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Introduction: Due to reduced rainfall and degradation of rangelands, some portion of

ruminant feed is provided by agricultural by-products such as cereal straws and sugarcan bagasse
(SB). A key strategy for achieving environmentally sustainable added value and providing
animal feed is to convert agricultural by-products into animal feed. Sugarcane is one of the most
important economic crops worldwide and is mostly used as a raw material in the sugar industry
and it is produced in more than 100 countries around the world. Its biomass can be used as
animal feed in many countries more than any other forage. The SB is one of the fiberous residues
that remain after water extraction from the sugarcane stalk and can be used as a source of fodder
for ruminants. However, it has been reported that these by-products have low protein (less than
3% on DM basis), high cellulose (more than 40% on DM basis), high hemicellulose (more than
35% on DM basis), high lignin (15% on DM basis), and low DM digestibility (20-30%). Some
livestock producers use unprocessed SB in ruminant nutrition, which is not accompanied by
desirable results on animal performance. Various methods including physical, chemical, and
biological processing are used to change the physical and chemical nature of SB to improve its
digestibility and nutritive value. Therfore, the current study aimed to investigate the effect of
diets containing sugarcan bagasse (SB) treated with ammonia (NH3) and sodium hydroxide
(NaOH) for different times on chemical composition, ruminal fermentation parameters and dry
matter (DM) and organic matter (OM) digestibility by gas production method.

Materials and Methods: The SB samples were obtained from a sugarcane factory located in
Khuzestan province and treated with NHsz and NaOH for 30 or 45 days under anaerobic
condition. Experimental diets were 1- diet containing untreated SB stored for 30 days (Control-
30), 2- diet containing treated SB with 5% NHs and stored for 30 days (NHs 5%-30), 3- diet
containing treated SB with 4% NHz and 1% NaOH and stored for 30 days (NHs 4% + NaOH
1%-30), 4- diet containing treated SB with 3% NHs and 2% NaOH and stored for 30 days (NHs
3% + NaOH 2%-30), 5- diet containing untreated SB stored for 45 days (Control-45), 6- diet
containing treated SB with 5% NHz and stored for 45 days (NHs 5%-45), 7- diet containing
treated SB with 4% NHs and 1% NaOH solution stored for 45 days (NHz 4% + NaOH 1%-45)
and 8- diet containing treated SB with 3% NHs and 2% NaOH solution stored for 45 days (NHs
3% + NaOH 2%-45). Experiment conducted by gas production (GP) technique based on


mailto:sa.mousavi@ilam.ac.ir
mailto:m.shamsolahi@ilam.ac.ir
mailto:m.shamsolahi@ilam.ac.ir
https://doi.org/10.22067/IJASR.2025.91986.1236

completely randomized design as 2x4 factorial. Chemical compositions (DM, OM, cude protein
(CP) and neutral detergent fiber) of SB treated with different methods were measured after the
end of processing. Then, in vitro ruminal fermentation parameters including 24 and 96 houre GP,
partitioning factor, efficiency of microbial mass production, methane production and DM and
OM digestibility were measured.

Results and Discussion: The results showed that treatment of SB with 5% NHz or 4% NH3 and
1% NaOH and stored for 45 days had higher OM content than others (P<0.05). The greatest
crude protein (CP) content was observed in SB treated with 5% NHz and stored for 30 or 45 days
(P<0.05). The lowest neutral detergent fiber (NDF) content was observed in SB treated with 4%
NHz and 1% NaOH or 3% NHz and 2% NaOH for 30 days (P<0.05). The lowest 24 h gas
production (GP) was observ ed for Control-30 and Control-45 (P<0.05). The 24 h GP production
of diets was increased with increasing NaOH for treating SB (P<0.05). Methane production,
partitioning factor and efficiency of microbial mass production did not influence by processing
method, storage time and their interaction (P>0.05). The greatest OM digestibility was observed
for NH3 3%+ NaOH 2%-30 diet (P<0.05). The greatest GP potential was observed for NHz 3% +
NaOH 2%-30 and NHz 3% + NaOH 2%-45 diets (P<0.05). The lowest lag time was observed for
NH3 3% + NaOH 2%-30and NH3 3% + NaOH 2%-45 diets (P<0.05).

Conclusion: In general, according to these results, it seems that processing of SB with 3% NH3
and 2% NaOH solution and storage for 30 days had better effect on its nutritive value.

Keywords: Ammonia, Sugarcan bagasse, Ruminak fermentation parameters, Sodium hydroxide.
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Table 1- Feed ingredients of experimental diets containing bagasse processed by different methods
at different times.

0jos ¥+ gld lej 259 ¥0 (551 2 (o
30 days processing time 45 days processing time
(S 00lo 3 ka0 y3) (STyes ool
(St dlls) B 15 15 15 15 15 15 15 15
Bagasse (sugarcane bagasse)
Wiy Suis abgle 10 10 10 10 10 10 10 10
Alfalfa hay
puiS olS 5 5 5 5 5 5 5 5
Wheat straw
Lol ogu0 22 22 22 22 22 22 22 22
Oak acorn
Lo a9 8 8 8 8 8 8 8 8
Date kernel powder
@3 il 5 5 5 5 5 5 5 5
Corn grain
g 4l 5 5 5 5 5 5 5 5
Barley grain
ol 3.8 3.9 3.8 3.8 3.8 3.9 3.8 3.8
Molasses
bgw dlbous’ 3 3 3 3 3 3 3 3
Soybean meal
g g 7 7 7 7 7 7 7 7
Chicken powder
oyl 1.1 1 11 1.1 1.1 1 11 11
Urea
Oy 5elS Al 1 1 1 1 1 1 1 1
Corn gluten meal
oole s 1 1 1 1 1 1 1 1
Fish meal
RO 8 8 8 8 8 8 8 8
Olive pomace
pAS ogmw 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Wheat bran
b by S 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Sodium bicarbonate
Voolizg 5 (e Slgo JoSio 06 06 0.6 0.6 0.6 0.6 0.6 0.6
IMineral and vitamin
supplement
?Tt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
a

PS5 misie )5 V8 Gl pF O counls 25 V15 B el )5 e Ve - D3ty Mallige oy Veee e Agpaliyy Mol 215 dee e oelizg 5 (ame Slgo JoSa 5l pS5kS 2 53 )

S92 M1 S (oo ¥ v g poils 5 (oo Vs S o Ve LS S o Ve i) )5 Y e p)S Y el 2T Y 50 )5V i
1- Each kilogram of mineral and vitamin supplement contains 500,000 IU vitamin A, 100,000 IU vitamin D3, 100 mg of vitamin E, 196 g of
calcium, 96 g of phosphorus, 19 g of magnesium, 46 g of sodium, 2 g of manganese, 3 g of iron, 3 g of copper, 3 g of zinc, 100 mg of cobalt,
100 mg of iodine, 1 mg of selenium, and 400 mg of antioxidants.

Voo S50 Jslore 9 00,0 ¥ Sligal Jolomo L osdiy1,8 (ol =Y o3 0 Sligal Jlomo L a1, ol =Y syl o8l =\ g,
Ao )d Y ot S gyun Joloe g 0 )3 ¥ SLigel Joloeo b o g9l 8 (oL —F g by
1 Method 1- Unprocessed bagasse, 2- Bagasse processed with 5% ammonia solution, 3- Bagasse processed with

4% ammonia solution and 1% sodium hydroxide solution, and 4- Bagasse processed with 3% ammonia solution
and 2% sodium hydroxide solution.
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ilS s 155 e Ylais 255 axtph LI SISl ol o Pobaoisan o329 55 & 5 Jsbo o)l (5 5L
2,5 G (V2 0F) Camguoyg Ml odisygl,8 (ol b sl )3 odibisygl,3 (W 53 T osle g St o3l e
295 5 Bl el o 8 s Cullss bl & o 1euS30m Jsla b (STog3 Slgo (sliass (y5l5 o5
Slams il )3 .(Van Soest, 2006) 54 0 Sygd JIosle g Siid o3le LialS cplpls 9 olS @luS 5 5l s
9 gy oinlell 33 g 0ygl b oddigyelyd Sk WL pB 4S9y awo ) (Dehghani et al., 2021) ., Ken o
Oinlesl j3 il a8l 0,9l b odicyolyd guy ol g puiS olS sl 59y Aoy (Ribeiro et al., 2020) Ko
Sligel labls )3 (o pais d939 4 Slgise |y Sligel b snsyslys Bl pls sy (sl Liljil pols
b bl

coinlol g0y (S5 (0932 eSS (Sl 3

sl o iz gla yogy L omd”i)é oL b oy (lawSs pesd hasiwl 3 Y Jos

I8 98 8 9 olas LS eay g 3l8 oloj pil Cov Cel VY aest IS Wy amd e ol |y cogline

0Bl gl oy a8 (gyebo 4 b I8 )»L, cov |y el Y 2e50 55 Mg (o9l g9 Lol ((P>+/40) 8,5

(¥ Ubs)) o) Yo Sde 4y 0ddopdd 5 dopd ¥ aydes LS gypad Joloee g doyd ¥ Sligal Joloo b oadg)sl )8

S8 81 ¢ ylie 55 wdgi Ltb"j S vy g 6)9])5 olej ‘d”])é g9 B (P</+0) Loy celw YF oz 5
(P>1+0) 95 I3 gne (29,5uwn 0395 Mg 03] 5 (Sigd
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Table 2- Effect of different processing methods and processing time on the chemical composition of bagasse

Sz Sl 59, YO
P-value
30 days processing 45 days processing
. . T Sagldx oo
o) 5154545451545454% oles Sl
3 &« 3% g % 33 % 3 %% T L T L 3 & < . . Time x
Method 8 ¢ 8 ¢ 88 ¢ 8 ¢ 8 8 v 8 ¢ 8 ¢ Time Processing :
= N o N = > = F Processing
Parameters
(Mo yd) Sis 00l
95.35¢  94.25¢ 97.18  95.25° 97.20° 96.25P 94.50¢ 95.22¢ 0.16 0.02 0.01 0.01
Dry matter (%)
(32) Jl oobo
93.75¢ 91.74¢ 87.559 88.08f 92.72¢ 95.66° 95.61° 94.95P 0.13 0.01 0.01 0.01
Organic matter (%)
(3253) pB S5
2.65d® 4.40° 3.96% 3.56% 2.53° 4.342 3.094¢ 3.26° 0.15 0.01 0.01 0.05
Crude protein (%)
(Mo yd) 25 ol g LI
91.33%  89.19° 87.72¢  87.73¢ 90.69? 88.57" 88.50% 89.00° 0.34 0.42 0.01 0.02

Neutral detergent fiber (%)

WSS SOURTIKWIR SUEWY 203 Y Sligel Lo gysh,d oBL—F 5 0o)d ) aades douS g0 2oyd ¥ Sligel b o s ysl 3 oL =Y o3 & Slsgal b osdi s ysl,d Bl =Y wodisisyslyd Lol =Y
SRR 9 92y 9 091 w0 9o ) 2 942 9° 9% L g 92 091 o 091 o ur9)

Method 1- Unprocessed bagasse, 2- Bagasse processed with 5% ammonia solution, 3- Bagasse processed with 4% ammonia solution and 1% sodium hydroxide solution, and 4- Bagasse
processed with 3% ammonia solution and 2% sodium hydroxide solution.

AP<700) 505 3 4mm s s e Dt Sogline g L slael sy s 0P

&bMeans in the same rows with different superscripts are significantly different with (P<0.05).
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Table 3- Ruminal fermentation parameters of diets containing bagasse processed by different methods *at different times

S99y Ve 918 39, YO
P-value
30 days processing 45 days processing
) < < < < < < < < (%) 3 L
S - x - o8 - T 2 - S o8 - & F m 2 ¢ . S g a 8 3 & a
Method s ¥ 8¢ 8¢ gy¢¥gy¥ gv¢ 8¢ g ¢= 2 Y Sg wUge we
- [N w EN - [N w EN 5 =
Parameters

(K23 o3l 5 oo 0+ + 53 32l o) ol VF (e S A5

50.47¢ 58.22b 61.19%  65.83* 52.63° 60.13° = 61.30% 63.06% 1.72 0.77 0.01 0.03
24-hour cumulative gas production (ml/500 mg DM)
(Szs ol 5 o 0+ 3 3 o) s S5 A5

8.34 8.91 8.59 8.79 8.85 9.07 8.73 8.20 1.60 0.95 0.99 0.98
Methane gas production (m1/500 mg DM)
SV S )95

4.68 4.61 4.60 451 4.45 4.38 4.73 4.33 0.16 0.27 0.49 0.63
Partitioning factor
(3213) (19,50 0395 Mgs o3l

55.46 53.46 54.35 5331  52.28 52.66 54.85 52.31 1.46 0.34 0.68 0.72
Microbial mass production efficiency (%)
(duoy3) Siid odlo i cbils

50.61° 59.852 51.38° 60.822 54.87°  64.392 53.89° 62.412 15 0.07 0.01 0.02
Dry matter digestibility (%)
(20y3) Sl osle imis win cubll

51.04¢ 55,74 60.16%c  65.40° 51.919 56.67°¢ 62.64% 63.09% 2.21 0.75 0.01 0.04

True organic matter digestibility (%)

203 ¥ s S 9 )0 Jolno g 2o yd ¥ Slogal Jolomo b o gygl 8 (WL =¥ g 0> ) mabeo A g 0m Jgloma 9 duo )3 ¥ Sligel Jolono b otz )5l y3 (WL =Y o> & Sligal Jgloeo b o gy91,8 (oSl =Y coriisygly3 (wBL =Y b,
1 Method 1- Unprocessed bagasse, 2- Bagasse processed with 5% ammonia solution, 3- Bagasse processed with 4% ammonia solution and 1% sodium hydroxide solution, and 4- Bagasse
processed with 3% ammonia solution and 2% sodium hydroxide solution.

abMeans in the same rows with different superscripts are significantly different with (P<0.05). (P<e7v0) 5405 50 sls gme Vsl ogline g L oslisl s sy s s



(P>1-0) <8, )15 (syol 3 g9 5 oo LSy 5 (5391538 oloj pib cow T osle 5 Sis oolo pudn bl
b ondisygl8 (ol sls oy o (gpsbo 4 s )8 3B s 1y T ele § Suis o3l a5l 6 5 Lo
Sligel Jolomo b onis)s1)8 w8l gyl 0362 9 (¥ (1B9)) 39) ¥O L Yo oo 4y 0o pdd 9 003 B Sliigel Joloxe
Cabild jlade oy i ) (F Uhg)) 5o FO L Yo Gdo b 0dbiopdd 9 dod ¥ s S gy0ud Joloro 9 do 3 ¥
DL s oy g (Gg) YO L Yr e 4 oddoydd g osdigyglyd L (ol)h) sals ope g s odle puan
(7 Uog0) 590 ¥O L e te ay oddogdd 5 dioyd ) o S g0 Joloro g 003 ¥ Sigal Jolomo s osdig gl 3
5 20> ¥ Slogel Jslomo L oadi6)51)8 (oL (sl oy oMo 4y aizdly |y N oslo mudn bl e 052508
ooy g Josle muan lllB lie s (F Ubg)) 5y Vo o 4y 0dbopdd 00> ¥ s SS9 y00 Jloe
azsls 1y Jlosle puan cubls Jlade oy yieS (o, FO L Ye Gk 4 odibopdd g ot g yol,d Lol (glyls op) dali
(P<-1-0)

e g i bl (I3l Ban b Ysane biSTigs 4 w38 500 9 Sligal aile slowsd Slga (39381

ialS g B saony ke Sl (losd (6ysy 5 B @Bly 53 D e odlinul Sy Lol wile L3I
Ol 9 oS s LAY @ 4S (lapusl )l Sue (g pod GilJEl cel o Cunl Sgd (i Slgiee
1) ol Haboson 5 ok (clial g 4Sd 1y Slsungy S= S S 5le baissl cnl 9o v Gl
L slle (Owens and Basalan, 2016) wad o )13 bpuslS)ls Sao yoyuwd )3 (99)S5h0 )55 4y
1S olS ¢ (Liu et al., 1999) gy ol 55 sdgi iulidl cel (o)l bxo yob 4 o MnSgyd ol sl
oo 4 Sligal b puiS olS (g)91,8 a5 15,8 (515 (V+VF) o) 5 LS9 .05 (Malekkhahi et al., 2012)
b o3aste «Sligel b gyl ab puiS oS St ool (o285 dgut sl g ol I, S Wy a1
Sge i 3 9 3 o slaesl IS A5 GRIEI L il 5 55 e el apsSes il man Sl
Sligel b B3I S1y65 dlge 5,91,5 (DONGyan et al., 2014) sisu o 3900 |y 55 W5 g paess 41,8 «ligugy
oSS ) (295Sse 3055 Sl ) I dlse 4y (o yid 5 Bl onomy (sla )kl 4o Wl e mas STy 0n
odlo et sl Doy calisee wlalllas L(Wong et al., 2018) Wguis pan cubild sy el cplpls g 00l i3l
ohall Jle (el w08 )1 1) cilisee glerd slagle b 698 51 50 B slaSTygs T osle 5 Szs
Singh ) i uuS'gyu b (Okano et al., 2005) Sligal Jgloo b osis s yolp St WSl I odle s culbls
Herrera-) pus ol s oole muan bl )38l J(and Jackson, 1971; Playne, 1984; Playne, 1984
b oo oS g p0um b ol 6913 (LiU et al., 1999) z, oS L (Saldana et al., 1983; Dongyan et al., 2014
Sl > JTosle pan Ul p 1) mde anSgyn g Sligel cute il guls cpl ol osd 5,155 o)l
B 05550 ya35 el |y T odle i o oS 5 oazmy slaylile ss 4 LS5 ol s e L
She Al > Josle 5 St oole puan bl (I3l aiise o gm0 |y o it Sl 5 ALS oo 50t
@ Cows Shgd man culbls e (il 5 s dewSg)n g Sligel 1 Bamd lis aald 4 Cans old gy9l,
4 0)b Slhss ol eaimd JSts SlS 5 b oVl (Stuen S S e Sl ol ontigyglp (ST Sl
Van ) she (inlS pan cullB Slhgs 3 S L sl 5 85 odgh U gt Sl L o (sysb
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Bk cxl j) 9 (Wanapat, 1990) oad jsls on 5 Jsho (n 5iSd ) SoY & eSS sl g Se
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ol |y glise gl loj > il slaig) b oadisyshd sl shls slooyr S5 Al clo el ¥ oo
IR 038 £ 9 Olos GRSy g 538 ploj 8L ot 5 Mg Jeilly § el 45 aeoS 5 W5 amd n
S g 40l 3 b cos 1) 5 Mg sy 5 Celo A5 (x2S A (5)008 g ol (P> 00) <88
b ¥ Gde b oddopdd 1o )d ¥ aodws 1S gy Jolomo 9 0o )d ¥ Sligal Jolomo b oadigysld (oL (sl oy
ol 86 cod 5 g g5 (P<e/+0) amih 1) 5 a5 Jeaily 9 88 (025 JB5 g oyt (T 29)) 59y ¥O
236 oles 55l £ 5 oloj GRS eR 2 5 a9l B ey (P>++0) 855 LB agl iSem s 5 55113 £55 )12
stalojl slooyr o 45 (ygbo 40l )13 8T cou ]y 13 ploj )08 g5 Ll (P>+/-0) Bl I b oo )
o1 5y9l8 Bl sl slooy g cpyitin (jg) To Sde & odboy3d g odtisyg % WL Gyl ) ol oy
oy 5 (F Ub9)) 39y YO L T o 4y 0o pdd 5000 ¥ s g Joloo 5 20y ¥ Sligal Jglowo L
59) ¥ Code 4 oddopdd g doyd ) prdw 1S gyhn gl g o yd ¥ Sligel Jolowo b onisgygl 3 WL (ol
oS 5 b ot 5 Mg Jedly g celo A8 (neod 5 g5 (P>+/+0) wimdls 1) p3 b loj o yieS (Y dg)
J> 4 S il GlaSy Al oS B il plo g BUI oS5 lhiamgS Gl Jols Shgs
2 ke yiehl S B Mg Jeily )l (Solate B g Jeuily gresd Cubl g (e dlge iS5 50 ol
e ) 4as 5o gl (50l o5 oyed 53 g ey I albailits |y sl S lie gyl L)
OB gm0y 3 ol (39 clie (b5l 5 il (slacSTygs anslie cly ol 5l Glge o 2 0gMe am
VAY) )Ken 5 (osbe pols aslllas s b swen (Silva et al., 2015; Sallam et al., 2007) > 5" sola
Manyuchi et ) sy iol58l 1y el 88 2055 55 g (65 me yobods Sligal b g oS (g )yl,8 a5 55,8 )55
Bg 355 Commw g Joho 0)]23 2Sd 52l 3l s S gy g Sligal Jgloma b (o8l (59113 (al., 1992
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Table 4- Gas production parameters of diets containing bagasse processed by different methods ! at different times

Sa9l8 59y ¥+

30 days processing

$2915% 59, ¥O

45 days processing

P-value

3 3 &
> = > > => => = > 5 D S D :
Method S ¢¥ 8¢ 8% 8¢ 8¢ 8 ¥ g ¥ 8¢ 2 Y 8 v g
= N w N = N w N 8 8 5
Parameters
oo py5 o Voo 53yl o) caslio AF (a2 515 s
(Sazs
54.37  51.83 5482 5737 5590 52.88 5560 57.78 147 0.22 0.01 0.95
96-hour cumulative gas production
(m1/200 mg DM)
(S oole p8 o Yoo 3y oo 455 0 Jusly) A
A (Gas production potential ml/200 mg 3.89¢ 4.76° 5.03° 6.012 4139 496° 561° 6.06° 0.12 0.09 0.01 0.02
DM)
(el » e 55 25 £5) C
0.22 0.22 0.21 0.15 0.18 0.17 0.15 0.18 0.02 0.07 0.40 0.19
C (gas production rate; mi/hour)
(csbo) 5L olo;
0.892  0.30% 0.43%c 0,00° 0.65% 0.19* 0.11° 0.00° 0.15 0.15 0.01 0.05

Lag time (hours)

o)d Y b AenS gy0un Jglo g oy ¥ Slogal Jglono b o gygly3 wlBl—¥ g 0o yd ) ot 1S9y Joloe 9 duo)d ¥ Sligel Joloma b osidsyglyd (oL =Y o ys & Sligal Joloeo b oa gy9l,8 (oL =Y coriiygl s BL =Y og,

Method 1- Unprocessed bagasse, 2- Bagasse processed with 5% ammonia solution, 3- Bagasse processed with 4% ammonia solution and 1% sodium hydroxide
solution, and 4- Bagasse processed with 3% ammonia solution and 2% sodium hydroxide solution.

B e Gl Coslite oy o bosliel o s 5</00) 3,05 5455 51sP
Caas Pl O SR A D1 39

.(*PMeans in the same rows with different superscripts are significantly different with (P<0.05).
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5 oSy b cou 8 g b ol (Van Kuijk et al., 2016) coul sldole mlio yias (6y9l,8 osimd Lt
4 Ygana «Shyp Bl dlge cusl STy (glinl jos )3 gl Ul 5 (29,500 Camar et 9 STygs Lo
asl b 5 (Shes Slge cwin wan Cubls a5 bl Il syt p3 b e pglie g oo (AU lsle
) syt 15 85 90 crgn 2l Yl s Spne s 88 Jloj g 4 55T glog 9 5 Vs el
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