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Abstract

Objective: To clarify the correlation between free amino acids and Maillard reaction products in
flue-cured tobacco, and to provide a theoretical basis for improving the aroma components of
flue-cured tobacco and improving the usability of the tobacco industry. Methods: The contents of
free amino acids and Maillard reaction products in flue-cured tobacco samples collected from 3 towns
in Zhengning County were determined, and the two were analyzed by descriptive statistics, simple
correlation and canonical correlation. Results: Simple correlation analysis showed that there was
a significant positive correlation between histidine content and furfural content. The content of va-
line was negatively correlated with 2-acetylfuran, the content of methionine was positively correlated
with 2-acetylfuran, 3,4-dimethyl-2,5-furanedione and 2-acetylpyrrole, the content of tryptophan
was negatively correlated with 5-methylfurfural, and the content of phenylalanine was positively
correlated with 3,4-dimethyl-2,5-furanedione, the content of 5-furanedione and 2-acetylpyrrole
was significantly positively correlated, and the content of 2-acetylfuran was significantly positive-
ly correlated. Canonical correlation analysis showed that with the decrease of methionine and
phenylalanine content and the increase of tryptophan content, the contents of furfuryl alcohol,
2-acetylfuran, 3,4-dimethyl-2,5-furanedione and 2-acetylpyrrole increased. With the increase of
the contents of histidine, valine, methionine, tryptophan and alanine, the content of furfural in
Maillard reaction products increased and the content of 2-acetylfuran and 5-methylfurfural de-
creased. Conclusion: The content of free amino acids and their combinations in flue-cured tobacco
is closely related to Maillard reaction products. In the field growth period, the content of Mail-
lard reaction products can be regulated by spraying exogenous amino acids, so as to meet the
needs of the cigarette industry flavor style and improve the usability of the flue-cured tobacco in-
dustry.
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2.1, e

RIG AL AR 96, RETIETE 3 MEM 2481, HrikiE 25 4y, HidkF 20 4>, i 30 14,
e 75 AN IR
22. REHZE

RIGT 2022 FELE IE 7 BEAR MR X #E4T, S E 1 7 SO B 1, &0 X 2 4% FE 2 b AR 5 A - )
KA PG 5 AT A, R s 2 BEATEURE, BFANRE S BY 25 KGR A ERE . —2F
M H 105°CAT 20 408G, F 60°CHET, HATRERSENE. B E kG, BHaET 45CK
FHIBAE RN 2 ANNE, FBRFIFES JS it 60 H TR, 1 i %o 5 AR 55 i 4 s B = m B AT 5
2.3. MEMBERGZ*

IR AT AV AR YCIT 31-1996 [11H5E I VR AL BRAH IR i, i8I 60 H fiiid JE I & ke . sk
FER ] YCIT 282-2009 [12]) K0 5E [ 77 1200 5E K il B 2L R 1 & B 54 4 BREL 1 g K (RE 2 0.0001 g)
F 100 ml BE O =F A, #ERIII 0.005 mol/L ThEg AW 50 ml, #EEAEZEEL 30 min, Z£5.0. TIE/E, &
i ZIERR B 3 A AT ORI

JENHSE R = e 5 2% £ KR E[13] 077k, FH 28R BTV S M B3 - 5 ik 156 A (GC-MS)

M5E
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Hedi 7> B R FH SPSS 25.0 #EATRA G THE M BRI Mr . T SRR SN I A S A A
3. GGRath

31 BIEFESERSESINERN IS BIERMS T ohER

2 1 RJ A1 F B SRR % R AR I 57 REUK IO : RAERR > HER > /AR > HER > =
2 > HER > AEK > 24K > BER > BER > hER > 4525 TR > HER > 7ER >
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LPRIEMRG > 2- LB EENE g > 3,4- " FIJE-2,5 BRIR R > BEEE > 5-FHILAENE > MR, s
it ZHE I 10.35%~33.32% 2 1], SEi 4 i S =) 1) 4% 7 R EUAE 38.02%~142.49% 2 [8] . #5101 T 18
PRBR P EIR . 2R WERR . SR, WEER . Foro el R A 2 R R BN e mig (T UE) 4h, HARTE
b REO A WE(EE). 228, WA WMRR. TR AR g KON UE, TRk,
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Table 1. Results of descriptive statistical analysis of free amino acid content and Maillard reaction product content in flue-cured

%T?«%&Iﬂi)‘ﬁ%ﬁ%@éﬁ%—'ﬁ%h ER MR ERA MR DTSR
Lo ¥ W EE EERH I REARH BRRN
REAM (ne/e) 190.79 63.57 1.58 0.98 33.32
TR (ng/g) 136.10 22.66 0.40 -0.13 16.65
225 (ng/e) 255.40 69.03 —0.46 -0.31 27.03
BRI (ng/g) 185.52 56.81 0.77 1.04 30.62
HEAR (ng/e) 40.32 7.35 1.99 1.09 18.22
N (ng/g) 855.66 88.59 —0.05 -0.72 10.35
A (ng/g) 474.24 65.26 0.34 -0.72 13.76
PR (ng/g) 46.38 9.54 4.19 -1.05 20.57
HH (ne/e) 457 1.39 0.43 0.69 30.33
FE R (ug/e) 8.00 1.07 0.28 -0.21 13.41
TR R (ng/g) 34.06 9.92 1.86 1.31 29.13
T = R (ng/g) 61.14 12.63 2.60 -0.36 20.65
FHEE (ng/g) 140.69 16.37 0.06 0.68 11.64
4-FIET R (ng/e) 313.99 63.08 4.87 1.24 20.09
AR (ng/g) 46.82 13.56 2.11 1.00 28.97
HATR (ng/e) 186.02 61.91 5.31 1.68 33.28
BER (ng/e) 352.34 99.29 4.23 1.79 28.18
K= (ng/g) 58.01 15.50 -0.47 0.67 26.72
I (ng/g) 9855.87 1293.93 -0.24 0.15 13.13
B (ug/g) 13.02 4.95 2.74 1.08 38.02
B (ng/g) 4.16 2.56 -0.79 0.54 61.40
2- LR (ng/2) 1.75 2.49 5.00 2.15 142.49
5- FH EL I (ug/g) 1.52 0.84 1.85 1.17 55.54
- FE-2,5 R T (ng/g) 2.41 1.85 -0.85 0.56 76.74
2- LI LN % (ug/g) 1.98 1.93 0.07 0.91 97.54

32. BRI ERYENEATIHER

N T 0 R PN i R IR e N S A S N A R AR DGO R AL, R BR T 3 A 4 BT iR

P SN B SRR AT I i . B 2 WP, SRR B AR 10 A ERTF, B LA FERFRRT
TUERF 1L F 86.15%. Horh, K 1 FERMHARMNAZN, KN 2 FERNHEAKRNZN, KNy 3
RPERRRIEN, KT 4 FERMNRARKZL, BT 5 EERMOERRIAEN, HT 6 FERMNH
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R, KT 7 FERNLERNA, KT 8 EERMARARMAN, KT 9 EER MR
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Table 2. Factor load matrix of free amino acids in flue-cured tobacco

= 2. R R ERIBTE T HTER

=g HF 1 H¥ 2 H¥ 3 HTF 4 HF 5 H¥ 6
REER 0.0072 -0.0533 0.0327 0.3352 0.6297 -0.2553
T -0.1080 0.0817 -0.0870 0.0318 -0.0169 0.8750
R -0.0850 —0.0208 0.0374 0.0074 -0.0248 —0.0849
RAR 0.0402 0.0215 0.0049 0.0580 0.0034 0.0151
HEmR 0.6854 0.3285 0.1128 -0.0210 -0.0765 -0.2108
N 0.1869 0.1051 0.1329 -0.0027 0.1939 -0.0217
SRR 0.2361 0.8242 0.0216 0.2204 -0.0114 0.1527
ot 2 2 0.1177 0.3334 0.2330 0.7740 0.0826 0.1881
RAMR 0.3539 —0.1434 0.8003 0.1546 0.1457 0.1435
AR -0.0045 0.2983 0.7925 0.0195 0.0640 -0.3113
EER 0.6451 0.3442 0.1196 0.1029 0.1832 0.3355
T 0.5383 0.0528 0.0341 0.2998 0.0415 -0.2112
KA -0.0179 -0.0577 0.0184 -0.0858 —0.0894 0.0385
4-FTHTR 0.3894 0.6086 0.1422 -0.0057 0.5240 -0.1161
HEIR 0.7273 0.3134 0.1826 0.2953 0.0549 -0.0319
R 0.8756 -0.0015 0.0872 0.0489 0.2568 -0.0237
RN 0.3313 0.1078 0.2006 0.0097 0.7126 0.1843
FEEIR 0.2127 0.0821 0.0183 0.0309 0.0311 0.2337
R 0.4618 -0.0157 -0.0675 0.6402 0.1081 -0.1735
fahs H¥ 7 H¥F 8 HF9 FEF 10 HF 11
REER —0.4599 0.2144 0.0833 0.0431 0.0219
TR -0.0688 —0.0533 0.2184 0.0464 0.0237
2R 0.9291 -0.0105 -0.0830 0.0274 0.0505
BER 0.0498 0.0086 0.0016 -0.0782 0.9823
HEmR® -0.2417 0.1119 0.2277 0.1226 0.0270
N -0.0357 0.8664 0.0675 0.0275 -0.0098
SR IR -0.0411 0.1642 0.0913 -0.0647 —0.0153
ot 2 2 -0.1784 0.0471 -0.1021 -0.1443 0.0420
HER 0.0575 0.0535 -0.0607 -0.0396 -0.1433
L R -0.0143 0.1603 0.0930 0.0685 0.1574
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Continued

EER -0.0633 0.3088 -0.0324 —0.0546 —0.0674

FEEA TR -0.0179 0.4688 0.1490 0.0220 0.1076

KA 0.0211 0.0251 -0.0256 0.9757 —0.0805

45 I TR 0.1047 -0.0763 0.0137 -0.0386 0.1317

R -0.0154 -0.0198 0.2313 -0.0879 -0.0043

HE W 0.0144 0.1416 0.0002 -0.0395 0.0356

1R 0.0720 0.2969 -0.0027 —0.2224 -0.0525

FE R -0.1034 0.0997 0.8956 -0.0305 -0.0002

liEEAN 0.3329 0.0209 0.2547 -0.0203 0.0907

33 BEFESERIBESINERNTYSENHREXSHTER

B IE T B 3 AN 2 08 AR bt (10 2 BRI IR 15 & 5 S B S N & B AT Tl PR b R
3 R, HARSEEMESEEMNEELHRRR, SERESES 2- CWREMRNE & 8 R E 2 UG
KER, BEAMRTEE 2-LBIEKNG . 3,4- W 5=-2,5-Wk IR i LA J 2- L IR FEmE s 35 S0 5 2 EAH DG OR &,
CRRSES 5- PR BN EE TR RR, FNEARSES 34-—F3-2,5-0K0H —F LK 2- LBt
ML B RARE E AR R, 5 2- OG5 8 2 B3 IEHR KR

Table 3. Results of simple correlation analysis between free amino acid content and Maillard reaction product content in
flue-cured tobacco

=3 BRARESRERSESENERNY S ENE RBXOINE

=0 W ORI 2-ZBRERRRE S-HIEREE 3,4-— FA -2, 5- 1k — 2- B
AEm 0318 0.037 -0.149 -0.118 0.026 0.092
HATR 0.124  0.159 -0.323" -0.071 -0.017 0.003
HER 0.207 -0.154 0.406™ 0.128 0.329” 0.316™
PEERE  -0.071  0.134 -0.076 -0.146 -0.142 -0.067
5 1R 0.155  0.141 -0.104 -0.259" 0.145 0.208
JERE -0.136  —0.048 -0.020 0.085 0.195 0.038
gk 0146 —0.095 -0.184 0.024 -0.111 -0.140
&M -0.021 -0.092 -0.133 -0.210 -0.058 —0.051
FE B 0137 0.068 0.104 0.096 0.080 0.115

FHAER 0067  0.220 0.267" 0.123 0.318" 0.391"
KERE  -0.164 —0.076 0.056 -0.097 0.026 0.195

T FREEMEP <0.05). # 5.
34. BIHFESERSESINERNAYSENMIEXITER

DN HE— 5 AT FE 105 R P U 1 AR PR S SR A SR N Z RN AR SR R R, s TSR SR Wit — 3
BEATAHR 70 AT . REIHN B E IR (XD« SETR(X) HATR(Xa) MR (Xs)s BEBR(Xs)s FHEIR(Xe) £
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HIR(X7)s NEBR(Xe) FEEIR(Xe)s HRNEIE (Xr0)» BEMRXu)TENBEALRE, BRE(Y). BEE(Y,). 2-L8t
FEMRI(Yq)\ 5-FRIERRME(Y,) . 3,4- - FHHE-2,5-KMG —HH(Ys). 2- LBEFEREMG (Vo) (MR AR &, #EAT B AR G
TN TR 4 PR, R M B R SRR AN SR AE S N ) S R A 1 RS 2 AR AR OC RBOL B R
FKF, 3. 4. 50 6 AV EAR G RECR .

Table 4. Results of canonical correlation analysis between free amino acid content and Maillard reaction product content in

flue-cured tobacco

F 4 HRARBRERIESTNERNSYRIENHBBX DGR

R HRRE Wilks df P&
1 0.67761 0.16457 66 0.00012
2 0.65711 0.30428 50 0.00823
3 0.47750 0.53551 36 0.27771
4 0.43216 0.69367 24 0.47633
5 0.32114 0.85298 14 0.73780
6 0.22122 0.95106 6 0.77556

5 T B8 IR 2 B 5 2 A S I 7 ) R ) AR AR A
B¢ 5 A0, AR SORUAR ORI mi, THE R AR & 5 OB AR B TA] O AE O R B rui, A5 RN .
51 R B R
U, = 0.00444X, —0.00023X , — 0.44883X , —0.01800X, +0.00627 X, —0.00245X, —0.00201X,
—0.00255X, +0.00629X, —0.03023X,, +0.00170X,,

V1 = 0.04773Y; + 0.05938Y, + 0.00644Y; — 0.41377Y, + 0.10950Ys + 0.40287Y,

FE5E 1 SRAR R (U, V), Uy S5 0RE0RE X AR REOT A, Uy 5 052 (Xs) AR R 2 1EAH KK
R, MXRECH 049717, 5HEZERR(X) FIA N ZFE (X10) AR E FUAH SRR, MK RE 7 8-0.36611
H1-0.63882, 1M HLHZEIR(X,) WAL (Xo) WAL (Xa) AR (Xe) LATR(X7) THAIR(Xs)+ FEEIR(Xo)
FBRARX)I%E BEAK KR Vo TREE(Y,) 2- LB (Y,)s 3,4- - H 52, 5-1KIR i (Ys) A 2-2
Pk FEnE v (V) B AR S IE A G 2R, AHSC R4 7 0.46228. 0.54442. 0.75510 A1 0.90765, 1M 5 HERE(Y,)
T S-HIEMREE (Y )i A BB KK R Up MV, R, ETHRXERAR. ARARMENERS RS ERE
SSLFEPIRREE . 2- CWEIE MR . 3,4-— HIJE-2 5-WRI [ A1 2- LR & 2O R EY), E—EVEEN,
Wi R FR N & B PR A R B E R S T s, 51 H 8RB YIREE . 2- C RS |
3,4- - F%E-2, 5- 0 AN 2- 2 e Lt g A B T e

55 2 JLAYAR EE AL

U, =0.00312X, +0.01189X, +0.26647 X, —0.03626 X, + 0.00366 X, +0.00280X, +0.00225X,
—0.00105X,, —0.02213X,, +0.01051X,, —0.00003X,,

V, = 0.05405Y; + 0.07911Y, — 0.43697Y; — 0.37913Y, + 0.09415Y; — 0.17586 Y
TEE 2 MLRAR B (U,, Vo), B Uy SIRIGEHE X A R BTSN, U, 585 2R (X0)~ DE R (X,)
R (Xa) Al 2R (Xs) AR B T 35 IEAH R &R, AR E4) 7N 0.49939. 0.66597. 0.52143 Fl1 0.54974,
5HERX) R R FE IR RR, AR 024321, M SMER(K). HEMXKe) LEIR(K) W
TR (Xo)~ ZRTARIR (Xeo) I E IR (X)) IR B BRI R V, GHERE(Y) BB E IEMHRKR, HRREHN
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0.45036, 5 2- ZBEIEIRIR (Y3) 2R3 ARG R, &5 5- FHIRMEE(Y,) B 2 2 UM OCOC R, T-SHEE(Y,)
3,4- I HE-2,5- Wk i (Ys) Al 2- LI FE L (Yo) I BB AH R R e U IV, R B, IET X HZARR . M
2R EEIR . RN AR &SRR R YIRS | 2- SRR 5-F BRI S RS R Y,
fE—EEEN, MEARR. 92K, B4R, CRARMARRTENT G, 51 R NP
BRI R 2- Z TR BRI . 5- R SE R S B A A

Table 5. Typical variable composition of free amino acid content and Maillard reaction product content in flue-cured tobacco

=5 HRARSEERSESENERNYEN BT ENN

W1 WA E 2
ZE £t 1 =0.67761 A =0.65711
mi rui mi rui
X1 HEAMR 0.00444 0.28919 0.00312 0.49939™
Xa AR -0.00023 0.10558 0.01189 0.66597™
X3 FER —0.44883 -0.36611" 0.26647 0.52143"
Xq R R —0.01800 —0.04091 -0.03626 0.13717
Xs R 0.00627 0.49717" 0.00366 0.54974™
Xe TR —0.00245 —0.00041 0.00280 —0.00666
X; XNy -0.00201 -0.18106 0.00225 0.22064
Xg WA -0.00255 0.00127 -0.00105 0.24321"
Xq KR 0.00629 0.17188 -0.02213 —0.06129
Xio KA -0.03023 -0.63882" 0.01051 0.05514
X1 BA 0.00170 0.20813 —0.00003 —0.02866
j rvj ] rvi

A G 0.04773 0.03214 0.05405 0.45036™
Y, R 0.05938 0.46228"™ 0.07911 0.01216
Ys 2- L R IR 0.00644 0.54442™ -0.43697 -0.82195™
Y, 5- F B -0.41377 -0.16040 -0.37913 -0.23088"
Ys 3, 4-FFE-25 MR i 0.10950 0.75510" 0.09415 -0.16678
Ys 2- LT ALt g 0.40287 0.90765™ 0.17586 -0.18251

e A R URAR BAROC AR K, mi A rui s I A T R SR 1 SR AR ORI R AR K, 1 A v RS
77490 ) 4 ) A8 KR R 7 AR K

4. WHig

W B B R T R MR ) B K 7 B PRI SRS [14) BT SR D, R B AR B LA R R A
WEMRE R, UBER. Baai. SEmAARREIK. A5 hBIE LS B 2 i & a0
FIRRER, 5 AT ARG LR, KR MBEGF. G LR - HEF 5 2 R

S A I A SRR 5 SR 2 A R A AR L SR, R R R SR R SRR AL B Y T R M R
IR RS [15] [16]. MAESE[7)RT SR, AR B SRS E 2 e BEHELR, HamRsE
5 2-Z BRI SR MR BB SRR, ENER SRS 34 HEE-2 5k A RS EIE
A B o ZE BRI A R 25 [18] [19]BF S0 R I, JEMH Y KA RIR . KA. L5, AR, BER.

I
T

H'
S
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BRI TR & B SRR NS RE BN ARG REERY, ANARETES 34
TUHIE-2 BRI i DA K 2- LIRS S A AR R IEA G R, 2- TSR A R IR A
KRER, XHFRPHAEA—F, AAHAPHARSESHESEEWMEZ LR, SEREEE
2- LR R IR AR R E AU GO R, XS FIRFEFAE, wTRR SR L R R RRIR R
RN FEERRZAR AR AHFAERM, ERAREES 2-CWE LR, 3,4-— F -2 5-W:0 — /L K& 2-
CTRSEME A B3 AR ARG R R, (UEIR S B S 5-F AR & & A UL R

AW FUE I SRR OGRS R IR B 1 3 S B B AR AR R K A C R
304 0.67761 F1 0.65711, LB BARGERACH:, X5 FRIGSE[16]MH Fis R —8. o, &K
WL RI, fE—EJEHEA, BEEEARMRNER S ZEM KDL CRAR S ENT &, SRR ER
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