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Abstract ; The carbon and nitrogen sources of the constitutive Pichia pastoris X-33/pGAPZaA-Man26A-39 fer-

mentation medium were optimized by shake flask experiment,and the fermentation conditions were regulated in

a 50 L fermentor by using intermittent feeding strategy ,in order to realize high-density fermentation of constitu-

tive Pichia pastoris to produce B-mannanase. The results showed that glucose was the most suitable carbon

source for fermentation medium , and its initial centration was 30 g/L;corn syrup was the most suitable nitrogen

source ,and its initial mass fraction was 6% ;during the regulation of intermittent fed fermentation ,the pH value

of bacteria could be maintained between 5.0 ~5.5 by intermittent flow adding 25% ammonia hydroxide ,50%

glucose solution and 20% corn syrup ,and make sure the carbon and nitrogen sources of the fermentation medi-

um were sufficient; after 60 h fermentation, took measures to put the fermentater tank, at this time, the maxi-

mum enzyme activity was 2 685.5 U/mL, the mass concentration of bacteria reached 331.1 g/L,and the ODg,,

reached 302. 8 ,which achieved the high expression of 8-mannanase.
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A7 TR IR B R, 1L 2 SR R Ay
A R T = FORH, (LR RGBS A BR A
A7 13K E R (Zeocin ) , 36 [F] Intitrogen 23 7]
7 s HABCR] , 350 [ o3 A i s A A ).
1.1.2 #E5FE RUEHFRE(YPD #1575 .
WA 20 g, HER 20 g, BRI 10 g, 3
JE#3 20 g, K5 /KEZA 2 1000 mL.

YPDS K5 5L 78 YPD 155 5 v i35 fin BT £
Ve B 4 200 pg/mL ) Zeocin.

PTM1 ¥ #%: CuSO, - 5H,0 6. 0 g, Nal
0.08 g, MnSO, - H,0 3.0 g, Na,MoO, - 2H,0
0.2 g,H;B0, 0.02 g,CoCl, - 6H,0 0.5 g,ZnCl,
20.0 g,FeSO, - 7TH,0 65.0 g, K400 98%
() H,S0, 5.0 mL, £ & FKEAZE 1000 mL.

BSM 5 35 3™ A 0 20 g, B B Ah B0k
85% 1) H,PO, 26. 7 mL, KOH 4. 13 g,
(NH,),S0, 4 g, CaCl, 0. 38 g, K,S0, 18.2 g,
MgSO, - 2H,0 14.9 g, CaSO, - 2H,0 0.93 g,
PTM1 ¥ 4 mL, KB FIKEZ 2 1000 ml.

P35 (R Y BSM 55558 - A4
20 g, BEREERICY) 3 o, BRI R 3 o, B 0 BN
85% ) H,PO, 27 mL, CaSO, 4 g, K,S0, 20 g,
MgSO, - 7H,0 15 g, KOH 4 g, PTM1 % &
0.45 mL, 3% pH{E K 5.0, XE FKER R
1000 mL.

IR e FE R IRk - (NH,),80, 5 ¢, KH, PO,
5 g,MgSO, - 7H,0 4 g,K,S0, 4 ¢, CaCl, - 2H,0
0.2 g, 5376 H s m oz & W B2 43 31 o 20 ¢/,
25 ¢/1.,30 ¢/L,35 &/L,40 o/L {251 ak H i
YERIE, AR 1 mg, THHEH) 0. 25 mL, PTMI1
WL 4.3 mL, JH 5 H pH (EN 5.3 ~5.4, %
B /K E 4% 1000 mL.

RIFLEPERE SR EE: (NH,),S0, 5 ¢g,KH,PO,
5 g,MgSO, - 7H,0 4 g,K,S0, 4 g,CaCl, - 2H,0
0.2 g, HBAEHHA BI85 2% ,4%
6% FIARFFRY R B ORI AE N /IR, AR &

1 mg, {757 0. 25 mL,PTMI % 4.3 mL, il
JEd pH{E R 5.3 ~5. 4, EE T KER R
1000 mL;BSM £::3L, YPD Bz 355k

RWERE SR AL A% B 30 ¢, (NH,),S0, 5 g,
KH,PO, 5 g, MgSO, - 7H,0 4 g, K,S0, 4 g,
CaCl, - 2H,0 0.2 g, A=Y Z 1 mg, I 11 7
0.25 mL, PTM1 % 0.45 mL, 225 FKER
% 1000 mL.

B E W (NH,),S0, 100 g, KH,PO,
100 g, MgSO, - 7TH,0 70 g, E B T K EXKE
1000 mL.
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R © VOB FRERW) =10 ¢ 1.

DL EREFREET 121 C 44T K 20 min,
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MR 25O AL, 75 [E Eppendorf 28 5] 7.

1.2 LWHE

1.2.1 EMEHXEHFRAOHEERZE K5
FIEHE X-33/pGAPZaA-Man26A-39 1 Ff i 42
A YPDS #5572 5 rh, T 28 C 4 T 557
3 d BRI AR 3% TR L AR B VR, A
YPD ARG SR i 5 mL (1) 50 mL $35f
Hr, F 30 °C, 180 v/min Z5{F TG F 2
ODg 2.0 ity i MM, T
28 °C,200 r/min 51 FHR G HE IR £ ODgy N
4.0 ~6.0; f )5 A THRE , A LT rp 1 58 iR 1
PRRLTH 2250 CERA sl A SR ) I B ) b5
BEFRA] I e b W .
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1.2.2 BEFEBREMNFIESE B FR
VB e A N TN A 2 R T Yl B A R B R
Herp R 2% , W R 100 mL (500 mL
FEI) , T 30 °C, 180 r/min 54 T 4k ¥ 45 57
72 h, BERE 12 h R IS ).

1.2.3 BEFEREMNFESRE SRS
VAIEZ 2 b | I S 7 NS e e 5 S A O =
PEBEEE IR A BSM K7 3236, L YPD B3Rt
xR B AR 2%, %W O 100 mL
(500 mL $E) , F 30 °C,180 r/min & {t F 4
Vit 72 b BERR 12 b BORE R )
1.2.4 [EEIIBIEBERERE KESM K
PPl 2 50 L R BEtE RPN 10% ,
WAEN 1.1 ~1.5 vwm, %% 30% ~80% , il
TRFL BN 25% 1 K 24 15 & T W pH AR
5.0 ~5.5, KR SR I IR AR FL A 20 L.

ARV R B IR YRR IR AR K S
S S REAIR, U RS [RI B A 10 ~ 14 . A5 7 28 il o £
SRR 1% J5 , TR T 5t i 43 80 50% 1)
FIEPRA W (& PTML I ) , IR 5 26 e
1% ~3% Z [a], H AR AN 4505 J5 PT IR F5 5k
BT B R 2 o/ L R BRI i oy B % =
4% J& , TR BT i 53 E0k 20% B FORH (&
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HL, 10 mL ZFEE, T 9000 v/min 254 T &
05 min, 355 B IE, PRI RN .

BTG S o5 45 °C,pH {8 5.0 5%
T8N, B min KRR ™A 1 ool 1 85 Rk i
T B R 1 AN A (U/mL) . B
BHAHK 15 mm By 15 mL #9356 20 B R, 4 5
FRicas 2 0 R AL, 43 A 1.5 mL
S50 0. 5% 1) H #8 RV W (pH {H R

5.0)VENIRY, T 45 COKIBHHAS min; (L7ED
IO ARG BEE A5 409 0. 5 mL B - HEER
BB (E W) L 7E 45 COK R R 10 min,
J52 o 19 170 7 (R A e 4 564449, 10 min Ji5 57 B
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HPImA 0.5 mL g — H & PR, 7 Bl & T
B K FR B 15 min P47 8 6N 5, HUGH Tk
KEEHERKEHEZR, BHAEBKERRE
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BT 540 nm IR A0 WO B
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Fig. 1 The influence of different carbon

sources on [B-mannanase GXpI‘CSSiOH
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Fig.2 The influence of different initial glucose

concentration on the growth of bacteria
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The bacteria kinetic parameters of

Table 1

different initial glucose concentration

MR ARMER RRER BEEk RRAIE 40

WRRE/  EVREE TREREE/ EWpRy AEREY R

(g-L)(g-L7") (g-L7") /b (g-L7" -h ") (g-g™")
20 .59 52.01 36 1.44 2.83
25 .77 57.56 36 1.60 2.48
30 2.05  60.21 36 1.67 2.15
35 230 55.97 48 1.17 1.71
40 251 59.38 60 0.99 1.58

S R AL . 2555 I8, SRR 1R A
IR H L 30 /L.
2.2 BFERBRNFEERSNT

ARV EIEXT B — H e JROM il 2 8 119 52 g 4
K3 prs. milE 3 Al AE H, I YPD B3R gk e
A EE E R B 3R OV U, SOH X E 2
BRI B 2 T A B - H R SR I
B WG Al ik 420 U/mL; BSM 15 FR 55
Tz SRR, B 1000 60 U/mL; @A ] it
P RUIRRRF R | SR T ORI B RE Al 2 240 iy
PR RS S EMGE YPD R34
ISR 3 R 6% 1) E KIS, 7T LG Hh i
Pt B — H e FOME W A R 3k, G S g AT 0k
352 U/mL, j2& YPD $535FE[HIG J1 /) 84% . % &
I FOARIEAXS T 8 A B R BB RR
SN BRA , BCAE T — 22 T SRR K e R s
VPRI IR TR 0 BN 6% 1) TORIEAE N B 77 5%

HUER/S
2.3 EEBAIBREBRESRSNT

BT BUA A B AR TRl ERRM R K AT
Je Ml F 2 SR 9 AR SR . B ] B R ]
BCRMEE A I ph 2 AN 4 o, i1l 4 T LA
KWL AR, WG S A 5.0 U/mL — I =
2 685.5 U/mL, 7E K BERHT 12 h, B ) HEA R
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Fig.3 The influence of different nitrogen

sources on [B-mannanase GXpI‘GSSiOH
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Fptasg, 12 h J5IHae 2 dtsg i, 54 h 5K
G WA BEWKEH 112 oL —HIE
331. 1 g/L fERKBERYHT 14 h, B4 Joe i vk i ik
APRFREEE , 14 h JF TSN, 40 h 5 AR
o€ s ODgoo WILRAY 2. 1 35N 2 302. 8, 16 A I
AUHT 12 h, ODg BEARDRFE AL, B — B R FF
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KIS B, B8 S AT LU Y W St T 06 & e g
(1) 86% — HLIH V3 13% , 76 K T 22 h, i
AP TITE 30% L b e &K ) 24 ~48 h [N
FEARREFEHITE 20% 7oA, Mo Iy 2 I3 F) il o
k52 fr K H 2500 L/min, % 3 35 | 350 r/min.
THiG K e, A A o o> 82 o 3% ,10 b i
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Fig.4 The curve of intermission fed-batch fermentation
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Fig.5 Monitoring indicators of intermission fed-batch fermentater
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dNTP petsl Fadw AR BB 4G Mn® ", ) B — o B RAB B 7 AL R &, s R
T IR 3] 05 LA 2] 9 R W E AR R KBl R T HATHR . B RAY . ER
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80% , RABMY REAHA 2.0 N, 45454 PCR R LA MA RN ; 2L 75
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X-33/pGAPZaA-GwMan26A-27 49 R & B GwMan26A-27 B A &) B2 | & & i FL B
ENR SR 5 R T AT, GwMan26A-27 E A 5 64 B AR R i E T8 B
Aoid & pH AL E , AA T A pH RAEMH AR KR 2 B R aif kg
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Abstract ; Error-prone PCR was used to directed evolution 8-mannanase in vitro, random introduction of muta-

tions into B-mannanase by adjusting ANTP ratio and setting Mn**

of different concentrations, a mutant library
was constructed, and the enzymatic properties of the mutant enzymes were studied. The results showed that
during the construction of the mutation library, the positive conversion rate could reach the highest 80% and
the number of amino acid mutations was 2. 0 with the concentration of Mn** 0.01 mmol/L, which was in
accordance with the general principles of error-prone PCR mutation libraries; after two rounds of error-prone
PCR, a storage capacity of 4000 was constructed, the mutant enzymes GwMan26A-27 of mutant Pichia pastoris
X-33/pGAPZaA-GwMan26A-27 with acid resistance, high temperature resistance and high enzyme activity
was finally selected; compared with before mutation, GwMan26A-27 has a wider enzymatic reaction tempera-

ture before the mutation and a suitable pH range, the thermal stability and pH stability also had been greatly

improved ; in the pepsin solution and trypsin solution for water bath 2 h, the digestive enzymes stability of

GwMan26A-27 had also been improved.

0 55

HiE WM IE N g RS — kdl
UL A T AR AL R g -
TRV AR K i H B A ML, B
T R BE 24 £ RS 4 AL T4 45
WU B - H B BERG n E AR T
B H B AP SR, 4R S R R
SV N A 25 BRI Al B B - TR R
WHRGAE G R £ AT P 1 AR R A,
B — H 52 B M R WG 27 M R 00 SR A Ok
B R R AT, B B - R B
TilE ELA 0 5 ARG 1 BRI RO E I e
() pH A 30 P Aok 1 2 11 G B0 45 R
H T LI B - H 58 B W G 1E 5 Y M 3 pH
AP FRAE MRS, By e R TG PR T L AE
FRHIN TAT Al LR BRIk, % B — H R R
BT RS | 3RS R pH A PRV R T A
B S TR B - T R R N
BT

B0 i 7 12 T AL B B AN
PVESET 7k, Horl, B B A R 1R
() = HE 55k, FLE 4R (T 45 0 45 D R = 1] 1Y
A, PRI A AR s A TR A B
SRR , LA A T A AR A 1 5 AR B

MR T i RS S TREZ I K &R,
A ATE S0 5 L) B SRR AR R, B LS
AR HZH FIBERE 6 R A E] P R AT AR SE e
(0 B SR AL 3 FE. S B PCR ( error-prone
PCR) J& THERE BT J7 s, Al X g o0+ i i 55
R A7 5 1) 3F A 5 38 B, o038 B 0 R
PE R R A R R TR E
LW TR LIS PCR g AEGil iR SM 7378
[ FE AT DA LA SR/ N 7 0 AR Ak 7 A 48R ) 2 Y
S, 2 W H AR AR AR KRR Ak T
FEHN I oA TAE. BT, o6 T B - H i R bk
B2 46 7 T P 0T 9 S AT 3, b XS B - H R
RVHRG B O = AR S5 R AR HL SR B
TREAETRA, B AR M PR3 7 i
X A T R AR
YT, A B OR SUOR A AR BV R T O
(2% PCR) Xf B — T &8 SRMH M i AT 1R 51 53+
FE AL, 38 2 5 5% ANTP L) F0 i AAS [a]
B Mn®" | 1] B — H 75 3 B I v Bl AL 5 A 28
A% KPR 75 4 Ok 4000 fl 98 A8 S, 7 1A i 1k
IR L pH RIS FET AR PR G
TR A LB R E R R Y B — H R B B
(5875 Rk, LA A2 fRDRHn o & okt g - 1
2 ROV Tl 1) il 2 1 R R, I B - T ER R b
it E ol A= 7 v g 07 FH A
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Rk

1.1 ERFBHL

BEREERE X33 ( Pichia pastoris X-33) , ik
4K pGAPZaA , £ [H Invitrogen 23 ] 77 5 KIgFT
DHS o, f1 )™ JH T 3AE DS T S 56 % AR A7
1.2 FEiH

/N kA B R & PCR Jir FH U L PCR
PP R (R & L AR, AR T AR TR
( i) ey A BR 2 w7 5 e B JoRE il 42 120 57
&, £ [ Biomega 23w ;T4 DNA 4% , BR il
PEN VI Xho 1, Xba 1, ZVEALEE Bin 1, H A
Takara 7\ &) f=; Taq DNA R4, H A Toyobo
AT R R (Zeocin) , K [H Intitrogen 23 F]
7 I RESR Y B R, )L 2 BB A A
B W] 3G, T AR B EUAE PR BR 2
7 HABAR] , X0 [ A i s A A 1)
1.3 #ZxHE

LB #% 35 3 | LBZ 35 3% 5 YPD 3% 57
YPDS HiFr 7 I (Invitrogen 23wl #ERA/ETIE)
R TR

LB Btk K 10 o, BERRRILY) S ¢,
NaCl 10 g,pH{E R 7.2 ~7.5, LB T/KEKZE
1000 mL. LBZ 357357578 LB B 3e3Eh A mA
Zeocin 0.025 g.

YPD B 3% 3k 8 H K 20 g, B BE S Y)
10 g, #4020 ¢, 3R0E 20 ¢, BB TKER R
1000 mL. YPDZ k532375 4 YPD B 225 rh 53 i1
A Zeocin 0.1 g.

YPDS 85 3¢ 55 2 B PR 20 g, BE BRI
10 g, 7% 4 20 g, I B4EE 186 g, B 20 g, 55
FoK 2207 1000 mL. YPDSZ 5323555 75 YPDS
B e A Zeocin 0.1 g.

DL E$EFRHEET 121 °C Z4FF K H# 20 min,
Hor, A % W B K T
1.4 (UF5EE

LRH -250 BUA= L 15 3746, bl —fH B

XA A BR 2 H] 77 DHZ — DA BUZKSP-RE IR, 1195
KO 77 PHS - 3C #I pH i}, I
AR 2= AR A A B 1] 77 5 752N B 42403
J6 BT, b A A BT A AR A R A B
SMART #Y i it , F PR AN A FR 2 7]
775 5427R A iy AR 250 AL, 78 [E Eppendorf
YNV

1.5 ZWAHE

1.5.1 5% PCR 5|¥8igit A&

PG E H man K A ¥ %), f# A Primer
Premier 5. 0 #k {11511 74 PCR 5149). 7E5 9111
A3l 5 A BRI N V) Xho T H1 Xba T 1t
YINE CFRIZ TR ) - BS54 57 -GAAGGGG-
TATCTCTCGAGAAAAGA-3"; F i 8l ¥ 5 -CI-
GAGATGAGTTTTTGTTCTAGAGC-3”.

1.5.2 Z$ PCR y &7 %

Yy PCR AR &R : BAF 50 pL, H
H1,10 x PCR ZZ i 5 L, dATP (10 mmol/L)
A1 dGTP (10 mmol/L) £ 1 pL,dCTP(10 mmol/
L) #1 dTTP (10 mmol/L) 4% 5 nlL, £ #it
1.5 uL, FF#E14 (10 pmol/L) £ 1.5 pL,
MgCl, (25 mmol/L) 10.5 wL,MnCl, (2 mmol/L)
0 pL.0.25 pL.1.25xL.2.50 pL.3.75 pL.
5.00 pL,Taq DNA ® 4 0. 5 pL, dd H,0
17.50 pL.17. 25 pL,16.25 uL.15. 00 pL.
13.75 pL.12.50 pL.

Skt PCR JEIFEIT : F&7% PCR,95 °C fiiAs
P 5 min, JEFF 1 ¥K;95 CA8¢E 30 s.58 °C A8
30 .72 CAZ M 100 s, FEAE PR IR KRB RE R
1 °C G5 K95 CAEH:30 s .55 CAH:30 s,
72 CAF100 s, fEFR 25 ¥k ;72 °C ZE4#H 10 min,
PEIR 1K
1.5.3 5% PCR REXEMHMER X

ARHWFFE Y ik 1 F2 Ee R B X33 4y
AR, AR AR (AT DA B b 2 B R S v
AT SR A 5 58788 SUPE I 2K




Wi, % X T 54 PCR th B- HERBEAISI 2T MT R R

B ORTE B X-33 )2 52 25 20 M 1 o 45 - Pk I
YPD 35 35 BV B b 0 B 5 R T b B2 R T BE
X-33 #FF 5 mL YPD iR IE & T, T
28 °C,180 r/min Z5fF T 2b 35 771 Ak BUE Ak
JE WA T 20 mL YPD 3 KK 523, T
28 °C,180 r/min &/ FHi & ODgyik 1.0 ~
1.3; FiF 4 °C,5000 r/min {4 F &> 5 min,
7+ VS, 20 mL B4 1) TG K BB TR A,
RS EE SR B X33 82 A4 .

HL A TR A4 AL 2 5 A - R P 1)
Xho 1F1 Xba 1 X Y] 54 PCR 1571y, 15 5]
4L )5 1 2 5 PCR 4715 7, 4 H 5 TRl FE 28 X0
BV 28 18 3 Wb 32 3K 24K pGAPZaA TR A 3
5], 1 T4 DNA 40T 16 C 2600 T i i %
J& , ¥ B A 8 Y T 41 TR Ay 44 D8 pGAPZaA-
Man. ¥4 pGAPZaA-Man P AT 2 R
DHS o 8452 A5 20 ML U AT 72 LBZ £ 57 3P
b, F 37 CHMFTRFR 16 h 5,4 LBZ Bk
AR BT R A S Amp (2R PEAK)
(1) LB RS FR e, T 37 °C 180 v/min Z54F
N EEFR ISR SRR A DHS o Hp 1Y EE 40 Jo
KL, R LA T U A SR B X33 sz
UMb, B A 850 L B &1 1 mol/L
LU AL, BRI 500 L (1) YPD J {485 57 3,
¥ 2 2 mL BYJCR Eppendorf &, T30 C,
180 v/min 54 F IR H: 37 1 hy U110 wL5 57
WIRATTE YPDSZ 3533 504k |, T 30 °C 45 A%
FREFE 3 ~4 d, B¢ s 4 R 1k
1.5.4 FJHTHETEFZX

PRHL YPDSZ 155 Pt 1 5 v B, $ B
Bk, R RS E N YT Xho 11 Xba T #E773X
Y15 PCR, %508 & A 5878 3 A i o 41 5 h
pGAPZaA-Man J&: 15 #4 HE i 2).

1.5.5 5% PCR REXEMTHIE S %
1.5.5.1 REEWAGE HIW . H kiR
PEEHT (25 pHEN 3.0 B, A 52 1 h) (278

TR

PR BT 3% 0 T 3R ROR, BREUCE YPDSZ
BEFRHAAR AR R v B R T2 A 3 mL
YPD { AR S5 15 mL EP 48, F 30 C,
200 r/min £/ FHEFE 48 h J5, B FVE W, LAfE
PRHL A b 50 B ) O AR

ity PR T PR 1 Ak 2. T pHL LK 2.5 I B R
GEPRKs FIE WA AR pH {E 8 3.0 J5,
F37 CH&MTRE T h, FH pHAE R 7.0 H#E
PR % P B 28 pH {2l 5. 0.

it T B s B 1.5 mL pH {2l 5.0 (1)
i 53 R 0. 5% 11 H 8 B IS v Wom A
15 mL [LEE Y, T45 CHMF T A3 min f5,
FIA 0.5 mL B BRI ( 2 FFA 3 min) JE2]
J5F 45 °C 444 F 2 W 10 min, il A 2 mL DNS
VU IR I s W, & 3,5 - A K
1R ) 37 2R &) 2 18 i SN, P Tk KT
B 15 min, PKKE G EA R 15 mL,E5]. LU
B — H & R WH 2 HAEAE R X B I E 550 nm
ARG REAR , B MR AL A 3 S FAT
1.5.5.2 RELTEMER HM: ik iRk
47 (24 pHAEA 3.0 B, AT TR A2 2 h) (i e i (24
HEEESA 90 “CHE, AR AZ 10 min) (B 758w 1
RAR LT

PRI R 35 5% « DR oA 75 S 07 3k Bl 0 8 v T 28
AR TR, AR H/INEIASE 1) 15 77 7 0K 2= (i il
T 1058 7 A R R iR 22 R, 7 2 O 2o
H PRETE YPDZ 555 5 Al A K i s
HA T2 50 mL YPD AR B 77 519 250 mL
HEJE T, 30 °C,200 r/min Z5F F 1555 48 h
Je , B, pH B 2.5 BB R 2% vh R0K:
el IR R pH (H 2 3.0, 17 37 T4
FERKE 2 h g M pH EA 7. 0 BWERR S mifk
e 2 pH {E R 5.0, g ).

it (%) i v U A0 3 PR PR B AR EOE W, T
10 000 r/min 254 F &0 5 min, B F W, H
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pH {80 5.0 HYWEER 2% th OB RE & 1 T TR B
OB BT 90 C B N KA 10 min
Jei o 2 WS

1.5.6 REEEFUERNARTIE
1.5.6.1 REF pH EXREEEENNE

Mo REAR R 2 Wk B 1 2 AR AW oy ) B T
0 °C,30 °C,37 °C,40 °C,45 °C,50 C,55 C,
60 °C,70 °C,80 “CIRJE LG , A AN [R) B2 I
LB R HBR AR 7, K BR ARG ) e B
100% , A3 EE T A AR XS SR AR i 7.

Ptk pH {E4 58 2.0,3.0,4.0,4.5,5.0,
6.0,7.0,8.0 BB EL S M, LA LR 5% npi IiC
HFEL B T, 52 AN TR] pH T A 5% Ak Tl
67, W B2 A Bl 1 ) e e 0 R 100% , 15 L
i pH B AT SR AT 1.
1.5.6.2 RETEHMBEMEN pH BEM
W5 978 B W43 ) B T 40 °CL,50 °CL,60 C,
70 °C,80 °C,90 °C, 100 °C Ji & R 5 ~
60 min ) 7 AN [R5 I RE R AR AR S T, R
A A0 B T TG J7 50 100% , 15 H At IR
JEE R A AR 5% AT .

W RAF WA BT pH {E 4 2.0,3.0,
4.0 [RERRER S hil 30 ~ 120 min, JU & A [A]
pH AT BYSRAR GG J1, $ AR Z pH AL B (1) il 175
J18 R 100% , 15 A pH B R A FH XS 5% 4% il
i 1.
1.5.6.3 HUEEXNRTEHEBFNNOZmW ¥
GEAR BFS W A ) BT R 0.5 mg/mL
()5 2 R ( pH (B 3.0 BB IER 22 v ik
eil) 5 B 2.5 me/mL (14 52 H
(th pH {EH}y 6.0 MBS R 2% sl BL ) P, T
37 C T KA 2 h, 2 A LU S in 2R
FIERY pH (B R 3.0 AIBEERZZ th il 5 AN U8 I gk
N pH H4 6.0 [BFERSE vh i At HE, I
SERRAY BT 7, W R 2 AL B S h
100% , P15 283 Al b B A4 20 738 AR X o 4% il

1.
2 RS
2.1 5% PCR REXEMHEERST
2.1.1 5% PCR &ML

FEZ 5 PCR SN I dNTP (9 LA,
fdi dCTP dTTP VR EEE R E] 1 mmol/ L, DAL ZER
SEAEICA I 1. Hoh  TES 5 PCR SR ZR >
S He AR EE D9 0 mmol/LL, 0.01 mmol/L,
0.05 mmol/L, 0.10 mmol/L, 0.15 mmol/L,
0.20 mmol/LL f9 MnCl, , LI K A A5t
SCRE. FAORTA] Mn®* ¥ B 14 5 4 PCR 33474
TR AR, 73 B F AL KT DHS o 52
ARG, I ZEA8 SR H RS Min® ™ e 4 o L
PRI 10—20 4> v fiE 1 AT I % PCR, Al HEEH
PEFGALA  FE TP 25 Pkt 3 A BRIV v b 1 kAT
MFe. 7E 5 5 PCR AL SR E ST, ZHE &
(1% PR RS SRR B4R ], — Ok, 2878
DAL 1—5 B , X I A 2 R IR 5 A8 4K
H1.0~2.0 A HEE G FL AR Mn®* YR (1 5)
5 PCR SN A 25 B BH A 5 A 8 70 28 BE TR 1Y) ¢
AEAMENE 1 R, 3R 1 A, SR Mn®
Ay 0. 01 mmol/L i}, BHMERE LA I iy, 15
5 80.0% , HAZER I KA 2.0 4> 4F
B il PCR G783 ) — Je iy 2 s ).

%1 RE M RE# 54 PCR Btk & 4
[P AL B e RN BR 09 R AN
Table 1 Positive conversion rate and mutation

number of amino acids of the error-prone PCR

reaction system with different Mn>* concentration

Mn’** Yk g/ FRPERS BEERRT)
(mmol - L™") 3/ % AN/ A
0 40.0 2.0
0.01 80.0 2.0
0.05 60.0 4.6
0.10 13.3 3.5
0.15 5.0 2.0
0.20 13.3 3.0




g, F 2T 5% PCR I B - H B R B A2 T - Bt AR S 13-

2.1.2 B4 PCR RITLEMET

e 5y 4% PCR BN AR 2 v U8 vk B o
0.01 mmol/L f MnCl, , #4754 PCR 2875 ; %
GEAR 7 W) i Bt TR IR AR pGAPZaA | RS TR
4 OB, 44 I 2H SR AE K A FF R DHS o v
P15 AL 2 e AR R X33 Rz A AN
W LIS 1) IR Z S AN A 78 YPDSZ 15 3%
B b, F 30 C &M TR 3 ~4 d. AR
J5 B A2 OB % A 2 YPD [ % 57 2
AR, St PR G4y PCR TR 2 14 2848 SO
WE 1 s, K2 5 2574 4000.
2.2 B PCR REXEMIFIRLE RS

1524 4000 A58 v -, W) A0 ikt 24
200 Hfeifi FR R 5 47 14 58 78 v B - HE AR . &R
JiJE AR B 5 ko8 AR R BE R AT 1 v B -, T 42l
SR T 43 BT, 0 98 AR 5 O 8 BE T X-33/
pGAPZaA-GwMan26A-27. 1% 56 75 B 1 1 ) 5 25 Tl
GwMan26A-27 HA5 T 82 | Tirf v ik L 16 5% 7 48 5
(RREPE B 28 2 i GwMan26A-27 JiCE T pH A
0 3.0 M 2 b, AHXSBR AR 1) 2878
HiHY 0. 23% $2 T+ 3 30. 00% ; 4 1% 58 7% g T
90 C %M T /K% 10 min, FRAREGTE ) H1 370 U/
mL 2T} % 430 U/mL, A X} 58 A B G ) i 28748
B 34. 00% $2F+51 72. 00% .

i -\_\‘:‘\
i LR =
..-----i-:--1 ! i.-, .
SRR Vd 3
=H ':Lr._: 1|-__1=_
2l > ..;..-I- = »
R . 3
e

B1 58 PCREELE
Fig. 1  Mutation library of error-prone PCR

2.3 REBEFEROARERST
2.3.1 REF pH EX RIETEEF NN
GEROM X SR B AR R AR B 1 5
A an & 2 pros. B2 w] LLE ), R AR
GwMan26A-27 LA GwMan26A 45 55 5%
TR S 17 T B2 3 1Bl - GwMan26A-27 ) 4H X 5%
ARG J1HE 60.00% LA T A BFAR S i B i Fl
4130 ~60 °C,1fif GwMan26A f{AHXT R AR J17E
60.00% L) 1 FA) B S5 oy I B Y LA 30 ~ 55 C.
pH X 58 A5 WA 0T 5% 41 BTG 7 0% 5% e 4
K3 iR BE 3 o LA, GwMan26A-27 )
15 FL pH (YR FE AR Y K, 76 pH {E R 3.0 1
BRVEIREE T, HAHX SR AR G 1355 54.00% ;
7¢ pH {E > 2.0 RURRTEEREE T, HoAH X 5% A S

100.00

50.00 -

—— GwMan26A
—@— GwMan26A-27

ARXT SR AR T 1/ %

0 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80

TR EC
B2 AR KA KRB E ) 6%
Fig.2 Effect of temperature on the relative

residual enzyme activity of mutant enzymes

—— GwMan26A
—@— GwMan26A-27

100.00

50.00

FHAS SR AT 11/ %

pH{H

B3 pH A R K EAR IR A B E 71 09 %8
Fig.3 Effect of pH value on the relative

residual enzyme activity of mutant enzymes
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J3H 32.00% , 1fii GwMan26A 71, pH B3 T 76

i
2.3.2 REFHHARQEMEM pH REMLER
S

HHAM B - HEREmML, BT
GwMan26A-27 JER{E SRl bl 30k, fE A1
Sy ubat AR b L BT R BB A, TR A AT
i S AR Bl EL AR AT i B 5% A8 il ) AR
FEPEANIEL 4 Fi7s. TR 978 i i , GwMan26 A 71
90 C £/ F AL 3 10 min 545 35. 00% LA F 11
FEXT R AR BEE 7. & 4 FTLLE Y, GwMan26A-
27 TR E Pt — 4R T, 7E 90 C 2 T Ak
110 min 54 72. 00% L I 9 AH X 5% 4% B %
T3, R B 1) i A B ol L BB 1 S 2 4 M 4l
AEAEEL LN 3R Ak 24 A vy T R R

9T 278 il pH FoE PR Y 35 22 H YL i ik
HRBUE I 52 7 & TH A v R M R 55 ) 1. 9872
Rt ) pH Fe R G & S Fir . 78 58 7% 7 1R AT
GwMan26A 7£ pH {4 2. 0 fYER TR EE T JC il
I, T4 CE F pH fH 2k 3. 0 (B IR 2% vl
120 min [}, HAHRT R AR BEE S0 0.32% . i
K5 ] LUE Y, 20 5872 i i , GwMan26 A-27
X pHAEN 4. 0 09 R 55 BA AR B 1 T 52 M, ik
B 120 min FEATCRZ M 5CE T pH H R 3.0
AIBERRZE Mg P 120 min I, HAH X 5% 4% il %
7174°30.00% 5 475CE T pH {E R 2. 0 IR S:
OB 120 min 5, AR X 5k A W TG ) N
21.00% . #H %% T 278 {if , GwMan26A-27 ) pH
Fa e P A BRI 52T
2.3.3 HUEEXTRIEGE SRR R 3T

7 Tl 1) TH A B ARG E ME AN & 6 B, H ]
6 nJLIE i, GwMan26A-27 118 AL i £S e M 1Y
A PRI 41 B E R KA 2 b, AR
XTHR A% Wl 0% 7 B R AR 52. 33% T &2
65.51% ; 7L HEHR P K 2 h i, HARD
BRARTHT 1 B 97 H ) 67. 82% 71 2 74.75% .

W40 °C 460 °C %80 °<C
-@-50C -A-70°c 90 C
-©-100 C

100.00

o2}
o
=
S

60.00

40.00

AR BR AR W 1/ %

20.00 |

10 20 30 40 50 60
5 [E]/min

M4 REB AT

Fig.4 Thermal stability of mutant enzymes

80.00

60.00

~
o
=
S

AR 5% AX T 1/ %

20.00

30 40 50 60 70 80
[ 8] /min
Hs5 REEN pH AT M

Fig.5 pH stability of mutant enzymes

90 100 110 120

100.00
P GwMan26A
B GwMan26A-27
80.00 |
S
R
2 60.00
=
&
& 40.00 F
-
™
=
20.00 [

H 4 1 e 11
ERla
B 6 R LB

Fig.6 Digestive enzymes stability of mutant enzymes

3 45g

AFTER AR B B 5% (5% PCR)



Wi, % X T 54 PCR th B- HERBEAISI 2T MT R

.15 -

Xf B - H#& BRI AT T RS> 7 E Ak,
SRS By PCR A T EZS 8 244 4000 1y
GEAR P, 0k T 8 A5 B 1 98 A8 HE Ol T BE T
X-33/pGAPZaZ-GwMan26A-27 [f) & ¢ [iff
GwMan26 A-27 {7 P B b AT 1 0F5%. &5
W R AE SO A e AR v, 2SR Min®
AL 0. 01 mmol/L i}, BHPERE AL A d i ( Oy
80% ) , @RI ALK 2.0 4>, 758 5 5
PCR 5878 SCPE 1) — Mg Ji U] ; GwMan26A-27 2 A
TR T g Tk L 6 0% ) i 1) e e 5 5 9 742 T T
GwMan26A FH L, GwMan26A-27 B A 4 5 i i
Ok B S FEL A8 B pH A Vi ], AR 5 P
pH RE PRI A B SE T 16 B 5 BB e
FIBRE KA 2 h, GwMan26A-27 47 AL B AS E
PERO LR A P Tt

A5 AT LA TA] BRL | PRSI A5 R A 3t 6 B s
ik TAE, JF HSEh 3R 1 iR . pH 1E
U AAAS S MR T ) A AT A T AR
FE PR 5 1 978 B GwMan26A-27 , fig ik T B -
& B Ll A AR 7 RSB I v A
i [] .

S Lk -
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Abstract : With grape as the main raw material ,a single-factor test was used to study the comprehensive effects

of gellan gum, white granulated sugar and citric acid on the gelation property and sensory quality of grape

jelly. Then optimization of the technical formula of grape jelly was made by orthogonal test. The results showed

that the best technical formula of grape jelly was 0.75 % gelatin gum, 8.00% white granulated sugar and

0.26% citric acid. The grape jelly made according to this technical formula was bright in color, full of luster,

with unique grape aroma, sweet and sour, healthy and nutritious.
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1.3.2.1 ZARFMENEE R FERIFE
MRERREZWMIRIETZE B RGRES
JE 150 g, Ho BE=FE G 3.00% (GnJokids, A
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Table 1 The factors and levels table of
L,(3%) orthogonal test %
EY
K-
A B C
0.60 6.00 0.22
0.75 8.00 0.26
3 0.90 14.00 0.30
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Table 2 Sensory scoring criteria for grape jelly
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Fig. 1 Effect of different gellan gum

addition on gel strength of grape jelly
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Table 3 The comprehensive effects of the different
addition of gellan gum, white granulated sugar
and citric acid on the gelation property and

sensory quality of grape jelly

HE/ % BERRIE/ g BBV 7 LR/ o
0.30 67.0+£3.2 78.9x3.7 73.3
0.45 66.9+1.2 79.1x4.1 73.4
LE G 0.60 77.5+1.8 80.9+2.4 78.4
0.75 136.9+5.9 79.4+3.7 99.1
0.90 135.2+4.7 80.4=x2.6 99.2
6.00 153.1+8.5 77.2x4.1 98.7
8.00 127.3+8.2 78.1=+4.3 90.8
b 10.00  98.3+5.1 79.1+4.0 82.0
12.00 93.8+2.0 79.3x4.4 80.6
14.00 142.4+2.8 78.4+3.7 96.0
0.18 127.3+0.5 80.0+6.6 88.3
0.22 135.2+13.3 79.0+5.7 90.2
ks 0.26  156.6+8.2 83.0=+3.3 99.4
0.30 127.0+4.4 84.0+3.4 90.6
0.34 97.2+5.5 83.0+2.7 80.5
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Fig.3  Effect of different citric

acid addition on gel strength of grape jelly
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Table 4 Result of orthogonal test

e A B c LBV 7
1 1 1 1 74.0
2 1 2 2 78.0
3 1 3 3 82.8
4 2 1 2 75.8
5 2 2 3 98.6
6 2 3 1 68.8
7 3 1 3 78.7
8 3 2 1 66.6
9 3 3 2 80.7
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K, 226.0 232.3 260. 1
k, 78.27 76.17 69. 80
k, 81. 07 81.07 78.17
ky 75.33 77.43 86.70
R 5.73 4.90 16.90
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Response surface optimization of proteolysis technological conditions of hairtail

PRE, FaK
LU Yanhui, LI Yinggiu

FEIUARFOURERFR) REMFETEZR, UK 5 250353
College of Food Science and Engineering ,Qilu University of Technology ( Shandong Academy of

Science) , Ji'nan 250353, China
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Key words: 8RR G B, 2w A R R R R K el B @ X IR AL SR G B e T L&
hairtail ; proteolysis ; M EREW T EROBMGRET LN RD R ESHK5.3% , % Q8K
alkaline protease ; 54 2.7% B ff pH {4 8.3, B ff i3 £ 63 °C , g fg it 1] 168 min, £iZ T E &
response surface BT, 8B G R EA S 37.07% , 5 v B @ RAC X B ey )2 BE A 64 FRm] 1A 2 A
optimization — 5.

1o#s B #A ;2020 - 02 - 22
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BIEESE  FUK972—) , %, bEAETETA, FELLRFHE L, ZEMAFT AARTREHIA.
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Abstract : Taking hairtail as raw material , alkaline protease was selected from 6 kinds of proteases as the best

protease for hairtail proteolysis,and the technological conditions of hairtail proteolysis were optimized by single

factor test and response surface test. The results showed that the optimum conditions for proteolysis of hairtail

were as follows ; the substrate mass fraction was 5.3% ,the protease mass fraction was 2. 7% ,the pH value of

hydrolysis was 8.3, the hydrolysis temperature was 63 °C , and the hydrolysis time was 168 min. Under these

conditions , the hydrolysis degree of hairtail protein reached 37. 07% , which was basically consistent with the

predicted value of regression model of response surface optimization test.
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Factors encoding and levels table

in response surface methodology

A=
e Yo% X X T Xo/min
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Fig. 1 Effect of different proteases on the

hydrolysis of defatted hairtail meal
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Fig.2 Effect of substrate mass fraction on the
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Fig.4 Effect of hydrolysis time on
the hydrolysis of defatted hairtail meal



.28 BaS5 8 202047 A 4535 % 54 4
40.00 20.00 [
= 36.00 18.00 F
B S
32.00F =
< B 16.00 F
S ¥
4z 28.00 Z
oI 14.00 F
2400 . . . . . . . . s
11 13 15 1.7 1.9 21 23 25 27 12.00
B o8 %
10‘00 1 1 1 1 1 1 J
50 55 60 65 7.0 75 80 85

A5 EQBERE S HABUIE T &8RRG
Fig.5 Effect of protease mass fraction on

the hydrolysis of defatted hairtail meal

BT AR Y B T SO i —
(ELERF 3o PR B 2 1 Rl VT R 2 1) 55 T T IS
MIVER. D380, 25 T it 4 B0 KA it i R
FIRGIR 2 , 1025 7 AE vy IR G IR , 52l T A 2K
SR TR, IR 1 I SRR 2. 5% VA i
o7 T TR 6 1 3 ) L.
2.2.5 @EEfE pH EX AT AN ERIREN
AR

it it pH (DX 0 I 5 R Tl A 3550 SR 70 52
WE 6 s, HIE 6 n] LA 1, 2 EFfE pH H A
5.5 B 8.0 i}, 4y F R FIK AR 12.25%
B 18.32% ;24 pH {H M 8. 0 4k 2 1 i 2]
8. 5K, 7 fa 2 [ /K fif B2 N 18. 32% 33 /) |
17.15% . X B T pH (BN 8. 0 I, B AK
AT A R UK R R R (18.32% ). 3%
A RE A PR R PR 25 1 I T AR R b e
T % pH {8, B A% pH (B0 AT o 3 52 e Bl 1 2
Tt G P O A5 P 2 R P BIR S 1T FLIB % pH
(ELE 4 5 B 09 1E 5 #5207 1 i AR
FAYT 3 5 — 5 T B pH AR SR 0 SR f A
(VR iR e, T A pHL 2o A1 25 (4 £ 2R 1 22 [
(OB R s/ IN i Je A RAR LR, E— 25 T
i £ B K R T 3 s O A pHL (i 23
iy £ 7 (M, B BERG O SE A £ 2R 1 Y R
TR W% pH A 2 = BT AR I 23 1 A B I
e TR A B, v B A pH E 8. 0

il firtp HAEL
K6 Bt pH LT BLRE A &k B A 2R 09 % vh
Fig.6  Effect of hydrolysis pH value on the
hydrolysis of defatted hairtail meal

A Sy b7 TR A B T B H LML
2.3 MmEEMRHIRIEE RS
pigeke =V S A DIV a7 W A
22 2. F| A Design Expert 8. 0. 6.0 M 1 3 {4
X% 2 e i 25 R AT Il H 23 A, 75 3 A
A KA 0T TV A o e A 1 o 0 R
ity % pH (B | T8 A T 32 70 T A% P ) 1 PR 2R 7 —
R Z Il 5777, Bl
Y =38.21 + 0.27X, +0. 099X, +0. 22X, +

0.21X, + 0. 11X, -0. 11X, X, -0. 22X, X, —

0.28X,X, —0.36X, X, —0.032X,X, -0. 14X, X, —
0.28X,X, —0.22X,X, -0. 13X, X, -0. 28X, X, —

0.70X,”> -0.60X,” -0. 48X,” -
0.72X,> -0.79X,’
A F0 1 KR B ) [l RSS2 g 2 43 B L 3R

3. i 3 Af N, i A K AR R Ik 2 T
FISCRELR® =0. 937 8, X F W7 1 2 1 K Ak
X5 A HAS R 2R ) R Z 0 A AR B A )
I HLA . BB P <0. 000 1, FEf 8 1K
i 5 ) [ A Y AR 4 2%, W LA - 3 A 0 5
DA 0 2 R T2 450F. e, Bl R Y —
WX, Bt B3R (P <0.000 1) ,X,,X, f1 X,
EREM(P<0.05),X, 2ARERN(P >
0.05) ; —WRIi X,*,X,” , X,2,X,” FI X ¥ 2
B EI X XL X X, X X XX XX, A



PaeE W AR AT 7 5 e B AL 1 =29 -

k2 WBEGQKMEY R EIR R

Table 2 Response surface design and results of hairtail protein hydrolysis degree

ENT EES EA i EES A
2 X X, X, X, X IK St BE/ %o k5 X X, X, X, X IK AR/ P
1 -1 -1 0 0 0 36.63 +0.03 24 0 1 1 0 0 37.15 +0.03
2 1 -1 0 0 0 37.29 +0.04 25 -1 0 0o -1 0 36.05 +0.04
3 -1 1 0 0 0 36.99 +0. 04 26 1 0 0o -1 0 37.26 +0.03
4 1 1 0 0 0 37.21 £0.02 27 -1 0 0 1 0 36.66 +0. 04
5 0 0 -1 -1 0 36.25 +0.03 28 1 0 0 1 0 36.75 +0.05
6 0 0o 1 -1 0 37.29 +0.06 29 0 0o -1 0o -1 36.78 0. 02
7 0 0 -1 1 0 37.22 +0.05 30 0 0 1 0o -1 37.23 £0.07
8 0 0 1 1 0 37.38 0. 02 31 0 0 -1 0 1 36.96 +0. 06
9 0 -1 0 0 -1  36.01+0.04 32 0 0 1 0 1 36.91 +0.02
10 0 10 0 -1 37.12£0.01 33 -1 0 0 0o -1 35.91 +0.03
11 0o -1 0 0 1 36.88+0.02 34 1 0 0 0 -1 37.25+0.01
12 0 10 0 1 36.89+0.03 35 -1 0 0 0 1 36.94 +0.01
13 -1 0 -1 0 0  36.22+0.03 36 1 0 0 0 1 36.85 +0.03
14 1 0 -1 0 0  37.12+0.06 37 0o -1 0o -1 0 36.46 +0.02
15 -1 0o 1 0 0  37.36+0.07 38 0 1 0o -1 0 36.89 +0.04
16 1 0 1 0 0  37.37+0.04 39 0 -1 0 1 0 37.23 +0.04
17 0 0 0 -1 -1 36.02+0.02 40 0 1 0 1 0 37.08 +0.02
18 0 0 0 1 -1 37.18%0.02 41 0 0 0 0 0 38.26 +0.05
19 0 0 0o -1 1 36.89£0.05 42 0 0 0 0 0 38.19 £0.07
20 0 0 0 1 1 36.93+0.01 43 0 0 0 0 0 38.11 £0.04
21 0 -1 -1 0 0  36.96+0.02 44 0 0 0 0 0 38.33 +0.03
22 0 1 -1 0 0  36.98+0.06 45 0 0 0 0 0 38.02 +0.05
23 0 -1 1 0 0  37.26+0.03 46 0 0 0 0 0 38.36 +0.03

&3 RBEERGKMENG DR E 5

Table 3 Analysis of variance of regression model for the hydrolysis degree of hairtail protein

SRR FHM BHE Hy O FHE P{H KW\ FHM BHE By FE P
x| 14.73 20 0.74 18.85 <0.000 1 X, X, 0.19 1 0.19  4.95 0.035 3
X, 1.18 1 1.18  30.13 <0.000 1 X, X 0.06 1 0.06 1.60  0.2176
X, 0.16 1 0.16 4.04 0.0552| XX, 0.31 1 0.31 8.03 0.009 0
X, 0.75 1 0.75 19.15 0. 000 2 X’ 4.24 1 4.24 108.47 <0.000 1
X, 0. 69 1 0.69 17.63 0. 000 3 X,’ 3.14 1 3.14  80.24 <0.000 1
X, 0.19 1 0.19 4.90 0.036 2 X,? 2.03 1 2.03 51.86 <0.000 1
XX, 0.05 1 0.05 1.24 0.276 3 X, 4.57 1 4.57 116.93 <0.000 1
XX, 0.20 1 0.20 5.07 0.033 4 X, 5.44 1 5.44 139.17 <0.000 1
XX, 0.31 1 0.31 8.03 0.009 0 B2 0.98 25 0.04
X, X; 0.51 1 0.51  13.08 0.001 3 e 0.89 20 0.05 2.59 0.1472
X, X, 0.00 1 0. 00 0.11 0.7450| 4R 0.09 5 0.02 18.85 <0.000 1
XX, 0.08 1 0.08 2.15 0.154 8 M 15.70 45 0.74 30.13 <0.000 1
X, X, 0.30 1 0.30 7.74 0.010 1

1P <0.001 FRHE I P <0.05 &3R5, P>0.05 JmA 5.
XX BRFR, XX, X, OX, MK S 35, R0 A RO 4 & R 28 0845 £ 28 K i
BEM. @ BT al g, RS IEEEER BRI AR R RS R R R
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Fig.7  Response surface plots and contour plots for the interaction of various factors
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Abstract ; Aiming at the problems that the evaluation results of the existing cigarette sensory quality evaluation
methods were not obvious and the change trend was not clear,a new comparative evaluation method of tobacco
sensory quality was established. The specific process was as follows: using the expert consultation method and
combining with the actual evaluation experience, according to the degree of consumer concern, each sensory
quality evaluating indicator of elegance , satisfaction, comfort and ease was given weight. The evaluation results
of each smoking evaluation person were calculated by mathematical statistics method, and the sub items and
overall scores of each sensory quality evaluating indicator were obtained. According to the scores, the differ-
ence degree and change direction of sensory quality were determined. The feasibility verification results showed
that the method could distinguish the sensory quality from the score when the change of sensory quality was
small. Tt could not only reflect the difference degree of the overall sensory quality,but also reflect the change
trend of the overall and individual sensory quality evaluation indicators, and the differentiation of sensory

quality differences was obvious. This method could be applied to the development and quality control of ciga-

rette products.

0 5%

TEABIH G BT e TR F 4o
TAFRI AR, H R = SR IR AN L PE IR
PRV = R R — B s e B
CHR B S IR R 5 IBRCE PR 5 k) (YC/T
138—1998) " HLAE , = S KGE A - 3F A K36 A
BT LA 35 2 R 7 kR4 L TP R4
I B ™ il BCE AN 0 E O T BRI Ty
B AR SR R — SO PR i k% T
BUER. CRELLER S RE ML) (YO/T
415—2011) ' HLE T 500 9 73l B4 vk, 76 Mt
& B ARG BAHG T — P FE IR 2, DRI
Yoy o Tl F v B i BT AR A A 2 T
FEREHT SR Tk A8 v R ST Y
ik AEFEURBREY EXEY MR
VSR AR N H A M R TR, VLML HE
BT 25 5 (AR 25 S S AL TR 17 [
WL Tl A IR BT A 7 sy T —Fp Ak
GIREE PEO 1 73 BT 7 1%, 1 T8 6 M
FEF ST SRR R XA 25 T T
WAEARIEATHT 2, IR AP 8RR T AR s &
WG TR R S R R A
PIE, H SR HEST P50 L DL S AR 3

2t TR 4 7 il RGO E L B RRELRD T BRAE, RES
B T L FURSE R SR R i )
A28 S . (T 11 B MR 38 Y X0 AR O
#71k) (YC/T 564—2018) 7 BiLsE T 3T 2%
PRI (R A AR P | T T SR L A%
A BORAE AN J7 3%, %5 12 TH 38 5 10 A
JERS B BRI T VR, SRR T S
IR, f RS B T T B EE
A TR B PSR B D BIVEI Tk IR RE
R A TR b ST B LA R B ) g 25 A
JE 35 P IR At 5 %o BEURE i ) B
BSARSE PP, 1T R FH T KA ] 6025 A S
(1 o S

PA_ESTH 51k B AR REAS A 0™ B B i o
HEATRT LA B, (0 2 R0 25 R A R A |22
A, I HARAG B St A TR 58 T, A SC
AU S7.— PRI (8 S el JBOX BV O i
MR il T PR DI J3E 96 L J L B T IR R
PARREETT AT VRO, R BB GE T 7 85 X 4%
PRI BRI PR S R BEAT IO, A5 A A I
B i SO AR N IURDLEAR AT 23, IR 4 4% 100
P00 RE LG A i AL B R M2 S A JEE R 1k
7T, SBT3 58 45 0B SO AN 1) LS
P AT RE i B LSS Y H A



- 36 -

BaS5 8 202047 A 4535 % 54 4

1 PE kBT
1.1 EMERMNRES S BRE

ST g PP A B A ARG S A K T
VEZS , FEVBEE DU R bR, 7 B DA
WL A SRR AR, e D (3 A
JBt S MR AR 5 W S R A A
WeRE BT Bh3k; SIS LR A TR
THEE TR s MR R TR R 53 &M

RSSOk (9] 56 T & RS 1 B4 7
B KL IR 2 A 13 TURE S5/ N T R
e N I RTAL & R R I T AL &
BEA I H BRI 0, +1, -1,
+2, =25 Zh AR R AR —F W B
BT AN E S by NN T AN 12 D s i i (= Ko
SO, +1, -1, +2, -2.
1.2 BRERRENER NN ERE

M R ] it B i BV L R A
R it PP BRI 2 1 2 e B R H Al
BRI R NIl TR 2 9 =8/ A /T S
RIETE % GG 45 TR 45 R
TEM bR/ AL . AT YR % 5005 115
IEEA SR VR 200, AR T 20 2 ) S T A
XA BCE R HE AR /N T HEA T A FE IR, 4%
R L Tk RN IR 25y, R iEAT
BRI, UE AN S T
1.3 HRNHERESKRNTEE

AL 0 A H IR OB AE R R
FPPM ) (YC/T 415—2011) 1 (B4 46
4 5y B HARER) (GB 5606.4—2005) ! A

Z

[

Z

¢

7
7

=

CEMT 2R SR B BRI R .

BRE b K R BT < o S B K R
Qs A 1 R O N ¥ 7
55) (GB/T 16447—2004 ) "™ #5119 J7 ¥ HE17
S5
1.4 EN A ERET

PRI 9 44 T 5.

PR BRES 45 A S RO B s
JECE 20 M S0 I — B ) (YC/T 565—
2018) " BESR.

X B i A e AR AN ] BTN 0,
SR R BTAT HORE S o o BRRE &, R4 777
T BRAEAP I, 6525 it B R o B R i 5
T EBBARACIE | AT R RE A o o) FE R
PEATI £ S 5006 B 52 0 B, W7 LA 39 RO K (3
B/ ) BB ML AR BRRE Sy o BERE: 5 5.

TEM 7 1« SR T AE 5 5 08 IR 5 ) L
PR (477 S HEAT T MY, %ok HRRE (i 1 45
PEMHEAR /NS0 BB O, B IR R i 45 %
B SRRV F5 AR /NI 1 X R AT L
B HR I L L IR A TAT 2 0 T IR
W 2 SR VR, R R IIAE S 1 32 A, A
it 3 4.

1.5 {EMERHE

e O 25 B BTN Fe bR/ N i

553
Z Y

¥, = —— x 10 @

n

Horp o, 9ER § ANV 1R AR /NI AR DAY 25

K1 BRE S OB A5 AR I 89 AL E KR

Table 1 Weight assignment for the sub items of eath sensory quality evaluating indicator
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Table 2 Design table of drying test parameters for different impeller drum
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G, 17.99 0.6 125.10 105.00 64.55 12.93
G, 18.06 0.6 124.08 110.01 69.96 12.73
G, 18.49 0.6 127.64 110.00 64.56 12.65
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Table 3 Sensory quality evaluation of cigarettes with different drying strength ox
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Table 4  Statistical results of national standard
score for sensory quality of cigarettes with
different drying strength ix
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Table 5 D value of sensory evaluation of cigarette samples with different drying strength
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Abstract:In order to choose an appropriate perforation for improving the quality of slim cigarettes, effects of

online laser, off-line laser, plasma and static electricity perforations on filter ventilation efficiency , filter ventila-

tion rate stability and sensory quantity for slim cigarretes were investigated. The results showed that all of the

four perforations could meet the design needs of filter ventilation rate. Higher filter ventilation rate could

achieved of slim cigarettes perforated by plasma and static electricity when air permeability of tipping paper

was fixed. Filter ventilation rate stability of slim cigarettes perforated by plasma and online laser was better

comparatively. It was more beneficial for improvement of sensory quantity of slim cigarettes perforated by plas-

ma and online laser. Sensory quantity of slim cigarettes perforated by these two ways was corresponded when

the filter ventilation rate was lower, and that perforated by online laser was superior to perforated by plasma

when the filter ventilation rate was higher. In conclusion, plasma and on-line laser perforations were better than

static electricity and off-line laser perforations as a whole,and were the preferred punching methods in the pro-

duction of slim cigarette.
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Table 1 ~ Design value of parameters
for slim cigarretes
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Table 2 Measured values of filter ventilation rate and

air permeability of tipping paper of slim cigarretes
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Table 3 Related data of different

perforation of slim cigarretes
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Table 4  Sensory evaluation score of slim cigarretes by different perforation an
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41.6  7.00 7.00 7.00 7.00 7.00 7.00
TR 30.1 7.00 7.00 7.00 7.00 7.06 7.00
20.5  7.00 7.00 7.00 6.96 7.00 7.00

JEATHL
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6.96 7.00 6.8 7.00 7.06 6.96 7.00 90.89
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LSTE(N

7.00 6.94 6.94 6.78 6.94 6.72 6.78 90.32
7.02 7.00 6.72 6.94 7.11 6.94 6.94 90.92
7.11 7.00 6.86 6.93 7.00 7.06 6.85 91.06
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spices extracted by different process
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Abstract; With jujube as the main raw material, dried apple and Chinese wolfberry as the auxiliary materials,
the dry fruit compound spices were prepared by water extraction, alcohol extraction and enzymatic hydrolysis.
The chemical compositions of the compound spices were compared and analyzed by GC-MS, and the odor evalu-
ation and cigarette flavoring application of the compound spice were evaluated. The results showed that 54 kinds
of chemical components were detected in the compound spice prepared by water extraction,25 kinds were detec-
ted by alcohol extraction, 61 kinds were detected by enzymatic hydrolysis, new aromatic substances such as phe-
nylethanol , hexanal and eugenol were produced by enzymatic hydrolysis, and its unique 2 ,5-dimethyl- 4-hydrox-
y-3 (2H) - furanone was produced by alcohol extraction. There was a little difference in the aroma of the three
kinds of compound spices. The water extract compound spice had the fragrance of jujube and the sour flavor was
obvious, the alcohol extract compound spices had the clear and sweet taste, the enzymatic compound spice had
the most rich jujube fragrance and the burnt sweet taste. The enzymatic compound spice could enrich the aroma
and improve the aftertaste of cigarette. The best flavor adding effect was obtained in cigarette, the second was
alcohol extract compound spice, and the worst was water extract compound spice. In general, the aroma effect of

enzymatic compound spice was better, and it could be used as a new compound spice in cigarette production.
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Table 1 ~ Chemical composition and relative content of compound spices extracted by different process
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Table 2 Kinds of chemical composition of compound spices extracted by different process i
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Table 3  The relative content of chemical composition kinds of compound spices extracted by

different process %
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Abstract : Based on the base formula, the effect of different emulsifier systems on the performance of essence

milk was studied, and the acne-removing conditioning effect of essence milk including 4 active ingredients of

acne-removing factor EG, SkinClean AC, SkinRelax L.C, and ProNature FX were comprehensively evaluated ,

the final formula of the essence milk was determined, and then the physical and chemical properties of acne-

removing conditioning essence milk prepared under the formula was determined. The results showed that acne-

removing conditioning essence milk was prepared by using refreshing mixed fat as the oil phase, S2/521

(m(S2) :m(S21) =1.0 : 1.5) as emulsifier, the acne-removing factor EG as active component, and the

dosage of the three was 8.50% , 3.00% and 8.00% respectively, together with the proper amount of mois-

turizer, thickener, chelating agent and preservative, it had mild performance, good stability, and ideal acne-

removing effect.
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Table 1

The basic formula of

acne-removing conditioning essence milk
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R P R AR 0.15
A R HEP R AR 0.10
1,3 - P 5.00
EDTA-2Na A 0.03
00 TS 1 LR 1.00
B IR AR L ERALE] 2.00
B REMER LR g 5.00
R WA S g 5.00
LA FLAE AL 4.00
C SO TATRE4RIL pHAE 0.15
LHECFHEHH B JB5 311 0.50
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J AT EDTA-2Na AR YA Z el v, i 4F 53
BOATJE A &8 T K, BRI in ALK
A8, PS5 THE 2 80 ~85 °C, {41 10 min,
£ F B ARIERHE A G In# e 75 ~80 C, 5%
LUFRIBREI 58 B AHIIA A KA, HE
2800 r/min % 3~ T 3 min, PR A &
45 C,JmA CAHF D #, WS ERHEE
T, RIS A IE A AR L.
1.2.5 ZiFBHPIE AT H Pk 2K
YRR AEERH , O — 2 WERY
B4 AL 40 2 BEPLS R 4 A, 53R B 4
FAS T35 P B A B4 7 b 32 A A5 R 1)
TR K B A3 WA ST — R R B s 52) 3
PR RR 55 3) 3 3 A H AR S it Ho Al i PR
54 BB AL A H-E 52 150™ il 2K
1.2.6 HEFAERBEIAFRENERIEMN
BRI 28 d, 73l 7E58 7 d 5 14 d 521 d
% 28 d SRAEZIRE 1) F LN St i A4l
10 2 ZIRE S5 G B B0 GO0, X P A ™ i
AR RO TP 43, 43 oA (0) ORH A2
(2) A —ERR(4) FaR(6) I 4 ANEEH K
T A PE 23 BIE BT (.
1.2.7 #HEREBEBEAWEBHIREMX #H
ik Bz R IHIIE 2 AR Sk o3 R A 32 i 1
PP 0 d B T d 14 d 521 d s 28 d
[vi] — s B T8 85 Sk 1 i i, DAY 4 9 2 11

AR PEM IZ R g0 T B AR 2L il OR. B
PRI 5 < SR 32103 5 T T A HoAth T s 47
JER 7 ity , P 7 O TR 8 4 A DU K o O
PR HEFLIR PR T AR B k. R YR S i, 22
K2R G — AR /KIE GRS I F 1 4045
UG, 7 1H L 1 ) 55 17 28 IR i 2 h.
DL E BT R 3 AR , O 4 (E. 4R
Je B JR B 10 B PR IBCT- 354

1.2.8 #HEFHERBEAMELEEIKX W
7 A ) pH AR L = IR AR E T A RO AR E
DAV 2™ i A AL PEfE.

R B, (T pH 31 DU 5E 7 il Y pH
1B : MERA PR BT T A A5 A HiRG 4E %L 10.0 g,
A Z Ve H 5 1 2 251 7K 100. 0 g #47H5
B INFAZ 40 °C AR Wb L3 0 57
RIGRHARZEW 16 AR IED 1 pH 1T, R 325K
Rt S5 BB, DU 9 R B4 (.

e AR AR E P R S T - 15
VKA 24 b BOGE JRTCEAE 45 °C B4 24 h,
HA 3 U A AR

B0 AR I I 3 A R RS R L
BEFE.OEH, L3000 r /min ) 55 O
30 min, WAL B R KA LIRS
1.2.9 #EAEBUIAMEERRNK @
T TR R 3 SR 4R 32 10 (o P 1A B
e — AT fE W R A, WS A2 I
TR () AR AR B0, AT 40952 1 RS A2 2L 1Y
IR

2 FR5HINHE

2.1 #ERAEFEARRETHRULER
TEFERIC 7 1Y FE Al [, 4% 16 4. 00% (450
FEG 0 B AR B 8, T R LA
PR ZR R TE T 6 Fh LA AR Z 0 7 d vk
RERYRZI , 45 R L 2.
I 2 Al T 6 Fh LA AR & i 1
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Table 2 The effect of different emulsifier systems on cosmetics performance
FLALFI A R L4 FiSUN B RREE JHk Jak
Span80/Tween80 m(Span80) : m(Tween80) =1.0 : 1.0 IR O CPE I g JEL A
A6/A25 m(A6) : m(A25) =1.0:1.0 e AW FaE JiR E—
M68 JEE KA FaE ROEER, IR —
S2/821 m(S2) :m(S21) =1.0:1.5 CER= )i g ISR
Al65 i , fi 2 T (LTI
Brij72/Brij721 m(Brij72) : m(Brij721) =1.0 : 1.0 AH = 41 R e KNEGE, BEK, Rk

AR LRI AE S VL0 R ST T YA R 22
5. A AE T Span80/ Tween80 Sy FLAL T4 £ K
FURBAR AN, 67 B B Uy, (B IR B 22, I8
HRAR IR, K JRAT AN U, AT S B R
FEEEHT s LA M68 Sy ZL AL 28 19 7 i, 72
AN 55 53 9%, G 5 L Brij72/Brij721 gl
TR ZR 77 i F BT A0 K, (EL IR SR I A S 1 4
PG, HME DLW s e B FRARAY Oy S2/S21
HAEWFFER 7 A UEA A S,
HHEA G TR IR, W, R BT 92,
IR e 827821 S FLAL IR R EE H.

Nt — A S2/821 f i, AEda il oAt
o HEALRIEOL T, fil % 1 S2/821 Al
MR 2.00% 3.00% 4.00% .5.00% F1 6.00%
ARG HEFL. 2o L A B, BB AR A 1
T, 7 it S S N B, fEL i 3 KRR A 22
YFALF R HIT 5. 00% B, 7= b A8 15 H 95 B
JE IR EFE ML, ELIRBIVE T RE, 2 S2/821 Hl
H2.00% B, 7= il BB i, 20 523 e A 0 2
WL, T2 L& %8, i S2/821
(m(S2) t m(S21) =1.0 : 1.5) B4 &N 3.00%.
2.2 EMBEEEERSHIZEFEER

F I 8. 00% ARG PR o A e, 722
DAL Y JE I I5C 75w 23 00 8 % 95 B 5 EG
SkinClean AC . SkinRelax LC #1 ProNature FX 4
MG PR, T A L i, I il S ik 45 4 4
(FFH 10 #4) 3Z21aE U, 8 32 108 %) 7 i
AR B 53 R s D 32 3 P 7 RS

AT ARk b A i i AT OO, 2R A PE A 4
T 1 A8 0 9 DR B ASOR, , 2R IS 3
K 1.

HIZ% 3 R, 4 Bhis PR A — & 14k
P8R, ELIECF A BB ki R B T . X
FEE A UK B3P R A, B S 1) i DR
TRZ I B RR A I6 AR S B[R] Py n] ASEBE, o
MIEER A K2 4 3 1550 00 i 6 2 B I it
TE R AH R LSS, A Rk 2
FURCRAE I AR I ROR . 7E 4 PRSP

K3 ZiRHFEMIESLER

Table 3 Subjective scoring results of test-users 43

e 5

BRI 00 miad ﬁ%ﬂd 528 d
g N T EG 3 4 5 5
SkinClean AC 3 3 4 4
SkinRelax LC 3 3 4 4
ProNature FX 3 4 4 4
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g 140
)
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— 130
g
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=
100
90 1 1 1 J
0 7 14 21 28
A El/d
B kg b2 8 T AL
Fig.1 The changes of skin oil secretion
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55 AT EG A =W e, iU 14 d
Jo, BIZRBLE T WL A IE A5CR.

1 A DIE 4 A3z B R i i s
G A AN R AR BE YR B X G 4 BT
B BB — s iR B AOR. o i
A 1595 N EG 77 i 4 B9 1 B 43 W & A2 Ak i P
L, 2552 EPE 45 R, e A0 BBtk
I R EG VR 42 95 98 HORS A 2L 09 35 1 1 47
FERIC T 2l 0 #6471 30M, B E TR A il s T &
4 8.50% , [AIEF A 0.25% HIA4A L BEVE N
RIS ), LARIEAS AR L B A7 IR RSN AR
FE R AR AR LAY e BT WL 4.
2.3 #HEAEFEIAMNELERENNESR

XoJ e HE e 2 e il 25 ) 4 gt T R A L
Fr A PEREIN L, I pH E0 6. 5, &8 i ikt A
B T, HAR S TEAT , AR SR K 73 2
M.
2.4 #HEAEBEIANKAYRE

Xof e HE e 2 TC 7 il 25 A R g R A A8 L
AR . BEAILE UM 44 3238, 38 0 T R o3
B AR LAl 2™ b i Ja T s L A, i

A4 AEIAEA I R A BT
Table 4 The final formula of

acne-removing conditioning essence milk

HH JERH R S %
EBTK HZ 100
R 0.10
A IR 0.05
1,3 - 5.00
EDTA-2Na 0.03
8 i 0.50
RH R AR 2.00
B FERH IR £, 3 TG 3.00
L2 R VAV S 3.00
2 1.20
21 1.80
C =B 0.10
KA T 0.25
D AT HH 0 0.15
IR T EG 8.00

RORANE 2 Przs. L 2 AT AR Y 3R
—JH )G, B A Ak AR AL A B ]
P, I il BAT B RO AL SR

3 g

A SR A A6 7L HY B T, 3l ok F A
[Fi) LA 7R A 2% 08 e 2L P R 41 P R SR 0 52
M , LA RO B0 239 & A 4595 7 EG | Skin-
Clean AC SkinRelax LC 1 ProNature FX 4 Fjijf
PR ARG HE LR AL U8 BRACR 1t T BN
PRAR AR R RS AL FLISC T, RIS JEB0IR 5
flem & N 8. 50%, S2/321 (m (S)
m(S21) =1.0 : 1.5) =R 3.00% , 155 H
F EG iR 8. 00% , FHEC LATE & (1 PR IE ] |
AR BT AR R ). A B AL L A AN
AT LT 23 AL 00 42 T S8R 1) 7 1%
Xof #4957 A B AL L B AR VE BB AL S5 SR AT

b) ZikEL: M —HA

o) ZikE2: MR

d) Zik&2: #HH—HE
A2 #kE ARSI RA KR

Fig.2 Trial effect of acne-removing

conditioning essence milk
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Abstract: A dendrobium officinale flower toner with moisturizing skin care effect was prepared by using dried

dendrobium officinale flower as raw material, supplying with ethanol of mass fraction 95% , glycerin, butylene

glycol , allantoin , hydrocline and other ingredients, and the formula of the toner was optimized through the single

factor test and orthogonal test. The results showed that when the added amount of ethanol with mass fraction

95% was 10% ,dendrobium officinale flower polysaccharide stock solution was 12% , glycerin was 5% ,adding

appropriate amount of ingredients, the prepared dendrobium officinale flower moisturizing toner had the best

sensory evaluation, good quality and stable performance.

0 55

Tk 245 pH EHEIT 7 BOIEFILH K, B
FFRN R B TR R SRS PR B R
Tz FasE ) A 1980 4R,
At AT IFIG BRI K, B T 1990 4RA4K,
IR b ) AT L B — | - B RN FE AR
FE MR B kK 43 11 R DR K 22 2 A Aol i 4
JH L BGe R At kS > it T B F2 K
R4 Z 36 IS0 7 R, Rk e
SR AT R R AR IR AN 1] sl 3 437

HHI, 56 T4k Bz A 3R BU 7 A 4 i 7
THT B FBIF R C A 0. 110, BBk 5™ 7 % ik
Rz AT HR Y 10 A4 1k B HEAT DRSS I & B,
R A KR AT B 1) K BRAR B ROR 5 2 3
RS R B, B B A AR SR U B S
PR IEEAFERT, ol LA e R ik s RE
BRI R I, Bk R A e R A A BB HL
A7 AT B 3, EL B Ik i I 28 4 D0 |
FORFaE. WARFFE " B AR
PO oA FEENEHE, BA —E MR BIIRL
SR, 56 T8 Bz A MR AR TE Al S 450088 1y 7 )
AHGE. % T 1, A SCHL LSk B2 1 /T 48 IR
b5 LIRS BN 95% () 2T H . T —
Pt DR PR A S5 BRI 25 86 KA HE TR
W SR , 3 5k B PR 2 D 1 A8 I I A S
MK BB AR 7 L2, AR £k e ik iE %
AR I 7E A3 285 fde i H 1) B B TR RS
TR KSR oAt i T R4S % 5

H:
A

1 ARSI
1.1 Tk

MORL R R A b, T, 2B E LR
] RIS 245 ) B2 L MR s A A

FEGH] T, R A TARRA A
7 JOK P, K ETH BT AL F R A R H
P PREEZR BN AL T R | Bk R
AL TN AT BR 28 w7 5 12 B, Wi il
AEWHARAG PR w] 5 Hl, IR R TR
AR LA 2 R e A el BRI K,
M€ VG 2 B A -5 i 25 T RE2# B SE 0 % A .
1.2 FENEE

HH — S8 7Y %5 I 45 L /K 75 5, &% M1 1 24
aril i A RS ) 7 FA2204N BUHL R OF, |
V5 A A A PR A F] 775 HR3865/00 I #4 it
BL, CRNA T E A FRA F] 5 GIB1S00 L/h —
40 MPa 734 ML, # M TR 1 R AT
SHB — M BE IR X 2 ] 28 58, KRN A 38R

A PR F] 7 KQ300DE AU 45 74 15 5 Uk

i, BT R A S A PR A |
1.3 XWHZE
1.3.1 #EARESHEERNGEE HL—
8 T R K ARG, Y K ot T s,
ARGEIBKIZHL 1 hy SR SR AW 2B 2
PETTALAT, L 2000 W A D28 K91 10 min Ji5,
Z AR UE B 2 H P UKL O B £ 4E ) o
FEHEAOK X 2 B2 RIR A Wik 2 0t
U8 AR UE 5 ) R UB VR P 40 mL (AR 43
BCh 0% 1) QI R GRS B3 180 W) 42
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I 30 min J5 , ¥ B4R B0 E T 10 mL (555
B2, RIS ER B A R 2 B8 R, & Tk
RV I 2 AR AT, 25 .

1.3.2 SEARERBEZRKORE Bk,
S T B T RS AR G, FH AR e 5 %
B4 R SRR I —E TR R B0k
95% [P CBE T e H M AR A, I H 8%
BERRPEFEY 505 SR I5 , I — 2 = B B K R A7
Bk R R 20 R B, — A — 2 1
PREEFRFBZER K —ih il , H R B 25,
FAMZEE K 2 45 28 20 mL, BA54k i £ b AE A5
MK,

1.3.3 BREHRWIEIT Bl aniEx
FRIK B3 R 20 g, A iRk AR 22 0 D i R
12% , H s el 5% , 55 FR 5 80h 95%
1 L BETR TIn (0% 5% 10% 15% 20% ) %}
BB A B PR 2 K B B R 1 5

[P 78 Bk B A1 A6 R R K B 20 g, 1 i
RTINS 12% AR50k 95% 1y
VR N & ok 10% , 25 28 H Ol i in &2 (2% .
4% 6% 8% 10% ) X8k K A1 A6 O 8 22 k7K
SRR R .

[P 78 Bk K7 A1 R AE SR R K B 20 g, RN
53N 95% (1) CRETS Nl 10% , HAh s fin
H 5% A RHEZHE RIS N (4% 8% |
12% 16% 20% ) %8k K A1 G ORI 52 ik /K &
BRI B .

1.3.4 EXRWIEIT EREHRARE RN
EAb R Ly (3)° 7 =R =K FMIES
R, HERAKELER L.

1.3.5 REEIEM M4 ktkk) (QB/T
2660—2004 ) "I ELR , 45 A ik i A RHE TR TR
FERRIK PR B R A5, 0 22 R K B U A
BI5TPE A IREE | v AR R R A A B T
BRUECT e Ak R A1 FRHAE (R SR A B B4y
(L3R 2) , #18 20 f 3z Tl 3G IR Has

ECE PO RE ST 0 2 AR AT IR PR A, e
BAEML A 10 4. FERCE WO A fe v, ™
AL RPN AR E AR T , Sl 2RI PR A R
AT B AL, A B b B BEAT VAN, AT
PO, AORUEPPO 45 2R B 22 11 Bkt 5 B
K H 100 il KU PEor R GE, ek ARV 25
I HE.

1.3.6  EAFEM M Ctkk) (QB/T
2660—2004 ) [ ER , BEATER B A1 ARHAE DRI SR IR
KR BRE | B | T (A, B 2
5% 3.

A1 EZRBEEERT R

Table 1  Orthogonal test factor level table %
EES
KT GRBUSECH 95%  BAifiiES il

RIS (A)  ERAS IR (B)  BINEE(C)
1 9 10 5
10 11 6
3 11 12 7

R 2 R TR R ROR BB RS AR
Table 2 Sensory evaluation standard of dendrobium

afficinale flower moisturizing toner

ir b /9
o) S RPE , AT MBS A FR 15 ~20
@igﬁf\ RO R, T R T~ 14
h 7 e T E TR0 0-~6
AT (1B 15 -2
HCE0.5 h G B4
TR, (R 06
g 0.5 h TR 82
I T L% 15~20
I AR ES O R AITNERIEES 7~14
WA KT AR AIE 06
THPEIE H, ToN I 15 ~20
A ERE SRR, B RAER 7~ 14
WP R H K, BB AER 06
WHEF L 0.5 h 5, kiR 15 ~20
R WAETF 0.5 hJ5, B2 kAN T 7~14

WRIET 1 0.5 h )5, B koe e T4 0~6
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3 BB AHERE MR A
Table 3 Physical and chemical evaluation form of

dendrobium afficinale flower moisturizing toner

eIz K 7k oRllk A
Bk A SRR R IR K S

TRIRIE  AKHRERIRFRLL 1 9 TR 3.5~8.5
A RINR AR pH
Bk B IR R K &

it F40 CEEEA 24 h 5, B, T2, AR
BRI 2R AR MR
Bk B A e RR R IR E T

MifgEr:  —10 CEEEF 24 hj5 BUE, T2, AR

UEEESEIPUEZS RN

2 SRS
2.1 BRRRBERSH
2.1.1 ZERMEXEHKKEEHFENZM
B 1R R BB 95% 1 2, FE Vs i ok 4k
B AT HE PRI 32 R K B R P B 2 .y 8] 1
ATDVE SR E0h 95% 19 L BEVS N R
10% B}, 2k K2 A fRHAE AR 1 22 R K 1 8B T -
115374 89.00 43, HA BT A IEE b BT, 2 5k
TR RIRK T BB, B A R
B AV Y, B E WL E 0.5 h
J& , B 2 IR AT Bl bEIE o, OIS R,
H Rz W22 e, R4y
2.1.2 HEAMESERERMEIERKK
BB & 2 kR A e 20 R
BN B A R ORI 2 K R R 1
M. fH & 2 FTLAE Y, 2485 A e 2 W5 i s
IR 129 B, 8k 5z A AR 2 oK B AT R
U YRR BT, B PR Y 0 R 86..00 41
AT TR MoK IR RAE T b, Jo 2 308
TE, BA A BHERA AW, B 54T, 20 R =
TCMIURS , PRIE PR AT Bse it A v 2 3, Y
A BHE 2 RS I 12% i), Z2 kK 1Y
WIS A fRORE WA 22 , SR I T R, S
SEIE AT H ) A R 22 W8 D S 0 A 3R B
KF 12% By 1.

90.00
88.00
86.00
84.00
82.00
80.00

TN 505y

78.00

76‘00 1 1 1 ]
0 5 10 15 20

TR BN 95% £ B I/ %
B 1 RBReyEH 95% 69 LB R 34k B
T AR IR F B OK B B A MR R R
Fig.1 Effects of 95% ethanol addition on

the sensory properties of dendrobium officinale

flower moisturizing toner

87.00
86.00
85.00
84.00
83.00
82.00
81.00
80.00

79.00 : L L !
4 8 12 16 20

B B AT AL 22 M RS I %
B2 BRI S AR E A
BRE G RHIEARIE T ROK B B A Mg oh
Fig.2 Effects of dendrobium officinale flower

EEIN T 53153

polysaccharide stock solution on the sensory properties

of dendrobium officinale flower moisturizing toner

2.1.3 HilHRMEXFHRKREHFENZI
P 3 Sy b s e R R B A B AR SR IR K
EERRPERORZ M. & 3 TR S H s
N 6% B, BCE WA 45 23 e, 87,00
o3 RRZERE P IR OK IR IR E T |, (R IR
B, O R, B £ e A AR, 4
Ji 45, Teh RS, BRIk, 9 e f) 3 e B
A 3 R R IR A IR ASCR
2.2 EXHBERSHN
IEARIE S R I S. 3 S Al [,3 A~ E



KD, F 5B MILRE R AT T T LR

- 65 -

88.00

86.00

84.00

82.00

80.00

R AT 5515

78.00

76.00 - ! . ,
Hahzs /%
B3 Hd iR atek kB AL
R S ACE EAE A
Fig.3  Effects of glycerin addition on the sensory
properties of dendrobium officinale flower

moisturizing toner

BRI TR Rz A ORI 2 R AR B b o 52
MR /IN A i > AR50 95% 1 &
BTN > 4 Bz A1 fPHAE 22 W DR s Jin . 4k B2
A HETRIR R RK I L G A, B, C, , BA
TR 95% 1) LTSN &R 10% , 5% 5% A7 figt
LW RSN N 12% , Hhds il 5% .
T AT Sy I KR Ay L PR 25 A5 AR,
il B 1 SR WK it B B VA 4 SR e
2.3 WHERWHER

R T 25 B UF 1 A I A 1E A P RN A
PE 4 BRI AR 7 3 IRE A 50 P il AT IR E
PEMFIERARAG I, 45 5L DL 3% 6. f 3% 6 AT, LA
AL 7 8 AR B A R PRI 2 R K o R
Iy Hk AR .

3 &g

A SCHil & T — R EA PRI BRI 1 8k K
AR ZE R K 38 g B R 2 40 R I 32 3
WX R WK W BC T #7016 A5 SRR
Bh 95% 1 CEER IRy 10% 405z A ftHE 2
PRSI EE N 12% , HlES n a2 5% I, 7
VS T3 AR T 5 K R A R R 22 R K
BVEM B, T R A R RB R E . AR, —

A5 ERBEERE
Table 5 The results table of

orthogonal test

3 e
LR A Bg C ﬁ%?ﬁ
1 1 1 1 80.23
2 1 2 3 81.17
3 1 3 2 80.46
4 2 1 3 80.92
5 2 2 2 80.08
6 2 3 1 85.77
7 3 1 2 79.15
8 3 2 1 82.00
9 3 3 3 79.62
K, 241. 86 240. 31 248. 00
K, 246. 77 243.25 239. 69
K, 240. 77 245. 85 241.71
k, 80. 62 80. 10 82.67
k, 82.26 81.08 79. 90
k, 80. 26 81.95 80. 57
=R 2.00 1.85 2.77

FE W C>A>B

K- 4, B, o

RIS A,B5C,

(6 JMBFIBiELhR

Table 6  Optimal formula verification results

JRE . .
Y ﬁ)}% MR T Tif FE

1 86.01 7
2 85.79 7
3 85.77 7

GRS
== =

AR PRIE SRR, oo R SR IR AR Y, B
B R IR ORISR b, 3 R T T
A RS T IR A5 MR R B A ARHAE 22 R
HATPUEA PR S5 , ny AR A 1
O B2 IR S i K SRR B DA, M TS 31 5 3
UK IUICERE VR PR, J5 SR 5 X 2K
FMRoK b ZUE IR R B A A 2B R T
R PUAMIEEEIEREREATOT ST, ik R
FMRAK Byt 7= T SRS R



BaS5 8 202047 A 4535 % 54 4

. 66 -
SE 30k
(1] E 9. %A e ot A [T F B 25,2013

(2]

(3]

(4]

(5]

(6]

(7]

(9]

(6):78.

T FEERAKBFRLI]. FRFRNR S,
1997(4) :39.

R ABERALT]. FE A ,1999(3) :
34.

BER UEATWARELRELT]. FEAWA
He i 1997 (4) 119,

Dy K ZE W KA [T]. 8 A
2 E AL 2011,34(6) 142,

AE EBRELG BTN HAE[D]. £
. g LR BRI ,2012.

H Rt A B R R B R R KR A
[J]. SR A T#F%,2018,2(1) :127.
PREK, I &6, B . 2k A B4R B4 1R I8 P B
o). bl d B2k F ¥ 4],2015,6(29)
70.

5% . — P B RIE T B B K R R B
Wy B A AP IR o A B R ] 1201610155974,

[10]

[11]

[12]

[13]

[14]

6[P].2016 —05 —04.

RER AN, ARE, % —HEARED
Bk R R B AR R E R & T &
PARCAE 37 fk & P By B2 A : 108113953A [P .
2018 - 06 —05.

RRF Ae#, ET75, % RA A MALLF
A BRALEANE A RLT]. & & #2014,
39(12) :106.

BREp,ERE, IEI, % X T4 EE I
SRBEBITZLRESMTEMET RRE[T].
BRI K ,2019,40(2) ;52.

I, A%, 25,5 FHESBNRBE LR
A ARG HAFM[T]. & F B ,2008(5) :
58.
FRARIMEERREMKEZR & K
YA QB/T 2660—2004 [ ST. b . F EH#% T
A R A ,2004.

Ak, BB R AT, & ORI R K
d b By R[] 7 A ,2015,42(13);
161.



Fra S0 2020 4F7 J 5535 45 55 4 )

JOURNAL OF LIGHT INDUSTRY _ Vol.35 No.4 July 2020
S| B, M UKIA . FRAE KA BB I B T e [ )] R 241, 2020,35(4) 167 -
80.

FEZTES: X703 XEARIAE:A

DOI:10. 12187,/2020. 04. 010

XE4H S :2096 - 1553(2020)04 - 0067 — 14

- 67 -

7 30 15 K AL BRECAS i B 58 08 i

The advance of swine wastewater treatment technology

3 A N2 LD,
R, HOKE
LIANG Yuhai,XIAO Yongyin

RN KF FRAFEFR, T K T M 510642

B3 a0F College of Natural Resources and Environment, South China Agricultural University, Guangzhou
Tt B K5 K A A 510642 , China

FA FRACAHA

R S ik T R RSB AL TR 9 AR o B, KL, P AR

SME T EAKTFTEDG LR A2RE BERGIER, ALY EE~LF
KB b E ) R F A AL B R RAUT AR Y B R R A b e 4e A AL, iR
TAZILFREA . AT FITHLE LR, RRE B F 360 hKHE

Key words:;
swine wastewater;

wastewater treatment

technology ; utilization AT, IR A BT ERACEAT e AF 3G TR 56 A S AR
of resources ;nitrogen o ECE AR B T R OR R R K AR A LSRR SR H R
removal 0 e R

145 H #E :2020 — 04 - 30

HEWMB: B XA XA AELT A (51708229) ;)" R AKITAFL R “FFELRLAL” A B (2017GCO10157)

{EERN: Bk (1986—) , B, A ABREATA, LHRERFEHINHE WL, TZHR T @ HFRKEEH
HAK.



- 68 -

BaS5 8 202047 A 4535 % 54 4

Abstract : By reviewing the basic principle , advantages and disadvantages of different swine wastewater treat-

ment technologies, it was found out that traditional treatment technologies mainly focused on the removal of pol-

lutants from wastewater,but did not consider the control of total nitrogen,which was difficult to achieve energy

saving and resource recycling. New treatment technologies not only reduced the energy and material consump-

tion in the process of total nitrogen removal ,but also realized the recycling of resources. So these technologies

had a broad application prospect in the future swine wastewater treatment. In order to realize sustainable devel-

opment strategy and achieve higher effluent discharge standards in the future, existing treatment technologies

can be improved in optimizing operating conditions, adding pretreatment measures, and combining multi-tech-

nology treatment. In the future,new technologies of swine wastewater treatment will develop towards low con-

sumption , high efficiency and high quality.
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Abstract ;: Aiming at the problem of low accuracy of traditional prediction methods of anti-electricity stealing, a

prediction method of anti-electricity stealing based on big data of electric power was proposed. This method

firstly constructed samples of electricity stealing data according to abnormal rules, and introduced the growth

rate of line loss rate constraint conditions. Then it used four machine learning classification algorithms to build

a prediction model on the voltage, current and power factor data sets respectively, combined the users with

abnormal data output and users with abnormal line loss to output a list of users suspected of stealing electricity.

Experimental results showed that the prediction accuracy of the method was satisfactory , and it was efficient and

feasible in identifying users suspected of stealing electricity.
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Fig. 1 Design idea of the prediction method of anti-electricity stealing
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Table 3 The assessment results of multiple algorithm models based on the data of electric current %
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K4 ETRERFEN S EEDFELER

Table 4 The assessment results of multiple algorithm models based on the data of voltage %
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Table 5 The assessment results of multiple algorithm models based on power factor data %
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Abstract: Aiming at the problem of large sparseness and poor scalability of traditional collaborative filtering

algorithms , a collaborative filtering algorithm based on the improved singular value decomposition (SVD) algo-

rithm and binary K-means clustering algorithm was proposed. The algorithm firstly used the improved SVD

algorithm to reduce the dimensionality of the sparse user-item rating matrix to obtain the user implicit feature

matrix , then used the binary K-means clustering algorithm to cluster similar users to improve the scalability of

the algorithm ,and finally used the nearest neighbor set score to correct the target user’s score to make up for

the error caused by the loss of user information due to matrix factorization. Experimental results on the Mov-

ieLens 100K data set showed that compared with the traditional user-based collaborative filtering algorithm

K-means clustering-based collaborative filtering algorithm and latent factor model ( LFM ) algorithm, this

method could effectively improve the accuracy of recommendation results.
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Abstract :In order to compare and analyze the network traffic classification effect of different machine learning

algorithms in the software defined network (SDN) environment, the Moore dataset was balanced, and four

classic machine learning algorithms including KNN, random forest ( RF) , support vector machine (SVM) and

gradient lifting decision tree ( GBDT) were supported on the machine learning platform RapidMiner to select

different classification features for classification experiments. Experimental results showed that compared with

the other three algorithms, the GBDT algorithm could obtain better classification results in a shorter time.

0 35

W A5 BRI A JE R B Bk )
LRUMLI R 22 | DL TCP/TP MU A% OB S
PO 28 7L A R P AN B, 5 BV R R X A%
81 45 1) B o, B0 € SC R 4% SDN (softward
defined network ) Wiz Mii Az , PR L R 3% Y 4f
RN — AR A LI 5.

SDN il iod fift #1248 ) 2% v i s 1 D) e 5 4K
Yae S UIRE T2 T 4R rh A 1 P i A0 el 2
A5 OpenFlow AL 84 B ~F- 1, HL >
SFIRIZ [ OpenFlow BIFEHEATIEAE . AHA
TALGE M 2%, SDN 1) 5 rp 384 ] oF 1 76 X A
P 28 SRR R JEE | P 245 1 A B P 5 5 i
HAEKIIIEE. Google 23w 1k SDN £ A KL
FE ) B4 ML TR SR T SDN B RGBT

SDN {503} W 255 1) il B A BE 7, £ T4
A P25 A HIE R 114 T 2 AR R R R 45 B A 1
e, BE N TR RESFHOR M AR, & 1% SDN
AR BEAL T T EAT 1T R 221, SDN (1424
i I T B PO R VAV E D= 1B iR S
G SRR TR . 246 & BRI SDN ]
VAARA o 45 4 Joy AL ] I8 R e g 00 28175 O 1)
A5 A A 22 I 28R A U B 2 AT, S AN ]
AU (1 285 4R 11 22 SR AL 1Y QoS it AR 5
I AR R S AR RS P A
B, B LSTM S04 000 0 45 37 1 25 4, aRAG45
U TR, s XI55 SR () PPME 41,
M Y e R A B o o) 45 3 72 A 17 0 R AT 33
M, etk 723 A 2K SDN 53 F- i SHLB f) 71 2%

), fE A BRSBTS R B

FE W26 F AR 2 8 B TRI s, Do 28 RS A 3 7
NS R &R T ARk, B3 HEE I L = 1t
BAL RBSCHE 56 1 1 B 5 I 46 0 o A i JL AR &2
TR K, M T R R b 2R T B k.
12558 I 245 o I 244 e R A T T A B Y B e A )
PEREULIT, R P o AR A 55 2 B A7 8 Uk
FRIN , PR X6 EL A AN [ 5K 1 09 2% 3t 5 I 125 52
2 ALY QoS PRI Xif W 2% Jii 12t i 4T Ui -
SEAAR R ) PR IEHLTR , 23 (50 0 28 B 3 s iz 47
X P 45 B D 24 2 4 RN I 45 1 9 SR AR LA
HEEAY R . FI T SDN £ sl | 5 T 3K ik
FERAS G B R, T 4 I R
SIWFFE AR & A al AT, MAL#S 2% > 72 i &R
oIl b R Y A

Y, AR ORI U LR 28 B L35 2 2] 57
L AE W2 i B IR 55 Moore™ b AT 9 45 3 42t
WO AT, BAELE SDN 355 AN [RI LA 2% 2
PR BIRCR , A TE SDN W 45 i e U5 35 1 L
v ) FR RIS

1 T~ A 0 4 i e R

I 28-FE A1 A RS 2 I 28 i 6 70 285 1%
(5 . 5t 14 0 28 0 28 7 i 2 il 2ok T o
I PO A 67 A B T 4 i 1 e s
A 25 107 FH -5 3 110, a0 o A 1 Kdfe v
g 11515 S BT R 2 I 4 3 e SR R, Xy
TR A 0 T 0 90 4% 9 A Ok
Jri SR R AT AR U R 45
WO ) 4% 4 B 52 P HA )2 1 I .



- 08 -

BaS5 8 202047 A 4535 % 54 4

(E Rt 25 WAL 3 11 45 K L P2P 7 458 397 7Y o 445 )
JETE HH B, 35T 0 10 0 ) 4% 0 4 S U T 7
BT BRI, — i A 50% ~70% .

Xt R T3 1 14 ) % 432K ek AR AE TR
ity 11 /PA 2R 2 AR TG v YR A TR 03] D) 4% 3 e 1) [
BFSE AR I T 3 T 3 po iR oy vk sl g
OB RS RA HR A Ak B AR B I T 2 44 EA T A2
] LAARAS A T O VB . (L3 3 70 1 I 4% 7
SR T VAT 4 e v 2R 0 (W] B A T
M HLARIBCA S 3800 O SR ICH 7 BRRL
A XTI R A DR IS AR R
JH T o 3 9 45 R P 40 2

PTAER , B HLAs % ST FOR R R, AATHF
LA T R 3 0 4% R AR B B0 T AR
IR SCHR(8 - 9 J3RIL T I 1 7 - 4t
R RARAE, 45 AL ST 7 S T 1E
SO0 4% BRI H £ 190 245 370 8 v B AR 1. SCRk[ 10 ]
SEORORIAE 4 FLIS A K-means 4325 07 1, Ml 38
T K-means 432577 B0 45 5 2 b0 06 BN 3 )
IR0, A T SR 2R ARV, AT PR G e 5
MR 7E Moore itdin 5 F HUS T 847 19 432534
SR SCHR[ L T3 5 e AR e B T SSL i
AN AR SSL U BT 3 S A B 1
RN 77 180, 1) FH 25 R A AR ( GMIM) 2t
SEAPRER AT S BN O R 432 SC
FRO12 T F C4. 5 pesfemd Xt P2P i 474
2K IRSE IS P2P R ERAE 43 H R R
) P2P i, MR AR B S R KTy
Vi, CA. 5 YesfmR ELA T A v v S D )
SRR 1) FIR B 18] S 35 1 B HL (SVM) 2 5] J5
VR AE R4 22 v B B 2 AL B )
PR, (E 32 BT W 2 3D 7 BRI AE , STk
[13 33 5 | A2 > FI B2 5] %) SVM
PEATORAL, 425 T SVM 402 1o mf B, (R )
18 %53 2607 1 1) BAA SRR

ML 7 > J7 i DAL 3 e i A 2 Bk i ok

SDN 37 5% 38 B (14 ] /81 1) 7 i& 1. SDN =
(P e T HAR &) 32 1) DDOS Ky, 3¢
TR 14 ] 36 b 7 42 ) s 3 it B e T e, )
F C4.5 g% DDOS Kk i f A TR I, AH %S
T SVM FI KNN vk, C4. 5 X Mo diim i B
Gy B PURRICR s SCHR [ 15 AR 318 10 45 PR A il 1Y
PRI R, AT FEPLAR AR (RF) 330352
PLT SDN HG AT It i R T 80 e A TR 5 3¢
BR[ 16 ] 75 SDN FAdE AR AR iy ) 5k 7EXT
P02 3 i AT 3 2R R RTER R, A R s Ak o 20 )
& B AT, DA A [) 24 28 ) IO 288 3k o 3K
15 T AHRE Y QoS fR .

AR K - JE4f (KNN) (SVM  RF Fi#
JESETIISRA (GBDT) X 4 Fh 2 e (L g2 >
ST L S g KNN B S Bl i, 7R 2
SRR HAG BT B 43 RAOR s SVM iz 1L fig
JIBT 35 G T /NECER B 4 5 RF S0
— PP B S B, S RER R B & GBDT 45
PR B A R AR —, BA
B8 1R ) A S P R 5

2 FdlEsE At

Moore %446 J2& M 46 It f: 73 2 Ul 1) 28 i
AR | i I 2% T 1 224 7 TR A YRR IE A
BN T X SRR AR AT L AT B AL L AR
A. W. Moore ot HLHE AT 1 ) LI 25 4t , 350 ff
15 Moore $54 5 76 I 45 i 12t 43 28 5L B0 P A LR
8. 290 Hr, Moore K030 45 Hh (10 S A0 45 A
YR AE SDN PR 5 rfvid iof ) RE A B sl M 4 31 4%
A GRS B AR AR, B4 SR ] Moore £ 48 4R
HEAT S HA A AT

Moore $i4fs 88 R AEHE B T M 45 R A 1910 4>
I ) B F P 4 i £ S B 2 rh R MR AR A
248 AN WEAHAE AT 1 AN R R AR S, X
FEAS I B A FRAE E 17 T 40 38 . Moore %5415 42
Iy 10 ASFERA L, AR T4 5 X5 L 4 b



FE 0, % :SDN 355 T4 FAL & 5 5] 5k 09 W 250 & 2 K AT

.99 .

1, Moore Zdla AR T AL A GETH IR 1
7.

% 1 Moore # ¥ % & £ AR oy R EHARA LT
Table 1  Traffic sample statistics of

various types in Moore dataset

e B el
Www WWW 328 091 86.906
MAIL Imap,pop2/3,SMTP 28567  7.567
BULK FTP 11 539  3.056

DATABASE Postgres,sqlnet oracle,ingress 2648  0.701
SERVICES X11,dns,ident,ldap,ntp 2099 0.556
P2pP KazaA , bittorrent , gnutella 2094  0.555
ATTACK Internet worm and virus attacks 1793 0.475
MUITIMEDIA  Windows media player,real 576 0.153

INTERACTIVE  Ssh,klogin, rlogin, telnet 110  0.029
GAME Half-life 8 0.002
j=San 377 526 100.000
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Table 2 The number of samples of

each type in the balanced dataset

R B/ %
WWW 65 000
MAIL 65 000
BULK 30 000

DATABASE 30 000
SERVICES 30 000
P2P 30 000
ATTACK 20 000
MUITIMEDIA 10 000
INTERACTIVE 10 000
it 270 000
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Table 3  Selected classification features
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Abstract : Aiming at the problem that the tranditional total generalized variation (TGV ) algorithm could not

restrain noise effectively in the process of infrared image super-resolution, a single infrared image super-resolu-

tion algorithm based on improved TGV was proposed. Firstly, the algorithm was built by second-order TGV

regularization model and first-order graduate sharpening operator. First-order graduate sharpening operator was

added during the process of gradient ascent, and the factor of first-order graduate sharpening operator was

added during the process of gradient descent, so this algorithm acquired a new kind of infrared image super-

resolution regularization model. Then it inferred the high-resolution infrared image with a first-order primal-

dual optimization scheme. The experimental results showed that the algorithm was superior to other traditional

algorithms in terms of subjective visual effect and objective evaluation index, and could obtain high-quality

high-resolution infrared images, effectively suppress noise and reduce the complexity of hardware implementa-

tion, and had strong practicality.
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house image of different algorithms
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Fig.4 The super-resolution results of

woods image of different algorithms
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Fig.5 The super-resolution results of hill image

1 TREMyPF ke PSNR {4
Table 1 PSNR values of different

super-resolution algorithms

4 FALA8  XMrJy TR TGV AL
WREA EAE BN Ak

AT 28.7073 30.1877  31.7599  31.760 6
¥ 28.1656 29.6037  29.8603  29.778 9
B 29.3187 30.9563  34.2831 34.5625
EhBE 29.2144 30.8514  34.0873 34.2757
] 28.8916 30.4976  32.683 1 32.7180
BEMAIFTA 28.9652 30.5089  32.5224  32.598 9
A 29.1062 30.7160  32.3376  32.559 6
PEMAIER 29.09075 30.6309  32.9367  33.066 0
PSNR F-#4ff 28.933 3 30.494 1  32.5588  32.665 0
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