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Abstract

TOSHKOYV, N., M. DUSHKOVA and A. SIMITCHIEYV, 2015. Sorption characteristics of extruded feed for carp
stocking material. Bulg. J. Agric. Sci., Supplement 1, 21: 27-30

Equilibrium sorption isotherms of extruded feed for carp stocking material in three variants were experimentally obtained.
The study was conducted by the static gravimetric method at 20°C and water activities from 0.11 to 0.85. It was established
that the isotherms have a typical S-shaped profile and there are no statistically significant differences in the sorption capac-
ity for all variants. A suitable model was selected to describe the sorption isotherms. The monolayer moisture content of the

extrudates was determined.

Key words: sorption characteristics, extrusion, carp stocking material.
Abbreviations: P — mean relative error; SEM — standard error of moisture; VMC — vitamin-mineral complex; BET

— Brunauer-Emmett-Teler

Introduction

The fish is a major protein source from animal origin, which
ensures the complete nutrition. The feed produced for success-
ful breeding of freshwater fish is very important. The fishes with
the highest economic importance in Bulgaria are the carp and
the trout. Extrusion process is used to obtain more than 90% of
the produced fish feed (Hardy and Barrows, 2002).

The challenge for the aquaculture industry is to identify
economically viable and environmentally friendly alterna-
tives to fish meal and fish oil, and the investigation of the
process and product characteristics of the obtained extruded
feeds (Gatlin III et al., 2007). Sunflower meal has found an
application in the diet for fish because it is widely available
on the market and its inclusion could diminish the diet costs
(Sanchez-Lozano et al., 2007).

Moisture content of extrudates, as a hygroscopic mate-
rial, greatly affects their quality and technological properties
(Penov, 2000; Durakova, 2005).

Equilibrium isotherms of the food products show the re-
lationship between the equilibrium moisture content and the
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water activity of the product at a certain temperature. Sorp-
tion isotherms of the material show the connection of the
water with the hard skeleton.

For description of the sorption isotherms the literature
offers a large number of empirical and theoretical models
summarized in (Van der Berg and Bruin, 1981). Chen and
Morey (1989) have concluded that there is no model to be
considered universal. Usually, several models are used, such
as using defined criteria the most suitable is selected. Criteria
mostly used for evaluation of the models are mean relative
error (P, g.kg"') and standard error of moisture (SEM).

A number of studies have shown that products with mois-
ture content corresponding to the monolayer are stored for
long periods without altering their properties (Bell and Labu-
za, 2000; Labuza et al., 1985).

The knowledge for the sorption characteristics of the ex-
trudates (equilibrium and monolayer moisture content) per-
mits to define the appropriate regimes for their storage and
treatment.

The objectives of this study are: 1 — to obtain experimen-
tal equilibrium sorption isotherms of feed for carp stocking
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material, 2 — to compare the obtained sorption isotherms; 3 —
to choose a suitable model describing the sorption isotherms,
4 — to define the monolayer moisture content and the water
activity corresponding to this moisture.

Material and Methods

The objects of this study are extruded feeds for carp
stocking material, made in three variants:

— Variant I — Control feed: fish meal, soybean meal, sun-
flower meal, wheat, corn, VMC (vitamin-mineral complex).

— Variant II — Experimental feed: plant protein compo-
nent “Sunpro”, soybean meal, sunflower meal, wheat, VMC.

— Variant III — Experimental feed: fish meal, plant protein
component “Sunpro”, soybean meal, sunflower meal, wheat,
VMC.

The composition of variant II is balanced only on plant
ingredients and the fish meal was replaced with “Sunpro-46~,
which is high protein plant feed with low cellulose content. It
was made in Bulgaria on the basis of sunflower meal.

The nutritional value of the experimental feeds is shown
in Table 1.

Extrusion is carried out on a laboratory single-screw
extruder Brabender 20DN (Germany) under the following
operation conditions: nozzle diameter 2.5 mm, compression
ratio 2:1; temperatures in the first zone 100°C, the second
zone 110°C and the third zone 120°C. For variant I the screw
speed was 150 min~! and the feed rate — 60 min™!, for variants
II and III — 200 and 80 min™ respectively. Different speeds
were used to keep a stable extrusion of each variant with dif-
ferent composition.

The static gravimetric method recommended for food
products was applied to obtain experimental equilibrium
sorption isotherms of extrudates, (Bell and Labuza, 2000).
Samples of 1 + 0.05 g were weighed in weighing bottles.

The weighing bottles were then put in hygrostats over sat-
urated salt solutions (LiCL, CH,COOK, MgCL,, K,CO,,
NaBr, NaCL, KCL), used to keep the water activities of
the product in the range 0.11 to 0.85 (Greenspan, 1977).
The hygrostats were kept in thermostats at 20 £ 0.1°C.
Equilibrium was reached when three consecutive mea-
surements showed a difference of less than 0.001 g (20 to
30 days). The moisture of the samples was determined by
the oven method (24 h at 105°C). All measurements were
done in triplicate.

Data analysis

For description of the sorption isotherms, two-parameter
models of Chung — Pfost, Halsey, Oswin and Henderson,
recommended in (ASAE, 1997), were used:

Chung-Pfost In(a ) = — Aexp(~-BM) )
Halsey a_ = —exp(-4AM?) 2)
C
Oswin M= B[( ut )] 3)
l-a,
Henderson In(1-a )=-AM?, 4)

where M is the moisture content, g.kg™' dry matter;
a— the water activity;
A, B, C — coefficients.

The monolayer moisture contents were calculated using
the Brunauer-Emmett-Teler (BET) equation with the experi-
mental data for water activities up to 0.4 (Bell and Labuza,
2000):

BET M= M,Ca, (5)
(I1-a)(l—-a,+Ca)’
where M is the monolayer moisture content, g.kg" dry

matter,
C- coefficient.

Table 1
Nutriotional value of the experimental feed
Components, g.kg™! Var. I (E-1) Var. II (E-2) Var. 111 (E-3)
Control (FM) Experiment (Sunpro) Experiment
(FM+Sunpro)
Nutritional value, g.kg™!
Crude protein 346.7 340.3 343.7
Crude lipids 38.8 14.3 28.7
Crude fibers 45.6 75.7 56.3
Crude ash 55.0 52.2 55.4
NFE (nitrogen-free extract) 412.7 414.0 414.2
Digestible energy, Kcal.kg™! 3164.4 2930 3066.7
Total energy, Kcal.xkg™! 4069.9 3806.1 3963.1
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Results and Discussion

The experimental sorption isotherms are presented in Fig-
ure 1. The figure shows that the isotherms have an S-shape
profile i.e. they are type II according to the Brunauer’s classi-
fication (Bell and Labuza, 2000). Extrudates of variant I have
the highest fat content (38.8 g.kg'), which are hydrophobic
and therefore at low water activities, the equilibrium moisture
content in this variant has the lowest values. At high water
activity (above 0.5) the trend is reversed, extrudates of variant
I have the highest equilibrium moisture content. An explana-
tion for these results may be the different sorption hysteresis
of the three variants. In our study, the hysteresis effect is not
reported, the sorption isotherms in the range of water activity
up to 0.5 are captured by desorption and then by adsorption.
Taking into account the influence of sorption hysteresis will be
a baseline in future research on the sorption properties of the
three variants of feeds stocking material.
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Fig. 1. Equilibrium isotherms of extrudates
intended for feed of adoscelent carp

For description of the coefficients in the models from (1)
to (4), they are transformed in linear (Menkov, 1999):

Chung-Pfost In[-In(a )] =Ind — BM 6)
Halsey In[-In(a )] = In4 — BInM N
Oswin InM = In4 + B[In(a /(1 —a_))] ®)
Henderson  In[-In(1 —a )] =In4 — BInM )

The coefficients in the linear equations were determined
by the method of least squares. Coefficients, the mean rela-
tive error P and standard error of moisture SEM of the mod-
els from (1) to (4), for the three investigated variants respec-
tively, are shown in Tables 2, 3 and 4.

Table 2

Coefficients in the models (4, B), mean relative error (P,
g.kg') and standard error of moisture (SEM) for extru-
dates obtained for variant I

Model | 4 | B | P | SEM
Chung-Pfost  3.835501  0.1321 125.6 1.8

Oswin 03632 1235919  59.9 1.34
Halsey 727188 —1.8947 33.4 0.62
Henderson  0.004832  1.9298 104.9 2.06
Table 3

Coefficients in the models (4, B), mean relative error (P,
g.kg') and standard error (SEM) for extrudates obtained
for variant II

Model | 4 | B | P | SEM
Chung-Pfost  4.836542 0.1541 128.1 1.89
Oswin 0.3003 12.26439 80 1.67
Halsey 167.8549 —2.2331 47.7 0.96
Henderson 0.002277 2.2342 123.5 2.15
Table 4

Coefficients in the models (4, B), mean relative error (P,
g.kg!) and standard error (SEM) for extrudates obtained
for variant I11

Model | 4 | B | P | SEM
Chung-Pfost  4.071046  0.1362 133.8 2.03
Oswin 03339 1250714 723 1.7

Halsey 107.2326  —2.039 349 0.87
Henderson  0.003507  2.0466 117.4 2.29

The results show that the Halsey model is most suitable
to describe the sorption isotherms of the three investigated
variants because the mean relative error is in the range of 30
to 50 g.kg! and the standard error of moisture from 0.6 to 1.

Equation (5) can be transformed in linear for calculating
the monolayer moisture content:

a 1 N (C-1a,

M(I-a) MmC MmC

(10)

From the slope of the straight line, by the method of least
squares, the coefficients of the linear equation (10) can be
determined, and hence monolayer moisture content Mm and
coefficient C. The linear dependence a /[M(1 —a )] =f(a ),
with experimental data for variant I ata < 0.40 is shown in
Figure 2. The data for the other two variants are processed
in the same way, but the results are not shown in the graph.

The received monolayer moisture content and correlation
coefficients for the three investigated variants are presented
in Table 5. The results show that monolayer moisture content
of the three variants has similar values (around 65 g.kg™").
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Fig. 2. Dependence a_/[M(1 —a )] = f(a ) for extrudates
from variant I
Table 5

Monolayer moistures (Mm), correlation coefficients (R?)
and water activities relevant to monolayer (a_ )

Extrudates | Mm | R? | a
Variant I 6.56 0.9884 0.123
Variant 11 6.51 0.9789 -
Variant I1I 6.45 0.9934 0.112

The BET model permits to define the water activity of the
product, which should be respected in the period of storage,
for to be with monolayer moisture content:

a, =(NC-1)/(C-1) (11)

The obtained values of a _ are presented in Table 5. The
results show that it is necessary to store the feeds at water
activity 0.11-0.12 to obtain moisture content close to the
monolayer.

Conclusion

Equilibrium sorption isotherms of extruded feeds for
carp stocking material were experimentally obtained. Iso-
therms are type II according to the Brunauer’s classification.
The Halsey model is suitable for their description. There are
no significant differences in monolayer moisture content of
the three investigated variants. It is necessary to store the
feeds at water activity 0.11 — 0.12 to obtain moisture content
close to the monolayer.
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