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INFLUENCE OF VARIOUS FACTORS
ON THE QUALITY OF SILAGE HARVESTED

The article provides an overview of contemporary scientific findings
concerning the effects of various factors on the quality of silage produced
from wilted forage grasses. Special emphasis is placed on examining
how preliminary wilting influences the nutritional composition and
biochemical characteristics of the resulting silage, and technological
properties of ensiled feed. The role of dry matter content is revealed in
relation to nutrient losses, the activity of enzymatic and microbiological
processes, the formation of organic acids, digestibility, and changes in the
structure of proteins, sugars, and carotene. The article presents data on
the dynamics of forage dehydration as influenced by weather conditions,
plant species, and swath arrangement methods, along with information on
nutrient losses associated with varying durations of the wilting pricess. The
conditions under which wilting becomes inefficient are examined, along
with the necessity of using biological preservatives as a compensatory
measure under unstable climatic conditions. The dynamics of chemical
composition changes at different dry matter levels are presented, and
the authors conclude that broader implementation of wilting technology
in forage production is justified. The review is based on an analysis of
domestic and international scientific publications, primarily from the last
30 years, including classical studies from the first half of the 20th century.
The collected findings are systematized and generalized to identify modern
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trends and promising directions in the development of silage preparation
technology from wilted forage.

Key words: ensiling, forage wilting, nutritional value, organic acids,
forage production.

Introduction

Silage is a straightforward yet dependable method for preserving green
fodder. Adherence to proper ensiling techniques ensures the production of high-
quality forage with minimal nutrient loss. This method represents a biological
approach to preservation, relying on lactic acid fermentation. During this process,
lactic acid bacteria ferment plant sugars, producing lactic acid that acidifies the
forage mass and inhibits the growth of undesirable microorganisms, such as
putrefactive and butyric acid bacteria. Once the pH of the mass reaches 4.2—4.3,
the activity of these harmful bacteria is entirely suppressed. Therefore, an
adequate sugar content in the plant material-sufficient to ensure acidification to
a pH of 4.2—is a critical factor in obtaining high-quality silage [1]; [2].

Nevertheless, silage production is inevitably accompanied by significant
nutrient losses. Even with strict compliance to technological protocols,
microbiological and biochemical processes result in average losses of 12.17 %
in energy value and 20.22 % in crude protein content [3]. Attempting to offset
these losses by simply increasing forage production is economically inefficient.
Moreover, once a certain level of forage productivity is achieved, it becomes
more cost-effective to focus on minimizing conservation losses than on further
increasing crop yields [4]. Based on their ensilability-determined by sugar content
and buffering capacity-fodder plants are classified into three main groups: easily
ensilable, moderately difficult to ensile, and non-ensilable.

The aim of the study is to provide a comprehensive review of current
scientific data on the impact of preliminary wilting of forage grasses on the
nutritional value, biochemical characteristics, and technological quality of
silage, as well as to identify the key factors that determine the effectiveness
of this technological practice under conditions of unstable climate and diverse
forage crops.

Materials and Methods

This review is based on a systematic analysis of scientific literature
examining the effects of preliminary wilting of forage grasses on the nutritional,
biochemical, and technological properties of silage. Particular emphasis is placed
on evaluating how dry matter content influences nutrient losses, concentrations
of organic acids, digestibility, protein and carotene levels, as well as other key
indicators of silage quality.
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The study utilized both domestic and international scientific publications
available in databases such as Scopus, Web of Science, eLibrary, as well as in
specialized agricultural and zootechnical journals. The selection of sources was
carried out using the following keywords: silage, grass wilting, silage quality,
organic acids, carotene, nutrient losses, digestibility, biological and chemical
preservatives, temperature conditions, perennial grasses, and others.

The analysis included publications mainly from the past 30 years; however,
to reflect the evolution of approaches, classical works by scientists of the first half
of the 20th century who made a significant contribution to the development of
silage technology were also considered. The sources were selected based on their
scientific relevance, the reliability of the presented data, and the applicability of
the results to the conditions of forage production in temperate climate countries,
particularly in northwestern regions.

Review and experimental articles were subjected to content analysis,
highlighting quantitative and qualitative parameters, statistical patterns, and
practical recommendations. Special attention was paid to comparing data on
different wilting methods and their effect on losses of carotene, protein, amino
acids, and organic acids during grass ensiling.

The obtained data were systematized, summarized, and structured in a logical
sequence in order to identify current trends, unresolved issues, and promising
directions for research in the field of silage production technology from wilted
forage mass.

Results and Discussion

Silage remains one of the most practical and reliable methods for preserving
green fodder. When properly managed, ensiling allows for high-quality forage
production with minimal nutrient loss. The preservation is based on lactic acid
fermentation, in which lactic acid bacteria ferment plant sugars, lowering the pH
to 4.2-4.3, thus inhibiting spoilage and butyric acid bacteria [1; 2]. However,
even with optimal techniques, nutrient losses remain significant-averaging
12.17 % of energy value and 20.22 % of crude protein [3]. As increasing forage
yield becomes economically less viable, efforts are now shifting toward reducing
losses during conservation [4].

Factors Affecting Silage Quality

The quality of silage and associated nutrient losses are influenced by
harvesting time, dry matter content, particle size, filling speed, and sealing
efficiency [5]. Additionally, during the initial phase of ensiling, the gases
produced-such as nitrogen oxides, hydrogen sulfide, and isothiocyanates-play a
bacteriostatic role against spoilage bacteria while remaining harmless to lactic
acid bacteria [6]. Technological strategies should aim to retain these gases to
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suppress the development of harmful microflora. If they escape, putrefactive
bacteria proliferate, leading to excessive butyric acid formation and a rise in pH,
which deteriorates silage quality [7].

Moisture Content and Silage Preservation

Moisture level is critical in directing fermentation processes. An optimal
moisture content of 60—70 % ensures good compaction without significant
juice loss or heating, limiting nutrient loss to around 12 % [8]. When moisture
exceeds 75-78 %, bacterial activity increases, leading to greater nutrient loss
(up to 15 %) and effluent loss (up to 7 %). At 80% moisture, losses can exceed
25 %. Non-ensilable plants at such moisture levels often result in poor-quality
silage. Conversely, silage from sugar-rich crops may still be of good quality, but
over-acidification (pH < 3.8) reduces feed intake [9].

Chopping length depends on dry matter content: 20 % DM requires 5.7 cm,
25 % DM requires 4.5 cm, and >30 % DM requires 2.3 cm [10]. To reduce moisture,
grasses are typically wilted in the field, while maize and similar crops are mixed
with dry materials like straw or chaff.

Sugar and protein levels in plants are affected by growth stage, fertilization,
and time of day during harvesting. Young plants typically have higher protein and
lower sugar content. High nitrogen doses also increase crude protein but reduce
sugar levels, making wilting essential before ensiling [11].

From a zootechnical standpoint, silage must meet standards in energy value,
palatability, and safety. For example, 1 kg of silage DM should provide at least
0.85 feed units, be readily consumed by ruminants (25-27 g/kg live weight), and
contain minimal butyric acid, while being rich in lactic acid (pH ~4.3) [12].

Chemical additives are increasingly used to preserve nutrients and enhance
silage quality, especially under unstable weather or when ensiling hard-to-ferment
species. These methods can reduce nutrient losses 2.3-fold, increase silage yield
by up to 20 %, and retain more protein, sugar, and carotene [13]; [14].

Wilting before ensiling, first studied by F. Samarani (1924), reduces bacterial
activity and improves feed quality. Numerous studies since then have confirmed
that pre-wilted forage has higher nutritional value, more crude protein, less fiber,
better palatability, and lower production costs [15]; [16].

Wilting duration and effectiveness depend heavily on weather, plant type,
and windrow structure. Under favorable conditions, grasses can reach 45-50%
DM in 48 hours with ~5% dry matter loss. However, prolonged wilting (>60 hrs)
reduces digestibility and leads to protein losses of up to 40 % [17].

Wilting alters nutrient structure. Enzymatic activity increases sugar
concentration but also hydrolyzes starch and proteins. Nitrogenous losses-
especially protein nitrogen-rise with longer wilting, with amine nitrogen increasing
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significantly. Carotene levels decrease by up to 30% in swaths. However, no
significant changes are observed in fiber or mineral content [18].

As dry matter increases, total organic acid content-especially butyric and
acetic acids-decreases, while lactic acid becomes dominant. At 36 % DM,
butyric acid accounts for just 5 % of total acids compared to one-third at 26
% DM. However, excessively high DM (>37 %) may not improve lactic acid
levels further [19].

Despite its advantages, wilting has several drawbacks: it is weather-
dependent, requires additional equipment and labor, complicates silo-filling
logistics, and can lead to increased nutrient loss under poor conditions.
Furthermore, high DM levels may result in significant heating during storage,
exacerbating feed losses [20].

Conclusions

Consequently, the question arises regarding the necessity of adding a
biological preservative to wilted forage, depending on both the degree and
conditions of dehydration. Additionally, under unfavorable weather conditions,
there is a need to consider the feasibility of substituting wilted raw material with
biologically preserved forage. However, existing literature offers limited insight
into the application of biopreservatives, particularly in relation to perennial
forage grasses in the northwestern regions-an issue that formed a core objective
of our research.
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CYPJIEHETIH )KEMHIH CAITACBIHA 9PTYPJII
DOAKTOPJAPIBIH 9OCEPI

Makanada man aswivli cakmay yulin KOJIOAHbLIAMbIH Wonmepoi
anovlH ana conobipsin (Kypeamuin) cypiey mexHoao2UsACbIHbIY Candcbind
apmypai hakmoprapoviy acepi mypanvl 3aMaHAYU bIILIMU 0epeKmepae
wony bepineen. Hezizei Hazap cypieHeeH HceMHiH a3blKmblK KYHObLIbIZbIHA,
OUOXUMUANLIK KOpcemKiwmepi MeH MeXHONI02UALbIK Kacuemmepine
anoviK ana conowipyobiy acepin mandayza ayoapvlizan. Kypeax sammoiy
Menuepiniy KopeKmik 3ammapobly HCOALYbIHA, (hepMeHmamunix
JHCoOHE MUKPOOUONIOUANBIK NpoyecmepOoiy benceHOiliciHe, OpeaHUKAIbIK
KblUKBLIOAPObIH MY3iNyiHe, KOPbIMbLLY 0apexcecine, cOHOAl-AK
aKyvi30apovly, KAHMMAapObly HCIHE KAPOMUHHIH KYPblaiblMObLK
e3eepicmepine acepi aubln Kepcemineen. Ocimoikmepoi 8al0KKaA cany
a0icmepi MeH aya paiblHblH HCA20AUIAPbIHA OAILIAHbICIbL CYCbI30AH)
KapKbIHbl, CONObIPY Y3AKMbI2bl Ke3iH0e2l KOPeKmiK 3ammapoblly HCOALY bl
cunammanean. Konaticolz xnumam sscaz0atinapbinoa conovipy muimoi
boamall Kanean Kezoe OUOLOSUATLIK KOHCEeP8AHMMAPObl KOAOAHYObLH
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Maywi30bLIbIRbL Kapacmuipbliean. Kypeax zam Oeyeeliiniy apmypii
UWAMATAPBIHOA HCeM KYPAMBIHOA&bL XUMUATBIK 032epiCmepOil OUHAMUKACH]
YCOIHBLIBIN, MAT A3bI2bIH OAUBIHOAYOA CONOBIPY TEXHOIOSUACHIH KEeHIHEH
enei3y0iy opbiHObL eKeHOiel mypanbl KOpblmsiHObl JHcacanadsl. Lllony
OMAaHObIK JHcaHe wemendix aoebuemmepee, oHvlH iwinoe XX 2acvipObiy
OIpIHWT HCAPMBICLIHOASLL KAACCUKATBIK eHOeKmepee CylieHe Omblpuln,
conavl 30 2cbln0azvl 2bLILIMU HCAPUATAHBIMOAPOLL JHCYUen] maioay
He2i3iHOe datibiHoan2an. Kopeimuinowliap Kaszipei ypoicmep MeH 601auagul
bap bazelmmapovl AHLIKMAY2a MYMKIHOIK Oepeoi.

Kinmmi ce30ep: cypaey, wenmi conovipy, azplKmulk KYHObLIbIK,
OP2AHUKATBIK KbIWKBLIOAD, MAJ A3bI2bIH OHOIDY.

T. K. Koboicacapog', *E. A. Cumanuyx?, J. Micinski®
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Pecny6mmka Kazaxcran, r. Kocranaif;
SBapmuiicko-Masypckuii yuusepcuteT B OJNbIITHIHE,
Pecny6nnka Ilospmia, T. ONBIITEHIH.

IMoctynuno B penakuuio 22.06.25.

Ioctynuino ¢ ucnpasnenusimu 25.06.25.

IIpunsTo B neuars 25.06.25.

BJIUAHUE PA3JINYHBIX ®PAKTOPOB HA KAYECTBO
3ATOTABJIMBAEMOT O CHJIOCA

B cmamve npeocmasnen 0630p cO8peMeHHbIX HAYYHBIX OAHHBIX
0 GIUAHUU PA3TUUHBIX (YAKMOPOE HA KAYECBO CUNOCA, NOLYUEHHO20
U3 NOOBANEHHOU MAcCbl KOpMmosulx mpas. OCHOBHOE GHUMAHUE
VOeleHO aHanu3y 8030eUcmsus npedsapumesbHo20 NOO0BAIUBAHUS HA
RUMAMeNbHYI0 YeHHOCb, OUOXUMUYECKUE NAPAMEMPbL U MEXHOL0SUYECKUe
XapakmepucmuKu CUnOCO8aHHO20 Kopma. Packpvima pons codeporcanus
CYX020 sewecmea 6 nomepe NUMAmMenbHbIX eujecms, aKmugHOCm
hepmenmamusHbIX U MUKPOOUOIOSUNECKUX NPOYECcos, 00pa308aHulL
OP2AHUYeCKUX KUCAOM, CMeNneHu Nepesapusaemocmu U u3MeHeHUsxX
6 cmpykmype 6enkos, caxapog u kapomura. IIpusedenvl ceedenus o
3A6UCUMOCIIU MEMNO8 00€380MHCUBAHUA 0N NO2OOHBIX YCAOBUL, MUNA
pacmenuil u cnocoba ux YKIaoKu 8 8anKu, a Maxdice paccmMompeHvl
nomepu NUMAmMenbHbIX 6euecms npu PasiudHoll nPOOOIACUMETbHOCTIL
nooesausanus. OmoenvHoe BHUMAHUE YOENeHO YCI0BUAM, NPU KOMOPbIX
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noosAIUBAHUE CTNAHOBUMCSA HeIDDEKMUBHbIM, U PACCMAMPUBACICS
He0OX00UMOCHb UCTIONb308AHUS DUOTOSUYECKUX KOHCEPBAHM OB KAK Mepbl
KOMReHcayuu npu HecmabuibHom Kiumame. B cmamve npedcmagieHvl
OaHHble 0 OUHAMUKE USMEHEHUs XUMUYECKO20 COCMAga Npu pasiuiHbIX
VPOBHSX CYX020 8eecmed U 0endaemcs 8bl800 0 yenecooopasHocmu boee
UWUPOKO2O BHEOPEH U MEXHOL02UU NOOBIUBAHUSL 8 KOPMONPOU3BOOCMEeE.
0030p 6bINONIHEH HA OCHOBE AHANU3A OMEYUECBEHHbIX U 3APYOEHCHbIX
nyoaukayuil, npeumywecmeerto 3a nocieonue 30 sem, ¢ npugiedeHuem
Kaaccuueckux pabom nepgoti nonrogunvl XX eexa. Pezyrvmameul
cucmemMamusuposansl U 0600UeHblL ¢ Yelblo OnpedeneHUs: MeHOeHYUL U
NnepcneKkmus pazeumusi MexHoI02UY 3a20MOBKU CUNOCA U3 NOOBIEHHBIX
KOpMO8.

Kutouesvie crosa: cunocosarnue, noossanusanue mpag, NUmMamenbHdsl
YEeHHOCMb, Op2aHUYecKue KUCI0Mbl, KOPMONPOU3800CHEO.

125



Tepyre 25.06.2025 x. xidepinmi. bacyra 30.06.2025 k. KO KOUBLUTABL.
DnekTpoH/bI Oacna
2,57 Mb RAM
[aptTer 6acma Tabarsr 10,13.
Tapanemver 300 nana. baracer kemiciM OOHBIHTIIA.
Kommerotepne 6erreren A. K. TemuprananHosa
Koppexropnap: A. P. Omaposa, JI. A. Koxac
Tamnceipeic Ne 4428

Cnano B Habop 25.06.2025 1. [Toamucano B meyats 30.06.2025 .
DIEKTPOHHOE U3/1aHue

2,57 Mb RAM
Ven. . 1. 10,13, Tupax 300 ok3. Llena noroBopHast.
Kommnsrotepnas Bepctka A. K. Temupranunosa
Koppextopsr: A. P. Omaposa, /1. A. Koxkac
3aka3 Ne 4428

«Toraighyrov University» GacriacbiHaH OachlIbII NIBIFApbUIFaH
TopaiireipoB yHHBEpCHUTETI
[TaByrojap MEMIICKETTIK YHUBEPCUTETI
140008, IMaBmoxap k., JlomoB k., 64, 137 ka0.

«Toraighyrov University» Gacriace
TopaiireipoB yHHBEpCUTETI
140008, IMaBmoxap k., JlomoB k., 64, 137 ka0.
8 (7182) 67-36-69
e-mail: kereku@tou.edu.kz
www.vestnik-cb.tou.edu.kz




