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ABSTRACT: Objective

bioaccessibility-based evaluation system for Zea mays L. mineral quality, and assess the changes in the

To investigate water-boiling on the nutritional value of trace elements, establish a

bioaccessibility and comprehensive nutritional contribution of major minerals in Zea mays L. induced by
water-boiling. Methods The 2 kinds of representative commercially available Zea mays L. samples (M1 and M2)
were selected and treated by water-boiling. Using the physiologically based extraction test (PBET), an in vitro
digestion model that simulates the human gastrointestinal environment, this study determined and compared the
changes in the total concentrations of 8 kinds of mineral elements in Zea mays L. before and after water-boiling
treatment, including potassium (K), phosphorus (P), magnesium (Mg), calcium (Ca), iron (Fe), manganese (Mn),
copper (Cu)and zinc (Zn), together with their bioaccessibility in the small intestinal phase. Furthermore, to more
accurately reflect actual human absorption, a multidimensional nutritional quality evaluation model was established
for quantitative analysis based on estimated daily intake (EDI), contribution to recommended nutrient intake (RNI),
and index of nutritional quality (INQ). Results Water-boiling treatment altered the matrix structure and affected the
bioaccessibility of minerals in Zea mays L., with different elements presenting differentiated trends. The
bioaccessibility of Zn, Mn, and Mg increased by 7%—45%. The bioaccessibility of Ca and Cu decreased by
14%-49%. K exhibited extremely high solubility stability, whereas Fe and P achieved a recovery of release in the
small intestine stage. Data assessment based on bioaccessibility showed that Zea mays L. was a stable and
high-quality dietary source of K, P and Mg. Estimated based on conventional consumption amounts, the EDI of its
edible parts and the contribution rate to the RNI were both at relatively high levels; INQ analysis further confirmed
that even afterwater-boiling, Zea mays L. still possessed good nutritional value in providing K, P, and Mg, belonging
to high-nutrient-density quality foods. Conclusion This study reveals that water-boiling exerts a bidirectional
regulatory effect on the bioaccessibility of mineral elements in Zea mays L., thereby altering their final nutritional
quality. This study indicates that the total concentration of minerals in food cannot accurately reflect the degree of
their actual absorption and utilization by the human body. When performing food dietary nutritional evaluation and
processing technology optimization, it is necessary to consider bioaccessibility indicators in combination with
traditional total concentration indicators to more scientifically and accurately assess the actual nutritional contribution
of processed foods. This finding provides a key theoretical basis for nutritional loss assessment in household cooking,
precise dietary guidance for special populations and the optimization of food processing technologies.

KEY WORDS: Zea mays L.; water-boiling; minerals; bioaccessibility; index of nutritional quality
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LRIR UK R(EAt, FIgBTR T AR e AT R
Fl); SRR, WRREEN . SARENOIATAE, iR AR AR R
B A IR FD); PR . FLER( T al, PEBERMFRO A R
v, B EEEP7000, SRIE TR E R, BEIE =250
units/mg) . JHHH$2I/AHEL (B863 1), EAF(P1750, KR T
TR, 4xUSP)[ VG 6 35 B8 7 B2y (i) 52 5 A5 B Wl )
65%THMIR . 30%id LA (M al, =255 B b R
A, TR HEY) BT E K (GBW10012a, Hr TR A}
2T BE R E Y 5T S A B L)
12 UFE5EE

Optima 7300V HLEHE A 55 5 114 & S ik AL (35
PerkinElmer 72\ 7#]); Multiwave 7000 i T4 fif {5 (B8 b A1)
Anton Paar A H]); MS-TS 43#7 K F-(k5 & 0.1 mg) . pH-3C pH
P+ Mettler Toledo 2% 7]); CR22N Hy &L AL(H A4
HITACHI 22 7]); FSI-200 7R 15 758 R AR R A PR
ZAwl); 101-0ABE IR X THRA (1R S A PR A
al); LGI-12 SE R EA R TR T IRALAL A TR E M AR AT
PR ]); DYHG-2550 B AR AR KRFRHER A R F).
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AT 37 WAL I S P 1 433 7 B 2 A LU (M) B 2 B
i (M2) 0 T oK 40 0 ROK B R VR TR S A oK
HMI, M2), HAT KRS LIU R )5 =it 15 k& kb
B OR SRR KB TR AR, ER R E
100 °CH-A#FEEE 10 min, BUHRERENEEIE, WT K5,
YERBT R MI*, M2%), PILLFEM IR 2SR T
e R0, T 65 ORI T 4 h EiEE, BT T
.
132 Hmilfg

FRELZT 0.5 gCRE TR 2 0.0001 g) E KA R FE M B T I
R ZIEREES, A 5 mL 65%EEE A 2 mL 30%3d
LA, BERANE . BT . X R R
AT 3 REATINE, RIS 2 AR, i EEY
SR (GBW10012a) 47 i B
1.3.3  4RIMERUE AL (PBET A1)

%M RUBY 25U R i PBET J7 vk #EAT 1A 4S5 4D,

HAL. (DBEBE: BEHBEIBE IR L): & 0.5 g iR .
0.5 g ¥R, 042 mL LR . 0.5 mL /KZLTR K 8.775 g &
feil, FWELERIET pH & 1.5 J5IA 1.25 g HE AR,
HEFIFREL 1.000 g FEAE T 50 mL BN E.OE D, WA
30 mL P B W (B L 1:30, m:V), F 37 °C. 150 r/min
SWEEEY 1 h K3 RUBY 2008 )y i, % 8 1% 1 i
b, DAL E W, FEERIEEARR LA ST
WITE Bk, B ORI S R e e R v . RN S R,
WH 10 mL FZ W, 76 4000 r/min F 250> 10 min, [¥§
W2 0.45 pm JEBL IE, T 4 CCORAFREI . (2)/ i B Bt :
B W B S N A5 RS, 1 Rk R A AN R T R R I A pH
£ 7.0, WA 0.018 g IEAF(A R IRE 0.6 g/L) 0.06 g
RRER (AWK EE 2 g/L). 4kZE7E 37 °C. 150 t/min T 1{H
PR 4 h, BIAWE I IF4ERE0A R pH #£ 7.040.1. 45
WIE, W10 mL RN, % 0 SR T B0 Fad g,
VeV T 4 CCLRAERRI
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HHEFRBAR
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$5(P<0.05 #8255+ %), FIM Origin 2025 23],

2 ZERE5HH
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Ne HFE 1 IR, WRNAE TORFRS 8 R P BioC & AUk
BEHE R — 2, M EARIK IR R K>P>Mg>Ca>Fe>
Zn>Mn>Cu,

IR T ) B e R B 5 R B Y
HEBEVERI A AR E . PR OKAS P Mg 7EOK BRI IR
FE R & A BB AR (P>0.05), B IX G R AE T ORI
TR AR B, RBBEKRK . M2 KESG Mn #E
B G2 22 57(P<0.05), {HARMLIEE 4/, Fe. Cu Al
Zn R SRR SE: 75 M1 P B R (P<0.05), THTE
M2 R E . MIHZ R, K 7EK &R W LB A
[l A2 Ak, M2 KGRI R, 1 M1 K E 5 0 58235 7
(P<0.05).

AWFSEH, FT YR Mg, PYEKE ISR T8
FRRENE, X5 MOTA P FEAYEEE . Wik,
FEHR VL RAFAE =S, KELS R E T Fe, Zn,
Mg. P # K B & 88 &AL, ZERSFEOR S Mg &
HIEIR 20%, ABF5ET M1 AESL Fe. Cu. Zn B/
5 MOTA FVPTRIAMFEE B —3, X—45 RS
LUNDPSHS AR Ay g ML 7EBZ M55 ST,
TR T 4 e R o JE 1) W 7K A o B B, 1T Mg
AP AR E PRI 7 Y R OKRBE AT RE LA S SR A 4 5 [
Frfg 1, XA FaEYE S MISHRA 2520880 378 0 £ My 5L ok
N YIAR DG : W 55 E LAE B RS AE A, e B B
O AR 5T 2% 1 A I 45 R S A K A3 I 4 (A 1 - E
Ky, R EE RO B AR 7 R R e T A
TR SR BLAb, FOKSEEE RN B 5 Fth & 45 T ¢

SR P R, R R AT R R TR K VA T ) 5 )
RN TR . KEE, M1 Zn S8 TR K &
w ETF, M2 H Zn S BT K S TR, RIURE &
T 7K B AL B e N AE AR ZE 5, $ROR RS AL RR I T RERE
M ) o A K A sl R P AR RS S5 1 B8 . GANESH 25000 xif
TR H AR RBIBGT R R R, AN IR 3 R AR R OK A R T 5
RIR G RAAEREES, XEWRE ML M M2 T Y5
SR RRIY OE S P G W R B T RE R [R], i S 30T
KBS BRI ER .

IEAh, LISCIANI %Pt K # 0Lk 32 i o4 1
W 0O B8 23 8 B AR T 52 A 0y s S W B, ke AT
N T Mg P RS R, TRERE I)BH R TP
HPHR Ca ML, P UFSE T AP 5
SO HA B IR . LIU 25028 6 T AR I BFST
s ds b, A AERTI TGRS PRV AT S8 Mg, Ca. Mn il
Fe (BB R, Hrp Mgt iR vl ik 68.8%, 33Xt M
PEIE T A A4S 4 5 Jo e A 3 7 225 St 7 W) JR 1t B8 oK L
KR
22 KEXERPH REDTL RN

KB T EKRPH YR E Y AT 450k, Bk
a3k 2,

AN TEE X KB A B A2 S . BRI S,
KM Zn. Mn F1 Mg 7E/NA BB A= Py v] 45 PE8 8 T 249
7%~45%. A= EAK M1 M2 o Zn B9/Ng AT 251 4 )
M 44.48%FH1 48.26%, ZIKAEJGHANRIE 60.51%F
52.68%, RN 36.03%F1 9.16%., Mn Fil Mg i
IR IEKFH: XFTF Mn, A= FORARAD M1 AT M2 f5/
J HE AT 5 AR TR (3N 7.41%H0 10.60%), {HAE/K
BRI E 10.69%H 15.34%, BEIE4>51H 44.26%F
44.72%; Mg /Mg A nl 450 R RE A /K G 15 21 M0,
M1 F1 M2 43 B i AR L Y 51.59%F1 52.04%3 T+ Bk & e
) 55.78%F1 55.90%, ¥GIRATN 8.12%F 7.42%, LI b4
RRPPKEAFIFIX 3 FOCRLENGE RS AR X
— &Y MOTTA “UTHEF R ML I H 45— 5K,
RBUKENHFEZ P Zn WEY T AMEREZ 3.5 5. HAL
T RE I R FHe 7 75 B I SRR AR . AR 5 v R

Fz1 M1 M2 EEKRMAEKS 8 T MRITENSREFE)(0=3)

Table 1 Total concentrations of 8 kinds of mineral elements in raw and cooked M1 and M2 Zea mays L. samples (dry weight) (n=3)

oK SRR Ca/(mg/kg) Fe/(mg/kg) Mn/(mg/kg)  Cu/(mg/kg)  Zn/(mg/kg) K/(g/kg) P/(g/kg)  Mg/(g/kg)
Ml 211.65+2.43° 68.25+1.90° 25.78+0.16*  7.06+0.79"  52.51+1.38" 18.04+£0.30" 6.62+0.06" 2.28+0.03°
M1* 213.23+19.56" 60.88+3.48" 27.03+1.05° 5.09+0.35°  48.52+2.19° 19.51+0.67* 6.40£0.27* 2.21+0.09*
M2 213.74+15.94° 51.98+5.89"  22.82+0.04°  5.77+0.23" 41.21+0.87" 18.59+0.15" 6.70+0.13" 2.19+0.00°
M2* 235.84+11.27° 56.26+5.89° 24.64+0.14"  5.17+0.34"  42.45£1.20° 18.12£0.22° 6.71£0.07* 2.15£0.04°

H: SFRAERML 5 M1*, M2 5 M2%), REFEFRZEMAEAR t IR HITE P<0.05 T 2505,
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Table 2 Bioaccessibility of 8 kinds of mineral elements in Zea mays L. samples M1 and M2 before and after water-boiling (n=3)

25 M1 M1* M2 M2*
Ca-G 68.47+1.90° 66.52+0.60° 64.50+1.04° 68.40+1.10°
Ca-I 28.83+3.50° 14.77£0.59° 31.51+0.53° 16.23+2.44°
Fe-G 31.86+0.21° 27.80+0.35" 37.20+1.87" 31.19+0.15"
Fe-I 38.79+1.60° 38.61+0.42° 39.16+0.51° 38.24+1.28"
Mn-G 67.64+0.99° 68.06=0.63" 67.11£0.57° 71.4241.90°
Mn-I 7.41£2.31° 10.69£0.67 10.60+6.10° 15.34+5.87°
Cu-G 35.11+0.98° 33.02+2.57 36.23+1.31° 29.03+1.74°
Cu-I 36.95+3.07" 31.64+2.45° 41.95+3.90° 33.28+3.07°
Zn-G 78.29+1.80° 74.18+0.81° 72.39+9.11° 82.89+2.19°
Zn-1 44.48+13 .88 60.51:+0.74° 48.26+6.39° 52.68+6.95
K-G 74.08+0.97° 76.50+0.58" 72.41+0.31° 75.83+0.99*
K-I 76.02+1.37° 75.58+0.53" 73.15+0.16 75.7342.63"
P-G 64.73+1.28" 50.24+0.43° 63.93+0.52" 51.96+0.72"
P-I 72.66+0.51° 72.100.80° 70.83+0.62° 71.60+2.07*
Mg-G 71.82+1.63" 73.93+0.63" 70.15+0.35 75.77+3.52°
Mg-I 51.59+1.72° 55.78+1.12° 52.04+1.58" 55.90+3.47°

TE: G R HMBG 1 Ra/DaH B X T RFD £ KA R BOH R TR, AW FERRRETE YT AERA R #E LR

(P<0.05).

T M BB T Zo®t . Me? )R FEHTEFRE T
KUMAR 25335 SR K $uin TAOBFSE HhiiF s, 768 b i i
FRAR TRPR R AR S R, B Zn EEYRAIEY 4
PEE R RR AR A S I B ORIOG . I RER A 2 W L v A
ST ROWEIR T 0 W) R A R 4 A W RO AL 2 e, R T W
BiUEMERE T, K, GANESH Z&BMEH F ok N JEE
PR ARG (14 SR DR R 2 S e — e R R T R R P R
R, XATREMRRE 1AM ORI SRR (ML AT M2)iT )
JRBHCRAETHIREE (22 5. SR, AWF5E4s s L &0
Sz ROUSSEAU %P GEAFfE 2 5o LIU %P2,
WHEESEAR KT Zn A1 Mn 1YY AT 45 MR AR
ROUSSEAU %04 % B 4E K 2% 3 ik [A] 25 R A3 7 Hp Zn A
Mg IAEYI AT b X R 22 SRR, A BT ) I R 1)
SO EAT 5 R O FE TR . T R I R ) A B F A2
RO P REAE— BB EARY T 0 W e ad R L, TR
AN A T L5 e 4 A 4

5 R m R IR S AR R, /KB CaFl Cut
/NG B R PT SAPE T R T 24 14%~49%  F71J2 Ca, £
Fok M1 A M2 FE/IN By B A= AT 2451 53 31k 28.83%
31.51%, MiKEGDAEEE 14.77%F 16.23%, FEiFS
RBIA 48.77%F1 48.49% . Cu BYEWn] 45 MEAE/K ot 2 B
TR EH: R ER ML M2 /NG A AT 251 4

36.95%F1 41.95%, KB4 HIFFARE 31.64%F1 33.28%,
R 235K 14.37%F1 20.67%. iX—%55 5 GALAN %05
TE s B SR C T WSS LEE B BB Ca AEW AT 2544
FIBLZARSE, {H5 MOTTA 45" R L1U 502 o 45 SR 40
%, MOTTA "L BUKEH THZ P Ca Ml Cu 4
A4 PE, LIU 25852040 5% e KoK R 22 AR 0 1 Ca i 4 vl
. ARBIESE HPOULER B A S B IR, ORI T AT BEXT
PRb PG R E AR AR . MISHRA 255838, $hbap 2
SEEYRREWERE, TERTESUENR AWM., Ak
HUFTRES T 17 ROKTEM WIAL AR (B AR, TR AR T 4544
R BN E A R-TER - R E A, 4 Ca F
Cu FBr s a0 B, ARG 7E LR P, sl s T i kg
TS B FEBH 7, DA BELAS T AR /N i B BT
W, AN, ROUSSEAU Z50ONE 22 i) 72 v i 1 27 4 A
MRS A4 P RE- S0 W RE (AN VR PEBS B0, X Se A
FETH A AR o AR IR, Xt n] BB 33 Ca AT Cu 2B
AT 2 M R B R A

ARRTF BRI R FEAE, NMaH B K. P Al Fe 7
IR AT FE RIS B AR MR E MR . K 7R
M B IR AR B M R T, G k&S ®, L
1 H B BE(72.41%~76.50%) Fl/ Mz B Bt (73.15%~76.02%) Y
W] 5 P YRR 70% L BRI RIKE, Rl K RIS
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YRR TR S, PSP pH AR L H) R BN o
Fe FI P LU H B BBz BRAE/ M B Be [l THg R 4 7K
AR T PIETE E BRI IR R, M1 AT M2 P Fe 9

HE AT PRS- TN 31.86% 11 37.20%F% % 27.80%F1 31.19%,

P 43I 64.73%F1 63.93%F% % 50.24%F1 51.96%, {HTE
PEANG BB E, HAE AT 45 R E T 3 5 A FORHA 24 1
IKF-(Fe 294 38%, P A7 T1%~72%). XAMERE) Pk 55
FARG B A SCIIGE 2 A AR MOTTA 25U g3 /K
P TR R Fe BEY T bELL 0389 P Al K
BRI AT A, LIU Z5P20% B00 2% 2 Al A g
T KK Fe A=A 451, 1 ROUSSEAU P43 & rp
W) BRZE A ) A S 4 S5 R R AIK Fe 19 2R 0PI 231 o AR5
W Fe F1 P fE/NABY B A B G UL, RASKEMAE T
Fe Fl P TEMRMEIRES T IO ARIE, (AT R/ Mg ISR+,
XEETOR BRI, MM ERRR T e & £ W) R IS g .
MISHRA U5, Bl pH Fhes IR A, B BB
T8 LA 26 15 90 JoT s -0 400 S SR AR A AT R K A 2R
MRS H B P B SR B . R, Fe FP X FlARESE
< B Fh B2 AT RE 25 & 25 T A 1 A B S Ak 2 AL . — i,
pH i EEYETEZ P (pH 7.0) R AR AT BEVE S T30 20 %)
pH UMW) I A W0 & A T A sRC AR 38 4 53—
AT, MR AT AR R 0 T A S A B 0 — 2 R A £ B Hh Y T
-2 BT 45 2540, DT AT BE AR IR T 1 B B A1 A o i
TE BB R 48 . X R FOKRILTEXT Fe Al P AYSRATHA
BRSO, Ik /N PR B AT R A B X R gy B R A
I AB A YT S AR R e . X — S5 R R, FOKRIER
FE 8 8 P LT HA AR 0 Y R GE M, (T
T B (1A 5 T RE 2 A A R 1 SEBR S IR T .

23 ERDPHYIREREFRTEITMN

AT ER HPEAY K BRI E SR IME, AR
A T A5 H $% A (estimated daily intake, EDI)FI RNI 5t

BRI T .
23.1 EDI % RNI T#k %

FEF B B A AR T 45 SR BE 1A 11 EDL 2 RN 9
TIRCRLE LI 3 A 4. ORI TRl WA ¥R EDI,
Hofr K 9 EDI fc o FHER 4 01, DAAW o] 45 250k B R
M, E KX RNI B9 57 #k 2 HE )P b 0 K>P>Mg>Cu>
Zn>Fe>Mn>Ca, K. P, Mg J& TR RAZ L E R R, L
FEA 100 g BRI 435106 2 BN B H 755K 19 69.71% . 65.94%
1 48.79%, HZTTRRAAE K G R EFRRE o (15 B 2
KA Cu B Zn BB DTERAE A TR AR 152
Wi, EARAE KR Cu B9 R SR IR (T e 4 H %R
30%~32.5%), {H/KZALFR2: AR RN DT £ 20%
Ao MR, XF Zn, KEJG B SR TTCRE AR A P
PRI M1 RESE XL RNT B 5TRk R 1 22.59% T+ 2
34.59%), FHZMER FBGEET Zn AER AME, Wi
X — U AR A AE AN 56 1 R B A PEAN v B 2 SR
T 5T, TN} Ca B9 RNI STERFIIET 1%, F£H
HIHAE Ca WAREE R . MA 0Kk M5 dis
T RI LSS, UESE T A AR A TP, S
T Al A P B R A T I S B 3R Tk, MR
T 2 R
232 INQ##

E K W 543 ) 3 T S B (index of nutritional
quality based on total concentration, INQ-T)-5 A= ¥ Al 45 A& 1
J (index of nutritional quality based on bioaccessible
concentration, INQ-B)E F S & 85U 5 . X o
Mrigm, 1250 INQ-T tEMARFfEmE, FHESHME
I ESCE R NE. Bk L, FuE K INQ-B B FAHM
#J INQ-T, HH Ca, Fe., Cu ARSI & . 1N, INQ-T
Hedis R oK J& Cu Fl Fe AL TR IE(INQ>1), {HZ LT
BYERZIEJG I INQ-B IR, HXF Fe 1B S & BTmk AT
AR, XLt s B 2R TR 2R (INQ-B<1),

#3 ETERREMEDTESKERNERDTYRTEMIT EDI (mg/d)

Table 3 EDI of mineral elements in Zea mays L. based on total concentration and bioaccessible concentration (mg/d)

FET EHE HET TR ASWE
TR
M1 M1* M2 M2* M1 M1* M2 M2*
K 1804.00 1951.00 1859.00 1812.00 1371.00 1474.00 1360.00 1372.00
P 662.00 640.00 670.00 671.00 481.00 462.00 475.00 481.00
Mg 228.00 221.00 219.00 215.00 164.00 163.00 154.00 163.00
Ca 21.17 21.32 21.37 23.58 6.10 3.15 6.73 3.83
Fe 6.83 6.09 5.20 5.63 2.65 2.35 2.04 2.15
Mn 2.58 2.70 2.28 2.46 0.19 0.29 0.24 0.38
Cu 0.71 0.51 0.58 0.52 0.26 0.16 0.24 0.17
Zn 5.25 4.85 4.12 4.25 1.92 2.94 1.99 2.24
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FH1TE

x4 ETRREMEVTASRETENERY MRTEMSIT EDI X RNI B95T#K(%)

Table 4 Contribution of EDI of mineral elements in Zea mays L. to RNI based on total and bioaccessible concentrations (%)

- ST IR LT T S AT
JLR el
Ml MI1* M2 M2* aofiEs Ml M1* M2 M2* H{H
K - 90.20 97.55 92.95 90.60 92.83 68.55 73.7 68.00 68.60 69.71
P - 91.94 88.89 93.06 93.19 91.77 66.81 64.17 65.97 66.81 65.94
Mg - 69.09 66.97 66.36 65.15 66.89 49.70 49.39 46.67 49.39 48.79
Ca - 2.65 2.67 2.67 2.95 2.74 0.76 0.39 0.84 0.48 0.62
5 56.92 50.75 43.33 46.92 49.48 22.08 19.58 17.00 17.92 19.15
e « 37.94 33.83 28.89 31.28 32.99 14.72 13.06 11.33 11.94 12.76
5 57.33 60.00 50.67 54.67 55.67 4.22 6.44 5.33 8.44 6.11
Mo k'Y 64.50 67.50 57.00 61.50 62.63 4.75 7.25 6.00 9.50 6.88
Cu - 88.75 63.75 72.50 65.00 72.50 32.50 20.00 30.00 21.25 25.94
5B 43.75 40.42 3433 35.42 38.48 16.00 24.50 16.58 18.67 18.94
o « 61.76 57.06 48.47 50.00 54.32 22.59 34.59 23.41 26.35 26.74
TE: -FRILITER M RNI SRR A, SR MF1R 5 L4558
®5 ETRREMEYTESKETENERTMIRTE INQ
Table 5 INQ of mineral elements in Zea mays L. based on total and bioaccessible concentrations
HTF INQ-T 3T INQ-B
JLR el
M1 MI1* M2 M2* Ml MI1* M2 M2*
5 5.50 5.94 5.66 5.52 4.18 4.49 4.14 4.18
K & 4.40 4.75 4.53 4.41 3.34 3.59 3.31 3.34
% 5.59 5.39 5.65 5.66 4.06 3.89 4.01 4.06
’ L 4.47 4.31 4.51 4.52 3.25 3.11 3.20 3.25
5 4.21 4.08 4.04 3.97 3.03 3.01 2.84 3.01
Me '8 3.36 3.26 3.23 3.17 2.42 2.40 2.27 2.40
5 0.16 0.16 0.16 0.18 0.05 0.02 0.05 0.03
e oL 0.13 0.13 0.13 0.14 0.04 0.02 0.04 0.02
5 3.49 3.10 2.64 2.86 1.34 1.19 1.03 1.09
e L 1.85 1.65 1.41 1.52 0.72 0.63 0.55 0.58
b 3.48 3.65 3.08 3.32 0.26 0.39 0.32 0.51
Mn &L 3.10 3.25 2.74 2.96 0.23 0.35 0.29 0.46
5 5.41 3.89 4.43 3.97 1.98 1.22 1.83 1.30
c oL 4.32 3.11 3.54 3.17 1.58 0.97 1.46 1.04
5 2.66 2.46 2.10 2.16 0.97 1.48 1.01 1.13
“ L 3.00 2.78 2.37 2.44 1.10 1.68 1.14 1.28

SR, X T K. PL Mg, BMESE T AW 40K,
INQ-B {EATE AT 1(#40 K B INQ-B H 3.31~4.49), F
FORAIE X 3 280 PR R ok U5 . TR B Ik
JK A R kB ROT S I SR S R INQ PR AR R AIE S
THXERE P, K. Mg MIEFORIE, FWEXILFZ RS
YIRS [ 3 5 2 HA s R 208 SRR e
HAS 422, KEN—PUEET Zn WEFTE, I
INQ-B H#IE 1.0 42T 2 1.0 LA_E G M1 AL B4k 0.97

THZE 1.48), i TOUCE SR IRH I E bR . 25 L ITIR,
FIAEY AT PEAZIE ) INQ-B. A5 75 il BT 5 et S B £ b
TN (R )X & F5 i i SE PR, A1IE T AR GET M ik

I F I

3 REHEiR

ABFFERGEWIFE T 7K AL BN £ K T ) o SR
AW AT P S B IR BRI R, e BGRB8 ) T3
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WS IS AT B, (R BH S8 02 T W B A T 4 1 e
LB FETTHR . XA e R T KX B SR SR
HEA R 22 8RR . HARTI S, Zn, Mn Rl Mg 1)
HEYATAEIRTE T 7%~45%, X—455 5 KUMAR %0
1 %2 BUAH — 2, HHLH AT B8 04 B T R 1875 5 04 IR A
fif o PSCBEBIR T W) AR AW, M= A i AL R
ORI T PSR, SRS T Al AP AR T . A
2, Caffil Cu AW nl 40 N IE T 14%~49% o fid 4% MISHRA
SR g B L RO, X T BB T RE AL S R
F AR5 | A 135 R B AT B T S0 1 < LA 3 R 4%
ZEE R BRI T P R 1 R A A B T, T
FOLEYIT S TR . AR R ST A T AR OE
HE TP RS, 38 T 50008 2y S8 FR R FE TG &
e AN TR AN s BRI AR OB S B 48 =, MRS
S F RGN T G 0 TSR 4 T <O B3 A s ke 2
WAKYE

Eei e TR | KK KGRI TAEM H, AF
% R K FE T 2 B SRR (4 ORI B 1A A . R
B Fe P 1E/NA B BURBLH B9 W M B ok S (B
W B AR AR/ N i B B (1), AN TR] T At 45 v o DL g B
ARk, -8 F R R A TETE 25 B AE W AL A R Y
VA5 PR B AT R HAT Rk

TG B I T A ] 45 PR IE (9 INQ-B, R E K
BB FR R AL T BRI TEA, AR T ERE K.
P. Mg W EFR% AR, HKZERKEILEN S Zn
B SRR RE ) LA B L BARE(INQ>1), (RN Ca.
Mn M TTRRIR LA BR . X —Z5i8A0 0 TG T A o iF
Wil RE BN E FR A (A=Al Fe. Cu MIMHE), $s7EH]
EANMEALE S S EF & TR RER A, NFEA% &
I AR JC R AT SRR R . ARBFSE Y ke
JARTETF: A E SRV N 2 R — o0 R <A
PInT e A L FEASR B S In TBedhrh, ARG E
FRRMY IR Z, R TH B ORe M A O FR R,
LB B SR M E RS R R A

U AR B STIRAE T A M ([ iR SN e, (AR —
SE (SR B E R34 SR B E A T R ST R A,
TN TACBEN] 52T P& B R SRR B IR RN TR, i —
AU I AN ) £ 35 B PP 0 B — e Sk, HLA R
Wi 45 5 B i S AR B VAR G . A, AHFSE SR ER T
P B ROKBE S, R 5 2 SR SRR R B (- 1 )
By225, BICTER A G 2518 SMfE B RS A4 i oK
ARRIESE, T8 432 S PR S 1 R B 05 2 S SR 1 v
FESEIR 3% — LIS H] T KUMAR P38 BT B A HiE -
T XA [7) 5 DR B R OK AR A5 Hh & B, Fe R Zn 994 W0 ] 451
5 P RIA IR & i 2 0 SO OG,  HUORTRISE R BT 440
L 4 o o R A7 0 2 e, (VAR R il R 1 A 0 T 25 P
FT AR ARl . XHER Tk A ] BEAETE 2R A 1 15 T

PERL . ARRIIBFTERLY RIEA R, RIEA A TR b
SRES O P SRR B PR L . PBET (ASMEDIE Y
SR EAT Rl AR AS O 3, (B TETk 58 2 S 2 AR S 2R )
PRI AL FR I B B A A TR VR T . A, R TR
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