- 1852 - ¢ $ % Chinese Traditional and Herbal Drugs 3£ 51 % 2 7#] 202054 A

BrEREM T IR EREE L = YE RN BRI NFESH

TEE dAE L, AREE L BAKYL R &L R L Hee T o o w
L APEARL BB BT, B KEFE 130112
2. WHAM R AR ZG AR, EK KB 130118

W E. B8 WECESER N TR s R S PR A O K BN SR ik I R R A R A
BVERFIN T AR S (Maillard) VAR R, 435SR FH 4007 WAy 6 B A1 UPLC-MS/MS 23 i 14 5 48 48 48 0N st
TR HRE A7) R W R IR AR C B R & B84k, PR I R S AL &= R O RN ) 115 5 8 5 R
Fn T e B AERS R AR R R, AR R H R R R AR ORI I ML TR RE 73 3 5.07. 40.44. 78.47 kJ/mol, H.
PRGN 5 B IR N 527 FRTAG BE 4 5909 6,72 89.34. 164.77 ki/mol, W3 ELR 8« AHXS T4 ek AR R i e i
5, AR CEBERITERET R, RNV EAMERAE ., 518 BB R IR T i R S M B ) S s i R
T RN R, AT I 4 v PRt I A b T R R A R P, e O o T I R e e S R 2
FEYIRIRET . PR IR AL T EE AL, WA PR AR KNG 2 A R S

KB R AME: MU BLBUAR: MR BRI s R UPLC-MS/MS; & H
EWE R ROHBER: WK EEE BN

FESHES: R283.1 NHERFRERE: A NEHS: 0253 - 2670(2020)07 - 1852 - 10

DOI: 10.7501/j.issn.0253-2670.2020.07.021

Study on formation regularity and Kinetics of advanced glycation end-products
during processing of boiled Cervi Cornu Pantotrichum

GONG Rui-ze'!, LIU Song-xin"-?, SHAO Zi-jun'-2, XIA Yun-shi"-?, ZHANG Lei', WANG Yu-fang',
SUN Yin-shi!, LIU Chang'

1. Institute of Special Animals and Plants Sciences, Chinese Academy of Agricultural Sciences, Changchun 130112, China
2. College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, China

Abstract: Objective To study the formation regularity and kinetic parameters of advanced glycation end-products during the
processing of boiled Cervi Cornu Pantotrichum (CCP). Methods UV-visible spectrophotometry and UPLC-MS/MS method were
used to determine the change of browning index and content of typical advanced glycation end-products, N°-(carboxymethyl) lysine
and N°-(carboxyethyl) lysine, of the processing system of simulated boiled CCP. The formation regularity and kinetic parameters of
advanced glycation end-products during the processing of boiled CCP were discussed by constructing glucose and lysine to simulate
the Maillard reaction system of CCP processing. Results The activation energy of browning reaction, N*-(carboxymethyl) lysine
and N®-(carboxyethyl) lysine reaction during processing of boiled CCP were 5.07, 40.44 and 78.47 kJ/mol, respectively, and all of
them were zero-order kinetics. The activation energies of the above reactions in the baking process were 6.72, 8§9.34 and 164.77
kJ/mol, respectively, and all of them were zero-order kinetics. Compared to the formation of N°-(carboxymethyl) lysine, the
formation of N°-(carboxyethyl) lysine required higher activation energy and was more difficult to occur. Conclusion The
temperature changed in the baking process has a significantly higher effect on the kinetic parameters of the advanced glycation
end-products than in the boiling process. Long-term higher baking temperature resulted in more advanced glycation end-products

produced in the boiled CCP. This study provides a solid theoretical basis for the blocking and inhibition strategies of advanced
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glycation end-products in the processing of CCP, which is also a great significance for the production of green safety CCP and

strengthening the safety of traditional Chinese medicine.

Key words: Cervi Cornu Pantotrichum; boiling process; baking process; simulation system; advanced glycation end-products;

formation regularity; kinetic analysis; Maillard reaction; UPLC-MS/MS; N°*-(carboxymethyl)lysine; N°-(carboxyethyl)lysine;

browning reaction; activation energy; zero-order kinetics
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Table 1 Processing parameters of traditional boiled Cervi

Cornu Pantotrichum

WE S BLE R

REC FRKREL MRRFKIEs  EEE/C I E]/min
H1R 3 30. 50, 30  67~70 120
H2R 2 30. 50 67~70 120
ERIPS 2 30, 50 67~70 120
HAKR 3 30. 40, 50  67~70 120

4 RIFRRRBEAT K AL HE, FRREL BT K ] BB IR
B RIS 4 K, FEEIK 2 K

The processing parameters of the fifth and the sixth processing
performed the next day are as same as the fourth processing, including

boiling frequencies, boiling times, baking temperature and baking time
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Table 2 Single factor experimental design of factors affecting processing system of simulated boiled CCP
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changes during boiled CCP processing
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Fig.2 Effect of substrate ratio (a), hydrogen ion concentration (b), boiling temperature (c), baking temperature (d) and baking

time (e) of simulated system on browning index (x £ s, n =3)
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#*3 UPLC-MS ZRMIMIENX (MRM) £%
Table 3 UPLC-MS settings for multiple reaction
monitoring (MRM)
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CEL 219 130 20 14 36
219 84 20 18 36
CML
ey T T

t/min miz

EHE 3.0kV; EFIREE 150 C; B ikEE
450 ‘C; FIAFISIAE 1000 L/h; RfRE AR &
0.19 mL/min. FEHLENE BB BN AR 2R i 3 ] e
PR TR WL 3.
2.3.4 JikEHELR

(1) RVEVOR . A PR E SRR A 25 R
“2.3.17 WUNMIRA X HR A 2, I 80% LG
W BIFERE 2. 5. 104 25, 504 100 fi%, 4% “2.3.3”7
TR B B 25 A 3R 20 fr CML A CEL U IR,

CEL

0 10 20 30 40 5050 70 90 110 130 150
t/min miz

B3 SEUFEREMIAER CML # CEL BB FR
Fig. 3 Total ion chromatogram of CML and CEL of simulated boiled CCP processing system
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Table 4 Regression equations, linear ranges, correlation coefficients, LOD and LOQ for CML and CEL

5% EYEpp I LR PEVE FE/(ng- mL™") LOD/(ng'mL™") LOQ/(ng'mL™)
CML Y=36.732 8 X—5.172 27 0.997 9 1.024~51.20 0.33 1.10
CEL Y=65.2657 X—5.408 14 0.995 8 0.512~51.20 0.16 0.54
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Fig. 4 Effect of substrate ratio of simulated system on CML and CEL content (x s, n=3)
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Fig. 5 Effect of hydrogen ion concentration of simulated system on CML and CEL content (X £s,n=3)
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BT 5] 38 44 A [R] Jt 425 Ui B2 44 26 CMIL # CEL & &1
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AR CML i 538073 78 422.40. 628.73.
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Fig. 7 Effect of baking temperature of simulated system on CML and CEL content (x £ s, n=3)
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& R4 CML 1 CEL & &R 2 . YHLEIRE
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CEL &8 KECN 65. 70 CHR AN 3~5 fi5. 14,
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B, AR R B2 SRR CML i & 50 500 o
611.75. 882.23. 940.35. 1061.10. 1288.73 ng/mL,
CEL im0 N 147.65. 240.90. 248.25.
303.23. 307.65 ng/mL. 45 FFRW, BEHEHRLIA R
JERT RN AE K, R R 4B CML Al CEL B &% T
W2, YHRERT R Y 1100 1204 130 min I, K%
SN PR AR ) CML A CEL &8 K308 100 min
WRM 2 fFHERARE (P>0.05); MHLER R
9 140 min B, KRB =R CML #l CEL
FrEKECN 100 min KR 3 5. BT, 7E—
5E 0 Bl N LI B [RD0 T AGEs 7 5 1 S B
i, AT DU Y0 g KR 0 T R R R A e (]
S A0 AR b 0o U PR T 52 10 (0] T AR
25 FBIEREMIIIEF AGEs £ HZES
251 BIEERANA FOELEE TR ERGEE
HhN AR R AR S, CML M1 CEL & & 1481k
22 SR TR Matlab 7.0 LR E) 1%
R (a0 M—ah iRl (Ax02) 2 #3)
JIEFERERBAT R A, AR R,

Cr=Co+ kot 1

Ci= Coexp(kif) @)
CiARFEWAZ . CML Al CEL fEAL RN MM EB A &, Co Nt

4. CML Ml CEL MIAEEE &,  AFRINLXE, ko
T ko NI RLE R

B ENEREH I Tl FE A R P A N, A2 Bl
CML. CEL [ FiE At REZ 25 SOk 5 200K A Bl A6 Je
B AR AR (3) HHE. AR, L
A5 B3 22 BOn B (Ink) 5T RIRE 1% (1/T)
EHLXRR, HELRE (E/R) FRMGIELAE
E., SEU6 45 B2 Athena Visual Studio 14.2 #E4T4bFE,
RABIERE (o

Ink=—E./(RT)+1In4 3
AR R BIE AR, EARKIGILAE (d/moD); R AR /R
SAEER, 8314 J/(mol'K); TARFIF/RIIEE (K); 4
ARERFEHT K+ B K+
252 BJEREEXMEZRMEAL . CML 1 CEL JE#3h
JIF53 T 8 I AU RE 0 Ak R AR
(kD)« CML (k) A1 CEL (k3) RN 112455
S LK 5. BJEWE N 804 85, 90, 95. 100 C
i, #ARFERE. CML Al CEL 4 & 5 /e SN a) 1)
BEMRR, FFEaER I EN, WUEREN
0.76~0.96. #A# %, CML Fl CEL £ il Kt &
YEIR B T m i b m, Horh CML (A s 2
FET CEL BARGEZE (P<<0.05). HIUEE N L
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*® 5 BIEEZWEUIIERENTIARINFSH
(xts,n=3)
Table 5 Effect of boiling temperature on Kinetic parameters
of simulated boiled CCP processing system (x + s, n = 3)
SRR /A
A CML CEL
80 0.041£0.002 79.995+1.160 16.96710.710
85 0.0424+0.001 96.9524+0.370 24.63710.300
90 0.0524+0.009 111.646+0.360 28.1331+0.220
95 0.051+0.004 128.246+0.770 35.14510.220
100 0.058+0.002 204.8524+0.600 52.8931+0.970
Eo/(kJ-mol ™) 5.07 40.44 78.47

T R IR AR EALAE N 5.07 kI/mol, fiF s e B
%, &S RE; RNA R CML il CEL fiE{LRE
39 40.44. 78.47 kl/mol, FHI4E K CEL Frifie
BEE, KA R CEL # M A B CML & B 5
MR
2,53 BUEIR IR R4, CML Ml CEL JE%3h
J15 T BB IR BN BVEE M T RT L &k
Al ks (18) )15 S50 L3R 6. JEIEIRIE N 65. 70,
75. 80, 85 CHJ, #7FFE/E, CML Ml CEL A&
5 I REI WA & F 98 15, WA RECN
0.81~0.98. #AF# K, CML F1 CEL 4= s i Z At
R O T B T . ARRLRE B T AR R R EA
A HEALRE N 6.72 kI/mol, MRS KAE; KA
CML #1 CEL HJiE 4k RE S 7N 89.34.164.77 kJ/mol,
CEL [AIEE00E A o

T LRI, I R R A A AL R
ITARR ki ko ks FUEAGRERI S 25 5 T80
R, Ph ko NBIREE R E 5 °C, MR SN i
R Na EE s T ZIEDRE. EREIREF L.
* 6 HEEEFWENBIEREMIARINESH
(Xts,n=3)

Table 6 Effect of baking temperature on Kinetic parameters

FIERIE/C

of simulated boiled CCP processing system (x = s, n =3)

AR C —— SRR
Az CML CEL
65 0.0224+0.006 57.370+0.910 7.895+0.850
70 0.03440.002 102.363+0.660 22.948+0.460
75 0.0611+0.006 204.852+0.600 51.6347+0.640
80 0.08710.004 238.1371+1.470 69.38110.630
85 0.128+0.012 259.44340.590 91.663+0.570
Eo/(kJ'mol™) 6.72 89.34 164.77

ko AU ks (RS AL R S 3 v T AR R, X AT REIH AT
RS L FE Maillard 84874 A A% CML F1 CEL
TEEZIERE, N EMERAE, (HHETRE N
FRERAK I [ il N TR e, RE AR n T
A AEF KA Maillard [ BAERE TR Z B CML
CEL, iX5HiSCA s R & .
3 g
3.1 EHEEREMIAZR CML 1 CEL 4f

CML H1 CEL Ntk &), 16K 2 5= AH
AP XEDALREE, Schettgen 5P TR BH, TR
BAH AN =90 £ R BB 2 35 1 5% C s R CMIL Al
CEL A%, HAUCEERMHR . (A= R
MEFE IR 2 B AR S Ui 1) R B RE AN FH iy, AL G AE
SEBRERAE R BB A . HILIC (iS4 R S5
B 53 B IR B, AEE T AR €0 1 AT i A B B2 Hh
MO B Em WG . RSLRAT It T
Waters BEH Cis« HSS T3+ HILIC il Cortecs HILIC
DO Fp o845 CML A1 CEL FO 70 B 25058, 45 LR B,
TEAHTRE A R 48K CML Al CEL £ BEH Ci5.HSS Ts
R R A (R, HILIC i bk 2 55 FE Al
THG 75, Cortecs HILIC A B I B 06 X6 Bk o4 A1 5 2>
(P2, BbAh, Ik 7RG AE H AN I R R R
AE A 2 23% CML M CEL HIHEILR
3.2 FIEBREMIIRZED AGEs £ME

T A AR AL N T A2 Maillard B A4
R, WRITRWIBCLE . pH E VR M T A
JLJE I [ X) B h AGEs 2 & A AE MU R 52 R
B, REFE A Gle Al Lys fictk, AR pH {H, MLt
PR )R NEIRRE R T S R A B () 38 4 — e 2
FE bggmn H AGEs & . Horb, pH R FIHERE IR B2
AGEs ARtz K, nf LA Ed i KA R pH
B, FRAREIERIMRE RS, & 2 R AL i 1) >R [
REJEREHE H AGEs ¥ .
3.3 EtEBEEMIISIE AGEs £ RENNhERE

3 L My AR I T A2 Maillard M A4
R, A S0 AR X 2 R N ol R A AR A
AGEs A WMah /15 AT RAE . S35 iR, it
PR A ES R AR . A CML # CEL 7
B 2 TG RE BT[] A5 e e R b I A A N R
Hrh e T2 ) AGEs. BFFCEE T AGEs 4K
M. RS 2 HOe I T T2 A IE
JEE T AGEs ZrEfefit VKR, NESGEG, 8
MEERM 7 2%
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