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LoDy (sleidgulie oialojl sl oy
Plasma metabolites Experimental diets P-value

Alfalfa 5% BP' 20%BP SEM treat time Treat x time
S5 10.0 10.0 10.0 10.0 0.002 0.002 0.002
Glucose (mg/dl)
o5 sl osgl gt 10.0 10.0 10.0 10.0 0002  0.002 0.002
BUN (%)?
3yl 5 giral b5 ylunod 10.0 10.0 10.0 10.0 0.002 0.002 0.002
AST (U/L)?
3yl giel YT 10.0 10.0 10.0 10.0 0.002 0.002 0.002
ALT (U/L)*
ool 4als L 55590 10.0 10.0 10.0 10.0 0002  0.002 0.002

LDL (mol/L)°

(P<0.05) sl o )15 sine OIS gyls S jriio pui Gy b i) o gl (3o
Means within same row with different superscripts differ (P<0.05).
!By-Products were used instead of alfalfa in 5 and 10 % based on dry matter intake.
2Blood urea nitrogen
3Aspartate Aminotransferase
“Alanine Aminotransferase
SLow density lipoprotein
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Table 2- The composition of pistachio by products extract in the different design periods
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Table 3- Ambient air temperatures and relative air humidity during the different design periods'
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o extract Min ” Mean min  Max  Mean

(% of daily DMI) Max
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2- Least Significance Difference



AV )l ) ojled e aler ol pl (ool pole Sldurgly 4 pis VYo

\M 3y Q\@M 0 lac (glanass 553 calisee C9]a.w 5 s_ﬂ”& Bpan OLQ)' Ode g 4 ()9 (Sae 3‘9" d).mUé an «_/.J;b—i JQA?
Table 4- Nutrients apparent digestibility, body weight and feed intake duration at different dosages of intraruminal pistachio by
products extract infusion!
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)90 . . (&b, . Average standard P- value
Dosage of pistachio by products extract (% total tannin of
Item . error
daily DMI)
(CON1)20 2 4 6 (CON2)* 0
](;‘””) dﬁ““’“ g(f/[") 67.16 66.56 6578  65.18 66.67 1.09 0.72
ry matter (%
(103) M osls a a a b a
Oreants matter (%) 69.13 67.93 6698  63.13 68.94 1.10 0.01
(CM);) "l’f;"jj ’(f/) 75.89 7758 7641  68.87 76.69 226 0.09
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i\“}‘g’F’);?:j )“‘*"”3 PIbS s s sioae 475 43300 s34 1.36 <0.01
0
E:‘I;’F’);i;‘;‘ b 2l M s s 4745 aase s34 1.96 0.02
0
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Body weight (kg)
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Food intake (gDM/d)
(4555 St bpme o o
Duration of food intake 105¢ 248 285° 4240 105¢ 24 <0.01

(minutes)
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"Means within same row with different superscripts differ (P<0
2Control period 1 (Without extract infusion)

3Control period 2 (Without extract infusion)
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Table 5- Changes of rumen fluid pH at different dosages of intraruminal pistachio by products extract infusion!

ok (Wl8y (Dpane Suid 03lo > JS' 4 dioyd) iy (£ 43 SV guazo 0)kas paw Average P- value
Time Dosage of pistachio by products extract (% total tannin of daily DMI) standard error

(CON1)20 2 4 6 (CON2)3 0
2Ty 8 7.12 7.12 7.08 7.17 6.99 0.06 0.35
Before feeding
2l 5l g el ¥ 6.30° 6.38% 6.48% 6.63 6.02¢ 0.06 <0.01
2 hours after feeding
2y 5l e el ¥ 5.92° 6.47° 6.40° 6.64° 5.95° 0.08 <0.01
4 hours after feeding
23Ty 5| e sl £ 6.19% 6.52% 6.24b¢ 6.72 6.08° 0.11 <0.01
6 hours after feeding
23Ty 5| e sl A 6.29° 6.76 6.55% 6.52% 6.40° 0.10 0.05
8 hours after feeding
PH i, 55 o)las - 5.52 5.45 5.39 - - -
pH of infused extract

(P < ofo0) ail o by me M) gy Syt i By b iy ja dLbQSJL:A\

olas 305 g gl 20l 0,90
{osbas &5 G9%) po> 22l 0,907
"Means within same row with different superscripts differ (P<0.05).
2Control period 1 (Without extract infusion)
3Control period 2 (Without extract infusion)

03l j0 jdoyin JLB Lo do > YO (g5ls) 508 gn 0ylas
) araSs 0 (Slogol (1350 Oliee s slgls oy 4 (S5
Ceallas ; bls Guimd gl b as ob ials sali jlad 4 Cuns
o1b 435 (6 ynd slagls )3 (Slisal ()59 Clale izman 3l
4 Jol Quebracho wSle (pb ojlae Sis odbo 2o ¥ L

(VF) el Lials

$Skigel (3950

Celiogd i aaSid (Sligel (fg s clale &l
odnlice a5 job led Cuvlodds BI)1 5 Jada > 20STyeS 5l
Sligel 0o plie ploe (P<+/+0) ()l ine B 393 0
)b 259 oylas 5,5 calisee zolaw g Aald (glaoygd )d AaSis
S3a polin coylme Cble 35 3,5 L S 50 &
£ Js2) c8l jals 4ass (Slisel

335 BLEI S 1555 55 (F) St 5 Sz



YAVl ) ojled e aler ol pl (ool pole ldergyy 4 pis VY'Y

\‘\-‘-M“i L?C)B «_:\19.4.7047 O)LAC d‘w d;)): alises ts.la.w 2 w é:ln e dLh.L.wlj L;LasaT u}j)w ;;.]41_0—1 JQA?
Table 6- The concentration of ammonia nitrogen and volatile fatty acids in the rumen fluid at different dosages of intraruminal pistachio by
products extract infusion

(&) (Dpane Sid 03lo > JS' b doyd) Aty (£ 93 S guazo 0)has paw

. . . . Average

,,m Dosage of pistachio by products extract (% total tannin of daily standard error P- value
Variable DMI)

(CON1Y' 0 2 4 6 (CON2Y 0
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Ruminal NH3-N (mg/dl)
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Total VFA (mmol/l)
(5 Joe (o) o 42.05 4295  40.12 4255 42.85 1.94 0.84
Acetate (mmol/l)
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Propionate
(5 Joe she) i 10.65 9.98 8.95 9.78 10.58 0.89 0.67
Butyrate
(5 5 Jpe o) <l 1.52 125% 102> 0.92b 1.522 0.12 0.01
Valerate
(5 52 Jge o) Sl ! 1.920 0.95°  0.90*  0.60° 1.88 0.10 <0.01
Isovalerate

g 4 Sl i 2.78¢ 316 337 3.66° 2.86° 0.13 <0.01
Acetate/Propionate

(P < of0) amil oy me M gy Syt i By b i) o dLbQSJL:A\
obas 35 cig) Jgl 22l 0)9>
{o)las )5 o) pod als 0y

"Means within same row with different superscripts differ (P<0.05).
2Control period 1 (Without extract infusion)
3Control period 2 (Without extract infusion)
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Table 7- Nitrogen balance in Baluchi male sheep at different dosages of intraruminal pistachio by products extract infusion!

(W) (Spas Sis o3la )3 JS' (56 103) diny (23 SV gasme o lae Average
Dosage of pistachio by products extract (% total tannin of daily DMI) standard P- value
(CON1)' 0 2 4 6 (CON2P 0 error

(595 2 £55) (Brae g5

N intake (g/d)

;"3’ 17.77 17.77 17.77 17.77 17.77 - -
ee

E’L: . - 4.48 5.44 6.40 - - -
Xtrac

(59 2 £5) 3 Lyj9

N excretion (g/d)

g’“"l 4.28¢ 4.99¢ 5.47° 6.447 4384 0.08 <0.01
eca

b 10.43b 12.35° 12.172 12.172 10.21% 0.11 <0.01

Us
rinary

(s 2 £5) 03y B 3.05¢ 491° 5.56° 5.55° 3.17° 0.17 <0.01

N retention (g/d)

(J0)3) (Brae 59y p (A0 9y

N excretion/ N intake (%)

%’“"1 24.11° 22.42¢ 23.59% 26.66° 24.66 0.45 <0.01
eca

f‘ﬁ 58.720 55.520 52.45¢ 50.374 57.48b 0.54 <0.01
rinary

(303) (Brae (jar 2 039y )

N retention / N intake (%) 17.17° 22.05° 23.96° 22,972 17.86b 0.86 <0.01

(P <of0) anily oo Hla ne M )y Syiiio juf Ben b iy o dl.mdgiil:n‘
olas 30,5 ign) Jol 20l 090
{osas 35 09) ped Sald 0,937
"Means within same row with different superscripts differ (P<0.05).
2Control period 1 (Without extract infusion)
3Control period 2 (Without extract infusion)

POE & Gla Gl p Slgioo Shod (g CudeS 5 CuaS
(YA) 5)liS

S G5 do

SlaeSs 5,5 aS ob L Gass cpl @l IS )sbay

wybas gaw a5 8o iy (28 OV gz (5 gl 0)las
Olg= Sk Pl (nSgp sl man bl b e
g5 (e a8 D S 53 (e S BRIl 0395
Al ojlas B3 b pl e n ol plesl) Ll SOk
ADF ¢NDF ( JI osbo (g,0lls pin cobls jialS & asgi b
Gyl 3929 pas g Bib G 5l () oslas aw GBI
Iy glosesl g (SLigel 059 bl )5 )l ne
S Syl I yoslas 0o B g ¥ pslan (e 4SS

4 Quebracho U5 oylac 30,5 3 (V) o) Kod 9 & yinl

Bl o ojlas clale (1l A w08 ()15 sl 40805
@9 Gk 5l (g ris &8 (Il Pl (g pan colB
Ol b Gy Gl Ghall g ol sk Sl ey @8 ials
adllas ciws jd OUlgs a8l 4y dagi b aS W0 )S )Ly (s
NS 50 clalis] pa s Lads o 5dg asly L3 MolS
et Cabls (Lol cow o)las 3y (pizmen g Sd e 4
oyluae cilale (I8l L ey slal ialisl (a5 gdse dlge
s Gl by e ol Sllgs a5 conl B> ol & Yozl
Sl (3 blie 55 035, padiyl cliblne wile o lapanslSs
23] 9 Bl Sy psSelS Wile ogifol slagis n
@ 1) a3 e 51,3 o3kl 3)90 yuiy (poSge Mg g (dn sl
(Y0) Lyl jlisle 5 clale y oD o cosloss Laseio Liss



VYo

B AI 5 5 (359 55 (1395 32 Ay (£ 59 gz o ojlac GlaneSd 2,5 51

10
11

12

13

14

15
16

17

18

19

20

21

22

20,8 o dlpiiiy (el laiawsS o 0 S s 3oy F el pdaw )3 Aty &8 &Y game o)las jl o3kl

&l

Ahnert, S., U. Dickhoefer, F. Schulz, and A. Susenbeth. 2015. Influence of ruminal quebracho tannin extract
infusion on apparent nutrient digestibility, nitrogen balance, and urinary purine derivatives excretion in heifers.
Livestock Science, 177:63-70.

Al-Dobaib, S. N. 2009. Effect of different levels of quebracho tannin on nitrogen utilization and growth
performance of Najdi sheep fed alfalfa (Medicago sativa) hay as a sole diet. Animal Science Journal, 80:532-541.
Animut, G., A. L. Goetsch, R. Puchala, A. K. Patra, T. Sahlu, and V. H. Varel. 2008. Methane emission by goats
consuming different sources of condensed tannins. Animal Feed Science and Technology, 144:228-241.
Association of Official Analytical Chemists (AOAC). 2005. Official Methods of Analysis, 18th ed. AOAC
international, Gaithersburg, Maryland, USA.

Beauchemin, K. A., S. M. McGinn, T. F. Martinez, and T. A. McAllister. 2007. Use of condensed tannin extract
from quebracho trees to reduce methane emissions from cattle. Journal of Animal Science, 85:1990-1996.
Benchaar, C., T. A. McAllister, and P. Y. Chouinard. 2008. Digestion, ruminal fermentation, ciliate protozoal
populations, and milk production from dairy cows fed cinnamaldehyde, quebracho condensed tannin, or Yucca
schidigera saponin extracts. Journal of Dairy Science, 91:4765-4777.

Bhatta, R., A. K. Shinde, D. L. Verma, S. K. Sankhyan, and S. Vaithiyanathan. 2004. Effect of supplementation
containing polyethylene glycol (PEG)-6000 on intake, rumen fermentation pattern and growth in kids fed foliage of
Prosopis cineraria. Small Ruminant Research, 52:45-52.

Bohluli, A., A. A. Naserian, R. Valizadeh, and F. E. Shahroodi. 2007. The chemical composition and in vitro
digestibility of pistachio by-product. ‘In Proceedings of British Society of Animal Science’. p. 224.
(BSAS:Scarborough, UK).

Bohluli, A., A. A. Naserian, R. Valizadeh, and F. E. Shahroodi. 2009. The Effect of Pistachio by-Product on
Nutrient Apparent Digestibility, Rumination Activity and Performance of Holstein Dairy Cows in Early Lactation.
Journal of Science and Technology of Agriculture and Natural Resources, 13:167-179. (In Persian).

Cardozo, P. W., S. Calsamiglia, A. Ferret, and C.Kamel. 2004. Effects of natural plant extracts on ruminal protein
degradation and fermentation profiles in continuous culture. Journal of Animal Science, 82:3230-3236.

Carter, R. R., and W. L. Grovum. 1990. A review of the physiological significance of hypertonic body fluids on
feed intake and ruminal function: Salivation, motility and microbes. Journal of Animal Science, 68:2811-2832.
Carulla, J. E., M. Kreuzer, A. Machmiiller, and H. D. Hess. Supplementation of Acacia mearnsii tannins decreases
methanogenesis and urinary nitrogen in forage-fed sheep. Australian Journal of Agricultural Research, 56: 961—
970.

Dickhoefer, U., S. Ahnert, and A. Susenbeth. 2016. Effects of quebracho tannin extract on rumen fermentation and
yield and composition of microbial mass in heifers. Journal of Animal Science, 94.

Dschaak, C. M., C. M. Williams, M. S. Holt, J. S. Eun, A. J. Young, and B. R. Min. 2011. Effects of
supplementing condensed tannin extract on intake, digestion, ruminal fermentation, and milk production of
lactating dairy cows. Journal of Dairy Science, 94:2508-2519.

FAO, Food and Agriculture Organization of the United Nations. 2015. Website: http://www.faostat.fao.org.

Frutos, P., G. Hervas, F. J. Giraldez, M. Fernandez, and A. R. Mantecon. 2000. Digestive utilization of quebracho-
treated soya bean meals in sheep. Journal of Agricultural Science, 134:101-108.

Ghasemi, S., A. A. Naserian, R. Valizadeh, A. R. Vakili, A. M. Tahmasebi, and S. Ghovvati. 2012a. Partial and
total substitution of alfalfa hay by pistachio byproduct modulated the counts of selected cellulolytic ruminal
bacteria attached to alfalfa hay in sheep. Livestock Science, 150:342-348.

Ghasemi, S., A. A. Naserian, R. Valizadeh, A. M. Tahmasebi, A. R. Vakili, and M. Behgar. 2012b. Effects of
pistachio by-product in replacement of lucerne hay on microbial protein synthesis and fermentative parameters in
the rumen of sheep. Animal Production Science. 52: 1052—1057.

Gholizadeh, H., A. A. Naserian, , R. Valizadeh, and A. M. Tahmasbi. 2010. Effect of feeding pistachio by product
on performance and blood metabolites in Holstein dairy cows. International journal of agriculture & biology,
12:867-870.

Grasser, L. A., J. Garneit, and E. J. Depeters. 1995. Quantity and Economic Importance of Nine Selected By-
products Used in California Dairy Rations. Journal of Dairy Science, 78:962-971.

Jones, G. A., T. A. McAllister, A. D. Muir, and K. J. Cheng. 1994. Effects of sainfoin (Onobrychis viciifolia Scop.)
condensed tannins on growth and proteolysis by four strains of ruminal bacterium. Applied Environment
Microbiology, 60:1374-1378.

Komolong, M. K., D. G. Barber, and D. M. McNeill. 2001. Post-ruminal protein supply and N retention of weaner
sheep fed on a basal diet of lucerne hay (Medicago sativa) with increasing levels of quebracho tannins. Animal



VAR Ll ¥ oyjlods Y ol ol ! cold pole sleld gy oy \Y#

23-

24-

25-

26-

27-

28-

29-

30-

31-

32-

33-

34-

35-

36-

37-

38-

39-

40-

41-
42-
43-
44-

45-

46-

47-

48-

Feed Science and Technology, 92:59-72.

Kumar, R., and M. Singh. 1984. Tannins: Their adverse role in ruminant nutrition. Journal of Agriculture and Food
Chemistry, 32:447-453.

Labavitch, J. M., C. M. Heintz, H. L. Rae, and A. A. Kader. 1982. Physiological and compositional changes
associated with maturation of Kerman pistachio. Journal of the American Society for Horticultural Science,
107:688-692.

Makkar, H. P. S. 2003a. Effects and fate of tannins in ruminant animals, adaptation to tannins, and strategies to
overcome detrimental effects of feeding tannin-rich feeds. Small Ruminant Research, 49:241-256.

Makkar, H. P. S. 2003b. Quantification of tannins in tree and shrubs foliages — a laboratory manual. Kluwer
Academic. Press Dordrecht, The Netherland, p.102.

Makkar, H. P. S., B. Singh, and R. K. Dawra. 1988. Effect of tannin-rich leaves of oak (Quercus incana) on
various microbial enzyme activities of the bovine rumen. British Journaf of Nutrition, 60:287-296.

McNabb, W. C., J. S. Peters, L. Yeap Foo, G. C. Waghorn, and F. S. Jackson. 1998. Effect of condensed tannins
prepared from several forages on the in vitro precipitation of ribulose-1,5- bisphosphate carboxylase (Rubisco)
protein and its digestion by trypsin (EC 2.4.21.4) and chymotrypsin (EC 2.4.21.1). Journal of the Science of Food
and Agriculture, 77:201-212.

McSweeny, C. S., B. Palmer, D. M. McNeill, and D. O. Krause. 2001. Microbial interaction with tannin:
nutritional consequences for ruminants. Animal Feed Science and Technology, 91:83-93.

Messman, M. A., W. Weiss, and K. A. Albrecht. 1996. In situ disappearance of individual proteins and nitrogen
from legume forages containing varying amounts of tannins. Journal of Dairy Science, 79:1430— 1435.

Min, B. R, T. N. Barry, G. T. Attwood, and W. C. McNabb. 2003. The effect of condensed tannins on the nutrition
and health of ruminants fed fresh temperate forages: a review. Animal Feed Science and Technology, 106:3—19.
Mokhtarpour, A., A. A. Naserian, A. M. Tahmasbi, and R. Valizadeh. 2012. Effect of feeding pistachio by-
products silage supplemented with polyethylene glycol and urea on Holstein dairy cows performance in early
lactation. Livestock Science, 148:208-213.

Mokhtarpour, A., A. A. Naserian, R. Valizadeh, M. Danesh Mesgaran, and F. Pourmollae. 2014. Extraction of
Phenolic Compounds and Tannins from Pistachio By-products. Annual Research & Review in Biology, 4:1330-
1338.

National Research Council (NRC). 2007. Nutrient Requirements of Small Ruminants. National Academy Press,
Washington, DC.

Norton, B. W., and J. H. Ahn. 1997. A comparison of fresh and dried Calliandra calothyrsus supplements for
sheep given a basal diet of barley straw. Journal of Agricultural Science, 129:485-494.

Nsahlai, I. V., F. N. Fon, and N. A. D. Basha. 2011. The effect of tannin with and without polyethylene glycol on
in vitro gas production and microbial enzyme activity. South African Journal of Animal Science, 41:337-344.
Ottenstein, D. M., and D. A. Batler. 1971. Imoroved gas chromatography separation of free acids C2-C5 in dilute
solution. Analytical Chemistry, 43:952-955.

Patra, A. K., and J. Saxena. 2011. Exploitation of dietary tannins to improve rumen metabolism and ruminant

nutrition. Journal of Science Food and Agriculture, 91: 24-37.

Porter, L. J., L. N. Hrstich, and B. G. Chan. 1986. The conversion of procyanidins and prodelphinidins to cyanidin
and delphinidin. Phytochemistry, 25:223-230.

Rahimi, A., A. A. Naserian, R. Valizadeh, A. M. Tahmasebi, and A. shahdadi. 2013. Effect of replacing hay by
different levels of pistachio shells on feed consumption, nutrients digestibility, rumen fermentation parameters,
blood metabolites and nitrogen balance in Baluchi male sheep. Iranian Journal of Animal Science, 5(3):190-200.
(In Persian).

SAS Institute Inc. 2001. SAS/STAT User's Guide: Version 9.1. SAS Institute Inc., Cary, North Carolina.

Scalbert, A. 1991. Antimicrobial properties of tannins. Phytochemistry, 30:3875-3883.

Schofild, P., D. M. Mbugua, and A. N. Pell. 2001. Analysis of condensed tannins: a review. Animal Feed Science
and Technology, 91:21-40.

Seyd momen, S. M. 2003. The effects of residual levels of pistachio peeling and its tannin on body growth and hair
production in Rayini goats. Animal Science Master's thesis. Islamic Azad University of Karaj. (In Persian).

Shakeri, P., A. Riasi, M. Alikhani, H. Fazaeli, and G. R. Ghorbani. 2013. Effects of feeding pistachio by-products
silage on growth performance, serum metabolites and urine characteristics in Holstein male calves. Journal of
Animal Physiology and Animal Nutrition, 97:1022-1029.

Shakeri, P., M. H. Ghaffari, and H. Fazaeli. 2017. Pistachio by-product as a forage feed in ruminants feeding -
overview article. Animal Science Journal (Pajouhesh & Sazandegi), 112:129-144. (In Persian).

Silanikove, N., A. Perevolotsky, and F. D. Provenza. 2001. Use of tannin-binding chemicals to assay for tannins
and their negative post-ingestive effects in ruminants. Animal Feed Science and Technology, 91:69-81.

Sliwinski, B. J., C. R. Soliva, A. Machmu” ller, and M. Kreuzer. 2002. Efficacy of plant extracts in secondary
constituents to modify rumen fermentation. Animal Feed Science and Technology, 101:101-104.



VYV sbaminlyd g g 0l » dm (o€ 8 O¥gamo o ojlac slawsd G255 1

49- Tiemann, T. T., C. E. Lascano, H. R. Wettstein, A. C. Mayer, M. Kreuzer, and H. D. Hess. 2008. Effectof
thetropical tannin-richshrublegumesCalliandra calothyrsus and Flemingia macrophylla on methane emission and
nitrogen and energy balance in growing lambs. Animal, 2:790-799.

50- Toral P. G., G. Hervas, A. Belenguer, E. Bichi, and P. Frutos. 2013. Effect of the inclusion of quebracho tannins in
a diet rich in linoleic acid on milk fatty acid composition in dairy ewes. Journal of Dairy Science, 96:431-439.

51- Vahmani, P., A. A. Naserian, R. Valizadea, and H. Nasiri Moghadam. 2006. Nutritive value of Pistachio by-
products and their effects on Holstein cows in mid lactation. Agricultural Science and Technology, 20:201-210.

52- Valkeners, D., A. Théwis, S. Amant, and Y. Beckers. 2006. Effect of various levels of imbalance between energy
and nitrogen release in the rumen on microbial protein synthesis and nitrogen metabolism in growing double-
muscled Belgian Blue bulls fed a corn silage-based diet. Journal of Animal Science, 84:877-885.

53- Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Methods for dietary fiber, neutral detergent fiber and non
starch polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74:3583-3597.

54- Vasta, V., A. Nudda, A. Cannas, M. Lanza, and A. Priolo. 2008. Alternative feed resources and small ruminants
meat and milk quality. A review. Animal Feed Scince and Technology, 147:223-246.

55- Voelker, J. A., and M. S. Allen. 2003. Pelleted beet pulp substituted for high-moisture corn: 2. Effects on digestion
and ruminal digestion kinetics in lactating dairy cows. Journal of Dairy Science, 86:3553-3561.

56- Vogels G. D., W. F. Hoppe, and C. K. Stumm. 1980. Association of methanogenic bacteria with rumen. Applied
and Environmental Microbiology, 40(3):608-612

57- Waghorn, G. C. 2008. Beneficial and detrimental effects of dietary condense tannins for sustainable sheep and goat
production — progress and challenges. Anialm Feed Science and Technology, 147:116—-139.

58- Waghorn, G. C., L. D. Shelton, W. C. McNabb, and S. N. McCutcheon. 1994. Effects of condensed tannin in Lotus
pedunculatus on nutritive value for sheep. 2. Nitrogenous aspects. Journal of Agricultural Science (Cambridge),
123:109-119.

59- Weatherburn, M. W. 1967. Phenol-hypochlorite reaction for determination of ammonia. Analytical Chemistry,
39:971-974.



Iranian Journal of Animal Science Research olnl oold pole iyl 4y pis
Vol. 12, No. 2, Summer 2020, p. 135-149 N IWA-1FA .o YA Lol oF oylods Y ol

Influence of Ruminal Pistachio By-products Aqueous Extract infusion on
Nitrogen Balance and Rumen Fermentation Parameters in Baluchi male Sheep
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Introduction According to the Food and Agriculture Organization (FAO), Iran is the largest pistachio
(Pistachio vera) producer in the world. Nevertheless, pistachio byproducts (PBs) contain a high level of phenolic
compounds and tannins, which can affect their utilization by animals. Tannins (hydrolysable and condensed
tannin) are polyphenolic polymers of relatively high molecular weight with the capacity to form complexes
mainly with proteins due to the presence of a large number of phenolic hydroxyl groups. They are considered as
anti-nutritional compounds due to their adverse effects on intake and animal performance. However, tannins
have been recognized to modulate rumen fermentation favourably such as reducing protein degradation in the
rumen, prevention of bloat, inhibition of methanogenesis and increasing conjugated linoleic acid concentrations
in ruminant-derived foods. The inclusion of tannins in diets has been shown to improve body weight and wool
growth, milk yields and reproductive performance. Pistachio byproducts (PBs) contain a high level of phenolic
compounds and tannins, which can affect their utilization by animals. The present study was conducted to
evaluate the effects of PBs extract on nutrients apparent digestibility, nitrogen balance and ruminal fermentation
characteristics in ruminants.

Materials and Methods PBs were completely dried under sun and were ground to pass a 1 mm sieve by
cyclic mill. PBs were soaked in water at 1 to 5 ratio in ambient temperature for 12 h and then were smoothed
with the 4 layer cotton cloth. The extract was concentrated in an oven at a temperature below 40°C. Four mature
Baluchi male sheep (36.82 kg body weight, standard deviation 1) were fitted with ruminal cannula and were
placed in individual metabolic cages with free access to fresh drinking water. The basal diet comprised 0.415
kg/d alfalfa, 0,165 kg/d barley straw and 0.250 kg/d concentrate feed (as-DM basis) that met their energy and
crude protein (CP) requirements for maintenance according to the NRC (2007), and was offered in one meals.
The concentrated PBs extract was infused in rumen at the levels that were administered to supply 0 (CON 1), 2,
4, or 6 % total tannin in the daily DM intake. All animals simultaneously received the same PBs extract dosage.
Every period comprised 14 d of adaptation and 7 d of total urine and feces collection. Subsequent to highest PBs
extract dosage, infusion was ceased and after 14 d of adaptation, urine and feces were collected again for 7 d
(CON 2). Also in the end of every period rumen sampling was taken and animals were weighted.

Results and Discussion Feed intake of animals were not affected by ruminal infusion of the different levels
of PBs extract due to the restricted feeding level, but duration of feed intake was significantly increase when the
concentration of PBs extract was increased. It seems, the intraruminal PBs extract application might not have
interfered with diet palatability. The ruminal PBs extract infusion had no significant effect on body weight gain,
DM and CP apparent digestibility but OM, NDF and ADF apparent digestibility were significantly reduced.
Besides, the pronounced ability of tannins to form complexes with feed proteins; they may impair microbial
degradation of other polymers such as cellulose, hemicellulose, pectin, and starch. The increasing of PBs extract
concentration significantly increased rumen pH and acetate/propionate ratio and decreased rumen ammonia
nitrogen, propionate, valerate and isovalerate. Lower ruminal ammonia nitrogen concentration may have resulted
from a greater concentration of tannins that bound to proteins and decreased proteolysis resulting in a reduction
of ammonia nitrogen release in rumen. Depression in VFA concentrations might be related to lower microbial
activity of rumen in the presence of tannins. Iso-acids are derived from amino acids catabolism by cellulolytic
bacteria in the rumen, that reductions their concentrations can indicate the protection of protein from bacterial
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deamination. Higher ruminal pH may have resulted from lower ammonia nitrogen and VFA concentrations in
the rumen. The urine nitrogen excretion was reduced by increasing of PBs extract concentration, while the feces
nitrogen excretion and retained nitrogen were increased. Infusion of incremental PBs extract dosages greatly
shifted partitioning in nitrogen from urine to feces and could contribute to lower ammonia emissions from
manure in ruminant production. The decrease in urinary nitrogen excretion can be attributed to the protein-
binding property of PBs extract and the consequently lower ruminal protein degradation and ammonia nitrogen
release. Besides of the tannin level, the effects of tannins differ greatly by the type and source of tannin as well
as the composition of the animals’ diet.

Conclusion Generally results of this experiment indicated that while the ruminal PBs extract infusion at the
level that was administered to supply 4 % total tannin in the daily DM intake preserved CP apparent
digestibility, it improved nitrogen balance and rumen fermentation characteristic of sheep.

Keywords: Apparent digestibility, Tannin, Rumen fermentation, Ruminants.
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Table 1- Chemical composition of untreated and treated pods, seed hulls and seeds of Faba bean with urea and molasses'

S o Sis ol B ey plojlas FuS1s o)l O sk o)l
)9" Feeds Dry Crude Ether ok Jolo on
matter protein extract Ash NDF? ADF3?
Pl 6L 3 10.34%4 13.60° 3.47° 18.82% 31.27° 22.00°
Raw bean pods
oo b g9l 3 DB BBk
Processed bean pods with Molasses
oMo b S ole A 10.15¢ 15.11¢ 421 21.16° 33.53b 22.07°
(1.5 % DM with Molasses)
o b S ole ¥ 11.66% 15.03¢ 331 15.16%  37.53° 21.73b
(3% DM with Molasses)
oMo b S ole A% 11.67b 16.54¢ 3.60° 21.00% 3593t 19.67°
(4.5% DM with Molasses)
(s o3lo 2oyd V/0) 0l b (559 5 MBL M
Processed with Urea (1.5 % DM) 11.31% 15.90¢ 5.66% 20.75%  30.73 23.40°
0y9l +wMa by (gyql 8 ML, BMe : : : : : :
Processed bean pods with Molasses+ Urea
(S5 oo aslig) oyl L 700 5 S L 700
) . 12.61° 14.16° 5.40% 16.64% 38.33b 23.00°
1.5 % Molasses +1.5%with Urea (DM basis)
(528 osle alo) s LTAD 5 S LY 11,00 15.19° 8.90° 17.41% 31330 14.53¢
3 % Molasses +1.5%with Urea (DM basis)
(S5 oo aslig) oyl L 70/0 5 ode L 7F/D
) . 12.49b¢ 18.21° 3.56 12.40° 34.67° 18.67%
4.5 % Molasses +1.5%with Urea (DM basis) ? 7 7
MLy 4l ol azg,
Bean seed raw hulls 89.84* 15.75¢ 4.88° 20.95% 64.67° 48.67°
Sl Pl il
Bean raw seeds 89.57° 24.71% 3.43b 25.70° 34.00° 0.67¢
d)b L?’m e.la.w
P- Value 0.01 0.01 0.04 0.01 0.01 0.01
3kl elad Sl
SEM 1.074 1.875 1.464 2.586 2.956 1.627

2 NDF: Neutral dtergent fiber.
3ADF: Acid dtergent fiber.

Sizs o3ke > S osle o ST odle «Sis o3lo pade cubld gl
b osn gy 4 ML b 5 i gy (B e dlie BB (6551

(P<e/0)aly o s ime B b S o e By > b (i 0 slagSibee’
! Means within same column different superscripts differ (P< 0.05).
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ool Ly sl odds I Y Jodo 3 (Y0) o pMo | (g5 9 L5
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5 oDl 610 L Yy Y (g5l Jas 51 )3 e gz L5 (55,
odlo > Jlosle piam culils ol plis 13,5 oaal o o9l 71/
alBialejl g, 4 MLy B o dsilio LB (5551 5 Sis
Oty 8 Sl Jboyo ol 8l g gl B L (V) o dsn
Calild g MBL wib &y bgy o dayloss (s > OMD , DMD 5.0

3 Sy Bl ojog 4 T bS5 4y Jglaspd o Shygs i

(oMo g o9l L oad (g9l 8 g s (55l B MBL by g wls dtuogy NS pudilio LB (551 (lise g i bl 5 Sike - Jgu>
Table 2- The means of digestible and values of metabolisable energy of untreated and treated pods, seed hulls and seeds Faba

bean!
S o lad Culyld b Cul)l8 J] odlo i Culild el golie LB g5l
), bl . 7 s s e e
Feeds (Jop) Sidodle  (dop) Jodboe  (aop) Sisodle )3 (Sidodlo pSolS  Jg5150)
DMD? (%) OMD? (%) DOMD* (%) ME? (MJ/Kg DM)

5 ML e 78.03° 74.91° 60.81 2 9.54 abe

£ d
Raw bean pods
oo b g9l 8 SMBL BBk
Processed bean pods with Molasses 81.13% 75.78b 50.50°¢ 8.24°¢
oo by Szt oole 710
(1.5 % DM with Molasses)
oo b S .. ek 7Y 77.63° 74.43° 63.30 ° 9.932be
(3% DM with Molasses)
oMo b K3 o3le /10 76.33° 71.90° 56.85b¢ 8.92b¢
(4.5% DM with Molasses)
(Sizs 03lo 2uoyd VD) 0] L (5913 MBLy 3 75.96° 71.31° 56.55b 8.87%
Processed with Urea (1.5 % DM)
o ysh oo b g9l Bl e
Processed bean pods with Molasses+ Urea

(25 oole aylye) oyl L 70/0 5 de L 70/0 . . " e

1.5 % Molasses +1.5% Urea (DM basis) 74.70 70.58 58.84 923
(25 oole axly ) oysl L 7078 5 oMo b 7Y . . o o
3 % Molasses +1.5% Urea (DM basis) 73.30 68.75 56.79 891

s oole ab ) 0,0l L 7N/ Mo U 72¥/0

( o o) 05l LMD 5 o L % , 81.90% 79.89 70.08 2 11.00°
4.5 % Molasses +1.5% Urea (DM basis)
Yl s pls gy 38.40¢ 23.92¢ 18.88¢ 2.964
Bean seed raw hulls
il o b 90.202 88.91% 66.09 ® 10.37%®
Bean raw seeds
. 0.01 0.01 0.01 0.01
P- Value
’;‘ELI\‘A‘“‘ wl oSk 2.30 251 2.56 1.01

2DMD: Dry matter digestibility.

30OMD: Organic matter digestibility.

“DOMD: Digestibility organic matter in dry matter.
SME: Metabolizable energy.

(P<-/-0) a3l o Jo inn OS] chls S o CBgm by sty (slacpSils)
"Means within same column different superscripts differ (P< 0.05).
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Table 3- The dry matter digestibility (%) of untreated and treated pods, seed hulls and seeds Faba bean with urea and molasses
by Mc Niven method'(2002)

S S U5)lsS oSz IS

Shgs dlge Ruminal Intestinal Digestive tract total
g

Feeds digestibility digestibility digestibility
Pl MLy aMe 45.55¢ 235° 46.80 ¢
Raw bean pods
oMo b gyl B ML BBk
Processed bean pods with Molasses
oMo b i3 o3l 7N/ 46.45 ¢« 10.17° 51.90¢
1.5 % DM with Molasses
oMo b Sss ool 7Y 41.50¢f 29.64° 59.30 b
3% DM with Molasses
oMo b K3 o3le /¥/0 43.70°f 29.75¢2 60.45"
4.5% DM with Molasses
(S5 o3lo 1umy3 1/8) 0 )91 s (50,5 My BMe 48.30 < 13.14° 55.40 <
Processed with Urea (1.5 % DM)
o g Do by (o9l 8 MLy DI
Processed bean pods with Molasses+ Urea
( s oole ‘\f.L,){) 0)5‘ L,Z\/a5w>tab,%\/a 50.85 bed 9.14b 55.40 ed
1.5 % with Molasses +1.5%with Urea (DM basis)
(Sezs solo ayly ) )8l L 7V/0 5 oMo b 7Y 53.95° 7.47° 57.40
3 % with Molasses +1.5%with Urea (DM basis)
(Sezs sl 4yl ) 0ysl L 700 5 oMo b Z¥/D 51.95% 11.92° 57.70
4.5 % with Molasses +1.5%with Urea (DM basis)
Maly by pls dgy 27.40 ¢ 3.91° 30.35f
Bean seed raw hulls
Ml a5 il 74.20 12.90° 77.55 @
Bean raw seeds
& o gl 0.01 0.01 0.01
P- Value
385kl glas . Siko 1.06 2.38 1.44
SEM

"Means within same column different superscripts differ (P< 0.05).
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Table 4-The means of digestible protein (%) of untreated and treated pods, seed hulls and seeds of Faba bean with urea and
molasses by Mc Niven method!(2002)

pan Colls pad Cullé i oS
laess §l4eS 3ny ohlsS ey IS
Shgs dse Ruminal Intestinal Digestive tract
Feeds digestibility digestibility total digestibility
b ML ol 87.13° 1.50¢ 87.06 ¢
Raw bean pods
oo b gyl 8 ML, e
Processed bean pods with Molasses
oMo b s osle 7V/0 80.58 * 8.53 b 82231
1.5 % DM with Molasses
oMo by Sis aalo Y 87.33° 31.72% 91.44°
3% DM with Molasses
oMo b Sz oale 7¥/0 83.73 ¢ 32,10 88.95¢
4.5% DM with Molasses
(S5 o0l 303 /D) 051 L o515 Bl 3D 83.424 10.41° 85.25¢
Processed with Urea (1.5 % DM)
o g Do by o5l 8 Mol 3D
Processed bean pods with Molasses+ Urea
(S o3lo ) oyl b 7V/0 g (oMa L 7V/0 82.30¢ 9.06 " 82.921
1.5 % with Molasses +1.5%with Urea (DM basis)
(Suzs o3lo ayly ) 0yl b ZV/0 g oMa b Y 74.38 & 3.96" 75.40 ¢
3 % with Molasses +1.5%with Urea (DM basis)
(S oole ) oyl b 70/0 g odla L 76/0 85.27¢ 10.99° 85.17¢
4.5 % with Molasses +1.5%with Urea (DM basis)
Sl 4l pli- 42y 85.29¢ 5.73 b 84.47¢
Bean seed raw hulls
Sl pls sl 93.00 ¢ 10.82° 93.76 ¢
Bean raw seeds
e e
P- Value 0.01 0.01 0.01
3kl elad Sl
SEM 0.79 2.04 0.85

"Means within same column different superscripts differ (P< 0.05).
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Table 5- Volume of gas produced (mL /200 mgDM) of untreated and treated pods, seed hulls and seeds of Faba bean with urea and molasses!

(eeelo) oo
SShgd dlge Time (hour)
Feeds 2 4 6 8 12 24 48 72 96
P Ml e 0 0.03 0.43° 2.66° 9.56° 32.10° 38.93% 48.46%° 51.13%
Raw bean pods
oo b o9l 5 MLy a5
Processed bean pods with Molasses
ok b Kis e 700 02 03 2000 533 10.56° 33.76" 3826  44.13b 45.13b
1.5 % DM with Molasses
ke b (i anle 7F 0.1 02  2.66° 58 11.23° 3143  41.93°  54.13® 56.93¢
3% DM with Molasses
ke b Sis sl 760 0 026 1.66 5660 956>  24.1°  31.93¢ 3446 36.30
4.5% DM with Molasses
(s 03lo 2oy> V/B) 091 b (91,3 Maly M 0 0.03 0.13° 0.33° 0.43°¢ 1.90¢ 17.93¢f 25.80%f 27.46°F
Processed with Urea (1.5 % DM)
oxgh Do b oygl§ Moy DI
Processed bean pods with Molasses+ Urea
(s ol ) oygl L 70 5 odka b 7/ 0 0 0.1 053  0.73c 743 25.26%  27.13%¢  40.63%¢
1.5 % Molasses +1.5% Urea (DM basis)
(s 03lo 4l ) 0yl L 7V/D g oMo by Y 0 0.1 0.2% 0.63¢ 2.23¢ 13.764 29.6%4 42.46% 44.66b
3 % Molasses +1.5% Urea (DM basis)
(s 03lo a3l ) 0yl L 7V/D ¢ WMo b Z¥/0 0 0.06 0.13° 0.36° 0.6° 4.23¢ 17.26°" 22.13¢f 30.3¢%f
4.5 % Molasses +1.5% Urea (DM basis)
Sl s pls 0 013 0260 06 0.8 3.76° 10.26 16.8 2031
Bean seed raw hulls
Sl pls sl 0.1 02 213 4660 13.56  46.1° 50.6° 58.8¢ 60.3
Bean raw seeds
Gl e paw 0.4 0.08 0.01 0.01 0.01 0.01 0.01 0.01 0.01
P- Value
>l (sllas oy Siln 03 035 075 097 1.05 1.85 2.53 2.82 2.56
SEM

(P<el-0) adlygo jlo ime BN (gl S ot Bgyo b 5t o slanSibe’
"Means within same column different superscripts differ (P< 0.05).
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Table 6- Gas production parameters of untreated and treated pods, seed hulls and seeds of Faba bean with urea and molasses!

B g glaaoul
Gas production parameters

g Jiliy B Mg el gy #5056
Shss s () (eelo p il o o) (esl)
Feeds A (a+b)? (mL) C? (mL/h) Lag Time (h)
Sl Ml M 50.37%¢ 0.04bede 6.79°
Raw bean pods
oMo by 5ysl 5 ML M
Processed bean pods with Molasses
oM b s 03l 73/0 44,125 0.06%% 6.63°
1.5 % DM with Molasses
oMo b Sis odlo LY 59.442 0.03¢de 5.61¢
3% DM with Molasses
oM b s 03lo Z¥/0 35.91¢d 0.052bed 5.37¢

4.5% DM with Molasses

(Sezs 03l 33 /) 09l b 590, Ml 3Me 29.61¢% 0.04bede 24.42°
Processed with Urea (1.5 % DM)

ogr Mo b gysld DBl B

Processed bean pods with Molasses+ Urea

(Sezs osle a3l p) oyl L 700 5 oDl L 7V/0 40.99¢de 0.072 26.30°
1.5 % Molasses +1.5% Urea (DM basis)

(<25 ol aulyy) sl L 70/ 5 e L 7Y 50.69% 0.02¢ 12.91%
3 % Molasses +1.5% Urea (DM basis)

(Sezs osle a3l p) oyl L 700 5 odlo L 7¥/0 33.42¢¢ 0.04bede 18.762°
4.5 % Molasses +1.5% Urea (DM basis)

Mal s pls dtogy

Bean seed raw hulls 28.32¢ 0.01° 13.38b¢
Ml pls aly

Bean raw seeds 58.032® 0.08? 8.09°
> ine el 0.01 0.01 0.01
P- Value

3libinl glad 5 le

SEM 2.83 0.13 2.31

(P<-0) asly oyl ine ST (gl S ot By b gt o slagnSibe’
"Means within same column different superscripts differ (P< 0.05).
2 A (a+b): Potential degradability.
3C: Rate conctant.
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Table 7- Estimated nutritional parameters for untreated and treated pods, seed hulls and seeds Faba bean using gas test!

Gladss slaal b
Nutritional parameter

i Sl e de) posi obSonn slaspel  pedlie BB (655 52950 g
(Tl (SisobopfloTor (oSS 5 Ji%) ot p S 9)
Sy e DOM? (%)  SCFA’ (mmol /200mgDM)  ME*MJ/kg DM) (i 8
Feeds MP3(g/kg OMD)
Pl ML Me 46.145° 0.708° 7.017° 55.662°
Raw bean pods
oo b gyl B ML Mk
Processed bean pods with Molasses
oMo b S olo ZV/0 47.801° 0.745° 7.083° 57.659°
1.5 % DM with Molasses
e b Sz ool 7Y 45.518° 0.693° 6.954° 54.906°
3% DM with Molasses
oo b Sz oole ¥/ 38.823¢ 0.530¢ 5.795% 46.831¢
4.5% DM with Molasses
(et o3ke 20y V1) 091 L (651 Bl 5 18.736° 0.037¢ 2.766¢ 22.601¢
Processed with Urea (1.5 % DM)
o g Do by o5l 8 Mol 3D
Processed bean pods with Molasses+ Urea
(St asle ) oy91 L VB 5 oSl L7010 23.658° 0.160° 3.485% 28.538°
1.5 % Molasses +1.5% Urea (DM basis)
(S ole 4l ) 035 L 700 g oo b 7Y 29.411¢ 0.301¢ 4.369° 35.478¢
3 % Molasses +1.5% Urea (DM basis)
(St asle ) oy9] L7V/B 5 Lodlo L 761D 20.776° 0.089° 3.125¢ 25.061¢
4.5 % Molasses +1.5% Urea (DM basis)
ML &l s diwgy 20.424¢ 0.079¢ 3.016% 24.637¢
Bean seed raw hulls
ML el il 58.910° 1.019* 8.9424 71.0612
Bean raw seeds
& e s 0.01 0.01 0.01 0.01
P- Value
3ylutil olas 1 Sle 1.83 0.27 0.91 2.01
SEM

"Means within same column different superscripts differ (P< 0.05).
2DOM: Digestibtible organic matter.

*SCFA: Short-chain fatty acid.

“ME: Metabolizable energy.

SMP: Microbial protein.
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Introduction Pulses are important crops belonging to the Leguminosae family. Faba bean (Vicia faba L.)
production has a long history of numerous and valuable uses in feed and food. Faba beans have been successfully
used as a substitute for soybean meal or rapeseed meal in dairy cow rations. Faba bean pods can be used as feed
for ruminants. Good quality silage can be made from faba bean plants. Technological treatments may have an
impact on the degradability of nitrogen of faba bean. Molasses-urea mixed is a liquid feed supplement suitable for
adding into the dry part of the diet or any other component during the processing of complete mashes or feeds.
The purpose of the study was the determination of nutritional value of pods, seed hulls and seeds of faba bean
(vicia faba L.) and survey the effect of different levels of urea and molasses on nutritional value faba bean pods
silage using in vitro methods.

Materials and Methods In order to determine the chemical composition and in vitro ruminal degradability
pods, seed hulls and seeds of faba bean cell wall, nylon bag and test gas technique were applied. After preparation
of faba bean and isolating pods, seed hulls and seeds and drying, chemical composition analysis for dry matter,
crude protein, ether extract, organic matter, ash, neutral detergent fibre (NDF) and acid detergent fibre (ADF) were
done as AOAC. This research was carried out in a completely randomized design with 10 treatments and 3
replicates per treatment in two runs including: 1- faba bean pods of untreated (control), 2- faba bean pods of
processed molasses (1.5% DM), 3- faba bean pods processed with molasses (3% DM), 4 - faba bean pods of
processed molasses (4.5% DM), 5 - pods processed with urea (1.5% DM), 6- faba bean pods processed with
molasses + urea (1.5% and 1.5% DM), 7 - faba bean pods of processed caraway with molasses + urea (3 and 1.5%
DM, respectively), 8 - faba bean pods of processed with molasses + urea (4. 5% and 1.5% DM), 9- seeds hulls of
faba bean and 10- faba bean seeds. Faba bean pod processing with urea and molasses was performed according to
Chaudhry method (2000a) and Hue et al (2008) method. The digestibility of rumen according to Holden (1999)
method and digestibility of intestinal according to Mc Niven method were investigated inside the simulator’s
(Diasy" Incubator) digestive tract incubated. Amount and rate of gas production were estimated according to
Orskov and McDonald model. The amount of DMD, OMD, DOMD (in percentage terms) and ME (in MJ/kg) for
the amount of gas production at 2, 4, 6, 8, 12, 24, 48, 72, and 96 hours after incubation were recorded and the
average parameters of fermentation with gas production (ml /200 mg DM), in vitro OMD (percent), ME (MJ/kg
DM) and short-chain fatty acids (mmol) were calculated. This experiment was conducted in a completely
randomized design with 10 treatments and 3 replicates by 2 run in each treatment and analyzed using Mixed
procedure of SAS.

Results and Discussion There was a significant difference between treatments in the chemical composition of
different parts of faba bean. Treatment compounds 5, 6 and treatment compound 7 were the highest and the lowest

ADF, respectively. Processing faba bean pods with 3% of DM molasses +1.5% of DM urea reduced ADF due to
at the same time the provision and suitable carbon skeleton and nitrogen materials and in the other words lead to
increasing digestibility faba bean pods. Also results in this experiment showed that the ruminal DM and CP
digestibility of treatments were significant. The highest DM digestibility was related to faba bean seeds and pods
of processed with molasses and urea (3-1.5) and (4.5-1.5), respectively, and the lowest DM digestibility was related
to seed hulls. With increased levels of molasses, total the digestive tract DM digestibility of bean pods had
increased. The post ruminal digestibility was not significantly different between treatments of bean pod silage
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except for treatments 3 and 4 compared to control.

The comparison of the process gas produced (ml/200 mg DM) of showed that the highest amount of gas
produced was in the 24 hours after incubation in faba bean pod treatments in molasses (1.5% dry matter) resulting
in more ME compared to control treatment. Among all treatments, the highest produced gas in the 96 hours after
incubation was related to faba bean seeds due to (60.3 ml/200 mg DM), and therefore, the ME was higher, and the
lowest amount was related to faba seed hulls (20.3 ml/200 mg DM). Probably one of the reasons for lowering the
amount of gas produced in the faba seed hulls compared to the bean seeds is related to the highest cell wall of
hulls.

Conclusion The variation in the results of opposite studies with the results of this experiment on the nutritional
value of the different faba bean components depends on the level and quality of the processing and the amounts
of rapidly digested carbohydrate for facilitating the synergy of nutrient supply. In this experiment, the chemical
composition, potential and rate of gas production, OMD, ME, SCFA and MP were significantly different between
different bean components. Although more studies are needed to determine the best percentage of addition of
molasses to different levels of urea or the use of other compounds that are able to bind to possible anti-nutritional
compounds, but bean pod processing with 3% molasses and 1.5% urea caused a decrease in the amount of ADF,
in other words, its digestibility, due to its coherent and suitable synchronicity with the carbon frames and
nitrogenous materials. The seed of faba bean had the heist nutritional value than other parts of faba bean and
amount of NDF was the highest in seed hulls. Totally seed of faba bean with 24.71% CP and 8.94 Mj/kg ME is a
valuable nutritional source for feeding of animal. But the bean pods also have a good nutritional value as a non-
forage fiber source for ruminants.

Keywords: Chemical composition, Digestibility, Faba bean, Gas production, Nutritional value.
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1- Carrot
2- Carrot pulp
3- Carrot tops
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Table 1- Ingredients and chemical composition (g/kg diet DM or as stated) of fattening lambs diet containing different levels of

carrot tops for in vitro incubation

(5 0 p55L5 53 25) o3 > oo <l o
Level of carrot tops in the diet (g'kg DM)

She> oMl 0 50 100 150 200
Ingredients

Suis azsig 150 110 70 20 0
Alfalfa hay (dried)

paS ol 100 90 80 80 50
Wheat straw

o 45L5 0 50 100 150 200
Carrot tops

oad Olawl €3 140 140 140 140 140
Corn grain, ground

oxd Oluol g 350 350 350 350 350
Barley grain, ground

bg allois’ 80 80 80 80 80
Soybean meal

pAS e 150 150 150 150 150
Wheat bran

aiobyg G JoSo 10 10 10 10 10
Vitamin-mineral premix

S 6.0 6.0 6.0 6.0 6.0
Salt

o2 Sl S 10 10 10 10 10
Sodium bicarbonate

land S 63 4.0 4.0 4.0 4.0 4.0
Dicalcium phosphate

Chemical composition

(5 0jo) Sis odlo 921 882 843 804 765
Dry matter (fresh weight)

Sl osle 920 918 915 912 910
Organic matter

B Cutigp 135 135 136 135 138
Crude protein

S 0dgd 53 Jaloeel BLII 337 328 318 312 296
Neutral detergent fiber (NDF)

ol 0395 53 ool BLJI 162 155 149 144 134
Acid detergent fiber (ADF)

eudgrlio BB 651 10.7 10.7 10.6 10.6 10.6

Metabolizable energy (MJ/kg DM)
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(V5 Vb)) ya &¥loo ulol i 4y oalegl (slooye
:(Y\) A 0D peST
IVOMD (g/kg OM) = 148.8 + 8.89 GAS + 4.50 CP +
6.51 XA (V) Al
ME (MJ/kg DM) = 2.20 + 0.136 GAS + 0.057 CP +
0.0029 CP? (V) alayl,

4SS i )sS i TVOMD &¥olaa oyl 3 oS
pyS o Voo el adg (Al LS olise GAS ¢ T ool
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MP (mg/g DM) = mg ADS - (ml gas x 2.2 mg/ml)
() ekl
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(¥) e,
SCFA (mmol/200 mg DM) = 0.0222GP - 0.0042
OrligSil Cels V8 ) ey s 8dg5 S o2 GP ] o &S

1- In vitro Organic Matter Disappearance
2- Apparently Digested Substrate
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Table 2- Ingredient used and their chemical composition (g/kg DM or as stated)"

o S Shes oo g5
Chemical composition Type of feed ingredient
@ Sl e pus o SEM?  P-value!
Carrot tops Alfalfa Wheat straw
(5 or39) St o3lo 160° 936 946 9.55 <0.01
Dry Matter (fresh weight)
Jodlo 850° 902° 904 9.76 0.04
Organic matter
. . a a b
P gy 132 146 322 597 0.03
Crude Protein
S 0kugd ) Joloel LI 280° 408° 717 7.87 <0.01
Neutral Detergent Fiber (NDF)
Sl 035 5> Jgloali BLI 230° 334° 463° 8.56 <0.01
Acid Detergent Fiber (ADF)
oSl 65.4¢ 78.6% 86.5° 2.72 0.02
Lignin

.(P<~/~b) B (gl gixe gl S0 L d)l‘] Sl glite g b (gla ko ciy3) o ) !
"Means within same row with different superscripts differ (P<0.05).

2Standard error of the means

2553 i plise (23S 5 @ (oelisSSI LB Ag () 25
SiJl5ed Glas > iz (P<4/+0) 10,5 sdalin puiS o5
il 25 g gug b dlidpw g 4 o0s s (61 e BB
&5 o35 e Il sl g Sis oole 5l S Glise e
b 205 oUsS )l oy sladsad § Sligel cble quudplio LB
135 Jols paiS ol )3 gl liee (i ytaS 5 i (sl
Lo (9580 gy i Oljwe cnyidi iz 2 (P<e/-0)
Cuwd &y pAS ol )3 ol (liee (35S g g L (gmlisSIl
8,55 58 Sles o3l g9 15l cow pH lise (P<+/+0) Lal

S ader las 5l cal oad 0l L ¥ Jada 0 oS (gebailen
lacSlhs s s 6 aine (Lol B3] Cilies eloloj 5o
V8 o) gmmebiaSl adgl (slalaj 5 cdly sy otales]
o g Sl GerlisSil b 0y S5 o oyt (el
JoB e b @ Lol cusls a6 b (g ne B3] a8 sol o
(P<e/20) 392 S oS 5l yider (s
Lo 5LS 0y oliee cnpidin c0gmlisSil sl VY lej
135 Juols paS ol 33 ol e (28 g 4isy (geeslisSSl
OsebigSl gl plej ol )3 55 W5 lie (o yiden (P</+0)
5 (0) sl 355 5 0oelisSSl 0LL) csls A2 9 VY FA sy
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Table 3- Fermentation parameters of experimental diets using in vitro gas production technique

She o g5
Jes dl—m‘\?:cm‘ o Type of feed ingredient _ SEM2 P-value!
Fermentation parameters od 4Ld 4oy pAS oS
Carrot tops Alfalfa Wheat straw
3 5 slanilp
Gas Production (GP) Parameters (ml)
el V8 g 58 27.7° 26.9° 10.4° 0.97 <0.01
GPat16 h
ceelo V¥ a5 518 46.6° 53.5° 21.4¢ 1.76 <0.01
GP at24 h
el YA g5 58 58.3% 58.6 32.3° 2.33 <0.01
GP at48 h
Ceelos VY g0l 58 60.1° 63.6° 35.5° 2.31 <0.01
GPat72h
sy 5 S 62.9 65.3 39.4° 2.39 <0.01
Total GP
5 g Jawily 63.4° 66.8 42.2° 2.42 <0.01
Potential of GP (b)
e .o a a b
JLgEWARY 0.06 0.07 0.04 0.002 <0.01
Rate of GP (¢)
o33 (gladoeinl b
Fermentation Parameters
IVDMD? 61.1° 63.9° 36.7° 2.22 <0.01
IVOMD* 64.1° 65.8" 38.4° 2.44 <0.01
e glio BB (5551 7.38 7.94° 5.63° 0.013 <0.01
Metablizable Energy (MJ/kg DM)
pH 6.13 6.23 6.31 0.09 0.26
Sgal 39555 15.5° 16.1° 11.2° 0.43 <0.01
Ammonia-N (mg/dl)
JUCSTRS X S JE I TN 1.89° 2.02a 0.69° 0.07 <0.01
Short Chain Fatty Acids (mmol/g DM)
955w gy 1332 1142 95.7° 5.51 <0.01

Microbial Protein (mg/g DM)

(P<e140) aiily o 1o)3 B o D I cime BN oimd s alie b gy b Lindy pa (sl y Sl
"Means within a row with different superscript letters are different (P<0.05).

2Standard error of the means
3In vitro dry matter disappearance
4In vitro organic matter disappearance
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Table 4- Fermentation parameters of experimental diets containing different levels of carrot tops

JUECREE (K oo p S5 12 25) oy 2 z5h 45U

Fermentation parameters Level of carrot tops in the diet (g/kg diet) SEM? P-value!
0 50 100 150 200

By laaselyd

Gas production (GP) parameters (ml)

el V8 g 58 383 353 37.5 39.4 37.3 1.97 0.34

GPat16h

el Y g 55 58.4 60.5 59.5 60.2 59.4 2.04 0.43

GPat24h

celo YA g 58 75.6 76.6 75.4 74.4 77.6 2.11 0.41

GPat48h

o VY g 58 84.6 83.8 85.5 82.9 84.7 2.43 0.53

GPat72h

ey 5 S 89.5 88.7 86.5 89.7 88.6 3.33 0.56

Total GP

5 g Jewily 922 92.1 89.8 91.2 90.8 3.45 0.34

Potential of GP

JEWARY 0.07 0.06 0.08 0.065 0.06 0.003 0.26

Rate of GP

055 gadoniwld

Fermentation parameters

IVDMD 64.6 65.5 65.7 66.1 66.3 1.67 0.32

IVOMD 67.5 67.8 67.9 68.1 68.3 1.88 0.38

e gplie BB (g5 8.77 8.80 8.79 8.81 8.85 0.287 0.54

Metabolizable energy

pH 6.26 6.28 6.17 6.22 6.14 0.087 0.28

Sbgel (59505 17.8 17.5 17.1 17.2 16.5 0.98 0.46

Ammonia-N

20550665 )13 G slaiul 3.56 3.52 3.49 3.55 3.44 0.22 0.23

Short chain fatty acids

@950 xSe 345" 351" 361%™ 365 375 767 0.03

Microbial protein

SSE g o 3.56 3.48 3.55 3.61 3.59 0.067 0.28

Partitioning factor

(P<e40) aiily o 1o)3 B o D I cime BN oimd s alie b gy b L,y (sl y Sl
"Means within a row with different superscript letters are different (P<0.05).

2Standard error of the means
3In vitro dry matter disappearance
4In vitro organic matter disappearance
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Introduction® Animal husbandry is one of the most important agriculture sectors, and with increasing

population; demand for animal products has been increased. Currently, due to shortage of water and feed
resources as well as increased compete for production of food between human and animals, cost of animal feeds
has been enhanced considerably. The global price of feed ingredients such as corn, wheat, fish meal and soybean
meal has increased by 160, 118, 186 and 108%, respectively in the previous years. Thus, in this situation, using
agro-industrial by-products in the ruminant diets could reduce feed production costs and also improve
profitability. Whole carrot tops (WCT) are one of such agricultural byproducts. It remains after harvesting the
main product (carrot) and could be used as silage for animal nutrition. Crude protein (CP), crude fiber, ash,
nitrogen free extract, Ca and P contents of WCT has been reported 144, 25.1, 151, 189, 493, 24.3 and 7.7 g/kg
DM respectively. In another study, WCT contained 11-12% CP, 17% crude fiber and up to 18% ash due to
residual dirt. Leaves in WCT have more nitrogen and ash but lower fiber content compared to stems. Due to
phenolic content of WCT, using it in ruminant nutrition may be improves rumen protein metabolism via binding
dietary CP content. WCT replacing 50% of berseem hay in the diet of Rahmani sheep increased nutrient
digestibility. Adding WCT up to 20—30% at the expense of Trifolium alexandrium hay in growing rabbit rations
improved growth performance and feed conversion efficiency. However, higher levels (67 to 100%), replacing
clover hay in the diet, depressed the performance of growing rabbits. There are a few reports about investigating
the nutrition value of WCT as a new by-product in animal nutrition. Therefore, this study was conducted to
evaluate chemical composition, in vitro gas production (IVGP), fermentation parameters and nutrient
digestibility of WCT compared to alfalfa and wheat straw (WS) using IVGP technique. Effects of different
dietary levels of WCT at the expense of forage potion up to 20 % of dry matter (DM) were also investigated
using IVGP technique.

Material and Methods This study was conducted in animal house and laboratories of Lorestan University.
Two Lori sheep (about two years old) with permanent rumen fistula were used as rumen liquor donor in present
work. A two-week diet adaptation period was followed by collection of the rumen contents from each sheep
before the morning feeding. Four complete carrot plants were collected during October 2017 from commercial
carrot field in Share-Kord city (Iran). At the first part, chemical composition, IVGP and fermentation parameters
of WCT were determined compared to alfalfa and WS (totally three treatments). After that, different levels of
WCT including 0, 5, 10, 15 and 20 % of DM (five treatments) were replaced with forage (alfalfa hay and WS)
portion of diet and incubated in vitro using IVGP technique. Dry matter, CP, ash, neutral detergent fiber, acid
detergent fiber and lignin were measured.

Results and Discussion Results showed that CP content of WCT was significantly higher than WS, but it
was comparable with alfalfa. At 16 h of incubation, highest and lowest volume of GP was observed by WCT and
WS, respectively (P<0.05). However, highest and lowest GP at other incubation times, potential (b) and rate (c)
of GP, DM, organic matter (OM), estimated metabolizable energy (ME), ammonia-N concentration and short
chain fatty acid (SCFA) production were noted by incubation of alfalfa and WS respectively (P<0.05). Highest
microbial protein synthesis (MPS) was observed by incubation of WCT and lowest amount was for WS
(P<0.05). By inclusion of WCT up to 20 % of diet, except for MPS which was increased significantly (P<0.05),
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other IVGP and fermentation parameters were unchanged among dietary treatments (P>0.05).

Conclusion In conclusion, results from the present study indicate that WCT has potential nutritional value to
be used in ruminant diets at up to 20% DM without the risk of digestive disturbances. Its nutritive value was also
higher that wheat straw while it had a comparable CP content to alfalfa. However, further in vivo studies are
needed to validate the benefits of introducing such a by-product in ruminant nutrition. Further studies such as
determining potential anti-nutritional factors, as well as the mineral profiles of WCT, will be of great help for
optimizing their incorporation in animal nutrition.

Keywords: Carrot tops, Digestibility, Fermentation, Gas production, Nutritive value.
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Table 1- Composition and ingredients of experimental diets (basis of % DM)
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36.5 36.5 36.5 36.5 36.5 36.5 36.5

1.206 1.206 1.206  1.206  1.206 1.206 1.206

0.192 0.192 0.192 0.192 0.192  0.192  0.192

1.647 1.648 1.644 1.994 1.988 1.989 1.984

0491 049 0493 0578 0573 0577 0.574

0795 0795 0.795 0.795 0.795 0.795  0.770

0.801 0.801 0.801 0.801 0.801 0.801  0.801

0345 0345 0345 0345 0345 0345 0.345

250 250 250 350 350 350 350

ol 005 48,8 1155 )3 b IV e 4 maselty G b )lod dan > ol oy (15515 50 B el S uasiio g ol @it 93 Jald VY BV 1 Lo a0
"Each treatment from 1 to 12 containing two sources of potassium and magnesium, and one level of DCAD in all treatment the ratio of K to Mg was fixed to 4.2 (NRC,2001).
permix including: standard commercial mix of Fe, Mn, Zn, Se, Cu, I, and Vitamins of A, D3,Hz, B1, B2, Bs, Bs, Bs, Bo, Bi2, K3, and Antioxidant.

3DCAD (MEq/KgDM) = (Na+K+0.15Ca+0.15Mg) - (C1+0.25+0.3P) (Goff et al. 1997).
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Table 2- Gas production kinetics of experimental diets containing different DCAD value and K and Mg sources

g b (95 gte g9

ol sl DCAD 2 3 4 5 6
Effects Type of cation v K Tos Gos Gas
source or DCAD
level
150 x mex kes 102.026 4 0.050° 13.832¢ 50.513¢ 61.193'%
250 x mcx kes 101.053 d 0.048% 14.331° 50.5264 60.409¢fehfe
350 x mox kes 100,146 9 0.047  14760°  50.073¢  59.328ehike
150 x mox kcs 105.154 € 0.052° 13.4194 52.577¢ 64.405¢
250 x mox kcs 104.477¢ 0.046° 14.958* 52.238¢ 61.5394f
DCAD X 3 50 guio X pauwlts zuio 350 x mox kcs 101.2634 0.047¢ 14.741* 50.6314 60.102'
150 x mex ke 116.616 0.054* 12.858¢ 58.308* 72.741°
PS7x MS® x DCAD’
250 xmc x ke 95.134¢ 0.050¢° 14.009¢ 47.567° 57.273"
350 x mex ke 104.580°¢ 0.047¢ 14.952* 52.290¢ 61.6874f
150 x mo x ke 110.194° 0.0532 13.117% 55.097° 68.166°
250 xmo x kc 99.514¢ 0.049¢d 14.172b¢ 49.7574 59.663'
350 x mo x ke 106.629¢ 0.049% 14.696° 53.314¢ 63.556°%
SEM 0.515 0.0002 0.077 0.257 0.440
MS 0.0001 0.896 0.180 0.0001 0.0017
PS 0.0001 0.0001 0.0001 0.0001 0.0001
DCAD 0.0001 0.0001 0.0001 0.0001 0.0001
e PSx MS 0.0001 0.0001 0.0001 0.0001 0.0002
P-value PS x DCAD 0.0001 0.0001  0.0001 0.0001 0.0001
MS x DCAD 0.0001 0.0001 0.0001 0.0001 0.0001
PSx MS x DCAD 0.0001 0.0001 0.0001 0.0001 0.0001

"Means within same column with different superscripts differ (P<0.05).
’Gas related to the substrate with fermentation potential in milliliters
*The rate of gas production in time

“The time (h) to reach half of the gas production potential
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The potential of producing gas at the time rate of microorganism degradation is minimal

®The volume of produced gas in 120 hours Incubation
"Potassium source

$Magnesium Source

’Dietary Cation — Anion Difference.
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Table 3- In vitro ruminal pH related parameters of experimental diets containing different DCAD value and K and Mg sources

ol
Time pH
Q‘)ﬂ DCAD c]‘"" L O%JL{ &0 £ \'J{ pH (SR 2 C‘la“"
Effects Type of cation source or 12 24 48 72 Total? Area under the curve of
DCAD level rumen pH

kcs 6.744  6.573 6.590 6.565* 6.618° 2.206°
by xio ke 6.775 6.580 6.595 6.600* 6.637° 2.211°2
Potassium source p—Value 0.153 0.573 0.689 0.001 0.015 0.044
SEM 0.015 0.009 0.0088 0.0075 0.005 0.0018
mc 6.775 6.579 6.590 6.583 6.632 2.210
oo go mo 6.745 6.574 6.595 6.581 6.624 2.207
Magnesium Source p-value 0.160 0729 0722 0796  0.302 0.283
SEM 0.015 0.009 0.0088 0.0075 0.005 0.0018
) 150 6.785 6.546 6.601  6.854*  6.629 2.208
058 9 ol Pl 250 6.740 6.586 6.587 6.562° 6.619 2.207
0y 350 6.754 6.597 6.590 6.600°  6.635 2.211
DCAD p-value 0.223  0.004 0.645 0.018 0.252 0.371
SEM 0.0184 0.011 0.0108 0.009 0.006 0.0022

DCAD Lal58l L VY o VF claglej o g s ounlie 40K
DCAD iyl Ly a8 458 oLy (YF) ohilSon g 3l
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"Means within same column with different superscripts differ (P<0.05).
2 Total pH: Acidity changes after removal of the effect of time over the whole incubation time due to experimental factors
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Table 4- The effect of Two way interaction of different levels of DCAD and cation sources on total pH, pH at different times and area
under the pH curve (cm2)

oles
Time pH
1] DCAD g b (155 go £55 ' PH oo )l
ol . 5
Effects Type of cation source or 12 24 48 72 el Area under the curve of
DCAD level rumen pH
o o mex kes 6768 6571 6578 6566  6.621 2207
e gke X ek ot mox kes 6721 6575  6.602  6.653  6.615 2.205
. mex ke 6.782 6587 6603  6.601  6.643 2213
E"tass‘“m source mox ke 6.768  6.573 6587  6.598  6.632 2.209
Magnesium Source p-value 0429 00489 0.114 00958  0.722 0.608
SEM 0.0213  0.012 0.0124 0.0107  0.007 0.0026
Kes*150 6.740  6.532%  6.605 65350  6.603° 2.201°
s ool ol X ks e Kces*250 6.755 6.580°  6.584  6.564%d 6620 2,207
' ' Kes*350 6.739  6.607° 6581  6.595%% 6.630% 2.210%
oy 095 Kc*150 6.830  6.560" 6596  6.632*  6.655° 22150
Potassium source Kc*250 6.726  6.593 6591  6.560"¢ 6.618® 2,207
x Kc*350 6.769  6.587 6598  6.606®  6.640° 2,212
DCAD p-value 0.0824 0.0151 0.694  0.0006 0.0154 0.0268
SEM 0.0261 0.0156 0.0152 0.0131  0.009 0.0031
i g me*150 6.777 6559 6623 6575  6.633 2210
iy me*250 6.761 6580 6582 6572  6.624 2.208
] me*352 6.786 6597 6566  6.604  6.638 2212
o 09 5 gel JolS mo*150 6793 6534 6579 6593  6.625 2.205
Mo*250 6.720 6592 6593 6552  6.614 2.206
Source Magnesium Mo*350 6.721 6597 6613 6597  6.632 2210
x p-value 0288 0492 00154 0339  0.982 0.875
DCAD SEM 0.0261 0.0156 0.0152 0.0131  0.009 0.0031

(Pl +0) aidlyse jlocine UL gl g 2 53 alie b By b clagnSibe’
alojT 5,556 31 5 (paralisSil Sre JS 5 e Sl B 5l ey & dgesl Sl 1S pH "
"Means within same column with different superscripts differ (P<0.05).
2 Total pH: Acidity changes after removal of the effect of time over the whole incubation time due to experimental factors
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Table 5- The effect of three way interaction of different levels of DCAD and cation sources on total pH, pH at different times and area
under the pH curve (cm2)

)
H
Time P
ol DCAD gl b 0155 20 g5 v PH (oo 5 gl
= i 12 24 48 72 F
Type of cation source or DCAD 2 Area under the curve of
Effects Total
level rumen pH
150 xmc x kes 6.730 6.540 6.611 6.535>  6.604 2.201
iy 250 xmc x kcs 6.815 6.560 6.568 6.561®  6.626 2.208
< 350 xmc x kcs 6.760 6.613  6.555 6.603*® 6.632 2.211
e i 150 x mox kcs 6.750 6.525 6.600 6.536>  6.602 2.200
X 250 xmo x kcs 6.695 6.600 6.600 6.566®®  6.615 2.206
DCAD 350 xmo x kes 6.718 6.601 6.608 6586 6.628 2.210
150 xmc x ke 6.825 6.578 6.635 6.615®  6.663 2.219
Potassium source 250 x mc x ke 6.708 6.601 6.596 6.583®  6.622 2.208
X . 350 xmc x ke 6.813 6.581 6.578 6.605® 6.644 2.213
Magnesium Source
150 x mo x ke 6.836 6.543  6.558 6.650* 6.647 2.211
]X)CAD 250 x mo x kc 6.745 6.585 6.586 6.538>  6.613 2.206
350 x mo x ke 6.725 6.593 6.618 6.608° 6.636 2.211
p-value 0.126 0.445 0.700 0.0026  0.907 0.821
SEM 0.036 0.022 0.0216 0.0185 0.013 0.0045

{P<ef-0) sidlgo jlacsine ST (gll> 5y )3 o i B b (sl Sikes!
inlesl sla 956 15 gyl St JS 53 ey 1 Bl 3 e sl i JS pH T
"Means within same column with different superscripts differ (P<0.05).
2 Total pH: Acidity changes after removal of the effect of time over the whole incubation time due to experimental factors
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Table 6- The main effects of different levels of DCAD and cationic sources on the invitro DM digestibility during the ancobation

times

o

Time
<l DCAD g b 053 & g9 o 12 24 48 72 120

Effects Type of cation source or DCAD level

kes 0.185 061la  0.747  0.841° 0.868 0.869
ol aie ke 0.185 0.573b  0.707°  0.798>  0.858  0.859
Potassium source p—Value 1.000 0.005 0.033 0.0019 0.282 0.865
SEM 0.002  0.009 0.012 0.009  0.005  0.008
me 0.185  0.601 0.727 0.824  0.859  0.859
o5 paie mo 0.185  0.583 0.727 0.815  0.868  0.869
magnesium Source p-value 1.000  0.199 1.000 047 0258  0.805
SEM 0.002  0.009 0.012 0.009  0.005  0.008
150 0.185  0.558  0.690>  0.779°  0.853  0.856
o 55 5 el ol 250 0.185  0.602®°  0.737°  0.841*  0.868  0.869
05D 9 05 350 0.185  0.616°  0.754  0.838% 0869 0.875
DCAD p-value 1.000  0.0022  0.0153  0.0003 0.172  0.128
SEM 0.003  0.011 0.015 0.011  0.006 0.009

(Pl +0) aidlyge jlocine ST gl g 2 53 alie 12 By b clauSibe’
"Means within same column with different superscripts differ (P<0.05).
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Table 7- The effect of dual interactions DCAD of different levels and cationic sources on the apparent digestibility of dry matter at
different incubation times

obej
Time

<l DEAD g b 05 e g9 ; 12 24 48 72 120
Effects Type of cation source or DCAD level

waolis asin meX kes 0.185  0.628° 0.758 0.839®  0.865  0.866

e e X mox kes 0.185  0.594% 0.737 0.8441 0871  0.872

meX ke 0.185  0.573° 0.697 0.810®  0.853  0.857

) moX ke 0.185  0.572° 0.718 0.786>  0.866  0.867

E"ta“‘“m source p-value 1.000  0.0212 0.251 0.0165  0.653  0.903

Source magnesium SEM 0.003 0.013 0.018 0.013 0.007  0.011

Kes*150 0.185  0.599%  0.724%c 0823 0873  0.875

Kcs*250 0.185  0.608®  0.752% 0.852*  0.864  0.866

DCAD x sy goie Kcs*350 0.185  0.627° 0.765° 0.848  0.867  0.874

Kc*150 0.185  0.518° 0.656° 0.753*  0.834  0.837

Potassium source Kc*250 0.185  0.596®  0.723® 0830 0874  0.876

y Kc*350 0.185  0.604®  0.744%c  0829% 0871  0.879

DCAD p-value 1.000  0.0002 0.0120 0.0001  0.028  0.579

SEM 0.004 0.016 0.022 0.016 0.009  0.013

me*150 0.185  0.559° 0.681 0.788 0.841  0.841

DCAD x wie aii me*250 0.185  0.631° 0.745 0.845 0.864  0.867

e & me*352 0.185  0.611%® 0.756 0.840 0.873  0.879

. mo*150 0.185  0.557b 0.699 0.771 0.865  0.866

Source magnesium Mo*250 0.185  0.573® 0.730 0.837 0.875  0.876

x Mo*350 0.185  0.620° 0.752 0.837 0.865  0.870

DCAD p-value 1.000  0.0237 0.756 0.919 0271  0.767

SEM 0.004 0.016 0.022 0.016 0.009  0.013

.(P<~/~b) bl o I gxe BB ghyly gt o )3 alde pE By b dl.m&i}l:n\
"Means within same column with different superscripts differ (P<0.05).
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Figure 1- Linear regression between gas production and dry matter degradability in different levels of DCAD in dairy cow’s diet
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Table 8- The effect of triple interactions DCAD of different levels and cationic sources on the apparent digestibility of dry matter at
different incubation times

DCAD o | 05585 o 25

obe;
Time

Yo 12 24 48 72 120

ol il :
Effects Type of cation source or DCAD
level
150 xmc x kcs
(A 250 xmc x kcs
oty &
X 350 xmc x kes
o ke guko 150 x mox kcs
X 250 xmo x kcs
DCAD 350 xmo x kcs
150 xmc x ke
Potassium source 250 x mc x ke
X
Magnesium Source 350 xme x ke
150 x mo x kc
x 250 x mo x kc
DCAD
350 x mo x kc
p-value
SEM

0.185 0.614% 0.741% 0.819%® 0.8732® 0.875
0.185 0.632® 0.759® 0.845% 0.859° 0.862
0.185 0.639* 0.773 0.852%® 0.8642° 0.876
0.185 0.5842° 0.7082® 0.828%° 0.8723® 0.875
0.185 0.584% 0.745% 0.860* 0.870° 0.870
0.185 0.615% 0.757® 0.844° 0.870° 0.872
0.185 0.505° 0.621° 0.756° 0.810° 0.827
0.185 0.6312® 0.730° 0.846° 0.8682° 0.869
0.185 0.583%® 0.740%° 0.829%® 0.882* 0.883
0.185 0.5312® 0.6912° 0.715° 0.8582® 0.859
0.185 0.5612° 0.715%® 0.814% 0.8802° 0.881

0.185 0.625% 0.748:® 0.830°° 0.8602° 0.869

1.000 0.0059 0.047 0.0042 0.0191 0.853
0.006 0.022 0.031 0.022 0.013 0.019

P<1-) sl o g BT (s g o 53 i 5 By b SNl

"Means within same column with different superscripts differ (P<0.05).
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Introduction Minerals are an essential component of all biochemical reactions of the animal's body and
microorganisms. The difference between specific anions and cations has a greater contribution to the

physiological performance of the livestock than their individual effects. In the last decade, several studies have
conducted on the use of diet minerals and their interaction on increasing dry matter intake. Recent studies have
shown that high-yielding cows in early lactation respond well to raising the level of dietary anion-cation
difference in order to increase milk production. Published results are much fluctuated regarding to mineral
source and the changes scouring in rumen ecosystem. The aim of this study was to evaluate the effect of DCAD
level and cation source on rumen digestion kinetics.

Materials and methods In order to investigate the effects of cation source and dairy cow diet’s DCAD level
on microbial fermentation properties, the gas production and batch culture experiments were used. The
experimental diets were prepared for use in the gas production method based on the metabolic needs of dairy
cows using NRC system software. Then, the samples were milled and screened by one-millimeter mesh, and dry
matter, crude protein, crude fat, ash, NDF and ADF were determined according to AOAC methods. In addition,
the concentration of calcium, sodium, potassium and magnesium elements was determined by atomic absorption
spectroscopy method, phosphorus, and sulfur were determined by colorimetric method and chlorine by
gravimetry. Finally, the dietary cation-anion difference (DCAD) was calculated based on the Goff equation. The
gas production parameters, the time corresponding to half of the maximum produced gas (tos), rumen acidity and
dry matter degradability were measured in a 2 x 2 x 3 factorial experiment. Main factors were included of
DCAD (+150, +250 and +350 meq/kg DM), potassium sources (Potassium carbonate (KC)) and Potassium
carbonate sesquihydrate (KCS)) and magnesium sources (magnesium oxide (MO) and magnesium carbonate
(MC)).

Results and discussion Based on the results, there was a significant difference between treatments in gas
production parameters, tos, ruminal pH and dry matter degradability. Treatment with DCAD of +150 with two
sources of KC and MC showed the highest amount of gas produced during 120 hours of incubation, with the
highest potential for gas production and the highest gas production rate. In this treatment, since the fermentation
rate was higher, tos was reduced. The main effects of two sources of potassium have a statistically significant
difference, so that potassium carbonate has higher gas production and fermentation rates than potassium
carbonate sesquihydrate. The interactions of DCAD, magnesium and potassium sources on the pH of the culture
medium and the surface under the pH curve were not significant. Among the main effects, the effect of
magnesium source on pH of culture medium was not significant, but the potassium source had a significant
effect on pH and the surface under the pH curve, so that the potassium carbonate source had higher ruminal pH
than the Potassium carbonate sesquihydrate. There was no significant difference in ruminal acidity with
increasing DCAD level during 12 hours of incubation. However, at time 24 and 72, the acidity index increased
with increasing DCAD. Dry matter degradation was influenced by different experimental treatments. In general,
in different treatments, the apparent digestibility of dry matter has increased linearly with increasing levels of
DCAD. The increase in DCAD results in an increase in rumen pH and rumen buffering capacity, which leads to
an increase in the concentration of rumen-derived volatile fatty acids and improved rumen function, and
increases the degradability. The difference in gas production from dry matter degradation between different
levels of DCAD was also statistically significant, So that DCAD +250 and +350 may increase the degradability
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of dry matter and consequently, increased gas production by improving the culture medium status. The use of the
KCS source reduced the fermentation rate and increased the fermentation time, which increased the digestibility
of dry matter.

Conclusion Generally, it can be concluded that DCAD increases the rumen pH and buffering capacity, and
therefore the use of KC and MC sources with DCAD +250 levels improves rumen fermentation, But the use of
the KCS source specifically increases dry matter intake by supplying potassium for the microbial population and
increasing digestibility. Based on this, potassium carbonate sesquihydrate and magnesium oxide with DCAD
+250 seems to be an appropriate supplement to dairy cow.

Key words: Anion-cation balance, cationic sources, rumen fermentation, gas production, degradability.
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Table 1- Ingredients and nutrients composition of the experimental diets

(2273) g Slalinl a0y (gdie Slge 5 (51 w515 s

Z o :" ‘

) e o Dietary energy and nutrient density ratio to strain recommendation (%)
Ingredient (%) o1 4 07 100 103
2 58.98 58.33 57.67 57.04 56.42
Corn (ME=3373, CP=7.5%)

P g ) 14.00 11.00 8.00 5.00 2.00
Wheat brain (ME=1300, CP=14.8)

b ot 0.88 2.00 3.14 4.25 5.34
Soy oil (ME=8800)

by dlows 14.65 16.83 18.97 21.11 23.25
Soybean meal (ME=2240, CP= 44)

bl 03 1.63 1.75 1.89 2.02 2.14
Di-calcium Phosphate

el f’“‘f 8.81 9.06 9.31 9.55 9.81
Calcium carbonate

b Sl 0.31 0.32 0.32 0.35 0.38
Common salt

g s 0.12 0.13 0.14 0.15 0.15

DL-Methionine



\44 & PP CadnS g 0 Sdos g 2108 6 (gaR0 Olgo g 555 oS 1

| Sy
S gy i 0.09 0.06 0.04 0.02 -
L-Lysine HCL

o= Jl 0.03 0.02 0.02 0.01 0.01
L-Threonine

AU -

apeliyy JoSo 0.25 0.25 0.25 0.25 0.25

Vitamin premix!

Yo
s JoSa 025 025 0.25 0.25 0.25
Mineral Premix?

(o.\.ﬁw\?cn) d.\m J‘}n U.S)A
Nutrient composition (calculated)

(s JS5kSTp 5 5kS) pudglio LB (55 51 2588 2673 2760 2845 2928
ME (kcal/kg)

(422%) P& x5 13.12 13.55 13.99 14.42 14.85
CP (%)

(223) s 3.77 3.89 4.02 4.14 4.27
Ca (%)

(102) od LB yiud 0.44 0.45 0.47 0.48 0.50
Available P (%)

(1272) s 0.15 0.16 0.16 0.17 0.18
Na (%)

(80)3) win J8 oripiie 031 033 0.34 0.36 0.36
Digestible methionine (%)

(80)3) i B (e +oigte 0.51 0.52 0.54 0.56 0.57
Digestible methionine + cystine (%)

(1259) pao s g3 0.43 0.44 0.46 0.47 0.49
Digestible threonine (%)

(822) paa LB 3 0.61 0.63 0.65 0.67 0.69
Digestible lysine (%)

(Jus/p55ks) talesf slooye> slee 9464 9908 10352 10796 11241

Experimental diet cost (Rial/kg)
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Provides per kg of diet: vitamin A (retinol), 8800 IU; vitamin D3 (cholecalciferol), 3300 IU; vitamin E (DL-a-tocopheryl acetate),
18.5 IU; vitamin K3 (menadione), 2.2 mg; vitamin B1 (thiamin), 1.5 mg; vitamin B: (riboflavin), 4.0 mg; vitamin B3 (niacin), 8.0
mg; vitamin Bs (pantothenic acid), 35.0 mg; vitamin B6 (pyridoxine), 2.5 mg; vitamin By (folic acid), 0.5 mg; vitamin B12
(cyanocobalamin), 10 pg; vitamin H» (biotin), 0.15 mg; choline, 468.7 mg.
Provides (mg/kg of diet): Mn (manganese sulphate) 80.0, Fe (iron sulphate) 75.0, Zn (zinc sulphate) 64.0, Cu (copper sulphate) 6.0,
Se (sodium selenite) 0.3.
Ingredients price: 8500, 7000, 16000, 300, 33000, 20000, 1500, 37500, 37500, 165000, 95000, 95000 and 28500 Rials per kg of
corn, wheat brain, soy meal, calcium carbonate, vegetable oil, Di-calcium Phosphate, sodium chloride, vitamin premix, mineral
premix, D-L-Met, L-Thr, Lys-HCL and egg, respectively.
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Table 2- Effects of dietary energy and nutrient density on performance, energy and protein intake and live body weight difference of
“Hy-Line W36” laying hens in the 2nd production-cycle

(in) (3233) dago lalinl & 0> (i dlge 5 (55 0515 o

Ace Dietary energy and nutrient density ratio to strain P-Value

(w egek) recommendation SEM
91 94 97 100 103 ANOvA biner Quadratic
equation equation
(P55 o 1595) Shss bypae
Feed intake (g/b/d)

92-95 84.00 85.05 84.81 84.89 84.27 1.852 0.96 0.94 0.65
96-99 85.75 86.53 86.18 86.93 84.69 1.729 0.90 0.74 0.43
100-103 83.76 83.48 83.14 83.01 82.90 3.156 0.96 0.82 0.96
92-103 84.50 85.02 84.71 84.94 83.95 1.706 0.94 0.80 0.69

(3op) iS5 p5s
Egg production (%)

92-95 51.89 51.32 53.79 53.85 56.08 2.533 0.69 0.16 0.73

96-99 49.19 52.61 52.21 53.23 55.23 2.612 0.59 0.11 0.88
100-103 42.91° 53.15% 52.07* 57.65* 54.45% 3.038 0.02 0.01 0.08
92-103 48.00° 52.36% 52.69® 54.91% 55.25% 2.166 0.04 0.01 0.44

(5 10352 /39)) 30055 Mg
Egg production (g/b/d)

92-95 31.49 31.85 32.66 32.47 33.77 1.582 0.87 0.28 0.87

96-99 29.83 32.62 31.98 32.75 33.91 1.631 0.50 0.11 0.75
100-103 25.52° 32.59 32.07 33.19° 33.07 1.716 0.01 0.01 0.06
92-103 28.95° 32.36% 32.24% 32.802° 33.59° 1.370 0.04 0.03 0.37

(Shhgs Bpas p)S 1¢,0055 W5 p)5) (238 a5y
Feed conversion ratio (g FI/g EP)

92-95 2.724 2.682 2.615 2.664 2.534 0.115 0.80 0.26 0.87

96-99 2.906 2.715% 2.726% 2.7072® 2.506° 0.120 0.04 0.04 0.91
100-103 3.340° 2.621° 2.604° 2.641° 2.5330 0.160 0.01 0.01 0.15
92-103 2.990° 2.673% 2.647% 2.6712° 2.524P 0.100 0.03 0.01 0.30

(IS Toxi [39)) (8> jlwgeid g JE (o35l
Metabolizable energy intake (kcal/b/d)

92-95 217.40¢ 227.34b% 234.07% 241.52% 246.75*  5.147 <0.01 <0.01 0.64

96-99 221.93¢ 231.30% 237.86% 247.30° 24797*  4.786 <0.01 <0.01 0.41
100-103 216.76 223.14 229.46 236.18 242.72 9.063 0.29 0.02 0.98
92-103 218.70¢ 227.26% 233.80% 241.67% 245.81*  4.816 <0.01 <0.01 0.67

(P55 1035 139)) (58by3 P& (nS9
Crude protein intake (g/b/d)

92-95 11.02¢ 11.52°¢ 11.86% 12.24% 12.51% 0.261 <0.01 <0.01 0.65

96-99 11.25¢ 11.73b¢ 12.06 12.53% 12.58 0.443 <0.01 <0.01 0.42
100-103 10.99 11.31 11.63 11.97 12.31 0.459 0.29 0.02 0.97
92-103 11.09¢ 11.52b¢ 11.85% 12.2520 12.47% 0.244 <0.01 <0.01 0.68

(s T 55kS) Er0058 5 kS o Mg (sl Slygs ann
Feed cost for 1 kg egg production (Rial/kg)

92-95 25783 26574 27072 28691 28485 1180 0.36 0.04 0.84

96-99 27504 26895 28236 29149 28167 1233 0.75 0.34 0.79
100-103 31613% 25977° 26948 284482 28472 1685 0.19 0.49 0.07
92-103 28300 26482 27419 28763 28375 1017 0.25 0.45 0.39

(P5) 05 iy Sy
Live body weight difference (g)
92-103 -154° -115%® =772 -582 -942 19.27 0.04 0.06 0.12

(P<o1-0) 5,15 I3 ine VST 1515 S e g o oS i) 2 3 (Sl ™
+d Values in a row with no common superscript letter are significantly different (P < 0.05).
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Table 3- Effect of dietary energy and nutrient density effect on egg quality of “Hy-Line W36” laying hens in the 2nd production-

cycle
(2233) g Slalinl @ 0y (i Slge 5 (531 w515 s
(axdn) (oo Dietary energy and nutrient density ratio to strain P-Value
Age recommendation SEM
(week) 91 94 97 100 103 ANOVA Liner Quadratic
equation equation
() Erop55 013 xSlee
Average egg weight (g)
95 61.91 61.35 62.01 60.22 61.55 0.961 0.70 0.54 0.71
99 61.60 60.64 62.04 60.85 62.62 1.071 0.65 0.39 0.38
103 60.28 61.69 61.20 61.30 60.84 0.997 0.88 0.69 0.68
(30)3) 2dsas (g (39
Albumin relative weight (%)
95 59.940 58.940 59.720 59.100 60.260 0.675 0.12 0.16 0.16
99 56.980 56.580 56.990 57.630 57.630 0.405 0.37 0.27 0.27
103 58.360 59.390 58.690 57.810 58.170 0.615 0.27 0.78 0.77
(223) 0355 (s 039
Yolk relative weight (%)
95 30.76 31.56 30.87 31.40 30.57 0.522 0.60 0.30 0.30
99 30.86 31.39 30.74 30.46 30.50 0.564 0.78 0.77 0.76
103 29.80 29.14 29.88 30.90 30.20 0.578 0.35 0.88 0.88
(203) gy (oo 039
Shell relative weight (%)
95 9.30 9.50 9.41 9.50 9.17 0.134 0.33 0.07 0.07
99 12.16 12.03 12.27 11.91 11.87 0.195 0.58 0.03 0.04
103 11.84 11.47 11.43 11.29 11.63 0.278 0.22 0.65 0.62
PIENRESA
Hugh unit
95 67.61 66.71 66.60 68.10 67.13 1.233 0.87 0.74 0.73
99 77.90 77.29 76.03 76.79 76.29 1.505 0.89 0.60 0.62
103 85.99 86.76 87.36 87.36 86.32 1.718 0.97 0.49 0.49
Egg shape index
95 76.78 77.03 76.24 75.84 76.79 0.447 0.33 0.31 0.32
99 76.54 76.84 75.95 76.56 76.65 0.487 0.67 0.52 0.53
103 76.29 77.31 76.36 77.11 76.55 0.356 0.46 0.42 0.43
(P57 caSe yia slo) Eow55 0329 0139
Egg special weight (g/cm®)
95 1.074 1.074 1.073 1.074 1.072 0.001 0.28 0.30 0.28
99 1.082 1.082 1.082 1.081 1.081 0.001 0.91 0.88 0.78
103 1.084 1.081 1.084 1.082 1.082 0.001 0.16 0.90 0.92
(e dee) £ o5 gy Caols
Egg shell thickness (mm)
95 0.382 0.382 0.377 0.382 0.374 0.001 0.59 0.69 0.67
99 0.386 0.380 0.390 0.379 0.387 0.001 0.63 0.81 0.81

103 0.365 0.363 0.370 0.363 0.375 0.001 0.35 0.45 0.43
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Table 4- Summary of estimated dietary energy and nutrient density ratio to strain recommendation for optimization of performance

by liner and quadratic broken-line regression fit models

oS /AD aiels
Jol il b 035 3ygl yy Approximate 95% confidence limits PValue R dleo
Parameter/Model Estimated ratio ol b Equation

Lowe High

(p5 10333, 159)) &2 M5

Egg production (g/b/d)
ot S b 94.46 91.27 97.64 0.04 093  Y=-1.1371X+32.88
Linear broken-line
P sl 95.71 87.55 103.90 0.03 092  Y=0.1769X2+32.87
Quadratic broken-line

(Shed Bpas p 5 1 jop5s Mg p5) Wl Jiad oo
Feed conversion ratio (g FI/g EP)

ol ausd b 97.02 92.72 101.30 0.02  0.83 Y=0.0571X+2.60
Linear broken-line
PP asibs 95.95 89.48 102.4 0.01 089  Y=0.0153X2+2.61
Quadratic broken-line
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Introduction Increasing feed costs are significant issues in the poultry industry. Therefore, poultry producers
often interested to feed low energy and nutrient dense diets to reduce production cost, while low energy and
nutrients dense diets may not appear to supply sufficient energy for laying hens. Hens can regulate their feed
intake to maintain energy and nutrient intake in accordance with their requirements. In this way, hens will
consume more of a low energy and nutrients dense diet than of a high energy and nutrients dense diet, ensuring
the calories and nutrient consumed be sufficient. However, some studies have shown that hens especially the
modern ones are not precise in adjusting their feed intakes, such as the Hy-Line W-36, since they only have a
limited capability to increase their feed intake to ensure adequate energy and nutrients intake. While low energy
and nutrient dense diets are less expensive to purchase, they may not ensure optimal egg production if hens are
unable to adjust their feed intake. On the other hand, the purchase price of low energy and nutrient dense diets
can be substantially lower than high-density diets, if they are effective in maintaining long-term egg production
performance, so that can result in increased returns for the producer. Thus, feeding low energy and nutrient
dense diets to laying hens may result to improve returns due to a lower cost of diets. However, it has been shown
that the increased efficiency of birds fed on high energy and nutrient dense diets can offset the higher cost of
feed. The hypothesis of this study was to investigate how Hy-Line W-36 laying hens in post molting period can
respond to lower energy and nutrients dense diets, through their increase in feed intake to maintain energy and
nutrient consumption to support egg production.

Materials and methods The birds that used for this experiment were molted at the 70wk of age on a non-
fasting feeding program according to the molting recommendation by Hy-line W36 laying hens guide. Three
hundred twenty 78wk Hy-Line W36 hens were individually weighed and randomly assigned to 80 cages of four
birds each. Eight replicate groups of 8 hens each (two adjacent cages) were randomly assigned to each of the 5
treatment diets with location within house as blocking criteria. The pre-experimental period was two weeks for
acclimatization, and the experimental period was from 92-103 weeks of age (three 28d periods; 92-95, 96-99,
100-103wk of age). Experimental diets were formulated according to the guidelines in the Hy-Line W-36
Commercial Management Guide (2015) for 104g feed intake according to the average pre-experimental period
egg production and feed intake data. Thus the control diet (100% of recommendation) was formulated to contain
2845 kcal/kg AMEn; 14.42% CP; 4.14% calcium; 0.48% available phosphorus; 0.17% sodium; 0.67% digestible
lysine; 0.36 digestible methionine; 0.56 digestible methionine + cysteine; and 0.47 digestible threonine. Four
other dietary concentrations of energy and nutrients density were formulated to provide 91, 94, 97, and 103%
and one diet with the 100% of recommendations stated in the 2015 Hy-Line W36 commercial management
guide. Egg production (number and weight) and mortality were recorded daily, whereas feed consumption was
measured every 4wks as feed disappearance. Six eggs/replicate (48 eggs/treatment) laid in the last 72 h of each
28d period were collected and transported to Egg Quality Laboratory at the Ferdowsi University for of egg
weight, albumen, yolk and shell relative weight, Haugh units, egg shape index, egg special gravity, and shell
thickness determination. The feed cost/kg egg production was calculated by feed costs time feed conversion
ratio. Data were analyzed by ANOVA using the GLM procedure of SAS 9.1 (2003), with dietary treatment and
block as independent variables. Diet effects were evaluated using linear and quadratic orthogonal polynomial
contrasts. The linear broken-line (LBL) and quadratic-broken line (QBL) regression models were used to
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estimate the dietary energy and nutrient density ratios for optimization of egg mass and feed conversion ratio.

Results and discussion Previous research showed that hens would linearly adjust their feed intake in
response to diet nutrient density by eating significantly more feed that was low in energy and less feed that was
high in energy. These changes in feed intake were not in agreement with the results of the current study showed
that egg production, and egg mass were increased and feed conversion ratio (FCR) decreased significantly and
linearly, with the increase in dietary energy and nutrients density. There was not any significant difference in the
egg production, egg mass and feed conversion ratio in birds fed diet containing three percent (103%) more
nutrient density than that of strain recommendation. Whereas, feed intake, egg weight, white yolk and shell
relative weight, egg shape index, specific gravity, egg shell thickness as well as Haugh unit were not
significantly affected by dietary energy and nutrients density. Significant linear increase due to increase in
energy and nutrients density were observed for most measured parameters, including hen-day egg production,
egg weight, egg mass, feed efficiency, energy intake, and body weight gain. The hen-day egg production showed
that hens fed diets containing 91% of control diet laid fewer eggs than those fed diets with 100 or 103% of
nutrients recommendation. The energy and nutrient requirement for optimal egg mass (g/b/d) and FCR during
the post molting period (92-103Wk) by LBL model were 94.96 and 97.02%, and by QBL model 95.71 and
95.95% of strain recommended, respectively.

Conclusion In summary, the increase in energy and nutrients density in diet of Hy-Line W-36 laying hens
increased egg production, egg weight, egg mass, energy intake as well as decreased body weight losses and feed
conversion ratio. The regression analyses of data showed that, laying hens diet formulated at the 95-97% of
nutrients recommendation had the optimal egg production and economic performance during the second egg
production cycle. Furthermore, hens were unable to adjust their feed intakes since the lowest energy and
nutrients density diet deteriorate egg production performance.

Keywords: Egg quality, Energy and nutrient density, Laying hen, Performance






Iranian Journal of Animal Science Research
Vol. 12, No. 2, Summer 2020, p. 211-222

i

Ol sold pole (heabdg s 4 i
TI-YYY .o TR il ¥ oyl Y b

J:"AJ}‘.’. _Lf“"l'p I

5 o gm Sl g (A5 033k p e8P 5 S50 a5 Hked 9,05 DS 56

5 ool S S s S b

AAVARVAL R

2>

Cubyl) (o5 (S Jelge alondgn (slaypiSlh ad) 5,Slas 2 1gegl] 5 S )5S )5 Hacd 29yl el U jglaie 4 dalllae oyl

B > Glejl cnl o el (o3le 5 ) l§ 15 gl )3 (o oy 5 865 (09K Sl oSS 03le g ST sughe) T (6l
oS 103 93 5 o e 99 Jols ialojl cl (sljlas o0 plogl an g ashd Ve Joli 1S5 1 5 1S5 e b (Balas S larly 25k
baoy> ¥ gl jless @ (slaie (59 Ginl33) ot 48 31 (Lt Gaios ol gl 292 Al 09,8 S g (1)ge8gll 5 59890 25 )au) (29>
S (533 JgpnlS 9 2 pulS (65 (ialS ol ho ) /0 s )3 3,5 30 (29,1 oS g2 (alajl 09 Jsbo 53) FYIEY ()59 haliél (Silia
285 09,5 13 g (i owd 53 p)5 oo QYY) (liee o5t Lysbsll aoyd /0 Jlas 1 g3 HDL flie Siolojl opl )3 i ali 095 4
Bl liee (S g Wl 09)S &y Blete JLiS Sl ey gy 00 cudsS PH (e oyt 350 (13 (003 53 £15° (oo YAIYD) (e (2208 )l
(3= 5 95 555 qumab) (e (slaygiS1s oS (a3l el dio > 93 o 3 9)5 s 392 gigll o) (o 935 e dopd 93 lei @
odel Cowddy ol Lwlul p b odnlie Ao yd 5 S yeSiige sloud ;3 HiS 5| s joy 03 «udsS pyd (SS9 S (6L )ljae opyieS g A5 cusgS
2o Y lise 43)5 )b g S yeSidge 5l cussS (g Bnle i3l (el g gaigll 1o )d 93 51 pem yaly 3, Shes dgups (gl oS 3,8 sty g5 oo

.b)f oaléwl 0> yd

wstbiondon (sbysiSE (o ymudS ¢ 029)Sum Jb e yly eyl 15 lS” (gWolg

3 A5y S e slacSign ol oolitul 4 (S1.(YY) cal ol
Al g LA pd Shd Bpan cdd) d90 o ol 435
Sl Jban Jy 258 (sie sla)len (8L e g Sy
e slow slocs S 5D (ol Canglio (yiulidl o bl il gl il
bl (il 4 (ol 0ponj B2k ] polie slacs xSl Jlinl
G99 9 e 11 (A) el 03,8 o ] gl Sl oalizul )|
Olass o (65500 wluS 5l edlatwl JLis 4y jaubo Baian
TR Y Ty N e NE EN RO -IN
sk > adgs ledily Gialidl g CudS dgun el o g aSl L]
OllS pogad 4 (2S5 SluS i ple cal 3 . (10) 2L xio
Il rals )8 (ol (g oyied 3 a5 (LY 4 29y
5 2LoSbis pols S plse g Lol sl (Sl 5w
#Lalen il ol loyd caa ks Jl g9 Somlipuslis
Ol DIV L(YF 5 )) cunl ad 5 51,8 oolatl 5y90 yaudog pld 5 oyl
5 S )95ige ) e (91 olS dw il ggbaw | i

doddo

Sl Lolds g 009 st (slaciisS 09,5 =i (payaly CubeS

3 nl 5 omodds Ghagrm e QI3 Jlo )3 55 o By
awsb ol o by, 8 sla Sl j0 g odd jlel ansis aad ¢
ol 0 )5l g Glpl eddl bl S 4 an g Lol
sob b (g & s T gy S Slem g O Lo

s oSl ¢ ms bl 5 (£59lS” 0uStils ool pole 09,5 okl —)

Ol oreder oyl

alie 5 (£559tS 0uStils o SLEL pols 09,5 i) ki IS azsgol il —Y

Olnl e () l6 uds olKiils ¢ ol

(h.habibi@pgu.ac.ir s gt 08§ roul — )
DOI:10.22067/ijasr.v12i2.78238



VAR Ll ¥ oylods Y ol ol ol o> pole glelad gy oy Y\Y

ulf.).uf J..J}J )fl i rv..f =y L&’ﬁ)l‘) uLbL.f b DMU‘& u.:l..\.c
Sl im0y ooyh LSl eslatwl 4 blo asyie jo
iy 035l g 5, Shos (obj)l cales 53 5 (15l Sl aun g
CbsS (9,50 )l g (05 (S Jalse olondisn (lo)giSs

W s, 9 dlge

E5gLiS 038l yolo 3y Slikios o 5> Gialesl
Pl YA Jlo (Ll 5 )lee Jad 53 aedr o) s oLl
51l opm b 059,y doge axkad YA« s yiolojl oyl p> i
u_g.s)lboLﬁfé]a_au9JLJ'u_§}9)9J9J_Q%UM9CA_mﬁ
90 (1o)d ¥ g +/0) 25 yaud prdaw 93 (1o )d ¥ g +/B) S)5Siige
oz e Vo Jali J5 10 5 S5 e b ok MK (sl
(6295 sy ok g & 22 09)5) (ool aoly YA ol
» l)9_w d.]l:uf 9 L_)).) ddul) » uJ.MJLo)T LSLEOP A.,d)f O ygeo
dlge gaws 15 a3 (3] 90 4 Ll 5 Sl il sor9
o35 VAAF NRS b lalis] Jois Lol  ops (clio
BT g 2 lagpayaly pialefl soy99 Jsbo )3 () Jgiz) 13,5
09)5 & (Bpas e i Jog wmidly wymws Saelsl T &
o g 0393 pLeS 3 b (o82)95 03,5 (S oIl il
3,5 plool dielu Y &g

S e
PSS 59 9 Shed Brmas (50ke )Ses ooy Gl
s (B9 ¥V Sy 0 03,5 el (53 ¥Y) Galeil o590 0y
g Lol (Bolai jobo (025 WV laez) S5 52l
 lises glaciomd (yjs (o pp 4bY Gluogad b s 5 )luis
S 1B udgS Cugby (WHC) Ol (6)baSs o b pH casY
s pSLol 5 lacs Sl pgerme (hyled) (29,50 )b (St o3le
D35 (s 0je & ogbye (alia s Coled 3 9 (p 3 IS sl

S 039

0Ll Shgs B 5 (559, ¥V 9 YV 15 0y 0435 )39
O g (A g gl) 4 labad 59 b (5,50l J’*’..l“)'i
(it e oy 3 OIS oS b ) 13D slopls
b g s g jlele

ol o ookl 3 cpzydl (oHE oy )3 19 4]

Oliveria ) S ,sS g0 (Melilotus officinalis) 5,; s
& Glxie cuiy 4 (Aloe vera L) |44l o (decumbens Vent
Asphodelaceae 3 Umbelliferae Leguminosae oslsil 3
(YA § VY &) a3l o

OlesS codelde Hlale)lie 355 )aud )3 35250 0350 dlge
¥0) colesS’ o rilsl 050 dlge oy tir 45 45556 5 0 s
O=b(V8) asl o (1o pd YO/A) JFV= o) liKa Y= s 5 (Ao
obess (A) adlbe Cladlas g Eias e lase olS
VA) asb o 3005 g olidlus oled (s SBL o 0350
Sy 5 (pl @ gaalllan (b WA Lo 3 )Sen 5 (o
S35 Gepaly 0 ) Slas 35pe el 3)5 yad jl oolisul &
(V) 2350

(V1Y) Jgoss «Sy98ign (g plal 13 25290 CLaS 5 0d0e
bl e (V) g L 5 (VW) 5 WIS (YTIY) STy
el cdadliegr ploys e oS a1 3l pll (it oo (1)
ol Jds (WY) 2ai e oolaiwl (5 a2y 5 oS sl g
Aibiee J9S1) 5 Jgess ale (SLS 5 3929 JgpiudS ials
e MBS el 53 S5Sign ) lizl Yl
(V) 28l iy 58 g sl

ol 0 opeling) e slagmeling (S sl s
Mnsid oy 3T o am Slgo (S5t 9 (58 29 Moga) sl
S (7)) 2tboe Jgyil 9 gl (i Jgid S
Jsinls’ Jials cely o llowsl hyssll 0350 Slse (0 intee
5l Camols Lie (1) 93,5 o (2365 slasagr 0 055
o Sgid LS 5 399 Jbls 4 hgasgl al 34 Sl
25U 935, 5 ool Ll Jlnly pas 5 conge a5 Al e
s Tl Y] s ol 5l g 35 cdly Jshe  (slibloce
Gy Lhesgll 5LV &) bl ash e 1l Hods cugS i
pilsd 33 90500 ¢ ol i S0 ool o dags; el
1 @S (Ggheas ey | bl sy il 5 )]
U99=299m8 g 19,5l b ¢ > )Bus cdlad olusl ws ol
(YY) 2gu 0 03laiu]

 lises polaw (0905 LS 13U oy “_,;‘A,{Lo)'i ol 3l Gaa
it oy an g Sl S)sSige )5 Haud 0ad SS o5y
9= OS5 J 4) Uhien SLL o> Job > (RS eyl
@B oy a3y bl gleygd > LSl (sl plalS
oy b ady (Sbb 60593 13 1) hoab 3 Shes wulsy U b 03933

1- Acemanan



WAV 5l ) oyl Aol ol (ool pole Slepdupsly 4 pii YT

{38 o 203 G 2 3lael s (555 51 et ) BV slo 098 4 bogryo 4l o> 3T Jga
Table 1- Nutritional composition of the diet (except energy, the rest of components are in %)

Ingredient
) o 52.56
Yellow corn (%)
() g oS 38.47
Soybean meal
() i c5ls 426
Gluten (%)
() by ) 145
Soybean oil (%)
(/) i 65 0.81
Dicalcium phosphate (%)
() G gy 1.56
Opyster shell (%)
() S 0.16
Salt (%)
() oige= o 0.11
DL- Methionine (%)
() LS gy p3d -l 0.12
L- Lysine Hydrochloride (%)
Y1) ame Slge g cxelisg 0.50
Vitamin and minerals! (%)
) & 100
Total (%)
()cs o Slse
Calculated composition (%)
(p S5 ) o) 535 2900
Metabolizable energy (Kcal/kg)
() £ oS0 24.00
Crude protein (%)
() s 0.80
Calcium %
() s> B s 0.30
Available phosphorous (%)
() s 0.15
Sodium (%)
() 28 0.14
Chloride(%)
(%) ced 1.30
Lysine(%)
() oo 0.50
Methionine (/)
(1) ot i 0.88
Methionine + Cysteine(Y)
() o 0.99
Threonine (%)

B¢ ool g &-Mg B Omelzg N -Mg B oelizg F-MG K oeling deemg :E Cmolizg

U ZD3 WQ,(\Y“”IU:AQ.:A[LL, 0 > P)fyl;)b)a ol W‘Uﬁ)'ﬁn\

G pS e Wer g p ke 00 Siuj S ke ) patle S ke Voo e )5 (ke Vet DM IS (S g <NMU g ety - UE Bz el Aomg

S

Vit. A 120000 IU, Vit. D3 20000 IU, Vit.E, 100 mg, Vit.K, 20mg, Vit. B1, 10 mg, Vit. B2, 50mg, Vit. B6, 15 mg, Vit. B12, 100
ng, Pantothenic acid 100 mg, Niacin 300 mg, Folic acid 10mg, Biotin 500 1Jg, Iron. 300mg, Manganese 600 mg, Choline chlorite
500 mg,. lodine 10 mg, Copper 100 mg, Selenium 1 mg, Zinc 500 mg and 1200
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Table 2- Sensory evaluation scores

Quality

e
Score

95l
Very well
e

Well

Jod JB
Acceptable
Weak
Very weak
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Table 3- effect of different treatment on live mean weight + SD (gr) and FCR!

slas 39 TV 085 i 5395 ¥V 055 039 S V¥V Sy Bras DI lie a5 oo ps
Treatment? LwW27d Lw42d feed intake (27-42d) Body weight gain (gr/bird) FCR
é)c;)SN 117.708.19 180.48+18.30 658+2.82 62.78+2.82%® 3.69+0.09°
18735 it + + + +5.652 +0.02b¢
MO-D.5% 112.77+10.15 176.64+18.66 665.00+1.41 63.8745.65 3.77+0.02
Y=3)5 ped al abc
MC)))—)2% 111.1749.83 173.31+£19.71 667.00£7.07 62.14£32.1% 3.85+0.072>
[0S g 115.30+8.00 169.48+26.50 664.00+5.65 54.18+6.05% 3.92+0.04®
OD0.5% 3048, 48+26. 0045, |18+6. .9220.
Y-S oS

5o 115.70+10.00 167.31+29.62 665.00+2.82 51.81+3.46° 3.98+0.112
0D-2%
/0= 345501 +5 35ab +0 0&bC
AV0.5% 114.67+6.94 176.82+25.66 664.00+7.07 62.15%5.35 3.76+0.08
X{’;‘;j} 113.07+12.09 177.65+24.90 666.00+12.72 64.63+5.40° 3.75+0.05%

= (]

Adlige 23 o0 s 3 )b ine gl Siky oigie 2 )3 Sglate By !
"Means within same row with different superscripts differ (P<0.05)
2MO-0.5: Melilotus officinalis-0.5%, MO-2%: Melilotus officinalis-2%, OD-0.5: Oliveria decumbens-0.5%, OD-2%: Oliveria
decumbens-2%, AV-0.5: Aloe vera-0.5, AV-2%: Aloe vera-2%.

(e Slpultis)d) a8Y (dlial (59 (uSle p otilojl slajlows b —€ Jga
Table 4- effect of different treatment on carcass organs mean weight =SD!

s s dbgme 2 &S “ oh 039 oS
Treatment 2 Abdominal fat Liver Breast Leg Gut Gizzard
ég; 4.75+0.33 3.2440.17 32.79+0.55 19.27+0.17 6.03%1.18% 3.5440.30°
035 5 b
3.48%0.55 2.83%0.69 31.29+2.42 18.03+1.64 4.60+0.34 3.160.38

MO-0.5%
Y725 e 3.07£0.16 2.8740.31 30.76+1.81 18.10+1.56 5.48%0.79¢ 3.39+0.16
MO-2%

faiexe 3.33+40.21 3.3940.56 31.77+2.14 18.34+2.56 6.69+0.82¢ 3.600.38°
0OD-0.5%
VS 3.5940.52 2.7240.59 30.15+0.65 18.74+0.99 5.350.29% 2.98+0.19%°
OD-2%

/675 2.83%0.39 3.2440.09 31.89+0.61 18.84+0.70 5.04£0.57° 2.84+0.28°
AV-0.5%

gl
Yhyed 3.3740.12 3.1540.31 31.80+2.24 18.63+0.37 5.43%0.17¢ 3.1240.07%°
AV-2%

ilyge 203 [0 s 53 ) ine Sl Sl g o > glite By !
"Means within same row with different superscripts differ (P<0.05)
2MO0-0.5: Melilotus officinalis-0.5%, MO-2%: Melilotus officinalis-2%, OD-0.5: Oliveria decumbens-0.5%, OD-2%: Oliveria
decumbens-2%, AV-0.5: Aloe vera-0.5, AV-2%: Aloe vera-2%.

oiblS el Loy 93 5 s plaw jd 1)945911 a8 00,8 oyl 90 6‘)943911 e 3 oS ol o i dalllae oyl o
(V) 235 o il 035 Jgyiads OhlbSen 5 (> gy Ghdlas )3 45 J)50 )3 35 S0
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Table - Effect of different treatment on Meat biochemical of Japanese quails (SD+mg/dl)’

e TG Cho LDL HDL Pho Ca

Treatment?

15 143126.78°  146.2541851° 49752884 782512490 7505147 13420117

CON

o35 i 90.66£6.02°  98.66+17.38b 53.66£4.04 92.3349.20 7.00£0.43 12.630.51

MO-0.5%

Y=35 yed 99.50+29.24%  107.0041039> 57501147  86.00+31.19  7.27+0.22 12.3741.17

MO-2%

IO S 115.66+19.62¢  110.66+17.09° 52004500  91.66+12.58  6.36+0.66 12.76+0.37

0D-0.5% b

Y-S )ySign 133.00£10.80°  115.0049.76b 5025:10.99  79.75822.96  6.37+1.04 13.10+0.39

0D-2% °

oy 115.66£1644° 1246652327  52.66+321 94331150  6.30£0.20 12.80+0.36

AV-0.5% *

Y- gis5l 133.0042034°  149.75+1320°  61.75+14.66  91.50+33.19  6.15+0.74 12.6541.22
b

AV-2%

bl go Juoyd /oD g (D I dme gl Sl g b ) Sglite g
"Means within same row with different superscripts differ (P<0.05)
2MO-0.5: Melilotus officinalis-0.5%, MO-2%: Melilotus officinalis-2%, OD-0.5: Oliveria decumbens-0.5%, OD-2%: Oliveria
decumbens-2%, AV-0.5: Aloe vera-0.5, AV-2%: Aloe vera-2%.

HpH£SD) il (glo)loss 1 cueS PH p (29)b lalS 156 - Jogas
Table - Effect of experimental treatments on meat pH (%) in days 0, 1, 3 and 10 after slaughtering (pH =SD)!

"o pHo pHi pH3 pHio
Treatment?

Jsus 6.08+£0.10 5.67£0.012 5.9310.07 6.30£0.03
CON

J0=3y5 o 6.26%0.47 5.5140.08° 6.05£0.04 6.19£0.01
MO-0.5%

AR ISR 6.07£0.13 5.53+0.122b 6.09£0.10 6.14£0.08
MO-2%

[0S oS g0 6.18+0.02 5.6910.042 5.9940.10 6.16£0.07
0OD-0.5%

Y-S )sSidge 6.13£0.07 5.62+0.122b 5.9810.11 6.17£0.09
OD-2%

~/a—\,,4:,ﬂ 6.27£0.03 5.67£0.012 6.05£0.13 6.14£0.15
AV-0.5%

Y—\”‘\i,ﬂ 6.20£0.07 5.63+0.950 6.09£0.10 6.18+0.10
AV-2%

il o dopd o0 a5 b me Sl Sl gt o o Sglite By !
"Means within same row with different superscripts differ (P<0.05)
2MO-0.5: Melilotus officinalis-0.5%, MO-2%: Melilotus officinalis-2%, OD-0.5: Oliveria decumbens-0.5%, OD-2%: Oliveria
decumbens-2%, AV-0.5: Aloe vera-0.5, AV-2%: Aloe vera-2%.
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Table 7- Effect of different treatment on meat sensory factor =SD!

Treatment? Odor Frangibility Color Flavor Admissibility
éON 2.85+1.06° 2.71+1.11° 3.57+0.78 2.85+1.21°¢ 3.07+0.13¢
J07) et 4.2140.56 4.50%0.76 3.92+0.60 4.5740.53% 4.50£0.07°
MO-0.5% T R R R T
V=3)) ped + a + a + + a + d
MO-2% 4.28+0.75 4.71£0.75 4.42+0.53 4.85£0.37 3.8240.15
0= S 5990 b b b

+1.70° +1.26° + +1.182b° +0.10°
0D-0.5% 3.28%1.70 3.75+1.26 3.9240.60 3.6411.18 4.03£0.10
VoS )eSige b b b f

+0.95° +1.34° + + c +
OD-2% 3.7120.95 3.8511.34 4.00£0.81 3.57+1.27 3.400.14
<[0-1y954)] b b b

+0.90° +1.212 + +1.112be +
AV-0.5% 3.780.90 4.14+1.21 3.6410.47 3.7141.11 4.26+0.09
Y_‘”‘\;?ﬂ + ab + ab + + abc + e
AV2% 3.57+1.13 4.00£1.29 3.71+1.38 3.85¢1.21 3.6240.12

ilyge 203 [0 s 53 ) ime Sl Sl pigis o > glite By !
"Means within same row with different superscripts differ (P<0.05)
2MO-0.5: Melilotus officinalis-0.5%, MO-2%: Melilotus officinalis-2%, OD-0.5: Oliveria decumbens-0.5%, OD-2%: Oliveria
decumbens-2%, AV-0.5: Aloe vera-0.5, AV-2%: Aloe vera-2%.

Dlre Glouthas )y cus b A belse  tlejl sloles b —A g
Table 8- Effect of experimental treatments on meat quality factors in % +SD!

"o Sl b b b s s Sz o3le
Treatment? WHC ASH WET Dry matter
s 62.90+0.45° 4.36+0.15™ 72.83+0.50° 27.16+£0.50*
CON

18=355 3 64.73£0.23 4.66£037% 74.13£0.51% 25.86+0.51%
MO-0.5%

Y-3)5 64.96+0.65" 4.9620.30° 74.3320.90° 25.66:0.90°
MO-2%

[0S ) Srga 64.23+]1.15%¢ 4.16+0.20°¢ 73.40+0.512b¢ 26.60+0.512b¢
OD-0.5%

Y-S g 64.10+1.202b¢ 4.16£0.20% 73.33+0.32% 26.66+0.32%
OD-2%

- 101 585)1 63.46+0.55% 4.23+0.11% 73.13+0.32¢ 26.86+0.322
AV-0.5%

¥—1, g5l 63.10+0.65¢ 4.13£0.20°¢ 72.90+0.30¢ 27.10+£0.30*
AV-2%

A3l e Juoyd /oD g D I dme Siglis Kol gt b ) Cglite g
"Means within same row with different superscripts differ (P<0.05)
2MO-0.5: Melilotus officinalis-0.5%, MO-2%: Melilotus officinalis-2%, OD-0.5: Oliveria decumbens-0.5%, OD-2%:
Oliveria decumbens-2%, AV-0.5: Aloe vera-0.5, AV-2%: Aloe vera-2%.
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Table 9- Effect of experimental treatments on total count and coliform count of meat bacteria, 1 and 10 days after slaughtering (Log

cfu/gtSD)!
Yl
e ) Total; Totalyo Coliform; Coliformyg
Treatment
Js 4.40+0.23° 7.3240.2° 1.96+0.69 5.13+0.55°
CON
10735 33 4.41£0.49° 6.69+0.04% 2.24+0.76 4.28+0.37
MO-0.5%
Y=3)) ) b b b
4.33+0.42¢ 6.60+0.34 2.18+0.71 4.20+0.23
MO-2%
NI SRS
8-S )55dge 3.59+0.24¢ 5.89+0.51° 2.19+0.60 3.73+0.16"
0D-0.5%
Y-Sy 3.62+0.11¢ 5.71+0.35° 2.15+0.56 3.67+0.23b
0OD-2%
'/a_‘)ﬁ“;?ﬂ b b b
3.82+0.12b 6.34+0.45b 2.15+0.74 4.00+0.39
AV-0.5%
| ad5all
YLsed 3.67+0.15° 6.22+0.41% 2.02+0.64 3.88+0.18°
AV-2%

A5l e doyd /o0 g (D Jb me Siglis Kol g ya > glite g

"Means within same row with different superscripts differ (P<0.05)
2MO-0.5: Melilotus officinalis-0.5%, MO-2%: Melilotus officinalis-2%, OD-0.5: Oliveria decumbens-0.5%, OD-2%: Oliveria
decumbens-2%, AV-0.5: Aloe vera-0.5, AV-2%: Aloe vera-2%.
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Effect of Melilotus officinalis, Oliveria decumbens Vent and Aloe vera L. on
production performance, biochemistry characteristics and meat microbial count
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Introduction Development of poultry production causes increasing demand for feed ingredients and also
ways of manipulating poultry diets in order to increase feed conversion ratios for maximum production. In this
regard, use of feed additives and growth promoters has been increased. Antibiotic growth promoters have been
successfully used at sub therapeutic doses in poultry production to promote growth and protect health of the
birds. The use of antibiotics as growth promoters has been prohibited by many countries as they have different
side effects on both bird and human health. There has been an increasing trend towards using natural feed
additives to improve the performance, increase the dietary protein, energy utilization and to maintain health of
birds. Herbs, botanicals, essential oils, oleoresins and algae are alternatives for antibiotics and which have not
been found to causes antibiotic-like side effects on consumers. The beneficial effects of herbal plants additives in
poultry (broilers, layers, broiler breeders, layer breeders and quail) may arise from their having positive effect on
feed intake, digestive secretions, immune stimulation, antibacterial, antibacterial, coccidiostatic, antiviral or anti-
inflammatory activity. In plant tissues, pH values are dependent on the presence of poly-carboxylic acids,
phosphate salts, fiber and proteins. In this study, we partly replaced quail meal with very low amounts of
Melilotus officinalis, Oliveria decumbens vent and Aloe Vera L meal to evaluate the medicinal plants as a Quail
meal supplement and to assess the effects of this dietary change on growth performance, Biochemical factors,
Qualitative agent and microbial load in Japanese quail meat.

Materials and methods A total of 280 Japanese Quail hatchlings (one-day-old at test inception) were used
in the study. Treatment protocol used four replicates each of eight different tests either of two levels (0.5 or 2%
of total food mass) of tested medicinal plant material and one control group that received a diet free of medical
plant supplements. Each treatment had four replicates, thus there was a total of 28 groups of 10 birds. The
hatchling birds were maintained and adapted for 15 days under lab conditions: 16-h lighting, 8 h darkness, at
temperature of 25 °C + 2. Feed (mash form) and water were provided ad libitum throughout the whole trial.
Body weight gain per hen were evaluated at 27 and 42 d. Feed intake and feed conversion ratio were determined
and calculated during each phase of whole period. At the end of the experimental period, 4 Quail from each
replicate of different groups were randomly selected and sacrificed to calculate the carcass. Serum triglycerides
(TG), cholesterol (Cho), High Density Lipoprotein (HDL) and Low Density Lipoprotein (LDL) cholesterol
levels were determined. The meat samples were dried for 24h in an oven at 70 °C and the meat moisture was
calculated. The meat samples were placed after centrifugation for 24h in an oven at 70 °C and the meat water
holding capacity was calculated. The ash content was determined by charring followed by ashing the samples at
720°C to a white ash. The pH of the meat samples was determined by homogenizing 10 g of meat with 50 mL of
distilled water. The homogenates were filtered, and the pH of each sample was measured with a pH meter at
room temperature. The samples were analyzed for the total bacterial and coliforms load using plate count agar by
PCA and Mac Conkey technique. The subjective evaluations of product quality were carried out by an
experienced panel composed of 7 people.

Results and Discussion The results showed that the addition of dietary supplements of M. officinalis, O.
decumbens vent and A. Vera L at the level of 0.5 or 2% ratio had no significant effect on LW 27d, LW 42d and
feed conversion ratio of quail. However, the highest Carcass weight was recorded in group fed with A. Vera L-
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2% and the least Carcass weight was recorded in group fed with M. officinalis-2%. Qualitative factors, carcass
components, microbial community, biochemical factors and meat pH significantly affected by levels of herbal
plants powder (p<0.05). M. officinalis-0.5% reduced cholesterol and triglyceride. We also recorded evidence that
O.decumbens-2% Vent powders reduced the total bacterial and coliforms. It was concluded that addition of 2%

of A. vera to the diet can improve performance and addition of 2% of M. officinalis, O. decumbens a to the diet
can improve meat shelf life in Japanese quails.

Key word: Biochemical factors, Cholesterol, Japanese quail, Microbial count.
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Table 1- Non-linear models considered in this study to describe growth curve in Makooei sheep

Model Formula Reference
Negative exponential Y = A[1—exp™] )
Brody Y = A[1-B expl ()
Gompertz Y = A exp[-B exp(¥V] (V)
Logistic Y = A/[1+B exp(] (W)
Von Bertalanffy Y = A[l — B exp¥]3 (¥+)
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Y: the animal weight at a given age (t); A: the asymptotic weight; B: the integration constant; K: the maturity rate; e = Eluer’s

number.
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Table 2- Estimated Parameters, correlation coefficient between A, B and k, Adjusted Determination Coefficient (R%4;), Root Mean

Square Error (RMSE), Average Information Criteria (AIC) and Bayesian Information Criteria (BIC) for different growth curves in

Makooei sheep
Parameters . . .
o iel Gompertz Brody Von Bertalantfy Logistic Negative Exponential
A 33.80 39.04 34.90 32.08 36.27
B 2.13 0.91 0.52 6.28 -
k 0.017 0.007 0.013 0.027 0.010
Tam -0.03 0.26 0.03 -0.08 -
All Lambs Tk -0.83 -0.97 -0.89 -0.59 -0.96
Loy J8 o 0.43 -0.15 0.25 0.72 -
R%yq 0.8769 0.8799 0.8781 0.8717 0.8505
RMSE 4.25 4.20 4.23 4.33 4.69
AIC 160845.10 160521.50 160710.90 161372.70 163369.30
BIC 37670.04 37346.39 47535.84 38197.58 40186.69
A 34.24 40.04 35.57 32.57 37.04
B 2.13 0.91 0.52 6.31 -
k 0.017 0.007 0.014 0.027 0.010
s -0.028 0.28 0.037 -0.082 -
Male Lambs Tix 0.83 0.97 0.89 -0.60 0.95
¥ koo o 0.42 -0.17 0.25 0.72 -
R2yi 0.8388 0.8666 0.8850 0.8790 0.8575
RMSE 4.16 4.12 4.14 4.25 4.63
AIC 68235.60 68091.57 68175.32 68476.24 69482.00
BIC 16901.79 16757.75 16841.51 17142.43 18141.51
A 33.29 38.18 34.33 31.66 35.59
B 2.12 0.91 0.52 6.26 -
k 0.017 0.008 0.014 0.028 0.010
s -0.027 0.24 0.032 -0.073 -
Female
Lambs Tam -0.82 -0.97 -0.89 -0.59 -0.95
oslo (clao ek 0.42 -0.13 0.26 0.72 -
R2; 0.8714 0.8746 0.8727 0.8661 0.8453
RMSE 431 423 4.29 439 4.72
AIC 83612.43 83433.39 0.83538.58 83899.89 84900.37
BIC 20753.23 20571.43 20676.38 21037.69 2203131
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Figure 1- Predicted body weights (kg) obtained from different growth models for male lambs in Makooei sheep
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Table 3- Observed and predicted mean weight values for all lambs in Makooei sheep from birth to 225 days by different nonlinear

model
Age (day)

(Kg) o Lm0 () o

i i Birth
Predicted weight (kg) j ' 90 180 295

¥

Negative Exponential 0.0 21.53 30.27 32.34
Logistic 3.51 19.29 31.34 36.24
Von Bertalanfty 4.47 17.51 32.15 37.81
Brody 5.89 17.90 34.63 40.69
Gompertz 4.08 18.17 32.11 37.52
(Kg)oas osnlie o 3.89 21.86 31.77 35.78
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Introduction The Makooei sheep is a medium-sized, fat-tailed breed, carpet wool and white color breed.
This breed dispreads mainly in the north west of the Iran in West Azerbaijan province. This sheep breed is called
White Karaman in Turkey. Growth curve is the graph of weight as a function of age on time. The changes taking
place in animal's body weight with the passage of time that is often sigmoid in shape. Further, information on the
growth pattern helps determine feeding and management plans and planning breeding strategies to improve the
efficacy of whole growth process. Using growth models is one of the ways that can be used to predict and
measuring animal’s performance, such as weight gain. In fact, growth models are linear or nonlinear regression
functions that can predict growth at different ages of animal life. Non-linear mathematical functions, empirically
developed by depicting body weight against age, have been appropriate to characterize the growth curve in
different animal classes. Therefore, the objective of this study was to describe the growth curve of Makooei
sheep using non-linear models. The Negative exponential, Brody, Gompertz, Logistic and von Bertalanffy
models were used to evaluate their efficiency in describing the growth curve of Makooei sheep.

Material and method The used data included 5913 body weight records from 1966 male lambs and 7092
body weight records from 2354 female lambs (from birth to 225 days), collected during 1993 to 2011, at the
Makooei Sheep Breeding station, in West Azerbaijan, Iran. In the station, each ram was randomly mated to 10-
15 ewes. Lambing was in January and March and lambs were weaned until ~3 months of age. The lambs were
weighed and ear tagged after birth. Data were checked several times, so defective and out of range records were
deleted. The Negative exponential, Brody, Gompertz, Logistic, and Von Bertalanffy functions were fit to the
data to model the relationship between weight and age. Each model was fitted separately to body weight records
for all lambs, male and female lambs using the NLIN procedure in SAS 8.2. The non-linear mixed models were
examined for goodness of fit using Adjusted Coefficient of Determination (R%gj), Root Mean Square Error
(RMSE), Akaike’s information criterion (AIC) and Bayesian information criterion (BIC). Finally, the best model
was selected with the highest R%,qj and the lowest RMSE, AIC and BIC.

Result and discussion All non-linear models showed good capacities of fitting for describing the growth
curve in Makooei sheep. The R2q; for the Brody model was found the highest (0.8799) and the lowest for
Logistic model (0.8505) for all lambs. The A parameter is an estimate of asymptotic weight which can be
interpreted as the weight at maturity. For the studied dataset the highest and lowest values for the parameter A
were obtained by Brody model (for all lambs = 39.04) and logistic model (for all lambs = 32.08), respectively.
The parameter B represents an integration constant, related to the initial animal weight but lacking a clear
biological interpretation. The highest and lowest values for the B parameter were obtained in Logistic model (for
all lambs = 6.28) and Von Bertalanffy model (for all lambs = 0.52), respectively. The parameter k that defined
the maturation rate is another important feature to be considered, since it indicates the growth speed to reach the
asymptotic weight. Therefore, animals that have higher k values will reach puberty sooner. The estimate of k
was highest in the Von Bertalanffy model (for all lambs = 0.10), while Brody (for all lambs = 0.01) and Negative
exponential (for all lambs = 0.01) models showed lowest values. The results of this study showed that the Brody
model with the highest R%q and the lowest RMSE, AIC and BIC was able to describe the growth curve better
than other growth models in Makooei sheep. In growth curve the most important biological relationship has been
found between A and k. The lowest and highest correlation between the two parameters of A and k for all lambs
was found for the logistic (-0.59) and Brody (-0.97) models, respectively.

Conclusion The results of this study suggest that the Brody model can be useful for set some management
strategies such as determining nutritional programs and the appropriate age for slaughter of Makooei sheep.

Keywords: Body weight, Growth curve, Makooei sheep, Non-linear models.
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Figure 1- The protein-protein interactions network has shown the up-regulated genes in the growth and development process.

Increasing the amount of betweennes centrality shown by increasing the intensity of the color from red to blue ( )
and the larger size of the nodes indicate which is the most regulated.
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Figure 2- The protein-protein interactions network has shown the down-regulated genes in the growth and development process.
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Table 2- Effective gene related to development stage of hair follicle in cashmere goat from fetal to birth

o5 el dlopo a3 oo lise 1Sk e Slile

Gene Name  Gene Expression Average in 3 Stage GO Terms

SHH 4.3 hair follicle development (GO:0001942)
KLF4 1.8 epidermal cell differentiation(GO:0009913)
MSX1 4.7 tissue development(GO:0009888)
MMP9 4.9 system development(GO:0048731)
KRT17 3.1 epidermis development(GO:0008544)
COL2Al1 2.05 Collagen trimer(GO:0005581)
VEGFA -3.4 Growth factor activity(GO:0008083)
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Introduction In most mammals, each hair follicle is a mammalian skin organ that produces hair and controls the
hair growth cycle. The hair follicle is central to most economically important fiber growth in livestock. Previous studies
have shown that changes in the level of genes expression play a role in the development and growth of hair follicles.
With the advent of high throughput, next-generation sequencing technology measuring the level of expression of
thousands of genes was possible simultaneously. As a result, many regulatory conflicts between genes can be extracted
from these data. Expression profiles are generated by combining expression levels resulting from experiments in
various conditions or times. Similarities and differences between expression profiles reveal many of these regulatory
relationships. Despite recent advances in the identification of the molecular signaling/co-expression networks that
govern the development of the skin and hair follicle, the mechanisms controlling of fiber production in Cashmere goat
still remains unclear. Therefore, the present study was conducted to investigate the most important molecules
controlling the growth and development of hair follicles in cashmere goats in order to decode the genes involved in the
growth and development of hair follicles in cashmere goats.

Materials and Methods Publicly available preprocessed transcript data (accession no. SRP059481) was
downloaded from the NCBI database in the SRA section. In this investigation, nine goats were selected at the same
stage of gestation. Three fetuses were obtained at 55-65 days’ gestation (60-days old) and three fetuses were obtained at
105-125 days’ gestation (120 —day- old) through cesarean operation and three fetuses were also sacrificed within two
hours of birth (newborn). For analysis of RNA-seq data, a random sampling from the right mid-side of the fetal skin and
each time point had three replicates. The 60 days (E60) of gestation represented the initiation stage of growth, and the
120 d (E120) represented the development stage, as well as the newborn samples, represented the primary hair follicle
maturation stage. The FastQC software (Version 11.7) was used to check the quality of the readings. This software
check the quality of the reads, in case of low-quality sequencing, the data were edited by Trimmomatic software
(Version 0.39), and filtered reads were evaluated with FastQC software, After removing low-quality reads mapping was
performed on the goat reference genome (GCA_001704415.1) downloaded from the ensemble site using the Hisat2
software(Version 2.1.0). The HTSeq2 (Version 10.0) was used to create the count matrix, changes in the expression of
genes between the groups (E60, E120, and newborns) was identified using the software Deseq2 (Version 1.24). In this
stage, the genes between the two groups were compared to give an expression difference 1- Genes that are expressed
throughout the growth process of the follicle 2. Co-Expression networks of up and down genes were created using the
STRING database (Version 11) at https://string-db.org. The PPI network was constructed by Cytoscape software
(Version 3.6.0). Cytoscape is commonly used for analysis and visualization of biological networks. Gene ontology
analysis of effective gene related to development stage of hair follicle in Cashmere goat from fetal to birth was done
using DAVID database.

Results and Discussion After determining the level of expression of each gene at different stages of sampling,
genes that increased expression in all comparisons were considered as up-regulated genes that, by increasing their
expression, control the growth and development of hair follicle. On the other hand, those genes that have been shown to
reduce expression in all of the follicle growth stages comparisons were considered as genes which by decreasing their

1- Department of Animal Science, Faculty of Agriculture, University of Jiroft, Jiroft, Iran,

2- PhD Graduated, Department of Animal Sciences, Faculty of Agriculture and Natural Resources of Ramin University,
Khozestan, Iran.

(*- Corresponding Author Email: roudbari.zahra@ujiroft.ac.ir)

DOI:10.22067/ijasr.v12i2.81710



VAR Ll ¥ oylods Y ol ol ol o> pole glelad gy oy YYo

expression, causes the growth and development of the hair follicle. The interaction relations were investigated between
the increased and reduced genes expressed separately by STRING database. Among the up-regulated genes, the
relationships between 145 genes with 203 edge were confirmed. Also, the interaction network between the down-
regulated genes confirmed between 650 genes with 1302 edge. Among the genes with differential expression, the co-
expression genes (genes with the most interacting) were identified based on the results of the analysis of the statistical
parameters of the network using computational algorithms in Cytoscape software. These results led to the identification
of seven unique genes that were SHH, KLF4, MMP9, MSX1, KRT17, COL2A1 and VEGFA, ontology analysis of
these genes showed that involved the hair cycle process, hair follicle development, skin epidermis development,
epidermis morphogenesis and epidermal cell differentiation that these pathways are activated in the cashmere
production process. Therefore, these genes have been used as regulators of cashmere growth and development to better
understand the cashmere production process and improve its quality.

Conclusion The results have been able to introduce genes with major effects that regulate the expression of genes
and molecular signals associated with the production of fiber that including KLF4, MMP9, MSX1, KRT17, COL2A1
and VEGFA in Cashmere goats. Based on functional analysis, these genes can play a significant role in the
improvement of cashmere goats breeding. We hope that the obtained results would be beneficial toward finding the
smart strategies for Cashmere production improvement.

Keyword: Cashmere goat, Differential expression, Regulatory network, Transcriptome analysis.
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Table 2- The estimated genomic accuracy (se) for three QTL numbers and heritability in same SNP density

ol Joo
Statistical model
oy il QTL sk
Heritability Nor. ~ GBLUP BayesA BayesB BayesC Bayes LASSO
50 0.679(0.01) 0.685(0.01) 0.757(0.01) 0.756(0.02) 0.757(0.02)
0.1 100 0.673(0.01) 0.681(0.01) 0.743(0.01) 0.741(0.02) 0.740(0.02)
150 0.669(0.01) 0.672(0.01) 0.658(0.01) 0.652(0.02) 0.652(0.02)
50 0.689(0.01) 0.695(0.01) 0.776(0.01) 0.770(0.02) 0.767(0.02)
0.3 100 0.681(0.01) 0.687(0.01) 0.768(0.01) 0.764(0.02) 0.762(0.02)
150 0.678(0.01) 0.675(0.01) 0.657(0.01) 0.652(0.02) 0.650(0.02)
50 0.756(0.01) 0.759(0.01) 0.840(0.01) 0.838(0.01) 0.836(0.01)
0.5 100 0.727(0.01) 0.734(0.01) 0.821(0.01) 0.818(0.01) 0.817(0.01)
150 0.715(0.01) 0.727(0.01) 0.743(0.01) 0.739(0.01) 0.735(0.01)
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Table 3—-The estimated genomic accuracy (se) for three QTL numbers and SNP density Table
el Jre
Statistical model

QTL slus L WSy
NotL SNP density ~ GBLUP BayesA BayesB BayesC Bayes LASSO
500 0.685(0.01)  0.687(0.01)  0.769(0.01)  0.762(0.02) 0.760(0.02)
50 1000 0.688(0.01)  0.693(0.01)  0.772(0.01)  0.768(0.02) 0.763(0.02)
1500 0.694(0.01)  0.705(0.01)  0.788(0.01)  0.780(0.02) 0.779(0.02)
500 0.676(0.01)  0.677(0.01)  0.761(0.01)  0.758(0.02) 0.756(0.02)
100 1000 0.679(0.01)  0.686(0.01)  0.765(0.01)  0.761(0.02) 0.759(0.02)
1500 0.687(0.01)  0.699(0.01)  0.778(0.01)  0.773(0.02) 0.771(0.02)
500 0.669(0.01)  0.660(0.01)  0.649(0.01)  0.648(0.01) 0.641(0.01)
150 1000 0.675(0.01)  0.673(0.01)  0.655(0.01)  0.651(0.01) 0.648(0.01)
1500 0.692(0.01)  0.689(0.01)  0.668(0.01)  0.665(0.01) 0.661(0.01)
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Table4-The estimated genomic accuracy (se) for three SNP density and heritability

bl Jae
Statistical model
spdy ey gl Sl
Heritability SNP density GBLUP BayesA BayesB BayesC Bayes LASSO
500 0.673(0.01)  0.680(0.01)  0.742(0.01)  0.740(0.02) 0.739(0.02)
0.1 1000 0.682(0.01)  0.693(0.01)  0.759(0.01)  0.751(0.02) 0.744(0.02)
1500 0.695(0.01)  0.707(0.01)  0.763(0.01)  0.758(0.02) 0.754(0.02)
500 0.692(0.01)  0.695(0.01)  0.764(0.01) _ 0.760(0.02) 0.760(0.02)
0.3 1000 0.693(0.01)  0.695(0.01)  0.765(0.01)  0.760(0.02) 0.760(0.02)
1500 0.693(0.01)  0.696(0.01)  0.766(0.01)  0.761(0.02) 0.761(0.02)
500 0.715(0.01)  0.719(0.01) _ 0.779(0.01) __ 0.771(0.01) 0.771(0.01)
0.5 1000 0.722(0.01)  0.729(0.01)  0.786(0.01)  0.781(0.01) 0.779(0.01)
1500 0.738(0.01)  0.743(0.01)  0.791(0.01)  0.788(0.01) 0.785(0.01)
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Table 5- The estimated genomic accuracy in same QTL numbers and SNP density with uniform and gamma variance

distribution
el Jre
Statistical model
olly @i Sndy il
Variance
Distribution _ Heritability GBLUP BayesaA BayesB BayesC Bayes LASSO
Iy, 0.1 0.674(0.01)  0.677(0.01) 0.719(0.01) 0.715(0.02) 0.712(0.02)
kel 0.3 0.683(0.01)  0.685(0.01) 0.734(0.01) 0.730(0.02) 0.726(0.02)
Uniform 0.5 0.733(0.01)  0.740(0.01) 0.802(0.01) 0.801(0.02) 0.796(0.02)
L 0.1 0.684(0.01)  0.691(0.01) 0.760(0.01) 0.758(0.02) 0.753(0.02)
0.3 0.695(0.01)  0.700(0.01) 0.779(0.01) 0.776(0.02) 0.776(0.02)
Gamma 0.5 0.739(0.01)  0.749(0.01) 0.845(0.01) 0.842(0.02) 0.841(0.02)
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Introduction’ Genomic Selection (GS) has been proved to be a powerful tool for estimating genetic values in

livestock breeding. Newly developed sequencing technologies have dramatically reduced the cost of genotyping
and significantly increased the scale of genotype data that used for GS. The estimation of breeding values in order
to select the best animals as parents of the next generation is the main goal of animal breeding programs.
Traditional methods of genetic evaluation were performed using a combination of phenotypic and pedigree
information to produce estimated breeding values. Most simulation studies of genomic selection (GS) methods
have considered genetic architectures in which the number and relative magnitudes of quantitative trait loci (QTL)
have varied. Among the Bayesian methods, those using marker-specific shrinkage of effects (e.g., BayesA or
BayesB of or the Bayesian LASSO are commonly used in animal breeding applications. The Bayesian methods
proposed differ in the way of looking at the variances of parameters. In classical livestock breeding methods,
selection for important economic traits using pedigree information with individual phenotypic records was
performed and best Linear Prediction of Breeding Values (BLUP) is achieved. In genome selection, genomic
breeding values of all individuals can be predicted with high accuracy using a linear model. Various factors can
be affecting the accuracy of genomic breeding values. Therefore, the present study aimed to evaluate the accuracy
of estimating genomic breeding values in different genetic architectures including different distributions of gene
effects, different numbers of QTL, different levels of heritability and different marker densities using GBLUP and
Bayesian methods including Bayes A, Bayes B, Bayes C and Bayes LASSO. In addition to comparing the
performance of different methods in different genetic architectures, a marker density and QTL numbers were
introduced for simulation programs of sheep populations.

Materials and Methods To create a basic population (G0), 100 heads of livestock, including 50 males and 50
females, were considered. The frequency of primary alleles for single-nucleotide polymorphisms in the basal
generation was considered to be 0.5. To create the first generation (G1), the parents were randomly selected from
the males and females of the GO generation. Parental gametes were simulated based on the assumption of
disconnection imbalance using the Halldan location function method, and then randomly generated gametes were
randomly selected and mixed to create a new generation of G1 generation. A genome with a length of 300 cM was
simulated and 500, 1000 and 1500 SNPs were equally spaced over the chromosome. Three different numbers of
QTL (50, 100 and 150) were considered and QTLs were uniformly distributed over the chromosome. One hundred
individuals, including 50 males and 50 females, were simulated for the base population. The first generation
structure was followed through to the 50th generation of random mating to make linkage disequilibrium
populations. Generation 51 was assumed as a training population and the other generations (52 to 60) as validation
populations. Five methods, GBLUP, Bayes A, Bayes B, Bayes C and Bayesian LASSO, were used to estimate
genomic breeding values.

Results and Discussion In all five methods, the accuracy of genomic values decreased as the number of QTLs
increased from 50 to 150. The reason for this can be attributed to the limited amount of genetic variance distributed
over many QTLs. Also predicting accuracy of all five methods increased with increasing marker density. Results
showed that increasing marker density at low (0.1) and high (0.5) heritability levels, increased genomic accuracy
but increasing at moderate heritability (0.3) traits did not affect the accuracy of genomic evaluation. Accuracy of
genomic breeding values in the gamma distribution provides better gene effects to uniform distributions.

1-Associate Prof., Dept. of Animal Sciences, Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili, Ardabil, Iran.
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Conclusion The results showed that factors such as marker density, QTL numbers, distribution QTL effect and
trait heritability were effective in estimating the accuracy of genomic breeding values. In high heritability traits,
the higher markers density and lower QTL numbers, leading to increase accuracy of estimating genomic breeding
values. In genomic studies, if the trait is affected by a small number of QTLs, estimation of breeding values by
Bayes B method can yield a more favorable result. Marker densities did not affect the accuracy of genomic
evaluation in traits of moderate heritability, and since most of the economic traits in native species of sheep are
moderate heritability, 500 to 1000 markers can be used to estimate breeding values in simulation programs.

Keywords: BayesA, BayesB, BayesC, Bayesian LASSO, Genomic BLUP.
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Figure 1- PPI network of up regulated mitochondrial genes
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Table 2- Gene ontology of significant up regulated mitochondrial genes in the PPI network

GO ID GO Name p-value
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Figure 2- PPI network of down regulated mitochondrial genes
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Table 3- PPI network analysis of significant down regulated mitochondrial genes.
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Table 4- Gene ontology of significant down regulated mitochondrial genes in the PPI network
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42776 mitochondrial ATP synthesis coupled proton transport ~ 9.821455E-10
32543 mitochondrial translation 3.395928E-9
70124 mitochondrial translational initiation 5.672348E-8
70125 mitochondrial translational elongation 6.031949E-8
70126 mitochondrial translational termination 7.056072E-8

6754 ATP biosynthetic process 1.178857E-5
98792 xenophagy 2.54895E-2
98779 mitophagy in response to mitochondrial depolarization ~ 6.107588E-2

6996 organelle organization 1.173506E-5
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Introduction Oocyte maturity includes nuclear and cytoplasmic maturity, both of which are important for
embryo fertilization. Cytoplasmic maturation involves the redistribution of a range of organelles, including
mitochondria. The nuclear and cytoplasmic mammalian oocytes maturation is a complex process nuclear
maturation is demonstrated by extrusion of first polar body while there may be no indication for cytoplasmic
maturation According to critical role of mitochondria for energy production in oocytes, it can be considered as
an indicator of cytoplasmic maturation. Oocyte maturation requires more energy. Energy reaches its peak during
ovulation. Changes in the mitochondrial distribution pattern can affect the ability of embryo development from
oocytes. Since fetal mitochondrial replication is not performed until the blastocyst its stage, mature Oocytes
(MID), fertilized Oocytes, Energy required for fertilization, embryonic development prior to implantation and
early stages of fetal development depend on the storage of mitochondria in the time of ovulation. Therefore, the
location and function of mitochondria can affect the quality of the Oocyte and consequently interfere with the
process of embryo development. The topic of genetic networks explores the most important genes in a
physiological process. The graph theory is used to construct and reconstruct the biology network. In biology
networks, genes, proteins, or any other molecule that plays a role in a cell can be considered as a node and the
relationship between these nodes is considered as an edge.

Materials and Methods In this study, GEO access codes for this data set GSE38345 were used to determine
the effect of FSH on the expression of mitochondrial genes. In the past decade, with the ability to study genetic

information of the genome in a wide range, micro arrays were a high-performance method for analyzing gene
expression. The data are microarray and contain the gene expression information for cow's oocyte cells, whose
maturity is influenced by the FSH hormone under laboratory conditions. After data implementation, the quality
of the data was analyzed and if necessary, normalization was performed using the data conversion technique.
Data analysis and comparison of gene expression in two cases before maturation (20 hours after oocyte treatment
with FSH in laboratory conditions) and after maturation (96 hours after oocyte treatment with FSH in laboratory
conditions) using From the GEO2R software link were done. After identifying the genes and examining the
different genes expressed, two genotypes included Increased and decreased expression genes. The interaction of
each gene group was studied using a string database based on co-expression data. Gene ontology was performed
using the comparative GO database.

Results and Discussion In a comparison between oocyte gene expression data in the pre-maturation stage
and the post-maturation stage after treatment with FSH, it was determined that 100 mitochondrial genes in
maturation compared to pre-maturation stage increased expression and 94 genes of this organ has declined.
Among them, the protein interaction network has been identified in a set of increased and decreased expression
genes. Of the 100 genes that have been increased expression, 68 genes are coexpression based on string
information. Among decreased expression genes, 53 genes from 64 genes were reported as coexpression. In the
protein interaction network of the increased expression genes, the important genes of MRPS10, MRPS18A,
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MRPL16 and MRPL17, which played a role in the mitochondrial destruction and translation processes of
mitochondrial genes, and in the network of decreased expression genes, MRPL22, ATP5B and ATP5C1 genes,
which by reducing its expression, attempted to balance in the pathways associated with mitochondrial
destruction and ATP production through its role in the ATP synthase structure.

Conclusion The results of this study reveal the most important genes affecting mitochondrial activity during
oocyte maturation and control genes of this organ according to the network of protein interactions in the set of
increased and decreased expression genes. In addition, the most important biological pathways in order to
understand the mechanism of FSH effect on oocyte maturation through mitochondrial organ is investigated.
Also, by comprehensive examining the gene expression network in the process of cytoplasmic oocyte maturation
and showing the marker genes and different biochemical pathways, it is possible to understand the quality of
oocyte during maturation, which can help improve IVM-IVF technique. Since effective mechanisms in
cytoplasmic maturity are not yet fully understood, efforts to identify important regulators of mitochondria in
oocyte maturation process will be effective in using fertility technology in animal production.

Key words: FSH, Microarray Data, Mitochondrial Genes, Oocyte Evolution.
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