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TRANSFORMATION OF QUALITY INDICATORS AND PROLONGATION
OF STORAGE OF COMPOUND FEED USING A PRESERVATIVE
Abstract
Nutritional optimization of farm animals and poultry is based on a balanced diet, which involves
controlling nutrients, correcting the energy-protein ratio, and ensuring sufficient levels of amino
acids, vitamins, macro and microelements. Analysis of changes in the chemical composition,
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nutritional value and microbiological profile of compound feed indicates that the content of crude
protein, fiber and ash remains stable during storage. However, during this period, the lipid fraction
is degraded, and carotene and other biologically active compounds are destroyed. Preservatives are
used to maintain the quality and extend the shelf life of compound feed. Preservatives that are part
of compound feed perform a critical function for long-term storage of products, ensuring the
immutability of nutritional value and safety for animals. They actively suppress the development of
mold fungi, harmful bacteria and other pathogenic microorganisms that can negatively affect not
only the quality of feed, but also the health of animals that consume it. The use of such substances
allows you to avoid premature spoilage of the product and significantly reduce the risks of losing its
valuable nutrients.

One of the most important properties of preservatives is their ability to protect feed from mold and
mycotoxins. These components create unfavorable conditions for the development of fungi of the
genera Aspergillus, Penicillium and Fusarium, which are the main sources of the formation of
mycotoxins — of extremely dangerous toxic compounds for animals and humans. Reliable prevention
of the reproduction of such mushrooms helps to preserve the health of livestock and minimize the risk
of negative impact on livestock productivity.

Key words: variation, storage, preservative, mixing, acid

Introduction. In the context of the renewal of intensive animal husbandry, the
technological reliability and sanitary cleanliness of complex feed compositions are
becoming more and more significant. Among the key challenges in storing highly
concentrated feed, microbial decomposition caused by the active growth of
microscopic fungi and bacterial colonies stands out. To minimize losses of nutritional
components, manufacturers of compound feed systematically use chemical stabilizers.

Propanoic acid, also known as propionic acid, occupies a prominent place among
organic compounds due to its powerful antifungal and antimicrobial effects. This
monobasic carboxylic acid is naturally synthesized in the body of ruminants as a
metabolic product, and when used in appropriate concentrations, it does not pose a
threat, which allows maintaining a high biological nutritional value of the feed [4, 6,
10].

The mechanism of inhibition of microorganisms by propanoic acid is based on
its ability to easily overcome the cellular barriers of microbes. Penetrating inside the
cell, it releases protons, which provokes a sharp acidification of the internal
environment. To restore the balance, microorganisms are forced to intensively spend
energy reserves on the removal of excess hydrogen ions, which leads to the depletion
of their metabolic resources, disruption of the structure of enzymes and suppression of
vital activity up to the complete destruction of harmful microflora.

One of the key features of this drug is its targeted effect, which is manifested in
the selective effect on fungal microorganisms dangerous to health, in particular on
aspergilli, penicilli and fusariums. These microbial species are known as the main
sources of toxic mycotoxins capable of causing serious harm. At the same time, the
useful lactic acid microflora, which has a positive effect on health, shows moderate
resistance to minor acidification of the environment. This is of great importance,
because thanks to the pronounced biostatic effect of the mixture, reliable protection
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against unwanted self-heating is obtained during the storage of — both in high silage
towers and in ordinary warehouses.

It is also worth noting that the transformation and stabilization of lipids, that is, fats,
bring positive consequences. Compound feed, which contains large volumes of
vegetable oils and animal fats, is often prone to peroxidation. This undesirable process
is activated by the action of oxygen and moisture, as well as through the activity of
fungi secreting lipolytic enzymes. Enzymatic hydrolysis causes the accumulation of
free fatty acids, aldehydes and ketones, which ultimately leads to rancidity of the feed.
The additive in the form of propanoic acid serves as an indirect antioxidant. It inhibits
the growth of microorganisms that produce lipases, thereby preserving the integrity of
the triglyceride structure. Due to a significant decrease in the accumulation of moisture
and thermal energy (as a result of the respiratory activity of fungi), the involuntary
process of lipid autooxidation 1is significantly slowed down. This enables
polyunsaturated fatty compounds to retain their nutritional value without becoming
harmful peroxides [3, 7, 9]. \Preservation of protein components, in particular such key
proteins and amino acids, is a process inextricably linked with the natural activity of
various microorganisms. At the same time, putrefactive bacteria together with mold
quite intensively contribute to the breakdown of feed protein structures. They
effectively decompose valuable proteins, turning them into ammonia, hydrogen sulfide
and toxic amines. Propionic acid is used to prevent this undesirable phenomenon of
protein destruction, which is called proteolysis. It changes the level of acidity of the
environment to indicators that become extremely unfavorable for the activity of
bacterial proteases.

Scientific studies prove that the use of propionic acid for preserving feed
mixtures significantly reduces losses of total nitrogen. For example, compared to
rations that have not undergone conservation, such losses can be reduced by almost
half. The structure of essential amino acids such as lysine, methionine and threonine
remains unchanged and continues to be biologically digestible for animals, providing
them with essential nutrients directly during digestion. Due to the fact that the
destructive processes of protein breakdown stop, the compound feed retains a stable
amino acid composition throughout the storage period. In addition, there is an effect
on vitamins and other biologically active compounds. Studies of the interaction of
propionic acid with vitamin complexes of premixes indicate the presence of a mutual
effect. However, the overall result of such interaction is positive. Tocopherols and
carotenoids, that is, vitamins E and A, which belong to the group of fat-soluble
vitamins, are extremely vulnerable to oxidative processes when the fat component
rancids. By stabilizing lipids, propionic acid serves as a synergist, protecting these
vitamins from premature breakdown and thus prolonging their vital effects in the body
[1,6,9,10].

Vitamins of group B together with ascorbic acid, combined with moderate
acidification of a dry medium, form a protective buffer that guarantees the stability of
the vast majority of water-soluble compounds in the low-acid pH range (5.0—6.0). The
direct destruction of these vitamins due to the influence of pure additives is
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insignificant if the technological dosage norms are strictly followed (usually 0.1-0.5%
by weight). In addition, industrial propionic acid is used as a raw material base for the
chemical synthesis of synthetic vitamin E. As for the effect on carbohydrates and
mineral elements, this compound inhibits the fermentation of easily digestible sugars
and starch, reducing the activity of yeast and other unwanted fermentation
microorganisms. This markedly reduces the loss of dry matter in the feed. In the case
of macro and microelements, the acidic environment converts insoluble salts such as
calcium and phosphorus phytates into a bioavailable ionic form, which facilitates their
absorption by the digestive system of animals. When humidity indicators are kept at an
average level in the range of 14—16%, there is a serious threat of mold formation, which
can appear after 2—4 weeks. To prevent this, it is worth applying the preservative in an
amount from 0.25% to 0.35%, which will make it possible to reliably store the feed
mixture for 4-6 months without losing its quality. With high humidity, when this
indicator reaches more than 17% or under conditions of poor ventilation, processing
becomes even more urgent, because without it the feed can spoil for a few days. In
such difficult circumstances, it 1s recommended to use increased doses of the
preservative — from 0.5% to 0.8% or even higher. This makes it possible to effectively
protect the mass and preserve its nutritional value for 2—4 months [5, 8, 10].

Problem statement, analysis of modern research. The addition of propionic
acid to the compound feed formulation is a mandatory and key technological step in
modern feed production. This chemical compound performs a number of vital tasks
without which it is impossible to ensure stable high quality feed. It acts as a powerful
preservative, antiseptic and agent that suppresses the development of mold, protecting
the feed mass from harmful microorganisms and prolonging its freshness. It is worth
emphasizing that the effectiveness of its use directly depends on the correct dosage, as
well as the moment and stage at which the acid is added to the mixer.

In compound feed production, the mixing process is of central importance, and
its main goal is — to obtain the most homogeneous product. This is achieved by
controlling the coefficient of variation, which when liquid propionic acid is applied
should not exceed five percent. It should be remembered that the addition of this
ingredient significantly changes the physical and mechanical characteristics of the dry
feed mixture, so that special care is required during its use. Propionic acid, also called
propanoic acid, belongs to monobasic saturated carboxylic acids. In its pure form, it is
a colorless caustic liquid with a pronounced pungent smell. In fodder production, it is
used both in the pure liquid state and in the form of salts — of ammonium, calcium or
sodium propionates. The latter are considered less volatile and cause significantly less
corrosion of the equipment [2, 6, 10].

Suppression of microflora with propionic acid occurs due to the ability of its
undissociated molecules to penetrate the cell membranes of molds, yeasts, and bacteria,
including Salmonella and E. coli. Once inside the cell, where the environment is more
neutral compared to the outside, the acid dissociates, releasing hydrogen ions. This
stops the development of microorganisms and allows you to store the feed product at a
high quality level.
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A sharp drop in intracellular pH forces the body to spend ATP on removing
excess protons to maintain homeostasis. Because of this, the cell's energy reserves are
depleted, its metabolism is disturbed, which eventually completely stops the growth of
microorganisms or causes their death.

In the fight against mold, acid successfully inhibits the development of
Aspergillus, Fusarium and Penicillium fungi. This blocks the formation of dangerous
mycotoxins, in particular aflatoxins, zearalenone and T-2 toxin, which is crucial in
long-term storage of feed. Inhibition of microbial activity also prevents self-heating of
the feed mass, avoiding caramelization of sugars and hydrolysis of fats, which allows
to preserve the exchange energy of the compound feed. Once in the digestive tract of
animals, acid-treated feed stimulates the work of the pepsin enzyme, improving protein
absorption and maintaining healthy intestinal microflora. The dry compound feed is
preferably composed of fine particles like cereal meal, vitamins, minerals and amino
acids. The addition of liquid acid is accompanied by several important consequences:

- Increased adhesion: The acid moistens the dry ingredients of the feed, creating
water bridges that help them stick together.

- Agglomeration: trace elements, such as vitamins or amino acids, attach to the
acid droplets, forming lumps. This can negatively affect the uniformity of the
distribution of components in the feed mixture. The change in flowability indicates an
increase in internal friction in the material, due to which the feed mixture loses the
ability to move freely. This can slow down the movement of raw materials inside the
mixer. There is a danger of segregation and uneven distribution of components,
especially when liquid acid is supplied in large drops or in a continuous stream:
excessively moistened zones (pockets with increased concentration) are formed at the
points of entry, which the mixer blades cannot effectively break. This can cause one
part of the feed to receive an excess of acid, causing the animals to refuse to eat it due
to the pungent smell, while the other part will remain unprotected from mold
development. The acid should only be applied after the pre-dry mixing of all macro
and micro components is complete, which usually lasts the first 60—90 seconds of the
cycle. If the liquid is fed at the same time as the dry ingredients (premixes), the acid
drops will cause lumps to form, which will disrupt the homogeneity of the mixture.
After adding the liquid, additional time is needed for "wet" stirring (another 60—120
seconds) so that moisture is evenly distributed [6, 10].

In modern productions, the introduction of propionic acid is often taken outside
the main mixer. This can be done in a mixer conditioner in front of the granulator,
where the acid acts synergistically with the steam, improving the plasticity of the mass.
However, the high vapor temperature is capable of causing partial evaporation of
propionic acid. Another approach is — finishing spraying (Post-Pelleting Application),
that 1s, applying a liquid preservative to ready-made cooled granules. This is the most
effective point from the point of view of biological protection, since the acid covers
the outer surface of the granules, protecting them from further contamination during
transportation.
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The purpose of research. Evaluation of the dynamics of changes in shelf life,
mixing processes and variability with the use of propionic acid in compound feed
indicates the critical role of accurate dosing of preservatives. The main subject of the
analysis was compound feed intended for broilers at various stages of cultivation
(according to recipes 6-9 and 6-2). Animal fat in the amount of 4% was included in the
composition of the formulation Ne 6-2. To ensure the stability of the product, the
preservative was added to it in concentrations of 0.1%, 0.2% and 0.3% of the total
weight.

Experimental samples of compound feed were produced according to the
established method and stored for four months. A number of indicators were measured:
humidity level, crude fat content, acid and peroxide fat number, as well as the
concentration of vitamins A, E, B4, B12 and carotene. During the study, the crude fat
content of the Ne 6-9 formulation remained unchanged, while the Ne 6-2 formulation
showed a decrease until the end of the storage period, which is probably due to the
hydrolysis of the added fat.

The results of the experiment demonstrated a change in peroxide numbers: the
use of antioxidants made it possible to maintain the level of peroxides at different
marks. The highest efficacy was recorded at a preservative concentration of 0.3%. This
formulation variant actively prevented peroxides from forming for three months.
Analysis of the change in the acid number of fat during storage indicated that its initial
value was 11.4-15.9 mg KOH/g, gradually increasing by the end of the fourth month
and reaching a level of 34.6—-105.9 mg KOH/g. In experimental batches of compound
feed according to formulations Ne 6-9, it was established that the acid number increased
by 5-6.7 times compared to the initial indicators before the end of the shelf life. In the
control sample of compound feed according to the Ne 6-9 formulations, the loss of
vitamin A was 49.5%, while in the batches treated with the preservative, this indicator
ranged from 11.9% to 44.6%. At the end of the experiment, the level of vitamin A
preservation reached 73.5% and 80.3%, respectively. At a diludin concentration of
0.05%, vitamin A activity reached 88.1% of its original value. In the control compound
feed according to the recipe Ne 6-2, the loss of vitamin A during the three months of
storage was 22.6%, and in the samples with the preservative — from 6.7% to 14.6%.
Comparative analysis showed that vitamin A was best stored in compound feed
according to the recipe Ne 6-2 with the addition of animal fat. This is confirmed by the
data of studies of peroxide and acid fat numbers in compound feed. During storage of
compound feed according to the Ne 6-2 formulation, a higher stability of vitamin B12
was observed for four months compared to compound feed according to the Ne 6-9
formulation. In the compound feed stabilized with the preservative, the content of
vitamin B12 remained close to the initial values throughout the experiment. The use of
the preservative prevents the oxidation of carotene, for which the minimum dosages
turned out to be critical. In four months of preservative-free storage, vitamin E losses
reached 15.8%, while in stabilized batches this figure varied from 0% to 8%. At the
same time, the activity of choline in the control compound feed decreased by 26.3%,
and the decrease was noticeable already after the first month of storage.
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The coefficients of uneven distribution of the preservative in compound feed
were determined by the method of its introduction and taking into account the
calculated data of the coefficient of variation. When the preservative was added as a
premix, this parameter fluctuated within 12.3—-19.6%, while when directly applied to
the mixture — 13.8-21.9%.

Table. 1
Methods of administering the preservative
Conventional Application of preservative Inhomogeneity coefficient of
designation of the mixture,%
the party
1 Compound feed without preservative -
2 Compound feed with preservative + 0.1%
through premix 19,6
3 Compound feed with preservative + 0.3%
through premix 12,3
4 Compound feed with preservative + 0.1%
directly into the mixture 21,9
5 Compound feed with preservative nom + 0.32%
directly into the mixture 13,8

Changes in fat peroxide numbers in compound feed depending on the method of
application are given in Table 2.

Table. 2
Change in the skew number of fat of compound feed with different methods of
management
Ne amount of preservative Skew number % during storage , by month
batch
the 1 2 3 4
beginning
1 Compound feed without | 47,2 26,4 38,4 71,2 432
preservative
2 Compound feed with | 41,6 16,0 8,8 30,0 23,2
preservative+ 0.1% through
premix
3 Compound feed with | 36,8 16,8 12,8 20,0 16,0
preservative + 0.3% through
premix
4 Compound feed with | 39,2 17,6 9,6 27,2 21,6
preservative + 0.1% directly
into the mixture
5 Compound feed with | 37,6 15,2 11,2 23,6 12,8
preservative + 0.3% directly
into the mixture
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The obtained data show that the use of the preservative contributed to the reduction of
the value of peroxide numbers. At the start of the study, this indicator in products
without addition reached 47.2% I, and in samples with preservatives — 36.8—41.6% 1.
No significant differences were recorded during the entire observation period between
the different variants of compound feedingstuffs with preservatives.

In addition, the preservation of carotene in compound feed was studied. In
products with preservatives, its content after the first month of storage was 89.2—100%,
after the second — 85.2-92.6%, after the third — 81.0-92.2%, and after the fourth —
75.1-88.7%. For comparison, in the non-preservative samples, these values were
markedly lower and were 83.3%, 77.8%, 56.3% and 52.7%, respectively.

Table. 3
Analysis of mixing of components using a filler

Ne,p/p | Mixing time | Coefficient | Storage period | Air humidity | Air Combined
of compound | of (1), days, over % temperature | feed
feed variation °C moisture
components | (Vs),% content %,
(t)c

1 30 37 13 85 25-35 12-14

2 60 29 14 85 25-35 12-14

3 90 25 15 85 25-35 12-14

4 120 19 14 85 25-35 12-14

5 150 15 16 85 25-35 12-14

6 180 13 25 85 25-35 12-14

7 210 13 23 85 25-35 12-14

8 240 15 19 85 25-35 12-14

9 270 17 16 85 25-35 12-14

10 300 19 14 85 25-35 12-14

11 330 20 12 85 25-35 12-14

Table 4
Analysis of mixing of components without the use of filler

Ne, p/p Mixing Coefficient | Storage period | Air humidity | Air Combined
time of of (t), days, over % temperature | feed
compound | variation °C moisture
feed (Vs),% content %,
components
(t),c

1 30 37 13 85 25-35 16-18

2 60 31 12 85 25-35 16-18

3 90 27 11 85 25-35 16-18

4 120 22 10 85 25-35 16-18

5 150 17 9 85 25-35 16-18

6 180 14 21 85 25-35 16-18

7 210 15 20 85 25-35 16-18

8 240 21 12 85 25-35 16-18
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9 270 23 10 85 25-35 16-18
10 300 24 9 85 25-35 16-18
11 330 25 8 85 25-35 16-18

The method of application of antioxidants and their concentration did not
significantly affect the content of carotene in the compound feed during the first two
months of storage. However, after the end of this period, the amount of carotene began
to decrease rapidly in those batches of compound feed where the antioxidant was added
directly to the finished products.

Conclusions and prospects for further research. Propionic acid performs not
only the function of a preservative, but is also a reliable stabilizer of the entire
compound feed system. It prevents the breakdown of fats, protects protein compounds
from the destructive effect of microorganisms and maintains the vitamin complex at
the highest quality level. The optimal use of this component makes it possible to extend
the shelf life of ready-made feed mixtures by 2—4 times, minimizing the accumulation
of toxins and ensuring high productivity of animals.

Experiments have shown that the best result is achieved when mixing the ingredients
of the compound feed together with the filler for the recommended 180 seconds.

Aemopu niomeepoxcyromo 6i0CymHICHb NOMEHYINHO20 YU HAABHOZ0 KOH@IKmMY iHmepecie,
AKUWI Mi2 OU 6NIUHYMU HA PE3YIbMamu 00CAi0NCEHHA ma nyonikayii
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TPAHC®OPMAIIS SKICHAX IOKA3HUKIB TA ITPOJIOHT AIIiSI 3BEPITAHHSI
KOMBIKOPMIB 3 BUKOPUCTAHHAM KOHCEPBAHTY

Anomauin

Onmumizayiss HCUBNEHHs! CiIbCbKO20CNO0APCLKUX MEAPUH I nmuyi 6a3yemvcs Ha 30a1aHco8aHOCMI
PAayioHie, wo nepedbauae KOHmMpOob 3a NOHCUBHUMU PEUOBUHAMU, KOPEKYII0 CNIBEIOHOUIEHHS. eHepeail
ma npomeiny, a makoxc 3aoe3neueHus 00CMAaAmHb020 PIBHI AMIHOKUCIOM, GIMAMIHIE, MAKPO- Ma
MiKpoenemenmia. AHaniz 3MIiH XIMIYHO20 CKAAOY, NONCUBHOI YIHHOCMI ma MIKpOOioNo2iyH020
npoghinio KoMOIKOPMIE 3aC8IOUYE, WO BMICH CUPO2O NPOMEIHY, KIIMKOBUHU MA 307U 3ATUULAEMbCSL
cmaobinbHum nio wac 36epiecanns. OOHax y yei nepioo 8i0dysacmuvcs decpadayis 1inionoi gpaxyii, a
Kapomun ma iHwi OI0N02IYHO AKMUBHI CHOAYKU DYUHYIOMbCa J{ia niompumanHs saxocmi ma
NOO0BIHCEHHS MEPMIHY NPUOAMHOCMI KOMOIKOPMIB 3acmocogyioms Koncepsanmu. Koncepsanmu, sxi
6X00Mb 00 CKAAOY KOMOIKOPMIB, BUKOHYIOMb KPUMUYHY (DYHKYIIO Ol Mpusano2o 30epieanHs
npooyKyii, 3abe3neuyouu HesMiHHICMb NONCUBHOT YIHHOCMI ma 6e3neKy 013 meapun. Bonu akmueno
NPUSHIYYIOMb  PO3GUMOK  YBINesuUx 2pudis, wKiOnueux oOaxmepitl ma I[HWUX NAMO2EHHUX
MIKPOOP2AHI3Mi8, 30aMHUX He2AMUBHO 6NIUBAMU He IULLe HA AKICMb KOPMY, a U Ha 300p08'si meapuH,
WO 1020 CROACUBAIOMb. 3ACMOCY8AHHSA MAKUX PEYOBUH 003601€ YHUKHY MU NEPeOuacH020 NCY8aAHHS
NPOOYKMY ma CYymmeso 3HUUMU PUSUKU MPAMU 11020 YIHHUX NOHCUBHUX eleMeHMIE.

Oouiero 3 HAUBANCIUBIUUX BI1ACMUBOCMEL KOHCEPBAHMIE € iXHs 30amHuicmb obepicamu KOpM 6i0
Yeini ma Mikomoxcuuise. Lfi komnonenmu cmeoprowmes HeCNPUAMIUGE YMOBU Ol PO3BUMKY 2pudie
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pooie Aspergillus, Penicillium i Fusarium, sKi € 20108HUMU 0Jicepenamu YmMEOPeHHs. MIKOMOKCUHIB
— 6Kpall HeDe3sneyHux MmMOKCUYHUX CNONYK Oas1 meapud I Joounu. Hadiline 3anobicanms
PO3MHOJICEHHIO MaKux 2pudie donomazae 30epecmu 300p08'ss NO20NI8's ma MIHIMIZy8amu pu3uK
He2amusHo20 6NauU8y Ha NPOOYKMUBHICMb MEAPUHHUYMEA.

Kniouoegi cnosa: sapiayis, 30epicanis, KOHCEPBAHM, 3MIULYBAHHS, KUCTIOMA.
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