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Abstract

Tuna cooking juice is a co-product of tuna canning industry. It is rich in protein,
currently used for production of feed meal as well as protein hydrolysate. The finish products are
usually in the form of concentrate, produced by evaporation. However, evaporation is energy
consumable process and the salt content level of the concentrate is often over the standard, thus
required additional process for lowering salt content e.g. crystallization. The use of membrane
technology, therefore, is of interest, since it required less energy and footprint compared with
evaporation and is also able to reduce salt content of the concentrate. The aim of this study were
to employ and select the membrane filtration process, and optimize the operating condition for
protein concentration and desalination of tuna cooking juice. The results indicated that
nanofiltration (NF) was more suitable than the ultrafiltration (UF) process, regarding ability in
protein recovery and desalination. The NF performance was evaluated in terms of permeation
flux, protein and salt retention. The protein and salt retention of NF were 96 % and 5 %,
respectively. The permeate flux(J) increased as transmembrane pressure (TMP) or cross flow rate
(CFR) increased and the highest flux was obtained at TMP of 10 bar and CFR of 800 L/h.
Operating with batch mode, the permeate flux was found to decrease as protein concentration
increased, and at volume concentration factor about 5, the protein concentration increased from 2
to 10% while salt removal was 70 % of the initial value. This work clearly showed that NF was
successfully employed for concentration and desalination of protein derived from tuna cooking

juice.
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Process Waste

Frozen fish

Thawing » Water, Solid
Butchering » Water, Viscera
Pre-cooking » Stickwater
Co$ing » Water

Cleaning » Head,Bones, Skin, Dark meat
Pa}(ing »  Meat

Filling »  Oil or brine

SeaL\ing

Washing Cans »  Water, Oil

Retort > Water

Finished Product

Figure 1. Flow diagram of tuna canned process

fn Soderguist et al., (1970)
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2.43. 5zu1 laoz Nawmssu (diafiltration system)
a o I & = A o a =\
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Tooouraudnilald (monovalent)

Table 2. Retention of RO, NF and UF

Species RO Loose RO NF UF
NaCl 99% 70-95% 0-50% 0%
Na,SO, 99% 80-95% 99% 0%
CaCl, 99% 80-95% 0-60% 0%
MgSO, >99% 95-98% >99% 0%
H,SO, 99% 80-90% 0% 0%
HCI 99% 70-85% 0% 0%
Fructose >99% 99% >99% 0%
Sucrose >99% 99% >99% 0%
Protein 99.99% 99.99% 99.99% 99%
Viruses 99.99% 99.99% 99.99% 99%
Bacteria 99.99% 99.99% 99.99% 99%

A o I 4
w TudlawsFuNF) Wunszuaums lduensedlsznounse luanavesans
I~ R A <3 Y U
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NITLYNDODULAYIDDNIINAITAS AN ’Jgﬂazmmﬂumﬂmaqmaﬂ (Baker, 2000)
a o o 9 y 1 9 @ I
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[ .. 2 A @ I v W 3’; 1
UIIAUVU(driving force) G]Nl,iaﬂmmwuqmﬂummumu UUI Trans membrane pressure
= aa A ' o A L. 9 ' A
(TMP) T UL ANUAMIADARIULAZAAIAON (seiving) VI Iuanad1siou aunmIuvol

v @ =

UITUITENI 1NN (permeate) TIUNYANNAULUNUIVIUIFTINI TINUNN (retentate)

(A9NINN 2)ANVAINITAMIANAUVDNUYUIAYBIFUIUVB ANV T U TUIMBUVDI Molecular
{ Y 1 1

Weigth Cut-Off (MWCO) nieda Tuanaiiiminysovinalnaniuuiaves MWCO 109

mausuae luensamasunaziumuusu 114 unndesaz 90 18 wusuiinaln
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1U5U (Winston Ho and Sirkar, 1992)

Membrane module

Membrane
Feed ¢ — 5 Retentate

l

Permeate

Figure 2. membrane process

131 Barker (2000)
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(a) Concentration Polarization (Ng < Ng.)

¥ concentration polarization layer
parficle .
SUSPENSion

membrane

permeate flux

(b) Cake Formation (Ng > Ng.)

concentration polarization layer
cake layer

particle
suspension

membrane

parmeate flux

Figure 3. Concentration polarization and cake formation

3 : Chen et al., (2004)
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Figure 4 Diagram showing a decrease in flux due to concentration polarization and membrane
fouling
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Table 3. Study of fouling and fouling mechanisms
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Table 4. Comparison the features of the membrane module
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Table 5. Cleaning agents: duty advantages and disadvantages
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Table5. Cleaning agents: duty advantages and disadvantages (continuous)
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Table 6. Membrane application for concentration and salt rejection (continuous)
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Table 7. Membrane application in food industry
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Cross flow
MWCO Filtration Pore Pore Length Reference
813031301 Membrane TMP ) velocity
: (kDa) area (m) size(um) diameter(um) (cm) (et al.)
(m/s)
Tdsautlan NF,UF 3004, 25303512,1620  0.033 - - - - Vandanjon(2007)
8 20 89,10
8,10,12(bar)
REAMEGH UF - - - - Yee (2007)
dsazarellsAu  EUF 100,50  0.08 MPa - - - 0.03 Songa(2010)
AU UF 30 205 bar 28.7 - - - - Lim (2010)
Tisdudundes  UF 100 £20cm’ - - 30 - Marcosa (2009)
Tisdudundes  UF 5,20,50 0.0047 - - 250 (mm) - Cassini (2010)
TisAus gy UF 40 100cm” - - - - Firdaousa(2009)
shileamh NF 0.033 - - - - Walha(2009)
Ti/sauan UF 40 30 - - - -
waau ln

Note : MF= Microfiltration; UF= Ultrafiltration; NF= Nanofiltration ; OE= Osmotic evaporation ; OD= Osmotic distillation; MD= Membrane distillation;

EUF=Electro ultrafiltration ; MWCO = Molecular weight cut of : TMP=Trans membrane pressure
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Table 8. Concentration process by membrane filtration

gamwnssn  msiszend ¥HA Tuga PN IELY
U AT UF Spiral PS,PVDF,PES
vwalst wendIulseney UF HF PS
MF/UF Tubular PVDF,PS
RANAY M3 Tt UF Spiral PS
‘ﬁwna wenaIulsenou MF/UF Tubular Ceramic
duiioadu RO Spiral TFC

Note: RO= reverse osmosis; UF= ultra filtration; MF=microfiltration; TFC=thin film ; PS=
polysulfone; ~ PVDF= polyvinylidine difluoride ; PES = polyethersulfone

3N : Valentas et.al (1997)
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Table 9.A comparison of energy and degree of concentrate in different method of concentration
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Table 10. Corn starch hydrolysate property.
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Table 11. Process capacity
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Table 12. Microfiltration membrane property.
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131 : Singh 1182 Cheryan (1998)
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Table 13. Operation system
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Table 14. Capital costs data for microfiltration system

Module (membrane+housing) $2000 m”

Membrane $1600 m~

Pump $1.59m"h" ($7gal_1 min’)
Controls, valves, pipes and fittings $50000 per stage

CIP (clean-in-place) system $50000 for the whole plant

13 : Singh 118 Cheryan (1998)
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Table 15. Operating cost basis for microfiltration

Depreciation 7 yr life, straight line method
Membrane life Syr

Power $0.05 kWh'

Cleaning costs $4m”yr'

Labor costs 18 per man-h (4 man-h day_l)
Maintenance costs 3% of the fixed capital cost

i Singh 4t8& Cheryan (1998)
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Figure 11.Effect of number of stages of the microfiltration plant on various capital cost
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Table 16.. Annual operating costs ($) for microfiltration (MF)

Microfiltration (MF) Operating Costs (%)
Membrane replacement cost 81
Power consumption 5
Labor 7
Cleaning 1
Maintenance 6

1a1: Singh 11a2 Cheryan (1998)
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Table 17. Type, molecular weigth cut of , flow rate and transmembrane pressure of module

membrane.
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Table 19. Protein and salt rejection of tuna concentrated by UF, NF.
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Type/Module membrane Protein Rejection(%) Salt Rejection(%)
UF/Hollow fiber (1 kDa) 93.44°+0.28 2.23°+0.20
UF/Hollow fiber (5 kDa) 85.06"40.15 0.31°£0.004
UF/Hollow fiber (10 kDa) 76.24°£0.09 0.73°40.01
UF/Tubular(15 kDa) 68.10°£0.08 2.16°£0.4
NF/Spiral wound (MgSO, 99%) 97.42°+0.47 5.13'+0.10

All values are mean + standard deviation for triplicate experiments. The different letters in the

same column are significant differences of protein and salt rejection (p<0.05)
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Figure 13.Average permeate flux of tuna condensate at various CFR and TMP under total

recycle mode at temperature of 40 °C by Spiral wound of nanofiltration
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batch concentration mode (CFR 800 L/h, TMP 10 bar and temperature of 40 °0)
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Table 20. COD, salt and protein rejection in permeate

concentration by batch concentration mode at VCF of 4.

&1

and retentate of tuna condensate

Properties conﬂéﬁes‘ate Retentate Permeate Rejection
Protein (%) 3.2 10.97 0.26 97.62

Salt (%) 1.4 1.79 1.64 5.7
COD (mg/L) 33,427 - 7,362 -
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Figure 18. Mass blance of tuna cooking juice concentrated
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Figure 19. Process block diagram of tuna cooking juice concentration
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Figure 20. A Schematic of tuna cooking juice concentrated batch system
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Figure 21. Layer or floor plan of tuna cooking juice concentration.
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Table 21.NF specification
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Table 22. specification of NF system
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Table 23. Treatment plant cost of tuna cooking juice concentration
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Table 24. The product cost of tuna cooking juice concentrated (Baht/liter of product) (Aporn

Laorko, 2010)
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2. Chemical Oxygen Demand (COD) Dichromate Reflux Method (APHA, AWWA and
WEF,1985)
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3.1nad ( AOAC.,1990)
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