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Abstract; In order to clarify the nutritional value characteristics and development and utilization direction of different
leaf, branch bark and bark of M. oleifera collected

from Jiaole Tiankeng, Bama County, Hechi City, Guangxi were used as materials in this study. The types and contents of

parts of the rare karst plant Malania oleifera, , the mature fruits,

essential nutrients, amino acids and minerals in different parts of M. oleifera were determined by the national standard
analysis method of food nutrients in China, and the nutritional values of amino acids in different parts were
evaluated. The results were as follows; (1) In terms of essential nutrients, except for naphtha, there were extremely
significant differences in the contents of the remaining six essential nutrients among five parts (P<0.01). The ash content
of peel was higher than those in other parts, which was 5.7 g + (100 g) . The contents of crude fat and protein in kernel
were higher than those in other parts, which were 36.0 and 14.0 g - (100 g)"'
(100 g)
(100 )™

. Naphtha was detected only in kernel and leaf, with the contents of

respectively. The content of vitamin C in
leaf was higher than those in other parts, which was 33.9 mg - . The content of crude fiber in branch bark was
higher than those in other parts, which was 40.5 ¢ - . The content of carbohydrate in bark was higher than
those in other parts, which was 78.6 ¢ + (100 g)™'
0.26 and 0.15 mL - (100 g)"

including seven essential amino acids. The total numbers of amino acids and essential amino acids of kernel were much

respectively. (2) A total of 16 amino acids were detected in the five parts of M. oleifera,

higher than those of other parts. In terms of amino acid nutritional value, the nutritional value of kernel and peel were
higher than other parts,
(SRC) was 62.98, 59.40, 57.31, 52.25, 48.17, respectively. (3) In terms of macroelements, the highest content of

major elements in kernel, peel and leaf was K, the highest contents of major elements in branch bark and bark were Ca,

followed by leaf, branch bark and bark, and the essential amino acid ratio coefficient score

and the contents of Na in five parts of M. oleifera were the lowest. In terms of microelements, the contents of Mn and Fe
in five parts of M. oleifera were higher than others. The content of Mn in kernel was the highest, and the content of Fe in
branch bark was the highest. In conclusion, the kernel has the highest nutritional value, and other parts also have unique
development and utilization potential, which can be effectively and accurately developed and utilized according to the
different value characteristics of different parts. The results of this study provide scientific basis and theoretical support
for the development and utilization of M. oleifera products in the future.
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Table 1  Composition and contents of essential nutrients in kernel, peel, leaf, branch bark and bark of Malania oleifera
HAE Y T P~ K nt 13353 )3 Pa
Essential nutrient Kernel Peel Leaf Branch bark Bark P value
KAy 2.7+0.05a 5.7£0.17¢ 3.4+0.07b 3.7£0.05¢ 5.0+0.15d 0.000 0
Ash [g - (100 g)™]
KL i 36.0+0.65¢ 1.9+0.05b 2.0+0.06b 0.9+0.03a 1.5+0.02b 0.000 1
Crude fat [g- (100 g)"']
BRI 14.00+0.27¢ 5.20+0.03b 9.19+0.00d 3.28+0.00a 6.09+0.06¢ 0.000 0
Protein [g - (100 g)™']
HLLT 4 31.7+1.51d 4.9+0.09a 16.5+0.56b 40.5+0.47e 27.0+0.13¢ 0.001 0
Crude fiber [ g+ (100 g)™]
oKL E 33.4+0.52a 33.7+2.52a 70.0+1.11b 72.9+0.44c¢ 78.6+1.32d 0.857 1
Carbohydrate [ g - (100 g) ]
$EEC 3.27+0.10a 8.03+0.10b 33.90+1.12¢  12.80+1.16¢  19.30+0.59d 0.000 0
Vitamin C [mg + (100 g) "]
R 0.26+0.02d 0.00 0.15+0.01a 0.00 0.00 0.000 0

Naphtha [ mL - (100 g) ']

1 ANF/NG FEFRLE 0.05 K AR I EPE22 5 (P<0.05)

T,

Note: Different lowercases represent significant differences (P<0.05). The same below.
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HERREE

22,1 RAREZ oA ME2 AL, EM R
B LA 16 B HEER , Hoh T LR 7
Fifr o TEAS R AR e A o 15 P i , Horh ot
T @ IEMR 6 A A M AR (Met) o #5700 &
FERR MR M 12,71 3.35.7.32.2.21 (4.46 g -
(100 g) ", A IERR B B A — P SE R 5 1 Y
BE R THAMEAL (P<0.05) , B pz ih & FL R &
FE P BER & 11 1o 2T HAB BB A7 (P<0.05) .
BRI 5 DERAL A E IR (Glu) IR AR (Asp)
o THALE R, B &R, A AL
o [F]—Fh SRR A AN B 3 25 7 (P<0.01) %
% 5 e D 5 R B 2 2 5= (P<0.05)
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Table 2 Composition and contents of amino acids in kernel, peel, leaf, branch bark and bark of Malania oleifera

IR A= R At ke e W fe P1H
Amino acid [g - (100 g) "] Kernel Peel Leaf Branch bark Bark P value
KAEE R Asp 1.46+0.12d 0.56+0.10bc 0.72£0.10¢ 0.23+0.03a 0.50+0.08b 0.000 6
INE IR Thr * 0.62+0.03e 0.16+0.00b 0.36+0.02d 0.12+0.01a 0.22+0.03¢ 0.000 9
2R Ser 0.72+0.01e 0.18+0.01b 0.40+0.02d 0.15+0.01a 0.3220.01¢ 0.000 0
BHEWR Glu 1.96+0.12d 0.48+0.03b 0.82+0.02¢ 0.24+0.01a 0.48+0.02b 0.000 0
%2 Pro 0.72+0.02¢ 0.21+0.01a 0.66+0.04¢ 0.20+0.05a 0.44+0.05b 0.000 0
HEAM Gly 0.6420.02d 0.17+0.00a 0.47+0.03¢ 0.1420.01a 0.2420.03b 0.000 9
WA Ala 0.58+0.02¢ 0.27+0.00b 0.52+0.02d 0.19£0.00a 0.31£0.01¢ 0.000 6
2 e R Cys — — — — —

WA Val = 0.76+0.02d 0.20+0.05b 0.45+0.02¢ 0.132+0.02a 0.2420.01b 0.000 1
AR Met * 0.09+0.03b 0.02+0.01a 0.02+0.01a 0.00 0.00 0.011 1
SEEEGIR Tle = 0.59+0.02d 0.16+0.02b 0.35+0.01c¢ 0.09+0.03a 0.1620.01b 0.000 0
TEER Leu = 1.21+0.08d 0.27+0.02ab 0.70%0.06¢ 0.18+0.01a 0.360.01b 0.000 0
P& Z R Tyr 0.47+0.01d 0.12+0.01b 0.22+0.02¢ 0.05+0.03a 0.1420.01b 0.000 0
HNE R Phe * 0.59+0.03d 0.19+0.01b 0.43+0.02c¢ 0.1120.01a 0.20+0.02b 0.002 0
AR Lys* 0.9420.02e 0.29+0.01b 0.62+0.03d 0.20%0.01a 0.45+0.03¢ 0.000 0
& NH, — — — — —

%R His 0.34+0.03¢ 0.1120.01a 0.18+0.01b 0.08+0.03a 0.20+0.05b 0.005 6
EEMR Arg 1.02+0.08¢ 0.1620.02a 0.40%0.05b 0.10%0.05a 0.20+0.06a 0.000 1
FAHEMR L TAA 12.71%1.05d 3.55+0.34b 7.32£0.29c¢ 2.21£0.17a 4.46+0.36b 0.000 1
DT B HER S EAA 4.80+0.16e 1.29+0.15b 2.93+0.28d 0.83+0.10a 1.63£0.10¢ 0.000 0
R T AR S NEAA 7.91£0.08e 2.26+0.21b 4.39+0.29¢ 1.38+0.34a 2.832+0.22¢ 0.000 0
DT R EER B R B 37.77 36.33 40.02 37.56 36.55

EAA/TAA (%)

DT R IR /A T E R B 60.69 57.08 66.74 60.14 57.59

EAA/NEAA (%)

o N EEER

Note: * is essential amino acid.
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Bk A S AR B T R IR B AH 223
K, HpF T h T E R SRR 4.8 g
(100 g) " ], A K i & it de fIK, HAR R B R Al >
S AR > SRR SRRz R e A Y A
T BB N 52 AR (Leu) , R B2 A AR Bz v &5
i e P 6 T 2 B R AR (Lys) o MER AL R
FEEIR S/ AR S B (EAA/TAA) AL &
iR /A 0 75 R L R L (EAA/NAA) fe i, o
5 h 40.02% F1 66.74%
222 4 FRALRERFN W FAO/WHO #fE
AR T AR Sk SRR R B B R
4005 28R TR HEAE (RAA) (0 5 2 5 TR FUAH AR %K
(RC) W7 AR LU R Er (SRC) ISR L
F 3. K4, RCH<, TP LR AH XA 2
RCfH>1, Xz M AL R A X, i3k 4w
A ER SRR 5 AN ERA B 2 R + o Bk 2 R ( Met+
Cys) ) RC {44 /N, B BE, 5 A EBAL B 5 — PR
RILTRI N AR+ 1 AR (Met+Cys)

PAE FR AT I, E L R A 2 A o 45
S PR B IR E, T AR R
43 (SRC) & 8% FH R X & ) 86 1 b i) 2 56 R E 47
LA . SRC SR A B W b 2 5L R 1Y
2 1 b B8] 5 AR AR R B B, A 5 AR — B
W SRC =100, & [ 5T E =N E ;&5 5
P 2 AH 22 R ) SRC B8R /)N | 2% B R 11 5T 1)
RN R 4 00, B0k R AR A Y
T 2R L AH R KR AR (48.17) <K B2
(52.25) <M (57.31) <R K (59.40) <Fh 1
(62.98) , MLL EHHEnT LA, Bl o & R
BTN AE e, R EFMERZ, W
HRMERK,
23 HRLERMC RE M EE MEFT RITE
HMEREE
23.1 FEAE RS AT R R AR
Wi E RITE N K, 4508 1.08x10°,
2.73%10° 704 mg « (100 g) ™3 A% fz AR fz w75
e M H IR BN Ca, 43510 1.28x10° 1.32x
10° mg - (100 g) " ; Na 7F 77k A 3L A&
I RAR, ARIFBAL 5 Fhw o0 R SRR B
FEXEF(P<0.01), SHAFBAIAH L, B P Mg
SRR T HAMEAL(P<0.05), RE T K Na
i i 2 T HAR AL (P<0.05) B EE R Ca i
3 T HAAY (P<0.05) .

232 ek 6 Al A R i
JCE & AR RN Mn>Fe>Zn>Cu>Se, Mn
S e B AL A Fe>Mn>Zn>Cu>Se , Fe
S g B P T R RN Fe>Zn>Mn>
Cu>Se,Fe Fr i fm, 5 MM MEITR N &Y
FEAE—ERREE Y 22 7%, Ho Mn \Fe Zn \Cu 1Y% &
BB EEF (P<0.01),S REREEF(P<
0.05) . A Mn & & & T HABIRAL, I S50tk W
2SR E (P>0.05) (H=4 855 TR&
IR (P<0.05) , 78 5 A3 A7 H S 4 0 s /0 i
Se, Hop R rh & i fe i, 5 2 F A BE (P>
0.05) , {HW 2 i 25 8 T IHABERAL . B Y Fe FI
Zn Fi i 3 T HABEAL (P<0.05) ;M H R Y Cu
it 2 T AR (P<0.05) .

3 W5 &®

Bk R 5 AR IEACE IR A S R 2 R
Ko For Py an Sk SR g5 B A FR A, JORLAR
7 R BT Y et 3 T AL, TR i
VR VA R 0 0% T B2 48 A, B mT 2 1) HL O
(R, SR R R ok 5 1) B K O . A AR
W], = Sk SRR ORI W Y A TE 60%
DL b (G EFE IR 2 85,2010 5 7758 ¥4 45 2021) {0
AR IR 45 5ok B, 7P 5 B a8 Ak KRBT N
() Sk S A ORLAR D5 19 5 A 36% , B AR
T, — Bk h, £ oK iR 7 L A
F TSl A B8R 0 TR A I (BN I S,
2006) , AHFFE) P AE SR R £ 3K £ R K
PEZE B AP 35 R T M X R K ST, K
A IREAR , /K 53 78 /N FLJR 5B 78 0] A0 R
B, SR R R B R oAb i H
b PR 285 BOH M X A Sl = G, K A
WA T RAREE, BRI
(1999 ) 3 35 X 1y | A 1Ly 75 b 57 2% 1 T Y sk
J kg Z XA, KB e R
TR EFEE M RZ =B RZEFN A,
U, 7R RSk A 5 Fh AR K5 B, 0 B M 48 3R
BRENR BT HE A A A KR &R,

S RLE N D 8 an-a || D I N i N
ER/ SO T = 5 S VAR =E %X S LT S
FHABRF - Ah , HoAb IR A B F & g, ot
i Z CHISHR [ N33.9mg - (100 g)"' | &
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Table 3 Amino acid scores of kernel, peel, leaf, branch bark and bark of Malania oleifera

Wit B IETRFP 2 K H B Type and composition of essential amino acids

iEba
Part

Tle Leu Met+Cys  Phe+Tyr Thr Val Lys RAA
{1~ Kernel 0.59 1.21 0.09 1.06 0.62 0.76 0.94 0.14
R Peel 0.16 0.27 0.02 0.31 0.16 0.20 0.29 0.03
"t Leaf 0.35 0.70 0.02 0.65 0.36 0.45 0.62 0.08
#fZ Branch bark 0.09 0.18 0.00 0.16 0.12 0.13 0.20 0.02
W Hz Bark 0.16 0.36 0.00 0.34 0.22 0.24 0.45 0.05
FAO/WHO izt 40 70 35 60 40 50 55

Recommendation mode of FAO/WHO

x4 HIARMH R ERNMEHALERERILERYRLFILERILERYS

Table 4 Essential amino acid ratio coefficients and ratio coefficient scores of kernel,

peel, leaf, branch bark and bark of Malania oleifera

o W AR ILE R B RC R

ot IALES O
Ile Leu Met+Cys Phe+Tyr Thr Val Lys SRC

" Kernel 1.03 1.21 0.18% 1.24 1.08 1.06 1.20 62.98

B Peel 1.26 1.22 0.14%~ 1.34 1.26 1.26 1.66 59.40

M Leaf 1.03 1.18 0.07 1.28 1.06 1.06 1.33 57.31

A% Kz Branch bark 0.94* 1.08 0.00* 1.12 1.26 1.09 1.52 52.25

iz Bark 1.09 1.09 0.00* 1.14 0.843* 0.97%* 0.87%* 48.17

T FOREAEIERAAR AR " N PR IR

Note: * indicates that the amino acid is relatively insufficient; *

is first limiting amino acid.

RS HIRMCRE M BEEMEIEETENEARESE

Table 5 Composition and contents of macroelement in kernel, peel, leaf, branch bark and bark of Malania oleifera

WRILER
Content of i W i 5373 g P1A
macroelement Kernel Peel Leaf Branch bark Bark P value
(mg - kg™)
237.0+2.19¢ 117.0+0.56¢ 132.0+2.59d 61.5£0.96a 70.9+£1.31b 0.000
K 1.08x10°+3.81d 2.73x10°+1.82e 704+1.57b 278+1.73a 812+1.85¢ 0.000
Na 0.335+0.01b 0.814+0.03d 0.740+0.04c¢ 0.159+0.00a 0.210+0.05a 0.000
Mg 221.0+3.13e 80.0+2.46hb 140.0+1.59d 49.0+1.31a 102.0+0.96¢ 0.005
Ca 24.3+1.41b 19.1+£0.85a 579.0+0.79¢ 1.28%10°+1.31d 1.32%10°+5.19¢ 0.009

T HATAL, de R ¢ XFRPUIR AR , 78 AARIE %
HARKEBTREEEEEMN, L4 RE LR H
AR PIMIE IR, AR EMH, EER CA
AT LAFE X 1E 5 40 i JC 3 VR I R4~ B R
B8 4 IS ( Chen et al., 2005) , & A] L)L 4t b g

4 it JE A 5 S M T ( Kang et al., 1999) , L,
AT DURE Sk R R M 4E A R C 0 KRR HEAT I
AR AN [a] AR 4 SORH [ AR 49 04 AN [] B8 A7, H 4
R C W E RS, B EL
( Devey et al., 2000) , X ifHZEEE C FEMZ /D
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Table 6 Composition and contents of microelement in kernel, peel, leaf, branch bark and bark of Malania oleifera

TR

Content of i Rz H /5354 iz P1E
microelement Kernel Peel Leaf Branch bark Bark P value
(mg - kg")

Mn 18.30+1.78b 4.35+0.13a 16.10£2.31b 5.85+0.15a 17.20£1.76b 0.005
Fe 14.80+0.66b 9.18+0.70a 17.80+1.76b 21.40+2.52¢ 15.60+1.08b 0.001
Zn 7.68+0.20c 4.32+0.16a 7.95+0.13¢ 14.90+0.85d 5.31+0.17b 0.000
Cu 2.66+0.16b 1.30+0.28a 2.55+0.23b 3.03+0.31b 3.87+0.26¢ 0.002
Se 0.082+0.02d 0.030+0.01ab 0.072+0.01cd 0.028+0.01a 0.052+0.00bc 0.018

ViRl i e S S SRR AL B P B e
o HgE A R C AR 2 BN R R, Wt
W, MERCAERMEE I, K gt £ C
TS EIEYIAEIC, — 1, @6 DLk
KA E, R FHAEZE CWRE; 5 —Jrim,
SR AE AL 2R C Al i G Sl i LW P TR T
fit} (GalLDH) H A BTG EH, B m ot AT,
GalLDH (76 MA5 248 &, i 4 4E R C 19 & s hn
(LA 2004) , X AT AE SR mR Sk SRt g A R
C & i i T AL i B A

FE R S RS RIS T 5 2 de i 1 R R 34
B AR (Glu) FIRAEMR (Asp) o HARFIKRL 2
TR AN TR] Ay ff A 2 3 R v 1) R AiE S BE R, 2 B R
BARORG ——2% 20 R B R T) 4 TR 0 1) Rk, 3 [R] Sy 24
SRR, AAREHA M E, AR X—
S5 5 Ry n S AR OC £ O R T R R R T —
SEMEE SR, 78 AR A SR R & &R )
H AT R, R PR S RGN R
M, AT ARG TR A RN Y K
i BAE R, B 52 ) 010 T Bl
(Lutgen et al., 2016) , {HJ& , &R &% = o &,
Sy Ly MR A S L A2 A B R
JC, NTT 5| & — ZR 5 B9 # 28 22 52 %95 ( Morizane , et
al., 1997) . KA IR 7E £ #F A4 4 M o8 4% 2
T RS R B, 348 ] DA 28 40 PN B 2 ) & R, )
TEE W00 I (824, 2015) o R, 76X 5
SR HE T B A 2 T R R R N
HEAL, WA ERE LR AL /AT
AU (FAO/WHO) #2428 s =X, 0 T 2 1
(00T R IR 5 & R R A 1Y HAE IV ik 3] 40% ,
TR IR S AR T EELTR W FLAE R 7E 60% LA I

(it £1,2019) . %X —brifl , AR AE 5k R
SR RAEMMEAREREEA, HER
A (2021) @05 & B, Fn Sk WA LT AR
SR IERR R W AN 37% , M 45 55 A BE 5T Y
SRR~ AR KB, R & SR
(SRC = 62.98) ) 37 Hr {H & i, Hok o R R
(SRC=59.40) it (SRC=57.31) ., A WL, 77 % 5
i P O = % K 3 o V= N = S = T
Sk A HBAL Y 5 — PR i s B R 3 o B R + R
Jot 22 (Met+Cys) o A . — &/ & A R £ 2
HETHYHEEAS HBYTEEATERD(EH
FEA R, 1999) 5 55 — &B 43 J& 78 7K A e > bt 20 1R
Al REMEREIR  FE AT v S R gk . B, 7R T
KRR, B35 5 kb 78 1 0 2 S R LA 2 L R
ANI=RS

kRS AR T K R K A
FE L, K EZE P TR Y &5 0E BRAH A, AW 5T
R, A R A K AR AL Ul B A Rk
SR [ SR A B Sh B BR AR, AR
K ASH5HEZEH/IY A, BRI E ™
W 0T A 0 3 i (o HG T 5 5 3] M 5 AN 7 o
(k&G4 SE,2001) , B UL, 76 55 Sk S5 5 S0 2 N
[, I ARR A R Y KR REAE ] SR B iz s it o M
BEW A58 R AL a2 8] T A, K BR T Xl
YA B8 SR R R Oy B T A, i E
PET RGN B N W98 35 R LA M pHL A 5 T KR R
GEZEH., AR LW, &S MR h KW
FrEANAURT DABE i A i s Bk i A i 0T L
R B 1k 1 A TR, DA T I AR PR R R i R
WY XU ( Tobian et al., 1985; Kieneker et al.,
2014) , (EHAREREMZ, 5k A1 K/Na L
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EARB, E B S B AN B s A, e A A
WK e i, K/Na Lo 5 29 3223 0 1 Al
3353 : 1, Chang % (2006) iF 55 2 W | 78 2 4F ARt
R IR AR AT LA PR I 5 T AT T
RV AT 41% ., PRI IL , 8 1 7 Sk SR A 2R ST LA
VERFF A e BRI 7 it ) e A R 4

R IR b Ca ST FEE, Ca
AMURAEYWER KB UHNEFRITE, L2411
WANAE 5 1538 57, 2 5 AR b pl 2838 ot ) 1%
1 LA A U 4 45 A4 B T) BB ( Cashman et al.,
2002) . Ca FEAHPIIAR N 2 —FhoERS 2 H 73 /i AN
SIREFRICE . — MR, Ca FE MY 1K N 1 32 Hii
1 FEk HZEERL ) (P RMISE,2012) 25 (W
B2 M CEM T o) e Ca R — MRBCET, R
SRR E BN, Y Ca s BN AR E
L, EEZEE TRE, LA kA E (AT
FIMRAE,2000) o BRI, 78 6 A FHBGRE B8 | 2B K 1) [A]
MK AU B Ca BB BT, X 1T BE 2 5
SR K IR B v Ca 3 v T LA AR AL A i A
Z—o RAEWE(2013) BT R, 55 Sk R AE B IR 4
SRS KB, BA B, A
WEFEH i Sk AEAE R AR M —— ) P )t T 2
BAZ IR KRG, J& T M AU 1) g R 5 Vs A O 1
W Ca SR, wk X LT Ca AW USCRIA)
HLOMUGE R A B IEFARKEST, B0 LS
Ca 2| —& W E EEM T EMmE MK,
T SR AT 4 1) AR B2 RITRE Bz i T R 5 A 5% 3 4
Tk

FER R A A K R b, HOR R 41 810 ot R
PSR AN AZ AR 1) 3% R T A8 ) 0 2B K R R
BB, PAENHEIRN S TR TR, 7E
BRAKNB RS, E80Mm Tk 218 RAK
B BRI A A JE AR K A E 2 R i P
SR E G AT R B E K g, AR AL
B (PMVHEEE 2021)  ABIFSE R B, 7 Sk L 2
AR P i 0 T AR A, I B
) P ALK TR, B, 7R Sk R IR
SRR AR SR P RS A s
([ =5 A el OB NE R R S 9 S o S
it — L HoE

ABFIE R, BN P I E A R T 55k R
AR AL 5 AT eI AR R B T S i PO, A
AT R BRI & A G I, ARSI LB BR P

AN, R Mg E AR T A AL, Jerneje Al
Legisa(2002) iff 5¥ & B 76 S& il &5 Th s i Mg, v] 42
= PUFA B9 & &, (HJ2, Ju BB A (2018) F9Y &
B R PSS S AN A A
ek, Mg 5 PUFA (& I 2 A 56, A H
FEPINR I TR A W ads 12 1 25 5%, ml R S o il b ik 22
SR B, R Sk SR R R S A G
W RTCE MR R B s 56 R 6 Sk SR 1 5] b
HEEAEEE L,

TERR TR T, A GRS 5 A ER A H
Mn Fe Ea¥ym FHAME TR, X RKZHEY
M, SMHARN Mn &2 KTF 20 mg - kg B, 4R
gl Mn (L REEATIE,2002) . ARBFE LB, 1E
R S AL AT R M iR, R
18.3 mg - kg™, PAHASE AR KT N B30 3k SR T REAL T
B Mn RS, Mo BARE R IR BRI R T
F R PR L Ak A TR b R AE E A K P
o Mn BEZ B RCAHUR T Fe B2 598 37 K8 0]
MR IE ,2002) , 755345 (2021) B 5T
B, m e aek A H Mo & 24.26 mg -
ke AR & 2 61.05% , A IS &N
21.02% , f& TAS B 5 s Sk AR v A HLIE 7 7
H(36%) I & i (14%) o §% Mn BHA L Mn
i m A, R i B R AR T R RO A AT
FERZ AT E— 2518

Mn 7EAH ) 1 P 32 i 1 e ) R 2 AR 40 3 A7
AR RN A7 22 5, W R R 7 B8 sh AR 4 5, T AR
TR SRR X OE (X, 1991)  AHYITESZ ) B Mn
JofR 3L B | AR 25 R i R Y Min £33 3 ) 2 S 5 i 2|
B (2R IE,2002) . HI, ABFFEIA K
HH G HAB A, Bl rb Min 5 A v 340 I IR AT
AEZ B Mn 38 . Mn 75 MR B AR Bl 28 2 B0 G b
ZWMFEE T I R EE EEAEH, Mo B 6= 7T g
25 PO 2 A T2 TR B 7K P R AR (O e 4
2009) LA R 51 R R R AE SR . AN, Mn 16
PRI HC 5L A ) s 1t 4 8 0, T DA R IR YT 22 1M (4%
OARAE,2006) . — N BUAE AR Mn % 2K
10~20 mg HARFHEA 2.5~5.0 mg( 1] & F4,
2010) , 55 S S B0 A 0F FORE B2 B Mn B i
16.1~18.3 mg - kg™, Bk, FoAR A~ i AR Bz wT
DIAE Ry A Mn B4 %b 78 4 5

Fe Y/ ERE T LT ME TR, FEAEY M
Wt miG s R ¥R EEEEN, K28
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YK Fe &4 100~300 mg - kg, H A A AH Y
AR Fe it 23 AR AE — 22 25 57 (T8 158 TR Fi 2
7%, 2014) , Rout Fl Sahoo (2015) B¢ 48 i, Ml
Y 355> K25 90% (1) Fe 23 i 7E M- ik p AR
WA R R, 55 Sk R A Y Fe & &t d5c i, He
WIEN, Fe fEME YR N B i f M RESE 2R BB H ),
P AR I WSO i 2K s i B e, 2R AE Dy as b )
T AT RRJE L Fe 3 it i T A A8 A7 A9 i 18], . m)
B2 7R S S B A 8], i T i Fe B iz B SR S0P
AT 2 b Bt Y AT

Fe E AR T M IITR TR E A, S5 M40
B RIE LS 2 (0 A B, Fe 19 & &8 5 A K 1
ML HE 2 UIAH 5C (M I AT ZR 8, 2011 ) | Fe B8 =
23 PR PE B M, B Y Fe 58 21.4 mg -
ke Jm s T AER A Rk, T DAk A R R AT
A Fe 2572 5B TT %, T Mn 1 Fe 2 BB IG 7 47 1
IRE ST, AT B Mn, Fe JE i 4 & A AP RN 64T
FHIC = ST &

g5 LR Sk R AL B B R R AN,
BAIALRE A —, A K, Fh B S &
HRRLAR G R LR P Mg & H & RS R
= o SR iyl = S I a1
TR ) K i HEE R 18 SR OR F
P~ WA R C o T S B AR
FRVEAN vt EL A 4 19 28 B, 100 B 7 2 ot 8 ) et
FE RS A BA — & I LR B . B R
e R E TR A B A AR A, B v ) A 2F
A ok G Y M Ca & LB, T LUK H O &
S s R M, Ak, SR DL R At S
fr PR K K/Na Hfl, s IR A B
KT KR T, A0SR AR 5T H 2 X &3 A7
[i] — B} 30 ) 5t S SR R AT HR A A B, L3 3R R 43 1)
SRR T #E— 20 5%, AR s H 453 A ) A
FERWCET A, 22, X Sk S A 8 3% 0 1 1 %
o AT, AR 1 45 38 53 AN (B4R o5, 34 fiff HL AR
JRA AR LY B B T 25 RER , MRk
7l 1 K R B B A U A O A B A i A AR
EH .
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