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Abstract

Fifty Pu-erh tea samples were investigated for acrylamide ( AA) contents. The results showed that
the AA contents in tea samples were generally low, 2. 05 ~91. 95 ng/g. Based on the correlation analysis
between sugar contents and the amount of AA it was found there was the highest correlation coefficient
between the sucrose content and AA (R* =0.5776) , followed by fructose (R*> =0.4977) , glucose was
the least (R> =0.256 7). The asparagine contents of wet-stored Pu-erh tea samples could not detected.

In combination with literature records, it could be concluded that AA mainly generated through acrolein

5543 % 5 3 4

way during the fermentation of Pu-erh tea. There was a very small contribution of asparagine way.
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1 #REFE

L1 ##5iH

TE 25 A A8 25 b 117 3 R I 248 26 77 TR ) 3 25
Feam, 23t 50 4y, W K 8 A7 X 10 A g A
[ P e ke i B AR e A0 T R AL A
W77 B 2% T AR S TR 3 A R O B
S350 710 133 I AR HE AR th = R e
AT HR A (2009 4 12 ] ~2010 4E 2 J1) IR HE
KRB, AT d R — U, R EAT R A ORE
FRE S T 8 A, K BEIS (8] 435 2 0.7 (14 .21 28
35.42 49 d,

A AA 21 R LR (RERE A4 B (Gle) |
FbE (Fra) AR 5 A5 B 5ER 2 lg (PITC) 137 4= 5
(ZERERT 99.8% , 5[ Sigma /A7) ) ;7 Cy-AA 5 ifE
fiti (Cambridge Isotope Laboratories, USA) ; I % | Z 5
(3gal, £ [H Honeywell 22 H]) ; H1IR (21 98% LA
{8 E Sigma-Aldrich /A &) ;@A (4 99.9% L)
B At s AR ST AR A LA R R 5 WA (2
99.9% VA L, A a8 7 A L) o
1.2 EERREFSMH

S0 A 284 3% « Waters —2695 % HPLC — MS/MS
G (FE Waters 24 w]) 3 = 5 PO A A3 1B BT 7% A
Quattro Micro( % [E Micromass 2\ &) ) ; & WA (_F
SR (LA 24 7)) < SPE [ H A BUEE Cleanent PCX
(60 mg, 3 [H Agela 23 7] ); HPLC & &4 (& [H
KNAUER Z 41 ) ; 75 22 7 6 K6 U 4% (7 [F KNAUER
£51) .

1.3 SRWHE
L3.1 ZEmkES AA 9 E

JREERTALEE ™ O 1 MR AR S AR A R
FAVY 3 23R4 2 0% B RO RE s B0RF 1 BRI 28 Rk
O, SR DY 23 vk AR AT AR B BEAE G o METRARIX 1.0 g
AH A SO mL B0 AS R A T mL iR
900 ng/mL [ " C,-AA bR iff ¥ WA 9 mL A8 4liK , R
FURGIR S, 25 CHR I AR 20 min, JRZIRFEZ)G
I3 10 mL ZJE 5] 4 ¢ TCK R EREEFN 0.5 ¢
AALE, BHOR B0 A R 1 ming R ERE D
10 min, J& & 4°C | #:53% 5 000 r/min, ¥4 9 mL #) 2 i
2R 2 T, 50C KR IB A FRAR T, B
0.5 mL & 4 K ¥ fif 18 BE B 3R AR W), K il 4 ) ot
0.45 pm 7K F WAL UE I, Z J5 #F 47 [ AH 28 B (SPE)
VLLiN

SPE b3 5 PCX #: ] 2 mL HI A1 2 mL /K
Wik, Z S5 0.5 mL K s Wy 4k, Wod it th 9, #5
0.5 mLB ALK EAR B T PCX AL B AA, &

1 mL 42 BOW, 450 0.22 pm 7K &R Gl L 9B JBE, 15
HPLC-MS/MS #&ill

3% 25 17 R ] Venusil ASB — C18 4 % 41
(250 mm x4. 6 mm, 5 um) , #Eifi Jy 30°C 5 JiL s AH
90% [y 0. 1% /K HE WA 10% i, R FH 45 J5E
R P 5 Ui A 0. 4 mL/min; #FAE 5 R 20 pL,

SR 2 F . % F] waters HPLC — MS/MS &R 4, i
M55 (ESI) g 78, IE B TR0, & &R MRM A
KLAA B FEIE R m/z 72 >55, 7 C,-AA B T8
KR m/z75>58, BYIEHEIEL KV, 4EfLHEE 20V,
JIRLEE 110°C o 0 Dy I 500 A, Mot 7 790 Ll 2
400°C, Bt ¥ 1) <3 8 600 L/h, #EFL i SO0 L/he @R
AUV S Bl AR A, A AU ) 2 200 MPa, filf 13 AT RE B
13 eV, MRM #5205k 48 B4 19 31 B It 8] 0. 4 s,
YR E] 2 0. 1 s,

1.3.2 ZR0HE fn S R R A

ASFETT AL P - o U8 HE S FE VR R TR 2 KR
2% WHEE A, i 40 H i . HERH PR 2 A 0.500 0 g,
JA 25 mL Z&48 7K ,80°C 7K i 30 min, B[ 10 min $%
A= Z IR E T roKin il e H 2 %
I, #h 2 25 mLo BT 0. 22 wm K R AL I8 B,
5 2 BE R S UK

G HE TR ATT AR < VE T i IO IR A E T MR R A
RIETRPEIBOR 200 pL, 73 51'E T 1 mL g0 %8, i
WA 20 pL IE58 &R W (1 mg/mL) , Z 5 A
=W IV W 100 wL, PITC 2% ¥5 W 100 pL, #%
DR A, REEOCHE 1 h, 85 IAE C 4 400 wL,
Pz Z )5 G HCE 10 min, O JZEW, i 0. 45 wm
K F AL VB IR, T

TSR S A AL PRI LS. 2 ¢ JoK S IR
B4, 0K 1850 mL, ¥ i J5 F KBS R % pH (H %2 6. 5,
RIGMZNE 140 mL, 2], 1 0.45 pm 7K 5 98 B8 i
UE s T BAR B,80% Z 5 KWL

HPLC — PDA £l J5 25 : (3% Ay Venusil AA
(250 mm x4. 6 mm, 5 pm) , F 7 42°C , A5 2 pl,
R 1 g 254 nm, P B FR R R T TR 3 3l
AH I = GERR AR, LR L
1.3.3 IR Hhos e e

AFERTAL PRI 1.3, 1 75,

HPLC | %8 J7 ¥ : Water Sugar — Park — [ ## f+
(6.5 mm x300 mm,5 pm) , £ P H: Sugar — Pak 1,
HE Guard — Pak, k£ 20 wL, F3h 40K 50 mg/L
EDTA F5403h it # 4 0. 5 mL/min, #: {5 2H 90°C
1.3.4 dlaib

Fr A S AL 3 K, SR SAS B Xt S
45 RFEAT J5 22 50 A L1 H 23 A A Duncan 22 8 AL
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% ] Microcal Origin 8. 0 4¢f{f:( Microcal Software, Inc. ,
Northampton, USA) #E47 EIE 2 il Fih 264U 4 o
1 HEEEBRTEYRNERER
Tab.1 Gradient program employed for the separation

of amino acids derivatives

8] WA A WEAH B it 34
/min RSB/ % IRFU B % /mL+min ~
0 93 7 1

5 93 7 0.35
14. 00 0.35
14.01 0.8
30 62 38

40 0 100 1

45 93 7 1

55 93 7 1

T VR AE 5 ~ 30 min, JEhAH A N 93% 5] 3 FE & 62% , i
WA B M 7% ST 5 38% o PEMERRIFAE 14. 01 ~40 min, Ji #
M 0.8 mL/min 5)# J} & 1 mL/min,

2 ZREGM]

2.1 EEFZFHRT AARE

2 WOR T MM AA K S5 R AE BT
EER Rl IRV SRR s S o SR (G = T S
Kt AA 5 BIRE S BB 14% o HEARRER P AA R
LR 2.05 ~91.95 ng/g, A7 26 kS AA Kl
KT 10 ng/g, 5K H AR S BB 60.47% , 33 {3
HACEAE G I 2 Oy AR OR A AA 7R ST 2
ZME D S B 6.06% 5 10 iy H H AL AR L A
3y AR A, o AR SRR 30% 5T I B AR
hORK B FESIEE 2, EIEF BAMEMM
28.57% , GEHAEZAA Y o KK 3R B /IMKIK
Ay AR S I BSOS

A 45 SR U0 B M S AA S R AR AR, 5
T H BT 45 AL . Yoshida 25 7E3F A 4%
MTEHm AP RAGR D AL F &M T
“Houjicha” 2 FIAD ] K 22 2%, Hoh 4% 25 AA i [
A 20 ~ 100 ng/ g, “Houjicha” Z54E A Kb il &t 25 19— 28
FEAA Ui L 190 ~ 570 ng/g, KA AA i I
k180 ~320 ng/g, i Ono X A 4% (46 ) 4% S5 U o
#5(200 ~ 600 ng/g) ", HunmE gy b AA KIHT
Mizukami 2" %of 26 -4 5 K6 I % B,  Houjicha” 2§
OAA R E T VRE S, R
9247 ~1 880 ng/g., Al LLE H, ANRIFPAE B AA
RSB, ARSI T LA, H
A ZE M B Houjicha” 25 1 2% 5 L 7170 ~200°C

R2 EEFHERTAARE

Tab.2 AA concentration in Pu-erh tea samples

e 7 Z 5 PO T e B ik e /ng g !
ELRLR P S TR A 6.10 £0.28
AL TR B 4.17 £0. 12
SRR LTS X HL 2.97 £0.95
ST S TR B 7.37 £0.98
EERER PN I ¥ Bk 4.60 £1.12
ERERAPN LT EL 3.37 £0.76
LR PN XL AL 5.00 £0. 90
W R MAT. AL 4.53 £0.37
W WL At 5.10 1. 61
ELRLR P L 8i 6.60 £0.83
R IPS B i HHL 26.83 £2.45
ELRURPS il B 13.20 £1.27
ELRLE P S ) 1 Bt 13.57 £0. 84
WA B L 8i 3.40 £0.93
e Fi i BHL 6.10 £0.35
LR P S B i L Si 5.87 +1.38
RS B At 8.97 +2.31
LRl PN )] K 15.27 £0.99
WA B BHL 18.27 £2. 10
ELRLR P S )] Bt 18.20 +3.06
ELRLR P S TH LN 11.60 £2.79
WSS T L 8i 3.53£0.97
ST S TH L1 4.40 £1.20
SRR PN T A 2.70 £0. 16
ERER PN o L83 —
WIHAL R L8 44.97 £3.87
LR PN v A 63.93 £3.93
LR AP T ¥ Bt —
ELRLR P N Y] L 8io 64.00 £2.62
ELRERAP S b A 2.05 +0.77
LHBAE B AP 42.33 £2.59
LR P S i gy B 70.43 £1.60
LR P S gl Bt 86.57 +3.62
7 B 4% ES —
M# B4 LT 6.10 +1.71
mEER FRi=3 7.40 £2.54
MmEEHR Bl ¥ 9.73 0. 83
M E A T 5.83 £1.76
IRSEEPS e —
IRSEEPS Bl ¥ 3.35+0.29
ELRLNEEPS Tk K 91.95 2. 85
SLRINCEPN I ¥ A 78.60 2. 41
SR NZEPN WAL At 8.30 +1.39
HEAZ Wi A4t —

EL NP Bl i At 9.10 £0.98
ERLNAP S 2 1 At —
FLRLNAEP S T At 7.03 £0. 62
WHAES IR At —
ELRENAEP S i i) At 20.00 £3.10
HENEEPS i i At 55.40 +5. 63
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Z 0] G5 A T I R TE 120 ~ 140°C Z (], & [ 3%
A A IR R 130 ~ 150C " | 5 B A 4 5 H
AL T EL 2S5l AA B KA Y L [ i 2
KM AA F LA AR KR A T RE R T
7 AR ) 0T SR 0 OB R ] W R 2
T A 2 R I S 0 X BT T T S i
i R A — A S B ER Y TG 9 B 2% R T A
JRTC I S BEFR A, H bl TORRAE o 60 TR G4 4%
2.2 BHEABEIEDESERSETL

2002 4F , Mottram ") F1 Stadler' "' 88 35 H1 #f11 T
il AA & i E LR L A W TE B R AT
0 ek 2 A O e A i, PR R S T A R AA
PR RHLBE A A T N T 0 ) R A i vp
R FIVRE &5 5 (925 10, LA o Z JE TR 5 AA AR i
2 [ R A S

0 et o Ui AR AT S L TR A T R I 45 R
PR HE AR O & e (Asn) S AR TR I R, G
WA, KRBT R ARARER(K 1 ~3) AAR
I5] 119 5 06 VE T, LSS B0 o P 1 A8 Ak

=)

S IR T = L /mg. g -1
S = N W ks NN

0 100 20 30 40 50
R Tl /d

P18 A T 0D 1B 2K ERR AR AN
BETR & A

Fig.1 Dependence of the contents of theanine, valine and

tryptophan on fermentation time of wet-stored

Pu-erh tea samples

K1 B8 T 25 % MR (Thea) 47 2 1R (Val ) F1 €4
MR (Trp) 72 & HE A Bt b iy 28 a3 BB &
AR R R IR, 3 i e B R T S I U B 1
it Origin 8.0 B AFZ PG 15 3], Thea & & Al XF
TR EEWHE A A Y =7.188 - 0. 149x ,R* =
0.973 4;Trp M4/ K Y =3.702 -0.016x, R’ =
0.960 9; Val #l &A=k Y =1.166 - 0.012x,R* =
0.766, 7Ek Wi FE v, 3 B2 FE IR & 4t 5 2 H hik
A ATRERE A S 5 T R B R e A SN An S5
PLAE 2 N, B VR S AR E R R T AR ) e A
A

2 WoR TIRMEABSBEDNAR (Ala) 752
AR (Ne) a8 bia# ., ol LLE bl 8 HE &
R IR, Ala F1 Tle &5 &5 52 90 32 W 7+ 5 19
POAER WL A Ala SR T 57.74% 10 Tle 34

T 33.32% o K H] Origin 8. 0 B {4 4 45 %50 5 P A
R G317 AH SR m A B, Ala 5 2 %)
TR BEEE WG AKX Y = 8227 -
3.541e ™7 R* =0.928 3;1le UL AR R Y =
3.025 - 0. 838¢ """ R*=0.93998,

o O = HER .
W8 e Ranm .
S 7 F

Eotf

ﬁsj

g CE

B 4 b

%3: W
i

Wl;
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I )/d

2 Uk T U E] N R e s R AR AL
Fig.2 Dependence of the contents of alanine and
isoleucine on fermentation time of wet-stored

Pu-erh tea samples

B 3 Won TR dE K B R RS 2 R (Arg) 148
fetass b E IR R BRI KIS AR & 20
Mk A A, i Origin 8. 0 K4 Z Ti =X
[m AR AL G, Arg & & X F & BB A B9 #8162 X
J Y =5.388 +0.627x —0. 0124 ,R*> =0. 884 3,

14 .

S N

K= s L /mg g 1

S NV B O ®
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RIS I)/d
P39 Mk A e U ) o 2R e A
Fig.3 Dependence of the contents of arginine on

fermentation time of wet-stored Pu-erh tea samples

VR HE A R & 2 B (Asp) (AF 2R (Glu) (I
a8 (Tyr) A B S R (Met) 5 AR AL 2T WL 3% 3.
R LLE TR T o A W R b A L 4 R SRR BEEL
NFEE A R E AR (p <0.05) o
2.3 BHEAXBIENREIETN

VR HE K I 3 A R EORE L (Gle) R B
(Fro) 24L& 4 PR o 3 oWl 7 3 90 2% JsUpt b &5
AN TR] SR B R R, TR B RIS 2
(1 U6 S e R P, IR T A TR 0D 0 5 R R ORI
R A AR AR T R IR B R AL 2
W) 5 B T R AR A B B, A B A ORI R Ok F
37. 71 % 5 71 %) Bl AR & AR A 2 L, AT 5t B
IR VR 1 7 5, A T 45 R I 4 4 B I R 3% 25. 52.% , 2R
A R 2% 10. 16 % 5 1 3 A 1 45 RIS, 2 95 25 v o 4
B e, BRI R b TR,
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Tab.3 Quantification of Asp, Glu, Tyr and Met contents in wet-stored Pu-erh tea samples mg/g
FE i 4 5 KA (Asp) BHRR(GClu) Fi% Z AR (Tyr) B 2R (Met)
-0 12.22 £4.95" 20.98 +7. 82" 3.21 +£0.79" 0.84 +0. 15"
BHHE— 1 11.65 £2.30" 28.67 £13. 45" 5.22+2.91% 1.21 £0.7*
B2 14.13 £3.51* 43.30 £26. 21" 6.88 +0.59" 1.43 £0. 39"
-3 12.72 0. 84 17.72 £0.73" 5.69 +2. 14 0.80 +0.33"
-4 15.80 3. 87" 19.70 6. 40" 5.35+1. 19" 0.94 +0. 54"
-5 17.02 £0. 86" 20.61 £2.70" 4.61 £0.15™ 0.69 0. 13"
Wi-6 14.02 0. 35* 21.76 £0.73" 4.77 £0.10™ 1.04 £0. 04"
-7 11.71 £0. 35" 17.24 £2.31° 3.94 +1.56" 1.01 0. 07

T [ 81 A [l /NG 58 2R AE p <0. 05 K77 18 i 31 22 5
3 R AR TR R A W R A BB B e
W o R TR R R B, /N o TR
R URE TR B A, 7] I 7E R B i R P iR 2 5 G
TEBCNE , PR A U6 3 1 S 1, /DN 00 1 e 2
W

1000
900 R
i 800 —e— b
E 00 —— YLpk
I~
2 600
@ 500
& 400 %
30070777704 21 28 35 42 49
IS 8] /d

P 4 U Ml A IS ) R A R RO 1 A 1
Fig.4 Trends of sucrose, glucose and fructose contents

during wet-stored fermentation of Pu-erh tea

BERXBIER AA SESHESEEXE
TEVRHE 2 I 1] AA T A fb e B LI 5. A
Bl LUA R 2R OB R AA Bl &
Bebl i AA 5 VG BE T, 8 7 K Ik Bl i K.
ZJ5 BEAE T IN 1] A SE S, AA B P Sl (HE A
EHEMRABRE . FRRY, RAHERBEX T AA K
A B T AR BT o BRI IR AA L
AR H AT AR A HOE U A AT RO B i B
G55 RERE A U ol R e i AR A L B I,

2.4

X RENE A RS AR S AA A R A AT
TAHRAE T o

T 11
010
23
= 7
E 6
=G
8 4
= 3 f
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KPR TR)/d
5 BMEREEDIE] AA &AL

Fig.5 Trends of AA contents during wet-stored

fermentation of Pu-erh tea

RERE HIZNE M S E S AA S A
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A OC R B K, RWE W, ) % WA G M dse /D, /D
U M i T SO () 3 25 o B 19 5 2 B2 ) AA 2R P
FH B K, b 52 e A FH Uk 2, 1 4 260 W5 100 52 e A/ FH A
/N o T S B 4 SR R W U M R R A R A
Tt iz , PRI O IR 4 I P 3 48 o) 0 E 5 A v AA 19 AR i
WA TR, XS B0 A AA SR E %
J AL E I RT AN Dy KA B i o U S e AA A
PRI PR LR o BOBE AT DL R A A A0 A= BTN O B L AT
D5 75 U 2 I 0o R R A Y NHL T 4
PN T A A e A L A E IR DA R R AR R R
WX AA Az A 52 ma VR A T R |l T P 0 1 3 WY

7, 2 2 T, 860 R2=0.2567 410 .
2 500 | k03776 7 6407 ‘ T R2=04977
3 5 6207 z 400
£ 700k £ 6001 5 390
= 2 ssof = 380
5 0 % soof < 370
S 500¢ zﬁ 2‘2*8 ] @ 260
& 400} Zs00p . 20T,

E 430 & 340

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
A G i Eng - g ™! DA I ik Lo/ng - g ™!

P 6 23 S e SU) (R E B R R IS AA AR SR AN S R B

Fig. 6  Scatter plots of relationship between sucrose, glucose, fructose contents and AA content

during wet-stored fermentation of Pu-erh tea
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DAHIZS 0 SRR R S A A R, X
e i AT BURBE MR BE S AA A B A SR A = Y

VA 2598 AT DLBEAE O, 3 I 255 O ME e I o A v
AA T2 B GE I TN U T R AR AR L, R A T I & AR T
BRAR /N 3 0 3 2 Al P AA A i AR Y
M AA AR R, S AA AR A — R BRI SR B
1 T A HAb g A2 AT LA PN R T o o A R T
5 AA RHSRPEFF AR R R B o i T, A
TE & HE SRR v S AR A DR T LUK Oy K 4 Tt i
VR HE I IR R AA A S BRI TR, X5 X
k(4 ] — 2,

VA b B A 0 258 ) LR o i R U HfE e e ol e
R T R AR 2 AA AR AR TR
KB - IRM A #R Hh R 2 W
MEEFROEMEBENEEN " XKL
iy 2 0 Jo A0 AT 5 1) PSR A AR H RIS T
SACTES X AA R AR T GG E I8, R A — gk
5T R WIS T AL T X AA B 30 AR 0,
SR P 9 22 1 S W0 Jo 7 0 M A e aod A v T
Xt AA A R AR T AMHOR o

3 &XRiF

XF S0 3 W ZRRESEAT T OAA SRR, 450
AR AA BRER(2.05 ~91.95 ng/g) .
3R HIRIRK R AR, AR
7 75 B AR 4T, T3z =y 9 T AR o

RHE R B TP X R AR AR AR N A
R e BRI AR B A AR B e OF B
B M A A8 1, 3 5 ARPE AU A B T A N AY U
GRS

U Ml e aek A v OB A A SRR S A
Al R ER B R R R H w3 RO
5 AA AR A S A 3BT, O 2 G TR DN E 2
T W 2R UR K e P P AA B N
T TR A A B, R A T e i A% BT RRAR /D, 3 o 2 3 1 2%
FEAD T AA A R BN BN . R SRR
ok A e e A A RPN T R TR AA B A R, TR
AA M A — E B AR S (H iy T ik A7 H At g A ]
DA BN, P L A R T AA A SRR AN
AR DR o p T R A T I 7 TR HE R AR P B AR A A
ST IR O A T 1 2 O U M A B B R AA
Az PR PR A A R 2R o

£ % X W
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