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The purpose of this thesis is to develop the humidifier in order to apply in the solid-state fermentation.
There are 3 types of humidifier. The water is sprayed from the top for the first type of humidifier while the
water is sprayed from the bottom to the top for the second and the third type of humidifier. The third type of
humidifier is designed to have three baffles inside in order to control the air direction (upward / downward) and
increase the residence time of air flow in the humidifier. Note that the air is flown from the bottom to the top in
all types of humidifier. After the test of the three humidifiers by flowing 34.62 cubic meter per hour-air flow
rate (air velocity in pack-bad is 0.1 meter per second), the first type of humidifier can increase the relative
humidity to 79% while the second type can increase to 85%. However the third type can increase the relative

humidity up to 98.1% and maintain the relative humidity level above 90% at all time.

When testing all type of humidifiers in Rhizopus oligosporus fermentation, using the mixture of
cassava waste and rice bran in the proportion of 70:30 at 55% initial moisture content, in the two layer pack-
bad fermentor and ventilation after 12" hour of fermentation at 0.1 meter per second-air flow rate, the result of
the third type of humidifier illustrated the best growth of R. oligosporus. At the fermentation time of 98 and 84
hours, R. oligosporus gave the highest glucosamine content in the upper and lower bed of 33.05 and 50.64 mg /
g dry substrate respectively. After increase air flow rate in the pack-bed from 0.1 to 0.15 meter per second, the
glucosamine content increased to 44.31 mg / g dry substrate in the upper bed and 49.46 mg / g dry substrate in
the lower bed. Lastly, the third humidifier war tested with Aspergillus oryzae fermentation in one layer packed
bed fermentor using the best condition of R. oligosporus cultivation, the results showed that the highest

glucosamine content was 41.20 mg / g dry substrate at 108 hours of fermentation.
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5.2 ﬁwﬁmmuwgu (rotating drum bioreactor)
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1 { Y a a 1 <
a1 9 Tagaa1nmsi)aouuaadnsinisnsg (growth rate) IagUnaudutiseomilu 4 szoz
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4. 31 Rhizopus oligosporus
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51 Rhizopus oligosporus 13513130 Ty Tn'lu TaAWT (zygomycotina) N8 Tnsaars1ad)u
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Y Y 1A v A A . & Ao Y ] <
ladreamlansenin ludidey (mycelium)  Felidnvuzadieyofhournszano@unisus
Y
anyuzyuiliFona Fluffy (Frazier 1967) tdulevo R. oligosporus amnionsiay ldaosiiamia
a 1 <3 1 a [l a

Tuamaneznig lledruauiiudrfavgansy daunmsniyamenveudulerzveie
1 1o o oA 9 o 9 A 3 =
pon luazuanuvusese ludinansumnaanzadeuduvingan @ulenuns i lud
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(Bilgrami and Verma, 1978)

MUN 1 SNHUSNNTUTIUING VO Rhizopus spp.
4 .
NU1: Biolmages (1976)
. A Y k) os/l o ] ] 4 D] A A
1 R. oligosporus AUWUT lanauuuendoms uag liodumaaos higwnsanaoui
(] o 4 % (] o o o A a
18 egnieludvailes (sporangium) F30guUATUYH1DS (sporangiophore) dmSudlosning
A o 4 ] =) 1 4 ] 4
MNMITUNUTUUVDIAYNAILLITINI losTnat)es (zygospore) (Deacon,  1997) WUIL¥AR
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4.1 fm1°wumé’auﬁmmxamiamm?q,mmﬁ Rhizopus oligosporus

[
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YA v A . A = Y dy a q"ff
llﬂilﬂ?iﬂﬂlﬁﬂﬂﬁ"l R. oligosporus 1/1mmzﬁu‘nqﬂmmumﬂﬁmﬂuwamqmm
4
i

4

Tumsndnmud] msndaeuladuazmndaniadunid desvdvmoius Bvawaoius
Q280U 19U R. oligosporus NRRL 1521, NRRL 2710, NRRL 5905 1ag CBS 338.62 (Ko, 1985)
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WUN (Wang et al., 1975)
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a 7 ' o 3 o .
4.1.3 annsonaaeu el lawages lusiulumaanl (Winamo and Reddy, 1986)
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(Shurtleff and Aoyagi, 1980)
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5. 31 Aspergillus oryzae
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3.1 NUNNUUVLNALLA (packed-bed fermentor)
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12 7.456 9.848 10.837 9.413 5.391 12.876
24 6.586 15.021 22.425 7.565 5.609 14.378

36 9.739 14.195 24.356 8.978 8.435 20.708




87

nal U3nang Iasntiu ey Ysnang Iaantiuluuaaia
(F2Tue) (Wa. NF/NTU UK a. N5W/N5Y ULk

w1 Huwfi 2 M w1 WA 2 MNE
48 8.000 13.761 31.438 10.609 7.674 30.258
60 11.261 18.543 29.614 13.000 16.913 38.948
72 8.761 20.717 32.082 15.174 18.543 40.665
84 8.761 22.022 31.653 15.065 16.152 50.644
96 6.913 14.304 33.047 19.522 11.370 45.386

v o

] Y
M31NUIN U5 gl luuauunazas tazanuFuduins luoimavuddamiin Tunsvin

A 9 A A = v W
31 R.  oligosporus NHAToUNUANUFUTUNNT

0.15 1ATADIUN

{ s

A ] v g
Hyun 3 Glﬁ’f)?ﬂ'lﬁﬂ’)ﬂﬂ?'mﬁ?l

nal QNI Taaniin (oIrmwaIFew) AduFIng
(#Tu) AU waaN (Wosidud)
0 35.98 37.71 94.0
6 38.62 39.03 -
12 49.15 48.33 97.0
18 38.82 41.85 -
24 38.32 40.04 95.0
30 3730 37.4 -
36 39.64 38.42 92.0
42 36.19 36.08 -
48 34.06 36.49 94.0
54 30.61 33.24 -
60 31.32 31.01 94.7
66 32.13 31.72 -
72 28.45 34.56 95.5
78 27.77 31.93 -
84 30.20 30.71 91.5
90 3030 30.71 -
96 29.00 29.25 92.5
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C%

a dy 1Y a =\ Y ~ Y
M1319HUINN 16 ANNFUluTaguiinuazsuang lneslu Tumsniins R oligosporus 1%

a
Y
A v o ~

4 A 3 1 Aa
Lﬂ?ﬂQLWNﬂ’J"IﬂJGHHﬁIJWVI‘TJLL‘]J‘]JVI 3 1ﬁ61ﬂ1ﬁﬁ}38ﬂ31ﬂliﬁ 0.15 LN@]S@]’O’JH"Iﬁ

nan mméf:u“lu‘iﬁ@wﬁﬂ (o3 1dud) Ysnmng Tasiiu (ua. nsw/nsu uu. uita)
@ Tu9) LAY IAaN AU 1AaN
0 54.31 57.38 8.369 8.691
12 55.43 56.86 14.807 13.305
24 53.86 51.91 25.536 26.502
36 40.31 46.00 31.438 33.369
48 40.43 42.16 35.515 38.09
60 48.26 39.57 39.807 44313
72 39.72 32.40 44313 49.463
84 33.04 26.29 39.592 42.382
96 29.35 27.14 40.451 43.884

{ a § v o I [% % { @ %
M3 HUIN 47 guuglluua aAnududuing luomavudiawin anusuluidgnin uaz

a = o { 4 A 4 v o {
Ysmnang Tnaiiv Tumswiing 4. orvzae N1dnTounuanuiuduinsuuni 3

< 1 Aa
To1mad18a1157 0.15 WaTA0IUN

nal gungiiiaaniin AuFudIing mmsﬁuiuiﬁawﬁn Y3nang Inaniiu
@) (esrhwaie) (osidug) CIRHEAT (ua. NS/NFY UU. 1)
0 40.1 93.7 48.17 9.549
6 32.33 97.9 - -
12 35.07 94.5 48.17 10.300
18 32.64 94.7 - -
24 38.72 97.8 45.39 20.601
30 40.45 98.8 - -
36 40.24 97.4 43.11 32,511
42 37.91 94.7 - -
48 35.27 97.6 33.94 32.403
54 31.22 98.3 - -
60 30.3 96.7 22.89 40.987
66 32.33 95.6 - -

72 31.01 98.2 22.26 40.987
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1 gungiiTaauiin AnuRuFING mm%u“lu%ﬁ@wﬁﬂ U3nang Iaaniiu
(3 Tu) (eI uTaITow) (osidud) (Wosidud) (wa. N5/n5Y uu. 1)

78 30.10 99 - -

84 30.71 97.5 21.51 30.365

90 31.32 96.2 - -

96 31.1 97.9 21.35 33.154

102 29.52 98.8 - -

108 30.52 97.5 20.26 41.202

114 30.2 96.4 - -

120 30.58 98.6 23.06 40.343
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v

H ] 4 Y
2.1 I msmunaszeznaioInIAeg unTounuANNFUFNINS

qa3 AV, =A,V,



0.5135 1ua13

A51dIU 1

MNWHUINN

e

Y v o o

uNMIAANIMINUNALLA (M91UUNT)

=)

A

1

= Y o

4 A § o o @
A, NUARINAAIAT OURUANNFUTUNNT (A15190AT)

ke

< 1% o 1T Aa =1
v, anusa ludanin (IUNTADIUIN)

< A A dy v o J 1 Aa ~
v, A5 TATo UNUANUFUTUNNT (WATRDIUN)
g7 Rt=S/V,

A A dy v o J
S 52ez NN IUATOUNUANUFUTUANS (tun9)

< A A dy v o 1A =
v, A5 T UAT O UNUANUFUTUNN (tHAT9193UIN)
HHULYIA

¥ ' Y v
52oema Ao UNUANUFUFURNSUUVN 1 1az2 111 0.513 1WAT
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A A zﬂy v o J A 1 [ 1 A
52ez NN IUATOUNUANUFUFTUANTUUVN 3 uivoonily 3 §U Ao 0.547, 0.5475 uag

24730

10 FUANAT

A A zﬂy v o A
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