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Introduction Ruminants require roughage in their diets to maximize production and to maintain health by
sustaining a stable environment in the rumen. There is a need to identify local plants that can offer high quality
forage to local ruminants. P. ferulacea (family: Umbelliferae) is a valuable forage grass found in high mountain
areas of South-east Iran. Local farmers cut and wilt the plant, prior to feeding it to sheep.

Sheep are selective and spend a lot of time selecting and sorting feed materials. Domestic livestock are
herbivores that evolved to eat a wide array of vegetal species and typically select a diverse diet even when their
nutritional requirements can be met by ingesting a single feed. A free-choice feeding method partially mimics
nature and facilitates selection based on nutrient requirements that fluctuate along with feed quality and
availability. Also, this method requires less use of manpower and equipment.

The information available regarding the effects of ad libitum supply of concentrate and the possibility of free-
choice provision of forage in lambs is very limited. Also, limited data is available concerning nutritional behaviors
of lambs fed high-concentrate diets, and this information is even more limited in terms of providing feed-choice.
The aim of this study was to investigate the effect of free-choice provision of two forage sources including alfalfa
and P. ferulacea in addition to concentrate on digestibility and behavior of Arabian lambs.

Materials and Methods A total of 18 male lambs of Arabic breed with an average of 90 + 8 (SD) days of age
and body weight of 19 + 3 (SD) kg were used in the study in a completely randomized design for 45 days. Lambs
were housed individually in pens (1.3 mx1.5 m) in an open shed building. Cages were separated by a metal fence
with a bar design that allowed contact between animals. The animals were randomly assigned to one of the three
experimental diets including free choice between; 1- alfalfa hay and concentrate, 2- P. ferulacea and concentrate,
and 3- alfalfa, P. ferulacea and concentrate. The lambs were fed the total mixed rations ad libitum once daily at
0800 h and had free access to fresh water at all times.

Essential oils of P. ferulacea were identified using gas chromatography—mass spectrometry. Samples taken for
DM and chemical analysis were oven-dried at 55 °C for 48 h and then ground to pass through a 1- mm screen.
Chemical analyses were performed in duplicate. Feed offered and refusal of each lamb were recorded daily.
Digestibility was measured by total collection of feces during a 5-d period. The behavior of lambs was recorded
with nine video cameras that were connected to a digital video recorder. Video recordings continuously observed
visually for each lamb over a 48-h period. Recorded activities were registered together with their beginning and
ending times. Data for each activity are reported as the total time, expressed in minutes, in which the lamb
maintained this specific activity. Chewing behavior was divided into eating and ruminating.
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Intake and digestibility data were analyzed using a GLM procedure of SAS 9.2. Multiple mean comparison
were carried out using Tukey's test. Animal behavior from video recordings was analyzed using a GLIMMIX
procedure of SAS. Comparison. For the different statistical tests, significance was declared at P<0.05.

Results and Discussion The compounds of a-bisabolol, B-Pinene, a-Pinene and 6-3-carene had the highest
amounts among P. ferulacea essential oils. Free-choice provision of two forages increased dry matter intake and
the proportion of consumed forage compared to other treatments. Forbes and Provenza (22) reported that in free-
choice provision between forage and concentrate, ruminants allocate about 20% of the dry matter intake to forage.
This finding is in an agreement with observed ratio of forage consumption in treatments with one forage source
but is less than the observed value in the treatment with free access to two forages (36.2%). Among the mechanisms
that may be involved in this increase is the greater diversity of forages that act as a stimulus for its consumption.
Lambs consumed P. ferulacea as the only forage source showed higher digestibility of dry matter, organic matter,
NDF and ADF compared to other treatments. Low lignin content of P. ferulacea compared to alfalfa is one of the
main reasons for its higher digestibility. Lambs receiving P. ferulacea as the only source of forage had the lowest
time spent eating per day compared to the other treatments. When animals were given a choice between alfalfa
and P. ferulacea, the time spent eating increased significantly compared to P. ferulacea alone. Lambs that had
access to two sources of forage had the lowest feeding time per gram of NDF and ADF compared to other
treatments. This decrease could be due to the higher consumption of dry matter as well as NDF and ADF in this
treatment compared to other treatments. Lambs that had access to two forage sources spent more time ruminating
compared to the alfalfa recipient treatment. The highest duration of rumination per gram of NDF and ADF was
observed in P. ferulacea treatment as the only source of forage. It has been shown that the chewing per gram of
forage NDF is higher in animals with lower NDF intake (4). In this regard, Grant (24) suggested that there is an
adaptive mechanism when consuming low-forage diets by increasing chewing per gram of forage NDF. Non-
nutritional behaviors including self grooming, licking and biting fixed objects and laying time were not affected
by treatments.

Conclusion Providing two forage sources instead of one source, led to an increase in dry matter intake. The
higher digestibility of dry matter, organic matter, NDF and ADF in the treatment of P. ferulacea compared to
alfalfa indicates the high nutritional value of this forage. Due to the limited information available on free
concentrate supply and the lack of examination of rumen and liver health indicators in the present study, any
practical conclusion regarding ad libitum concentrate intake requires further research.
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Table 2- Essential oils composition of Prangos ferulacea

u.S): Loy
Composition (%)

Sy &bk pasls
Component Kovats index
o 939
a- pinene

o 979
B- pinene

s 991
Myrcene

O)lf AW 1011
6-3-carene

o s 1020
p- cymene

0 b 1030
B- phellandrene

o s 1077
p- cresol

gy 1189
a- terpinolene

Sl W o

Cis-alpha 1507
bisabolene

gt ] 1686
a- bisabolol

Jgsl

Osthole 2148

12.45

16.55

5.20

12.15

5.26

5.52

4.81

5.04

5.18

1747

6.86
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S8 calan 300 sladllas (3 0505 zylae Sis odle
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Ohetal,) aesss ohluls s, S0 p 0l cbcdglio gob
Cardozo ) |\ Ken 4 9593, ¢ Jl> ool b .ol oas 5135 (1968
ol wd) o9y bl oykac 3938l L ikl ,o (et al., 2006
oo Bpan )3 (I c(g)ly slagls 0p5luiS y op> 4 (il>

W200,S5 sl Suis

AMB! il sasSedl slroy o Sis oo Bpne

Bl ol b 38lge bl aodigy b ol i85 glaop b gyl size
oy 50 il b assigy (3903 op3S0ls b (Azarfard, 2008) 5 331
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Table 3- The effect of treatments on nutrient intake (g/day)

o )los
s Treatments
Pl . . . -
i i JN eils g doigy SEM P-value
Al fal%a Prangos Alfalfa and Prangos
ferulacea ferulacea
D“{‘““'" "’L; 1005.7° 876.8° 1308 5° 75.7 0.003
ry matter
Sosle b b
N 938.8 820.7 1209.42 655 0.003
rganic matter
;"g;*‘ﬁ" 2 Jsbeell U 236.95 169.3° 341.42 24.7 0.001
X;T:' oizgd > Jsbee b L 125,39 89.3° 101.3° 117 0002
Fcl: i;ﬁom_n 183.6° 151.8° 2241 15.3 0.001
u r |
“Fsci; - 2380 2170 36.22 508 0001
g;‘;:’;mrate 76.22 78.32 63.8° 5.08 0.001

Means within same row with different superscripts differ (P<0.05).
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Table 4- Effect of dietary treatments on nutrients apparent digestibility

b jles

, Treatments

)9 . N . -
el o il il g axigy SEM P-value

Alfalfa Prangos Alfalfa and Prangos
ferulacea ferulacea

an:;‘&er 57.9° 74.0° 65.5% 3.67 0.033

ry
gllv:;u 41,9 65.42 55.0% 5.39 0.020
RT";F“‘M 2 Jgbali SUI 45.40 72.6° 50,3 510  0.004
ZS‘;‘ g > Jylona b S 39,90 60.5° 4330 309 0.001
EB «gﬂﬁfﬂ iy 76.4 81.8 82.3 2.72 0.256

ruae protein

(P<e/+0) sl o o e BT gyl aliie yu Bgps b Ciudy o 3 oy Sils

Means within same row with different superscripts differ (P<0.05).
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Table 5- Effect of dietary treatments on eating behavior of lambs

L jlows

s Treatments

Prad

e i JN ils g doigy SEM P-value

Al fal%a Prangos Alfalfa and
ferulacea Prangos ferulacea

i b o

Eating

;\7;’/;‘” 189.2¢ 141.9° 186.78 252 0.01

|

irae NDF ¢35 (dlle, 4iSo 0.613° 0.626¢ 0.494 0.066 0.04
Min/g NDF intake

Fras ADF 25 Slilay aiss 1.208 1.412 0.840 0.22 0.05
Min/g ADF intake

(p5) 2 > Brae S 8.51 753 10.42 1.74 073
Intake per visit (g)

(4883) )l 52 3 136 By e 1.40° 1.03b 1.23% 0213 0034
Time spent per visit (min)

(4883 3 St o3lo p.5) Hé Bao s 5.80 7.12 8.30 2.32 0.64

Eating rate (g DM/min)

(P<-1-0) bl o o ine BN gyl ity By b o) oy o3 Silie

Means within same row with different superscripts differ (P<0.05).
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Table 6- Effect of dietary treatments on ruminating and chewing behavior of lambs

o jlos
R Treatments
ol . . -
fadi i e eils g dodey SEM P-value
e N Alfalfa and
Alfalfa  Prangos ferulacea
Prangos ferulacea

oS Hlgmeds
Ruminating
I"\;{ )’/d‘“;ﬁ” 423.6 457.0% 492.12 25.6 0.01

n
{ﬁﬁf; D‘SM'“‘T e 5 hley 4> 0.384 0.4532 0.316¢ 0.032 0.04
irae NDF .5 ljley ai5o 1.31b 2.03° 1.32b 0214 005
Min/g NDF intake
iyae ADFp 5 e, di . )

. : 2.80 4,53 2.21 0.607 0.03
Min/g ADF intake
O
Chewing
Ii;’ﬁ/f’ 612.9° 598.9° 678.82 31.2 0.01
irae NDF .5 Sljle; aiso 1.93 2.60° 1.840 0221 003
Min/g NDF intake
iyae ADF 5.5 (slile 4> .

4,130 5.912 3.01° 0.734 0.04

Min/g ADF intake

(SHloss 295 Jold s e slayld, sl oad ool L Y
jles b Cod it 5 b bl (B, 55 5 e
Molle et al., ) o) Ken 9 Joo adlllas )3 058,55 )13 ol
Bole Bpan 4 Fuly y3 MhwgS Sy Spas L8, ) (2009
b ot ats (loj & b sdaliie wlil o b sols 45 Vou
ol oS ol o1 o3l o5 cd S5 5 Liulejl (gl e
ORI sl 909y G5 L Olge o (Jailpd o Slad lands e
e lgieay Ul awws | eolazwl (Ridge et al., 2020) sl .
05l g gboys boodd 4l (gl oy als o pb
cals b gbal (B8 5 5 ad Sl » b
b sl 5> (39000 Hluw wleMbl (Karamnejad et al., 2019)
@ oS o bl adlgo oy )3 MdwsS > Il e sbo)ls,
duglie ;> ddgle xio 93 (o QL] Sl (3905 8118 ) o0 sl
sedglio ol sladgle adie 35 5 ala dgle e Su L
2 686 Jyeme dgle o plyieay do0gy b dslio 3wyl

ol a3l iolejl Sllges )3 cluiss pe olaylis,

(P<-1-0) bl o o sine BB (gyls ity Boy> L o) o 50 o Silie
Means within same row with different superscripts differ (P<0.05).
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23 led g o0 cld 93 s &8 pug cllld ol
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Table 7- Effect of dietary treatments on non-nutritional behavior of lambs

)los
R Treatments
e ; SEM  P-value
Alfalfa and

Alfalfa

Prangos ferulacea

Prangos ferulacea

Sl pe la)ls,

Non-nutritional behavior

(590 > 4&85) (g)lous 295 311
Self- grooming (min/d)

(39 % 4aB5) <ol sludl (35 55 5 (ytomnd

Licking and biting fixed objects, 12.0
(min/d)
(39, » 48) (e 407.7

Lying (min/d)

21.7 320 6.73 0.68
17.9 21.3 10.8 0.79
392.6 389.5 18.6 0.57

b cwl adsle pl sladss oYL i)l saimd L a5 b duslde
0,y5LuiS 3151 4355 3590 40 L yiwd ,d SleMbl (3g) 3g9a50 4 A5
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