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Analysis of the Difference of Volatile Flavor Components of Arginine—Glucose Maillard Reaction System
Based on Electronic Nose and GC-MS
BEI Cui-ping'?, LIU Yan-xia'?", ZHAO Gai-ming'?, ZHANG Li-ping'*, ZHANG Yi—zhen'?

( 1.College of Food Science and Technology , Henan Agricultural University , Zhengzhou 450002, Henan,
China;2.Henan Key Lab of Meat Processing and Quality Safety Control, Zhengzhou 450002, Henan, China)
Abstract: In order to study the effect of different reaction times on the volatile flavor compounds of the
arginine —glucose Maillard reaction system, an electronic nose and gas chromatography —mass spectrometry
(GC-MS) were used in conjunction with principal component analysis (PCA) and linear discriminant analysis
(LDA) were used to analyze the difference of the volatile flavor components of the arginine —glucose Maillard
reaction system at different reaction times. The results showed that both PCA and LDA could distinguish 30 d
and 40 d samples better, but for other samples, PCA was better than LDA. GC-MS had detected a total of 50
volatile substances from the arginine—glucose Maillard reaction system, which could be divided into 6 types of
substances including alcohols, aldehydes, ketones, esters, alkanes and other compounds. Ester substances
were the main volatile substances in the 10 d and 20 d samples, and alcohols were the main volatile constituents
in the 20 d and 30 d samples. The main volatile constituents were significantly different at different reaction
times. Principal component analysis was performed on the volatile substances of different arginine —glucose
Maillard reaction system samples, the quality evaluation model was established, and the order of comprehensive

scores at different times was 20, 10, 60, 40, 30 d and 50 d.
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Fig.1 Principal component analysis of velatile products in

Maillard reaction system of arginine—glucose
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Fig.2 LDA analysis of volatile products in the Maillard reaction

system of arginine—glucose
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Table3  Analysis results of volatile compounds in the Maillard reaction system of arginine—glucose at different reaction times
Ly ] i
10d 204d 304 40d 50d 60 d
(e 190.31 389.37 226.48 119.42 78.16 182.26
s A 71.43 185.04 96.16 89.24 78.16 25.50
1-THRE B 2 6.09 = = = 13.58
A B 11 C 19.04 = 9.34 = = =
2 B B D - - - - - 575
Z,E-2,13 /AR hf- 11 K 5.01 491 21.45 30.18 = -
(27.52)-2, 5~ i —Hi-1-0% F 6.99 - - = = =
1P B2~ T Hi—1 - G 87.84 87.84 - = = =
(- T He—5-FR R 0 - 3 -2 i) — WP H - 105.49 - - - -
2,7- W2, 6-% " 4F-4-F 1 - - 99.53 = - 137.43
s 109.63 111.96 65.84 75.22 70.21 87.19
TEE J - - - ~ 16.79 -
11— mehfis K 2.38 - 2.79 - 0.79 9.22
L L 107.25 111.96 63.05 75.22 39.38 77.97
HEnE M - - - ~ 13.25 =
Ml 17.11 114.51 7.15 9.87 104.15 12.58
N—(d=bromobut=1=yl)piperidin—2—one N 14.96 10.84 7.15 9.87 2.52 12.58
! 0 i 96.52 = = 56.41 =
H 7 P 2.15 = - - - -
2 AL 3 T 0 - 7.15 - - - -
(18-MiT)=1-(2,2, 6~ =P HEFRCHE) 2 R - - - - 45.22 -
LFEs 791.95 76248 517.48 603.89 311.69 643.2
LR s 760.89 675.76 434.33 560.21 277.19 583.07
TR AR 1T T - 35.81 49.55 26.26 1.72 29.90
CLiE-2- 421 U 7.24 3.48 25.99 17.42 17.15 11.01
e i v 7.76 6.38 5.22 ~ 3.76 -
3,61 /B b P w - - - B 5.87 19.22
TEHE PO o e X 12.54 = - - - -
- -1, 1= -2 i FH R Y 3.52 - - - - -
11, 13- R 12— |- PR -1 - 2 R 7 - 41.05 2.39 = - =
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Continue table 3 Analysis results of volatile compounds in the Maillard reaction system of arginine—glucose at different reaction times

—__]50

o (nglg)

e A i
104 204 304 404d 50d 60d
ek 166.32 117.23 76.54 92.08 77.7 139.37
Xt R A AA 44.79 51.18 8.22 = = =
L CEE S AB 15.18 16.96 28.18 12.79 17.87 22.04
ok =~ AC 44.11 49.09 3111 37.65 12.74 2442
(+)-FriEss AD - - - - 11.04 -
(Z)-5-1=#& AE 10.00 = - = = =
2.4-" ke AF - - - 33.20 - -
2-EET he AG - - - - 27.27 -
- H4-H RO ke AH - - - - - 92.91
I-(F-2-4ET A ) ke Al 27.90 - 9.03 8.44 3.11 -
3I-( -2 L) |1k Al 2434 - - = = =
Wi -2~ T 3e-3-H B - RS 2k AK - - - - 5.67 -
He 573.19 49351 480.03 542.2 300.16 407.79
LTk AL 83.38 - = - = =
LN AM 2838 23.03 57.89 64.13 - 68.66
- FRALTT e AN - - - 35.39 - -
e AO - - - - 21.80 -
2-(HABE-1-3%) 2 AP 11.08 - 11.95 15.27 6.40 1292
2~ R - 1 - () SR FTRRT AQ 10.80 - 39.02 21.13 7.62 14.12
o v AR 428.00 470.48 27334 290.21 264.34 312.09
9-— 4 AS 8.57 - - = = -
4531 AL g S i AT = = 3.23 = = -
WEEIS — 6 ¥R AU 2.98 = = = = =
A =R AV e - 9.05 6.24 = N
A RE R e AW . - - 8.79 = -
1, 1P BB RE R AX = = 85.55 101.04 - -

T AR R A AL
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Table 4 Number and content of volatile components in Maillard reaction system of arginine—glucose with different reaction times

g 104 20d 304d 404 504 60 d
WEAE RS A nglg)  FREEEC Fil/(nglg) FEEEC SiR/(ngly) FREERC Si(eglp) FPEEEL FE(ng) FREEEC Hi/(nglp)
s 5 190.31 5 389.37 4 226.48 2 119.42 1 78.16 4 182.26
i 2 109.63 1 111.96 2 65.84 1 75.22 4 70.21 2 87.19
fH2 2 17.11 3 114.51 1 7.15 1 0.87 3 104.15 1 12.58
LiEs 5 791.95 5 762.48 5 51748 3 603.89 5 311.69 4 643.2
ks 6 166.32 3 117.23 4 76.54 4 92.08 6 771 3 139.37
HE 7 573.19 2 493,51 7 480.03 8 5422 4 300.16 4 407.79
it 27 1 848.5 19 1989.1 23 13735 19 1442.7 23 942.07 18 147239

e 3 ¢ 4 11,6 BN a] s AHAG I Y 50 Ff SIREINE 27.19.23.19.23 FiAl 18 #bS4. 20 d B}
R , KB4 R 6 R, 4 Rk Bk SRR ME R AR R (1 989.1 nglg) , HLRE 10 d
25 BB 2 HE L 10.20,30.40.50 d #1160 d Ay (1 848.5 ng/g) .60 d( 1 472.39 ng/g) 40 d(1 442.7 ng/g) .
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30 d(1373.5 ng/g) K 50 d(942.07 nglg) . Hr &R
RYJERRE , B 2R 205 | RS E T FR A O iR -
- E; AR R 2, F B R 2 LR
Tk e 4 ATHL 10 d 2 R ZvE L A PRl IS
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B A A R - R B SR B S N R R IR Y
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T FIIR I RE™. 7F 20 d HEESE R & s 3 ] A F)
389.7nglg, o LW B R EY) 5 (185.04 ng/g) |
HWR G-TH-S-FREPR - Ho 248 -F
B Al 1 -FR L —2- T - 1-15. 30 d e & ik )
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B 5 SO (e, LA e A Sk, SR 2R
RS L T (EPRS R = v E B S A VA LN
e o B A N AR R o3 0 T R T AN BE A
GE . BN EIFE Strecker BEAS Ly K H I 7= 4
XtF S AR AR R AR R, B 10d
2 20 d B FhAE Y, B RO ] G S S A
A B SRR S NS S A R I A R, AT S 3
RERI TR, BREEERIEENEREE &5
i TS [ i A — T B B B, v R ke o
FRR AR RN R 2 T RERE (A 7E . R RS
TR G, B O BaA E) 111.96 ng/g, MR M
FYRIESE FP LRI 3 A APAE, SRR 2.12 ng/mL,
W ORI R AR S EC & R AR AR,

A2 04 A R — 7 1T n] RE R R Ak, B — i
Al RE IR i BE R A IR HF MR F
Fr M EEE R 2 IR R, B2 e 20 d
H150 d B A LA HE 22 | o ST 7 1o () FE B 7=,
4 AlHIEEASY LN & B T I2E T, TR
Vo] P — i e L R] 43 g A g A IS, oy L) 2 o XL
WR B ST RAR X T EE ) B A AT AN B R 1o e
[A] f) ZE K, 24 5 04 5 48 20 d AL 50 d g6, 2Bk
114.51 ngfg F1 104.15 ng/g.. BRI B A SEH A8
Wy, Ho& BETE 20 d B3k 20 Fiz 5 96.52 nglg, 11 4 A1
B RIF 5 PR 2, e 2 o 2 A Ao 25 0 AS [) S 300G 00 1) 7
il & &35 5 32.05 (pe/L) . N-(4 -bromobut -1 —yl)
piperidin~2—one 7 5 W H I A [v] 5 6] £ 249 4 7= A
(18-M0) —1-(2,2,6- =HIHEIF O 3E) 20 HA7E 50 d
A G000 1) , 1 PSR AE 20 d SO d PRI, PR 2
M LA 5 A 8 SRR 7 ARSI I 5 Rt A
B, AN SRR 0.95% . A WFFEF R R & A s
AR e A e 2 S, H R 2R IR RE s o i B
RIS R AR UM AR <R, & 4 0T, RS & e

HIMEENER N AR T ER G Y SR ERS , R
5k A R BRI & AR
S LR LR, FLAT KB R,

BEZEH AL 10 d F1 20 d Th & S8 2 E 50 d
S, AT B B RN ] A E G, — e 2R Y
R2F B 30 T BREAE— e R ERRRR . R3]
O R R DL R R R e A s ek
LB 11 Rl B R TR] Y ZE K R R R
SRR B, HAE 30 d IR FIHMK, 50 d Rz . 12k
YA R - A R PR R R S R R E R
(EBim, Rk R AR - R R A R IR
PRI AN R (FRAT — S 2 by ELAT g 1 XL
M, AITE SO d FRRR IR Y (+) —FF 0 B B S 71
SRR, AS[R) B REA ) S 2P P L 3.

RN RE L0 2] 6 ANk (] P AR AE B S
WeRERY 225 . Il 3 AT RR A R ) 23 AT & B 10 d i
50 d FEEFSU 2SR, vk 1 (10d) L 11(20.30.
40.60 d) FI (50 d) =K. ARAEHA W 7007 & B, ol
BENE RS 5rh TIAD~) B (+) —Frieds ~ e is] . 1
(AF~B il 2,4-—H RO fi~1-TE) Ml (AC~C Bl &
FF A FH-1- 1) MV (0~A BI A i~ 2 BE) 4
0. 1 FRI0EA I AR , 5 s A
50 d JA BT 1T 25 £ LAREEEESS R & RS &
A1 1 O EEPVRN 2, % 20 BREELAT T SR 7 i R S AR
WL BRIV 10 d 120 d AYFE S SRR Z, Al e 2B
& SN I [ A, A B B S — 3 SN, (A
TFE. NRINEAH LBEFNTE .

222 PCA Jr#F
2.2.2.1  AN[A] Sz p B () s o R — A 4 4 S P s 1
R FE L VERLST PCA

R S o R W 5, TR I RHE
It A A P L 6.

#£5 EHOHEERTHE

Table 5 Eigenvalues and contribution rates of principal

components
Eesr FRAE(E mikEe BTk
PCl 3.494 58.234 58.234
PC2 1.538 25.638 83.872
PC3 0.718 11.960 95.832

225 AL 1A 2.5 3 E AR DTk R A o
58.234% ,25.638%,11.96% , Bit vk FiA 5 95.832%,
HARE R RIS EE . T E
YR /IMR IR T B X 1% 2 400 o B WA B 1) A/,

fHER 6 N1, PC1 2B i MmeE . [ IR S 45 4 5
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=T AL 3- t[*l J,H?L IJL)f ki) s FL(22,52) -2, 5 il -1 P20 X, FEE VAR R : Y. 2 3k-1, 1-AUR
PkE-2- R B AE.(Z)-5-1 AL 3-(PI =24 MESEEL) - UEE: G 1B BE-2-T 4 1B AA A L, v, rhliiae R L OEE: S,
L4 N. 5\—\—1—Illtn|mhu[—|—_\])||1pl[J:lm—-_—um s AC. B8 B =T 8; DL 2-C K- 12505, AH. 3-Z Bt-4-H BL e W3, 6- 1 /il —
SR Ko L= b i ; - W2 65 lfi-4-FE; ABL (Bl HUR T AR T EE; U CE-2-H 4N E.Z.E-2, 13 AR
= 1-T; AF. 2,4~ HIH I_,t'n.. llkﬂ” M. OB R, (IS0 —1-(2,2,6-=H LR JE) L8 ; AD. (+)-Fr8HE; AG. z—lllleJ bty AK. hlmk—
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H3 WEm-A5EEREENERTRE R A ERERE

Fig.3 Clustering heat map of arginine—glucose Maillard system with different reaction times

#6 ERSMHERESHAER 1%, JH%‘ RILEE TN, 15 B0 2R -0 4 i S F 8 R

Table 6 The eigenvectors and loading matrix of the principal IR R M A 2R e 9 o . Y, = 0530 X, +
tomponents 0.483 X5+ 0.438 X3+ 0.405X,+0.355 X5 - 0.068 Xq3 Vs =
_— PCI PC2 PC3 - 0.067 X, + 0.281X,- 0.108 X;- 0.362 X,+0414 X, +
FEfEmE 287 FERmEE 405 FEfEmE S 0.777 X4 Y= 0.063 X,— 0.270X, - 0.645 X5 + 0.436 X, +

BEE 0530 0990  -0.067 0083 0063  0.033 0.558X-— 0.080 X,.
fiEds 0483 0.903 0.281 0.349 -0.270  -0.229 6 JMy I AL R 9}_5,” \)‘J 0. %2 0. 756 0.120. ¥ix
WD e R SRR L
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Table 7 The comprehensive scores of principal and principal

components after standardization
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