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Studies on the Fermentation of Fish Protein

1. A Model Design of Fermentor
Kang-Ho LEE and Ho-Yeon CHOI

Dept. of Food Science and Technology, Pusan Fisheries College

In Korea, fermentel fish has been playing an important role as a preserved and flavor rich food. Tt
is said that the digestion of fish protein is due to hoth action of intrinsic (autolytic enzymes) and bac-
terial enzymes in fish. The mass production of fermented fish has been impeded since traditional method
of fermentation rejuires a long duration for a complete digestion. A high concentration of salt and
unsanitary condition are also considered disadvantages of the old method. To improve the quality of the
product and to develop mechanized process of fermentation, fermentors which have such control evice as
temperature, pH and agitation control system have been urgently needed. In this study, a model design
of a fermentor is studied. The calculation was based on the optimum conditions for enzymatic hydro-
Iysis of fish protein which involve temperature, pH, viscosity and other factors.
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stainless steel sus 32
SF gAY 2L GEUA 994 SHEEY e At Yol 2 HA5A F(Aiba (1969))
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saturated steam

[ tapon | " | Fish , Satimted
Lg:’g'(')'g‘m I Entering temp., °C(t)) 20 120
[Tﬁ;y-’;;*m —wr Leaving temp., °C(ty) 90 120
- BN o Flow rate, kg(w) 6, 000 5,825
"K:Tﬂ/ 1 6,000k Density, kg/m,(0) 1,020 1.12
L—A‘*"" [ Specific heat, Kcal/kg. °C(Cp)  0.74% 0.52

Solid | Filtrate Heat conductivity, Kcal/m.
600kg 5400%g hr. °C(k) 0. 476%* 0.586
Viscosity, kg/m. hr(g) 10. 08%*% (0, 0475
[Deodorization and Pressure, abs. kg/cm?(p) 2.03
Dscolorization Specific volume, m*/kg(v) 0.892

5,40049 Latent heat of evaporation,
Kcal/kg() 525.9

* Charm, (1963 a)
#% Charm, (1363 b)
s0x Murayama et al(19€8), Chimizu et al(1962),
Product 1 (1962)
—|L'450kg Ueda ct al ( .

Coceniration |
2,7004¢g
Orying
4 50kg

Fig. 2. Material balance in the digestion
process of fish.
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=199, 800(Kcal)
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=0.87 ( 08 0.476

@ Fouling factor:0. 0004

@ Stainless steel R =% 13Kcal/m.hr.°C
7 :0.00381m

® %%Zd_"éﬁl—’r- UE 734

1 1 1 0. 0038
T T h +7sg + +0. 0004

=0+0.0013-+0. 00030+ 0. 0004
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=0. 0020
U=500Kcal/m? hr.°C
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A= (6, 000) (0.74) (65—20)
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aTm=18E2 _77 500 20’ 12dc
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5.2 100°c 55%
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2. 310g—,’{‘::~:; = II{?CI?
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0= UA 2. 310g TS—tZ
_(6,000) €0.74) 120—20 _
=500y (5.2y 23 log55—55=0.7hr

M: 719 &9 5%
(2) Jacket=o| ot
@ Jacket W] 3} steamate] 7 wbA <> h,-& Nussel (1916) Ao & F35i4

SIS A .
A t=120—110=10°(C) '
H=2.2m
©#=23.9x10"%kg/m. sec
0=943kg/m?

k=0. 589Kcal/m. hr.°C
A=526. 1Kcal/kg
D4 49 F $48 A3k hg P

_ 1 1/ €0.589)8(943)%(526.1)(9.8) y 1
h‘"7‘3< (2.250) ) ( (23.9x107%) )

& hy=4,690Kcal/m?. hr.°C
@) Jacket &9 3} suspension o] -89 Z=A 4  hPerry(1950)¢) 9§+

Numo.o7 (ENE (Gt @

2.2\2

2 2)(50-60)(1, 020) | o.01 8 yos
Nu=0.37(< 0 510_8 b ) (R )

& h,=586 Kcal/m? -hr-°C
@ Fouling factor: 0. 0004

@ Stainless steele] 24 =% k=13Kcal/m.hr.°C,
=7 =0. 006m
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1 1 0. 006
4,690 T 536 T

=0. 0002140. 00174-0. 00046+4-0. 0004
=0.0028
s U=362Kcal/m? hr.°C
@ Jacket 22 g =4 A
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-
U

65°Ce 4 90°CZ 714 e dW ZaE A RS I

120% 12%¢

58°C 30%
/ 9%
€

4 @4 H st

_ McCp. _Ts— tx
A 2. 3log Ts—

_(6,000)€0.74). 120—
= (362)6.8) 2308 190 90 > =ihr
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Coil cooling 90°—+60°C, Jacket cooling 60°—45% 1w},
(1) Coil W A4S %5’}/‘1%1 =
YAt W,

W= (6, 000) €0.74) (90—60)
e 1X(35—25)

QA5 55
1
as, 320)( 995.7 ) =1.53m/sec
() 0. 05588)7(3600)
(35+25)
2

=13, 320kg

HFLn =30°C A JA59 £43

p=2.927kg/m. hr
k=0. 528Kcal/hr.°C.m
0=995. 7kg/m?®
Cp=0.998 Kcal/kg.°C

_ Dup _ (0.05588) (1.53) (3,600) (995.7) _ .
Re=— == 5037 =1.05%10
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@ Coil W&t ¥ zA52ke] A=A h |
Nu=0. 023 Re®5Pr¥ +evreereerenimeemrmmionniieneiiiiinineeenn s ®
@4l # 3% deste] hg T

_hy(0.05588) _ v €0.05588) (1.53) (3600) (995.7) )M ( €0.998) (2.927) )%
0.528 0 0~3( 2.59 0.528

2% hy=3, 140 Kcal/m?-hr-°C
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C=1+3.54% d: piped] dia.
dec: coildy] dia.

=1+3. 5(&35’7—568&).—_1. 12

h’,=(3, 140) (1.12) (0.8)=3, 014 (Kcal/m?-hr-°C)

1 1 0.0038
3,010t 750 T 13 +0.0004

=0. 0003+0. 0013+0. 00034-0. 0004
=(. 0023
U=435 Keal/m?.hr.*C
coillZ W ArE FAAAA 4 AR 34
Q 133, 200

-L
U

A="UATm = (435) (46.5)
e / 3%
285°C
I 65T 25%
80 \»-
0%
aTm=—E= 45 50°0)
2.3log—5=
25 «
@ coil W9 P AFEH 22 90°Cell 4 60°CR § A4 7] 28] £82 78 T8
W=13, 320kg T,=25°C
A=4m* U=440Kcal/m? hr.°C
C’'p=1Kcal/kg.°C t,=90°C
M=56, 000kg t,=60°C

Cp=0.74Kcal/kg.°C

Ty—t, _ WCp/ { k—1
Inor =, =M \" & )‘9

k=eUA/WCp/
k=e(435)6.5)/(13, 320) (1)=e(0.212)
~ k=3.268

25—90 _ (13,320) (1) [ 3.268—1
2. 8102 5565"= "6, 000 (0. 74) ( 3968 )'e

» 0=0.7hr

(2) JacketH o) Y2445 FAAZ o
@ jacket W ¥ 3} W Apote] AutA S by jacob(1949)¢ AH A ¢ 5ol

Nu=0. 1293 J‘(‘;Zﬁ ................................................ @
(2 A FHe) A= Gr. Pr> 108~10%

tw=50°C, At=tw—tm=50—30C)
Cp=0.9985Kcal/kg°C

0=988kg/m?® 50t
k=0.551Kcal/m.hr.°C

M=55.7x107°kg/m. sec

() _ (0.9985) (55.7x10 %) (3,600) _
Pr"( k ) =52 0.s51 =39

10~}

75T

—_— Y
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0Bg(at)(HY _ (988) (0.303x107%) (9.8) (50—30) (2.2)°
Gr= T = (55, 7% 105
=1.97Xx 101
Pr-Gr=(3.56)(1.97% 10"*)=7. 01x 10**>10°
~ 3%
Nu=0. 129%,/ Pr.Gr
=0. 1298,/ 7, 470
hoeNuk _ (2,4003(0.551)
TR 2.2)
=619Kcal/hr.m*>°C
® h, & @45 7] Perry(1950)4] °ﬂ g4 T3y
Nu=0. 37(——*- LNQ )e e1(Cp K )-}( )o 4, (@

4$ﬂﬁﬁﬂ4ﬁ

h(2.2) _ 2x = "(50-60)(1, 020) <o 07 ¢ 0. 743C0.8) v, ¢ 10.8 ~o1a
“4’6"—037( 10,8 A .47y »* (104)

% h,=586 Kcal/m®. hr.°C
® Fouling factor 0. 0004
@ Jacket ¥4 6mm

1
—U—=ﬁ9—+ er 0. 0004+ - 006

=0. 001640. 0017+0. 0004 -+0. 00046
=0. 0042

& U=240 Kcal/m? hr.°C

&8 A4 AA

— Q __ _(6,000)€0. 74)(60—45) _ .
A= U.aTm ™~ ICH)IC)) =12.3(m*»)

o 38%
26% T
35t 10t
60°C
ag'e
ATm=—§5:lQ -_—.20«0
2.3log 39
T

Q=(6000) (0.74) (50—45)

=22, 200 Kcal
WE Fd 945 A4
Eo] 2.2m tw=40°C 9£ 20°C
tw40°Cell g A aire] 45
p=1.127kg/m? t0=20°C

k=0.0233Kcal/m B,=3.43%x10 %/°C By: A3 3-¢

$=1.95%x10"% kg/m. sec
Pr=0.711
Jacob(1949)4] ¢ & & 4
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Gr=0"B,gCtw—to) H*/yt
=(1, 127)2(3. 43 X 107%)(9. 8) (40—20)(2.2)?/(1. 95x 1078)?
=2, 49 x 10
Pr-Gr=0.711-2,.49 X 101=1, 77 x 10%° o R
Nu=0.129 54/ 1. 77 X100 =337
b= Dl = (L2 Y s 56
Q=hFAT=(3.56)(19) (40—20) F: 29740l
=1, 352.8 (Kcal/hr)
4217 Fqk LEA =R 1, 352.8X4=5,411 Kcal
Tobe A A
7hdA dask 434 5.2m?
coil {
7} 4] " " 6. 5m?
& 6.5m*7 sk + 25% Fobs A 7.5m? (6.5%x1.4)E A g,

L4 Fog AEd=y 7.2m®
jacket
{ngm " «  12.3m?

25%% AN 17.2m2 BT
Hed 29 fae FoR

D=2.2m H=3.3m
o) F——(2 2)4-(2.2m) (2.2) : jacketq] " dwA
=19(m?)
(4 3 —
® V=70(2.2)%3. 3)=12. 6(kD) pH Recoder
® 2/’pipe® A5 Ho] 9ol A4 s E‘;] Sokenad vlve
7.5 reservoir - o
1= T =240(m)
(0. 055881
=y
40
n= 7 761 —(8:&]) - qj ’
pich®] 9] 85mm= *} (8—1) (85)&==50cm. ent L o :
Aiba(1966)) Gehed o] wavtd & Foba E,a’jw T
po NP-OQN/60y L2 =) it o
g:75 Trermo- ‘1
mater
( 2.2 )‘ lﬂ Glass slecirode.
- (6 (1020) (50/60)* \ 3 e (=] Temperalurs level
9.8) (75) J‘ M S Re_iefmeekcm
=2 0P = 4
NP:flat blade turbineg] #4: 6 vater
SERECIEEREEERCEE TR S Commscre” Do
=%& ¥4 Fig 35 Z+}, Fig.3. Schematic diagram of the

model fementor.
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o}-& slurryE #3 non-newtonian fluid2 #F3sta Z4Ad 45ty onyt o] £ 7t P24E §d §x,
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2 pEz2g AL 12 % Stong A0T + 9E $UE AN FAE A 9T 24224
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C#7 w g3 FHe TE
%34 39 247
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].
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