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Introduction: The identification and utilization of regionally available feed resources are essential, particularly
given the substantial influence of environmental and climatic factors on the quality and nutritional composition of
forage crops. Under conditions of increasing water scarcity and the limited availability of conventional forages, the
use of drought- and salinity-tolerant plant species such as camelthorn (Alhagi maurorum) has attracted growing
interest. Camelthorn is considered a promising alternative forage owing to its relatively high concentration of
digestible protein and a wide array of essential nutrients, contributing to its classification as a functional feed
ingredient. Previous research has demonstrated that the partial substitution of traditional forages with camelthorn,
particularly during their vegetative or flowering stages, does not adversely affect ruminal fermentation, nutrient
digestibility, or overall animal performance. Although camelthorn hay is widely available in arid and semi-arid
regions of Iran and has the potential to meet the nutritional demands of grazing livestock, its comprehensive
nutritional profile remains insufficiently studied. Moreover, information regarding the use and nutritive value of
halophytic plants in ruminant nutrition is generally scarce. Accordingly, the present study aimed to investigate the
effects of replacing alfalfa hay with graded levels of camelthorn hay on apparent nutrient digestibility, ruminal
fermentation characteristics, microbial protein synthesis, and ruminal papillae morphology in fattening lambs.

Materials and Methods: This experiment was conducted using 20 male Arabian lambs, aged 3-4 months, with
an average initial body weight of 22.4 + 1.5 kg. The study lasted 84 days, comprising a 14-day adaptation period
followed by 70 days of experimental feeding. Lambs were individually housed and randomly assigned to one of four
dietary groups in a completely randomized design, with five lambs per group. The experimental groups were as
follows: 1) Control diet containing alfalfa hay without camelthorn hay; 2) diet with 33.3% replacement of alfalfa
hay with camelthorn hay; 3) diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4) diet with 100%
replacement of alfalfa hay with camelthorn hay. All diets were formulated using the Small Ruminant Nutrition
System (SRNS) software and offered as total mixed rations (TMR) with a forage-to-concentrate ratio of 30:70,
designed to meet the nutritional requirements of fattening lambs. Apparent nutrient digestibility was assessed using
acid-insoluble ash as an internal marker. On day 84 of the study, rumen fluid samples were collected three hours
after the morning feeding to analyze protozoal populations and volatile fatty acid (VFA) profiles. During the final
week of the trial, urine was collected to estimate microbial protein synthesis using the purine derivatives excretion
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method. At the end of the trial, after slaughter, samples were taken from the rumen wall to evaluate the
morphological characteristics of the rumen epithelium.

Results and Discussion: Apparent dry matter digestibility was significantly higher in the group receiving 33.3%
replacement of alfalfa hay with camelthorn hay compared to the 66.6% and 100% replacement groups (P < 0.05).
Apparent digestibility of acid detergent fiber (ADF) also differed significantly among groups (P < 0.05), with the
highest value recorded in the control group (100% alfalfa; 45.67%) and the lowest in the 100% camelthorn group
(32.63%). The apparent digestibility of non-fiber carbohydrates (NFC) was significantly higher in the group
receiving 33.3% replacement of alfalfa hay with camelthorn hay and control groups compared to the other
experimental groups (P < 0.05). Total volatile fatty acid (VFA) and acetate proportionwere significantly elevated in
all camelthorn-containing diets relative to the control (P < 0.05). Conversely, the molar proportion of ruminal
propionate was significantly greater in the control and 33.3% replacement groups compared to the 66.6% and 100%
camelthorn groups (P < 0.05). Protozoal populations in the rumen fluid were significantly higher in lambs fed the
diets with 66.6% and 100% camelthorn substitution (P < 0.05). Furthermore, urinary excretion of allantoin, total
purine derivatives, and estimated microbial protein synthesis were significantly increased in all camelthorn-
supplemented groups compared to the control (P < 0.05). With respect to rumen morphology, papillae height was
significantly greater in the 66.6% and 100% camelthorn groups than in the 33.3% and control groups (P < 0.05).
Papillae density also significantly increased in all camelthorn groups relative to the control diet (P < 0.05).

Conclusion: The results of this study indicate that the graded substitution of alfalfa hay with camelthorn hay
significantly influenced nutrient digestibility parameters, rumnial fermentation characteristics, and microbial protein
synthesis in fattening lambs. Notably, the 33.3% replacement level preserved favorable digestibility while enhancing
specific fermentation indices, suggesting it may be the optimal inclusion level. Given the increasing global demand
for alfalfa, camelthorn offers a viable, cost-effective alternative forage in fattening lamb diets, warranting its
consideration as a sustainable feed resource.
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Table 1- Ingredients and chemical composition of experimental diets (% DM or as stated)

ialojl sl 0y
Experimental diets

o> (o oS 5 5132 | v ¥ ¥
Ingredients and chemical composition 1 2 3 4
g 30.00 20.00 10.00 0.00
Alfalfa hay

e 0.00 10.00 20.00 30.00
Camelthorn

2 ab 23.00 23.00 22.00 22.00
Barley grain

cpab 21.00 21.00 2050 19.25
Corn grain

PS5 ogees 12.00 10.50 10.00 10.00
Wheat bran ' ' ' '
by oS 10.00 11.50 13.50 1475
Soybean meal

PURWICH . g 1.00 1.00 1.00 1.00
Sodium bicarbonate ' ' ' '
el LS 1.00 1.00 1.00 1.00
Calcium carbonate

plb S 0.50 0.50 0.50 0.50
Common salt

3\

o oseen 0.50 0.50 0.50 0.50
Livestock premix*

S 1.00 1.00 1.00 1.00
Bentonite

i odle 9251 92.49 92.44 92.65
Dry matter (DM)

P otan 15.29 14.28 15.40 15,53
Crude protein (CP)

(S odagh )3 Jolorels S 4250 4450 4550 4550
Neutral detergent fiber (NDF)

Sl 03295 )3 Jolorals S 34.15 33.86 35.80 36.27
Acid detergent fiber (ADF) ' ' ' '
<l ojlas 511 4.27 5.12 5.26
Ether extract (EE)

Pl St 8.09 8.54 8.03 7.66
Ash

Sl Clydng s 29.00 28.40 2

. . . 5.94 26.04

Non-fiber carbohydrate (NFC)

(PS5 1 5IB) pudlio LB (555 256 254 255 254

Metabolizable energy (Mcal/kg)

Lo yd FEIS ol oy =Y tdomigy absle b i35 adsle | 1 3Sla 40> VYV (ol 0 =Y 155 dbgle oy 5 doigy (Sl abgle (gols dald o =) jlat s Jold tylejl glalo
iy dgle b ib)ls dgle (ol dopd Ver gl 0pr = g oy adsle b i) adsle SOl
Yo i ) e el 25 WA ol JoSio S0k 50 B uabig 235 Ve 5 D3 oling Mallgpr 3515 Ve e A ueling Mallie 35y 00 e Jol oo 1 S5LS 0
i1 5l 25 s ety 5 M+ il p )5 Ve IS 2SN+ 59y £ e p S 1Y ol p)S s (K pF 6 s p5 Fe o 5
* Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of alfalfa hay
with camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100% replacement of
alfalfa hay with camelthorn hay.
L Every kg of supplement contained 500000 IU vitamin A, 100000 IU vitamin Ds, 1.0 U vitamin E, every Kg of supplement
contained 180 g Ca, 90 g P, 20 g Mn, 60 g Na, 2g Mg, 3 g Fe, 0.3g Cu, 3 g Zn, 1.0 Co, 1.0 Se, 1.0 g I, 3 g Antioxidant.
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Table 2- Chemical composition of camelthorn and alfalfa hay used in the experimental diets (%, DM basis)

Chemical Composition

St pl S oo pl gy (5 oMnsd ) ool SUI gl oangd )3 Jolwel S sl ojlas pl S (SUle Clpamg S
Feed ingredients DM CP NDF ADF EE Ash NFC
i iy 88.48+0.50 16.98+0.20 51.08+1.28 28.97+0.52 2.68+0.52 12.10+1.30 17.16+1.69
Alfalfa hay

A 93.29+0.17 9.39+0.21 48.50+1.50 42.00+1.00 4.75+0.25 10.10+0.06  27.27+1.47
Camelthorn

DM: Dry matter; CP: Crude protein; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; EE: Ether extract; NFC: Non-fiber

carbohydrate.
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(P=+1+¥) 5gr i
($lads 5] e cll 1 dbgle cudS lilllae i)
Cheng) wloads 3 yeie (glyisns Jolge @l il 5 aillbogly (8 pno
Iy 6y (65y] YL medn bl b slaasols (et al., 2022
Collins et al., ) 1S’ o (poli (b puae St o3lo 1y ya (oljlas
P Ay S s Sl oS Ad B cdngl > (2017
23 Joloeels BLII 5YL (gly e 4 ol (S donigy b duslio
Karamshahi ) sl bgsye o) S g (gdwml 9 (55 0db 945
4 Wb h)lS ey 5o cbiwly cpen o (Amjazi et al., 2017
S w5 adgle b duglie )3 ji)ls adgle (dlaneSl g
&S Cawl o odnliie yuiznen ((Jayanegara et al., 2015) >q )
ok oglad slacliieg S L s odle pdiaed Gl
ool Gimgh p (Getachew et al., 2011) 5l ée  Siwwad
dge s Conl (Swow dogy ddgle ) 39290yl Jolme (59
V0 gohw (3l Sl oyp b (gl 3 S dgue | (sdne
ol sbmoy 0y )3 pAIS 05 g douigy b 1)l dopd e
8 Loy 15U coow (ciiio dlgo s culild a5 03 5,155
&gt NDF o n <ol 2l g (ol b Ul S5
5 S5 (Mokhtarpour & Jahantigh, 2023) c.él ials’ |es
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Table 3- Effect of experimental treatments on apparent digestibility of dietary nutrients

' talesl slalos

136kl cllas ol
(2 o Experimental treatments! > /.i | 7 .
Parameter (%) y Y v ¥ ‘g; M s) JT"
-value
1 2 3 4
D bth: 72.46% 74918 69.10° 70.90° 0.602 0.0279
ry matter
J’l odle
. 74.16 72.13 70.52 71.42 0.881 0.1533
Organic matter
P ofon 53.66 52.77 51.83 51.52 1.007 0.1019
Crude protein
S 0izgh 13 Joloxall S 39.16 38.61 36.79 36.90 0.876 0.1552
Neutral detergent fiber
el oiagd 53 Joonsli U 45,672 36.89 38,53 32,63 0.886 0.0278
Acid detergent fiber
Bl Slyans,S 77.468 79.312 74.10° 75.90° 0.805 0.0279

Non-fiber carbohydrate

oy Y taigy absle L bl adsle (23Rl a0 YYIY (gsls 00> =V 1205 adgle g 5 aoiy SiS adsle (ool sald 0y =) i e b lag
oy adgle b 185 dgle (50l 20> Ve (gglo 0y —F g a5y ddgle b 1) ddgle (0 JSUle w0 FEIF (ool
(P<e/+0) aisl oo jlo sme B! (gl)ls ol o 00l )lis oglite 5Y By > b cindy yo 3 oS o, Sl ®
! Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of
alfalfa hay with camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100%

replacement of alfalfa hay with camelthorn hay.
*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).
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Sy g dsug adgle L i)l adele il wopd Vee ool

(P=1+8) 351 s 5 sime sy

ldrasid j1ads gladai 3
ale PH ((Slisel (3955 polio (¥) Jooo mls 4 4295 L
2 S llggnl o Sy «Sopn o gladml cllé g awss
S Rl gyl e (Ll gl (alojl Lo 3
oled 3 (P=/+V) Swlagsl g (P=+/+Y) Jl)8 © > slaswl
Wald 09,5 ) Cond yud)ls ddgle ilisee gl (sol> (sbalos
oy gl JS cble o VL el Gl gl e joba
Lo Ve gola ¥ Hlas o ansSs mlo S wlipwl g 1,8
2ol e ppomls g 4oy adgle b i)l dgle 23Sl
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Table 4- Effect of experimental treatments on fermentation characteristics of rumen fluid

' talesl slajlos

_ >l glas ol

Juiie Experimental treatments! L. N

Variable \ ¥ v \= U*;’M IL:) °T‘“’
1 2 3 4 S -value

4355 5| U8 % glo PH 6.48 6.43 6.51 6.46 0.021 0.6978

pH (before feeding)

45 ] g sl s 4055 e PH 5.58 5.60 5.61 5.60 0.018 0.9358

pH (3 h post-feeding)

(gl 5 o) 355 1 I8 (Sligel 050 3.52 3.41 3.50 3.29 0.032 0.1963

NH:-N before feeding (mg/dl)

5l g ol du (Sligel 50 3.61 3.65 3.54 3.60 0.064 0.9416

NH:-N (3 h post-feeding, mg/dl)

(ke y2 53 30451 1) Igjging Como 5,560 5,880 6.242 6.432 0.11 0.010

Protozoa (x10* mIt rumen fluid)

4kl o ol a8 oz loeul S 83.13" 92.022 90.03 92.08¢ 258 0.031

T-VFA (3 h post-feeding, mMol/L)

(223) )% @2 glassl

Volatile fatty acids (%)

Ssulipd 56.01° 63.85 64.57° 66.512 2.06 0.010

Acetic acid

“if"ff’”’_*‘”' . 18.782 19.502 16.10° 15.94b 0.72 0.023

Propionic acid

Segriel 6.39 6.68 7.22 7.38 0.35 0.246

Butyric acid

Sl 1.32 1.35 1.48 1.52 0.07 0.659

Valeric acid

S flgg el 0.62 0.63 0.66 073 0.04 0.830

Isovaleric acid

Syl ddgle iRl 8o 3 FEIF gols 0y Y oSy dbsle b )l digle 0 3S0le 3o)d YYIY (gsls o =Y 1518 dbsle gl g dosigy Sis absle g5l Ll opn =) iy by log”
oy dgle b byl adgle 3le 20> Ve e (ol 0y (T g gy adgle L
(P<-140) i3l o o ime M) (lyls cansl 0ab 030> Lt ciglite (p5Y Cgys b cndy s 5 oS SlaSike ®
! Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of alfalfa hay with
camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100% replacement of alfalfa hay with

camelthorn hay.
*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).

Slyes (Vahidi et al., 2021) 3)i8 o il 4aSs pong,Seo S 5y abgle comle aS i L8 sl yiagh
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Table 5- Effect of experimental treatments on the excretion of purine derivatives and Microbial Protein Production

\ B g “

criales] slolos >yl (sllas <l
5)lge Experimental treatments! “L -
Parameters \ Y v ¥ B T

1 2 3 4 SEM P-value

(s J"ffl“) sy 8.12b 11.10° 11.242 11.452 0.98 0.032
Allantoin (mMol/d)
(39 Jgeioe) gl 0.43 0.55 0.58 0.56 0.06 0.236
Uric acid (mMol/d)
(s Jyecske) oS3 + (03155 2.10 211 2.38 243 0.74 0.530
Xanthine+Hypoxanthine (mMol/d)
(i3 Jyoso) e3> sy lizie JS 10.66° 13752 14.200 14.458 0.80 0.022
Excreted purine derivatives (mMol/d)
(9/p)5) 95 0653 5 60.59° 67.412 69.442 71.45° 2.19 0.010

Microbial protein (g/d)

adgle 3Sole Mo ) FEIF ool 0y —(V tdomigy adgle b ju5)l5 adgle o3l 1o )3 YYIY (ol opn =Y £525)15 adgle ol g domigy Sid ddgle (gol> aals 0y =) i s bojlow

s digle | s disle Sl doy e

S9b oy =¥ g gy abgle b jud)lb

P<+/+0) 13l o o me B! (glyls ol o 03l i cglie (piY gy b sy o 13 &S olapSike®
1Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of alfalfa hay with
camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100% replacement of alfalfa hay with

camelthorn

hay.

*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).

SLojp o515 (P=2/+7) 390 jiiar ()3 sine y5boas 3l 09,5
iy ddgle Uy byl ddole 0l polaw olod 0 Sl
(P=+1+Y) c8l (mol5dl (gylo ime yaloas ald 69,5 4 o
s 53 G i 4eSl lojp o515 CnpeS 5 Oy Owipen
AINY) domigy adsle 320 abole 235ls o> 5518 gols ¥

Wl 3929 (e pio gSlo VAN +) 20l 09,5 o (20 pto 5o

4eSd sl (wlidcsy) Sluogad

drased Gl (uliitdg ) Gilus guad
(F) Jga 2 aeSd sl (lidcsn) Cluogad bl
aaSd sy o515 5 W)l Hlai I gyl g oglis a8 ol L
slajp el (P<e/+0) cily d459 (ivlejl (cla)loas o
adgle il dop Voo 9 585 gols slaslas o awss
9 ) ddgle (3ol Mo d YIYY (g9l Hlod 4 cud )5

ilefl gjlog b =1 Jgds

Table 6- Effect of experimental treatments on the morphological features of rumen papillae

AN A .

ilef] slales 3l (gl eyl
3,lge Experimental treatments® L. N
Parameters Y ¥ " oSk Sobine

1 2 3 4 SEM P-value

(Racske) 4055 s 5 4.02° 4.66° 5.58° 5.79° 0.26 0.025
Papillae height (mm)
(’wuu) N b slan s 2.42 2.55 2.75 2.72 0.15 0.123
Papillae diameter (mm)
(@22 a il 1) Loy 51,2 76.10° 85.23 88.12 86.66° 2.89 0.013

Papillae density (number/cm?)

Bgle LKl 8o > FEIF Gols 0y —Y fa5S dgle b i)l ddgle Kl 8o VYT (g5l 0 =Y €501 ddgle ok g a0y S dgle g5l aald oy ) i i bjles

oy gl b i)l dle (il aoyd ) -

© Sol> oy =¥ g gy adgle b gl

(P<e/+0) a3l o o ime M) (lyls cansl 0ab 03> L ciglite (p5Y Cgys b cndy s 5 oS SlaSile ®
L Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of alfalfa hay with
camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100% replacement of alfalfa hay
with camelthorn hay.

*The averages shown in different Latin letters in each row

indicate statistically significant differences (P<0.05).
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