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Abstract

The objective of this study was to evaluate the eating qualities of Arsi, Borana,
and Harar Cattle breeds in Ethiopia. A total of 39 bulls with age categories of
<3, 4 - 6, and 7 - 9 years were used for the study. The bulls were purchased
from mixed crop-livestock systems (Arsi and Harar) and Ranch (Borana) and
slaughtered to evaluate the eating quality. WBSF device was used to evaluate
instrumental tenderness while sensory panel testing was used to evaluate
sensory tenderness, juiciness and flavor. The color of the meat was evaluated
using Hunter Lab Mini Scan EZ while water holding capacity was evaluated
using filter papers. A complete randomized design was used for the study.
Breed significantly affected (P < 0.0001) instrumental tenderness with beef
from Harar and Boran bulls were very tender (18.55 + 5.34, 20.34 + 4.06N,
respectively) while beef from Arsi bulls intermediate in tenderness (40.60 +
0.51N). Beef from all age group of Harar and Boran breeds were very tender
while beef from the Arsi breed was very tender for age < 3 years, intermediate
for 4 - 6 and tough for age group > 7 years of age. Flavor and juiciness was
significantly (P < 0.05) affected by breed. Flavor from Harar and Boran breeds
were moderately liked while flavor from Arsi was liked slightly. Beef from
Boran breed was ranked juicier than beef from Harar and Arsi breed. Borana
(<3 years) beef was higher (P < 0.05) in lightness (L*) than Arsi and Harar
indicating more quality beef from Borana breed. From the study it was con-
cluded that Arsi bulls older than four years of age produced tougher beef
suggesting the use of this breed for beef at early age while beef from Borana
and Harar breed can be used to 9 years of age as they produce very tender meat.
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1. Introduction

In Ethiopia, the demand for livestock products is increasing due to the growing
urban population, while farm areas are shrinking much as a result of an increase
in the rural population [1]. However, for beef to remain competitive in the mar-
ketplace, the product must satisfy the demands of consumers. Poor eating quali-
ty is seen as a major factor in the decline in beef consumption [2]. Three main
factors that make up beef quality are safety (wholesomeness), nutritional quality,
and palatability. Palatability is determined by tenderness, juiciness, and flavor.
Meat-eating quality involves five attributes namely, color, water holding capaci-
ty, tenderness, juiciness, and flavor [3].

Very little research has been conducted concerning meat production in Ethi-
opia and in particular, on carcass quality of beef cattle [4]. Meat yield and the
percentage were reported about 61 kg and 67%, respectively in the Northern part
of Ethiopia (Mummed and Webb, 2019). Lower meat yield percentage in the
range of 32% - 58% was also reported in the country [5]. Continuous assessment
of meat eating qualities was suggested to satisfy the demand of consumers. Con-
sistency of auditing of meat quality at the interval of time is to sustain livestock
production that would yield consistent quality to consumers [6]. One of the fac-
tors that affect the competitiveness of Ethiopian meat in the Middle East Market
was the quality of beef [6]. Few studies were conducted to evaluate the quality of
beef produced from local cattle breeds using instrumental methods and scanty
research was available using sensory panel testing. Instrumental method using
WBSEF device is the best option to compare the quality across age and breeds as
sensory panel testing is subjective between individuals involved in panel testing
[7]. Based on these gaps, this research was designed with the objective to eva-
luate the eating quality of beef from Arsi, Borana, and Harar cattle breeds based

on instrumental tenderness and sensory panel testing.

2. Materials and Methods
2.1. Descriptions of the Study Areas

The animals were purchased from West Arsi Zone (Kofelle), Borena Zone (Ya-
bello), and West Hararge Zone (Chiro), Ethiopia. West Arsi Zone is located 250
km south of Addis Ababa/Finfinnee, the capital city of Ethiopia, and is found in
the Rift Valley Region (Figure 1). The mean annual temperature of the zone is
found between 20°C - 25°C. Kofale district is located 280 km south of Addis
Ababa/Finfine, the capital city of Ethiopia and located at 7°19'N to 7°40'N and
38°30'E to 38°53'E. It has erratic type of bimodal rainfall. West Hararge zone is
found 326 km east of Addis Abab/Finfinnee, the capital city of Ethiopia. West
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Hararge zone is located at 8°40'0"N, 40°30'0"E and altitude between 970 and
1410 meters above sea level. The annual rainfall ranges (include from or be-
tween) 650 - 950 mm and means temperature range (include from or between)
17.5°C - 27°C. Mixed crop livestock production is practiced in Arsi and Hareghe
regions. Grazing and crop residue are the major feed resource in these regions.
Borana Zone of Yabello district and is situated about 550 km south of Addis
Ababa/Finfinnee, the capital city of Ethiopia and 20 km north of Yabello town.
Borana zone is semi-arid with an average rainfall ranging (include from) 300 -
600 mm and an average daily temperature of 19°C to 26°C. The zone is located
at 4°53'N 38°5'E. Extensive grazing on natural pasture dominated by perennial
grasses (Cenchrus, Pennisetum, and Chrysopogoies) species is practiced in this
area. The area has a bimodal rainfall distribution with long rains extending from

March to May and short rains from September to November.

2.2. Sampling Procedure and Experimental Animals

A total of 39 bulls from three breeds of cattle namely, Harar, Arsi and Borana
were used for the study. Bulls were purchased from their niche market. Harar
and Arsi bulls were purchased from Chiro and Kofale local markets, respectively.
Borana bulls were purchased from Yabello (Didu Tiyura) Ranch. The bulls were
categorized into three age groups that include <3, 4 - 6 and 7 - 9 years. The ages
of the bulls were determined based on dentition. After purchased individual

bulls were ear-tagged and transported by vehicles to Elfora abattoir at Bishoftu.
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Figure 1. Map of the study area.
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2.3. Slaughter Procedures and Sampling

After lairrage rest pre-mortem examinations were taken immediately before
slaughter. Bulls were slaughtered by the enervation method. After bleeding, fly-
ing off the hide, and removing the viscera. Postmortem examinations were made
by veterinarians at the abattoir. After sawed into the right and left half, the car-
cass was chilled for 24 hours at 4°C. After chilling, the left sides of each carcass
were separated at the 12" and 13" ribs to take beef samples for eating quality de-

termination from the Longissimus dorsi muscle.

2.4. Evaluation of Eating Quality (Sensory and Instrumental
Tenderness)

Meat Sample Collection and Transport to Laboratory

About 0.5 kg meat samples were taken from Longissimus dorsi (LD) muscle be-
tween 12" and 13" ribs within 24 hrs after slaughters and were packed into a
plastic bag, sealed into a vacuum, stored in the icebox and then transported to
Oda Bultum University Animal Science laboratory. The samples were aged in
deep freeze for 14 days before steaks were prepared for sensory and instrumental

tenderness analysis.

2.4.1. Eating Quality Evaluation Using Sensory Panel Testing

Twelve semi-trained panelists among Oda Bultum University Dairy and Meat
technology Department students were selected based on their interest, familiari-
ty with beef and ability to express the meaning of scales rate used in evaluation
of meat. The panelists were trained on the procedures and principles of sensory
evaluation according to the procedures described by [8].

Each Batch of aged samples was thawed for 24 hours at room temperature
(24°C - 25°C) for steaks preparation. The steaks were prepared according to
procedures developed by [8]. Cooking pan was heated for about 205°C before
placing the steak on the pan. The steak was cooked until the internal tempera-
ture reached 70°C.

The steaks were uniformly cut to reduce any bias related to serving position
and presented in white color plate randomly. Each assessor has evaluated three
most important eating quality (tenderness, juiciness, and flavor) parameters.
The evaluators scored each sample on a nine-point hedonic scale for tender-
ness, flavor and juiciness. They filled in three-digit of sensory codes, which in-
dicated panelists codes, treatment codes, and sensory variables. Before actual
testing, a warm-up sample was served first, and then preceded to experimental
samples steak in the next testing sessions. Between each sample tasted, clean wa-
ter was served for calibration of the panelist taste [8]. Nine hedonic scale rating
was used to evaluate the meat by sensory panel testing. The 9-point scales used
to assess meat quality attributes were: Flavour: 9 = like extremely, 8 = like very
much, 7 = like moderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dis-
like slightly, 3 = dislike moderately, 2 = dislike very much, 1 = dislike extremely,

Tenderness: 9 = extremely tender, 8 = very much tender, 7 = moderately tender,
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6 = slightly tender, 5 = neither tender nor tough, 4 = slightly tough, 3 = mod-
erately tough, 2 = very much tough, 1 = extremely tough; and Juiciness: 9 = ex-
tremely juicy, 8 = very much juicy, 7 = moderately juicy, 6 = slightly juicy, 5 =
neither juicy nor dry, 4 = slightly dry, 3 = moderately dry, 2 = very much dry, 1

= extremely dry.

2.4.2. Instrumental Tenderness Determination

1) Warner-Bratzler Shear Force (WBSF) Method

The Warner-Bratzler shear force method was used to determine instrumental
tenderness. The steak which was cooked for 70°C was allowed to cool down to
room temperature for about an hour to evaluate instrumental tenderness using
WBSE. The same cooking procedure described sensory panel testing above was
used to cook the steak for evaluation of instrumental tenderness. After cooling,
the steak was cut across the long axis putting the knife tip on heavy connective
tissue side (dorsal) and handle of the knife on ventral side in order to expose the
fiber direction. Six cores were removed parallel with the muscle fibers. It was
critical that the muscle fibers run parallel with the core so that the shear was
across the grain. The WBSF device was used to shear each core. The shear was
across the middle (center) on each core. The peak values of WBSF were recorded
in N (Newton) for each core. The average values for the six cores were taken for
the determination of the value for each steak. The samples of meat was classified
in to very tender, tender, intermediate and tough based on the range of value of
WBSEF which classified WBSF value in to very tender = WBS < 31.4N, tender =
31.4N < WBS < 38.3N, intermediate = 38.3N < WBS < 45.1N and tough =
WBS > 45.1 [9].

2) Determination of Water Holding Capacity

Water-holding capacity of meat was measured using the method developed by
[10] [11]. A 0.5 g of chilled meat was weighed and placed between two filter pa-
pers. This in turn was placed between two glass sheets. Over it, a weight of 4.015
kg load was placed while the glass sheet weighed 0.8278 kg, giving a total com-
pression weight of 4.8428 kg for 5 min. The water from the meat was then ab-
sorbed on the filter paper and the filter paper was dried. Then the area of the fil-
ter paper marked with the juice from the meat was later determined using a
compensatory planimeter. Taking differences from the resulting areas of the
sample from a marked borderline on the filter paper (moisture) and meat and a
ratio area marked borderline was expressed as water holding capacity of the
meat (WHCQC):

Area marked borderline —area meat)

WHC = ( x100

Area marked borderline
3) Color Determination
Meat color was determined according to the established procedure [8]. Meat
samples were cut in cross-section perpendicular to the long axis of muscle with
2.54 cm thickness against a white background. The cut meat samples were ex-

posed to air for 30 min to bloom at 4°C, then the L*, a*, b* measured at room
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temperature (24°C * 1.2°C) using HunterLab MiniScan EZ (MSEZ-4500L, Serial
No. MsEZ1547, 45/0° illumination/viewing system, D65 light source, and 10°
observer angle). Three random readings at different locations per sample were
taken and averaged. Then, the instrument was calibrated with black and white

standardized tiles before taking color measurements of the next sample.

2.5. Experimental Design

A factorial arrangement with two factors (age and breed) in the CRD (Com-
pletely Randomized Design) was used for the study. The treatment composition

was indicated in Table 1.

2.6. Statistical Analysis

The data were analyzed by the procedure of General Linear Model (GLM) using
SAS software (SAS, 2009). When the GLM showed the presence of significant
difference between the different parameters, the Duncan’s multiple range tests
were used for mean separation.

The model used for the analysis was:
Y;jk =H +ﬂ1i +:32j +(ﬁ1ﬂ2)ij e

where;
Y}, = the response variables,
4 = the overall Mean,
B = the effect of Age,
B, = the effect of breed,
(B12)ij = The effect of interaction between age and breed,

;= Random error.

3. Results and Discussion

3.1. Effect of Age and Breeds of Cattle on Beef Eating Quality

3.1.1. Effect of Age and Breeds of Cattle on Sensory Characteristics of
Beef Cattle

The effect of age and breeds of cattle on beef sensory characteristics of Arsi, Bo-

rana and Harar were summarized in Table 2. Age and breeds of cattle have a

significant effect (P < 0.05) on sensory characteristics (flavor, Juiciness and

tenderness). However, quality characteristics of beef from the breeds and age

Table 1. Treatment composition.

Age (Years)
Cattle Breeds Total
<3 4to6 7t09
Arsi 5 3 3 11
Borana 5 5 4 14
Harar 5 5 4 14
Total 15 13 11 39
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Table 2. Effect of age and breeds of cattle on sensory characteristics and instrumental

tenderness.
Breeds
Parameters Age Arsi Borana Harar P value
Mean + SD Mean + SD Mean + SD
<3 6.52° +0.25 6.97* £ 0.25 6.77* +0.24 o
Flavor 4-6 7.42 +0.33 7.10 £ 0.45 7.38 £ 0.15 NS
7-9 7.28° £ 0.39 821 +0.17 7.71% £0.22 i
<3 6.66 +0.21 7.352+0.11 6.82° +0.30 b
Juiciness 4-6 6.53°+0.25 7.05% £ 0.25 6.78® £ 0.11 i
7-9 6.22 +0.67 6.71 £0.17 6.67 = 0.30 NS
<3 7.17° £0.35 7.99% £ 0.21 7.42% £ 0.26 ok
Tenderness 4-6 6.44° £ 0.25 7.35* + 0.65 6.95% +0.33 *
7-9 6.03° +0.05 6.63* +0.35 6.63* £ 0.28 *
<3 30.27° + 8.20 15.83° +2.14 15.12° £ 0.24 ok
Instrumental . " . o
tenderness(N) 4-6 42.89* +2.68 20.49° + 1.09 16.97° + 1.04
7-9 55.52% + 2.37 24.73° £ 2.16 24.80° + 6.80 il

®Means bearing different superscripts are significantly different (P < 0.05), **P < 0.0001, **P < 0.01, *P <
0.05, NS = Non Significant, SD = Standard Deviation. The 9-point scales used to assess meat quality
attributes were: Flavour: 9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like slightly, 5 =
neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much, 1 = dislike ex-
tremely, Tenderness: 9 = extremely tender, 8 = very much tender, 7 = moderately tender, 6 = slightly ten-
der, 5 = neither tender nor tough, 4 = slightly tough, 3 = moderately tough, 2 = very much tough, 1 = ex-
tremely tough; and Juiciness: 9 = extremely juicy, 8 = very much juicy, 7 = moderately juicy, 6 = slightly
juicy, 5 = neither juicy nor dry, 4 = slightly dry, 3 = moderately dry, 2 = very much dry, 1 = extremely dry.

categories determined in the present study was not necessary to reflect the effects
of breeds and ages as Harar and Arsi breeds were reared in mixed crop livestock
production system while Boran cattle was raised in a ranch system. Eating quali-
ties are considered as the most important meat quality trait for consumer satis-
faction, with juiciness, tenderness and flavour being the major attributes [3] [12]
[13]. Attributes such as tenderness, color, flavor, juiciness and water holding ca-
pacity have an effect on consumer satisfaction [14] [15] [16]. The most necessary
factor of meat high-quality in beef is sensory or eating quality, defined as ten-
derness, juiciness and flavour, which are generally assessed by way of a skilled
taste panel [17] [18]. At 7 - 9 years mean flavor of Borana was significantly
higher (P < 0.05) than flavor from the Arsi breed. The higher flavor of Borana
over Arsi bulls may be due to the accumulation of motr intramuscular fat in the
former than the latter. Relatively lower mean flavor score (5.47) were reported
for Arsi cattle [19] and grass fed beef cattle [20] [21].

At age <3 years mean sensory juiciness of Borana cattle was higher (P < 0.05)
than Arsi. The mean juiciness value of Arsi (7 - 9 years) was similar to mean
(6.23 £ 0.21) reported for Dajal males cattle [34]. At age <3 years mean sensory
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tenderness of Borana was significance different (P < 0.05) from Arsi. In agree-
ment with the present study low sensory beef tenderness (5.43 + 1.24) was re-
ported in South Africa [35]. At the age of 4 - 6 years mean sensory tenderness of
Arsi was lower than (P < 0.05) Borana. Normal ranges of sensory score for flavor
were between 5.39 - 5.93, for juiciness between 4.38 - 5.60 and tenderness 5.50 -
6.47 [22]. The mean sensory tenderness of Arsi at 4 - 6 and 7 - 9 years, Borana
and Harar at 7 - 9 years fall within this normal range based on the above sugges-
tion. In all bulls across age categories as age advance sensory tenderness and jui-
ciness were decreased while flavor increased. Similar decrease in juiciness, ten-

derness and increases flavor were reported as cattle advances in age [23].

3.1.2. Effect of Age and Breeds of Cattle on Instrumental Tenderness

In all age categories mean instrumental tenderness values of Arsi were higher (P
< 0.05) than Borana and Harar (Table 2). The mean WBSF of Arsi at <3 years
was similar with values (29.45N) reported for Longissimus thoracis muscle [24].
The higher WBSF of Arsi beef compared to Borana and Haraghe need further
investigation whether management during rearing or genetics of animals was the
cause for the difference. Moreover, Arsi breed is used for draft power for a long-
er period comparted to the Harar cattle breeds while Borana has no exposure to
draft purpose as it comes from pastoral region.

In the present study the mean values of instrumental tenderness at <3 years was
similar to the reported for four Canadian beef cattle which was 30.35N [25]. The
instrumental tenderness value of beef from Borana and Harar bulls was lower
than shear force values of 37.71N and 42.66N reported for Brazilian cattle [26].

3.1.3. Effect of Breeds of Cattle on Sensory and Instrumental Tenderness
Breeds of cattle had affected (P < 0.05) the instrumental tenderness of beef.
Mean instrumental tenderness value for Arsi breed was higher (P < 0.05) than
Borana and Harar breeds (Table 3). Age by breed interaction showed highly sig-
nificant (P < 0.05) on instrumental tenderness and flavor. Instrumental tender-
ness, flavor, juiciness and tenderness were significantly affected (P < 0.05) by
breeds and age. The influence of breeds on instrumental tenderness and sensory
characteristics was probably due to the fact that different breeds of cattle have
different muscle arrangements [27] [28] [29]. The higher mean instrumental
tenderness value of the Arsi breed was an indication of its toughness. Mean fla-
vor and juiciness value of the Arsi breed was lower (P < 0.05) than the value for
Borana and Harar breeds. The cause for the difference in tenderness, flavor and
juiciness between Arsi and other breeds under study needs further investigation.
According to the ranges of classification [9] for very tender (WBS < 31.4N),
tender (31.4N < WBS < 38.3N), Intermediate (38.3N < WBS < 45.1N) and tough
(WBS > 45.1), the quality of beef in different age groups and breeds in the
present study could be considered good except for beef from Arsi bulls between
4 and 9 years (Table 4). The better tenderness of beef from Borana and Harar
bulls might be due to the higher content of marble fat of the breeds than Arsi.
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Table 3. Effect of breeds of cattle on sensory and instrumental tenderness.

Inst tal
ns r(lilmen a Flavor Juiciness Tenderness
Factors tenderness
Mean + SD Mean + SD Mean + SD Mean + SD
Breed %t *% %t A%
Arsi 40.60* £ 0.51 6.97°+ 0.51 6.51°+ 0.40 6.65° £ 0.57
Borana 20.34° + 4.06 7.37*+£0.63 7.06* £ 0.32 7.37*+£0.70
Harar 18.55" + 5.34 7.26" + 0.44 6.76" +0.24 7.02° +0.43
Age % %% % X%
AxB > o NS NS

®cMeans bearing different superscripts are significantly different (P < 0.05), ***P < 0.0001, **P < 0.01, *P <
0.05, SD = Standard Deviation, A x B = Age x Breed.

Table 4. Effect of age and breeds instrumental beef warner-bratzler shear value classifica-
tion (N).

Breeds
Age Arsi Borana Harar
Mean WBSF Mean WBSF Mean WBSF
<3 30.27 VT 15.83 VT 15 VT
4-6 42.89 IM 20.49 vT 17 vT
7-9 55.52 T 24.73 VT 25 VT

WBS = Warner-Bratzler Shear, N = Newton, VT = Very Tender, IM = Intermediate, T = Tough.

3.1.4. Effect of Age and Breeds of Cattle on meat Color and Water
Holding Capacity

Color is one of the most important quality parameters of beef, which is consi-
dered to be an indication of freshness and suitability for consumption [30]. The
normal ranges for beef color and WHC were reported differently by different
researchers. A research has reported ranges for L* = 33.2 — 41, a* = 11 — 23.6, b*
=6.1 — 11.3 and WHC = 37.0 — 72.7 as normal [22]. Borana (< 3 years) beef was
higher (P < 0.05) in lightness (L*) than Arsi and Harar cattle breed under the
present study (Table 5). The result of the present finding almost agrees with the
finding who reported 33.44 + 1.17 for Polish Red-and-White and for Simmental
(SM) bulls [31]. In all breeds beef redness (a*) and yellowness (b*) were similar
across age categories. The result of the present finding agreed with other reports
who did not found any variation in color values between bulls and steers of dif-
ferent breeds [32]. The mean of beef Lightness (L*) of Arsi, Borana and Harar
cattle in all age categories fall within the normal ranges of meat quality [22] ex-
cept for Borana and Arsi in the range 7 - 9 years, which was below the normal
range. Even if statistically there were no significant difference (P > 0.05) among

breeds and their age categories in yellowness (b*), Borans breed in all age cate-
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gories showed higher beef yellowness except for Arsi between 4 - 6 years. This
might be due to the consumption of carotenoids that are found in plant as the
breed was reared in ranch system while the other two in a mixed crop produc-
tion system. However, beef color redness (a*) and yellowness (b*) of all cattle
breeds across age categories is within the normal range.

Water Holding Capacity (WHC) is affected by post-mortem glycolysis, rate of
carcass temperature and carcass fatness level [33] [34]. The mean water holding
capacity of cattle breeds ranged from 69.13 - 73.10. This study showed that the
mean water holding capacities of all slaughtered cattle were higher than the
mean (49.4 + 5.85) reported in some other studies for cattle slaughtered in Me-
kele, Ethiopia [35].

There was no variation (P > 0.05) observed in water holding capacity between
breeds across all age categories in the present study. The mean water holding
capacity of breeds across age categories of the present study were found in the
normal range of meat characteristics [22]. The color coordinates of beef from
Arsi, Boran and Harar cattle breeds are shown in Figure 2. The mean lightness
coordinate of the three breeds lied between 30 and 35 while the mean redness

and yellowness lied between 10 and 15.

Table 5. Effect of age and breeds of cattle on color characteristics and water holding ca-
pacity.

Breed
Color Age Arsi Borans Harar P value
Mean + SD Mean + SD Mean + SD
<3 32.10°+ 1.78 38.15% + 3.04 32.19° +1.22 o
Lightness (L*) 4-6 33.32%° £ 2.71 32.73® + 4,43 33.15® + 1.62 NS
7-9 28.81° + 0.84 31.89° +3.07 33.63%° +3.47 NS
<3 13.11 + 1.51 11.57 + 0.90 12.35 +0.48 NS
Redness (a*) 4-6 12.96 + 0.90 11.77 £ 1.56 12.70 £ 0.52 NS
7-9 13.85 + 2.00 14.02 + 1.58 12.90 + 0.61 NS
<3 11.14 + 1.23 12.46 + 1.04 10.96 + 1.52 NS
Yellowness (b*) 4-6 11.30 + 1.80 10.80 £ 1.76 10.65 + 0.56 NS
7-9 10.58 + 1.06 11.38 +2.06 11.30 £ 1.75 NS
<3 73.10 + 1.85 68.80 £ 3.76 70.97 + 3.24 NS
WHC 4-6 68.83 +2.45 69.13 +3.96 69.90 + 3.60 NS
7-9 71.56 + 1.50 73.58 +0.99 71.92 +2.23 NS

®Means bearing different superscripts are significantly different (P < 0.05), **P < 0.0001, **P < 0.01, *P <
0.05, NS = Non Significant, WHC = Water Holding Capacity, SD = Standard Deviation.
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Figure 2. Mean color coordinate (L, a and b) of beef from Arsi, Boran and Harar cattle
breeds.

4. Conclusion and Recommendations

From this study, it was concluded that beef from bulls of Harar and Boran
breeds produced very tender beef while beef from the Arsi breed was interme-
diate in tenderness. Moreover, beef from Harar and Boran breed can be used up
to the age of 9 years as they produce tender beef throughout while beef from the
Arsi breed can be used to the age of 3 years as the meat become intermediate and
tough as the age advance. The cause for tough beef production from the Arsi

breed beyond the age of 3 years needs further investigation.
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