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Abstract

In the current study, we aimed to evaluate the dietary effect of ensiled Moringa oleifera on
feed efficiency performances and meat quality characteristics of growing lambs, with tenderness as
a key trait of palatability. Thirty-six Assaf X Dorper lambs were transferred post-weaning (~7Wks
of age) to the Beef Cattle Unit of the Neve Ya'ar. Following 3Wks of adaptation, the lambs were
subjected to 3 homogeneous groups, based on their initial BW, and phenotypic characterization of
Dorper breed on the 'background' of the Assaf (dairy selected breed). Each group was provided with
a different diet: group I - received moringa silage + soybean hulls (MO-SB) + molasses; group 11 -
was provided with moringa silage + crushed corn kernels (MO-CC) + molasses; for both diets, wet
matter ratios were 72.5: 22.5: 5 which donated 10% moringa silage (WS; on DM basis); both groups
were supplemented with a concentrate. Group /1, (control) was provided with 10% wheat silage (on
DM basis) and a concentrate. All three diets were balanced for protein, energy, and rough NDF
components. A significant advantage was found in feed efficiency performances of moringa-fed
lambs from group II (MO-CC), by means of gain to feed (G:F; 0.222+0.02 Kg BWG/ Kg DMI),
comparing to group I (0.200+0.02 Kg BWG/ Kg DMI) and control group (0.189+0.02 Kg BWG/
Kg DMI) following 12Wks of experiment (P<0.05). Analysis of fiber length selection, showed that
moringa-fed lambs from both groups, mostly selected towards longer fibers (<8mm), comparing to
control-fed lambs, which preferred to eat shorter particles (>*4mm) of mainly concentrated pellets
(P<0.05). Selection of specific food particles, might be associated with our findings of growth
performances and meat quality characteristics, although no significant differences were identified in
digestibility of DM, protein and NDF. While evaluating meat quality characteristics of the
longissimus lumborum (LL) muscle, steaks of Moringa-fed lambs from groups 1 (MO-SB) & 2
(MO-CC) were tenderer (32.2 + 4.53 and 31.7 + 4.14 N respectively) by means of shear-force (SF;

P <0.001), characterized by longer sarcomeres (SL: 2.06 + 0.28 and 2.08 + 0.17 pm, respectively; P
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<0.001) comparing to the controls (SF: 39.0 £ 7.83N; SL: 1.73 + 0.11 um). Interestingly meat of
moringa lambs from both MO-SB and MO-CC groups was characterized by lower intra-muscular
fat (IMF) content (3.05 + 0.26 and 3.00 £ 0.25 % respectively;) comparing to the control (3.92 +
0.26; P <0.05). Similarly, total collagen content (CC; an indicator for connective tissue in the
muscle) was lower in the meat of moringa lambs (8.27 + 0.15; 8.53 = 0.16 mg/gr respectively)
comparing to the control (8.89 £ 0.15 mg/gr; P <0.05). Another beneficial effect of the moringa was
found in vitamin E content (an important lipophilic antioxidant) and lipid peroxidation process
which were found significantly higher and lower respectively, in the meat of moringa-fed lambs

comparing to the controls, suggesting an improving effect of the health profile of the steaks.

Our findings from the current study, suggest that Moringa oleifera-based dietary
manipulation could be implemented in order to improve FE, and to design tender, lean and healthy
lamb meat. Providing additional information from the transcriptome analysis of muscle and adipose
tissues of moringa-fed lambs, will enable to gain dipper knowledge on the biological mechanisms

concurrently affecting the FE and meat tenderness by dietary ensiled Moringa oleifera.
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NNIN DY ININIAN HIDNI9DY MDD T4 YD WITa TWA MIIN Y111 NYAP

,)N20N 7N) WA DMIWN DMVNIIN DY YD1 25NN .OINDVN DY LD N W DY 1y$12 MDIIND
,DO1P0N P2 NYTA XY N NDIDNY N DY .4 N2V AN DINROVN (AN PV TIN DWW NIION
¥ DN, DN — MIPNN PHNNHD M) IWN DINDVN TYIA NP N2 NPNY NAZNN NDIDN NNV)
19IND NDT) NAXT NVIWD YPIY TINN 1IWN NON (4 NaV) (P=0.1) pnam XD XD MY HTan

INNWNA (NNHRNNA,3.05% ) 3.00 ) NMID MDD DN M NP PA (3 12V P=0.015) pnam
NXIAPY DN’ DIDVN MXIAPA INY NI NN L(3.92%) NVINN NHINN DY NNPXAN NNIAPY
YTTH2 MOIN T OY NN NNV PN MNTIPN MY TAN 1Y NN .(4 NYAV) NNPPAN
MN902 51PN DRNNIN NNY,NDII Y PIY TIN JDIY NN NN IWA M P2 9N ORNN) SF

TYNNA NPT NN YPY DY 1M MO DY

(NMP>2) NVIN PNPNNN MPIY DINDVN TV DMV DXDIINN DY DY I 15770 .4 NYAV
M0 MYP - 7PN NINN IN NIV DN — MIPNND PHNN

povalue | MY PHNN | NP NHNN | NONNHNN | [%] 7w MDD
Mo .p PN — (MNMpa) —
0.5 25.67+0.25% 25.23+0.22% | 25.63+0.232 7
0.1 22.524+0.18% 23.16+0.18° | 22.64+0.172 5N
0.015 3.05+0.26° 3.00£0.25* | 3.92+0.26° mv
0.7 1.39+0.032 1.43+0.032 1.42+0.03%2 I9R




TY N (MID MOOP MINPNNI ; NIV DPN MHIPNN=) NN INNNND M TYN DRIV WA

MPIY DIROVN TWIAL NN NN NNPN Y PIY TIND YDV NN ,PNIYN 19IND (3 99)) NON
LNT DYDY (3 99)) INP2 NN NN DDV IWIAN MO TvA (3 NDAV) DN — MIPNN NPPNNN
MO IINY INPA MDD NI NOVIND NXPNNN INPIY DIRDVN TWIAL Y PIY TINN YDV NDION
YITIN MDD IWNRD NYIAPNN TN N TWA MO : NIWN) (3 99)) 1N 15NN SF >711m1 9vwan

(MY TN DMVITIVD OININA HYIAN IN NDY NIN TYND NN DX 7N )OI M2
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zsarcomere length, SL) 091299490 7998 SF %59¥a 9wan ma4 190 nyapy Finan.3 99
21920) DPN-NMPNN PHNN (P17 — NNPII) NVIN NMINN :ARNN DDV NVITYN DINDL YWaa
DYD72N DY MTYN NMY NPNIN .(NDIN — 2I19V) NND — MAPNNI PHNM HPNPN DITN —

(P<0.01) mxapn 2 0PN D1VDLVLD

NN XN DN MY MXAPN DNV DY LL 1 9wa (um) 09700 29 NNRIN

NOIN PNNNHD MY DIRDL DY PIYI IXNYN INY ONIN 1N ()12 572N XOD) MID MOOP
oxnNa SF 7110 oy (:R2=-0.7) »>°5v) M) OXNNIA X¥ND) G OIMPIDN TIX .(3 99)) (P=0.02)
DYDIN OIMPIDNY DI 12PN AN 019) SF »59¥2 NT193 NN IW2A MDI) MDD Dpnd
(MY D51 DXAYN) DXNMN INY
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1820 (PONNPY 99)) tocopherol alpha 9980 MysnNa E 1900 09150 nyaph Finan.4g 49

qva3,(%1° 99)) (Malondialdehyde) MDA 0555 mysnNa 990 10 JUnD 9018 010
DYTR — 219°0) DPN-MNNN NN, (71T — NNP) NOVIN NPNNN : NITNN 2ID0 NYIYYN DINDL
D»VDVLO DYITIN DY MDYN NMY NPMX .(MIDN — V) MO — MNP NNM PPN

.(P=0.05) mxapn a2 o>pnam

NINNN M YN DIV TWIAL INPA NMN NN (1DIW DO NN 1) E pnvn noion
NIV WD NINKNI AN NN NN ;7N NIPNNN INDV TYIAL MMINKRDY OPN — MHPIIN
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19 YN NOPITIND YNRWNI DMV NINN TONIN RVANH MDA n 711 .(P=0.05 ; 4 995) VNN
;4 97)) DN — MM HNN IXIL TYWA INPA TN NVINT ORIV TWIAL INP2 M 7PN
(P=0.01

WY (5 ND2V) NVLIXNYN INKRD MPT 45 5 DMYN DNV HY MNIVN P2 I1DT2 XY ,pH N Y
21901 MNP XNV MDD ROV SN2 pH N 239y 7D NXYN NVINYN INKRD MYV 24 5 NNY
NOVXNN MNOV NN DY 6.33 H IRNWYNL NINY ,NNNNNL L6.29 — ) 5.95 5 1T (MO MPOPY OIN)
YIPIVAINRD NNV N ,NVINYN INRD MYV 24 5 6.2 H 5.8 a2 y)n pH nMv .(P=0.05 ;5 nbav)
Y DN NHRNNA 521070, T N ,M2) pH ypa Sy M09 KO >N 9va nHIAPS wATIN
2P N v oaannn (PSE) pale soft exudative W dark firm dry (DFD) noyvt om1»o
(5 NYaV) NV INYN INKY MYV 48 DINT OYYI NT LPIN ,NINT OY TN PPN N YV pH 1 NP
TT92 NP DDV MNWN DIXDV IV (5 NYAV) PN PNIN KRNI IV YANH TTHY ON»NNI
.(P=0.01) nVXNYN INKD MYV 24 51D DIDTNN NPINX VIO NNIN MDA NN DY DN L*
WAN DY PYNn a* 7101 PN Xy XY NN oY 10 (P=0.05) miyw 48 D 7ayn 03 99w N )
VYN RSN PINKRD NIY GN DY (PIWA PIZIPHN NIATN HYW INNNN NNOYI TYID) NI DY DYTND
P DY YN HF 7102 D) NI (PN KD) NNYYT PN 0PN — MIPIINN IRYV-IYIAL INY M)
(5 NY2V) NN DY 2NN

MY DINDV PIWA NVINYN INKD MYV 48 1 24 yax) (Myw 48124 mpT 45) pH >770 .5 "Hav
D MPOP - MIPNND NHNN IR NAY DN — MNP PHNN (NNP) NOIN NPNNND

P-value | — MY NMINN | MPNNDNINN | NV PHRNN
mo.p 0PN - (Mpa) -
0.86 6.78+0.05* 6.78+0.05* | 6.83+0.05% 'PT45—pH
(NN2av)
0.05 6.29+0.26% 5.95+0.10* | 6.33+0.33° | (nn) 'w 24 — pH
0.23 6.00+0.25? 5.87+0.23* | 6.07£0.26* | (nm) 'w 48 —pH
"W 24 — PV yas
0.01 46.5+0.6 46.6+0.6 43.7+0.6° L*
0.3 14.8+0.3% 15.0+0.3¢ 14.3+0.32 a*
0.9 3.98+0.4° 4.22+0.4* 4.15+0.4° b*
W48 — IV yaN
0.05 47.2+0.8% 49.1+0.72 46.1+0.8° L*
0.4 13.7+0.3% 13.2+0.3¢ 13.2+0.32 a*
0.9 3.95+0.2¢ 4.02+0.32 3.99+0.32 b*

INND DO YTIN (Water holding capacity) N2 ©Y911) NN I NI POIP NOION

TNOVPPTYN ,PYIPN NYION .6 NYAVA DN (cooking loss) LIV INNDY (thawing loss) NYwan
PN INNPNND MY DIRIVT TYIAT TN NI NNNNI IV NNN NNPI DY MNID P
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DINDVN IV DAPNN (3.49%) 1NN TN DINN YTIX .(P<0.05) nvInN YNNND NNNWNA
.(:P=0.06) DN 11> NN NIV

D YT (Cswater holding capacity, WHC) ©¥91) R 915 ,19955 pop nvion .6 NYav

MPIY OXNYV W12 Lxcook loss, CKL) 5w o¥on y12IN | (ithawing loss, THL) nqwana
M0 MOVP - MIPIN NXHNN IN NIV DN — 7PN MINN (NNPII) NOVIN NPHNNN

P-value | —MYMM 0NN [ M0 PnAN [ 10N RN
Mo .p 0N — (Mp>2) —
0.05 8.27+0.15% 8.53+0.16® | 8.89+0.16° | Collagen content
0.9 42.8+0.87° 43.1+0.982 42.4+0.92° WHC
0.06 5.01+0.59% 3.49+0.59° 5.50+0.73° THL
0.16 20.5+1.00° 20.5+1.01° 22.7+0.81° CRL

D70 D/ YN0 OW MTN NNV WA POIP NOON*

MIPOMI VT

DINDV DN (PN1HN D1 M X XVANN) G:F N 7702 NI NRSND ,1PNONH NNTAYA
Y PN (M2 >7NNN MM 10% YY) NIAY DN PV 22IVN 1IN PHNNND MITI TWUN
MPIY DINROV M9 DY DY TN ,NVIN PHNN 10% 1D NN IWN NNPIAN NXIAP IRV M9 DY 11 Yapnn
NN (1219 95271) NONN-NNNY GN DY .(MINA DA 109%) D MR OY MIPNN D291 \HNNN
957 MINND DNV DXPYIND GDIN TWN DIPNN 2D NIWY PN NN PININRD ,NAONN N1ON2
IPIANNVY T 1T NP IRV RINWDII Y0XNNX NN’ 512725 )1P0IYN TWUN D230V DY) D) HY9]
2YNY YN DION DX ITIV OPONY DI1D2 1IN LND
TNNN .Y MDN DXPTHINN DIV PNNN DY DNP>TA NN NIV NNIWYN IPNNN MV ToNna
NN P RD DYIN) NONITL 1AW TUN MIPNNN IXNNN DY 192 521N VPIN NNNN ,NYAPNNN
MO NN DPTHINN DXTTN DY NNHYNXID YR (MO MDYP NI NMINN DI XON DN MM

M¥IAP NVN DINOLN YV VAN MO D VXY, shear force N NHLIN MYNNNI NN MNIY
D) N¥D) 79T PN .NVIN PHNNND MTIY DIRDVN DY TN PN J9IND INY DM 71IPNNN
YNDVY INNWN MININD MNP ORIV AN DN INSND) NYN .DIMPION TN TTI) TUND
YNDV IWIA2 INY DM DRYN) IWIAN NPYPD ONNN PPY TTHI 193 POIP N1DN D) .NVINN
W2 MO MIP — IWIAN MDY TION DRNNA NN NNT NNWD PIY TINN JDIVN .NVNND NINN
NN NP NNN IXNNNND IMPIY DINDVN IWIY DNMNNA NI PPV TIN YV NN DY NN
TISOYTINA NNPH NMAND IWIAN MO 2D WSMY ,MNTIPN INMTIAYN DX PIVN YaAPNn DY PIYN
991 PIYN 220 25971 YY NHVIND DOVIN TWYND .(D¥IINNND DMINIPID) IV 220 DY NMPNNN
MYNNNI IWIAN TIDID NI NINN 1D 972N 1PN DN ,INY DPIN NN 1N NNIWYYN DV

PN Y0 NOIND
NNNN ANP DY NI NYOVN NINIIND NNND 2D NRIN NNIN DY ONINIIAN DI9I9Y DN»NNA

NINND INNWND TIPNNND MTIY DIROLN WAL INY N5 MDA nYIdN MYNNNI ONMIWYN

.NVN
YNNI MITIY DIROVN TV TN N2 NI, )WL DXON NXNN T XINYLE Pnon ndon o)
NN DY OMINIAN 991791 DY NIV NYAVN NINNA NIRNY 2D 92,90 K91 1I9IND .7 NNN
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259779 NHZINA NPNVYNRI NVYPITIN L(NYIA) XY IMDT D ON) INY 117 HApNNN IWan »d )
DYNDLN TYIAI NP N 29 PAIY MXNMIN DY TN NNN2) MNDN DY MYIAND X 1DV MINIIN

STYUNNA AN 90 YIN N NHIN DY DINN NN ,TINNN PHNNND NIV
2NN NNI9NN PHN INDNIPN IWN) TYNHN MO NP NT NDNLIVIAPNNY NININD DD DY
NV INL,TIPNNL INPA ,IWIAN MR NPNITHN M) DY 12001 VPAND DR : )INY (NPNOVN
DN MMM P2 WX (PN MPIXI DY NYAVNN DY NIPNI) PXNND IDIND DM MPNNYA
N2 NYPA TIY .NDIIIN PAIVN NIDM ,NNIIN TWIAN M DY NYAYNA NND MDOP M /
25N2 NMYVY) GONT YTIY NNV TN NN NMNO PNV NYYNRN L, DN YIXD YWD DY DPIND NN
MINVLNAN YN NN NIND )2 DY) (IWIY DNV DIYIN HYN NI YPIY TIN W NDN DY
(DX9DIN NOY 9NPI) P TP PHNN DY INYAVN N2 NMIVN MY DPPNNY NDNIN 27NN

"9 5y G:F N 77102 1M m)nn dXDVY Y0N> PNIN 1IN D30 RSN DIXRDVN DY )N MDIN) ¥ 1110 DY
NI PYTY TR R IV MDA DAPNNY NINN 1D DITH IR NY PIN’ DINN NN NMINN INDV
21N MDY NN WY NI, DIV9N NN PONND NIPNND PNNNA WHNYND NNMOPN MIVIND DY
IPINY QN NNYRIN MV IYIAPNNY NYNY OMIT PP DN ,IWIAN NI DY NYIVNN INSNDND PN
YTIN IRV DY) MDY ONNTNN NDNNN NMYIT MNMPN NMINKIND DI02 HY 1D TY .13 NMPON NN
T a*) W21 OTND YANND TTHA PIN DPIYN ORI PN NMINN M D NN (PONVNMN
.OXNYN INKD MYV 24 5 (MNDNO0

MO NN, TNN PNITHN DIN MDY NN DIAPNI 99V JN) D NN NN DOWWRND T NTHIAY INRNDN
YT 2VIVN) NANDN MM PHNNA DINTV NITH MYXNNID TN 1YW OIMNIIAN D¥9I19M) WD
1N VAW )INAD OXTAYNN NN 2PN NNV .MND 21570N (07N) 10% 3 HY NYWI 1N WK (DN
SV DIVHIPDIIVN NVVIN DY TN NI NNNNN DIVIN TYUNRD N THN NMPNI DIV Y Y D)
YT DY NI OGN NIMINN 362-0649-20 NIGDNY ,NYTN ,NADN TPNN NYXNID) YW DIV MNP
TIPNNN DY NMINN DX INY NPT NN IV Y1 ,08 MIVN DNN IR NTYN — 25N7 NIWIN
Y2 MNI NN P MTIXI NV Y DIND PV PV MNPIL ODAPNNN DMWY 1T
9N
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