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Abstract

Introduction: Livestock nutrition represents a significant portion of the total costs in animal husbandry. To
enhance efficiency, identifying inexpensive feed sources is a key strategy. The gap between the demand and
supply of feed ingredients has notably widened in recent decades, and livestock producers are facing numerous
challenges in obtaining feed resources due to drought and rising prices of conventional feedstuffs. Consequently,
there is an increasing need to utilize affordable alternative feed materials in ruminant diets. Processing and
effectively using agricultural by-products and residues as feed for ruminants is essential for improving livestock
production. Legume straws, particularly bean straw, have gained attention both domestically and internationally
as an important and economical source of roughage in ruminant nutrition. With superior nutrient composition
compared to cereal straws, legume straws offer greater potential for widespread use in animal diets. In regions
where beans are cultivated, the production of bean residues is significant and can fulfill part of the nutritional
needs of livestock. Feeding bean straw to ruminants may offer benefits over certain cereal straws, likely due to its
higher crude protein content and other valuable nutrients. From a nutritional standpoint, processed legume straws
serve as sources of energy and protein in the diets of fattening livestock, helping to reduce feeding costs and
improve animal performance. Therefore, this study aimed to evaluate the effects of incorporating processed and
unprocessed bean straw into the diets of Farahani lambs on their growth performance and fattening characteristics.
Materials and methods: Bean straw was processed with urea by ensiling in plastic covers. For every 100 kg of
bean residue, 50 kg of water (50%), 3 kg of chemical urea fertilizer (3%), 1 kg of calcium carbonate (1%), and
100 g of sulfur were added. One month after ensiling, dry matter, ether extract, ash, crude protein, and acid
detergent fiber and neutral detergent fiber contents of the processed bean straw were determined. In vitro
digestibility of samples was also assessed using the gas test method. Subsequently, at a sheep farm in Arak County,
45 lambs aged 4-5 months with similar average weights were randomly assigned to three experimental groups:
1) wheat straw (control), 2) bean straw, and 3) urea-treated bean straw. The experiment lasted 90 days, during
which lambs’ weight gain was measured every 30 days and daily dry matter intake was recorded by collecting
feed refusals before morning feeding. Weight gain, feed conversion ratio (FCR) were examined monthly and over
the entire fattening period. Data were analyzed using mixed model procedures in SAS software (version 9.1), and
treatment means were compared by Duncan’s multiple range test.

Results and discussion: The study found that treating bean straw with urea significantly increased its crude
protein content by 25.51%, elevating it from 8% in untreated straw to 12.1% in urea-treated straw (P<0.05).
Ammoniation effectively reduced both neutral detergent fiber and acid detergent fiber contents (P<0.05).
Additionally, urea treatment markedly improved the dry matter and organic matter digestibility of the bean straw
compared to untreated samples (P<0.05). Ammoniation also resulted in higher gas production (P<0.05) and
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enhanced organic matter digestibility by approximately 11%, boosting the metabolizable energy content from
7.29 to 9.1 MJ/kg DM in treated straw (P=0.01). The feeding trial indicated that incorporating bean straw
increased daily feed intake compared to the control diet, with urea-treated bean straw further enhancing intake
over untreated straw (P=0.03). Furthermore, lambs fed urea-treated bean straw exhibited significantly greater
daily weight gain than those in the control and untreated straw groups (P=0.01), along with an improved feed
conversion ratio (P=0.01). Economic analysis showed that adding bean straw and urea-treated bean straw to the
lambs' diet reduced the feeding cost per kilogram of weight gain compared to the control group.

Conclusions: Ammoniating bean by-products with urea is a straightforward and effective method to enhance their
nutritional value. This technique significantly increases crude protein content and digestibility, allowing these by-
products to replace conventional feeds like alfalfa, corn silage, and various oilseed meals in ruminant diets. As a
result, it reduces overall feed costs and lowers meat production expenses.
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Table 1. Feed ingredients and chemical composition of experimental diets for fattening lambs (based on 100%

dry matter)
Experimental diets
Feed ingredients Control Diet containing untreated  Diet containing treated
bean straw bean straw
Alfalfa hay 26 15 10
Wheat straw 4 - ~
Bean straw - 15 _
Urea-treated bean straw - - 20
Corn grain 40 23.63 30
Barley grain 21.04 36.44 24.94
Wheat bran - - 6.81
Soybean meal 7.46 8.42 6.75
Calcium carbonate 0.5 0.5 0.5
Mineral and vitamin mix! 1 1 1
Chemical composition, % of DM
NEn (Mcal/kg DM) 1.76 1.61 1.53
NE; (Mcal/kg DM) 1.14 1.07 1.02
ME (Mcal/kg DM) 2.6 2.6 2.6
DM (%) 89.9 89.69 87.85
Organic matter 95.08 94.93 94.82
Crude protein (%) 12.5 12.5 12.5
Calcium (%) 0.57 0.49 0.46
Phosphorus (%) 0.29 0.29 0.346
Neutral detergent fiber (%) 18.74 21.47 22.01
Acid detergent fiber (%) 12.72 13.2 13.26
Ash (%) 4.92 5.07 5.18

! Mineral and vitamin mix consisted of 600,000 IU/kg of vitamin A, 200,000 IU/kg of vitamin D, 200 mg/kg of vitamin E,
2500 mg/kg antioxidant, 195 g/kg of Ca, 80 g/kg of P, 21000 mg/kg Mg, 2200 mg/kg of Mn, 3000 mg/kg of Fe, 300 mg/kg of
Zn, 300 mg/kg of Cu, 100 mg/kg of Co, 120 mg/kg of I, and 1/1 mg/kg of Se.

Iy e slge Brae 21,5 5 (623500055 aSL wad
(Walli et al., 1995) aidy o Sgugs 50

slade isliél 3.5 Talebian Masoudi et al. (2024)
s MO JBlaz 4 aoyo FIVA 5l paiS oS plo iy p
zobw b aS |, Sligel olS jo oy VY/4Y iSlas
50 sl (5155 g ead ($,90,8 Cogb, g 5 calise
olS s ,51,8 b 5 Rodriguez-Garza et al. (1985) (gubos
S5 Ol sl 5 peigel dnSTgs0em b el (sl
VA 5V /89 @ (Gygl,8 H9o) TR0 51 s ja a5
Otl8 055l 5 meigel aenS g 000 L g 91,8 4 o 00y
-85 09l 5 Sligel 25 Cod Joku cod (opimen .2l
B8 o Lials a0 YV 5 00/% ol jeds o
Sl el Ll oS 08 Sigel ol gy 5o
Ol &5 (g sbay wid Loy oS S guas 0 YO
Sham g 0)s Ve gysld 5l 8 Logd o5 ol s>
(Y Jgi2) ey 20,0 WO & (554159

Pl Sl Al S s o (Lid (oale @lie (o)
s 51 250 Boes 0,50 965 b jlass 5 e Lugd oS

Aoz 5 ol Ll g )51,8 a5 wlesls yLis o ags
039l b 3,95 slooaile Bb plu g pasS g gl oS
wls Gl pls iy p (55l e yob 4 Sligel b
b 9 Wlgi oo ouisis sl 8 oS o (s &5 b &
(E1-Shinnawy et al., ) 0¢ o0l (5 90,88 o5 plyy an

2001; Walli et al., 1995
s mls preasaslits jI (S pls g n (il
el (65,0l Sluls 0, Slogel anly Sloal
5 &l goaxe Jelss 4 ates (81 jlade 4z S
Slomy £55 5 Lod wugb, cooliusl )50 Sligel zla
5 0,9l .(Schneider & Flachowsky, 1990) cuul e
(NPN) (5555 (saiion e gl 5l 59 52 Slise]
S| it olS 4y Sligal by oygl yogsal olKin i
S et p 8 Dygody g odd oS LS 5l (59 500
o )0 (Suign e O3sre SRl wlese B T o
slr Y Oiare Glueald el eaiissl
@95 (eSan Sl g 4eSh SlapanslE g S
A gl 85 e 53,1 45 & g ol 23 oo



Yo (AT ) VF D llilpgs o )ledlpas b Jlol sals ladgs Slisios

ool polie 2815 5 Logl oS o5 ey ol il
GBI o5, 5l ole ojbas ol GLIL e T oslo St
odingd 0 Jolel GLIl (ganl caigd o Jolomels
St 5SSl 5 S 5 ol gad lshas o5
(S 5 el odiysd 4o Jslmal BLII pls LI
Sless oy o5 & Cund ol oo g ok (S
Talebian  alewgdy ool plxl imgh )0 b oo
oole (6 pdy jo,le% iul3dl 55 Masoudi et al. (2021)
@ oy FFF g PV 5l e sas ol JToole g St
doys FAIAY 5 SAIVA Slas 5 OF/B0 5 DV/FY Jlas
ooliiul 090 Cugb; g 55 alaw 4 dwy (Sligel oS ;o
Cowlooly lis Koo glo idghy bt sl oad i )l58
st obosad | s o Jolous & g b oS
oS ) Gy Sl g oS 58 (Sligal
Jyaze @i b5 5 <85 )13 aest slas S
Schneider & Flachowsky, ) <él ial33l  Sligel
(1990

oot Dlogas o 0545 o)l b 50,5 Slisel 6T
&5l oolo 63 lsS ¥ sz o/ ol St
O3S oy obsS oy slasgl g sl 5 S g LB
Qe e Hlas 550018 5l am g LB 1) Lugl ol ouds 00
5 a5 tall el 0,8 SUisel o ol s el
VY 05a2) Logl oS ST eole (6033 53155 ole (219l 5
Ol ] cdlae g o adgl slugl oS @ Cus (a0
30 Josle AN @ VIV 5l 5l g CS g BB (65,
I Uil Sogel slog olS jo i ool p,SolS
051930 gzl e b shie (Ko sl 58 adgi 5 S
Sl g S (39 oS s NDF (09 iy Conl Jsloo
Sl el oais 5yl Joe o5 o Sleasloné sla
.(De Boever et al., 2005) 595 o0 55 oo

ol 55 Hanan (2019) «,ol> g ol b gunen
355 o, ¥ g ¥ ¥ Jshoo b Loyl oS (591,845 0,8
BB (s3he Slge ggazme sl oS (2 )68 (55518 55 5 0
Glagd oS 4 Cans oo 6)5])5 s ,les (TDN) pao
- olas (sadg 8 ralidl ols oli8l 1) enis (6,90 ,8
FJB a5 Gl 5 S g BB (655 p3gr fiien oaims
el )l e Cllad LS 0 )50 (G0 Slge K03 g e

4 oygl (998l A o Same Blge oS S g (bt
9 PH Gl czrge o)l omizman 2ol (LS L
S i e 55 0 ol sl slos 0 4052
Sl 53 Gugezme (Gaxe Slge (b O3 coge i8]
Cuietal.,) o) o0 Vb S (jl5m0 cdoeil 10 5 095 o0
(2016

G2l s Lag o5 03,8 (Sigel ol ey
SLl g ol sap (S 00igd 5o Jaloels SLII Jlads
Slde (RalS (Y Jgoz) o opml oaigd 5o Jolowels
S5 L o5 538 Sligel abalyty Hsluison 5 NDF
Casl oad SIS B slagiesy o Slisel
.(Saenger et al.,1983; Talebian Masoudi et al. 2022)
$y9l,8 &S W, o)l Atta Elmnan et al. (2007)
Sligel o ol el oyl b (55,5La8 il DY guae
ladss (5l g ools (aSly (53lglusiSK Slge b S 0ns
sk g ;0 Jelomel Bl alS asisy o ogue | Ll
S8l 0y9l (LS ST 51 (LBU WS o0 sl 9 (55
Olyes ol s )5 5 lsluson 5 (i Slasion
Sl Sl o il oS s oo 5o Fsbosan
Van) 355 o0 Jolowol S 9o (2alS g man colils
45 ous yLo ((Soest et al., 1984; Ghorbani et al., 2021
5 0 ndyse oo (Slisal o 1y b (it Glslo san
@loog S Gralil clea a5 558 o Jslore o] 5l o2
Sl ladign U Jlisay Sl JeuSe S
Schneider & ) ol Jolo cop 0 Sdgyel loanul
.(Flachowsky, 1990

DIF+ 5 YIAD il el ooty w505 Sisel
Glagd o5 I ool 5 Stz 00le (5340 ))55 (s
oS (sy5ba b adsl slugl oS digei 4 Ced (Shisel
ol o5 5 wals slogl o5 S 03le 6315
GRYNOlsS 5 00,0 VA § AT od ey o0 (551,
(¥ Jgoz) g0 20,0 VA g AV (s oyl JTeole
91,8 o Rodriguez-Garza et al. (1985) (ubos o
el oty sl aanSynn b ol slag) olS
oole g Sis oole (5 pduas 25 (gauo,0 B/ 5 VIV iols8!
&a2y VWA gAY Gl el o sl b o (559152 5
) Q'I oole g Sz oole (5 pdudy o

B L Loy o8 &9, Hanan (2019) iagsh o
o (2o ¥ g V¥ mlaws 50) 0,51 055 L g LoyosSs 5



"'6)‘5)73. Lgl.aw).g R .blS.Los R o 0 0D 6)3])5 = (_gL.gj oS )| oolatwl ).ul :u,_e(” ol ob‘)‘T Y&

Stogel slagl ol5 5 Log o5 6 ndy (3155 5 (aleonds S 5 =Y Jo
Table 2. Chemical composition and digestibility of bean straw and ammoniated bean straw

Experimental group Chemical composition, % of DM Digestibility (%)

Organic Ash Crude NDF ADF Hemicellulose Dry  Organic

matter protein matter  matter
Bean straw 90.0 10.0 8.0 51.32 36.2* 15.1 88.4 87.1
Ammoniated bean straw 86.5 13.5 12.1*  47.2° 32.4° 14.8 91.8 91.8
SEM 0.62 030 0.12 0.38 0.31 0.18 0.27 0.28
P-value 0.06 0.06 0.01 0.01 0.01 0.07 0.01 0.01

b Different superscript letters within the same column indicated significant differences at P<0.05.
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Table 3. Gas production and estimation of metabolizable energy in bean straw and ammoniated bean straw

Experimental Gas production parameters
group
Gas Gas Gas Gas Organic Metabolizable SCFA*
production  production production production matter energy (mmol)
in24h in9 h potential rate digestibility  (MJ/kg DM)
(mL/g (mL/g (b) (mL) constant (%)
DM) DM) (c) (mL/h)
Bean straw 39.60° 51.23° 61.95 0.068° 49.11° 7.29° 0.87°
Ammoniated 51.10° 61.20* 64.50 0.89* 60.79* 9.10° 1.13*
bean straw
SEM 1.20 1.46 1.75 0.001 1.20 0.188 0.026
P-value 0.01 0.01 0.21 0.01 0.01 0.01 0.01
b Different superscript letters within the same column indicated significant differences at P<0.05.
* Short-chain fatty acids
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Table 4. Effect of experimental rations on performance and fattening traits of lambs
Experimental groups
Control Bean straw ration ~ Ammoniated SEM
Item P-value
bean straw
ration
Dry matter intake (kg) 1.477° 1.493% 1.52° 0.011 0.03
Initial weight (kg) 23.14* 22.55% 21.18¢ 0.34 0.05
daily weight gain (kg) 190.33¢ 201.33° 223.76* 0.002 0.01
Average final weight 40.31 40.93 41.32 0.36 0.55
(kg)
FCR 7.58° 7312 6.79° 0.08 0.01

&b Different superscript letters within the same row indicated significant differences at P<0.05. SEM: Standard error of the

means; FCR: Feed conversion ratio
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