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Abstract

Introduction: Poultry meat is one of the most widely consumed sources of animal protein in
human diets globally, and it is primarily used to meet the dietary protein requirements of
individuals. The consumption of poultry meat is essential in providing the body with the
necessary amino acids and protein for its various functions, particularly in growth and tissue
repair. In poultry farming, the growth and development of broiler chickens are significantly
influenced by the quality of their diet, especially the availability of essential amino acids such
as lysine, methionine, threonine, and others. These amino acids play vital roles in protein
synthesis, enzyme activity, and overall metabolic functions in chickens. Supplementing poultry
diets with amino acids can substantially enhance their growth rate and feed conversion
efficiency. However, as amino acids pass through the stomach and digestive tract, their
absorption is influenced by factors such as pH, which can affect their bioavailability and
efficiency of absorption. Encapsulation of amino acids has emerged as an effective solution to
this challenge. Encapsulating amino acids involves enclosing them within a protective coating
that prevents their degradation in the acidic environment of the stomach, allowing them to pass
through the digestive system and be absorbed more efficiently in the intestines. This process
significantly enhances the health and performance of broiler chickens by improving their
nutrient uptake. In broiler nutrition, encapsulated amino acids have been shown to improve feed
quality, optimize nutrient absorption, and increase overall animal health .Furthermore,
encapsulated amino acids are particularly beneficial when high-quality protein sources are
limited or expensive, as they improve the gastrointestinal absorption of amino acids, thereby
enhancing the quality of the ingested protein. Their use in poultry diets can also improve liver
function, enhance enzyme activity, increase blood protein levels, and support healthy metabolic
processes. Additionally, encapsulated amino acids have been associated with reduced
metabolic stress and improved immune function in chickens, which are critical factors for
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overall health, disease resistance, and performance .In light of these benefits, encapsulating
amino acids presents a promising strategy for enhancing the efficiency of poultry production
systems .This study focuses on evaluating the effects of encapsulated amino acids on the
biochemical health and liver performance of broiler chickens, comparing the outcomes to those
achieved with free amino acids.

Materials and Methods: In this study, a total of 1440 Arian broiler chickens were randomly
assigned to six dietary treatment groups: AR (Free amino acids), AP (All four encapsulated
amino acids), TP (Encapsulated threonine), LP (Encapsulated lysine), MP (Encapsulated
methionine), and CP (Encapsulated choline chloride). All birds were vaccinated according to a
standard vaccination program, which included vaccines for Newcastle disease and influenza.
After a 42-day feeding trial, blood samples were collected from all groups to measure
biochemical parameters such as total protein, glucose levels, lipid profile, and liver enzyme
activity. These biochemical parameters were then analyzed using an autoanalyzer to assess the
effects of the different treatments on the health and metabolic functions of the broiler chickens.
Results and Discussion: The results indicated that different dietary treatments had varying
effects on antibody titers, growth indices, blood biochemical parameters, and feed efficiency
in broiler chickens. The influenza antibody titer was significantly higher in the TP treatment
compared to other groups (P<0.05), suggesting enhanced immunity in this group. In contrast,
no significant differences were observed in Newcastle disease antibody titers among the
treatments (P>0.05).

Weight gain did not differ significantly among the TP, CP, LP, and AR treatments; however,
the MP and AP groups exhibited the lowest weight gain (P<0.0001 in some periods), indicating
the limited effectiveness of these diets in supporting growth. The reduced growth performance
in the AP group was likely due to an imbalanced amino acid composition or reduced
bioavailability of certain amino acids.

Feed intake was generally similar across treatments (P>0.05); however, during certain periods,
the MP, AP, and LP groups consumed significantly less feed, while the CP group had the
highest intake. Regarding feed conversion ratio (FCR), the LP treatment demonstrated the most
efficient feed utilization in most periods (P<0.05), whereas the AP group had the highest FCR
and the lowest feed efficiency in certain periods.

Blood biochemical analyses revealed that the AR group had the highest levels of glucose,
triglycerides, cholesterol, and LDL, while these parameters were significantly lower in the TP,

CP, and LP treatments (P<0.05). Additionally, total protein levels were higher in the LP group
compared to AR, and the TP and LP treatments exhibited the highest globulin concentrations.
Moreover, HDL levels were higher in all treatments compared to AR, with the TP group
showing the highest values.

Overall, the TP and LP treatments demonstrated superior performance in terms of blood
parameters and immune response. The LP treatment exhibited better feed efficiency, whereas
the TP group not only improved blood indices but also provided the highest immune response.
Conversely, the MP and AP treatments, due to reduced weight gain and lower feed efficiency,
require reformulation to enhance their nutritional adequacy. These findings highlight the
importance of precise dietary formulation to optimize broiler growth performance and health.
Conclusion: Based on the findings of this study, the use of encapsulated amino acids had
positive effects on improving nutritional performance, blood parameters, and immune response
in broiler chickens. The results indicated that encapsulating amino acids such as lysine and



methionine enhanced nutrient utilization, increased absorption and stability of nutrients, and
consequently improved feed conversion ratio in broilers. Notably, the LP and TP groups, which
benefited from this technology, exhibited the best results in blood parameters, including total
protein, triglycerides, cholesterol, and immune response. These findings suggest that amino
acid encapsulation can serve as an effective strategy to enhance feed efficiency, broiler health,
and productivity under various economic and nutritional conditions. Given these results, further
research is warranted to confirm the beneficial effects of these amino acids and to gain a deeper
understanding of their mechanisms of action.

Keywords :Arian broiler chicken, Encapsulated amino acids, Blood biochemical parameters,
Lipid metabolism, Liver enzymes (ALT, AST).

CLawl 8 A g uwdy 3,Shas w5l g I piwigy disel (sM! 15T Glamslio ow
)l i S 429 )3 JuslSand o 15V il Sla el T 525 9 (b otlronisn

VT s allansanw T ok 18 dnow (659950 (s dobld b

AR TANAY RO RN
VEF/ 0NN 16,550 o,
VEF/ SN by fub

Ol ol o9 pl ol ¢ pwlid Cn did )| ol ) ais gel il

Ol (IR 095 pla oD (lid G 0,5 lsliwl T

Ol @5 9938 (b pole i dunsge ol

s.farahmand@pnu.ac.ir : Jgiue ot g
https://doi.org/10.22067/1JASR.2025.91973.1235

oaSs
Bl (15 oo Camdg  dizel gt (02,8 J3,tb5) (55l gl 8T oy ol Lighy ) B
ol plo g (wpmlS sy Jypuds LDL HDL) cud L6 «AST § ALT) 08 (la 5l
A la 7 b 35l SIS 23 B 53 ialesl ol 392 o151 ol sl b logT dglio 5 (2595 cladr g (Spils
sl Jols jlos 05 plosl 59, FY Cto dy (andad VFF+ legooma) ()] (2565 dogn aadad Yo 1S5y 53 5 1,5
b olyen o ider ((pbose 5 owgy «opp) dinelimwl 4w bgle (AR: Free amino acids) sl awsl
(AP: All Three encapsulated amino acids —Met, Lys, Thr- & s iie 51,5 s
(LP: Encapsulated lysine) cp;J ,ls iss awlslaawl o (Encapsulated choline chloride
11,18 868 5 (MP: Encapsulated methionine) s  TP: Encapsulated threonine) g5
YUl L o olhendan jUT 5 (58559 L -2539: (CP: Encapsulated choline chloride) ,ls s
e S AP g MP lajlas g (P<o/++0) oy yuis LP jlas cdy 0,93 JS 5 o sl )lis zuls .o plol
b 1y ol bas cupd YU LP jlas (P<o/eev V) wdg jlo gxe bacsglis opl a8 aisls 1) 59 Liol33)
e comizpat (P</0) 590 18 ()l gine gt LP Jlass 4 cns AR o 3 SS9 oline (P</-0)
sl g5 ool g 3 (P<e/o0) 5 TP 5 LP (laloss ) iy (g)bsime psboas AR Jlos 5 5845


mailto:s.farahmand@pnu.ac.ir
https://doi.org/10.22067/IJASR.2025.91973.1235
https://orcid.org/0009-0007-9461-1556
https://orcid.org/0000-0003-4075-925x
https://orcid.org/0000-0003-1762-252X

S sne yobas TP Jlas 1 (65 pyw (el o)ljae (P<e/+0) w5 ssalie LP § AR (clajloss oy 6)l5 xe
LP g TP Lola )l @ cans 1) jlato oy yidis AR jle s pundS 65 o )3 .(P<4/+43) 5 AR Lo 51y
55 bayles oy (P> +/00) 5l )lis baylos oy 1) (5 sime M g S s ¢ ppiomos (P<4/40) sl
sanlitio (5l sine 5 )lel liss (AST) jliaudl gial bl 5 (ALT) jliuslsgisel V1 (608 clom il o300
9 dP<e/+0) 5y L5 TP ¢ LP (slo)ls 4 cns |, HDL o o528 AR o ccoles o .(P>+/00) s
&S amd o i gl opl (P<s/++Y) il AR Jlas a4 cuws |y LDL jlade 28 CP g TP (ol jlos
ol g 09 lesdgn (sloell sl 3 Slos glajals (35 390 )l (Sea oy dinel gl
6y Sligins Wioils g ol Cigliste sy 3y90 sl dy dis @l 3l ol Lol el S3e (oS (sladsgs o]

edglio (05 olowdon (sl el (WousSSl) o isgr ansel clatul oopyl 2565 cladas g 1 gadS OlolS
(AST (ALT) (a8 (lam 3l ¢ oy

LVRUPY

3 okl 3590 sl 4335 53 (glod S j5bas Jlge ngn (ol @ite plyisar job cubgS 3l sl
(Shekarforosh et ol o i 3,90 gy owol o2l sboys ;5 cuiseS 5l oaliiul Lol ua .cunl 48 5
W5le (6ygpe Aol slatpl (cla JoSo ;I oalitul 5 15,5 65y dswgi g By ) oo i aptigp (@l 2013
(Moosavi et al., an> g 1) (b8 sladrgn 15, 5 3,Shas (5550 yobos V5o (g5 5 mgsie 3
Ol daGile ol ) (S el d2lge six il b gk o 3] gl o (Jb ol b (2011
Ll Slos glopg g slp Lola ioli8l g o8l il cadgl lge Cuaud Sllwgs Judoas olie oy (slaa ia
5 Mg Glual 4 oliwd pae & Wlgi e g a3l e e (5ygldew ¢ Mg p ite sl ban e a8l o)
sl S5 otlly gys0 Y oatyjm o8 il )3 (1855 (sladrsr Sl lajls el 29 e il
Gl dgatz 9 Sl (Ll Shgs (6590 10 Gl b Sl oo e gs0 Blge oS 5 (Giloatre L oy cuslie (b
(Sedghi et al., 2018) 345 o )5y 3,Shas 90 9 Wo5 (sl za il 4 @wiY cuas 4

e (ygld gt da gt b a4y cowd jl icawliol bylS bl s Jdday el Sas 331 aiel claswl
3ylg puitane Hobds o 5)lo5 (claanl s j> by Cowd | g Ade ol3E Slge a5 30l o walE | el oyl (3,8
2 56 G ) 15 (slaeabs L (sie dlge (3938 ISl g ol (comizmen g o ol 9 00 ss l
wllis i3l sly 35 (o) ol e diwel sladul jl oslizal (LOIIO €t @l., 2017) S o ol y3 132 4abo
.(Shakoori et al., 2020) 595 0 Cguimo (45)ls5 oK y3 byl o IS il 5 ()b

sy CablB dguy jolateds oS Cunl (pg sladely I (S (U (i 13 (BIGRIg) iludlgusS Pl ()5l
oobie > o i (LONO et al, 2017) 54, 0 84 3155 sl,8 )3 a ] BT Lol g (gdio dlge iuw
ojlal (6,0l pl g 03y yd Lda 390 g B)lgS i yd )l oyl LiliEl cael wlgs o aiel il b
435 glodyje (el g sl 3, Sles d5e 4 o g BT 00l S 5 (2,05 ysbody aliel slapal oS S 0
el coyps 5l wlg e o i diel sladuwl &Sl 4 aag5 L (Sidiqui et al., 2022) xS o oS
Slgicee B9y ol oizmen A8 (o0 oS (Gl 0 (L Gl g Ol dgme 4 Jg) cnl i cdadlxe ()8
2 OFar W &Ll e wand (ials |y i ladhy ja 4o )3 g 0ad 0y (JS (890 4 5 (al 4 i
(Shakoori et al., 2020) >0 bis cou; o oM g a8l inlS Lo



sl Sl dulio divej )3 (gyidr latingl; oo Calo ) (g o)Ly Lo g iy cpl 4 g L
sl d ol g b e el st 15U duwlio iagh ol il Bua 5> Sygpd o iiber ¢ o1 el
ol (DS st g1y Sl 5 S

L 95 9 390

soly FA 5 )85 o B > dkas MolS’ gy a5 03 ploil )] drguo (oS dmgn VFF+ 59y 30 Gigdr o]
o Jl g 0d (a3 0jey S sladrsn ctalojl £9yd 13 05 dr g ankad Yo Jold 1S5 pm 05 Sk o]
Lolis b M (s cladsgs gy » Liulojl LTy w515 bl cov S, FY LSS
sl HgeloolEish sMlines 5l IRPNU.REC.1401.300

w.&glo)’i Sy Olasuin
dw Jald) AP Y Jlos ik 0 @y atelislatns) AR Y jlas abosliul oy g9 b 51 (dyg 099 Jsbo
MP 2 jlos (Oloibsy ) ki) LP o Jlos (Ot g5 i) TP Y jlag (o idsy JoSo g atpol sl
250 425 )] oS 0 2006 <8 15 51 a8 (b LIS s JeSe) CP 2 Jla (Gt opisete i)
() Jgi2) 392 C819iSs (gdan dlge plo g (Fiee Slge (nBg 551 a0l Inyless (alos (sl o3latl )90 ST)55

cbl.s u.:‘.)& dl}b 0> L_;)L‘ou.») u.».{).: 9 oA J,»Sw.w dIP‘-‘ Jg-\?
Table 1 -Ingredients and chemical composition of basal diets
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Table 2 — Antibody titers against Newcastle disease virus (NDV)and
avian influenza virus (AIV) (Units: l0g,)
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Treatment Newcastle Influenza
AR 75.6 7.5%
AP? 75.6 5.5¢
TP? 7 8.67¢
LP* 5.7 7.33
MP° 5.7 6.75b¢
CP® 756 7200
SEM 0.789 0.709
P-Value 0.839 0.019
B KK b gyl xe M diiin S idiope By sl &5 Sl 1Sl
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b :Sko 3lukiwl glas = SEM
Different letters in each row indicate significant difference between groups
(P<0.05).

SEM =Standard Error of Means

1 Free amino acids

2 All Three encapsulated amino acids & Encapsulated choline chloride
3 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine

6 Encapsulated choline chloride
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Table 3 -Comparison of the effects of amino acids on body weight at different ages (Units: gram)
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4 Only encapsulated lysine

5 Only encapsulated methionine

6 Encapsulated choline chloride
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Table 4 -Feed Intake in Different Periods (Units: gram)
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AR? 148.9 467.2 1027.2% 1770.6™  2564.9 3752.8
AP? 150.5 467.6 933.10¢ 1685.3 2567 3718.7
TP3 144.9 4654 1031.2% 1798.8%  2581.7 3790.8

LP* 1425 461.9 1009.8 1759 2592.9 3819.9



MPS 143.3 450.2 954.92 1636.4¢ 2484.4 3636.1

(o 1459 487.5 1085.3% 1887.1° 2625.8 3776.4
SEM 13.77 8.59 20.87 34.05 48.73 47.1
P-value 0.553 0.114 0.003 0.0001 0.461 0.153
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Different letters in each row indicate significant difference between groups (P<0.05).

SEM =Standard Error of Means
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2 All Three encapsulated amino acids & Encapsulated choline chloride
3 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine

6 Encapsulated choline chloride
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2 Feed Conversion Ratio



Different letters in each row indicate significant difference between groups (P<0.05).

SEM =Standard Error of Means

! Free amino acids

2 All Three encapsulated amino acids & Encapsulated choline chloride
3 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine

6 Encapsulated choline chloride
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Table 6 — Survival Rate Percentage and Production Index
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Treatment Survival Rate(%) Production Index
AR 95% 24.64

AP? 95.71% 21.16

TP3 93.75° 21.77

LP* 92.92° 2247

MP3 08.33% 23.64

Cps 93.33° 21.47
SEM 1.273 7.57
P-Value 0.053 0.43
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Different letters in each row indicate significant difference between groups (P<0.05).

SEM =Standard Error of Means

! Free amino acids

2 All Three encapsulated amino acids & Encapsulated choline chloride
3 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine

6 Encapsulated choline chloride.
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Table 7— Comparison Between Encapsulated Amino Acids and Free Amino Acids on Blood Parameters by Treatment
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AR!? 3d 236 ¢ 1.6252 1.35¢ 209.5% 138.25°¢ 25.25 245.25 545 83.75°
AP? 45P 277.75% 1.275° 3.22% 231.25% 180.5%® 29.75 236.75 55.25 125.22
TP3 3.75°¢ 193.5¢ 1.2° 3.55¢ 161° 131.5¢ 271.7 215.25 66.75 67.75°
LP* 52 227.5° 1.552 3.452 187.25% 197.52 225 2235 735 124.25°
MPS 4be 275.75% 1.25° 2.75b¢ 226.75° 156h° 25.75 249.25 62.25 93.75°
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SEM 0.264 19.21 0.121 0.302 16.74 1.98 4.02 27.21 9.11 14.05
P-vlue 0.0001 0.003 0.005 0.001 0.005 0.0001 0.08 0.8 0.25 0.002
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Different letters in each row indicate significant difference between groups (P<0.05).

SEM =Standard Error of Means
! Free amino acids

2 All Three encapsulated amino acids & Encapsulated choline chloride
8 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine
6 Encapsulated choline chloride
7 Alanine Aminotransferase

8 Aspartate Aminotransferase
®High density lipoprotein

191 ow density lipoprotein
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