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Abstract : With the development of the society and continuous improvement in living standards, the dietary pat-

tern of people has changed significantly, followed by the increasing prevalence of the metabolic syndrome,in-

cluding obesity , hyperglycemia , hyperlipidemia and hypertension. Moreover, the modern fast-paced lifestyle has

driven the increase in the incidence of subtealth state and chronic disease,which leads to huge social burden.

The marine food is considered as favovable food and heath-care sources due to the abundant bioactive pep-

tides , functional lipids, polysaccharides,vitamins and minerals. Therefore , it is imperative to focus on the nutri-

tion and health , explore the structure-activity relationship among the functional factors in marine food, clarify

the potential molecular mechanisms, strengthen the research of relationship between nutrients and human

health , promote the high value processing of marine food,innovate and develop the marine food industry so as

to improve the life quality and health state of people.
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Abstract ; The effect of different metal ions on the antioxidant activity of Maillard reaction products ( MRPs)

was studied as determined by < OH radical scavenging activity, total reducing power and absorbance value.

The results showed that the - OH radical scavenging activity and reducing power of MRPs was not altered fol-

lowing Na* and K" treatment. However,Fe’ " and Cu’" treatment exerted significant effects on the - OH radi-

cal scavenging activity of MRPs (P <0.05) ,while Mg** ,Ca’>" ,Zn’* ,Cu®* ,Fe’" and Fe'" treatment remark-

ably affected the reducing ability of MRPs ( P < 0. 05). Notably, there was obviously negative relationship

between Cu’* ,Fe** and Fe’* concentrations and the antioxidant capacity of MRPs (P <0.05). Moreover, sig-

nificant correlation between the browning degree of Maillard reaction and metal ions was also obtained (P <

0.05) ,indicating the potential effect of browning degree on the antioxidant activity of MRPs.

0 5%

1912 4, 1 Ak 2 8 4 ) T 36 h A s g
(Maillard reaction) , 4§ H{ & J& — Fh IF B #5572
RN e e AL A W A S B W Z kA
(R 52 2% IRV, i 281 A 8 B BB A AR ) o ——
KM E Y HFRIUR R, BT L R ORI S
PRGN Sl S B e H R A 2 ,
SEMCREL T 3 AHr BT, & A4 Amadori H
HE Heyns 51 HF % [ b, 77 A= S HE ™ 1), — I FR
Shy DR 1A 49 B 4 2 BB 5 5 P, 2 A I 4R
Wi K KA 1 240 5, st XU ) 5 1)
TR B 5 B R R AR 28
FHA —EMPUEA DB PUEATERRIE M
AR A BT W25 B R 0 B
M A MRIVER . SRR R N AR T
Bl Tl , X6 b A RUBR 73 45 7 A I T 5%
7T ER R, DR) O B T e ) P 56 37 728 52 17 1)
gt AL , G AN S I K A

A — Ui B R N, R TR AR AN
FNR NG5 A SR AR 0 A B 4 R 0. HATA
NI E AL R R A AR IR SR
TR P45 AR T 3T AR 5 1 — A
TR L A WO & B, 35 B R N
(MRPs) HA B am i B AL i 1, F BT
MRPs H155 5 f) 28 AR L3 Ji i 1 — 26 55
MZIME G Y, Hobt e b In L 2T DL — gk

HRIPTE AR T, I B MRPs #ik A
RN, L, BF9E MRPs $0 4800 T 1 1 572 1
PRIZ , BEE Ry KSR B S A0 ) 1 I & 1 FH 4 1
AR TBL. 5 MRPs $ 8GR R A
22 4 pH, Jin B 5 A0 Bt ] 2500 H
B, 6 F 48 B 7% MRPs $1 840 15 M 52 1 11
IR . BT I, A SCUHE R 2P 4 8 51
X R - D - AW MRPs $t 48 4015 1 152
e, AT oR 2 R A8 MRPs 470 4 A0 57 £ 1L 2 ie
WA
L b ik
1.1 #HR5{EE
MORL: it (B & 13.1% ) , W T F
KI8T X P e B i ; D — A8, NaCl, KCI,
MgCl, , CaCl, ,ZnCl, , CuCl, , FeCl, i FeCl, , 5%
GyMr el KR B AL A0 A FR A vl 7.
{45 : UV Bluestar A 5 4] WA 0O T,
JC TSI 2R AR B 0 A PR 28 7 775 AL104 1
TR, FE20 pH i, Mpke ) - FEH 240485 ( E
1) A Bl DF — 101S BIhE N, LT T
AR BRTHEA R ™.
1.2 AFi%
1.2.1 MRPs Bl Hexpamiifr Lk,
BB BRI SR FEAL T ) £A R B
JBE , #8 FH, SE 5 Hh 40 B iR Y B i MER AR
A 0.63 g(FX T 4.81 gl REE) ,



FRE,FLBETNHEES -D- AEXNERNFHRAMEENYH -9

D-AR¥EO. 63 g, iHTTHIL 1+ 1, BT
20 mL J 57K, FH NaOH 0K pH %R
7.0, FHEBEFKERE 25 oL, RGBS G
2 AR BEL HERG 2L 0. 002 mol/L ) NaCl
25 mL 5 EARFEIRIR A5 K TR A
W R 2 B fH, & T 125 CE Rl
H R 60 min. J2 v 45 5 G B T koK,
W B =R G IR A . Fi BRIk
£ 0.002 mol/L, 0. 005 mol/L, 0. 008 mol/L,
0.010 mol/L, 0. 040 mol/L, 0. 070 mol/L,
0.100 mol/L f#j NaCl, KCI, MgCl,, CaCl,, ZnCl,
CuCl, ,FeCl, Fl FeCl, ¥R 5514 T il % MRPs , fifi7
.

1.2.2 MRPs BSEERME MRPs #28FE
()3 52 2% F. J. Morales 25" 1y J7 1. MRPs Jfi
UMK RE 50 A5 )5, S AT WA e e BT HE
420 nm A0 5 A b PR IO B R O B Y AR Ak
KA E: MRPs [#8 A8 FL B

1.2.3 MRPs - OH 5B ZHME MRPs -

OH IR A A 22 1 HPH 21 9 7 i, B
1 mL 2.5 mmol/L 48 — FAEF M T4 ik
A 2 mL BEERERZE PR (pH =7.4) Al 1 mL 2§
K IRAIEMA T mL 2.5 mmol/L i iR V. 2k
IR IR A2TJE A T mL 20 mmol/L 1 HAL A
VT, R AR A IR K TR 5 N, 37 °C KT I
N 60 min, fiJi A3 EETHAE 536 nm b
HWOGEE , s MR A B I ROGEE e
Ay KRB R LL T mL R K AR5 8
(3 A A S R, R T T IR A A R AR AE
536 nm bW LSRR 0 R AP0 1 T
BE A BERVAEZ DL 1 mL A SR AR B 0 P Y
1 mL 28 08 K, A J7 ¥ W 4501 8, TR B A
536 nm AbIAEFE ST I EIE 10N Ay FES
Xf - OH RYTE BRI A F

A, —A,
x & — # R
iR = X 100%

1.2.4 MRPs ZiR[FRENRIMZE MRPs Gid
JEBE 71 %€ 2% H. J. D. Dorman %[12] 1
e B mL B R A A AR T B 25
JMA 2.5 mL 0.2 mol/L(pH =6.6) [l ik £h 25
MR 2.5 mL 1% B ERFAL S W, TR G 355)
J& T 50 C [ 20 min, Z5 95T VKK Fh ¥ 4]
FEE L FMA 2.5 mL 10% [ = A L RIET,
R 27, 3000 r/min B 0> 10 min. B F 7E K&
2.5 mL, A 2.5 mL Z&H/K A T mL 0. 1% () =
AACER WL IR G ¥4, #E 10 min J5, 78
700 nm Kb E LM OGRE , i As WO RE KR, 1
A i 1) e 30 S k.
1.3 FitA*

7€ 45 R 2K H OriginPro 7. 0 F1 SPSS {4
HATAEEE.
2 iR 51hHE
2.1 £REBEFX MRPs -OH FRER M
2.1.1 —ME&EEBFHEM &l 1 K MRPs
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Fig.1 The change of MRPs + OH scavenging activity
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Fig.2 The change of MRPs + OH scavenging activity

along with divalent metal ions concentration
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absorbance along with metal ions concentration
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FEE TS An KT I R BT IR 47, 5 R AW 1) HALA B b, 83 8k e
TR R AF B EHAK( —13.03% ,P <0.05; —10.30% ,P <0.05) , /2%
G 4% I m( +54.22% ,P <0.05; +9.60% ,P <0.05) , B #Fhék £ 2 4] £
FRF(P<0.05).2) @R RHMEFPIREZTAOLEZRLES TIA,LHMES
4 61.76 mg/g #=5.75 mg/g.3) MyAF oK K R ILBR 40 R LW 2 £ JF. 82 A IR
SRULP W 5 — MR P R B 3G S BREGER , P 5 — TR R R B A A R AR
B AR + RR. 4) SRR TR SR E S TR YR 4%
(P<0.05), LA EZ N 2725 (P <0.05).5) 36k Fo e AL F % R4m
Felg R AT A B RE S TR P IS A F.6) 88k RMKIL A+ 7 R4 F
R th 2 K, 5 5]k 3] 2 687.36 mg/kg Fo 1 750. 49 mg/kg, f 6% 5k e e85 % 1) &
4 Ca, 2 R ik 4 091. 83 mg/kg F= 5 948. 43 me/ke.
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Abstract : The nutritional composition between Paracobiiis anguillioides and Misgurnus anguillicaudaius was
compared. The results showed that the skin of Paracobitis anguillioides and Misgurnus anguillicaudatus con-
tained lower water contents ( —13.03% , P <0.05; -10.30% , P <0.05) but higher protein contents ( +
54.22% , P<0.05; +9.60% ,P <0.05) when compared with those in muscle. Moreover, the skin of both
Paracobitis anguillioides and Misgurnus anguillicaudatus possessed abundant levels of collagen when compared
with those in muscle (61.76 mg/g vs. 5.75 mg/g). No evident differences in amino acid composition were
obtained between Paracobiiis anguillioides and Misgurnus anguillicaudatus. In addition, the first limiting ami-
no acids in muscle of Paracobitis anguillioides and Misgurnus anguillicaudatus were valine , while the first lim-
iting amino acids in skin were threonine and methionine + cystine, respectively. Higher contents of total fat
and polyunsaturated fatty acids were found in muscle of Paracobitis anguillioides and Misgurnus anguillicauda-
tus than those in skin (P <0.05) , revealing significant differences between Paracobitis anguillioides and Mis-
gurnus anguillicaudatus (P <0.05). As for the minerals, the muscle of Paracobitis anguillioides and Misgur-

nus anguillicaudatus enriched in potassium, 2 687.36 mg/kg and 1 750. 49 mg/kg, respectively. Neverthe-

less, the skins had abundant contents of calcium, up to 4 091.83 and 5 948. 43mg/kg, respectively.

0 55
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6.73% 1 6. 72% [ R FAFRIK- .

% ) o BT 1 KR BRI C SR A A i ) kK
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Bk R A SR B A5 T EAT T O RIS Y
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FRA AT T Ho. ST, B BT B4 7
S R A8 UL P P 2 3 AR A 10 SR,
e PSSR B | L 0 1 BF 5
PytEAEZ .

T, ABFS AN T 5 454 T O £
et S BRI A R S L JULIA LI F
EFRAT AT 222 USRI Ho e, DA X 8
FRO 2 b PR 8 4 T VT AR S R B
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20 cm; JEBK,15 4 KT L0 12 o/ 45, IRK 7 ~
12 e, 0 [ T T MG 6 T b, % L 23k,
P, 25 0 R IR .



WE L, F B R E KA

.15 -

WAL ERIR (AH IR L E A A N S5 10 24
S e, W [ 24 A A AR A PR A A
1.2 ((FE5E&&E

EL3002 *5% B KF, M4 8y — F6R 24X
ar(_B¥) ARRAF] 5101 -3 - BS HLPAEH TR S
WA, b1 BRI BETT 2580 7 ; Agilent1100
B F 3 A, 36 L FER R A IR
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SN0 o) B3 it I DA G =
1.3.2 BEERBSNE Ko EillES K B
5009. 3—2010 € £ i H K 43 9 & ), R A
105 °C 48 i ik s AR 5T & e U 2 IR GB/
T 5009. 5—2010¢ £ it H 85 1 BT A I E ), R
LI A BRI & = I 2 B GB/T 5009.
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ey ROy & 2 2 B GB/T 5009. 4—2010
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FIEFRIE 4> AAS (amino acid score) b 2F
P73 €S (chemical sore ) il 5 T 24 4k B2 15 %X
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5975 ¥ & I Duncan 43 ffr, B Z PEKF P <
0.05, 5 FKH x +5 Fn.
2 iR 50
2.1 SEE SR EISIREE

i K 5 YR BT (A RRAIE DL 2% 1. AR 1 AT,
8 kAR Y A R, K3k 19.27 em, 1K T R GA
46.92 g, H BRI i [RIAETE | FHOGHROHL, H PR R
ik 53, 7%. U k1R R AR N, KOE R
10.93 cm, {KE S 12.42 o, HERRRIE, 1L
TRV, R ZREAR, 294 38.39% .

1 8k T R S AE
The body characteristics of Paracobitis

Table 1

anguillioides and Misgurnus

anguillicaudatus (x£s,n=10)
o e = ey % R A Y N
Wi Kfem R Ty e

BEBEK 19.27 £2.90* 46.92 £2.90* 53.70 £2.01° 10.22 +2.01"
ek 10.93 £2.01° 12.42 £2.01° 38.39 £2.09" 16.34 £2.09°

ERPFESIA R TR R 2 5 B (P <0.05).

2.2 BEREREENRE ST

83 8K 5 Y0 B A 1 AR S A 1 7 i LR
2. FHFE 2 ATHN, PR BRI LA 0 R 3 A
K G, BT, 88 b oK o) A K TR
otk , PPk L PR rhoK A ) T R oK
gy, LR oK 43 & & 43 00 o 75, 45% il
80.41% , iz v K 4y & & 43 5 B 65. 62% Fl
72.13% . WiFMESRLEE 1 & R, b iR
oS v T LA B B e, B8 ORI e

Bk Rz HORLER 1 B i 0 1ok 21.93% F1120.10%
LA oL S Bl oy 14, 22% F1 18.34% .
R bR g D W T e B, 4 i R
8.43% F12.48% , b LA FHoHLIg DT & &0 =
TR Bz IR I 2 . Be A, Bk Uk K rh
JE D 2 1 o R T LR R Y
HIES> 50 61.76 mg/g F15.75 mg/g. Pif
Bk Z e Jsi A 1 & G 3 25 S (H i Tl
BEKIART /)N H T AROR, B2 o5 R Y F A R
PR I s 5t 2 11 A D 6K e f R X i v T BB AR
AT LAV Toll b 3R U J5 A A D ket
2.3 SEHSREHPIEBRARREFTSN

85 ) 0 0 S0k 2 1 B S R R, B
Hh SR (1) 20 J e 7 P R A 1 2R B SR
(LA B LA B 683 55K R U1 88K 1 Ik 1R 4 A L
3. AR 3 AT, AN EL R B = T R
2550 WUA HR A R A 2 e v, T R R o
WL B AN . PRI By i IR 5 1
HRART AR L PR H 5 2 R 1 i, HLBS BRI
FIRZ b G2 SR AE T 2 S 35 8 TR B

i FAO/WHO /A i) 2 S TR FEAR A =
R T EAA/TAA 78 0.4 2247, EAA/
NEAA 7£0.6 DL 70 Hy38 3 W1, B8 66 e bk
JILIA) 2 B 1R A X 1 58 Bk — AR .
EAA/TAA 435124 0.42 F10.39 , EAA/NEAA 4
S 0.72 F10. 63, AHARE B2, S48 W i
KRR IEIR S T LA, H EAA/TAA Fi
EAA/NEAA ¥k 5] FAO/WHO [ F AR A2 2.

%2 SBHERBARBRSFIRREOLE

Table 2 The basic component and collagen contents of Paracobitis anguillioides and

Misgurnus anguillicaudatus (x+s,n=3)
(A IKIY Y K5y % R 1/ % HUE I/ % R A/ (mg - g7')
KLY 75.45 +0. 10" 1.04 +0. 09 14.22 £0.02° 8.43 +0.08" 5.86+0.01"
TR B LIA 80.41 +0.26° 1.30 +0.08" 18.34 £0.06" 2.38 £0.10° 5.64 +0.08"
figfafk pi7 65.62 +0. 03" 1.80 +0.10° 21.93 £0.04° 7.68 +0.06" 62.01 £0.04°
TR Sk iz 72.13 0. 05° 1.49 +0.11" 20.10 =0. 08" 0.98 +0.02¢ 61.51 +0.75"

E R APPSR TR R 2 57 B (P <0.05).
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Table 3 The amino acid composition of Paracobitis

anguillioides and Misgurnus anguillicaudatus

IR BEERIILPY JEERULIA AR JeER s

KA (Asp) 8.91 9.25 7.16  7.73
AR (Glu) 15.98  17.88  10.85 12.92

24 501 ( Ser) 3.75 3.76 3.10  3.19
2H R (His) 2.26 1.74 1.55  1.11
HE& R (Gly) 4.08 3.54  17.54 15.86
K2R (Arg) 4.46 4.80 7.58  7.82
PIE R (Ala) 5.70 5.95 7.81  7.56
W 515 ( Tyr) 2.26 3.27 1.04  1.39
L ISR ( Cys-s) 0.49 0.08 0.92  0.06
Jifi %% ( Pro) 2.39 2.90 0.06 8.34

* 4R (Val) 4.63 4.34 4.65 3.75
* FRE R (Met) 3.09 3.44 3.65  1.74
# KNSR (Phe)  3.48 3.18 4.95  3.20
* FE iR (1e) 4.75 3.79 3.68  2.88
* PR (Leu) 7.73 7.20 5.45  4.71
= #2 R (Lys) 8.69 7.56 5.75  4.78
a8 (Thr) 3.83 4.11 2.43  2.93
DFEHILB(EAA)  36.21  33.60 30.56 23.99

FHRMR BB (TAA)  86.48 86.79 88.16 89.96
EAA/TAA 0.42 0.39 0.35 0.27
EAA/NEAA 0.72 0.63 0.53 0.36

E o W AMILT IR, NEAA AR AT ZAER B 5

8% K T 8K 1) 06 T S SRR 1 o L3R 4.
24 WA PIFP BRI LA o T A SRR S R Y
=T FAO/WHO F i, (HAR T XS 25 2 H A 4,
1M B v b it AL R & & 4R F FAO/WHO #r
HERXG B2 AR . ORI R A KiE
JRE IR, R 2 R 1 B A B v, BRI, a2
RABEIR T WA HAR. BLAh, S@ kAL N F1 i rh
WA EIEFRAT T 2 i T U B

BE AR ek AAS F1CS PE/P WK 5. S
AR, AR AL AT v 2 — BRI 1 R R 1 Dy
WS R , H AAS FE4H4E 0. 87 L I, CS $E4)
#£0.66 L L. sbah, sk L P oh s — BRI PE R
FERRREIR N E R + 1% 2R , 1 Ve SUL A 2 —
PR Ve R o S s R B8 Rk v 2 — PR
PESIEIR 20 28, H AAS 3434 0.61,CS TF
4374 0. 525 YRk Bz v 2 — B Pk 20 R 2 R 2

R + B2 iR, H AAS 343 50.51, CS ¥F53 N
0.29. PR Bz rp 5 B a4 s SE R 35 5
IR EHRE , AR LA A B B EAAL
Fie it WHO/FAO F1 CS AT BR T 97, Uit
I 33K 44 e 5 28 1) L DA R0 B b 2 R TR 4 A 1 A
U B I E TR E.
k4 BRI L FRIERAEF
Table 4 The essential amino acid contents of

Paracobitis anguillioides and Misgurnus

anguillicaudatus mg/g

DEEER  REILA REILR SBEE Uk
Ile 296. 84 236.99 229.94 179.74

Leu 483.43 449. 84 340.56 294.63

Thr 239.10 256.78 151.83 183.37

Val 289.64 271.03 290.91 234.51

Met + Cys 223.82 219.95 285.49 112.40
Phe + Tyr 358.74 402.94 374.24 286. 88
Lys 543.16 472.19 267.04 298.45
Hit 2434.73  2309.72 1940.01 1589.98

2.4 tEE5R ARSI ERE K 5 AT

BEAHCR I B 19 S 5 R 4 IR L3 6. 35 6
LA PIRRERCR AR 7 ISR It 21 Fp i A
W, G FP AR AR T R 6 Al FRLAS £ RN W R
4 i, Z A AR R 1L . A [ B I s 12
AN 22 5, 1% 5 3CHR[ 14 ] IR T4 R —
. 5 B A NRHRALSAR LG, LA Fr AR A s 5 TR
AN RIS 7 TR 5 S AR X B/, i 2 AN A
PR & B e AR BRIl R A0 IV ik
W AT 5 fit e 22 S KL PA) A0 B v V. 7k P A X
EE IO 22 S, TR SR UL IA) I 3 R e D
BE ST R i IR NS Y
IR, XL R A AR B 2R, 1E
PR P AT LA AE [ i A, AR [ B K, Xl
PRI TRBTFE A1 A IR f e A1 FE A
APRHLARE DR 57 0 M5 42 R T Ay A
(9 Z A AR R T (4 EPA 1 DHA) e Ve
i AR S A R, (E TR R i U AR AT
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Table 5 The AAS and CS of Paracobitis anguillioides and Misgurnus anguillicaudatus
T UL BEERALPY TRHHILA Ve i
AAS CS AAS CS AAS CS AAS CS
Ile 1.19 0.90 0.95° 0.76" 0.92 0.69 0.72 0.54
Leu 1.10 0.91 1.02 0.82 0.77" 0.64" 0.67" 0.55"

Thr 0.96 0.82 1.03 0.86 0.61° 0.52*" 0.73 0.63
Val 0.93"" 0.66"" 0.87"" 0.70" " 0.94 0.66 0.76 0.53

Met + Cys 1.02 0.58 1.00 0.57 1.30 0.74 0.51"" 0.29""
Phe + Tyr 0.94° 0.63" 1.06 0.67 0.98 0.66 0.75 0.51
Lys 1.60 1.23 1.39 0.77 0.79 0.61 0.88 0.68
Bt 1.11 0.81 1.05 0.77 0.89 0.65 0.73 0.53
EAAI 97.74 97.44 98.23 97.94 99.29 98.99 97.72 97.42

e xR BRIITEEIERR , = D2 — PR TR R

F 6 8% A Ik 0 g o R ZEL R,
Table 6  The fatty acid composition of Paracobitis

anguillioides and Misgurnus anguillicaudatus %

A DT BEEHONLA PRBROULY SRR Jesil
Cl4:0 1.02 1.33 1.74  1.87
C15:0 0.55 0.30 0.40  1.29
C16:0 17.15 19.07 22.98  17.42
C17:0 1.20 0.25 0.42  1.59
C18:0 5.84 3.65 4.35  5.03
€20:0 0.17 0.13 0.24  0.48
AR~ 24.73 25.93 30.14  27.68
Cl16: 1 6.75 5.61 9.43  16.71
C18: 1 19.98 24.00 27.52  22.54
€20 : 1 2.89 0.88 1.56  2.66
€22:1 0.73 0.38 1.50 —

PR AIRR TR 30.87 30.35 41.90

C18:2 20.05 33.27 21.24  8.60
CI8 :3n -6 0.62 0.43 0.38 —
C18 : 3n-3 1.91 3.01 1.75  4.78

€20 :2 0.90 0.68 0.59  0.77

€20:3 1.13 0.68 0.48  0.43
€20 : 4 7.66 0.35 0.52  5.96
€20 : 50 -3 1.54 0.88 0.93  3.38

22:3 2.03 0.08 0.12  0.94

€22:4 0.67 0.09 0.10  0.66
€22 :5n-3 2.45 0.86 0.57  2.03
€22 : 6n-3 4.77 4.09 2.36  2.65

LRMANENR  44.41 43.73 29.04  30.19

E AR

Bk R ARG R BT LLBMAOR R, B8k

S A/ BN B BN AR R
2.5 SBHEREMNT RTERSENN

8% K 55 30 8K 1) 06 5 BT T R 2 B (R R )
R R Y S 4 oo B ALK (MR ) 43l
W T MR 8. T MK 8 AT, WA L
A K &t , M Ca &by, HKO2
Na,Mg,Zn,Fe Fll Cu. XS54 570 2 %F AR
TS ERA IR EEN AR E L. BT
PP (4 e A K o3 s BT ILAY, B DA LA
WA, B2 AT BT TG 2R 1 B 3l R T AR
LA . Hd K™ 2 5410 18 %k
AR ) R T-487 , L S 200 P W 0 2 P 5 1)
AR, T AL PR Hrob A 2 AR R, PRI LA
K9 BE v AR R (14 5z v Be 4, ek i Cr Al
B 1) Cd JC R LA & TR R
.

YeSKAILIA 5 B 45 Pl 0 28 1) 5 ok
W e 0T iz 8 Bk Y o R T R AE e R
HERTS T A PR B 22 R AR IRA
RSty FOcR S RENF S, HEh TAK
B AR T E A R R W g = | P LA
4R A W IR Cr, Pb #l Cd 1 E 5 PR &
PRUEST BN 2000 pe/kg,500 pg/kg Hl 100 wg/
kg, PRI BHCE 0 T 4 i AR PR AR AR v L
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Table 7 The essential mineral contents of Paracobitis anguillioides and Misgurnus anguillicaudatus
mg/kg
v Cu Fe 7n Mn Na K Mg Ca

B8 45K LY 2.06 10.20 15.61 0.14 436.83 2687.36 191.24 1460. 83

Hi ik iz 1.77 16.27 27.00 0.86 763.35 1416.07 253.02 4091.26

TR s LA 1.30 14.65 19.01 0.57 597.17 1750.49 513.67 1689. 28

ek 2.55 20.74 50.34 2.72 575.71 1031. 46 763.02 5948.43
A8 BEWARHT T2 B TEAR(EL) AR , 1 B PP ER — PR 1 2 1R O o) 2

Table 7 The heavy metal contents of Paracobitis

anguillioides and Misgurnus

anguillicaudatus pe/ kg
i Cr Pb Cd
g NG 49.82 59.25 11.92
i EK )7 168.52 103.35 4.52
TRt ALA 1 040. 80 138.25 13.06
Vx93 893.90 374.07 24.88

P T A T e T O R A R, T
J& R TR SR

3 45g

30 3 B8 K R R K 11 7 SR A HE A T A BT I
FLBEHF oY, 45 R P -

1) EGRCRI 16 6K PR 2 1 0T 2 e AR LA e,
SR 14.22% F1 18. 34 % ; 8856k A 0 5 5 2
TFURBHK, 435 R 8. 43% Fl 2. 38% . i T 5k fi8 fifi
PR JE S 241 1.

2) SWLAAI L, B oK o B wh g /b i ik
) PRI R vk 4 5 1 43 i Dy 750 45%
65.62% , e SHouF N 1Y & 41 5 o 80. 419% F
72.13%.

3) BAhECE R R EA SRR,
FHAE 60 mg/g DL b, A IR E A & R
5.7 mg/gfidy X PR T R R R A X
R T UL PO 2 R

4) IR EAAT(E 35 T 97 43, Ui B
X PR IS 1) JUL PR 0 g v 5 1R ) 4 1 S
LA, R 8 SRUL PR A S — B o PR 2 B R Y

RIRME AR + MR

5) PRI K vh BRI B R R 22 AN RN g
TR AR B it 34 B A T A N LA v . %
JE SRS B b7 5 B, BRI T A 0
THB S S A B 5 AR AR TR

6 ) PR Je i BT OC 2 MR 4 @ Y o
AR Ry . Herp R KRN YR B) R Ca B i, 40
FIGAE] 4 091. 83 F15 948. 43 mg/kg. HBEKFIYE
BULAD BoC R & w m i 2 Koo R, 705
72 687.36 mg/kg Fll 750.49 mg/kg. MLA&, H
TG, IS Th A R ) AR

AT LA, RIS 3 5 i A T 22 7,
AR A AR HAS ] 1) 78 7 R e =
PAFF A . FE RIS LR A 25 Ak,
AR 7 T A T ARXTE TR 52K
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Optimization of microwave and hot-air drying for non-fried instant oyster by
response surface methodology

1 21 L 5o 2.2
A FRBME R4
QIU Hua',LI Hao',CUI Yan-yan', LIANG Min’

LITBRF BT 500 TE¥K,) B T 534000;
2.\ TR BORFIR Kb, W BT 530008

g, 1. College of Light Industry and Food Engineering, Guangxi University, Nanning 534000, China;
Y Bk — BT 2. Tourism School, Nanning College For Vocational Technology , Nanning 530008 , China
R 5 o L ik

R AU S5 A R, R A Box-Behnken Design #=vf) i & 441 , BF 500k —
Key words: HORFR AT 3T 3F o Ve Bp R AR5 % 0 BB Se 89 R vh, 5 R AR L ARl KR R
oyster; microwave and ARG T E Bt ok — MO TR R T E A Bk 2h % 300 W, Sk T et
hot-air drying; response ] 60 s, #RF iR 60 °C, # T AT ] 60 min. £ T L 54T, Bp R4k ys
surface methodolgy S e, v ABRE b — R B, .

I #5 H#3:2016 - 10 -20
TEER M 4 (1965—) , &, ) BEERTA, S BRFHHE, MEFAALEFT, TRARF G ARSI L34,
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Abstract : With Crassostrea rivulari as materal , response surface methodology based on Box-Behnken design of

experiments was used to analyze the effect of the microwave and hot-air drying on the sensory evaluation of

non-fried instant oyster. The results showed that wht optimal process para meters of microwave and hot-air

drying were obtained under conditiion of microwave drying power 300 W, microwave drying time 60 s, hot-air

drying tempeature 60 °C and hot-air drying time 60 min. The color, texture and shape of non-fried instant

oyster were significantly improved under the optimal process conditions.
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BRI £ FROK I ) H A B T AR U
WGk, TR S0 3 U, BOF .
1.3.2 WHEMME FHIT LR
e

Vo =V,
KbV, TG B AR /mL, V, g T4
()4 85 L/ mL.
1.3.3 BREEGME  (HH /M EIE S R
@, BEMEL R L a” b" FR, W
HHT 3 YA T BT (.
1.3.4  [RAGEOTUE SISO
JEOH SR RER AT 3 YOPATIRE  BCT- 4.
1.3.5 RUEIEM  MARECE R bR i
7 R T R SRR VR bR, I X
P b B R AT SUR M A TP (2 1),
BT BT AT 3 SR g, BB T B
A 3 ANGe— LB R R 6 S — UM 1 HE.
H AR AN )2 (3 fr 0,2 i 5 44,2 fir
) SR T TN F R T bR A
FE. ST R IT AN ), WSS L (5 TR
R 5 s HO v, 2 LA VRS 5 IS
I 35 SR H A ST 5 A5 T A 4 2 A, B

F il A0

W g % = x 100%
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Table 1

Sensory evaluation of instant oyster

i H 77 b 5 W/ 7
GEVE AL, GFEA -2 5 1620
@E G, A LR, GBS 12—15

IR IOLE (A5 011

FRERETE PP A — s WS, A AR

VRIS, B T ERveRp 0 O

U TR 4 S0k 029
SN, 44 TR 16—20

i SN A B 1215
) A 0—11

1.3.6 LIi&it KA Box — Behnken i%i1H
Wi 157 TR 53 A, DABCIBE — FAOXUER & T4 9 3 ¢
FERIER (XTSRS [R] A T0E TR I [R] B, #4
KR C) Sy HAR &, DR w5 7= 5 BCE A
e AR, X R 3 AN SR R AT 0L
TR R KPR 2. SEe it Iy 22 Ik 3.

%2 wpdEmBEEKRFE
Table 2 The factors and levels of

response surface methodology

IR A/min B/s Cc/C
-1 40 40 50
0 60 60 60
1 80 80 70

R3 RBEAFTER

Table 3 The scheme of experimental design

¥ A B
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1 -1
-1
1
-1

_.
— |- o o © ol

O 0 N Nl B W =

—_
o

—_
—
|
S O O = == =, O O OO0 =
|
—_

—_
w

~ ~
= I
o O O O oo O

—
9}

1.4 HIEHH
K ] Excel Fl Minitab #4317 B4 Ab B
BEMKT P <0.05 5l R « =5 3R,

2 LR 500

XFR 3 2% S Ty S A BIVED (A5 i ik
FTRCEVEMY, 4 R IR 4. ik 4 I, AR Y
AR T | S T J48 s ] 60 A IR 52 F B
R R R AME B W] B 5.
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i3 Minitab 24X 3 4 08 E TEO 08
PEAT R Z T m LA A5 2 g A
Y =87.966 7 —0.954 +0.362 5B —2.312 5C -
5.233 34% -3.908 3B* -3.558 3C* — 1. 37548 -
3.875AC -2. 65BC
R E AT bR -5 R Z BT R R 5
20 H R IR S.
F, Bl B0 F(1,26,27) =4. 225 201;
F, =2 410. 601 >4.225 201, JF A% KL b 2 [l {5,
FHEDENEER.
F, (I B Al F(1,26,27) =4. 225 201;
F, =302. 882 3 >4.225 201, fIf LI &R 5k 2 Al [
JRAFAE BB T2
F, 0l Sl F(1,26,27) =4. 225 201;
F, =2 464. 693 >4.225 201, Fif L& RE 5 2 [l 4
A B E =R
b AREHE AR, B g W Y e | R A
TEABXS BRI 4 05 i BB VR A B s,
PUBE PE AT AAE A Box-Benhnken Hu0y 4 &
SIS 1A M 7 AEL.

A vk SR R AT
BRI 2 o K R
Table 4 Sensory evaluation of instant oyster

obtained by response surface methodology /4

S| @iF H % UNiZ Sy
1 15.6 47.0 15.8 78.4
2 14.6 49.1 14.2 77.9
3 15.1 53.7 13.7 82.5
4 13.5 50.2 13.8 76.5
5 14.6 48.2 15.1 77.9
6 14.8 55.4 14.5 84.7
7 15.7 50.3 15.4 81.4
8 12.7 47.3 13.1 73.1
9 15.7 49.6 15.2 80.5
10 16.3 55.5 14.1 85.9
11 16.1 50.4 13.9 80.4
12 14.1 46.7 13.8 75.2
13 14.7 56.2 16.3 87.2
14 15.5 57.5 15.6 88.6
15 15.7 58.1 14.3 88.1

[l ALy 22 A3 AT 45 2R DL 6. AR FE 3% 6
AR W, FIHFRER F =27.22,P =0.001 <
0.05, &M% J7 f 4 N R R Eea 2L, ol DURE T ;
KU P =0.219 >0. 100, %77 RS2 B #0454
U bR 22 /0N, FR W P g R Y R AT S S A
AL

K5 REBRERZTS ESMER
Table 5 Oneway analysis of variance

for sensory index( o =0.05)

ERE SS DFMS Fi Pl

A 30942.45 1 30942.45
@ N 3337420 12.84

Bit 31276.19 27

4 6053.46 1 6053.46
Mg 1N 519.64 26 19.99

Bit 6573.10 27

il 31349.34 1 31349.34 2464.69 2.72E-27 4.225 201
NE 4l 33070 26 12.72

Bt 31680.05 27

F I 5HE
2410.6 3.62E-27 4.225 201

302.88 7.59E -16 4.225 201

R 6 WEABEA G E M
Table 6  Analysis of variance for

the regression model

2SR DF SS MS FA& P
EE| 9 325.06  36.12  27.22  0.001
At 3 51.05 17.02  12.83  0.009
Sy 3 178.29  59.43  44.79  0.000

THEH 3 95.72  31.91  24.05  0.002
BezEwmweE S 6.63 1.33
ES) 3 5.63 1.88 3.73  0.219

a2 2 1.01 0.50

A1t 14 331.69

E W EMIT IR BILR 7. i3k 7
PAFE H , SRR S5 A i) 55 A X e il 5 AR
3% (P =0.001 <0.05) , M A B
2R C>A>B, B ECE PR 5200 79 I/ MK N
PR BE AR AR R [ AR T s ()

I Minitab it 8- ZR BEAT WA N 16T 70 BT, 285
HOLE 1—3.
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Table 7 Sensory evaluation of the estimated

regression coefficients

SEX AR RABdrdERE T PfH

W 87.966 7 0.665 0 132.273 0.001
A -0.950 0 0.407 3 -2.333 0. 067
B 0.362 5 0.407 3 0.89% 0.414
C -2.3125 0.407 3 -5.678 0. 002

AxA -5.2333 0.599 5 -8.730 0. 001

B+B -3.908 3 0.599 5 -6.520 0. 001

CxC -3.558 3 0.599 5 -5.936 0. 002

A*B -1.3750 0.5759 —-2.387 0. 063

A=C -3.8750 0.5759 -6.728 0. 001

B«C -1.650 0 0.5759 -3.601 0.056

TR R F 1] K
BT 2R R B ) K A gk %
B 1) K 33 B PR 69 R
Fig. 1 Effect of the levels of hot-air and

microwave drying time on the sensory evaluation

IR 60 min i, FA XA J
(-5 B T o ] S EL A RO S B AR S i DL
L P 1 AT AR H  BAX SR ] -5 s
WIS [E) 52 HAE A B3 (P =0.063 >0.05).
TR R[] — 72 BF, 7= i R P S B TR
0GR N TR] 800 10 385 0, 24 A8 T e e ) ik F)
60 s I, 7™ ah B P2 1K B i (L, Bl FEAIR
30X 2 PR D e e T 8 et 2 fk 7 s S 8
A I H AR IR, M AR PR 70 4L

T TR 18] D 60s N, (s T4 ik 1]

B TR ] K F
B2 Rk TR A R R A R T R

i xR E IR A 6
Fig.2  Effect of the levels of microwave drying

time and hot-air drying temperature

on the sensory evaluation

0
SRR AT |

B3 R BRI K- b 3 R
Y& S PN R e
Fig.3 Effect of the levels of hot-air drying time and

hot-air drying temperature on the sensory evaluation

5 BRX R R B S A R PP A S i DL
Pl 2. diy &1 2 mTLRAFE Y, Bl T4t i) 5 X T
Bt AL H AR A % (P =0.056 >0.05). 24
T T 1] — 2 B, 7 i JECE P S B R XL
RS S g, 24 PR R 1K 3 60
CH, 7 b BE VRO I8 B s (e, Bl S PR, 2
1 P18 A DXL A B 7 i 2R IS SR o ok
7 oty A i BEE DA T A AR R T 0 K
HITER ]2 60 min iR, B JER
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(1] 55 A TR ek 32 S B A FHJRE VA e o T D,
K3, @& 3 AT AE Y BT s ] 5 e T
PRI ) 52 HAE 22 (P =0.001 <0.05) , 2#k
DT M sf ] — 5 ), JB T Bl 2 R R T e 7L
JEESE TG I, A8 HX SR BE SR 3] 60 C B,
BV E  BOR B s

R e o7 1 S 35 iR TS A R, UBCE
PR Ay 3 A, 38 3 358 43 A 2 2T DAAS 3K
AT R B T4 T2 R:300 W T 44
60 5,60 CHJX T4 60 min. 7 AT Tk
BP0 4 88. 7 3. AR TR T 2T AT
3 YFATSEE, A5 R L FR 8, 7 i IR E P Ty
7357 88.6 43, S TMME £, UE B AL 5 B
R AR FRECE RN AR R BOR, AT RE A Y
WA i A TR0 f) S B 2 5 (.

A8 BiELE

Table 8 The validation experiment o

215 B (mp INE Bt
1 15.1+£0.2 56.4+0.7 16.8+0.4 88.3+1.3
2 16.4£0.3 57.2+1.1 15.1+£0.2 88.7x1.6
3 14.7+0.2 58.2+1.3 15.9+0.3 88.8+1.8

AT TT R PR R AR IR 9.
9 ATLIAE A TR E PR RE 0 MR
PR WL 5 T AR R T S R 2R A T
7 iy, o F T R T e e 2 3 T 32 A
AV NTTSME 24 i, HL b 1R
111358 4 FAACIBE T 458 PT B 2 3 S50 A A0z, 7
i FE AN LU FR) 7 FR A, AT FLEECRE. R 5
e R I & T4 07 2, R R e B XU
Pl M, 7 A 2R TR A AR WA A, By S B0 b 2R T
AL EE IR AR 0 B A 2R TR
AN E B T RS R Ay SR
Ay DT R 1777 fl 14l .

AN T 2R B R WL A% 10. 13k 10
ATRAE L3 Bl 05 b IS TR AT
MR PR MSC 248 AR, T RIB T8 A S A . A

AT AN 22 LI 4. I8 4 ATRLER H B
AT BRI 2E 5 R E 22 B o IR T AXT
PRSI TR (225G, 5 Rkt 22 3
PR (P <0.05).

A9 RRTFBRY XNEEIFTER

Table 9  The sensory evaluation under

different drying conditions Gix
THeI @R 1% SME By

MR T4 14.2+0.3 50.7+1.1 13.2+0.2 78.1=1.6
M 13.1+0.2 51.7+0.7 14.4+0.4 79.2+1.3
BeA T4 15.7+0.4 54.2+0.9 14.5+0.5 82.6+1.8

£10 REFBRA X T oplkss £
Table 10 The hrinkage rate under

different drying conditions %

LR EN
IETES

B T4 PR # [Ze gL
60.12 £0.45" 62.47 =1.05" 67.54 +0.76"

JEURE T AT e T H

B4 FRAFRAXTFEE
Fig.4 The chromatic aberration under

different drying conditions
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Tl — ARV A 44 HE 2 48X 44 B 1]
i, BRI R ARG (5 | DR SME B R AL TR
AR TR AR T4 FERLE R 0 300 W,
PR TR ) DA 60 s, 1R T4 4R 5 O 60 °C
XTI TE] 60 min (25 FF T, RIEC L5
it HA R AR i o S M R
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Abstract : The change regularity of heat in adsorption and desorption process of tobacco was investigated , flue-

cured tobacco, tobacco sheet, expanded stem, burley tobacco, oriental tobacco as the research objects. With

equilibrium water content and water activity with different relative humidity were determined by static sulfuric

acid method. The moisture sorption isotherms of tobacco,the water content of the single molecule layer and net

isosteric heat of sorption were studied. Results indicated that:1) GAB isotherm model was the tobacco optimal

moisture sorption isotherms; 2) The variation range of single molecular layer water in tobacco samples was

0.046 ~0.103 g/g; 3)The net isosteric heat of sorption decreased with the increase of water content. Under

the normal water content conditions, burley tobacco, oriental tobacco, flue-cured tobacco, tobacco sheet,

expanded stem required for moisture evaporation energy were in descending order.

0 55

MR REAE i o A b i B AR PR 5 7K 6
YN b A AR AN R A R
HAHE K G (RES B A AR H T
KA TR JBE T LS G i 2 AR e AN [
JEK A SRR B A5 R VR 2 R v 2 IR
W] A FHAE AT S W s gt A0 1 B
FEH, B PR MR R ) B DR A RE
HEBF T R B SR O R S B e — TR EE TR K
I SRR K o3 R OG AR AR KR TT I
T JrURHOR TR A R R A ity K A A
FHP T 0 K S A W R 1 2o R
B PR, v 5 i R A R A
HROIR AR ) T B R ST AL AR 11— A i 2R
Ty i B JFURHE 5 K AR K R A
o B R RN BT A i R R 2R
FAUBRG 4545 Clausius-Clapeyron J5 7% A] DI4K
Shy e (5 1A S R AR

PR G S5 Uk O 0 AR 5 TR O R
ARSI TR 520, AR SCLE S 56 53 7 14 R i
b IR FEME AT dh B SR R IR, TR TSN AT iy
S IR B RORIT B S22 7K K 73 5 i, DA O A
TR IERAT AAESE A M T ad 7 b 9K o
Pl P it — & PR IR E.

1 eIk

1.1 #R5EE
FARE 0 JA s MR R KAE 22 | 1 o A A

FBHNAE LB S 3 th 40 = 203 (42 A1) A IR
TR FIHA L R L.

1% : DHG - 9145 A Y e Py KT 4847 , |
T —fE R AR 7 FD - 1A =50 BT
BB, Jb o B e SE IR A A8 A BR 2 |] )™ 5 E1.204
TR F RO MR — FE R 2408 ( 1) A IR
NFF QS - 2A SLIG S MENY) 22 1, FRM B 1l
LR A BR A W 7 AQUA — LAB 4TE /K i
BEM 3 A, Aqualabvsa 7K 43 W Bff 0 2 4%, 38
Decagon 7\ &) 7.
1.2 FHi&
1.2.1 HRH&FE LRFEHHATIZIY)
(1.00 £0. 10 ) mm 4 22 K M 22 45 5 B T A
MR RE R (60 +£3) % R (22 = 1) CHYIFEE
Hil P-4 48 h DL E
1.2.2 FEEKRIKEEHNULAZ X
FHERAS B P 25 7K SR AT B, M
FREL3 g(REHIZE 0. 0001 g) MHZAE 5 FFR R
W, I 43 B E T A R R 29 20% , 30%
40% ,50% ,60% ,70% F1 80% , Y& (22 +1)°C
(BRI W T e v, K 2 7 d LA L B A
VR 21 R 3 Uk, A5 R BOCE B A, HEA
VOV AR T IR S K R 5 R A T AQUA -
LAB 4TE 17K 755 & IS0 22 4 it /K TG
1.3 ZBIRRER

VEFE AT IL T 4 Fees I 288 T30 )
AR 3 A SR A EA T LA IO BR T A
FHFIRRE AR AR ) S5 e A TR R R AR AR



- 30 -

H25 20071 H $E325 5114

1)GAB #E1Y. GAB B3 ] T /K5 ¥ a,
£0.10 ~0. 90 5 Bl A9 £ S k. GAB & A5
T RE S8, 2 56 A TR 2 23 HE A 1 A5 TR
MR bR DT R, Fek NN T

v - m,CKa,
° (1 -Ka,)[1+(C-1)Ka,]

AH
my(T) = myexp RT

AH,
C(T) = Cyexp RT

K(T) = KOeXpARI;f
A, M, R 5 & K3 /% smy R BREIK
Ko/ (g g ) C K NBAIRE R AR N
BEIRSMREHL /[T - (mol - K) ' ] TORIRLEE /K
AH,AH, ,AH, G4
2)BET 34, BET #5571 1% 1 FH 0 [ 2 7K 3
i a, < 0.5 FEEKMEREY ™ & T0KIE
JEFE L, A
v - m,Ca,
© (I-a)[1+(C-1)a,]
3) Smith 7). Smith A7 3= F N F T VEH
FILF4E Z A LR Feak R F
M, = a+bln(l -a,)
T, a, b IR H AL
4 ) Kuhn #5271,

M, = k(l—)i '

Krp, kL b AR AL

AT R e E R (R F MR i
2% (MRE) HHATEM ™, v REOHIEIE 1, F
EPARIOT A2 /)N , 2 B 00 P 10 S 36 12, 40
BRUCR T

Y (M, -M,)*
RZ — 1 _ i=1
Z(MC _MO)Z
i=1
100w M, - M |
MRE = ; 2 W

A M, O HE - 5 K RS /%
M, g1 5 K RS I E /% M, R
TR S K AR TMAE /%o ,n g 52 56 WL &
oL
1.4 BEKKGEE

FER i KIS, B2 KoK 53 B T
P W AT i e A S M IR AR 7K 20 55 S A R BRR
KRG 55 00 A R AL 28 R R DDA
F T LA R S K 45 £ 5 I BURR R A
] AR M PR T 1 B R SR R A
Ko TR KK o R R A
ST R A S, — B i (4 B2 KK o0 5 4
WAL B TR R R 1.3 AP SRR
L ey E TR R L STAZ W B e s R L T
BT A2 KK
1.5 SEERMANITERE

V8 R MR RS R P R IR W B i _E 7Kk
F5 AR 0 A 56 553 , 0 3 v <5 M A ]
ARG b W SUR L & e R TR R GRS
JIBvh B R R IO P K
R SF M S Ok RO R K, o
Clausius-Clapeyron gl 258 | i di (197K
T B A0 AR R SRR A S B AA T AR
25 TR IR AT, A il A [ 3L BE A R YK
6, H Ina, 5 /T AR EBRESR K, MTEIZ S K
FRAA T RE G A B R

=403

Q, =-RK

X, Q, MR A/ (k) - mol ™), T,
AR /K, R A SR E 2 /) - (mol -
K)™'].
1.6 #IEALE

K Origin 9. 0 B4 &2 il JH B AF: i 55 3
IR 2k, K SPSS 21.0 #4447 8 ds g it
I3t



RIRAN, % R ROB & S BRI AR

.31 .

2 ZR57HE
2.1 HEBBEXEBWESER

TEMRIE A (22 £2) °C UKIGEN0.2 ~ 0.8 1)
ST B IBOUR [FIZE B AR R it , 2515 0 P
S AR 22 | A AR SR IR R R
FHHE GAB AL BET AL Smith B Kuhn 5
RIZERIPAREAU G ROR, A E A 1 Frs,
FHRILE L

—e— SENE

60f —m GAB
50 —e— BET
@- —&— Kuhn y
%40 [ —vSmith g
&0
. 30
b
20

10

0.0 0.1 0.2 0.30.40.50.6 0.70.8 0.91.0

HE 1 AR 1 AA: FEAH X B 20%  ~
80% JLHEIN, GAB #i MRE ¥{tif/N, R® H{H
R WA B v T HAA Y | B 558 1 7K TG
TS TG, A GAB B a] A -1+ 58 M R A
i L2 KK 3
2.2 HBHEKKSEERHRMESRIT

XoF 925 MR P A P L AR 22 | U N
B 5 FhASAYHHFLAE S A T B 2K K 43 B i
g, 25 R L3R 2.

LY ]}
60F —= GAB
IS sob —e— BET
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%:[ 30t
20
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a) ¥ b) &t
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Fig.1 Moisture sorption isotherm fitting chart
k1 FEREEBEAMESLER
Table 1  Moisture sorption isotherm fitting results
o GAB BET Kuhn Smith
o R MRE/% R MRE/% R MRE/% R MRE/%
)& 4R 0.984 5 2.91 0.9715 3.30 0.969 3 6.02 0.988 5 9.15
T3 g 0.977 0 2.31 0.979 1 2.37 0.979 7 2.64 0.976 7 9.03
g ik A 22 0.980 0 3.17 0.937 6 3.58 0.969 7 5.35 0.983 0 10.77
=L 0.961 6 3.88 0.981 1 3.62 0.997 4 3.11 0.960 0 14.94
E S| 0.974 4 2.53 0.959 1 2.49 0.959 7 2.32 0.968 6 10.58
HIE 0.9755 2.96 0.965 7 3.07 0.9752 3.89 0.975 4 10. 89
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Table 2 Monolayer water statistical analysis results g/g

Bl N Hfi b2 PR YIER 95% FAFX 6] /ME [N

55 0 10 0.079 0.011 0.003 0.072 ~ 0.087 0.057 0.096
P15 0.049 0.003 0.002 0.044 ~ 0.055 0.046 0.053
[ Rk A 22 0.099 0. 005 0.003 0.056 ~ 0.143 0.096 0.103
H 0.056 0.007 0.002 0.051 ~ 0.062 0.050 0.067
oy S| 2 0.057 0.001 0.001 0.047 ~ 0.067 0.056 0.058
B 26 0.067 0.017 0.003 0.060 ~ 0.074 0.046 0.103

HH 2% 2 AJ T :26 AN S i Y B2 KK 43
HEAEIIEEY 0.046 ~ 0.103 g/g. MIAMEH
KRE, BEKKT G R 225G, A
0.099 g/g, i MMt fe/)h, 24 0.049 g/g. HLZEK
Koy & W E A X a5 0.057 ~
0.096 o/g; FAAIAH A 0.050 ~ 0.067 g/g; &k
JH40.056 ~0.058 go/g; itk MA N ~0.046 ~
0.053 o/g; EMKAT 224 0.096 ~ 0.103 g/g. iX
FEW] AN A R B i o K M) o & 1 2%
SRR, IR B SRR MY o G i 1R R B Y &
B 7KBET , R 3 A FH 2 28 0 B A o v 2L )2
KK ERARALES"

2.3 SEEWH

2.3.1 FTREBEESFEWRELZEIMNPE &
25 °C,30 °C,35 °C,40 C,45 C &4 F, {4
Aqualabvsa 7K 30 B 52 400 2 S B0 HE & S5 1R
WAL, B 5 5 A L P A R IR 22 L )
M AR GAB BERILLEA5 L, 25 5 L3R 3.

18 3 AU AN AR RE S5 T &R A i 40
H MRE B/NT 5% Ut ] GAB RGBT id H]
PE. JEHH FFRE AR VA TR S m, B
SR TR B T v T RARATR ), {EL I KA 22 i 1Y)
my 2B A I BE T R TR N - 7E 25 °C B O
my =0.054 ¢/g:7£45 °C B}, Hm, = 0.062 g/g

ANTFIRLEE R S BB AU A M 4, DLIET 2. DA
2 Hml DAA 3R X AS ) R B o 1 i 1
M2 R A 22 5, 22 AN [ S RUAE 5
PR LB 45 A8 3 0L AR KR A
0.1 ~0.3 JulE N, B0 B T3 5K R 2

T A M AR, 22 S B W . AR K B
0.1 ~0.9 JEEWN, E WA P 00 255 K
R IE AT R BR s KG9 0.4 ~ 0.7
TOL BT EF YL X 2 T AR 22 A0 it 174) 3 B 7K R
%3 ARRBET GABBAMA LR
Table 3 GAB model fitting results

at different temperatures

B A B 7&[;“ GAB_IT;‘-QELJ%%&{E fﬂé‘&ﬁl%
/Cmy/(g+g)™" € K R MRE/%
25 0.065 -64.36 1.06 0.948  3.47
30 0.063 67.82 1.07 0.940 3.68
WMl 35 0.063  21.46  1.07  0.950  3.40
40 0.063 1559 1.06 0.815  2.66
45 0.064 12.20 1.06  0.990  2.57
25 0.054 -42.17 0.89 0.963 1.13
30 0.054 -88.54 0.89 0.791 1.23
AN 35 0.051 -50.86  0.92  0.950  0.80
40 0.053 -79.74 0.93  0.960 0.97
45 0.049 90.52 0.95 0.997 1.08
25 0.054 12.30 1.06 0.98  3.63
30 0.055 894 1.06 0.991 3.73
e 35 0.057 673 1.06  0.984  3.10
40 0.0600 5.14 1.05 0.915 2.57
45 0.062  4.48 1.04  0.8%4 1.9
25 0.070 -21.65 0.96 0.949 1.26
30 0.069 -26.57 0.96 0.946  0.91
FIKE 35 0.068 -29.72  0.96  0.868  1.09
40 0.068 -39.51 0.94 0.964 0.95
45 0.065 -42.73 0.93  0.975  0.89
25 0.068 -18.74 1.01  0.963 1.63
30 0.066 -21.54 1.02 0.923 1.20
FEHH 35 0.064 -25.70 1.02  0.994  1.00
40 0.064 -35.79 1.02 0.991 1.03
45 0.063 -57.70 1.03  0.985  0.85
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Fig.3 Relationship between net isosteric heat of

adsorption and dry basis moisture content
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Fig.2 Moisture sorption isotherm fitting results at different temperatures
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Z g R B AT A AL BB JG #E4T HPLC-DAD 447, & R A PR Jk"k & 8 A k4
# AR E R AR 80.8% ~ 115.7% 2 1) ; P ik LB & 2869 B AR B W45 5%
FEEAF,RSD 3 <10% . % 52 B 2 A8 * BOm 7008 A& P B4 89 B
MR, EREN EHAT 8 B ME T HRG AR, T B T2 BA
BRAERE(>10% ) , 5T A JUA B IR 9B B A EK( <T7.0% ) ; R KA E
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PR > BELE > UK > A LFIETR.
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TEERNT A (1982—) 4, M EZFRTA, PEBEELAIFMNBEFREINFRLR, L, 2K 7@ AHWE

.



- 36 - B85 201741 H 3Rk 51H

Abstract: A high performance liquid chromatography-diode array detector( HPLC-DAD ) method was developed
to determine volatile carbonyl compounds in cigarette filter including formaldehyde , acetaldehyde , propionalde-
hyde , acetone , acroein , crotonaldehyde , 2-butanone and butyraldehyde. The cigarette filters were extracted by
shaking with the mixed solution of acetonitrile and water( the volume ratio of 1 : 1) ,then reacted with 2 ,4-di-
nitrophenylhydrazine ,and analyzed by HPLC-DAD. The recoveries of 8 carbonyl compounds in cigarette filters
were in the range of 80.8% and 115.7% . The precisions of intra-day and inter-day for formaldehyde, acetal-
dehyde and crotonaldehyde were good( RSD <10% ). The trapping efficiency of carbonyl compounds in main-
stream smoke for different kinds of cigarette filters was studied. The results showed that trapping efficiency of
cigarette filter for total amounts of carbonyl compounds was low. Furthermore ,formaldehyde and crotonaldehyde
showed higher trapping efficiencies ( >10% ) compared with other carbonyl compounds( <7.0% ). The trap-
ping efficiencies of different types of cigarette filter to formaldehyde was activated carbon > acetate filter =~

paper > polypropylene and that to crotonaldehyde was activated carbon > acetate filter > paper > polypropylene.

0 55

PRI A Y, 45 P L 2% N
RS RS LR 2 - TR TS, R
TR —2 £ A LAY, W R B I R
G5 B A it A R Y, O 3 A A
PR E. W O TR B )
590k FET o 988 E 9F 52 ML (TARC) 3104 1 2K 2B
2K 3 26BUEY . RS T LA RO g R
R 15 ST 00 -4 e A T 95 Ay
FTF LA DM X B MR 3 03 1 i
YRR, DEME e * ) SR kS 5
e RS Y SRR g
AE.

H T, U8 Mg 5 & MRS A P i
A S (GC) i3 R (3 -
H TS (LC-MS-MS) 3%, GC ¥R & 4 2,
4 — TRHSETR IR R TR AR B M L I C18
[ AHAE U AL RE B, B0 O b R 5 A
ST AR 0 1 R PR L PR T (i W 7T A 2
J A, 8 AN HER. LC-MS-MS 35 £7 75 ik 5T 3L
IVNERVE 37 &2 - W N & S N TR R
LC-MS-MS ¥4 3 al B @57 7 LC-ESI-MS-MS
VRIS e b 8 R R VEBR L S
D7k R RE R FE A AT AL FRT B 55 A0, R

T A MR R TS A DU A v
BN SOROM 63 - A I B R T s
(HPLC-DAD) """, 2% Fj HPLC-DAD 3= 60 &
s RIS, BT LIS IR, R — R SR
7&. P, A WF 58k A1 HPLC-DAD 32 4G I % W5
HE R IR AL 5, IR AN [R] S 750 8 6 11 46
HRESUTIE 23

1 MRS I

11 #Fe G FIF SR

FEaf 25 A HEFE a, DR 28 A £ 20 15
PEIR BEET (CA) (NEF (PF) AUEHE , Hrp
A UEME JAREIEYE. AR E R LK 1.

A - 2,4 - TR (dlipE >
97% ) ,2¢[E Supelco /N H) 7 L 2,4 — —fif3E
AR (s >98% ) TN 2,4 - —fiFOR R (4l
JE > 97%) , N 2,4 — RS PEBE (4l >
98% ) N M s 2,4 — 4 S A I (2B >
95% ), THE2,4 — " HSFEARNE(4lifE > 96% ),
2 - THA2,4 - ZASHRNR(LHRE > 98% ) , [ 5
P24 — RSSLIERE (4 > 98% ), ZR Ak
Tl RS, BREEM AT LS, 35 )0 {5
g gGRA, K A GB/T 6682—2008 HiLiE [
— oK. MM NG (A% 2k) , 5 Dikma 2
H P HEE (ZERE 99.9% ) , K [E CNW 22 H] 7™
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Table 1  Cigarette sample information
g UEMEIRL  uEMER TEMEAAL . YR Eeguibaiah
Y5 JE/mm  FH/Pa KJE/mm R/ %
1" 24.75 1118 G + CA:10 + 15 37.9
2f 24.36 1088 4%+ CA:10 +15 17.5
3* 24.18 1259 PF.20 0.2
4% 24.43 1217 PF.20 0.4
5* 24.36 1101 CA .25 9.0
6" 24.74 1308 CA ;25 0.3
7* 24.74 1237 CA:24 0.1
8* 24.62 1069 CA .27 34.7
9* 24.19 1171 CA:20 0.2
10" 24.69 1375 CA:20 0.3
11" 24.72 1228 CA ;27 0.1
12 24.74 1242 CA ;25 0.2
13*% 24.47 1144 CA ;25 16.4
14*  24.39 986 CA .24 11.5
15%  24.48 1187 CA.25 14.0
16" 24.53 839 CA +CA.8 +21 36.6
17" 24.48 1216 CA.25 0.1
18*  24.58 1002 CA .24 20.8
19" 24.47 1088 CA .30 18.8
20" 24.44 1089 CA .26 0.3
21 24.52 1226 CA .26 0.3
22F 24.76 1239 CA .23 0.3
23%  24.64 1131 CA .25 0.3
24 24.62 1072 CA .30 12.7
25%  24.44 1104 CA .27 0.2

2,4 - AR (DNPH) (43 #réal) , 36 [J
CNW A w) 77, ff HETZ LI E 4G .

10 : Agilent 1200 g 250 A €235 X, i
DAD #; 4%, 2% [ Agilent /) 7] 7=; Cerulean
SM450 {2k U AL, 95 [E Cerulean A ] 75
HY -8 R d , o M E A2 i g8 A R )
7= Milli — Q50 ##8 £ /K 4%, 3% [# Millipore 2\ ]
773 CP2245 1L KF (J&4 0. 000 1 g) , fH [=
Sartorius 2\ & P,

1.2 HRErktiE

A AR A C ) - PRI 0. 2 g 3R Al
DNPH [& {£ il A %] 25 400 mL Z i 7, it &
50 °C IR, INA 3 mL 70% & &R )5, %

R FEEIG N E % E 500 mL. H:#, DNPH
WPk 0.4 mg - mL™", B A BRUE 0. 56%
(B H0) -

¥ GB/T 5606. 1 Jli B40FE 5. #2905 GB/T
16450—2004 , FE i AN AE IR (22 £ 1)°C, #H
XU (60 £2) % HYPREE PP 48 h, SR e H:
A (CFEIE £0.02) ¢ i A FELAE CFRIME
+49) Pa/ S5 B N A A S A D DA 5

BN S I5 Ok 4 SCUEME T g
) DI, S B AR 40 mL ZEHBUA W ( ZIE
KT 12 1) i SR PR G A H 45 min.
S mL FVEE 10 mL A5, A 4 mL
A AEARECR] TR AT, U 40 min. fiTA 200 pL At
WEJo CNEE 25 10 mL. ¥t 0. 45 pm A HL
AHUEE , #4T HPLC-DAD 734

25 SE 5 BRI A 2 IR IR ok
SRAFHEAT oA AL B

SR AE R AR A IR A
1.3 KHEBIERY

Z: BAT AR fE 7 5 YC/T 254—2008"
HPLC Z3H7 2544 . HPLC F 4 1% 414 Acclaim®
Explosive E2(250 mm x4.6 mm,120 A Sum),
Wik K Acclaim® Explosive E2 (10 mm X
4.3 mm,120 A5 wm) , 3 A JE[E] Dionex 23w 7=
TBAH A K, TS B S OB B EER AR UL
2. iy 1 mL/min, FEEAR 10 wL, K5Iy
DAD, K3 1 365 nm , 434t [E] 45 min.

K2 BERBLEA

Table 2  Gradient elution condition

Fsf ]/ min T A/ % s B/ %
0 50 50
20 50 50
25 40 60
30 40 60
35 20 80
40 10 90
41 50 50
45 50 50
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2.1 #HREFERERBEBIEE

N T AR A, e — R GER2E, I
FERAEIRIEA S PRI E T 55 M < b 4%
MR FEAL & PR (1 I E T vk IR — 2L
B 1 sy 8 T AR AL 5 Wb b 6
DR A df 0 TBOR (L 1. MU Ll I o
8 PRI A )R RE BRI ok, P I 2
W | R i, A LM S (B
TN 53 AT, SCHR AR T, Hofb L
PRIEAC G WAL T Hh R AR AR, D |
L G REBE I R TSR A A,
OGRS (RE L 17) (BSZF (R ™) VAR CRE
2%) (LR (FF i 37) IR BRI RE i 4% — b BEAT
AAFACAC LI AT LR AL
2.2 EBURFIRIESE

Ohy B T A A RO R Xt R R R
W S K DRI ) HEAT S 1 SR JTE

45,
40l §

35+

g

a. I b. 2 c. Al d. UREE e TITE
fEERE ¢2-TH h T4 - RN
H1 8 AR EINSUIFH(DE)
BEIREHF (L) RAMEE R
Fig. 1 HPLC chromatogram of 8 volatile carbonyl

f
c d Jle ¢ h
il AMJ\ A
1 1 1 ]
20 25 30 35

I} [E]/min

compounds in standard solution( red)

and cigarette filter( black)

IR S mL #5081 2 A A=Al dR AR B R
F HPLC-DAD Z3#fr. 5 DNPH R )5 237
M S FBIEL S (R LB N NBE 2 -
THA) -2,4 - “RBIRIEA g, X ] B2
H1 P Dol 5 i i R rp e A D AR O
BRI AV T EL K LGS DNPH S5
PRAAR /NS - 2,4 - SRR 2 -2,
4 — THEFIRIE N - 2,4 - AR R I
117 DU Wk 5 DNPH SR 7= A — MR R AR
R, AT O, HREASREAR O BB o B S IR
RIS TR, A5 U 2 57 W 00 245 2R Y R .
B KA TR AEBCR TR I A BOSCR #E4T 1 %52 i
T ONE USRI BEVA AR IR IR 220, S50 v ik
MOIEHUR (R 12 1R R | DY ik
K (AR 12 1, RIRD) K 3 FhABGHSH)
FBEET A Bl A [ 26 B U8 W B 26 BOSCR (WL
2). PRFV]L R OISR 11
TRARAIEA ORI, FEE | Ol B SRR A2
BOICR Bt
2.3 FEEUAFGRNERLRIZIN

BELT A A [) 28 L 3 W AR B R AR
(20 mL,40 mL,60 mL) X A BOYCR B2 . R
F 20 mlL ZEHCE 7 22 O, B A4S i B HE A 5
IR, RUIZEBOAN5E 425 MR 40 mL HI60 mlL
AR AL DU , P AR & B, 3R
WIZEBCSCRAN Y. 5 BRI A A AR R
FERBRIHE >R F 40 mL A HUA TR AR
2.4 FEERFCFAE B X ZEEURUR B9 750

&7 FENCESEN L S o w i TP
BOSCR RS, 25 R 18 3 Bz, MR 3 ml
FEFAEAC 45 min BRCRA KAk 2K 45 min
AIRCR , 33 AT RESE R R FEAL & W45 K P
P A HURE A R i RS TR R
2R HUNSTA], B 3 AT, 45 min Oy fe R 2E
IGRIEE
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20 r 2=, —1- = . —1-
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E
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Gy LI B
a) T R R b) BhLFuEmE
350 mZE k=11 BpAKRE K=1:1 Bk 301 WMZAE:k=1:1 BMPOEWE:AK=1:1 Bk
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Fig.2 Influence of extraction solution on extraction efficiency for different cigarette filters

B YE7% 1 5min M HE7%30min @ #E7%545min B 3% 15min M HE7%530min @ YE7%545min
B JE7%60min M7 45min 30rF W J7%60min M 545min
25
20
:
g 15
10

R LT (RS TP i RS
a) T PEs IR b) BALFuEHE
B YR 15min B HE7%30min @ E7%45min B JE7% 1 5min M HE7%30min 2 JE7%45min
35 M#ET%60min M B 45min 357 MIET%H60min M B 45min

WL/ AU

O s Z B I Zm B
c) ARUEWE d) N ks

A3 RE XA ESFER G X Ao i) {3 E B RO Hh

Fig.3 Influence of extraction method and time on extraction efficiency for different cigarette filters
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2.5 DNPH 075 S K B X 2 B R B9 &2 M

SRR R ZE U B A A S5 A7 A Ak ik
RITEA N, %5 %< DNPH 1 125 S8R Vi 5 X 25 B
R 2w, B F DNPH ¥ B2 3% Jim (0. 1 ~
0.5 mg - mL™") , fiT A= 1k 5 Ry AR AR Y F RS L 2
B R -2,4 - R IE R AN, {H2Y
HU PR T 0.3 mg - mL™' i, P24 & R N %
18 1M 24 DNPH ¥k £ 8 0. 4 mg - mL™" FlI
0.5 mg - mL ™", =4 & WA 2. L, i
DNPH ¥ JEH 0. 4 mg - mL™". 55 4b, X o S 2
WeEE (i 73400, 04% ~0.69% ) 4T T %%,
i s RV B T, 7 S . O R
F0.28% B, =Py & S G ISR ; 1 Y Lk B
T 0.56% B}, =Py & AR RN AR, B L,
A BRI EEH 0. 56% .
2.6 fiTHENRMATIE

5T AT AR SO R () 6o AR B 1) 5 M)
(L 4). X FH B OB, A1k SO i a]
20 min B}, 520 5E 4. (B0 B SRS Bl AT A
A0 B IO (B 3G, =038 5 {HL SN 30 min
ZIG TR I AN, LR R R AR
LR B[] 2 40 min.
2.7 HmBEH

AR SCHR[ 11 - 12 ] 43, o4 BH IR B 2 -
2,4 - TSR IETERME R T RS KBRS
L, e A RN 25 A5 AV TR P A — 2 1
MHLIE . 2% 21 ITHEE B RTLAS b e i )

;‘2 —— i L B

0 P_//O—O/‘N
2 259
é 20 F
=I5t

10}

5 ‘/y_‘/J_‘——H—-—.—.

OF 5 13 20 30 40 30 60
S 5[] /min

B4 57 AALRRL B ) 3¢ 3B EOR 69 %R

Fig.4 Influence of derivatization reaction

time to extraction effect

PE RS T 4 CORAE, BERFERE 1 IR, 1ESE 10 R
HERE. RS I E R, B S
10 Y EE HL 1 RSD < 10% . 2448 & A A i,
WERT, M Z5 R S L S ) RSD < 10% ,{A 12,
TLEERY RSD = 18% . 3 A, AN TN BE o, Bifi 55
R R3S, 007 B 2 5 i AR PRI, 35
A=Al R 45 R JE T I BE | DA 5 R i ) A
FEPE.
2.8 ZHEFRKWINRSEER

KM CHEBCH 8 Fhs & M R 5 2,
4 - ZHHEEAR R RIR B BRI BR T TR . R
FHBIEAL G 2,4 — 88 i v 0ég T AR ik
JEBATEAE T, 15 3 25 H AR LA Y0 9 br i T
VERNZR. BUR AR MR BE AR v TAR W, 10 IRFAT
D5E , AR E IR 22 , 3 15 A 1 Ot 22 S A6 T B
10 5 AR 22 0 i PR 4521 L3R 3.

%3 BAWMBEELSHHEREFTIE X ZH AANREE FHR

Table 3  Linear equation, correlation coefficient, limit of detection,

limit of quantitation for volatile carbonyl compounds

ety RMEEE/ (pg - mL") bk e MRRE BB (pe - 327 EREY (pg - 5271
H % 0.01 ~3.00 y=329x-0.77 0.999 3 0. 04 0.13
LI 0.03 ~8.00 y=261x+0. 89 0.999 8 0.07 0.22
P 0.02 ~5.00 y=195x +0. 37 0.999 7 0. 06 0.20
PR 0.02 ~4.00 y =247x +1. 00 0.999 9 0. 04 0.15
(5] 0.01 ~3.00 y=201x +0. 37 0.999 9 0. 04 0.13
RAA LS 0.02 ~5.00 y=181x +0. 82 0.999 8 0.05 0.16
2 - T 0.01 ~3.00 y=154x +0.51 0.999 6 0. 04 0.13
T 0. 02 ~4.00 y =166 +0. 89 0.999 7 0.04 0.13
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2.9 EKRKRBFZE

PRI T 2T 4G R0 DN 21008 I A o
F—Fh FEAR L 3 A B K AT AR ]
WIS, AT I E 3 WK, 45 SR BG4 B
FRAUYEMEFE o F I L S TN T DN DN A T
2 - TR TR RN B A bR R R TR
80.8% ~115.7% Z Al (3 4).

TIAN, B EE T X 4 PR BUEME AL S 8 F
BRI EWI H N M H DR % R H NS %R
R[] — KM, AT 6 Y. H [AIKS 5 B 51 0
AR, AT 5 UK. BT INER N LN
I 2 — T TR AR R I RN, AN
W, H N H B 5 B 2. BRI, ARF 5845
S (O L ERY H R H [RDRS 5% B2,
5 PR, iX 3 PG YN H NAE % E <
9.9% , H A% <10% .
2.10 HBME

XIA R ZE R YR e 25 B S BT T %
L BT A 8 Ak AL A Y B I 2 R
YC/T 254—2008 """ J5 i , # B R AR A R D
THE. 8 PPk AL G Y AR B HOR S Rk 6
FIR. BEFR R . 1) JEMEXT 8 Mk EL AL & ¥ B
BRI <10% ) , i X —45 R 53
BRL7 -8 JRIBLS R —2, FE 2 T 8 Fi¥E £
PERRIEAC A Wik i BEAIK. 2) 45 0 U e X F R
PR B SR A R (> 10% ), i 4 HoAth 6 Fif
FRFEY) AR B AR BAIR( <T7.0% ). 3) JEMEXT
FAIE ) 1 B8 R0 AR IR R T Mk ke (1F B
41.1%) > BE2F (5"—25" R 5, SE I {H 30.9% ) ~
AR(2"FEMN,31.5% ) > TNEF (37,4 FE i, P34 (E
24.4% ) 5 %oF B 3 A ) A B AR AR IR Ol 3 1
(48. 0% ) > JE4F (F H{H 32. 4% ) > 4%
(25.4% ) > NEF (CFIME 10. 2% ) . 36 PE R IE Y
B A R AR RO TR B Rt 3
AR, VR B RE 7 45

HRYMFE=RERIE/(EERGE +
FRBEABEKE) @®

K4 FREEAEFER S AL
A 64 A AT = B
Table 4 Recovery of 8 volatile carbonyl

compounds for different cigarette filters %

ey IbRAE  WEMER O BRET 4R NET
Yoo /(g XY UEME DEWE W B

10.00 111.0 113.7 108.2 113.0

% 20.00 109.8 103.4 105.7 103.7
40.00 106.4  108.8 105.8 101.4

2.00 110.0 115.7 102.6 109.1

VS 4.00 111.5 105.0 108.0 100.9
8.00 105.8 110.0 107.1 99.5

0.50 97.1 107.9 87.6 84.2

TN ] 1.00 96.7 99.3 88.2 80.8
2.00 90.5 100.8 84.8 86.0

0.20 105.0 114.0 102.1 105.6

N 0.40 106.8 103.5 104.0  98.2
0.80 101.1  106.3  102.5 95.8

0.20 89.9 108.8 94.9 90.4

TR 0.40 98.6 83.5 91.2 92.0
0.80 98.2 96.0 95.1 91.0

3.00 105.5 109.0 98.8 104.1

RS 6.00 107.0 99.1 102.8 99.1
12.00 101.7 104.7 101.7 97.2

0.25 92.9 102.9 87.4 85.0

2 — T i 0.50 94.7 94.8 87.1 81.0
1.00 87.5 100.3 84.3 87.0

0.70 97.8 109.6 97.7 100.1

T 1.40 99.0 95.5 98.6  93.8
2.80 93.7 100.0 95.2 91.4

RS RFEAETEA S 8 A RS
B A& B A
Inter-day and intra-day precision of

Table 5

8 volatile carbonyl compounds for

different cigarette filters %
Iy H A% H [R)R %5 2
VPR BELT 4R NLF MR BT O4K AT
s 3.6 6.9 56 42 7.7 9.6 87 9.0
5.4 7.9 6.3 82 6.1 9.9 9.6 10
EER 3.1 42 9.9 7.7 81 59 10 8.1
3 g

K] HPLC-DAD 35 6 0 98 W v 8 Fift % &
PRI S Y BE L ST (IR TR M T TN
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Table 6 Trapping efficiency of 8 volatile carbonyl compounds on different cigarette filters %
GLElR] TR LI P T T L G 2 - T T B
1* 41.1 2.5 3.5 7.0 5.2 48.0 1.3 6.0 6.8
2* 31.5 1.3 0.8 1.6 1.2 25.4 1.1 4.7 5.2
3* 26.1 0.9 0.3 0.0 0.6 10.4 0.0 2.4 3.8
4* 22.6 0.5 0.0 0.0 0.9 10.0 0.0 1.2 2.6
5* 21.7 0.6 1.2 1.4 4.5 31.7 1.5 5.1 3.8
6" 40.9 1.0 1.0 2.3 4.1 31.0 0.7 6.4 5.0
7* 26.6 0.7 0.9 1.8 3.6 31.1 1.0 3.9 4.5
8" 34.3 0.9 1.1 2.1 4.7 41.1 1.1 4.7 5.4
9* 25.7 0.7 0.9 1.0 3.3 25.7 1.1 4.6 3.4
10* 28.9 0.8 1.2 1.2 3.1 25.0 1.1 4.3 3.3
1" 35.9 1.4 1.5 2.6 5.0 34.9 1.0 5.3 9.0
12* 31.8 0.9 1.2 1.9 3.6 31.0 0.9 4.8 4.9
13* 28.0 0.9 0.8 2.3 3.8 33.2 1.1 4.4 4.9
14* 27.8 1.1 0.7 1.7 3.6 33.2 0.0 4.8 4.7
15* 34.8 1.0 0.5 1.8 3.4 36.3 0.8 4.7 5.3
16" 36.2 1.6 1.0 3.2 4.7 42.6 1.5 4.6 7.1
17* 27.5 1.8 1.0 2.1 3.7 32.2 0.8 5.6 5.8
18* 31.1 1.5 1.1 2.8 4.6 38.3 1.1 5.2 6.1
19* 33.4 1.4 1.4 3.2 4.1 37.6 1.3 5.1 6.0
20" 30.5 1.6 1.1 2.8 4.4 35.7 1.4 5.2 5.9
21* 27.4 1.1 0.6 1.7 3.6 19.6 1.4 5.3 4.6
22" 30.0 1.1 0.6 1.5 2.8 29.1 1.0 4.6 5.4
23" 27.9 1.2 0.3 1.1 3.5 26.0 0.9 6.2 5.2
24* 31.9 1.3 0.7 2.0 4.1 35.6 1.2 5.3 6.5
25* 37.1 1.7 0.8 2.0 3.6 29.7 0.7 4.1 7.1
SEAE 30.9 1.1 0.9 2.0 3.9 32.4 1.0 4.9 5.2

CL G 2 — THRR TR, O FH TR M AR R Ak
ORISR 8 W H 8 e JE ) 1% in b (81 ic S 7
80.8% ~115.7% Z[a}; I | L B G ER H
S H DR % BE AT, RSD 18] < 10% . B MEFE i
I | S | S A, A LA Pk
Py ARG, DR X FH R | R 1 P O A
1 (>10% ) WA 6 Fi FE )R BR &k R 4 3
IR <7.0% ). ASTa] 26 71 s e xof P A 7 &0
TEME S > BELE ~ 4% > TN AR UEME ; X B2 G Y
BREARCR NG > BELF > 40 > INLF M. A
T EAL S5 AU S B A A 1

— B, S UE AR ORI AT

Sk
[1] [International Agency for Research on Cancer.

IARC Monographs on the Evaluation of Carci-
nogenic Risks to Humans[ EB/OL]. (2010 -
04 - 10) [2016 — 01 — 08 ]. http: // mono-
graphs. iarc. fr/ENG/Classification/index. php.
EHT, XHME, U, & R 4 HEE o
BRABERZEA L HER[I]. HEHAH,
2013(2) :57.
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Investigation of the pyrolysis products of different materials of pulp for
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Abstract : The pyrolysis products of different materials of pulp for cigarette paper were investigated by using

solid phase micro-extraction ( SPEM ) coupled with pyrolysis gas chromatography mass spectrometry ( Py-GC-

MS) . In air atmosphere , the pulp was pyrolyzed at 300 C ,500 °C. and 700 °C ,respectively. The pyrolysis prod-

ucts were extracted by SPME and introduced into GC-MS with HP — SMS capillary column,and were qualita-

tively analyzed. The results showed that:with the increasing of the pyrolysis temperatures mentioned , the types

of the pyrolysis products of hardwood pulp, softwood pulp and hemp pulp were increased , mainly with aldehydes

and ketones compounds. And at 300 °C the type and amount of the pyrolysis products of hardwood pulp were

most at different pyrolysis temperatures (7 types). While at 500 °C the pyrolysls products of hardwood pulp

were the same in amount with that of hemp pulp (13 types). At 700 °C the pyrolysis products of the 3 types of

pulp were about the same in amount (about 15 types).

0 5%

B IRAUE B A = 10 2 B R, 756
HE T R B RAC B S SR e T
W i A LA Y AT 3 R
FEANAVIR LA N, AEA A RS R R B e, B R 15 2
fift A= g CaO F1 CO, , X 40 T 2 TC R M 5 (H ARSI
(AL P O T, A I M Y A IR £
T B SAT F Ar B R H R B
GE T B MAS BT X B A 80 1 5
JEIFRC T AR M AR IR B i A R
SRR R 5 i AR R AT T S MR AR B
FR 5 AR A T £ I A G 3 4R B 5 R 5 T e
S SE i B - BRI (Py-GC-MS) AR X
b1 550 ~650 C 451 T AR R AL iR IS
H W KA B WA F AR R )1
TSR IR (TG) MRS (03 — i
BRI G W ACAE 400 °C,500 °C,600 °C,
700 °C ,800 °C #1900 °C M4 T B IZLfHAT Ny
A DFFEAELE LA T [R5 R i ARIE R AIA 4
K BETR s WA G AT (P AU B 2885 95 &
(R B B A7 s BT AL R A R & S T B
MELLIN G R A2 A0 28T, A SRR R R
S8 — AR AC I - SAH 6~ Bk (Py-
SPME-GC-MS) Bk FHEAR , 78 25 b T4 [A) )
TXFE LAY 17 PP AR ARS A TR ST, )
FLR =) S HGR TRV, B TR B R

TG TR 5T B AL 4 1A AT HE A 5508 S
1 bR
1.1 {uEEfnstet

Agilent 7890 GC / 5975C MS HI/5 H {4,/
i Bk HIAX, 36 B Agilent 2% ] 7 ; Pyroprobe
2000 $ELfHEAY , FEE Cds A7) 77375 m CAR/
PDMS [ A 2 Bk, 58 [E Supelco 23 w] 7. 4%
WAL AL AR TG WALT 44, A 5
5B 455 F&R 1.

K1 KEEEALSRT

Table 1 The information and number of pulp
B REBREL
HKMER G BKKER G

REARRIAR  MF-A
BOE R A MF-B
eI RE AR HF-C|| BF4@EIAL  MF-C
IR AT A HE -D FETTTPRES MF-D
I 0 EEARY HF - | 2522 LPM AR A% MF-E
% KML AR HF-F| BB AYK  MF-F

PGSR R AS  HF -A
M AA A HF-B

ot

I 7 M JFR 3 HF -G | B ZRsketmtAd  MF-G
H#IERRR HF -H|  EP8#E AR  MF-H
PYHE /N HF -1

1.2 W|IE

1.2.1 3SR (Py) &4 IR N 30 C,
TN 10,00 °C/ms, Z4f7 6 A 300 C,
500 °C,700 °C,FFLERFIIY 15 s, B4R 2
B

1.2.2 EHEMZER(SPME) &# R
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SN BAT BT Y 2 A R v X LA 7 ) AT AR
W, ZE R EE R 70 °C, 8B E] 2y 30 min, SR /5
1 SPME FEAEEE LAl A A G35 & iR ez
EAT ARG , AR BAF RS 1] 2 2 min.

1.2.3 GC-MS £ T 4% &~ HP-5MS
(30 m x0.25 mm x0.25 pm) , #EHE LR E R
240 °C, %S M He i@~ 1 ml/min, GC-MS $%
ML BE A 250 C, AR A2 )7:50 C (1 min) —
100 °C (1 min)—260 C (5 min). 4} K 10
1,55 BT, L -REE D 70 eV, I35
35 ~455 amu KRR Sy NIST, WILEY 472,
2SR5
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Fig. 1 Comparison of the pyrolysis products

of hardwood pulp at 300 C
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Fig.2 Comparison of the pyrolysis products of hardwood pulp at 500 °C
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Comparison of the pyrolysis products of hardwood pulp at 700 °C
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Fig.4 Comparison of the pyrolysis products of
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Fig.5 Comparison of the pyrolysis products of softwood pulp at 500 °C
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Fig. 6  Comparison of the pyrolysis products of softwood pulp at 700 °C
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Table 2 Total amount of pyrolysis products at the
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Abstract : Orthogonal test was investigated to optimize conditions of enzymatic hydrolysis for Pueraria with pu-

eraria whole powder as material. Porous pueraria granule was prepared by fluid-bed granulation technology. The

optimal enzymatic hydrolysis conditions were determined as enzyme concentration 0. 8% ,the mass ratio of glu-

coamylase and o-amylase was 1 : 1,pH value was 5.5, the reaction temperature was 50 °C , and hydrolysis time

was 16 h. Formulation factors of fluidized bed granulation processing were as follows ; particle size of micro-por-

ous starch was larger than 80 mesh as granulating material,, and the optimized binder formulation contained

3 wit% sodium carboxymethyl starch and 5 wt% Sodium carboxymethyl cellulose mix solution. The prepared

porous pueraria granule was added to cigarette filter rod to reduce the harmful ingredients in cigarette smoke

and improve the cigarette sensory quality.
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B A 5 7L 50 o P B 25
Al P B A VAR BRI - 95 1043
IR TR B 3 B T A I %
ALY FLA U RS ALL 5 M L
OR824, B4 2 10 R IR )
RGBS AL Y T 20
RIRZ A4, ] ] A5 A [a] ROF R AL IR BE Y
FLESH , B R i B R A T
GEA, B4R A ML , 2O R
BT 2L, I 2 550 i A TE B RE N . S 4
St SN RHIE T A1 2 T 16 2 RO b1
TF R B VR I, LR P 7 €5 ) 6 T 22 40
P2 AT L S L P R 2 %
G ARy 4
MO FFVR N0 PR T TF S b bR (L0
S LA 19 2 9L £ OB A TR
FHT B M40 e WA 8 . AR SCHX i 48 22 AL AR
Ky AN Z AL MBI 07 2 5 T 223 T oo
JEH LRGN AT 341, LA
WA F 5 TGS U R BPRHR JERF LR,
bRk
1.1 RSN

FEEL: R T (20 1 11 %2 B0 WAk
fitt (200 000 U/g) , o — JEK (20 000 U/g) , i
B RAEY T RARA A FFER.

Na,HPO, ,NaOH, & i i, ¥& H JE € M 4, 2R
FEAAEZR B R or el B 258 A Al N A R
]

X35 : Glatt ( Midi) i kIR, 75 [ Glatt /23 F]
773 RX -94 -3 { @R, K E RO - TOP 24
H] ) FEIQuanta200FEG 494 H1 53, fa7 =% KAl
/5] 77 s Mastersizer 2000 OGS B 43 BT,
e ] By R SR A F]
1.2 ZWAHZE
1.2.1 ZIERBAPHEE WESHR2H
50 g iIAF] 500 mL =i, iIn AASTE pH A
(4716 2/ Na, HPO, 2% i 3% 200 mL, 7£40 ~
50 C 450 T WiAbPE 15 min; LA o — JER RN
WEAGERG , PTE  A n NaOH 5% H, PO, 1877 )2 i
VIR pH R, B = AR CE T T IR K B
PEBGAR S, M 4% NaOH ¥ W 2% 1F 5. ¥
SRR, 7E 3000 x/min Z5F T B0 15 min;
et bR A, TR uE , I KR
3G, FEA5 CHRMT TIREBEEIKE 8D 14T,
Ky, ik 80 H i, 15 B ZFLE M K.
1.2.2 WHEPHNE ZILIEH IR EA
Xof 7 A A VE B A B 1) T L. ORG i R IBUHE T
ZAL B AR RE T 5.00 g, IR N 5@ H0E
APiFE 30 min, FIA Gl Hhig , 5 2 BCA B
S N/ S /N e i =X B

T = 100%

M 45
1.3 ZFERBAIHH &
FR A CHR AT M 2% ) (YC/T 265—2008 ) FiI
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AP BE R I A BT A 7R G, KR D
B FEARFOR R INT B AR 20—60 H,
K <T% , R IRTE%<20.
1.3.1 mRACARSIH HJE K 800 ¢ # T
AR ZEE KR EE 50 °C, i KUK ) 25 kPa,
W% s 77 27 kPa, SEZI A i 8 mL/min f 1.2
FAF N AT 5 TR R DARDRIRCE K
DA Py S B 5 BE R S B L JBE PR A A
SHRPR, DU G5 v ) R ARLAR DR 45 7
FKHMLLL.
1.3.2 HINERBAFFESH WG
RN SR T 3 A ks, B AR ME R — 2, e
20 H .60 HMFfL42. EARE#E T 60 H i 568
it 20 H i i BURLAE Ry G 6 B0RL, BRI i
e B O HRCR.

PR E =R X 100% @

o S

TURE S BR  BE J iR 52 % 5 B N 7 <
100. 0 g HYMURLIRARE 20 W& 1 (RS R Y)
BAREN), R H,, RS /(g -
mlL ") $ B QP TR HERR B A IS, K
2 W (AT [ 2 A Skl L, IRGf 6 min, 45
G EACH,, RSB/ (g - mL™ ) 5B
T

ARG = ®
H,

REE = ®
H2

1.4 ZFLERBKIESLE PR FRITEN T

¥ Z AL EHUBURL i B 20 me/ SIS TN 2=
AT 3 A P TR BIL 4 0 S o 2 20 e 22 T e R
PS5 H L A MR HEAT 2 G R i — e R 5 R
B TP B s il s 0 IRAZ 508 M. D PR i
JRSEE R E VN TAERES X MRAR A VR &
WA, 7R 25 2 A g g, SR AR ] ) 22
SORUAR 38 22 U 2t R RS
FUE R  SR 5 AR A K B 3T

218 GB/T 16447—2004 (48 B F1AH 5]
PRI B KSR EE) B RLE , B A 0 S
B A A TR (22 = 1) C AAR X R EE (60 +
2)% AT F-AiF 48 h, R H T RELE A I
&, M S B2 40 1% AT ML bR fE YC/T
28—1996 , Pk I fF G 2R SL i B, 1T e 2
(R PN U Ak 22 B4 43 B B Pk 1 45
JRAEA T B BRI SR PEANY : SR YC/T 497—
2014 HA MR IR E TR ) A TR
PR MEACH RIS HER F GB/ T 19609—2004,
GB/T 23355—2009, GB/T 23356—2009, GB/T
23203. 1—2008.

X M 1) 5ok AH ) £ 47 HPLC-ESI-MS 43
Br. = R0 AR 35 A% 1 655 A Waters
Acquity BEH CI8 #£ (1.7 pm,2. 1 mm X
100 mm) , i3 4 0.2 mL/min, H:35 4 30 C , 3
FEEH 5 pL, WA A BB, ish Al B K
0. 1% P H BRI 10 BERINE A5 I3 1.

k1 BROkARE B R

Table 1  Solvent gradient elution program of HPLC
i [1]/min WA A/ % LB B/ %
0 80 20
8 80 20
10 100
12 100
13 80 20

J i 25+ B U A FRLE 55 L R (ST
T A 0B A Ay = 2 O
I (MRM) , B3 1555513 [ 2 5000 V.

2 AR5WE
2.1 ZIERMAREBREENHE

KT A 2 AL AR R S AR I A R
T i s AR Ay 1) B R R e 4 2R, A
IR R (A)0.6 W% AL S o — JER Al
SRt (B) mygyy * Mg =2 1, pH {H(C)
5.0, AL (D)45 C Hgfgif[E (E) 12 h, L
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I DA R A 7 TE S A R B K LR Rl
Fabn, AT Z AL AR AR & T2 IR0 L
(47) ,HZAKCOF IR 2, s S 4 3.

(2 BB IYEZRBEEZAFA
Table 2 Factors and levels of orthogonal

experiments for enzymolysis

KA A/ % B C D/C E/h
1 0.2 1:1 4.5 40 8
2 0.4 2:1 5.0 45 12
3 0.6 3:1 5.5 50 16
4 0.8 4:1 6.0 55 20

A3 BT L ESGRBIEIT 4R L (47)
Table 3 Program and results of orthogonal

experiments for enzymolysis L, (4”)

R KF W
5 A B C D E /%
1 1 1 1 1 1 38
2 1 2 2 2 2 48
3 1 3 3 3 3 57
4 1 4 4 4 4 49
5 2 1 2 3 4 60
6 2 2 1 4 3 50
7 2 3 4 1 2 47
8 2 4 3 2 1 50
9 3 1 3 4 2 59
10 3 2 4 3 1 54
11 3 3 1 2 4 45
12 3 4 2 1 3 50
13 4 1 4 2 3 56
14 4 2 3 1 4 49
15 4 3 2 4 1 50
16 4 4 1 3 2 56

WE1 48.0 53.2 47.2 46.0 48.0
WE2 517 50.2 52.0 49.7 52.5
WE3 52.0 49.7 53.7 56.7 53.2
W4 52.7 51.2 51.5 52.0 50.7
W2z 4.8 3.5 6.5 10.8 5.3

e 22 S 1 4% PR ZR 7K AP U A s 14 i) i
FRIE W 22 O, PR R KT X B8 s 1) 532 Wi
K. HFE 3 AN, A5 R 3R 5 0 W7 238 114 32 UL
HD>C>E>A>B,RRE >pH {d > i fifg it
] > Fg I > LR S o — JE 8 B Y BT & LL.
Z0E 22 e B e Ak e, e AR 51 R

A,B,C,D,E, B FHHN 0. 8% , At 1A] 16 h,
pH =5.5, Wik 50 °C BELEGS o - TER G
M b 10 1 4 B IE SRR I B
A,B,C,D,E; JEFHIRE 15 5 2 FL 8 AR A A 1 1k
Ry 69% , F B TE L A5 1F T B f R 5
T i & 1% il i 5 AR A A LA BT L.
2.2 FEEREBEREMIRIE

SRy BT A 55 AR 4 1) e MO S5 44 , SR
FHEH L5 (SEM) Xof 387388 5 AR 4y i i )
EAR M HTE ST RAE (LR 1)

A1 E@BRAEH PGSR SEM A
Fig.1 SEM images of the normal and

enzymolysis pueraria full powder

P 1 AT LA Y, iR e 0 AR el AR
EZLUNIVEZ{RT 13/ F R ER: S I Ak e
T HAT Z2 LA M, ELAE UKL 8] A AR 2 4% B A =S
. NIEL b)) AT LAt Bl e f 2 AR 4y 3 i
TR T RAF I FLARGE Y, S S0l H 3 3 1) rpr s
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WURL. Bk (0 2 AL AR — E R I BEI AL,
oG FL A — i Y B R 3. 22 ALk R AR
A TR e 2R [ JORL O TR ATE LR, o]
ARSe b R o A0 A0 1L H Ay S T K3 5 AR 2
UL ] A /0 (] B A 45 s , (ELRIORE 2 11 6 22 AL
SR DRI, MR 4ty 8 I R ORL AR Y S 7R
Jo , BEARAT BT 18 AR Ay B i O FL B R
2.3 ZILERBMAHF

HRIRVEMHLL , Z ALK LR WIR |
PRSI 5 JEE R AR P AT, 3 R AL IR £
A 55 22 AL HOBURL ; N T M v, ] gk S
FLAZASINZ FUR A LR A AR AN 3 5T Fy ke
B XTI A PR ADAE 5 i A R A C T R R
B R AL 4557
2.3.1 ERBIMER RIWFEACR B AR A
[7 F i) 2o Lo AR A AR BEAT 1 KL, LA E IOkt
FRPREAR T . 22 L AR R R AR X6 il L 250 R
s DL 4.

H1% 4 R J1,60—80 FKIARTEHE N 2 £L

R4 BB RAE R ARG PR
Table 4 The impact of pueraria powder

sizes for granulating

B MR ACHE LA S BE R A AR FE kL R
BRI 22 AL B AR ABURE 55 R 25500 42 5, it
TEHRORE 22 R fid T AR/ X6 LA BORE 45 790 G 45 1
—itd. KT 80 H i 2 AL 5 AR A I ol 4 1) R
SN 322] , BN ERIR/INETRL , REAS15 2] H A5
URL. AR AR KL A R AR MURLAR S0 A 2
o A . bR AR 2 /)N R T B AR
R RS BB, L 18] 2 5 7 HE R . 1)
BHPRLAR A 8, 1 45 ) UKL A [f] | L B AR
Mt EBIURRLAR >80 H ) Z L E AR A AE
A PR B
2.3.2 MEFINEFRSMHME KGRI
T BE X RORL A SN T Sl A KA I R A 4
REGFENE. 255 S2PRN T, LS wit% BYIR L TE
Byl SR IELTAER IR ML Be i R AL
FELTAEZ M BN RS 455, AT 7 1
K, IHIA R A 5.

LEG 5 SRR SNIL IR i Sh P AR
M R, SR TR TR R TR A R T
2T A 3R AT S A RE 33 ARG 5 5. X A e R
LA EA RAE SRR AR AR A A A W)
R A , TR S R A8 K 20 [ 194 532 A T3 ] e
TR VERE. 256 F b il L 56k J3E A0 97 AR

SRR T RLRLA % ORI
60—80 H — L i 5 B A O 0K FLXT Rl 25 70 e JBE R 25K [ A Al 245 79 ke T
ol s BRERELET 8% AR TR B RUR T IELF A R AR L
100—120 H 50.3 RIS B BN s At b e o .
>120 H 36. 4 Wk R B A ﬁU( }B\%E ) E@Eu%%*ﬁéﬁfﬂl{ﬁﬂﬂﬂ%ﬁfﬁ R
>80 H 45.3 OB B k4] FEFEA IR T RELT e 2K e L SRR LA 6.
&S LR AT S LB KA LR h
Table 5 The impact of binders for porous pueraria powder granulating
i wEb ke SPRE S REEE e e
/(g-mL™) /(g-mL™)
FR WP TE R B RS2 TN 39.7 0.32 0.43 25.58 LB AR
R LT YR LRI 62.2 0.29 0.33 12.12 TH] 2 5
5 LA SRR 65.3 0.30 0.36 16. 67 R PESE 55
FEP PR YR SR 29.8 0.25 0.32 21.88 JToH 2R
BB K T KR ERAR 46.9 0.28 0.34 17.65 AL R
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K6 ARTERRHMERTES %A
TR & YA s R R
Table 6 The viscosity and quality ratio of
the formulation in CMS/CMC

G Mygpipienmn © ToRTRIER R/ (mPa - s)
G-2 6:2 116.1
G-3 5:3 148.5
G-4 4:4 182.6
G-5 3:5 238.2
G-6 2:6 227.7

H13% 6 nJ R, 52 MUK 45 77) i 26 LA B2
Wt R 2T 24 2% 1 i 3 5, 5 vl g2
R L2 4 2 A P P il LUE R 22 19 98 25
R IEINT Sy R SCIRRR R, S A IO BG4 R AR 2R
%R0 2 2 0. Rl 45 79 288 38 X ARUR T A R
Wi DL 7.

KT AL R AT B AR R AR 09 F R

Table 7 The impact of binder viscosity for granulating

K WRACE O MR RUEE CHIEH

i = /% /(g mL™) /(g-mL™") /%

G-2 51.3 0.308 0.382 19.37
G-3 57.1 0.316 0.380 16.84
G -4 66.8 0.324 0.382 15.18
G-5 76.3 0.358 0.412 13.11
G-6 75.9 0.357 0.414 13.77

IR 7 A, BEAE RS 25 0 R R R 1 5, SOk
R S 2% AR R, it sl PR B 2 380, Ui ARG 45
T 2R B8 X UK 1) 55 %8 B A A K W 52 . R
G5 V0 B o) THIDRL 50 % 1) 52 M LA oy W 2 6
N I VA S = 2 s R 4 1 YA i B U e
FH 3y S 2 7R (4 T, BT DA e 2 e
Moggienm * Mumoerag =3 © O, WEH 8% KA
BCVAVRAE by il A 24575
2.3.3 NESH  ZALE MR R T 2 B0k
KA A WL 2.

T HOCRLEE 3 A 3O Z AL i R 2
FLE AR A TR S AT ] 2a) AT LLE
EZR I L N AR ol T 2/ O O I YA

D(0.5) = 66.0 pum, KH5r L2 L &R A KL 1R
FE 120 pwm A2 A7, #B 4 JROBERL AR BN (<
20 pm) . LA PR 4 1) 22 L8 AR JURRL 42 2
A (WLE 2b) ), B IES A0, F- Bkt
D(0.5) =308.3 pm. {3 B 38 5 7 AL AR kL, 2
LERMARTER S ERT AR G, B
T B MRS P in ) A K

4.5~
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Fig.2 Particle size distributions of the pueraria

powder and the obtained granule
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Table 8 Physical parameters and Conventional smoking gas of the tested cigarette

Bl A¥ﬁﬁ§] %ﬁ%@/ ¥ﬁﬂ@l mwuﬁl Eﬁﬁ%l %%71 mwil m%il CO,
/(mg 7)) (Pas 370 /(mm - X 7H)/(H -7 ) /(mg X7 )/(mg - 7)) /(mg - ") /(mg+X7") /(mg+X7)

Xt B A 855.4 1045.7 24.33 8.01 13.03 11.60 1.13 1.26 13.0

IREEBIE 864.9 1066.2 24.35 7.68 11.83 10.68 0.89 1.18 11.7

FEG MR A 22 L5 AR BORE , 00 R L FE br v
(R ERLAR ) A KRB A CO 35978 — e FE B 1Y)
FRAR. 56 X Z LB MR SR A TE 30 3RAE , FL A i
F14) b2 T AR A 19 T o R IS A —
SE WIS 7. MSERFTE R R IR Y
KANFEO. 1 ~10 pm Z [, HAF/NF 1 um f7)
ROk R 280, e 0 < h A ) o
W B 1L PN .

3.2 RXESENRETMN

NI 22 LS AR ABORE 5 28 0 BE ) i R AE
FETBRAFAE LI 3.

L3 BT LAE Y, 50T REEJEAE B, 76 &
FRIE 7T , 2218 MR JURE 4 S TN RE A% BH i ol 3
A R A P T %, D s R 50 S35, [
(s 20 Bk 5230 o e At 6 B TG B S 5 .
FE EVRAEAE J7 TR R R A5 A 1 1 ot kA .

IR IIN 2L AR IBOR 5 25 6] HR A IXURS R AIE
LI 4.

HH 2% 4 AT, Z2 L8 AR UL 0 7S i g R
WUAS FAAE B FE AR A BT s, H E SR 2

w 7S X AR SN 22 L ARLUBUR:

TR Y
n
[=)

& v~

PO PN

SRS A
a) Eh AT

& W & & N 5 3
ST F IS E S
RS RN
Q>

PR MR AT R T T, 4R TR RO T v A T
TR ANRITES , HLAN A ORETIE . R 2oL HRURE
AIMEEMuERE P AN S SIBERR TR
MR 7 A 8 A 1 22 LS R I AR TR
FErp G AR FLER A 55 ARAIURL , RT LA L2848 19
J7 AL E AR PR 7> I iyt 24k
T AR B R AR B A 22 A . B AR R B
o RS B (IR R R EH L REH ),
L FUR R DRI AR A (s 1) T R MR
Wi, [l 2 SME T 2R BRSO & | [ R H
i, BERSAE— R L3 i . 22 AL IR
TR , 2L ARURL R 2 ISy AR 45 44 B
A, PRSP FLS Ay AN g 119 L 2 T BR AT AR
W DIRE I BE 4% oy - SR e MR, [l i 5 32
TUME T 2 fe, T DI AR A S )00 7 B o
WIPEH. 455 B PR ZE AL, AT B AR AP Y
I A E AN M ORLAR ) AR
RAREH A MRM (4% & ILIE S.

R v ASCIBOR FRL I 55 B AR IR D B R
(HPLC-ESI-MS) ji Jf T & AR D e iy, £

BN ZALFARIPRL ==m -
fﬁ%

25 A IR

vk

Wk

b) FIBREE

B3 5L B RBAL 2 G xR & AR A 1ok A AR

Fig.3 Quality and flavor characteristic of the cigarette using porous pueraria granule and the contrast
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Fig.4 Sensory profile characteristic of the
cigarette using porous pueraria granule

and the contrast
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Fig.5 The puerarin and daidzein in total

particulate matter monitored with MRM

TR XS T R BAR E £ S 15 o i A IR DU, Xof
FHEEORIE T TR 910 %, B m REUE
AR . 78 22 B W N 67 2 1 1L 55 A 5
T HEAT A3 BT B DR A S v R A R AR 4
EARHIF TR | 78 B0 2 £L B8 ML 0k 2
MEW AR AT PR T B R (1 =
4.29 min) FIKGH (ty =7.77 min) , WK 5. 1T
25 I A SORLAH ) R, X R
R FIR T BRI FE R85 T A< it Z24L

R 1 S IR S ) AR RAL G Y
=52 H RS W E, i REF 2 LA <
KA b S AR B i A T R

4 Z5ig

LB AR 2ty o Dk, SR P o ol 7 1
A Z LA I B AR A A, 8 1 1 S G 1k il
& L2 HAABUF LR, AL E R
AN JEURE, SR P R T 25 i 4 25 FL B WA,
JIr ] o P UL RAT e 1) EE T AR R 5 19 6k
FLEEH , AT ie 35 S e OB A 5 26 J 2 A <
A RAZ S B, L AR AR A5 B0 R TR
SHERL IR HA ORI L B ate AR S A = T
.

SE k-

(1] EF¥E, FER,PEZ. FIENELEER
RN AT R[] ANETLERFR,
2010,25(1) :9.

[2] R# EXE,2%F,% ZAENHE S
B s st & )], &Rk T %k % 4% ,2005,19
(5) :130.

(3] TRW, M, KA &30 Bk Fl & R
ARGRFHEAFRERET] RbA & FH
#,2013,21(2) :16.

(4] BEE EARME,Z HIAERHER
MRk et K vk R [T]. 1 7 T,2004,33(4)
403.

(5] M, &\, 3%, 5 RYERFREXH
W LRSI AFRERREEER PN
KE[J]. EAHL,2012(8) :44.

[6] #k—R,®Ka@M,Z0, % S ERMFTEE
BB EE R E P A [T]. LR kR
2 2014(42) :311.

(7] ##H. BROFRHFE[]]. Bk EH,2013
(25) :10.



P25tk 201741 f 5532 % 4510
JOURNAL OF LIGHT INDUSTRY  Vol.32 No. 1 Jan. 2017

SIS K 1, P, AU Uhr , 45, FCIRNE - B LI BE A A K BEIRON K A e b B
MR REMFSEL T ] 2 T 24417, 2016,32(1) « -

HE K-S :XT703. 1 SCRRARIRED : A

DOI.: 10. 3969/j. issn. 2096 — 1553.2017. 1. 009

MBS 2096 —1553(2017)01 —0058 - 07

SeRB - R

W lit 52 B K BEIRE

XF K AL B A R B RERIF 52

Study on adsorption ability of arsenic in wastewater and soil by chitosan-polyvi-

nyl alcohol composite hydrogel

KA

TR - ROHEEA
SR B R B AP R
P 5 AR SRR P

Key words;

chitosan-polyvinyl alco-
hol composite hydro-
gel ; arsenic ; adsorption ;
desorption ; environmen-

tal protection

5 H#E 2016 — 05 - 05

RA# R ATHN, 4L, AL, ks s
ZHANG Xiao-jing' ,PANG Long' ,HE Ling-hao' , WANG Ming-hua',
CHEN Yan® ,ZHANG Zhi-hong'

LAMNET V¥R A EAFTRF R/ TEENETRERSESEAN
G #7037 w8 AR 450001 5

2. MEAEFET PR P, 7 E AN 450052

1. College of Material and Chemical Engineering/Collaborative Innovation Center of Environmental
Pollution Control and Ecological Restoration He'nan Province ,Zhengzhou University of Light Indus-
try , Zhengzhou 450001 , China ;

2. He'nan Testing Center of Rock Mineral ,Zhengzhou 450052 , China

HE R AR R G R RAE - B OB LA BR AL, AR 4 R AR R
B A, i AT R K 3 e R R e 7 R PRI B LI R P AR e R
PR AR AL, 25 R AR PT ) o b — R OB A A KRB — AP ik @ AR
BRXEEAR S LR a4, JUIE A2 10 ~60 wm ;3% KB A R iR & 235
B 0 AR A BT TR AR A ORI R B g AREIRR I 3.976 mg A, 2t
R, FE g KEBRCRI 3. 480 mg A5 KB K AP 4G R A T E AL

F) R, 2Rk e L3RR P 6 B AR R R A T4 T% ~81.4% F264. 1% ~
77.0% . X BLB AR A — R TH B 56K BT VAR 2 R K Ak e 23
P 4 B A

HEE&WH:BRAAMFLELMAB (21601161) ;7 & EHF /T £ A5 B (16A610013) 5 ¥ 9 22 T 1k 21 451k 4

7 B (2014BSJJ055)

PEERA R 5 (1986—) , &, Ty A A TA,FON B T F 3P W, £ BAF T @ A RBLF J b AR
BREEE K (1975—) 0, M A A v TA KNG T L F AW+, LT @A ik &Hn THA



KH#,F R - ROFE L6 AR AR A L3 b & i B B AT R 59 -

Abstract ; Chitosan-polyvinyl alcohol composite hydrogel was prepared using the hydrothermal method and

scanning electron microscope ( SEM ) was used to detect the surface morphology of the composite hydrogel.

Then the adsorption ability was detected through static adsorption experiments and desorption tests in water so-

lution and soil digestion solution, respectively. Results suggested that the chitosan-polyvinyl alcohol composite

hydrogel , as material with large surface area and more pores 10 ~60 wm in diameter, could effectively remove

arsenic from both wastewater and soil. The adsorbing capacity were 3. 976 mg arsenic/g hydrogel and

3.480 mg arsenic/g hydrogel , respectively. The desorption efficiency of this composite hydrogel to arsenic was
higher,and the hydrogel could be reused. The desorption efficiency were 74. 7% ~ 81.4% and 64. 1% ~
77.0% ,respectively for wastewater and soil. So the chitosan/polyvinyl alcohol composite hydrogel could effec-

tively remove arsenic from both wastewater and soil.
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Abstract : Nano-composite bistratal antiscale coating for large chemical equipment was preparaed with epoxy

modified organosilicone resin as base course material, with nano SiO,-epoxy modified organosilicone resin

composite coating as surface course material. Through analyzing the ingredient ratio of each layer, and testing

integrated performance of single-deck coating and double-deck coating by experiment, the results showed that

hydrophobic of the bistratal composite coating could reach the best status ( contact angle was 153. 69°) with

base course coating solvent content at 40 wt% , surface course coating resin content at 40 wt% , and namame-

ter Si0, content at 9. 1 wt% . As single-deck coating, double-deck coating had good resistance to chemical

corrosion, ideal hardness(3H) and could be solidified at 150 °C. Besides, the metal adhesion and anti-adhe-

sion property were superior to nano-composite single-deck coating. It could reach the use standard of large

chemical equipment.
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Fig.1 The sample apparent figures with different underlying spraying layer
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2.2.2 EENMENBE IFEUIEA YR
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3 RTRAR Y, U2 2 1 A A BE A S S
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N 40 w9 I Xk B A A oK. X AR AR A
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b) TR R4Z

B2 RE& AR EREAFRE SEM B ( x10 000)
Fig.2 The sample surface SEM figures with different surface coating layers( x 10 000)
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1 BEABEAEFEELZX A
Table 1

The relationship between solvent ratio and

the ground of coating wt%
PR L ST DL
35 Ak
40 -1
45 bikes
50 pikes
55 e

140 1

~135 |
&
£ 20l
# 130

125

35 40 45 50 55

RGN A /wWt%
B3 FREHEEAIAEMIERNZ
Lifk Ao £ 4

Fig.3 The relationship between contact angle of
surface coat with different epoxy

modified organosilicone resin dosage
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G5, KPR RE R 5 Bl B I 130 5 1, R
NE 54K Si0, FEAREG, WRIZTE L T 51 1
YOKR G LR, LT B K B B A 5 M g 4%
A 40 wi% B, g4k Si0, B i i B 4
B, TCIRTE U AR K RS S5 44 , i K PERE AR 55 .

2.2.3 4K S0, WHRE IR ERARR
/N r R 4, L b % T RRURR K R B i )
S8R, FEVRARRH R 3L Bl B B R A, R R RE T
URBHAZR 43 B8 A, Bl il 28 B4 U B Jo S Al A
o A S SR T A 1 Uk R T A R 1Y i K
P, T AR T B K M. 12 P 3
25 DDS (- H 3 — G r b ) o kb FAS 2 1

YK Si0, (CFEPRLAR 16 nm) | 52 BT K.
AFZK Si0, BEA 7 LLxF B BUZ R 23R
TR M A R L3 2. NFR 2 T AR Y Bl
Ak Si0, FEA L FERYIE K, PR T2 2 I 4%
Sl FFy AR T O, X UL A 940K Si0, ETR
REAP RIS 2, RZRIIE T i 3L
JOL” , BV ARIAy Pt 2 T (O A R L 5% A R ¢
[T
A2 REMK SO, BN EHATE
A i B R T e ik A 64 0
Table 2 Effect of nano Si0, dosage to single-deck

coating and double-deck coating surface contact angle

Ak Sio, A BUZRZARM  RUZRERT
i e/ wige e () e ()
0 92. 60 92. 60
1.6 109.72 109.23
3.1 113.36 112.94
4.7 116. 54 116.70
6.2 119. 12 120.35
7.6 130. 69 132.33
8.1 136.33 138.61
8.6 142.75 145.73
9.1 149.32 153.69

S < AR SCOUF L o 6 262 4% S 44y B B o T L
W 2 WYIK SI0, - R MR HLEERIE S AR, F IR

B4 2R ZAFEGIK S0, A it
XPIE ) Z% 1 SEM K. NI 4 WT LLE H 40K
Si0, A R 8. 1 wi% B R 2 S B L AR )
REFLEEH, S A LI E] 9.1 wi% i #
SR 5, GRS 2 2 T B K PR RE AR . S
HES gk Si0, A i HE ST 9. 1 wi% B, ¥Rkt
FHEERL R MELABE IR RIE, 45K Si0, A 5
VEFE 9. 1 wi% BTG H.

EAFE2 TN 4 AT, 40k Si0, 1E i RHA
F T E AR, U 2 3R T EURLRE , 1 il A ROR
B 7K BE R AT
2.3 B WESREEBMEENR

B i T 40K Sio, fE A, i 1w
BT R AR R A S AU 2 kAR AR
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B4 SERERF MK SO, AL T4 SEM E( x10 000)
Fig.4 SEM figures of double-deck coating with different nano SiO, dosage( x 10 000)
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Si0, J& 1 ¥4 J2 3 I A B 35 B AR, ({7 T 3k
H 2.

£33 FRREHK SO, A&
ERS R ALY Y= Qi AL
Table 3 Effect of nano SiO, dosage to single-deck

coating and double-deck coating surface hardness

gk Sio, HUZIR)Z KUZ TR )2
BN/ W% RIABEE FME L
0~1.6 6H 6H
1.6 ~4.7 SH SH
4.7~7.6 4H 4H
7.6~9.1 3H 3H

T4 G T UZRIZIEAFSIK S0,
B HE N 1 @ B T3 R/ di 4 T RIAG
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AR XUZ TR Z  [E14E 24 b JE AT PERER I

F 4 RREHK SO, HZA L
SR A =S Y - A G R S A
Table 4  Effect of nano SiO, dosage to single-deck

coating and double-deck coating metal adhesion

4K SI0, BA R U
it/ Wi W2 1/ % W2 1/ %
0 1 1
1.6 1 1
3.1 1 1
4.7 2 1
6.2 2 1
7.6 2 1
8.1 2 1
8.6 3 1
9.1 3 1

PO RIER R ILEE 5. i3 5 Al BUZ IR IE /Y
HAEYERE B ST: , B0 R A A 1 e vk
AL AL T A AR K 5 1 FZE R = TR
RS ARSI T by B ik 11
DL, ARET AL TR 2L

3 e

ARSOR I B A DLEER A TR = 1Y
JRJZMBE 9K Si0, - PR SR DLEER IR 2
FWRZVE N Z AR, xR R A R TRk
FNITBCECBERT S0 T, 00T B XUZ TR 2 Y
CRATEREREA TN, 132 LU R 4hE.

D) XUZTRZ IR JE S HIRERE T
TR TR AT, HIRJZE D 10 pm, 1=
JEJEDY 1S pm, JRJZURBHAT & i AE 40 wi% i,



I, FHREENETRIRE &R ERT R STL.

RS REEAAMERAANZR

Table 5 Test results of basic property of the coating
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Abstract ; Considering the high atom economy and selectivity towards hydrolysis reaction derivatives of nitriles

to form amides, progress in recent years for this transformation catalyzed by different metal catalysts was

reviewed such as a variety of catalysts composed of transition-metal complexes such as Mo, Ru, Rh, Pd and

Au/Ag. Specially, Ru-metal catalysts was exploited deeply and draw more attention of science researcher.

However, hydrolysis reaction derivatives of nitriles to form amides catalyzed by metal catalysts remains a formi-

dable challenge, including the development of heterogeneous Ru-metal catalysts and high selectivity catalysts,

bringing insight into the mechanism of homogeneous and heterogeneous catalytic reaction, seeking for new sys-

tem with pure water as solvent.
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Fig. 1  Traditional hydrolysis reaction of nitriles(left) and hydrolysis reaction of

nitriles to form amides derivatives catalyzed by metal catalyst ( right)
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hydrolysis reaction of nitriles to amides derivatives
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magnetic Fe;0, which was used in hydrolysis

reaction of nitriles
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Abstract: In order to solve the problem of the errors of moving target tracking in indoor positioning, the ultra

wide band tracking localization algorithm was proposed based on unscented Kalman filter ( UKF'). In indoor

positioning,, a combination of TOA and RSS path loss model was used to estimate a targets position to get a

higher positioning accuracy ; In the tracking phase, the measured values obtained by the TOA-RSS joint locali-

zation algorithm were estimated by UKF to obtain the tracking trajectory of the moving target. The simulation

results showed that the filtering error and root mean square error had a certain degree of reduction and the

tracking and positioning accuracy was greatly improved when TOA-RSS joint localization algorithm was esti-

mated by EKF.
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Abstract ; Aiming at the problem that the positioning accuracy based on received signal strength ( RSSI) algo-

rithm was easily affected by environmental disturbance, an improved weighted centroid positioning algorithm

was proposed. First,an optimal length was adopted to improve localization accuracy by analyzing the relation-

ship between the communication distance and ranging error. Then , the localization area was divided into several

honeycomb sub-regions with the optimal length according to the situation of the overall environment. And these

honeycomb sub-regions developed their environmental parameters by the least squares fitting method. Last,

RSSI values were filtrated by Gaussian distribution model and weighted arithmetic to ensure the reliability. The

simulation results showed the improved algorithm had better efficiency and positioning accuracy, compared with

the traditional weighted triangular centroid positioning algorithm.
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Abstract : Since the traditional edge detection operators in a plant lesion detection process using non-maxima

suppression method very easily led to spurious noise edges, poor anti-noise performance and weak adaptive

capacity ,a non-maxima suppression based on improved linear interpolation method was proposed. This method

at first used improved morphological filtering method to replace Gaussian filtering. Then by introducing interpo-

lation factor and related field coefficient, it used the target pixel four points and related fields around the gradi-

ent direction coefficient linear interpolation, thus replacing the traditional method to compare with the field

value directly along the gradient direction. The results showed that improved method had good improvements in

terms of suppressing false edge point appears and adaptability in the lesion portion division, and had very good

validity, accuracy and robustness.
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Abstract: A rapid and nondestructive method to discriminate the varieties of accumulation teas was proposed. The

color images of the detecting teas with natural grain accumulation captured by CCD were preprocessed with filter,

and analyzed by gray level co-occurrence matrix to gain texture feature of tea. Three characteristic parameters from

principal component analysis were the input parameters of BP neural network model to set up pattern recognition

model. The experimental results showed that the predictive accuracy was 93.80% for unknown 32 forecast samples.

the system and method can meet the requirement of tea production and trade circulation. The method provided a

kind of recognition technology to realize the tea varieties rapid nondestructive identification and improve the recog-

nition accuracy in the process of production, processing and trade of the tea.
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Fig.2 Schematic diagram of tea varieties identification
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Table 1  Discrimination accuracy of varieties of

tea based on BP neural network model

CE ST 2 TS (T
eI 39 39 0 0 100.0
- B 25 0 25 0 100.0
e FRE 26 25 1 9.2
EL 28 0 0 0 28 100.0
4iF 0 118 29 31 27 25 99.2
T It 5 5 0 0 0 100.0
- SN 0 3 0 0 100.0
RiE  Bigk 0 0 4 0 100.0
EBR 0 0 0 4 100.0
&t 16 5 3 4 4 100.0
I 10 10 0 0 0 100.0
gmsE 6 0 5 0 1 83.3
B sz 7 0 0 6 1 85.7
BR 9 0 0 0 9 100.0
&1 32 6 6 9 11 93.8
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