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ABSTRACT: Objective To investigate the difference of hydrogen isotope ratio between whole grains and cereals

flour and their components and the influence of drying conditions and moisture on the determination of hydrogen
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isotope ratio in grains and cereals. Methods High temperature cracking/elemental analysis-stable isotope ratio mass
spectrometry (TC/EA-IRMS) was used to determine the 6°H values of whole grains and cereals flour (maize, rice,
wheat and sorghum) and the fractions (starch, defatted portion, fat, crude fiber and protein). The effects of different
drying conditions on the 6°H values of grain were analyzed, and the influence of exchangeable hydrogen on the
determination of starch hydrogen isotope ratios was explored. Results The ¢°H values of various fractions in the
grains and cereals were different. Drying the grain samples at 105 °C to a constant weight was the best water removal
effect. After being treated with different standard water samples under the optimal drying conditions, the maximum
difference in 6°H of grains and starch was 12.11%o and 18.41%o. This indicates that exchangeable hydrogen had a
significant effect on the 6°H value of starch (P<0.001). Conclusion The isotopic fractionation of sugar, fat, protein
and cellulose during the growth of grain makes the distribution of hydrogen isotopes in samples not uniform. Organic
compounds contain exchangeable hydrogen, which will exchange isotopes with the water in the environment where
the sample is located, affecting the accurate analysis. When measuring the hydrogen isotope ratio in grain, it is

necessary to exclude the interference of water. This study provides an effective reference for the determination of

hydrogen isotope ratios in grain starch and the study of grain traceability in the future.

KEY WORDS: grains and cereals; hydrogen isotopes; starch; exchangeable hydrogen; traceability of origin

jilll3

0 35

Wi 5 At S 2T ek R, A ATTRE R A 4e 4 L TR
HIER A it . SR, T BARAR 7™ MBS PR A 56 ] il
RS, AMURE THHE NBGE TSRS, B3
LT RS E BT SR o L, FEIR SR R b R 53,
BRI E MR LA PR E AR NS T AL R
FE [ E AR BB IZ IR 7= 5 B B WA A AR R M H R
P ARTHENL, B B = s I8 45 5 HA B &
PRI TR —, R N KRGl
OV 07 3 D5 92

WA —BAERIME, WILWA/NE . Kok K.
R SEAE . HLAAR R RO AL A P R . AR |
A B, T, FER, BEea4EHR. L
YR, TEA = M IR BT R, ARAS B RTAL B vk H
# 2 FRZ 2 E W TE . A HEE I R AR A
At AT RIS A B UL — AR T RRAS 4143 ] ]
PEFEAMEILG: . B, X2 R BN 4 RN A4
YRy OPH M HA B &S, HIBR/INER O°H (55 )
0~20 cm {9+ 1K H Y O°H (B B IEHIDESE R . SRILAT
ST b T R AU T A R e R T A, A5
ORI IX 2R 4120 p i O°H B 22 57 2 I 4 L ) o
T 4771 60 3 K GRS KRR A b o°H {E, 6°H 1Y
B DO DR 7R it 7 b U3 Y SR (variable importance in
projection, VIP){E >N 1.045, SR BIHERGZ K 100%. X LEHF 5T
YW, ity BrRr e 4l o ke | RN R o, o LA
R0 30l B SR Y5

SRIM, TEXPRRAS UEA T & R R Wi A e — 2L JR B
T BBk 2 — SRR RRAR rp S R 2 A 2 R

SO, QRS (T IR B RIBR K 8% . T, s fERTAb 3
SRR BT, ASHE 2 AL BT BB S OB B S 0 )L 2K 4
iEo Ak, TEMRB TR IR Z G, 7% IEA LY+
A ACHRERRIE . ALY AR 3R 53 A AT AS 4 SR AN AT
A, AL T S S AT S IR R K Ak
A, BEIMTCE AP ARG R RE. K2 Z AL
Wy P AR I ]SS U LR R R A B S R,
B EAT T BRK AL B, AR Al a8 S 4 B T A
[ PR ) R R AFAE, 3N T A i 5 2k

TE Z O A3 7= U R A e R 58 R, S ] 3t [XOAR A3
il 1 O7H (A 22 10 24712, A 6 H (A 2 540/
SEILEME K SEIYIRZES ZE T ARS8, B,
KT 0] AR E AR D o O T IR v S A 5
i, BRICOUT %12V 1+ Al £k i 17 25 Bl e A ol e s, 4
M T B TF i s RN T SRR O°H AR B 2R
CHAMBERLAIN %5V b 58 3P 1 2 11 304 77 58 4652
U A T ] I =S R IR S R VA 22 5 A 8- A
EHLERINGER %9255 1 3k S S B i vl A8 4 U RIAS /]
AN R, WSk & R AE AR O°H f1 60,
ST —AFET Sk R AE W57 28 AT LTI A A b FHL A R IX 5
0 i O =2 1 ] B A - Xl ok (= DO =N I K VA iE0p A
AR T A B R .

A FERR A SR R R A7 2 LU AR I A 1 i Ak 348 1
RIEDH RN R, RECTCH R E R &R
PR BTk, AWFRF R 2T R o r—Fa e
[7] 137 & L {E J5 3% % (high temperature cracking/elemental
analysis-stable isotope ratio mass spectrometry, TC/EA-IRMS)
WSE T AR N A0 O°H (H, 3 B R &0 22 04
(one-way analysis of variance, ANOVA)FI ¢ #5634 T HRAF



36 B dn 2 4 R R I A 4R

%16 &

Al A A AR 3R AR 22 53 LSRN TR B o K A Ak
KA FTERY T i o°H (H 2252, [ LA [ T %A
XPARAIBRAKBOR, AR SR R A R AL = 4R T —
E SR

1RSI

L1 MR RFI SR
TR@ ). KRG B, NEG B, FRE 5, i
B ). FEEEEILE 1
®1 #aER

Table 1 Sample informations

FERAATR RGNS OS]

YX-1 R R TR A BV £ Ol AR

% YX-2 WA S SN E R
YX-3 WA EATTRX, HIA
YX-4 T[R4 {5 P T e X B ] 5 A
RX-1 A & BN A E R

ok RX-2 R EATTTARX, MR
RX-3 TR {5 BT W] X SR ] & il
WX-1 TR R P R A /s & K8 A

I WX-2 TREH & BN A R Y
WX-3 R E TR, MR

-~ SX-1 AR TR G E/VE £ K8 TR
SX-2 T[R4 {5 P T e X B ] 5 A

e GB3167 RS HTFE LA BRA F)

5. WEE(AE L, MEERTAE); WSD-6(K,
5 H,ygmow=46.13%0) . WSD-7(7K, °Hy.smow=—142.31%0) .
WSD-8(7K, 0*H-gmow=3.14%0) (" 2 5 AR AT o PR
H]); USGS-62(MIMEFH, 6 Hy-gmow=—156.1%o)(3 [l 1y i Il 5
Ji ), TAEA-CH-7( B Z 1 6, 0"Hygmow=100.1%0) .
NBS-22(3H1, 6°Hy-gmow=—120%0%1.0%0)([E 53 S5 FBEHLI ) o

DHG-9140A L X T840 ( R ig— RN R
5 H]); TCEA iR Z#ETTE /3 HT{Y . Delta V Advantage F2 42 [A]
2 B FTREY . 5 mmx3.5 mm HRFR ([ 2Lk A R B
AR A FE); XS205 40 M1 R COF (K 0.1 mg, i+
Mettler-Toledo 7y ]); Sigma3-18K 123 ¥4 A 5 O ML (1 [H
Sigma /A H]); HR2864 #if £ HL(fif 22 2 &K R A Al);
HH-S4  Hi #HE JEL /K 78 4 (db 5 B 28 A 4 A 38 A BR2A D );
EOF0-945601Talboys H:A< #IiR HER A #% (L 5 S0 0=
FHE AR AT B H)
1.2 XWHE
1.2.1 ARBBW5H S &

SR KR AR R R BRI 6, ORA7E o

BEWG: FREL 3 g MRAS 2B S0 mL B5.04, BUA:

HEL(V: V=2 D)IY%E 15 mL A4, 1WHE 10 min, L
58 5000 r/min B0 S min, YCEERENT EIETR . EHITETEE
PR, BB WO T, REI

RRREIR A BRI A AR UTIE S R T4, RAF4

TERFRLEFZE: S WRRFR A H IR 1:10 (9 [ L (m: V)
IMAZEE TFIK, WiEIRY 3~4 min, [HEMEIIA 1 mol/L
NaOH %W, 8% pH % 11, FF7E 5000 r/min (B0 8T
HEAT 10 min, AR B, DRAFs . DL EPBRIEE
2 F 3K, IR RS e . SR 123 (m: V) ZEAR
IRV AR VERITVE 2~3 K, BHRUERATH #E 30 min, £
AT AL FE, AU 100 H AT 120 H 5L BRH LT 4 F0
HiAth e 5T, WCBEVER S HLLF4E, FF0.

FEAR: BRENEALB®RFMA 1 mol/L HCI,
78 pH £ 4.5, LA 5000 r/min Y53 25,0 5 min, {2128 )5
KA SRR . B MR 2~3 WKk, I R ITE B
PG TR B, A
1.2.2 BEFAETIRS Aotk R EBIE

IR —HER TP BEHLIE L 5 AR FES,, BIARRES HLAT
oM BRBAPRL RS Y530 3 4, AR ERR
FIRE—30. SH—4URMPRKALEE, FR, 55 4138 GB
5009.3—2016 { & ah 2 E ZARUE 5 KA e ) o
B EAETIRE 105 cCTREHE, Rl 5 =4I At
1770 °CHEF 48 h, RN, BRKZR R I ILA():

R/%0=(G1~G1)/G%100%o )

Ko, G IR BRTRE A A i, Gy i J5 A i 14 T
1.23 TR B AR A P A RALZ N T 7w Ik

PN T] —HE Y BE AL 38 B — SR, RBP4 55 11
FEMET 105 cCHT ZHE, 2R ER L 1:4 (m: )L
B AT A FRUEKEE WSD-7, WSD-8, ek %A F 5,
TAAEE 80 °CN 4 h, WIR T #E 24 h, MDA
THR)E, FE.

e — A4l ek B A VE A TR B, BUE SRR b S
93 H, BAFENIREIR I 1:4 (m:)EBHEAFnA 3 4
FRUfEKEE WSD-6. WSD-7., WSD-8, MiEdR, /Kt
80 °CHN#N 4 h, # L P& 24 h, PR TIRG, 00,
1.2.4 AR REAEF 6N T

O*H (I E: FREL 0.38~0.48 mg FEMEEL:, FIHH
AT, FF A B ShERERS, B ShERERIERE ALk A S
AT E MR, FESZMABED 1450 CEriR IR,
AR, e A SRR RS HE AR 2R B G TR
W AEo il B, AR E ) 125 mL/min, [F{7
R IER T R 950 s, 255 A S(>99.999%).

BT ICR E A AL B AR F AR, (AR HUY
R R & HRAE R/, B Br L3 7 R A 2 AR A
K HRIARMENE A S I, HE R MR PR E R R
RIGFIRHE . R P A R HR 6 T ILA(2):



512 1 X, S A SRR E R B R R E AT 37
6/%0=[(R tu/R 14)—1]%1000%o0 ) () O7H A R SR RN e TR A . ASTRI AR A1 R

LA, R v IO S R RO SR FEA R F R L, AP
*H/'H; R e HEBRSZAR1E V-SMOW Hh 5 [ 25 5% [
P FE . BT E R AR A 4 E B fE &S
USGS-62., TAEA-CH-7, NBSS-22 ¥H47 3 SR IFE, ®IFE]
JHERE R* KT 0.99.

1.3 HIBAIE

FIF SPSS 22.0 XFHRAS 44 B A 4143 0°H {1 T
HRE T 22000, SEARRITIRAME PR TP O°H AR
KR R RBRE KRR RS (RS FE kb o°H (E0E T ¢
Ko, BEMEAKERE N 0.05. FIH GraphPad Prism 9 %
il B DR Ry 2200 b el

2 #ERE5HR

2.1 RAPERNEREARESENES T

KBGO HT T AR 8 AR AL 5> ek . AR ER 2 |
M« AHEF A (50 P R R 0 H B Qi 1 s, R
AL P H AR T R—44.79%0 55 —177.98%0, MR A3 42K
K AR5 07 H B R EVMEICH: °H wn>0"H s>
OH 25>0°H sr5>0"H ers>0"H g, ARSI 0°H SF- 44
H-139.82%, 5 H A #4150 OFH [RGB EES
(P<0.0001), 4. WiBEH . EARZEM O°H (H25
AR, R AFRCE RS, FIMEH-57.39%0,
1 A I 2 22 5706 3R 55 X0 2 U ST 5 v i ik i AR
FHRF o BRI 432 i H R 3 AR TR K S8 A FR s 2l &
e, EABURME 20 FPAS [F] A 22 2 W i) IREe 7% 6 B
PIREES T AHILZTS, TER & — Tl B o 4 0 AR 4 ALY
R FR 22 M . 25 T VSR MY A F AE X fa sk, bk, JE M AT 1
A AR A )7 ) R P A 4 4021

a
50l ab ab b ab
B 5
=
g —100 + c l
o
=
)
150}
200

SN Wk BUERSY TRV HIZTHE EER
FRAT BT
TE: AR T RFoRA R BA BEME2E R, P<0.05,
Bl AR K& 5 h eI
Fig.1 ¢°H values in grains and cereals flour and its components
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Table 2 Grains and cereals dehydration rate under different
drying conditions

FRAM  RRET Gl Gilg R
1 0.20 0.18 0.10
2 0.19 0.17 0.11
70 CREF 3 0.24 0.22 0.08
48 h
4 0.22 0.20 0.09
5 0.22 0.20 0.09
1 0.20 0.18 0.10
2 0.20 0.17 0.15
105 *CHLF 3 0.20 0.18 0.10
i ' ' :
4 0.20 0.18 0.10
5 0.24 0.21 0.13
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Table 3 4°H values in grains and cereals treated with different
standard water samples (%o, n=3)

P ARMOKRETh SHAEL  ORAT SHE ARk
WSD-8 -3.14 ~34.80 1.4
WSD-7 ~142.31 —46.91 0.8

24 FIRBESTEH T REA RN E R
HRFEE R T 11 7 MR O RFIE ALY, IF 10
TS AR M OB, BV
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Fig.2 Correlation analysis of 6°H in starch with °H in water
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Table 4 6°H values in starch treated with different standard
water samples (n=3)

il PR 6°H {H VERITH SHAE ARG 2

/%o /%o /%o
WSD-8 -3.14 -27.73 0.8
WSD-6 -46.13 -33.35 1.3
WSD-7 —-142.31 —46.14 0.9
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