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IATRODUCTION.

Chile is one of the developing countries that has the
problem of malnutrition. The diet of Chileans consists
basically of carbohidrates and fats, with an evident

deficiency of prcteins.

It has beon obscrved that tne food shortage in the
world cannot be solved through agricultural resources
only, because of the lTimited arable lands available
(Brody, 1565). for this reason an effort must be made
to diversify the natural sources of proteins. This

effort is being made throughout the world with an special

emphasis on proteins of marinc origin: Fisn protein
Concentratcs (F.P.C.). The results of several of these
vfforts have teon published by Lcvin (1959), Power (1962)

buttmann <t al, (1957), Pariser et al. (1963) and others.

Chile had a catch of 80.000 tons of hake in 1967 and

128.900 tons in 1968. Part of it was sold fresh, part
frozen, and nearly half of it was reduced to fish meal
for animal consumption (Scrvicio Agrfcola y Ganadero,

1968, 1969). An attempt was made some time ago to




produce F.P.C. in an experimental plant using hake and
ethanol and/cr hexane as solvents (Ydfez et al. 1667a).
At this time, the plant is closcd and it will probably

ve dismantled,

The possibility of using isobutanol arose from the fact
this solvcnt will be produced soon in Chile, while vther
more traditional solvunts such as hexane, isopropancl,
ethylence dichloride, etc., have to be imported. The
present wurk was dene only to study the pussibility of
using isobutanol in the production of F.P.C. and no at

tenpt was nade to optimize the process.
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EXPERIMENTAL .

A process was developed on a basis similar to the one given
by Levin (1955, 1459). That is to sSay, the hake was extracted
with solvent, and the water, the solvent ang volatiles being
continuously distilled at constant temperature, The distil
lat: consisted of twe immiscible phases: one rich in watur,
and the othcr in solvent, the latter betng recirculated as

reflux.

Material{L

The raw material used was whole Chilean Hake (Merluccius
gayl) processed no more than 20 hours after buing caught
The mean comrosition of the heke is given in Table I, It
Must ve pcinted cut that these compesition showed a marked
vartuticn during the period of work (March to July).Special
attention should be given tu the fat content, which varieg
from 4% up to 229 dry basis. These figurcs may appear a bit
higa fur a lcan fish, but they agree with thcse given by
Y&hez et z1, (1967a).
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TABLE 1

T ————————

Cumpusition ¢f Hake (3r/100 gr, uf dry material)

Batch Prctein® Ash Fat

(%) (%) (%)

1 66.1 14.4 19.5

2 64.9 14.1 21.0

3.4 67.5% 14.3 18.2

7-8 5.7 14.4 9.9
* Nx6.25

A1l analyses wers made by AOAC methods.

Mhen the supply of fresh fish was uncertain, the raw
material was comminuted ang then kept 1n isobutano)
for not morc than on. week, 2 perfoctly safe pertod
dccording to the .S, Department of Interigr It was
Observed that thigy previous treatment facilitated the

extraction, Freventing the formaticn of lumps |

The solvent uscd was M_orch 1sobutanel (2-methyl .l

prepanol) technical grade.
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The isobutanol is partially miscible with water, a characteg

istic that appears faverable for several reascons:

- It permits the continuous eliminaticn of appreximately
S50% uf the water through cistillation and decantation,
saving _ni¢roy and making the contact between sulvent

and fot Progressively better.

< It permits a tetter cellular penetratiocn than that

vbtained with completely inmiscible sulvents,

- It provents 1css of valuable scluples, as was puinted
vut by Levin (1555), Chrumat: graphic analysis of the

us.d s_lvent showed no trace of amincacids,

Bestdus tnis property of partial miscibility, the iso
butanol distillg dzeotropically with water at 89.2°C,
consideracly lower than 108°C, the boiling point of the
Pure solvent, This allows the extraction-distillation to

e carry out at o nearly constant temperature, around

J1°C.

Although 91°C may séem to bc 2 much too high temperature
for the purposa of Prescrving the nutritive value of the

fish, studtes rage by YiAez ¢t a), (1907b) shewed that

the mutritive valuye of hahe was mantained, even after




deing dried at 105° C.

Besides these considerations, the hiah boiling pcint of
the pure sclvent appears to bc an advantage due te the

difficultics of handling more volatile solvents,

Another point that deserves attention is the toxicity of
isobutanol. Several authors have incicated that its

toxicity is low (Kirk et al,, 1948, Treon, 1963).

The process consists of six basic operations: washing, com

minution, extraction, filtration, drying and grinding.

Aproximatcly 2 ¥gs. of frcsh whole hake were washed with
fresi water, then comminuted and homogenized in a 348 H.P.

hobart comminuter-homogenfzer for 5 minutes.

The fish, now in the form of a paste, was transfered to
the extractor-distiller, which consisted of a 10 1t. glass
flask with variable speced agitation, a reflux condenser, 2
distillate recoiver externally cooled with water, and a

1000 W2ttt heating mantle with temperature regulator,

The first extraction was done at room tewperature for 30

rinutcs ond then for 4 hours at boiling temperature (89.2°-
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91°C) using a ratio solvent: fish of 3:1 in weight. The

extracted fish was then washed twice with cold solvent. The

final fat content was 0.3% on a wet basis,

The next step vas filtration. This was carried using an
absolute pressure of 1C0 mm, Hg. and filtering through a
bed of activated carbon, Orying was carried out in an agit
atcd glass rcactor externally hieated with hot water at 60°-
65°C and an absolute pressurc of 25 mm, Hg. The operation
was not very efficient and needed 18 hours to dry from 45%

to 3-4%,

For the last operation, grinding, a Mikro Sampmill (hammer

will) was usea.

The problem cf solvent recovery was not studied in depth,
but somc experiments done showed that this operation is
feasidble. The solvent-fat soluticn was distilled in con_
ventional iaboratory alass equipment, using a 35 cm.neight,
6 em. diameter colunn packod with activated carbon. The

carbon scrv.d both as cn ebserbent for odoriferous substances

and as a piacking to obtain a better rcctification,
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RESULTS.

Using the described method, a fine flour was obtained, with
a 1ight yellow-grey cclour, nu odor and pnly a slightly

fishy toste,

This product showed 2 marked stability, therebeing no alter
ations after several months of storage at room temperature,
packed in glass bottles with no special care. A sample that
was stored for two months at ,0°C in a flat dish placed in

3 forced circulrtion oven showec ncC change.,
The nrocess yicld was 17% with no significant variations,

The composition of the F.P.C. obtained is given in Table 11,
£.G.A.C. (1965) methods of analysis were used. Results

shown are mean figures for efght runs.

ek d
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TABLE I1I.

Compusition of isubutanol F.P.C. (wet basis).

Protein ..,........... .80%
Ash 000000 * @0 ...0...16%
Fat @ o o o 8 9% 0 0 o * & 4 00 2 o 0.31

Volatiles .............. 4%

Bivlougical quality was measured by the Protein Efficiency
Ratis (P.E.R.), the pepsin digestibility, and the available
lysine content.

P.ELK. Tests were performed follewing Chapman (1959), using
10 rats with a standard dict of casein as rcference. Results
are given in Table IIl, together with the digestibility in
pepsin and the available lysine Carpenter's methcd (1960)

was used for the latter.




TASLE 111

Nutritive value of tsodbutanol F.P.C.

casein 2.9 |
P.E.R.
F.Pp.C. 2.9

Pepsin digestibility 97.2%
Available lysine 7.5%

CISCUSSION.

As 2 whole, 1t can be said that the result of this
experience was posftive. Isobutanol showed good pro
perties for defatting and dcodorizing, giving a product

of good organoleptic and nutrfitive properties.

The fact that isooutanol is only partially soluble in
water and that it forms a minimum point azeotrope can

be considered favorable for the process.

Its high boiling point appear to be an advantage

compared with more volatile solvents.




The P.C.A. value for the F.P.C. obtatned resulted cqual

o the valu. uf tha. control test made with cascin, situation
that cin By considerce VePfy 3atisfagtory The walyes of
Pupsin digustidiiity ng 1v3t1zL)( tysing are satisfactory
100, anc the three of ther are sistlar to the figyures

9iven by other processes (Brody, 196%, o ° Department of
Interior, Power, 1964, vinre; ot 8., 19678), and hNigher

than th: nitnirue valyer Fecommended by F A.0.'s Tentatdve

$pecification for F p (196})

For a definttive evaluation of the prepesed mgthed,
further work must be done in tesicological aspects,
stattlit, during storage and process optimization,

fncluding preduction Costs on an Industrial scale,

*80 00
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