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M. Stankov Humic acids are among the most effective natural chelating agents due to the wide variety of their functional
E-mail: groups. Compared with other inorganic adsorbents, particularly zeolites, their adsorption capacity is several times
putini.old@gmail.com higher. In addition, their ability to bind heavy metals, such as cadmium and lead, increases with the atomic mass of

the element. Humic acids also exhibit a high affinity for heterogeneous compounds, enabling them to eliminate or
reduce the toxic effects of endogenous and exogenous toxins. The present study evaluated the effect of dietary
University, supplementation with the humic substance-based feed additive Humivet and the veterinary preparation Chiktonikvet
Pantcleimonivs’ka Str., 13, on the fatty acid composition of quail meat and eggs. Ninety-day-old Phoenix Golden quails were randomly assigned
Odesa, 65012, Ukraine to three groups of 20 birds each. The first group served as the control and received no supplementation. Birds in the
second group received 4 mL of Humivet per 1 L of drinking water, whereas birds in the third group received 2 mL
of the oral veterinary preparation Chiktonikvet (batch V-022) per 1 L of drinking water. Both preparations were
administered for 21 consecutive days. Dietary supplementation with Humivet and Chiktonikvet reduced the
concentrations of several saturated fatty acids in quail meat, including arachidic, behenic, myristic, and
heptadecanoic acids, compared with the control group. Additionally, the monounsaturated myristoleic acid was
decreased. Supplementation with Chiktonikvet increased the contents of linoleic (20.7+1.022, p<0.05), a-linolenic
(0.42+0.021), and y-linolenic (0.86+0.042) acids compared with the control. The concentrations of 18 fatty acids
were also determined in quail eggs following dietary supplementation with Humivet and Chiktonikvet. Eggs from
birds receiving Humivet contained the highest levels of linoleic acid (p<0.05), oleic acid (49.0+2.438 %, p<0.05),
and docosahexaenoic acid (0.30£0.014 %). The obtained results demonstrate that supplementation of quail diets
with the humic substance-based feed additive Humivet at a dose of 4 mL/L of drinking water significantly (p<0.05)
decreased the proportion of saturated fatty acids and increased the proportion of unsaturated fatty acids in meat. In
eggs, Humivet supplementation significantly (p<0.05) increased the proportions of linoleic and oleic acids.
Keywords: Humivet, Chiktonikvet, saturated fatty acids, unsaturated fatty acids, quails.
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7KMpHOKHCIOTHHIA CKJIa M sica TA SI€b NepeneJIiB 32 3aCTOCYBaHHS KOPMOBOI 100aBKH
HA OCHOBI TYMiHOBHX PeY0OBHH

M. M. CrankoB

Onechkuit AepkaBHuit I'yMiHOBI KHCIIOTH, 3aBASKH IIUPOKOMY CIEKTPY (YHKI[IOHAIBHHX TPYIl, HAJEXaTh 0 BUCOKOC()EKTUBHHX
arpapHuii yHiBepcHTeT, MIPUPOJHUX XeIaTyIoUHX areHTiB. IIopiBHIHO 3 iHIMMMH HEOPraHIYHHMH aJcOPOSHTAaMU, 30KpeMa LeoIiTaMy, IXHs
M. Oneca, Vipaina ajcopOLiiiHa 31aTHICT € y KiIbKa pa3iB BHINOI. KpiM TOro, 34aTHICTh IUX CIONYK 3B’S3yBAaTH BaXKKi MeTalH

(AK-0T Ka[Miif i CBHHELb) MOCHIIOETHCS BiMOBIAHO 10 3pOCTAHHS aTOMHOI MacH eleMeHTiB. ['yMiHOBI KHCIOTH
TaKOX XapaKTePHU3yIOThCs BUCOKMMHU aICOPOLIIHIMU BIACTHBOCTSMH II0JJ0 TETEPOreHHUX CIOMYK, 10 H03BOJISIE
MiHIMI3yBaTH a00 IOBHICTIO YCyBaTH TOKCHYHHH BIUIUB CHAOT€HHUX Ta EK30TCHHUX TOKCHHIB. Y IbOMY
JOCITI/PKEHHI OL[IHIOBAJIN BILIMB 30araueHHs palioHy KOPMOBOIO J0OaBKOIO Ha OCHOBI PEYOBHH I'YMiHOBOI IIPHPOIH
«["'ymiBer» Ta npenapatoM «YMKTOHIKBET» Ha JKUPHOKHUCIOTHHI CKJIaj M sica Ta siellb Tepernenis. o ekcrepuMenTy
Oyno 3amyueHo 90-moOoBux mnepemneniB nopoau «®eHikec 30M0TONUCTHI». [ITHIIO TOTUIMIM HAa TPU TPynU
(o 20 romiB y KOXHilf): mepmia rpymna (KOHTPOJIbHA) HE OTPHMYyBala JOCTIIHUX N00aBOK; NTUIL Jpyroi rpymu 3
MTUTHOIO BOJIOIO 33/1aBany 100aBKy «['yMiBeT» y 1031 4 MJI/J1; TpeThOi rpynH — 2 MJI BETEpHHAPHOTO Hpenapaty Ajs
MepopaIbHOro 3acTocyBaHHs «UukToHikBeT» (cepist V-022) Ha 1 mitp Boau. [IpenapaTtu 3acTOCOBYBaIM BIPOLOBK
21 nobu. YcraHOBIEHO, 1110 30arayeHHs pauioHy nepemneniB goOaBkamu «I'ymiBeT» Ta «UHKTOHIKBET» CIPHSIO
3HIDKEHHIO BMICTY HACHYCHUX JKHPHHX KHCIOT y M’sici (30KpeMa apaxiHOBOI, Oerc¢HOBOi, MIpHCTHHOBOI Ta
TeNTaAeKaHOBOI) MOPIBHAHO 3 KOHTPOJIEM, a TAKOX IIPU3BEJIO [0 3MEHIIECHHS KUIBKOCTI MOHOHEHACHYCHOT
MipUCTOJNIETHOBOT KMCIOTH. 32 BKIIOYEHHS 10 PallioHy npenapaty «YUKTOHIKBET» 3a()iKCOBaHO 301IbLIEHHS BMICTY
ni”oneBoi (20,7+1,022 %, p<0,05), o-minonenoBoi (0,42+0,021 %) Tta y-minonenoBoi (0,86+0,042 %) kucnot
MOPIBHSHO 3 KOHTPOJIBHOIO Ipymnolo. Takoxk Oyjno BH3HA4eHO BMIcT 18 >KHPHHX KHCIOT y SHIX IepeneiiB.
VYcraHOBIEHO, IO Y TPYII, sika OTpHMYyBaja 100aBKy «I'yMiBeT», BiA3HAUECHO HAWBHIUMI Y SIMISIX BMICT JTIHOJIEBOT
xupHOi kucnotu (p<0,05), oneinoBoi (49,0+2,438 %, p<0,05) Ta moxoszarekcacHoBoi (0,30+0,014 %) xucioT.
OTpuMaHi pe3yibTaTH CBigUaTh, IO JOJABaHHS IO PalioHy IIeperneliB KOopMoBOi J0OaBKU TyMIiHOBOI IPHPOIH
«['ymiBer» y 103i 4 Mt Ha 1 nitp mutHOT Boxu 1ocToBipHO (p<0,05) 3MeHIIyBaIo BMICT y M’SCi HACHYCHUX )KUPHUX
KHCJIOT Ta 301IbIIYBaI0 BMICT HCHACHYCHHUX JKHUPHHUX KUCITIOT. JKUPHOKUCIOTHHUI CKIIa[ SIELb 3 30aradueHHs paliony

n06aBkor0 «I'yMiBeT» Xapaktepu3yBaBcs 10CTOBipHO (p<0,05) BUIIMM BiJCOTKOM BMICTY JIIHOJIEBOI Ta OJIETHOBOI
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Introduction

The chemical structure of humic acids (HAs) has not
yet been fully elucidated. They contain a wide range of
functional groups, including carboxyl, phenolic, carbonyl,
hydroxyl, amino, amide, and aliphatic groups. Owing to
their structural diversity, humic acids have numerous
agricultural applications. They facilitate the transport of
micronutrients from soil to plants, improve soil water
retention, and stimulate the growth of soil
microorganisms. Their ability to form chelate complexes
with trace elements and enhance nutrient uptake by plants
has also been utilized in crop production and plant
breeding [25].

Due to the diversity of their functional groups, humic
acids are among the most effective naturally occurring
chelating agents. Compared with inorganic adsorbents
such as zeolites, their adsorption capacity is several times
greater. Their ability to bind heavy metals, including
cadmium and lead, also increases with increasing atomic
mass [9]. In addition, humic acids effectively adsorb
heterogeneous compounds, thereby reducing or
eliminating the toxic effects of endogenous and
exogenous toxins [6, 24].

The use of humic substances in poultry nutrition has
produced promising results. Dietary supplementation
with humic substances has shown improvements in feed
conversion efficiency and an increase in the final body
weight of broiler chickens, although statistically
significant differences have not always been observed.
Nevertheless, an average increase of 70-90 g in the final
body weight of a single bird represents a substantial
economic advantage under commercial production
conditions, particularly in large flocks [15]. Carcass yield
and the yield of individual carcass cuts are important
indicators of poultry production efficiency. Positive
effects of humic acids on carcass yield have been reported
at dietary inclusion levels ranging from 0.25 % to 1.0 %,
with the highest carcass yield achieved at a
supplementation level of 1 %. Broiler chickens receiving
diets containing 1% humic acids also showed
significantly higher breast and thigh muscle yields than
birds in the control group [12].

During the last decade, humic substances have been
extensively investigated as feed additives. Most
studies have focused on growth performance, their
potential as alternatives to antibiotic growth promoters,
improvements in broiler health, and the reduction of
antibiotic use [18, 19]. In contrast, considerably less
information is available regarding their effects on meat
quality [8, 20]. Japanese quails (Coturnix japonica)
possess several production advantages, including small
body size, rapid growth, high productivity, and relatively low
production costs, making them suitable for both intensive
commercial production and small-scale farming systems [5].

Currently, only limited information is available
regarding the effects of humic acids used as feed additives
on the fatty acid composition of quail meat and
eggs. Therefore, this study was undertaken to investigate
the influence of dietary supplementation with humic
substances on the fatty acid composition of quail
meat and eggs.

The aim of the study

The aim of this study was to determine the fatty acid
composition of quail meat and eggs following dietary
supplementation with a feed additive based on humic
substances.

Materials and methods

The oral feed additive Humivet was prepared using
brown coal from the Cherkasy deposit (Ukraine) as the
raw material. A sodium humate solution containing 4 %
humic acids was obtained [1]. The resulting feed additive
had a density of 1.06 g/cm?® and a pH of 7.2.

The experiment involved 90-day-old Phoenix Golden
quails. The birds were randomly divided into three groups
of 20 birds each. The first group served as the control and
received no feed additive. Birds in the second group
received 4 mL of Humivet per 1 L of drinking water.
Birds in the third group received 2 mL of the oral
veterinary preparation Chiktonikvet (batch V-022) per
1L of drinking water. Both preparations were
administered for 21 consecutive days.

At the end of the supplementation period, the birds
were humanely slaughtered in accordance with the
Requirements for Ensuring Animal Welfare During
Slaughter and Killing (Order of the Ministry of Agrarian
Policy and Food of Ukraine No. 628 dated August 29,
2022) [4], were humanely slaughtered. Five carcasses
from each experimental group were collected and
transported to the laboratory. In addition, five eggs were
collected from each group. All samples were delivered to
the laboratory within 24h wunder appropriate
transportation conditions.

The analyses were carried out at the Chemical and
Toxicological Department of the State Scientific Research
Institute for Laboratory Diagnostics and Veterinary
Sanitary Expertise. The fatty acid composition of meat
and eggs was determined according to DSTU ISO
5509:2002 [2] (preparation of fatty acid methyl esters)
and DSTU ISO 5508:2001 [3] (gas chromatographic
analysis of fatty acid methyl esters in animal and
vegetable fats and oils).

Statistical ~ analysis was  performed  using
OpenEpi software (Dean AG, version 3.01). Differences
between the corresponding means were considered
statistically significant at (p<0.05).

Results and discussion

Since poultry have only a limited capacity to
elongate and desaturate long-chain fatty acids, the fatty
acid profile of muscle tissue largely reflects the
composition of the diet. The fatty acid composition of
quail meat from the experimental and control groups is
presented in Table 1.

Dietary  supplementation with Humivet and
Chiktonikvet reduced the concentrations of several
saturated fatty acids in quail meat, including arachidic,
behenic, myristic, and heptadecanoic acids, compared
with the control group.
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Table 1
Fatty acid composition of quail meat following dietary
supplementation with Humivet and Chiktonikvet (%)

Table 2
Fatty acid content in quail eggs following dietary
supplementation with Humivet and Chiktonikvet (%)

. Group I Group II Group III . Group I Group II Group III
Ly @il Comimll)  (@we) (@il il Es (Coniml) (O (Chionise)

Arachidic 0.10+0.005  0.07+0.0035 0.08+0.004 Arachidic 0.18+0.009  0.17+0.008 0.22+0.011*
Behenic 0.12+0.006  0.02+0.001 0.04+0.002 Behenic 0.08+0.004  0.11+0.005 0.110.005
Lauric 0.02+0.001 0.04+0.002 0.04+0.002 Linoleic 9.26+0.457  11.7+0.58* 10.6+0.523
Linoleic 18.4+0.907  19.94£0.994*  20.7+1.022* Myristic 0.62+0.032  0.52+0.027 0.58+0.03
Myristic 0.74+0.038 0.72+0.038 0.69+0.036 Myristoleic 0.08+£0.004  0.09+0.005 0.09+0.005
Myristoleic 0.24+0.012  0.13+0.006 0.19+0.010 Oleic 48.1£2.39  49.0+2.438* 45.6+£2.267
Oleic 44.08+2.195 453+2.256*  44.08+2.195 Palmitic 23.7£1.203  24.7+1.253 26.3+1.337
Palmitic 19.5£0.990  20.22+1.010  19.76+1.005 Palmitoleic 5.88+0.296  6.19+0.312 6.81+0.343
Palmitoleic 10.2+0.513 6.73+0.322 8.36+0.422 Stearic 7.38+0.36 7.25+0.377 7.53+0.377
Stearic 3.44+0.172  5.12+0.256 3.77+0.189 Pentadecanoic 0.03+0.002  0.06+0.003 0.07+0.004
Pentadecanoic 0.10+0.005 0.09+0.005 0.18+0.009 Heptadecanoic 0.14+0.007  0.19+0.008 0.22+0.011%*
Heptadecanoic 0.37+0.019 0.12+0.005 0.30+0.015 Heptadecenoic 0.13£0.007  0.06+0.003 0.07+0.004
Heptadecenoic 0.05+0.003 0.08+0.004 0.08+0.004 a-Linolenic 0.16+£0.008  0.19+0.009 0.07+0.003
a-Linolenic 0.36+0.018 0.59+0.029 0.42+0.021 y-Linolenic 0.26+£0.013  0.26+0.014 0.2+0.01
y-Linolenic 0.73+£0.036  0.96+0.042* 0.86+0.042 cis-8,11,14-
Eicosenoic 0.16£0.002  0.16£0.009  0.18+0.009 Eicosatrienoic 1.20:0058  1.10:0053  1.0+0.049
Eicosadienoic 0.04+0.002 0.10+0.003 0.06+0.003 Eicosapentaenoic 0.20+0.01 0.17+0.008 0.16+0.008
cis-8,11,14- - Heneicosanoic 0.10+£0.005  0.08+0.004 0.09+0.004
Eicosatrienoic 0.20+0.010  0.41x0.009%  0.19:£0.009 Docosahexaenoic __ 0.130.015 _ 0.3040.014 __ 0.22+0.01

Note: * p<0.05 compared with the control group.

More specifically, the content of arachidic acid
decreased by 0.03 % in Group II and by 0.02 % in Group
IIT relative to the control. The concentration of myristic
acid decreased by 0.02 % and 0.05 %, respectively, while
heptadecanoic acid decreased by 0.25 % and 0.07 %.
Additionally, the monounsaturated myristoleic acid
decreased by 0.12 % and 0.05 %, respectively. In contrast,
stearic acid, which also belongs to the saturated fatty
acids, was present at a higher concentration in the
supplemented groups. Its content increased by 1.68 %
(p<0.05) in Group II and by 0.33 % in Group I1I compared
with the control.

Adding Humivet increased the proportion of several
unsaturated fatty acids in quail meat relative to the control
group. The contents of oleic acid increased by 1.22 %
(p<0.05), y-linolenic acid by 0.23% (p<0.05),
eicosadienoic acid by 0.06%, and cis-8,11,14-
eicosatrienoic acid by 0.21 % (p<0.05).

Birds receiving Chiktonikvet also showed higher
concentrations of linoleic acid (20.7£1.022, p<0.05),
a-linolenic acid (0.42+0.021), and y-linolenic acid
(0.86%0.042) than the control birds.

Overall, supplementation with humic substances
significantly improved the fatty acid profile of quail meat
by increasing the proportion of polyunsaturated fatty
acids.

The concentrations of 18 fatty acids were also

determined in quail eggs following dietary
supplementation with Humivet and Chiktonikvet
(Table 2).

Eggs from birds receiving Humivet contained the
highest levels of linoleic acid (p<0.05), oleic acid
(49.0+2.438 %, p<0.05), and docosahexaenoic acid
(0.300.014 %).

In Group III, where birds received Chiktonikvet, the
concentrations of arachidic acid (0.22+0.011 %, p<0.05),
palmitic acid (26.3+£1.337 %), stearic acid
(7.53%0.377 %), and heptadecanoic acid (0.224+0.011 %,
p<0.05) were higher than those in the control group.

Note: * p<0.05 compared with the control group.

Quail eggs from the control group contained
higher concentrations of eicosapentaenoic (0.20+£0.01 %),
cis-8,11,14-eicosatrienoic (1.20+0.058 %), and
heptadecenoic  (0.13+£0.007 %) acids. Thus, dietary
supplementation with feed additives of different
compositions affects the fatty acid profile of quail eggs.

Numerous studies have examined the effect of humic
substance supplementation during the fattening period,
although the results remain inconsistent [14, 26].
Quail meat is valued for its favorable fatty acid profile,
with unsaturated fatty acids typically accounting for 65—
70% of total fat content. Its high content of
cardioprotective oleic acid makes it a highly nutritious
dietary meat option [23]. A lower proportion of saturated
fatty acids in quail meat is generally regarded as an
indicator of high dietary value, reflecting a greater content
of health-beneficial polyunsaturated fats, an appropriate
diet, and well-optimized metabolic processes [23]. Our
findings showed that dietary supplementation with the
feed additives reduced the percentage of saturated fatty
acids in quail meat, with a more pronounced reducing
effect observed for Humivet. Oleic acid naturally
accounts for approximately 25—40 % of the total fatty acid
content of quail eggs [22]. In our study, oleic acid content
reached 49.0£2.438 % in eggs and 45.3£2.256 %
(p<0.05) in the meat of quails receiving Humivet. An
increase in stearic acid content in quail meat can be
regarded as a neutral, and in some respects even a
beneficial, factor [21]. Our findings showed that, with
Humivet supplementation, the content of this acid in meat
increased substantially.

It is well established that ®-3 fatty acids are essential
for optimal human health. The three principal ®-3 fatty
acids are  a-linolenic,  docosahexaenoic, and
eicosapentaenoic acids [11]. The content of ®-3 fatty
acids in eggs was highest (0.66 %) in the group of quails
receiving the humic substance-based feed additive. Other
studies have shown that dietary supplementation with
humic-based  preparations enriches eggs  with
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polyunsaturated ®-3 fatty acids [10]. Quail eggs contain
approximately 0.9 to 1.3 g of -6 fatty acids per 100 g (or
about 0.1 to 0.15 g per egg, given an average egg weight
of 10-12 g). The principal ®-6 fatty acid in quail eggs is
linoleic acid, which typically accounts for 13 % to 20 %
of the total fatty acid profile [16]. In our study, the average
linoleic acid content in eggs was lowest in the control
group (9.26+0.457 %) and highest in the second
experimental group (11.7+0.58 %). Other sources report a
linoleic acid content of 10.28 % in quail eggs based
on the assessment of their saturated and unsaturated
fatty acid profile [22]. Nutritionists use data on myristic,
palmitic, and stearic acid contents to calculate the overall
atherogenic index of a product, which reflects the
risk of cardiovascular disease associated with frequent
consumption [17]. Our findings showed that in the
third group, the sum of these acids reached 34.41 %,
compared with 32.47 % in the second group and 31.7 %
in the control group. Chiktonikvet supplementation
is unlikely to have a direct effect on increasing the
content of the above-mentioned acids in eggs; rather,
this regulation appears to occur through hepatic lipid
synthesis [13]. Humic acids indirectly improve the
fatty acid composition of poultry meat and eggs by
optimizing digestive processes and modulating the gut
microflora [7].

Conclusions

Dietary supplementation of quail diets with the humic
substance-based feed additive Humivet, containing 4 %
humic acids, at a dose of 4 mL per 1 L of drinking water,
significantly (p<0.05) decreased the meat content of
saturated fatty acids, with the exception of stearic acid,
and increased the content of unsaturated fatty acids.
Humivet supplementation also significantly (p<0.05)
increased the proportions of linoleic and oleic acids in the
fatty acid composition of eggs.
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