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Table 1. Chemical composition of Spineless cactus (% DM unless otherwise noted)

Dry matter (%)

Crude protein
Neutral-detergent fiber (NDF)
Acid-detergent fiber (ADF)
Ash

Crude fat

8.5
114
25.2
15.0
31.1
1.32

Analysis was done using two replicates.

Table 2. Ingredients and chemical composition of experimental diets (% DM)

Replacing levels (%)

Item 0 10 20

Feed Ingredient

Wheat straw 20 20 20

Corn silage 40 30 20

Spineless cactus 0 10 20

Barley grain, ground 15 15 15

Wheat bran 22 21.8 21.6
Salt 0.7 0.7 0.7

Urea 0.8 1.0 1.2

Limestone 0.7 0.7 0.7

Vitamin-mineral supplement? 0.8 0.8 0.8
Chemical composition

NDF 49.0 45.0 43.0
ADF 28.0 25.8 23.6
Organic matter 93.7 91.1 88.5
Crude protein 125 13.2 13.3
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Content per kg of supplement: vitamin A 1,500,000 1U/kg; vitamin D3 250,000 1U/kg; vitamin E 10,000
IU/kg; Mn 6,277 mg/kg; Fe 1250 mg/kg; Cu 1040 mg/kg; Co 46 mg/kg; Zn 1030 mg/kg; | 200 mg/kg; Se 80

mg/kg.
(oLl ,sa< Al 315I/SETWTW Jus) sie pH

3 sl e ST 555800 oBoled (5l i s 5Se Sl
sl il € 5 sy sadoilo 4 pbe
b bolae osad 5 a8l O G s Ll
L s ple 5 Sidghe 58 oo Todgan Gholed
pY 5 fr oS0 b o @Sy sSae 5l suliil
e (VY el 5 Ssafyl) @b nly oose L
el ple Sle Ve ((Shasal 035538 aSe)ls!
Jbos /Y SsomsBand Al b Ve b ssadils
a0 —Yo lou Hu oSelwl alKia B 5wl b slas
L s ple Slogel cble b (oIS (o gaals
S 5 Sosus0) cooloma J38 iy, 5 eoliil
W) sie 53 sl sKis ) suliiad L5 (VAA-
S5 oM K HBE,) prns b (el (OB
(elea¥t) 55,00d S o o0 L 4o Gl
28 534S S (ol e S aladl padia oo
o s saaliie LS VY LS, s 0 el 83b
(YT SEan 5 1nllul) ws S

Al cr SLSE a5 WA sole sl
I T sole 5 (ADF) (sancsl suis g 5o Jslaals 3L
soSe3lsl 5 b soliial (Y--+) AOAC slaghs,
3 saldinl & gy (NDF) (0 oy gl 59 J slaols LI
adaladl SRS Qs Lo el W Ayl
(VA GlSan g o gy )
S ytaT Il

Jas o el gulas SalS ol QB Lo GialelT ol
il o ) @t pob o]

Yij= U+ T+ € () abssly)
1T drela S5l 1 ondosalie Lluie © Yy <
il oo silasdls 31 dlas

lband slads ol g LA S gl

5 s (> 5 sl Saoop (S suiladl
e ol Alhg, cosed Pras Shhsa e
L Shsa ie dlse oalls paa culils (uas ls
s (Msie 5550 (b i S oslpas G
Goob D) (i85, g8 IS e cauSh A ) S
I8 slagudl Guly ciend Ho sadidnal Jaw
T O Y R A ST RIZETIISES
i 35S el sa pedae Bl S Ve sladi s
slos 5o g JBie 55T 4 lalidls sudais S slads pa
o3l KA cell Y8 a4 Qo sacalis dayu V-
sl (aad s0) wobntss daye oLL
S5 bslae aal als 5o 5l sndKEA 5 sanais S
sl )ad aladl s B 5 sud 31 oS 00 ga
SRR PRV PR TR NEENSRES RIS IR R FPvwL
slacainl i Se3lal oga Gua ) oS
O98 Soabiw waals 31 Gl sl 6559 Ll Ha (o
S oow aclu 4w cSa gy & ) soliial b
ol ol e Ve slad gl (550 e A0STH A
5oadastbi ey s5lalaa sl 5 55T pen EDTA
dayo - sles 5o Halbl Gl B g wad (Lea ¥e e e)
00 slewdy sladainl 3 wad (5510 o saals
o5l 035588 5 wenis 5 5 JsiulS S K el
525 0805) bl =Sod slacS Gl saliial b gsa
sy by s g ] slagis, pulal
& Sslwl (Libras22 Juas Biochrom) (g yie sid giSacdl
A

5 Sa (Sbogel 035588 PH (oSe)lal s
o AISI A ) Gy aelis 4w 55 85 95 GBoladk
5 s B B salitnl b wls pbs 31 (5584 ga
Slen JlEe ool ba g LG sa b alad) YA ey
3 suliieal b s b disieal dhalidl 5 sadoiln Y



¥4 Uiwe sluds gbo)lidy o e sbcuglis (i dlge muan ol ( STyt Bras B o weSE Ly M (50l

09 sl slasyua (s3ie olge Ciyas (slassls
sale (B ymn Hlule ot ol said a0 ¥ Jgaa
Jolaalb L g(P=+/+¢) Joale (P =+/-¥) Sia
OS5 aald Hlas Ha (P=+/0F) (B sai sl 59
olasd ud saaliine Lu eSS Wm0 Ve Hlas o Hluda
Golare st GhalS 6 ua 5o eSS s 0 V- (gsla
olpdl by als plas Saa sl Gpas o |,
Yo/Y) st 5l alS wamsu Yo & ssum (e sSIS
aald Hlad b dwlie Hu & pas SEA sule Hu (wuo o
S osale s Lo 3 glie Wiy, .ol saalie
Il T Gtabe sl ool ol b 38150 ot saaliie 8 yume
Yo Oussdl 4 winls las (Yoo A) GILKaa 5 g5 g0 sl
Slysa Gyae 2l 55 oo Las 5 8 ua 50 (u SIS wis 5o
o s Sos gladlbe Hoaas ualS
3OS @ Misle GusSE e i
Qe a3 Lo (Atriplex nummularia L) .Sl 3T
S soldi) macs (YL Ho Shas Dyas (RS
(s Saa sole wmjyu VE/A) soua Hu LusSK
o B gl sle G siSIS (5 sine (BAKS 5wt saaline

A/Y 4ans SAS (g Ll Hlndlass GLM 4y, b Lasals
~0nSilee dewlie .38 S 518 ol JulaS g 3a3 0550
Olisabs) plans b 5 (S 55 (shials win 50T bawu g5 La

.CA&_SCAJ}AAMJJ*O

S g bl
ootV dgas oo gldsle GugSIS plad (S5
chu‘@u\ua’;im@%i%ss):)ai?i.@ulom
wdle sl ol Lo (wmns TVY) LieSlE YL
sl Ll sl (Ssliie SIS (gl giae o) Sy,
Oolaa 5 3Kss04,) aps A Sl aS wilsa gad (5518
e (Vo). ohKaa 5 Sj) wmys YY B (Y0
DB e e sSE SuSIA jlale s oo S 4 el o
A hane bulyd 536 a3 e BB i
Gl (YN SIS o s oSl G SIhsse) WuS e
SiSIA pand olS G Gl 381 b 5 caol lauin LS
S5 4 (V490 llSan 5 15000) Wb GRl3l G o
o saliil u)se eSS GlAlS (YL G a0

YL S snias mad 53 (glo Il B puala Giule]

KA sole L yuas (il 38 o jua SaA sule ws Hu YV sl o
YoV OLKan 5 seu ) el Jlos w1,
Table 3. Intake of nutrients (g per day) by sheep fed with Spineless cactus replacing corn silage
Replacing levels (%)
Item 0 10 20 SEM P value
Dry matter 1310.0? 1134.2% 1004.8° 76.9 0.03
Organic matter 1227.42 1033.2% 899.2° 86.6 0.04
Crude protein 163.7 149.7 133.6 43.4 0.80
NDF 366.8? 292.6% 237.1° 49.3 0.20
ADF 641.9 518.3 432.1 52.4 0.03
abMeans in the same row with different superscripts are significantly different (P<0.05)
Table 4. Nutrients digestibility by sheep fed with Spineless cactus replacing corn silage
Replacing levels (%)
Item (%) 0 10 20 SEM P value
Dry matter 68.3 65.6 63.4 5.81 0.81
Organic matter 73.9° 80.8? 81.9° 1.2 0.03
Crude protein 82.9 82.7 80.2 5.6 0.91
NDF 51.2 44.4 43.8 5.7 0.60
ADF 36.2 34.0 32.5 6.5 0.90

abMeans in the same row with different superscripts are significantly different (P<0.05)



YV Lo /Y oplass YV Al / sald pole (cla yimgsy ay i

w9 d)l“" 4..\59”.) ¥

OB sop b o st by Jole Gl sacds o SIS 5o 550 0
ol sadpohe G aaa bl (2al 50 S5
it 580 woge 5o (Yo GhlKas 5 abisleses)
09 Jolaels S ana culils s ulls 5y o SIS
(i sa el 5 Jelael SLIN 5 saal sa s
2 s Jobe lachuae S YL (lsiae
0523 Lo, cullad Hu A 5 gl sle o gSIS
Sose GBS Gl 5 S35e LS g5l Ol ey Sl sniS
OlalesT 5o oS ol S5 4 a3 el 438,550,585l
o lsle eSS (Y1) OhlSea 5 abisbess
(K32 sule wans 04/4 5 £V A4 sk
o2olie Laslad 4l S5 slass Sads oS g salid jne
sala GinlesT Hu sl se Hlade 4 s 5530
O Ssliie 5y Lo Wl oo psd e (ol 5 Wl

il sadesalie el
Lo sn b s0nasiis (slagtus €St ol pH ot
L weSa pH ol sad syl 0 Jgaa o dnbe)l
(P= +1+7) 53 3l o im o 5SS o ims il
L wlsiee JaT o ousSKE ) b paa s
LSS Glhae g YU daati o 48 Gl i 5 Gl
OShdise) cunl GusSIS o Ol G5y g (Pae
waas Gl 3l 1 4aaSl pH (Y00 SIBE 55 5 o Sla
Ol b e pH ol 380 w5 ¥ 5 s (S
sid i yume i sule Hlile a3 Lo SIS ke
SIS (VAT SiSan 5 alls o) ailge als b s
woyu Ve sla Hlad o e SaA il Hlads
@l oo Lo glassle iy (uAlS L eSS
il sad el pH Giul 33 Slasdine )y Wil 63 o « yraaS
;ﬁdbij;L;.fLoﬂJ_sqS@.ulﬁ;YGS;&lgm}\,z
Voo eSS gl Qa3 b plade & 5lsats
il (1alS gl ine sbats 5 ya Kbl suls dam o
(OalS ) 4l a4 da 8 L (Eas dalol o Lasoly) el
Ok EalS a5k 5l 4l pH il Slasdine s Wl 55 oo
Vo bolas o el pH 0 53YL saaliie o g 315

LA € s pad IS (Y1) oolSan s plisbea
Jils & Bllee s 4 DA Gan esSE GuS
Ofiaad 8 gl el oy Gk gy e YL b,
oo sSIS 33l s ) oliil S ka3 5
Glas ea S sule wnjyu 0 BVYVY 5 (gladsle
JualS (Panicum maximum) Lulis ge ul S disle
o9 1y i Wlse Sou p SaA sole Gas A
S (YYY OLKaa 5 slak) cudls o so 5 slas
ol s eSS YL sk, e
YL poba oo o SU 5 slachua s S
S5 Chyame G2alS Lol ¥ olsie 4 1 o SIS
Ol o (YeYY GllSea 5 lal) wasa ok
ch Gl8l b Bome S sole S daguagly
Ll b 3ls o oS il (ualS sy 5o e S
Siae (Al BV dlaa) wdlpe ks Glled]
o) el oS S Slase Gug YU JT sule
GBS L sl i oS oo G5 (VAT GllS0n 5 all
o BTl S 18 aa gas5e Wb SIHsa G suns
il e gligle oSS wdl 50 5 aab b wid £
Gae 5l Sl & € wleals lis olallas
S e Slial s 5 s o LaTh slasl,sa
s Wl e asa Gl S (YN LKk 5 Suls)
i 1y Slhsd Cyume 59 swboaalin saals )
S ala g oSad sole aiia cull s
sy s 5o Jslaels BLI 5 (el oy g 5o Jslaals
s 555 T et i e it
csla las s o UJT sale avda colll (l3al
ol b Gillas (¢ Jsan) ok saslie oSS
DolSan 5 Al o€ sheallin 5o usla Gisle3]
oS 5 oS L sudaedis w55, (Y001
sim o9 GusSIS e G5l b sl alast Lla
sy gt 59 Jolaols Sl alh 8555 aaa culls
il Gl (g sy 5o Jslaels GLI B2
OB pld e s colls JaalS Lo, s



¥\ Uiwe sluds gbo)lidy o e sbcuglis (i dlge muan ol ( STyt Bras B o weSE Ly M (50l

da g oy g0 blial b wb sy ol g suds (5,88 5l

o8 1%

LSYL’ g:L:.‘.éLL bmdc)m AB‘JSL;Q ‘ouSSlS s Hd
€ ol K34 a3 sl (Shsa sole ol il

ol Glulesl Lo gldsle (eSS (580 cadsl

Table 5. Ruminal pH, ammonia concentration and protozoa count in sheep fed with Spineless cactus replacing
corn silage

Replacing levels (%)

Item 0 20 SEM P value
Rumen pH 7.17° 7.3g2 7.452 0.072 0.03
Ammonai nitrogen 5.9° 6.04° 10.22 1.05 0.001
(mg/dl)

Protozoa count 6.36 x 10*°  7.47 x 10  10.25 x 10*? 1.03 0.04

abMeans in the same row with different superscripts are significantly different (P<0.05)
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Table 6. Blood metabolites (mg/dL) in sheep fed with Spineless cactus replacing corn silage

Replacing levels (%)

Item 0 10 20 SEM P value
Glucose 49.4 45.5 50.8 3.47 0.54
Blood urea nitrogen 16.03 16.40 15.9 2.19 0.98
Cholestrol 56.02 40.7° 47.7% 3.68 0.02
Triglycerides 15.0% 13.5° 18.72 1.38 0.04

abMeans in the same row with different superscripts are significantly different (P<0.05)
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Table 7. Chewing behavior in sheep fed with Spineless cactus replacing corn silage

Replacing levels (%)

Item 0 10 20 SEM P value
Time budget (on 24-h period)

Eating

min/d 213.2 264.8 255.8 18.1 0.10
min/g DM intake 0.162° 0.2332 0.2542 0.019 0.01
min/g NDF intake 0.332 0.510 0.592 0.10 0.20
intake per visit (g DM) 28.9 20.4° 18.7° 1.40 <0.001
time spent eating per visit (min) 4.71 4.75 4.66 0.163 0.92
Eating rate (g DM/min) 6.14° 4.28° 3.92° 0.30 <0.001
Drinking

(min/d) 2.56 2.32 2.00 0.19 0.14
Ruminating

min/d 364.3 342.0 300.6 17.5 0.003
min/g DM intake 0.278 0.301 0.299 0.03 0.90
min/g NDF intake 0.567° 0.6592 0.695% 0.01 <0.001
Chewing

min/d 577.5 606.8 556.4 37.6 0.60
min/g DM intake 0.440P 0.535% 0.553% 0.01 <0.001
min/g NDF intake 0.899¢ 1.17° 1.282 0.01 <0.001

abcMeans in the same row with different superscripts are significantly different (P<0.05)
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Table 8. Nonagonistic interactions (min/day) in sheep fed with Spineless cactus replacing corn silage

Replacing levels (%)

Item 0 10 20 SEM P value
Self-grooming 12.8 11.2 9.7 3.2 0.30
Allogrooming 217 3.17 2.50 1.28 0.75
Licking and biting fixed 5.33 4.17 4.00 1.91 0.45
objects

Lying 560.3 548.6 635.2 43.3 0.30
Standing 260.4 239.9 251.5 59.1 0.86
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Introduction: There is an increasing interest in the use of spineless cactus (Opuntia ficus-indica) as
fodder for cows, goats, and sheep around the world especially in the arid and semi-arid regions.
Cactus withstands water shortage, high temperature, and poor soil fertility, and thus adapted to the
arid and semi-arid zones of the world. Cactus is useful not only because it can withstand drought, but
also because its conversion efficiency is greater than C3 grasses and C4 broadleaves. Biomass
generation per unit of water is on average about three times higher than for C4 plants and five times
higher than for C3 plants. The spineless cactus has low crude protein content but it has high levels of
non-fiber carbohydrates (Barbera et al 1995). High levels of fermentable energy could support rumen
fermentation, thus increase microbial protein synthesis, production of volatile fatty acids, and the
subsequent nutrients supply for the host animal. Data on spineless cactus nutritive value and
digestibility is scarce. Furthermore, no data is available regarding the feeding behavior of individual
ewes fed diets containing spineless cactus. The objective of this study was to investigate the effects
of partial replacement of corn silage by spineless cactus on feed intake, nutrient digestibility, blood
metabolite, and feeding behavior of ewes.

Material and methods: A total of 21 Arabian ewes (37.1+1 kg live weight) were used in a completely
randomized design with three treatments for 30 days. Experimental diets included control, diets
containing 10 and 20% spineless cactus. Ewes were housed individually in pens (1.3 mx1.5 m) in an
open shed building and were allowed ad libitum access to feed and water throughout the trial. All
diets contained 60% forage (wheat straw, corn silage, and spineless cactus) and 40% concentrate (60:
40; forage: concentrate). The chemical composition of the spineless cactus is presented in Table 1.
The ingredients and chemical composition of the rations fed to ewes are shown in Table 2. The ewes
were fed the total mixed rations ad libitum twice daily at 0800 h and 1600 h and had free access to
fresh water at all times. Feed offered and refusal of each lamb were recorded daily. Digestibility was
measured by the total collection of feces during a 5-d period. Samples of ruminal fluid were collected
from each ewe 3 h post-feeding using a stomach tube attached to an Erlenmeyer flask and vacuum
pump. The first 50 ml of collected rumen fluid was discarded to avoid saliva contamination. The
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remaining was filtered through four layers of cheesecloth. Rumen fluid pH was measured using a
portable pH meter. Blood samples were taken from each lamb at the same time as ruminal fluid
sampling by venipuncture of the jugular vein in 10-mL tubes treated with sodium heparin. Samples
were centrifuged in a refrigerated centrifuge at 850 x g for 30 min within 30 min of sampling, and
the plasma was frozen at —20 °C until used. Behavioral parameters were monitored by direct
observations of all ewes over the total time (min) devoted to each monitored behavior. Ewes were
observed every 5 min by scan sampling, and the observer recorded the event of the behaviors.
Chewing behavior was divided into eating and ruminating. An observation was defined as eating
when the animal had its head in the feed bunk or was chewing or swallowing food with its head over
it. Ruminating included regurgitation, mastication, and swallowing of the bolus. Activity was
recorded as drinking when the lamb had his mouth in the water bowl or was swallowing the water.
Self-grooming was defined as non-stereotyped licking of the body or scratching with a hind limb.
Social behavior was registered when a lamb was licking or nosing a neighboring animal with the
muzzle or horning. Oral behaviors included the act of licking or biting the fixtures. Resting was
recorded as occurring when no chewing behavior and no apparent activity were being performed.
Data were analyzed using a GLM procedure of SAS 9.2 (SAS Institute, Inc., Cary, NC) based on the
statistical model Yij = p + Titeij, where Yij was the observation, p the general mean, Ti the effect of
treatments and eij the residual effect. Comparisons between treatments were completed with Tukey’s
test. Treatment effects were declared significant at P<0.05.

Results and discussion: The intake of dry matter, organic matter, and neutral detergent fiber were
higher in the control group as compared with the 20% cactus group (P <0.05). The decrease in total
DMI with the increase in the proportion of cactus may be explained by the high moisture content of
cactus occupying a considerable volume in the rumen, leading subsequently to limited DMI
(Gebremariam et al 2006). Also, forages with high ash contents have poor DMI due to their mineral
effect on rumen microbes (Ben salem et al 1996). In the diet containing 20% cactus, the apparent
digestibility of organic matter was increased compared with the control (P <0.05). Ammonia nitrogen
concentration, rumen pH, and protozoa population in the rumen showed a significant increase in the
treatment containing 20% cactus compared to the control (P <0.05). The increase in ruminal pH with
an increase in the proportion of cactus in the diet may be explained by its high content of minerals
(Barbera et al 1995). An increase in rumen ammonia concentration with increasing cactus inclusion
rate could be attributed to the higher degradability of protein content in spineless cactus (Mondragon-
Jacobo and Pérez-Gonzélez 2001). Blood cholesterol concentration was lower in the treatments
containing 10% cactus (P <0.05). Time spent eating per gram of dry matter consumed was higher in
cactus-fed sheep than in control. In the cactus-containing diets, the rate of feed intake and amount of
feed consumed decreased compared with the control group (P <0.05). Sheep fed diet containing 20%
cactus spent a shorter time ruminating compared with the control group.

Conclusion: The results of this study showed that using 20% spineless cactus in the diet, replacing
corn silage could decrease dry matter intake and rumination time and increase rumen pH. Spineless
cactus inclusion in the diet increased organic matter digestibility. Spineless cactus is thus
recommended as part of the ewes’ diet, up to 10 percent, in Iran's arid and semi-arid regions.
Keywords: Cactus, Chewing behavior, Dry matter intake, Rumen fermentation, Sheep



