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Introduction: This study was conducted to investigate the effect of different heat treatment
methods dry heat (at 60°C for 24 hours and 80°C for 40 minutes) and moist heat (autoclave)
on the chemical composition, gas production parameters, and digestibility of laying hen
manure.

Materials & Methods: The experimental treatments included: 1) dry heat at 60°C for 24
hours, 2) dry heat at 80°C for 40 minutes, and 3) moist heat using an autoclave (121°C for
15 minutes). The chemical composition, gas production parameters, and digestibility of the
samples were then measured.

Results: The results showed a significant difference among treatments in terms of chemical
composition (dry matter, protein, and acid-detergent insoluble ash) (P<0.05). The highest
and lowest values for acid-insoluble ash were observed in the autoclave and 60°C
treatments, respectively. Among the heat treatments, the autoclave treatment had the lowest
potential and rate of gas production, while the 80°C treatment showed the highest values.
There was no significant difference among treatments for the digestibility of dry matter and
organic matter (P>0.05). The lowest values for the partitioning factor and microbial mass
production were related to the autoclave treatment, and the highest values were related to
the 80°C treatment (P<0.05).

Conclusion: Overall, the results of this study indicated that dry heat treatment methods (at
60°C and 80°C) had similar effects on the nutritional value of laying hen manure. However,
autoclave treatment led to a decrease in digestibility and fermentation parameters.
Therefore, the choice of the treatment method depends on the available facilities and the
ultimate goal (e.g., increasing protein content versus digestibility).
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Table 1. Effect of different heating methods on chemical composition (DM basis) of laying hen litter

Treatments! DM 2 Ash? cp* NDF?® ADF° AIA NDs® HEMI®
1 27730 17.49 2253 39.33 27.00 285¢ 60.66 12.33
2 29.14 2 18.19 22230 40.26 28.00 3.06° 59.73 12.26
3 28722 19.76 24.68 2 40.33 30.00 3328 58.66 11.33
SEM 22.75 0.695 0213 1.05 1.19 0.05 1.051 1.090
P-Value 0.0231 0.2072 0.0014 0.5423 0.3554 0.0058 0.5423 0.8263
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(P<[+0) &5)ls o pme BB 0SS L ‘_;)LJ Ll 5l alice e B9,
'Treatments: 1) dry heat at 60°C for 24 hours, 2) dry heat at 80°C for 40 minutes, and 3) moist heat using an autoclave (121°C for 15 minutes). DM: Dry matter (%); Ash
(%); CP: Crude protein (%); NDF: Neutral detergent fiber (%); ADF: Acid detergent fiber (%); Acid insoluble ash (%); Neutral detergent soluble (%); Hemicellulos (%).
SEM: Standard error of mean. In each column, numbers with non -identical alphanumeric characters are statistically different (P<0.05).
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Table 2. Effect of different heating methods on gas production parameters of laying hen litter

Treatments ' a+b? Cc? ME * OMD ® SCFA ¢ NE’
1 157.5£2.28 0.031+0.0010 4420 20410 0350 1500
2 165.15+3.63 0.0393+0.0022 4642 30.86 2 0392 1.692
3 134.4+1.72 0.0527+0.0019 4752 31552 0412 1772
SEM - - 0.043 0.283 0.007 0.036
P-value - - 0.0014 0.0014 0.0014 0.0014

adgi el =Y (Gl o) S5 adgs Sl -Y S5l 5591 Joe (F aiBo ¥ oaz 0 Ar (5,91 e (Vielo YF o5 il az 50 £+ (sl o () o )los )
A 551V Usaishen) 30655 0z sl -F (o)) JToslemdn bl -0 «(p S5k 53 J5i5e) muedsalio BB 63,51 -F (sl o 2 o) S8
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Treatments: 1) dry heat at 60°C for 24 hours, 2) dry heat at 80°C for 40 minutes, and 3) moist heat using an autoclave (121°C for 15 minutes). a+b: Gas
production potential (ml/g DM); C: Gas production rate (ml/h); SCFA: ME: Metabolizable energy (MJ/kg); OMD: Organic matter digestibility (% DM); Short

chain fatty acids (m mol). SEM: Standard error of the mean. ab. Within column, means with common superscripts do not differ (P> 0.05).

IS5 & po WY gudd (g et (grdzinnl b g pad Colill » )l 69l Joe 50 Y Jgux

Table 3. The effect of different heating methods on in vitro digestibility and ruminal fermentation parameters of laying hen litter

Treatments' IVDOD? IVOMD? PF! MCP® EMCP*¢ Gas yeild,,” PH NH3-N*
1 65 64 7.63a 189.79% 0.711a 107.54b 6.85° 2.86
2 64 63 8.20a 191.54a 0.731a 99.77b 6.80° 2.68
3 63 62 6.27° 164.82° 0.648° 127.54* 6.86" 3.48
SEM 4.49 5.18 0.58 7.07 0.025 8.65 0.01 0.339
P-value 0.750 0.847 0.0001 0.0451 0.0001 0.0001 0.0112 0.265
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Treatments: 1) dry heat at 60°C for 24 hours, 2) dry heat at 80°C for 40 minutes, and 3) moist heat using an autoclave (121°C for 15 minutes).

DMD: Dry matter digestibility (%); OMD: Organic matter digestibility (%); PF: Partitioning factor (mg OM truly degraded/ml gas produced in 24 h);

MCP: Microbial crude protein (mg); EMCP: Efficiency of Microbial crude protein; Gas yield24: The amount of gas production after 24 hours of
incubation (ml); N-NH3 (mg/dl) . SEM: Standard error of the mean. a,b. Within column, means with common superscripts do not differ (P> 0.05).
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Fig 2. Gas production curves at different times of incubation
Treatments: 1) dry heat at 60°C for 24 hours, 2) dry heat at 80°C for 40 minutes,
and 3) moist heat using an autoclave (121°C for 15 minutes).

Sow

.
o)lses 4 e 355 SRl el Wigioe )l ]

oRelS Zel ol S (tloaz 5 7Y e 5l o)l 058,90 09 Jol
ol jaupg: )5 5 (g ] oy 3l (s Az g2 S oS
S SlaS 5 oad Sk el Sl jled Jlesl (YY) 058 oo
Jslel (g i 4 gl 0955 5 Hslucen 5 sl L
oaiygd 5o Joloel LI (e 5o (c2al38) 59, (VF) 005 e
ol JJos sl (S (gl 0sigid yo Jolomals B 5 s
@bl (eymas 5K slul il 555l des w12 (b )~
b 38lge gl ool &5 cosl (Gl lacsysld 5o (il o]
5 Caswell .59, (YO) ;e g McDonald jl ool Jol> gl
SN gad (0,5 03 55l (sl ) silisee 6 55l ee (slobg 5o 5o
0ol G 3l cage S Ol a5 Wols lid g wis S awglie
OO (V) 90,5 oo (£,0055 )0 9250 (3395 okas Cuand
S el yoges Pgil 05y (Sligal ()55, 4 g e S

Sl S i S s I3 5 g 0 SO


http://journalaer.com/article-1-139-en.html

[ Downloaded from journalaer.com on 2026-06-13 ]

Fathi et al.,

O‘J&AAJG;S;

Y98 (g e sloazeiul ) g pan ol el sl MSIL
Moshtaghi .o 5 pmb slalesl s 5l fes bdslia 1o 138 056 & 1o
az 3 WYY leo) &)l jlews a5 wio,S canlisw dngalls ¢ Nia
S RN )l e sl 485 FO 510 De sl (31,5 5be
o yid g ol pals 1) Sasosle 5 il (glaol (slaceSs
a2 )l Sl iz en 2ls Gl 1) 00y 50 ael sladul
CBlA S 009, eFgn 9 SiS edle man Sl 5]
$Saxd 5 2l sl sl Jos il 1 Sen s Tymehuk (A)
I e I S N T L R e
GialS S o Iy Shhss b uiigy 5 JIeole s ndyases
Sy o Sl 05 A4Sl I (60 g n Sgete e 9 03l
Lsgs o5 QWS o5t glp 5y50 g ake 5] ool
G5 0 1) uiie g (205L Esezme ;o 0l Sl (5l s gl
Danesh-Mesgaran Jlw lgicds (YO) a2 oo il 38l Sllgs ol
JSte Boae wdsi 2 (50 slagls o a8 win S ST oo Mo
2ol o)l vszg aeSs o (Sligel (gl g L
Oleaily «Shigal JSb a0 (g (25,1 b @lie S 1 ogdle
adle Hly ediore cpl A U(YF) wos o (ialS o |y Jlieadss
G Sse U9y (o B Dyser Sl osldes o5
IS aloz 51 (289, slaails (55,1 b ctign 5l eslinul Glendl,
P EFeS el eBan mae Sell daSTe pasle S Lol
OeS9y a9 oml Sde Canl 00l (A1 i (S9ixe 0
3o Mee pibeass y STy sgzg Yozl joulo jiy 0 o>
a0 0 68 milie b lapsigy oniloas anl slasewl &5
20l aek s ok (b o oS e az s Frool >
Sial38l (sl ool $y5 slais, 3l oSe ol Syl (YY)
s ity plasl ols &)l adly oo aeSs 5l (5508 o9
9 Lasd 0l sleog 7 (o a5 (ool a8 (o (Sloged b 3D
) 0xS e oo susn bl el slonel (el oo S
(el Sl 03 (SaS) 00 oSS (uShoS S o0 ot
5 ol polie o3l g p0um 4 (anb slanty plu 5l e
Ol (FA) ol (Ko o)l jladieay STy onl (6 pdy oS
g soodnlive 4raSil ;5 (g (029, 4525 4 Ceaglie a3
O OS] ey S el obs &)l (1Y)
(F4) 09800 5ealislS 5 (3 )lm] SoleST5r S 09,5 5 oaile ALy
9 Loty n 9,5 0yl b cdneSl ayiod <ol Sl > anl )b
5 (0 AST9) Slinemgn S —etign (ooye ladian JSiS
058 Ol Ol @dle Oyl ams oo 2l (g -t
ol GSoe 3L 50 )l Lol e oo Ral3dl 1) SrgS 005, a0 (255

Yy

ot 59 el Sl S b STy Ay i e 5 (5
4 Ul s (s Sl Sy B Sy (5l g S e
(9539 el 3| ey Sland 3 ey sl i 5l 5
oals oy (1,5 anSTgo 4 o 90,5 us |y cunS laee 4y
2 iy oS a8l Jga HIAY L SlapSin V1) s b
oK g Spoelstra Lawgs oolaswl o590 sl 8L (gl aul Jgo
‘55-“’5" u»....x.: %ALY .IG.A.?LA B Slaws uJaLCAl....ujd.s w{blso]xjdu
Guko Sledbl 5 e Il 28 j0 (gadgs 58 g S o5l (YA)
S5 S oo ool St man (e g S o)l )
oy Sl 4y SLI slacSTyo3 6 pdyansand jslaredy S5
Oan Mgedsl g (9, 5e00gs 9 SIS Jule L5 51O A) el
e 2 3Vl 5 S5l Loy boga e jlade (2 Sl b (29,5
o ol F il a0 Ae Ol > b oads Sl es diges s Lgy e
G lie b o5 036 glacST g5 (gl LS5 Lole gl ppolioaals
o sl a5 e FIFY B YIVO o), San 5 Blummel Lawss
Canns Cyen sSuSJJJ.nLC ‘8‘9 B (Ylf) S| OML)»)‘;,‘.J‘:JM
Sloj slooygd yo ok wlgi I x> 4 gen (i 4520
035 cxbu yleaily 51 camly 5 o0gy el FAL YT 5l
olas (el pl pog SVL ablge (Hogn ulpd )0 (9,50
Dgd oo (929,50 0355 O)lg 6,5 i JT esle a5 el (ol oo
aS 05 grmb aisls 5l YL SIS Jule piolie dslllas cpl o
a8 Wil yeub cVpas 1SS g YL LA Vs
)Lo.u Q}MGQJ &_,’45)1..;» 0355 0)‘5 Lol oalis M.h us.-.wl.ﬁ}il‘ Ja.».‘?r.a
els 1y SSa ol ke 5 el Sl b osds (6,50 Jos
5 2 sl oud odgi 55 e cdiie 0 a5 515wl plend],
6)31}.0& )5# UY}»AS PREC LIPS UL....J ‘) o0l W&w} oslo
ol (et Lams PH L0 51 091 0V DSl b o
Oiores cdale Jlas 51 L(P<e/+B) clls vezg (5l Sxe NS
Glosime et jsboar Pl L ol g5l des Jlad b (Slisal
sloes 1,8 51 S plgieare Sisel g cels 1) ade 5V
o0l 05 L petis p gemlials 5 5uls e Az po e 2l
iloe paslSly e 055 6l (95 g Glye 4 &S
Aol I e ((Sligel (g i e (o5 VLl e
Jedoas Wlgh oo s (pl ol GLiS Ty (09,0 0395 W5yl
Bl & ooy San (wyimss (1ol 5 Laintiny 4 ()l ]
039y Shale ol Bl (09,8 g n SSle Sl 039
ol F il az o Ao g ol § ile ax 0 £ slajles o ‘;L#jsﬂ
g Sl glp T 0g)5 Sl 5 aeSh (05 )Se 535 4,
&9l Jes aSslo Hlid bl S eloas 098 o oolo s o9,


http://journalaer.com/article-1-139-en.html

[ Downloaded from journalaer.com on 2026-06-13 ]

JAER. 2026

Y(Y): YV-Y¢

Gosla cwsluae slajia g5y gale dlas

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

rumen, small intestine, large intestine and total digestive
tract of steers. Canadian Journal of Animal Science. 75:
279-283. https://doi.org/10.4141/cjss95-042

Hopkins, B.A. and Poore, M.H. 2001. Deep-Stacked
broiler litter as a protein supplement for dairy
replacement heifers. Journal of Dairy Science. 84(1):
299-305. https://doi.org/10.3168/jds.S0022-0302(01)7447
4-0

Salehtarigh, A., 2009. Effect of heat treatment on
microbial count and nutritive value of broiler litter with or
without molasses. M.Sc. dissertation, Azad University of
Pishva-Varamin. (In Persian)

McDonald, P., Edwards, R.A., Greenhalgh, J. F.D.
and Morgan, C.A., 2002. Animal Nutrition. 6th ed.
Harlow, UK: Pearson Education Inc.

AOAC International. 2003. Official methods of analysis
of AOAC International. 17th edition. 2nd revision.
Gaithersburg, MD, USA, Association of Analytical
Communities.

Van Soest, P.J., Robertson, J.B. and Lewis, B.A., 1991.
Methods of dietary fiber, neutral detergent fiber and non
starch poly-saccharides in relation to animal nutrition.
Journal of Dairy Science. 74(10): 3583-3597. https://doi.
org/10.3168/jds.S0022-0302(91)78551-2

Broderick, G.A. and Kang, J.H., 1980. Automated
simultaneous determination of ammonia and total amino
acids in ruminal fluid and in vitro media. Journal of
Animal Science. 63: 64-75.

Menke, K.H., Raab, L., Solewski, A., Steingass, H.,
Fritz, D. and Schneider, W., 1979. The estimation of the
digestibility and metabolisable energy content of
ruminant feeding stuffs from the gas production when
they are incubated with rumen liquor in vitro. Journal of
Agriculture science. 93: 217-222. https://doi.org/10.1017/
S002185960004944X

Orskov, E.R. and McDonald, 1., 1979. The estimation of
protein degradability in the rumen from incubation
measurements weighted according to rate of passage.
Journal of Agriculture Science. 92: 499-503. https://doi.
org/10.1017/S0021859600048688

Makkar, H.P.S., 2004. Recent advances in the invitro
gas method for evaluation of nutritional quality of food
resource. In: Assessing Quality and safety of animal
feeds. FAO Animal production and health series 160.
Rome, Italy: FAO. 55-88.

Menke, K.H. and Steingass, H.H., 1988. Estimation of
the energetic feed value obtained from chemical analysis
and in vitro gas production using rumen fluid. Journal of
animal research and development. 28 p.

SAS. 2003. SAS User’s Guide Statistics. Version 9.1
Edition. Cary, NC: SAS Inst., Inc.

Theodorou, M.K., Williams, B.A., Dhanoa, M.S.,
McAllan, A.B. and France, J., 1994. A simple gas
production method using a pressure transducer to
determine the fermentation kinetics of ruminant feeds.
Animal Feed Science and Technology. 48: 185-197.
https://doi.org/10.1016/0377-8401(94)90171-6
Getachew, G., Depiters, E.J. and Robinson, P.H. 2002.
In vitro gas production provides effective method for
assessing ruminant feeds. California Agriculture. 58:
54-58. https://doi.org/10.3733/ca.v056n02p54

Blummel, M. and Becker, K., 1997. The degradability
characteristics of fifty-four roughages and roughage
neutral-detergent fibers as described by in vitro gas
production and their relationship to voluntary feed intake.

Yy

ohgds del Slaogul 5l (Bp (o g gy man bl
Slows Jlael () aoo alS 1) =55 009, 50 uigaie 9 (s
g bS5 LIS (92 00 4328 g p (g lie (Sl
9 4:..9[; u.,.colf 4..‘&..: )Q Uf;"’ﬁ)" Lg).:dud.;)z.: 45 w‘ aéL} ul.m.)

(f\) Sl 4:..9[; u.,.al)sl 039, 4o Lbu.fus).: (W O

Soslos slagty,aSolo (Lis anlllas cnl gl 16 5 Ao

ol 9 Vb sles b (GYob oy 5 omb led L) i )1~
o3 Sloazinl b g Slpdss (i)l p e Sl (oligS
L) 1 bs gl das el al b waiils JJ3S (056 ¢ yo ¥ gd
wls Gl pls (g jlade glaba>de B jsboay ((osb s
G2 Gyl ly 5 an bl el 4 e o o Ll
Ol aile) ol Bam 4 (ssldes oy, Sl il ply o
SISl 5 soladl lamdle iz o 5 (s bl b e
sobatdl Zy o 355 o)l 5 Sl gl 0 ls Sz o
Pydse dnog alie Llpd )0 i lagialel alosl (g, o

QUA

Kelleher, B.P., Leahy, J.J., Henihan, A.M., O'dwyer,
T.F., Sutton, D. and Leahy, M.J., 2002. Advances in
poultry litter disposal technology—a review. Bioresource
technology. 83(1): 27-36. https://doi.org/10.1016/S0960.
8524(01)00133-7

Abelha, P., Gulyurtlu, I., Boavida, D., Barros, J.S.,
Cabrita, 1., Leahy, J. and Leahy, M., 2003. Combustion
of poultry litter in a fluidised bed combustor. Fuel. 82(6):
687-692. https://doi.org/10.1016/S0016-2361(02)00346-6
Qian, X., Lee, S., Chandrasekaran, R., Yang, Y.,
Caballes, M., Alamu, O. and Chen, G., 2019. Electricity
evaluation and emission characteristics of poultry litter
co-combustion process. Applied Sciences. 9(19): 4116.
https://doi.org/10.3390/app9194116

Azizi-Shotorkhoft, A., Rezaei, J. and Fazaeli, H., 2013.
The effect of different levels of molasses on the
digestibility, rumen parameters and blood metabolites in
sheep fed processed broiler litter. Animal Feed Science
and Technology. 179: 69-76. https://doi.org/10.1016/j.
anifeedsci.2012.10.015

Rankins, Jr, D.L., Eason, J.T., McCaskey, T.,
Stephenson, A.A.H. and Floyd, JrJ.G., 2002.
Nutritional and toxicological evaluation of three deep
stacking methods for the processing of broiler litter as a
foodstuff for beef cattle. Animal production. 56: 321-326.
https://doi.org/10.1079/APJ20010189

Noland, P.R., ford, B.F. and ray, M.I., 1955. The use of
ground chichen litter as source of nitrogen for gestatin
lactating ewes and fattning streers. Journal of Animal
Science. 14: 860.

Van Ryssen, J.B.J., 2001. Poultry litter as a feedstuff for
ruminants: a South African scene. South African Journal
of Animal Science. 2: 1-8. https://doi.org/10.4314/sajas.V
31i2.15582

Moshtaghi Nia, S.A. and Ingalls, J.R., 1995. Evaluation
of moist heat treatment of canola meal on digestion in the


https://doi.org/10.1016/S0960.%208524\(01\)00133-7
https://doi.org/10.1016/S0960.%208524\(01\)00133-7
https://doi.org/10.1016/S0016-2361\(02\)00346-6
https://doi.org/10.3390/app9194116
https://doi.org/10.1016/j.%20anifeedsci.2012.10.015
https://doi.org/10.1016/j.%20anifeedsci.2012.10.015
https://doi.org/10.1079/APJ20010189
https://doi.org/10.4314/sajas.V%2031i2.15582
https://doi.org/10.4314/sajas.V%2031i2.15582
https://doi.org/10.4141/cjss95-042
https://doi.org/10.3168/jds.S0022-0302\(01\)7447%204-0
https://doi.org/10.3168/jds.S0022-0302\(01\)7447%204-0
https://doi.org/10.1017/%20S002185960004944X
https://doi.org/10.1017/%20S002185960004944X
https://doi.org/10.1016/0377-8401\(94\)90171-6
https://doi.org/10.3733/ca.v056n02p54
http://journalaer.com/article-1-139-en.html

[ Downloaded from journalaer.com on 2026-06-13 ]

Fathi et al.,

O‘J&AAJG;S;

37.

38.

39.

40.

41.

disappearance of crude protein of whole raw or heated
Canola seed in Holstein steers. Sciences and Agricultural
industry. 1: 181-190. (In Persian)

Chaudhry, S.M., Fontenot, J.P., Naseer, Z., Ali, C.S.,
1996. Nutritive value of deep stacked and ensiled broiler
litter for sheep. Animal Feed Science and Technology. 57:
165-173. https://doi.org/10.1016/S0377-8401(96)01016-5
Hurrell, R.F. and Finot, R.A. 1985. Effect of food
processing on protein digestibility and amino acid
availability. In: Finley, J.W. and Hopkins, D.T., (Eds.),
Digestibility and amino acid availability in cereals and
oilseeds. 233-258. St Paul, MN: American Association of
Cereal Chemists.

Stanley, D.W., 1990. Protein reactions during extrusion
Processing. In: Extrusion cooking. 321-336. Guelph,
Ontario, canada: Department of Food Science University
of Guelph.

Beltiz, H.D. and Grosch, W., 1987. Reaction involved in
food chemistry. Berlin, Germany: Springer Verlag.

Mc Kinnon, J.J., Olubobokoun, J.A., Chistensen, D.A.
and Cohen, R.D.H.., 1991. The influence of heat and
chemical treatment on ruminal disappearance of canola
meal. Canadian Journal of Animal Science. 71: 773-780.
https://doi.org/10.4141/cjss91-096

Y¥f

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

British Journal of Nutrition. 77: 757-768. https://doi.org/
10.1079/BIN19970077

Wang, Z.S. and Goetsch, A.L., 1998. Intake and
digestion by Holstein steers consuming diets based on
litter harvested after different numbers of broiler growing
periods or with molasses addition before deeps tacking.
Journal of Animal Science. 76: 880-887. https://doi.org/
10.2527/1998.763880x

Suppadit, T., 2005. The recycle of broiler litter as a feed
ingredient for cattle to reduce environmental pollution III.
Safe use of broiler litter as a feed ingredient source. Thai
Environmental Engineering Journal. 9: 22-34.

McDonald, P., Edwards, R.A., Greenhalgh, J.F.D. and
Morgan, C.A., 2002. Animal Nutrition. 6th ed. Harlow,
UK: Pearson Education Inc.

Caswell. L.F., Fontenot, J.P. and Webb, Jr, K.E., 1978.
Fermentation and utilization of broiler litter ensiled at
different moisture levels. Journal of Animal Science.
46(2): 547-560. https://doi.org/10.2527/jas1978.462547x

Sommart, K., Parker, D.S., Rowlinson, P. and
Wanapat, M., 2000. Fermentation characteristics and
microbial protein synthesis in an in vitro system using
cassava, rice straw and dried ruzi grass as substrates.
Asian-Australasian Journal of Animal Sciences. 13:
1084-1093. https://doi.org/10.5713/ajas.2000.1084

Spoelstra, S.F., Steg, A. and Beuvink, J.M.W., 1990.
Application of cell wall degrading enzymes to grass
silage. In: Dekkers, H.C., Van der, P. and Vuijk, D.K.,
(Eds.), Agricultural Biotechnology in Focus in The
Netherlands, unknown. Wageningen, The Netherlands:
Puck.

Wolin, M.J., 1960. A theoretical rumen fermentation
balance. Journal of Dairy Science. 43: 1452-1459.
https://doi.org/10.3168/jds.S0022-0302(60)87019-3

Fontenot, J.P., Daeke, C.L., McClure, W.H., Mc
Claugherty, F.S., Bhattacharya, A.N., Kelly R.F. and
Litton, G.W., 1964. The value of poultry litter as a feed
for ruminants. Blacksburg, VA: Virginia Agricultural
Experiment Station. 37 p.

Deshck, A., Abo-Shehada, M., Allonby, E., Givens,
D.I. and Hill, R., 1998. Assessment of the nutritive value
for ruminants of poultry litter. Animal Feed Science and
Technology. 73: 29-35. https://doi.org/10.1016/S0377-84
01(98)00115-0

Bolan, N.S., Mahimairaja, S., Singh, J. and Bhandral,
R., 2005. The beneficial use and the environmental
management of poultry litter. Institute of Natural
Resources, Massey University, Palmerstone, North New
Zealand.

O’Hara, M., Hozumi, S. and Ohki, K., 1974. Studies on
the mode of gas production in artificial rumen and its
application to the evaluation of feedstuffs. IV. On the rule
of bicarbonate buffer for the gas production. The
Japanese journal of zootechnical science. 45: 1-7.
Blummel, M., Makkar, H.P.S. and Becker, K., 1997. In
vitro gas production: a technique revisited. Journal of
Animal Physiology and Animal Nutrition. 77: 34-24.
https://doi.org/10.1111/j.1439-0396.1997.tb01002.x
Tymchuk, S.M., Khorasani, G.R. and Kennelly, J.J.,
1998. Effect of feeding formaldehyde- and heat-treated
oil seed on milk yield and milk composition. Canadian
Journal of Animal Science. 78: 693-700. https://doi.org/
10.4141/cjss98-105

Danesh-Mesgaran, M., Fathi-Nasri, M.H. and
Valizadeh, R., 2006. Chemical composition,
degradability  coefficients and  ruminal-intestinal


https://doi.org/%2010.1079/BJN19970077
https://doi.org/%2010.1079/BJN19970077
https://doi.org/%2010.2527/1998.763880x
https://doi.org/%2010.2527/1998.763880x
https://doi.org/10.2527/jas1978.462547x
https://doi.org/10.5713/ajas.2000.1084
https://doi.org/10.3168/jds.S0022-0302\(60\)87019-3
https://doi.org/10.1016/S0377-84%2001\(98\)00115-0
https://doi.org/10.1016/S0377-84%2001\(98\)00115-0
https://doi.org/10.1111/j.1439-0396.1997.tb01002.x
https://doi.org/%2010.4141/cjss98-105
https://doi.org/%2010.4141/cjss98-105
https://doi.org/10.1016/S0377-8401\(96\)01016-5
https://doi.org/10.4141/cjss91-096
http://journalaer.com/article-1-139-en.html
http://www.tcpdf.org

