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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
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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 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
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.



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 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 g. 1
K g. 0,2
H mg. 20




D3 18] 300 000
Bl 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
1s 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
1s 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 0,0584+0,012 0,112+0,022
C 0,755+0,257 0,252+0,086 0,254+0,086 0,47340,161




B3 0,329+0,066

0,080+0,016

0,102+0,023 0,13540,027

B5 0,107+0,019

0,021+0,004

0,029+0,011 0,04040,007

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 B5
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 7,4340,01
P 412,1542,14 397,03+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

Discussions

It 1s 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 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

average, by only 7%. The 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.

and no 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].

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

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 1n 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

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.

The possibility of performing the presented work was carried out thanks to the
financing of the Agriculture Ministry of the Kazakhstan Republic in frame of the
program BR10764965. The present research is one of the fragments of the research

work of the specified program.
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Tyiin

Makanana AoHAI a3bIKThIH BUTaMUH[I-MUHEpAIJbl KypamblHa SKCTPY3US
YPIICIHIH ocepl Typajibl 3epTTeyiepliiH HoTwkenepi Oepuired. bakpiiay (CON)
acThIK IMKi3aThIiHBIH (80% apma xone 20% Oupmai) KocmacklHaH aJIbIHFaH YIIT1
O0onapl, o 3 YATIMEH CalbICTHIPBUIIBI: AKCTPYATANFaH acThIK ImuKizaTel (Ext),
AKCTPY3US YpaiciHe aeiin mpeMukc KocburFaH mmkizaT (CON+P+b), skcTpy3us
YpHiciHe JeHiH TPEeMHKC KOCBhUIFaH OJKCTpyATtanraH mukizat  (Ext+P+a).
DKCTpyATaFaH yariiepai gabsiaaay edimaimri 350 kr/car sxkerpynepae 100-105 °C
temneparypaaa, 30-50 atM KpICchIMIA, 3-5 CEKYHJ OKCIO3WIMS YaKbIThIHAA
IPaHyJSATOPABl KOJAAHY apKbUIbl >Ky3ere achlpbullbl. bBi3fiH 3epTTeynepiMizaiH
HoTmxkeci Ext yaricinge BuUTaMUHIEpAIH MeJIepi opra ecenmeH 2,8 ecere,
MUHEpaIIbIK Kypambl 7%-fa TemeHuereHiH kepceTTi. CON+P+b yaricinae
BUTAaMUH/IIK KYpaMbl iC XKY31HJIE OYpBIHFBI JeHreiae Kanael. Ext+P-+a ynricinme
TopyMeHIepaiH Kypambl Ext-meH canbicThiprania 58%-Fa ocCTi, all MUHEPAJIBIK
kypampl CON-ra kaparanma opta ecenmneH 20%-fa xofapbl Ooiapl. bi3mix
3epTTeyJIepIMI3AIH HOTHXKeNepl OOMBbIHINA JOHAI a3bIK OHIIPICIHAEC IKCTPY3USIIBIK
YPZICIHEH KEWiH MPEMUKCTI KOCY YChIHBIIAAbl, OUTKEHI1 OYJI BUTAMUHJEP/I1H KOOIpeK
CaKTalTyblHA BIKITAJ €TE/I1 KOHE JOH/I1 a3bIKTHIH MUHEPAJIIBI KYPAMBIH apTTHIPAIbI.

KinT ce3aep: skcTpy3us; a3plK KypaMbl; TPEMUKC; BUTAMUHCD; MHHEpAJIAAP.
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AHHOTALMSA

B crarbe mpencraBiieHbl pe3ysbTaThl UCCIAEHOBAHUWNM MO BIMSHUIO IpoIEcca
DKCTPYAUPOBAaHUS HA BUTAMHUHHO-MUHEPAJIbHBIA COCTAaB 3E€pPHOBOTO  KOpMa.
Kontposem (CON) ciyxuna npoba u3 cmecu 3epHOBOro cripbs (80% sumens u 20%
NIIEHUIIbI), €T0 CPaBHUBAIM C 3-Msi MpoOaMU: SKCTPYAUPOBAHHOE 3€PHOBOE ChHIPHE
(Ext), cbIpbe ¢ BKIIIOUEHHEM IpeMuKca A0 npouecca 3xctpyaupoanus (CON+P+b),
DKCTPYAUPOBAHHOE  CBIPbE C  BKIIOYEHHEM IIPEMHUKCA MOCJIE  MOpolecca
skctpynupoBanus (Ext+P+a). [loaroroBka skcTpyIupoBaHHBIX MPOO MPOBOAMIIACH
Ha SKCTPyJepe IMPOU3BOIUTEIBHOCTHIO 350 KI/4 ¢ MCIOJIB30BAaHHEM TPAaHYIATOPHOM
YCTaHOBKH  TIpU  TeMIIeparype 100-105°C,  maBmenmm  30-50  atm.,
MPOJOJKUTEIBHOCTBIO BO3AEUCTBUA 3-5 CeKyHI. Pe3ynbTaT HAamIMX MCCIIEIOBaHUN
Mokaszaj, 4yTo B npode Ext CHU3MIOCHh KOIMYECTBO BUTAMHUHOB, B cpeaHeM 2,8 pas,
MUHEpalbHbIA cocTaB cHuU3wics Ha 7%. B mpobe CON+P+b BuTamuHHBIN cocTaB
oCTaJici MPAaKTHUYECKUN Ha TOM ke ypoBHe. B mpobe Ext+P+a BuramunHbBIA cocTaB
noBbicuiicsa Ha 58% 1o cpaBHeHUIO ¢ Ext, a MuHepanbHbli ctan Bbie, yeM B CON B
cpeaseM Ha 20%. CornmacHo pe3yibTaTaM HalluX HCCIENOBAaHUN PEKOMEHAYEM MpPH
IIPOM3BOJCTBE KOPMOB BKJIKOYATh MPEMUKC MOCJE MPOLECCAa IKCTPYAUPOBAHUSA, TaK
KaK JTO CIOCOOCTBYeT OOJIbIIEMY COXPAaHEHHUIO BUTAMHUHOB, W IOBBIIIAET
MUHEPAIBbHBIA COCTAB KOpMa.

KiroueBblie cii0Ba: 3KCTPpyAMPOBAHUE; COCTAB KOpMa; MPEMUKC; BUTAMUHBI,
MUHEPAJIBI.



