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The use of natural feed additives as alternatives to antibiotics in poultry nutrition has
gained increasing attention. Marigold (Calendula officinalis) is rich in bioactive
compounds such as carotenoids, flavonoids, and saponins, which can influence the
performance and immunity of birds. This study was conducted to investigate the effects
of different levels of marigold oil extract on productive performance, immune response,
and egg quality in laying hens. A total of 80 laying hens (Hy-Line, 34 week) were
randomly assigned to a completely randomized design with 5 treatments, 4 replicates,
and 4 birds per replicate, over an 8-week period. The treatments included: 1) basal diet
+ 0.2% extract, 2) basal diet + 0.4% extract, 3) basal diet + 0.8% extract, 4) basal diet
+ commercial pigment, and 5) a control diet (corn-soybean). Performance parameters,
egg quality traits (yolk color, yolk weight, shell thickness, Haugh unit), and antibody
titers against SRBC were measured. The results showed that treatments containing the
extract, particularly at 0.4% and 0.8% levels, significantly improved egg weight, egg
mass, and feed conversion ratio compared to the control (P<0.05). Yolk color was
significantly increased in the extract treatments; however, the highest score was
observed in the commercial pigment treatment (P<0.001). Furthermore, extract
treatments led to a significant increase in antibody titers against SRBC (P<0.05). In
conclusion, marigold extract, especially at 0.2% levels, can be utilized as an effective
natural feed additive to improve performance, strengthen immunity, and enhance egg
quality (particularly yolk color) in laying hen nutrition.
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Extended Abstract
Introduction

The global ban on antibiotic growth promoters (AGPs) in poultry production has intensified the search for natural, safe,
and welfare-compatible alternatives. Phytogenic feed additives, particularly those rich in carotenoids, flavonoids, and
saponins, have gained attention due to their antimicrobial, antioxidant, and immunomodulatory properties. Marigold
(Calendula officinalis) is one such plant, containing bioactive compounds that can positively influence performance, immune
function, and egg quality in laying hens. However, the optimal dietary inclusion level of marigold oil extract and its
comprehensive effects on productive performance, immune response, and egg quality traits—particularly yolk pigmentation—
remain insufficiently investigated under commercial conditions. Therefore, this study was conducted to evaluate the effects of
different levels (0.2%, 0.4%, and 0.8% of the diet, equivalent to 2, 4, and 8 g/kg) of marigold oil extract on productive
performance, humoral immune response, and egg quality characteristics in laying hens.

Methods

Research Design and Sample Size: A total of 80 laying hens (Hy-Line W-36 strain, 34 weeks of age, initial body weight 1.6 +
0.17 kg, initial egg production 92 + 2.5%) were randomly allocated to a completely randomized design (CRD) with 5
treatments, 4 replicates, and 4 birds per replicate. The experimental period lasted 8 weeks (from 34 to 43 weeks of age). Birds
were housed in standard battery cages (40 x 50 cm) under controlled environmental conditions: temperature 22 + 2°C, relative
humidity 55-65%, and a lighting schedule of 16L:8D. Feed and water were provided ad libitum throughout the experiment.
Materials and Dietary Treatments: The five dietary treatments were: (1) basal diet + 0.2% marigold oil extract (2 g/kg), (2)
basal diet + 0.4% marigold oil extract (4 g/kg), (3) basal diet + 0.8% marigold oil extract (8 g/kg), (4) basal diet + commercial
pigment (positive control; Lucantin®, BASF, Germany), and (5) control diet (corn-soybean basal diet without any additive).
All diets were formulated to be isocaloric (2,650 kcal ME/kg) and isonitrogenous (16.6% CP) based on NRC (1994)
recommendations. To maintain isocaloric conditions, the vegetable oil content was adjusted proportionally when the oleoresin
was added to the diets.

Extract Preparation: The marigold oil extract was prepared by macerating dried marigold flowers in hexane (1:5 w/v ratio)
at 30°C for 15 minutes. The resulting oleoresin was concentrated and stabilized with 0.1-0.3% ethoxyquin to prevent
xanthophyll degradation. The concentrated oleoresin had a relatively lower carotenoid concentration (approximately 2.5%
total carotenoids) compared to commercial standardized extracts; therefore, inclusion levels of 0.2%, 0.4%, and 0.8% (2, 4,
and 8 g/kg) were selected based on a preliminary dose-response trial.

Productive performance: Feed intake (FI), egg production (EP), egg weight (EW), egg mass (EM), and feed conversion ratio
(FCR), were recorded daily and calculated weekly.

Immune Response: At week 6 of the experiment, two birds per replicate were selected for immune response assessment. Each
bird received an intramuscular injection of 0.25 mL of 9% sheep red blood cell (SRBC) suspension. Blood samples were
collected 7 days after primary and secondary injections, and serum antibody titers against SRBC were measured using the
hemagglutination method (Van der Zijpp & Leenstra, 1980).

Egg quality: At weeks 4 and 8 (phases 1 and 2), three eggs per replicate were randomly collected and analyzed within 24
hours. Parameters measured included: egg weight, yolk weight, albumen weight, shell weight, yolk color (using the Roche
Yolk Color Fan, scale 1-15), Haugh unit (calculated using the formula HU = 100 log [AH + 7.57 — 1.7 EW"0.37]; Haugh,
1937), shell thickness (measured at three points using a digital micrometer), and shell strength (measured using an Instron
universal testing machine at a constant speed of 20 mm/min until the breaking point; Roberts, 2004). All egg quality
measurements were performed according to standard methods (Silversides & Villeneuve, 1994; Karadas et al., 2006).
Statistical Analysis: Data were analyzed using the GLM procedure of SAS (version 9.4). Means were compared using
Duncan's multiple range test at a significance level of P < 0.05. All data are presented as means + standard error of the mean
(SEM).

Results

The results showed that dietary supplementation with marigold oil extract significantly improved productive performance
parameters. Over the entire 8-week period, all three extract levels (0.2%, 0.4%, and 0.8%) significantly increased egg weight,
egg mass, and improved feed conversion ratio compared to the control and commercial pigment treatments (P < 0.05). The
highest egg weight (62.09 g) was observed in the 0.4% extract treatment, while the 0.2% and 0.8% treatments showed
intermediate values. Egg mass followed a similar pattern, with all extract groups significantly higher than the control and
pigment groups (P < 0.05). Feed conversion ratio was significantly improved in all extract treatments (1.85-1.88) compared
to the control (1.93) and pigment (1.92) groups (P < 0.0001). Notably, feed intake was significantly higher in the 0.8% extract
group (109.29 g/d) compared to all other treatments (P < 0.0001), indicating lower feed efficiency at this level.
Regarding egg quality, yolk color improvement was time- and dose-dependent. In phase 1, none of the extract treatments
significantly increased yolk color compared to the control; only the commercial pigment showed superior pigmentation (P <
0.001). In phase 2, however, the 0.2% and 0.4% extract treatments significantly improved yolk color (6.50 and 6.87,
respectively) compared to the control (6.25; P < 0.05). The 0.8% extract treatment showed the lowest yolk color (5.37), even
lower than the control, indicating an inverse dose-response pattern at higher levels. Haugh unit, an indicator of albumen
quality, was significantly improved in the 0.2% extract and commercial pigment treatments (70.83 and 71.12, respectively)
compared to the control (63.85; P < 0.05). Shell thickness was significantly increased in all extract treatments (0.390-0.398
mm) compared to the control (0.345 mm) and pigment (0.350 mm) groups in phase 2 (P < 0.05). Yolk weight showed a
significant increase in the 0.2% extract treatment in phase 1 (17.58 g) compared to the control (17.07 g), although this effect
was not consistent in phase 2. Humoral immune response, measured as antibody titers against SRBC, was significantly
enhanced in all extract-supplemented groups compared to the control and commercial pigment groups (P = 0.0126). The
highest antibody titer (5.50 log2) was observed in the 0.8% extract treatment, followed by 0.4% (5.25) and 0.2% (5.00), while
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the control and pigment groups showed significantly lower titers (4.25-4.50). This indicates that marigold extract, particularly
at higher levels, stimulates humoral immune function in laying hens.

Conclusion

The findings of this study demonstrate that dietary supplementation with marigold oil extract, particularly at 0.2% (2
g/kg), can significantly improve productive performance (egg weight, egg mass, and feed conversion ratio), egg quality (yolk
color, Haugh unit, and shell thickness), and humoral immune response in laying hens. The dose-response pattern for yolk
color was non-linear and inverse: the 0.2% extract treatment consistently provided the best balance of performance and
quality, while the 0.8% level increased feed intake without proportional improvements in performance and even reduced yolk
pigmentation.
Practical Implications: The 0.2% level is recommended as the optimal inclusion level for improving overall performance, egg
quality, and immune function in laying hen diets, offering a cost-effective and welfare-compatible alternative to commercial
pigments and antibiotic growth promoters in intensive poultry production systems.
Unresolved Issues and Future Research: Although behavioral parameters were not directly measured, the improved
physiological status observed could potentially translate into reduced stress-related behaviors. Long-term studies across
multiple laying cycles, dose-response trials for optimal inclusion levels, and molecular mechanisms underlying the observed
synergistic effects warrant further investigation.

Keywords: Marigold extract, laying hens, performance, immune response, egg quality, yolk color.
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& yon S Sl g 50

win ¥V o YA atin )3 (@idn ) jlad 2 53 &50055 WV ggeome 13) 585 o | (Bolad jobody & peressl e duw dlass
VF b g bae (clod ) g ySo3luil alS g o Jatie olSinlojl 4y (g yglaen 5 o abolBM g pon5 3,5 (69l e
13,5 (2Ll 3llial (gl yhg) jledlatal b g ) g 4 0055 (&S Cluogad i plosl col

S | g b 6ol S [N By b Sl (59315 b EpensS JS (g gy 9 cmesdl 03)5 30055 3
oo (glod 5 (abStS g shate Of b gibgand | diwgy 3,5 (pjgi g M (el 03,5 Blo gaw 59y Epop5S
(Roberts, 1,55 dulo ¢ 0055 JS' (g | dsy 5 03)5 (1jg o085 b cmagdll (39 A (S 039 (Sl YF taat)
o) Al s )3 yio e +/+) 3 b Jlid yiog,Ses 5| ooliul b (51 (sLi | ol jan) diugy Cealies 2004).

2004).

3,5 o3litl el +/) €8 b s g 25 Jseyd § (Haugh, 1973) ola asly (ol ol
HU = 100 Log (AH + 7.57 — EW®37)

o, Sl 5 (S asli cpl b (65038l g8 bzt pobls 5l edlazul b 4l ad g Jluswd LudgS b od); gl
(Silversides & Villeneuve, .1i amolee ] jhad 4y 03,5 eli] Cans jl 035 (a3 ls .cuwl §popss JSI cusS 9 S5
5 033090l byl dw by (VO V) Lwlde L (Roche Yolk Color Fan) gy o 5l eslatwl b o3, <S5, .1994)
1,5 & 03)5 S5y 2l Slel lyisar ol Slpes (:Sle g (o) (Suimysld o g 5, )58) 2l g Ll o
25 kS B+ b Jolw 4 soome (INStron) Jluysues olSiwd 3l edlatwl b § pops0 diuwsy cuoglas (Karadas et al., 2006)
b addd > o Juo Vo Col copuo b jlid 9 48,5 5113 (cilge dmis 40 (o (69908 Cygods W yonss WA (S0 l]
(5565 Sk coons 52) gy Cunglia lgiody CanSi el 3 0055 (558 S 1035 Jlacl gy (s eliod

. (Roberts, 2004) w5 yo)l55
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Table 2- Effect of different levels of marigold extract on performance of laying hens

(Kin YV B Y5 o 5) el po st (S Y5 5 YD oo 5) bl o9 R e e e
Week 3 (36 to 37 wk) Week 2 (35 to 36 wk) Week 1 (34 to 35 wk)

S g Bpae eSS Mg e 039 a5 oy Grae ey WPl eSS0l bW drae ey Mol 0 Ve
e She e Er (22) EronS e pR)Shes pS) Er (22)  (p5) &r e Shé e e (1op)  grepss  Treatment
Feed 3 a8 a0 Production g Feed a0 a0 Production Egg Feed 3 a8 a0 Production 3

Conversion » %) (322 (%) (¢5) Conversion Uss Uss (%) weight ~ Conversion el s (%) (¢5)

; (5 Egg Egg ; Feed Egg ; (5 Egg Egg
Ratio )9 : Ratio ()] Ratio )9 :
et o e et {5 o
Intake g g (g/d) g Intake g g
(9/d) (9/d)
1.88 108.40 57.65% 93.75 61.52% 1.88 107.87 57.25% 93.75% 61.07° 1.90%® 107.32 56.31% 92.86% 60.64%® 1
1.85 107.42 57.812 93.75 61.67% 1.87 108.07 57.62% 93.75% 61.46% 1.87° 106.75 57.05% 93.75% 60.85% 2
1.88 109.12 57.86° 94.64 61.27° 1.86 107.77 57.84° 94.64% 61.11° 1.92% 107.97 56.20% 92.86% 60.52% 3
191 106.85 55.87° 91.96 60.75¢ 1.94 107.22 55.18° 91.07° 60.59° 1.95% 107.30 55.06 91.07™ 60.46™ 4
1.93 106.87 55.25° 91.07 60.67¢ 1.95 107.37 55.20° 91.07° 60.61° 1.96% 106.65 54.21° 90.18° 60.12° 5
0.028 0.993 0.513 0.849 0.085 0.022 0.966 0.520 0.874 0.073 0.020 0.850 0.437 0.728 0.119 SEM
0.503 0.538 0.012 0.097 <0.001 0.079 0.978 0.008 0.047 <0.001 0.041 0.812 0.002 0.020 0.009 P slio

2oy fE+ b oy T o dduen J5 89, 0jlas o ys /Y wb ope Ml p Sk 35kl (clad SEM /a3l e 5SS Cygejl y3 oy /-l pdaw )3 s Sile sy S ime W] dgrg pie oaimdUiS gty 5D alie gy

(Lgw 9 <5)3) b o x> b anls @liSs, ol yor 4l 0’ o dinen IS Sfg, ojlac doyd /A + &b opn ¥ lo dden 5 S8 0)lac
Means with the same letters in each column are not significantly different at the 0.05 level using Duncan's multiple range test. SEM: Standard Error of the Means.
! Treatments: Basal diet + 0.2% marigold oil extract, Basal diet + 0.4% marigold oil extract, Basal diet + 0.8% marigold oil extract, Basal diet + commercial pigment, Control (basal diet, corn-soybean).
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Y Jgas bl
((Saam XY B YY o 5l) iolojl 093 JS (S ¥Y B Y oo ) olojl ptin st (S ¥V B ¥e o 5l) Siolojl pxim azan
Entire period (34 to 42 wk) Week 8 (41 to 42 wk) Week 7 (41 to 40 wk)
T . . e R
55 0393 039 Opae ~p5Y 0dg ~5Y 0dg 039
b5 oy Sl . - .. J oyl , ) o . o5 09 b cepe Sl . s .
e s o 9) S F N U SO i PR Shes ek MOl 5 ¢ i v o) PR b M e
[ »re - 3 £ bl « »re &
Feed . (395 () )? (%) Feed (39 (39, (M)b? Egg Feed . (39 () 3? (%)
: (595 E Production E : Feed E Production : : (395 E Production E
Conversion q 99 y 99 Conversion g9 o weight  Conversion d g9 % 99
Ratio Fee Mass (%) weight Ratio Intake Mass (%) © Ratio Fee Mass (%) weight
Intake - (g/d) © (9/d) (9/d) Intake - (g/d) ©
(g/d) (9/d)
1.85° 107.47° 57.912 93.522 61.92° 1.89 108.60%° 57.402 91.07% 63.032 1.85 108.80% 58.752 93.75° 62.67° \
1.86° 108.02° 58.072 93.53?2 62.092 1.88 109.30% 58.042 91.96° 63.112 1.85 108.10% 58.34% 92.86° 62.832 Y
1.88° 109.29° 58.09% 93.86% 61.89° 1.88 110.372 58.50* 92.86% 63.00% 1.89 110.25° 58.24% 92.86° 62.72° Y
1.922 107.96° 56.00° 91.29° 61.34¢ 1.92 107.37% 55.84° 89.29% 62.54° 191 108.97%® 57.22° 91.96% 62.22° ¥
1.93% 107.03° 55.47° 90.62° 61.22° 1.93 106.62° 55.09° 88.39¢ 62.32° 1.90 106.55° 55.96° 90.18° 62.05° A
0.010 0.326 0.187 0.316 0.036 0.18 0.674 0.396 0.652 0.032 0.019 0.668 0.358 0.618 0.062 SEM
<0.0001 0.0001 0.0031 0.034 <0.0001 0.327 0.022 0.0003 0.003 0.0002 0.236 0.040 0.0012 0.024 <0.001 Pysolie

doyd I¥ + b oy ¥l ddued 5 S8, 0ylac doyd /Y b oy N /e pSike 35kl slas [SEM /il o S (ge5l 15 doys o/ 2B clas pdaw (> lapSle w5 b e OS] dgag pie o LS giw yb 40 alie gy

(Low 9 <5)3) b o x> b anls @liss, ol yor b 0’ )l dinen IS Sfg, ojlac Joyd /A + &b opn ¥ loy ddan 5 S8 0)lac
Means with the same letters in each column are not significantly different at the 0.05 level using Duncan's multiple range test. SEM: Standard Error of the Means.
1 Treatments: Basal diet + 0.2% marigold oil extract, Basal diet + 0.4% marigold oil extract, Basal diet + 0.8% marigold oil extract, Basal diet + commercial pigment, Control (basal diet, corn-soybean).
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,» (Karadas et al., 2005; Hashemi & Davoodi, 2011). 555 0 )] (159 il el o yonss (slin! jiw Lol 33l
& Cod (& yiiin Mgl Mo yd (651 Gz yobdy (1oyd AY/AF) Y 4 (duo)d AY/AY) Y (duo)d AY/AY) V (sl ylass 090 JS
QLY slada) Jle sladian Sy 0 K ya (P=2/-YFY) asih (o) A+/5Y) als g (o) VV/TY) ¥ sl jles
W08 Laas 1) 05 65y oylas (slalasd g A I me OS] X AL F) SLL claaman ;o bl g jby bz bacglas
Sl > (o5 pigs Cadl i 5 55T oyt SinlS oximd i el slalas > 5Vl 45 pols
Ghasemi et al., 2014; Mohammadi Gheisar & Kim, 2018).) cusl o las -yl b siddyiss

A5, Glajlosd 1yt )3 dne yobods (595 )3 )5 ON-A B OV/AY) o)las (5ol (slajlows )3 0)93 JS )3 £ 30055 0395
S5 r Tyogh ol Mg g ()jg 5l (5 5 &5 el ol (P=27¥Y) 392 (3, )3 )5 BB/FY) s 5 (59, 3 p)5 0/ +)
ojlas lajlesd j0 & ponST 0395 ndy pow dtad | aS ol li  Sids Glpusd Mgy e o LS Y 9 Y ) slasles
Sligy Slygd Gpan uwl A5 JS 3 Slae 2 03l il 5 Cuta 136 51 (Sl o Wl (3L 103 sles 93 5l VL o)lgen
(o,las oyd + /A (ogla) ¥ sl 48 (g ygboas (P<+/+ v+ V) 8,5 )5 o jlos 18l o (gl sime ysboas ialojl 093 JS
2 (P<ele0) oy i ()l sine ol bl oo b g s |y STyos Bpmo 05V oy 3 £)5 V- AVA (0o L
Shygs Gpan S V jlog o a5 (P>+/+0) wzil oolie STigs Grae 0 9 ¥ ¥ ) elalo « i
(o)bas 20> +TA (sola) ¥ jlas )93 JS' p3 (P=+/e e oY) el |y (5 VN /0 V) Bpuae cpjidin ¥ slas 5 ()5 V- 0/7+)
Vsl jloss Lol (P<e/+v o)) cusly (gl sixe ey bajlass ploo b aS ol L 1y (5,5 V-A/VA) Sys Bpme oy yid
s oy 5 5 aoys IA 5 - /¥ ol o (s)lo e (glel gles g STzl aald b alie (ST Bpae ¥ g
P S VMY blae ;3 VA/Y) woys +/A o > Slygd Gpne 4 xe (]38l Lol P)>+/40) sis ssalin olic
el Jlas 5l ao)> /Y o o am3 o (LS popBS 0395 9 Jodd cupd 3 cunliie dgug g (P ) 5,
Yo (MAR)Y MAD) Y slajlos coy9n IS 3 s &l wlie (65 ,Sdas a8 STygd (B pne b S5 oo g Cunl b pody
2 b5 o pd g (P<+/+e V) aiily (VAY) sals 5 (VAY) ¥ jlewd & Coud (6500 ilpods b <o ps (VAA)
S 0,8 & 1y (MVA) Jodsi copd i oS Shigd Bpan b ) jlod o udid diin )3 ofagds o)las (sl )lows
039) CuoMus 3gut g3k dlga Lo g g bl LI lopadaan S o)las a5 dmd o ol 4Bl ol 09 pSede
Windisch et al., 2008; Mohammadi ) 54 0 oS Sy b s §pep50 Algi el «Sdgilio o5 (i0l580 4
S i Do oyl 0 b oy Cla g amdssl a0 b 35 oylas )3 D390 (sl il Gheisar & Kim, 2018).
(Pratheesh et al., 2009). s

100 S SAooya

oy Sl 0ad BT Josa 53 (g3 9 Jol dlpo) (515905 dlxyo 93 )3 Epenst (45 Clhuogad 4 bgye @l
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2Ll (P=e/o¥5F) 285 118 ol b cow (g )bosiae ysboy Jgl by 3 035 yjg (P>1+0) 18,55 )15 b
(P=+1-00V) Jow 5 (615 Gixo o &y Sglas pl pod dl> yo

b (5o SbS5)) ¥ jless eyl dlojo )3 (P<e/eeo)) €85 415 lajlass b cov aday doje g3 yn )3 03))
5V ) ojlas gl slajlass (oo g2 i ;K03 sbajless plod I (61 sine ygboas 9 cudly 1) STy SV N 4/00 Sl
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(F/2Y) old jlos b 5 25351 ol (V+/0+) ()l GG, Jlass 5l (g5l sine ysbos DIFY 5 BV -+ (lajlzal b (¥
Szl U ¥ e 5 oYU VVAY Lol L ¥ Jlas o 05 odnlie galie (55 5 o dlinyo 4 .0l gl sine C5M3!
SASsE9)S jpax 4 o)lac (gol> slajlass )3 03)5 S5, Gl ety ojlas gyl e )3 |y S5 cn ol YV
2 s JsSds a8 ol Gub il & 98 e 03 Cund lopadien S5 s 3 (081305 9 Sy ohag) b
&)bo Al sy (Karadas et al., 2005; Karadas et al., 2006) JuS' o gy 635 )0 5 Jdiie § o0 by Jl>
ate jlaS wise dgue (JB B sebar ]y 03,5 S5 didlys i oylas doyd ¥ g <Y gskaw Lol ccuily | sl o VL
8,55 )15 bajless il s Jgl dl po 53 gl sl sl ol Blo oliond (sla 50953l 4 (Sily (118 g (ot il
Wb o gime gl ped Al ye y3 Lol (P=+/0YYD) €é,55 )8 bajles b cou Jgl dbsye 5 ol anly (P=2/0VY0)
sols 5 (FUOV) Y (elojlosi b g azils |, gla soly 5 sWh (Vo/AY) Y o (VINY)F (sl ylog el o sl 53 (P= +/-FFY)
| oadls a5 ol woly sl (g me iglds laog )3 5l Sozud b (FYIYV) Y Lo dinly lis (g)ld size &glas (FY/AD)
Cuto G5 0im3 Lt &S 8l dgutc (V jlows 03294)) 0)las (gol> (slslas ) cunl & poe30 o (g S 9 (S3U
(Roberts, 2004; ol (¢S5 b oyl co 50 Linls g odsiw (cla pigp Hlidbo bis (5 0)lac  Sliws] T oluS 5
Gl By n b 0,905 5 Il a0l Hlee b ojlas 15 39390 (slarseisMs Silversides & Villeneuve, 1994).

(Ghasemi et al., 2014). %59 0 gla dly yiul33l cacl g 1S o (65 gls ymog]
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Table 3- Effect of different levels of marigold extract on egg quality characteristics of laying hens

Sian ¥Y Scan YA
42 week 38 week
L Cuglde Colus Cuglie
’ ();)‘;))9 Caogy S sl o oadls Cogy 0335 U9 Cogy s sl B oadle Caogy L
. . - _ ¢ Al gy Cumadd . D)) SO 5 c )
O e HU: Yolk S essks) B (k) % e HU: B R (SO K e
) Shell Haugh Shape Yolk Shell Ratio Haugh Yolk Color Shape Treatment
Weight Shell ; Unit Color p Shell ! Shell Unit p Shell
© Thickness ~ Ratio Index Strength ~ Weight @  Thickness Index Strength
(mm) (kg) (mm) (kg)
17.50%® 0.392* 10.016 70.83% 6.50° 74.59 371 17.582 0.40 10.10 72.10 6.00° 75.53 343 )
16.28° 0.3982 10.06 67.27° 6.87° 75.87 4.27 17.15% 0.42 9.87 74.81 5.75° 75.32 411 Y
16.76% 0.390° 9.91 69.57° 5.37° 74.64 4.57 17.14%® 0.41 10.02 77.48 5.37° 74.52 432 Y
16.62° 0.350° 9.82 71.12* 11.872 74.26 4.42 16.79° 0.40 9.67 77.68 10.50* 75.73 4.08 ¥
17.89° 0.345° 9.88 63.85" 6.25" 75.59 458 17.07° 0.43 9.97 73.60 4.62° 75.04 4.64 o
0.38 0.011 0.169 1.69 0.324 0.77 0.505 0.15 0.009 0.23 2.66 0.54 0.88 0.39 SEM
0.048 0.011 0.80 0.043 <0.001 053 0.29 0.036 0.25 0.74 0.52 <0.001 08 0.33 Pyolis

Wb oy "l ddnen IS Slg; ojlas doyd /T Al oy ) /o Sk 3,55kl clad SEM /sl o Sl fyg0il )3 o ys o/ B sllad pans ;3 b pSile cy )3 5 cime M) dgng pis odimd (LS g yb )3 lie g y>
(Lo 9 5)d) b opx b anls il ol jom a3l )™ jlos ddinen J5 gy ojlac dopd /A al oy T o ddien JS g 0)lac Loy /¥ +

Means with the same letters in each column are not significantly different at the 0.05 level using Duncan's multiple range test. SEM: Standard Error of the Means.

VTreatments: Basal diet + 0.2% marigold oil extract, Basal diet + 0.4% marigold oil extract, Basal diet + 0.8% marigold oil extract, Basal diet + commercial pigment, Control (basal diet, corn-soybean).
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(Karadas >gu o0 035 yd dlge yidus Cgw)y 1 yoxio &S 3 Cud gy 5 Jolore (sladdeig, 5 g aaud Cds g
0y90 Job 53 g po 590 548 il s oy sl (S0 pgd dls g 50 oS oyl 5SS pas ¢ Jls opl L et al., 2006)
Gogy Cas 5 (P=+/OFY 5 P=o/MYY) IS5 asld (P=+/YAVY 5 P=+/YTAY) diwgy Cunglio Al 4o
ojlas I o3kl 45 amd oo lis guls ol 8,55 )L o )low il cowi dls po 93 o 43 (P=+/AAA 4 P=+/V¥YS)
Olyeds lapdian IS idg) dio)> 1Y gaw g 20 dtwgy plSoil 5 (o5 5llo p Liie 5 lopadnen JS
Do g (Byre ErenSS LS dge i il o oy

il Gl

st ol 025 1) ¥ Jgix )3 (SRBC) (sthasS o csloJoulS ale s3b 81 15 5o §) Jools ol
slogye Jgogn (el gy 2 )losine ;88 (i oy 4 Jlepdiien 5 o)lac (9581 oS b L5 laesls
odnlie 00+ Hlade b (o)lac duoyd +/A (gols 0pn) ¥ jled y3 (03 BT ji5 oy b (P=2/+VYF) cusls IS o350
5 (FIV0) ¥ (cloylags ) sy oyl sime ooy Lol ccudlis (gl sine ogliss (D« ) ) o (BIYD) ¥ elojlos b a5 0
oS 5 ol U pas o lis 45 50 (F jlows) (6550 Ay Jlow & bgaye (o0l T i (o yieS 09 (F/0+) sl
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0Pl g e B bl L iaed opl clwlie (Della Loggia et al., 1994; Parente et al., 2012)
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353 ol 51 o2l oS andge M5 eslas (3 o sbaioniz CollB g (lioss oblagly 255 (g3l yiaS diyso



Lo HS03T Epe Syan St 3 (6)b8 GAlSS) (i el 5 Wpoagile Rk lyisd Sl e b
P> e 3 03,5 K5 Y dgm oMo (Mo /Y gaw ofigh) Hlpdduen 5 ojlas 3yS 18 e
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Table 4- Effect of different levels of marigold extract on humoral immune (log2)

\ -

P,slis SEM 0 ¥ Y Y \ o
Treatment

Je\YE LIVEVD 450" 4.25° 5.50? 5.25% 5.00%¢ SRBC

[a3b o oSSl ygesl )3 doyd +/+B gl o )3 lapSike o 5D b gime BWB] 3439 pie sdimd Ui cid,y ,d lie gy
8 gy oslas dopd /F + alopn Tl ddien 5 g, o)las dop /Y b oy Y o Ske 3yl (slas SEM

(Lo 5 3) ol o b 20l i) oyo @l 030 log Alhaad S by oybas 2uoys A+ &l opx T lap diuon
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