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ig. 1b. D f incubator I.
Fig. la. Chest of incubator 1 and its attached equip- Fig rawer ol incubator

ment. Air humidifyer @ and the device for water
circulation through thermostat ® are shown.
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Fig. lc. Outline plan of

incubator I (1/20 scale)

L

(1) Hulls-packed iron wall of incubator
chest, inner wall béing vinyl-coated.

(2 Vinylcoated copper pipe (3/¢,
flattened), ‘

(3) Inner collecting tube.

(4) Outer collecting tube.

(5) Air inlet (sparger),

(6) Front door of incubator chest.

(7 Air outlet.
(8) False bottom with nylon netting.
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Yig. 2b. Outline plan of incubator 11. (1/20 scale)

(1) Wooden wall.,
(2) Vinyl-coated iron pipe.

Fig.3. Incubator IIL

Medium is fed from the top by
lifting the wooden cover, and

(3) Air inlet tube. drawn off, after fermentation is
(4) Air outlet. ended, by opening hinged door
(5) False bottom (vinyl-coated wire-gauze rack), just by the false bottom,
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Table 11213 REGROBERLE OEMEH CEEWFHUG WO HHIEE 2 RU 12,

B, pr#pfe

AP E S ULMBIE % EFE E U TRV, Z00F7EIE Table 2 ioiRd 20~30% 17K U 72 S8 KA
(I E A 0~95°C, 20~3053hnsL 440 CIHI K % i A TRERL FEA & 223

CAUT Asp. miger O YEABROBITREEM R IIA (0.01~0.05%DHED X L BAL 1245, BAMPITHEE
B B EEITH AL,

Table 1. Heat transfer coefficients and areas of cooling pipes.

. A
Incubator oofvlcl::;ut::xfg'i::f nltJ’. fr‘;f:;f:xi lx:.at Liters r(:]i;::;litaliring
Ckcal/m2+hr-°C) (m32) (m?/1)
1 16.6 4.40 0.0147
B 86.2 0.47 0.0028
| 82.5 1.82 0.0047
Table 2. Composition of cane molasses employed.
Refinery molasses Blackstrap molasses Blackstrap molasses
(%) (Formosa) (%) (Philippines) %)
Water 19.0 17.7 20.7
Total sugar 62.8 56.7 63.7
Reducing sugar 22.7 20.9 28.9
Total N 0.31 0.69 0.35
Ash 6.78 8.92 4.90
Iron 0.0662 0.0348 0.0155

BEABIPR ORI RIS AR - SRR TIOC, 4~ 5 HEEEL 12 & DR C 15 0 B S 1o,

Sk E U TR R E L U TR, BEICEL TOROIBEEAL 12, BMERMMITL b BAL - § 0L,
B REORAYTHOT, MEOERRETRE S O (AW EE L, K5340~50% 44 RHET 2
DTHBY, KRR TIREE EATEL THAGTYEIZBEERL 72 & D % i,

tHABL Ak Table 3 iK/Rg,

Table 3. Raw materials used in preparing culture media.

Exp. Incubator lrjnrtl:()%;s‘;lgd Igll;;l; Sa\(vk :)ust Ric&-:;lls Total( kv;;ight
2 i 50 1.0Cr ) 42.5 — 150
5 1 17 0.5Cw) 17 3 63
6 1 18 0.5Cr) 18 — 61
7 1 51 2.5Cr) 100 200
8 ] | 18 0.5Cr) 21 — 57

r=rice-bran ; w=wheat-jran

PRI TR BEAL 70 BRI RS 1940 £ BB RO L b D o = o BEETHLU I, DE L TOML -
Asp. niger T T 5,
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c Re#Y e+ AU £ DR E R & O TORTEEL 12,
Bi53id BERTRAND JRIZ L 3R, s x By Y Mgt HR
E BD F WIo. HEHRD S = BRI IR BIC R 4 T o a7+ FLRIC L
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inserted in incubators. CAME15~209%, 7KAF50~55%> % Fiu, 100 7438 500ml 28 v 4 + — 7

7 2 I HPHERE 1 ~20m &I USOCTIEEL 1o CHERIIR 3 ~ 4 H)
NN B B B SO HE R ST E B IN L 7o, B Rt U 22l
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FEER OB & 9 B HERRRE 7302300 T LB ORE % k3t U 724552 Table 4 TR, Bboh s oy
FRIREH, WEOBBIC LY RS, TOBRESED SNEHE b BBHEOBAD L 5 CHE TS AH
RIS | %Ll L% B 4 20 TTENAMS b4 2 @HOWETEN T 3.

B, HERIYWEORE

ﬂﬁﬁlvﬁiﬁﬁ@%gtbT%wGﬂfwé%%ﬁ%%ﬁ%ﬁﬁﬁﬂﬁ%bkﬁ%mTmmsmﬁﬁ.

{a) A drawer of incubator I

(b > Incubator II

Table 4. Effect of methanol, ethanol and ethyl acetate,

Concentration Acidity attained
Strain Addition (24> ! e Blackstrap molasses
N Refinery molasses (Philippine)
~— — 12.0 10.4
Methanol 2.0 12.2 12.0
3.0 11.2 13.0
T Ethanol 2.0 13.3 14.7
3.0 5.0 13.0
Ethyl acetate 1.0 10.6 11.2
3.0 10.0 8.2
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Table 5 The effect of various additions

Ca) 1: Blackstrap molasses from Formosa.
2: Refinary molasses.
3: Blackstrap molasses from Philippine.

Concen- Concen -
Strain |Molasses| Addition tration | Acidity | Strain |Molasses| Addition tration |Acidity
(%) (%)
— —_ 11.7 - — 11.8
KiFe (CN)g 0.1 10.8 KiFe (CN)gl 0.1 9.9
" 0.3 14.0 % 0-3 11.2
T 1 KsFe (CN)g 0.1 13.3 T 2 KgsFe (CN)g| 0.05 10.2
K.CrO, 0.05 12.0 " 0.1 10.2
y 0.1 14.5 7 0.2 9.7
" 0.2 12.8 K 5CrO4 0.05 10.5
i 0.10 9.9
- —_— 10.4 —_ 10.7
K4Fe (CN)g 0.1 10.4 KsFe (CN)g| 0.03 10.3
4 0.3 12.2 y 0.1 10.5
KgFe (CN)g 0.05 10.1 " 0.3 11.6
T 3 i 0.2 9.4 | O—52 2 KgFe (CN)g| 0.01 11.1
K.CrOy 0.05 9.8 " 0.05 10.6
i 0.1 10.2 U 0.2 12.6
KsCrO4 0.01 10.9
” 0.05 10.2
" 0.2 10.6
_ — 10.8 — —_— 10.4
KiFe (CNYg| ~ 0.03 [T 10.8 | KsFe (CN)g| 0.03 10.5
7 0.1 10.5 " 0.1 11.0
" 0.3 11.4 " 0.3 11.7
O~52 3 [KsFe (CN)o| 0.0l |T11.3 | y—2 2 |KsFe (CN)g|” 0.01 ~ |7i1.3~
I 0.05 10.2 Y 0.05 10.9
i 0.2 12.1 " 0.2 13.5
K2CrOy4 0.01 11.0 K2CrO4 0.01 10.9
74 0.05 10.8 ” 0.05 10.4
" 0.2 10.9 ” 0.2 10.1
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gk, T8, FA) HRMBERNLIC Y 2 TEMIGE (@IED)
— —_— 11.0 — — 14.3
K4Fe (CN)q 0.03 11.4 | O—52 1 K4Fe (CN)g 0.1 13.0
" 0.1 11.7 KsFe (CN)g 0.1 12.6
” 0.3 9.7
U—2 3 |KsFe (CN)g 8-81 {8.; — — 12.6
I .05 . -
A AR L B =
K.CrOg 0.0 | 10.5 3 e '
vy 0.05 10.7
7 0.2 11.3 — - 11.8
On—8l1 1 K4Fe (CN)g 0.1 12.5
KgFe (CN)g 0.1 15.2
(b)
. Added nutrient Concentration without iron with with
Strain . K4Fe(CN)g | K3aFe(CN)g
source (%) cyanide €0.39) €0.195)
— - 13.2 12.9 13.1
T Rice bran 2.0 16.6 17.3 17.1
(NH)2SO4 0.2 13.6 14.7 14.1
NH/NOg 0.1 14.2 14.4 14.8
- —_ 12.1 12.5 12.3
48-—20 Rice bran 2.0 13.6 12.8 13.8
(NH 2S04 0.2 12.5 13.3 13.2
NH4NO, 0.1 12.0 13.3 12.9
— — 9.7 11.3 10.8
0—52 Rice bran 2.0 12.8 13.6 11.9
(NH 2S04 0.2 10.3 12.4 12.3
NH4NO; 0.1 11.6 12.5 11.9
(c) Asp. niger strain T, with refinery molasses.
Concentr- Concentr-
l}::;%ir{ Addition ation Acidity I?;I; tI:lI;l- Addition ation Acidity
(%) (%)
- — 13.5 Morpholine 0.03 9.5
Morpholine 0.03 12.8 0.1 9.3
0.1 12.5 0.3 8.5
0.3 11.5
Quinine 0.01 10.0
HgCl, 0.001 13.7 hydrochloride 0.03 9.5
0.0036 11.9 0.1 8.9
0.018 3.6
- —_ 12.3
MnSO,4-4H,O 0.01 14.4
0.035 14.4 KCN 0.00065 11.4
0.1 14.1 0.00234 12.5
0.35 12.5 0.023 12.3
0.234 13.2
Pb(NO3). 0.002 14.7
1 0.02 13.3 Sodium 0.0018 11.9
0.17 12.5 arsenate 0.0073 11.7
0.022 7.7
ZnSO, 0.01 14.0 0.13 0.9
0.035 14.4 3
0.1 14.1 NaF 0.0005 10.1
0.35 12.6 0.0015 10.1
0.005 8.1
Ni(SOy)2 0.006 13.7 0.030 7.4
0.02 13.2
0.06 12.6
0.17 12.3 a,a’-Dipyridyl 0.0003 11.6
0.0014 11.6
CuS04-5H;0 0.002 13.5 0.0055 11.4
0.006 14.0 0.031 10.6
0.017 14.5
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(12 AR, ZHy, WA wEHERGIS L X D MG 2%
AgNOy, 0.0012 | 15.6 Monoiodoacetic |~ 0:0033 | 11.7
0.012 11.1 acid 8’83;3 {3'2
0.12 8.8 0.145 1.8
- - 10.1 Sodium 88(1)3 H%
Potasium 0.003 9.7 tluoracetate 0.07 6.7
pyrophosphate 0.01 10.7 0.23 4.8
0.03 9.2 - 0.003 2.1
0.1 9.1 Oxine 0.01 11.8
Sodium 0.003 10.3 0:10 9.7
bisulfite 0.01 10.4 00003 12,
2 0.03 10.1 Pentachlor 0.0014 11'é
0.1 9.5 phenol 0.007 12.4
0.01 9.9 Benzalconium 0.003 | Iz2.2 -
Ethanolamine 0.03 10.8 chloride 888;7 11.8
0.0 10.8 .0035 11.3
0.007 11.6
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GHRIE X DBBLELERLUTVE, —
730 U BREERRGER (BB & - L BihR o
HED $5A CRIBHCRARIE 125, T
W HENG ONZ & = BREERR JI DT K7 B
WM R AR 2085 R8T, RQ{E S C DY)
BB CBIAIE 0.5 L g 2 BT
fit> 2R, COMEELERLIZERL,
U UBRHEREEILT AT T, 1.0k
R NMEDER IS

o = BRI 10~ T0RE [ oD i 34
Fie 5. Ti T 3 NUVHAE 71270~ 90Ms M o [T D 12,

Icubatr T compeion o s A0V CIERIL 2B, 4100
Table 3, Exp. 6. aeration rate: 0.25. 2007 = A OWHNED b1, L DR
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Table 6. Some examples of citric acid production by heap culture process.

. (Contents of sugar and acid are expressed on dry basis)

a. Sugar consumption and remarks

. Time elapsed for sugar ,
Exp. :3;:?1 consumption to attain i‘:gfl:ecg;;s;ﬁztrﬁm Aeration rate
(%> 50% 75% yield (%) (vol/vol/min)
2 29.3 43 90 78.5C104 hr) ca 1.0
5 36.4 38 95 79.4(84 hr) 0.25
6 40.5 39 79 84.2(93 hr) //
IR 37.2 30 57 81.9(68 hr) 1.40
8 & 37.2 50 >90 76.8(108 hr) 0.25
# Excess moisture in the culture medium
## Overheat on the earlier phase of culture.
b. Citric acid formation
‘ . . Acid yield in
N Active fermentation phase Max. accumulation | per cent of
Exp. . Average velocity of the acid |
Time range . . o/ sugar sugar
Chry of acxda formation %) added | consumed
(%/br)
2 20~65 0.29 14.5 49.3 62.8
5 12~65 0.33 18.9 51.8 72.2
6 20~-50 0.39 18.8 46.4 61.0
7 10~65 0.18 14.0 37.4 45.6
8 15~85 0.19 15.1 40.5 52.9
c. Respiration
. Time range in which
Max. Q’0s Min. RQ g :
. Exp. (age of culture, hr.) (age of culture, hr.) RQ was lglslsr;han unity
’ 1.50 (21) 0.40 (20) 12~90
1.82 (18) 0.27 (18) 13~63
8 1.24 C13) 0.34 (13) <13~76

Table 7. Some examples concerning distributions
of water and citric acid contents.
a) Incubator I; aeration rate=ca |;composition
of medium: cf. Exp. 2, Table 3.

B, HBBITIoD HHEE, kDM W
D537H

B EHERS RIS TIHEEERORE, K
5 RISHEEE, o= BERGAE—IC i

Drawer no* | Location*¥* Moistué/g/agontent Cit?‘;o ;cid BT O NITNEETS B,

A 50.7 14.3 Table 7, Fig. 4, 6 {3 HBBD 28T L b %
g gg-; } é-;‘ U 123 DR 7 = o Bl % 4. HE
10 D 52.8 13.8 BEROE U — M R i e
3 o 3.2 TN BHEPIC L DOTHEOND b OT, BHE
A 52 P ETO B#Y3 BRKIT L b B CkI05HE
B 45.2 13.3 { B0%ENZENLED RO THEVEEY
6 s o2 180 HOMBICLY 7 = BER & D1, Ll
E‘ 43.2 14.1 Table 7 a DEEDRICERHEE DKL S b

i .2 4.3 ORI 2 5% D B 175 < 155,
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(114) (R, 26, FH) BEAEREREKC L2 TENER
A 51.1 16.9 I A
B 51.1 12.2 © 9 o 9
S -
D 47. .
E 40.1 13.5 F O @ O H
F 40.1 14.0 1 J
Q Cko o
A 36.6 14-2 N o"
B gg.g 0.6  fleeme Po___Q__
G . 15.1 —
2 D 6.3 14.4 (L
E 4.3 13.0
F 44. ! 16.8 Fig.6. Loci of sampling
* Number started from the bottom drawer. ERAR | MO OBCHRE O s
** Cf. Fig.4 (25 BAIE ST L HMEID 6 bhDh, Chud ,
b) Incubator II; aeration rate=0.25; composition BREFOHAICL VERINZC EMNED S
of medium: cf. Exp. 5, Table 3. %, Table8, Fig. 4 |7 2HBEERO EE
Location® Moistué's/ ;:ontent Citrci;:/ ;.cid R BIRLTh 5.
i o
A 51.9 16.8 HEEARDEE, K3, 7= BERESOD
B 62.9 4.8 SERBRESKOEBD DEKEBIC L OTE,
g g%g 13% HEEOBMEE I D TLEH T 0LEA
E 51.2 17.5 LB,
g 44.1 16.0 C. REAOEE)
H o9 128 ERARC IO TAR O BB MR 5 5
I 52.0 17.2 BF S BESC LIHRE L D RBMEBRET
I 32.0 n.5 BLLThHE, FRBMBNTION B RBHOKE
ﬁ ggg gg SIBRILEUSICHRL, L OHAOBRILRISI
N 50.9 18.8 ERBRTR (EEOFE2MEE SHI Oy
(13 Zo.g ig.g = UBBERER E TH DT, MMOAEBENEIL
Q 433 19.3 Bt ) BEII BB DABE DS BICIZMA T X
A3DThH 5.
* Cf. Fig. 6

IEHERSRIFR T #H &9 5 # 50cal/
mlOq2, 7 x > BHERNI CeH1206 + 13202 =
CeHgO7 +2H0 T3 5.95cal/mlOy D #ELDSFH
T 5. RO THRRUT X D THREBI# Hy (keal/kg (53

Table 8. Some examples of temperature

distributions in fermenting heaps.

Conditions for each incubator: cf. Table 6.

The loci of temperature measurement in Y IRED /hr) BEHT X 5,
incubators are the same as indicated in Fig. 4 _ = nQcoz ’ Qcoy
. Hu= 50'—m‘r+595 (QOg—— RQ, )
Temperature (C°C) at p
Incubator | Location =5.95Q%04 — O.QS%CO,‘"- cereneean 1)
15hr | 24hr | 40hr | 80hr Q
A 30 31 | 32 31.5 (1) RN T RQ IZFAFERR TH DT, &D
I B 30 | 32 |33 30.5 MLEHET XS,
: C 28 28 29 29.0 Q'co
D 31 40 34 31.5 RO/ = _>=%"2
Q. (Q’Og — Q/ l')
1 38 35. . ,
8 3| B B850 JHL Qr iz 7 = BRSSO BRI i
C 32 39 33 31.5 e
I D 32 40 | 33 32.0 AQETDA. N )
E 28 | 36 [30 |27.5 REOTRQUE I 7 = BRAERD 129 DERFRITEEL
& | B xE o0 DD 4 A RBHC TGRE 2 5 A Sl 3 ie &

RELICHE, # ARMOREML DEED &0 1
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@y, ey, $AY THREHERDIANC X B TR C115)

1%, RQ IO U T RRBC R O BRALE ML L b BINT X 203, . OWE TR RQ =1 L1500 T
RbL 72, LR UL IEREIE 1 ~1.2 oI H 5 £ A2 55035, BN L D EF A 38 s TO
MEO BT RUIBEE 2L B0 EEAOND, — & IZ RN HKORFEREA O R X b IR
PRI, MEEHCANTRFRXROML TH b, Haid20z 1 b 58Ik,

Nomenclature
Hw=heat absorbed by cooling water per hour.
Ha =difference, on the average, in total heat content between inlet and outlet air in an hour’s obs-
ervation.
Hs=change in heat quantity caused by difference in temperature of culture medium at the start and
the end of an hour’s observation.
Hcg=heat evolved from the walls of incubator (heat by radiation was neglected) per hour,
W =quantity of cooling water supplied per hour.
L =quantity (kg on dry basis) of air supplied per hour.
M =quantity of culture media in the incubator (kg on dry basis),
a =total area (in m2) of incubator wall.
U’ =overall heat transfer coefficient of incubator wall.
Aty =temperature difference between inlet and outlet water.
»ty =difference in heap temperature at the start and the end of an hour’s observation.
Atg =temperature difference between culture and the exterior of the incubator.
o i=difference in enthalpy between inlet and outlet air (kcal/kg)
Cyw =specific heat of water
Cym =specific heat of culturing material
Hy=Hw+Ha+Hs+Hgeoooreooonanainnn. (2)
{HL Hw=WCw- atw
Hpaz=L- ai
Hg=MCn- Atm
He=a-U- atc

Table 6 (C3s1} 2 EBASE & DR I R#{BUE Table 9~111T/RY. (2)302 b G TRBBOFEERE BT
Table 9 {Z/RU Th 543, 1 REICHET 2 BERKBEIIH 20keal/kg Th 5.
Table 10. Metabolic heat at the peak

Table 9. Metabolic heat evolved. of respiratory activity
Age of culture | Hy. in kcal/kg/hr. Hu, kcal per kg {dry basis)
Exp. | ©8 ’ £ f ing cul h
h by heat bal . of fermenting culture per hour
. Chrs) (by_heat balance) Exp. Age ((){ngl iture computed on the basis of
14~15 11.2 7 heat metabolic
5 ég~§g "73 . :l” balance | activity
64~69 6.2 5 19~20 18.3
84~94 4.8 6 20~24 — 18.5
25~27 20.8 —_
12~14 9.4 7 15~18 19.4 20.6
15~19 10.6 8 14~17 10.4 14.0
20~24 17.6 —— -
25~27 20.8 Table 11. Distribution of metabolic heat
6 35~41 14.9 at the peak (?f respiratory activity.
g?:gg 1;}8 Exp. | Incubator Acx;:tt;on Hwm| Hy|Ha | Hs | He
R e 1 3 6 | 0.25 | 10080.9| 3.7| 3.6/11.8
T 7 | 1.40 100/62.6/18.4, 0.7/18.3
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Tablel0@ (1) & b 3R 70 Hm % HAED R ITARU 2. R L 1o 2 M 5 /DR I TR L & & £CBl
CHUTIEORB I v Y x— 2~ L3 EA 605, Table 11 ({23 BAMBED DD 1 Bil% 7L 7oh5 (L4
ORT0%IIWSHAKICHELE LN B C EVEPTDH .

AR b DI HZERIT & 2 BRI BRI A & UBARGREE0 . 250 BT 1 RSB s 4 201038 X 73
WISL 4D RIX 202007 3 3R L 1.
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