
at 344.14, 350.73, 349.85, 363.23, 358.69 and 350.73 for
Armardeh, Kanisoor, Dezli, Hawraman, Sarvabad and
Marivan, respectively.

The stimulation of thermal decomposition can be
quantitatively shown by determining the apparent activa-
tion energy (E,) for the main steps of decomposition of
the samples. The Borido method is effective for the evalu-
ation of the activation energy [53]. The Borido equation

is:
In(1ln 1 —In(In M - _ & +e
y Wt - Woo RT
(1)
where W; denotes the mass of the PAK gum samples at
time ¢ and Wy and W, denote the initial and final masses,

respectively. From the slope of graphs of In (ln (%) ) ver-

sus LTOO (T denotes absolute temperature), the E, of any

stage of decomposition could be evaluated
(Y=—6.0083X +9.5883; R*=0.9958). According to the
data of the plots, the E, of the samples from female trees
were lower than for male trees. In other words, the gum
from female trees decomposed faster than from male
trees (Table 7).

Differential scanning calorimetry

This method was used to determine the glass transition
temperature, melting point, heat capacity and enthalpy
of all PAK gum samples. The DSC thermograms of the
PAK gum samples are shown in Table 8 along with the

thermal transition behavior of the female and male gum
samples. Nearly all gum samples had two glass transi-
tion temperatures, except for the male sample from the
Armardeh region, which had only one T, The results
showed that the T, for the male samples were higher than
for the female samples. T, (Melting temperature) values
occurred only for the Dezli and Hawraman regions and
the exothermic enthalpy values for these samples showed
an overall decrease in enthalpy by the generation of heat.
The low glass transition temperature of all gum samples
could relate to their low molecular weights signifying
that glass to rubber transition occurs readily as a result of
water sorption and can cause physical properties such as
stickiness [54]. This is consistent with the apparent prop-
erties of the compound under consideration.

The DSC plots were also used to determine the heat
capacity (Cp) of the samples. Table 6 shows the heat
capacity behavior of the female and male gum samples.
As seen, the Cp values of the female gum samples are
lower than for the male samples, except for the samples
from the Sarvabad region. The C, values at 15 °C show
that they varied by region. Table 8 also shows that the
male samples from the Hawraman region and the female
samples from the Kanisoor region, recorded the maxi-
mum and minimum C) values, respectively.

The chemical composition and thermal properties of
PAK gum samples determined from the female and male
trees of different regions of Kurdistan province revealed
that the female tree samples had higher TC contents than
the male samples. Arabinose and galactose were the most
abundant monosaccharides in the samples, suggesting
an arabinogalactan structure of the analyzed gums. High
concentrations of serine and proline may influence the
arabinogalactan-proteins in the gum samples. In both the
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female and male samples, a-Pinene was determined to be
the principle volatile component. The PAK gum samples
showed different thermal properties due to the functional
group differences.

The TGA results indicated two-stage decomposition
with the main decomposition of samples beginning
above 240 to 360 °C. The results of E, indicate that the
female tree gums decomposed faster than the male tree
gums and the minimum value of E, was observed for
the samples collected from the Dezli region. The results
of DSC indicated that the T, of nearly all the gum sam-
ples included two glass transition temperatures. The
T, values of the male samples were higher than for the
female samples. The C, value of all the female samples
were lower than for the male samples. The maximum
and minimum Cj values were determined for samples
from Hawraman and Kanisoor, respectively. The FTIR
results showed that the content and intensity of the
functional groups from the female samples were higher
than for the male samples in all regions investigated.
These results can improve our understanding about
the optimization of PAK gum usage from different geo-
graphic regions.
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