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Antioxidant property of the ethylacetate extract of flax seeds was studied by the example of model
reaction of the initiated oxidation of cumene. It was established that extract of flax seeds exhibits antioxidant
property at cumene oxidation. However, in contrast to classical inhibitors (phenols, aromatic amines, etc.)
kinetic curves of oxygen absorption in the presence of flax seeds extract were not characterized by an induction
period. At that, in parallel with increasing in content of extract in the reaction mixture the velocity of cumene
oxidation decreased on certain degree and became independent of its concentration. A mechanism was

suggested to describe the effect of flax seeds extract on the kinetics of cumene oxidation (RH). 24 — RO; V)
RO, +InH —->R0,..H In
RO, + RH —*% ROOH +R'
RO,...H In+ RH —23ROOH +InH + R’

RO, ..HIh+RO:, —— Molecular products

According to the suggested mechanism the limit velocity of cumene oxidation is described by the equation

V00 — [RH ]\/i
2k!

, and at low concentrations when not all RO, radicals are in associates (RO,...H In), then:

V, V. 2kK[InH],
vV oV, 1
° (kV;)?

where V, and V are the velocities of cumene oxidation with and without the extract, respectively.

!

Temperature dependences of k—f and k'7K , characterizing antioxidant activity of the extract of flax
7

seeds were determined. It was revealed that

.
k—? = 3,38+ 107 exp[— (10550 + 50)/RT]
7

k,[K] = 1,69 - 10*exp[—(13850 + 50)/RT

Key words: flax, antioxidant, inhibitor, oxidation of cumene , peroxide radical.
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Introduction

Flax oil has used both in cooking and in folk and scientific medicine since ancient time to
cure  various diseases. Its beneficial actions are due to the rich content of biologically active
substances. In particular, the composition of flax seed of canadian varieties on a dry matter basis the
following: fat component is 41%, proteins -21%, cellulose-28%, aromatic acids, lignin, phenolic
compounds-6%, ash-4% [1]. It should be noted that the composition of flaxseed (as well as the
composition of the essential oil of any medicinal plants) varies with varieties, environment, seasonal
growing conditions and methods of processing flax [2].

Of phenolic compounds in flaxseed encountered phenolic acids: ferulic, Trans-sinova, Trans-
coumaric, Ttans-caffeic, from 7.9 to 103 mg/g [3], and lignans —mostly diglycoside
secoisolariciresinol (SDG)-from 13.6 to 32.1 mg/g [4].

R=H, coumaric acid,
H, R=0OH, coffee acid,
H, R=0OCHsz ferulic acid,,
R=0CHj; sinova acid

R
R
R
R

HO CH-CH-CODH

Established [5,6] that the physiological effects of phenolic compounds in plants is the
regulation of growth and reproduction in plant protection from the harmful effects of UV radiation,
infection of plants by fungi, to control the actions of other biologically active compounds. It is
indicated [7,8] that the lignans of flax seeds can be used for therapeutic purposes to inhibit and stop
the growth of tumor cells as antiallergen in the treatment of atherosclerosis and coronary heart failure.
In addition, these phenolic compounds should have strong antioxidant properties. To test this, in this
thesis we have been studied the ethyl acetate antioxidant activity of the extract of flax seeds on
example of model reaction of cumene oxidation.

H

HO OH
H,C : 0 CH,OH
OH
', 0 CH,0H

SDG

The experimental part

The flax seeds purchased in the supermarket in Yerevan . The extract was obtained as
follows: flax seeds are dried in a drying cabinet at a temperature of 318K to constant weight, then
rubbed in a ceramic mortar, the resulting mixture was added ethyl acetate ratio of 1:20 (1G of a
mixture of 20ml of solvent). As a result got extract in the form of a clear slightly yellow liquid with a
density of 0,8520 g/ml and an optical density D20=1,4850. To study the antioxidant action of the
extract of flax seeds (EFS) in the radical-chain oxidation processes in the model system was chosen of
the initiated liquid phase oxidation of cumene, for which the mechanism of all elementary steps are
well studied [9]. Initiated azodiisobutyronitrile (AIBN) oxidation of cumene was studied by varying
the content of the EFS and the concentration of AIBN in the environment of chlorobenzene in the
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temperature range of 328-348K. The concentration of cumene in all experiments was of 2.87 mol/l, the
volume of the reaction mixture 5ml.

The kinetic process of the oxidation of cumene was observed by gasvolumetric method ,
measuring the amount of absorbed oxygen at a given temperature in an oxygen atmosphere on the
setup described in the paper [9].

The study of the oxidation process was carried out in the kinetic region where the rate of
oxygen uptake did not depend on the stirring speed of the reaction mixture. Used reagents, cumene,
chlorobenzene, AIBN, ethyl acetate were purified according to the method described in the paper
[10].

Results and discussion

Figure 1 presents typical kinetic curves of oxygen absorption of the oxidized cumene
respectively, in the absence of the studied extract (D. 1) and in the presence of extracts from the seeds
of flax (curves 2 and 3). From the kinetic curves it is seen that in the presence of the investigated
extracts, unlike previously, we investigated extracts of several medicinal plants [11-12], oxygen
uptake proceeds without induction periods, i.e. extract flax seed acts as a moderator of the oxidation
process. Moreover, with increasing amounts of the dissolved extract in the reaction mixture the rate of
oxygen uptake, decreasing, tends to a constant value (Fig.2) and further depends on concentration of
ESL. A similar phenomenon was detected at different temperatures. The results of these study are
given in the table.

[A 02]-103, mol/I

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

t, min.

Figure 1. Kinetic curves of O2 absorption, oxidizing cumene in the absence (1) and in the presence of 2 (2)
4,8 (3) and 12mg (4) EFS. Vi=0,78-10-7 mol/l's 339 K.

For experimentally discovered facts it is possible to give the following explanation. The
oxidation of organic matter by peroxide radicals react with antioxidants (in our case of phenols) taking
the H-atom from the O-H. In the past century it has been proven that peroxide radicals form a
hydrogen bond with a hydroxyl-bearing compounds [13,14].

RO, + HOR & RO; ...HOR'
Since EFS is contained in a sufficient amount of phenolic compounds (see introduction), they
also like water and alcohols can form associates with the peroxide radicals of the type PhOH...O_2".R.

As the peroxide radical removes H-atom from the same context, therefore, the reaction [ROJ 2.
InH can be presented as follows

k; ,
RO + InH © RO, ...HIn = ROOH + In

, , k
In'+ RO, ... HIn = molecular products
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14
Figure 2. The dependence of the rate of oxidation of cumene from the content coxep:xanusi EFS.

1) Vi=1,25-10"M-c*; 348K, 2) Vi=7,83 - 10°M:-c; 339K, 3) Vi=3,44 - 10°M-c?; 328K

This mechanism leads to the following conclusions.
1. It is known that the peroxide radical, linked by hydrogen bond, can continue the chain [13].
Obviously, the same property must have a radical [RO/J 2"HIn...

RO, ... HIn + RH 3 ROOH + InH + R’
At sufficiently high concentrations of the inhibitor (in our case, EFS), when all /RO/J 2. radicals
are in the form of associate (RO /J _2...HIn, there should be a limit on the oxidation rate
independent of the concentration of the inhibitor. In these conditions the rate of chain oxidation equal
V,, = ky[RH][RO; ... HIn] = k,[RH|V;/2k, (1)

2. At relatively low concentrations of the inhibitor (EFS) when the oxidation rate depends on its
concentration, (V>V_oo) an open circuit can occur in the reaction [RO/J 2*...HIn (——1k_7™)
ROOH [In] "

and the reactions [ fROJ _2*.ROJ _2*...HIn(——1k_7 ROOH ROOIn)

k
RO, + RO, - molecular products

Such breakage of the chains leads to the following dependence of the oxidation rate on the
concentration of the inhibitor (EFS)
V = ky[RH][RO3] )

Using the condition of stationarity for RO2. radicals, get
V; = k¢[RO5]? + 2k5[RO ... HIn] + 2k;[R05][RO; ... HIn] (3)

Hence, determining the concentration [RO/ _2* radicals and putting in equation (2), given
that
[ /ROJ _2~..HIn]=K[InH][ /ROJ _2"], get

_ k5K[InH] vi(ke+2kyK[InH]) 1/2 _
V =k [RH] ke+2k,K[InH] {(1 + (kLK [InH]?) ) 1 (4)
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given that the rate of oxidation of cumene in the absence of inhibitor is described by the equation
— ko :
Vo = 7= [RHIJV; (5)

and that in the initial moment of time [InH]= /([InH]/ _0, get

B = 2U5K InH]o/ (eVi) (6)
0

Where V_i is the speed of initiation, [InH] 0 is the initial concentration of inhibitor and
antioxidants in the studied extracts, K is a constant balance /RO/J _2*. InH(<-£) ROOH [in] ™.

The concentration of antioxidant substances determined on the assumption that in the extract
of flax seed contains about 13.7% lignin [4].

3.5 -
Vol
s o
3.0 s
v
s
P
2.5 v
v’ ©
v
2.0 1 Va
%) s
= v
~~
= s
o 1.5 o p o
e s
s -
T 10 o 5
\e] Y Va SO 2
S o ~v-
. ] s
g 0.5 y
s
~ 7
0.0 :
0 1 2 3 4 5
7
V;-107 , mol/ls

Figure 3. The dependence of the limiting oxidation rate of 2.87 M cumene speed of initiation. MELSs
=12mg; T=348 (1); 339 (2) n 328 K (3).

From figure 3 it follows that the detected speed limit oxidation of the dome described by the
equation (1). Where calculated temperature dependence of the ratio of the rate constants of the
reaction k_2"'/k_7" in Arrenius coordinates. It is obtained that

=% = 13,38 107 exp[— (10550 + 50)/RT] @)

7
At relatively low concentrations of EFS (mgps < 2Mr), when chains are torn as linear and quadratic,
i.e. interms of V >V, the experimental data are described (Fig. 4) by equation (6). Using the
results of table and figure. 4, given the fact that for cumene k_6=4,74- [10] "5 e*(-1800/RT) [15], the

determined temperature dependence of the product of the constants k_7" K.

57



CHEMISTRY

Table 1.
Data for the oxidation of 2.87 mol/l of cumene in the presence of EFS
[InH]-10% | V,-107, | V, -10° | V, V k! , ]
Tk Mac, ME MOJIB/TT MOJIB/TT*C M(Z)HB/JI'C v V_O 2/"9 k- K107
348 0 0 1,25 3,00 : : .
348 0,5 0,219 1,25 2,67 0,22 - 3,34
348 1,0 0,437 1,25 2,41 0,44 - 3,34
348 1,5 0,656 1,25 2,22 0,61 - 3,40
348 2,0 0,875 1,25 1,99 0,83 - 3,16
348 4,0 1,749 1,25 1,75 1,13 - -
348 8,0 3,498 1,25 1,60 1,34 - -
348 12,0 5,247 1,25 1,40 1,50 8,10 -
348 12,0 5,247 0,50 0,60 1,15 8,36 -
348 12,0 5,247 2,50 2,80 0,70 7,80 -
339 0 0 0,783 2,00 - - -
339 0,5 0,219 0,783 1,85 0,16 - 1,89
339 1,0 0,437 0,783 1,69 0,33 - 1,90
339 15 0,656 0,783 1,56 0,50 - 1,91
339 2,0 0,875 0,783 1,40 0,73 - 2,12
339 4 1,749 0,783 1,00 1,50 - -
339 8 3,498 0,783 0,72 2,50 - -
339 12 5,247 0,783 0,60 3,00 5,38 -
339 12 5,247 1,50 1,20 1,92 5,57 -
339 12 5,247 2,45 1,85 1,39 5,26 -
339 12 5,247 3,10 2,20 3,00 5,00 -
339 16 7,996 0,78 0,60 3,00 5,34 -
328 0 0 0,344 1,00 - - -
328 0,5 0,219 0,344 0,94 0,125 - 0,91
328 1,0 0,437 0,344 0,88 0,25 - 0,90
328 1,5 0,656 0,344 0,83 0,37 - 0,90
328 2,0 0,875 0,344 0,78 0,50 - 0,91
328 4,0 1,749 0,344 0,42 1,96 - -
328 8,0 3,498 0,344 0,15 6,50 3,13 -
328 12,0 5,247 0,344 0,15 6,50 3,18 -
328 12,0 5,247 1,680 0,80 2,41 3,32 -
328 12,0 5,247 3,000 1,35 1,73 3,14 -
328 12,0 5,247 4,000 1,85 1,30 3,22 -
101
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Figure 4. The dependence of the parameter VO/V-V/VO0 on the concentration of inhibitors contained in

EFS.
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ki[K] = 1,69 10 exp[—(13850 + 50)/RT (8)

Vi=1,25- 107 M-ct; 348K, 2) Vi=7,83 - 108 M-cl; 348 K, 3) Vi=3,44 - 108 M-c!; 348K

Conclusion
On the basis of kinetic data of oxidation of cumene in the presence of the extract of flax seeds

proposed mechanism for the reaction of peroxide radicals with inhibitors, including preliminary
education in between associates through hydrogen bond, values of ¥ (0 ), V_0/V-V/V_0 and k_(6)
the calculated constants (k_2"")/(k_7"") and k_7"' [K].
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USudJdusSh usruesrr ELUSPULSNY UNRUNLP OLULPHUSU UL hLLPPPMUSU UL
UthiuuhRue

N.L. Ydwpnwuywi', L.N. Jwpnuiywt'!, U.U. Swjpuybnjwt’, MN.9. Pugnuuwpyui?
'Ynphup whpwlwt hwdwuwpwt
2Cniphh ipbfutimynghwljwt hwidwuwpw

Unuwinjh hwpnigwd opuhnwgdwu dnnbjwiht nbwyghwjh opptwyh Yypw hbwnwgnngt £ Yuuwywwnp
ubipdtiph Eehjugbwnwwwiht Epunpwlnh wuwnhopupnwuwn hwwnynigyniuubpp: <wuwnwwnyty &, np Ynwingh
opuhnuwgdwu dwdwuwy, Yunwdwunh ubpdbph Epunpwlynp wunmhopuhnwuwn hwwnyniegyntuubp £ gnigwpbipnid:
h wwppbpnieniu nuuwlwu huhpphunnputiph (tiunjutip, wpndwnhy wdhuubip W wyv), Yuwdwnh ubpdbph
Epunpwlnp ubpyuynieyudp prYwduh Ywudwu Yhubwhywlwu Ynpbipp wugund Gu wnwug hunniyghnu
dwdwuwlwhwwndwdubiph: Cun npnud, wpywsd hwpnigdwt wpwgnipjwu nbwpnwd ntiwlghnt fuwnunipnnid
Epunmpwynph wwpniuwyneniup wybjugubihu, Ynwnh opupnwgdwlu wpwgnieniup nwunwnnd £ dhugl
npnawyh wunhbwu b Ywiudwsd sk upw Ynugbunmpwghwphg:

Unwowpyyws L, Ynuwnh opupnwgdwu Ypubnhlwijh Jpw Yuwdwwp ubpdbph  Epunpwlyunnp
wnnbgnipjwu dafuwuhqdp (RH). 1 = RO; (V)

RO, + InH 5RO, ..HIn
RO; + RH §RO0H+R’
RO, ... HIn + RH 3 ROOH + InH + R’
RO, + ROy S
RO, .. HIn + RO, 5 Unikl. ypnpnijunkp
RO; ...HIn }3
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Cwdwdwju wnwownyqwsd ufubidwh Ynwinh opupnwgdwt wnwybjwagnyu wpwgnipiniup (V)
uywpwagnpynui t V,, = [RH]V;/2k; hwjwuwpdwdp, huy guwdp Ynugbunpwghwubph nbwpntd, tpp ng pninp
RO; nwnhlwjubtipu 5u gunuynd wunghwwnubpnud (RO, ... HIn)

Vi 4
7 7o = 2ksKlnHlo/ (kgV)'/?

Nputin, Vo WV -Ynwinth opuhnugdwl wpwgnuyyniuttip Gu (Epunpwlynh wnlwnipjudp b
pwgwlw)nijwdp):

Npnaywé  Gu  Epunmpwlunph  wuwhopuhnwuwn  whwnhynyeynibubpp punypwgpnn  obipdwuwnhbwuwjhu
Ywfudwdnigyniuutipp I;—% L k7K @ Unwgws E, np I;—é= 3,38 107exp[—(10550 + 50)/RT] , ki{[K] =1,69-

10%exp[— (13850 + 50)/RT

Pwuwih pwnbp: Yunwjww, wunhopuhnwuw, huhhphwinp, UYnwinh opuhnwgnid, wbpopuhnwihu
nwnhYuw:

MEXAHUW3M UHI'MBUPOBAHUS OKUCJIEHUS KYMOJIA
IKCTPAKTOM CEMJSIH JIBHA

P.J1. Bapnansan®, JI.P. Bapaansn®, C.A. Aiipanersn!, ILI. Bargacapsn?
Topucckuii 2ocyoapcmeennviil ynusepcumem
2[IIywuHcKuil mexnHono2udeckutl yHusepcumenn

Ha mnpumepe MomenbHON peakmud HWHHUIMHPOBAHHOTO OKHCIICHHS KyMOlld HCCIICIOBAHO
AQHTHOKCH/IAHTHOE CBOMCTBO JTHJIALIETATHOIO JKCTPAKTAa CEMsH JIbHA. YCTaHOBICHO, YTO JIKCTPAKT
CEeMSIH JIbHA MPOSIBISICT aHTHOKCHIAHTHOE CBOMCTBO MPH OKUCIIEeHHE Kymoia. OMHAKO, B OTJIIHYHE OT
KJIACCHYECKUX HMHrHOUTOPOB ((peHONbI, apoMaTHveckhe aMubl W Jp.), KHHCTHYCCKHEC KPUBbBIC
THOTJIONIEHHST KMCIIOPO/Ia B MPUCYTCTBHH 3KCTPAKTa CEMSH JIbHA TPOXOAAT 0€3 MepPUOI0B HHIYKIIUH.
[IpudueM, C yBEIMYCHHEM COJEPIKAHUs JKCTPAKTa B PEAKIMOHHON CMECH, MPH JaHHOW CKOPOCTH
WHHUIMAPOBAHHUS, CKOPOCTH OKHUCIIEHHSI KyMOJIA 3aMEIISICTCS 10 ONPEICIICHHOM CTEIICHH M He 3aBUCHUT
OT €ro KOHIIEHTpaluu. [IpeayioKeH MeXaHW3M JEHCTBHS OSKCTPAaKTa CEMsIH JIbHA HA KHHETHKY
okucienus kymona (RH). U = RO, (V;).

RO, + InH 5RO, .. HIn
RO, + RH SROOH + R’
RO, ... HIn + RH 3 ROOH + InH + R’
RO, + RO, B

RO; ..HIn + RO, 3 Morek. IpOIyKThI

k7
RO, ..HIn -

CornacHo TpeUIOKEHHOW CXeMe MpejelibHas CKOpocTh okucieHust kymona (V.)
onwuceiBaercst ypasuenueM V,, = [RH|V;/2k7 , a pu HU3KMX KOHIEHTpaIuMsx, Korga He Bce RO,

paauKaibl HaxoAsTes B acconuarax (RO; ... HIn).
Vo V
- — - = 2ksK[InH]o/ (keVi)'/?

Vv VW

rae, Vo u V —CKOpPOCTH OKHCJICHHS KyMoOJia, COOTBETCTBEHHO, B OTCYTCTBHE M B HPUCYTCTBHE

9KCTpaKTa.
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kl
Onpenenensl TeMIepaTypHble 3aBUCUMOCTH k—z u k7K, XapakTtepusyrolie aHTHOKCUIAHTHBIE

!

AKTUBHOCTH OJKCTpaKkTa ceMsH JbHa. [lomyuyeHo, drto % = 3,38 107 exp[— (10550 + 50)/RT] ,
7
ki[K] = 1,69 - 10texp[—(13850 + 50)/RT

KiroueBble cjoBa: JieH, aHTHOKCHUIAHT, WHTHOWTOP, OKHCICHHE KyMOJA, MEPOKCHIHBIN
panuKa.
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