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Introduction

Almond (Amygdalus communis) is a stone fruit,
from the Rosaceae family, closest to the peach. The almond
is a deciduous tree, growing 4—6 m in height. The young
twigs are green at first, becoming purplish when exposed to
sunlight, then grey in their second year. The leaves are 810
cm long, 2-4 cm width with a serrated margin and a 2.5 cm
petiole. The flowers are white to pale pink, 3-5 cm in
diameter with five petals, produced singly or in pairs and
appearing before the leaves in early spring. Almond is spread
throughout the entire Mediterranean region and afterwards to
the Southwestern USA, Northern Africa, Turkey, Iran,
Australia and South Africa. It is sensitive to wet conditions,
and therefore is not grown in wet climates. Iran is located in
the semi-arid region of the world. Because of its special
tolerance to water stress, almond is one of the main
agricultural products in rainfed condition in Iran [1 ,2].

Almond leaves have been investigated for their
phenolic content and antioxidant activity. It was found that
total antioxidant activity and phenolic compounds exhibited
variations according to season, plant organ (leaf and stem)
and variety. This could be a result from ecological, genetic
and metabolic differences. Also, in the period during which
almond tree has no fruit, the leaves and stems could be made
use by their antioxidant activity. Phenolic compounds in the
leaves of some varieties were high in October. In all
varieties, phenolic compounds were lower in April and July
[3]. Bioactive compounds such as phenols and flavonoids
were also obtained and correlated to antioxidant activity in
other works [4-6].

Organic acids have a wide range of pharmacological
effects on the human body, benzoic and salicylic acids
exhibit antibacterial activity, hydroxycinnamic acids and
their derivatives - anti-inflammatory, malic acid promotes the
absorption of iron. [7-9]. Analysis of previous research on
almonds focused on investigating compounds mostly in seeds
and phenolic compounds in leaves, but organic acids in
leaves have not been studied.

Aim of this study was investigation of organic acids
in leaves of almond variety which is distributed in Razavi
Khorasan province of Iran.

Materials and Methods

In August 2012 almond leaves were collected in
rainfed place, orchards in a village called Divangah,
Meshkan District, Razavi Khorasan province of Iran, dried

and grinded. The study of qualitative composition and
quantitative determination of carboxylic acids in almond
leaves was carried out by gas chromatography with mass
spectrometric detection [10].

For determination organic acids content, to 50 mg
of dried plant material in 2 ml vial internal standard (50
pg of tridecane in hexane) was added and filled up with
1.0 ml of methylating agent (14 % BCl; in methanol,
Supelco 3-3033). The mixture was kept in a sealed vial
during 8 hours at 65 °C. At this time fatty oil was fully
extracted, and hydrolyzed into its constituent fatty acids
and their methylation was done. At the same time free
organic and phenolcarbonic acids were methylated too.

The reaction mixture was poured from the plant
material sediment and was diluted with 1 ml of distilled
water. To extract methyl esters of fatty acids 0.2 ml
dichloromethane was filled up, gently shaken several
times within an hour and then obtained methyl esters
extract was chromatographed.

Injection of sample (2 pl) in a chromatographic
column was carried out splitless, which allowed introducing
the sample without flow division and significantly (10-20
time) increased sensitivity to chromatography analysis.

Content of organic acids were determined on
Agilent Technologies 6890 chromatograph with mass
spectrometric detector 5973; chromatography column -
INNOWAX, capillary diam. 0.25 mm and a length of 30m;
the rate of carrier gas (helium): 1.2 ml/min; heater
temperature - 250°C; thermostat temperature was
programmed from 50 to 250 °C with a speed of 4 °C / min.

For components identification, library of mass
spectra NISTO05 and WILEY 2007 with a total number of
spectra more than 470,000 in conjunction with AMDIS and
NIST programs were used.

For quantitative calculations the internal standard
method was used.

Calculation of components content C (mg/kg) was
carried out by the formula:

C=P;-50-1000/ P, M -

Where is:

P, - The peak area of the tested substance; P, - the
peak area of the standard; 50 — mass of internal standard
(ug), injected into the sample; m— sample mass (g).

The statistical processing of results was carried out
using package Statistica 6.0. The error does not exceed 5%.

Results and discussion

32 organic acids were established in almond
leaves in correspondence to library of mass spectra
NISTO05 and WILEY 2007 and their quantitative values
were determined preliminary, using internal standard
method. The research results are presented in Table 1.

Graphical result of determination of organic acids is
shown on figure 1.
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Figure 1. Graphical results of gas chromatography investigation of organic acid in almond leaves.

Table 1.- Results of determination of organic acid in almond leaves

Acid Hold time, min Content Acid Hold time, | Content, mg/kg
mg/kg min
Caproic 5.943 5.43 Citric 31.318 746.55
Oxalic 11.325 3616.41 Stearic 31.87 438.37
Malonic 13.322 629.12 Oleic 32.11 575.31
Fumaric 14.086 19.86 Linoleic 32913 945.72
Levulinic 14.755 596.65 Linolenic 34.112 1963.60
Succinic 15.246 380.98 Vanillic 34.341 43.59
Benzoic 15.848 488.43 Arachic 34.96 22533
Phenylacetic 18.848 9.41 Heneicosylic 36.516 18.74
Salicylic 19.194 46.17 Behenic 38.089 125.60
Myristic 23.773 238.80 p-Coumaric 38.451 13.74
Malic 24.213 3343.03 Hexa dicarboxylic 38.596 56.01
Azelaic 26.483 127.82 Syringic 39.784 19.73
a-Hydroxy 27.849 189.24 Gentisic 40.275 94.46
phenylacetic
Palmitic_ 28.402 2343.49 Lignoceric 41.067 212.53
Palmitic oleic 29.065 186.61 Ferulic 42.623 183.20
Heptadecanoic 29.907 65.57 Cerotic 44.971 49.89

Overall, plant raw material contained 1.80% of the
organic acids, including (%) — 0.75 fatty; 0.95 di- and three
carboxylic; 0.10 phenol carboxylic acids.

Among the carboxylic acids, oxalic and malic
acid were the largest with- 3616.41 (38.23%) and 3343.03
(35.34%) mg / kg, respectively.

Palmitic and linoleic acids dominated among the
fatty acids, their content was determined as (mg/kg) 2343.49
and 1963.60 that were 30.98 % and 25.96% respectively of
the total fatty acids. Among phenol carboxylic acids, the

largest content was defined for benzoic acid. It was 488.43
mg / kg or 50.16% of the total amount of phenol carboxylic
acids.

Conclusion

Almond leaves were investigated by gas
chromatography. 32 organic acids were established and their
quantitative value were determined. It was found that almond
leaves contain 1.80% of the organic acids, including (%) —
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0.75 fatty acids; 0.95 di- and three carboxylic acids; 0.10
phenol carboxylic acids.

The results of this study are significant for
determining beneficial compounds in almond leaves, so
making use of these plant raw material as source of new
medicines in the future is possible.
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Introduction. Almond (Amygdalus communis) is a stone fruit,
from the Rosaceae family, closest to the peach. It is spread
throughout the entire Mediterranean region and afterwards to
the Southwestern USA, Northern Africa, Turkey, Iran,

Australia and South Africa. It is sensitive to wet conditions,
and therefore is not grown in wet climates. Iran is located in
the semi-arid region of the world. Because of its special
tolerance to water stress, almond is one of the main
agricultural products in rainfed condition in Iran. Almond
leaves have been investigated for their phenolic content and
antioxidant activity. It was found that total antioxidant
activity and phenolic compounds exhibited variations
according to season, plant organ (leaf and stem) and variety.
Analysis of previous research on almonds focused on
investigating compounds mostly in seeds and phenolic
compounds in leaves, but organic acids in leaves have not
been studied.

Aim of this study was investigation of organic acids in leaves
of almond variety which is distributed in Razavi Khorasan
province of Iran.

Materials and Methods. In August 2012 almond leaves were
collected in Iran, dried and grinded. The study of qualitative
composition and quantitative determination of carboxylic
acids in almond leaves was carried out by gas
chromatography with mass spectrometric detection.

For determination organic acids content, to 50 mg
of dried plant material in 2 ml vial internal standard (50
pg of tridecane in hexane) was added and filled up with
1.0 ml of methylating agent (14 % BCl; in methanol,
Supelco 3-3033). The mixture was kept in a sealed vial
during 8 hours at 65 °C. At this time fatty oil was fully
extracted, and hydrolyzed into its constituent fatty acids
and their methylation was done. At the same time free
organic and phenolcarbonic acids were methylated too.

The reaction mixture was poured from the plant
material sediment and was diluted with 1 ml of distilled
water. To extract methyl esters of fatty acids 0.2 ml
dichloromethane was filled up, gently shaken several
times within an hour and then obtained methyl esters
extract was chromatographed.

Injection of sample (2 pl) in a chromatographic
column was carried out splitless, which allowed introducing
the sample without flow division and significantly (10-20
time) increased sensitivity to chromatography analysis.

Content of organic acids were determined on
Agilent Technologies 6890 chromatograph with mass
spectrometric detector 5973; chromatography column -
INNOWAX, capillary diam. 0.25 mm and a length of 30m;
the rate of carrier gas (helium): 1.2 ml/min; heater
temperature - 250°C; thermostat temperature was
programmed from 50 to 250 °C with a speed of 4 °C / min.

For components identification, library of mass
spectra NIST05 and WILEY 2007 with a total number of
spectra more than 470,000 in conjunction with AMDIS and
NIST programs were used. The statistical processing of
results was carried out using package Statistica 6.0. The error
does not exceed 5%.

Results and discussion. 32 organic acids were
established in almond leaves and their quantitative values
were determined, using internal standard method. Overall,
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plant raw material contained 1.80% of the organic acids,
including (%) — 0.75 fatty; 0.95 di- and three carboxylic; 0.10
phenol carboxylic acids. Among the carboxylic acids, oxalic
and malic acid were the largest with- 3616.41 (38.23%) and
3343.03 (35.34%) mg / kg, respectively. Palmitic and linoleic
acids dominated among the fatty acids, their content was
determined as (mg/kg) 2343.49 and 1963.60 that were 30.98
% and 25.96% respectively of the total fatty acids. Among
phenol carboxylic acids, the largest content was defined for
benzoic acid. It was 488.43 mg / kg or 50.16% of the total
amount of phenol carboxylic acids.

Conclusion. Almond leaves were investigated by
gas chromatography. 32 organic acids were established and
their quantitative value were determined. It was found that
almond leaves contain 1.80% of the organic acids, including
(%) — 0.75 fatty acids; 0.95 di- and three carboxylic acids;
0.10 phenol carboxylic acids.

The results of this study are significant for
determining beneficial compounds in almond leaves, so
making use of these plant raw material as source of new
medicines in the future is possible.

Keywords: almond, leaves, gas chromatography, organic
acids.
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HU3YUYEHUE OPTAHUYECKHX KUCJIOT B
JIUCTHhAX MUHIAJIST

Jlenuuk JI.B., Bast C., Kuciuuenko B. C.

MeTtoznom ra3oBoit xpomarorpaduu ¢ Macc
CHEKTPOMETPUYIHBIM JETEKTOPOM OBLT N3yUeH KaueCTBEHHBIN
COCTaB M KOJIMUYECTBEHHOE CO/ICPKaHNUE OPTaHUYECKUX
KHCJIOT B IUCThSIX MUHIAJS, 3aTOTOBJICHHBIX B OOTapHBIX
canax Mpana. [Tpu xpomaTorpadupoBaHiH UCIIOIB30BATN
xpomarorpaduueckyro KonoHky - INNOWAX, nuamerpom
0,25 mm, amuaOI0 30 M. CKOpPOCTH Ta3a-HOCHTENS (TeIIHi):
1,2 M1 / MuH; Temneparypa HarpeBatens - 250 © C.
Temmneparypa TepMocTara InporpamMmuponanacsk ot 50 1o
250 ° C co ckopocteo 4 ° C / MUH. YCTaHOBIICHO HAJIMYUC H
OTIpeJIeNIEHO KOJIMYECTBEHHBIE coslepkaHue 32
OpraHruYecKux KUCIoT. Beero cripne cogepxaino 1,80%
OpPraHUYECKUX KHCIOT, B ToM uncie (%) — 0,75 KupHBIX;
0,95 mu- u Tpu kap6oHoBEIX; 0,10 penonkapOonoBEIX. Cpenu
KapOOHOBBIX KUCIIOT, COAEPIKAaHUE MIABETICBON U S0JIOUHON
KHCJIOTHI ObLI0 HanOOabIIuM — 3616,41 1 3343,03 mr / kT,
COOTBETCTBEHHO. [lanbMUTHHOBAS U JIMHOJIEBAsT KUCIOTHI
peo0JIaialiv Cpey XKHUPHBIX KUCIOT, (M / k) 2343,49 n
1963,60 coorBercTBeHHO. Cpein (eHONIBHBIX KHCIIOT, B
HarOOJIBIIIEM KOJMUYECTBE COJIEepKaIach OCH30MHAS KHUCIO0Ta
(488,43 mr / kr).

KiroueBble cji0Ba: MUHIAJb, JTUCTHS, Ta30Bas
xpomarorpadusi, OpraHmIeCKue KACIOTHI
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BUBYEHHSI OPTAHIYHUX KUCJIOT B JIMCTSIX
MUT IAJIIO

Jlenuuk JI.B., basart C., Kucinuenko B.C.

MerooM ra3oBoi xpomarorpadii 3 Mac ClIeKTpOMETPUYHUM
JETEKTOpOM OYB BUBYCHUH SIKICHUIN CKJIA 1 KiTbKICHUN
BMICT OpPraHi4YHUX KUCJIOT B JINCTSX MUTAAJIO, 3aTOTOBJICHUX
B Oorapuux canax Ipany. [Ipu xpomaTtorpadyBanHs
BUKOPUCTOBYBAIIM XpOMATOTrpadMyHy KOJIOHKY -
INNOWAX, miametpom 0,25 MM, 3aBIoBKKH 30 M.
[IBuakicTe ra3y-Hocis (remiit): 1,2 M1 / XB; Temmeparypa
HarpiBaua - 250 ° C. TemmnepaTtypa TepMocTaTa
nporpamyBainacs Big 50 mo 250 © C 3i mBuakicrio 4 ° C/
xB.BCTaHOBIICHO HAsIBHICTP 1 BU3HAYEHO KUIBKICHI 3MicT 32
opraHiuyHux Kuciot. Beporo cupoBuna mictuna 1,80%
OpraHivYHHUX KHCIIOT, y ToMy uncii (%) — 0,75 xuprux; 0,95
Ii- i Tpu xap6onoBux; 0,10 dhenonxapoonoBux. Cepen
KapOOHOBHX KHCIIOT, BMICT IIABJICBOI 1 IOTy4HOT KHCIIOTH
Oymo HanOimemmM - 3616,41 1 3343,03 Mr / X, BiAOBIAHO.
[NanpMiTHHOBA 1 JITHOJIEBA KUCIOTH MEPEBAXKATH CEPE]
KUPHUX KUCIOT, (Mr / kr) 2343,49 1 1963,60 BinnosigHo.
Cepen peHONBHUX KUCIIOT, B HAWOLIBIIIIH KUTBKOCTI
MmicTuiacs 6ensoiina kuciota (488,43 mr / kr).

Kuro4oBi ciioBa: Murmais, TUCTs, ra30Ba XpoMaTorpadis,
OpTaHiYHI KHCIOTH.



