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Abstract

The article presents the results of studies on the effect of the extrusion process on the vitamin and
mineral composition of grain feed. The control (CON) was a sample a mixture of raw grain (80% barley
and 20% wheat), it was compared with 3 samples: extruded raw grain (Ext), raw materials with the
inclusion of a premix before the extrusion process (CON+P+b), extruded raw material with the inclusion
of a premix after the extrusion process (Ext+P+a). The preparation of extruded samples was carried out
on an extruder with a capacity of 350 kg/h using a granulator at a temperature of 100-105 °C, a pressure
of 30-50 atm., an exposure time of 3-5 seconds. The result of our research showed that in the Ext sample,
the number of vitamins decreased by an average of 2.8 times, the mineral composition decreased by 7%.
In the CON+P+b sample, the vitamin composition remained practically at the same level. In the Ext+P+a
sample, the vitamin composition increased by 58% compared to Ext, and the mineral content became
higher than in CON by an average of 20%. According to the results of our research, it is recommended
to include a premix after the extrusion process in the production of compound feed, as this contributes
to a greater preservation of vitamins and increases the mineral composition.

Key words: extrusion; feed composition; premix; vitamins; minerals.

Introduction

In his comprehensive review titled "Redefining
the Prospects of Utilizing Catering Waste in
Animal Diets" Georganas A. asserts that food
waste represents a highly promising resource for
feed production. Nevertheless, its application in
animal and bird feeding has been limited due to
potential risks associated with various infections.
To address this concern and mitigate the biological
hazards, several methods have been explored, with
extrusion emerging as one of the most effective

approaches. Extrusion not only enhances the overall
hygiene of the feed but also significantly reduces
the presence of pathological microorganisms in
the raw materials, yielding promising results in
most instances [1]. For instance, Kelley T.R.,
while determining the bactericidal contamination,
observed the absence of bacterial colonies in all
sampled feeds. However, at the same time, the
study highlights that some non-specific aerobic
microorganisms do proliferate successfully in the
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feeds after extrusion. Consequently, the further
contamination of the feeds depends on the storage
conditions they are subjected to [2]. Authors such
as Alonso R. and Decker E. A. state that apart
from enhancing feed hygiene, extrusion also
brings about modifications in the composition of
nutrients, reduces the presence of anti-nutritional
factors, and improves the efficient utilization of
feed nutrients [3, 4]. In their work, Wang M. states
that extrusion can be utilized for the production of
feeds from microalgae. The results of the research
revealed that cell disruption during the extrusion
process led to a significant increase in lipid content
by 94.3%, sugars by 68.7%, polyunsaturated
fatty acids by 74.3%, and essential amino acids
by 20.5%. These differences were found to be
statistically significant compared to the control
group of algae that did not undergo extrusion [5].
In his study, Williams, S.M. states that extrusion

Materials and Methods

The goal of this study is to determine the
influence of the extrusion process on the vitamin
and mineral composition of the feed.

The extruded feed was produced at the
university's platform. To achieve the goal, we
produced 4 feed samples:

1 CON: Whole grains, mixture in the ratio of
20% wheat and 80% barley (raw material);

2 Ext: Extruded Raw Material;

3 CON+P+b: Raw material with the addition
of a premix before the extrusion process;

4 Ext+P+a: Extruded raw material with the
addition of a premix after the extrusion process.

The CON sample was prepared by blending
whole grains, 20% wheat, and 80% barley, which
were also used as raw materials for other samples.
For the Ext sample, the extrusion of the CON
sample was performed using a granulator with
a matrix hole diameter of 8 mm, at an extruder
temperature of 100-105 °C, pressure of 30-50
atm., and a processing duration of 3-5 seconds.

The CON+P+b sample utilized the same
raw materials as the CON sample, but with the
addition of a vitamin-mineral premix according to
the dosage suggested by the manufacturer, 10-12
g per 100 g of feed. The ingredients were mixed

improves the digestibility of dry matter and the
metabolic energy utilization [6]. We have also
conducted several studies on the application of
extruded feed on animals, and positive results
have been obtained. In all these studies, the control
group was fed with conventional feed without the
extrusion process [7-11]. We became interested in
examining how the extrusion process affects the
mineral and vitamin composition of concentrated
compound feed, which became the goal of this
study.

In carrying out research during extrusion,
a new granulator nozzle was used, which made
it possible to reduce the temperature regime of
extrusion and increase the productivity of the
extruder. There is no data on the use of this method
of extrusion, as well as no information about its
effect on the vitamin and mineral composition of
the feed, which is also a scientific novelty.

in a paddle mixer and then subjected to extrusion
under the aforementioned conditions.

As for the Ext+P+a sample, it was produced
by employing the raw materials used in the Ext
sample. After the extrusion process, a vitamin-
mineral premix was added according to the dosage
suggested by the manufacturer, 10-12 g per 100
g of feed, and the mixture was further blended in
the mixer.

An application (patent No. 2023/0077.1) has
been submitted for the proposed manufacturing
technique titled "Method for the Preparation of
Resource-Efficient, Highly Digestible Compound
Feed for Rumen Development in Animals."

A large number of premixes for various types
of animals are available on the market. Since
our objective was not to assess the quality of a
specific commercial premix (thus, its name is not
mentioned), we randomly selected a commercial
premix for analysis. The manufacturer of this
premix did not provide numerical values for the
proportions or volumes of vitamins and minerals
in the composition. To gather this information,
we visited the manufacturer's website [12],
where the following details regarding the premix
composition were provided (Table 1).

Table 1 - Vitamin and mineral composition of the premix used in the study

Indicators Units rev. | Quantity per 1 kg of premix
Vitamins
A 18} 1 400 000
E 1
K . 0,2
H mg. 20
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Continuation of Table 1

D3 I 300 000
B1 g. 0,4
B12 mg. 5
B2 g. 0,6
B3 g. 4
B4 g. 50
B5 g. 4
B6 g. 0,8
Minerals
Fe g. 2
Mn g 10
Cu g. 0,5
I g. 0,14

Co g. 0,2
Zn g. 12

The situation on the market is such that the composition of premixes is not monitored according to
any state standard, the manufacturer also indicates the presence of a filler (waste from flour milling), the
inclusion of amino acids, but there is no exact amount in the composition of the finished premix on the

website.

Mineral and vitamin analysis was carried out in the laboratory of Almaty Technological University,
the arithmetic mean and its error are also indicated in the protocols received from the laboratory.

Results

It is a well-known fact that vitamins do not
carry any nutritional component in the feed
(i.e. they have an energy function), however, in
their absence, many biological processes of the
body are disturbed. Vitamins are involved in the
formation and maintenance of tissues, regulate
metabolism, are part of enzymes and much

more. Their distinctive property is that they can
accumulate in the body, and then consumed when
they are deficient in diets. However, it must be
remembered that each vitamin in the body plays
a role and cannot be replaced by others. Table 2
shows the chemical analysis of samples by vitamin
composition.

Table 2 - Analysis of samples by vitamin composition, mg/100 g

Vitamins Samples

CON Ext CON+P+b Ext+P+a
E 18,6+£2,9 9,02+1,2 10,3£1,7 11,86+2,0
B1 0,191+0,038 0,068+0,007 0,072+0,014 0,076+0,015
B2 0,102+0,043 0,068+0,014 0,069+0,029 0,080+0,034
B6 0,147+0,029 0,057+0,029 0,058+0,012 0,112+0,022
C 0,755+0,257 0,252+0,086 0,254+0,086 0,473£0,161
B3 0,329+0,066 0,080+0,016 0,102+0,023 0,135+0,027
B5 0,107+0,019 0,021+0,004 0,029+0,011 0,040+0,007

As we can see, the extrusion process negatively
affects the vitamin composition. The extrusion
process reduces the level of vitamin B2 by one
and a half times, reduces the level of vitamin E by
two times, B1, B6 and C by almost three times, B3
and BS5, B2 by four times. On average, the level of

vitamins decreases by 2.8 times. In the CON+P+b
sample, the average vitamin levels increased by
approximately 13%. The most significant increases
between the Ext and CON+P+b samples were
observed for vitamin E, with a retention rate of
14%, vitamin B3 increased by 28%, and vitamin
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BS5 increased by 38%. The inclusion of the premix
before extrusion had little effect on the levels of
vitamin C, B2, and B6, while vitamin B1 increased
by only 6%.

The modification of the feed manufacturing
process, specifically changing the sequence to
include the premix after extrusion, significantly
alters its vitamin composition. This method is
considered gentle or sparing for preserving the
vitamins present in the feed. In the Ext+P+a
sample, the average increasing of vitamin level
was approximately 58%, which is 45% higher
than in the CON+P+b sample. Compared to the
Ext sample, there was a substantial B6 vitamin’s
increase of 96%, B5 — 90% and C — 88%.
Vitamins E, B1, and B2 were preserved at levels

ranging from 12% to 32%, while vitamin B3 was
retained at nearly 70%. The overall difference in
the total vitamin content between the CON+P+b
and Ext+P+a samples was 45%. Consequently,
altering the stage of including the premix in the
feed, specifically after extrusion, can increase
vitamin retention by up to two times.

The mineral composition of feed is one of the
limiting factors affecting the animals’ productivity.
Because minerals are essential components of the
body's structural systems, cells, tissues, and so
on, and they participate in biochemical processes
at all levels. Despite their regulatory abilities in
terms of accumulation, mineral homeostasis is
not unlimited. Table 3 provides the analysis of the
samples regarding their mineral composition.

Table 3 - Analysis of samples by mineral composition, mg/100 g

Minerals Samples
CON Ext CON-+P+b Ext+P+a
Ca 1,7+0,01 1,5+0,02 1,6£0,01 2,0+0,03
Mg 138,42+0,51 125,81+0,40 128,52+0,71 149,63+0,35
Na 39,9+0,12 39,18+0,13 42,77+0,10 48,59+0,08
Fe 7,03+0,05 6,52+0,02 6,72+0,04 7,43£0,01
P 412,15+2,14 397,03+1,13 401,64+2,10 486,97+3,12
Zn 3,12+0,05 2,87+0,03 3,01+0,05 3,15+0,04
Cu 0,475+0,010 0,497+0,011 0,505+0,009 0,919+0,012
I 0,007+0,0001 0,006:0,0002 0,007+0,0001 0,008+0,0002

The chemical determination of the feed's
mineral composition involves measuring the
amount of ash, which is obtained by burning
a sample of the feed in a muffle furnace at
temperatures between 460-500°C. The raw ash
content is considered an indicator of the level of
mineral substances in the feed. During extrusion,
the feed is not exposed to such high temperatures,
but it experiences high pressure, leading to the
disruption of double bonds and the degradation of
feed components.

As expected, extrusion reduces the mineral
content of the feed, on average, by only 7%. The

Discussions

It is well-known that thermal treatment
affects the nutrient content of feed, especially
when combined with high pressure. Similar
studies conducted by researchers worldwide have
explored the impact of extrusion on the nutritional
content of feed materials.

Rodrigues E.J.D. et al. conducted studies on the
protection of mineral composition in tilapia feed.
The polymer to protect the apparent digestibility

most vulnerable minerals to extrusion were Ca and
I, with reductions of 14% and 12%, respectively.
Minerals such as Mg, Fe, and Zn were less
affected, experiencing reductions of 7% to 9%,
while other minerals decreased by only 2%. The
average difference between the Ext and CON+P+b
samples was 6%. Nearly all minerals returned to
their initial levels, and in some cases, Na and Cu
even surpassed the levels in the CON sample. The
difference between the Ext and Ext+P-+a samples
was +31% when compared to CON and +21%
when compared to Ext.

coefficient of calcium and phosphorus was used
before the extrusion and granulation process,
during the extrusion and granulation process
itself, the absence of polymer in the feed served
as a control. The result showed that polymer
incorporation prior to the extrusion process
resulted in higher values of apparent calcium and
phosphorus digestibility compared to the method
of polymer incorporation during extrusion and no
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polymer incorporation (P<0.05) [13].

In our research, we have observed a decrease
in the content of vitamins, while we have found
a large number of articles that indicate that the
extrusion process changes the nutrients of the feed
and its digestibility.

Costa M.M. et al. in their article write that
the blue-green algae Arthrospira platensis is an
excellent source of protein. The objectives of the
study were to determine which of the types of pre-
treatments for feed (grinding, extrusion, heating,
microwaves, etc.) would have a greater effect on
the level of algae protein. As a result of the study,
it was determined that there was no significant
difference between the types of influences,
however, extrusion increased the associated
protein. In addition, extrusion and microwaves
resulted in a reduction in total protein, Costa M.M.
relates this to protein denaturation. Thus, they
concluded that extrusion is one of the promising
methods for pretreatment of algae to destroy cell
walls [14].

Conclusions

Considering the results of the study and
literature, extrusion is one of the best methods of
feed pre-treatment, which improves the overall
status of the feed. The results of our study indicate a
decrease in the content of vitamins in raw materials
after extrusion by an average of 2.8 times, and
a decrease in the mineral composition by 7%. If
the premix is added to the raw material before the
extrusion process, the content of vitamins remains
practically at the same level. In the feed with the

Funding on information

Liao K. et al. write that extrusion improves the
apparent digestibility of ADP and NDP (P<0.05).
Also, in these studies, the results of changes in
other nutrients (protein and starch) were also
presented. Liao K. concludes that extrusion is one
of the best feed pretreatment methods [15].

Dust J.M. writes in his article that extrusion
can change the amount and type of fiber in the feed
or improve the quality of fiber and its fractions, the
results of his study indicate that after extrusion the
amount of crude fiber decreased, but the amount of
soluble fiber increased (P<0.05) [16].

Cargo-Froom C.L. et al. conducted their
study showed that extrusion increases the amount
of crude protein in peas and lentils (P<0.05),
methionine in chickpeas and lentils (P<0.05),
cysteine in peas (P<0.05), in other words, it has
a positive effect on the protein and amino acid
content of legumes [17]. Murray S. M. et al. report
that extrusion can increase the gelatinization of
starch, making it more digestible [18].

addition of the premix after the extrusion process,
an increase in the vitamin composition by 58%
was observed compared to the extrudate without
the premix, and the mineral content exceeded the
average by 20%. According to the results of the
study, it is recommended to include a premix after
extrusion in the production of compound feed, as
this contributes to the preservation of vitamins
and an increase in the content of minerals in the
compound feed.
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Tyiiin

Maxkasana JoH/1 a3bIKThIH BUTAMUH/II-MUHEPAJJIbl KYpaMbIHa SKCTPY3Hs YPIICIHIH acepi Typasbl
3epTTeynepain HoTmwkenepi OepinreH. bakputay (CON) acTeik mmki3aTeiHBIH (80% apma xone 20% Ou-
Jlail) KOCIaChlHAH aJIBIHFAH YJIT1 00JIIbI, 0J1 3 YIATIMEH CaJBICTBIPBUIIBL: SKCTPYATAIFAaH ACTHIK IIUKI3aThI
(Ext), akctpy3ust ypaicine naeiin npemukc KocbutraH mmmkizaT (CON+P+b), akctpys3us ypiaicide
JIEHiH TIpeMUKC KOCBUIFaH 3KCTpynranrad mmkizat (Ext+P+a). Oxcrpynranran yarinepai naibsiaaay
enimainiri 350 kr/car sxkcrpynepae 100-105 °C temnepatypana, 30-50 atm KbicbiMaa, 3-5 CeKyH 9Kc-
TIO3UIINS YaKBITBIH/IA TPAHYJIATOPABI KOJIAHy apKbUIBI )KY3€eTe achIpbUIIbl. Bi3miH 3epTTeyaepiMi3ain
HoTIKeci Ext ynriciHae BUTaMHHJIEPIIH MOJIIepi opTa ecemmeH 2,8 ecere, MUHEPAJIbIK Kypambl
7%-ra TemenpereHin kepcerti. CON+P+b ynricinize BUTAaMHHAIK Kypambl ic 3KYy3iHIE OYpPBIHFBI
neHreiine kKanmmel. Ext+P+a yoriciame mopymenaepnin Kypambl Ext-meH cambicThipranma  S8%-
ra ecrti, an MuHepanablK Kypambl CON-ra Kaparannga opta ecerreH 20%-ra sxorapbl 001161, bizaig
3epTTeyJepiMi3aiH HOTHXKeNepi OOMBbIHIIA ASOHAI a3bIK OHIIPICIHIE IKCTPY3USUIBIK YPIICIHEH KehiH
MIPEMHUKCTI KOCY YCHIHBIIAABI, OUTKEHI OYJI BUTAMUHACPIIH KOOIPEK CaKTATybIHA BIKMAJ €TEIl JKOHE
JIOHJTI A3BIKTHIH MUHEPAJIbI KYPAMBIH apTTHIPaIbl.

KisrT ce3nep: skcTpy3us; a3bIK KypaMbl, IPEMHUKC; BUTAMUHICP; MUHEpaJIIap.
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Kanouoam semepunaphuix nayk, ooyenm
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2. Acmana, Kazaxcman
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Maiiep Eeeenuii I'ennaovesuu

Maeucmp mexnuxu u mexnono2uu

Kaszaxckuu azpomexuuuecxutl ucciedosamensckuil ynusepcumem um. C.Cetipyniuna
2. Acmana, Kazaxcman

E-mail: yevgeniy.mayer@mail.ru

AHHOTALUA

B craTtbe npeacTaBiieHbl pe3yabTaThl HCCISAOBAHUHN MO BIMSHHIO IPOLIECCa SKCTPYAUPOBAHHS HA
BUTAMUHHO-MHUHEPAJIBbHBINA cocTaB 3epHOBoro kopma. Konrponem (CON) cimyxkuia mpoba U3 cMecu
3epHOBOTO ChIPbsI (80% stumens u 20% NILEHUILIBI), er0 CPAaBHUBAIK 3-Ms IPOOAMU: SKCTPYUPOBAHHOE
3epHOBOE chipbe (EXt), chIpbe ¢ BKIIIOUEHHEM MpeMuKca 1o mnpouecca sxctpyauposanust (CON+P+b),
IKCTPYIUPOBAHHOE CHIPhE C BKJIIOUEHHEM IIPEMHUKCa MOcie Inporecca dKcTpyauposanus (Ext+P+a).
[ToaroroBka SKCTPyIMPOBAHHBIX IPOO MPOBOANIACH HA SKCTPYIEPEe MPOU3BOIAUTEIBHOCTBIO 350 Kr/4 ¢
HCII0Nb30BAaHUEM IPaHyYIATOPHOHN ycTaHoBKY npu TemrepaTtype 100-105°C, napnenuu 30-50 aT™., mpo-
JOJDKUTEIBHOCTBIO BO3JCHCTBUS 3-5 ceKyHI. Pe3yibraT HalMX HCClie0BaHMHN M0Ka3al, 4To B mpode
Ext cHU3MII0CH KOMMYECTBO BUTAMHHOB, B CpeJHEM 2,8 pa3, MHHEpAIIbHBINA COCTaB CHU3MWICA Ha 7%. B
pooe CON+P+b BUTaMHHHBIN COCTaB OCTAJICS NMPAKTHYECKUH Ha TOM ke ypoBHe. B mpobe Ext+P-+a
BUTaMHHHBII cOcTaB MOBEICHIICS Ha 58% 1o cpaBHeHHIO ¢ EXt, a MUHepanbHBIH cTan Beie, yeM B CON
B cpeaHeM Ha 20%. CoriacHo pe3ysbTaTaM HallUX UCCIIEJOBAHMIN, PEKOMEHYEM IIPU ITPOU3BOJCTBE
KOPMOB BKJIFOYaTh IIPEMHKC I0CJIE MPOLEcca SKCTPYIUPOBAHUS, TaK KaK 3TO CIIOCOOCTBYET OOJbILIEMY
COXPaHEHHUIO BUTAMHHOB, U ITOBBIIIAET MUHEPAJILHBIN COCTAB KOPMA.

Ki1roueBble cj10Ba: 3KCTPpyAUPOBaHKE; COCTaB KOPMa; IPEMHUKC; BUTAMHHBI; MUHEPAJIBL.
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