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Introduction: One of the valuable unconventional foods is whey powder, which is a by-product of
cheese production. Whey powder is used as an important source of energy and protein in animal nutrition.
By reviewing the composition of whey powder based on dry matter and comparing it with the needs of
livestock, its nutritional value can be understood. Whey powder as a feedstuff also has properties of a
prebiotic; it contains a significant amount of lactose that is not absorbed to a large extent, but is fermented
and converted to lactic acid and volatile fatty acids, which may stimulate the establishment of lactobacilli
in the small intestine. Whey powder in animal feed, in addition to preventing environmental problems,
reduces feed costs and improves yield. Adding whey powder to this juice probably improves and increases
the weight of animals fed with whey powder by stimulating the microorganisms of the digestive system
and as a result, by better synthesizing the required nutrients and improving the absorption of nutrients from
the digestive system. This study was conducted to determine the effect of different levels of whey powder
on growth performance, fermentation parameters, ruminal morphology, degradability and microbial
protein biosynthesis in fattening Zell lambs.

Material and methods: In the first experiment, ruminal degradability of dry matter and crude protein
were measured with nylon bag technique using three fistulated Zell sheep with mean weight of about 40
kg and mean age of about 10 months. In this experiment, nylon bags made of polyester (Dacron) with a
pore diameter of 45 £ 5 micrometers and dimensions of 9 x7 cm were used. Incubation time in rumen
consisted of 0, 4, 8, 16, 24, 36, 48, 72 and 96. In the second experiment, the effect of different levels of
whey powder on fermentation parameters, ruminal morphology and microbial protein biosynthesis, an
experiment in completely randomized design (CRD) with four diets containing zero, 1.5, 3 and 4.5 % whey
powder on 24 male lambs with initial mean weight of 24+ 2 kg and mean age of 4.5+0.52 months for 90
days was performed. Every day, a certain amount of feed in the form of TMR was weighed for each
experimental treatment and was provided to the experimental lambs at 8 am and 5 pm. To determine the
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daily weight gain of the experimental lambs, weighing was done with a digital metal scale every 14 days
until the end of the 90th day of the experiment. Data obtained were analyzed by statistical software SAS
(version 1.9). Comparison of experimental treatment means was done using Duncan's multi-range test at a
significance level of 0.05.

Results and discussion: A significant difference was observed for final weight, dry matter consumption
and daily weight gain among the experimental treatments, and the highest values were found in the 4.5%
whey powder treatment. Significant differences were observed in pH, ammonia nitrogen, total volatile fatty
acids, and acetic acid among the experimental treatments. Specifically, the treatment with 4.5% whey
powder exhibited the highest levels of fermentation parameters. Additionally, the 4.5% whey powder
treatment showed the highest population of total bacteria at 2 and 4 hours after feeding, as well as the
highest protozoa population at 4 hours after feeding. Moreover, the 4.5% whey powder treatment
demonstrated the highest thickness, height, and density of villi compared to the other experimental
treatments. Furthermore, significant differences were found in the degradability parameters of dry matter
and crude protein among the experimental treatments. In particular, the soluble, degradable, and effective
rumen degradability in passage rate constant parts exhibited significant differences. The amount of gas
produced from the fermentable part also showed a significant difference between the experimental
treatments. The control treatment showed the lowest amount of gas produced from the fermentable part,
which was significantly lower than the other treatments. However, no significant difference was observed
between the experimental treatments in other parameters of gas production.

The highest amount of microbial protein production was observed in the treatment of 3% whey powder.

Conclusion: The consumption of higher levels of whey powder at a maximum of 4.5% in the diet of
fattening lambs improved the growth performance and some ruminal indices and decomposability of dry
matter and crude protein.
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Ingredients Jals o Ol g Ao yd VO o ol g o ¥ o Ol )39 Ao yd ¥/0)
Control 1.5% whey powder 3% whey powder 4.5% whey powder

S 25 25 25 25
Alfalfa hay
p5 ol 5 5 5 5
Wheat straw
el 223 223 223 223
Corn grain
zab 26 26 26 26
Barley grain
P g 104 8.9 7.4 5.9
Wheat bran
(Pl B9 20 ¥Y) Ligw dlos 10 10 10 10
Soybean meal (44% CP)
el 0 15 3 45
Whey powder
\ TS .

Slaghee JoSa 05 05 05 05
Mineral + vitamin premix
Se 05 05 05 05
Oyster powder
S 0.3 0.3 0.3 0.3
Salt
Chemical composition
(S22 o3le 55l s JIa) S 5 90 JE (53 2.78 2.89 2.92 2.96
ME (Mcal/kg DM)
(s ole jl s20) o 0552 14.25 14.28 14.31 14.40
Crude protein (% of DM)
(<Kt oale J) 0 3) (25 odizgs > Jgbols SL 34.45 33.28 34.19 33.30
NDF (% of DM)
(S 3le | (522,2) el 0.69 0.68 0.66 0.67
Calcium (% of DM)
(525 o3le | s22) it 0.32 0.31 0.33 0.32

Phosphorus (% of DM)

oelS 25 VA Jol ne JoSo 1 p S0k 50 B sy 5 S0 5 D3 oling Mallgpr 35y Voo e e A ualing (Mall i 351 00+ Jol usling oo 51 S5LS 0!

b1l 25 ds s £)5 S gl 5 S LS £ S ) £ A cgme £ 1T coml 25 s K £5 93 res £)5 T4 i p)5 V0 b p S A
1 Mineral vitamin mix composition: 500,000 1U/kg of vitamin A; 100,000 IU/kg of vitamin Ds; 1 g/kg of vitamin E; Mineral mineral
mix composition: Mg; 180 g/kg of Ca; 90 g/kg of P; 20 g/kg of Mn; 60 g/kg of Na; 2 g/kg of Mn; 3 g/kg of Zn; 1 g/kg of Co; 1 g/kg

of Se; 1 g/kg of I; 3 g/kg of antioxidants.
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Table 2- The effect of experimental treatments on the parameters of dry matter and crude protein degradability (%)

iabojl sl lows

Experimental treatments sles Jlass!
olaw . P o MO Ol g oy ¥ g o FIO 3,5kl
Items anld Lo : Lol W Sils bt

= % W o P-Value
Control 1.5% whey 3% whey  4.5% whey SEM
powder powder powder

Suis oole (g ydya o5 glmaceil B
Dry matter degradability parameters
oloxe iz 30.72 275% 2510 29,12 0.66 0.002
Soluble part
4 63.2 60.4 60.1 61.1 1.34 0.15
Slowly degradable
s JB i 93.8° 87.0%  g5.20 90.2% 0.41 0.003
Degradable part
4525 Hop i 6.11° 12040 148° 9.77% 0.06 0.002
Undegradable part
s el gy 5.19? 424% 3110 3,23 0.14 0.001
Degradation rate
2203 p3 £33 e o3le 5o (S
(celw
Effective rumen degradability in passage
rate constant (%/h)
ofeY 49,72 41.5% 36.3° 45,1 1.07 0.003
of+¥ 43.32 37.1% 34.1° 39.4% 0.74 0.003
o5 38.12 32.6% 32.6% 35.42 0.98 0.002
B gy (Spdid o8 (glaaoal b
Crude protein degradability parameters
Jofome 250 9.042 11.28 8.16° 10.4° 0.78 0.001
Soluble part
S 85.4 81.1 83.1 84.2 1.59 0.75
Slowly degradable
4520 J o 94,52 923 913 94.6° 0.52 0.001
Degradable part
4528 Hox i 5.50° 7650 8707 5.33" 0.05 0.002
Undegradable part
s b gy 3.11% 2.95% 3.70° 2.44b 0.16 0.002
Degradation rate
P hop) joe 550 shie oo Fge (S ply &S
(celw
Effective rumen degradability in passage
rate constant (%/h)
ofeY 44,22 4252 39.1° 41.2% 1.12 0.003
ofo¥ 40.22 41.18 36.7° 37.1° 0.69 0.002
o/ 35.52 36.42 32.2° 33.9° 0.82 0.002

(P<+/+0) aisl o ylo pime glis (gl)ls Sy e Bgy> b <) jo (sl Sleo

Means within same row with different superscripts differ (P<0.05).
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Table 3- Effect of experimental treatments on some gas production parameters (ml/200 mg DM)

inlejl sl

Experimental treatments sles Jlass!
olaw g1 X0 yd VD Py o ¥ gy duo > ¥/0 3,5kl
Items wald U U o L S

7 i W o P-Value

1.5% whey 3% whey  4.5% whey SEM
Control
powder powder powder
(0) 55 255 Jewis 51 533>  57.6° 59.2¢ 55.1% 1.37 0.02
Potential gas production (b)
I gy b _ 008  0.09 0.08 0.08 0.002 0.17
Constant rate of gas production (c, %/h)
CopeligSil el 87 ploj 2 g 5 e 601 613 58.2 59.6 1.49 0.36
The gas production at 96 h of incubation
O

o >9A_M <okl . 64.7 65.3 64.3 65.6 0.98 0.10
Organic matter digestibility (%)
o 5 o JE 535 9.6 9.7 9.5 9.4 0.13 0.08

ME (Mij/kg DM)

Means within same row with different superscripts differ (P<0.05).
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oy 3 odlil y90 pis Ol Jdgs g5 45 2y s Slalllas (1984
2 O oy G ol oliend SLuS 5 g (04 jpe55 b (pyed )
o Al Clidos )3 (09,50 (g p Sl 255 4 bgye i

.(Lammers et al., 1998) >4
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Sl BYs 5l (St sanlie dalej] olajlod o ) ()b
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19550 oy 3L 9 )3 (g Slide 5 ctilof] slasles - Jgda
Table 4- The effect of experimental treatments on excretion of urinary purine derivatives and microbial protein production

L;ie.u}" sbjles
Experimental treatments s s
ola JRYTRWSLR Y/ P doy Y Pes do )y ¥/ 3,5kl
Jals . B, - ~ S e
ltems sl ! PRl 0SSk P-Value
1.5% whey 3% whey 4.5% whey SEM
Control
powder powder powder
9 2 Jgeie) (o283 0] 8112 7.23b 9.11° 9.66° 0.21 0.001
Allantoin excretion (mmol/day)
; Syl !
()”_ » J_"’ o) Sl 0.41 0.38 0.40 0.39 0.04 0.65
Uric acid (mmol/day)
(s 2 %) 0551550 5 05155 133 156 1.23 1.48 0.15 0.30
Xanthine and hypoxanthine (g/day)
(s > Jre “1*‘ ) % 11.2 9.07 10.66 114 1.08 0.40
Purine derivatives (mmol/day)
(s 2 %) 9,5 092 44.1%  40.25 47.72 46.12 1.29 0.002

Microbial protein (g/day)

(P<+/+0) 33l oo Yo sime ©olis ()b Syiin jue By p b >y o cba:Sko

Means within same row with different superscripts differ (P<0.05).
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S 3 oole Linli8l o yai Ol Gya e a8 12 oli s ldllas
a0 o (DePeters et al., 1986; Eseceli et al., 2021) 8z
DeFrain et al., 2004; Lammers et al., ) ;5 Lil38l 45,
Vs s O gy 99380 s oaiiS laseia s slapls ;> (1998
5 o 55 SIS] Gl 5T (Sl 53 e B2
i dlge e (3905 Sk g B oS> ) S 20
Lol 35 slaply ojs iulial 5 dae el 4B )lsS oo ]
JYs 5l 6lg e 45 (Chung and Day, 2004) 54— o yuis ol
3 s O g 0aiS B pa e slaoy ;oAb 5 Shas 3900 Jlois]
A8l b G

Slops 3 i ol By ine oS sl Lt addllas (pais guls
Barile et ) 5,ls (glgy slooy olde bas copd y (g)b sz
Geios s b oS (al., 2009; Poliquit and Sanchez, 2013
o dlge ebls 3539 o i Ol gy il cilae sl
(dne dlgo (B g el e oy oY Asle b
OB 3 g Ol Ay (sl (gdaa Slge 05l gite G plgisa
«(Mirshahi, 2012; Miranda et al., 2019) ,u ol SSgu9p
Jelge 31 o plsiets Blgce (slgp slapld oy )3 (o Byiae
S (Jloisl BYo 51 s (S ng b (Byme Ay 0)Slos dguty
PoSyan Sl Gloy oy (Brae Sis oo g 2l 09
it s 88 05 b sl lg e o b el 5 ey O
Poliquit and ) (;e5Y) s55! 5 wap YL lgioee (gl
Slygd pab odimddguy cu—wold 4l 50 4 (Sanchez, 2013
cwl (Sedaghat et al., 2019)

SlsaS—d iy 8 Gelign ale )l S Olssa i
I8 oolawl 350 35y Jbb jd BUiSlem il 4355 )0 &S w02y
b oS el oad ool Lss .(DePeters et al., 1986) 5,5 .
Comaz Gial3l Jdoay (BUS ot b g ety O By iae
@555 390 oo JWisay g ¢(Lee et al., 2019) awss wlo 193959,
Maiga et al., ) LU oo il38l g (29,500 il plb GLI
4 M 39)Sn (3B bl & Cawl sns )5S (1996
[Juengst, 1979) b o dgut0 yis O g 13 565V 9>
e Il S 9 Wl o 4SS )3 (29,500 (e xS 0jl]
M8 (5551 o9 ol el 2 (Lt |y oS 5o 595
oy 2l o350 598N Jidsay aeS b Il 5oy el yrass
Russell et ) cusl o 09)Su0 (g Mg &5 inlidl & e
w2y ol g 4l b (Sligel 09y clale ialS (al., 1992
5 o o ool oas 115 oyl 3aio )3 dialojl (clmno
5 Slogel (3ay bl Slojan g e )3 0nd AT 525
&5 > Oed 41 9 WL (29540 (B9 CELe Cap o 5
(Salary et al., 2013) ¢l odgs yiaS 35 dnaSi I 1y59505
2 Sigel (395 5l e odlits] gl ol byd 93 izren
5 Sbisel 3y wsllas Clle ol (9,800 (89 S
OISy (sl 551 @ie (992 oy )3 9 dneSb )3 005
ol iz, oS (Russell et al., 1992) cowl oa i lgis
o )yd duw 0aGS Bl slajlos D (s9SKue gy cilw il
Slisel Bisyi 5 aisg o3l & bgyye Ylais! piy T o
(Salary et al., 2013) cuwl 4l )5 0 Mg
O 8 M o5 (59 Sl el )3 (295See (1B
5 eSS ) (sl 3l )50 sl ol ST g3l g
Vaithiyanathan et al., ) xS o o2l 1) b oo olos 20 )g
P @955 oon w5 lp ) e i it (2007
St sod o |5 09 o o0t | 0428 st 5 lilgs dneSi
O g Clitie § SAlSe ladwl (209383 lx oo

Py Cute Ol il ol saios ,o (Chen et al., 1990) cuol ouds
P N1 3 alS Coge (g )8 (g W )3 iy
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(Makkar, 2003) 595 555V 268 28 Comw
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Table 5- The effect of experimental treatments on the growth performance of fattening lambs

ialejl sl los
Experimental treatments ulas Jlass!
olis . Ol P dod VO g dop ¥ Poy duoyd ¥/0 3,0kl )
Jals - - _ d)lbw
Items g <l PRey oSk b e
1.5% whey 3% whey 4.5% whey SEM
Control
powder powder powder

s lsys 4ol 3
(p5s) Jo 5l iy 2560  26.13 25.38 24.66 2.01 0.648
Initial weight of fattening (kg)

) | o
(p755) o o 035 4313 47.88a° 46.33% 49,502 1.03 0.027
Final weight of fattening (kg)

I Siis oolo
(p5) e . > 1454° 1623a° 17972 17132 40.22 0.001
Dry matter intake (g)

5) &ilie, orjs Ll
(p5) sy 05 A1 227.1° 2454 262.8° 275.3 4.61 0.002
Daily weight gain (g)

lis YT
e o e 633  6.87 6.75 6.42 0.26 0.195
FCR

A ;5)‘-3@’“’ LS)L"T M| d‘)b o/e0 J)Loi Cjam 5 u;lnu: J}P L [EIRPIT dlhu..izluo
The mean of each row with different letters have significant difference (P<0.05).

waSs glo gln oy LS osmsdy e gl asls
Gpas )0 Swldl o940 )13 oy (sladonl o ]38l 4
598Y a3 Wbl oo (Slgn sty bags yuiy Ol y3g; 1oy F/0
it 5 ol Ol GBISS ot )3 ((Signisn piE) i
351y s ety il L5 Gon celton 5 SSY duasl 45 ]
o bl clals (438, YU caldl 3 g WS 0 S 25 039
Sl ySh b ) Al caw g (8155 o > gl g alS el
S a5 (Giilsen et al., 2002; Patel, 2015) 39 oo 1.5 ylows
Eljlos 3 ey gl e mle gl 45 ol ol s adllas
(Zamani et al., 2019) 59 BYb sals 4 Cond i Ll (gol>

oo S5 S gaw GRIEIL S S Gl adlae S
4aSs glo (Sligel (jgy chle 5 gl ke i Sl 5l Jo s
Lo (Mousavi Anijdan et al., 2016) sl yialS 5 slaoy
o gty i Ol 4D 39390 595Y S sly )18 (Thivend, 1978)
SV dl & g 45 eSS 3 Tgigig 0 9 g8l g
OEmed A 4eSb mlo gl B cuw & 398 00 S
el odd dgtud slagls ) i Ol B pan a5 Cunl oads 3,155
o Shgd Gpns jlam cels ¥ 5 V0 )0 anss gl o Lials
aS ol s laawds (g9, adllles S ass (Thivend, 1978) wi
2 b g s £ el Jdoar sy Ol g Bpas
Ay o 4050 o (Sl (g0 Colé alS s S5
.(Shapiro and Volcani, 1977) 1 sals

72 Sl 9 g Siha g She pan & Cuslord IS
b (Bass lasais )0 duo )0 £O 3905 e & CuilB) )L 034 0
2o oty iy O iaig gy (gm0 (VL pin Coli 4y g
G (Mehri et al., 2004) (95,5 ¢ o) disel (slodow! VL
o Y| (Gilsen et al., 2002) oy ufg s Sligis ylo 4
2y 3 Ses daads o (2 50 5 siRe dlge BV Ll o Ailg
El-Tanboly and El-Hofi Khoeshid, ) 553 i ol
039 85 35 Ok lox oy 9y eSSy e (2017
CEL 29y L & o ity O oy By o b oy L
.(Nocek and Kautz, 2006)

3 sSkasel 055558 Gliy) Sl as—id o aa il b
(4pasid gl ) A 02 o
Jodz 30 (6)lgp ooy (slawSs sladomuwlyd 4 by guls
O S mlo gl o 50 (o)l me gl oS Db L5 £
ale gl i (250 g (it (P<100) 3,5 3929 ok 2ol
£10 lash 5 it S ile Sl (50,85 AL 308
MR e ladpsl JS cale oty ciald 5 50 Ol g 20y
orizmed g 3ald 5 ety ol 2o 3 /0 e )3 o e 4 o
Y10 gl Jlos ) cui ity St | o | Clale a8 g iy
B Y9 sl po b gols b sdalie dald g i Of o
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Table 6- Effect of experimental treatments on pH, ammonia nitrogen and ruminal VFA of fattening lambs at the end of the
experiment

ialel o o

Experimental treatments

bl glas s

Slas Ol g doyd V/0 O pgaen Y Ol g s FiD _
ltems aald s T T Oels & oine
Y red = SEM P-value
Control 1.5% whey 3% whey 4.5% whey
powder powder powder

4aS5 glo pH 6.29% 6.612 6.18" 6.49? 0.10 0.02
Rumen fluid pH
sdle S iden) Stiel Gisred 0 go 12.442 11.2% 13.5° 0.34 0.02
Ammonia nitrogen (mg/dL)
(2l Jge she) 3 o2 ol JS 88.6" 92.1% 91.0% 97.3° 2.09 0.03
Total VFA (mmol/L)
Sl dpl 445 49.8% 50.7% 55. 6 1.61 0.03
Acetic acid
Seigsn el 26.6 24.6 2234 24.8 1.23 0.19
Propionic acid
Kesipt dpl 14.6 14.9 15.3 14.2 1.38 0.24
Butyric acid
@.Ab_w _ 1.54 1.61 1.43 1.24 0.26 0.41
Valeric acid
&,Jlm_a.l A.a.»_' 1.34 1.21 1.45 1.51 0.29 0.62
Isovalric acid
ol Sl Cons

IR ' 1.88 221 241 2.28 0.17 0.49

Acetate /propionate

(P 1+0) ssbiso o sine ol (sl S 2oy By b s o sloeSibo

Means within same row with different superscripts differ (P<0.05).

Bl o Ylainl oy (sloygl 30y oo 2l L ol yod 4neSd
Scharenberg et ) o Sllgas b 53 (595w yud o sl o
& Sbigel (395 cbile ials a8 4 ooy olois (al., 2007

95 (Sgp Sl (Rl e 059y ) die edlitel
(Van Soest et al., 1991) 545 0 4neSis 4

aasid pule (slags iSLs US 9 1959595 curen
oSk S Cunex g bgigign Caner 4 by mbis
glis &S am3 oo Lt YV Jgda )3 )lgn s aeS—3 mle
celo bz 5 93 lagle) 2 Sl 5 Caner ln )ixe
2 4S5 le slalgigion Camex > uizeen 5 (@S] il axy
d9g shalef] slojlesd o 50 (@ISl am celo oz oo
93 534S mlo sla g yiSL S Curer (p yidin (P<+/+0) 3,5
Lo ¥/0 oY jle o cuipa 28T il celw s o
oS glo slalyigion Cuman (nyiier b edalie sy o g
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Table 7- The effect of experimental treatments on the total population of rumen bacteria and protozoa in fattening lambs at the end
of the experiment

iabojl sl los

Experimental treatments sles !
Slas . «_:’l 209 dao)yd VD UT P9 o) Y 09 o)y ¥/ ))‘AJL.»JI
Item aals . o L b

ems = P P oS bl e
1.5% whey 3% whey 4.5% whey SEM
Control

powder powder powder
g pSh JS Corer
Total bacterial population
S mlo gl Loy 45 dlaw x Ve*
Number per ml of ruminal fluid x 10°
(oaSlygh 5l ) jio el 2.27 2.30 2.28 2.32 0.04 0.27
Zero hour (before feeding)
23St o el 5 2.08 2.18% 227 2228 0.03 0.027
2 hours after feeding
a3l Jam colo o 1.940 2.09% 2.05% 2.18° 0.04 0.04
4 hours after feeding
Wlgjeig, Cumoa
Protozoan populations
4 polo il Jeo oy ol x Vo7
Number per ml of ruminal fluid x 108
(2255l J8) oo el 4.36 451 4.64 4.49 0.06 0.15
Zero hour (before feeding)
23Sl Sl dm el 2 413 4.29 4.46 459 0.07 0.46
2 h after feeding
(gt an celo o 323 3.47% 3540 3.7 007 003

4 hours after feeding

Means within same row with different superscripts differ (P<0.05).
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Table 8- The effect of experimental treatments on the developmental characteristics of rumen villi of fattening lambs at the end of
the experiment
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Experimental treatments sles Jlass!
Slaw R ERYRRWARRY/ ; Ol g oy ¥/ 3, lkw!
ltems Aol R JRIp LYWL 7 ’ “L S gme

P-value
1.5% whey 3% whey 4.5% whey SEM
Control
powder powder powder
(p,59k) 555455 059 1.24 1.36 1.28 1.40 011 075
Weight of rumen- reticulum (kg)
() )55 mesasd 2 _ 6.21 6.78 6.92 7.10 0.47 0.42
Volume of rumen- reticulum (liters)
(ose) easid o)l ol 1.35 1.46% 1.56° 1.41% 003 002
Thickness of rumen wall (mm)
. § & . o I

("“J o) & ‘SL"”,”’_‘EL‘”’ 2.58° 2.74% 2.66%® 2.79% 0.03 0.02
Height of rumen villi (mm)
(o) eraSid slnjy 2e 1.200 1.350 1.450 1,528 003 003
of rumen villi (mm) Width
(e reistl > olas) o o515
Density of villi (number/square 71.5° 84.32 91.6° 80.2% 3.02 0.03

centimeter)

(P+1+0) 3Bl oisine ks s S e i gy b iy o sloSis

Means within same row with different superscripts differ (P<0.05).
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