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Table 1- Chemical composition of halophyte plants (% DM )
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Table 2- Gas production parameters and the average of fermentation rate of halophyte plants
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Parametrs Atriplex canesences  Salsola rigida Aeluropus littoralis  SEM
Al 47.48° 41.84P 64.03 1.84
c? 0.06% 0.07% 0.05° 0.005
L3 0.44" 0.24° 1.24% 0.03
AFR* 1.98 2.06 2.09 0.02

(P<e0) axdlyso slosine ST (shls il o By L s, o sloSibe sl (ol o
Means within same row with different superscripts differ (P<0.05).

! Asymptotic gas production (mL/g OM)
2 Fractional rate of gas production (/h)

% LLag time (h)

* Average fermentation rate (mL/h).

aloly (YY) ohlSen g 055 a9 lmn ) Vol olS 4
b L | pdgilie JB (5550 5 puS B G gSne

255 55 JgilKe VN 5 #/+Y s muadglio b6 (655
Bl 5 ol (25 g 4 0y90 5 adllan )90 (sladisS S 03le



AP Jls ) oyl ¥ ol oyl (0ld pale Gldpgly & piti F

o S 51 Caliseo (clandigs a8 woly L5 9 55,8 b))
e by ok 10l5 & Cond S Lo Sligel clale ials
2lS gl slacdabio b 9,50 Cumar uis & bgipo 1l

(FY 5 VF) 25,8 ol ()

Sty sl sladadul B

OSan e Suid ol (s pdy 4jpS ladomiul b 4 bgye gl
Gl 0030,5 IIY Jado 10 G jyad (LS Jolw oyled 5 p&
29 oS0k Yol oS 53 Sis o3l o5 gy 5
Clb lie YL P/ o0) s |y o (a8 ogagoll
1S S st 5 oosand] 5 oSl il 4 gl 40 85
392 92991 ol 4 (slaie 320

oS s bygpye oudglio 551 eS8 lag] Gimok 3 Sispsb
90 ol YL Sk \bLsy (Salsola griffithii) o5 cale
DS o yols Libgin ) slalaly s Jg (1o ) FEIAY)
S92 Youdl ol &y (3late (FFE) Shygs yrass (235l (2 5
Sliss 055 )b b5 sl S a5 (235l (1 Jgie)
M B bl emlie (adld lge Cudgione g jl @ a2 L
9 Sl (5551 AU (28 Jgame Su Slono moss 5l 0
g (RalS L gly 0 blige GRRL es (231k G
(TV) A58 (o M Gl 5 STyos e (223L e 5B
Lo (Slisel gyt clale 5 Sts olo (b 1 o3
2 LS (¥ Jgiz) 29 1Ko oS 93 51 565 ugggll i
i Ggllaols @l Bl draSid ) St o3lo 0 1AL
sla Sy (F) ohlSen 5 Snygs il 4y ol sl
Ay S 3l ealawl U 1y Wl wl (5 (2550 4365 VYA (650050

oy (055 S g S8 A gy 5 00 39l (slmdomial B =Y Jgun
Table 3- The estimated parameters of in vitro gas production and batch culture methods
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Parameters Atriplex canesences  Salsola rigida  Aeluropus littoralis SEM
O9ligSil el 88 3 515 s 47.36° 42.22° 64.05° 1.73
Gas produced after 96 h incubation (ml)

S oole 5 b 54.95% 5425 41.91° 0.33
IVDMD! (%)

T ole i ol 60.93" 60.97 74.08* 0.39
OMD? (%)

2055 0055 G gl 0.60% 0.52° 0.68 0.03
SCFA® (mmol)

emalalio (551 6.49% 6.03 7.19% 0.26
ME* (mj/kg DM)

LAl iyl 2.75 2.34 3.17 0.36
NE.®
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FFE® (mg DM disappeared /ml gas

produced after 24h)

pH" 6.62 6.64 6.62 0.14
Sisel 039y 135 138 121° 2.22

N-NH;" (mg/g CP)

TIn vitro dry matter disappearance

2 Organic matter disappeared

% Short chain fatty acid

* Metabolizable energy

® Net energy

® Feed fermentation efficiency

* Estimated from batch culture system
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Table 4- In sacco degradation parameters of DM, CP and NDF of halophyte plants (%)

Wil oS Sl 51 Moy Ygullo o5t posisgll
Parameters Atriplex canesences  Salsola rigida  Aeluropus littoralis  SEM
Sis oole

DM

W30 @y iR 23.24° 28.42° 21.50° 0.49
a

s S iy 23.30° 20.71° 30.92° 0.75
b

Jobrals 25 456 &5 0.033¢ 0.024" 0.031° 0.002
C

Srd P Jouily 46.54° 49.13° 52.42° 0.55
d=atb

$e Gpdy 420

ED

0.02 37.75 39.72 40.29 1.73
0.04 33.77 36.19 35.00 1.94
0.06 3151 34.34 32.03 1.94
Pl (g

CP

WS g (i 48.74° 55.68° 51.28" 0.73
a

a0 S i 34.24° 28.76" 26.93° 0.72
b

Jobral 250 4555 &5 0.03 0.03 0.02 0.003
C

Sy 2355 Jamiliy 82.98 84.44 78.21 2.88
d=a+b

P snd s

ED

0.02 69.29 72.94 64.75 2.31
0.04 63.41 68.01 60.26 2.14
0.06 60.15 65.27 58.01 2.31
ok o)y

NDF

W0 @y iR 29.71° 10.94° 34.35° 0.87
a

a0 S i 37.26" 30.11° 41.47° 0.79
b

Joloeels 25w 4300 ¢35 0.04° 0.05 0.02° 0.002
c

S 435 Jaily 66.97° 41.05° 75.82° 2.61
d=a+b

Py snd s

ED

0.02 54,55 32.45° 55.08° 2.41
0.04 48.34° 27.67° 48.17° 2.31
0.06 44.61° 24.63" 44.72° 2.32

a, soluble fraction (%); b, degradable but insoluble fraction (%); c, rate constant (per h) of
degradation of fraction b; d=a+b, the potential degradable fraction (%); and ED, effective
degradability calculated with a passage rates (k) of 0.02, 0.04, and 0.06 per h.



Vi (ol o yab (LS 5 adgi 9 (62004 325 ¢ ot bowdd S )5

an il aihaie byl By B80S s is yy adly ol il )
ool ply 5l paitue 0litwl b (65 i (slo yimgss

S5l 5wl
JH) e ¢)l_~w0)§ UL’L’ ulJ.o.O}U DK»_W.:] Cu pdo )1

00929091 5 uiaslS WSl 5T LS (6yglaen bl (6)63 e
S ele et gae Yl (Jslog edige jlg () Yo
Ml 53 Gl o Gl ol joel g (anb @lie Clidod

aion 35 Iy Vgl olS zalis

5 (S 5 Ao

5 oY Oosinagl il Sl 3T Cuypd (lalS

ohr9- s3e Algs Sl (g B polde (gl o) Voull
2y (gia dlyo jl g ASlE 0 g9yl Sl 9 092 P69
Gy SLoeSsS ol oles S gy atpled el |y o Sl
sl s Chald 95,565 9 )l (el VL glackale ol
PLE (nligpm 9 St ol o8 @ (A5u HVL palie g,
e Byman Ylainl (1Slo 5l 5 (w929)9l] 4 S Ygullio olS
o oy ey (gl Lol g o cel |y pld lawgs olS ]

bJ.bLum9;§_a.u>c.)Lo d):JJ 4.))?05)‘? ..\.Jy )_»JLo.a O wL.n

&l

1- Abbeddou, S., S. Rihawi, H. D. Hess, L. Iniguez, A. C. Mayar, and M. Kreuzer. 2011. Nutritional composition of
lentil straw, vetch hay, olive leaves, and saltbush leaves and their digestibility as measured in fat-tailed sheep.
Small Ruminant Research, 96:126-135.

2- Abu-Zanat, M. M. W. 2005. Voluntary intake and digestibility of saltbush by sheep. Asia-Australian Journal of
Animal Science, Vol 18. NO.2: 214-1220.

3- Abu-Zanat, M. M. W., and M. J. Tabbaa. 2006. Effect of feeding Atriplex browse to lactating ewes on milk yield
and growth rate of their lambs. Small Ruminant Research, 64:152-161.

4- Al-Shorepy, S.A., G. A. Alhadrami, and A. I. EI-Awad. 2010. Development of sheep and goat production system
based on the use of salt-tolerant plants and marginal resources in the United Arab Emirates. Small Ruminant
Research, 91:39-46.

5-  AOAC. 1997. Official Methods of Analysis. Association on Official Analytical Chemists, Arlington, VA, USA.

6- Bashtini, J., and H. Tavakoli. 2002. Determination of nutritive value of five dominant species of halophyte plants
in salt desert lands of Khorasan province. Journal of Pajouhesh and Sazandegi, 55:2-5. (In Persian).

7- Benjamin, R.W., Y. Lavie, M. Forti, D. Barkai, R. Yonatan, and Y. Hefetz. 1995. Annual regrowth and edible
biomass of two species of Atriplex and of Cassia sturtii after browsing. Journal of Arid Environment, 29:63-84.

8- Benjamin. RW., W. E. Oren, E. Katz, and K. Becker. 1992. The apparent digestibility of Atriplex barclayana and
its effect on nitrogen balance in sheep. Animal Production, 54:259-264.

9- Ben Salem, H., H. Abdouli, A. Nefzaoui, A. EI-Mastouri, and L. Ben Salem. 2008. Nutritive value, behaviour, and
growth of Barbarine lambs onoldman saltbush (Atriplex nummularia L.) and supplemented or notwith barley grains
or spineless cactus (Opuntiaficus-indica f. inermis) pads. Small Ruminant Research, 59:229-237.

10- Ben Salem, H., A. Nefzaoui, and L. Ben Salem. 2004. Spineless cactus and oldman saltbush as alternative
supplements for growing Barbarine lambs given straw-based diets. Small Ruminant Research, 51:65-73.

11- Ben Salem, H ., H. C. Norman,A. Nefzaoui, D. E. Mayberry, K. L. Pearce, and D. K. Revell. 2010. Potential use of
oldman saltbush (AtriplexnimmulariaLindl.) in sheep and goat feeding. Small Ruminant Research, 91:13-28.

12- Ben Salem, H., and T. Smith. 2008. Feeding strategies to increase small ruminant production in dry environments.
Small Ruminant Research, 77:174-194.

13- Busquet, M., S. Calsamiglia, A. Ferret, and Kamel. 2006. Plant extracts affect in vitro rumen microbial
fermentation. Journal of Dairy Science, 89:761-771.

14- Durmic, Z., P. Hutton, D.K. Revell, J. Emms, S. Hughes, and P.E. Vercoe. 2010. In vitro fermentative traits of
Australian woody perennial plant species that may be considered as potential sources of feed for grazing
ruminants. Animal Feed Science and Technolology, 160:98-109.

15- El Shaer, H.M. 1981. A comparative nutrition study on sheep and goats grazing Southern Sinai desert range with
supplements. Ph.D. Thesis, Faculty of Agriculture. Ain Shams University, Egypt.

16- El Shaer, H.M. 1999. Potentially of animal production in the Egyptian desert region. In: Proceeding of the
conference on animal production in the 21* century challenges and prospects, 18-20 April, Egypt, Pp. 93.

17- El Shaer, H.M. 2010. Halophytes and salt-tolerant plants as potential forage for ruminants in near east region.
Small Ruminant Research, 91:3-12.

18-

France, J., J. Dijkstra, M. S. Dhanoa, S. Lopez, and A. Bannink. 2000. Estimating the extent of degradation of
ruminant feeds from a description of their gas production profiles observed in vitro: derivation of models and other



WWAF Jles ) oslois ¥ ol (4l ool pole Gloipgly & pits V@

19-

20-

21-
22-

23-

25-

26-

27-

28-

29-

31-

32-

33-

34-

35-

36-

37-

38-

39-

40-

42-

mathematical considerations. British Journal of Nutrition, 83:143-150.

Getachew, G., M. Blummel, H. P. S. Makkar, and K. Becker. 1998. In vitro gas measuring techniques for
assessment of nutritional quality of feeds: a review. Animal Feed Science and Technology, 72:261-281.

Givens, D. I., E. Owen, R. F. E. Axford, and H. M. Omed. 2000. Forage evaluation in ruminant nutrition. CABI
Press.

Harris, E. L. 1970. Nutrition research techniques for domestic and wild animals. Vol 1. Utah State University.
Hoffman, P. C., S. J. Seivert, R. D. Shaver, D. A. Welch, and D. K. Combs. 1993. In situ dry matter, protein and
fiber degradation of perennial forage. Journal of Dairy Science, 76:2632-2643.

Hosseini-Nezhad, Z., M. Yousef Elahi., and H. Fazaeli. 2012. Determination of nutritive value of five halophyte
plants in Sistan zone. Iranian Journal of Animal Science, 43(1):1-10. (In Persian).

Kaitho, R. J., I. V. Nsahlai, B. A. Williams, N. N. Ummunna, S. Tamminga, and Van Bruchem. 1998.
Relationships between preference, rumen degradability, gas production and chemical composition of browsers.
Agroforestry System, 39:129-144.

Kashki, V. 2011. Determination of nutritive value of several Atriples spp. by in vivo and in situ methods.
Unpublished Report. Research Center of Natural Resources and Agriculture of Khorasan-e-Razavi, Mashhad. (In
Persian).

Kumara Mahipala, M.B.P., G. L. Krebs, P. McCafferty, and L. H. P. Gunaratne. 2009. Chemical composition,
biological effects of tannin and in vitro nutritive value of selected browse species grown in the West Australian
Mediterranean environment. Animal Feed Science and Technology, 153:203-215.

Larbi, A., J. W. Smith, I. O. Kurdi, I. O. Adeknle,A. M. Rajj, and D. O. Ladipo.1998. Chemical composition,
rumen degradation and gas production characteristics of some multipurpose fodder treesand shrubs during wet
and dry seasons in the humid tropics. Animal Feed Science and Technology, 72:81- 96.

Laudadio, V., V. Tufarelli, M. Dario, M. Hammadi, M. M. Seddik, G. M. Lacalandra, and C. Dario. 2009. A
survey of chemical and nutritional characteristicsof halophytes plants used by camels in Southern Tunisia. Tropical
Animal Health and Production, 41:209-215.

Le Houerou, H. N. 1990. Eco-climate and bio-geographic comparison between the rangelands of the iso-climate
Mediterranean arid zones of northern Africa and near East. In: S.A.S. Omar, M.A. Razzaque and F. Alsdirawi
(eds): Range management in Arid Zones, pp.25-40. Kegan Paul international, London.

Le Houérou, H. N. 1992. The role of saltbushes (Atriplex spp.) in arid land rehabilitation in the Mediterranean
basin: a review. Agroforestry Systems, 18:107-148.

Jahani-Azizabadi, H., M. Danesh-Mesgaran, A. R. Vakili, K. Rezayazdi, and M. Hashemi. 2011. Effect of various
medicinal plant essential oils obtained from semi-arid climate on rumen fermentation characteristics of a high
forage diet using in vitro batch culture. African Journal of Microbiology Research, 5(27): 4812-4819.

Masters, D.G., S. E. Bennes, and H. C. Norman. 2007. Biosaline agriculture for forage and livestock production.
Agriculture, Ecosystems and Environment, 119: 234-248.

Masters. D.G., H. C. Norman, and R. A. Dynes. 2001. Opportunities and limitations for animal production from
saline land. Asian-Australian Journal of Animal Science, 14:199-211.

Mayberry, D., D. Masters, and P. Verco. 2010. Mineral metabolism of sheep fed saltbush or a formulated high-salt
diet. Small Ruminant Research, 91:81-86.

McDougall, E. I .1948. Studies on ruminant saliva. 1. The composition and output of sheep’s saliva. Biochemical

Journal, 43:99-1009.

Menke, K. H., L. Rabb, A. Saleweski, H. Steingass, D. Fritz, and W. Schinder. 1979. The estimation of the
digestibility and metabolizable 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.

Menke, K. H., and H. Staingass. 1988. Estimation of energetic feed value obtained from chemical analysis and in
vitro gas production using rumen fluid. Animal Research and Development, 28:7-55.

Norton, B. W. 2003. The nutritive value of tree legumes. Pages 1-10 in Forage tree legumes in tropical agriculture.
R.C. Gutteridge, and H.M. Shelton, ed. Available in website: http://www.fao.org/ag/agP /agpc/doc/Publicat/Gutt-
shel/x5556e0j.htm.

Norman, H.C., C. Friend, D. G. Masters, A. J. Rintoul, R. A. Dynes, and I. H. Williams. 2004. Variation within
and between two saltbush species in plant composition and subsequent selection by sheep. Australian Journal of
Agriculture Research, 55:999-1007.

Norman, H.C., D. K. Revel, D. E. Mayberry, A. J. Rintoul,M. G. Wilmot, and D. G. Masters. 2010. Comparison of
in vivo organic matter digestion of native Australian shrubs by sheep to in vitro and in sacco predictions. Small
Ruminant Research, 91:69-80.

@rskov, E. R., F. D. DebHovell, and F. L. Mould. 1980. The use of the nylon bag technique for evaluation of
feedstuffs. Tropical Animal Health and Production, 5:195-213.

Rezvani Moghaddam, P., and A. Koocheki. 2004. History of research on salt-affected lands of Iran. Pages 83-95 in
Prospects of Saline Agriculture in the Arabian Peninsula.



"

b (Sodus S § )9 LS 3 9o 9 (v JT o boond S

43-

44-
45-

46-

47-

48-

49-

Riasi, A., M. Danesh-Mesgaran, M. D. Stern and M. J. Ruiz Moreno. 2008. Chemical composition, in situ
ruminal degradability and post-ruminal disappearance of dry matter and crude protein from the halophytic
plants Kochiascoparia, Atriplexdimorphostegia. Suaedaarcuata and Gamanthusgamacarpus. Animal Feed
Science and Technology, 141:209-219.

SAS Institute Inc. 2001. SAS/STAT User's Guide: Version 9.1. SAS Institute Inc., Cary, North Carolina.
Theodorou, M. K, B. A. Williams, M. S. Dhanoa, A. B. McAllan, and J. France. 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.

Towhidi, A., T. Saberifar., and E. Dirandeh. 2011. Nutritive value of some herbage for dromedary camels in the
central arid zone of Iranian Tropical Animal Health Production, 43:617-622.

Valizadeh, R., M. Ghadami Kohestani., and F. Mellati. 2011. Determination of chemical composition and nutritive
value of Eurotia ceratoides by in situ and gas production methods. Iranian Journal of Animal Science Research,
3(2): 159-165. (In Persian).

Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Methods for dietary fiber, neutral detergent fiber, and
non-starch polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74:3583-3597.

Vanzant, E. S., R. C. Cochran, and E. C. Titgemeyer. 1998. Standardization of in situ techniques for ruminant
feedstuff evaluation. Journal of Animal Science, 76:2717-2729.



