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The change rule of biogenic amines during the processing of Sanchuan ham

N 1 —2 : 1 y = 2yl 1
WAL BERm ,FER KA SR
HU Yongjin', XUE Qiaoli*, LI Zezhong', ZHANG Yunhe', LI Shijun'

Lz#EREAkF REMFRARFR, 28 B W 650201;

2. ZHRIAF FREEH, 28 B 650201

1. College of Food Science and Technology ,Yunnan Agricultural University ,Kunming 650201 , China ;
2. Journal Editorial Department ,Yunnan Agricultural University ,Kunming 650201 , China

TE ARG E B T E R AR 6 Z 0 K A A5 3T 5, R & 20k A8 ik ki
M ZN KARHEH) A 0x T Fe 3 B R B P 8 AP R AW TR, KA
ZON KR An TAE AR A A b TALILAE. SR AR 1) AR T A AR,
B AR TR P R J e HLRE B R | Tb b B Aok R, RAGT B @k, LR TR R
FEReH P . L, B A e A T 2 KRR AN TR P g
R BRI T A Al F B, R AN, P e 69 R 2 R JE A =) K Aa
Tt A2 R4 3 e fE B R B S A B S KA (69.24 £12.54) mg/kg, 12 42 3
VB R BRI KT hs B AR AR B A AR e AR H R TR R F R T,

i%iﬁi%ﬂ% Hb AR R R BRI — AT BT R T R AR P A s
%ﬁmﬂﬂ@iﬂg% ’ W R TR B, @A h (22,52 £5.25 ) my/kg, 5 4. 2) JE 21 KR 49 3

AmTdiR  EAYBRYREREZ R LS BEFA F LA LY  Fo=
Key words: N KR P s 2 e 0 SR AR SRAK, A (5. 84 £ 1.30) mg/kg, ZVRE 4] P a4, &
Sanchuan ham; AR B IRIELF (P <0.05) ;s NBR T, & A M e b9 2 IR B3 Am
biogenic amine; FREE(P>0.05) ;30 A BEIA = A e R ARG 220 ) 3R IE A BB e & &
HPLC Wy e 9 Je 2 R B, A (158,08 £31.35) mg/kg.
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EL£WB: AR g AHFALT A (31460445)
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Abstract; With Sanchuan ham made by traditional fermentation process as raw material, the mass concentra-
tion of 8 main biogenic amines in the curing, drying and fermentation stages of Sanchuan ham was determined
by HPLC, and the change rule of biogenic amines in the processing of Sanchuan ham was studied. The results
showed that:1) a total of 7 kinds of biogenic amines were detected, which were phenethylamine, resinamine,
saprolamine, histamine, tyramine, ispermine and spermine. Tryptamine was not detected out. Among them,
sapromine and spermine existed in the whole process of Sanchuan ham. The cadaverine mass concentration was
the highest in 7 species, followed by spermine. The cadaverine mass concentration continued to increase dur-
ing the processing of Sanchuan ham, and reached the maximum value in the late stage of fermentation, which
was (69.24 £12.54) mg/kg, but began to decrease significantly in the late stage of fermentation. The mass
concentration of spermidine and spermine were stable, and the mass concentration of spermidine was low.
Phenethylamine was detected only in the middle of curing. The mass concentration of histamine was low, and
the highest mass concentration was only (22.52 +5.25) mg/kg, which was relatively safe. 2) during the
whole process of Sanchuan ham, the total biogenic amine mass concentration first increased, then stabilized
and then decreased : the total biogenic amine mass concentration in fresh Sanchuan ham was the lowest, which
was (5.84 £1.30) mg/kg, and the total biogenic amine mass concentration increased significantly in the
middle and late stage of curing (P <0.05). During the drying period, the increase of total biogenic amine

mass concentration was not significant (P >0.05). In the late stage of fermentation, the mass concentration of

biogenic amine was the highest, which was (158.08 £31.35) mg/kg.
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35.59) mg/kg. P. Tkonic 25" WF 5% & M, #F ZE /R
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VIR TP i
1.3.2 =ZJIAREMM T2 h £ YRR B E
Bk
1.3.2.1 #RAEMITELLESRERZZ S
FEMWE 18 P YR, Al KL
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Jiie JE e 7 Tz Y T T TR R A g L Y 03
AR OB R BT & W BN 0. 025 mg/ml,
0.05 mg/mL, 0. 1 mg/mL, 0. 25 mg/mL,
0.50 mg/mL A1 0. 1 mg/mL R & % . I
1 mLIEA W, B S 200 w49 52 (1) £ vk iE
2 mol/L 1Y) NaOH ¥, HAKHA 300 L ff
A NaHCO, ¥ W #4722 v, AN 2 mL 1
Dns-ClL W, 75 40 C SR IAEEh [ 45 min
J&, I A100 wLAg NH,OH Z: & %% 84 i) Dns-Cl
WL R MA I ERZE S mL " R fksk
0. 22 pwm {998 B4k U8, T 20 B A6z DU
B UPERE AR 5 U, OV, HE Mk & 25 Fn
TE b PR E e etk 2.

1.3.2.2 ZJIRRRHEFmEIF5ITELAE
s g =R BBAE S, A 20 mL 4 Jo1 1 5 vk
&4 0.4 mol/L i) HCIO, , 1A ALK 5, T
2500 t/min, 10 C &4 PR E L 10 min, U
DUTE BB I3 F 5.0 B WK B0 3R U B WA
I, P A R 5k 4 0. 4 mol/L (1) HCIO,
EXRZE 50 mL.

0.22 g IE , T Mk
1.3.2.3 @iEERGMIEE @5 ZOR 4
Yl x Eclipse x DB = C18 (4.6 mm x 250 mm x
5 wm) ;AR 30 C5RahtH A K, sl B o
SN TE 1.0 mL/min s KR 254 nm; gEAF
20 wl. 321 BB
1.4 HIEHH

K SPSS 23. 0 B i 47 5 Him ab B, Fir
FEG I IEAT 3 AT 5250, T 7 45 R CF 1
{B = A5 1 22, SR B W &R J7 22 00 O ik
(ANOVE) Fo8 =1 K B8 sk A b G A P i
(1) o e Y B ) S PR RS, P < 0. 05 Ay 5% 1) ik
AN

2 AR50

2.1 EYRRIREBLNLETRE

A=Wy AR AR A Z P T AR IR 2 .
HIZE 2 WAL, 8 ol 2 W0 M A o o 1 08 i 5
FHOC TR 52 RAFIERME R R LR HRF0.99.

A1 BERBAER

BCEAR FE®R T mL BT 5 mL 5T, Table 1 ~ Program of gradient elution
HIEHA 200 pL P 5a i) S 2 mol/L VLT ] W A W B
e N /mi N ) R %
NaOH P, 1 2 SRR, LU A 300 L. 41 o 0 g
FE) NaHCO; 1728 o, FEfIMA 2 mL [ 5 35 65
Dns-Cl Y3, 740 C SIS 17 45 min /55, i " . 0
A 100 pL 9 NH,OH 2 BR%% 85 i) Dns-Cl W, 25 40 60
P, P 30 40 60
BaIMAZIBEEAE S5 mL. Ak ab B )5 H
A2 AMEARE bR RET A
Table 2 Linear equations of biogenic amine standards
HEYIRE LY/ (mg - mL™") S e R
o 0.025 ~ 1.000 y = 322.94x + 0.7345 0.999 9
b Y3 0. 025 ~1.000 y = 468.81x + 3.9190 0.999 3
T 0z 0.025 ~ 1. 000 y = 114.64x — 0.103 1 1.000 0
e 0.025 ~1.000 y = 778.03x + 34.7150 0.985 2
H M 0. 025 ~1.000 y = 754.12x — 2.5257 0.999 8
[i%3i7s 0.025 ~1.000 y = 679.74x + 6.301 1 0.998 9
VA 0. 025 ~1.000 y = 693.28x + 58.2400 0.955 8
Hiile 0. 025 ~ 1. 000 y = 109.31x + 1.101 0 0.999 9
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2.2 EYERESNSHEEGEE
1 Sk 8 Foft 2 e vh i B4 v 25500 €2
. 283 MRk T, 8 Tl A 0 e s o it BB TE
25 min Z N ER4> B, B AT UL, 9% 5 ¥ g
UMb A3 B 5 A I 1) o e VAR
2.3 ZJIREEIN T2 EM BRI LR
= BRI T3 A v A 4 e ) o v R
323 . fE A YIRS R AN R R
NS (P <0.05) ,ND 3278 Jy AR A 2%

H W

TE=JI R 16 ZHAE bl b SEAG I i 7 Fh 2R
Wz , o3 R S B I T (AL T
R B ARTORE Jig , ARG 0 Ji. A B 2 3 5
X L TR A A P S A R A, G O B
7 T AW ARG Hh AL | 3K 5 AT ST 45 A
A A AR BRAE h HI Hh, FUGI H T
JHE RN iz , X 5 J. M. Lovenzo 25" By BF 5% & R
R 45 AR IF). J. M. Lorenzo % AMF5Y % PR, 76 74 BE

1400
1200 F 23.865
1000
Z 800Ff
‘Ei 600
R 400F
=
200 F
0
=200 f
-344 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 )
NS R IR R U \%'Q RIS v > B o e A
A [)/min
A1 AW RAT S & 20N &3 B
Fig.1 The HPLC of biogenic amine standards
A3 ZN KA T AR A Bt R R R
Fig.3 Mass concentrations of biogenic amines in Yunnan Sanchuan hams during processing mg/ kg
R il SR
@ RO JE I F Eiiliis ik e DA il
HI1 ND ND 1.95+0.77 ND ND ND ND 3.89+0.53 5.84 £1.30"
H2 ND ND 3.26 £0.42 ND 0.35+0.13 ND 0.55+0.15 12.22+2.87 16.38 £3.57*
H3 ND ND 6.44+£1.87 9.61+0.82 7.21+1.42 7.82x0.97 0.93+0.22 11.96+2.86 43.97 +8.16"
H4 ND 9.09+1.9110.90+3.82 9.95+1.06 9.03+1.54 12.34+2.63 2.34+0.74 13.25+3.54 66.90 +15.24°¢
H5 ND ND 7.16 £1.77 12.42+2.08 8.80+1.83 13.74+4.84 2.6+0.53 23.58 +4.96 68.30 £16.01°
H6 ND ND 8.94+£1.93 17.90+3.43 9.64+2.01 16.83+3.75 3.06=+0.85 22.27 +4.17 78.64 +16. 14°
H7  ND ND 12.45 +2.48 24.69 £5.28 15.54 +3.14 20.45+3.84 1.06+0.24 18.94 +4.25 93.13 +19.23°
H§ ND ND 18.22+5.02 25.34+3.13 18.52+4.79 24.27+5.44 2.14+0.46 15.74 £2.14  104.23 +21.15¢
HY ND ND 24.56 £5.57 32.68 £5.81 22.52+5.25 31.52+4.52 3.52+0.75 23.22+£3.42 137.02 £25.32°
H10 ND ND 21.07 £5.84 37.41 +£4.72 20.32+4.35 34.32+6.71 2.23+0.68 25.44+6.82 140.79 £29.12°
H11 ND ND 17.23 £3.15 37.72+6.39 18.58 +2.74 37.73 £3.79  2.77+0.85 29.95+7.49 143.98 +24.41°
H12 ND ND 16.93 £4.11 47.5+8.78 16.01 £3.21 29.29+5.43 4.03+1.15 25.58 £3.79 139.34 +26.47°
H13 ND ND 10.99 £2.37 41.25+9.97 17.84 +4.88 31.03+6.71 4.56+0.93 25.39+5.64 131.06 +30.50°
H14 ND ND 11.03+2.14 45.71+7.77 14.21 £2.18 24.57+2.78 2.01 +0.52 31.42+5.83 128.95 +21.22%
H15 ND ND 14.18 £2.52  69.24 £12.54 13.52+3.82 19.03+3.86 2.58+0.36 39.53+£8.25 158.08 £31.35"
H16 ND ND 6.09£1.76 41.74+9.69 17.84+3.59 15.75+2.75 2.78+0.72 28.32+5.94 112.52 +24.45*
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TG B 2 B R, BT R B AR
¥z Ay 0 SRR MRS IR T W A e A7 T = )11
SRR BRI L FErh, CA BRI, e
TP HE i 14 JO A YR 38 A — s S L, EL T & 19
R M A AR B A8 A L A =] B g
It R, P R B o TR R A, RO N
Jie, 3% 5 F. Wei 252 1 R. Virgili 25 (5%
RIREA AR, F. Wei 28 NBFFE & B, 16 40 5
KA (325 d) FRVRE S ARG I H 7 b
i , LA R T B o e e B i, Y M RS e Uk
Z ;100 R. Virgili 2 ABFSE % B, 76 5 K F T e
KR F S 94 R R A, R IR IR .
F T 3 7 = 1 B o T R e R 1
TEHE FE & % o KR Sy HIS dhik 3 5 K (E
(69.24 +12.54) mg/ kg, {H 11 HE K & 1A A
dh HL6 Hf 7' B0 o i BE T 0 B 3 R IR A
SRR BRI A5 A T30 , SRS e IR e A
ORI T v 3 2 Ak, JHL o SR I 11 IR
W B — LA T AR KT 2R e e I i v 1
FEah HA cp RS, 78 A RE S b 3 R K
3 .

2 2 T PR IS 7 i o B ) A W i, G
BEMEAE T A W e vh Bk, X N R fa R A 1R
A . 35 [ £ 4 24 4 45 PRR) FDA (Food and
Drug Administration ) L 5E , £ /i H 41 1% 1) 5
W RE I B 500 mg/kg ™ I BRI B 52 , i
TRk 2 At B i P 2 R ) o vk R T B R R
100 mg/kg™". AHFFE 45 50, 76 = )1 K BRI
BN L3 R 2R 10 o v A A, e
KA R (22.52 £5.25) mg/kg, 35 N4, HAE
STARE SR P ARG I H 4 e, 3 T RE S 7E =1 K
B HI A T 404 . C. Kdh 2 {58
KI5 R B R R BGE 3.5% ~
5.5% B}, 2 R 2 3 R R

TE =K iR A I T3 e, R o e
T e R S BT S R T R TR

. LEMERI T (HL, 12,13 ), B A ) e 9 5
e BEART AL /b, o KSR (HL) B9 A= W e 1)
Jot B Mk AR, A (5. 84 £ 1.30) mg/kg, 3 7]
A IR RIS A O, =1 IR T
JEAE =) BT IR EEAE 5 C A2 AT, AR
TR I R VA i 2 4 1 AR W e 7 A R RO
3. M. Laranjo 25" BIF5T % B, 5 W0 48 28 4 1%
G TR BER 53 DN 6% FEARE 3% , B EY)
e () i B vk JE M 88.86 mg/kg b TF %
796. 68 mg/ kg, Hi At e 2 i RIS i 1) IO kv
B EIHIC AR B o s B (H4 , HS , HE ),
KW JoT MR B R SR N (P < 0.05). i
25 AR ARSI (HT , H8 ) ], S A Wy e 14 5
RREHINA R ZE (P >0.05) XA i T
W T = N1 JOBB r 7K 43 7 B, 3l 7 ik
Wiy R DTG [ 2400 T 26 0 e 1) It
BER B iEAHERE K BT, AR I 1) o R vk
JEM R FE N (P <0.05) , 76 HE K & 1 J5
(HI5) , B A Wy e ) o3 o W B 3k 3 i

(158.08 +31.35) mg/kg. 3 1] HE5 = 1] K Jhl ()
N2 A B DI AH DG, 3 05 & I 199 ) VL T 5
15 C, mBAREEE 15 °C WA EATENE, "] e
P IR PR T S A R R 7 A A i

3 g

AW LML G & B L 2V E R =1 KBRS
BFFERS G, 1 = )1 KRB R R A i T A, R
1o AR L 2 LA 1 7 b AR Wi, 05 A
RO B I VERLI TR VA I A e
ARAG I 1% , HR 2 AR ] rh 0 s
e SR I RORS A AE T = 1 KR A9 A Jin I
AL RE A 7R R R BEAE T B A=W e g
FLUIEAG NG , 7 e 1) Jo 5 e S A = )1 KRB in T
A AR R I, 7R HERE T I 3108 B B OR(E
(69.24 +12.54) mg/ kg, {H7EHER K 5 A X
T S 25 AR 5 SV I FOKS IR B R 3 B F AR
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F14) o5 e e B A Ak, T v IV K o %) e B — L
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i 1) oG R VR B AR, d s AN Ok (22052 =+
5.25) mg/ kg, oA 4 4 8 = )1 BB A A
Tad e, BRI vk = e BT R F
Fa VR LT R B e =1 KRR SR W
ik BE eI, 2 (5. 84 +1.30) mg/kg, B i il
A, AR T T R v R B (P <
0.05) 5 ARG T4, S A 40 g 1 Jo 0 4 2 184
AT (P >0.05) 3 HEE K B2 A Y e AR
1) S LTI, MG R I S B A A e ) I
W, (158. 08 +31.35) me/ke.
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WZE: s 5 X R & 7y RAH &2 A AR, 8 S B & X 3t 4 NaOH &
P2 IR JE o A P2 BT R | B AR AL FE IR JE Ao 4L 2R B IR] | AR E A AR B JR) 2 B o
JR 6y %em , FF i BRI T L A IR B S U e & R I B 69 SR AR )
& LL. 5 A RBF TR EERMNFH RIS A FRIARL 52 8 LR & R
R R HEAT BB, VA& B R IR b A, 5 R R 1) B 5 LR M & B ik oh)
B RAETE A, M 0.2 mol/L NaOH 8% 22 h, 2K )5 A 0.2 mol/L B8R K
WIZA h, RIGE 60 CHEMTHRRBSRIRA h BT EEMHT,ARMFRE
73.36% , B H 5% T g 434. 86 g, IR BRI EAMEALIRE 5 A A 19 CH26 C, 5%
& pl 1 6.8. SDS-PAGE 45474 R £ 01, & KK fEH] & 69 I % 409 69 %o
WA REOTEALASTER2) S ERARRESHA1.6% ,F i
IR E 5 HH 0.4% , A Ef e R 294 h 2.0% i, & % Ik F 1ok 69 5B
HOR A BB T P AT B BRI 09 i 08 Ao AL IR E A A 17.6 CA4=35.1 C,
METEOMH, LI R EABARE > FIEZHT 13.8 CA222.8 C. T, T4
B 6 N T 3% 3 R IR A AASE M | B R R e TR AR AR A

EE£WH . “+=&"#3# 3% %97 8 (2012BAD27B03) ; S S 5 AAHAF L 4% £ B (2013PY096)
YEEB 2 (1989—) ,Jo, b g KX TA e P REX PR A, T LA 6 AR F 5ot TR
BIEEE:HE(968—), B, ERTA, P REKRFHIZ GEEFIF, TR T ARSI,
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Abstract : The effect of NaOH treatment concentration and treatment time, acetic acid treatment concentration
and treatment time, temperature and treatment time of preparation process on the quality of gelatin were com-
pared by single factor test, and orthogonal test optimization process was performed, to explore the optimal
preparation process of channel catfish skin gelatin. Then three hydrocolloids including carrageenan, sodium
alginate and xanthan gum were selected to be compounded with channel catfish skin gelatin to improve its gel-
ling performance. The results showed that: 1) The optimal preparation process of gelatin for channel catfish
skin was first soaked in 0.2 mol/L NaOH solution for 2 h, then soaked in 0.2 mol/L acetic acid solution for
4 h, and finally extracted in hot water bath at 60 °C for 4 h. Under this process conditions, the yield of gelatin
reached 73.36% , the gel strength was 434. 86 g, and the gelling temperature and melting temperature were
19 °C and 26 °C, respectively. The isoelectric point pI was 6. 8. The result of SDS-PAGE analysis showed
that gelatin prepared by hydrolysis of fish skin was a multi-component mixture with no definite molecular
weight, but a molecular weight segment. 2) When the fish skin gelatin concentration was 1. 6% , the carrag-
eenan added amount was 0.4% , and the critical concentration of the compounding gel was 2. 0% , the fish
skin gelatin and carrageenan had the best compounding effect. The gelling and melting temperatures of the gel
were 17.6 °C and 35.1 °C, respectively, compared with the blank group, the gelling temperature and melting
temperature were increased by 13.8 °C and 22.8 °C, respectively. The addition of carrageenan can improve

the thermal stability of fish skin gelatin, which is of important role for improving the processing performance of

fish skin gelatin.
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FFY e AR A 1k A 2 199 [ 8L, 3 3 VA I S 7K e {4
L0 M R HEA T A2, A0 a7 T A M
AE , LA I f0 57 B JCBE e 7= it I T R A 22K
“hy £ R B AR B T 1 R AR 4
1Bk
1.1 #R5iF

Bt 5 SR R W A6 4 SR I T
JIKTE A B B 8 Bz, W A Al K2
BT ; NaOH , HCL, % S =2 % R - 250, fis
M2, LEESEIRAG], Y00 AR 91, [ 254 A A4
ARATE] = RO, SR, 5, B &
A IR AR A B FD
1.2 B{B5E&F

DZD -400/2S I B 25 2 ML, Y175 15 38 £
LEON ] AB204 — S BT A MR — TR
AL (i) A B ) P 5722 RUn] WA 66
1, B G AR A PR A R Avanti ] - E RIS

WSRO, 55 E BECKMAN COULTER /23 ]
77 s HH — 8 ARG b 18 R 7K V3 58 , 5 M T [l AR Ha 4
HIRAF ™ TA - XT Plus BRI FTAY{Y, 92 [ Stable
Micro System 7 7] = ; AR — 2000ex 7 3 7 37 A%
1, L TA {UEF A" PB - 10 A pH 3, 3£
IR A (AE50) A FR 23 ] 7 5 FJ200 - SH
RV = o O AL, i hR AR
1.3 ZWHE

1.3.1 &FPARKIRER b B
Nt (=20 CORAF) — 4 CUKFEMR—T L
2 f0 f FORG % 0B D 4L 2L A5 — K B — 55 )
B2 2 ~5 mm ZAR, 48 (- 20 “C 75
AT 2 ™ H).

R IS I T 2 A R - Y — B i —
NaOH AL B — 7K Pk 2 v P — I8 R ¥ T A
Pl K Pk 2 - UK IR I — i ik 4 —
Y UR T HE— A R B
1.3.2 &aFEKRETE MHAKER—E &K
RO £ 7, 28 BR BB Kb B, K 5k v R, T30 figs
i £ e FR AR IR I £ Bz A RR S A BRI £ R D
TRFRZ LG R 0 Bz I I RE
1.3.3 GaFBAKSRITE MauRER =
1B WSV T FE o e/ 8 J T8 x 100% .
1.3.4 BFRAREREENE GRS
B 6. 67 % (1) a5z WISV W (HERA PRI 7.5 ¢
T BB RE, IA105 g Z818K) , T 10 C 4%
TEFR%K 1 h 5, 7 50 CARIBHHidE S o f ]
W R AR B A AR 4 em, 5 2 em YRR,
T4 CUKFHTICE 16 ~ 18 h i, >R F B A4 {3
S R BT ) B S AR T

MRS SR P/0. 5 818Kk, ik T 5 g,
DRAHTEEE 5.0 mm/s A 1.0 mm/s, il
G HE 5.0 mn/s, F ABRES 4.0 mm.

1.3.5 &aFRAKRIRIZMRK
1.3.5.1 BREZFRKWIEIT DamREx
FBE R L N AR, 73 358 A [R) NaOH 40 34
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W (0,0. 1 mol/L, 0. 2 mol/L,0. 3 mol/L,
0.4 mol/L,0.5 mol/L) . A [ NaOH &b B fif 1]
(0.5h,1.0 h,1.5 h,2.0 h,2.5 h) R[FIfSER
AFEHREE(0,0. 1 mol/L,0.2 mol/L,0.3 mol/L,
0.4 mol/L,0. 5 mol/L) , /A~ [A] i fig &b B 1} 1]
(2h,3 h,4h,5h,6h) AEZRIIERE (40 C,
50 °C,60 °C,70 °C,80 °C ,90 °C ) FIA [ B it
[ (2 h,3 h,4 h,5 h,6 h) xRz B R4S FEE
U5 PRS2 W, S 7 e DG 1 £ B B Jie 2 I T
R R KA

1.3.5.2 EXRWiIEIT H 7 S5
SRR a7 AL H T2 4, A R R
(A b, DL fa R BH A SR BRI 5 B A 8 AT
LA NaOH V& i (A) \NaOH 4b B[] (B) | Jitf iR
WEE(C) BERRAL BRI [H] (D) SAysg i R &, it
PUPI R =K Ly (3*) IEAS IR TR, 6 1y Fi kb 2
T2 IEAIRE K3,

A1 AR L ELREREAT A
Table 1  Orthogonal test factor level

table of pretreatment process

SEX

¥ A/(mol -+ L") B/h C/(mol - L") D/h
1 0.15 1.5 0.15 3.5
2 0.20 2.0 0.20 4.0
3 0.25 2.5 0.25 4.5

1.3.6 &R BARKEKEREFMBSLRENE
4 T 43 Bl 6. 67 % £ J WA IR Vs ( 1
[F] 1.3.4) . RSN FAEN L Sh R (67
FIG™) 0 7 5 Fee W R AL TRLEE , S AR
40 mm P-4, I S ACRTRE & 2 18] BE BN
0. 15 mm, finFid # op ] = B 4k vl 25 5 LA Bl
BRIy 7K.
WA SEOR R G AE 1 He, )i
A% 5% . U E L I B SRR Y - B A AR T
SN 40 CRERE S C, THESARREF M 5 C
THEE] 40 °C, AR R R 2 °C/min. i

TR RAERE RS R, 6 TG IR KT 67
IR, X7 L FBE A SRy JSC B U B FEE AR Vs WA
THEE R, 6" G R I IR/ N T GTIRE, X
HOIEL B e SO LI
1.3.7 BFBARMWEBLSNE B k& s
Bl 1% w1 Bz W JRE % W, o1 0 DLk
0.1 mol/L f#) HCl ¥ ¥ Ak £ 0. 1 mol/L (1)
NaOH ¥ 15 hy pH AN [F] i) £ B2 B RS R, LA
K pH N FoERf pH (&L, IF7E 660 nm i
R A R E S T4 pH {5 T HYC
FHNZR. 37 ' BE S /NI X 1 Y pH (B Dy £ Bz B
iR TR,
1.3.8 SDS - IR 7 /% Bt B & B B8 ik ( SDS-
PAGE) 3238 705l 1 ¢ ¥& UR 15 Y 10 B2 iR
VPRI i | 1 Bz W SRR e WTRRE , A JB 8 34
9 5% 1) SDS J& , K FH i i 3 B B o, £
T 85 CHYKIE IR 1 h SRV AL & b i 2R
15, LA 8000 r/min B> 20 min Ji5 B 35K,
FH Lorry ¥R E FIRW AL E ) & &, JPH R
FIB I 2 1 mg/mL, ] T SDS-PAGE J34fr.
FEL KA ot £ TR 70 BB 5 %0 VR 4 T 3R A T
45 FERT IR 3 EOh 8% W9 41 25 I LA T FEL UK 43
By DB sl R - 250 Jen, FBGIR £ I
AT,
1.3.9 KB 3 £ K7 B B BG4 14 B9 B2 i
SRIG o R R P |V R A RN B R 3
T 2K AR 55 W e 47 52 . TG ) ot 4 B0k
1. 5% 1) 8 B2 B ST, 4 0 Jin A o i 0 B0
0.1% ,0.2% ,0.3% ,0.4% ,0.5% ,0. 6% [t 3 Fiz
PN N i o TR AR 2 oy
1.4 Zit=ah

N TSR R 2 B AR AT A B, B
SLER I EA 3 R A5 RECE-E. e R
Microsoft Excel il GraphPad Prism 5 17 4b A
YEIE. SR SPSS(17. 0) AR 52 36 0 4 13047
EVEST: 2 P <0.05 B, 2R B3 P <
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0. 011, 2y 2 Sl f 2%
2 AR50
2.1 BRARRRIZHEERZREERSH
2.1.1 NaOH iR FE 3¢ & 57 B B & JR A 52 T
FIE R PR B A B B 2 Eh A AR IR
J 2 AR AT, XLt ZE 58 A [A] vk B2 NaOH
VAR AL 3R 0 7 WSS 0 1 [ B K NaCl %5
A1 NaOH AL B0 A 5 64T POA, 25 R ]
ViR, ARNE FEERRZER B EH (P <
0.05), F[A.

H 1 AT Bl NaOH Y FE 3G K, £ 52
WIS A5 AR [, OF HLB IR T NaCl i35
AEFRZH (P <0.05) ; 1M i ok i 5t B3 K e
W/ ke A, HOR R T NaCl s i Ak 212
(P <0.05) , 3 v Pk 0 V5 W T Ak 34 BT 15 149 £
R B Al BE AN IR AL PR . 525 Hgi AR T, &
R R Yk o Ak B T Ak B RS i A5 1) £ e
IS, JLEE IG5 T 0 2 4 v, R TR e L A I

i 85 T2 AN AT A 2D B 3K 2 PR T IR
70

a

| ENaOH¥ i
| ENaCHA®

A 02 03 04 05
P FEAmol L)

500p
400F ab b
b
;\Q 300 e
b ENaOHA
X 200F . | ONaCH&#
"~ 1oof %"‘
0 L

0 01 . 0..2 . 03 04
MR JE(mol- L™
B 1 R FE NaOH R B F= NaCl 3R
xF B B IEAT e B 5 A o

Fig.1 Effect of different NaOH concentration and
NaCl comcentration on yield and gel

strength of fish skin gelatin

YR (A 0 Bz iR I ke A e A RN, B 2 R
SrHIRR I I 5 5 PRI, RE NS AR T AR Y
TN S VAR | L AR REIRIOR S N
T4 i WA RSt 5. [R]ERF, NaOH 75 K BE T T 1B fie
TR o0 SR, (o I D oy T MBI A5 AL S T, i 7
IKGy ¥ THEANIE R B BT - K &, T A
BT W1 e A 42 B >4 NaOH ¥ £ M 0. 1 mol/L
B 1 0.2 mol/L, A AT 4 BT R FE B
BEI 58 J& W Gk 374. 67 g. 24 NaOH e J& ik )
0.5 mol/L I, B 58 B . 2 /N (P <0.05) ,
TP FE R T e v B P B A B R £ B R
Ji PRI 2 ST R TR A, IS B 2 ) T A BT, 48
JESEINARAL TR, B 53 WIS A A IR BOK gt , 7N v Be
HEAV W 5 | B B i i B I N SRS R,
NaOH ¥ 745 0. 2 mol/L .
2.1.2 NaOH &b 32 B (8] 3 £ K7 AR A & R 9 22
M %#%0.2 mol/L /i) NaOH 5%k , #55% NaOH
A BT TR] T 61 B2 BH R A5 238 R B3k JG i B ) 2 1)
50N 2 .

Hi 1 2 AT, B NaOH Ab I ] A ZE IS
R WA R R B B 2 NS AT R
R, TR T e K51/ (P <0.05). 24
NaOH &b # B ] AO. ShIg fin 2] 1. Ohif, W] i

S a
£ 60 b

0.0 0.5 1.0 1.5 2.0 2.5
NaOH 4k HE i i]/h

400 c b

0.0 0.5 1.0 1.5 2.0 2.5
NaOHAb #H5} []/h

B2 NaOH 432 o) 2f & & A A7 5
e 25 R 049 R
Fig.2 Effect of NaOH treatment time on yield

and gel strength of fish skin gelatin
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THRA WL 00T, {ELE I 5 B A 25 1k 22
5 (P>0.05) , W] i 1 B2 i 17 9 e Ak B 22,
W Je 2 A P B ey 4 Ak B[] 4R S04 i, e
4l Ak s $2 =, F HL NaOH AbFRIT B 1 2
R /INER SR B, A A T I AR H, Bt £
S WH AT 4 RN I i 2 37 38 K, AR 3 2.0 h
I, #1 B W] JEE A A RIE I ok E R BN BR(HL. =2
Jr B Ak B () R S 56 T £ Bz I JE A5 5 5
JBE 58 K2 24 dk 35 AR, 3 T BE S T NaOHL Ak B
s ] 4 S BUR RS 73 . 235 %5 1E, NaOH
AL BRI ] 2.0 h O

2.1.3 EBREMERARARAOZE 2
0.2 mol/L NaOH %=1 2.0 h J5 10 % ,
FHBR PRV AL B, R 5 s I e J3E X #0152 WA J A+
HRFNEE I8 L 2 , 45 RN 3 .

H1 P 3 R B I e JEE (3 K, #4115 W
JEAT AR BT 5 I 08 B A {ELIE I o S Dk
N HREIRUE D 0. 1 mol/L i, 1 JZ 7K
AAK TR EE ARG, IR JEA v SV IR P K fie
FEPEHN i T IR TR TR B = 4E5E
HE PR RE , S5 S 5 J3E 5K, (HLBH A5 SR ALK
AR B 3T K31 0. 2 mol/L i, £ BZ 2 ik 44
FEOT, ISR JEE WS A DN , TH Y SR R A R

70

° 60 b b
3 50 c

o

x40 d

=30
20

0 0.1 0.2 0.3 0.4 0.5

Miff /R ¥4 2 (ol + L)

500
400
300
200

R g

—_
(=3
(=)

(; O. 1 0‘.2 O..3 0..4 0‘.5
i R < J% /(mol - L)
A3 BEERRE AT SR R IRAT R Fe B R R R0 R
Fig.3 Effect of acetic acid concentration on

yield and gel strength of fish skin gelatin

I E B . M BAIR MR B2 5 T 0. 2 mol/LL J5, ]
A5 0k T G2, BRI 0 B R E 98/ (P <
0.05) ,3X A] BEJE HY T e Vi I S R Ak B fefi 75 £ 7
B IS 3 7K e I/ e B, 58 IS i B PR AIR. &5
b YESER M BE R 0.2 mol/L i, B Ik 5% B 4
U ARREE . TR SR TR L7 1 0 4, I J5A))
TRFF T BONBUR RIS , A Sy, RS
AR, R IR IR T 2502 £ Bz B I HR BOAS m] B
BRAYERTY . a7 RN WAL B, Al AT W AR A
SCHRSHE AR I 431 TR E T 08 , A R T 2K
JE ik A A AR SR B , B i BB 3R, SR T B I
IR JEE FH TR 7K SR W A /1. (EL X5 T R A R 4k
ThEs , BB 43 7K i /N e B, AN A T = 4 W 2%
(T I8, MG IS 356 J i AT 25 75 I, T R VAR B2
PEFE 0.2 mol/L A H.
2.1.4 ERER AL TR B ) 3 & K2 BA AR SR R RO F2 T

££0.2 mol/L NaOH IR 2 h J5nyfa fz,
FEH1 0.2 mol/L il 12 75 W Ab 3, R 50 I IR Ak 2
FI (R0 X 1 Bz Y e 75 23 ARV o B2 1 2 i, 45
wnE 4 frs.

HH & 4 A0, Y ES R AR PR R 2 h FE4C

Z 4 h, fmEH AR EER S, ZEET V2.
0 W s 6 5 i 5 PR T o I ] S b, BB

70
60 . .
<50 c ab
=30
=3 20 L 1 L L 1
2 3 4 5 6
T 1 Ak B 16 [R)/h
500 a
b
=400
;i‘;z( b
= 300 ¢
= 200 d
100L— ' : : '
2 3 4 5 6

it 182 Ak B I 1) /h
B4 BhER LT et A ) g U AT
Fo Bk 3R 0 % vR)
Fig.4 Effect of acetic acid treatment time on

yield and gel strength of fish skin gelatin
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A I T A FH N TR] f19 350, 25 M 5 J5E 328 3 D /]
(P <0.05). MR 2 h If T BRI 5 JE ok, B
LI I o R AA 31 42% 5 BRI 1 3 h Al
4 h BT 5 BA BB e 5k B G o VR 22 S (P >
0.05) ,{H4 h IFIIRAT R EEm T 3 h AL B
(P <0.05) ; AL PRI [ 5 b, BB R
AT R, BEIRCE I R /N (P <0.05) . Bl il
R A PR T A 398 T, 5 M S MR e 245 4 1) A7 T
TIRIREIR , WA AT 5 B TF 5 o5 — i, R Ak BR Ak
TR IR A IR B USSR T
[, R J3E S T /). 21 IR ALk B 8] 3t
AIRERE— LRI R B O 2 R IR AE BRI
B FAETR VeI A2 R S, N _E 3R R
TR OK  , BER R JE . 2R
JE, BRI AL B[R] 6% 4 h Dy 'HL
2.1.5 EREENSERARMEBZE 1
0 Rz W ] 5 T Ak BB DR 2 L, 4
PRIC BRI X £ B2 H AT R ISR JE 1) 5
Wi, Z5 RN S s

HIP Sl FERLARILIE (40 °C) il 75 1) £
B2 W BB E e K, {EL B e 3 A1 5 H AU
TRLBE DN 40 C T 3 50 C i), W] e A5 3 Fh e i
5 LA AN 5 (P >0.05) 5 2435 & T = 2

70

o\°60' b a a a
\1350
ix 40}

=30t

20— . . . . ,

40 50 60 70 80 90
B R C
600r
a a

19500- b b .
hy
X |
%400
& 300t .
200t

100— : . . . ,

40 50 60 70 80 90
R IR ¢
B S MR AT & AR AT
Fe B 5% 04 % vR)

Fig.5 Effect of extraction temperature on

yield and gel strength of fish skin gelatin

60 C B, A3 i F e (P <0.05) {HI
BEE R A ATl /N (P <0.05) ; il 4 it 5 4k 2
FhE BURAF R It T 752, Y0 % B e 32
I 80 “C R, aak vy 0 Il B 2 of 0 i B T 5
JiE 5 B2 B S 9N (P < 0. 05 ) . PR, T B vy 3
PRI AN RF A B3R, 13 2R ek AN R ot
80 °C , X IFZEFFTE 70 C LT, JERl iz 22 35
R B AL B IS , R AT I S I BB e IR, i
TN, Z 05 T T 40 °C A PR I 45 i b
P SR A — 0 43 A A K SR DRI SRR Tl s
g, 40 °C A iz i T p B 1) G MR 4 il
A P I 8 2 R [ I R it ) AR W IR
JEE D = MR e 45 1. T v il B m AT W e i
(U SN/ DFR o IR, 6 o BE TR, o BEAN/D
o BER B IR IE AR, T2 AT 5 0 I i
FEAL T B R A et A v, DB A S T A
B 1 A e R R Gk A AR T T A
W , 0 R I I K f i RN, B AR IR BE 4K, A
Bl T8 P I 245 45 A, — POV R T 25 1 BTG o it
BT AEUR P I s B S 32 R B 2o v SR
WIS R BK i T B, 43 B R P A THL, JF HL
AR A b TR el B R
SR feft A R A e i B ) I B 255 T I BRI
TR R 60 °C R H.
2.1.6 FEEEXNERARKSBROEE &
BRAIER 2 60 °C, FRFT Z e it | %o #1 BZ A Jie
15 B RNEE R B s M), 25 SR AN &) 6 TR

1] 6 ], Bt A fa] A SiE K £ Rz B
A FR AW B i, YA ) L 4 b, IR
FAMEA T (P >0.05) , T 5 i o B Bl o5 7%
2 s T 18 2 K 2 30516 18 A i/ ) g s 3. e sf
() o A I R, T it o3 1 R TS e 1Y) o iR 3
D ERESTRNZREH 2, S EU
i1 B W e A5 238 I i 5t 85 0 IR, e H 2 W R
153, Bl BRI B (] A B, f R I i 7K A e
WK, o fEYS 2, T WU A T 1 BE S ) 45 45
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70, k2 FRBILERBEAFTELS
;E_ gg I b g {a g Table 2 Orthogonal test design scheme
g
X 40 (.;/!/l- and results of pretreatment process
=301
20 3 3 5 6 R LE I B
= FEL 3% ia
FBE I [H)/h K A B C D B2/ % WE/g
600, 1 1 1 1 1 56.64 397.67
5500' b a b 2 1 2 2 2 63.75  350.27
C
= 400 }'/4\{‘\{\;1 3 1 3 3 3 69.13  298.93
g 300 4 2 1 2 3 67.69 316.75
- fgg , 5 2 2 3 1 65.31 350.31
2 3 4 5 6 6 2 3 1 2 64.82  354.41
A T/ 7 3 1 3 2 67.98 319.34
B 6 At xR AT R 8 3 2 1 3 69.31 331.31
o B TR 40 W 9 3 3 2 1 65.11 322.90
k. 63.17 64.10 63.59 62.35
Fig. 6 Effect of extraction time on yield k,  65.94 66.12 65.52 65.52
and gel strength of fish skin gelatin ks 67.47 66.35 67.47 68.71
ro 429 225 3.8  6.36
. PO, . K, 348.96 344.59 361.13 356.96
. SR, BRI a3 K 2 S 30k 2 ‘
Py 8T, BT ] 1 3L 22 S HRGOK S ) K, 340.49 343.96 329.97 341.34
Bam, te o BE/NRY R B £ B e 4l R B, B K, 324.52 325.41 322.86 315.66
R 24.44 19.17 38.27 41.30

JZ V1) R 5ot /N L REAEYS . 255 25 18, 2R
IFRIESE 4 h S HL.
2.2 BRPARHEMLEIZESRELER
55

MU E B R A B0 1T DA Y, i B 28 TR
S Ak TIAL PR R JS 78 5 W K R K, A i D B
o A R, OF AR L2 AN R L 5A
—REMISEHAE . DA Hg B Jls 75 25 R 85 M it J 3
dE bR, AL T 2 1E 8 g it 2 5458
DL 2, TE A 150 I e 45 258 0 JC oi 5 1Y)y 2%
ST ARG A IR 3 ik 4.

Hi % 3 A%, NaOH ¥ if \NaOH Ab B[] |
T T e P R i P AL 3L ) 7 d PR KO B R
ZE SR ), 55 ER 2 AT, 4 R IR E 0 A R
I A 238 14 52 e /N Ay Tk R Ab BB 1] > NaOH
W R > BEER M > NaOH A0 BRA[H], 5F H., DL
G ZR R P Fe bR i B AR 5 ASB,C\ D, H
34 %N, NaOH ¥R i \NaOH 4b FRET [A] | Fit R vk
JEE T 2 A PHL ST (1) 7 8 2 P 7K b ¥ 25 S
TR, G553 2 AR, 4 B R A Ry I e
I 5 B ) 5 M) A /0N Ay T T2 b LIRS [) > i T2 ke

E ok, WA R ZE AT K R B AR 0T

A3 SR IRAT R 5 £ AT
Table 3 Analysis of variance of gelatin yield

in orthogonal test

=5 A i o7 A BE
SR B df F1 SS MS L5

H 2 8 357.55 44.69 159.46 = =

R 18 5.05 0.28

B 26 362.60

A 2 94.21 47.11 168.07 = =
B 2 30.33 15.16 54.10  * =
C 2 52.28 26.14 93.27 =
D 2 180.73 90.37 322.42 %

o ok FRESMBE (P <0.01), » FR %5 BE
(P<0.05), Fd
BE > NaOH ¥k > NaOH AbBRA A, 3 H., DA%E
JE 3R BE A VT FE AR B R 5 A, B, G, D,
Hi e 2 W, f B WY e 45 3 g ORI 1) e
JiE i E S BN S ) R e, e 4k s A P
A SRR TR IRAT R R, PR RR B a5 L
JFE A 71 Rz WH Jiz i) £ A HL T2 Oh : NaOH. ¥ 5 oy
0.2 mol/L, NaOH Kb F i} &) 2 h, [l B2 o BF N
0.2 mol/L, BEERAL BRI ] 4 h, SR 5 1E 60 °C 4%
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PFFKIRIRICA h ARSI T 20 TR,
Ul Geith ik 73. 36%  BECHRIE  434. 86 .
S T 8 5 1 B
BERLIE R ACELIE 4P 314 19,0 C 71 26.0 °C,
FLILI 3 BS54 pl 6.8,

R4 ESGRBRR L T E 0
Table 4  Analysis of variance of gel strength

in orthogonal test

£ BB Py B L. 6K
K BEd RS Ms i
S 8 21 583.97 2698.00 342.20 %
TR 18 141.92 7.88
Jevill 26 21 725.89
A 2 2574.97 1287.48 192.55 % =
B 2 3036.13 1518.06 163.30 = =
C 2 7 055.66 3527.83 447.46  *
D 2 8917.21 4458.61  565.51 = =

2.3 faRRARL SDS-PAGE LG5 R o

PE R SRR M £8 2 R SDS-PAGE 5230235
R 7 FroR. dE T R 6 R R R
(ASC) Fy LK A7 Al 7 A, BT B S B 0 i
JR = IR BELE A, o 35 o« M o, P ZREE,
FEXH e Dy 120 kDa, B SRS 531 i K
0N o BERIPITE KW B A0 o BER 2RI
0 Bz T3 7K g e A FSUV i, S S I I
% 5 14 W SR B ATL TG M ), BT 3 o P T
IR G, A E R > TR K
B W 735 BUR T W, I o f e 1
2t B W T P 558 i 56 JEE I R i JEE R 1
i B AT B W
2.4 SRR £ K7 BARR fh SR B9 %2 T

R A B, 24 # B I o i o BN T
1.5% I, BB TE BBE I 5 24 #1534t 7
BORF| 1. 5% W, BT 4 1 BBERL , {EL G I By
TE B H B T R0 45 45 Al A B TR, R LA
1. 5% 25 i SR M40 K2 W 1) e/ ot
3R H T IR P AR i AR 1K 8 AR A Y W
G R, ATAE LAl L S — E 2R K

Mark 5% B K £ f e ASC

kDa

170

130

100

70

55

40

35

H7 AR RE
Fig.7 SDS-PAGE of gelation samples

JEEAAs. eh [ 8 AT TR £ R IR 5 SR K IR I 52
Befe a7 BRI S R PR R B SR e, i
Vi TR TR G R 8 I R A K R A IR B 22, I A
B RIS 5 e A AL A Bl A R R
TR N, A R IR — R I A2 TC R 1) 5
JUE 3R B 2 T 3 K, 24 R B BT 43 B K
0.5% I, 52 THC JG Bk J it B 3K 30 b KB 2 5 i
— S HA R RSB A 43 B8, BRSO/ )
LW R RE R 3 T ARG I )
B, BTk W — -RPLIB SR BRI 7o o
KN 2.0%.

[ 2 £ K WS — RPLITE & T Jie B J5 o 434K
H92.0% , B H A B 5 R R IC B, BR 5T
ANTRITE b 368 1 3 B AN 5 K PR i A8 4k F IR 9
AL, A B — R LR S IE v R L e H ]
(ARG, L5 15 o BE S 25 34 K, (R B 2R 7K e 3
i, SRR K PEREAR. BF 58 2 B, R PR K
PEZE YRR R AL T i Hu il /N, FE K
PR A8 92% LA b5 M 70 80k 0.4%
(LI, BRI FEKPE A 83.68% 5 H 4+
P A N E) 0. 5% B, B IR HEK T
R30I 63.44% . £545 7% 18I T e 68 M ok R 47
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160f 160;
140 140+
= 1200 = 200
190l i
w100 ﬁlom
= 80¢ & g
5 -
52 60 ® ol
40 20
20 b— : s s s s :
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Effect of inorganic nitrogen sources supplementation on (non) volatile

constituents in lychee wine
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Abstract : Supplementation of lychee juice was made with concentration in the range 60 ~360 mg/L of ammo-

nium chloride, diammonium phosphate, respectively, the effects on the fermentation dynamics of saccharomyces

cerevisiae and (non) volatile constituents produced during the fermentation of lychee wine were investigated.

The results showed that addition of different concentrations of ammonium chloride and diammonium phosphate

increased the rate of consumption sugar at different degrees, and shortened the yeast fermentation time. The

alcohol content and total esters were increased significantly , whereas the glycerol, acetaldehyde and succinic

acid was decreased obviously. A product of the Maillard reaction, 2,3-dihydro-3,5-dihydroxy-6-methyl-4 H-Py-

ran-4-one (DDMP) , which has various physiological functions, was detected for the first time in lychee wine.

It proved that the supplementation of inorganic nitrogen source promoted the generation of the product.
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Table 1 The pH value and organic acids mass concentration of lychee wine
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W/ (g-L7)  WE/(g-L7)  WE/(g-17) WE/(g-L7) HE/(g-L7)
CK 3.59 +0.01° 4.80 0. 19" 1.28 +0. 10" 0.38 £0.01° 0.19 £0.06° 0.17 +0.00"
A -60 3.55+0.01" 4.94 +0.07° 1.15£0.03° 0.43 +0.01° 0.19 £0.00° 0.17 £0.00"
A-120  3.610.01° 4.39 +0.02" 1.02 £0.01° 0.38 £0.01° 0.20 +0.00° 0.17 £0.00"
A-240  3.63+0.00" 4.52 +0.08 0.99 +0.01" 0.37 £0.00° 0.21 +0.01° 0.17 £0.00"
A-360 3.61+0.01" 4.83 +0.04" 1.09 £0.02° 0.35 0. 00" 0.24 +0.00* 0.16 £0.01"
B -60 3.67 +0.01° 5.24 +0.02" 1.20 £0.02" 0.44 £0.01° 0.24 +0. 00" 0.21 £0.01"
B-120  3.67+0.01° 5.41 +0.02° 1.14 £0.01° 0.40 +0.00" 0.22 +0.00" 0.16 £0.01"
B-240  3.65+0.01" 5.16 £0.02" 0.95 +0. 028 0.37 +0.00° 0.17 £0.00" 0.17 £0.00"
B-360  3.62+0.01" 4.68 =0.08° 0.86 £0.01" 0.35 0. 00" 0.17 £0.01° 0.15 +0.00°
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Table 2 Relative constituents of volatile components in lychee wine %
ey e
%ﬁ TR CK A-240 B-240 %ﬁ TR CK A-240 B-240
xR x
TRHARR C R 0.04 0.04  0.05 . 54.33 56.8 58.12
FRATR B R - = 0.02 i mE 3.02 2.31  2.75
LIRS R 0.04 0.09  0.07 FE R 0.00 — 0.02
fgﬁfgb 0.10 8(1)3 0.26 5. 0.04 0.03 0.02
i - . — -
LK -9 - BTN 0.08 0.05  0.04 I 003 0.010.04
R T 0.01 0.01 0.02
FR W 0.08 0.22  0.07 o ool B
SR TS 0.02 0.01  0.02 . :
TR HE _ _ 0.02 ST 0.69 0.36 0.32
2,2,4- =Wk 1,3 0.2 0.05  — ija%iﬁ?; G,
R T RS = R 0.10 0.14 0.11
=R 0.01 0.0l — i R 0.01 0.01 0.01
IR HE 0.05 N 0.05 0.12 0.18
37-"HH-6-FHK-1- 0.03 0.04 B DL -3,4 - ZHRERE TR — 0.01 0.02
i T Y AR i ' ' it 6,10 - gL -4 — - —hEE — 0.01 0.25
% 1,2 - g % 3- L -1 -l — 0.03 0.05
fe (2 - F L — 3 ) s 0.02.0.03  — f 3 - LT 101 234 2.11
;ﬂ' £ Py i - — 0.02 % 3—%%—1—35@% 0.0 — 0.02
PR =T g 0.13 0.15  0.02 2-2H-1-0F 0.04 0.01 0.02
KW TG 0.07 0.07  0.07 (2R3R) -(-)-23-TF — 004 —
FERR SR — ( = H AR fk ) i - = 0.04 2 - T —  —  0.02
TR SRR TR T O TR 0.35 0.45  0.40 2-FK-1-TH — 146 0.77
TR 0.01 0.01  0.02 2 - T — 0.0 —
TR -3 - Ik - 25 - — 0 L — 0o —
2 - ENRFM LT — 0.01  0.02 KR 0.88 0.67 1.05
2 - KWL - = 0.07 1 -4 -3 - 0.09 0.15 0.14
1,3 - R ZEE 2 BRI 0.01 0.01  0.02 H R 0.02 — 0.02
-BETRR O 0.04 0.08 — 3- W3 -2 - i 0.01 — —
O — 0.12 — 3-HH -1 - -3 - 0.01 — —
B LR LR 0.02 — — 2 - EHERNIELE 0.03 — —
ZIRH B 0.01 — — 1 -8 -3 -1 0.1 — —
ifk Z ARk 0.26 0.36  0.01 (R)-37-Z“HE-6-¥ifE — — 0.05
W 3 - W NE 0.01 0.0l —  |lmx i 1.87 0.81 0.95
+=4% 0.01 0.03 0.02 |[H®& R 0.20 0.30 0.25
ok 0.02 0.14 0.2 | 7 S 0.01 0.0 —
RRGIE SN R e 0.10 0.20 0.11 LT 0.40 0.37 0.33
+ R IR RE A 0.05 0.09  0.07 R 0.02 — 0.02
7SR = i 0.11 0.27 0.11 ) REZERE 0.01 0.01 0.02
fo VAL SZNUE=RE3 57 0.21 0.19  0.14 ﬁ R HVEE 0.01 0.01 0.02
% 4.5 - “HISE-1,3 - Ik — 0 0.02 jc 2,5 - TR AR 0.04 0.04 0.02
& 1 -2 -1 - PRI — 0 004 || & L5 0.02 0.01 0.02
& e il e 0.0 0.0  — 1 FEm — 003 —
i 23— HUETR 0.0 0.0 — e 0.3 — —
1 - CEH -1 - FEIH 0.01 0.01 — W 0.01 — —
1,1 - — 28I hE 0.02 0.05  0.09 2 — 3 0.02 0.01 0.02
R — 0 0.02 23-"4-35-"HiE-6-H
A 0.3 —  — ﬁﬁﬂ o4l () -4 - 0 005 0.06
T DU FE IR F R A e 0.05 — — 2,4 - TRT AR 0.09 0.16 0.11

T ERORRR
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A, 38 0 B A A SR T (i R B
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T 1 2 1R 35 B IR T I R P 1 S AL L TR
PR 11 AR 1 R S U LR 2 T2 AR 4% QB/'T 4262
(R A, 75 BTG 95 kR 1) R a2 vk B K T
1.2 /L. X FARGP I 7, 2545 K B2 T o Wk B 1=
T 0.8 /L, A B B S E A 15 AN By Kk, 5
CK %5 (AL AH L, ¥ im i ¥R 3 K 240 mg/L 11y
NH,Cl #i1(NH,),HPO, & F#AK T JoA% 3 B
W LRI AR XS B 43 . HL D PR AT RE R U i
SR A JOATL TR ] 1 TR e 2 R I A 11
YER, B0 A P EE IR & = IRAL. O R JE (KR
JER , %t JoAZ 75 B 1 KR A — 5 DTk E T, 7R
i NH,Cl () e O iR & E S CK 2 H
2H 25 W3 T Es im (NH, ), HPO, ) J6# 7
OB AR R, F IR EAT 4 AR <
kAR AT DU S B ES G AR RS, e R R
i S5 FE BB RN NH, CL 1 (NH, ), HPO,
(R TCAZ, B BRI B B e T CK 25 4.
2.4.4 HMENLEY JERIEHHEIETSE
BRI A 3 A S A B T S AUk
(TR B, (HL R 2 T 2 2 RV 4 SR AS Iy 11
JEHE Z R SR U, B ER 2 AT, WS i NH,CL AR
(NH,),HPO, F&AK T ZBE AR E 20 & 5 B
A BRI K S IR A FE NH, CL Ab P2
HRIR TS IR B UAE CK 25 Il P kG
o HAER I A A B A S AR A K.
2.4.5 mH TR a0 H AR H T

Bk AN 3 — FH et 2 DN B PR A AR AR 42 . %5 NH, CL
A S 4 vy 0 R ek P AE X A &, T
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A& a3 - B om AN B R AR
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B A (W3 2) . FEM BRI SR
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fik S JoE A R SR A e AR e ) AL R 0
[ ANGIE SN U E=RE R At 0F EDO =R sl Wi}
WIM(NH, ) ,HPO, AXF#AK T /\ B JE 34 U S hk e
AR o0 i, X A P AP B e R &
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2.4.7 Hik &YW AN, FET
R E Rk T 2,3 - A -3,5 - %
H -6 - HAL —4H - (ki) -4 - i ( DDMP)
X —EA R BT E A DT RS Z A A
TR IHAERE RS NH, CL Al (NH, ) ,HPO, F)
wmAE 17z B AR B, X AT RE S LA
PRIV IS 29 T JE 5, DDMP 1) §ij 4 4y [ 22 ik
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— AR R JOAZ 75 A H DDMP |9 & e, B 7
RO A BE & T, & (A5 4R 2L 78 B .
2.5 ERHBEBEERSDTHER

F RS ATk E LT i e yL AR B
5 F B R i 2 18] AR OGP, 32 R o A
VIR AR 248 R W) TR R T R e AL P
TIATAEEA I RAGR R AR Z 1 2B 4,
S 2R A RS AT BB 22 Hb S B ik AR 5 1Y
R (ML Z B EAHT). Z )5, M FE4E b
PRERRAE ] S AT 2R 4328, S 5 7E PCA 434
I ] b S 7 = S 1 A 4 A R, LA K )
TEHY EAY 55 1 F a4 (PCL) A4S 2 4y
(PC2) % THERAR A3 BB 56 1 32 55 AN
2 AR TTRRE, BTk R, AR 4RI 11
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Fig. 4 Bi-plot of principal component analysis of
the main volatile compounds in lychee wine and

lychee wine supplemented with inorganic nitrogen

42.76% W2 5. Akb e TCHL AR B9 % R CK 28
HAS IR 57 TEE S\ H SEPR 0 S A
WilR = TS 45 PC2 [ 22 123848 s TR i
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Bk SE IR S R SR W 43 A 78 PCL AT 1236
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TER Y. H L AT UL, FE A A b AT DK AN R T
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3 ik

AR SC LA TCAZ 7 A5 R TRk, T i o 1 T A%
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Zo PP A PR M 0 T RE MR B 43, T TC AL VR i s
I Tz B A B DRI , T TE A 7 A Y
Pt 3 R v, S 3 VAR T 1 TE AL TR X TE A%
FH R 1 28 A A 7 0t SR TS — 11 1 )
JH VR

ARG AT HE I AR TC AL R X TC A% 7 B
() ¥ B AR5 i B A BFIT A L, 0 SR
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Abstract : The sesame was used as raw material to extract sesame oil by ultrasonic-assisted aqueous enzymatic

method. The effects of ultrasonic treatment conditions ( treatment time and treatment temperature ) and enzy-

matic hydrolysis conditions ( material-to-liquid ratio, acid protease mass fraction, enzymatic hydrolysis pH,

temperature and time) on sesame oil yield were discussed. The results showed that the optimal extraction con-

ditions for sesame oil were as follows: ultrasonic treatment time was 15 min, ultrasonic treatment temperature

was 50 °C ; material-to-liquid ratio was 1 : 10, acid protease mass fraction was 0. 16% , enzymatic hydrolysis

pH was 3.0, hydrolysis temperature was 45 “C , hydrolysis time was 5 h. The seasame oil extraction verifica-

tion test was carried out under these conditions, the yield of sesame oil could reach 43.28% , and the obtained

seasame oil had good oil quality and less pollution, which indicated that it was feasible to extract sesame oil by

ultrasonic-assisted aqueous enzymatic extraction and superior to many conventional methods.
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P& A (A BRI R A B B2 ) AR 251 (Ot
W LG R 1 5 A 03 A pHL (L | T A
TS RV G A 5[] ) AT AR AR A 5T, LR R 2 RR
TR B iR A
1 BB 7
1.1 FERSEA

S JERL 2R (B 52.37% ), 3K
TR KRB E R

F R BR MR 1 (50 000 U/g) , £
G, To g VRO PR A R P AT RR,
Na, HPO, ,NaOH , £ jii lit , #41 hy 43 Hr &, [ 2 42
PR A R A |
1.2 ((FE5E&

CDE - 220E2 4 Z HyRE & b AL BEAL, 1 1L
A DR A HL &5 FRAA H] 77 5 AEL - 200 Hi -
I3 BT R AF, WAL R P A A B A A R 2 | 7
YXQ — SG46 —280S #YF4i X e 11 78 7 K B
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1.3 LIgAH*E
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A AL B — ) pHAE — [ i S N — K i
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(4000 r/min, 15 min) — £ I 20 —4 P I
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PEBE (4 5 4> 58 (0. 04% ,0. 08% ,0. 12% ,
0.16% ,0.20% ) . A7) [l fi% pH {f (2. 0,2. 5,
3.0,3.5,4.0) ./ [] Jilg fif LB (35 °C,40 °C,
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1022 R A BCEA PR 2R 451
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Table 1  Orthogonal experimental factor level table
SES
K-
A B/ % c/C D/h

1 1:8 0.12 40 4

2 1:9 0.16 45 5

3 1:10 0.20 50 6

1.4 HiRSH

B A g A2 3 U, S RG24 (8.
SAS 9.0 # {4 il GraphPad Prism 5 % izt 56 5k 4
AT ATz . B R R A Duncan 28
Fe o BT , R A 10 2R T fi /) 35 1 2 1k gt
TR Z A B2 PEXT LG, 2 P <0.05 I, 2y
ZE .
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Fig. 1  Effects of ultrasonic treatment time

on the yield of sesame oil
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Fig.2 Effects of ultrasonic treatment temperature

on the yield of sesame oil
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Fig.3 Effects of material-to-liquid ratio

on the yield of sesame oil
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Fig.4 Effects of acid protease mass fraction

on the yield of sesame oil
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Fig.5 Effects of enzymatic hydrolysis pH value

on the yield of sesame oil
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Fig.6 Effects of enzymatic hydrolysis temperature

on the yield of sesame oil
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Fig.7 Effects of enzymtic hydrolysis time

on the yield of sesame oil
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Table 2 Design scheme and results of

orthogonal experiment
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Abstract : The enzymatic hydrolysis conditions of tobacco flower buds under the action of cellulase, hemicellu-

lase, pectinase and protease were optimized by orthogonal test. The flavor components were extracted by Mail-

lard reaction and simultaneous distillation extraction. The extracted aroma components were analyzed by GC-

MS. The results showed that 1) the enzymatic hydrolysis temperature was 50 °C , the enzymatic hydrolysis time

was 6 h, the enzymatic hydrolysis pH was 6, and the enzyme content was 1% (mass fraction) , the amino

acid content and reducing sugar content were the highest, respectively 2.89 mg/g and 0. 88 mg/g. 2) There

were mainly 65 kinds of aroma substances, including myristic acid, dihydro kiwi lactone, oxidized carbenene,

tobacco alkene, phytonone, damasthone, giant bean ketone, oleic acid amide, 2-n-pentyl group. The low aro-

ma threshold such as furan in these substances was a key aroma substance in tobacco and contributed to tobac-

co aroma. 3) The correlation between amino acid and reducing sugar content and the total amount of aroma

substances was not obvious, and it was positively correlated with the number of aroma substances.
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1.1 #EGRFI S8R

HERR B 20 87 JHFAETE .

) AR, REETT RS2 T
B, g7 e AR AR A BR A R
Na, HPO, , NaH, PO, , Kt i B} % B Ak 22 3 ) A
FRAE]™ 33,5 - A3 KA IREN, R R
K2 AC ARG T = TN %, CH,CL, , K s
FbG 4 Ak T BR A F] 775 1 mol/L NaOH,
1 mol/L H,S0, , H3§ i 35 ft b 7350 A PR ]
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BHEA FRA ™. DL BRI 5B ak.
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RIS PR F] 77 BIORIDGE F A,
TGL - 16M .00 4L, 6890 /5973 S AH 41/ Jfi ik
I FA, AR AT BR A | 7.
1.2 SRWHZE
1.2.1 SEBRINEREIRAE # 2 7 ERYKER

1) Bf = VA K s 1 2 L R

B IR A A PRI 2 g Bl =R A
100 mL ZEER K, VA , AR i b DR A7 (I
BT HTATTC ) s pH = 8 Z2 b i A ) 4 - 1 I
94.7 mL [¥ 0.2 mol/L Na,HPO, F1 5.3 mL )
0.2 mol./L NaH,PO, i &5, %1

HR0.2 mg/mL B R MRAMERIRIEZE 1 A
R, B K A 15 min, B H G ERE
10 mL, $55], 7 570 nm 3 4 40 I 220 55 52 W O'
JBE, IERAGH AR HER 2 7 7.

1 AEBAFEERRSL

Table 1  Standard solution composition of
amino acid mL
G5 AREEIER K Efi =1
1 0 1.0 1.0 1.0
2 0.2 0.8 1.0 1.0
3 0.4 0.6 1.0 1.0
4 0.6 0.4 1.0 1.0
5 0.8 0.2 1.0 1.0
6 1.0 0 1.0 1.0

2) DNS JEMZK B8 b,

3,5 - “fil R KRR MR (DNS) Py i
%K 6.5 g 19 3,5 - HHIEKAZ RN A 2 mol
NaOH il %] 500 mL 4 182 g 75 £ BRET M ) 34
IR, TS g 2K A1 5 g AT FR M, T
PEUE R E G INZRIR K 8 28 2 1000 mL, P77
FE O IR E 7 ~ 10 d J5 kR .

R B BRIV, #2638 2 T DNS 5]
WK NS min, B H G E A E 25 mL £

57,4 520 nm U IA JEORE I G R R 15
i 2% 5 .
1.2.2 EEMA&MERRIIZITHE

MR AL AT RIS, 4 IR m (AR 4E3) -
m(7K) =1 : 10 [ ELBIR A, INA LT 4 K i 2
LY F R R 1 s
1), 76— & iR B pH {8 B 18] 19 4% 18 F ot A7
i

X BRI R B (40 °C,50 °C,60 C) | i
pH {4 (6,7,8) (] (4 h,5 h,6 h) i
(1% ,1.5% ,2% ) B a5 F AT 04k R H
TEASIRI BT 0525, BEFH Lo (3*) TE A 0 il
fRACE (BHRIRE A, Bf7 8] B, 7 pH {4
C, Il D) AT IE IR AL B3, 1F 58 i
B ZRKERILE 3.
1.2.3 E=hERMNGEFZE

Z MR E AR S P IA 20 mL 7
WL, JE A pH = 7. FH B ORE A, T

K2 E R RS

Table 2 The standard solution composition of

reducing sugar mL

W5 AR ERIR ZEIK DNS {5
0 0 2.0 1.5
1 0.2 1.8 1.5
2 0.4 1.6 1.5
3 0.6 1.4 1.5
4 0.8 1.2 1.5
5 1.0 1.0 1.5
6 1.2 0.8 1.5
7 1.4 0.6 1.5
8 1.6 0.4 1.5

A3 ERRBREEKFL
Table 3 Factors and levels of orthogonal
experiment design
SES
KF-
A/C B/h C D/ %
40 6 1
50 5 7 1.5
3 60 6 8 2
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70 C 4R e wi 12 W7
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T2 2.5 h, 7E CH,Cl, ZEIBGR H fin A T &k
JE4 0. 8221 mg/mL [ LR 7R 4R 1 mL FliE
HJG7K Na, SO, , #E . 85 T 35 ~40 C 4
F R4 2 1 mL 5 AL O, KT 2% B
f£, HGC-MS 47 5E 7 3 i
1.2.5 GC-MS &40 E

O35 5 %A HP - SMS 445 #F
(30 m x 250 pm x 0.25 pm), #ERE O BE
280 C 4Rk 10 @ 1, gERERE 1 pL, RN A
LB E 3 mL/ming, PR R 4G IR
50 °C, L4 4 °C/min F} % 280 °C.

JRAE 4 F  ELJE, 32 IR BE 270 °C, L TRE
1 70 eV, PURAT LR 150 C. SR AR F4
J i A ] 235 ~ 550 m/z' .

2 RS0

2.1 SEBEEENREREARE

A A S 6 T A 3 IR 1 s v i T R A
y =0.5509x —0. 2106 (R* =0.992 9) , i JE i (1)
PRUEMZE T FE RN y =0.418 25 +0.008 7 (R® =
0.997 3) , i & B R #JKTF 0.99, 0] FiAE A =
Hh G B TR R JSOA i PR o o
2.2 MREFHEZREERSW

IERC IR 25 R L3 4. TR 4 Pl 2= 53 #r
AL 4 Pl PR 280t 2 5 1R 5 2 B2 i L Ay T
L > Bl o E) > G > B AR pH E, i
HHEH AB,C, D, BIVY BfRERE Ry 50 °C | i
IR 6 b, B pH {H2h 6, INRG R 1% i, 2
FER & ik B A E, M 2. 89 mg/ g4 Bl AR X
I OB 5 S 5 U A A I R > B R pH
(B > I > WA i (e), 75 R4l & A7, B,

C'\D',, B 4B ff R B o 50 °C, [l figg b5 8]
5 h, [fEfE pH E N 6, N 1% B, 30 RO 7
Ik F R 0. 88 my/g.

k4 B ESIGRIEER

Table 4  Orthogonal results of enzymolysis conditions

E
=]

. s ¢ RIS R i
5 /(mg-g™')/(mg-g™")
11 1 1 1 2.72 0.45
21 2 2 2 2.76 0.44
3 1 3 3 3 2.70 0.33
4 2 1 2 2 2.80 0.73
5 2 2 3 3 2.85 0.57
6 2 3 1 1 2.89 0.88
73 1 3 2 2.74 0.49
8 3 2 1 3 2.79 0.69
9 3 3 2 1 2.80 0.54
k2 2.74 2.75 2.80 2.80

=
N

2.85 2.80 2.79 2.77
2.78 2.81 2.78 2.79
0.11 0.06 0.02 0.03
0.41 0.56 0.67 0.62
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Table 5 The composition of aroma substances ne’g
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I VRIS 1’ 2 3 4* ﬁunjﬁ? 6" 7" 8" 9
HNRTR 83.48 97.93 82.68 120.60 100.24 125.14 114.70 104.10 147.46
Mg TR 10.76 6.71 5.39 — — 20. 82 — — —
DA 68.48 19.03 15.77 1.58 1.43 0.92 1.04 0.92 —
W5k RIR — 1.59 — 1. 66 — 2.40 — 1.55 2.90
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=k — 2.76 — - — — — — —
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2R 17.45 16.45 13.66 16.04 13.12 16.51 13.21 16.89 18.32

1,59-3-H3E 12 - (1 - {3tz 3%) -
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AR HER TS 1.25 1.40 1.43 2,52 2.28 2.58 2.21 3.21 —
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1 - A — — — 4.88 4.48 5.20 4.89 5.69 5.43
1 - /s — — 2.30 — 0.67 — — — 0.75
= 68.80 33.47 38.42 75.62 77.28 73.88 77.20 80.43 86.01
fibarT 3.46  3.48  2.83  5.01 2.74  3.53  4.95  3.74  4.30
Wk 1 -+ — 0.51 0.47 — — — — — —
] 7 3.86  10.07  8.15 — — 3.96 — 4.33 —
1 - Jubedss — — — 0.60 — — — 0.71 0.86
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AT T — — — — — 0.85 — — 0.91
Kbl 0.58 0.55 0.49 1.02 0.72 — 0.59 1.65 1.53
K i — — — — — 1.53 — — —

B 5 = s 0.62 — — 0.96 0.60 0.87 3.92 0.94 1.05
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Separation and analysis of nicotine enantiomers in tobacco and tobacco products
using chiral column-HPLC-DAD method
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Abstract ; The CHIRALPAK-IC was used, and the mixed solution of V (n-hexane) : V (isopropanol) =95 : 5

was used as the mobile phase, and diethylamine was used as the mobile phase additive. In normal phase chro-

matography mode, a chiral column-high performance liquid chromatography-diode array detector ( HPLC-

DAD) method was developed for the separation and analysis of nicotine optical isomers in tobacco and tobacco

products. The characterization and test results of this method indicated: 1) The linear relationship between

S-( - ) -nicotine and R-( + ) -nicotine was in the range of 15 ~750 pg/mL and 0.75 ~30.00 wg/mL, respec-

tively. The detection limit and limit of quantification were 0. 02 mg/g and 0. 05 mg/g, respectively. 2) The

precision of intra- and inter-day measurements of nicotine was less than 0. 85% and 4.00% , respectively; the
recovery rates of S-( — ) -nicotine and R-( + ) -nicotine were 94.93% ~103.70% and 92.50% ~117.50% ,
respectively. This indicated that the method had good precision and high recovery rate. Using this method to

determine the nicotine optical isomers of 26 different types of tobacco and tobacco products, it was found that

tobacco was mainly S-( — ) -nicotine, only 6 samples were detected by R-( + )-nicotine. The proportion of

nicotine quality was 0. 18% ~0.70% ; among the 10 finished cigarettes and their mainstream smoke, the pro-

portion of R-( + ) -nicotine in total cigarette smoke was higher than that of cigarette tobacco.
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Fig. 4 Influence of different solvent on extraction Fig. 5 Influence of extraction solvent volume

efficiency of nicotine for flue-cured tobacco

and burley tobacco
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2.4 ERMEHHHELER

2.4.1 FEUAFIGRMEIRNENZMm L
IEC B HEBUA R, AU ] 15 min, #7 h R
40 W IR, AN [RIAR f 1E 8 e Yol 4 8 R J 400 0
R H A BOSCR B S2 m An P S R, 18 S
AL, YA A B H 10 mL 3% 50 mL
SRR ZEVS N IE O % 20 mL B 22 JE 48 5 25 B
I R, AR RS O 0 R R R T H AR
e T AT BN, AR PRI, 1%
20 mL fF A 1F CL e 38 FL A I et

2.4.2 ZEEUREF0B 7S Ih X 2 B R A9

on extraction efficiency of nicotine for

flue-cured tobacco and burley tobacco

ma PAIE G A BOR A, 2E AR 20 mL,
FAUIER A0 W SR P A AS Y O SR U
MR A MR A A KA B e DI S5 A £ 7 A B
P ) 36 A5 HOSOR IR 52 M &L 6 Frzi. i [ 6 )
R, A I E] AL S min $EI1 2 1S min 5, HH6K
ACHUER N, 15 min 1K 3 iz iy , 4K SE 08 R 75 I
], 25 O IR, 5 I8 3 S0 rh i A /K VA TLE
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R 2, DR 1S min 3 ‘LAY 7P 2K
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FW RS T30 2 BOSCR O] R, AR S50
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B 1 B,—B, it HPLC-DAD {5 #4773 47 , 7%
)75 T XA BRI A e ARk 40 A X 0 T AR e 2% Al

_13.40
1330
£13.00
Z12.80

%12.60-
=12.40f I
=
—ﬁlZlO-
12.00
5 10 15 20 25

A HU [B]/min

a5
5 10 15 20 25
U [B]/min
b) 1 AR

B 6 FIUE A AT e & KRR P
YA A% 8 3E B R 69 v
Fig. 6 Influence of extraction time on

extraction efficiency of nicotine for

flue-cured tobacco and burley tobacco
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2.6.2 HEEEFMEWE ERBEEAE . G
R AC L FR A fit 25— A, XoF 3K 1R o e 76 i
155 WH NATH [PATINE , 558 03 2. 55
ZOTIER H R H RS % B, O e o IR 3
AN K BT RS 0 DU (CRE S AR
) S5 ILER 3. 3R 2 I3k 3 RIHN, AT
AN E WS INIE R MIUDREEZTE SR Tk o 1 WA N 2
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Table 1 Linear equation,LODs and LOQs of the paper method
kay  FEKESE (pg - mL™') [ 75 72 R Rrthf/ (mg - g7') @R/ (mg-g™")
25 TN B 15 ~750 y=8.51x-7.55 0.999 8 0.02 0.05
1 e 0.75 ~30.00 y=8.70x-0.96  0.999 8 0.02 0.05
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AMRESE R I ERIRZ . d13k 4 7T, 11
AHEAE Al DO L AR i ARG H A e A e,
[t AE SR BP0 18 % . RS WA, 1S

k2 RAXT HARIF S B A A B A

Table 2 Intra-day and inter-day precisions

of the paper method %
AT H XS % H [ 5 2
#5 1 0.78 4.00
10 0.85 3.90

AT A AR LA 5 G S AR e A T
B, FL o 2 AE RV A B 0.45% ~0.70% .
350, TS AR 7 XN [F AL G 10
SEG HAN 10 MEGEAS I (345 5 5 JEF S
ANRA BUE R &) FE4T 7 0, X 45 0 32 9
RS H 2T R R A T B B ) A3 AT S
10 AN KA i 32 3 40 A0 G 0 T 0 T 0 ik
A TR AR B, JEL A T R 5 o o S R K L 157
$72.08% ~3.19% . H 10 />3 00 4 22 Fn st 1
F14) =3 0 KRS F ZE T KRR A e R Bk 7 2 1) Bl st
AT, A 9 A0 A A T A B o
() LB e T R AR 22, 5k =6 TR R 45 J AR 22
FERR W 2ok 78 v A 22 e MR B 23 Ak Ok A T
HEBK

A3 AAXFEHEMNHERGEKE(n=3)

Table 3  Recovery of samples with the paper method(n =3) mg/g
FEd, J bR it S i [l %
Zr e NHER AR e AR A e AR ZE TN A TENH B ZE JENH TR A TENH B
6.95 0.30 19.60 £0.30 0.33+0.02 98.72 ~101.80 105.00 ~115.00
55 12.60 0.00 13.90 0.60 26.24 +0.95 0.68 +0.03 95.43 ~102.60 109.20 ~117.50
27.80 1.20 38.92 +0.57 1.23 £0.10 94.93 ~97.75 94.17 ~110.80
19.90 0.30 56.28 +0.30 0.33 +£0.02 104.80 ~103.70 103.00 ~116.70
HW  34.10 0.00 39.50 0.60 74.54 £1.22 0.61 +0.05 99.62 ~102.90 93.33 ~110.00
79.00 1.20 111.15 £0.01 1.21 £0.10 98.27 ~98.28 92.50 ~109.20

K4 AT A SRK LR

Table 4 The test results of tobacco samples

ZETEAMARR B/ (mg - g71)

AT TN i/ (mg - g7")

A5 e MR T T B A R L 491 %6

1 P 14.56
2 ¥ 12.40
3 ¥ 22.46
4 55 20.57
5 525 1 10.03
6 HAA 24.14
7 1 28.74
8 Tk 7.46
9 HILEA R 11.08
10 M85 0 21.94
11 G ¢ 0 21.99

ND —
ND —
ND —
ND —
ND —
ND —
ND —

ND —
ND —

0.039 0.18

ND —

i :ND FoRoRk T, R IR
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Table 5 The contents of S-( — ) -nicotine and R-( + ) -nicotine in cigarette cut tobacco and

corresponding mainstream smoke

. . LI 22 B E WIS
%E@E EE R O &Y 3 i R s A TEAH BT i eI SR A e A TEAA BT ek
/(mg-g™") /(mg+g™") SRR 1/ % / (mg- 3" /(pg - 327 B LB %

1 e il 15.70 0.11 0.70 0. 85 20.67 2.39
2 A 16. 68 ND — 0.68 19.48 2.77
3 A 16.71 0.09 0.53 0.63 18.14 2.79
4 A 19.38 ND — 0.87 21.96 2.47
5 A 14.42 ND — 0.54 15.98 2.87
6 ROm 17.09 ND — 0.73 21.54 2.86
7 RO 17.39 ND — 0.54 11.43 2.08
8 RO 17.68 0.09 0.49 0.59 16.03 2.64
9 RAH 15.85 ND 0.62 0.12 3.89 3.19

10 REH 17.46 0.08 0.45 0.62 19.34 3.02

1 =g 13.07 ND — — —

12 =g 13.17 ND — — —

13 i 12.01 ND — — —

14 i 13.20 ND — — —

15 Ehh 15.31 ND — — —

3 s AR TS 1 A FE AR HB A T R e, o A

ARSGEPERFEHE T (43854 CHIRALPAK -
IC,LAVOIESKE) © VOFIEE) =95 5 BIRG
WA TSI, LA R S sh A I ), 78 1
MR, R T @i+ - HPLC-DAD
TESCIT A B R AR e v AR UE ' A R Y
Oy BT XPIZ AT 5 1 B R AE R 36 25 SR 3%
BH : ZE TR AT HEXRAR 3 BI7E 15 ~750 pg/mL,
0.75 ~30.00 pg/ml Jog &4 B 0 Fil N 2tk 6 &
LA, 7 KRR A T AR Bk 1 G S R S R
435047 0.02 mg/g F10.05 mg/g; MBI H AN .
H TE] I 7 25 SR 1 B3R 430 /N 745 1°0..85%
4.00% ; 7T KR A0 A T AR Bk 11 1] s 23 4 )y
94.93% ~103.70% ,92.50% ~117.50% ,FH]i%
7 1 ARG a5 R [ S R R e

T IBOCAN [7) S AR 580 K A o i 26 4, i
PRI R ' S R A A T S, 4
P < A R 2 O A AR B, 11 A AR

SR 0. 18% 515 A~ pldi 5 MM 22 dy o
A5 AFERDASE A e KB, SR o AR R Y
0.45% ~0.70% 510 > ui fh 45 M0 22 70 35 3 44
R R I A TR A B T A A
HE  EEBE R T AN 2. X R N
MR 22 CEHR NS 3o R o 8 0 2 T MR B e A o A
JHRE AR k.

S0k

[1] #s|F WESEELZERSIM]. L34
STy B 2011,

[2] CLAYTON P,LU A,BISHOP L. The pyrolysis of
( = )-(S)-nicotine: Racemization and decom-
position[ J]. Chirality,2010,22(4) .442.

[3] LIU B Z,YAO W,SU Q D. Racemization of
S-( = ) -nicotine during smoking and its rela-
tionship with pyrolysis process [ J ]. Journal of
Analytical and Applied Pyrolysis,2008,81(2) :
157.



.52

a5 201849 A 4533 % 55 4

(4]

(5]

(6]

[7]

(8]

(9]

GORROD J W,PEYTON J. Analytical determi-
nation of nicotine and related compounds and
their metabolites [ M ].
1999.191.

ARMSTRONE D W,WANG X,LEE J T, et al.

Amsterdam ; Elsevier,

Enantiomeric composition of nornicotine, anat-
abine, and anabosine in tobacco[ J]. Chirality,
1999,11(1) :82.

MESNARD F,GIRARD S,FLINIAUX O, et al.
Chiral specificity of the degradation of nicotine
by Nicotiana plumbaginifolia cell suspension
cultures [ J ]. Plant Science, 2001, 161 (5):
1011.

TANG Y,ZIELINSKI W L,BIGOTT H M. Sepa-
ration of nicotine and nornicotine enantiomers
via normal phase HPLC on derivatized cellulose
chiral stationary phases [ J]. Chirality, 1998
(10) ; 364.

ARMSTRONG D W,SPINO L A, HAN S M,
et al. Enantiomeric resolution of racemic nico-
tine and nicotine analogues by microcolumn lig-
uid chromatography with b-cyclodextrin inclu-
sion complexes[ J]. Journal of Chromatography,
1987,411; 490.

KODAMA S, MORIKAWA A, NAKAGOMI K,

[10]

[11]

[12]

[13]

et al. Enantioseparation of nicotine alkaloids in
cigarettes by CE using sulfated 8-CD as a chiral
selector and a capillary coated with amino
groups| J]. Electrophoresis 2009 ,30(2) :349.
RAVARD A,CROOKS P A. Chiral purity deter-
mination of tobacco alkaloids and nicotine-like
compounds by 1H NMR spectroscopy in the
presence of 1, 1’ -Binaphthyl-2, 2’ -Diylphos-
phoric acid[ J]. Chirality,1996,8(4) ; 295.
THUY T T T,DUONG T D,KHANH P N et al.
NMR spectroscopy using a chiral lanthanide
shift reagent to determine the enantiomeric puri-
ty of nicotine and the geometric parameters of
lanthanide-nicotine complex [ J]. Tap Chi Hoa
Hoc,2010,48: 653.

CLAYTON P,VAS C A,BUI T T,et al. Mcadam
K, spectroscopic studies on nicotine and nornic-
otine in the UV region[ J]. Chirality,2013 ,25
(5): 288.

Ve Ak uE, 5o 0%, KAt g, . — A T E R F A
o O R F AT 6 A B BB R B
106896174 A[ P].2017 - 06 —27.
AEBEFENEARE R 2. B E R EH
d AR Y I A A 1 % . YC/T 246—2008
[S]. b o B4Rk B R #E,2008.



a4 2018 4E9 J1 5533 % 45 5 M) 53
JOURNAL OF LIGHT INDUSTRY Vol.33 No.5 Sep. 2018

S FASE VA BT A 4. SO (0 0 0 s 05 T A o 0 =
2.1 H I RARB & B[ ). T2, 2018 ,33(5) 153 - 59.

MESKS T TEAFRE:A

DOI:10.3969/]. issn. 2096 - 1553.2018. 05. 007

NERS 2096 - 1553(2018)05 —0053 —07

FH M 3% 74 IR S 3000 S 745 v 5 TR D0 6 v 119
PR . — SR H BRI S

Simultaneous determination of the content of menthol, triacetin and nicotine in

mint cigarette filter by gas chromatography

SL2 1 = 5 2 1 1 1 J 1

-'I(A]F%k ’—’%—%7% 7%“& 7;%2’&‘7‘}:\\ ’]I'ij:“:&/j‘n‘b‘ 7}3% 7%#i% b
1 21 s T 3

R, F 2 AT

XU Aifei' ,ZHANG Pingquan® ,FAN Zhong' ,HUANG Shijie' ,CHEN Zhiyan',

ZHOU Yun',TANG Guifang' ,ZHU Jing', LI Xiaolan' ,XU Chunping’

Ly AT ARFTELE HAFL,)”F 8T 530001;
20 A FE T A RFTENE ERAEME & RE L, LA R 223002;
3DAHMBETV R &l 5 aM TR¥ I, W A 450001
1. Technology Center ,China Tobacco Guangxi Indusirial Co. ,Lid. ,Nanning 530001, China;
2. Quality Management Department of Huatyin Cigarette Factory,China Tobacco Jiangsu Industrial
Co. ,Lid. ,Huaian 223002, China;
3. College of Food and Bioengineering , Zhengzhou University of Light Industry, Zhengzhou 450001,
China

K§EH

SN e

. A HE . F HP -1 2 AR, ALK T FBUEM , KRR A48 6k
EIR B A = HE F nnowax B &4 @ 3 FEREA, KA A 5

PR i ) B A A AR BT P ey T B LB B AR RS . £ R AW .
TR it B 5 A ‘
MR = LB B Ao R AR AR E R 0.30 ~4.80 g - L7',0.30 ~
Key words: 4.80g L7 #20.01 ~0.16 g - LT EE ALK X R R, TEMRHF A
gas chromatography; 14.4 ug+ %7',29.8 pg+ X 'F29.6 pg - L3 A BAFH AR K FE L
mint cigarette filter; 97.1% ~103. 1 %o 218 4% JA 3% 77 sk 2t T AN 45 2 B IRk = HE S A7) 2,3 A4F B
menthol; triacetin; AR AR A £ 3 <3.0% AR 4T B BRI P B FNEH T H
nicotine Yo A R BIRIETR | AR AR A = LB H i B8 48 ALY AL,

s A #E:2017 - 12 - 06; {&[E A #2018 —03 —26

ESTH. BEOAMFALBS AL B (UI604176) ;) & F 18-A4EF B (201745000034020)

VEZ TN 435« (1980—) , B i A 4R M A, 7~ ¥ P IA T A PRI AR 8] TARIF , A+, £ 57 @) 4 AR A&
IR JE AL oM

BIEEE .10 2(1971—) , &, 7 BRAGBRFETA, S BB LA RTENS] AL, ZEHRH QA8
A



.54 .

a5 201849 A 4533 % 55 4

Abstract : HP-Innowax capillary column was selected and the content of menthol, triacetin and nicotine in mint

cigarette filter was determined by gas chromatography with anhydrous ethanol as extraction solvent. The results

showed that; The linear relationship was good among menthol, triacetic acid and nicotine in the concentration

range of 0.30 ~4.80 g - L™, 0.30 ~4.80 g - L ™" and 0.01 ~0.16 g - L', respectively, the limit of quan-

tification was 14.4 wg - branch™',29.8 g -+ branch ' and 9.6 wg + branch ™', the spiked recoveries of the

three targets ranged from 97.1% to 103.1% , and the determination result of 7 mint cigarette filter samples by

this method showed that the relative standard deviations ( RSD) were less than 3.0% . The content of menthol

in the menthol cigarette filter was significantly higher than that of the traditional menthol cigarette filter, while

the change of nicotine and triacetin content had no obvious change.
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Tablel Cigarette sample information
L DEWERE UEMEWBE B
/mm /Pa /mm
L5 WA R 17 24.65 1207 27
58 Wi far B 27 24.53 1278 25
B RE 3 24.47 1027 24
1R GE A R 4" 16.94 1271 30
55 T fay B4 57 24.42 1164 30
BRI 17 24.63 1053 27
RS Ao RIS A 2" 24.41 1085 30

T AL AR : Agilent 7890B T AH {151 (i
FID Kl %8 ) , Agilent 7890B — 5977 A S AH {6, ji%
FEig AL, 3¢ [E Aglient 23 7] 5 LX20 B 4 W 4
B, L L AR LAY 28 W) 7 5 AL204 HL K1,
¥t Mettler Toledo 2\ &) 7= ; HY — 8A Jig ¥k 1%
v, B R AN
1.2 #HmaTabE

Z MR [E R GB/T 5606. 1—2004""" He ki kE
TS e, B 20 32 4% 4t vl iy Y 4 A0 A 4 IR
GB/T 19609—2004 " 7 W NAHL L 3547 45 40 il
M. R AR B A LA SRR 2R, SRS ST
RPHEAT Al . A6 M il i 56 e S, RO
FeBRAAA L R B A Dl 0 g M, B 10
Y — ik A 250 mL H ZEHE TR B, A
100 mL ZEHGA ), % 8] -7 2 B 60 min, 22 HL
Wit 0.45 pm PRI, AT TS0
1.3 FRERKREIEH

AT IR = R H Y A v A A TR



WEFAAHEE RN ETEEERETNATE Z LR BEMEREE ©55-

il : 73 AR ICGHE A i 300. 0 mg, Al 10. 0 mg FI
= P H I 300. 0 mg, B F 10 mL #F A,
FEIUE ) I A, 2 A, FLBCR R B O Bl
30.0g-L7",1.0g-L"f130.0g-L".

AR 0.1 mL,0. 2 mL,0.4 mL,
0.8 mL,1.6 mL _Fi& 3 FipREAf 4T 10 mL
R, ABOE R, SIS 3 MR E T
YRR, EALIN .
1.4 SHEIEEH

i3 52 5 fF HP - Innowax (30 m X
0.25 mmx 0.25 pum ), HP = 5 (30 m x
0.25 mm x0.25 pm) Al DB =1 (30 m x 0. 25
mm x0.25 wm)3 B [ AR 2 B 404 55 4
PRI H A (LAY s ERE LR 250 °C 5 THR AR
JF#:150 °C ({£4%F2 min)—180 °C (5 °C/min) —
230 C (20 °C/min, {£+F 3 min) ; ¥ I %5 5 &
250 C; 2N, Ji & 1. 0 mL/min, Sy fH i 5
70 H, g 40 mL/min; 25 i i 400 mL/min;
BWAE N, i i 25 mL/ming 43 b 50 ¢ 15
HERERHL O pl.

A IBUVE ) 0 T ) < PR JBCIN B 1 i o
2.0 g, i@ HABGAE AR 2 4 L& 1]

2 ZRH5THE

2.1 AITHEEER

%} HP — Innowax, HP =5 F1 DB -1 X 3
AN € 335 AT 6 H AR 1 1 0 8 A50OR i AT 5
B A5 ANE 1 FrR, Hid 1 FOoREATEE, 2 &
A ERbE 3 PN 4 Fom = SR H MBS
FH & L AT, 3 o 35 A 2y A X Y A 2R 4 AR
g o ) T B L KR RN — R T v TR 3 AP H R
YA N AR S R AT R 2 o g 3 Rl A H
PRils o N BRI 7 A R] ) , {5 HP — Innowax
TSR B A Y BT PN, i 1 B 0, 5 SR
[12 - 13 JAEARL—Z, [, e B HP — Innowax 24
SER TR

2.2 HirHBERER

e IR 230 C, BB F = ELL 5 1
JEIRLEE 230 °C, PUARATIRBE 150 C, =1 R
SR ERIAER 2.0 min (5S04, A
GC-MS 4 & M Dy ge Xt B #r 4 2F 17 5 B
PEBGUE , X T 1 00FD S B A & i Dt & SR 3
B, 75 3 Ff EH BR ) F I 1 H 04 IS R] Ak 347 ARG
) HArY, H BArP Z A EBA RAFRICRCEE , Ui
WITE % 52 3 558 T 2k A GC-FID [m]Bspl & 3 #f
HARIAS 23 Hh B P
2.3 EEURFIRERE

SR B A 1 A O R, ) R R R (H
W TC7K P S TN ) AT 28 BRI LE X 43 #T
SEOANE 2 s B 2l B AR N AR U
RS, 2 HRUAC 28 J5E ) 1y 16 22 T Tk ARy
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Fig.1 Gas chromatograms of standard

solution and typical sample
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M. 256 25 TR 2R R €8 13547 A 0 25 B R 4k
FIEPE, WEHETOK SRR 2B .
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R 2.
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et Pt 2 U ] B 1G] S 1 4
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SR MR R R TR B, R
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T 2 BRI VAR AL TR 152 ), 28 B

350 0 mHigE ok B
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5 200
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Fig.2 Influence of extraction solution efficiency

for different cigarette filters
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VAT ) AR RS A 282 5 08 8 A6 A P A0
=T H-ith P 19 A6 BOCROR DO Y 22 5. (8
THAE, [R5 S X 5 TR H AR B e

&2 IR IR X AT B R A

Z LR MBS YR
Influence of extractive time on the content of
menthol , nicotine and triacetin mg - 377
sy AEHMAT TR IEYE SRR A AR
BT il RO = RH W R =R H

/min - FH WNGEE AR A RS

Table 2

10 1.85 0.17 3.45 7.68 0.15 2.53
20 3.53 0.35 6.74 11.89 0.29 6.57
30 3.63 0.43 8.23 12.62 0.32  7.02
40 3.62  0.41 9.37 12.61 0.31 7.18
50 3.57 0.42 10.01 12.62 0.32  7.42
60 3.61 0.43 10.24 12.63 0.31 7.46
70 3.62 0.41 10.16 12.59 0.33  7.47
80 3.57 0.42 10.20 12.61 0.31 7.44
90 3.61 0.40 10.17 12.60 0.32 7.47
120 3.64 0.42 10.21 12.57 0.31 7.45
150 3.59 0.41 10.19 12.60 0.32 7.47

3 EBUEARAR B R
ZLRH MBS E A

Table 3 Influence of volume of extractive on the content

of menthol ,nicotine and triacetin ~ mg + 3% '

ey TEOCMERTRLEIIIENE SR RS
?fyzlifﬂ AT I SR W W =Ml

FHOSE MEESE SR SR WhEeSR

80 3.49 0.41 10.29 12.60 0.30 7.45
90 3.54 0.39 10.15 12.59 0.31 7.44
100 3.58 0.40 10.34 12.63 0.31 7.46
110 3.51 0.39 10.20 12.62 0.30 7.43
120 3.49 0.41 10.18 12.58 0.31 7.40
130 3.47 0.39 10.25 12.57 0.30 7.39
140 3.53 0.40 10.19 12.59 0.29 7.40
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JIE e RRE I A U AR 100 mL.

2.5 HERISKRRK

2.5.1 AR KHREEER LUISHITE
TAREE W 3 Tl H AR A e T AR R P AR ) 1)
TR LA AL A, DL 3 Fd AR 4 0 o 1 vk
EARER, 2 3 AP H AR YRR TR 2. &
SN E 10 YR MR BEAR TS WL, 153 B AR
Pyxs i AR IR 256, 1430 I LA 3 %50 10 £
HEA 25 (8 R 5 s ikt BR AN E f R D 4h
4.

FH 4 AJ R, 75T S TR B L P Y Ay P 5
3FHRYZEBEA RIFMAERR, HER
34 =0. 9999 ; £ i B 1 1 R4 il 2.9 ~
8.9 wg - % 'HI9.6~29.8 g - F 2.
2.5.2 fEFEESEWER  AREEES R
FHBRFN — SR Tl R 3 Fh B A9 & = i Ik,
FEAG 3 A BRIV EE AT B SEF T AR Rl
RS TR AT, 20 IS AN A & &= i H
FRUIBRAE SRS A ZE B AT 2 0L, IR
TR AR EDSCR G5 IR L3 5 FiiZ 6.

S fZk 6 nl I, /% ELE 0. 62% ~
2.67% 2 Ji], kR [l i R AE 97. 1% ~103. 1%
Z 18], U R B R RS 5 B A [l 22, i)
T FH A R A U v e P L = SRR H
T R APl 25 43000
2.6 HmaothaER

SR AS SR 7 Mg 1 7 Ay 2 4 M
WA it v YR A B L = G TR TV R R Y
(AR T) PRI AL RUE AR 5, $2 55 50 7
PP AT I E 6 Yk, JF T 58 HAH X AR E e 22

(RSD) , 5501, 25605 %2 1 T A3 A i vh 2 K
HH AT R BRORT = R IR, 3 R E AR B
AEXIBRIE O 25 < 3. 0% . Fr o g 2k i A 7R 45
RS AT 7 R (12,62 ~16.43 mg - 3£ 71)
S 5 T AL G0 T far B R M (2. 47 ~
8.56 mg + 7 1) T MH B AN = Z R H IR o
ARAE TG SR, X T2 5 R [ 28 R A 7
Tie 75 A S s A

3 4Eig

Ak FE HP - Innowax BYNE @ 1EH:, LU
ToK CBERZERE R, e T AAH OISR T
() I D0 e i 28 6 A0 00 s v v Bt = O TR
THITE AR AR & B () D7 . 45 SRR, AR [A]
60 min, A B FI AR Ry 100 mL Z& 4T,
3% H b W ar o AE i R oWk 0.30 ~
4.80 g+ L7",0.30 ~4.80 g - L™ #10.01 ~
0.16 g - L™ JEMEI L3¢ R R AT, & 5 B4 51
K14, 4 pg - *7',9.6 peg S|
29.8 g+ N, AR R AE 97, 1% ~
103. 1% Z [a] , 3X 15t W 32 J7 12 1 B v 2L THE A
T T AT 28 A A D b T L — SR
BRI 2 et ) [) B 0 . ol R 9 6 T A
LA TR R R A S AT 3 A AR Y
AR I 25 35 < 3. 0% , S BA Ay U A A 16 s
Hh A P Y R A% G WA B
T KRR AN = R T e 5 22 1k o B 2 A A
X GO R ZERAGH Gh L  FE E S Ak
S

¥4 BRHERFTEAMEARKSERAT IR

Table 4 Target linear equation,linearity parameters, limit of detection and limit of quantification

e TR (5 - L7 B g

MRAR BB/ (pg - X7 Y (pg - 7

AT 0.30 ~4.80 y =2.9497x - 0. 0245
R, 0.01 ~0. 16 y =2. 1436x - 0. 0107
= R H S 0.30 ~4. 80 y =0.9126x — 0. 0152

0.999 9 4.3 14. 4
1.000 0 2.9 9.6
0.999 9 8.9 29.8
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RS MEEMKXLER(n=6)
Table 5 Test results of precision(n =6) %
&Y TR S B = R ER
AT T A A B A 0 2 1.28 2.34 0.90
FER TR A7 TR R B M e 1.07 2.67 0.62
A6 EDRAETAKBLER(n=6)
Table 6 Calculation results of recovery(n =6)
B ARUEMERE HEY TR/ (mg - 371 A/ %
1.50 97.1
AT 3.00 90.5
6.00 101.5
0.20 100.0
TG A TS JE B 1 A B 0.40 103. 1
0.80 100.0
5.00 97.3
= L H R 10.00 100. 8
20.00 99.4
6.00 98.5
W 12.00 99. 1
24.00 102.4
0.20 99.1
R BRI AT R IR AR B 0.40 101.8
0.80 98.7
5.00 98.4
P 10.00 98.6
20.00 99.3
KT HRobraR
Table 7  Analytical results of samples
e b e g AT S B3 =R H MR
B AU RE — = — = — S
R/ (mg- %)  RSD/% GH/(mg- %) RSD/% GH/(mg- %) RSD/%
1* 3.60 1.01 0.41 1.98 10. 19 0.78
2f 4.12 0.95 0.45 2.04 11.04 0.71
TG AT TUE s 3" 8.56 0.87 0.34 1.42 13.47 0.53
4* 2.47 1.25 0.21 2.87 6.38 0.86
5% 5.43 0.94 0.36 1.73 11.74 0.57
1" 12.62 1.02 0.31 1.74 7.46 0.90
FEL R T 7o TR A
PRI T 8 K I 2 16.43 0.52 0.37 1.25 11.73 0.54
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WE: A EATER TR ERS S EFRGREFN, AT . TN FEd
K326 A7k 3R vt Ay AR A, KRR A 4r 5h 33 K 48 AR 5= /s = 3 ik ) 7 47 (PLS-
DA) 3 5 PLS-DA #: 7 fo 8 B AR EAL A, 57 R Bl AP ALER 3L 7 K326 A7 4 JA vt 50 A
RA A EHHRATRR T ZRM, R KA 1)3 Al et A5 R4 £
PLS-DA A 2 F MW R 5% 1,5 2 R4 A THEM LA 4569 it 7, xh4d
AHREFBFRAA 81 4% ; 2)B - KR LB, L FRBA W Es . T AL BE AT
A B-%k% JW%%A%Eﬁ3AF%ﬁm%ﬁ%E PACA Y 3) AT 5
1,82 ERH,F o) R s EAE A 3k & 2 845 4 0.970 0 #2 0. 908 0,
Mﬁhﬁﬁﬁié%ﬁwﬁ%ﬁ

HEWH =& 5 AT A305T %) 5 B (2018FD164) ; % & P I8 T b A FR 45 8] #3445 B (2015CP02, 2016CP03)
EE-NA - HEE(1980—) , 5, w0 fHELBEA, Z=d PRI LA RFTAENE TR, LB F @A EIR = BAA.

BIEEE . HEm(1987—) , 7,

TRTA,F b PR LA AR 3] TARIF W, £ BT 40 98 R
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Abstract:In order to realize the rapid evaluation of the content of aroma components in flue-cured tobacco
leaves, the flue-cured tobacco leaves of He'nan, Guizhou and Yunnan K326 were used as samples, and the
PLS-DA model and quantitative correction model were established by using near-infrared spectroscopy com-
bined with partial least squares method. The differences in the aroma components of K326 flue-cured tobacco
leaves in the planting environment were quickly and quantitatively evaluated. The results showed that: 1) The
aroma components of the flue-cured tobacco leaves in the three producing areas were significantly different in
the PLS-DA model, and the first and second principal components had good interpretation ability. The explan-
atory power of the model categorical variable was 81.4% ; 2) B-Damascone, methyl linolenic acid, butylated
hydroxytoluene, B-ionone and other compounds were important distinguishing compounds for the three origin
samples; 3) The near-infrared correction model based on the first and second principal component scores had

a coefficient of determination of 0. 970 0 and 0. 908 0, respectively, and had good stability and prediction

accuracy.

0 55

B JE Tl R HE I N AR A7 U, JE R L
T R S TE B A BRI N
M 25 R e B G A ot 8 2 At o O B0
25 S WA B O 5T AR R PR 1 AN [], HE 5
M) ] 2% B 58 R v s AL L A A DX R
T b R B AR A 45 R PR 2R B
T G35 1 25 S A DG PRI T 48 7R 52 0 PR 2R
XoF B B3 A R 5 e 0 iR 553, [ IS o W]
PRSI 25T A i) A ot B B3 10 G B
TCH, DT Ry e — 20} 2 i A e e e o R
T30 A JH KUK RRIE B Jeml. H I, 255 0 R R
5B BOE BT 25 S AR GV — iR
ARG - Bk B AL (GC-MS) 45 & 1k
TR 2T ENIHATET GC-MC g 1%
FUE BER , b2 T 2 5 R R A JUE s 2 4
BHR AT AT 56 2. L. Zhang 260 3 37 5 4 i
f) GC-MS ¥4, 454 HCA, PCA il OPLS-DA
T oM 1 3 EAS R4 JH 3508 o 1 & i
FiPE 25 S SO R 2. GC-MS 2] o fff il
L RS G RN i les S EN D Rr ¥ i
AL PR 2 D o B )4 L 5 7 A PR 58 T G B
IR AL LM T HARNE Ry —Fh i {8
PR JCA Iy ik E 812 T AT

7 il it R PR3 3 AT A A R, A
ZLAN 3 BT BN, FH T HA it S 9 7 1 A
S B E , H 5 M0 A I T A KA E T RS
el FHE R TR A AR 7= o ) o A S A P A 25005 I
E 7 A 455 PR 00 S R ST 2 AL S 4
i, AR BBl T 2 B TR AT
HEZR A IELLIMEIE R S RE B IR b S A
HUBEIEEA DT VS BN i P = W ey
B HA—E R AT e/ AR IE A o B
(PLS-DA ) 2t — il Sz A A g 41 A0 0 (L =2 (1]
RAMA BB Ik, S T E i
B RIS A 0 o0 A, B AT dm B P R
B e 00 A5, 132 IO P A 3 21 51 B o0 A
B

BT, AT LR R SN = R
K326 WIRE A M FEAS SR T LD /NI HoAR 4
% PLS-DA 57, PLS-DA & RUFIE f AL E AR
FEXS A R FPAE IR v K326 4108 J I 20 1
FAEREREAT I, DA O P g A K326
BE W RIS %

1 SClph RS 5k

1.1 #R58EE
FHER : CH,CL (3% 4l |, P4 B 1k T
A RA T 28 (O35 2E) , A R BRHCA BR
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AT
FERR} B 2014 4R 05 B B L B
P HL K326 5 Fh, B2F, C3F, X2F 2545 14
K23t 300 £47,2. 0 keg/fiy, AR AL TEARAE B
W 1.
k1 HRZEE

Table 1 ~ Sample information table
g PRI AR FE S ECR/
B2F 30
N C3F 40
X2F 30
B2F 30
ol C3F 40
X2F 30
B2F 30
= C3F 40
X2F 30

FE B : Truelab2000 [5] B 2% 18 28 HUAX,
AL FE A A R A E 5 R - 3000 BY
Jiehe 7% S A%, Fi -t Buchi 2% w]77 ; KDM R3]
HLVES | LR BRIk AR 45 vl AN A PR 2 W) 75
Antaris IT 8 FT-NIR Y3%/% , 35 [E Thermo Fisher
INE] PR Agilent GC6890N/MS59751 S AH {4, 3i%/
Jii B FHAX (GC-MS) , 2 [H Agilent 2% 7] 75
Milli — Q #B4li7/K &4t , 5 E Millipore 23 w] 7.
1.2 SR HE
1.2.1 #IEEMEERBTAAE  AE6FRICE
FEah 25.0 g, BDREASEAT 3 iy, B THH IR EE
A6 CRLEE 22 °C I8 % 60% RH) ~F-f7 24 h; 5k ]
7 P 7 PR 2 B , g AT 0 A o Y — S I A
350 mL Z&URUKE THPE I, 75 —m A
30 ml 58 FH G BT K I s TR KA S i
0y 60 °C, 2 A I 2 h; 22 UG , R e
¥z AL (TREEZY N 20 °C 510 560 MPa, %
BN 65 v/min ) KA BUR AL 2 1.0 mL, A
FESOI R .

1.2.2 HIEEHEEYRSENE IEY
J & H A R GC-MS 7 b 3 e 4 i Y 250

G /iD= (B SO NA Ul ooy (L e RE S & W )
B, E SR DL SCHR[ 12 ] 282 1 7E Fir
K3 T HEHLIE 2 (NISTOS , Wiley275 ) 522 , i
TEAS I T R AL & R N BRI (80
B) L DU E 25 4 o RO AR X 55 4
1.2.3 FEBEHIEIMEIERRE LK
DBT 497—2013 { 2 Ko S B ] i 32 224k~
Sy TLLAME AR ST 5 Bk T ) ) ik
D5 B SR TR ST AL B - A OB R L 60
I, JSOREAR RN 5] R 3 R AR RS 1Y
FEfh (2760 g) , % £ 45 5 R HIFT-NIRSG 5
KA AR O T B s, BOE OIS H RS B
10 000 ~4000 cm ™", /3 HEH Ky 8 em ™', FAHHIK
By 64 R IFHLTIA 2 h )5, SRR ST LL 5k
i
2 B AR B AR S P
2.1 HEMS RS PLS-DA KB T

FEH I 3 Gl R 520 L ) XS 300 73
FERR AT o, G55 I Y BOR L
KA SIMCA - P + 11.5 {4, &7 2T K326
195 0 - 50 1 A 1 e ) B0 A U AR R
PLS-DA #8Y | SR BB RAEAS [F] 26 [ 22 P R85
LY & SRR AT S e, 1, A (435
PR 1,2,3 FRUT T RS L AEAT) .
2.2 EEREHEBRES

UELLAM 63 1 22 50 HIUH A I MSC ( multi-
plicative scatter correction ) Ry [535 [B] J0RE 43 A1 AS
P BT 7 A B EC R W, Norris 118 I8¢ 45 A1 Bt
T Al DR RS TR BRI . PRHAS SR
MSC + Norris(11,3) - + B0 0 B fl iz
LLAMGIE AT WAL B, IR ] TQ Analyst 8. 6
A5 AL

BEATLPE e AL B 78 270 ASFEAL (T L 5t
MRS 90 A4) B LLAMGIEEUE , 456 %
JLE ¢ A2y, 2R i i B/ —3fedk (PLS) #5755
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MESCE A & R R S5, F, IR
LI AMEEIE T,
2.3 TEEREZEBRITEN

RSB KRB (RY) W IEY 7 R %
22 R HIGUER T AR 2E TSR (8 5 5L
N 22 160 (1) i X6 o G 56 &5 R L 56k - 34 1% 22
(e, ) IR 158 2 0 560 I A 14 15 2 194 s 14
2 ARHEAR S INERBLY 30 NRE R ECE A
0 €y BIRAR ) N g € TP A B IEA R4 T oy X
FoUI A M AN AR O A T AN T
3 4iRhihe
3.1 HEHSMNEER

>R GC-MS 755 JH 25 F i o 1E A 700 5
LR 71 ML A1 - R -3 -3 -
FRH -2 - TR .3 - L -1 - TEEEEE . C
P T R 2 - FRRAE - 1,4 -
i1 - (2 - BRI L) — ST M ER .2 - ik g
FE R 2R FH RS | FH MRS 2RI 2 — I3k
M .2,4 - BE JmEE A 4 — nibiE RS (1H — nipig
-2 - HIEE 2,4 - Je 0 B ORHIEE RO/
1 — (1H - 1&g -2 - J8) — L 6 H R
THEOR Ry SRR T B O -3 - ket
i R R AL SO R 2,6 - T R R
FE[b ] BERy RALES SR 2,3 - AR
RN AR B Sne7eow N ) T TN Ry N1 R
B — &K IR | s & 2 FH AR A S T
BT THRAMFEIEF R 3 - (1 -H L
) (ITH) MEmE[ 3,4 - bIukiE 2,3" - Beufkne , —

APBAENER B G A A B S = B
E S =00 C.E S =M D3 - A -a -5
U N [N AIERE U NSRS
TR AR 2 RO CHTAE A SRR T R IR
TUTHR A AR A FRAR B HER AR RR |
FERTR LT S S B BRI T I PR TR P Mg L
PO =0 s A N R B 5t L .
3.2 PLS-DA BT EM D EAIEFE

TEPEIE B L3 H(A) /& PLS-DA 5%
R PR AR 1 i S R R e 0 B
TR ( Eigenvalues ) — it 2R T 2, [F)
IS 7 SR 3 853 A 6 SO T A 1) 2R A i e
B 7 RIAS IR %) TH 000 o B BOKS BEE . R°X R %
FE o3 BT BB O 1% R M Y R R RE ),
R*X,.,, 3R A5 0 BRUNT e 33 4 1 it 1% B
R*Y FrRiZ AT B0 R A RINGE 43 725 5t (1) T
BES1 RYY,,, e R BT BRI 4y 275 i BT
MR ST 3 QF ST BT 38 SUA sl oA 3 33
KBS, QL FR R BB TR . AN )
FWA T, dr PLS-DA BRI R°X, R'X,,,,,
Eigenvalues ,R°Y ,R°Y,,, ,Q° 1 Q7. W3 2.

2% 2 AT YA 32 o Bl 1 3
% 4 WF,R°X,,, H}0.514,R*Y,, 50.908, Q% N
0.897 ;4 FE s Fuma] 5 wf, Lik 3 24k
e H N (AR Dy 1.83( <2). I,
I EE ST 1) PLS-DA B B I 1) 2 o450 4.
3.3 PLS-DA BB EHSBH A

TE P PLS - DA Y (1 3 1 3 B4 B, 45

%2 RFZMAH T PLS-DA 47 6948 5 A3k

Table 2 PLS-DA model related parameters with different principal compoments

F AT EL R*X R’X,,. Eigenvalues RY RY,,, & -
1 0.195 0.195 12.30 0.434 0.434 0.430 0.430
2 0.153 0.348 9.63 0.379 0.814 0.658 0. 805
3 0. 106 0.454 6.71 0.068 0. 881 0.341 0.872
4 0.059 0.514 3.74 0.027 0.908 0.195 0.897
5 0.029 0.543 1.83 0.015 0.922 0.048 0.902
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FERRER 1,50 2 135 (1 ,0) S0 A BN AL 1
Fli7s SRR 1,55 2,58 3 sy (¢, .1,
t) S A EL LA 2.

TPl 1 FOIET 2 AT By T K326 AR 1 2
S B U E 2 YRR 23 ) 2 3 — o 19 43
A 255 0, A o, SE[EIVE HTRIAT S0 3 A7 4
BB I DX 43 855, I Xof A5 78 3 288 25 11
ffRERE 10 81. 4% 51, 1, FiI 1y SR/ W] SE B
XiF 3 A7 HIAE 58 4 X 4 BRI s AN [A] 7= ke
A0t 5 B B 25 5T O K326 )
J5 M SO 153 BETE PLS-DA B fy 23 [1] 22
SO 6,0 B ARAER R A S KT
K326 37 o & .

AN ) 1l XA S XTI 1 2y R 1, S AL L e/ )y
ERIE (B D3R 3,3 A XX R ¢, Tty 53
Ma AR 3 foR. H3& 3 FE 3 AR L3
AHDXFE ) o, (B o HEARHBENES,
TR IX. o, (EBAR, ¢ HIE S B8 s =/
HIX o, (B4R , 1 (A SN X o, fHIE
b, (HAS . IR AR ¢ 8,0 5
Rk, B SO Lo & AR E AN AL 3 b X
K326 Ff il ELA B A IX 435
3.4 HENSEEMESW

FEPLS-DARE Rt AS[A] 3 B A3 F 45 30

8 L M

-9-8-7-6-5-4-3-2-10 12 3 456789
tl

B 1 RE#ERT A RS AR R A
(% 1,%2 TRLHF%)
Fig.1 Classification scores of aroma components of
different flue-cured tobacco leaves

(The 1st ,2nd principal components score )

J Sy 1 22 i AR B VIP (variables impor-
tance of projection ) {HREMS S WL ¥ Xt 42 v
HAS R KT BER BTk R L A, S AR )
T B A B oy VIP EI R, fEdE— 22 W
B AN TR IX. K326 BUA o0 & Rk 25 5
YRR IR 55 1,55 2 M2 3 Ellrfsar T
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Table3 Maximum, minimum and average values of
¢, and t, in tobacco leaves samples from

different regions

HiL X Giit 2 t
BRIl -1.794 3.845
AR e/ IME -17.354 -3.710
M -4.186 -1.191
T[] 4.524 7.870
M e/ IME -2.878 -0.036
SEHE 0.955 3.407
ITN:] 6.395 0. 900
] /M -0.833 -4.614
S 3.231 -2.216
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Table 4 The corresponding VIP values sort of the principal components 1, 2 and 3

F AR & W25 VIP{H || EWASNIK AR /ES VIP {H
PR AR Y g 1.835 21 T v e 1.125 63
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FEHHER TR 1.706 25 & 2,6 — T 1.106 36
ki 11 1.660 28 5 S Al A 2 1.080 31
[ b] ey 1.556 05 N SR T HR — TR 1.075 90
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Table 5 Pearson correlation coefficient and
composite index between compounds

with VIP greater than 1 and ¢, , i,

Hiu KX 5o MR G

i) R RN HH

B = Kbl ~0.615"" 0.666°* 0.907
VRIS Y 0.791** 0.357°* 0.868
THALFEELH R 0.000  0.853"" 0.853
B - 5T = 0.526"* 0.663"* 0.846
FERE R TR 0.765"* 0.188** 0.788

e e -0.750** 0.204"* 0.777

M 22 P9 -0.764"* -0.142* 0.777
3 -2 - T 0.000  0.733°* 0.733
2 - MR - 1,4 - 0.000 0.729** 0.729
b 0.000  0.707** 0.707
IO -0.699"* 0.029  0.700

it il 0.000  0.697"* 0.697

PO =M 0.541"* 0.436"* 0.695
AAL SRR —0.530"* 0.449*" 0.695
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3-FM - - BB
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B — K 0.000 -0.214"* 0.214
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Table 6

t, and ¢, correction model internal

evaluation statistics

BUR RER EHEM REFME ZERIES IR

4 BR Sk 2= TR2E
1, FIE
o 0.970 0 9 0.829 0.976
FHY
t, KEIE
0.908 0 7 1.130 1.220
i

ET 1y Ao, REAEA SRR AT E

Table 7 ¢, and ¢, correction model external
evaluation statistics
ZFR REe, W72 PAg
P 22
t}ﬁﬁ;uﬁ -0.00291 0.099 60 0.100 83 -0.183 0.856
t}gﬂl}z -0.021 11 0.126 06 0.125 86 -1.062 0.295

t, BIBERE R B9 )4 0.970 0 F10.908 0, FHH
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MA@ T PLS-DA BRI E M IE A AL,
AT VE A R R R PR 45 K326 47795 4 it S0 B
ORISR 25 SR 3 A7 M) B
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Abstract: A photo-polymerization synthesis process without organic solvent was used. Polyethylene glycol
methacrylate ( PEG475) was used as the matrix, N, N dimethyl acrylamide ( DMAA) was used as the

crosslinking agent, and the plasticizer succinonitrile (SN )was introduced, a new all-solid polymer electrolyte

(PEG475-DMAA ) was prepared and its electrochemical performance was tested. The results showed that when

the addition amount of SN was 10% (mass fraction) , the ionic conductivity of the electrolyte system was the

largest, about 4 x 10 > S/cm, which was increased by three orders of magnitude relative to the polyoxyethyl-

ene system. The electrochemical stability window was above 5. 0 V, which satisfied the voltage stability

requirements of the currently-used electrolyte system. The electrolyte had good thermal stability in the range of

270 °C. The lithium ion battery assembled by the electrolyte membrane had a low initial capacity. There was

still a big gap with commercial lithium-ion batteries. In the future, it is necessary to further improve the ionic

conductivity of the electrolyte membrane and improve the electrochemical cycle performance.
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Abstract : The graphene/phenolic resin composites were prepared by liquid phase blending method using phe-

nolic resin and graphene oxide as raw materials, and then graphene/activated carbon composites were prepared

by high temperature carbonization and activation process. Cyclic voltammetry and constant current charge-

discharge tests were used to characterize the electrochemical capacitance. The results showed that the compos-

ite had a specific capacitance of 197 F « g~ at a current density of 0.5 A - g

', and the current density

increased to 10 A - g~', the specific capacitance was 163 F + ¢ ™' | the current was increased by 20 times, the

capacitance retention rate was 83% , and the cycle was repeated 1000 times at a current density of

0.5 A - g™, and no capacity was attenuated, the capacity retention rate was 100% , which indicated that the

composite material had excellent capacitance properties.
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Abstract ; Three-dimensional (3D) nanoporous copper current collector with bimodel pore size distribution was
fabricated by dealloying of Al-35Cu alloy, and the three-dimensional interlayer-shaped nanoporous
Cu/CuySns/Sn composite electrode was obtained further by chemical deposition of Sn on the surface of 3D
nanoporous copper, in which CugSns transition layer could be formed via quick reaction between Sn and Cu.
Subsequently, the electrode was characterized by electrochemical performance testing. The results showed that
the initial discharge specific capacity was 2. 53 mAh/cm’ and the charge specific capacity was 0. 43 mAh/cm’
at a current density of 0. 1 mA/cm’. After 300-week cycles, the discharge specific capacity was still
0.159 mAh/cm’, the charging specific capacity was 0. 157 mAh/cm’, and the capacity retention rate was
36.5% , which indicated that the electrode had excellent electrochemical performance and had potential appli-

cation prospects in the next generation high performance lithium ion battery.
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Fig.1 The FESEM images of 3D nanoporous
copper current collector with bimodel pore

size distribution
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electrode with bimodel pore size distribution
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Abstract:In order to solve the problem of complex calculation and low real-time performance when using bin-

ocular vision ranging for UAV real-time line patrol, a binocular vision ranging scheme combining improved

SIFT algorithm was proposed. A binocular vision model similar to monocular vision was adopted to reduce

computation variables, the traditional SIFT algorithm was improved by reducing the number of scale spaces,

reducing the dimension of feature vectors, and replacing the Euclidean distance with the block distance,so as

to improve the matching efficiency of the uniform feature points of two images taken simultaneously by two

cameras. The results showed that the matching time was reduced by 32% and the maximum error rate was

reduced to 3.75% . The method could meet the accuracy requirements of UAV fast real-time line patrol ranging.
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Abstract:In view of the large data problem of association mining by the method of taking two times of scanning

database and adding the transaction to the independent data partition, distributed renovation of traditional FP-

Growth algorithm was taken, the distributed FP-Growth algorithm based on Hadoop framework was then put

forward so as to realize the frequent pattern FP huge amounts of data mining. The simulation results showed

that in the process of increasing data processing, the algorithm was compared with the traditional algorithm

advantages of its running time and memory consumption were becoming ever more obvious. When the amount

of data processing reached 700,000 items, the algorithm saved about 2/3 running time than the traditional

algorithm , while the memory consumption was only 1/5 of the traditional algorithm. It showed that the algo-

rithm could significantly improve the mining efficiency of FP and reduced the memory consumption when deal-

ing with massive data.
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Abstract : Aiming at the problem of low accuracy of text sentiment classification, CNN-B-LSTM, a new senti-

ment analysis training model based on CNN and B-LSTM was presented. The convolution operation processed

the word vector to extract the intensity characteristics of the word vector, and then inputed it into the B-LSTM

to perform the upper level modeling and used it to process the sentences. The results showed that the proposed

CNN-B-LSTM model had higher sentiment classification accuracy, the error rates decreased by 4% and 1% ,

respectively. It was superior to B-LSTM and CNN models in sentiment classification.
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