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Production of 5-hydroxymethylfurfural in processing of Cervi Cornu
Pantotrichum and investigation on its influencing factors

GONG Rui-ze, WANG Yan-hua, ZHAO Hui, SUN Yin-shi
Institute of Special Wild Economic Animal and Plant, Chinese Academy of Agricultural Sciences, Changchun 130112, China

Abstract: Objective To investigate the causes and influencing factors of 5-hydroxymethylfurfural (5-HMF) during the processing of
Cervi Cornu Pantotrichum (CCP). Methods HPLC was used to determine the content of 5-HMF in CCP with different processing
methods and different parts. Moreover, the contents of total sugar, reducing sugar, amino acid, and Ca, Mg, Fe, and Cu in velvet antler
were determined, and the effects of several factors on S-HMF production during processing were discussed by comparing the contents
of above mentioned substances in velvet antler with different processing methods. Results The contents of 5-HMF of boiled CCP
were significantly higher than that of freeze-dried CCP (P < 0.05) in same parts, indicating that high temperature intensified
caramelization reaction and Maillard reaction to produce more 5-HMF in boiled CCP; The contents of 5S-HMF of CCP with blood
were significantly higher than that of CCP without blood (P < 0.05), CCP with blood was rich in total sugar, reducing sugar and amino
acid and these substances can provide sufficient substrate to produce more 5-HMF; The content of 5-HMF in wax slices was
significantly higher than other parts (P < 0.05), and rich content of total sugars, reducing sugars, amino acids, and differentially
distributed mineral elements all contribute to the production of 5-HMF in wax slices. Conclusion The production of 5-HMF in
processing CCP is the result of the combined action of total sugar, reducing sugar, amino acid, and mineral elements at different
temperatures.

Key words: Cervi Cornu Pantotrichum; 5-hydroxymethylfurfural; influencing factors; temperature; total sugar and reducing sugar;

amino acids; mineral elements; Ca; Mg; Fe; Cu
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FREARE, DRz s, ENE
ZEE WA ER . w5, . ER. R
AR, BFREAFEMESG TR 5-HMF #5147 74
T 281 RS 43 Hp 25 AE N AT M ) e R e 2 e AR
5-HMF, 3= ZRJ5 T hn Tk 2 v Bk A= 1) 55 i 4l
SR (Maillard reaction) M AEREAL e 90100, Jp L
SR, AERE SN AR ERAE, HEER
o WHFLERAH, 5-HMF X AMBEESOL. PN, &
FimpaE A HAEAIB, SR, Rk, L
W K B R E AT, RS AR B A
PR E R

ST Cervi Cornu Pantotrichum +2&JERLN Wi
1ERE Cervus nippon Temminck B C. elaphus
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I &

RJEME + HIEER ——> Maillard reaction =

Linnaeus MHERER G ZEEBEEBRNS A, BELE
FH. ZAEIL. SR AT, FEsEnfE 20,
JEHPE SRS 5 R ME RN, ERER
I T3k Al 2 R A — R B AR W AR 36 A
N, RISEER B E N TR S-HMF 7= R fl 5
Wi PR 2048 S REE N T 2 A S 2
A 5S-HMF (1) 2 Fir=A2 07 50 (B D AF,
PR N T A2 S-HMF P2AEIR &R . A
FEREALR B B RS (2D, AR &=
AU TR R B R S A R R R
F R8I LA P B (B8R @), 20 I I BIFE FE (1)
FERFRREE TN, SRS 2/ T
R REE, 74, EEFH R Caw Mg Fl Fe. Cu
W REAE— B FR A AN B S P I B, HE I 52
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cu?, Fez+{Ej§F_
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Y R = BRI R

1 5-HMF #J 2 fiF=4 &R
Fig. 1 Two methods for producing 5-hydroxymethylfurfural
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LC-16 A (i, Sy (IR A
FRATF]; 752N KA a] WAy R, B AR Hr
A PRA R L-8900 4= H sh & Z R /i, HA
Hitachi 23 7] ; NexION 350X HBOHE A 45 B 1 1A i 1%
1%, ZZH Perkin Elmer AH]; Speed Wave MSW-4
T AL, 74 E Berghof A®]; MS204S Hi 1%
MR-+ XS205DU HL7RkF, Fiit: Mettler Toledo
A7 Milli-Q Advantage A10 #afi/K#%, 3
Millipore A %]; WP-UP-WE-40 fi & 20 BSR4l 7K
Bl POIRER /R KA BB A PR ] JP-100ST
FETEBENL, TN T R R R O PR A A PR A A5
XW-80A TRBERIEA I i iay) A
FRAH]; TGL-16G Mg & R Ofl, Bilge=R
A ARG ARERE O, HIIER R
IXBEA R A T ; DHG-9123A HiHVHE IR 5 TF-1R48
RS SRR A A IR AT s DZF-6090 2455
F, BEHARRFREAESA IR A7 HGC-36A &
WA, KT E R R A PR A A5 0.224 0.45 pm
ERLUd peds, RiEmEBLEREARAF.

5-HMF Xt dh, JREDH>99%, LR
MR IR AR &ERIEAMER, HE, HA
Woke A #]; Cu. Fe. Ca. Mg Z IR IR EIRER,
JREWR LN 1.000 mg/L, EZAG4E)E M7
AT Oy s R, tall, 52 Fishser A Fl;
WA, AThEE. IR, KEY. 3,5-IHEKIR .
WATREEN . ME AR IR, HRE, HHral,
JERACT) s K, HHE=1825MQ, HsL
AR

BEREE 12 %), T HEMREKETAHIXE 2
B, g EANRE BRI T T AR ST L
ENMEIERE Cervus nippon Temminck WJEMf (—
Do SRR, BENLERLH 6 X THE
IfLE (without blood) Sl E (with blood) X}
En L, 554h 6 X iEAT /K & XE (boiling processing)
55T (freeze-drying processing) HI%F LN T,
BEATLIZ BB Y 3 08 R LB 55417 B 3 008 R
AR EH AT RSO IR 6 X R T Fr
(wax slices)s ¥ F (powder slices). #PF (gauze

slices) Fl1'5 F (bone slices) 7> AT YA -
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2 FESHR

2.1 5-HMF 2 8NE

211 M WMB RS & = FESRHE GB/T
18932.18-200312 J STk 7724, wERFREURE B
MK 0S5 g BMEM3M, BT SmL BOEY,
I 10% 9 EE 2.5 mL, %%, FEEMOERE, @A
B30 min, %, HOORERRERE, Ll 10%H I
AR H T E, 8 000 r/min B0 5 min, BB,
DUEEE S 1 IR, & 2 IR EWEW, H 045 um
JEEEL, AR A IR .

P8 W Gl C O o Rl S - o O O
5-HMF T 10 mL &34, 10%HEER2ZE, i
B R E N 121 pg/mL X R S 5, 4 CIK
TRERAF

2.1.3 f{aifi%fF Hypersil ODS2 &l (250 mm X
4.6 mm, 5 pm); AR 1.0 mL/min; 3 30 C;
BEFERR 20 uLs FRBNAE NK-HEE, BEEEVEML: 0~5
min, 5%H#; 5~15min, 5%~15%HE; 15~20
min, 15%~0 FEL; KK 284 nm. kR
2,

5-HMF
A
B
JJM o
0 ‘ 5 015 20
t/min
2 5-HMF X8R& (A) FEEHR (B) B HPLC
Fig. 2 HPLC of 5-hydroxymethylfurfural reference
substances (A) and CCP sample (B)
214 HMERREE FEI 5-HMF X

HRWEE, PR, 53— RV EIRERX R
VA, % “2.1.37 TN BVROAE S5 AR E i T A,
AR EWREEPATHERE 3 Ik, DAETHRSF- 341 9N
AER (YD, JREIRFENMAER (X0, Zefilbrit 2k,
BEATRE N Y=158 214 X—67 765.3, R2=0.999 9,
4 R W] 5-HMF 7£ 0.189~121.000 pg/mL £k 1455 5
[EY/38

215 fHBRSERER R “2.1.27 DU I i
I 10% P EER GRS, B (SIN) A3
(P %F BRI VR TR VR FE A IR (LOD), BL SIN
210 PRI RE S VAT R E DR e B R (LOQ), LOD
A LOQ 437~ 1.23. 4.06 ng/mL.

2.1.6 FEHEEAL  FEERAL S-HMF S HE A
20 pL, #% “2.1.37 WS FAAT 8T, LR
5K, M, tH5 5-HMF &AL RSD, 44
R 5-HMF [¥] RSD 73708 2.17%, R XA %
R4r.

2.1.7 HEEMERE HEEREEE GBI PR
64, T 05g, T “2.1.17 THESHR IR,
FEEWI 6 ikl % 20 pL, 4% “2.1.37 B
TSR UERE S b, M AR, 15 S-HMF
MR BB, 4558 5-HMF JR&E 2%/ RSD A
2.81%, RUIARSLIGHELZIERLF.

2.1.8 FoEtEie AR “2.1.17 BTkl
MENEE SO AT 20 uL, 43 77E 04 2.
4, 8. 16, 24 h 4% “2.1.37 Wik & F3ERE T,
W5 WETHIAR, 455 5S-HMF TR RSD N 1.84%,
F MR IAALE 24 h WHRE M R AT

2.1.9 FEEISCERREE RS EFREL 6 4 © 1 5-HMF
SENEEFESHER 03 g, IMAEER 5-HMF %t
BRIV, % “2.0.17 TR 7 v 5 s S
Pt “2.1.37 TJUER T 2% A0 e e T AR - AR 0
THE I 5-HMF BP9 B EE 28 100.01%,
RSD N 1.70%, FHIINFE R E R 4T .

2.1.10 ANENTI7AJEFEH 5-HMF SEE A
[0 L5 XA FALEEH 5-HMF Jii 270 8 LR
1, MR 1AL, HTEEL. BH. A 2.
B HAL S-HMF BIRE 7530 508 4.83. 4.94,
4.72. 4.49. 438 mgkg, BNEBEAN AL S-HMF
IR & B0 B 5.44. 585, 537, 5.26. 5.17
mg/kg, HEIMEFARNEBAL S-HMF 5 &5 505 5N
4.86. 5.45. 5.30. 4.82. 4.55 mg/kg, 7ML E N
HAL 5-HMF )51 & 73 805 3l 4 5,664 6.20. 6.16+
545, 543 mgkg. BT EGTEMEIEE S
5-HMF &8 KM, HTH &AL S-HMF & & 2%
BN, RTEY S-HMFE R WIETER, it
B2 A ZERAEE (P>0.05); BIEE& AL
5-HMF & &3 2 & TAH ER AL T H (P<0.05),
BN Tk (039 7K X R IR 8] ) i M A%
P PR ER M EBEFER, SR T R
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Table 1 S5-Hydroxymethylfurfural content of CCP with different processing methods and different parts
. 5-HMF/(mg-kg™)
LT3 ™ -
W A ioal 2 BT B3
HFTH 4.9410.16 4.7210.23 4.4910.22 4.38%0.12 4.8310.17
AIEH 5.8540.09 5.37£0.18 5.26£0.19 5.17+0.14 5.44+0.19
FlFiin ¥ 5.45+0.12 5.30£0.21 4.8240.25 4.55+0.21 4.86+£0.22
= 6.201+0.21 6.16+0.24 5.45+0.17 5.43+0.19 5.661+0.14

JR MK AR G, T R R R S R R AR
P S B

EHEME A M E A, WA B A S-HMF
SERYEERTYRME R (P<0.05), FHxt
R B REEANF ECE A, Hhaeimid kv r=E
5-HMF [FIBEE RN 2 B R 45 IS & & v] e AN ] 5 7y
MHEAL S-HMF & 8338 2 5 140 R HE i
H (P<0.05), HEifH7E I Tad F2 Hhod i = g 0
PR IR, M & 3w PR &
RS REm T ;e M R 5-HMF YD, X e
/D TE 3l bk 72 S 1 B A
22 BEEFTEVESEME
2.2.1  AEESVERIG S AERRRR IR ERE AR R
0.50 g T 10 mL B0, 5 mL AhlE, @
10 min, 8 000 r/min &0 5 min, & _EiF, #1557,
EEMBAE 3 K. 2.5 mL 2K, HBEREHE,
WA A 2 h, BG4, B ERE R E, L7
TRIKAN RIS i &, 8 000 r/min B5:0» 5 min, ¥RV
7K 5 mL, BEEHEE 1K, &2 KRG, F%
WCHL 1 mL AR A i S5 A A L 1
mL A I S P A VT
222 AHSVERPIECH  REEAREL 105 CHEE
72 o R R R R, DAZRTRKOE 2, O Ak
1.0~ 1.2 g/L HRHE S I
223 hnifEdiZenyast] RS 1.0 /L W&
BEXHIRSVAT 04 020 041 0.6, 0.8, 1.0, 1.2 mL

T 5mL B0E Y, MAMKZ 25mL, f11.5mL
DNS R, WhERA G B# K REE S min, JK
%, DA EE AN, WE 540 nm #EKAAKTOL
FE (4D fl. VA& SR AR AR (XD, 4
HADARR (), exfilbruEdhsk, 38R E
HFEN Y=7.949 6 X—0.032 4, R*=0.999 1, £kt
JEEIA 5~300 pg/mL.

R 1.2 g/L PR 6 B 0T R A 0.1..0.2.
0.4. 0.6 0.8. 1.6 mL T 10 mL &+, hzK#h7e
% 1mL, f02.5mL fifR. 0.5 mL 6% KM AER,
HEIRZS], ZEIREE 30 min, T 490 nm AT 4 {H.
ot A- T ERIREE 2R, R0 RELPERE 2 Y=
0.011 8 X, R*=0.997 9, LM}y 15~480 pug/mL.
224 AFEIITHAEES GRS ERESE A
(50 T 77 AN [R5 A7 J 2 v b A b o 5 4
W2, HE2 W5, HTHEE W b 2
o B R AL SRR B o 00 il 11,92 2771
20.73+ 12.20. 12.01 g/kg, i JFRHE & 43 5050 7
N 237, 447, 1.19. 1.00. 0.85 g/kg: ENEEAIN
TR SR IR B0 AR 1171 17.434 16754
1032, 11.30 g/kg, 50 50 & 73 2053 7N 0.96.
1.43. 0.97. 0.92. 0.44 g/kg; HE ML E AR LR
F) o B 2 E 2 1 10.01. 10.52. 9.84. 9.63. 7.72
g/kg, I JEBER) R E 5205508 0.81. 0.91. 0.90,
0.86+ 0.82 g/kg: 7 I B AH N H AL W 1) 5T 543 %
438 11.82, 16.93. 16.40. 13.17. 10.13 g/kg, i&

x2 FEMIAEN. TRIBMBLAEESSEMTRERE Y
Table 2 Total sugar and reducing sugar content of CCP with different processing methods and different parts

pii SPE(gkg™) EIRBE/ (gkg™)

Ji W& A el 2l "R L5 Wy ilal 2l HH L5
R 27.7140.45 20.7340.32 12.20£0.18 12.0140.19 11.9240.22 4.4740.13 1.19£0.16 1.00%0.18 0.85+0.11 2.3740.14
FEVEH 17.43£0.48 16.751+0.32 10.3240.35 11.30£0.28 11.71£0.19 1.43£0.11 0.9740.09 0.92+0.24 0.44+0.21 0.9640.18
HEIME 10.5240.23 9.8440.24 9.63+£0.35 7.7240.33 10.0140.28 0.91+0.21 0.90+0.13 0.8640.22 0.82+0.19 0.8140.14
A IME 16.934+0.20 16.4040.27 13.17£0.36 10.13+£0.25 11.82+0.38 1.43£0.09 1.0140.23 0.91+0.17 0.8840.14 1.00+0.31
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JE B 4 5 o B0 A 1,004 1.43. 1.01. 0.91. 0.88
g/kg.

FEE I S-HMF @it 2 fhigfer=4: —
MRS, AFEEERE . B RS 5
— 5 AR FE R S N =1, RO S R R S N
PR o DX AS RN T R S R RN
EIRM R, BVEESUHETEM, MEEAE
B RO T B (1) 2 235 B b (P<0.05), HEME
HHMHFEGA S-HMF & & TR TEMAY A
I 55 AR B, R A AT S 3
BELTWME (P<0.05), FSZHEMH N Tt s
HH I A B 0 R I YD ] A i S0 R T B SRR
IR, SEGELEFR—MF 5-HMF &
B THE . 545, 8 HE A i E A R
0T 5 AN [F B AT H s i R S &2 L R I
] — 0 5 A [R]85 S W RO S 5 e
DB s, M DR B SRR
M, XS5ER. AT S-HMF SEHEERT
b BRI g AV A .

23 FERESENE

231 FESBIETAREE  ZFEAR#E GB/T 5009.124-
20033 e SCHR RS, ERPREUE B R 5 30 mg,
BT 35 mL KFEEH; In 6 mol/L HC120 mL, #7%
WRHEZEZ B, A 10 min; THEIE T 110 C
KA 22 hs KIRSE A B = FE 800 uL £
NAE, 70 CHZTEAE T 0.02 mol/L HCI
2mL B, WM H 022 um K R E -k
Ao eI BRSO, B

232 REMARAEE RS H]  EIERRIR A bRUER
Moy RAARR (Asp) 753 % K (Thr) | 22 %% (Ser)
BHER (Glw. WHER (Pro). HER (Gly). H
R (Ala). FEPREIR (Cys). DR (VaD. H
MER (Met). FRZAM (lle). &R (Leu).
BEEIR (Tyr)s KR (Phe). R (Lys)s
HEM (His). KRR (Arg), FHPRELHN 2.5
mmol/L. F 0.1 mol/L HCI ¥ J& & FrifE R HFE 1 000
W, BUEEE TR, %M GB/T 5009.124-
2003 X FRiE ST EHLIES, 5210 3-A B
PR T ] IR T R SRR IR 1 1 L A
3-B, Hidr, @i 1 (VIS 1) A 570 nm K iEE,
JEIE 2 (VIS 2) 4 440 nm K JEIE, Bk Pro 7E VIS
2 oAb, HAR 16 PR FERRAH 73 397E VIS 1 ioR.
233 AFEMTHAEEPEERESE AFEMNT

VIS 2 ks
. U\ 8 N
e - NH; ([ 477)
i
VIST 23 J
|| 9
1 16
A ‘ 13 '
4 6 10
|14
7 17
1112 15
I T T T T ‘l T T T T T T 1
5
VIS 2 | |
e o
VIS 1
B 4
| N
1 l'7 NH; (1 (8] 4))
3 9 15
z 12 17
11 13 16
810 14 ’
0 5 10 15 20 25 30
t/min

1-Asp 2-Thr 3-Ser 4-Glu 5-Pro 6-Gly 7-Ala 8-Cys 9-Val
10-Met 11-Ile 12-Leu 13-Tyr 14-Phe 15-Lys 16-His 17-Arg

B3 SERER (A) MEEMER (B) HPLC B
Fig. 3 HPLC of amino acid standards (A) and CCP
sample (B)

T3 AN E P R = WK 3. R 3 AT
W, HTEEX. WA BA. QR TR
FIEFR 1) 25 F0 791N 68.00%88.64%-62.51%-
61.75%- 58.20%, & NEHAHRLER AL 2 HE PR 1) ot &
BN 67.59%. 87.48%. 62.29% 60.97%-
55.62%, I A A 5 I R 1 5 R0 B g0 i)
N 63.55%. 86.74%. 66.65%. 62.35%. 52.34%,
7 I A R AT e a1 R I T R B N
64.31%. 91.02%. 74.06%. 66.94%. 61.06%.
BIEB SIS IR & BT A R ALAR
T, WG RAFER RN 3 Fiisit 2 R
(Lys. His\ Arg) ¥HEIAHRZER, HEWEELRE
R AR NI E R S-HMF 57742 i iR
FEIR A PR M R B R R I AL A R R
T St E R S A W B T AR A HE
B, FFERYTAER, a8 m Tl e had it )
FRHE I B s TRl — 0 7 3N [ A R
SRR E R S BRI B m T
HAlAL (P<<0.05), #h @R, R EHEZE
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Table 3 Amino acids content of CCP with different processing methods and different parts

FEdD

SR 0%

Asp

Thr

Ser

Glu

Gly

Ala Cys

Val

Met

HTE R
Wi
s
B
53
RIEH W
Wi
D
B
(53

7.2910.49
530%0.10
4.88+0.07
430£0.12
5.154+0.21
7.13£0.31
5.1510.04
4.76+0.03
4.10%0.05
5.2240.11

3.51£0.17
2.49+0.07
2.24+0.08
1.92+0.09
2.3310.15
347+£0.12
2.42+0.04
2.15£0.06
1.84%0.12
2.4010.08

3.8510.11
2.6510.04
2.52+0.02
2.2310.18
2.6510.23
3.82+0.15
2.6410.05
242+0.01
2.13%+0.14
2.7610.12

10.9010.44
7.53£0.59
7221022
6.681+0.22
7.791+0.31

10.9410.93
7751042
7.0810.23
6.3710.21
8.004+0.22

11.96+0.61 7.18+0.48 0.58+0.02 4.61%0.11
8.80+0.58 5.24+0.08 0.28+0.01 3.39%0.01
10.01+0.31 543%+0.06 0.32+0.02 3.00£0.04
10.79£0.25 5.40%0.17 0.18£0.04 2.57£0.12
10.99+0.26  5.79+0.09 0.33+£0.03 3.11+0.14
11.87+£045 6961033 0.71+£0.02 4.56+0.05
9.49+0.15 5471022 036%0.02 3.24%0.04
10.19+0.05 5.56+0.06 0.23+0.00 2.95%0.06
10.43+0.14  528+0.14 0.19+0.08 2.43%0.11
11.50+0.23  6.094+0.31 0.20+0.07 3.16£0.09

0.32£0.01
0.19£0.01
0.12£0.01
0.0410.02
0.1840.01
0.16+0.02
0.15%0.01
0.0610.01
0.05x0.01
0.0510.02

b

J B 53 8%

Ile

Leu

Tyr

Phe

Lys

His Arg

Pro

M (TAA)

BTHE A
ity
2R
G0l
B

HIEH WY
ital
2R
G
B

2.6410.10
1.651+0.02
1.4940.05
1.25+0.12
1.70£0.09
2.9810.02
1.72+0.05
1.3940.01
1.1740.12
1.70+0.09

6.6410.13
4.86+0.09
4.20+0.05
3.50£0.13
4.35+0.24
6.4910.24
4.5910.13
4.09+0.03
3.28+0.11
4.35+0.05

2.30£0.01
1.28+0.01
1.21£0.01
1.01£0.17
1.28+0.09
2.1410.03
1.23£0.01
1.1340.00
0.91+0.04
1.30+0.02

3.651+0.09
2.62+0.04
2.37+0.02
2.01%0.15
242%0.14
3.52£0.04
2.531+0.04
2.32+0.02
1.93£0.11
2.44+0.09

5.8740.20
3.96+0.11
3.7610.03
3.4010.21
4.02£0.13
5.6710.22
3.9240.14
3.6910.10
3.15+0.12
4.09+0.29

2.0410.04 6.6910.41
1.68+0.03 4.52+0.21
1.39£0.02 4.76+0.07
1.10£0.17 4.63+£0.45
1.37£0.07 5.12£0.34
1.89£0.02 6.87£0.36
1.4910.07 4.6510.10
1.37£0.02 4.62+0.12
1.04+0.11 4.33+0.35
1.37£0.09 5.20+0.42

8.6110.54
6.07+0.22
6.8310.09
7.15£0.52
7.4210.49
8.3010.34
6.4910.12
6.9610.06
6.99+0.17
7.7610.21

88.6413.30
62.51+1.84
61.75+0.90
58.20+1.17
68.00+1.23
87.48+1.78
62.29+0.82
60.9710.28
55.62+1.74
67.5911.82

P il

SR 0%

Asp

Thr

Ser

Glu

Gly Ala

Cys Val

Met

HEILEE gt
i
i
B
ek
Wi
0
2
B
ik

i
E
i

6.8210.32
5.20%0.21
4.71£0.07
3.8710.21
447+0.19
7.16%0.11
5.8810.12
5.47£0.07
43610.19
5.04%0.18

3.2810.12
2.44+0.02
2.1410.01
1.7740.11
1.98+0.04
3.4310.07
2.80+0.02
2.62%0.05
1.9510.11
2.3310.13

3.6710.11
2.7310.05
2.4610.01
2.0510.12
2.354+0.09
3.8410.03
2.9910.03
2.81x0.01
2.291+0.08
2.4610.10

10.7210.63
8.3510.26
7.5040.13
6.3410.25
7.25+0.34

11.11£0.36
8.5210.12
8.1140.09
6.951+0.15
7.4010.14

12.57+£0.35 7.07+0.13 0.60£0.01
10.62+0.21 5.67+0.11 0.45%0.01
1031041 5.80+0.21 0.39£0.01
9.45+0.33 4.724+0.27 0.3010.18
12461041 6.01+0.32 0.32+0.03 2.60%0.
13.59+0.21 7.54%+0.14 0.68+0.01
11.19£0.10 6.54%0.05 0.48+0.01
9.49+0.30 5.73£0.03 0.37x0.01
11.841£0.21 5.85+0.07 0.11£0.05 2.61%0.
10.371+0.14 5.88+£0.05 0.33%0.03

4.38+0.03 0.10£0.01
3.18%0.07 0.22%0.00
2.8110.02 0.06£0.01
2.2710.09 0.05+0.01

11 0.06+0.02

4.46+0.08 0.09£0.01
3.8410.05 0.18%0.01
3.53£0.05 0.25+0.00

11 0.04£0.02

3.254+0.18 0.1240.00

Pl

JFE KU %

Ile

Leu

Tyr

Phe

Lys

His Arg

Pro

KA (TAA)

HEILEE 48T
W
2
B
ey
g
W
s
B
wy

i
E
fu

2.9610.01
1.991+0.03
1.5340.03
1.26%0.11
1.42+0.05
2.9610.03
1.77£0.04
1.78£0.04
1.3140.08
1.48+0.06

6.1140.17
4.4910.11
3.81£0.07
3.1510.14
3.5410.12
6.3010.14
5.3340.07
5.06+0.03
3.52+0.11
4.50+0.13

2.1440.00
1.3540.00
1.1110.01
0.8910.14
1.05+0.03
2.11£0.02
1.57£0.02
1.44+0.05
1.02+0.14
1.24+0.22

3.35+0.02
2.48+0.04
2.18+0.01
1.74%0.14
2.1110.09
3.4210.07
3.01£0.02
2.81+0.02
2.04£0.09
2.52+0.12

5.56+0.11
4.0110.09
3.76%0.11
3.01£0.12
3.58+0.15
5.6610.12
4.831+0.02
4.2610.07
3.48+0.15
4.03£0.17

1.7410.02 6.8910.21
1.2740.03 5.01%0.11
1.13£0.01 5.00%£0.07
0.88£0.11 4.11£0.21
1.05£0.05 5.09£0.13
1.75+0.01 7.2810.12
1.83+0.01 5.42+0.05
1.75+0.03 4.78%0.13
1.05£0.05 4.88+0.15
1.53+0.07 4.74%0.17

8.781+0.21
7.1940.14
7.6510.01
6.2810.15
821£0.19
9.44+0.11
7.9040.09
6.4810.05
7.8910.18
7.0910.19

86.7410.18
66.6510.74
62.3510.48
52.3410.72
63.5510.82
91.0210.46
74.0610.34
66.94+0.49
61.0610.46
64.3110.56
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R, ZEERE FRAEEPINI RS R 8, X5
J 5-HMF & 8 0 2 T HAR AL I 45 AR &
2.4 Ca. Mg. Fe. Cu S ENE

24.1 FESETACER  AERRAREUE HAE SR 0.40
g, S5 IR I 7 V2 PO R S AT RV . (R
il 2 R

2.4.2 ArifEdiZenyah] ol e E I AR )
B ICHARERE W, FC R — FR B R IR P A v i
M, 2% HNOs B2, #5), %M. QYRI5
BN Ca Y=3.91X10%45.542X107 X, Mg Y=
0.059 5240.389 142 X, Fe Y=20 345.6 X+445.3,
CuY=111828 X—90.2, KR >09995, £
PEYE 235N Ca 1~5 mg/L. Mg 0.1~1 mg/L. Fe
0.5~5mg/L. Cu0.5~2 mg/L.

243 AFEMIMTHAEHEF Ca. Mg, Cu. Fe i
AFM LR AFEBAEEF Caw Mg Cu. Fe
R E N 4.

Ramonaityte 5B FRB, B A Ca® Al
Mg o} 3 i il e AT — 58 P B B4 IVE L, ELAR )
W M2 I R B R 2 Fe? il Cu* X 641
i S A e HEAE o AR [ I (AN R R A7
JEE ) Caw Mg, Fe Ml Cu S EIIMAEI, AFH
T EE S Ca. Mg Al Cu JTCH & &I
BN AEST T Fe SRt , Hi i B PR T4 iy HE
MR A KB Fe, SISO Fe M H =R T
M AFEA L FIAT TR & R R
Ay B &R AVE B Ca Al Mg & B KIS,
Cu B EARIIL K .

AL R B R A F R HE, HA
NS A AR N /P = 9N 8 B 18 s | D VA
R B DR &R AR AE K IRGE
HZ, BRI, Ca fl Mg &K, FEHHHN
B, E ARG N, AR Ca fl Mg & &
s Cut™ E R Bk A Ak 2 2 5 A Ak s R AH GBI
L, fEAKS R TS e, EAEKS
A RE TR LSS B B S A . R I P DA TH 5 3
BB Ca FI Mg & EIRHTIG @M TG R 0 A1, £ 8%
A T R R A SR RS AT ISR Cu
TEIBHEIC TR, AE—E R LR T
TR R A S hr il e o o 1F 2 RE T i 22 5 s 1) Je A
W ERE . BRI IC R AL A SR R
SZEEHSEARRALEE S 5-HMF &2 20 H
W AR ST .

Fz4 FRMIFN. TEZBAEES Ca. Mg, Fe §1 Cu
BE
Table 4 Ca, Mg, Fe, and Cu contents of CCP with different
processing methods and different parts
J B/ (mg kg ™)
Ca Mg Fe Cu
HTFH WA 904.0 467.0 167.0 4.0
A 1030000 21900 232.0 22
ZBF 137000.0 26300 1860 1.6
BH 148000.0 28200 199.0 2.4
¥ 1160000 30300 168.0 1.5
HIEH WA 4320.0 529.0 1120 3.7
¥A 1120000 23800 167.0 2.0
ZBF 136000.0 26000 1680 1.7
HH 1600000 29900 1170 1.3
¥ 1230000 31300 281.0 18
Ay WA 2930.0 531.0 39.9 3.2
A 920000 21700 519 1.6
0K 1370000  2800.0 63.4 1.4
HH 148000.0 29600  69.7 4.7
¥ 128000.0 25500 853 1.7

mITUs AR

wiLE kA 4420.0 556.0 617 2.9
A 1060000 23900 2120 19
ZbF 1320000 26700 1960 1.7
HH 1450000 28400 1840 2.1
71090000 21500 187.0 1.4

3 g

3.1 EE 5-HMF RI2ENF 47

5-HMF BT HEE. OB KRR
), ARSI S bR GB/T18932.18-200322A1 4k
MEZS VL A b, I8 10% F R R b 1
10 XHEEE ) S-HMF 347428, %051k B B AE
fEi o, PREUR m s . (hEZG) 2015 4ERRPS
oK R Ah-1] o Y6 EVEAE 284 nm 254 R X
BIESHR A S-HMF #HAT I, Z 5 ik HErf PR
P o AN SEIG N FH R SO (A% A MR AR I R
) S-HMF, &R @ e, W A E
P U BIAR R
32 AEMIFXEEH S-HMF HEE

W R, —EFER S-HMF i AR S,
SRR ERE. OSSR E AR, A
K UARE TR D 5-HMF & &, MHESRH
MTEAEEEZR L BEFEEMA S-HMF S8
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5w T FE AR T, AL 5-HMF
ORE Syl VA o 1 5 T 1

F BAh S-HMF S EHEERETY M

I
1

o

o B ooy En

T

33 EmEEMIZES S-HMF =4 WER
AHEFN S-HMF [ 2 Fire g NTF, Wit

MR E I Tid At 5-HMF AR E. EEm

TR 5-HMF (724 2 bl b pE. =L

A oo RS EEAFREE N EREER SR, &

J£ B RE 52 e (1) B o3 A S Re NI S R4 e B2, ]k

T K 8 JE RN R I T R A EE R S-HMF

(1) Fr i B v TR TR T R T MR R R AR

R N A 5S-HMF, R & Ve 5% T H5 A

Eb, JHFESBEFS A 21 S-HMF, SbE S & & 1o

M 5P A 2 i) 5-HMF, i Pyt Hofth 3547 55

G 22 ) 5S-HMF o X1 1 201D SR b e 22 b

R R RIS AR R I B AR R 5T 5-HMF

AL, 25 R R T AR BRI FE = A

5-HMF 3K F BESR AL o XIHR 2521 MR 28 340

fif ff BN SRR IETEST R 5-HMF BSRIEHEAT 1

WP RT .

I JFE AN B IR S P il ) SR, 3wl
PLUB R M= E 5S-HMF, Rk 5T EM L, &L
FIHAE 7R R RE A LR = A T B 21 5S-HMF, #ff
M H EEHR I B 45 2 aei it ) B4 5-HMF (1)
IR BEFN LR, [FIRE, I A AL 58 5 5=
AR ZM 5-HMF. Re#gHNHI LR 18 /R B[] Ca Fl
Mg R T T30 1) 25 30 B = ARV 3 o, BB e gk 58
iR R Cu EEHEAER, XFH G ER AN
S0 A [F) F A R 2R 27 A1 2 B8O [R50 47 g e
5-HMF & & 20 S A A B EEE T2 5/
HH .
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