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Scaling Up Study of Exopolysaccharide Production
through Mycelial Submerged Cultivation of
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Abstract A scaling up study for the exopolysaccharide (EPS) production by submerged culture of Ganoderma lucidum
was carried out in jar fermenter systems (2.6, 20 and 75 L) under bi-staged pH process. Profiles of dissolved
oxygen {(DO) and volumetric coefficient of oxygen transfer (k.a) as a function of operating variables (agitation
speed and aeration rate) was investigated, and a correlation between kia and operating variables was
analysed statistically. Under bi-staged pH process, no limitation of DO was observed at agitation speeds tested
in the range of 200 and 600 rpm, and the highest EPS production was obtained at the leve! of DO of 40~80%.
From the regression analysis, the relation between k.a, gas velocity (Vs), stirrer speed (N) and impeller
diameter (Di} could be expressed as :

kia = 0.555 x Vs®? x (N*xDi%)** (R?= 0.925, p<0.05)
It was found that under 2.6 L jar fermenter, the optimum agitation speed and aeration rate was 400 rpm and
1 vvm, respectively, obtaining the EPS production of 15.43 g/L. Under the submerged cultivation of G.
lucidum in jar fermenters of 2.6~75 L, the similar EPS vyields at each fermenter were 1eaxchieved during scaling
up based on k.a, and kia value for maximum EPS production was 854 + 26.70 h.
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Fig. 1. Effect of agitation and different pH processes on MDW,
EPS and residual glucose of G. lucidum mycelium in
20 L jar fermenter (Aeration rate = 1 vvm).
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Fig. 2. Effect of agitation and different pH processes on dissolved
oxygen of G. lucidum mycelium in 20 L jar fermenter
(Aeration rate = 1 vvm).
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Fig. 3. Effects of agitation speed and aeration rate on k.a.
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Table 1. Results of k.a (hr') measured in different fermenter
scales and operating variables

Fermenter N {rpm) Superficial gas velocity (m/hr)
38 72 108 144
100 18 2016 2592 2844
2.6 L jar fermenter 200 225 306 4754 535
Working volume = 15 L 400 452 64 72 84

Impeller diameter = 0.065 m 600 11268 13482 154 172
700 157.68 180 201 220

96 192 288 384

20 L jar fermenter 200 5158 6893 8143 9165
Working volume = 12 L 400 10 131 150 166
Impeller diameter = 0.08 m 600 17766 193 2016 218.34
108 18 28.8 36 43.2
75 L jar fermenter 100 3744 423 55 67 i

Working volume = 50 L 200 596 72 92 104 122
Impeller diameter = 0.088 m 300 124 145 172.34 19566 214.38

ol WAIE KT} AFHo R AR} st 5714
= (Vs), WHES 2 impeller AE (NDi)S SYBUSE
Bkl kia g FEHEFE 3K 23 IH EA819eH,
2 A}E Fig. 4 2 Table 20 Jehidch

Table 2. Results of multiple regression analysis

Regression coefficient Standard error

Y-intercept 0.555 0.308
Vs (X1) 0.417 0.056
NxD¥? (X2) 0.334 0.05
3
W2.6-L
20-L KkLa = 0.555*Vs %42 N 34pj 2)0.33
®75-L
=
T of
k4
(o2
S
o
u
1 L L P I\
3 4 5 6 7

Log N® » Di? (rpm 2»m?)
Fig. 4. Relationship of k.a and N*D{* at different aeration rates.

Fig. 4914 K= vle} o), AZ o F71E=0A log
kia®}l log N'Di*el #A= 2ABAE Jeilen, o)
PAE o] &3ld 23 FAFEA3(Table 2) 2FA0lE
SHATF (kea), T715E (Vs), 2R 2 impeller A&
(NDi)Te] FATAE 2AKE A3 va3 22 34 2
o2 yepd F U8l

kea = 0.555 x V"2 x (N* x D)’

o} 2|0 B RH ka #& F7IEERTE aNF B impeller
o] AZ, = impeller tip speedd] Fo] F& & F %o
W, Fig. 39 Axe} & X3t

Table 3-& ©|& P} FEHUTY 5 d3AS
AR} 80107 o] o] Alo] F&geol| gt Hywgel
ke AESH EANEA (ANOVA | Analysis of Variance)
9} ZAFjojch

A4 AFTHe 20.65, kel AlFFE 3.5101%01,
0.9259] T3 AAGE AUt = FoFEE p € 0059
*5dt gk vehllo] S5 S3HTY AAAAT)
Holds & F Ik

Table 3. ANOVA table

Factor  Square sum Degree of freedom Square mean F ratio
Regression 20.65 2
Error 3.51 44 Z)O(;;g - 131287
Total 24.16 46 ’
R® = 0.925.
R = (.856.

AR U it Mol scale-up ME

ZAHE9) ka 449 JRAAZRE dold A& A8
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it o] W, AAY WY Folle dA Y BFoE
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9] A )& 9 wikEEel 400 rpm 2 1 vwmd o
o] Aol ELHAIG64 WH)E VIFoZ 20 L 2 75 LY
fermenterol] Z-8-31%ith

Fig. 5% 2.6 L daZo|A 9] HaZX SR AhetolA
K= vle} o] bi-staged pH control 3}, & AR 52
o] 714 &%l pH 3014 6AI1ZF vl &, A ThE A
Ato] 744 FEEHe pH 62 shiftdle] vl S o
M8 FAESS BoldA 4UR) Ak 3.66 g/LE Y
ERRa, e wiok 2dARE F23] F71ebr] Al
ste] ik 794 1543 gL o] HhgE YepARlT o] o,
712¢) nls FAY] Falo] B Pk Al HAsiE
2 e A ol 8HE AR A=

ubHE, Fig. 62 AA] pH 3004 ¥k 6413+ # pH 622
A8ER= bi-staged pH controldlol A 2.6 L EE oA}
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H|5:E 68.93 h'9] AkAolE SAIG g UERH 20 L
2] 200 rpm, 1 vvm Z7A0F A& 7|A FAKIS E AE
9] T g o] Aalwstolt) 7]z o] AMAYE] AH|EHTA
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2.6 L 8zl Hjs) wA|S] 7o) A gl7] wiEe] 23
H s 71dE ol8shke AoE AZHIITE Rau 5(34)
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® 75-L : aeration rate : 10.8, 18 m/hr

Fig. 5. Time course of MDW, EPS and residual glucose
consumption of G. lucidum under bi-staged pH control
process in 2.6 L jar fermenter (400 rpm, 1 vvm).
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Fig. 6. Time course of MDW, EPS, residual glucose and
dissolved oxygen of G. lucidum under bi-staged pH
process in 20 L jar fermenter (200 rpm, 1.0 vvm).
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Fig. 7. Time course of MDW, EPS, residual glucose and
dissolved oxygen consumption of G. lucidum under
bi-staged pH control process in 75 L jar fermenter.
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whEbA, B]SgE akko)E SHAIG e HEx 8
daglel dAE 9 vhd AT ME HISE 2 By
A scale up 207 Aty AGEEHIAC
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Table 4. Kinetic parameters of submerged culture of G. jucidum in 2.6 L, 20 L and 75 L jar fermenters

Fermenter volume (L)

Parameter
26 L 20 L 75 L
kia (h'1) 20.16 30.6 452 64 72 134.82 68.93 131 193 67 72 124
Aeration rate (vvm) 1.0 1.0 0.5 1.0 1.5 2.0 1.0 1.0 1.0 1.0 1.0 0.5 0.3
Agitation speed (rpm) 100 200 400 400 400 400 600 200 400 600 100 200 300
i (hr") 0.036 0.037 0.034 0.035 0.037 0.041 0.028 0.044 0.035 0.044 0.049 0.032 0.028
MDW (g/L) 3174 3.313 2.7 3.66 3.775 4945 273 3.853 5217 6.735 2892 3.754 3.94
EPS” (g/L) 12.5 13.14 12.66 15.43 147 13.31 6.81 13.93 1452 11.78 1464 14.88 1484
Yx/s (g/g) 0.386 0.35 0.35 0.28 0364 0.209 0.028 0.322 0.244 0.262 0.353 0.383 0.361
Yp/s (g/g) 0.762 0.756 0.463 0.6 0.546 0505 0.511 1.055 0.509 0413 1115 1.224 0.911
[¢1) (gg'1hr'1) 0.144 0147 0.16 0.146 0.144 0.111 0.07 0.16 0.096 0.076 0.246 0.128 0.106
Qs (gg'1hr'1) 0.094 0.106 0.097 0.124 0.102 0.198 0.153 0.137 0.141 0.167 0.075 0.084 0.078
* MDW : mycelial dry weight. ** EPS : exo-polysaccharide.
Table 4= 2.6, 20 2 75 Lo] TFEE scale up S o) o o

o] 571 & myhol| 9% tbrolE SHAG) HIEA ST,
TAE, o AAET ol & L vPAEE 59 2
F AT FES Jehd Astolt,

2.6 L axoxe] AxE By, oM AvE gz &
71EE R anNkERe] 1R khols-8AS ko] et

=t oldl W& Z1F dAAuke) FEsky visjwss
o ¥izke FoA e FEg S Holxe gt
AZ Aol SFAG) 64~72 b A o) vl =
X2 = #AAG € O Ao <3 29E Yet
Uilen, L A &3 ngdAaEEE e
WAtk 20 2 75 L SEFXE scale updhd 2.6 L AR
M Bk HIFAET, TAFE 9 TAREA L Hsd 5
FolRont o A%, TRl £ 2 Eo A4S
=7t 713k Btk mWEbA] scale upoll 28] E%E 8}
= TR B 0] g0 S7MES BHYeT), ol A
Z &9 Ul W Aol E-gASe] ) o9
w2} FHoE o B FrEEY vkt wEv)
Pso] A Fol| o8k #Ale] 4o oAy wiE
olg} AZFETH20). 20 L &R 400 rpm, 1 vvm 2
75 L &8 29] 300 rpm, 0.3 vvm ZAXE 26 L W&
ZHT thh F2 AA2o)F5-E3AIY 124~131 hloME
O A0 £ 295 e, o)A 2719 A
Lol EHATE S8 A=A wig B4 W] o}
B Aol T8 AI59] ghe] Holo) 7IQ1gtkar A ztEc)

Gaspar -5(39)2 Penicillium canescens®l| 2|3} xylanase
AAA] 84S} Aol s 83FAIG = vIsEkA At
T A BT, 4AAhols S o A 2
xylanase®] A§3to] FHETL SHch

wbA wjekEe] B71 2 anle] 93k tholE S
o IS ST N o] HIeHA LaE AT &
J& Ao A=, B Ao A Huo o
o] dEEe ihhols &FASF L 854 £ 26.70

b el 2Tk

Bi-staged pH process 3F2] jar fermenter systemolA]
BRI ARG A BEZQ TAR 2 A2 g A
s g A S AR, ROl E-REA
Fof ax 2AAT] AARAE 48t scale up
o 21L& ZE, FHIdtt i mE 884k
TS A A bi-staged pH processoll A Bk
2~4e] §F Akhe] FAS FAE HYoy §F A

AR dojuA] 31, A STl AdS Yo
, RIS ETL STVRE A ) Zole Feke
e B o AEe dig $47) o]Fe] 8&ikA
EETF 40~80% HAY W 7P Ehon, o] B} wA
U =2 A9 o] AL AU mkk 2 579

= ARelE AT ()t TIIHE (Vs), aNEE
(N) % impeller A& (Di)9] ARZRE F3ALHG 2
I, o]F Aol IAlE TS AeE REY 4 Ut

f

H2 o

kia = 0.555 x V" x (NxDi")*” (R? = 0.925, p < 0.05)

26 L aze] 79 1543 gL FHul o Arske
400 rpm 2 1 vwmollX dojgon, 2.6 L daEZ] HH
Aol EEHAG TS 8320 € 75 L HEFoAM
scale up Al A= M= 2 RS FHolY] ohd A4
S 93 ArAEASY] FHe 854 + 26.70 ho|Arh

A5 0 2000 29 189, AR : 20009 49 2%
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