
SUMMARY
Consumer preferences are shifting from meat quantity to its nutritional value and sensory qualities. Then, this study aimed to
evaluate the effects of geographic origin and grazing system on carcass and meat quality specifically focusing on mountain “Djebel”
lamb meat. For that, thirty-six lambs (6 months-old) were used: 12 from the mountainous “Djebel” areas in Northwest Tunisia,
12 from “East”, and 12 from “Centre”. The Djebel group grazed natural forests with woody species, while the other groups grazed
herbaceous pasture and received concentrate (400g/head/day) and hay supplementation (500 g /head/day). The couple of co-
ordinates (altitude in meter and distance from the sea in km) were 1000 with 37 for Djebel, 44 with 46 or East and 895 with 151
or the Centre. All lambs were slaughtered at 25.8, 26.8, and 22.6 kg for Djebel, East and Centre, respectively, to study the meat
quality attributes. 
The lambs’ tissular composition was affected by lamb origin (P< 0.05) except to muscle proportion, which remained consistently
around 60% across all groups. The meat pH was higher for lambs from Djebel and East than Centre group. The water cooking
loss was significantly higher for East and Centre groups compared to that of Djebel one. The higher values of dry matter and
crude protein were recorded in meat issued from Centre groups compared to Djebel and East groups. Meat redness (a*), chro-
ma (C*) and Hue angle (H*) were not affected by the lamb’s origin, however lightness (L*) and yellowness (b*) were highly af-
fected. The storage time has significantly affected the meat colour parameters. Lipid oxidation was lower in the Djebel group;
however, it increased progressively for all groups during 9 days of storage until reaching 0.359 mg MDA/ kg meat but without
exceeding the meat rancidity threshold. Lamb origin did not affect meat tenderness and juiciness; however, flavor and overall
impression were higher for lambs from Djebel and Centre areas. In conclusion, lambs grazing in the natural forests of the Djebel
region produced meat with a higher ultimate pH and lower cooking loss, and their meat demonstrated an extended shelf life due
to increased antioxidant capacity during storage, indicating superior nutritional quality.
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INTRODUCTION 

Meat production and livestock in general, offers economic and
environmental benefits to several communities worldwide, since
it provides livelihood and societal development for rural
population, food for all people and environmental resilience
by conserving and using marginal lands. In addition, it plays
an important social role, since meat remains related to nu-
merous traditions and strictly represents the main demanded
product for various religious celebrations (1). Furthermore, meat
is a crucial source of essential nutrients, offering high-quali-
ty proteins with essential amino acids, as well as energy, min-
erals, and vitamins. It also contributes to sensory enjoyment,
cultural identity, and social status (2,3). However, consumer
expectations are shifting beyond just the quantity of meat, with
increasing emphasis on its nutritional value (healthier) and
organoleptic qualities (4). An important issue to satisfy this con-

sumer’s preference is the meat geographical origin, which is con-
sidered as a significant credence attribute because consumers’
ethnocentrism leads them to favor food from their own region
(5).  It has been reported that consumers value four key aspects
of traditional food products: product familiarity, use of tra-
ditional recipes in processing, sensory properties, and the prod-
uct’s origin (6).  In fact, they believe that lambs issued from spe-
cific regions or from mountain pastures offer higher meat qual-
ity compared to other types (4). They consider information
about the origin of animals should be provided on meat’ mar-
ket (7). In mountainous areas, sheep and lambs graze on a di-
verse range of grasses, herbs, and foliage; they often traverse
long distances, leading to potential differences in body struc-
ture compared to lambs raised in lowland paddocks (8). Sev-
eral studies involving Italian, Norwegian, Spanish, French and
British consumers revealed a preference for pasture-fed lamb.
They perceive it as healthier, more natural, and tastier, while
also acknowledging its positive impact on the environment and
animal welfare (1). Additionally, it offers unique characteris-
tics derived from specific plant and animal resources, distin-
guishing it from lowland counterparts (9). Notably, geo-
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graphic origin plays a pivotal role, with consumers favoring lo-
cally sourced or domestically produced meat (10). As the most
traditional lamb production method in many countries, nat-
ural grazing is needing the lowest investment and provides the
highest animal welfare and the best ecological benefits. The pas-
ture grazing, as animal management system, has the potential
to provide healthy meat with animal performance improving
(4). Consumers generally believe that mutton produced under
natural grazing conditions is “healthier, more nutritious, and
more natural,” which means that grazing is the most demanding
way of producing lamb (11). Bernabéu and Tendero (12) re-
vealed origin as the second most important attribute for con-
sumers, next to type of lamb meat. Moreover, several studies
have investigated and demonstrated the significance of «ori-
gin-locality» information on consumers’ valuation and ap-
preciation of traditional food products (5).
In this context, the current work aimed to study the effect of
the geographic origin and the grazing system on carcass
traits and meat quality of lambs issued from different areas. Ac-
cordingly, to characterize the lamb of mountainous areas of the
Northwest of Tunisia named «Djebel» in comparison to lamb’
meat issued from other feeding system origins. 

MATERIAL AND METHODS

Experimental location, feeding and
animals
The study was carried out in 2020 at three sites in Tunisia with
different sheep production systems. The first region, in the
North-West, is mountainous (Djebel) and lambs grazed nat-
ural forest’ range with dominance of woody species. It is sit-
uated at 36° 58  31  North, 9° 04  51  East, and at 37 km from
the sea (altitude 500-1000 m). In the second site, in Northeast
(East), sheep grazed pasture based on herbaceous fallow pas-
tures with supplementation of hay and concentrate. It is located
at 36° 36  30  North, 10° 10  18  East (altitude 44 m), and it is
46 km from the sea. In the third region, located in the Centre-
west (Centre), sheep were reared on overgrazed ranges (poor),

but they received some supply of hay and concentrate. It is more
far from the sea, 151 km, at 35° 50  North, 9° 35  East (altitude
895 m). From each region, 12 male lambs, 6 months-old and
weighing averagely 25.8, 26.8, and 22.6 kg for Djebel, East and
Centre, respectively were provided.

Slaughter, carcass cutting and
sampling procedures
All lambs were transported to the abattoir of the National In-
stitute of Agronomic Researches of Tunisia (INRAT) where they
were slaughtered after a fasting of 12 h with only free access to
fresh water. All the procedures employed in this study (trans-
port and slaughtering) meet ethical guidelines and adhere to
Tunisian legal requirements in accordance with Law no. 2005-
95 (18 October 2005). Just before slaughtering, lambs were
weighed. After slaughter, the hot carcasses were stored at 4°C
for 24 h. After this, cold carcasses were split longitudinally into
two halves. The shoulders of the left halves were removed and
conserved to estimate the tissular carcass composition. They
were dissected into adipose tissue, muscles and bones; each tis-
sue was weighed individually. The tissular composition was cal-
culated through the shoulder tissular composition given this
piece is representative of the tissue composition of the entire
carcass (13); the carcass composition data were reported as per-
centages. The Longissimus thoracis and lumborum muscle
(LTL) was removed from the ribs and loin joints, got rid of adi-
pose tissue and then used for meat quality analyses. It was di-
vided into 5 samples for pH, water cooking loss, chemical com-
position, colour, TBARS and sensory attributes.

Meat physico-chemical properties
The initial and ultimate pH were measured using a penetrat-
ing electrode connected to a portable pH-meter (HI 99163; Han-
na Instruments, Romania) after calibration with two buffers
(7.01 and 4.01). To determine the water cooking loss (WCL),
meat samples were weighed (initial weight, Wi) and held in plas-
tic bags and then immersed in a water-bath (Memmert, Ger-
many), at 75°C and heated for 30 min until the internal tem-
perature reached 75°C, that was monitored with thermocou-

Tissular composition

% Muscle 61.5 59.8 59.6 0.81 0.36

% Fat 11.2b 14.8a 12.3b 0.45 0.004

% Bone 23.1 23 25.5 0.46 0.07
.7

Meat physico-chemical properties

Ultimate pH 6.01a 5.95a 5.55b 0.04 0.001

Water Cooking Loss (%) 21.4b 28.3a 25ab 0.98 0.02

Dry matter (%) 33.1b 29.1c 35.6a 0.34 0.001

Crude protein (%) 16.3b 16.5b 18.3a 0.31 0.04

Meat colour after blooming

L* 40.8b 44.5a 46.9a 0.55 0.001

a* 15.7 16.33 15.05 0.34 0.33

b* 2.43b 3.29a 1.95b 0.17 0.01

Table 1 - Lambs’ tissular composition and meat physico-chemical properties.

Djebel East Centre SEM p-value

Djebel: lambs issued from the djebel area; East: lambs issued from the east area; Centre: lambs issued from the centre area
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ple. Then, the bags were cooled under running tap water and
blotted dry with paper towels. The cooked meat was weighed
again (final weight, Wf). The WCL was calculated as: 100 × (Wi
−Wf)/Wi. The samples of meat were analysed for dry matter
(DM) and crude protein according to Association of Official
Analytical Chemists (14). The meat DM was obtained after
lyophilisation of samples which were then grounded (1 mm
screen) and conserved for further chemical composition
analyses. Meat Nitrogen (N) was determined by the Kjeldahl
method and then the crude protein was calculated as N
×6.25. 

Meat colour and Lipid oxidation
measurements
Meat colour of LTL samples was measured using a Minolta CR-
400 chromameter (Konica Minolta Holdings, Osaka, Japan).
The LTL samples were wrapped with oxygen permeable PVC
film, randomly assigned to 4 trays (0, 3, 6, and 9 days of stor-
age), and kept in darkness at 4 °C. On each day of colour meas-
urement, samples were measured twice and averaged. Colour
coordinates (L*, a*, b*) were measured and C*, H* were cal-
culated in the CIELAB space (15).
After colour measurement, the lipid oxidation (TBARS) assay
was performed according to the method of Botsoglou et al. (16)
where, 10 g of meat were homogenized with 20 ml of 10%
trichloroacetic acid using an Ultra-Turrax (T25; IKA-Labortech-
nik, Staufen, Germany) for 15 seconds at 13,500 rpm. After ho-
mogenization, the mixture was centrifuged at 4000 rpm
and 4°C for 30 min. The supernatant was decanted through a
paper filter. Then, 2 ml of the filtrate was vortexed with 2 ml
of thiobarbituric acid. The tubes were homogenized and in-
cubated at 97°C in a water bath for 20 min to develop a pink
absorbance. After cooling, the absorbance of sample was read
against the appropriate blank at 532 nm by a spectrophotometer
(Thermo Electron Corporation) and the TBARS values were

expressed as milligrams of malondialdehyde (MDA) per kilo-
gram of muscle.

Meat Sensory evaluation
After 3 days of storge, the meat samples, unsalted, were
wrapped in aluminium foil and placed in a preheated oven at
180 °C for 30 min until the core temperature reached 71°C. Im-
mediately after cooking, each sample was equally divided into
10 pieces, placed on white plastic trays, and individually
marked with random digits for evaluation. The sensorial pan-
el was made up of trained members and remained consistent
throughout the sensory analysis of meat samples, as recom-
mended by AMSA (17). There were 10 members and each one
evaluated 36 samples issued from all lambs in 5 sessions. Pan-
ellists rated meat sample for different attributes on a nine-point
hedonic scale corresponding to the intensity of their different
feelings for each attribute. They were asked to note the ten-
derness (1 = extremely tough, 9 = extremely tender), juiciness
(1 = extremely dry, 9 = extremely juicy), flavour (1 = very poor,
9 = very good), and the overall impression (1 = not acceptable,
9 = extremely acceptable).

Statistical analysis 
A one-way analysis of variance for the lamb’s geographic ori-
gin effects on carcass and non-carcass traits, tissular compo-
sition, physico-chemical properties and sensory attributes us-
ing GLM procedure in SAS was applied. Data concerning meat
colour and lipid oxidation (TBARS) evolution during 9 days
of storage were analysed using the MIXED procedure of re-
peated measures. The analyses were performed with origin (O)
as between-subject fixed effect, storage time (T) as a within-
subject effect and animal as random effect. The means were
compared by the Duncan’s multiple range test and the signif-
icance was set at 5% and trends were discussed for p-values <
0.05.

L* 47.16a 42.65b 47.31a 44.01 46.49 46.87 45.13 0.001 0.13 0.001

a* 13.74 14.24 13.07 15.71a 14.75a 12.39b 11.93b 0.16 0.001 0.001

b* 5.43a 3.10b 4.04b 2.57c 6.73a 4.55b 2.97c 0.001 0.001 0.03

C* 15.22 14.73 14.26 16.27a 16.42a 13.61b 12.71b 0.27 0.001 0.006

H* 25.64 26.73 27.79 12.02c 28.20b 30.35b 36.37a 0.30 0.001 0.14

TBARS 
(mg MDA/kg meat) 0.229b 0.375a 0.358a 0.186b 0.354a 0.359a 0.373a 0.04 0.001 0.001

Table 2 - Meat colour and lipid oxidation (TBARS) evolution.

Origin (O) Time (T) Significance 

Djebel East Centre 0 3 6 9 p-O p-T p-O*T

Djebel: lambs issued from the djebel area; East: lambs issued from the east area; Centre: lambs issued from the centre area; p-O: P-value of the origin; p-T: P-value of the time; p-O*T: P-
value of the interaction between origin and time

Tenderness 5.0 4.95 5.33 2.06 0.58

Juiciness 4.93 4.79 5.20 1.90 0.49

Flavor 5.16a 4.36b 5.77a 1.99 0.001

Overall impression 5.09a 4.22b 5.6a 1.95 0.001

Table 3 - Lamb’ meat sensory properties.

Djebel East Centre SEM p- value

Djebel: lambs issued from the djebel area; East: lambs issued from the east area; Centre: lambs issued from the centre area
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RESULTS AND DISCUSSION

Carcass tissular composition
The carcass tissular composition was shown in Table 1. The tis-
sues’ proportions were affected by lamb’s origin expect to mus-
cle proportion which was similar for all lambs and averaged ap-
proximately 60% (P>0.05). The lack of diet effect on lean pro-
portions was the consequence of the similarity in warm car-
cass weight (18). The similarity in the bone proportion can be
explained by the fact that bone formation and development de-
pend mostly on animal breed and age, not on its feeding con-
dition (19). The East group presented a higher fat proportion,
which may be attributed to differences in grazing systems. Fat
deposition in lambs could be influenced by some factors such
as nutritional intake and the efficiency of nutrient utilization
(20).

Meat physico-chemical properties
The meat pH, water cooking loss, dry matter and protein val-
ues are summarized in Table 1.  A significant difference between
groups in the ultimate pH was observed (P<0.05). The pH was
higher for Djebel and East than Centre group. This observed
difference in meat pH may be attributed to differences in glyco-
gen levels in muscles and pre-slaughter stress (21), since the pH
is a vital index affecting the muscle glycolysis level (22). Ad-
ditionally, Priolo et al. (23) linked higher ultimate pH levels to
the physical activity of animals and extensive production sys-
tems. The high antioxidant capacity could generate a decrease
in glycolytic potential through the improvement of cell mem-
branes’ stability, which led to differences in the pH (22). De-
spite these differences, the ultimate pH averaged 5.83 for all
groups being in the recommended values to avoid meat qual-
ity deterioration (24). The water cooking loss was significantly
higher for East and Centre groups compared to Djebel one. This
difference could be generated by the difference in the ultimate
pH. It was shown that a low ultimate pH leads to higher cook-

ing loss in meat proteins, whereas a higher ultimate pH results
in lower cooking loss (21). In fact, the meat issued from Djebel
group with the highest pH, had the lowest water cooking loss.
The higher values of dry matter and protein were recorded in
meat issued from Centre groups compared to Djebel and East
groups. The crude protein content for all groups was lower than
that of lambs of the Spanish breeds that averaged 22% (25).
For meat colour after blooming, the lamb’s origin affected meat
only L* and b*. The L*, which reflects the degree of lightness,
was lower for Djebel than both other groups. It was shown that
the lightness of meat was lower for grass-fed lambs than those
fed concentrate (26). In fact, Djebel lambs were exclusively reared
on grazing-past while Centre and East lambs received con-
centrate supply. The L* exceeded 40 for all groups, equal and
superior values to 34 are acceptable by consumers for sheep meat
(27). The redness was ranged between 15 and 16.3, being su-
perior to 14.5 for all groups, assuring the acceptability of 95
% of consumers (28). Hence, the meat of these lambs should
be well acceptable by consumers. The yellowness was the high-
est for the East group reared on platteland, however Dou et al.
(22) recorded lower b* and higher a* for this kind of pasture
compared to mountain-grazing. 

Lipid oxidation (TBARS) and colour
stability 
The lipid oxidation (TBARS) or the content of MDA was sig-
nificantly affected (P <0.05; Table 2) by lamb’s origin, the time
of display (P = 0.0001) and their interaction (P= 0.001) was
also significant. The TBARS evolution among 9 days was re-
ported in Fig. 1. The MDA is an index of lipid oxidation that
affects consumer acceptance (22). The content of MDA in the
LTL muscle of the Djebel group was decreased (0. 229 mg MDA/
kg of meat) indicating a lower degree of lipid oxidation than
that of both other groups (0.375 and 358 mg MDA/ kg meat
for East and Centre groups, respectively). This result could be
originated by to differences in the composition of the forage

Figure 1 - Lipid oxidation evolution.
Djebel: lambs issued from the djebel area; East: lambs issued from the east area; Centre: lambs issued from the centre area.
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and the feeding level and composition under the three feed-
ing systems (22). The diet for the Djebel group was based on
forest pasture rich in natural antioxidant, which resulted in a
high antioxidant power of the meat as previously reported for
goats (29). However, the lipid oxidation increased over the stor-
age time, as expected, from 0.186 (d0) to 0.359 mg MDA/ kg
of meat (d9). The TBARS values increased regardless the ori-
gin (Fig. 2) from day 3 especially for East and Centre groups
however for D group the TBARS values seems constant dur-
ing the first 3 days, however, for all groups, The TBARS values
remained below the suggested threshold of acceptability of 1
mg MDA/Kg of meat (30). Compared to the meat of both
groups grazing pasture based on herbaceous fallow with sup-
plementation of hay and concentrate, the meat issued from

lambs of Djebel group showed a higher resistance to oxidation
up to 9 days of storage. The diet based on grazing of natural
vegetation dominated by trees and shrubs rich in natural sub-
stances leads to a preservation of MDA formation, this phe-
nomenon was observed for goats raised under forest conditions
(22;29). The higher antioxidant capacity of lambs of the moun-
tainous area could be the result of natural substances intake cou-
pled with an appropriate amount of exercise, which promot-
ed an increase in the antioxidant capacity of meat as recently
suggested by Dou et al. (22).
The Table 2 summarized the lamb’s colour parameters results.
The lamb’s origin affected meat lightness (L*) and yellowness
(b*), but failed to affect redness (a*), chroma (C*) and hue an-
gle (H*). All colour attributes were affected by storage time ex-

Figure 2 - Meat colour parameters evolution.
Djebel: lambs issued from the djebel area; East: lambs issued from the east area; Centre: lambs issued from the centre area.
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cept the lightness, which was unchanged during 9 days of dis-
play (Fig.2). For all days of storage, lightness (L*) values pre-
sented by all groups averaged 45 indicating a light-coloured
meat, being in the range of average acceptability of meat but
beyond 44 which is considered the value of acceptability by 95%
of consumers (27). The recorded values of redness during stor-
age were within these recommended values regardless the lamb’s
origin. The higher yellowness (b*) value was recorded for Djebel
group than both other groups. This result could be attributed
to the feeding system given; the meat colour tended to be more
yellow in grass-based diets and this supremacy could be related
to the richness of the diet in carotenes responsible of yellow-
ness index (18). The chroma (C*) value was similar for all
groups, however, the recorded values during storage de-
creased from 16.27 to 12.71 at day 9 which confirmed previ-
ous results showing that C* decreased as storage progressed re-
sulting in pigment oxidation for lamb’s meat (18).

Sensory evaluation
The lamb’s origin had no effect on meat tenderness and juici-
ness (P>0.05; Table3) and meat of all groups was then, judged
averagely tender (4.95-5.33) and juicy (4.79-5.20). Similar re-
sults were found for kids conducted under forest extensive sys-
tem and forest-semi-intensive production system (29) but with
higher attributed scores (6.4 and 7, respectively). However, Pri-
olo et al. (23) found that meat of lambs raised on the pasture
is less tender than those kept in the stall management system.
For juiciness, Slimeni et al. (29) reported similar results
among groups averaging 6 and thus meat was considered to be
moderately juicy. The flavor and the general impression were
significantly higher for Djebel and Centre groups compared to
East (P<0.05).  This difference could be originated by the dif-
ference in feeding systems among lambs. Besides, grazing nat-
ural pasture increased the meat flavor intensity and healthy fat-
ty acid content of lamb meat (4). It was found that grazing reg-
imen greatly affected the number of volatile flavor compounds,
as evidenced by the enriched variety of volatile flavor com-
pounds (22). Globally, the meat issued from Djebel and Cen-
tre groups were more accepted than that from East group giv-
en, the evaluation gave means greater than 5.0 compared to B
group (4.22).

CONCLUSION

This study highlights the importance of meat origin given the
increasingly demand of consumers for a high product quali-
ty and their need for identity. The results indicate that lambs
grazing on mountain trees and shrubs exhibit higher quality
attributes compared to those on lowland pastures. The forest-
based feeding system enhances the meat’s nutritional value due
to its high content of antioxidants, which extend meat shelf life
through preservation from lipid oxidation resulting in a meat
without undesirable health effects. 
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