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AEMIAANBEE=NEARXET YRTHESIENTWMR

IMET, R#EF, KEM, K M, K, FALE
RO AR BRSO, B R ES S T AR R R A, EK KB 130112

i E: BY WEMEE = XEAFRN T AR EAFEXE 20 itk (Na. Mg. Al. P. K. Ca. Mn. Fe. Co.
Ni. Cu. Zn. Se. Cr. As. Cd. Ag. Pb. Ba. Aw) SEMZER, BIENEE MG RREE 25800 E NG 832 i it
%, ik RARE AR T AR SR AR B 35 AR X (MG A6 JE = O AT TAR B, R B & 55 8 70 (ICP-MS)
TENMET MRGRE S ®. AR RS+ Cd JLEM Ag R HA RS/ T 0.001 pgkg. Na. Mg, Al. P. K #l Ca
TEREFE R EEE, UHE Ca &8, MBI v X BIE58 B CORIRBERS N, B F X Ca iU & 7340514 148.6~164.4 g/kg.
JG# Na. Mg. Al. P. K fll Ca EAFX BB fFEERRE (P<0.05); Jo& Mn. Cu. Zn Ml Ba fEEE P &S T Fe.
Co. Ni. Se fl Cr. E&JEILE Crv As. AufI P 7EEEFERRE, EERESERBTEEN. BEHES Se ik, M
B ERF Se TR S EZBWHRS, A XFESECN 260.35~357.29 pgkg. BETALEAR AL 2 FOy A0 B Al %%
LEREEAREYM (P<0.05), BAKFEI AL P Ca FEZFEESTHTH, Na. Mg fl K SREEFEERTFEHETE
PR, 2510 ARFEVIIN T S Z X ER AT YRR & A R, AE X B A F R EEAR X B
VIR E S BEZRBR, FRXBREARWARNE, HRsREa R8s SRS EHEE.
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Effects of different processing methods on content of mineral elements in Cervi
Cornu Pantotrichum of Cervus nippon

SUN Wei-li, ZHAO Hai-ping, ZHANG Guo-kun, ZHANG Wei, ZHANG Ting, LI Guang-yu
Jilin Provincial Key Laboratory for Molecular Biology of Special Economic Animals, Institute of Special Animal and Plant

Sciences, Chinese Academy of Agriculture Sciences, Changchun 130112, China

Abstract: Objective To compare the contents of mineral elements (Na, Mg, Al, P, K, Ca, Mn, Fe, Co, Ni, Cu, Zn, Se, Cr, As, Cd, Ag,
Pb, Ba, and Au) in different parts of Cervi Cornu Pantotrichum (CCP) with different processing methods, with aims to provide a
guidance for the effective utilization and determination of medicinal value of CCP. Methods The three-branched velvet antler
collected from Jilin Province was pretreated by microwave digestion and wet digestion, and the content of elements was determined by
inductively coupled plasma mass spectrometry (ICP-MS). Results The results of detection of Cd and Ag in samples were all less than
0.001 pg/kg. Higher contents of Na, Mg, Al, P, K, and Ca were observed in antler samples especially the content of Ca which increased
sharply from wax to bone section. The content of Ca reached to 14.86%—16.44% in the bone section. The contents of Na, Mg, Al, P, K
and Ca were significantly different in different sections (P < 0.05). The contents of Mn, Cu, Zn, and Ba were relatively higher than Fe,
Co, Ni, Se, and Cr in antlers. The contents of Cr, As, Au, and Pb were very low within the limits of heavy metals of food. Se was rich in
antler sample which contains 260.35—357.29 pg/kg in wax section. Drying and freeze-drying treatments had significant differences in
Al and other elements (P < 0.05). The overall level presented that the contents of Al, P, and Ca in the boiled fry were higher than those

in frozen dried antler, however, Na, Mg, and K were the opposite. Conclusion Different initial processing methods affected the
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contents of some mineral elements in three-branched velvet antler, and different sections showed different rules. The content of mineral

elements in different sections of velvet antler varied greatly. This study provides a theoretical basis for the fine use of antler in different

sections.

Key words: Cervus nippon Temminck; Cervi Cornu Pantotrichum; three-branches antlers; ICP-MS; elements; drying; freezing;

processing method; section; Na; Mg; Al; P; K; Ca; Mn; Fe; Co; Ni; Cu; Zn; Se; Cr; As; Cd; Ag; Pb; Ba; Au; wet digestion method;

microwave digestion method

ST Cervi Cornu Pantotrichum +2&JERLh Wi
1ERE Cervus nippon Temminck 8¢5 i Cervus elaphus
Linnaeus PIHEE ARG E LB EWLMA, BA R
g BB, RS MmN, BEE LT RAE
NHAMER, WAE AR SRR, K2R
AR TR 2 T T 2 AT B S
REWR. ZHE. 2K, IRE. R BER. 2.
AR F AR BRI, AN [ R
JEEAR X BT sr HRG MRS, DL E
VIEThRESI B IR KSR . Tseng 2R AT LL T R
HE by T3 B EREM B RIER, K
W BUE BB SO . Cay Py K 2 EUE
WA AN EEZA Sy, HYy iR S5MaE,
EAANZ 5 Z AR R 2 i T
FEHEM=XEHHEFRNT, KIN=XHICEK Ca. Fe
Al Cu & mE T ZALHE, Mtk Mg M Zn MK T =
FLHE . EHEAEEDG RN Lt TR EA RN L
J7 AR RIS R E . TR L RTR A& & 2%
Ft, IWRAFEIN T AR R O 5 A AR &
WA ZR, BERRI v e S THLE, G5
mT AR WA ALEE TR AL
K R S i = AR . AR T U E
R EA P2, fE e Twis, JEE
CTRFE: [F—In 07 AR B R H AR D7 R
SIME R B R IRIRBEIRES . i B
AR KB AR RKZESR, RER
A TR L5 ARBEFT B AEXRT Lo AN ]
MLTAEARXE=EXET TR NS EE
Ft . WIS T 3R A DR A A A R A
W, EREIN T, Ok BeE & ik R
PEARAE .

1 X5

T A, RS MARSS, E[H
CEM A#); BB &4 T mE (ICP-MS), #M
RS 7700X, EEZHERAF]; HREINTE
i, PIRES: DHG-9013A, il —tE{CEARA
al; HRTHL, MRS5S FDU-1100, AR AL AH

EYELA 7%,

TCERMHERTRA S Naw Mg, Al. P, K. Ca.
Mn. Fe. Co. Ni. Cu. Zn. Se. Cr. As. Cd. Ag.
Pb. Ba. Au, "ETFEFRFH TR E AR EY) T
Foul, FREIRIE 100 pg/mL; RASER, 4,
EZ B A R A 30%id EE, Fa
BRI A PR A ] o

HEAE B = XCH: el vp [ RO B 2 e R = Bk S i A
KL PR, AR DR EOREE A O B
B A G cu Y o 1w L E1) B A Bt R e o
JEE 53 SOV A RS I [1) 55 2 5 M JEE R} R DB 3 W g
1ERE Cervus nippon Temminck [ = X #,

2 Bk
2.1 RREMHGTLE

RIS I AL = X 6 3¢, BEALEL 3 S
HRAGGE T I AT (BFREIEH, boiling
processing, BP), %M EARME S XIS By K Fr s
e AR R, ARE B Tl M o dE B HH4R
IR EBE &AM 51 3 ICRHGT 7% (freezing
processing, FP) TRALHE, %M FEIFEMARED X ]
by BMEREESH. 2XoRERIE 1. RS
I IR AR AR AL B JEEES 7

TERRAR IR 28 B B RE AR Al 0.5 ¢ TV MRl
TN 4.0 mL ¥R 1.0 mL 30% i EALA, s6iF A

il
0
e
JEH:
B

1 BER=ZXEHSXTEE

Fig. 1 Partition diagram of three-branches antler



L)

Chinese Traditional and Herbal Drugs 3£ 49 % %5 16 3] 20184E 8 A

° 3823

B Ko T AR X PR L 3R T T A B T R R G D T A
Fetith, WO RAEIER 1. g R AR
i, BOHEPEE, Rk fFi £ 50 mL B g
%, PBAJERN. ICP-MS 1488 TAERM: b=
JREE2 C, % BT 14 L/min, 45 30 3 3# 25 r/min,
LR THMTIZE 1550 W, HBVAAETRE 0.79
L/min, Z A AF R 1.0 L/min, KED JlE@ iz,
MRAEAES RS 5 AT XA R s R M AL R TRk 2
Ja, WA R A TR R, R 2.
x1 BORHBRERY
Table 1 Conditions of microwave digest

B ThE/W  FHERE/min BE/C SR E/min

1 1280 5 120 1
2 1280 5 160 5
3 1280 5 180 10

*x2 NEREY

Table 2 Elements mass number

JLFR e | uE REH | tR REHR
Na 23 Fe 57 As 75
Mg 24 Co 59 Pb 208
Al 27 Ni 60 Ba 130
P 31 Cu 63 Au 197

39 Zn 66 cd 111
Ca 44 Se 77 Ag 108
Mn 55 Cr 52

2.2 FRfERREHIE

Bo#) 76 % Na. Mg, Al P. K. Ca KB &hnitE
W, Aid iRAR 1, BREIRE 18 04 2. 4. 6.
8. 10 mg/L; ALH|JCZE Mn. Fe. Co. Ni. Cu. Zn.
Se. Cr. As. Cd. Ag. Pb. Ba. Au. Cd. Ag HJ
TR A PRI, i viRER 2, IR 258 0.
5. 10+ 20+ 50. 100 pg/L. PARTETRCRH S n i
LRI TEAF IR, FEIKEA Na. Mg, Al
P. K. Caficil 6 mg/L; JGZ& Mn. Fe. Co. Ni.
Cu. Zn. Se. Cr. As. Cd. Ag. Pb. Ba. Au I
20 pg/Lo EH—E AT R BRI, ) 2% RN
HAMBEZ 10 png/L BI0T, AR IEFRR RN, %
X R AR E o 7E 1 T 119 5 SR A P ¥ Bl PN Al of: B 28,
PEIRT 0999 0, BARNZK 3. 55K FiRTR
7E 0.3~100 png/L MR RRE T
23 FHEFER

2.3.1 MEEERLE BURK 1 FERR 2, 9 ESE

*®3 JRLELKMHE

Table 3 Linear equation of each element

JLER kI ”

Na Y=232.345 0 x+213.003 2 0.999 3
Mg Y=213.653 2 x+731.056 6 0.999 8
Al Y=334.023 4 x+324.954 3 1.000 0
P Y=200.023 4 x+10.234 2 0.999 9
K Y=152.056 6 x+2 843.023 1 1.000 0
Ca Y=85.332 1 x+462.342 1 0.999 6
Mn Y=262.100 0 x+800.324 2 0.999 9
Fe Y=987.453 2 x+458.239 6 0.999 9
Co Y=7430.342 5 x+234.856 0 0.999 8
Ni Y=2342.043 2 x+345.944 4 0.999 8
Cu Y=12002.2313x+5321.9422 0.999 9
Zn Y=1234.2344x+2 034.002 1 1.000 0
Se Y=4302.224 4x+1243.043 2 0.999 6
Cr Y=401.021 3 x+34.943 2 0.999 8
As Y=984.345 5 x+234.022 3 0.999 8
Pb Y=194229.342 4 x+3 421.234 5 0.999 9
Ba Y=7212.643 4x+34.9437 0.999 7
Au Y=8734.2345x+3435.034 3 1.000 0
Cd Y=4534.2455x+541.3304 0.999 6
Ag Y=6545.059 9 x+7 681.034 44 0.999 8

HEFE 6 e AW KB LR &, s 1l
SEIGHR Na. Mg. Al. P. K. Ca, RSD {lir%lA
2.00%- 2.56%- 2.96%- 3.12%- 3.50%. 4.20%. V&
Fr 2 %€ J6EK Mn. Fe. Co. Ni. Cu. Zn. Se. Cr.
As. Cd. Ag. Pb. Ba. Au, RSD {H /2 3.98%- 3.55%-
2.98%-3.12%- 3.69%- 3.54%- 4.51%+ 2.90% 3.65%-
4.12%-. 3.88%-. 4.60%-. 4.55%-. 5.10%, FHIXZE
(PR 5 1 R I o

232 HEEMIRAE  FEHUDUEERE G oR 1)
FFWEWR 6 1y, MRH TR B0 20 Mot B
Cd il Ag KA, Na. Mg. Al. P. K. Ca. Mn,
Fe. Co. Ni. Cu. Zn. Se. Cr. As. Pb. Ba. Au
) RSD {43 7N 2.80%- 3.83%- 2.15%- 2.39%-
1.90%- 1.87% 2.65%+ 4.78%- 5.65%- 2.24%- 3.78%-
2.52%-4.45%-2.36%- 3.88%-4.95% 4.18%- 5.00%.
UL EH VA B S R AT

233 faEtEilie  BUEEAGR A1 SN
W, BT 04 4 8. 120 164 20, 24 h JI5E 20 Fh
Ju% Na. Mg. Al. P. K. Ca. Mn. Fe. Co. Ni.
Cu. Zn. Se. Cr. As. Cd. Ag. Pb. Ba. Au &
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&, H Cd M Ag Kfut, HR 18 Fycz RSD 1H
3 1.90%- 1.82%- 1.88%- 1.79%- 1.65%- 2.86%-
2.17%-2.25%-2.27%- 2.35%- 2.43%- 1.97%- 1.87%-
1.82%-. 2.66%-. 2.35%. 2.03%. 2.80%, FHIFA
S T VE A ER AR VA RAE 24 h NERE .

2.3.4  JNFEECERIREG  ARECCZ M52 IR SR
1505¢g (541, WEWRE, HBIERMA—T =N
F IR MM, F AR R vE AT b e, A [
AR A, THE & TR Nay Mg, Al P K.
Ca. Mn. Fe. Co. Ni. Cu. Zn. Se. Cr. As. Cd.
Ag. Pb. Ba. AuMJFEIILE, Bk Cd 1 Ag4h, HR
18 AT &K R 5514 96.90% 97.80%- 99.00%-
100.20%-. 101.85%. 99.55%-. 103.00%. 102.58%.
100.55%. 102.66%- 103.00%. 102.99%. 101.78%.
103.54%. 101.22%. 102.88%. 102.80%. 103.56%,

RSD {HI¥JTE 3%LL T .

3 #R

31 FEAXLEN=XEAFEXE 20 #F H5
TERESESH

AN = CH 20 MR TR S B IR 4,

FTIRE R Cd TR M Ag e A &/ T 0.001
ngkg, fE—ERE LRI H . HHITEK Na
WIS R 25 B B B A, 0 ROk 2 ) 22 S
NEE, MEFESTERAET R (P<0.01); JTHR
Mg DU M 228 g i T i, b i A B A
i, BEETEA, FNEEETE R (P<0.01).
JOE Al WIS ZE RS, W R

27.3 g/hkg, HUuE . K gy 2 8] 2 R AN R,

BEETER (P<0.05). JTHE P NIEH EH HiZ
Wi, WA RER TR AR, B EEST
HAXE (P<0.01), &&EEIL 79.8 ghkgo TLHE K
NI P 22 B A, S AR B S TR R, B
Pt 2 TR e A (P<<0.01); JGZ Ca M
W AR IR R R e, XS =AY
N 5.4 gkg, BHAIX N 99.4 g/kg, W} [Xik 118.3
g/kg, B IX Eih 148.6 g/kg, 4 NIX B2 i) 2 7K
23 (P<0.01); #H&JELER Cr. As. Au fl Pb
EEER SRR, BAESEERRE. 256
R, BEERMEE X ESILER Se, WHXER
26035 pg/kg, SHAXERARE, WEER

R4 BELE=XEMTYRTREE

Table 4 Concentrations of 20 kinds of minerals in three-branches antlers with boiling

JR &5 $/(mg-kg™)

XE
Na Mg Al

P K Ca

R 7517.484911.66°
AR 8503.094+282.24
R 5599.104380.88°
BH 5790741437270

595.14+ 64.57° 27299.21+8503.63% 8941.03+£1076.44° 6 566.54+£249.912
2339.24+ 93.38" 20237.04+2 631.52A 57 383.57+5805.02° 5 553.40+580.02°
2602.724+196.91° 21 562.46+7 214.334 64 843.3613 208.45° 1 946.07+155.42¢
3144.27+123.36° 8136.30£1860.09% 79 759.924+2 261.58* 1452.19+113.02°

5441.13+2 063.05¢
99 427.69 111 675.42°

118 310.03 46 207.32°

148 622.191+4 447.55

RESF/ (ngkg ™)

Ni Cu Zn

X B

Mn Fe Co
WS 1153.474+ 317.878 89.73% 40.698 8.87+ 021€
WA 892274 236.77¢ 286.58+ 21.214 778+ 3.22€

IR 673.93+ 183.16C 273.40+ 48.524
HH 2835.53+3931.844 120.64+103.518

102.95+163.894
46.54+ 64.248

173.23£29.798 2944341535332 49 055.77+3 321.04¢
11573145488 1849.97+£277.63® 68 550.41+1774.64°

77.0249.14¢ 1209.69+240.6° 55143.88+1699.41°
469.11+£670.994  1138.394+824.91>  55296.17+1 349.78"

DB/ (ugkg™)

X B

Se Cr As
R 260.35+49.432 288.64+ 42.94¢ 11.55+3.05
¥iFA 1670125497 35911+ 256.69° 9.28+3.58
W F 105.66+54.85%  817.80+ 910.12 10.02+4.19
HH  39.14%£3723¢  5142.66+8431.21° 11.13£5.09

Pb Ba Au
335.721+658.59  6985.58+7791.57¢ 3.12+0.12°
340.16+ 68.67 15041.02% 603.90 22140.40°
334.55+ 82.89 15853.82+4 573.02° 1.9640.55°
371.80% 50.47 19 549.89+6 433.86° 1.71£0.18°

AE/NEFRRRERREE (P<0.0D), ARRSFHRREZREE (P<0.05), CdAg Kfil, THMH

Different lowercase indicated extremely significant differences (P < 0.01), while different capital superscripts meant significant difference (P < 0.05),

same as below
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T XAE /X (P<0.01).
32 FTFARXLEN=XEAFFEXE 20 #Hi H5k
TR MAERE = X3 20 PRI P e R &
HIER 5. 5EIE G EAMA, FEfH Cd oo
A Ag JTLEHEI/NT 0.001 pg/kg. FICR M E
HREETHBERSEEETHER —H. tR
Na ZHFEAC, WA IREE S TR, B XHRE
HE TR ARG (P<0.01); JTE Mg B#i 7,
BB NERWEE (P<001); TEK Al §&

B X e, AR 3 T A X B, T X A,
5 A XERALEE (P>0.05), HEEMKTHEA
X (P<0.01); JGZE P B#i &, FXBZAZER
WEE (P<0.01); JO&E KZHFEIK, & XEB 2
ZREE (P<0.0D); JiE Ca MIEHZEHTH A
FlFEE, M 3.8 gkg HEINFE] 164.4 g/kg, HFXEZ
B 2 F i % (P<0.01). WX EHEILK Se, &
Bk 357.29 pgkg, B XEEIKE 92.58 pg/kg.
HHENEFRPL, EEEITER Cry As. Au H Pb &
BIRME, TCEARREE.

x5 FTRE=XE0HTYRTREE
Table 5 Concentrations of 20 kinds of minerals in three-branches antlers with freeze-drying

KB R 5 (mg-kg™)

Na Mg Al P K Ca
B 10991.154282.24*  500.25+ 64.57¢ 13512.85+8503.63° 7760.91+1076.44¢ 10139.24+24991*  3827.62+ 2 063.05¢
MA 9229.314911.66° 1262.69+ 93.38° 11246.08+2 631.52% 34 725.83+5805.02° 6 928.26+580.02° 62 308.19+11 675.42°
VR 6740.581+380.88° 2622.784+196.91° 9318.54+7214.33¢ 65951.16+3 208.45> 3 441.98+155.42¢ 124 083.1616207.32°
HH 6859.04+437.27° 3458.93+123.36* 19621.821+1860.09° 86 175.06+2261.58* 1960.60+113.02¢ 164 435.18+4 447.55°
e FRED U (ngkg™)

Mn Fe Co Ni Cu Zn
A 1109.67+  65.97 7331+ 1.80° 1220+ 041€ 253.67+ 8.928 2986.31+£241.34* 3743925+ 631.18B
A 1049.794+ 180.77  150.19473.76" 13.38+ 0.11¢ 109.18+ 79.06°  2375.16+559.15* 48 951.11+13 738.454
VEf 99578+ 139.88  304.54+22.28° 25.67+ 5.508 18421+ 34.68¢ 1060.93+£168.2° 51 784.48+ 4185.27*
HH 1798.60+1578.74  126.91+68.79° 45.32+37.644 398.25+372.08* 960.11+£100.95° 52 977.89+ 7300.134
K RS (ngkg™)

Se Cr As Pb Ba Au
R 357.29416.49* 1782.81+ 288.12P 28.59+1.78 117.89+ 3.87°¢ 49286+  25.35% 1.02£0.06%
WA 31520%67.180  3671.36%3 774.03€ 25.25+4.33% 255.134+173.77% 10 573.95+8 172.90 1.04£0.96*
W F 142.63£33.46Y 43659142 592368 17.04+1.59° 423.604+221.94% 20 715.98%1 676.84% 0.93+1.138
HhR o 9258149.76° 8832.48+7920.654 21.15+6.03% 270.09+ 66.31B 30 147.57+5 331.28° 0.4540.39¢

33 BEFENMETAENEZXNERNRXEE
TRAEENEIT
I3RS EE T BT AR T VEA R = X
EEMFEEMN Na. Mg, Al. P. K. CaiX 6 fl'g
FILE AR, WX, BAX. X XE
YEERR T H X L IR 6~9. il X Mg, Al
Pl Ca S BEENEH S THTH, Naf K FEELE
T HTHE, Kook KMl Ca Z2REZE (P<
0.05); i XESEHEMETH TR S EX L, &%
i X —5, Mg, Al. P fll Ca S BENFELE
R TETH (P<0.05), Na fll K & B & EH DK
THTHE; R XuRSE 2 My AR, &

JEE Na fl K BERTHTH (P<0.05), JiEk Al
BUEEESTEHETE (P<0.05, HittizER
ANEE; HRAXIUEESR, LR AL EFEEREKT
HTH, R TRIRWNERAEE (P>0.05).
4 g
41 =XEFFEXE 20 MTREEXSEL

— MR UL S B L ERIMEIERE, PR E R
s, HAMBIEE 2 =R, M2 A=XEH, @
WARIE = X H M NSRBI E R RSB
o e, R N T A A R 4 AN B, T IX
MR X U R IR R IX, A I S R A S
B (ZEXHSX WA 1. =XHEARX B Y5t
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*o6 BMEFEMFTHEN=NEMHFXTE Na. Mg, Al P. KFl Ca 20T
Table 6 Effects of freeze-drying and boiling treatment on contents of Na, Mg, Al, P, K, and Ca in wax section
7 B (mgkg ™)

Na Mg Al P K Ca
BIETIE 7517.484911.66 595.14+64.57 27 299.21+8 503.63 8 941.03+1 076.44 6 566.541+249.91° 5441.13+2 063.05°
VRF779% 10 991.154282.24 500.25+14.19 13 512.85+  80.76 7 760.91+ 285.85 10 139.24+509.54* 3 827.62+ 747.57*
P1a 0.132 0.180 0.149 0.273 0.012 0.050

ARFREFORZERR#E (P<0.05), RhRFRHERERNEE (P>0.05), FEFE

values with different small letter superscripts in the same row means significant difference (P < 0.05), the same as following tables

In T2k

R®T BIEFZENMETHZEMN=ZXEMHXITE Na. Mg, Al. P. K Ca 2/
Table 7 Effects of freeze-drying and boiling treatment on contents of Na, Mg, Al, P, K, and Ca in blood section
S U (mg kg ™)
Na Mg Al P K Ca
BIETTE 8 503.09+£282.24° 2 339.24493.382 20 237.04+2 631.522 57 383.57+5 805.022 5 553.404580.02° 99 427.69+ 11 675.42°
BT 9229.314562.65% 1262.69199.08° 11 246.08+1900.15° 34 725.834+4 264.82° 6 928.26+ 94.75 62 308.194+  797.39®
PH 0.002 0.026 0.009 0.006 0.015 0.005

Ji i by-Y

R®8 BEFEMAETHEAMZXEFIESXTE Na. Mg, Al. P. K1 Ca SEHIEN
Table 8 Effects of freeze-drying and boiling treatment on contents of Na, Mg, Al, P, K, and Ca in honeycomb section
BB/ (mgkg™)
Na Mg Al P K Ca
BIETTE 5599.104380.88° 2 602.72+196.91 21 562.46+7 214.33* 64 843.36+3 208.45 1 946.07+155.42° 118 310.03+6 207.32
VRTFJ7i% 6 740.58+611.03* 2 622.781+196.18 9318.54+1947.51° 65951.161+2 970.35 3 441.98+327.30* 124 083.16+5 732.53
P 0.029 0.908 0.043 0.589 0.001 0.210

A=

®9 BMEFENMFTHEN=ZXEBHXTE Na. Mg, Al. P, KH Ca ZEHFNT
Table 9 Effectss of freeze-drying and boiling treatment on contents of Na, Mg, Al, P, K, and Ca in bone section
JRE Sy B (mg kg™
Na Mg Al P K Ca
BIEJIE 5790.741437.27 3 144.274+123.36 8 136.3011 860.09° 79 759.92+2 261.58 1452.194113.02 148 622.19+4 447.55
T 6 859.04+596.70 3458.93+ 97.68 19 621.82+1 185.482 86 175.06 1 972.46 1 960.60+ 158.49 164 435.18 +3 896.20
P 0.069 0.078 0.002 0.204 0.064 0.169

Ty

FOEREAN, DEET A, MERBETHE  AREEONZEHA S, BEARXBEEAERTY)
FERI, B H X Ca JRESERIE 148.6 g/kg, ikt  Fiyck. EAM. DER. TR LSRG LN
FIXEREMN 5.0 gkg iti. TG Mg PHICae A THIREAAR, RHEBEHEARXEEEEH
MRE RGN EZE LR NS, XWEHTERX AR AR EAR R ER 2 —.

e B E B R R R X B, BRELE 6 Fiot i3 b v X A& daem, AEAEAE B XAH 22
A, JUR Zn FRESBEE, M 4905 mgke £ I EE, HRARE KBRS IR AR IEER B)
68.55 mg/kg. W XS HBNFEEMEAORMEE  THALFHBEEXFZM, AR A E
B R A1), FHERE @ S AT TR ABXBRINS, AASRREESPRXI
F%H%%Qﬁi,kmeﬁEﬁﬂﬁE%ﬁ¢ BRI B IX AEXT U E TR AAE ] A R 34012,
REWI R & BB PR X 5 Jeon VR ALE 10—, WFFCRIUAHLL T VERIAAE KIREE, AR Sh F oA g
%EE%H KRR BT ET AL, MK 85 R ICH R YT R A 1T HUREERE, ik
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T REE MBI, & EEEISH Picavet 251
SINT T S FEE R GE TR . TELT R A
Ry, KRIUMEMA. Ca. P. Na. Ba. Sr. &%
PR A H R 2 R ) 5« Wen 25RO 5T 18N
ARV )Xok RE A R A3 (R, ST T AT
A TR RN T T SRR SR I 1) JEE 1R T
ARSI R I EE AR B T R — Ml FR g,
MELE R (AR S5 AL 2 i — B0, DR HERR T i T
RPN 7] P 5] 25 177 52 1 ¢ i 20 1 ] B Klierdorf
LI T 1 i JEE Af A R JEE 0 ) i s R
(Ca. P. Mg. Sr. Ba. K. S. Zn. Mn) & =&Al
Ca/P. Ca/Mg. Sr/Ca il Ba/Ca & &L, 7E/R7ETT
RBOA EAH T S, MABREEI R T
METERE = X EH )R oC 3= A Re
42 BEEMATENERTRZS=SWNEM

ANEFIN T 5 A A Mg 78 R R 00 A e
KOA, FHFREEFHE, &S8R ERZRM.
TR R B R TR A TR B, 3B B
FIEH T, R ELPOE L BRK 0 R AL
{2 — M/ NR SR A B HR T 55 B IEIEAIR
FAE RN R R AE R S EA M, R
DX EARIE . ARSI AR N YT R AR
SIMTXTEL T 2 FhALER VAR SR ARSI, N
— M EES REYIIN TS . W atds R
KFE, BAKTE Mg, Al. PAl Ca SEEFEST
RTH, Na Ml K SEEEHRTHTE; BEN
AT 7 0T s P X AL X 3549 76 3R & B R i
WK, — 7 THI AT RE R0 1 XA B X AR P A A
ARy s BES R ANA R,
WYRTESE. H— M, LR AIBKRAE,
ATRE S CR A SRR K. BIE AT 750,
TR XA X e R R A K. £5 E
Frid, GFa0m T FREERRSERNERR
FELF RS AE
43 =ZXEEGCRTRIENW

LR Cd LEM Ag TRAERER RIGH . &
4 JBICE Cr. As. Au Ml Pb EEH & EBIRK, 7
(REZGH) 2015 FERUSEFHE BRI, 3
ViR LA 244 v, Pb AR 10 me/kg;
Cr M 1 mg/kg; As AT 5 mg/kg; Hg A
3t 1 mg/kg; Cu At 20 mg/kg. ” HHLAT L,
R BEEAE AP A A EA R g, — &
KUt, MR ESE SRR, SRk E

hEGRE RS SR, BEENSIELH, JT
SR ARG AR A R, T e RS

DUBE 15 B R AEAT 9 E2, S5kl mpekmn

YOKP 2R 24, R I B AR I R o R
AR, EH Se THRAN RIS HEFH,

X & & 026~036 mgkg, HAXSTEAR

39.14~92.58 pg/kg, H[Al—X BT LA H T Se

BT RSB RO EERHRERR AR H A

N 40~240 pg/d, TIE KRS N RO BN

R 30~40 pe/d, MHZEEIT. NFELEE A PR K

AR, AR N R, AMIE R AT K

P ER i 1 XA 5 B 0.26~0.36 mg/kg, T AR

T2 T A R, I AT R R R AR

NP R, e B AR I L 2 R TR R 22

—o JEHE SWUTR BRI DI R R E ),

WA Tt — D LR .
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