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Effect of frozen storage on the content of Ne-carboxy-methyl-lysine and
N®-carboxyethyl-lysine before and after processing of raw meat
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ABSTRACT: Objective To explore the effect of frozen storage on the content of N*-carboxymethyl-lysine (CML)
and N°*-carboxyethyllysine (CEL) before and after processing of raw meat. Methods Taking chicken breast as the
research object, the freezing process of raw meat was simulated by repeated freeze-thaw method. The oxidation
degree of raw meat fat was evaluated by the change of TBARs value and fatty acid content, and the content of
carboxymethyl lysine and carboxyethyl lysine in raw meat and roasted meat were also investigated. Results
Repeated freezing and thawing would cause juice loss of raw meat and increase of free amino acid content. In the
early stage of freeze-thaw (0~2 cycles), the degree of fat oxidation was low, the TBARs value was 0.25 mg/kg, and
the late stage (4~6 cycles) was increased, the TBARs value was 0.53 mg/kg. The content of CML and CEL in the
unfrozen and fresh raw meat was the lowest. After one freeze-thaw, the CEL content doubled to (165.01+2.33) (ng/g
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dry basis), and the CML content increased not significantly (P>0.05). The content of CEL in the meat cake after hot

processing gradually increased with the frozen and thaw times of raw materials. After the sixth freeze-thaw, the

highest value reached (133.26+7.16) (ng/g patties), and the content of fresh meat increased by 15%, while the content

of CML increased by 44%. Conclusion During the freezing process, repeated freezing and thawing of the raw meat

will lead to fat oxidation and the accumulation of CML and CEL, and affect the quality of the meat after hot

processing.

KEY WORDS: N°®-carboxy-methyl-lysine; N°-carboxyethyl-lysine; raw meat; repeated freeze-thaw cycles; lipid

oxidation
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e 9 M 3L Ak K S & PF ¥ (advanced  glycation
end-products, AGEs)/Z il J5HE 5 8 1 i 2 SR 4 &2
Fe PPN Z S5 T B — R AN T ) R A R
AR L), S NEN R, 5 OISk
Y EZMEEERAOC, WS . BRI . SR
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Y T 13k A 2 O S P R R R T SRR Y DL B e
AL AL R i 28 7 W i A R P L 4 R (N®-carboxymethy1-
lysine, CML)FN¥2 £ JE#i % 2 (N°-carboxyethyllysine, CEL).
CML @i N LA &R (fructosyllysine, FL)AYZE LA
& B (glyoxal, GO)-5 iz B2 sl 2 R 5% 2k 1) S B AL,
J+H. CEL 1 H JL Z, — ¥ (methylglyoxal, MGO)-5 FHi 14
2N H A 2 BR R B S N AR o FERR BT Ak, AR
T A TR Y 3 2 R B 2 5 R EE (AN GO il MGO)Z i)
14 SN T2 CML # CEL (T8 o £ 8053 Ol L 2R 1%
JEWT . 7KAF) Wy iR (U 0R . ] Ky SURSE)
AR T3 (GEAE . BB, FUME. B . SRS
M AGEs (194 i,

Wkl E SR EN, BEE AGEs 2RI, fr
LT fg it b AGEs BRUKFAEH HE, itz
MG EEAT, ¥ URARAE Y 7 i FH R S 5% A 1) S I
AEAL, DTTREA B2 o VRl A r PR I B A
TR i, VR 2 2k N — RS AT e AT, N
BRREAL R A BRASE ROK A A0S R RT LA ) A Hh R

FST A K i R, AP A R 4 1 BOK i 2 S 35 T,

[F] I VR 45 A o P LD £ TR 2 B K T R R T
SR il 2 DR DAY o g R 2 AR, T AL S i e R U R
oA 422 5 8] AGEs 14 U,

JEORHA R CML K CEL #9355 AR AN R 1A BT 22 5%,

AR A A A SOk PR B S il CML & CEL %
TR, Niu S BESE T 0 B R 5 CML &% CEL
A RTISE R, MATE 0 CCREFAI K, P T)5
JE R CML M CEL #5, {H3CE ARG 5 IFRA

FEALZ IR . Yua PR IS AL 2 fEdE CML K&
CEL MYTE A%, MR 548 Ak i 4% mT RE S P i & 00 e 2o A o
CML } CEL MW EER%E, BREML. EARMLSE
P = IR TS XL, Mg B A AR A Hr )= ] R
22 580 CML K& CEL M4 i, W URMARTEAR) 217
TETRZEA . 8 RS T, R R Y
JEURE A SR CE A I R G, PR MBI 5T VA AR Y e A e R A
Vi ahox JEURE PR R o JBAR AR B T T AGEs ZE
RIS MR A EE R

A SCH DL i AR R BF S 4, R R A VR R A AL
JEOREA B R gL B, B O TR R AR A . S SRS
W2 VR Lk B b, DR A B T AR AR S DR IR N T S
AGEs BEFHLA, NEURHAI TR AR S T3t 325
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21 UESEHF

Alliance 2695 ER0BAH (I5L . RI-2414 7R 246k
M # (€ E Waters 24wl ); SCC61 #I 7 G #5 4 (£ H
RATIONAL 72\ #]); Visiprep™ T [EFHZEHUY (3£ E Supelco
v l); GC-2014 SAHETEL(H A5 2w ); SP-2560 B4
(100 mx0.25 mm, 0.2 pm, H A8 H/\ A]); Venusil-AA
FIR ML FFE00 A, 4.6 mmx250 mm, 5 um, K
P ARBHEABRA F]); X-Bridege C g (B34 (100 mm x
2.1 mm, 3.5 um). Oasis MCX cartridge [EAHZEHFT:(SPE, 60 mg,
3 cc, 60 pm) . MCX VA BH S FEARAERU: (3 mL, 60 mg)(3
[E Waters 22 ])o

CML #rifEdh . CEL #rififh . d4-CML [RIfLER AR
d4-CEL [d] i % M 4% (4L % > 98%, 3¢ E Santa Cruz
Biotechnology 2\ #]); T—HilR 5 1F 2 & WAk o (4l >
98%, i E RIFIRFIAF).

g, WEE. WHRR(Eigal, 35E Fisher AF]); Mg
WL BERAR . GRACE R . TOKEERREN . AL . Bl
MRk, S, SEF k. SR, 2B, ECkE.
UK. HBRBR (G Hrat, EAER); LI E MK Milli-Q
Ak,
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JG, 4 CHMNRA 6 he HufRVR 6 1K, 40 S4: =SHA
(control). "4El 1 R(1 cycle). Al 2 ¥K(2 cycles). %l 4
K (4 cycles). VKRl 6 K(6 cycles). f#Ja4 RAPFT 225 °C
$&iHl 20 min, 10 min F— A,
2.2.2  fRE T RAR K BB R K AR A

X ) R REA SR R S5 /N DA T IR HERA AR B, TR RIT
TR, FE T 25 o HER PR =08 P D i B TSR il 400k
223 JRAA TBARs 184975

B2 g R, A 5 mL 25% =% Z R H 4 mL ZEI8K,
R AT 1 min 25 1000 g B.0 20 min, _FiE B0 1 g 4E
g B2 mL BEWIN 2 mL 0.02 mol/L &t B e ARl K i
20 min, KA S min, T 532 nm PERKAMIEERBOCRE
2.2.4  JBARNE I ERAE AT

Frit 0.50 g B8 T =AM, AT —5ER Nz, i
FH 20 mL =SB/ B0, V3G, s i
FUER 25% = AT OB 60 °C T ERfL)E, 1EC ki
TPEEI, BEJS R B ESAHA R GC-2014 (& KIGES
TR EDIEF T E . HARSFT: SP-2560 BN+
(100 mx0.25 mm, 0.2 um), S A N, 43Fi kL 100:1, JEEE
TR uL, HERE DR 270 °C, 23 IREE 280°C; FEFETH
#&: 0~13 min, 100 °C; 10 °C/min J+ % 180 °C, 4iFF 6 min;
1 °C/min F} & 190 °C, 4E+5 12 min; 4 °C/min F} & 230 °C,
{345 18 min,
225 RAEBAEFHNE

FREL 1.0 g BESF 5% =5 2B (5 g/100 mL TCA)E %
%25 mL, WGBS 20 min 5FHE 2 he 1 IEELE R
BRI, AR M FREL 100.0 mg A5,
8 mL 6 mol/L HCL, ESMH'/E 120 °C/Kf# 22 ho /KI5
MJFHA 4.8 mL 10 mol/L NaOH Ffll, & E 25 mL, 1t
B0 M S R RE TR LTI 200 pL S BEMAEWE, A 20 uL
EZ M NFRE (1 mg/mL), 100 pL =Z &2 AEHI(1.4 mL
= 8.6 mL ZJI), 100 pL FAHERZRES LB AT (20 uL
SFBRANS 2 mL ), ZWEGE 1 h, A 400 uL
ECHE, BUT R, T Waters 2695 Hil Waters
OGRS . HARSKEIT, @i%HR Venusil-AA Z(JER
A3 M7 FARE(100 A, 4.6 mm*250 mm, 5 pum)  FaIE 254 nm.,
FEIR 40 °C |, W BIH A(15.2 g JOKBEBREN . 1850 mL 7K | pH
6.5. ZJE 140 mL) 53 B[80%(V: M ZIEHH] . #EFE
2 pL, WEE: 1 mL/min, BEEPEML(0~14 min, 20% B;
14~33 min, 34% B; 33.02~41 min, 100% B; 41.02~49 min,
0% B).
22.6 AR ACKIEL 4 AGES(CML & CEL)&&4)
)

WERPR A 5 mg 85 1 2 AORENS, ORI IA 1 mL 6

FALEAE RN 1.5 mL YRR ER 2 piR (0.2 mol/L, pH 9.2),
4 CitIBIE ., A 2.5 mL IHERRR(12 mol/L), A 1#
1, AE 110°CEAE R /KA 24 h, KRB IERE 25 - 300 uL £
VTSN 150 pL d4-CML F1 d4-CEL 34 PIFR(1 pl/mL),
T 3 mL AR 5 o [ AHAE BOH: [ AH 25 BUFE (SPE, Oasis
MCX cartridge, 60 mg, 3 cc, 60 um)Z&4-anF: &1L 4 5
F 3 mL A FEEA 0.1 mol/L f9ERAR, AR 0.1 mol/L
FIFRER A 3 mL (9 B X AL A E T Tk vk, A 6 mL 4k F
BE(95:5, V:V)BEML . IR T J5 (i 1 300 pL H AT 7 2 1%,
0.22 um ML AETERST g, W& IERE AT .

HPLC £ 3% )y X-Bridege C15(100 mmx=2.1 mm,
3.5 um), FECN 35 °C. TEIAE A M ZNE, B AN 0.1%H
B2 /K VW, FaE N 0.3 mL/min, #6REEVEME 514 0 min, 5% A;
5 min, 60% A; 7 min, 100% A; 9 min, 100% A; 10 min, 5% A;
BATHIA]: 20 min, BB A SR 2 IO W AR =X
(multiple reaction monitoring, MRM) T 1 B, I6% 55 1 i 7R
(ESI+), B TIRIREE N 110 °C, EIERIEE K 400 °C,
A MRM #E8E #A CML: m/z 205—m/z 84; CML-d4: m/z

209—m/z 88; CEL: m/z 219—m/z 84; CEL-d4: m/z
223—m/z 88,

3 HERE55H

3.1 REFRELXERE AR E LS

05 TR PR A SRy sl 10 it A 2R R, LR TA)
FEAEAE LI FE B M 4 R AR AR, e HR M
BHAE TRV, SRk — TR, R TTR 2 & A AH LY
ARt 53 2 B DR M SR P R K AR K (R B K, Tf
RETE LRk, DT [ SRR PAMILAA 4% . 20 Aol 4
T2 AR Martino Z£U5T | Molina ZEU0Hs ¥4 it 72
TR SR TE 2 S SO IR A 24, o8 40 6 P A DG AR 22
AR R, N T AR R AL AZREIAE R LS
AR, B, SR, ATURIE RN AL IR E

25 YRRl EUR A B TBARs EANE 1 iR, Skt
WHCH 6 IR, 435I 8 # 5 7R (control) . 1 IR IR (L
cycle). 2 RIEFH(2 cycles). 4 IRI%EL(4 cycles) M 6 AR
(6 cycles). M 1 HAT LLE H 6 YUK MLS JERLA 1 TBARS
58t AR EL R AR T B3 B3R T (P<0.05) AT 2 YRR
1 F2H TBARs (HAE L IE A (P > 0.05), k4 k)5 2%
FEE 0.57 mg/kg(P<0.05), #4552 GRS T 50%, 3%
55 Chen ' Al SEPBFTR 45 R —5, HAFswas L%
HATE 0~3 YRR & Uil il A o 24 A BV B A 9 TBARSs {E 3%
KRB, 1H 4~6 ¥k TBARs {8 % FH5, 4N TBARs i
a5 T ERRS THE 2 0.51 mg/kg, MM PY TBARs {E
F% 0.50 mg/kg. XUVLHIZEVRR AR, YRk 2 YR SE 56
HEURFA IR AL S IR (2, 4 YR 2 ), JRRHA &
A 2 B AR SV (P <0.05)
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Fig. 1 TBARs value of raw patties through repeated freeze-thaw
cycles(n=3)
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AR VUR R . WRRER . N ERERR . M6/ TURIR . MR
BR . AEAE IR . O —RER . B R . g
ANKSER DHA . HRERG . BRI G —WIR . Fitl—mR . &
A VOISR . AELE TUR R LAAN, HEARE I 1 340 e v fal o B0
Ik A AR, BTSSR SRR, XA T g
JER N IRIDTIR & A T 4L, MUK 2L S E0y BRIk
b, MR IATR . FRANE RIS IR . 2 AN AR BT IR A i
WAEREAR, T8 S kRS B &AL, 405 TR 42.58%.
51.49% % 55.12%. WCZESE S FE 4 i & v o 7 R g
17 R 75 Ak 1 R WG T Y TR B K A B 0 S T U7 TR ) R
b, 45 HAE 0~5 YAl B IS JE LA AR PE T 32, 5~10
YR R R b UK R B SRl B . X S ARSI g 4
R—3, —2Ra R A AR IR st & — e R
Ak, 0 B AN 0 A 07 R O ARG, B i SRR A
JRU B B AR

Bt R RO B RN, TR PR TR O AE 4 R PRl
Ja KA B AR 2), KA AN b R i .
B ok A ST M R, AR A bR, AR LR
HN (MDA BRI T, x5 145 848Nh
—3, 5 4 VKRS TBARs fE3 55, 55 6 IRRDS SIS0
RERRIlEE D R AAREFER AR B HhER
AT T, St A AR AW UG BB T, P

HARTE . DR e e, WLmE . O, 4L R
N MDA, Hrk GO K& MGO % & AGEs [(E %
PRI R B, 25 & FERRAEIE KA N, A iR e HOR
A1) AGEs.
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Fig.2 Juice loss of raw patties through repeated freeze-thaw
cycles(n=3)

32 REFMMENAPRERARERNN AGEs
e

JEURE A Hh B2 BE IR 14 % ek T S T DAY S R o o
IR (e 4R SR URRR B ORI SRR 5 i R A T ARk,
Forpiip B GO & i p R AL AT RE R T RO R R R b 2R
FUSTI KA, S0 TRl B B R . R 2 AR
KT JSURHA Hh il g E IR & i, DR PG 16
RS S HEMR . U755 Asp. Glu. Ser. Thr. Phe &t AN
BRI S, e 11 il g G R AR BE VR RO 38
N & A — e PR 3N, CML. CEL M EEEE A i
MR Lys, Ui BSaiad iR & B e g n 2 % 5w, T
95 4 YRR INIA R T (23.43+0.82)me/kg . 35 3 TR,
JEURE PR S BB R 5k 14 8 R R R A 1 I T RARARR, X T
AE -5 S S R Rl T 0 R A AR ) oA 5% JErP i R
A E RS 1 UCURRIS & A PR, B30 2 YRR 2
IR, S RFEEE (606.18+68.39) mg/kg, ZJFHIA L A4S
o Al SEVBFTEHE th S SRR WUSLET 4 8 1R A T R,
[l i L8t 2 1 B DT /N B, B A TR A o
S B R 2T R A o X 2 T BT B IR
S, A Bk RERR A i A B 22 ) S5 A

R1 NEUFERE TR AT N=3)
Table 1 The content of fatty acid in raw patties through repeated freeze-thaw cycles (n=3)

I 0T PR 24 R (FRAAL/ %) 2 1 2 4 6
A H:fR (lauric acid, C12:0) 0.04+0.02° 0.0240.01° 0.0120.00° 0.03+0.02" 0.02+0.00°
IA 52 5£ iR (myristic acid, C14:0) 0.66+0.19° 0.35+0.13" 0.2840.07° 0.6240.19° 0.25+0.02°
WA &5 — M B8 (myristoleic acid, C14:1) 0.38+0.50" 0.06:£0.03* 0.05+0.01° 0.08+0.50° 0.04:0.01°
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k1
JIE U5 B2 4% Bk (BAAL/ %) = 1 2 4 6
FEHA R (palmitic acid, C16:0) 20.89+7.26*  15.91+4.06™ 13.14+1.52° 20.08+7.26™ 12.7441.23°
kit — R (palmitoleic, C16:1) 3.80+1.48" 3.06+£1.23° 2.18+0.48" 3.88+1.48° 2.06+0.31°
T IR TR (stearic acid, C18:0) 10.25+3.93° 6.23+1.77" 5.61£0.53"® 9.56+3.93" 5.27+0.29°
M2 (oleic acid, C18:1, cis-9) 38.93+16.88"  25.368.29™ 28.28+7.50™ 33.13+16.88" 12.93+4.32°
AE 3R (linoleic acid, C18:2, cis-9,12) 26.31£10.02°  21.25+6.87 16.56+1.35 27.06+10.02° 10.53+1.62°
IV R AR (linolenic acid, C18:3, cis-9,12,15) 1.94+0.80" 1.79£0.73% 1.21£0.13° 2.49+0.80° 1.09+0.12°
A6 —J# 1 (eicosenoic acid, C20:1, cis11) 0.43+0.28° 0.13+0.05° 0.11£0.02° 0.27+0.28" 0.09+0.01°
AEH: T2 (eicosadienoic acid, C20:2) 0.54+0.27° 0.25+0.09° 0.2440.06° 0.39+0.27% 0.2240.02°
16E =) B2 (bishomo-r-linolenic acid, C20:3) 0.34:+0.07"™ 0.29+0.08" 0.28+0.06™ 0.38+0.07° 0.24+0.01°
A6 VU T2 (arachidonic acid, C20:4) 2.25+0.46° 1.74£0.48° 1.78+0.43° 2.10+0.46 1.62+0.11°
A4 TLIG R EPA( eicosapentaenoic acid, C20:5) 0.52+0.15° 0.39+0.14° 0.40+0.13% 0.49+0.15% 0.60+0.06*
T+ TN KR DHA(docosahexaenoic acid, C22:6)  0.21+0.03° 0.13+0.04° 0.13£0.05° 0.15+0.03* 0.11£0.01°
MR VT R 31.84+0.03*  22.52+0.03"° 19.05+0.04% 30.29+0.04 18.28+0.01°
BAANIELFN R 17 R 43.54+9.02°  28.62+4.87" 30.28+1.38% 37.35+5.80® 21.1241.19°
ZAMIFINR TR 32.11+11.80°  25.84+8.43" 20.60£2.21% 33.06+11.80™ 14.41+3.40°
e 47 F B (a-b) 3R i 1 25 7:(P<0.05).
#2 TREFRMRETENMAPFEEERSEUTEITHNO=3)
Table 2 The free amino acid in raw patties through repeated freeze-thaw cycles (in dry basis)(n=3)
AILMR A FR RN/ (mg/kg)) = 1 2 4 6
Asp 21.92+1.57° 17.88+2.48° 25.86+6.47" 31.45+3.74° 49.61+6.61°
Glu 0.33+0.01° 0.35+0.02° 0.39+0.04° 0.37+0.02° 0.53+0.07*
Ser 22.14+9.25° 23.67+2.59° 29.46+5.48" 29.34+2.90° 32.55+3.89°
Gly 13.45+4.59° 14.53%0.65 17.01+3.92° 16.28+0.81° 15.65+1.57°
His 64.24+57.77° 84.88+2.05% 109.740.41° 91.8+1.76™ 94.67+12.86"
Arg 139.32+163.07° 313.3+22.82" 294.48+51.6* 281.81+64.19" 338.15+19.3"
Thr 19.79+6.57° 19.52+1.6° 22.28+1.24° 23.99+0.77% 27.87+2.42%
Pro 436.07+25.27° 409.12+32.75" 426.34+41.52° 404.61+43.12° 423.88+24.79°
Ala 14.95+3.48" 16.24+1.29° 17.47+2.23 14.55+0.55 18.15+1.19°
Tyr 15.52+4.48° 15.39+1.08° 20.11+4.55® 20.73+0.49* 24.61+1.09°
Val 14.87+4.87° 15.95£1.73° 20.38+4.15% 21.12+0.37% 24.86+1.71°
Met 9.69+2.68" 9.68+1.13° 11.96+2.92° 18.51+4.08" 17.89+0.61*
Cys nd nd nd nd nd
Tle 22.41+7.33° 23.2842.62° 30.25+5.81% 32.96+1.09° 38.14+2.04°
Phe 9.36+2.89° 9.45+1.02° 12.2242.22% 13.340.66° 15.310.62°
Lys 16.88+6.12%° 13.26+1.93° 20.92+7.17% 23.43+0.82° 25.37+3.49°

e A4 AR B (a-b) 3R i 1 25 7:(P<0.05).
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Table 3 The total amino acid in raw patties through repeated freeze-thaw cycles (in dry basis)(n=3)

IR PR (AL (mg/kg)) =] 1 2 4 6
Asp 800.70+111.11° 900.83+87.03* 879.08+92.34* 806.27+109.66" 813.24+104.48"
Glu 8.67+1.31° 9.95+0.89* 9.90+0.93* 9.38+0.58" 8.87+1.14°
Ser 262.09+44.17° 300.0126.11° 299.08+34.57" 288.37+21.29° 284.28+41.92
Gly 1411.58+170.47° 1640.65+138.58" 1533.9+£123.98*® 1415.74+101.65° 1494.14+128 .41
His 968.52+317.7* 816.13£86.7% 805.7170.08% 753.15+73.24° 812.01£79.72%
Arg 804.42:149.75 983.04+£92.5° 947.42+90.85° 881.66+53.95% 872.85+104.75™
Thr 1979.25+315.94*  2027.61£151.05°  1987.73+160.39° 1900.64+230.20° 1983.04+376.56"
Pro 816.71=118.62° 946.49+90.43° 909.41+£96.45™ 853.76£66.64™ 870.10+88.28%
Ala 5695.26+942.97"  6416.22+981.47"  5444.75+1226.93"  4626.27£1230.42° 6031.34£1122.67*
Tyr 654.22+150.38" 759.18+80.98" 671.52+75.23% 601.22+37.17° 639.36+92.23%
Val 1231.11£118.3° 1411.22+134.66°  1301.61+145.12" 1193.8+130.39° 1266.39+118.72%
Met 586.11+58.81% 650.03+71.64° 573.24+79.82% 520.41£51.20° 575.7£60.46™
Cys 248.6x111.66" 168.04+8.40° 167.02+14.87° 167.61£18.03" 188.39+44.98
Leu 1495.08+138.78* 1634.5£166.8" 1489.12175.98™ 1365.08+177.45° 1478.18+147.91%
Tle 2433.59+241.73®  2720.13+289.08*  2461.76+314.42% 2235.97+295.93 2479.94+250.85%
Phe 1378.16£147.11°  1335.28+238.15° 1311.43+185.%¢ 1187.97+178.72° 1338.92+145 3"
Lys 748.82+103.87° 691.56+104.59™ 606.18+68.39 600.92+80.50° 570.67+169.93

e Fl—17 AR (a-b) 3R 35 M 22 57 (P<0.05)

M 4 AT LR i, IR CEL 5 CML & &3k
URRMUCEC e e A= AR R ) A Ak o BT B 1 J5ORH R H CEL Y
ek, (85.03+20.53) pglg, —IRIRALA S EMEMT —
F, RAREMENIRE, 8 2 WHRRE S EA - ERE L
FIREAR, 25 4 WRRE & Bk &4 B E a1, [
Bf, CML A& A RTNIR ARt oK R 2R AR Tk, 1
94 WIRAET R A T &L, AGEs BFZRZ, kg
. CTE-HERRY . HRE-BE R R M —
T - S IR - IR R 5, BT TR AR BGRARAH B384 o 1 1K GO
MGO 7] A5z . K2 W LA R e 2 R #0545
Fll AGES, CML £ ji it T B, RaJ2 AGEs Shit TR [FIRT,
BRI TR o BEMILG Y, FIAE< (L i HAh
AGEs JEA. Niu Z5UHFSE T i A (0 37 S AR R SO AL i
T.HiJS AGEs S ZE b, 7€ 0 °CIE AN [F] B fin] i figs e (O
i 0~14 d B¢ 0~21 d)s FHf JULIA (758 0~21 d)i) AGEs & it
W REMNZES, (IR 21 d AP, SRS
4 CML BT & i LU B G (I3 N T 19%. #iff Rkt
W AGEs FZRFNANIEEYE AGEs MR, [RIF7E
AP RS A AGEs B4, YR— s, JRRHA

RO 7 R 2k T SRR RO, AR B R R R e AR
2:ie i AGEs 4= i, TBARSs 5% Al L — @ FERE b 0 g
A=A i R AREZE, 41 GO Al MGO(CML #l CEL Y
YR, BRI E AR AGEs TR BSR4, 7EA8
Afbikterh, HEBRIEA— BRI AP GO
MGO)J &, [RIFER A FE CML A1 CEL BY7/=4: . IR Jfiad
AR AR O T SRR e BB, T
i g AR AL i AR AR L CEL.

R4 FRUFRXH TERAF CEL & CML B4 B E(n=3)
Table 4 The content of CEL and CML in raw patties through
repeated freeze-thaw cycles(n=3)

CEL/(ng/g) CML/(ug/g)
= 85.03+20.53° 297.17+43.24%
1 165.01+2.33° 346.64+76.68"
(f JF@?;) 133.43+1.96° 255.35+14.04*
4 124.55+4.84° 218.93+33.84°
6 127.83+5.21° 246.85+43.01*

e Fl—AAR R E B (a-b) 36 i 25 M 22 5 (P<0.05)
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Fig. 3 The roast loss of roast patties through repeated freeze-thaw
cycles (n=3)

=5 ARFRAE TERAYF CEL & CML FERKZE(n=3)

Table 5 The content of CEL and CML in roast patties through
repeated freeze-thaw cycles (n=3)

CEL/(ng/g) CML/(ng/g)
A 116.00 + 18.07®  285.00 + 67.01*
1 104.64 + 4.78" 276.85 £ 6.29°
el 2 12592+ 11.25°  366.64 + 87.62°
(AT 211 : : ’ ’
4 123.98 + 10.64®  292.69 + 31.92°
6 13326 +7.16°  409.58 + 118.61°

TE: Al =S )P B (a-b) AR B2 57 (P<0.05)

4 &

TR SBUORN™EAAL, iFe s BRI, R
TR 2 R 25 R U JE AL R SR P W ) SR A 2 2 o, Tk
I CML il CEL B Rk B8 InAs s 8 2, 49
N8 AR DA SR AR R [R]85 R i 25 J5URL A H AGEs IR R
JNTJE B89 CML F1 CEL 2 IS5 1 B a3
A E, (AFRMEFRK, 6 WG 1= 15 WPk
CML BEH e ISR BN 2 43.7%, bR 2% S0 B R i 72
R SR R Al 2 S BUIR U & A 4k, AGEs(CML
K CEL)W B, [RIH 2520 #4000 TS P il & i i 5 L &
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