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Introduction: Poultry meat is one of the most widely consumed sources of animal protein worldwide and plays

a key role in meeting human dietary protein requirements. 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, and threonine.
These amino acids play vital roles in protein synthesis, enzymatic activity, and overall metabolic functions in
chickens. Supplementing poultry diets with amino acids can substantially enhance their growth rate and feed
conversion efficiency. However, during passage through the upper gastrointestinal tract, the absorption of free
amino acids can be affected by factors such as pH, thereby reducing their bioavailability. Encapsulation involves
enclosing amino acids within a protective coating that minimizes their degradation in the acidic gastric environment
and facilitates their controlled release and absorption in the intestine. 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 enzymatic 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
overall health, disease resistance, and performance. Considering these benefits, encapsulating amino acids presents a
promising strategy for enhancing the efficiency of poultry production systems. Therefore, the present study aimed to
evaluate the effects of encapsulated amino acids on growth performance, blood biochemical parameters, liver
function, and immune-related indices of broiler chickens, and to compare these effects with those of free amino
acids.
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Materials and Methods: In this study, a total of 1440 Arian broiler chickens were randomly assigned to six

dietary group groups: AR (free amino acids), AP (a combination of 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 avian influenza. After a 42—day feeding trial, blood samples were collected from all groups
to measure biochemical parameters such as total protein, glucose, lipid profile, and liver enzyme activities. These
parameters were analyzed using an autoanalyzer to assess the effects of the different groups on the health and
metabolic functions of the broiler chickens.

Results and Discussion: The results demonstrated that different dietary groups had varying effects on antibody
titers, growth indices, biochemical blood parameters, and feed efficiency in broiler chickens. The influenza antibody
titer was significantly higher in the TP group 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
groups (P>0.05.)

Weight gain did not differ significantly among the TP, CP, LP, and AR groups; 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 groups
(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 group 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
groups(P<0.05). Additionally, total protein levels were higher in the LP group compared to AR group, and the TP
and LP groups exhibited the highest globulin concentrations. Moreover, HDL levels were higher in all groups
compared to AR, with the TP group showing the highest values. Overall, the TP and LP groups demonstrated
superior performance in terms of blood parameters and immune response. The LP group exhibited better efficiency,
whereas the TP group not only improved blood indices but also provided the highest immune response. Conversely,
the MP and AP groups, 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 : Feed efficiency, Humoral immunity, Lipid metabolism, Liver enzymes (ALT, AST), Nutrient
bioavailability
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* Each kilogram of the vitamin premix contained: 850000 IU vitamin A, 25000000 IU vitamin D3, 110000 IU vitamin E, 2200 mg
vitamin K3, 1477 mg vitamin B, 4000 mg vitamin B, 7840 mg vitamin Bs, 34650 mg vitamin Bs, 2464 mg vitamin B¢, 110 mg

vitamin By, 10 mg vitamin B;,, and 400000 mg choline chloride.

** Each kilogram of the mineral premix contained: 74400 mg manganese, 75000 mg iron, 564675 mg zinc, 6000 mg copper, 867 mg

iodine, and 200 mg selenium.

*** AMER: nitrogen-corrected apparent metabolizable energy; nitrogen correction was applied to eliminate the effect of nitrogen

excretion on measured energy values.

(588l doyd (6550l gly c000)8 ausle Cpw lod ) i)
o S5 G ol (glie a5 s 5 e STgs sk
tlorgn Lol gl orizen CE)S 8 b3 250 e
¢ OdsaslS g sl SIS (S g 1 ell) 053
o, 5l FY 59, ;5 (LDL 9 HDL AST ALT oy peslS 5
(Liu et al., 2024) was Lol avgn s dolas ©)p0;
15 el ) 4 aiie] (clacSS o ) odlatul b (65 9
{052 i asd jl (S gl pslatonr) (EDTA) sl St
YUl ol 1 enliiwl L vacastiio olod 5 15,5 plol

3055 (65505150 > <Mindray BS-200)

$yBusls wsyu g OB duulas

a5l o) 5 Clili (dylojl 0)90 Jobo
bl 2oy o gl S s e g el iy psbar (2355
Ol b e @85 Sl oy )3 g 0ud (i g Giled (sl
Llod gylal gla o )5 g s (inlojl doly pa (gly polds
88 sl V dbslee 1 eolatnl b il s yd duwlxe .35
(V) aslso

13 92 J Ko oty pmuliznsly J 2m 5 S ol (sl
2l Gl STy il U cdl o il oS ol
0l Ol ygmalianSly aslp ya 5l e .(Santin et al., 2003)
S o )yE isS sds e Lidl o celw cuin Caody

OSly gy o G 1A Pl b geliznSTy acby
390 V7Y e el Jglone 050t HI20 g Ly coniiy
& ygmods 2C HIN2 Ulster g U 15Y &1 - JulS g5 4559
590 W o 00305 Culiy 4l 0 il ) 3y 9 (souder oo
1590 A O e hnalt] & 908 Bl g Ly JoslS's ST
559y Y8 o o Saelis] g0y LaSOtA aygw b JulS g STy
aoly ol Samelil @ ygods LASOMA ayguw b JuwlS'gs sy
9 99 SLa)lon o Ml I (gyS gl jolatody (ygplipnsly
ol 0 Syl a8 codla Lo

Lasuly ‘50516"9 9 S Seylanl slagg,
55 Slhdgr (29)S (LIS (g 0jo )i 0)93 y» (b 5
b Jlous (ggily 5 ooltwl b ey alad 5l s sl 90 ) ST 42
B3 A B O (g bawgle A8 S g plxl )5 Ve 2B
lrazg s 1 LSS o cladrgr ()59 9o o b


../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Santin
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Liu

FVO o Slas pol3T g ylo gy diuol (sLodumsl 1 glammlio oy y ol )50 9 (653990 (S

Cawl 00 by Juwadd & (Y Joas) Se3 sladousl @ yolwly

s ySlas y laphioddi gy disal Glasaial S Lide 7 glacy \l
S slada g
9150y o837 slajgals T iad s G138 sLajlaxi il
Juuls g

(Y Jgaz) 13Y el g JulSas (sla ool sl 5 polse
igS gbdney pyw jd de 50 L;Laadbl.gu’b’] e odid L
JYNIH] LN UL»., @LD N Lf.wto)i L;Lm)‘.o.,,}' )‘\ S ] dl).g
Ciild D4 g Lajlos e (gl ime gl s ‘I)';\@_éﬂ Lgabuzﬂ
139l o3kl 525 02 5V TP o ool oy (P<-/0)
Iy o) oy i jled plw 9 AR Hlows &y s 9 0 L |
e glds JwlS 9 (o3 5T 5 (gl o blde y3 13,8 sl
(P>+/40) wsi sanlie b)las oy

alide (slas 99 53 059 Gl 381 s La lasi s

CP TP slajles s daoygd olos ;o aS ol olis s
S odmlidie (g0 ixe gl 39 il 8l 15 5l AR o LP
Uil e cygiaS AP 5 MP slylas ¢ lia )5 (P >+/-0)
2l ) a8 gl itne solody M oyl sl s |y o
9 VI=YA AF=YY V=Y A=Y slaoygd jo a5 (gysbds g bnjlos
YYD 05 53 5 (P <elee o)) gl sine BE] g, YA-TD
Lo L AP g MP ey (P <o/+0) (6o sine 5] S5,
{7 Jg2) 2 onlie njlows

Cgsie disel (clasuwl I osliul a5 ol L5 guls ( IS Hoba
(AP 5 MP) J iy, 515 (55 olyon il s L 5
55 Byles ol b duglie )3 08 > dxe 2L Cage Wlgi o0
28l gplio 15, (oS laloss b 48 Jlo o
Blide (slac,gu ja (S pae ShHsa Hlude

il (slaoygd ) (B shdrge (Spae Shss ke
2 ialefl glasless 51 o pa (gl ((S39) FY BV 5o, 51) 04,
Laoygd el jo dlaodly ool (wlawly ol onds 03yg! ¥ gl
il slajlas ) Shgd Bpae Glie m )b g5
(—S355) Y=Y 050 0 (JLsopll (P >+/+0) 4 osal i
DA AR plie Uy o iy AP 5 MP LP sl los
AR Lo b duglie )3 1) (Bpae SThgs luie (g yieS 2,5 AFY/)
glis LP 5 AP (slnylasi yiomon 150l ol (5,5 )+ YV/Y)
(P < 1) s oylags b b (gbo sins

cralejl dnly 48 33 003l claas o Sl
Sl asys = X 100
als o cgland 3 agegn elaas g ol

9 A5 duwlxa Lioloj] I dls e ya )3 Gl s> dlre ol b
dwbe Gl Lo lyin Voo Oyaods 55 (5,88 do
i Bl e oo adlls ol 5 05 sl a5
Slod g2 olas b s jgboas &S i 48 ) ka5 5 W ol
day e dde (e ld pl asls L0l byl sades JS 59 b o
5 ol 5l ool ) YL LTS saims lis ol YL polis ¢ edg)
b (Production Index, PI) sJg asli .col augy Mo
1035 duwle ¥ dlsleo
(V) dbslso

100 X (g,l50t 3my> X (P,‘S?L:s) 0355 )3y CreSlee
PI =

i bis cuys X ()'9;) O OmSilee

Lo by 0p9 JS g cilize (slaoygd ) dxga 2 (g Ll
542559 y90 (CRD) _dslas MalS )b (g)lel Juto I oliul
) lle Al wgas Laodls Jlow g e85 1,8 oylal Jlos
(2t bas cops ol olol LT i plosl (U/F aswuiSAS
Lg)jw JA_A )I oala_wl l_$ ‘_g)lf..\_)lp 9 uﬁ)_am J|)9_>
slasly )0 dalllas 550 Slaw (1Sle duslis s TOPSIS
S ixe o (SOl (glaials sin 905l Lolasl o ool
L oldae 30 ol 5 (5)800k to > i plos] (P<+/+0)
B oo g dwle 005,80 sladlsles

-

=W

bz gllos )51 A bs e gl (it ol 5

U il sl osd &0l)) 2565 sladsgn 55 UsS sladasuio
o 5 (V Jsi2) JolSios 5 13Yoa] slacsdli ol g 5 e
¥ Jgin 53 scidise slmoygd 1 iy il o Laless 58U
(calisee o 3 o 039 2 oo g dizal (ol Sl dylis)
@ lises (glaoygd 3 (Byuae Sl s libe juww .Ab 02> 2y
sbooygd > (b laargr Gld bas cops F Js2)
5 )55k do > cilisn slayloss 3B (0 o) A3, Cilie
o) doy a3 (S35 o s 2laj)) fF o) Wy padls
5 {TOPSIS) (5,5 ool Lo gy ) ookl Ly Jlouy|
31 il (glogusl g )l sy JaSio g atpol (slasou (e dslis


../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول2
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول3
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول4
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول5
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول6
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول7
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول2
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول3
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول4

VPef bl B oyloss Y sl oyl 0l0 pale slindsly 4 pis ¥V

(1092 sy yoolio) 13Vl 5 JulS'ys slocsal sl o5 =Y Jgoer
Table 2— Antibody titers against Newcastle disease virus (NDV) and avian influenza virus (AlIV) (Units: log,)

e JwlS 90 153 51
Treatment Newcastle Influenza
AR!? 75.6 5eb 7
AP2 75.6 5¢5
TP3 7 672.8
LP4 5.7 3307
MP? 5.7 75,6
(o 75.6 7abe
SEM 789.0 709.0
value-P 839.0 019.0
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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
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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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AP? 40 142 1,317 5P.603 2.1010 41372 4b¢.2050
TP3 22150 32.345 32.673 72.1121 149422 9% 2136
LpP4 13,149 12.356 92.698 62.1157 78.1547 82.2198
MP5 5¢.137 2b.305 10,593 2°.1019 6°.1391 2°.2035
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SEM 61.2 92.6 18.11 94.18 35.21 22.31
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Different letters in each row indicate significant difference between groups (P<0.05).

SEM = Standard Error of Means
1 Amino acids reference

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 4- Feed intake in different periods (units: gram)
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TP3 9.144 4.465 231031 8%.1798 7.2581 8.3790
LP* 5.142 9.461 8b¢.1009 1759 9.2592 9.3819
MPS 3.143 2.450 92.954 49,1636 4.2484 1.3636
Cps 9.145 5.487 32.1085 12.1887 8.2625 4.3776
SEM 77.13 59.8 87.20 05.34 73.48 1.47
value-P 553.0 114.0 003.0 0001.0 461.0 153.0
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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

ot S e YWVIDE NUNY) LP o 2 sd 5 )5 skeo YFY/VOE
polde (i wd s p S o VAY/OE VYY) TP g (i) owd
Ol P < 1o ¥) il AR Jla an Cans |y 59571 (5558
5 Lo lass Lo 5 AR JLasi oym sl sine B oimd sl gl
58 e
9 s ey 25 VEYD £/3VY 35e L AR o £ pmogal]
i YL st g S VOB £/ 305 L LP Jlag
9 AR Jlos o (gl sime BB uls ol L Ty e L),‘.oyﬂ
olie Loyl plaw a S Jloys P > +/40) imd o o LiLP
o=l g0 Lts LPy AR jlass & s |y ragd] 51 (6508
(P < /+0) cunl Yo gme B3

aaal slasal g IR gy Jase g dasal slasscl G dewslie

253 sladaiud 8 Gulead ys o151
25 s 4 g5 e &V Joss 5 o) loosls ol
¥ shamwld 0 blids  dnel gl
aby (s sbarg

s owd 0 p)S Lo ¥V 2 /VFY 50e L AR Lo JS‘_,.;S,,.:

Lo jlogs plad a8 Jbyd s (Lis 1) IS (pBigm liee cniomb

O 0_3.1 5 ool u‘*‘" AR @ Cumd |) 8y qu,..f.sj).» )IJ.Eio

s 1y o cp 3 YU il wd o p S Lo O /YEF LLP o

9 AR Lo O )IJ‘_S.ZM M| oJ&.mJQLi‘J CJL) Of‘.] .(P < ~/~Q)
ol S5 595 Ol 5 5 b jlegs ol

YAUVY) CP sl jlog oS Jbyd oy L 1) 868 500 o5 YL


../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول7

14

e ySdos éb’i 9 ylo gy ool Sl 51 glamglio gy o) ) Ko g (655290 (S

TP slajles a8 Jb > wnd o i 1y oliee cp s YL il owd
VAVIYD HAEIVE) LP (i o3y oy Lo VEVEVEIVY)
(deod 3= pyS o Vo N VFIVE) CP g () o3 o )5 (e
o>yl ol cpl il AR Hlos 4 Cans |y polie (p ieS

(P < +/+0) ol b yunlS 5 5

e Lo less ol 45 Jlo s <l | dyslS i (a8
L;Lb)‘.o.tl' el sl ul.w; AR A Cond I) d).uwu.} uJy}[f
RS YO/ L LP 5 i wd pp)S V00 £4/¥Y LTP
M o L gols cpl ol Ui 1y polie oy ity wd
P (g9l Hlade ) 153 5l lasles plo 9 ARl oy I gixe

(P<eleey) conl oy

2 S ke Yo/0 VFIVE sae b ARl 2 yuanndS’ 6 5

sl has cops =0 Jga>
Table 5- Feed conversion ratio
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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 6- Survival rate percentage and production index
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AR! 952 64.24
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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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