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This article presents the results of an experimental study into the effect of synthesised
zinc chelate compounds (methionate, glycinate and lysinate) on the physiological condition,
haematological parameters and enzymatic activity of the blood in Cobb-500 broiler chickens.
The relevance of this work stems from the need to improve the bioavailability of trace elements
in poultry feed and the search for effective alternatives to traditional inorganic zinc salts, which
are characterised by low absorption rates.

The aim of the study was to assess the effect of organic forms of zinc as premix components
on blood parameters and metabolic processes in broiler chickens. The experiment was conducted
on four groups of chicks (20 birds each) over a period of 42 days. The control group received
zinc sulphate, whilst the experimental groups received zinc methionate, glycinate and lysinate.
The physiological status was assessed using haematological, biochemical and enzymatic blood
parameters.

It has been established that the use of organic forms of zinc helps to stabilise the body's
metabolic status. The most pronounced effect on erythropoiesis was observed with the use of zinc
methionate, where the red blood cell count increased by 43% compared to the control group.
Zinc lysinate also caused a significant increase in this parameter by 16%, whilst haemoglobin
and white blood cell levels remained within the physiological norm. An increase in blood glucose
concentration was observed following the administration of zinc methionate, indicating the
activation of energy metabolism. At the same time, zinc glycinate and zinc lysinate caused a
moderate decrease in total protein, which may be associated with the intensive utilisation of
amino acids in growth processes.

Analysis of enzymatic activity showed a decrease in alkaline phosphatase and amylase levels
with the use of zinc glycinate and lysinate, which correlates with the completion of intensive
growth and the stabilisation of metabolic processes. The activity of transaminases, gamma-
glutamyltransferase and catalase did not change significantly, indicating no adverse effect on
liver function or the antioxidant system.

The results obtained confirm the high biological efficacy and physiological safety of zinc
chelate compounds. Their use helps maintain homeostasis, stimulate haematopoiesis and
optimise metabolic processes, which justifies the use of organic forms of zinc in the feeding of
broiler chickens as an alternative to inorganic sources of this trace element.

Key words: zinc glycinates, methionates, and lysinates, broiler chickens; hematological
parameters, meta.

Yenine JI.B. @izionoziunuit cman ma epmeHmamueHa aKmueHicmy Kposi Kypuam-
Opoilnepie npu 66e0eHHI 00 PAYIOHY XeNAMHUX CROAYK YUHKY

Y cmammi npedcmaesneno pesyrvmamu eKcnepuMeHmMAanrbHO20 OO0CAIONCEHHA GNIUGY CUH-
Me3068aHUX XeNAMHUX CHONYK YUHKY (Memionamy, eniyunamy ma aisuHamy) ma ¢hizionociynui
CMaH, 2eMamoo2iuHi NOKA3HUKU Ma (epMeHmamusHy aKmueHicmy Kpogi Kypuam-6poiiepis
kpocy Cobb-500. AxmyanvHicmb pobomu 3yMo61eHa HeoOXiOHICIMIO NIOBUUeHHS 6I000CHYNHO-
cmi MiKpoenemenmis y 200161l nmuyi ma nouLykom ehekmueHux aibmepHamue mpaouyiiHum
HeOP2aHiYHUM CONAM YUHKY, AKI XaPaKmepuzyiomvCsa HUSbKUM PI6HeM 3aCE0EHHS.
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Memoro docniddicenns Oyno oyinumu 6NaUE OPSAHIUHUX POPM YUHKY AK KOMNOHEHMI8 npe-
MIKCI8 Ha NOKA3HUKU KPOGI ma Memaboniyni npoyecu 6 opeanizmi opoiinepis. Excnepumenm npo-
6€0€eHO Ha Yomupbox epynax Kypyam (no 20 eonig) ynpoooesac 42 0io6. Konmponvha epyna ompu-
myeana cynvgham yuHky, mooi K OOCIIOHI - MemioHam, eniyuHam ma nisunam yurxy. OYiHKy
Qizionociunoco cmamy 30HICHIOBANU 3 2eMAMOLOLTUHUMY, OIOXIMIYHUMU MA pepMeHmamue-
HUMU NOKA3HUKAMU KPOBI.

Bcmanosneno, wo 3acmocysants Op2anivHux Gopm yurKy cnpusie cmaobinizayii memaboniu-
Ho20 cmamycy opeanizmy. Hatlbinvw upasicenuil 6naue Ha epumponoes 6UasieHo npu UKOpUc-
MaHHi Memionamy YuHKy, 0e KilbKicmb epumpoyumis 3pocia na 43% nopieHano 3 KOHMpoieM.
Jlizunam yumnky maxooic 3ymoeue 00CmosipHe nioguiyeHHs ybo2o noxkasHuxa ua 16%, mooi ax
pisenb 2eMoeno0iny ma nNetkoyumis 3aiumascs 6 mexcax gizionoeiunoi Hopmu. Buseneno nio-
BUUCHHSL KOHYEHMPayii 210KO3U 6 KPOSi NPpu 66e0eHHI MEMIOHAMY YUHKY, W0 C8I0YUMb Npo
aKmuBayiro eHepeemuiuno2o 0oMiny. Boonouac eniyunam i 1i3uHam yuHKY CHpUYUHULU NHOMIDHE
SHUMCEHHS 3a20lIbHO20 DIIKA, W0 MOdHce OYymu No8 a3aH0 3 IHMEHCUBHUM SUKOPUCTAHHAM aMi-
HOKUCTIOM )y npoyecax pocny.

Ananiz pepmenmamusnoi akmugHocmi noKa3ae 3HUNCEHHA Pi6HA AVIUCHOI ochamazu ma
aminasu npu 3aCmMocCy6anHti 2AYuHamy I II3UHAmy YUHKY, Wo KOpenoc i3 3a6epueHHAM THMeH-
CUBHO20 pochy ma cmaobinizayiero 0OMIHHUX npoyecie. AKMUBHICMb MPAHCAMIHAZ, 2AMMA-2I1Y-
mamiimpancgepazu ma Kamanazu iCmomno He 3MIHIO8ANACL, WO CEI0UUNMb NPo GI0CYMHICIb
He2amueHo20 6NAUEY HA PYHKYIOHATbHUL CMAH NEYTHKU MA AHMUOKCUOAHTNHY CUCTHEM).

Ompumani pezynomamu niomeepodxicylom 6UCOKy 0i0n102iuHy egpexmusnicmy i Qizionoeiuny
Oe3neuHicmv XelamHuux Cnoayk Yuuky. Ix sacmocysanns cnpuse niOmpumanHio 20Meocmasy,
akmugizayii Kpo8OMBOPeHH Ma ONMUMI3AYIT MemaboniyHux npoyecis, ujo 0OIPYHMOoOBye 00Yilb-
HICb UKOPUCAHHS OP2AHIYHUX (POPM YUHKY Y 200161i Kypuam-0poiiepie Kk aibmepHamue
Heop2aHiuHuM 0dcepenam MikpoeremMeHma.

Knrwowuogi cnosa: eniyunamu, memionamu ma 1i3uHamu YurKy, Kypuama-opounepu, cemamo-
JIOCTUHI NOKA3HUKU, OOMIH PEYOBUH.

Introduction. Zinc is one of the most important essential trace elements in poultry
farming, as it is a component of over 300 metalloproteins that regulate virtually all types
of metabolism: protein, carbohydrate and lipid. Its role in ensuring high-intensity meta-
bolic processes in tissues is crucial for realising the genetic potential of modern poultry
breeds [1, 9]. As the chicken’s body has no stored zinc reserves, a deficiency in the diet
leads to the rapid onset of pathological conditions, including stunted growth, deteriora-
tion in plumage quality, the development of dermatitis and skeletal deformities [5, 10].

The traditional use of inorganic zinc salts (primarily sulphates) in premixes is often
accompanied by low bioavailability of the element due to antagonistic interactions with
other feed components in the gastrointestinal tract. Current trends in poultry feeding are
moving towards the use of organic forms of trace elements, particularly chelated com-
pounds. Such metal complexes with amino acids (glycinates, methionates, lysinates)
are characterised by greater stability, better absorption and the ability to protect cells
from the potential toxic effects of free metal ions through the formation of intracellular
complexes with thiol groups [4, 6].

Assessing physiological status and haematological parameters is a reliable method
for evaluating the efficacy of new feed additives. Changes in the activity of blood plasma
enzymes, such as alkaline phosphatase, amylase and transaminases, allow for the timely
identification of the impact of nutrients on liver function and the growth rate of poultry
[2, 7]. Despite a significant body of work on zinc nanoparticles and general mineral
mixtures, the comparative efficacy of various zinc amino acid chelates (methionate,
glycinate and lysinate) and their specific effects on the enzymatic profile of broiler blood
remain insufficiently explored [3, 8].

The relevance of this issue stems from the need to identify optimal forms of trace
elements that would ensure the stability of the organism’s metabolic status without caus-
ing undue physiological stress.
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The aim of our study was to investigate the effect of synthesised zinc chelates
(methionate, glycinate and lysinate) as premix additives on haematological parameters,
enzymatic activity and the state of carbohydrate, lipid and protein metabolism in the
tissues of Cobb-500 broiler chickens.

Materials and Methods. The research was conducted in the vivarium of the National
University of Life and Environmental Sciences of Ukraine. Four experimental groups of
day-old Cobb-500 broiler chickens (n=20 per group) were formed to study the effects of
zinc chelates. The trial lasted 42 days, during which the birds were kept in cages with
free access to feed and water.

The control group received zinc sulfate (K) as its zinc source. Experimental groups
received zinc methionate (1 D), zinc glycinate (2 D), and zinc lysinate (3 D). On day
42, physiological parameters were measured. Post-slaughter blood and liver samples
were collected for biochemical analysis. Hemoglobin concentration was determined via
the hemoglobincyanide method. Glucose was measured by the ortho-toluidine reac-
tion.Leukocyte and erythrocyte counts were determined using a Goryayev chamber.
Total plasma protein was analyzed using Biuret reagent. Total lipids were assessed using
"Lachema" reagents. Enzymatic activity (ALT, AST, GGT, a-amylase, and ALP) was
determined according to methods by Kamyshnikov V.S. and Melnychuk D.O. Catalase
activity was analyzed by the method of Bach and Zubkova. Statistical processing was
performed in Microsoft Excel using Student's t-test.

Results and Discussion. The study showed that hemoglobin levels and leukocyte
counts in experimental groups remained unchanged compared to the control (Table 1).

Table 1
Hematological parameters of broiler chickens, M+m, n=10
Group Erythrocytes, T/L Leukocytes, g /L Hemoglobin, g/L
K 2,65+0,06 13,69+2,08 118,90+5,74
1D 3,73+0,13* 13,72+1,83 124,9243 25
2D 2,55+0,03 13,6442,67 118,47+2,85
3D 3,25+0,07* 13,86+1,64 118,99+4,53

*P<0.05 compared to control.

Zinc methionate and lysinate were found to influence erythrocyte counts, with
increases of 43 % (Group 1) and 16 % (Group 3). Zinc methionate also led to a
14 % increase in blood glucose levels. No significant changes in total lipids were
detected, suggesting these zinc compounds have a less pronounced effect on lipid
metabolism (Table 2).

Table 2
Metabolic parameters in broiler chicken blood plasma, M+m, n=10
Indicator
Group - .
Glucose, mmol/L Total Lipids, g/L Total Protein, g/L

K 25,30+0,81 0,29+0,03 39,35+0,80
1D 28,97+0,73* 0,35+0,03 36,13+1,98
2D 26,65+0,65 0,28+0,02 34,85+0,86*
3D 26,80+0,74 0,31+0,03 33,10+1,02*

*P<0.05 compared to control.
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Total protein levels decreased by 12 % and 16 % in Groups 2 and 3, indicating a
slight reduction in the protein-synthesizing function of the liver. While AST activity
showed an upward trend, ALT and GGT activities remained at control levels.

Table 3
Enzymatic activity in the blood and plasma of broiler chickens, pmol/ml/h, M£+m, n=10
Group
Enzymes K 1D 2D 3D
Catalase, g/L 53,53+7,41 54,45+5.86 48,67+7 41 52,87+6,33
AST 0,68+0,03 0,72+0,02 0,69+0,03 0,70+0,04
ALT 1,07+0,01 1,07+0,02 1,08+0,03 1,11£0,02
ALP 57,6842,49 52,30+4,08 38,16+3,62% 35,0243,60%
GGT 1,76£0,11 1,88+0,16 1,62+0,07 1,75£0,17
Amylase, g/h-L 12,02+0,57 11,254+1,86 5,26+0,62%* 4,27+0,48%*

*P<0.05 compared to control.

Alkaline phosphatase (ALP) activity decreased by 34 % and 39 % in Groups 2 and 3,
which may relate to the completion of active bird growth. Amylase activity also decreased
significantly (by 56 % and 65 %) in these groups. Catalase and GGT activities remained
unchanged across all groups.

Conclusions

1. Haematological status and erythropoiesis. It has been established that the use of
organic zinc compounds stimulates the haematopoietic system. The most pronounced
effect was observed in the group receiving zinc methionate (1 D), where the red blood
cell count increased by 43 %. Zinc lysinate (3 D) also contributed to a significant
increase in red blood cell count by 16 %. At the same time, haemoglobin levels and the
leukocyte profile remained stable in all groups, indicating the absence of inflammatory
processes and toxic effects of chelates on the birds’ bodies.

2. Carbohydrate, lipid and protein metabolism. The administration of zinc methion-
ate led to a 14 % increase in plasma glucose concentration, indicating an intensification
of energy metabolism. In contrast, zinc glycinate (2 D) and zinc lysinate (3 D) caused
a moderate decrease in total protein levels of 12—-16 %, which may be associated with
the redistribution of the amino acid pool to meet the needs of tissue synthesis during the
final stage of growth. Total lipid levels did not undergo significant changes, confirming
the neutral effect of the studied compounds on lipid metabolism.

3. Enzymatic activity and homeostasis. Specific changes in the activity of hydro-
Iytic enzymes were observed. In the groups receiving zinc glycinate and zinc lysinate,
a significant reduction in alkaline phosphatase activity (by 34% and 39%, respectively)
and alpha-amylase (by 56% and 65%), which correlates with the completion of the
active bone growth phase and the stabilisation of digestive processes. The absence of
changes in ALT, GGT and catalase activity indicates the preservation of the functional
integrity of hepatocytes and the stability of the body’s antioxidant defence when inor-
ganic zinc sulphate is replaced by its amino acid chelates.

4. Synthesised zinc chelates are more biologically active forms of the trace element
compared to inorganic salts. They support physiological homeostasis and stimulate
erythropoiesis, making them suitable for recommendation as effective components of
premixes for broiler chickens to optimise metabolic status.
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