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The rosemary essential oil production leads after distillation to considerable amounts of residues that can be
valued in animal nutrition to solve the food gap in different areas. For that, a trial was conducted to evaluate the effects
of partial or total replacement of oat hay by distilled rosemary residues (RR) on lamb’s growth, digestibility and nitro-
gen balance. The experiment was carried on 28 Queue Fine de 1’Ouest (QFO) male lambs (4 months old) with an
average body weight (BW) of 15.2 + 0.16 kg, divided into 4 homogeneous groups (C, RR30, RR70 and RR100) ac-
cording to their initial BW. All lambs were fed 500 g of concentrate and different amounts of hay and RR according to
different substitution rates of 0, 30, 70 and 100 % respectively for C, RR30, RR70 and RR100. The average of total
dry matter intake was 884 vs. 902 g/lamb/day for C and the experimental groups, respectively. The final BW of lambs
receiving RR was numerically higher for RR30 and RR70 than C and RR100 but without significant difference. Con-
sequently, the average daily gain was similar among groups. The digestibility of dry matter and organic matter were
significantly higher for C compared to experimental ones (p < 0.05). However, the digestibility of crude protein was
higher for C, RR30 and RR70 than that of RR100 group. The urinary and fecal nitrogen losses were unaffected by the
diets. However, the nitrogen intake was improved for RR30 and RR70 than C and RR100. The nitrogen balance was
positive for all groups. It was significantly higher for C, RR30 and RR70 than RR100 (6.1, 6.9 and 6.4 vs. 2.9, respec-
tively). It was concluded that the oat hay substitution by RR did not alter the growth performance or the digestion but
enhanced the nitrogen utilization of QFO lambs until the substitution rate of 70%.
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BJINJAHUE HA JEJYMHA WJIN HEJIOCHA 3AMEHA HA OBECHOTO CEHO
CO OCTATOLH OA PY3MAPHH (ROSMARINUS OFFICINALIS L.) BP3 TIPUPACTOT,
CBAPJ/IMBOCTA U PETEHIIMJATA HA A30T KAJ QFO JATHUBA BO PACTEX

ITpon3BOACTBOTO Ha ECEHIMjalHO MAaclo OJ Py3MapHH JOBEAyBa JIO CO3IaBAambC¢ 3HAYUTCIHH KOJIUYHHU OC-
TATOLM KOU MOXKAT Jia OMaaT KOPUCHH BO HCXPaHATa HAa XKUBOTHHUTE 3a [ja Ce PELIN HEJOCTUIOT OJl XpaHa. 3aToa Oelle
CIIPOBEIEHO MCIUTYBAME 3a [Ja ce OLleHAT eeKTUuTe 0J] JeIyMHA MM LEJOCHA 3aMEHA Ha OBECHOTO CEHO CO JECTH-
JpaHu octarouu o py3mapuH (RR) Bp3 mpupacToT Ha jarHumarta, CBapJIHBOCTa U a30THHOT OanaHc. ExcriepumeHToT
Oenre cripoBeieH Ha 28 Mamky jarHuma Queue Fine de 1'0Ouest (QFO) (4 Mmecenu ctapy) co IpoceyHa TeIeCHa TeXKUHA
(BW) on 15,2 + 0,16 kg, nonenenu Ha 4 xomorenu rpynu (C, RR30, RR70 u RR100) cnopex HuBHaTa moyerHa BW.
Cute jarnuma Oea xpanetu co 500 g KOHILEHTpAT U pa3IM4HU KOJMYMHU ceHo u RR crnopen pasnuynu cranku Ha
3ameHa oz 0, 30, 70 u 100 %, coonserHo 3a C, RR30, RR70 1 RR100. IIpocekoT o1 BKYITHHOT BHEC Ha CyBa MaTepHja
(DM) u3necysan 884 nacriporu 902 g/ jarne / nen 3a C u eKcliepUMEHTAIHUTE IPYIH, cooaBeTHO. KoHeuHarta TenecHa
texxuna (BW) Ha jarHumarta mro npumaie RR 6eme Hymepuuku nosucoka kaj RR30 1 RR70 ox C u RR100, HO 6e3
3Ha4ajHa pasznuka. Kako pe3ynrar Ha Toa, mpoce4HHOT aAHeBeH npupact (ADG) kaj rpynure 6un cander. CBapinBocTa
Ha cyBarta Marepuja (DM) u oprackara matepuja (OM) Gelre 3HaUUTENHO HOBHCOKA Kaj rpymnara C Bo cropenda co
ekcriepuMmenTaniute rpynu (p < 0,05). Mefyroa, cBapiuBocTa Ha cypoB nporeut (CP) Genre nosucoka kaj C, RR30 u
RR70 otkonky kaj rpynara RR100. 3ary6ute Ha ypuHapHHOT U ()EKaIHHOT a30T CO UCXpaHaTa He Oea NPOMEHETH.
Brecot Ha a3ot Oemie nogobap kaj RR30 u RR70 otkonky kaj C u RR100. Banancor Ha a30T Oelie Mo3UTHBEH Kaj
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cute rpynu. Toj 6eme 3HaunTenHo nosucok kaj C, RR30 u RR70 orkonky kaj RR100 (6.1, 6.9 u 6.4 Hactipotu 2.9,
cooBeTHO). belie 3akiyueHo aeka 3aMeHara Ha 0BecHO ceHo co RR He ru npomeHmia neppopMaHCHTE Ha IPUPACTOT
HHUTY JMIECTHjaTa, TYKYy ro nogo0puia HCKOPHCTYBambeTo Ha a30ToT kaj QFO jarnumata mo cramkata ox 70% on

CYNCTUTYLH]aTA.

Kuyunu 360poBH: 1eCTUIMpPaHU OCTATOLM OJ Py3MapHUH; PacT; CBapIUBOCT; OalaHC Ha a30T; jarHe

1. INTRODUCTION

Sheep feeding in Tunisia is often based on nat-
ural vegetation of rangelands and stubble with small
supplementation by concentrate. However, these
natural resources fluctuate considerably according
to climatic changes especially severe drought which
limit the availability of feed (Majdoub-Mathlouthi
et al., 2013). Consequently, the extensive produc-
tion system became inefficient in feeding livestock
which lead to the use intensive production system
for fattening by different diets rich in energy. How-
ever, the continuously increasing concentrate prices
worsened the situation. Moreover, the development
and research activities in the small ruminant sector,
particularly for meat sheep, aim to improve feed ef-
ficiency as well as reduce feed costs, which account
for more than two thirds of meat production cost.
These actions concern mainly the possibility of in-
troducing unconventional by-products as a substi-
tute for commonly used roughages.

Many works have evaluated two types of alter-
native resources as shrubs and agro-industrial by-
products (Ben Salem et al., 2002; Molina-Alcaide
and Yanez-Ruiz, 2008; Naserian et al., 2016), how-
ever, the distillation by-products as roughages were
not mainly studied. Actually, the distillation of aro-
matic plants is an agro-industrial activity which is
becoming increasingly important to extract essential
oils. In fact, rosemary is the most widespread plant
in the Mediterranean area especially in Tunisia
where it occupied 346000 ha. It is used in the distil-
lation industry to produce essential oils (EO) which
then, generated abundant amounts of residues in
form of distillated leaves (5460 T/ year; Saadani,
2010). Given that these by-products represent 35%
of the distillation residues (RR), this important
quantity could be valued as an alternative resource
for small ruminants in case of scarce availability of
forages to substitute traditional roughages.

Therefore, we aimed to investigate in the cur-
rent study; the effects of rosemary distillation resi-
dues use to partially or totally substitute oat hay on
growth performance, digestibility and nitrogen re-
tention for growing Queue Fine de I’Ouest (QFO)
lambs.

2. MATERIAL AND METHODS

2.1. Experimental location

The experiment was conducted at the experi-
mental farm of the High Agriculture School of Kef
(ESAK) which is located in the north-west of Tuni-
sia. The rosemary distillation residues were col-
lected from the North and Center—West of Tunisia
which contained a chain of mountains of Rosma-
rinus officinalis L. and where its traditional distilla-
tion is frequently practiced. The climate in these ar-
eas is semi-arid; annual precipitation averages is
about 500 mm and the peak rainfall occurs in the
period December—March.

2.2. Experimental feed, animals and diets

The RR used was obtained from traditional
distillation. In fact, the Rosmarinus foliage was har-
vested fresh in July for distillation to produce essen-
tial oil. Then, the RR was transferred to the School
farm and was sun-dried for 4-5 days. The dry foli-
age was conserved until lamb’s weaning and exper-
iment beginning in February.

Twenty eight male Queue Fine de 1’Ouest
(QFO) lambs (4 months old, average body weight
(BW) 15.2 £ 0.16 kg were used for this study. They
were treated against enterotoxaemia, internal and
external parasites at the beginning of the trial. Ani-
mals were housed in individual pens in a covered
and ventilated sheepfold with free access to fresh
water. They were divided into 4 homogenous
groups according to BW. Animals were allowed an
adaptation period of two weeks during which they
were fed oat hay and concentrate supplement with
gradual withdrawal of the hay and introduction of
RR for 3 groups. During the last 4 days of this pe-
riod, the hay voluntary intake was stabilised around
600 g of fresh matter. Hence, the basal ration of-
fered to lambs of each group was 600 g of hay
and/or RR. The composition of the different forages
was:
> 600 g of hay + 0 g RR for the control group

(C)(100 % hay and 0 % RR)
» 400 g of hay + 200 g RR for RR30 (70 % hay
and 30 % RR)
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» 200 g of hay + 400 g RR for RR70 (30 % hay
and 70 % RR)

> 0 gof hay + 600 g RR for RR100 (0 % hay and
100 % RR)

All lambs were offered 500 g of concentrate.
The experiment lasted 75 days which consisted in a
feeding (d1 to d60) and a digestibility (d60 to d75)
trials. Concentrate was offered once daily at 08:00
h. Oat hay and RR were offered in two equal meals
at 09:00 and 16:00 h in separate troughs.

The quantities of offered and refused feed of
all lambs were recorded daily before the morning
feeding and some samples were taken twice weekly
for subsequent chemical analyses. Throughout the
trial, animals were weighed every 14 days just prior
to food distribution and average daily gain (ADG)
was calculated for each lamb.

2.3. Nutrient digestibility and nitrogen balance

After the growth trial, a metabolism trial was
conducted with 5 lambs from each mentioned
group. They were transferred to individual metabo-
lism cages for faecal and urinary collection to eval-
uate digestibility and nitrogen balance. They were
fed the same diets mentioned above for 5 days after
10 days of adaptation to the cages. The quantity of
feed offered and refused, fecal output and urine
were daily recorded and sampled for further anal-
yses. Representative samples were used for DM, ash
and crude protein (CP) analyses. Urine was col-
lected in a plastic container with 50 ml of 10%
H,SO4. After weighing, 10 % of the total amount of
urine after homogenization was conserved at —4°C
to determine the N content.

2.4. Laboratory analysis

Ground samples of hay, RR, concentrate and
portions of individual pooled samples of refusals
and faeces were analyzed for DM by drying at 75°C.
Ash was determined at 550°C for 6 h. Nitrogen con-
tent of feed, faeces and urine was determined by the
Kjeldahl method (AOAC, 1990). The nitrogen (N)
balance was calculated from data of N intake, faecal
N, urinary N by the following formula: retained N=
N intake — (faecal N + Urinary N).

2.5. Statistical analyses

Statistical analyses were performed by
ANOVA as a completely randomized design. The
model included the dietary treatment effects and the
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experimental error for feed intake, nutrient digesti-
bility, nitrogen retention and growth performances.
The level of significance was set at 5%.

3. RESULTS
3.1. Feed chemical composition, feed intake
and lamb’s growth performance

Data of feed chemical composition are given
in Table 1. The RR had similar DM and OM con-
tents than oat hay. However, it had higher CP con-
tent (7.3% vs. 5%) that hay.

Table 1

Chemical composition of experimental feeds (%)

Oat hay Concentrate Rosemary residues

DM 86.0 923 84.9
OM 93.0 86.7 92.6
CP 5.0 11.6 73

DM - dry matter; OM — organic matter, CP — crude protein

Data of feed intake are shown in Table 2. Dur-
ing the growth trial, the intake of the different
roughages (oat hay and rosemary residues) in-
creased as the distributed amount increased for all
lambs. In addition, all the offered amount of con-
centrate was consumed by lambs. In fact, the DM
and OM intakes were significantly higher for the
control group (P<0.05). However, the CP intake
was higher for RR100 and RR70 than C and RR30.

Table 2

Effects of rosemary distillation residues insertion
in QFO lamb’s diet on feed intake (g/day)

C RR30 RR70 RRI100 SEM P value

DMI 791a 741b  732b  756b 4.32  0.0004
OMI 8lla 756b 746b  771b 4.37  0.0001
CPI 67.8c 68.7c 725b 786a 044 0.0001

DMI - dry matter intake; OMI — organic matter intake; CPI — crude
protein intake; SEM — standard error mean

Data of lamb’s growth parameters are shown
in Table 3. The initial BW was similar among
groups (P>0.05). Numerically the highest final BW
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was observed for RR70 group. But statistically, it
was similar for all groups without significant differ-
rences. Consequently, ADG did not differ among
groups (P>0.05) but still low for all lambs (<100
g/day).

Table 3

Effects of rosemary distillation residues insertion
in QFO lamb’s diet on growth performance

C RR30 RR70 RR100 SEM P-value

Initial BW (kg) 149 157 157 141 1.73 0.26
Final BW (kg) 203 21.1 221 201 236 043
ADG (g)

770 760 90.0 86.0 20.64 0.50

BW - body weight; ADG — average daily gain; SEM — standard error
mean

3.2. Nutrient digestibility and nitrogen balance

The DM and OM digestibility were higher for
the control group than the experimental ones (Table
4, P<0.05). However, the CP digestibility was sig-
nificantly higher (P<0.05) for C, R30 and R70 and
the total oat hay substitution by RR resulted in the
lower CP digestibility (39.8 %).

Table 4

Effects of rosemary distillation residues insertion
in QFO lamb’s diet on digestibility parameters

C RR30 RR70 RR100 SEM P-value

DM digestibility 72.8% 67.4° 68.4* 68.2° 3.04 0.05
OM digestibility 74.6* 69.4° 70.8% 704> 2 .85 0.05

CP digestibility 63.4% 65.6° 62* 39.8° 10.72 0.005

DM - dry matter; OM — organic matter; CP — crude protein;
SEM - standard error mean

Data of nitrogen intake, nitrogen losses in fe-
ces and urines and nitrogen retention are shown in
Table 5. The oat hay substitution by RR resulted in
higher nitrogen intake for RR30 and RR70 than C
and RR100. Regarding the fecal nitrogen, it was sig-
nificantly higher for R30, R70 and R100 groups.
However, the excreted nitrogen in urine was similar
among groups. Despite its higher CP intake, RR100
had the lower N intake compared to other groups.

Table 5

Effects of rosemary distillation residues insertion
in QFO lamb’s diet on nitrogen (N) balance

(8/day)
C RR30 RR70 RRI100 SEM P-value
NI 10.8° 124* 1248 8.9¢ 0.65 0.0001
FN 39 5.0 5.3 5.4 0.97 0.11
UN 0.8 0.6 0.7 0.6 0.53 0.91
RN 6.1° 6.9 6.4 2.9 1.02  0.0001

NI - nitrogen intake; FN — fecal nitrogen; UN — urinary Nitrogen;
RN - retained nitrogen; SEM — standard error mean

4. DISCUSSION

4.1. Feed chemical composition, feed intake
and lamb’s growth performance

Given the similarity in DM and OM contents
for RR and oat hay, the RR could substitute the con-
ventional feed (hay) in case of food gap. The CP
content of RR in the current study is higher than that
found by Moujahed et al. (2013) who reported that
rosemary contained 5.8% of CP.

Results of this study suggest that oat hay can
be partially or totally substituted by RR in the daily
ration of lambs without adverse effects on intake,
but instead, the rate of substitution of 70 and 100%
enhanced the CP intake than the control group. This
result can be attributed to the higher crude protein
content in the rosemary residues given that the ra-
tion of lambs of these groups contained the higher
amounts of RR.

The variation of BW was influenced by the na-
ture of distributed feeds. By keeping growth rates
similar to the control group, a replacement of 30, 70
and 100% of oat hay by RR can maintain lambs per-
formances. Despite the weak growth rate of lambs,
it was comparable to results of Atti et al. (2002) for
lambs of the same breed and having similar BW to
those in the current study. However, it was higher
than results of Ben Salem et al. (2002) and of Ma-
houachi and Atti. (2005). These results showed the
efficiency of these by-products in lamb’s nutrition.
In addition, it was reported that the use of citrus by-
products enhanced the growth performances of
lambs of different breeds and resulted in similar
ADG to those of the present study (Rihani, 1991).
Moreover, Jeshari et al. (2016) recorded higher
growth rate for calves receiving distillate plants than
control. Moreover, no effect of rosemary on growth
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performance was detected also in chiks (Yasar et al.,
2011) and in pigs as found Janz et al. (2007) that no
substantial effect was observed on growth in treated
pigs compared to the control group.

Then, the similar feed intake and the compara-
ble growth rates among groups are in agreement
with the results found by Mahouachi et al. (2004)
who have concluded that comparable initial body
weight minimizes differences in nutrient intake and
consequently differences in terms of growth perfor-
mances for Tunisian breeds.

4.2. Nutrient digestibility and nitrogen balance

The DM digestibility for all groups in the cur-
rent study was higher than results found by Kayouli
et al. (1989) who reported that the DM digestibility
with hay as roughage was about 47%. Generally, the
RR insertion had not affected the OM and CP di-
gestibility until the rate of 70% of substitution. Our
results corroborated with those of Smeti et al.
(2015) who reported that the supply by rosemary es-
sential oil or its equivalent in rosemary leaves had
not affected the OM and CP digestibility.

The RR introduction in lamb’s ration increased
the nitrogen intake amounts especially for the rates
30 and 70%. However, the RR intake had not af-
fected the fecal nitrogen in contrary to results of
Murphy et al. (1994) and those of Atti et al. (2002)
who found that the excrected nitrogen in feces is
strongly related to the nitrogen supply amount. In
the same context, it was reported that the urinary
nitrogen decrease with the low nitrogen supply
(Rémond et Journet, 1978 ; Murphy et al, 1994).
The nitrogen balance was positive for all groups. In
fact, the total oat hay substitution by RR resulted in
alow retained nitrogen value, however, RR30 group
had the higher value (6.9 g/day) given that had also
the higher CP digestibility value. It can be con-
cluded that a rate of 30% of RR introduction in the
regimen is sufficient to enhance the nitrogen
retention for QFO lambs.

5. CONCLUSION

The results of the current study indicated that
the use of distillate rosemary residues to partially or
totally substitute oat hay in Queue Fine de 1’Ouest
lamb’s ration, maintain the growth performance
without affecting nutrient digestibility, however, it
enhanced the nitrogen retention.
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