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Abstract

This study presents the assessment of beef transportation infrastructure from
slaughtering facilities in Tanzanian cities to the retail premises. The quality of
beef consumed in many countries is questionable due to poor infrastructural
development which may results into contamination and bacteriological infec-
tion. This study was carried out in Mbeya and Dar es Salaam where data was
collected at the dispatch areas of 3 and 6 slaughtering facilities, respectively.
At each slaughter facility, 10 vehicles selected randomly, were assessed. The
assessment of beef distribution infrastructure was conducted based on 18
quality impacting factors established from the actual observation and litera-
ture review and conceptualized carcass distribution model. With exception to
water tightness, painting and engine status during carcass loading, all the as-
sessed beef quality impacting parameters were below 50%, indicating that
beef distribution in the surveyed facilities were below the specification of food
quality. Generally, the assessment of beef transporting facilities in connection
to the first hypothesis of this study, indicted very weak compliance with the
requirements, signifying that the vehicles are not acceptable for carcass
transportation.

Keywords

Slaughtering Facilities, Beef Transportation Infrastructure, Beef Quality
Impacting Parameters, Compliance Index, Likert Statement, Beef Retailing
Premises

1. Introduction

Infrastructural development in connection to road and meat transporting ve-
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hicles is one of the main components of beef quality management challenges
facing the post-slaughter animal handling in Tanzania [1] [2] [3] [4]. Post-
slaughter animal handling begins at the abattoir (just after killing), and contin-
ues to processers of meat (processing meat into various meat products), to the
market (selling of meats) and finally to consumers (cooking and eating) [4] [5].
This paper focuses on transportation from the abattoir to the sell-point. Many
developing countries are characterized by poor infrastructural development in
meat sector, thus the quality of beef consumed in these countries is questionable
[1] [2] [4]. This questionability is described based on possibilities of contamina-
tion and bacteriological infection in beef due to three main scenarios. The first
one is the distribution in non-appropriately transporting vehicles through poor-
ly maintained roads [1] [5] [6]. Secondly, transportation of beef processed from
cattle that were slaughtered at night or early in the morning under inappro-
priately illumination [1]. Lastly, inappropriate cold chain management as beef is
processed, transported and sold without refrigeration and or temperature con-
trolling [2] [4]. Therefore, in this regards the transported carcass undergoes
various poorly managed handling processes post-slaughter which have adverse
effect on meat quality [7].

The factors studied and which affect the beef quality include distribution ve-
hicles’ status (painting, labelling, carcass carrying compartments design fea-
tures), conditions of carcass dispatching area at the slaughtering facilities, driv-
ers and attendants adherence to the sanitary conditions, etc. [2] [4] [6]. Fur-
thermore, the study includes statistical analysis for compliance data for beef dis-
tributing facilities by analysis of variance (ANOVA). The study will provide
knowledge and skills to the key players involved in maintaining beef quality as it
is transported from slaughtering facilities to sell points or butchers. While other
studies presented challenges in the transportation of meat, this study focuses on
beef transportation only.

The whole beef supply chain is designed based on the processes along the
slaughtering, distribution and beef retailing points and finally preparation and
consumption. Information on beef quality was collected at a key segment of the
supply chain that distributed from slaughtering facilities. The conceptualized
scheme formulated in this study includes population groups of the study, Ze., ci-
ties (Mbeya and Dar es Salaam), slaughtering facilities, carcasses transporting
vehicles, beef retailing shops and consumers. This paper focuses on one item,
ie., carcass transportation infrastructure and how it affects beef quality after
slaughter processes until reaches the retailing shops. These population groups
were identified from vague and general idea of beef quality management. There-
fore, within the listed types of population, samples were drawn as per beef dis-
tributing vehicles departing from slaughtering facilities.

In this study, the identified problem affecting beef quality was the poor trans-
portation infrastructure. This problem was addressed by testing two main hy-
potheses, namely, the beef transporting infrastructure in the Tanzanian cities

does not comply with the food quality specification, and the level of compliance
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with respect to beef transportation infrastructure in different cities is signifi-
cantly different.

2. Literature Review
2.1. Challenges Facing Beef Supply Chain

Meat products belong to the group of perishable foodstuffs which get spoiled
faster when kept in wrong environment [6]. Meat is prone to natural, conti-
nuous and irreversible bio-physiochemical changes (high water content, the
presence of protein, carbohydrates and fat promote the processes of oxidation
and rancidity) [3] [8]. To ensure the health and safety of meat products, it is re-
quired to use suitable raw material, appropriately selected cooling methods
(freezing), the storage and distribution conditions and a continuous monitoring
and control, in accordance with the applicable quality assurance systems [9] [10]
[11]. The process of transport, especially of meat products, should be subjected
to a special surveillance system in accordance with the applicable system for ha-
zard analysis and determination of critical control points (HACCP) which is
weakly regulated in Tanzania. Chilled or deep-frozen foodstuffs are subject to
the procedure of maintaining unchanged conditions in which they have to be
kept (cold chain) [5] [6] [12]. This means that from production, transport and
distribution until the consumption by consumers, both the chilled and frozen
products should be stored at an appropriate temperature [6] [11]. In this study,
the vehicles transporting beef were assessed on whether beef is exposed to envi-
ronmental contaminants or not and it required temperature during transporta-
tion are attained. Exposing beef to conditions outside the range of recommended
temperatures, in either of the links of the cold chain, can result in lowering the
quality, as well as changes which may impact the health security [5] [6] [12]. In
the cold chain, there are many critical points at which its continuity can be in-
terrupted [9].

Unless otherwise, post-mortem inspection must be followed immediately by
chilling in the slaughtering facility to ensure a temperature throughout the meat
of not more than 3°C for offal and 7°C for other meat along a chilling curve that
ensures a continuous decrease of temperature [6]. During the chilling opera-
tions, there must be adequate ventilation to prevent condensation on the surface
of the meat [5]. Meat must attain the specified temperature before transport, and

remain at that temperature during transportation [5] [6].

2.2. Post-Slaughter Handling of Beef

After slaughter, the colour of meat depends on a principal pigment, myoglobin,
which when mixed with oxygen becomes oxymyoglobin, and produces a bright
red colour [13]. Therefore, during distribution the accumulation of air must be
avoided as this pigment depends on the oxygen status of the environment. Lite-
rature shows that poor handling of meat during transportation may result in a

high rate of contamination and spoilage [3] [4] [6] [14]. When transporting
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meat, the challenge is to maintain proper refrigeration temperatures and keep
the cold chain from breaking during steps such as palletization, staging, loading
and unloading of containers, and in storage [6] [15]. The cold chain must not be
interrupted as bacteria multiply rapidly in higher temperatures [3] [4] [6] [12]
[15]. The temperature and handling conditions must be strictly adhered to in all
stages of the cold chain, through properly designed handling procedures in the

chilled storage rooms [6].

2.3. Characteristics of Meat Vans for Beef Transportation

The vehicles used to transport meat from abattoir to retail meat outlets may act
as sources of contamination due to reported observation that the vehicles often
lack regular cleanliness and are not well covered leading to contamination by
dusts, insects and flies [3] [4] [6]. Contamination of meat resulting from other
means of transport such as motor-bikes and bicycles has also been reported due
to insufficient vans and trucks [4]. On the other hand, lack of transport facilities
and the fact that the available vehicles are not properly cleaned leads to observed
contained high microbial loads [3].

The different points of transport, from cold storage to the retail outlet, and
then to the consumer refrigerator, are critical points for the beef’s overall quality
and safety [6]. A significant factor is the temperature inside the transport ve-
hicles, and the fluctuations occurring during transit. The vehicle must be pro-
vided with a good refrigerated system, operating constantly during transporta-
tion to maintain properly chilled conditions. Another important issue is to avoid
undesirable heat infiltration, which may occur due to hot weather, sunny condi-
tions, inadequate insulation or air leakage. When taking precautions to avoid the
above, it should be possible to achieve the recommended optimal conditions.

Legislation on control of transport equipment and temperatures during beef
transportation has been increasingly stricter, especially for intra-European
transports of refrigerated foods. Within the beef transport process one of the
weakest links in the distribution chain is the transport period either the abattoir
to the butcher or from the retailing shop to the consumer domestic refrigerator.

There are limited published data quantifying the former parameter.

2.4. Beef Storage during Transportation

2.4.1. Previous Research on Beef Transportation

Studies in area of beef transportation infrastructure in connection to the quality
management have been conducted in both developing and developed countries.
Some of these studies were focused in beef quality management specifically on
the assessment of the compliance of beef transportation with respect to handling
against the quality impacting factors. Although several methods for assessing the
compliance with the specification of meat transportation have been used in lite-
rature, their respective findings were in general statement rather than specific

level of compliance criteria. The findings in most of these studies were presented
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in terms proportion and or percentage of the units, ie., the units that were not
adhere to the sanitation and hygiene standards. For, example, while the litera-
ture [4], indicated 58% and 27% of the beef transporting vehicles in Nairobi and
Isiolo counties in Kenya adhered to the specification of using the closed meat
carrying compartment, other studies [16] indicated the cumulated 55% of the
transporting facilities worked as per beef transportation requirements in Co-
lombia. Furthermore, the study in beef transportation in Juba town, South Su-
dan indicated that 80% and 68.57% of the assessed vehicles were distributing
beef contrary to the requirement in open vehicles to kiosks and butchers, respec-
tively. Other studies on the other hand indicated the application of a dynamic
Temperature Function Integration (TFI) model as a justifiable criterion of the
management of refrigeration during the post-slaughter carcasses handling [17].
TFI is currently used for both quantifying the compliance of processes and ade-
quacy of new processes based on the good manufacturing process (GMP) [17]
[18].

2.4.2. Previous Research on Beef Transportation

This research is based on the compliance index based model that was used in
[19] [20] to assess the compliance with disclosure requirements of the statement
of accounting standard (SAS) and international accounting standard (IAS) re-
quirements. For, example, the model was applied in finance management during
which, [19] [20], assess the compliance with the requirements with the specifica-
tions based on five graded levels, ie., strongly applied (70% - 100%), semi-
strongly applied (50% - 69%), weakly applied (40% - 49%), very weakly applied
(20% - 39%), and non-application (0% - 19%). The study involved eleven va-
riables in SAS requirements and 21 in IAS. The technique was also used in med-
ical discipline, when, literature [21], predicted the treatment compliance and
development of pleural effusions in elderly patients with chronic myeloid leu-
kemia treated with second line dasatinib. In this study, evaluation was conducted
based on Charlson Commodity Index (CCI) that has a list of 19 conditions (each
condition has a weight assigned from 1 to 6, derived from relative risk estimates
of proportional hazard regression model using clinical data). ANOVA as a tool
for analysis on the other hand, is a collection of statistical models and their asso-
ciated estimation procedures used to analyze the differences among group

means in a sample.

3. Methodology

3.1. Carcasses Distributing Conceptual Model

Factors that influencing the quality of beef in during distribution were estab-
lished from the actual observation and literature review technical requirement
based on the conceptualized slaughtering model as shown in Figure 1. This is a
model that is designed based on information on beef quality technical require-

ment and the gap observed in actual situation. The conceptual model expresses
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Figure 1. Conceptualized model that indicates beef quality impacting factors during beef
transportation to retailing shops (designed based on literature [3] [5] [6]).

the detail of the study areas on the carcasses distributing vehicles specifically on
the impact of both infrastructural features and the respective processes to the

beef quality. This model was developed from a total of 32 main components.

3.2. Assessment Checklist for Carcasses Distributing Vehicles

The beef retailing assessment checklist was designed based on the described
conceptual model as shown in Figure 1. The model includes features that were
further detailed to beef quality impacting factors for the beef distributing ve-
hicles. This resulted into a checklist with a total of 18 compliance requirements
to be assessed in the form of positively and negatively worded items, Ze., Likert

items as indicated in Table 1.

3.3. Study Area

The study was carried out in Mbeya and Dar es Salaam and conducted based on
the established hypotheses along the beef supply chain between January and
April 2017. According to 2012 population and housing census, as the Dar es Sa-
laam city with a total area of 1800 km* has a population of 4.36 million in 2012
United Republic of Tanzania (URT), Mbeya city with 19,098 km? has a popula-
tion of 0.69 million. Dar es Salaam and Mbeya cities are characterized by high
level of poverty despite the various efforts on interventions. Among other pov-
erty indicators, the difficultness for their respective residents on accessing the
basic needs in 2011 was at 5.2% and 24.3% levels, respectively [22]. As Dar es
Salaam has six slaughter facilities with capacity to slaughter 720 cattle a day,
Mbeya has three slaughtering facilities with daily capacity of 200 cattle [23]. The
stock that is slaughtered in these cities is distributed to butchers that are classi-
fied based on income class of the clientele into high, middle, low and extra-low
levels. During the study, data that is connected to beef quality management were
collected from carcasses distributing vehicles found at slaughtering facilities. In
Mbeya, data was specifically collected from three slaughtering facilities, Ze,
Ilemi, Uyole and Mbalizi that were purposely pointed as they being the only reg-
istered facilities around that location.
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Table 1. Beef quality impacting parameters in the checklists used for data collection dur-
ing assessment of beef distributing vehicles.

Impact of Non-compliance

Variable Compliance requirement to the beef quality

vl Appropriate painted Meat deterioration due to

v3 Heat proofing the increase of internal
temperature resulted by

Mechanical refrigeration/refrigerated sufficiently to the decrease of albedo.

v4
maintain the chilling state

v2 Either “MEAT” or “NYAMA? is appropriately labelled
v5 Separate carcasses’ carrying container/carrier
v6 Carcasses holding facilities

v7 Edible offal’s holding containers

v8 Water tightness

v9 Cleanable and disinfectable

v10 Hand washing facilities . o

Beef quality contamination

vll Disinfecting facilities in the carcass dispatching area and bacteriological
o . . ) . infection

v12 Staff in dispatching area in protective clothing

v13 Vehicles’ staff are in protective clothing

v14 Attendants carried in carcasses carrying in compartment

v15 Engine is running during loading

v16 Corrosion resistant carcasses contacting surfaces

v17 Water tightness in edible keeping facilities

v18 Dustproof

Dar es Salaam city was selected because of its unusually high population due
to its metropolitan characteristics which attract many people looking for em-
ployment in the industries [22]. Mbeya city was also targeted due to the avail-
ability of consumers from working that includes government departments, In-
stitutions, private companies and entrepreneurs [24]. In addition, these cities
were chosen as study areas as they have direct access to other countries through
Julius Nyerere and Songwe International Airports, respectively, being potential

for export of meat from Tanzania.

3.4. Data Collection Techniques

This assessment study involved data collection through observation of the beef
quality impacting parameters in the beef distribution infrastructure by using a
structured checklist. The gathered data were then analyzed by using the spread
sheet with respect to the objective and statistical hypotheses established. The
checklists were designed for recording the scored points on the responses on the
Likert statement based on the food requirements on transportation. It is empiri-
cal study that was designed based on the gaps identified by the past work against

the similar problem, and have not yet been examined [10]. The designing was
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carried out to purposively identify beef transporting facilities in the conveniently
selected slaughtering facilities. In connection to that, Dar es Salaam and Mbeya
cities were purposively selected based on the reflection of the potential market of
beef in connection to both general population and their respective exporting in-

ternational airports.

3.5. Statistical Analysis Techniques

Data was statistically analyzed by using a compliance index and Analysis of Va-
riance (ANOVA) based models. Compliance index based technique was applied
in various studies to assess the compliance with quality management specifica-
tions. It was conducted based on condition graded levels (each condition
weighted based on the assigned specific number of categories) from a given es-
timates.

Based on this information, together with the specification, the beef quality
impacting parameters from the identified Likert items were analyzed. The total
compliance indices were constructed by comparing the infrastructural require-
ments for beef quality management against data gathered along the beef distri-
bution chain only. Each of the listed requirements was given a unique number,
for instance, v, (i = 1, 2, -, 18) indicating requirement number one and so on.
As in the past studies, on compliance to the requirement [19] [20], this study
adopts an ascending scoring system at 0, 0.25, 0.50, and 1 compliance levels. The
parameters that should be addressed on handling of beef quality management
along the chain were assessed against 18 requirements developed based on the
criteria. The criterion set used, provides the decision rule to which the computed
compliance index lead to acceptance or rejection of the hypotheses developed in
this study. All the entities with compliance indices less than 20% were excluded

from the population sampled.

4. Results and Discussion

4.1. Characteristics of the Carcasses Distributing Vehicles

Result on the evaluated beef distributing vehicles conducted at different slaugh-
tering facilities is presented based on FAO standards on food quality. It is pre-
sented under assumption that painting, labeling, carrying compartment and
carcasses contacting surfaces in the distributing facilities are the key beef quality
judgment criteria. The detailed analysis of vehicle characterization involved four
main categories, namely, as to whether it was appropriately painted in white and
red strip; availability of the word “meat” and or the Swabhili translated “Nyama”;
degree of separateness of the carcasses carrying compartment; and the nature of
the carcasses contacting surfaces as to whether it was corrosion resistant or not.
Figure 2 shows the total scores for the four categories in which the compiled
scores of the responses on the evaluated, painting of vehicles, labeling informa-
tion, degree of separateness, and corrosion free surfaces on carcasses distributing

vehicles were assessed on 10 vehicles per slaughter house. Compliance of the
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Figure 2. The scored points in percentage of beef quality impacting parameters in the vehicles assessed arranged according to the
surveyed slaughtering facilities (a) painting in the slaughtering facilities; (b) labeling information; (c) degree of separateness of the
carcasses carrying compartment; and (d) corrosion free carcasses contacting surfaces (N = 10 in each slaughter facility).

evaluated vehicles as per painting ranged between 25% and 72.5% in which vehi-
cles in Mbalizi, Mbagala, Kimara Stopover and Ukonga Mazizini were at the
highest side as shown in Figure 2(a). Vehicles observed in Pugu Station, on the
other hand, were the lowest compliant in terms of painting. Next, responses on
the carcasses distributing vehicles based on labeling information as to whether it
is marked “meat” or its respective translated Swahili word “Nyama” is presented
in Figure 2(b). In this regards, Ilemi was observed to have the highest score
(70%), while Pugu station had 25.0% which was the lowest scored level. With
regard to the degree of separateness of the carcasses carrying compartment
summarized in Figure 2(c), the total score of the responses ranged between 75%
and 35%. The compliance regarding this beef quality impacting parameter was
high in Dar es Salaam (ranging between 42.5% and 75%) compared to Mbeya
(where the scores ranged from 42.5% to 35% only). In Dar es Salaam, the scored
levels were lowest for Pugu Station, that is, 42.5%. In connection to this, the car-
casses distributing vehicles in Mbalizi, Uyole and Ilemi scored the lowest points
among the vehicles in all facilities (that is, 42.5%, 40.0% and 35%, respectively.
Finally, assessment of corrosion resistance of carcasses contacting surfaces in the
distributing vehicles was also presented in Figure 2(d). This quality impacting
parameter was one of the lowest scored parameters observed in this study. Dur-

ing the assessment, it was observed that none of the facilities had vehicles that
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scored above 47.5% levels when compared to other factors or categories. Vin-
gunguti, Ukonga Mazizini and Pugu station scored the lowest at 32.5%, 30.0%
and 20% respectively.

With regard to carcasses transportation, the compliance was not good as most
of the vehicles were not accepted as appropriate for beef transportation as it was
shown in Figure 3. Contrary to the specification, the photographs indicate car-
casses transporting vehicles taken in Mbeya city that are neither in white paint-
ing nor marked “meat” and or “Nyama”.

The consequence of the non-compliance to the white painting in beef carrying
compartment is beef deterioration due to heat infiltration that caused the raised
of internal temperature caused by energy absorption to internal surfaces [6]. For,
example, it was reported that low albedo compartment can have its internal
temperature to above 50°C when external temperature reaches 25°C. On the
other hand, the consequences of non-adherence to labelling information, degree
of separateness of the carcasses carrying compartment and corrosion resistant
surfaces is contamination and bacteriological contamination [3].

Similar observations have been also reported in literature [5] [6], in which,
besides the availability of meat transportation specification, the hired multipur-
pose motorbike and open vehicles were used without considering their respec-

tive hygienic status.

4.2. Environmental Control on the Transported Carcasses

Evaluation of environmental controls around the carcass distributing vehicles
from the slaughtering facilities is presented in this study according to FAO
standards on food quality. The results were summarized based on four main
variables, ie., heat proofing, refrigeration and temperature control, dust proof-
ing and water tightness, that were assumed to be the key parameters to be
monitored during carcasses transportation. The assessment results of beef car-
rying compartments specifically on the effect heat proofing characteristics of
beef quality on the transported carcasses is presented in Figure 4(a). The
evaluation scores of the distributing vehicles as per heat proofing in all the
slaughtering facilities were at not more than 2.0 levels out of 10 as a maximum
level. Acceptance of vehicles in Dar es Salaam was low with minimum of 0.5 lev-
els in Pugu Station and maximum 2.0 levels in Mbagala and Kimara Stopover. It
was also observed that, all vehicles in the slaughtering facilities in Mbeya were
not acceptable as appropriate based on heat proofing receiving a zero assessment
scoring levels. The consequence of poor adherence to this requirement include
Carcasses carrying compartment should be designed in such a way that undesir-
able heat infiltration that might occur due to hot weather, sunny conditions, in-
adequate insulation and or air leakage is avoided [5]. Similarly, it was reported in
literature that the level of compliance based on this parameter is low in developing
world, where the marketing environment is characterized by smallholders

whose respective operations are primarily comprised of informal distribution
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Figure 3. Photographs taken in Mbeya city indicating in-appropriate carcasses distribut-
ing vehicles.

N
o
e
=)

N

o
i

2.0 —
2 2
2 1.5 3 15
2157 13 %
o S
S 1.0 0.8 g 1.0
Q
& 0.5 £
3 05 2 0.5
= (7]
@ 0.0 00 0.0
P — — — — ———— 0.0 +
s 5 § E g s| g & 2 s 5 E g5 B & E 2 E
S 3z © §® & 2|5 § 3% S 3 8 g 5 ©® 5 S =
s a 5 8 s =& = 2 =) s 2 s £ 5 s 2 5
k-] o = g = n = e} ) = n S [ =
= 5 = b= > = a2 s 3z £
o = i = o = S >
© ° o © o o
E = E =
4 2 "4
Dar es Salaam Mbeya Dar es Salaam Mbeya
(a) (b)
6.0
6.0 58 3.1
,‘E e ?2.9
] - -
£ 50 50 5.0 5.0 £
o 824 22 22
g =0 s 21 20 20
] 45 5 2
L 45 43 219 - 17
G 2 1.5
o : 338 s ;
o 4.0 S14
1
. —§ 7',_ 0.9
35 +
« = - —_ - (R S S— — — — —— —
§ & E T & 8 o E§ E — — = e B
=] 3 N > o =) o © o N o £ L ] s £ 5 s
2 & ® &8 & 5|3 2 = 5 ¢ 8 s 3z £ ® 2 9
@ <] = > = g} 35 = @ a s N < b
s & E = g S 3 8 s & 3 F
S = > s = & E = =
e & s s 2 5 3
E x © a g
X = £ X
X
Dar es Salaam Mbeya Mbeya Dar es Salaam

(c) (d)

Figure 4. Evaluation results presented as specific scores based on carcasses distributing vehicles’ characteristics as beef quality
impacting parameter (N = 10 per facility). (a) Evaluation results for heat proofing characteristics of the carcasses carrying com-
partment; (b) Evaluation results for dust proofing characteristics of the carcasses carrying compartment; (c) Evaluation results for
water tightness of characteristics of carcasses carrying compartment; (d) Evaluation results for on refrigeration and temperature
control for carcasses carrying compartment.

DOI: 10.4236/eng.2018.1011057 824 Engineering


https://doi.org/10.4236/eng.2018.1011057

J. T. Mwashiuya et al.

channels where safety and standards are either lacking or inadequately defined,
and where they exist, are poorly adhered to.

Compliance of the designed carcasses carrying compartments based on dust
proofing is also presented in Figure 4(b). The maximum score of the evaluated
dust proofing in carcasses distribution based on the observation made in all fa-
cilities were at 1.8 levels out of 10. This level was observed in Dar es Salaam spe-
cifically at Mbagala, Kimara Stopover and Ukonga Mazizini. Furthermore, the
compliance with respect to dust proofing parameter in this city that relatively
observed to be higher than Mbeya where the ranged scores between 0.8 and zero
levels. Vehicles in Mbalizi, on the other hand, scored 0.8 levels, the highest point
among the other slaughtering facilities in Mbeya.

Figure 4(c) shows also the scores of water tightness as appropriate parameter
in the designed beef carcasses transporting vehicles as observed in Mbeya and
Dar es Salaam. This finding was measured based on 10 levels as it assumed that
the designed beef carrying compartments were fully comply with the water
tightness specifications. Carcasses distributing vehicles in Pugu Station in Dar es
Salaam and Uyole in Mbeya scored the highest levels at 6.0 and 5.8, in their re-
spective cities. On the other hand, the lowest levels scored in these cities were 4.3
and 3.8 Vingunguti in Dar es Salaam and Ilemi in Mbeya, respectively. These
findings mark the ranges of 1.7 and 2.0 for the scored levels in Dar es Salaam
and Mbeya, respectively. With exception to Tegeta (4.5), Vingunguti (4.3) and
Ilemi (3.8), beef distributing vehicles in all facilities scored above the average
with respect to this parameter. It was also observed as the highest scored pa-
rameter among the monitored variables in this study. Thus environmental con-
trols in beef transportation are strongly adhered based on water tightness pa-
rameters specifically in Pugu Station and Uyole.

All the assessed carcasses distributing vehicles in the slaughtering facilities
were not accepted as appropriate based on the temperature control and refrig-
eration as shown in Figure 4(d). With exception to Mbalizi, vehicles in all facili-
ties scored less than 2.2 points out of 10, signifies that strongly non-adherence to
this parameter. Lack of this parameter in the designed carriers for meat distribu-
tion contributes to the spoilage of beef especially when the storage of carcasses is
prolonged [3] [5]. However, this design parameter was noted as not necessary
when the times spent for carcasses distribution were below the minimum dura-
tions required for refrigeration of the transported meat [4] [5]. It was further
noted that the shortening of the time spent for carcasses distribution is manage-
able in many developing countries [3]. This is based on the fact that the slaugh-
tering timetables were appropriately arranged enough for distributing vehicles to

arrive at selling points too early to be staked in heavy traffic jams [3].

4.3. Carcass Holding in the Compartment during Transportation

Compartment for holding carcasses during transportation should be hygienically
designed and equipped enough to prevent both meat from contacting the floor

and entry of all sources of contamination. Assessment result of the carcass dis-

DOI: 10.4236/eng.2018.1011057

825 Engineering


https://doi.org/10.4236/eng.2018.1011057

J. T. Mwashiuya et al.

tributing vehicles is presented based on the design characteristics based on
holding facilities, hygiene status, availability edible offal carrying devices and
water tightness of the devices under assumption that other beef quality impact-
ing parameters are negligible. It was presented based on the specific scores in
clustered columns that are arranged according to slaughtering facilities with
maximum of 10 scored level when the surveyed facility is completely comply
with specifications.

The highest and lowest scored facilities out of maximum 10 points with ap-
propriate vans as per carcasses holding devices were Mbalizi (4.75) and Ilemi
(0.75), respectively as shown in Figure 5(a). This was followed by Mbagala, Ki-
mara Stopover and Ukonga Mazizini facilities that each of them had 4.25 scored
value. Therefore, vehicles observed at Ilemi (0.75 out of 10) were extremely not
appropriate for beef distribution when compared to vehicles in other facilities.
Similar observation on inappropriate carcass holding facilities in beef distribut-
ing vehicles have been reported in literature [4] [7], where the respective studies
indicated the means in which piled carcasses were distributed by using inappro-
priate open trucks and motor bicycles

Figure 5(b) shows also specific scores of vehicles based on hygienic status as
observed in slaughtering facilities in Mbeya and Dar es Salaam. Vehicles in
Mbeya were observed to have higher scores in terms of hygiene status that
ranged between 5.5 and 6.0 points as compared to Dar es Salaam that observed
to have maximum score of 5.0 points and minimum of 2.75 points. While Ilemi
facility in Mbeya was observed to have the highest scored levels (6.00 out of 10)
in connection to the hygienic status of beef transporting vehicles, Vingunguti
had the lowest (2.75 out of 10.0) among all the surveyed slaughtering facilities.

With exception to Vingunguti, The assessment results of the availability edible
offal carrying containers in beef transporting vehicles indicated that the scored
points in all the surveyed facilities in Dar es Salaam were between 4.5 and 4.5 le-
vels as shown in Figure 6(c). The three lowest scored facilities with respect to
the availability of edible offal carrying container in the beef distributing vehicles
were Uyole (3.25), Vingunguti (3.0) and Ilemi (0.0).

Result of the evaluated water tightness in the edible offal’s holding facilities
found in the beef distributing vehicles was shown in Figure 5(d). Pugu station in
Dar es Salaam and Uyole in Mbeya were the highest scored facilities at 6.0 and
5.75 levels, respectively. On the other hand, the scored points in Vingunguti and
Ilemi of 4.25 and 3.75 levels, respectively, ranked these facilities to the lowest po-
sitions in their respective cities. Similar to this study, the non-compliance with
this requirement is indicated in other studies [4] indicating that the piled car-

casses being distributed to retailing shops by using open multipurpose vehicles.

4.4. Characteristics of the Carcass Dispatching Area in the
Slaughtering Facility

All activities in the beef dispatching areas should be practiced based on the hy-

gienic requirements. In connection to this, specific score with respect to
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Figure 5. The specific scores of evaluated for carcas holding facilities and edible offal keeping facilities in the carcass distributing ve-
hicles (V= 10 per facility). (a) Assessment of carcass holding facility in the distributing vehicles; (b) Assessment of hygiene status for
the beef distributing vehicles; (c) Assessment of the availability of edible offal keeping facilities; (d) Assessment of water tightness for the
edible offal keeping facilities.
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attendants (V= 10 per slaughtering facility).
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handwashing, sanitization and staff protective clothing in the carcass dispatching
areas in the surveyed facilities at slaughtering facilities in Dar es Salaam and
Mbeya is presented in this section. It is specific scores in clustered columns pre-
sented based on the surveyed slaughtering facilities with maximum of 10 scored
levels under conditions that the facility meets the requirements. While Kimara
Stopover and Ukonga Mazizini were the only facilities in which handwashing
accessories were observed at 1.3 and 1.0 scored point, respectively, other facili-
ties had zero scores as shown in Figure 6. This indicated that Mbagala, Vingun-
guti, Tegeta and Pugu, Ilemi, Mbailizi and Uyole facilities were not accepted as
appropriated for dispatching carcass. This indicates possibilities of having high
level of infection and microbiological contamination in the slaughtering facili-
ties. With respect to sanitization in this area, Ukonga Mazizini was the highest
scored facility at 1.5 point in the carcass dispatching area. This was followed by
Mbagala and Mbalizi that each of them was scored 1.3 point, then Ilemi 0.8
scored point, before Pugu station and Kimara stopover each of them with 0.6
scored point. The lowest ranked in connection to sanitization were Vingunguti
(0.4 point), Tegeta (0.3 point) and Uyole (0.3 point). It was also indicated that
the assessed protective clothing for the drivers and the attendants, in the car-
casses dispatching activities. Protective clothing has an impact on beef contami-
nation. The highest ranked facilities were Ukonga Mazizini and Kimara Stopov-
er in Dar es Salaam with scores of 2.0 and 1.5, respectively, and Uyole, Mbeya
that scored only 0.6. On the other hand, the lowest ranked facilities were Tegeta
and Ilemi at 0.1 and 0.0 score level in Dar es Salaam and Mbeya, respectively.
Based on this criterion all slaughter facilities did not qualify.

Similarly, former studies revealed the same scenarios, that is failure for meat
handlers to adhere to the appropriate sanitation and hygienic practices like
hand-washing, wearing of protective clothing and sanitization during meat dis-
tribution [4]. In addition to these studies, assessment of consumer preferences
for quality and safety attributes indicated the means in which the meat/beef dis-
tributors in Addis Ababa, Ethiopia were not aware that working clothes and

Uniforms are important beef quality impacting parameters.

4.5. Sanitary and Hygienic Practices during Carcass Loading

Sanitary and hygienic requirements should be adhered during loading of the
carcasses in the distributing vehicles. The compliance of this requirement is pre-
sented based on the sanitary and hygienic practices in connection to the manner
in which the meat carrying vehicles are operated. The acceptance based on sani-
tary and hygienic practices is presented based on the ways in which both meat
and meat handlers are transported and if the engine was running during loading
of meat as per food quality requirements. As sown in Figure 7(a) the highest
three top ranked facilities in which vehicles appropriately accommodated the at-
tendant during transportation were Ukonga Mazizini, Kimara Stopover and
Ilemi at 2.5, 2.3 and 2.2 score levels, respectively. On the other hand, the lowest
three ranked facilities were Mbagala, Mbalizi and Uyole that exhibit scored levels
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Figure 7. Compliance of of means of accommodating meat handlers in the carcass transporting vehicles and engine status as to

whether running or not during loading of carcasses (V= 10 per slaughtering facility). (a) Compliance of means of accommodating
meat handlers in the carcass transporting vehicles. (b) Compliance of engine status as to whether running or not during loading of

carcasses.

of 0.5, 0.3 and 0.1. The result presented in Figure 7(b) shows also that carcass
transporting vehicles in Mbagala and Kimara stopover scored 5.8 point. The
scored values in the rest of the surveyed facilities were below a half of 10, the
value that could be obtained when the engine in of the assessed vehicles per fa-
cility could be off during the beef loading. It was also noted that, the lowest three
most ranked facilities in descending order were Ilemi, Mbalizi and Uyole (all of
which are in Mbeya).

Similar findings on the sanitary and hygiene practices were reported by other
researchers [2] [3] [4] where meat handlers in Bawku Municipality in Ghana,
Nairobi in Kenya, and Morogoro Municipality in Tanzania, were reported to
practice inappropriate handling of beef during transportation. These findings
indicate the means in which meat was loaded in distributing vehicles where in
most cases handlers carried carcasses on shoulders and head using bare hands.
This inappropriate handling of meat has been reported as one of major
non-conformances against sanitary and hygienic practices as it accelerates the

rate of contamination and spoilage of beef during transportation [3] [4] [25].

4.6. Statistical Evaluation of the Compliance Data for the Beef
Distributing Facilities

The observed condition of beef distributing vehicles in slaughtering facilities was
statistically analyzed based on their respective infrastructure conditions against
raised hypotheses in connection to the established food quality specifications.
The presentation includes analysis of the levels of their respective compliance
and correlation of carcasses distributing vehicles located in different slaughter-
ing facilities. The approach adopted for data presentation and analysis is in tan-

dem with methods reported in literature reports [19] [20], for assessment of
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compliance with quality specifications. The analyzed results from the survey are
presented in tables, clustered columns of total observed scores against expected
scores and frequency distribution curves that were analyzed based on the estab-
lished compliance index. The assessment of compliance index the meat trans-
porting vehicles (adopted with modification [20] [21] was based on four com-
pliance index levels: very weakly applied, weakly applied, semi strongly applied
and strongly applied, having percentages of 20% - 39%, 40% - 49%, 50% - 69%
and 70% - 100%, respectively. The four compliance index levels are also catego-
rized as A, B, C, and D, respectively. Results obtained for a total of 180 observa-
tions in the beef retailing premises in Mbeya and Dar es Salaam, are summarized
in Table 2 and Figure 8.

In this study, the top most slaughtering facilities with vehicles that scored
34.4% and higher compliance indices in descending orders were Mbagala
(34.4%), Kimara Stopover (34.2%), Illomba (32.0%) and Mbalizi (30.4%). On the
other hand, Ilemi was the lowest scored slaughtering facility at 26.7% com-
pliance index. The total scored level for both cities was 29%, the compliance in-
dex that deduced from 28% and 30% compliance indices scored from the sur-
veyed butchers in Mbeya and Dar es Salaam.

The scored levels in Dar es Salaam ranged between 34.4% and 23.9% with
Vingunguti being at the lowest side while Mbagala was revealed to be the highest
scored slaughtering facility. On the other hand, the range in Mbeya was between
30.4% and 26.7%, where Mbalizi being at the highest side, Ilemi at the other end.
Figure 9(a) shows the distribution of the compliance indices in a superimposed

plot that compares the compliance of the slaughtering facilities in Mbeya and

Table 2. Summary of compliance index of meat transporting vehicles that were catego-
rized based on the surveyed slaughtering facilities (V= 10 for Dar es Salaam and N = 29
for Mbeya).

Slaughter facility in Compliance Slaughterin
City which distributing R P Remarks g . 8
. index (%) facilities
vehicle is found
Mbagala 344 Very weakly applied Mbagala
Kimara Stopover 34.2 Very weakly applied Kimara Stopover
Ukonga Mazizini 31.8 Very weakly applied Ukonga Mazizini
Dar es Salaam
Tegeta 29.2 Very weakly applied Tegeta
Pugu Station 24.2 Very weakly applied Pugu Station
Vingunguti 23.9 Very weakly applied Vingunguti
Mbalizi 30.4 Very weakly applied Mbalizi
Mbeya Uyole 28.3 Very weakly applied Uyole
Ilemi 27 Very weakly applied Ilemi
Dar es Salaam 29.6 Very weakly applied ~ Dar es Salaam
Total Mbeya 28.5 Very weakly applied Mbeya
Both cities 29.2 Very weakly applied Both cities
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Figure 9. Superimposed plots of the compliance of the meat transporting vehicles and
frequency distribution for meat transporting vehicles according to Likert scales (N = 6 for
Dar es Salaam and V= 3 for Mbeya).

Dar es Salaam. It was noted that vehicles in two slaughtering facilities in Dar es
Salaam were below 25% that is Pugu station and Vingunguti. Furthermore, the
level of compliance in Dar es Salaam shows scattered distribution between 35%
and 20% compliance indices. Whereas, the scored levels of most of the surveyed
vehicles in slaughtering facilities in Mbeya were narrowed at the 25% and 30%
compliance index range. In Figure 9(a), the distribution results were also pre-
sented based on the statistical comparison parameters. This includes frequency
and cumulative frequency statistical parameters that were categorized based on
four compliance index levels and named as A, B, C and D. The overall analysis of
compliance frequency analysis results of the beef distributing vehicles in the
surveyed slaughtering facility (V= 10 per slaughtering facility) can be summary
as: none of the occurrences in other levels except level A (20% - 39%), which im-
ply very weakly applied. Results based on these statistical parameters were fur-
ther elaborated by using Frequency distribution plots as shown in Figure 9(b),
which shows that the highest frequency was in category A at 20 - 39 compliance
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index level, i.e., the lowest scored categorized group.

The assessment of beef transporting facilities in the surveyed slaughtering fa-
cilities in connection to the first hypothesis of this study (Beef transporting ve-
hicles complies with the specification), indicted very weakly compliance with the
requirements. This can be interpreted that, the null hypothesis, that the carcasses
distributing vehicles observed in the surveyed slaughtering facilities do not
comply with the technical measures for food quality is accepted. The level of
compliance observed from the test hypotheses were lower than that observed in
other studies on compliance in developed countries [22]. This is explained based
on the fact that incentives for beef production as per hygienic and safety re-
quirements are higher in developed countries than in the developing world.

Table 3 presents analysis of variance (ANOVA) results covering beef quality
impacting parameters with respect to activities and infrastructure in the sur-
veyed slaughtering facilities. The table includes values of ss (sum of square), df
(degree of freedom), ms (mean of squares), F (calculated statistical value), p-value
(probability value) and F_;, (statistical value from statistical tables).

The count was established from the evaluated beef quality impacting parame-
ters in vehicles at slaughtering facilities, leading to 18. The sum on the other
hand was established as a total of all scored points of the assessed parameters
from each of the surveyed slaughtering facility leading to the values presented in
the table. For, example for in Tegeta slaughtering facility, the count was 18,
leading to the sum of square 5.6 from assessed the scored values of the evaluated

sections. In addition to that, the average (3.1) and variance (3.7) presented in the

Table 3. Analysis of Vvariance (ANOVA) results for equality of means between series
based on 18 observations.

Groups Count Sum Average Variance
Ilemi 18 4.6 2.6 5.9
Mbalizi 18 5.0 2.8 5.7
Uyole 18 5.5 3.0 6.2
Mbagala 18 6.4 3.6 5.9
Pugu station 18 4.7 2.6 4.1
Kimara Stopover 18 6.3 3.5 6.0
Tegeta 18 5.6 3.1 3.7
Ukonga 18 5.4 3.0 5.2
Vingunguti 18 4.5 2.5 3.1
ANOVA
Source of Variation SS df MS F
Between Groups 21.660 8 2.707 0.533
Within Groups 777.743 153 5.083
Total 799.403 161
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table were statistically deduced from the scored levels of all the assessed sections
in Tegeta slaughtering facility. The same analysis was applied to vehicles in all
other slaughtering facilities in Dar es Salaam and Mbeya. Since p value is greater
than 0.05 in both Mbeya and Dares Salaam we are accepting the null hypothesis
and conclude that there is statistical no significant difference in compliance with
food quality requirements in the assessed beef transporting vehicles in all sur-

veyed slaughtering facilities.

5. Conclusions

While vehicles in Mbagala, Ukonga Mazizini, Kimara Stopover and Mbalizi were
the highest scored facilities; vehicles in Pugu Station were the lowest ranked. The
highest and lowest scored meat vans with respect to labeling specification were
observed in Ilemi and Pugu Station, respectively. Results show that meat carry-
ing vans observed in Dar es Salaam were more appropriate based on the degree
of separateness of the carcasses carrying compartments compared to Mbeya.
Corrosion free meat contacting surfaces was the lowest scored among the as-
sessed parameters since none of the slaughtering facilities.

The highest and lowest scored levels out of 10 with respect to dust proofing
was in Mbagala, Kimara Stopover and Ukonga Mazizini) and zero (Ilemi), re-
spectively and noted as lowest parameter. The scored mark with respect to water
tightness was not only above the average but also noted as the highest among all
monitored variables, a situation that indicated strongly adherence to this para-
meter of environmental control. Vehicles in all the surveyed facilities with ex-
ception of Mbalizi were not accepted as appropriate for beef transportation in
connection to temperature. The assessment results of vehicles at Ilemi in con-
nection to the carcass holding devices during transportation indicated that they
were extremely not appropriate for beef distribution. While Ilemi was observed
to have the highest scored levels in connection to the hygienic status of beef
transportation, Vingunguti was the lowest among all the surveyed slaughtering
facilities.

The three lowest scored facilities with respect to the availability of edible offal
carrying container in the beef distributing vehicles were Uyole, Vingunguti and
Ilemi. While Pugu station and Uyole were the two highest scored facilities with
respect to water tightness in offals’ carrying containers, Vingunguti and Ilemi,
respectively, were the lowest two ranked facilities. Whereas Kimara Stopover and
Ukonga Mazizini were the only facilities with handwashing accessories, Mbaga-
la, Vingunguti, Tegeta and Pugu, Ilemi, Mbailizi and Uyole facilities had zero
scored indicating that they were absolutely not accepted as appropriated fcarcass
dispatching area. With respect to sanitization, although Ukonga Mazizini was
the highest scored among the assessed facilities, it is not accepted as appro-
priated for carcasses transportation.

The assessment results with respect to protective clothing for vehicles’ staff
indicated that Ukonga Mazizini and Kimara Stopover were the two highest

ranked facilities, with too low scored points to accept that beef is appropriately

DOI: 10.4236/eng.2018.1011057

833 Engineering


https://doi.org/10.4236/eng.2018.1011057

J. T. Mwashiuya et al.

transported. The scored values in the three highest ranked facilities in which ve-
hicles were appropriately accommodated attendant during transportation were
Ukonga Mazizini), Kimara Stopover and Ilemi were too low to conclude that
beef in the surveyed cities is per hygienic specification. With exception to ve-
hicles in Mbagala and Kimara, all the assessed facilities were below 50% for beef
loading specification with respect to the engine status as to whether is running
or switched off. The assessment of beef transporting facilities in connection to
the first hypothesis of this study, indicted very weakly compliance with the re-
quirements a situation that signifies that the vehicles do not comply with speci-
fication is accepted. Based on the fact that p value is greater than 0.05 in both ci-
ties, the null hypothesis was accepted and is concluded that there is statistical no
significant difference in compliance with food quality requirements in the as-

sessed beef transporting vehicles in Mbeya and Dar es Salaam.
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