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Introduction: Today, the increase in the world's population, especially in third-world countries, has caused an
increase in the demand for livestock products, which will subsequently require more livestock products and more
food resources to meet these needs. The use of waste from factories of agricultural transformation industries in
feeding livestock helps to make the cost of breeding more economical. Since cotton by-product is considered a
product of cotton ginning factories, it can be said that due to its nutritional value, its use in animal diets is to avoid
wasting this huge source of feed. Cotton by-product contains 86.9% dry matter, 12.3% crude protein, 57.7% NDF,
12.2% ash, 1.7% calcium, 0.31% phosphorus, and 1.06% net energy. The results of the studies showed that cotton
waste can be used as a source of protein in the diet of fattening animals. This study aimed to assess the effect of
feeding different levels of cotton by-products on performance, degradability, rumen fermentation parameters,
microbial protein, and microbial population in fattening lambs.

Materials and methods: In this study, 24 male Afshari lambs with a mean weight of 30+0.7 kg and a mean age
of four months were used in a completely randomized design with four treatments and six replications for 90 days.
The experimental treatments included: 1) a diet without cotton by-product (control), 2) a diet containing 33.33%
cotton by-product instead of alfalfa, 3) a diet containing 66.66% cotton by-product instead of alfalfa, and 4) a diet
containing 100% cotton by-product instead. Hay was based on dry matter. The cotton by-product used in this
study was obtained from Mahosh cotton ginning factory located in Razavi Khorasan province, Neyshabur city,
Iran. After entering the test site, it was chopped and then mixed with alfalfa in certain percentages; it was
consumed by experimental lambs. Growth performance traits including daily feed intake, daily weight gain, and
feed conversion ratio were measured during the experiment period. To measure ruminal fermentation parameters
and bacteria and protozoa populations, the rumen fluid of the experimental lambs was taken from the rumen on
the 90™ day of the experiment, three hours after morning feeding using an esophageal tube. To determine urine
purine derivatives, the total 24-hour urine production of each animal was collected in a special container under
the metabolic cage on five sampling days. The number of three fistulaized Afshari sheep with a mean weight of
about 5042 kg and a mean age of approximately 11 months was used to estimate the parameters of degradability
of dry matter, crude protein, and NDF.

Results and discussion: The growth performance results showed that replacing 100% cotton by-products instead
of dry alfalfa increased feed intake, increased daily weight, and decreased feed conversion ratio (P<0.05). The
results of ruminal parameters showed that the treatment containing 66.66 and 100% replacement of cotton by-
products instead of dry alfalfa had the highest concentration of total volatile fatty acids, acetic acid, and acetate to
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propionate ratio (P<0.05). There was no significant difference between the experimental treatments in the amounts
of purine excretion derivatives and microbial protein production. The use of 66.66% of the substitute cotton by-
product instead of dry alfalfa in the diet increased the total population of rumen fluid bacteria (£<0.05) but had
no significant effect on the protozoan population. The results of meta-measures of dry matter degradability, crude
protein, and NDF showed that there was no significant difference between experimental treatments.
Conclusions: The general results of the study showed that replacing cotton by-products by 66.66 or 100% instead
of dry alfalfa in the diet improved the performance, increased the bacterial population, and concentration of total
volatile fatty acids in the rumen fluid of fattening lambs. The use of cotton by-products can be a suitable substitute
for alfalfa in the diet of fattening lambs without negative effects on growth performance and rumen fermentation
indices.
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Table 1. Chemical compositions of cotton waste
used in study

Chemical compositions Amount
ME (Mcal/kg) 1.26
Dry matter (% DM) 86.90
Crude protein (% DM) 12.31
NDF (% DM) 57.70
ADF (% DM) 49.24
Lignin (% DM) 22.48
Ether extract (% DM) 5.44
Ash (% DM) 12.23
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Table 2. Ingredients and chemical compositions of diets containing different levels of cotton by-product instead

of alfalfa hay

. Dietary level (%) of cotton by-product instead of alfalfa
Ingredients 0 3333 66.66 100
Alfalfa hay 12.63 6.31 3.16 0.00
Cotton by-product 0.00 4.16 8.32 12.63
Wheat straw 5.80 5.80 5.80 5.49
Corn silage 10.01 10.00 11.00 12.00
Soybean meal 8.70 8.89 8.96 8.90
Corn grain 15.00 15.72 15.05 14.98
Wheat bran 15.38 15.38 15.00 14.00
Barely grain 27.10 27.46 27.30 26.90
Sugar beet pulp 3.49 4.39 3.49 3.30
Vit and min supplements” 0.69 0.69 0.69 0.60
Salt 0.20 0.20 0.20 0.20
Calcium carbonate 1.00 1.00 1.03 1.00
Chemical compositions
ME (Mcal/kg) 2.70 2.71 2.69 2.67
Dry matter (%) 81.92 81.71 80.93 80.69
Ash (%) 8.53 8.60 7.90 7.88
Crude protein (%) 14.40 14.32 14.37 14.36
Ether extract 3.40 4.10 4.12 4.19
Neutral detergent fiber (%) 34.17 34.07 35.80 35.67
Acid detergent fiber (%) 2391 23.70 21.91 21.80
Calcium (%) 0.76 0.78 0.88 0.85
Phosphorus (%) 0.46 0.47 0.43 0.41

* Each kg of the vitamin—mineral premix contained: vitamin A (50,000 IU), vitamin D3 (10,000 IU), vitamin E (0.1 g), calcium
(196 g), phosphorus (96 g), sodium (71 g), magnesium (19 g), iron (3 g), copper (0.3 g), manganese (2 g), zinc (3 g), cobalt

(0.1 g), iodine (0.1 g), and selenium (0.001 g).

G Bl 55 GlaisS ol oolitwl ole VY Ly 5
Vooogae lop b pemdgilie i S b asd
g2l B )b izl 18 ()l gl 5l iy a0
Sokbel b e wisg Jate el 4y STyes
Bl Jl3 L (9,51) Sl iz b S5kl slaanss
b oolitl o o AY b sl olad & 5 yieg Sece F0
aesS Loz dlaas Slaisjse Gloy a0 diges 2 sl
ST ALSL loddgiund wihwsS 90 10 9 as ()1,S9)
ialejl slro> sladises g3l slranaS dcn u
Sl Byl S 5o aneSs s (pole B S (a5 a)
4880 gy D & ugredes 4250 YA slos L g Jy O
Joe ol digles i 1y 315 Cugby b Wit il
G s g bdiged (ad osbye bl w
Riasi ) ol plos! baweS J1o olge 45 puslS )ls S
2 JLasl b ga (5l (oS <y (et al., 2008
00ls 5 draS 10 Vyiamsd ol 5 Sl Siled S,
I AY A F lagle) jo dges g9l slaansS a0
25 4oS 3l pamslisSil 5l g sl 4 5 VY FA X5

Sid 5 ogdeold dle )0 gl I e g o

Ol bpls (s jlpel g ab i) ol 651 gexr S50
2 0dd (5yslaen 5l sladiges (s b bl
O3 ke Yo g bgloeo mo Loj90 j0 (Ll o oo
Sloslaiwl b ol (6,lagSS Jwgmdis az 0 =Y+ glos o
Sl Sl e (91 (yloyd S 18) S sl sl oS
L 3 et 3 eI oline 55 5 Sl
ol b o bl Jslomo g 51 G o3 P9
Jsb 5 (il il XBI0 Jas) jtegids 2o
Lol sVl cbale ol 5 ,.S05lal el YAY 240
b pely 9lows 2 5 Goiled b ot yne alws
OVY zgo Job ,0 yiegids pSwl oSws I oslanl
@950 O n Olie coizmen ol (6ol gl
Chen by, SwS & Gy o 5 > ) 0dd O

b s and Gomes (1992)
2y ol i sl adis less (lesl
5 el Geiign oSS oole pdyani glaazl
) pshite o o a5 satg 5 Joonds G
o (6,088 Yginnd (g Lasdl ol5 5 wiawsS el ) duw olass
s ek b g p SokS 00T 30 059 (2 Sle L



AR

OO-YA) VE-Y ool Jsl o Lol ws s Sl ol Sy Sl

bl slajles Sl 1, 35 5 STpp e
B o g ailis) Gis Rl ailyy, STyss b pas
ols las gl cowl oads ools HLas ¥ Jga o STygs
alisy 09 1B s @l s lyg) (Brae STye oS
et w4 S o pd Ve (3l Jle )0 Laghy
O bl P <)) v iy )b gae jobar oo
iy Olasly as 0 FFIFF g 0o 0 YYIVY 6l )l (slo Lo
Slis> eSlee (n eSS 352y (5l Sre glis
Slesd )0 5eSbe (i g ol jler ) il (8 pae
Sl o o pe b osalin wo v Vee 5SSl
4355 Sllga> 5 aals 0z 005G pae latawsS
Ao, FRIFE 5 awoys YYIYY Gl sleoys L oo
aw ool o Ll ol lis g)ls goe Dglas casy lasly
Slsly ao e Ve S edl o e b aslae o e
(P<e20) g jiien )l gme pobar SoliS sy
Jos @ Yo Lol 3o 53 Slygs bran il
Sagebiel and Cisse, ) a ladly o 551,95 joe>
a5 5] Sa e Gras s 5 5 (1984; Hill ef al., 2000
Olej e Bl sl sl azmig b anyliie ;o lgem ales
g b dwolae )0 deSs o wbas olily 6,Bwl
Jisoty o aai FuisSy A bl l oS
STz B pas Wlgh oo gl 0 Olom| Sis daxigy B pas
g sboausl (Jacobs er al., 2022) sjle sgae |
Slaslie b Sis oole Byae ioldl L adal,y o Lol
siog: 08,8 anllan 4y 5 i 55, o8 Koo pliions
(5 Sidgh o (Zanine et al., 2022) clils ciyllae
ol s Ay gl diloasy ao o Ve Kl
a8 belagw 815 )lon 5 glaalley o STy B pae
Olasly Gl olaw o g5 S5 o (Solaiman, 2007)
sloaless Sss Srae jlade n G)logine Sl ay
Geios gl b S (Jacobs et al., 2022) cuilas (s)lg 5
el BU sas s ay i cledy ety cilhs yol>
Sl sl alawg 4wy SUI 4 cuns sy ol
L e Ll gt 30 5 4aSh elo Sl
osle Gialidl Lozl draSs slags 5l g pms il
Yusuf et ) cisls 0925 yol> i ;0 (Bras Sis
Ailgd co iy lusly a5 Wols ylid Sldllas (al, 2021

a0 0 sles b ool o cele FA Gowar yoges
» ool Bl e SlaS S et Glp Geseede
Ol 1 ERNNES e Slp Nad 45 dadiges
Fosliiwl b g aneSid 10 (gmsligSil (g LS o
Syg0 Sy ol b adds Vo Son 4 ggdwld il
5 e Olge B Wl pliee S 18 pnas
o luilinl aoles 5l ool b seian gladsiuld
O § & 00 yeesdd (McDonald and Orskov, 1979)

Al Cyeetd ) dolee jloolawl b s pduas 1o duo o

S 53 4 pad odileBl e

Sy s Loy =\ — X Vo
S 53 ad sl 4sad Hlude

Sleazinl s 0,6l Cawsay glp Jols slaesls
Ble s b slaests pan SeiS byl 5 iy
ot Glp gy OYolee 1 .abals colaxw! Neway
1 oolitul oo Gpdiaiod gdhe odle G
P=atb (l-e %)

ED = a+ [be/ctk]

ED (gdse osle gpdiayims Podadlslee ol o
oSl 50 0dig iy ;25 o e (S B ¢ fge S pdid
W3 F i Call € daSlh )0 edighiy j28 WIS isu
5K g (Celi) 4l ;o aawlisSSl loj i i vac €
Gl A0S 5l dele olge ouc

Mixed a9, ;| ooliwl b iole;l slaosls : g, lo/ 4 2o
5 b g (SAS, 2001) A\ il SAS (s bl 5l 5
@ )lon adsl G3g 9 <ol Sl Gl Sl S (85 s
Silo e pas Jdody wal a0 (SeS e leie
o 5l dele cnl ((SoS7 i Sl lgieay o adsl (335
sleools il aismen b Bi> gkl wis
UV Gl SAS (el 38l 5l ookl b 5 g o
Cawddy gl 11 Kloo dunlin .ol slxil (SAS, 2001)
L Q) syt 5 (L) ot BT sy Sl lie 5l ool
Jlil zha jo oSSl glasels oz g3l 5l oalazl
ol eslaial 8y50 gylel Jaw ad plal oy mu
D9y Oygody Grhd

Yij=p+ Tite

F oSl i lai 5550 Cio Y wolre ol o
L)"“L")] sl Sl g GuuLo)T Sews ol ST daosls



Silop looy ab, o Sles 0y 0 axies sla 4 4y Ol Galis Folaw ailuS 31 -V Jous
Table 3. The effect of including different levels of cotton by-product instead of alfalfa in the diet on growth
performance of fattening lambs

Item Dietary replacement level (%) of cotton Contrast
by-product
0 3333 66.66 100 SEM  Pevalue —  Quadratic

Daily feed intake (g/d) 1760P 1790P 1800°  1890° 13.1 0.003 0.022 0.241
Initial weight (kg) 30.60 30.50 30.70  30.30 1.31 0.332 0.441 0.620
Final weight (kg) 51.25° 52.00°  52.60° 56.22° 0.62 0.031 0.041 0.253
Daily weight gain (g/d) 227° 234b 2427 2822 3.01 0.045 0.021 0.231
Feed conversion ratio 7.742 7.65% 7.442 6.68° 0.14 0.002 0.001 0.120

b Values with different superscript letters within a row are significantly different (P<0.05).

SEM: Standard error of the means
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Table 4. Effect of including different levels of cotton by-product instead of alfalfa in the diet on ruminal
parameters of fattening lambs

Dietary replacement level (%) of cotton Contrast
Item by-product

0 33.33 66.66 100 SEM  P-value Linear  Quadratic
Rumen pH 6.51 6.76 6.59 6.71 0.14 0.575 0.436 0.510
NH3-N (mg/dL) 791 7.26 7.36 6.86 0.41 0.746 0.678 0.597
Total VFA (mmol/L) 88.56°  90.30° 92.13*  92.55% 1.08 0.033 0.022 0.244
Acetic acid (A) 57.18> 5818  60.10°  60.28° 091 0.031 0.021 0.218
Propionic acid (P) 23.50 22.95 22.10  22.12 0.51 0211 0.326 0.245
Butyric acid 1.41 1.67 1.70 1.73 0.53 0.125 0.226 0.136
Isovalric acid 4.14 4.54 5.25 5.31 0.43 0.190 0.182 0.198
Valric acid 233 2.95 3.09 3.11 0.46 0.220 0.231 0.317
A/P 2.44° 2.53% 2.712 2.72% 0.06 0.042 0.033 0.228

b Values with different superscript letters within a row are significantly different (P<0.05).

SEM: Standard error of the means
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Table 5. Effect of including different levels of cotton by-product instead of alfalfa in the diet on excretion of
urinary purine derivatives and microbial protein synthesis

Dietary replacement level (%) SEM  P-value Contrast
Item of cotton by-product
0 33.33  66.66 100 Linear Quadratic

Allantoin excretion (mmol/day) 9.90 941 9.70 9.73 0.21 0.211 0.245 0.198
Uric acid (mmol/day) 0.41 038 040 039 0.04 0.651 0.579 0.621
Xanthine and hypoxanthine (g/day) 1.33 1.46 1.23 1.48 0.15 0.301 0.295 0.328
Purine derivatives (mmol/day) 11.2 9.07 1066 11.4 1.08 0.400 0.474 0.372
Microbial protein (g/day) 4575 4593 46.01 46.22 1.29 0.147 0.155 0.142

SEM: Standard error of the means
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Table 6. Effect of including different levels of cotton by-product instead of alfalfa in the diet on the population
of ruminal fluid bacteria (Logio/mL) and protozoa (Logs/mL)

Dietary replacement level (%) of

Item cotton by-product Contrast

0 33.33 66.66 100 SEM P-value Linear Quadratic
Total bacteria 7.97° 7.69° 8.60° 7.69° 0.27 0.035 0.021 0.041
Total protozoa 6.16 5.96 5.12 5.16 0.221 0.060 0.059 0.067

&b Values with different superscript letters within a row are significantly different (P<0.05).

SEM: Standard error of the means
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Table 7. Effect of including different levels of cotton by-product instead of alfalfa in the diet on dry matter

degradability (%)
Dietary replacement level (%) of cotton SEM P-value Contrast
Item by-product
0 33.33 66.66 100 Linear Quadratic

a 25.19 25.13 24.88 24.94 0.81 0.951 0.842 0.910
b 51.89 51.17 51.64 51.16 0.46 0.926 0.898 0.946
a+b 76.05 76.27 76.49 76.07 0.29 0.785 0.649 0.713
c 0.039 0.040 0.038 0.038 0.03 0.061 0.052 0.069
ED

k=0.02 58.22 58.80 59.08 58.42 0.32 0.513 0.475 0.569
k=0.04 50.56 50.77 50.79 51.53 0.37 0.899 0.729 0.819
K=0.06 45.23 46.11 45.35 45.21 0.50 0.123 0.213 0.129

a: Rapidly degraded fraction (%), b: Slowly degraded fraction (%), atb: Potential of degradability, c: Constant rate of
degradation (h-1), ED: Effective degradability of dry matter (at 2, 4, and 6 % out- follow rates (k)).
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Table 8. Effect of including different levels of cotton by-product instead of alfalfa in the diet on protein

degradability (%)
Item Dietary replacement level (%) of cotton by-product SEM P-value Contrast
0 33.33 66.66 100 Linear  Quadratic

a 25.73 26.73 25.43 25.53 0.51 0.954 0.789 0.829
b 47.54 48.08 47.92 48.13 0.25 0.736 0.642 0.710
at+b 73.28 74.82 73.37 73.68 0.71 0.995 0.836 0.924
c 0.052 0.054 0.054 0.053 0.01 0.121 0.236 0.129
ED

k=0.02 60.85 61.58 60.13 58.94 0.95 0.543 0.459 0.519
k=0.04 52.90 52.90 53.10 52.58 0.31 0.181 0.178 0.189
k=0.06 47.44 48.54 47.90 47.57 0.45 0.832 0.762 0.863

a: Rapidly degraded fraction (%), b: Slowly degraded fraction (%), a+b: Potential of degradability, c: Constant rate of
degradation (h-1), ED: Effective degradability of dry matter (at 2, 4, and 6 % out- follow rates (k)).
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Table 9. Effect of including different levels of cotton by-product instead of alfalfa in the diet on NDF
degradability (%)
Dietary replacement level (%) of cotton by- SEM P-value Contrast
Item product
0 33.33 66.66 100 Linear = Quadratic

a 15.44 15.13 15.84 15.42 0.75 0.615 0.589 0.675
b 39.30 39.04 39.02 39.54 0.30 0.981 0.823 0.929
at+b 54.75 54.18 54.87 54.97 0.31 0.653 0.571 0.603
c 0.053 0.051 0.051 0.051 0.01 0.051 0.059 0.061
ED

k=0.02 45.56 45.24 44.02 44.23 0.64 0.799 0.642 0.719
k=0.04 39.64 39.61 39.51 39.23 0.54 0.678 0.563 0.624
K=0.06 34.03 34.56 33.25 33.96 0.62 0.866 0.754 0.810

a: Rapidly degraded fraction (%), b: Slowly degraded fraction (%), atb: Potential of degradability, c: Constant rate of
degradation (h-1), ED: Effective degradability of dry matter (at 2, 4, and 6 % out- follow rates (k)).
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