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i E. RREAZERAARSEIDAR RGARRAFAE, CHRET A TEWAET EH
I ABAT b RALTE Z R AR R AR R A A T WA R ik, ARFREAE I RAE
AR AR &k SM e M B (NPLC-UV) M 4 Fm Al P 8 A R AR LA X E S ZTH M F ik,
HRZFIZEE ALBRLE/ETR(3:9T,V/V) ARBREANEETRTHATRFZR, A
Kromasil 60-5 diol(4.6 mmx150 mm) & A3 7 9 & | &I/ W A% (100:4,V/V) 5 E %k
BL, ik 1.0 mL/min, AR 40 C, K&K K H 202 nm, EREAW . A FBH AR 04
F4£0.2~50.0 pg/mL B &% R RIF(R*=0.9990) , 7 ik Z A 0.01% , mAf-F 34 el 4
81.3% ~109.8% , A8 3T 47 f 4 £ (RSD) N F 7.9% , @it b L FRAE S 2 % sk AE i 2 &R
EHRTE AN TAERARALEEZTERAH =T,

KEWE,: MM R mA R RS AEFTE AFB; A F S, B4R A &%

FE5 S .S816 Xk FRINAD A

Yo Z E XMPIAFLEER, 2 ANERBFTFR
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Yrig vk Re s R HE M R W IR m AR B R, OF
HA W= SER WA R E HA ik
AR B A SRS B R AR SR A, R AR 2
AR B AR ez 4 | T eh i ia g, RE
Wi B 2R KR4 % E 2R X 4R in
F= i HZ IS 5 i 5 22 855 A0l P i e R
JEIZZE T BAR U SR I Jr i WAl X T 3 A
FENRIRYE A 2 B bkl ™ i i A7 o i W 4, A
Pkl e SE U
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FEA SR A AR A A
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f/ B8 W6/ 2R (97.6:0.8:0.8:0.8) 1F J i 5)
LA TRk 8 Pl R E IS4 R 1Y =
Ko+ A, 8 Bl 4 A= K B B9 I 95 B 7E 0.05 ~
10.00 g/mL, [l Y K 7E 82.7% ~ 119.4%, % &
020 fefi Y E B dr B B, Ik JR A A Ay 41 5 A
DU &K IR/ T B g 3 A, 308 ek 2 I G 0 o A I S
TZRRM A FAEE = e, 2 R 0.91~
2.10 mg/kg, ik RBUE R, RARGEAERE
ARSI T 3 B A T 2 HGE BRI 2 T 22 S
RE b ol & A IR, X Rk R S i ) R
SRUEAZ E 05 A I O 338 R DL GE SR ]
BE B ARRR AR 0 700 B AR 25 F W R TR )T
2RV R T T R A R A, DR G A X
I T A ST A

AR SCAE T B FE LR 107 b AR (3
()5 B 2 AT T AR AR AR A, TR B ER 35 T ) et s
JnFa KSR GE A= 2B )RR A F AL R SR, ST A
B P HERA DR IR T R AR AEAE R E S i
(ARSI 73 o %3k AT [R] R0 Ak S R vp ) £
FiAEE B AR T =M & &, A R T e T
BN B Al R SR Ak AR R E 2RARDRE

1 MRlEFR*E
1.1 RIe A4y
111 X

Waters 2695 HY & %A 635 X, Fie #4548 AN K
M#% (32 E Waters 23 7)) ; SK5200LHC #  75 I
e (LR S A 2 R /A ) ; Himac CF
16RX 7 55 # # .0 L ( H A< Hitachi /A #] ) ; MS3
digital B3R HETR &) %% (15 [F IKA A #]) ;L4 I
VG LA 10 mm JGAR Ho (e I (S B 2
S AIDIN
1.1.2  RAF S5

d-a-" Bl d-B-AE B d—y-L B W d-
LA (LU FRIARAERTH,T) M d-a—EF =/
By d-B—"L:H =R d—y—"E B =Ml d-5-LF
SR (VLR AR AT S, T, ) AR E S 4l =
98% ( 3 [E ChromaDex /A F] ) ; 1IEBEbe | DU S W A
{4,1i% 2% ( Fisher Scientific A 7] ) ; H ¥ LR L BE | 1E
Ut k4 B 4l ([ 25 4 B e fk 1) 5 Uk B,
0.45 um, A IE R A VLR (KHEE £ R

AL

1.2 KB H*E
1.2.1 ARyl i ny e il 5 R TE R BN i e

1) A 1At 25 5 VR TEE 1« 43 0 PR B2 50.0 mg
(K2 0.01 mg) EF B AET —IAWminiEsh, &
F 81> 100 mL 255 P, F AR 45 BV YA RO
SERZ L, B SR E AW, 0~4 CTHOL
fitiff-o

2) A F By AR T =0 A AR IE RO 2 .
B 1.0 mL A5 A% 257 W E T 10 mL 37 55 %)
JEE T EIRE A 40 TR, AR ET,
PR B 35 VA FR A X, I E 45 % 10 mL, ffi ]
10 mm L, 75 292 ~ 298 nm e 43 KH 1 1 % Kl
FEWCRE AL RO B B LA BEFs BEV AR B
FAET =MW & p( L pg/mL i), iHA 452
o B R IE R B K,

3) 1R G b o A VR« T I 5 A8 0 0l S B
— R A F W A B B 0 A o S Y T
BT 50 mLFREAAERT, M 5% -2 &
fisi/ 1F Ot 78 25 28 20 B, 0 o B Wk B8 43 3o 0.2
0.5.1.0.5.0.10.0,20.0.50.0 pg/mL HYJ & ¥ br
TARH W TR A PR U AR W0 30 BLRC . o,
5% H B - TR £, TR/ 1F ot Fie il 1 2 74 B 50 mL
HEEE T1LAEERST, A MR ER/IE C R
W(3:97, V/V)ERZBZE, WA, &H.
1.2.2  FES AT

FRIRZY 1.0 g A K iR & T 100 mL £
ZAEff . A 5 mL H B EEE S, N2 75 mL
LR OWR/ECKEEI(3:97,V/V) IRGIRNE T
R 75 S VR AL TP S R I 20 min, R HI EE I,
MR CBR/IEC R (3:97, V/ V) B 2 Z1 B,
PRAEIRET, H 0.45 pwm A HLUE ML U8 5 _E AL,
244 B R L A v 2 9 RIS P AR BB YR R, i
AT A B A F = B & w pr o il 4R
Rz,
1.2.3 oKt

SR FHAH 208 R 0eg 11 73 5 B R OR B8 B ) Sk 48 A
MR i1 7 AH Ui sl A AT il 5 €3 53 B SR AT
ek, ey s 45 44 0 . [ 2 A8, Kromasil 60-5
diol ZFE AL K A, K 150 mm, N £ 4.6 mm; #
1,40 °C 5 WANAH , P &K I — T BEBE I (10024,
V/V) s, 1.0 mL/min; #FFE 10 pl; 46 0 2%
KA, 22 2% 292 nm,
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1.2.4  EMEE =T

TEAX A Foc A AR S5 A, WU A V25 V0 s
VR o3 )RR | SRR v 1R I S Y O B I ) TR
B ARETE T X8 L A R B IS E) AR X i 22 7E +2.5%
N, U] R A i TR A AR R R I . LA
o R R A L 0 T AR R DN AR e T 2
B R AR , 2 AR 2R SMPRIETHIRRE B
EBBMAT IS H o1& &, A6 L% R
Ro WHEAXWT .

c;XVxn

mx10"°

e, MbrEML P &R ETHBUER
=AY A, AN pe/mL; VO E B AR
£ mLsm ke i B gy n NARREAE AL

1

RS R LA 3 P AT I E (6 19 50 R S 34 {5
TR,

2 GBRESW
21 AEMMET=ZHEHIKERE

MRAE 1.2.1 B9k ik T BER R T AR
Ty R A= T =0 T 1 e R R S A AR S B 8 47
FE I OG5 WOk R T RS B 8 Fh R AR 4
AFEE PR R OE R W E ik 2 % SOk
[5,14=15], MR 1AM, SETHMAET =G5
1) 45 &1 RSO K FTAS I R 505 SCHR[ 5,14 T4
ERBEAAY S, T T AT B AT =& 5Hix
HE WO B e (AR

x1 £EHBMTWAEBZGFBHIRERY

Table 1 Correction coefficient of tocopherol and tocotrienol

b T At 2% VA VL B i TR VR e J3E e RIS K N y
KRAEAEZR B sgfaifﬁofk%ﬁ;n Diluent MaxirzimAé liibs)(jrt;tion WO @zm%ﬁﬁz
Natural vitamin E Concentration concentration wavelength Absorbance C(?I‘I.‘CCUOH

(p)/( pe/mL) (p,)/(pg/mL) (\)/nm (A) coefficient (K)

BB oT 466.0 46.60 292 0.354 2 0.007 6
B-AHM B-T 485.8 48.58 296 0.432 4 0.008 9
y—tE B W y-T 422.6 42.26 298 0.384 6 0.009 1
S—HEHH 8T 531.7 53.17 298 0.462 6 0.008 7
a—EEH =K o-T, 436.0 43.60 292 0.396 8 0.009 1
B—EH =IME B-T, 541.1 54.11 294 0.465 3 0.008 6
=B M y- T, 552.8 55.28 296 0.497 5 0.009 0
S-HEH =L 8- T, 497.3 49.73 297 0.437 6 0.008 8

WG 6 Yl 45 SR - 44

Absorbance was the average of the results of 6 measurements.

2.2 BIEKHRE
2.2.1 ARG R

RIS AR B S (0 X A F AR R
SRS B S, BERE 6 R R A5 (0
B PRI E N 30 C s RS &S
% T 2RISR IR s A T kAT
WxE . W2 "], ff H 6354 Kromasil 60-5 diol
() 73 B AR dee AR AR P 2 B B & T 1.9, H Ay
BrBshE] fed& 1 235 AF Sinochrom Si 60 Fil Perfect-
Sil Target ODS-3 Wi iKF| 4t/ &K E Z R0 AR MY
FEA B ARAR I 43 B8 B A v T 1.4 FiL.2 ]
H TR R4y BERCR R R B R, S SR
AFRIAE K, Rk, & $ T Kromasil 60-5 diol f4, i

FEAE A 181 2 AR, 3#E— 25 5F 5 3 2 AH XF 43 25 2801 1)
AL
2.2.2  UihAHA G &

VEPFEIE P bt — B T B | 1F O e — 5 TN
IE JEbE -0 A Wk M 3 B ) R G Ak S sl A X AR
BMMAT B TR, HR3ITH AT
Wy F1 A= B =0 B0 A 55 0 A6 A 0, 76 E B BE/ DO &
IR (100:4, V/V) A AT AR B W R A 4, 3
BROR A, Hodh y-T, FS-T MR 1.9, 7]
SCERSE A Ar s R IEA b pE— B AR I Bk
L E=US R S b bt E=NU D
BT %) % BA BsF 1) B S 1 412 T, £ B e () 4 2 L)
2 EBE y-T, 1 S-T i 06 53 2 B REAIK, iUk
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Table 2 Separation degree of tocopherol and tocotrienol with different chromatographic columns

Bidee/ VA IR (100:4, V/V) B R i 4E I B
hAH

o [ENATERIVESS Tt SR 0 AL B ey |
No Chromatographic Mobile phase and R Retention
’ column type flow rate time/min
s i J SN :
. NPLC :sinochrom Si60 TE B+ 70 20 i 190 4, 1.4 (y-T,,5-T)  39.4
(4.6 mmx250 mm,5 wm) V/V),1.0 mL/min
NPLC :Hibar lichrosorb Si60 TE BEJe + 0 W g 4
2 AL N 28.6
(4.6 mmx250 mm,5 wm) (100 :4,V/V),1.0 mL/min ZUIRITE
NPLC :Kromasil 60-5 diol 1E P+ P S Wk

3 1.9 (y-T,,8-T 24.1
(4.6 mmx150 mm, 5 wm) (100 :4,V/V) ,1.0 mL/min (v, )

RPLC :ZorBax-C18 N
4 € ‘ZorBax-C HIEZ,0.6 mL/min

1.0 (B-T,y-T)  17.0
(250 mmx4.6 mm,5 wm) <1.0 (B-T,v-T) 7

RPLC :PerfectSil Target ODS-3 FNEE+K (75 :25,V/V)

5 1.2 -T,y-T 37.6
(250 mmx4.6 mm,3 pm) 0.25 mL/min (B-T,y-T)
RPLC: Gemini C18 col 250 X 4K+ 85 (90.5 :14.5:5.0, V/
p . Gemini colpmn ( mm FH i k ,Hﬁ\([,“' . <1.0 (BT.y-T) 91.0
4.6 mm,5 wm) V/V)BREEVEN ;1.0 mL/min
®3 RIENESHEETBHBNEST=FHOENZM
Table 3 Influence of mobile phase on separation of several tocopherols and tocotrienols
R N ‘
A L SR R R
£rap Mobile phase type R(~v-T,,3-T) Retention time/min
column type
TE e ke + F BEAUT (99 1, V/V) 1.0 27.2
K 1 60-5 diol IECbE+HFHNEE(99.5:0.5,V/V) 1.2 30.3
romastt 5o Qo TE Bk + P SR (100 22, V/V) 1.9 28.6
(4.6 mmx150 mm, 5 wm) - i
E BEAE+ DU S IR (100 @4, V/V) 1.9 24.1
1E Bk + 0 S KR (100 26, V/V) 1.5 21.3

2.2.3 HIRERE

X IEA RSN E, 4 B RS — E 2N
X AER EEMWE R, ThE ke, AT LUk
Sy HTEEE L AT B R A B R W I A
PP, Wk, R T s A A
T EIE T AR IR A3 B RCR W R2 . 2S 6 H Kro-
masil 60-5 diol {4 AR, B-T, \y-T, . 8-T & G
AR B R AR T, 3 LAy AN 5 A S, TR Ik
B-T, . y-T,.8-T 3 451443 & FE VR M8 bR dR i A 1l
Yo B AR R, 2R 4 AL TR 20 C
B, y-T, 8-T M40 B BEAL N 1.4, 2 415 A A5 51 3
Lo, HiRE T E I, y-T, (8-T B2 B B,

1 BT, y-T, 43 & B B AR, Ak 3] 25 C i,
v-T, 8-T HEERFE 1.6, B LHEL B, X
HIRT 2 40 CH, y-T, . 8-T B JEH K= 2.2,
HiE— PR EHIRE 45 T, y-T, . 5-T B E A H
PRBH & T 1M B-T, \y-T, /B B RARE 2.1, A
I, Fe A0 BS AR EE S 40 €,
2.3 ETAMEFEMAL
2.3.1  FEEBUARIM LR

EAMRIUARA BT 8 FRARGEAEE W
PRI, hy 25 AN R A e %) 8 T 7] 1 4 TS 2R
P8 UL AR S B B AT U i e, B T
E Pk B IF Ok 20% W - 2 1R L g/ 1F &
Bt 5% I E - 2R L WR/1E C e 55 5 R4 B0 751 i
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KIRYEA R E A5 BUSCR , T ig 45 R DL AT 1 (iR 22
20 3 Y 25 A AR AR 22 ) . IR 5% HY
WE— R IR/ 1E e AR D $2 U 77, o L — S Ak

ik o Bk A RE S 2 A AR 4 A0 SR ek R A
94.5% ~102.3% , H H & Pk B i,

x4 BEHEERNSHETHNEET GBS BT

Table 4 Influence of chromatographic column temperature on separation of several tocopherols and tocotrienols
Nty SRR FE i Vi s Vi s
Chromatographic column type Column temperature/C R(B-T,,v-T;) R(v-T,;,3-T)
20 2.6 1.4
25 2.4 1.6
Kromasil 60-5 diol 30 2.3 1.9
(4.6 mmx150 mm, 5 pm) 35 2.3 2.1
40 2.2 2.2
45 2.1 2.2
wAEEB oT
o-AEH A o-T,
B-EHE BT
w-EEB T
'B'/—:Eﬁéﬁ% B-T.‘i
V-EEE =W T,
8- HE 6T
o 250 51 F = M) 6T,
2200 I
2
3 150 . -
& T . N
ey 100 I i . < - T
g 50 N T . L
[E
0

HE MeOH 1EPEKE n-Hept IF W 4% Hex 20%FEE-2 1R 5% -2

CER/IETHE  ZBE/IEChE
20% MeOH- 5% MeOH-
EtOAC/Hex  EtOAC/Hex

B1 ARREBEAMNEETHMET =ZHHRIENLLE

Fig.1

2.3.2  $REUE B 52

PR B W A B = 0 B o AR B0 P 5, A6 T
AT 5 A AL N, B B 7 e R AL L )
SR S I DO R TR R W S = R Y S
PEATARUER N , 13 %2 $E BT[] 24 50 min, X 42 BUR
FERATA AL, B EIR X KR A R E 52,
X T HALLE A R B, o-T F1 o-T, A9 3FE E M
22 A BT[] o 8 A 388 2 feft 45 FRDRE S T 550 A b e
o-T Fl o-T, it & TR, K 2 AlA DL 5A
PRk R L B AT M O S fE R R (25 T) T
AR50 min, o-T A1 o-T, B9 B0 453 50 K
81.3% .79.2%, H 8 Fh 4k & £ E Ay Inl dig K 1
79.2% ~101.5% , 1Mi7E 60 C F## 7 50 min, a-T
TREMKE 72.7% ,-T, SEU FEE 66.5% , H

Comparison of extraction efficiency with different extraction solutions

&6 P R B 2 4 BOR BE 09 52 i /0, mhfie R
£ 87.1%~105.1%, HL, I EHE 25 TF
IR S AT I,
2.3.3  HEHUF R 52
BEE 2 HUIE B2 o 25 °C, % 48 B 18] 396 4740
b, W5 2 52 $ BUAsE [A] XoF ) R 8 390 A 5 8 A
KIRAEAZ B 520, Fh &L 3 AT 7 A ) e
K, a-T F1 o-T, A FCE AL, 75 20 min B,
A WA T R R R B FE 94.5% ~
104.1% ,{H#8 7 $EHL 50 min J5 , o-T Fl «-T, (0]
R HI AR = 81.3% M1 79.2% , R, PEHGH
A5 1E] >4 20 min,
2.3.4 AT R
BRI LR RIR4E A 2 B DR i 307 i
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TR WA 2 PR PR AS BLS ng 32
FURAEE FAE Y, A0SR RR AT LR R
L1 I A REERT ¥ i2 ST Ry I A B o D A
RSN T S TR 0 50 7 i AR i R
FE Ry A A EE IR RS TS [ RE A 3
JRXFIX 8 Fh K ARGk R B B W 5 AR AR 25 5
PG v B T R rE BRSO A6 AR ol K
A TR AR S 5 R RE 3 B AT A i Dl
RIS, H IR 1.2 Frid Jy vk JEATRE A BRI A2,
FX 5l OO A T I AR = D R BORCR A R
Wi, R 4 BT X bR LR IR R, % AT A B
B BAFZE AL MR AE 80% ~110% , W] LA SE
BN AR FE FFh R AR 4 A R B AE S AR

wo-2EEFH oT

so-AEE ZIE o-T,

"B-LEEW B-T

'Y-E—ﬁﬁﬁ v-T

"R E AR BT,
V-AEE W T,

“S-AEHEMH 5T
SEF =M 6-T,

B & Recovery/%
— =
Do =N [==] (== V]
(=) (=R oS o o
H
H
—
.,
H

(=}

25 60
RBUEE Extraction temperature/'C

B2 AERIGEEXE B/
EB =B BRI ENRI
Fig.2 Influence of extraction temperature on

extraction efficiency of tocopherol and tocotrienol

24 AHiEZMELEESEER

B I B 0.2 ~50.0 we/mL ()45 7 B A=
H IR AR AT, LA 1.2.3 63593 B S AT K
I DA 0, 3 0 T B R B o 3 VA R A o ot £k
KshEFHMAER MW AE 0.2~50.0 pg/mL
LMK RBIIKTF 0.999, LR BRI,

TEHCAN [] A Y B4 A Ak 4 n 7 25 1 2 5 (i =
AAbRE IR RME R EIMAE) R 1.2 rid gy ik
FEATHE AL BRATIN 7, ACR M 19 25 B LA IR
ik E K 5 s, K FR (limits of detection,
LOD) Dhzs AR il o 55 45 o £ B3 I 1) AH ) £
(L e 7 Y 3 A% (B S AR 96, o & PR (limits of

quantification, LOQ) VA %5 H ¥ i 76 b 1E i £ B B
() ) FE LM 75 114 10 A5 (B AR, 25 (1 3L o v
AH W AAE 4B A LOD,LOQ £k 20 Al
100 mg/kg , BEME I & RIRYEAE R E JARRHA Jin 7
A BRI A AT T A

so-AEFH o-T
wo-AE B = M5B T,
B-AEE® B-T
L EHH y-T
w (-4 F =HEY B-T,
VB ZE y-T,
=3 H B 5T
120 S-HE =W 8T,
N
% 100
z 80
& 60
@ 40
B 9
0

20 50

$REUET /] Extraction time/min

B3 AEHREEE E X 4 & E A
EB =B BRI EN RN
Fig.3 Influence of extraction time on extraction

efficiency of tocopherol and tocotrienol

25 HEMESBEERR

Ve FL A A 3R 04 ARk 8 o 7 5 B, A4S K
I AR R AR AR R R AT S i R it 5, DA
HET R WERA B A E B, 7F 0.01% ,0.02% il
0.05% 3 MUK 4% 88 1.2 FriR o b v A
i A0 AN S, A GRS F A 6 Ik, i 6 AT
AT AS TR AR AR T =AY [ OR
81.3% ~109.8% ; FXTbrifEfi 2% (RSD) <7.9%
2.6  LEREE R

ARG HE S Y A T O Y 7 R
RARYEA: B (RVRHIS IR0 FE 5 A7 A0, &5 51
FT, R T AR AR E A9 (A 5 R
RS I 7 18 B A A AR R B R A — B (A
7 o Ry 249 2 L, D000 A {55 24 L 1 A X 1R 22
HE/NT 6.0%) , UE W% J7 1 AT LA J2 XF 52 B A
i ARSI

3 i i
3.1 4 EBMNES-EMRERMNBET
HAEFBAM LR = ftbAE R AR E, B
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FOARHE A% 5 5% AL S /N R E O, A T 7
PRAET IR TE R PRI A ol Hp o e a5 A
P 07 0 A B T A A = T s T O R R R
e, HETAS B A S =16 B R E R
(K) B SCHRARE , 8 A 58 38, HL4% SCHkEL
PE I AF AR R 28 5 I A B AR =0
AN A R A ME R VA BRI, AR SO R

WP AR I M T =M B AR OE AR AT T
B e I R AT o A, W T B TR
HR A IR T T S e R R A A
IERE EEMER A2sE , H5 30k 5,14 ] 4B
A BB — 2, R0 2R 7 W R AE T = I s A T R
9 JEE BEAT 52 (L2 HT o

mo-EFH oT
wo-EE ZIEB o-T,
= B-AEFHH BT
=y AEHE y-T
m B H =AM B-T,
V-AEH R T,
"S- EW ST
S 140 SHEHZMMM ST,
2 120
§ 100
S 80
M 60
=40
B 20
0
ZHALEE Si0,  BUIRKRR
Defatted rice
bran

FEAE KRG RE Y
Pranut oil Soybean oil Mixed
vegetable oil

B4 ARERERMNEEHTEES = HEHHRIEN I

Fig.4 Influence of different feed substrates on extraction efficiency of tocopherol and tocotrienol

RS EHEFMANAEBTZHEBRIRMLERIT

Table 5 Linear regression curves of tocopherol and tocotrienol reference solution

G3HT) A CIAR| LRSS A R AL
Analytes Linearity range/ ( wg/mL) Calibration curves R’
d-a-EFW d-o-T 0.2~50.0 Y=4 569X-1 782 0.999 2
d-p-EF W d-B-T 0.2~50.0 Y=5 163X+1 916 0.999 8
d-y =B W d-y-T 0.2~50.0 Y=4 592X+960 0.999 6
d-3 =EW d-5-T 0.2~50.0 Y=4 660X-2 346 0.999 2
d-o & H =MW d-o-T, 0.2~50.0 Y=5 738X-1 356 0.999 8
d-B EH ZIEH d-B-T, 0.2~50.0 Y=3 975X-1 498 0.999 0
d-y A8 =Ml d-y-T, 0.2~50.0 Y=5 109X-1 945 0.999 6
d-3 EF =Ml d-5-T, 0.2~50.0 Y=5 691X-2 005 0.999 0

3.2 BIESBEEGIEE

B W R AE B 0 WAk 2 S5 A A R AR AL,
S AR I B RN € T PR A AR, U i I A R
REAF, X FHAERTWHAAT =KW & 5
Ao e . AR IS 5> B (A0 C18 I EL) | 5%
R Bl T Sy W RO T [ A 0 3 R0 6 i T K

FHIFEI Y 4 FPAEF By (BT =) 52 m A X, |
WA R AR S AN 5 43 B I A €3 B 68
11 5 /K A T g W A [ AR L R
R = A a5 2= S AE B (BT
SR AEIE AR RS AR R AR
IS AF 5¢ & B, fif A OE A €8 3% A sinochrom Si60
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(4.6 mmx250 mm,5 pm) Fll Kromasil 60-5 diol
(4.6 mmx150 mm,5 wm) X AE 5 B A4 T =4
ALY 3 B AR A AT R W ] 1Y S /N G S B O
A 1.4 F1 1.9, 100 J2 AH A6 3% 43 P Perfectsil Target

A 0.0007 ]
0.000 6
0.000 5

2 0.000 4
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0.000 2 |
0.000 1 -

[ 3 " 5 6 7
8
L M j\
W e . v
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o A BB 1.2, L AT DAAS 4598, IE A
GIREEE S B AT AT IS0 Sk,
X5 AV S G5 43 A5 45 e A — 3K

haW

0.000 2
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=0.000 2

€ 0.0004
0.000 2
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=0.000 2 -

WJLMUUWUJ\JW
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0 4.00 8.00

12.00

16.00 20,00 24.00  28.00

{RBF} ] Retention time/min

Lo~ FH o T;2: 04T M0 o-T,;3: 3T B-T;4:yv—EFMH v-T;5:8-4F =Ml B-T,;6:.y-4F —IiH

VT, ;7. 8- H B 8-T;8.8-4F =l 8-T,.
5

EERMET S EMRERR(A,5.0 pg/mL) REREZEHST (B, BAEKE) .

IR (C,200 mg/kg) BiLHE
Fig.5 Chromatograms of tocopherol and tocotrienol standard solution (A, 5.0 pwg/mL) , representative blank sample

(B, defatted rice bran) and fortified sample (C, 200 mg/kg)

=6

AREERFRMEEER E 7m0 EHE

Table 6 Recovery of vitamin E standards in different matrixes (n=6) %

Nk B Fortified concentration/ %

RRYEEER E 0.01(100 mg/kg)

0.02(200 mg/kg) 0.05(500 mg/kg)

Natural vitamin E

MR MXERERZE BIR MXHRERZE PR MRS R 22
Recovery RSD Recovery RSD Recovery RSD
BB oT 101.8 6.0 98.1 6.2 105.3 6.0
o~ EH M oT, 93.5 2.0 91.3 2.4 98.0 2.4
B-AHE B-T 109.1 3.9 92.8 7.2 105.7 6.9
K y-EFW y-T 92.5 7.7 110.0 6.7 97.8 6.7
Soybean oil B-AH =Ml B-T, 99.1 4.2 88.6 1.2 109.8 1.2
v H ZME y-T, 95.9 7.9 95.9 4.4 99.6 4.4
S—EFHW 8-T 103.8 6.7 103.5 5.8 106.0 5.8
S—EH =Ml 8T, 83.2 4.3 81.5 4.1 105.3 4.1
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243K 6
ISHNH 3 Fortified concentration/ %
RIRAE 2 B 0.01(100 mg/kg) 0.02(200 mg/kg) 0.05(500 mg/kg)

Natural vitamin E

FR R A o 22 FICR R A o 22 EpEs A XA M i 2
Recovery RSD Recovery RSD Recovery RSD
a—tEBE oT 98.6 2.4 92.0 0.8 104.9 3.8
a—EH ZIEH o-T, 90.3 4.1 92.9 0.7 97.3 2.8

N B-4Fp B-T 96.9 5.1 100.6 0.6 105.4 2.6
WA A y-LEE y-T 91.2 4.1 95.4 1.0 104.4 3.7
Defatted e

i B-HF =il B-T, 85.5 3.9 87.9 1.0 100.7 4.8
rice bran .

y-HEF =M y-T, 83.0 4.4 85.3 2.2 95.5 1.5

S-AEFMW 8-T 96.8 4.1 85.8 1.8 104.9 2.7

S—HEH Ml 8-T, 89.0 7.9 85.2 2.2 97.1 3.0

a— B T 97.6 5.8 88.2 0.8 92.0 0.8

a—EH I o-T, 91.7 4.2 91.7 1.0 87.9 1.0

B-AEW B-T 98.7 6.6 89.1 0.7 92.9 0.7

ARt y-EBFH y-T 91.8 6.1 95.2 0.6 100.6 0.6
Si0, B-HF Al B-T, 86.6 6.0 84.8 2.2 85.3 2.2
y-HE = y-T, 85.0 2.2 96.9 1.8 85.8 1.8

S-4AHW §8-T 98.2 4.4 83.1 1.0 95.4 1.0

S H =Ml 8-T, 90.8 6.8 81.3 2.2 85.2 2.2

®7T THEERENER
Table 7 Determination results of practical samples (n=3)

\ . _ H#ERE L ,
B 27 -~ W Ak ;E FoRlE MR
Sample jIJsromer Measured A 2 Vitami E Labeled Relative
name value/ % RSD/ % amount/ % error/ %

content/ %
A B30 4 a~EFH o-T 1.3 4.7
Gt EER -4FH B-T 0.1 6.2

st % B i B 20.3 20 1.5
Feed additive natural y-EE B y-T 10.7 1.2
vitamin E powder S—BH §-T 8.2 1.0
PR 300 K 44 a~EHH o T 1.4 5.2
#EEEY -8B B-T 0.1 4.5
LR .@ B i . B 21.2 20 6.0
Feed additive natural yv-AHEWH y-T 11.3 1.0
vitamin E oil S—HF W &-T 8.4 2.1

a—EBH o-T 6.2 4.7
50% FARYE:E E il B-AHEM B-T 0.6 7.3 290 =0 1.0
50% natural vitamin E oil y=EEH W y-T 36.2 1.9 ’ '
S-HFHW §-T 9.0 2.7
a4 FE oT 12.8 1.2
KIRAe: % B B-tEHM BT 1.0 3.3 96.2 95 1.3
Natural vitamin E oil v BB y-T 60.8 0.7 ' h
S-HFHW §-T 21.6 2.7
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ik 7
[RTEY S Sk I 5E 1A HxbE  HAERESE  bon(E AHXS 15 22
Sample Isomer Measured W 24 Vitamin E Labeled Relative
name value/ % RSD/ % content/ % amount/ % error/ %
o~ FWH o-T 2.3 2.2
0%XMELER EH B-'EH N B-T 0.3 0.7
30% natural vitamin E pow- e ) 30.9 30 3.0
der Y-EEFE y-T 21.2 4.3
-4 HM 8T 7.1 3.1
o~EHBH T 1.3 2.1
IRAHEHm 70IP B-EH B B-T 0.1 5.2 0.6 o 00
Mixed Tocopherols 70IP v-H B y-T 67.2 1.6 ’ '
—AEHm 8T 2.0 2.2
oL HWH T 1.9 3.1
KRR R E+ITRIR B-AEH By B-T 0.2 6.7 20.0 20 0
Natural vitamin E+citric acid v-"E B y-T 10.3 1.6 '
dS—EH W 8-T 7.6 1.9

AW 5T R BE 25 52 T 3 ol AH B A T 55 ik 2%
P, KX AR E B FUVAE T = g i LR R
(] 4 B 9 R A= s e, 38 2k B 5 AT [ A A
POy B e ol 3, Bk SR P A FE A E
= R R LA« [ A > U S A S AR
3.3 BIAb IR & 14 XA T O B2 i

XoF A I o (a0 — SR A RE ) Ay AR ) T e
TIFRUARE G, AR A AR 8 390 1E B e A Sy 4 U )
B, PR RE i B R T2 & 8 1 559, 8-T M1 8-T, A
AE 76 4 $ B Ok, LSRR, AR 60% ~ 70%
7T 244 foff P AR P 3 00 P Sy i B ) B P S 0
SR 22 SR, PR = A B R A 3 R AN Bt
B y-T \8-T Hi1 8-T, 45 3 £H 70 A HRAE 06 H B0 S 3
b O S Ny  N  ETE et RAo a H UR T RITY ST
RIGINA TR TR —1E S e 7] (3:97, V/ V) i A8
PRI RO A | 38 3 1 e AR BT A A B SR

R YIRNTE 3PN/ i S SR s Hiii oAl
4 &%

ARG B W S T T I AR 635 -5 Ak
o 6 R AR AE A 2R E DR R = AR B
FVAE T =00 B A o S AN 3, ml Sk DRk S Jn 551 v
FHEET 0.01%1 8 FhdiE K E PRSI E S,
WL T HUA RIRYEAE K B 7= Sh bR iRl )
R, AEARTRIFER o A= By A A B =R A0 MR
81.3% ~109.8% , {75 1E— & e £ /K- 1 Rl %51
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Determination of Tocopherol and Tocotrienol Contents in Natural Vitamin E of
Feed Additive by Normal Phase Liquid Chromatography

WANG Shi' WANG Jitong® WANG Yanni® XIAO Zhiming' JIA Zheng'
LI Yang' LIU Xiaolu' FAN Xia'"
(1. Institute of Quality Standards & Testing Technology for Agro-Products, Chinese Academy of Agricultural Sciences
Beijing 100081, China; 2. Beijing Feed Testing Institute, Beijing 100107, China; 3. Chinese
Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract; The natural vitamin E has been gradually used in pets and livestock breeding because of it can pro-
mote the growth of animals and improve the meat quality. Nowadays, there are many kinds of feed additives
containing natural vitamin E sold in the markets. However, the standard analytical methods have not yet been
developed to monitor these products. In this work, an analytical method using normal phase liquid chromatogra-
phy-ultraviolet and visible spectrophotometry (NPLC-UV) had been developed for the simultaneous determina-
tion of eight natural vitamin E contents. The samples were wetted with methanol and ultrasonic extracted using
ethyl acetate/hexane (3:97, V/V). The target analytes were successfully separated on a Kromasil 60-5-diol
column (4.6 mmx150 mm) with the mobile phase consisting of N-heptane/Tetrahydrofuran (100:4,V/V) at
a flow rate of 1.0 mL/min. The column was thermostated at 40 C and UV detection was performed at 292 nm.
Good linearity was obtained in the ranges of 0.2 to 50 wg/mL, with linear coefficients ( R*) higher than
0.999 0. The limit of detection (LOD) was 0.01%. Average recoveries from the fortification samples ranged
between 81.3% and 109.8% , with relative standard deviations (RSD) lower than 7.9%. By analyzing the ac-
tual sample, the proposed method is reliable, sensitive and easy to perform, making it applicable for routine a-
nalysis to provide technical support for market regulation. [ Chinese Journal of Animal Nutrition, 2019, 31
(12) .5823-5833 ]

Key words: feed additive; natural vitamin E; tocopherol; tocotrienol; normal phase liquid chromatography
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