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Formation and regulation of 1,2-dicarbonyl compounds

and AGEs in steamed cakes
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Abstract ;

glyoxal,

In view of the formation of harmful products of
Maillard reaction in baked foods, different recipes of steamed
cakes (sugar type, oil type, cake acidity regulator and the ratio
between egg white and yolk) were selected to analyze the changes
of glyoxal (GO) ., methylglyoxal (MGO) and advanced glycation
end products (AGEs) in cakes, and the inhibitory effects of natu-
ral flavonoids (geneistein and luteolin) were investigated. The re-
sults showed that fructose (hexacarbohydrate) produced the

highest MGO, xylose (pentose) produced the highest GO, GO
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and MGO contents were the lowest in cakes produced by xylitol;
The influence of oil on the production of GO/MGO and AGEs
from high to low was corn oil, soybean oil, palm oil, and marga-
rine; The contents of GO/MGO and AGEs decreased with the in-
crease of acidity regulator and the decrease of pH value (8.5~
5.4) of cake system; When yolk was added less than 40% , the a-
mount of harmful products can significantly be reduced with the
decrease of yolk content. The flavonoids can inhibit the harmful
products of GO/MGO and AEGs, and the inhibitory effect of
luteolin was higher than that of genistein.

advanced glycation end products; steamed cakes;

Keywords:
maillard reaction ; glyoxal; methylglyoxal; flavonoids

AT AL ZURE b | R T8 I IR ORI I8 AR OR T 2 R
L H OB /N G R B AR . A
HR B R R OB 2 A R T AR T S R k&
A Ak 2 A0 B AR A v 38 1 RO A T T AR B AR
B M B P ] s 2 2 BOR AR 1. 2- S R
AW GO 2 2 B MGO) M . & i
PR 1 2- R EAL G T i — 25 5 1R R b & IR
BT R 8 1Y e R BRI 2 7R ) (AGEs)™ . K )
A & & AGEs 9 & 5 80k N AGEs /K F 1
L e — R G W B KRR R K I R T B
YRR RAE KRS . H AT A T B e
W S H A AT R S AR AE T i B Rl R LR L
AT LLRE AL RS F T b 9 6 AGEs & GO 7
A Yokl AR B R S G AR MGO B BN 7 ) I T AR 1R
R L, 2- RIS W 0 A w9 S R i T
AR ZR R R TR JEARE R 10 2- 2 3 Ak Ay R e U0 B 3 1k 28
AR SR T

AR B o AN 8 75 B RS O W o8 X G KA S B AR RS



HA#F 55 FUNDAMENTAL RESEARCH

TR FR T SR T i 9 e o YR IR R T AN TR
Jid J7 OB AR 2 il G Al 26 ORGSR R W R IR R TS
B X EAE A E HE =Y (GO K MGO) fil &K 7= )
AGEs /4 il 2 (¥ 5% 0, BIF 5% 077 A 0 B 8 o 3 Y50k 4 i
O JBR B 22 0 AR 20 Ji5 % 35 R 428 52 7 19 490 1 7 T

R R e R DRTS

1.1 #REi#H

o 11N NS I 3 R T N 17 = 1| DI e B =
S A BRA A

TP E : B RS A RA T

TR /N2y RN B AR A A PR A 5
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AN R R T O 2,3- T WA S AT
i, 1 1 25 4 AL A R IR
B - (35 20, 9 [ 2 4 A 2 R A B W
AR TN AR I e R AT IR F
1.2 E5E#E
1o TR £ 385 43 . U-3000 Y, 2% [ 96 BR K i R B} 3

YNGR
HifFR 1Y : Infinite 200 Pro %1, B} ] Tecan # KR/ 7
R E5.OAL : Eppendorf 5415 B, A [E 4[R2 7] 5
B F R F: FA2104N B, | iR 2% B 24 AU 2% A R
NCIE
pH i1 :PHS-3C &I, | iff = {50 %) ;
BEFEHL: HM520 B, PR 8 PR ) 5
HLZE4R . WSYH26 A BL, 7R 35 Y A: 0 HL 23 1l 3 A PR
2
1.3 A&
1.3.1 BB K T2 e

(1) EARBTr - HIE Mo (EIE 100 g, bl 38 g, WAk
B B B Mo PRkt I B T A D 5 B R 40 (AR /DN 22 A
36 g RAHEI 16 g.7K 10 g. Il 30 g bR P (R 3 K%
B A R B R D .

(2) LW

& Z A R AER K GBS

B KR VBB P AT AR @ R A A A R S

1.3.2 $RAERA BORBE NG 4R 40 55 4R T AR B, 4 B
TS 43 70 43 B B 35 50 1 A5 25 5 WD 8 B 4 3 RO AV P
REBITE T RERAEA R, B 1/3 HAMEMAE
WP B S HEES R R EAFSE SRR
SFR 6.3 em X 4.0 em X 2.0 em B8 AR AL A B, B
30 g R EAEREG FHHE 2~3 R RBEWIER KA
Jo B THZERTZE 30 min, 2 VL TRIR TR,
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(1) BEFhE e LA EC 5 3 mb B BRI & 30 g
W 40 g, AU 0I5 55 8y S B, 36 BF (1 0 L AT
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AR HE A R B L 0 B T K K O R O A
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(3) pHAH : ARV FEA N 38 g. T KRJMF i 30 g,
ERRINE 40 g RTG53 507 n 4 38 4 0.0,0.5,
1.0,2.0,3.0 g/100 g « #EF ., G Ze#AER 1.3.1(1).,

(4) FEFU NG SRS BEAS & 38 g, K I 7% n
30 g ANV 5 B By B HE B L 43 S S N 4K ¥ 020,40, 60,
80 g/100 g « i, G e #AEIR 1.3.1(1),

(5) W : RSB IN 38 g, BRI N 30 g, B
BRI A0 g, RS INIE By, FE L J7 B BRI 8 43 43
IR B AR F LR B R BN 43 5128 0.05,0.10,
0.30 g/100 g. JEL#EAER 1.3.1(1),

1.3.4 ALK Sr . pH H B &

(1) K4y & # GB 5009.3—2010 $147 .,

(2) pH {H:FRHR 0.4 g B REH 1 £ F F 50 mL & .0
B A 20 mL 28K iR JE 3 min, 3R T HCE 1 h, A
pH JE E3 W pH (E.

1.3.5  #obtk AGEs il £ 6 b2 Jatt AGEs 1)
PRI AR SCHRL7 ME Bl R B R & RS B 200 pL
E Ex/Em=340/465 nm &b%¢Y61H , Gain X E N 65, F 5
KR 4 3 41747

1.3.6  GO.MGO [l &

(1) B A 3 AR SCHR L7 9 & S0 T RS i Ak IR
0.5 g AL AT 10 mL .0, A 5 mL 1§
7K s B E 3 min,8 000 r/min B.[> 10 min, Y45 FiEW 1.
FELEFMA 5 mL 50 % i) F KT IR HEIR 51 )5 #
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PRI (T 150 W) 60 min, 8 000 r/min &.0> 10 min, i
LW 2.8 1.2 LiEWRAIFIRA,8 000 r/min B L
15 min, B 2 mL |} #EAT A7 AR A0 RN .

(2) KA AL - 2 BoCik[10],

(3) o ity 2 (9 Al 7« R B S IO A K R RE Y
0.05,0.1,0.5,1,2,5,10,20 pg/mL i GO Fl MGO &4
W2 mL, R 1.3.6 (2) M AF A Ak 75 ¥ %R o S GO F
MGO AL BL GO 5% MGO 93 BE g #8 42 4%, GO
B MGO 5 bR (2, 3-T 2D B9 U 17 FL2Z H oA 90 AR A i
G

() W AH 3% & 18- 635 A O kromasil 100-5 Cyg
(250X 4.6 mm id,5 pm) ; #5315 nm, FEBIAH A R
FEE s B AH B oA 0.2 %0 CIRBLUEL) 19 £ R K 1 T Uk 1 A
J¥:0~25 min:32% A;25~28 min:32% ~40% A;28~
36 min:40% A;36~38 min:40% ~50% A;38~40 min:
50%~85% A;40~48 min:85% A;48~50 min;85% ~
32% A;50~55 min:32% A, %ii# 0.8 mL/min, JEEEHE
10 L, #HR 30 C.

1.4 HiELE

NLFH SPSS 17.0 4347 ¥4 , {8 50 R R 7 2% 40 i
(ANOVA) Ht Duncan 47 K5 5 (P<C0.05) , AN 5] 20 31 1) &
FMER AR FEER.
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Figure 2 Effect of sugar on the formation of GO/MGO
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and fluorescence AGEs in cakes
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Figure 3  Effect of lipid species on the formation of
GO/MGO and fluorescence AGEs in cakes
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Table 1 The pH value of cakes by adding tartar powder
ISR nEE /(10 g+ gD pH
0.0 8.540.1
0.5 8.240.2
1.0 7.440.1
2.0 6.640.1
3.0 5.740.1
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% :\; 1471
ﬂﬂﬁ@ w127
15 2 107
oIS
STE o8
SEF of
& Q_CJ %‘ 4l
é = 92!
0

I i
Tartar powder content/(102 g + g™)
AEVING TR R AR S IR A B GO ik 22 57 W3 (P<0.05);
R G5 B R A 4 B A MG O % 5 08 %
(P<0.05)
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Figure 4 Effect oftartar powder on the formation of

GO/MGO and fluorescence AGEs in cake
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Figure 5 Effect of egg yolk content on the formation of

GO/MGO and fluorescence AGEs in cake
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Figure 6 Inhibition of GO/MGO in the cake system with

different kinds and concentration of flavonoids

W) 22 5 5 by S o 70 5 AR R i A A ERCAL R R A
R T P BB A 5 SR R A R A AR Y R e
R =S B S T WD N R N = ks @ W DR D
T FE I S — A R R AR R B ) AN 0T L
e G 19 5 0 AT LA 2 S 7 8 S B 7R B A R
S D5 B A R B R e R B X AR R P R AL
S 249 A B S f) 0 o P AELIS T SRR B B R
E W E LA it — L WRAWE .

2 % 3Tk
[1] DEGEN J, HELLWIG M, HENLE T. 1,2-dicarbonyl com-
pounds in commonly consumed foods[ J]. Journal of Agricul-
tural & Food Chemistry, 2012, 60(28): 70-71, 9.
[2] HENLE T. Protein-bound advanced glycation endproducts

(AGEs) as bioactive amino acid derivatives in foods[ ]J]. A-



HA#F 55 FUNDAMENTAL RESEARCH

mino acids, 2005, 29(4). 313-322.

[3] RACKAUSKIENE I, PUKALSKAS A, VENSKUTONIS P
R, et al. Effects of beetroot (Beta vulgaris) preparations on
the Maillard reaction products in milk and meat-protein
model systems[J]. Food Research International, 2015, 70;
31-39.

[4] SINGH V P, BALI A, SINGH N, et al. Advanced Glycation
End Products and Diabetic Complications[ J]. The Korean
Journal of Physiology &. Pharmacology, 2014, 18: 1-14.

[5] YEH W J, YANG HY, PATM H, et al. Long-term admin-
istration of advanced glycation end-product stimulates the ac-
tivation of NLRP3 inflammasome and sparking the develop-
ment of renal injury[ J]. Journal of Nutritional Biochemistry,
2017, 39: 68-76.

[6] PUYVELDE K V, METS T, NJEMINI R, et al. Effect of
advanced glycation end product intake on inflammation and
aging: a systematic review[]]. Nutrition Reviews, 2014, 72
(10) : 638-650.

[7] ZHANG Xin-chen, CHEN Feng, WANG Ming-fu. Antioxi-
dant and antiglycation activity of selected dietary polyphenols
in a cookie model[J7]. Journal of Agricultural & Food Chem-
istry, 2014, 62(7): 1 643-1 648.

(8] ey, by, BRE, & WMAR KR F 1,2
TS W ATE R R AT S LT ], & 5 AL, 2018, 34
(100 . 1-7.

[9] YUAN Yuan, ZHANG Huan-jie, DENG Jie, et al. A pre-
dictive model of acrylamide formation influenced by moisture
content, lipid oxidation, and methylglyoxal in fried potato
slices[J]. RSC Advances, 2014, 4(13);: 6 608-6 615.

[10] LI Xiao-ming, ZHENG Tie-song, SANG Sheng-min, et al.
Quercetin Inhibits Advanced Glycation End Product Formation
by Trapping Methylglyoxal and Glyoxal[J]. Journal of Agricul-
tural and Food Chemistry, 2014, 62(50): 12 152-12 158.

B 20883 | 2019 2 A | ARSI

[11] SREY C, HULL G L J, CONNOLLY L, et al. Effect of

Inhibitor Compounds on N¢-( Carboxymethyl ) lysine
(CML) and Ne&-(CarboxyethyD lysine (CEL) Formation in
Model Foods [ ] . & Food
Chemistry, 2010, 58(22): 12 036-12 041.

[12] MAIRE M, REGA B, CUVELIER M, et al

Journal of Agricultural

Lipid

oxidation in baked products: Impact of formula and process

on the generation of volatile compounds [ J]. Food
Chemistry, 2013, 141(4): 3 510-3 518.

[13] MILDNER-SZKUDLARZ S, SIGER A, SZWENGIEL A,
et al. Natural compounds from grape by-products enhance
nutritive value and reduce formation of CML in model muf-
fins[J]. Food Chemistry, 2015, 172. 78-85.

[14] B 5. Shks. BB, B3 b 70 O R KL &) 18 o i B
RLT]. A EE & F A, 2010, 6. 209-212.

[15] J2Ldd . ZR2nie, s XUR &5, i L4 4 % BSA-Glucose
LA R G 0 AL R s = B B s L ). & SRR
2012, 33(21): 6-10.

[16] 2= HURF, VLIESR. KRk &5 L2 B 2O M. Jbxt:
[ A Tkt kL, 2010 59.

[17] DELEU L J, WILDERJANS E, VAN HAESENDONCK 1,
et al. Storage induced conversion of ovalbumin into S-
ovalbumin in eggs impacts the properties of pound cake and
its batter[J]. Food Hydrocolloids, 2015, 49. 208-215.

[18] GOLDBERG T, CAI Wei-jing, PEPPA M, et al. Advanced
glycoxidation end products in commonly consumed foods|[]].
Journal of the American Dietetic Association, 2004, 104
(8). 1287-1 291.

[19] LIU Gui-mei, XIA Qiu-gin, LU Yong-ling, et al. Influence
of Quercetin and Its Methylglyoxal Adducts on the Forma-
tion of a-Dicarbonyl Compounds in a Lysine/Glucose Model
System[ J ]. Journal of Agricultural and Food Chemistry,

2017, 65: 2 233-2 239.

W EIT ISR EANEARERES %

2019 4E 2 A 11 A B8 & A 401 (EU) 2019/238, 11T ML (EU) No 37/2010, % B 2k 1% 3% 6 1 /9 i K 5% B8
FREPEAT A, REHARGZHES —FK4a%., BAREENT .

24 PR T bRk K Hog 43K GRS (EC)
. e 4] g/u\ NAY WA
Yy 5 5% B W) SRR 5% B IR A No 470/2009 45 14(7) %) IR

b TER | AibEH D IN I
YRR AL
AT AL A A brEk g2y
BRAGHMRE | JoER A& A
& k| AR N ES T

k¥ http://news.foodmate.net)




