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ABSTRACT: Objective To develop Maillard reaction flavors combined with caramelized syrup using natural
plants as raw materials. Methods Using tamarind as a raw material, it was treated with composite enzymes and
mixed with caramelized syrup for Maillard reaction. The optimal preparation process was determined according to the
comprehensive sensory score standard for Maillard flavors. The aroma differences between the Maillard reaction
flavors with and without caramelized syrup were analyzed, and volatile aroma compounds were detected using
headspace solid-phase microextraction (HS-SPME) coupled with gas chromatography-mass spectrometry (GC-MS).
The reasons for the aroma differences were analyzed, and its antioxidant activity was studied using
1,1-diphenyl-2-picrylhydrazyl (DPPH). Results The optimal conditions for tamarind enzymatic hydrolysis were:
Temperature 45 °C, time 4.0 hours, and a composite enzyme ratio of 1:1:1 (m:m:m) for pectinase, cellulase, and
papain, with an enzyme dosage of 0.5% of the tamarind amount. At a temperature of 120 °C, reaction time of 80
minutes, initial pH 8.0, and a material-to-liquid ratio of 5:1 (m:V), the Maillard reaction flavor mixed with
caramelized syrup showed the highest sensory score. Under these conditions, 68 volatile compounds were detected in
the flavor, with ester, heterocyclic, and ketone volatile compounds accounting for a higher proportion compared to the
Maillard flavor without caramelized syrup, imparting a sweet-caramel, roasted-sweet, and rich aroma. Adding
caramelized syrup enhanced the antioxidant activity of the flavor, and at a concentration of 10 mg/mL, the DPPH
scavenging rate reached 70.8%. Conclusion This study provides a new method for preparing edible flavors through
the Maillard reaction with tamarind as the raw material combined with caramelized syrup.

KEY WORDS: acid horn; Maillard reaction; headspace solid-phase microextraction-gas chromatography-mass

spectrometry; antioxidant activity

Ry TRk B 26 r 1 i o £ PR A A A 5 € /0 DL R O
AHEFE LLRR A R R, R 2 A 0 4 A T 1R A v
YR RIRERS T, LIS IR A B AR h 2 SR Sk
RN R, AN IR AR AW TR A 26 s 1 s o il
FUA RIS R A R A B RS PP ), e il L2 5%
, 25 & W& PF M A0 T 2S [E A 3k 25 B (headspace
solid-phase microextraction, HS-SPME)-5 < #H {61 - i 1% 1
(gas chromatography-mass spectrometry, GC-MS)%J {1
AN SERLAE R N R R M LA T AT, SRS
FEWEAL BRI S X e h s S AR B A8k, IF T E kLY
PR G B, RO R o WHIARRIR, T R
KA TR T e, R, oo DRI RO
SR I N T B R SRR RN SO AT & A g — A b2 1 MR55E
R, 2377 A — RN EA R XR A A G ) F /46
EEE0L F, BRI SR RS gk 11 MR WRIS 0SS

0 51 &

FEWEAL SRR AR REVE SR 72 150~200 °CHY S
WA T R AR A 1, AT T A SR @ o
53 W0 B VR T R v 27 A BRI R 0, A
IR . L IEIR IR | BRI SR, X R
SHEATERL, (HIFBA AN SCHT X A AR SEhi 18
SR AR RIS

A YA B PR R N SR | 3 AR AT
SRR | B SR SR A R A N, B

WER, EWRIEERE . BEBAEARINRESEZ )T
T VR AU PG AL 2T AR B R, T3
PIPESCRE, Wi T AL BRAE SET 7 S 0 A e A R T g i
M1
M, XMMB BT, NHRABRER, ERNER,
EOZREIRR . B R SGEERE . BT
AP, R A 1O AR T A e U
U Thae b e OISR LIRR R JEURHE A AR
BT 3224 v 7E R A1 B B Ny g U, SR T AR A

MRS N EEAMRAHE).

ToK OB BB . AR b at, R
TA MR, KRR . TCKBREREN (O Hral, K
R F IR A IR ), SRR SR (B Rk al, 26
Sigma-Aldrich /A H)); & FH#A (O Mrat, JoBTh WA Bk
B TA WA,

SHZ-D(ID) B fE /K X & F FL25 5% \HH-S BUE MG
B (DL T PR A A B FD); GE0205 L KA O
+0.001 g, FIBAERHMUEHNFTA BRAF]); HH-8 AUERK B



%510 3]

&, AF BB A AR AORRBOR F SE R P B ) A £ AR 63

(G I RGN A FRA E); UV-1000 E5M 6
GRS R B A FR A FD); JUFH S5-LF960-A 1AL
(BCIH JUBH AR 15 HaL AT BRZY vl ); SK2200 i 7 P i BEAL (K10
AN 2 A BR AN F]); DF-101 S FUIAE S IR 0% S hi b e
(A TR R ), B DB-5 Ak (GEE %
PRI AR AR

1.2 SWTR
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Table 1 Design test factors and levels of acid horn Maillard
reaction spices response surface method
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Table 2 Sensory comprehensive evaluation standard of
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Fig.1

Effects of enzymolysis time (a), enzymolysis temperature (b) and compound enzyme mass ratio

(pectinase:cellulase:papain) (c) on reducing sugar content
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Fig.2 Changes of sensory scores and browning values of acid horn
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33 Box-behnken LW IRITHFRERWHR
Table 3 Design scheme and experimental results of Box-behnken test

g A BN gy sy DRI BEE gy AGRIE o BORDL ey DORRRE) BT

WRE)/CC HE])/min (m:V) P43 IR/ C Fis} i3] )/min (m:V) P4
1 70 130 7.0 6:1 81.1 16 80 130 8.0 6:1 86.0
2 80 130 6.0 6:1 80.7 17 80 130 7.0 5:1 85.9
3 80 120 7.0 4:1 81.6 18 80 130 7.0 5:1 85.1
4 80 120 6.0 5:1 78.5 19 80 130 7.0 5:1 85.6
5 70 130 7.0 4:1 80.1 20 90 120 7.0 5:1 82.1
6 70 120 7.0 5:1 80.0 21 80 130 7.0 5:1 85.1
7 80 140 8.0 5:1 83.0 22 90 130 6.0 5:1 80.8
8 90 130 7.0 4:1 80.5 23 80 140 7.0 6:1 79.6
9 90 130 7.0 6:1 81.0 24 90 140 7.0 5:1 79.0
10 80 140 6.0 5:1 81.0 25 80 140 7.0 4:1 80.0
11 70 130 8.0 5:1 84.0 26 90 130 8.0 5:1 84.4
12 80 130 6.0 4:1 82.3 27 70 130 6.0 5:1 81.9
13 80 130 7.0 5:1 85.1 28 80 120 8.0 5:1 86.8
14 80 130 8.0 4:1 85.0 29 70 140 7.0 5:1 79.2
15 80 120 7.0 6:1 78.9

R T WESESTE] . WREE . pH KRR X R £ I A A BN, AT LA SO T A R R E NS S, &
WAL 26 17 8 BHER T PEAT B, 7R SRR R SL R0 A 1, Design-Expert 10 Z A AT0AL, LU BEANAS5 i AH,
HEAT I TS0, MR SIER 45 R, FI ] Design Expert 3014 A5 2% TR £ T A T AR MR AL E R B F R R T2 S 800:
X TR A AT 43T iFA] 80 min, #EEE 120 °C. pH 8.0, RBHA L 5:1 (m:1). W
H1 2 4 AT, AR P<0.0001, B RIAR H i 2 P RU/INETH: —UR30 C, AZILI AC, —IKIWi A%, B>, D* %R
R*=99.17%, AU P=0.0511 (P>0.05), FWIMIGEEL,  MEMCRI SN AR AT RN 15 /045 R A5 i 2 1k

x4 EPERBEDRAFFTENRMEEMREER

Table 4 Results of variance analysis and significance test of regression model coefficients

LE= 3 SR 2R A FE G 25 °F- 5 F P i

LAY 170.28 14 12.16 19.61 <0.0001 **
A 3.1 1 3.1 5 0.0422 *
B 0.1875 1 0.1875 0.3023 0.5911
C 48 1 48 77.39 <0.0001 ok
D 0.4033 1 0.4033 0.6503 0.4335

AB 1.32 1 1.32 2.13 0.1663

AC 9.92 1 9.92 16 0.0013 ok
AD 1.32 1 1.32 2.13 0.1663

BC 0.5625 1 0.5625 0.907 0.3571

BD 0.0625 1 0.0625 0.1008 0.7556

CcD 1.69 1 1.69 2.72 0.1210

A? 59.55 1 59.55 96.02 <0.0001 ok
B’ 39.89 1 39.89 64.32 <0.0001 ok
c 0.0214 1 0.0214 0.0346 0.8551

D? 29.77 1 29.77 48.01 <0.0001 ok

k2% 8.68 14 0.6202

PR 8.13 10 0.8131 5.89 0.0511
a2z 0.552 4 0.138
ait 178.96 28

e * TR 25 53 B (P<0.05), **387R 22 5tk i 3 (P<0.01),
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Fig.6  Flavor analysis of two kinds of acid horn Maillard spices
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Table S5 Analysis results of headspace solid-phase microextraction for 2 kinds of acid horn flavorings (%)
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Fig.7 Analysis of volatile components of 2 kinds of
acid horn Maillard spices
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Fig.8 DPPH scavenging assay results of two
kinds of acid horn Maillard spices
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