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Wy fLARR/NE) . WEE R RIEDEE EFA MR R, A
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AW TR B AR T 2 AL B R R, O
R R PR 1) SRR T8 T RRAR R TR, IR
BT AR R B GG A A SR AR B T PR BN SRR )
Lo TR (I, LASYTRE N H R PR 2 0 BRI P
TR AR o

1 MRS

1.1 EREEACIE AT IR H R R =

155 FH 4 G5 ARFR 1) 2803 AR R AR 0 H T R WS S R &
H R (AR R e s R & &, R
WEEE, BANBx, HERIE TR E) N 15~20 “Bx. il
FH 98% 1) ¥ it R ¥ H i P& % 1% b & pHAH N 2~3,
80~90 °C/KHHINFA 1~2 ho I HTEC il ) A K ALK pH AE
WA 6.5~7.0, FBIIE20h, CAHTH KA. RAKSE
Fi. W LEJEEWR, AR AKEEmEE AR EN
10~15 *Bx.
1.2 GEMREREELIEHEEREE

I T AL BRAS 21 (1 H R PR BE IS WP I 0.6% (i &
D) HIETER I A, 60~70 °CIKIG 1 h FF A Wi k. FE
J& 8 000 r/min B> 5~10 min, it JERR L ETIEY) .
1.3 EBTRITMZIEDEECIEHEREE

04k AT B 1 H R IR BE A v AR I 1,00, 0.45
A10.22 pm % B FL A2 10 E 3 142 28 b Z1 i (P [ R 2 B
AR B TR 7T TP R ) S5 & 1 B i JE Ak B
HEAT I
1.4 BARNEDHENLEBEEHEEREEZNNEZ

bl

15 F SO EE 73 BT 4 (Malvern, Mastersizer 2000) il
SERGRE I 5 1 i AL 1) B B AL B 1 3 Tl PR 2 1)
BiAz A . MEJLE: 0.02~2 000 pm, PEFEZEAIS .
Hydro 2000MU (A), #EFE7i%: RIEHEFE .

1.5 BedugtEeit-fRREES LB HERRE
BRI AR
151 #HmarktE
K HH 26 1B B8 2R K F] A2 77 1) Q-Exactive HF ¥ Jiii Bk
FH ASCRSE 00 JRE PR A T R S 2 R R N S
1) FREUE A 85 FIFE & 100 mg B T 2 mL &5 0 & s
2) A 1 mL 70% H EE AT 3 mm MRS 4N ER, A4 H shie
Wb BRI BE A (JXFSTPRP-48, 70 Hz) iZ 3% A 74 3 min,
A EGIREE 5 (40 KHZ) 10 min;  3) 4 °CIKIE T 12 000
r/min 0 10 min, 0 FETE BB 2~100f5: 4) IIA

AR 10 uL RN 100 pg/mL WA T &R (M bk
SRR — AN O T A A 5 ON AR DA I TR
L, B TE BRI 2, 1T 0.22 um PTFE 3E:3k EHL
yioRill8
152 BEMREeEEs

K H Agilent C18(2.1 mmx100 mm, 3 um) i kE,
FEdR: 35°C, Wii#: 0.3 mL/min, HEFEE: 10 pL. W
BNAHA 0.1% FHERZKIEI (A) F1 216 (B), BhFELENL
1.5.3 iy

1B R NGRS : 325 °C; BYSUIHE:
45 arb; HBIRIIE: 15 arb; MBS : 1arb;
Wik 3.5 kv BAIEIRE: 330 °C. A
— ARSI MRS E A R A
S o
1.6 BULRIEREESNHFEREEZEXEE T BRREMN

=211

e £ 25 10840 il T 20 45 1, 8 000 r/min 5 0
Smin, 7% FZIEW. 3 mL A 1B IR 5 28 m i
(PBS) i 17k, 8 000 r/min 2.0 2 min, 2 PBS. fil
NTRA ) 70% 1 .8, 4 °C F[E 5 1~2 h, 8 000 t/min
202 min, FFEEER. 3 mL WA PBS HEUUE
5 min, 8 000 r/min &:»2 min, 77 PBS. JOIA 1 mLfift
ETAREGS, 4 °C TG H (% 30 min, FEEOEHEL T i
TR A A (Flow Sight) #6: .
17 SYREEIEERNLCEEHEEREZ PR

RE
1.7.1  #RETRIE

K FH 2 [ R BR G | AR = 1R U3000 e 800 AR 3
3, 256 W AH 78 22 K I 2% (RefractoMax 52) £ il 4k 3
JEH R R E DR, R, WAERBNETE. DK
B8 6 B . SR BE . EBE R 100 mg, 40 B0 2 mL 4 K
R, R, EARERA M 2) LAUKAER, #
I 47 B 2 T BE BB B (0.1, 0.2, 1.0, 5.0, 25.0, 50.0 g/L) i
TR RE . SRBERIR R (0.1, 0.2, 1.0, 5.0, 10.0 g/L) i#F
17 B R R 209 FE B FE (0.2, 1.0, 5.0, 25.0, 50.0 g/L)
BEAT W BE s 3) Mg Ab BE S I H RE PR B A Al K R R
105 4) FES 2 0.22 um I CFLIE ML € 5, BX 1.5
mL T 3EFF I kAT v RO g R U
1.7.2 SMRHEGIEEYE

* H Aminex® HPX-87P, 300 mmx7.8 mm ## 73 ¥
FE, IR 30°C, W#E: 1 mL/min, HEFEE: 15.0 pl.
WBNAEA 75% LR 25% HEAtK .
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1.8 LIARIEERHEEEE RN ABE TR

SIS F B O v R e AR BRATE 5 i A= P B
A S0 = IR A B bR B8 T BRAR B ATCC 25755,
Vg TR B A o 4 B — 0 A5 HUUS IR AT T SR AR TR RE IR Ak
(RCM) P b, 37 °CEEF7 72 ho PRECFHR_E B H 56
TR T 54 10 mL RCM 35 7 5 (1) JR AU i o5 & b 15 9%
48 h, 1HENEAL G AT B AP AR B 75 4 i
ERFRN L RAEAEE IR, LRSS 16 H 1 R 2 R
RREFREE, KENE AT SR AR 3R, 53—
Fw R ZRFT . =M TAENREEREF, BN
A 100 mL AL 35 H R PR RE BB 7R 1 R AU o
BT BESLSS, RN 10%. 105 R FE )
FERE, FRE R 24, 48, 72, 96, 120 hith, e &
T MR TR] OD oo SUFR T 14 20 %5 2, 4 ¥ WAE 600 nm i
KA IR EAE,  — R T AR A BRCER A 43 D 56 FE 11D
ENVE K pHAE, fMHP TR, CREFELEHEHTT
T,
1.9 SHEEIE-RIEEENABREPEEERRNSE
1.9.1 #H#RETAIE

X i Agilent 7890B-7000D “<, J5it ik FH 43 43 4T & I ¥k
HOR. N FTRR. ETR. SRR IE RS
B, BUEEREEBINA 2 mL i 1:3 BB /KB, T ie
¥I9% 2 min, A2 mL ZBFACH 10 min, 74 °CARHE T
4 000 r/min 0> 20 min, HUH CBEAH. BEE Rk 4Rk
BUDBR, KWRAEDORE I, HRERE2mL, HT
SAHETE- TS AT
192 SHEHEeIERH

K Hl HP-INNOWAX(25 mx0.20 mmx0.40 pm) & i}
K, @A RRTER Y 100 °C, {R4F 5 min, L5 °C/min

FEMATHT2: 1.61-0.11 AT 1.33
120E: 2.364

F+% 150 °C, LA 30 °C/min T+ % 240 °C, {££F 30 min.
HBERE R E R 240 °C, #SI# A 1.0 mL/min.
1.9.3 FuksH

JoT o3 M R BB R B AT A, B YRR
FE: 200°C; fEELIEEE: 250°C; BT R Bl
B HERER: 70eV; EEET: 60,73,

2 FR5R

2.1 HERBZLEBIZHNSRE

R T A R AR S R AR R N R i R AR R
BEM AR SR, A H R R b S A T 2T IR R .
PR EK S SR A2 AE, dElS 525 R
SR TR B AR A, S T00H I T BRAR B AR K
oK o F KM S5 () H TR 0 2 (%) B R FE 2R 20.1 °Bxe
WE L, ERBEH RN E T, B B RRLAT 35 45
FTELS pm BUF, RLAR/NT 1 pm FIEURL 5 B 16.85%,
/INTF 272 pm 1 5 B 50%, /N T 9.71 pm 9 5 97%.
PO, M. bk, ke, B2k, RIMMLEWILIL
B A R 1 2 /R AR 43 U0, BV WL /N IR B 4% 5t
RBURE ) Y51 A7 T H R IRRE 8 o TR ok A L 7 o A
11 B AR LT 2 i A N T T FR AR A T LA EL 30
(VTR CRT AT R RN SRR, 8 JLAR T 5 ) HRE PR B 5 1
FIEE19.7 “Bxo BRBHAL R T LA 22 B H R R BE 3 v 1) 350
Oy IR RN A PR 43 (Wl R R Sh ol HLER £55%), (45 .
BELOBRL B B S R BT BN PR EER SR UTTE .
HERLHERHEREEP S RZAGIS R, f
SN T RE SR R, HEE P
AR, PEREE, RERERAEA. IR S AR I
R (GER BN T, et AR R RPE A RS

SR K

PREUINACF 35142 D[4,3]: 3.40 pm ARFH EERTTAR S/V: 37 295.38 cm¥/em?

D10: 0.71 um D50: 2.72 um D90: 7.13 pm DO95: 8.69 um D97:9.71 um

100 7.0

90 6.3

80 5.6
< 70 /\ 49 &
1] / /\ 1
B 60 42 X
o yAARA £
xH 50 3.5
¢ 71 TN
E 40 28 &
= 30 / 2.1 ¥

20 \ 1.4

10 \ 0.7

0.1 1.0 10.0 100.0 300.0
WURLRLA% FUBE /um

Bl 1 Malvern, Mastersizer 2000 A&7 1 J& 45 25 AR 2041 45 3R (TE B H)
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SFREEE U, SRR IFLBREE M RIE . AL
VERIRGSE . RIS, AR A A s
Yo, KPS FH R E K ARy 151 "Bx. H
RERPE S 2 iV E R A B i, R0 FLadE AT v 0 AT R
WA R ANEVER R R, AE L Z M RAR . Ak,
WERA G K AR, HACPRCR S E%EVIMRK, i)
BET7 AN E F T Tl b Rt A 3 A
22 EBRTRIEMZIREHREEZELIERNNA

FE TR AL B FE vp, R B EOR B R H 2,
(R T RO T5 e B el B [ B ARG 1 ) 22 501 PR
EIERE T VHS RAF I IEROR, AHT FUIE A R
X PET MR A FLIE B & AR rh 2 . fEIEH |,
Xt PET 5 JR R G (PC) B mI A BEAA KL, BBl M 3
ARG, BRTE BSRKYEIL T e &, HUGR R 8s
SR T H R AL DAL F . fEEFRIRALIE b, R
TARIERZI R B R FLE XUHETE . AL IS, ASHE T
e TS S RE R I A TR ALIE R . IR FEALAE R
b BB TR 2R ARE FLAR KN S e R
FEDEEEAN N YENE, DRI ZNDE 2R GE1E X BR0E & b (4
WENS, i IR E PR ER. PIHE T
AR TR B 8T o ASHIE FEIEHN0.22~1.00 pm
FUAR BRI R DR R R A 5 P R M, BT A2
R, SCRT DAGR BB & eh A RUR 2y

W& 2(a), MEEEIERE B dBER O HURE D 2K
B BN AR AL . WA 2(b), BEEAE)S,

s

LB

B

R 5 )
JRH b
=

i e B 5 A AR BE A
P e

SRR |
1% H TRE N

K2 ARz R B (TR )

TR AR PR PR a8 220 B 942 0 e 20 S 9 B T O
WMAHKE, HERER L. EAREFEE,
T T B @ P, RN T LA R i S
KT HEALAR R BURL AT B Y B B B A b %38
(3 e SR R Tt 8, AT R G R A — Ak
B A — A HURHR . W& 3(a), 43 1.00, 0.45 F110.22
um [ B AR b % AL B S, H R R 2 e e
ARSNGB SR, X R EA L 2R
WEmEER, EHERNENEERSCHERT
R ZI A B . R, A P R R 1
FIFER 16.7 "Bx, AL FHEAH 5 e o Ack 8 F 3 453 2 2
A, BT R R R TR B WORRLEE A A )
6 Y5 Bl E 0.02~2 000 wm, 75 FH B I 98 ) 1 H IR
B2 R O 2 S 3>0.02 pm FR1SS0RL, 50 B JEE ) it i
OB R BT AR e 2 A A AR A 0.06 m2, 3
um B F AR R L G S 3 E, 1847 30 min £ 7]
REFR 1S LOHBE R B R, S A28 50 Li(m?-h). i
BEL 7328 21 1R 5 1) 2 28 14 20 sk %1 B ) 3(b) it i S
B, 4% 0 #8145 0 ik 2 JEE 1) ABS B R
FRREF 4L gifi 2 8 1 30y ELEE " Fin, #i5
G 1) H 2 T AR i 2 R 7K R S RS e 2~4 YR Tk
SR, BRI ERR, SRS B IR
@

RO —
Pt e 1815 LI 4

9 B TR

L TR ABS HRHR
FUR £ 4

SUR/YE

B3 R T A o 20 o g R TR W ORI (FE 2
FH)
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SRR, TIEERE R AF. SiEtERACIVEAALL, HE
TR ZI A FE B B AR B ARG B 2R
AR RTLCERUIRRE B, A 5 BT R R AR
R e 0 P I Sl A B BB i PR I R, SR R A
BT K e R T 5 3= AR R om &, &
TN A . RRA LM (PVDF). BT R4 —
REME (PES) PRk )38 3 i it A e R b, BB 142
I ZN E R E N 1) FLERNE— FLB5ESE, A]
SRR W A ) AR A A O s 2) A AR
VL, AR, TCEFAEINLTE, 0T H R PR AN 2 AT
5 R . BB AR I I 45 G R AL B, s TV
R TR PR 2 AR R T R T T R AR R TR T BRI Bl
N HTRE R B AR R R S T R AR T IR T —
AN RIAT AT K
23 EETRIEMRIRLGEENHFEEEEZ
ZEMRUEY R R E D I E SR, K
PR PE R, DR AL AEVE T4 s L v o
AR AR5 Ji B 114 285 PR 6 10 R0 A 240 e st g 5 7 30 2 (O1,
—AEI T, ZBRUEVAAEERIRE TR A . Btk
SEEEE, ERARTEE M. BT
Ab R S P R PR R 2 AE R AR 2 A R R AR AR TR K
A4, oA 1) 22 By 2R o ) 2 R AR A BT U . W B
#1, @ HEEFREMAIR GRS, H R E
BHEA . RAEERR AT ) & B/ A b . H
W, 34-TRERHE TN TR, BAZMAEY
WYE, ATENTUEAG . PR A U2 2 PR
AT F G R A R - IR R AR, X

(Pseudovirus) & Ye B AT /E I 131, sbah, R
WA AHEY . RIBURETAEY . 2RI
MY RRSEA S & B4 B B AR i % B IR 5 325 0.
Horb, AR RR 4-F2 35 -3-FH A R RERE, AR
J5R 5 0 A, X R T LA AR R A 4 o £ T L4
TFF I PR AT AR 1) 4 8 €00 880 25 BR 1 A K AT 1 L A
PUE R ), T B iy AT B A s v, X
S 2 PR LA SR IR 4 DO), e Bk R
P 434 ) NADPH-SE B 7, BAPLRIGHER5
ST E R U7, 3R R IR A — P R R
Ry, Preafere 83, ek ST U8, 4
ARG S, SRR T A e, L2 M mT SURR I 40 a4t
200, AR A Z IS A 2 R, I
PR R B AR P e 20), 2 B T S AT
IR E 0 CBEARBRERRG, RA AL, DU, DA
AP A P b 22 W 28 50 A H TE A 2 1) G
AR BB RN T R UM, B4 P S5 M I 5
BV, IR TATE AL ERAT 20 0 H R b
IR 1.00, 0.45 F10.22 pm & H FLAE I E B 142
TR Z R GE 4 1] Gyt e 2% B AT Ik k. e v G
o TR IR U A W v A AT AL B S I H R IR RE E R 1 2
MY, H R R 2. AVEN . R
WARKT A R IFIEIRG . Ty is S 40 1od J 2 143 2R T %1 s
PGS RN 0. BT iR st R, AN £
My R EEPE S IREAR 40 A0 KT 0.22 pmo BB A28l
Z0 PR s R AW (R S 2 AR TR T BRAR A AR
K Zmsmih ey, SREE, N TRRENK
1% 25 5 He A o

R EBETRT LI BA TS H R E P I ZMARL AT

WREE/(pg-mL ™1 b /%
2R (A5 CASS — —
AbFT Ab P AL PR Qb5
3.4- R C, Hg O, 139-85-5 19.921 0.173 0.342 0.005
2-FRHE AR CoHg O 614-60-8 17.214 0.912 0.295 0.025
FARABE Cio Hyp O3 458-36-6 8.079 0.000 0.139 —
FATHE IR CoHyy Oy 498-02-2 3.263 0.000 0.056 —
T C,H, 04 4206-58-0 2.124 0.000 0.036 —
HER Ci3 Hyy O 518-75-2 1.974 0.000 0.034 —
4- W Cg Hg O, 123-11-5 1350 0.000 0.023 —
LIRS T A C, Hy, O3 93-29-8 1.149 0.000 0.020 —
3R IREA R CioH;, N, 04 2147-61-7 1.124 0.000 0.019 —
Xf 2R S CgHyN O, 103-90-2 0.841 0.000 0.014 —
TR CioHp, 0, 97-53-0 0.809 0.000 0.014 —

Ee REZWFCRGARINL, &8N0,
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2.4 [RECIBFSER T BRAR R AEAY S

5 FH B0 PR E 4 32 s BRI TR T TR PR T U8 T 4
(O LE ], o a4 A R 3R HL 1074 B TR AR B 40
Bl d(a) B, DABRBRALEE 5 i H R R0 & a7 IR
PR, AR PRI E 4 A B P PP R ik 22% 0 ] 4(b) R,
DA EH A o 2 ALk T ) R S P A R T TRAR
W, e PHE RN 1.69%. AL TR E A] DAY (% T TR
R m A A BT AR 0 mate R 4 L 7 B A1 08 1 G U2
fEARA% RO TO0. GURRY], BRIMALE S i H 1
JRBE SO s T R W A A R GR A Bk, T B AR
2L 8 e ) H R B S I T R ) LA
TR o GHBYE T A A X 25 240 i A RN 20 PR 41 PR R 3
SR, REEAEK ER P S A BRI, R
R, XL A G ) -OH JE [ S BRI T BAR 14
MU DIRES K, A5 P9 A S NS B A S L 5
SRR T RRE MR AR EE SRR EEL L, X
F 43 12 SR B 1 20 A A TR i o 2 6 [22) 2y
Wb RT LU R R R b s s R AE A R
SRL, SEMA A R I I R R IL . ATP 5
RG> TG G AT SR T R AR bR 14 2 i i 2l
UEAN,  BRBRAL 5 ) H FE A B P Ia AT — SR AR B

(a)

LOF Intensity MC_Ch04
Population Cuui{%Gatcd
> R1 10 009| 100
2 0.8 RO&R1 | 7800 | 77.9
g 2205 | 22
s
jol
= 0.6
=]
Q
N
S 04}
g
Z
0.2
0
-100 0 100
Intensity MC_Ch04
4(b)

Intensity MC_Ch04
Population | Count [%Gated
R1 10 005| 100
9836 [ 983
R3&R1 169 1.69

W
=
&
&
it

R2

Normalized frequency
)

—_
T

0 .
-100 0 100 le3
Intensity MC_Ch04
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Improving Butyric Acid Metabolic Effectiveness of Clostridium
Tyrobutyricum in Waste Sugarcane Molasses by
Heavy Ion Track Etching Membrane

WANG Bing!, WANG Yajuan®?, ZHOU Xiang>3, LU Dong>>%, LI Xin!

(1. College of Food and Bioengineering, Henan University of science and technology, Luoyang 471000, Henan, China;
2. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
3. University of Chinese Academy of Sciences, Chinese Academy of Science, Beijing 100049, China)

Abstract: In order to recycle and utilize industrial waste sugarcane molasses, a green membrane treatment technology: heavy
ion track etching membrane was selected to filter the pretreated waste sugarcane molasses and then used to synthesize butyric
acid by Clostridium tyrobutyricum(C. tyrobutyricum). The particle size distribution and polyphenol content of waste sugar-
cane molasses were determined by Laser Particle Size Analyzer and Ultra Performance Liquid Chromatography — Tandem
Mass Spectrometry. Results showed that the toxic substances such as colloid, ash and polyphenols in molasses can be filtered
by etching membrane. The staining results of Propidium Iodide indicated that the survival rate of C. tyrobutyricum in the waste
sugarcane molasses treated with membrane was as high as 98.30%. The yield of butyric acid produced from waste sugarcane
molasses after membrane treatment was 39.08 g/L, which was detected by Gas Chromatography — Mass Spectrometer. Waste
sugarcane molasses was successfully transformed from waste to treasure by heavy ion track etching membrane combined with
chemical method, with no pollution and zero emission during whole process. It improved the utilization efficiency of waste
sugarcane molasses and the production performance of butyric acid by C. syrobutyricum scientifically and effectively.

Key words: heavy ion track etching membrane; waste sugarcane molasses; polyphenols; Clostridium tyrobutyricum; butyric
acid
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