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Flow direction and safety assessment of heavy metal in coix bran
based on different oil extraction technologies
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(1. School of Liquor and Food Engineering, Guizhou University, Guiyang 550025, China;
2. Guiyang Vocational and Technical College ,Guiyang 550081, China;3. Guizhou Entry — Exit
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Abstract; Three technologies of supercritical CO, extraction (SPE), n — butane subcritical extraction
(BSE) and petroleum ether Soxhlet extraction (PSE) were adopted to extract coix bran oil. Contents of
As, Pb, Cd, Hg, Cu, Zn and Mn in coix bran, coix bran oil and coix bran meal were tested. The results
showed that the contents of Hg, Cu, Zn and Mn in coix bran oil extracted by SPE were relatively low, es-
pecially the content of Cu was obviously lower than that of the other two technologies. While the contents
of Hg, Zn and Mn in coix bran oil extracted by PSE were the highest. Among the three oil extraction
technologies, the heavy metal mobility ratio of Hg in coix bran was the highest (reaching 24.47% ,
31.91% and 89.36% ) , followed by Cu ( reaching 14.65% , 23.79% and 16.83% ) , while the mobili-
ty ratios of other heavy metals were relatively low. In addition, after safety assessment of heavy metal, ex-
cept that the Pb contents in coix bran oils extracted by SPE and BSE were slight polluted ( pollution inde-
xes were 1.074 and 1. 017, respectively ), all the rest heavy metals were within the safety range. As,

Pb, Cu and Mn pollution existed in these three coix bran meals.
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240 i B0 2 L R T, BEL AL R 40 5 5 Yun 250
FER I, RS o] A R AR IR, 8 I
Yoh % B9 S RS R AR B n] LA 25 42 Ak Py
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FEZ2 0 . BRI R & 19 Fh EZRRIIR , Horh
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As FRUETE T (GSB G 62028 — 90, 10% HCI 4
5,1 000 pg/L) .Cu FR#EVE K (GSB G 62023 - 90,
5% H, S0, 4\ i, 1 000 wg/L) . Pb Fr 1% W ( GSB
04 —1742 -2004,1.0 mol/L HNO,4J5i,1 000 pg/L) .
Cd A7 e T (GSB 04 - 1721 - 2004, 1. 0 mol/L
HNO, 4 J5i,1 000 pg/L) . Zn 45 1EVE K (GSB 04 —
1961 —2004,1.0 mol/L HNO, 4 f,1 000 pg/L) \Mn
FRUEZE I (GSB 04 — 1736 —2004,1. 0 mol/L HNO, 4
J57,1 000 pg/L) , A 44 8 S i #4853 Hrill
AL B AR (L) , IR (Phdat) , Bilk (1
Geal) SR (gal) , AL B (3 >95% ) , &
AL (5 5 > 82% ) , £ ik (PR sl il 2 60 ~
90°C), IET ke,
L1.2 {55

FOSSSoxtec8000 & H s R KHIE R 4. FF 3
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AR B AL g A B A F] 5 CEB - 5L IE T Re I 5
AEHSL KB U 4 A= P B R A F] 5 ZK - FDV -
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1201 KRB &

AT R R ORI ViR K SR KO AR
85 C T T4 8 h, K HEHITE 10% LLF 3 ZJ B ok
BERE ) 200 H 45 H

HIf A CO,ZEH(SPE) ik B AR " 6 45
FEM T IR AR AZERCGE T, BRI BORHE 80 g, 2 HUE
7124 MPa, < UGRLE 40 °C, /3 B 77 5 MPa, 73 Bk
JF 50 °C , Z<HLAsHE] 90 min,

IE T REM I FL= 4 (BSE) ik B A b 45
FHFE G PRI ZE BCE b, B3 00 500 g, K L
JE 47 0.4 MPa, 2 BUE 40 °C , ZE B[] 70 min, 28
B0 (553 16 000 r/min) 3 98 5 JRAF EOKMEH

ZICHHR (PSE) 3B e " A0 IR 3. 0
g FESLE T 6 MEARH , A 70 mL i, fl 4276
FEBELE 95 °C, FliF2 (] 40 min,

1.2.2 ELEEEGENE

W EKBELL 0.1 mol/L (R SRR VEG, J5 FH 255
FIKIMRVE 2 ~3 WK, e Ja A LL AN LA H 85 C LT,
Pk 22 000 r/min AYRERAAILRG IR 3 U, B2 g A (200
H) F =M ImAZy 50 mL ¥ HNO, - HCIO, ({AF
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Fi iR GB 2762—2012( & i % 4 [ K hn i &
His Qe W B L) A WD R S I T As 5 L R
i <0.5 mg/kg; A+ S =il i Pb 15 44 fR 5 <0. 2
mg/ kg ; 791 S i Cd 15 44 PR <0. 1 mg/kg; 4+
Py B A He 35 34 BR i <0. 02 mg/kg, Cu.Zn Mn
R NRB R IR , Hog H A B A B2 58
0.8~2.5mg.7.5~13 mg.3.0 ~4.5 mg'"®' (HAHF
FE20 N R A Cu Zn Mn B2 R EUEF;
S LRI R, AT REAAAE A VG B4, 1 Cu
Zn Mn SCTCHHRFRUE, A PFAL Cu Zn Mn, 48 SCLL B
REBAG A EY) 250 ~400 g Fy3eifE, ¥ Cu Zn,
Mn 75 44 B 43 3% S < 10 mg/kg, <50 mg/kg.
<20 mg/kg,
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HIHE AN
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{8 Excel F1 SPSS 22. 0 %5 {4 4b ¥ 55 55 %5 4 1
TTESSI B ENRT ., a3 KER,
2 Z#ER55H
2.1 RRAZZTERHEBELES AL

3 B RS BGE A A R LA 1,

Hi [ 1 AT, B I A CO, 2L 20 il R oy
25.00% ,1E TR Wl Az 1 T2 il 3k 25. 50%
AR 2R ISRl 38 T2 il 320 22.30% , i iim A
CO, ZE WU T ZRIE T %6 W llfi 3 T2 5 A R
A4 TZAH L A T St ih e (2 3 Fp T2
MR 2 7

3M T ERME R ESR SR WL 1,
H 2 1 AT e xt B 3 R T 2B R, 7E
BEE a=0.05 TH#HITH 200, AsE3IMTZ
P BB R R . BIG A CO, 2 T2
EORMEH Pb S EEE R TIETREIRARE TE
FLATHEEZR R T2 Ph 575t 0.107 4
mg/ kg ;A1 7 ik 2R FC A 2 T 20K M Pb % & i
fi%,0.043 2 mg/kg, IEThe WG HRE T 28>
B Cd &5 0 B K TR A CO, BT 203 K
THURT A i it 2R PG 4 T2 ORI Cd &,
0.011 2 mg/kg; A iMEEER [CHIHE T 20 Cd
H A%, 7 0.000 7 mg/kg, friliEER AR T Z
EOKRMEH He & B3 K TEInA CO,Z BT 2 H
IE T BEm St T2 He 575,25 0.008 4
mg/kg; G F CO, 28 B T 25 8 KMl Hg % it i
ik, 0.002 3 mg/kg, 3 Fl T2 EORMEH H Cu &
HZESEE, IE T RIS T ZEE KR Cu
B, N 5. 467 me/kg, @ lE it CO, 2K MU 204
KB Cu & HHIRAIK, O 3.367 mg/kg, AR
FHEE T Z0R0IE T e 0 I 532t T2 3 R P )
In FEZESARE AWML BERTBIGA CO, %
B AR Zn 56 5 Al iR IGHh 4 T 280
B Zn &R dE , o 6.53 me/kg s G A CO, KK

26
25 TAEKME Zn S iEm Ak, i 4. 35 mg/kg, 17
s24f ik 2% P T 25 H i Mn & i i 35 5 T
P 65 5 COL AT T 2 RIE ThIE I St th T2 b
Fa2p A Mn £ iE, O 2. 533 meg/kg; #IlE - CO, A I T
21F ETNR N = N
LEORBEN R Mn & &5 AL, 7 0.866 7 mg/kg.
20 1 1 J
SPET.Z: BSET.Z,  PSELYZ
E1 ARIZEXHHBE
x®1 AEIZENEABHEESESE mg/kg
JLE SPE L 2. KM BSE -2 KM PSE T2 KM
As AR A A
Pb 0.107 4 £0.123 1° 0.101 7 +0.110 7" 0.043 2 +0.037 5"
cd 0.001 1 +0.001 01° 0.011 2 +0.006 2° 0.000 7 +0.000 7"
Hg 0.002 3 +0.000 9" 0.003 0 +0. 000 5 0.008 4 +0.000 6°
Cu 3.367 0+0.057 7° 5.467 0 +0.057 7* 3.868 0+0.057 7"
Zn 4.3500£0.255 1" 6.240 0 £0.017 3° 6.530 0 £0.043 6°
Mn 0.866 7 +0.057 7" 0.9333+0.472 6 2.5330+0.230 9°
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Zi LAl FE A i Pb Cd \Hg,Cu,Zn Mn 6
FICE b Al R Rl 5 T 28R He (Zn
Mn {35 5 T 5 CO, AT 28O ; Hg  Mn
R T IE TR R TSRO, i LA
JUARAEATIHBE R P $2 T 20RO & S

PRLEE , DA H A < PR G, £ D B
$& TR G R 5 e i T 5 CO, KT
ZRIIE T Be e FHR T 2R Y

2.2 FARGEHAFIRPHERBES(LEL2)

K2 TRIZEABHRIIETFESEIRE

&/ (mg/kg) .
A Le KA Tk TORH R
SPE T2 A 1.808 £0.229 1 -
As BSE T.% A 1.922 +0.028 01 1.818 £0.292 1 -
PSE T.7; ER o 1.909 +0.048 5 -
SPE T.% 0.107 4+0.123 1 0.520 1 +0.133 1 4.79
Pb BSE T.% 0.101 7 +0.110 7 2.242£0.4157  0.4532+0.024 4 4.54
PSE T.% 0.043 2 +0.037 5 0.326 2 +0.006 6 1.93
SPE T.% 0.001 1 +0.001 01 0.039 3 +0.011 2 0.47
cd BSE T % 0.011 2 +0.006 2 0.2110+0.0063  0.037 4+0.010 9 5.31
PSE T.% 0.000 7 +0. 000 7 0.011 2 £0.006 2 0.33
SPE T.% 0.002 3 £0.000 9 0.011 1 £0.000 1 24.47
Hg BSE T % 0.003 0 +0.000 5 0.0094+0.0007  0.011 7 +0.000 2 31.91
PSE T. % 0.008 4 +0.000 6 0.003 0 +0.000 5 89.36
SPE T.% 3.367 0£0.057 7 22.34£0.138 9 14. 65
Cu BSE T % 5.467 0 +0.057 7 22.98 £0.050 0 20.57 £0.421 0 23.79
PSE T % 3.868 0 £0.057 7 13.80 £0.173 2 16.83
SPE T.% 4.350 0 +0.255 1 27.01 £0.268 1 2.80
Zn BSE T % 6.240 0 +0.017 3 155.20 +1.934 28.45+0.160 0 4.02
PSE T.% 6.530 0+0.043 6 50.56 +0.124 1 4.21
SPE T.% 0.866 7 +0.057 7 82.79 +0.443 4 1.01
Mn BSE T 0.9333+0.472 6 86.02 +1.242 80.47 +0.375 2 1.08
PSE T.% 2.5330+0.230 9 40.90 +0.130 1 2.94

M2 2 AT, WA L2 A = A E 48 1Y
ERROUKE , A it R K4 T2 0 Hg 5%
R, kB T 89.36% , T IG A CO, B L2 1L
TRe W A= L2 Wik B T 24, 47% A
31.91% ,H & J@iT B R M. HIKJE Cu TRITH
R, IE T WIS T2 T Cu i8Rk 3
T 23.79% i lm A CO, BT 20 F 7 i ik 2% Al
TZEZT Co i BEWL K E T 14. 65% Fl
16.83% , HAMICELE 3 Fh LT AT RHL L
1%, AR IG A CO, A BT ZANE T R s A2 T
20 Ph B RS R E T A MR IR T2 5 1 T Rk
IR TET Cd B RS Filns CO, 2 T
TRAMERR K T2 T B R, Rk,
TORBRM R ESE SR BRI T )5, Hy
Al Cu ST BT BB A BRI E 4R & &
ZHRFEORMEE 4 )8 & 8 115 O, 1 X etk ol
] RER AT A . — R AE R It B2 AR R Hg
Cu A A BEIE LA R A S IR AR E AR A
KR . A Hg Ju gk & 80 HAS I A i

175 5 52 B TR U N 25 SRR 22

3 PANFEIPRE L 2N A A AR Y 25 57 ] E
JEPRUE: - ORI Rl 4R B il R i 1 2 Jm 12 4%
A% S s ORI R IR ] AT A 2252 1) 452 J T
o245 A e S L AR I S8 1A ) 2 TR o o 4
JRITAE AR AT RE P HE AR R R , B9 R W i 5
ZHWIEA T ZRBAM G A H A mAkE

2.3 FRHEWAE R R AR (LA A 4)
£3 FEIZEREHZSTN
2y e BSE L2 PSE L2
TR TR TR
As A EN g AR
Ph 1.074 1.017 0.432
Cd 0.010 7 0.1117 0.006 7
Hg 0.1135 0.1515 0.420 0
Cu 0.336 7 0.546 7 0.386 8
Zn 0.087 0 0.124 8 0.130 6
Mn 0.043 3 0.046 7 0.126 6

T R BIE G R85 TR



96 CHINA OILS AND FATS

2018 Vol. 43 No. 7

H1Z% 3 Al AL, fa P BRI TS G i RO A X 3 il
R A & Ve AT PR, 3 M D
SR E AN 1 FE 5 5 1 BR Pb SN IET5 3,
LA e Ph AR S CO, AT 28 KM
FIIE T Re e S 2RO o B T s
e, A AR o4 TZAR B BE 5.
F4 TRIZERBHREITN

SPE T.7; BSE T.7; PSE T.
EEB sormen A SEA Y

As 3.616 3.636 3.818
Pb 2.510 2.266 1.631
Cd 0.393 0.374 0.112
Hg 0.555 0.585 0.150
Cu 2.234 2.057 1.380
/n 0. 540 0.569 1.011
Mn 4.140 4.024 2.045

HIZE 4 AR, BOKBERT H As (Pb Cu I Mn £77E
T VR RDRN I T JEOR I 5 2T LG, 3 R
W Z R EoR oy i 2L 1T As B TSTL  Hlf 5
CO, MU T ZRNIE T Be Wl 45 Hh T KMt i
BT Pb BTG R A ih EER ER A B T EORER AT
TE Pb R BTG Rl 5 CO, AT ZANIE T 46 L i
PR T AEORBOM I T Cu R BETS 5, £ i i
R T ZEORMORAFAE Cu B85 35 il i ¢
CO,ZEMU T ZFIIE T e M0 I 542 Hh T 20 ROK MR Hh
BT Mn HEETG G, Al BER AR T 28O
AFAE Mn 25 585 il 2% B 4 T 280K MOR
HMELT Zn 527558 ; Cd  He 7R EORMOR P 3 4 4y
TEZ 2T E N
3. % it

(1)3 FHEECT 20, i im 5 CO, 2T 2 ity
TR Cu 54 2 28 (K T A P A T 20, (H
Fr COZEMUT 20N Ph & fbdieey , JF Has B TR
PERIRERE s IE T Be VI SRt 2R PR 8 Rl
Cd .\ Cu PIRREL G2 J & it foe i s AR R 4R T2
PRETAS EOKRAE I Hg Zn 1 Mn 3 FhEE G Jm 5 i
B o

(2) % Ee i 5 CO, ZE T2 IR T e M I 2
R TZMAMEBRKMIE T ZTHESRITR
ROGIRRY], Hg iR, 3 M L2050k 3) T
24.47% 31.91% #189.36% ;3 Fi LA F Cu iR
KRBT 14.65% .23.79% F1 16. 83% , T F5 K 5 5,
BORT Hgo HARERRITRITBRIIEI.

(3) %} 3 Fp S L 20T A5 BORBEM AT 28 42 PF
SRR BRI 5 COL AT ZEMIE T e Il i
G TS U R H B Pb B TS L4t

HAHESGBYTEL RN,

(4) X 3 T UL 20 5 BOR BRI R AT 22 427

I SRR B ImA CO, AU 2N As FET5 G

Ph tp g Cu WPEEYS Y Mn V5 5% 1E T S0

AR I T2 As EEETG Y Pb Fp 53¢ Cu

FET5 G Mn H V59 Al BER AR T2 As

HEY5 YL P BRI OE Co BIES YL Zn RIZIG 0L

Mn FEETG 3, Cd Hg ¥R H HUER .
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