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Effect of different heating treatment conditions on the
generation of persistent free radicals in linolenic acid

ZHAO Li LIANG Ni ZHANG Xuchao LI Yan JING Tingfei DUAN Wenyan ™"

( Kunming University of Seience and Technology, Yunnan Provincial Key Laboratory of

Carbon Sequestration and Pollution Control in Soil, Kunming, 650500, China)

Abstract ; This study aims_ to-investigate the relationship between the linolenic acid (LNA) structure
alternation and generationof persistent free radicals (PFRs). In the experiments, LNA samples were
heated by electric stove and microwave for different time. The structure of the treated samples and
PFRs generation were characterized by (UV-Vis) spectroscopy and electron paramagnetic resonance
(EPR) techniques. The results showed that both electric stove heating and microwave reheating of
LNA generated PFRs. The intensity of the PFRs signal increased with the microwave reheating time.
Breaking of chemical bonds in LNA with consequent rise in polarity initiated PFRs generation due to
electric stove heating. In the presence of oxygen, destruction of the conjugated double bonds enabled
erowth of oxygen-centered free radicals (g factor value > 2.0040). Increasing microwave reheating
time elevated the decay rate constant K and reduced the half-life (¢,,,). Significant rise in the

number of short-lived high-spinning radicals with increasing microwave reheating time attributed to
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this phenomenon. The increasing concentration of hydroxyl radicals indicated that microwave heating
led to the peroxide generation and subsequent breakage of O—O bonds during LNA degradation.

Keywords : linolenic acid, electric stove heating, microwave heating, persistent free radicals.

VTAESR RIS A A H 2 (environmental persistent free radicals, EPFRs) 1 S —Fj g Y 2135 15 4L
W), 51 % T 4% B A SCIBURF RS T TR BRI A BL )32 26332 i 7 EPFRs HAT W 7E A4 A 55 M RS R
5, FCREMERION A XU PEAR ok 2410 [ B b A AT T B R SOk ], B i B ARl B AR R ik
WA 4 REAE | PN 2 KGR ST S RO IR AT SR A A AR AT HE A TR R AN
AT A B 43, 48 I T H R e St e e R . SR AN T 0 i 17 TR A 22 B it ) 32 B
JBER A3 PR B i A A R A g e At i 25 ) 355 R SRy AR £ B 1 0 T SRR 2 ( linolenic
acid, LNA) J2—2HA =AY Z2 S0 AR AR TR , Xof 4E 8 AR (el e B A7 8 22 LA SCRRHGE ,
IR E R EUOR 12 RRIR 1T ARSI O I 45 s I BB TR ™) i/l 2 BUBR PRI ( T2DM ) ik A 3R L K i3
T2DM 521K (19 5% R R RE S S RRIRAE A M ARAE R DA T 1 -3 055 M iR, 76 FV AT A
WYL 2 RN, 72 SRR 53 P RRIR 5 i 240 o5 B IR R 2 A 109611

T, CA ZBITARIE TR/ b BT 3 OInFAFIER 5T ) 2 (2 o & e A A i 615 5
AT B4, Eabanowska 551 BIF 5 S 5% U A R ELAE GE B 2 Hi 4 i AR B v Y B A I R IR
3t AR PERE 2 AR A o0 BORS e A R SEAY AR . Fan 4510 R B, KOKRER PG IS 14, BEAS: TN 51
KRR ANE A B 5 R0, AU DB PR 9T T A BRIl D B B A2 0 491 40, Emma
ARSI S S T AR T 0 1 PR R SR AR I E B AR A R E SR
HLHIA 1 AN TG HE A, S RTAFFEAOCTE: T A 3 & F R A PR B H A B 52 e 1 2 FH ol rp 2
— 2530 AR I DU E R 2 AR TR AT A H A Rk B i — s R | AP Y
S #5 A F 3L, 1] 7 A T AN RIS D R A A Bl PR LR I i 32 AN () A Ak 8 ORI [ SRR 7R
R TR F R R 7 AR A B P R S DRI AR B PR B A s O, AR TIPS B AR A
1 B A PR XU A R i S H Rk 2 e A

ABIFFEAEA 6] ATy =2 (L o m AR RO A | r e GRIB S5 im0 ) AR T o BA g ) (Gl o A
2 min, LI 2 min, LIRS OM S H 1 —4 min) 2008 Ab BN RRIRRE &, O FH H 1R i e 1%
AL CEPR) FUEEAMAT WA TH(UVS) 435I E 1 W RRR AEAS [ AL B2 E T 19 A A5 5 0
OGS A [ BRAY A D0 DL S A ARRAE LU ) B A ()RR 7 XA s T % IV JRR 2 7
A= B i BE R AL ) AR e A9 AR UK.

1 #B5 7 (Materials and methods)

1.1 MRS &

EIFRFR ( C1gHy00, , LNA)  fb2z 4l SR PE T D3R 15 0K S8, 43 B4l 55, 5- Y JE- 1-mE i bk-N -4
£# (CH,,NO, DMPO) ,PBS ZE ¥4k (pH=7.4) , — /K- S8R — 484 (NaH, PO, + 2H,0) , T /K&
Fif— %81 ( Na, HPO, - 12H,0) , S AL 81 ( NaCl) RIS ALER (KC1) ¥ b2z 4l kil 208 F 52 [ Aladdin
3 H.

1.2 g5k
1.2.1 P RRPR ) # Ak 2

S RRTR BRI P P ERR RS I 5 mL S RRRR T 20 mL SEF D, & T b g 2 min (B4 H 3 =
FEIREE 1805 C) 5 [FI3H 5 mL W RRAR & T30 b th 78 2450 Hz,720 W 254 T N4 2 min. SV JFRIR 1Y
P RO 2 min 5 RRIRR M EFR)E & TR (2450 Hz,720 W) i 1—4 min.
VPR PR JEUREAE Aot} B 2B i PR B <7 B LI 2 A R 2RSS
1.2.2  HHENE

PR 20+0.5 mg WRRERFE S BT N4 1.0 mm ATCR RS S b RS0 B T il TR 4R D 3 A
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(EPR, Bruker, A300-6/1, X-band, Germany) P& HF4T I FRIRAE 5 9 EPR JGi5 I . EPR 20 % 2
B R AR Ky 9.87—9.88 GHz, I HIA K 100 kHz, I EEE J9 1.00 G, A 55 K 400 G, 4
BFE] A 102.4 s, BHE] 5 #0A 20.48 ms, X G0 HEF A 1024 5 EPR SR K 9 dB( 5k 21 mW) , £14#it
]2 20.48 ms. B3 A A X UG g B2 B A 11 B Pl A5 B RE X iR

RO A EEAE i
Table 1 Physicochemical properties of LNA

. JEE IR it ik . .
g Wi e
Molar mass/ - ) .
Formula o Boiling point/C Structure
(g moL™")
. 443.4+0.0 C
CigH30, 278.430
(760 mmHg) HO — — — CH,

1.2.3  ZAME
IV JRR TR F4 45 #4728 A 38 3t 8 A0 AT 0L 236 )6 8 3 ( Shimadzu UV-2006, Japan ) M5 | A% 58 W BR AR 15
A B SRR ARSI A AR 250 L A B9 E RR TR B T S0 A b A ST 1,23 4 min, B
3R 20 WL FESOINAGE & £ B SR IR A, BGE B H AR I W T 5 A . U R R SRR T
JNF 2 min B9FBRAR LKA 2 min ARSI BRI VE Sy %of I ZH A7 K600
1.2.4  FRIEA R AL
i} DMPO(0.3 mol-L™" DMPO A T 0.01 mol - LA"PBS 25 A1) AR KR i A 2 3k | iy it
( -OH) ¥ 100 L N 2 min K 524 1—4 min A9HAEIRS B BRBRAE 5043 915 100 pL. DMPO &
WIRA, B TR LR 2 min, IR A Y54 50 pL RS YRR B RAIMERRE D, ME B mE
B4 — it FH L2 S B b, RS VR B T F P R AR DB T SO s v A ) Pl B T
1.3 HdEabr
g P AIWT A B T ES8, Seri i os % 1 ¢ > 2.0040 13 LUE e 9 H
B BN A 3, g F{E< 2.0030 %R AR 0 1 3, W5 &% A i3k f# ] Bruker 1)
WINEPR F2 % #l Microsoft Office Excel 118 g 8 T{H.g T AT .
hv=gBH =gBH, (1)
g, =8 H/H, (2)
K, h(6.626x107 Js) R WS H 50 (o N) R IR B (TLEMN) R B/REET ;0 F
g o BIFE R FRUERE b (Bruker 25 5 BFRUESD , g = 1.9800+0.0006 ) FIAFIAL 5 1 g T8 H FN H 4393
TNBRERE S RIRE IR (1) SRR 0 75
K FAL— By 227 B e WWRRIRR 1 FR A R B AiE , X F
1, =1e™" (3)
In2
by =7 (4)
2 IR T (spins g™ ) AR RIRA R ¢ (d) B FE) Y 1 FRAE 5 AR EE sk (A1) O A el S0 R
ﬁ;tl/z(d)j?ﬂéﬁ%ﬁ-

2 5 5958 ( Results and discussion)

2.1 AN[RIFALE BRI BRIR H Hh AL A 55 R

K1 R RRERTE AN TR B2 T ) B i A5 5 T3 i 18] 1 AT DA Y SIERRIRR JSURE B9 ) Hh A5 5
TG BR | 35 U — 2. fELAS 1 AR, AN TR B9 PR Ak B D 5 2 I 35 52 ) S JRR TR 1 ey 5 A9 TR . B
N < G AL B B SRR AAGIN 1 I Pl BE05 5 (18T 1a) |, 33K U5 H AR 8 0 1 P R B Aol I JRR TR 45 #4042 A 14
AR N A R BEA5 5 RN, Inwati 5500 5 B0 H AR B G 2% 0 1T LA™ A 1y . i 45 2R 15 Sk
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HRAEGE A — 2, o] U R T H Il A Bk BE 45 F (€3 ) k48 T 30 RR IR 110 Bk Bk 5 4 ( €18 ), LA 1 ik A
(—OH) B S WRER Y 3 %5, BV 5 R (1 25 5. 55 A1 AT SRR R BB , BB I 2 min B
IR RRER Y ] 3L (5 S0 (P < 0.05) , L3R T3k 2.07%x10° (& 1h) . ZELAY, Tyagi %" 76 F
FHEINBAS R 2 A RE 03 I, K B0 5 22 S0 N VR R i 0 12 AL 400 3k o 50 0t STk DA A s At B
F LA ELIN AR 2 min J5 AORE S S0 ST A R W RRIRAE A 1) B PR A S0 A 1e Fim,
FRIR B9 A B 5 S 0mE  2.07x 10° BB T 2.56x10°(P < 0.05) . teAh, I REIR A4 F1 1 54550 8 Bt
U 52 B[R] A i 3 (&1 1), P AR IEAH OGO R (P <0.05, 1 = 0.96).

— JiUk} Original sample = J§ B} Original sample
— — i N# Microwave-heating 2 min r = =H 4Pt Stive-heating 2 min
1F
b

& _ 05
X =
= X
% <
5 G
S 5

E

L L L L L J L 1 1 1 1
1.90 1.95 2.00 2.05 2.10 1.90 1.95 2.00 2.05 2.10

g Factor g Factor
— PN Stove-heating 2 min
[ = = f#i 5 # Microwave-reheating 1 min 35 [ 4 )
| c R -~
~ a7
S 0sf S 28F
X . X e
2 = L
2 i 2 24t P<0.05
E 05 = r=0.96
~1F ; i
4 L
201
1 ! 1 | 1 J 1 1 I ) 1 |
1.90 1.95 2.00 2.05 2.10 0 1 2 3 4
g Factor Microwave reheating time/min

1 W RRRRTEANIE A A PE T A b 055 0 1A 3 SR Ak B 3
Fig.1 " Intensities of free radical signal for LNA under different heating

treatment and its relationship with microwave reheating time

ARG IR R S5 AR AR Ak K i BRI 7 i, SR FH 58 A0 03 016010 BETH DU & SE BRI A ot 6 AN [) #Aukk
PRI T L5 LR AP 2 BT B8k 230 nm A2 A W A g 3 B2 A0 BB i 4 B sl ) | 7 T
JRIR Y LA BUEFE A (C =C—C =C) (£ 1) AR TINH 2 min BURESD , GHO8 S B HE A 19 0 XU
WS REE AV, LI 52 A ] Ay 185 i, LB R 8 TR s B i 2 R AER (181 2) , 1 I i &5 R 25 S B 0 L
(TS T 7= A e ) T, Lol 52 A TR | PR AR SR A ) R 3 2 Wakako 2507V 4 H
e M P TR M P e A R 5 T AR P 5 P 0 R A S5 1 R A ) T i FRlC 0 R A PN L R T
FEAG R PR 43T IR A B RE A5 207 18] 22 2 Bk sl B 482 5 e S AN S ml AR S A S g I 28 22 I 7= A
RS

M g 1B (2.00455—2.00469) 25 K 73 B vl H1, MV JRR PR AL i 19 B H 328 B 1 Oy DUARC ol 19 B H
Maskos 45 IESE , 7EA B AAFERI TGO T , C—C BRI 24 nT STk LA EC Ho0 i A B IE L 454
WA RALSE— A UESE T, HeH RS A [ A B 7 a5, IR RS AT B T DU e i B
H 6. DR A B PR RRR A R TR BUHIL Dy« 1) P iRk SRR R 2 21 s PE T, &
BOWRRIRESAE AU, $ 0855 1 731 i i e , o o 5 W WS apte e Sk DT 5 S 0 SR 5 4 ) 4 2l 2 e b
SEERTRL SR A LVECH OO E B L 2) PN 2 min S5 IR S TR AELERY B B ] 5| R R
L, TESRSAEAE T — A A 0 A
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(REAERERS 28 6 JEE )

— (The absorbance of peak)

L I T i 2 min Microwave-heating 2 min/(1.6826)
©®—— HLT/iNF 2 min Stove-heating 2 min/(1.4381)
—— T4 E # 1 min Microwave-reheating 1 min/(1.1919)
<&— f E M 2 min Microwave-reheating 2 min/(1.0795)
<+— T E 3 min Microwave-reheating 3 min/(0.9015)
<« i E # 4 min Microwave-reheating 4 min/(0.5646)

200 300 400 500 600 700 800
Wave length/nm

B2 AL AR S A SRR PR 5 SR O e

Fig.2 UV absorption spectrum of LNA treated by electric stove heating and microwave reheating

2.2 WS RIE X H BRI

R Y RIS ISR b R R O, SR 8 d HEAT A L S SR L . A B 3a i
7 TR SR RN RIS TE] T Rl B9 1 PR R D SR O L. B 1 —2 d N, i R R
B, 2—6 d, A RS 5 I AN SR, IFEE 6 K AR (44.49%—50.34% ) i 2 5 |, JL it
8] A PR A e bR S U DA T — Se 5 T i 1 VB L R 1 7 2 B AR 1 PSR S5
P, TR Z 18] R AR AR KR E, T 25 A Pl BE 05 S YRR SR I TE 6—7 d, [ h L4550k B2 ) 90 7 446
S AR A HA I T RE R N A S8 R I B BE, A AR hARAE R 5 (RIRR AR B Al 2 ) iS4 s/ = A 1Y
FI R A 2 AR B A i R 0 K A S, ok TSRO 11 b 1555 08 2 1 B 1 S PR 5 i PR 42 Fan
ARG ROR AR P S RGBS () 0 s 24 R ORI ol (55t 3 1 e
SRAYELAR , HAA D A5 E F i 2 A/ TSR

a b

30 @ | min 30k e | min
0 2min - o 2min
. v 3min . v 3 min
‘S 255 A 4min S 25F A 4min
X X
= =
% 20 ‘é 20F
g g
= =
15F 1.5F s
9
1.0F
10, 1 ) 1 1 1 1 1 1 |
0 2 4 6 8 0 2 4 6 8
t/d t/d

B3 A 1—4 min BYRESH A b RESR B2 A 5 151

Fig.3 Free radical intensity attenuation signal of samples reheated by microwave for 1—4 min

g Y B LB G S AR TRD G el A S e g R s e B P — 2% Bl ) 2 AT BE Y L G
HI 1€l 3b J23% 2 AT 30— 208l g 28] LIAR G Ml A SRR R 1) ) Pl 5515 5 08 72 ( P<0.015 0.631 <
R*< 0.857) Ul 485 450 K P I8 2 FAGERE [ia] () 38 T ins 386 m , AR 1), e 300 o, WL TRSC8e S AT T 388
TR0 AN, 245305 52 P TE] N 1 min B9 % 4 min B, K ML 0.101 7' B4 0.121 d7',fii £, M 6.84 d [ 2=
5.74 d, X ULEH B SO 2 S TR] B I 7 A B JE 75 s B BE B R 22 e T i R R A G R
RTFREANE A B FE0 A S AR DR SR8 Dl 5 iR, o S8
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R2 HIEI 1—4 min BRSO REIREAR K R 1 ,
Table 2 The decay rate (K) and half-life (¢,,,) of LNA under microwave reheating at 1—4 min

t/min K/d™! tip/d R? P
1 0.101 6.84 0.631 <0.01
2 0.105 6.60 0.842 <0.01
3 0.119 5.85 0.857 <0.01
4 0.121 5.74 0.816 <0.01

2.3 RHEA AR

Feb A A M TR TR , 5 AR, R i B R B R R E AT
SRR A IR S B B R — Y T AN 4 BT I (4 BRI RE 1 EPR S5 A X 5
JE LU 1:2:2:1 (Y PO ZRGE 200 | 3ok IE SRR S () SRR R it T A 2 11 P B PR A TR D S R
P A R RO 5 SR B 0 , X ) R SR RO T IE , A U e rp 28 — I Ml ey, 352 mT
AEB)E FAE AR ANE B i 5055 06 th P 4 W] SIERRIR A il A0 2 [ ol A5 5 B Bl (B A 1] £
BN TTHG SR SEHTSCHRER Bl ST S AR RN M R A A B A TR B AR T X S s i S Ak
Prehit 0—0 $ 5 T WAL A s LA O et 4 1 Py, RO 1l 20 TR0 T L A0 s o A
TR AL A 8, B 0—0 SRR, BEINT TR SE [ BE A 10, BT A s Tl s, 7 A
FRAE A R R e X k2L TR I AR TR PR A [edh SRR TR R PR 1 Pl B 2R
S, SN PR A ) L REE 5 R XU

12 - ﬂ —— HLHIN# 2 min Stove-heating 2 min
(’ \ T H 4 4 min Microwave-reheating 4 min
| “ T E 4 3 min Microwave-reheating 3 min
6 - ,“f | — TP E 2 min Microwave-reheating 2 min
< ) Tk 1 min Microwave-reheating 1 min
S | i
X b B9 b b 1L
& ORI o 1 Y .x*’M k wisic 1
> ) | ol Lo
Z o ity W d| I e—
2 ! :
= ||/
-6 |- {0
N
1
I
-12 | il
B
l l L 1 I |
348 350 352 354 356

Magnetic field/mT

B4 AN Rl B2 B I JRRTRR 14 S 1] el A 3 P

Fig.4 = Hydroxyl radical capture of LNA treated by electric stove heating and microwave reheating

3 %4518 ( Conclusion)

IR TE FL P AR Bl 2 AR SR8 A B i AL, B SRR R ) A S5 S0 S T A
I ) 52 1 B, T S A U 1) WA ' 8 I e B2 A ) Py 335 o 7 A A R0 Lk 0 o 06 IV R P 72 31 )it 3
YER, 4 i H oAl | T 26 U 5 I AR R ST VR R, S SO ST 24, 1517 ™= A LR
St iy A H % (g FIFE> 2.0040).

Wi ol I 52 AT ) P35 0, VR SR R K A 2 3 1, 0 31 22 B ORIl /N ) e 4 X R o TR A
BBt 52 AR AT (R 3G 0, 7= A A T B L BE R ) S 2

SRR A S 9 722 IR 1Y Pl R {5 5 I A o A i ] %) 185 o v B 58, o] A 002 Fl S B I A )
FAE ik E AL A A 0—O BERIWTRE, JE I S BOS3E A H LA L.
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