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The Optimization of Liquid Submerged Fermentation Conditions of Paecilomyces sinensis
ZHOU Jia—ping"?, MENG Meng**", XIA Guo—qiang*

(1. Research Centre of Modern Analytical Technology, Tianjin University of Science & Technology, Tianjin
300457, China; 2. State Key Laboratory of Food Nutrition and Safety, Tianjin University of Science &
Technology, Tianjin 300457, Chinaj; 3. College of Food Science and Engineering, Tianjin University of
Science & Technology, Tianjin 300457, China; 4. Youzifu (Tianjin) Food Technology Co., Ltd. , Tianjin
300457, China)

Abstract: Paecilomyces sinensis sp nov is an anamorphic strain isolated from Cordyceps sinensis, which is
traditional Chinese medicine. It exhibits high similarity to cordyceps sinensis in bioactive components. In this
study, the conditions of submerged fermentation were optimized through single factor screening test and
orthogonal experiments. The optimal ratio of carbon source ,nitrogen source and inorganic salt was identified,
accessing to the mycelia biomass. The optimal medium ratio of the submerged fermentation was as follows: corn
flour 4.0%, glucose 1.5%, soybean meal 2.0%, yeast extret 0.3%, KH,P0, 0.2%, MgS0O, 0.1%, CaS0,0.1%,
ZnS0, 0.03%. The biomass of mycelium after optimization was 1.22 times higher than that before. The yield of

intracellular glycopeptide was increased by 54.0% compared with that before.
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Table 1 Scheme of carbon and nitrogen source in orthogonal test

A A K% BAAWEI% CETRI% D RN/ %
1 3.5 1.0 1.0 0.1
2 4.0 1.5 2.0 0.2
3 45 2.0 3.0 0.3

1.3.2.3  TCHLERIEAZ AL
MRPE S AR UR . ARG SR B 25 0L,
KH,PO, MgSO0,.CaS0,.ZnS0,, B it Lo(3)1E IR, &
FEACAEIR) 1.3.2.1, BF4HIR 3 ANE AR, gk 2 I .
F2 ENBETRBGITE

Table 2 Scheme of inorganic saltin in orthogonal test

K iy
E KH,PO,/%  F MgS0./% G CaS0,/% H ZnS0,/%
1 0.100 0.050 0.100 0.000
2 0.200 0.100 0.200 0.001
3 0.300 0.150 0.300 0.003
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T Se I R VR A K WA BRAA, R 2R IR K IR BRI
VRPRAR, H P 4 v TR (% B 9 Ak 8 A %) 394 3 °F- NI
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Ak K LA A3 RF R, R i ek 2 3 3 1 LY
Jot, Bk 2 T VR TR AR 1) Tt i B D2 R TR 1)
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FEHET I P 22 (R B, A0S AR 1.0 g, LA
100 mL AYZEIRIK , 7E 90 T N KIEHEE 2 h, K5
7 000 r/min 50> 20 min, BLETEW, 50 CA&AF T A TiE
&, IMATCK Ll R4 CEME T UE 24 h 1T BT,
6 000 r/min B.0> 15 min, JIHES sevage JBRE HUITE
60 CHZS T = fa , HIA5 b 4007 25 i D9 s IO
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Fig.1 Standard curve of glucanase
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Fig.2 Effect of carbon sources on liquid fermentation of

Paecilomyces sinensis
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Fig.3 Effect of nitrogen source on liquid fermentation of

Paecilomyces sinensis
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Table 3 Results of orthogonal experiments on carbon and nitrogen

sources

¥ A B C D WEAEY R/ (mg/mL) K PIBEIK/ (mg/mL)

1 1 1 1 1 8.21+0.11 0.741+0.031 2

201 2 2 2 9.57+0.13 1.123 120.020 9
31 3 3 3 10.090.13 1.251 30.028 7
4 2 1 2 3 10.55£0.12 1.610 2+0.025 3
5 2 2 3 1 10.18+0.09 1.295 0+0.028 4
6 2 3 1 2 9.96x0.11 1.139 40.029 2
7 3 1 3 2 10.130.08 1.279 520.030 1
8 32 1 3 10.21+0.11 1.321 9+0.028 5
9 3 3 2 1 9.48+0.10 1.099 4x0.020 5

x4 DHELEEYEABROER RREZIRRERORED N
Table 4 Analysis of orthogonal test on carbon and nitrogen

sources with mycelial biomass as target

LR Y A B C D
k, 27.87 28.89 28.38 27.87
ks 30.69 29.96 29.60 29.66
ks 29.82 29.53 30.40 30.85
R 0.94 0.36 0.67 0.99

PEECE A (A) A (B) (B S (C) FERE R
(DOFE R IE A g0 v i PR 3R, DA T i 326 5 7 ik v il
U8 RIS . R 3 SR AT IR H, R4
AR SR B RN SR 4 38 5 il

£S5 KERERAERNR RREZREERORED T
Table 5 Analysis of orthogonal test on carbon and nitrogen

sources with glycopeptides as target

L PR A A A B C D
ki 3.115 4 3.630 7 3.202 3 3.135 4
ks 4.044 6 3.740 0 3.8327 3.542 0
ks 3.700 8 3.490 1 3.825 8 4.184 3
R 0.31 0.26 0.21 0.35

ZE5HT AT WL, DATR 22 AR A= W it S 48 b, i 22 00T S
BERY> TRy > B TR > A A , B 22508054 0.99.0.94
0.67.0.36. DAMIPIREICHTEAR A 22 00T hy BB A >
Koy > A B> B Ok, B 2E 8RO 0.35.0.31.0.26,
0.21 PHFFE AR R B JE Ry 1) MR 2 6T % T 5 Ml ¢
KMHER . XM ELAEAEY RIS, NIZERE ABLCD,
W o VMR B & | N ERE AB.C.D; 4165 . M
FH TR (C) 15 MR X 2 TR 1 2 i 1 FH /0N, e
HE ABLCD;s B #E AB,C.D, M2 I A K, (H % 8 5 %
AR AR, DR I 428 2 RS (CO KSR Gy, 0
LAIEFEA A AB.CDs, B E KKy 4.0% FEHEHE 1.5% . #
K 2.0% WERERY 0.3%. TEMIRARALA T, B 224
Y 10.78 mg/mL, LN BERK R 1.701 2 mg/mL.

24 TCHLERRARA G W

FERf Bl AR AR B 5 PEHE KHLPOL(E) |
MgS0,(F).CaS0,(G).ZnSO,(H )4 Fh ICHLERVE M IE A
RIS A R 2R DT 7 18 S JEHLER A e . IEAC
RIS ZE R UL 6. LB 2204 Wy 5 F0H P B JE Ry 8 A
(9 IE 2SI B0 22 53 #7 3% 7 FHR 8.

H2 6 45 AT, RIFZLA k£ 38Uk s 1
WRARRM . HE 7.8 8 M2/ nl 0L, U 2
TR A=Wyt R dE bR B 225k CaSO,>KH,PO,>MgS0,>
ZnS0,, B Z 5045 4 0.61.0.51.0.40.0.29,, LA P BE Ik
HAERR, MR K KH,POSMgS0,>CaS0,57ZnS0,, H

F6 THHEZIRIWHER
Table 6 Results of orthogonal tests on inorganic salts
F9  E(KHPO,) F(MgSO0,) G(CaSO0,) H(ZnS0,) P22 AR it/ (mg/mL) Ji6 PR/ (mg/mL)
1 1 1 1 1 9.65+0.10 1.605 2+0.013 1
2 1 2 2 2 10.28+0.11 1.548 7+£0.012 7
3 1 3 3 3 10.49+0.09 1.491 9+0.028 7
4 2 1 2 3 10.67+0.13 1.712 4£0.015 5
5 2 2 3 1 11.13+0.12 1.742 1£0.013 2
6 2 3 1 2 10.14+0.14 1.660 8+0.018 0
7 3 1 3 2 10.21+0.11 1.568 7+£0.012 6
8 3 1 3 10.34+0.10 1.691 1+£0.017 5
9 3 3 2 1 10.57+0.13 1.483 2+0.014 7
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Table 7 Analysis of orthogonal test on inorganic salt with mycelial

biomass as target

[LIEZ20N E F G H

AP (KH,PO,)  (MgSO0,) (CaSO0,) (ZnS0,)
ki 30.42 30.53 30.13 31.35
ks 31.94 31.75 31.52 30.63
ks 31.12 31.20 31.96 31.50
R 0.51 0.40 0.61 0.29

F 8 DIBANHER AIERR TR IE ZiR 06 45 RV E S5
Table 8 Analysis of orthogonal test on inorganic salt with

glycopeptides as target

E F G H
HaPyRR Ik (KH,PO,) (MgSO0,) (CaS0,) (ZnS0,)
k, 4.645 8 4.886 3 4.957 1 4.830 5
ks 5.1153 49819 4.744 3 4778 2
ks 4.743 0 4.6329 4.802 7 4.895 4
R 0.16 0.12 0.07 0.04

ZRE N 0.16.0.12.0.07.0.04, 25 WA 7E = L7
TR K BT FE T, CaSO, A e 2 %) 1 22 1R A= Y
FIRE I i KA, 1T KHLPO, (9 B 2 5 it Ay A ik
PRRB M R RN R . X 2R, N Y
PR S EF,GH,, XA PRS0 5, I Y R
A EFGHyo AR ZENTT RTHT, CaSO, 113 B X & TR
AR BN, #4145 EF.G:H;  E.F,G H; 4
ZEAN K, RN RS LA, L EE#E CaS0,(G)
KRN G, I E 4G EXLGH,, EFETCHL
BN« KHLPO, 0.2% ,MgSO0, 0.1% ,CaS0, 0.1% ,
ZnS0, 0.03% . FEMEMAEG T, WLEEYEH
11.02 mg/mL, fENHERK A 2.012 5 mg/mL,

3 it

AR SO [ 0L AR TR 2 R W T2 AT TR
b, VL& PR AR T 22 A A= kR OB O™ 2 R
P, 8 1 B R 2R 7 e S 8 A 1 S, KRRV | TR K
TCHLERHEA TR , 0 1 b 0L B MR TR 2 R T Y

e RE IR LR T KM 4.0% HHIRE 1.5% 55 G
2.0% . EEEEHS 0.3% KH,PO, 0.2% ,MgSO0, 0.1% ,CaSO,
0.1%,7nS0, 0.03% . A IRI A HEF TR AR il 55 41
FIr A IR G B A = A SRR R R E)
DA T A A& BB R S AR AL 5 1) & B 1 7 35431 &
BE S do AL TR 22 R A= Wi SR AL AR e 4 & T
1.22 %, i B RS R ™ 1 5 DU AT AR g e 1 54.0%
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