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The content change of exogenous Maillard reaction intermediates during

cigarette processing and its improving effect on aromas
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Abstract; Maillard reaction intermediates are important aromatic pre-
cursor substances in cigarettes, which can reconcile smoke and im-
prove the taste of tobacco. In this study, Maillard reaction intermedi-
ate of Heyns rearrangement product was prepared by using fructose
and phenylalanine as raw material, and then being added to tobacco.

The analysis method of exogenous HRP was studied. The optimal
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extraction conditions of HRP were determined as follows: methanol
as the extraction solvent, solvent/solid ratio of 20 : 1 (mL/g), the
extraction temperature of 25 ‘C, and the extraction time of 40 min.
The extraction efficiency reached 95% in the conditions above. The
HRP in the extraction solution was quantitatively analyzed by 1LC-
MS/MS. The stability of exogenous HRP during tobacco storage,
shredding and baking process was researched and the change of HRP
content in tobacco during the process was determined. Little loss of
exogenous HRP in the storage leaves and shredding process was
showed in the research results, while the concent of HRP during the
baking process was reduced 23.6%. The tobacco shred was used to
prepare cigarette after baking. The content and species change of aro-
ma components in the cigarettes during burning were analyzed by
GC-MS. The improving effect of the HRP derived from fructose and
phenylalanine on cigarettes aromas was proved.

Keywords: Heyns rearrangement products; LC-MS; analysis of

smoke composition
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Figure 1 Effect of reagents on HRP extraction
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Figure 4 Effect of extraction time on HRP extraction
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Figure 5 Effect of storage process on HRP content
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Figure 6 Effect of baking time on HRP content
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Figure 7 The content of various compounds in mainstream

Content/(pn g * cig™)

cigarette smoke

B 7 AT, A5 R AR K A 3 R R R T 2L T
PN BN BN E Y P SR RS N T SN UY RSN
RN S N R N R S 1S S B2 L =
SRR o 6 A AR R e A e 3 I R R T RS
ST AT R N 1801.25 pg/ 3 iR B A 345 F)
T 2421.48 pg/3 BI S &N T 34.43% ML n 7 £ b
—HNER HRP WEME AP B X 0s B A
50 0 v 5 A2 R A S T e 2 S R B IR
HER T RS IS M & A TR, AR Y S A A
R 4 v 300 2 43 1 1 AR KRR BB 1 R 6% 4 v A5 A
B R T . T 2R e 2 R A A R R b T I AR AR AL
B R AGMEINRMEAEGY, HhE T = A,
9,12, 15- P )NIR=MMRT RS 2R L, 2B E T EEZNEFE
B EEREER Y BN N R BT EE N FE Y
J K TR 3 2 B B R S R A R W, B
SRR B X 28 W R kA R R R KL A B X R B EE 600,

900 C F AR =W P m A S 'Y REHE i
AR TSR B M FERE LT R, WK
PR Y R E TR T AR R T R M e
i 7=, R B A . 3R RS R A ok e S L ik e 2
I g% 2 B R KR A b i B R 2B 25 R A R R T 7 AR Lk
2 VR VS 0 3 L 2 g+ T) A 1 2 A R S RE 4R 1 I 28 A 4 11
AL VR R SR L s 2 S LA AR A IR R R R S
EA A, EBE R H A A N B & S, W B R &SR
IR mg WK Ay B A Wk A S TR 1 L X i %
Yl B A R MBS B Ayl 1,3-
28R 130 & - T H-Bi 09 & 5 0 08 o B 4 o 46 08 1 XL
R I AR 2 HE R VST A R AL A I TR A S TR T AR
FIABR 2 AR U5 b A P, O 20 T A 40 9 o A0 B 4k
WIETE R T Z AR = W AR EHE B EEN R
Wk AE RS UK M B R R BB R, RS I A E
AR E K BRI HRP 145 J0AR S b 28 CRER 28 BT W] i
B R — N E R HRP /] DLE S ERES .0k E
A 0 i BB AR R

FME— RN IR HRP J2 40 B0 AL o A% o 7= 2R 1 SRR R
BRATR 2 — 10 B RN T HRP 4 46 08 76 0m 13 72 v =
AR BTG R B B T SR AR A 58 38 B4 0 4 4R
Wi NEN U S Ayl A A R e R e E Sy G G L o )
S0 L AR A PR A A R ) O Ok B RN A L AR
o R A5 1 o R 7R A A K b LA AR 1 S R AT S
3 &5

AT LM FIOR Y R O JEURE i 4 T HRP %R
HMAFEBMLL R, BT R FHE E X M2 J 4 JE HRP
PSR S 08 T BRI L2 S AU
WORHEE 20 01 (mL/g) , ZEBUR A 25 C, ZEBUH ] 40 min, %
ST ABURAENS X B 95%0 . LABLHA L T M i R 4RI HRP
WA HT 5 . B SRR — 2R TN 28R HRP 7 i B0 22 v, 76 1t
FECE AR 434 v A PR AE A6 B i 1 4% % W S % = AR
B HCAE o ok B Y S A AR R . A BT AR g e
Y122 L)y v AR HRP $#5R B/, gk 22 T)% xF AhE HRP &
B A BERRAL T 23.6% . #7425 A Py U5 o ]
RS HE 22 T2 M5 A 0 A 7= 2o A2 b mT LA 5 8 5
IR A A A e S R v ) AR ) R M DL AR AR AR IR
SRR B . LA T A RN SR — R A
B2 HRP 56 40 1) 3 3 40 S R L4 R B 5 %5 B
TR R EEAR - HBHEIS#E LT
KRG T 34.43% , AU SRBE — R R HRP & A4 2 H 48 )%
ML HE ) A SR R 5 R AR T B Y — b AR A A i
S A e S o 2 A R T A LA G R A SRR

2% 3k
[1] ALI H, PATZOLD R, BRUCKNER H. Determination of L-and
D-amino acids in smokeless tobacco products and tobacco[ ] ].
Food Chemistry, 2006, 99(4) . 803-812.
[2] RODGMAN A, PERFETTI T A. The chemical components of

81



AR

2017 %% 5

tobacco and tobacco smoke[ M. [S. 1.]: CRC Press, 2013;
96-98.

(3] &1 05 ARk B A RS LML Jb st A2 0ol i e,
2009 131-134.

(4] tRipeaE, PhIL=, FREAN. 055 2 W 0600 105 B 5 0 i U5t
MG FR L] R AL, 2003, 24(1): 3-5.

(5] #fjR i, SRR FE, Y. . FEH0H N Py 78 45 N0 1 345 1
M A RO, B TRHE . 2015(8) ¢ 131-133.

[6] sk k. Maillard S A B RFSE D], L. P RHEER %,
2006 6-7.

[7] ELrs, HHgeE, Ruibh, . w800 @R — 5 0605 % % [ i
DM e 5 A Amadori (b &9 [J]. 3%, 2013, 31(12):
1 189-1 193.

[8] ASSAR S H, MOLONEY C, LIMA M, et al. Determination of
Ne-(carboxymethyl) lysine in food systems by ultra performance
liquid chromatography-mass spectrometry [ J ]. Amino Acids,
2009, 36(2): 317-326.

L9 B, B K, REoR, 5. WO G — &5 16 5T 1% 1 W i ) s
MAFE R 6 Fi Amadori fb i3 #y[J]. Br i 4. 2015, 36 (1)
45-51.

[10] A, RES. M55, 5. HPLC-ELSD &l 52 4 5w il &

iz Amadori fb & ¥J]. 4 rikEe 4, 2010, 29(8): 97-100.
[11] FABRC, W4k, ok, 5. IRA RS0 T 120 im0 # s &
BRG], WA, 2009(12) : 10-13.

[12] 2, AL, E58, % RE — st 2 plpy st i AL .
R, 2014(5) . 14-17.

(18] EBAEE . A58, Wbk, &5 R LS B S ERMA 7
T B RO I LT, IR RLEE, 2015(1) ¢ 49-53.

(147 HE . BRIB . VP00 S5, T 22 S0 B T X 200 3246 A R 0% 1L BE B
FUE AT T ]  E R AR 2015, 21(6)  19-26.

[15] FBR K, B, WaET, S 22 T2 %0 5 00 22 h iy 28 ) ot &
BRI IR R B2, 2016, 48(3): 36-38.

(161 ROFAR, ¥afedl, BUARIE, 55, 1-L-2K N &R - 151 - D- SR #i
fie = AT, SRR, 2011(4) « 41-46.

(177 FEWL, SRSs#, BRACWT, 5. ORIR] ™ X J0 ot vh # % PE 7 < R
BB AT LT ] AR AR, 2012, 39(21) ¢ 44-46.

[18] CHIDA M, SONE Y, TAMURA H. Aroma characteristics of
stored tobacco cut leaves analyzed by a high vacuum distillation
and canister system [ ]J]. Journal of Agricultural and Food
Chemistry, 2004, 52(26) . 7 918-7 924.

[19] PURKIS S W, MUELLER C, INTORP M. The fate of ingredi-
ents in and impact on cigarette smoke[ J]. Food and Chemical
Toxicology, 2011, 49(12). 3 238-3 248.

[207 ARG 5 T A HR A F0 T 0 8 00 o) g A0 08 i 352 53 B 5 [ D .
Ty TR R, 2016 45-47.

[21] Xz, XV, 0GR 55, M & TSt e [T,
ME R, 2010, 31(6): 75-78.

[22] ik, WidE, W175, 5. W4/l e Maillard S0 #5080 R
PRSI PN LT ], AR RS A . 2014(3) ¢ 11-16.

(23] T R4E, il BRI, 5. B0 A oK Bk B 55 B 48 ) B 7=
YA K SRR BRI G R LT ], AR SR, 2015, 36(4) -
85-90.

(24§, TSR, 132, S5, )0 5500 g 4 0 0 o o 2 PE 3R
YR RxE A LT ], A E AL 23R . 2008, 24(10) : 137-140.

(250 whBhie, Z0E00, ok, . BN N AR L BCEY R 5 + 80
AL PEAR B SRR G 43T T ). £ 48, 2013, 45(2) . 277-284.

(k3% 76 1)
(8] XNz, RICH, Bk, 5. W Lk 0 1k 4 4R AL L 25 20 4h 5
ST L] A iR, 2012(14) : 100-104.

[9] TRZEAL, UM%, R, ImL MG LA TR R SRS
BT, A S5 0L, 2013, 29(1): 157-160.

[10] B F. VA2 sl 2 THRBBILT]. & &M Ak, 2002,
23(5): 40-43.

[11] #RRGSE, KK, BRiR. % BUE AR RSN SR T B2 TR
IR ol ML 4 . 2009, 40(4) : 147-150.

[12] gk, 2258, I &, & FRaMERES THRRART]. &
MmS AL, 2012, 28(2): 187-189.

[13] AR, EE 5, HLfh, . HT Weibull 534 58 ¥ 75 4 T
S B B B AR LT Al TR 224 . 2013, 29(16) : 278-285.

[14] CORZO O, BRACHO N, PEREIRA A, et al. Weibull distribu-
tion for modeling air drying of coroba slices[J]. Food Science &.
Technology, 2009, 41(10): 2 023-2 028.

[15] FEifg, e, W, 5. 5T Weiball 2317 o 20 & 4% 8
T E BT B LT ] Rl TR 22 4], 2016, 32(17):
252-258.

[16] AN Ke-jing, ZHAO Dan-dan, WANG Zheng-fu, et al. Com-
parison of different drying methods on Chinese ginger (Zingiber
officinale Roscoe) : Changes in volatiles, chemical profile, an-
tioxidant properties, and microstructure.[]J]. Food Chemistry,

2015, 197(Pt B): 1 292-1 300.

82

[17] SAMOTICHA J, WOJDYLO A, LECH K. The influence of
different the drying methods on chemical composition and an-
tioxidant activity in chokeberries[ J]. LWT-Food Science and
Technology. 2016, 66. 484-489.

(18] s, R sh A TR AR BI R [D]. 8. 1L K,
2008 4.

L19]) M BT RICF, DR, 4R 16 B2 e 205 4 T8 28 )y 4
BRI, fL B A4 . 2010, 41(5): 105-109.

[20] XU =7, A=W0y . v, 5. p IR b 7 -3 20 0 S0 T 0 e
B ety L) ], Al TR %4 . 2016, 32(10) : 277-286.

[21] B HA. S0, B, . 35T Weibull 434 b8 B8R B D)
Jr I s T BRI R N LT . T R AR, 2015, 15
(6): 129-135.

[22] XN B W, P&, % BT R R 5370 o B 4 A8 <M T
BB, ARk, 2014, 35(21); 31-35.

[23] MADAMBA P S, DRISCOLL R H, BUCKLE K A. The thin-
layer drying characteristics of garlic slices[ ]J]. Journal of Food
Engineering, 1996, 29(1). 75-97.

[24] J5 /0T, SRIBERE . E %42, 55, fif TR0 325 kol T 4R 4R e T 08 o
BT, gk TA2E4 . 2016, 32(10): 287-295.

[25] BAI Jun-wen, SUN Da-wen, XIAO Hong-wei, et al. Novel high-hu-
midity hot air impingement blanching (HHAIB) pretreatment enhan-
ces drying kinetics and color attributes of seedless grapes[J]. Innova-

tive Food Science & Emerging Technologies , 2013, 20(4) ; 230-237.



