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Identification of Irradiated Dried Nuts by ESR Spectroscopy
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Abstract : Electron spin resonance (ESR) spectroscopy is an effective method to identify irradiated dried nuts. In this
experiment, ESR spectral characteristics of pistachio, walnut and longan were determined and the effect of drying temperature
of samples on ESR signal intensity was also explored. The results showed that ESR signal intensity of characteristic peak was
positively correlated with irradiation dose, and the detection limit of irradiation was 0.5 kGy. However, during further drying,
the optimal temperature was 40 °C for pistachio and walnut, and 55 “C for longan. ESR signal intensity of characteristic peak was
also affected by microwave power. The optimal microwave power were 0.59, 0.37 mW and 0.24 mW for pistachio, walnut and
longan, respectively. Therefore, ESR characteristic peak can qualitatively determine the irradiation of dried nuts, which can
provide a theoretical basis for detecting the dried nuts by ESR.

XDl

Key words: electron spin resonance; dried nuts; irradiated food

S TS297.3

B AR ORI 20 A0 R R RN — Bl KR DR 4
A SR DVREROIN THOR G JEal, JaH] v B Zesli 1 n
TR IR e BE SN X B i HEAT N AR B, AERER AR
RV R RE v, 7 AR RN R AR N, A B R
doe R, MEIERE R, et DAERE. R
FRE IR BT« S B AR A R

B T4 TR A, T 4P R LR AR A
JTE N T RSO TTAT, EEAR M T E &L
bt DX () Hhy S0 B 5 R BB IRPE SR o i T TR
B AR T RN, R B B R

SCRRARIRED: A

ek H ). 2011-05-19

X EHT: 1002-6630(2012)10-0260-04

H, AR VAL S LIRS Y 7
Bl B 52 5 75 T, A2 T 55 Ao Vi A [ R, A
| AL Y =R NN e = E G
AN Ko} A R S AR DI BN SRR 5 i S AT R
P RS 00 A S TR T

H TR R R kb dUE AR, R
PRI AR 2 P e = T . R
A i DR S KR I £ 4 R 4R S & A R e
KA F (S AR ), Tl T A eI R
(electron spin resonance, ESR)J i AT Ky il H: [ ph 5L

Fe4 T H S RA A AT RIIT £ 151(200910142); 3T 20 2 A 28 R % B I H (350704)

EH i RHE(1986 —), L, LWL, WER T & ME . E-mail: songyeping86@163.com

*EfEEE . EARPL(1975—), 5, mE LR, 4, SRR eI, E-mail: chuanxian.wang@163.com
TH(1957 —), &, #H¥, W7, E-mail: zpding@shou.edu.com



X Bkl

86iltl=

2012, Vol. 33, No. 10 261

Bl bt H T R R AT U AE LT e S
W, PRI TR i A 20 e IR AT E P A . T
I BEE AR O R 3 1R 2R 23 A [ e D e v
Jrkesy, H 3 AKX i 0 S AT e e . it
ARSI T RS b (0 LT A RIS B HEAT R

1 MEETE

11 Mk

A2 b S 6 1 T 0 SR (K 201 i 30% ~35%)
Ebk( 555 1, K& 30%~45%) . HER (KD &5
80%~90%).
12 U5 w&

ESRAX(X #Bt). ESR & (M 4%5.0mm) 1% [E Bruker

/i), DKNC812 % KEiREE 28 MO RAH R S (L
MARAF,; TR D ENESSAERAF,

SEY-20 ZI AN PR K A HEL P4 L P AT PR 2
wls EAPHEENL R HEERORHL) s TR (R
img) RN AR R AR fEE .
13 ik
131 R

TEO RARZARES & T NEN & R A e A I
o I HIK S s ARAL, B BART DLSRHCIA] R 1) 4
o HAET, A3 BER ARG IR SO 5 T v R bk dk
7T BT R R L AR T 6 1, — B
24h YR AT LUK B BT 3 e A K O B (KT 8%) 180, S
56 v SR 226 X Sk P 9 48 o B ) TR0 SR . Bk EAT T
W, THRIESE 43°C. WA 24h; FRELE S
P BRSO, IR A A B K R R AR AL A T

SHEERE R K 2> & BEIA ) 80%~90%, HIEuhfg, B
BER T % RE R R A TR, W =S 60°C, WY
[k 24h, 2Ky &R 10%, #HlEd maslik
T AR,
132 FEM R AL 3

FETBRRE SO TE IR S WA T RN R LGS
. H°Coy S fE =l A EE A& T 4 3l
AR 0.5, 1. 2. 3. 5. 10, 20kGy!®, R
LA I IRE SR OkGy X
133 FEAh AT

R DAR R e N N P N B S s o I Rl S N
BAE S E T RS TEAOTOR. kol 40C, HH
4 55°C)3h, fFESIEBLT RS AT RMFEE . 3h
Je o, WU RE S AL A A B R SOk R ALK RE R
i, L NRL N 3~3.5mm.,
134  ESRE

¥ 0.3g FEMLE T ESR &, #IRnE M, BTl

PRIErh . ESR TAESHUNY, Wiy hiid% 3509.8G,
13756 B 200G TR . TR 9.5~10.0GHz, )
K 0.4~1.0mW; 5508 W% %40.960ms, 33
FA) 41.943s; 15 580 PHHIAIER 100kHz, 6 PR
0.2~1.0mT, #2510%~10°% /. =i.

2 HGRE54MH

21 TRFAEMET M ESR PRk

600 F 6kGy 10kGy

c
S 300 OkGy 0.5kGy
X 200f
|
T
o> —-300
4z —400

-500

—-600

3500 3500 3500 3500 3500
W37 IG
B1 AREREAEFLREESR ik
Fig.1 ESR spectrum of pistachio with different absorben doses

M LRI, RO RS RIS, ESR
Pl o (A7 2 tH R AN B S R0 s A RO IR T O SR
iRl < R S B B R N b S R B LU T RN %
e (IRHESH) A (Rl sn) W I AN AR /N PR U6, 3K 1 D
Y96 FE 49 49(60.5 &+ 0.5)G(1&¥ 2). ikl WL, A/ NIE R
FRIERE Th 22 ESR ORI G T i RRAE I, X 2 th 4
e R a7 AR K AR A RS R e, B, T\

R R A U R 5 P P S O SRR i e R e
600}
500
g 500f
-
200
X %-
i
2 -100f 056
= —200F
o~ —300
jz —400F
=~ —-500F
- 600 1 1 1 1 Il
3420 3460 3500 3540 3580
W37 IG
Bl 2 20kGy FFa i ESR Bl
Fig.2 ESR spectrum of 20 kGy pistachio
400001
2 35000}
E[‘“': 30000 |
o 25000F
@ 20000
= 15000r
E_E 10000
x 5000}
8 0
—5000

R 5 /Gy

B3 RKRFIRLS ESRIGMEERSHER KR
Fig.3 Relationship between absorbent dose and ESR signal intensity
of characteristic peak



P

262 2012, Vol. 33, No. 10

E58

i

4= XDl

ESR & I FUE(H =g ESR G S 0RE, FRfiFiE
RN ESR SRR IS S, Sk A2
WRFAEVEEAT 2 0 A . AN 138 W] DUR Y, Bl H IR
W5 1 i, ESR Y AE U643 2 o R S S i, RRAE
et A OB W X, X OE UL T ESR RRAE VAT 5 i 5
Hg R EIEA%. B3 B, E\| 7 30d. 0.5~
10kGy TR %Pk [ R ) o 5 ESR AR
VA5 5 B G RN, TT LG AR A — i) &= F
FO R Bk ESR RFAFVEAS 50 5 o e i TRER, X
eI E P AR Y S TR AR YR 3R B
EIUoY, AR RS, AR AR Al
SRR 2, R E R A U A S B R OR 1Y . e TR
F4 2k 0.5~10kGy (¥ 3 B ILIR IS £ 55 ESR Rk U6
fE 5w 2 LR R A

Y ren= 3238.7X + 4951.1(R? = 0.9933)

Y wi= 3427.7X — 909.05(R? = 0.9965)

Y m= 3056.4X — 1653.3(R? = 0.9802)

A X AW HIE KGy; Y 4 ESR R EIE(E 5
R
A LLE W, 1E0.5~10kGy K &G E K, W
i 5 ESR RFAEWE A 5 2R B AT R U IR AH OGP . R
ESR FIHALI, 3 3T AL (1A H B A 7T LUERI% 0.5kGy
(4 B e 391 4 30d) . 0.5kGy JF0 5[] ESR HFRAF IG5 5
R >k 6560 £ 100, 0.5kGy #Z%HBEHI ESR WHE AR S 5m
232013 + 100, 0.5kGy H:[AI[¥) ESR FFAF IG5 5 i 4
1297 £ 100, ISP, ESR yRAE% 0T 2850 I A dh
FHEXRIRRERTT .

22 FEALTRRIE X ESR R MRS 5 9 P 1Y 5
TR TR 2 AR AR B ROCR, K i

K, CREERS MR . BEARFEM AT B R R D2
FERVEAT T AP T, AR J e il A7 A 35 4 (1 K
gy, ARG R KR, 2 5 S0P R I Hi A A
I A5 R o PR R R — 2D (R L TR A B
WEFURIL, T HE BT XS L ESR REAE A5 5 B
H—E M. WK 4 FTLUE SR, EHH R R4 1 T
(30d, =), HIEIRWGRIE A 10kGy A HkE J 5T
P 3h, YT HIRJELT 40°CIt, BEEIRJEM TS, ESR
RRAE VA 5 5 36 K, TR = T 40°C I, Bl UL
FER) T, ESR RFAEVEAE S om w0 LR, K
TR AT BT RAS,  HAE R 72 K
S AETE S P B E S8 Tk vy i B £ In o 41
YE 2 O ) W) ) A6y 00 ) o Af PR 221, PR
S PR — D 1 TR S N 40°C, [FIFELS B TF O
RIGFHIRE S 40°C, HEMTEIEZE R 55T,

B,
s B

35000
30000
25000
20000
15000
10000

5000

Y

H

ESR $FE I3

30 3 40 45 50 55 60

) /C

El4 10kGy ML TREE S ESR IR SRENRXR
Fig.4 Relationship between drying temperature of 10 kGy walnut and
ESR signal intensity of characteristic peak

o

ESR & Z 0 L AL
TIpe Dy e 1 ok

T R A ) B A R SRR S RO, T LA
LI ik B P ORNS EAT S S HU AR . S0t 2 IR
RRI, Tk Dy 2560 R iE W o B (R 2 AR OK, JF BN
[Fi) 5 ot ST O B T 595 ) B A Th 3R A BT AN ) o 1] 5
TR 4 30d WCHI &k 20kGy [FF O 4Rk 12 Ik
ESR FEUkFHH AT R B o LR A A0, At s Rk
0.37mW I, A% Bk 05 BURF IR S O B 2 s AR 2
AT B T F N 0.59mW i, O SR 1) A 1 i
B BT N 0.24mW I, (5] 1 4 T R AIE U B
R .

2.3
231

400 £ fgr
300 2 3
g 200} S
% 100 |
= 0
% -100|
ip 200
£ 300

- 400 L
3450 3500 3550
RS 1G

El5 20kGy MIFFLRBEIE Y ESR IFERE S BEMN KR
Fig.5 Relationship between microwave power for 20 kGy pistachio and
ESR signal intensity of characteristic peak

232 HA®MREIN T

BEAGFE e ) R B, ™ A (2T 4 35 B el i
SAGMSHIE, ESR RHIFIESS 58 thasbliz AR g5, ix
A5 PR A R B T 1) ESR RRAE W sl LUKt B L
TN 5 ORAT 5 5 AR K DL TR A 0 AP AR . IX
AT BRI Ik S A 4 7 AR i X — . SIS R
B HUEAE 2 3 A R e bl . Rk n < 30 IMEOL R il
DL ESR RFAEVE, Hm] g Mk WA S R I . Bk
A3 ok TG PR o K 5 0 BB I A R AR e AT 4



X Bkl

86iltl=

2012, Vol. 33, No. 10 263

i, (HIX T EEFERER A, 1 BB AR I FE R =
PO NNEN E R S NI R TV E ks NS IESE 1R/
Hoow 30 . B 6 o T I 30d . WA
Ho4 1kGy MFERA £ 0 1 A4 30 Tk S 4 i< i,
1A P o U ) 4 RURRAE I, 17 30 Tk B nF 4
Ml 28 v e FECRE AE 08 DU A R Y BT . BT A, 0 X R K
JER BN IR =TI Y@=V E S E I URTE S ol A8

250
200
150 -
100

50 -

HSE( X 10

irtad P 50
2 —100}
gz —150 F
= =200F L \ L L
3420 3460 3500 3540 3580

WAL IG

(X 10°)

i
jallg
fiz

ODOUTRLNFOFNWAUIO
T T T T T T T

3420 3460 3500 3540 3580
W5 IG

A. 1; B. 30 K.
Bl 6 1kGy KRS FXREARMEK ESR Bl
Fig.6 ESR spectrum of 1 kGy longan with different sweep numbers

THRLAE AL B, W ESR ARSI, H 47
AN [A] H IAS [R5 5 582 TRV RFAE 06, AR X SO g A e T
DLE PR A 7 £ e B AR I . ESR R IR S ol S
HIEAIEZ IR, HWE—EM SR . ESRFHE
VA5 5 500 JEE B2 ol P T i P R A AR K, S Jo A o
ST BE AL RE ik BT HARZS o R AS R B i T 7 1) e
DR D AN T, HL A T 2 25 5% Wi Ry AF Ve 1) 45 5 i

J&E o T DA 2 YR S T4 0 RS 0 A1 WA A7) S F) A
a2 O 30 . ESR RHIEUEAT 5 52 FF
di RS L RIS R S R R AR K e,
X4y ESR Gy 2 5E it K ) R R BRI
M, XA A ST AR T A

EEPd ¥

[A] . fE e E A AR BRI, S ERHELL, 2011, 16(2): 19.

[21 kg SR PR e A PR A EREDIR[]. Hh PRy
&, 2005, 17(4): 352-355.

Bl &%, BT, T3CF. 25 5 A7 K I i AR TR
LRI b DAk R, 2002, 23(11): 86-89.

[4] EN 1787:2000. Foodstuffs: detection of irradiated food containing
cellulose, method by ESR spectroscopy (Method also adopted by the
Codex Alimentarius Commission as a General Method).

[5] EN 1786:1996. Foodstuffs: detection of irradiated food containing bone,
method by ESR spectroscopy (Method also adopted by the Codex
Alimentarius Commission as a General Method).

[61 R, ME. BRI L2 RO R &[] ARPLETST, 2003, 1
(1): 154-157.

[ ki 58RI TR I 2 LT e 5 R T [0]. R,
2008(3): 68-70.

B /MR, RA, WEEE, % T T A R(ESR)BAK S
WSR2 []. WK 242741, 2010, 36(6): 670-630.

[9] GOKTUG B, HENRY D. Identification of irradiated Turkish foodstuffs
combining various physical detection methods[J]. Food Control, 2004,
15(2): 81-91.

[10] A0, E<xte, ARRY, &5, RPN IR R 58 th AR AR BUR e 0T [3]
LA NME R, 2009, 48(11): 2846-2848.

[11]  ZE50H, Me2SHA, 9K V7. ESR VAR & £ 4i 3% I 2 O 9Tt
JE[]. WS R S AR 12244, 2010, 28(3): 129-133.

[12]  BUKE, MR H, X, S5 R EEL YR B A R 2 A
WPEWRIE[). fES W R T 2244, 2007, 25(5): 279-282.

[13] BRSSP, VPIL%E, ARAENE, S5, W7 e dR RO AE i AT
DR (). R A, 2007, 17(1): 98-101.

[14] ERIC M, PETER H, HELENE C, et al. Detection of irradiated ingredi-
ents in low quantity in non-irradiated food matrix. 1. Extraction and
ESR analysis of bones from mechanically recovered poultry meat[J].
Food Chemistry, 2005, 53(10): 3769-3773.

[15] ERIC M, PETER H, HELENE C, et al. Detection of irradiated ingredi-
ents in low quantity in non-irradiated food matrix. 2. Extraction and
ESR analysis of mechanically recovered poultry meat and TL analysis of
spices[J]. Food Chemistry, 2005, 53(10): 3774-3778.

[16] DESROSIERS M F, MCLAUGHLIN W L. Examination of gamma-
irradiation fruits and vegetables by electron spin resonance spectroscopy
[J]. Radiation Physics and Chemistry, 1989, 34(6): 895-898.

[17]  J3/MNR, EAE AEE, & e R m R i ESR R I]. #
A, 2008, 31(8): 629-631.



