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Abstract 28 

Meat-based meals are consumed as a source of animal proteins and constitute one of the 29 

leading vehicles for food borne infections in humans. The main objective of this study was to 30 

determine the consumption pattern and the bacteriological quality of meat-based meals 31 

consumed outside households in Kigali. A survey on meat consumption patterns was carried 32 

out in 400 households by using a questionnaire, whereas different meat-based meals were 33 

sampled from 150 snack bars and restaurants.  Enumeration of hygiene indicator bacteria 34 

(total mesophilic bacteria and Escherichia coli) and the qualitative detection of Salmonella 35 

were carried out by using conventional culture methods. The results indicated that goat was 36 

the type of meat that was consumed the most outside the home in Kigali and the meat intake 37 

varied significantly (p ≤0.05) with the social category of the household. The average levels of 38 

total aerobic bacteria and E. coli in meat-based meals were found to be 4.7 and 1.4 log cfu/g, 39 

respectively, whereas Salmonella was detected in 11.7% of all meat-based meals. Eight 40 

factors mostly linked to the cooking treatments and hygienic handling practices for cooked 41 

meals were found to be significantly (p ≤ 0.05) associated with the risk of Salmonella 42 

occurrence in meat-based meals consumed outside the home in Kigali. The findings from 43 

this study strongly suggest the need for proper cooking and/or improvements in hygiene in 44 

the establishments selling ready-to-eat meat-based meals in Kigali, particularly those located 45 

in rural localities. 46 

Key words: meat consumption, Salmonella, hygiene indicator bacteria, ready-to-eat food, 47 

risk factors, Kigali. 48 

1. Introduction 49 

Meat is an important source of valuable proteins for different populations in the world. 50 

However, it constitutes an important vehicle for microbial pathogens responsible for food 51 

borne infections in humans as its composition and physical characteristics are favourable to 52 

the growth of a wide range of microorganisms including pathogens (Doulgeraki, Ercolini, 53 

Villani, & Nychas, 2012; Scallan et al., 2011). Furthermore, animals often carry germs on the 54 

hide or in their digestive tract, and cross-contamination during slaughtering operations is 55 

hardly avoidable (Niyonzima, Ongol, Kimonyo, & Sindic, 2015). 56 

Salmonellosis is known as one of the leading food borne infections in humans (Centers for 57 

Disease Control and Prevention (CDC) (CDC, 2013; EFSA & ECDC, 2015). Though it is 58 

recognised that meat is one of the vehicles of Salmonella infection in humans, the proportion 59 

of human salmonellosis attributable to the consumption of contaminated meat is difficult to 60 
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estimate accurately. This is mainly due to the fact that only a limited number of illness cases 61 

are officially reported. Furthermore, even within the reported cases, a very small proportion 62 

allows the identification of the food vehicle (Greig & Ravel, 2009; Scallan et al., 2011). The 63 

lack of operational disease surveillance systems, particularly in developing countries, has 64 

been identified as the main factor hampering the reporting and determination of causative 65 

agents for food borne diseases (Newell et al., 2010; Stevens et al., 2006).  66 

Meat-based meals have traditionally been consumed within households. However, the 67 

consumption of foods including meat-based meals away from home as ready-to-eat food has 68 

significantly increased during the last decades in both developed and developing countries. 69 

In the United States for example, the share of the household budget allocated to food 70 

consumption outside the home has increased from 20 to 37% in the period between 1960 71 

and 1990 (Lachat et al., 2012). The rising consumption of foods outside the household is 72 

attributable to a number of factors including the affordable prices of ready-to-eat foods as 73 

well as their readily availability to the consumers (Cardinale et al., 2015). Moreover, the 74 

urbanisation of rural areas and the increase of the financial capacity of city dwellers 75 

contribute significantly to the growing consumption of foods outside the household as wealth 76 

was reported to be an important determinant of food consumption away from home  (Ma, 77 

Huang, Fuller, & Rozelle, 2006).  78 

Ready-to-eat foods are generally consumed without any other treatment such as cooking 79 

intended to eliminate or reduce their microbial load. Therefore, the occurrence of microbial 80 

pathogens such as Salmonella in those food products constitutes a great public health 81 

problem. Several authors have reportedly associated food borne disease outbreaks to the 82 

consumption of contaminated ready-to-eat foods (Campos, Gil, Mourão, Peixe, & Antunes, 83 

2015; Gurler, Pamuk, Yildirim, & Ertas, 2015; Osaili et al., 2014; Yang et al., 2016). 84 

The consumption of meat-based meals within Rwandan households has been thoughtfully 85 

reviewed by Niyonzima et al. (2016).  However, to our knowledge, no published study has 86 

yet assessed either the consumption patterns nor the bacteriological quality and safety of 87 

meat-based meals consumed outside the home, though a wide variety of meat-based meals 88 

are commonly consumed in the majority of Rwandan snack bars and restaurants. 89 

The objective of the present study was to assess the modes of consumption, and the 90 

bacteriological quality and safety of meat-based meals consumed outside the households of 91 

Kigali. Data collected through this study can have significant applications in conducting an 92 

exposure assessment of Kigali city inhabitants to meat borne bacterial pathogens such as 93 

Salmonella. 94 
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2. Material and method 95 

2.1. Meat consumption survey 96 

The present study was conducted in the households of Kigali, which constitutes the most 97 

populated city of Rwanda with more that 10% of the national population (National Institute of 98 

Statistics of Rwanda, 2012). The number of sampled households was determined by using 99 

the formula proposed by Yamane (1967): 100 

2)(1 eN

N
n

+
=

   
 101 

where n is the sample size, N is the population size, and e is the level of precision. According 102 

to the most recent statistics, the population of Kigali is estimated to be 1,135,428 inhabitants 103 

(National Institute of Statistics of Rwanda, 2012). With a precision level e of 0.05, the sample 104 

size was estimated to be 400 households. 105 

Selected households were grouped into three (3) socio-economic categories, namely 106 

households with low, medium and high income according to the Rwandan mutual health 107 

insurance scheme (Goverment of Rwanda, 2008). The main characteristics of these 108 

categories are described in Table 1. 109 

From the database of household socio-economic status (data for the year 2012) provided to 110 

us by the Local Development Agency of the Rwandan Ministry of Local Government, 21% of 111 

the sampled households were selected from low income households, whereas 75 and 4% 112 

were chosen from households with medium and high income, respectively. These 113 

proportions are in accordance with the percentages of different social categories of 114 

households in Kigali. The random selection of households for the survey was carried out by 115 

using Microsoft Office Excel 2007 (Microsoft Corporation, Redmond, Washington, USA). 116 

In each household, one member aged 18 years or over was randomly selected and his/her 117 

meat consumption outside the household was monitored through a food frequency 118 

questionnaire for a period of 60 days from February to June 2015. The questionnaire was 119 

composed of two parts. The first section provided socio-demographic information including 120 

the physical address of the household, the household’s social category, as well as the age 121 

and gender of the selected household member. The second section supplied meat 122 

consumption information, namely, the type of meat-based dish consumed by the selected 123 

household member and the consumption frequency.  124 
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The weight of meat components of different meat-based meals consumed by the selected 125 

household member was estimated by using two-dimensional pictures of cooked meat 126 

portions. The use of two-dimensional pictures to estimate food intake has been validated in 127 

several studies as an alternative to conventional weighting methods, which, in some 128 

circumstances, are not suitable because of cultural considerations (Dhingra, Sazawal, 129 

Menon, Dhingra, & Black, 2007; Williamson et al., 2004). 130 

2.2. Microbiological analyses  131 

2.2.1. Collection of meat samples 132 

Meat samples were collected from the establishments selling meat-based meals in the urban 133 

and peri-urban areas of Kigali. From the database of registered establishments selling meat-134 

based meals in Kigali provided to us by local municipalities, 300 snack bars and restaurants 135 

were selected randomly by using Microsoft Office Excel 2007 (Microsoft Corporation, 136 

Redmond, Washington, USA). The selected establishments were visited one by one and the 137 

objectives of the study were explained to their managers. From those who agreed to 138 

participate in the study (n=203), a second random selection was carried out to retain 150 139 

snack bars and restaurants in which the survey and sample collection were performed. 140 

Each snack bar or restaurant was visited once. Information regarding the type of meat used, 141 

meat handling and storage conditions, management of non-meat ingredients, cooking 142 

procedures, management of leftovers, utensil and kitchen hygiene, staff hygiene, cleaning 143 

and disinfection procedures and pest control measures were collected through a 144 

questionnaire administered to the manager of the establishment. After the interview, the 145 

answers were verified by a direct observation on the site, and where necessary, the 146 

corrections were performed. 147 

In each snack bar or restaurant, two meat-based meals were aseptically collected and 148 

placed in separate sterile stomacher bags (VWR, Belgium). The transport of meat samples to 149 

the laboratory was carried out within 2 hours in a cold box with freeze packs. In the 150 

laboratory, meat samples were stored in a freezer at -30 °C and microbiological analyses 151 

were carried out within 24 hours.  Table 2 describes the numbers and the types of meat 152 

samples collected.  153 
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2.2.2. Analytical methods 154 

Meat samples were analysed for the total mesophilic bacteria count (TMC), E. coli count 155 

(ECC) and Salmonella detection. The ISO 7218:2007 Standard protocol (International 156 

Organization for Standardization, 2007) was followed to prepare meat samples. The 157 

determination of total mesophilic bacteria count was performed by using the poor plate 158 

method on plate count agar (VWR, Belgium) as described in ISO 4833:2003 Standard 159 

protocol (International Organization for Standardization, 2003), whereas the E. coli count was 160 

carried out on tryptone bile X-glucuronide agar (Bio-Rad, France) by following the ISO 161 

16649-2:2001 standard protocol (International Organization for Standardization, 2001). When 162 

a sample was found with bacterial numbers below the enumeration threshold for TMC or 163 

ECC subsequent calculations were performed with the value of the detection limit. The ISO 164 

7218:2007 standard indicates that in solid samples, the limit of detection for TMC and ECC 165 

by using, respectively, the ISO 4833:2003 and ISO 16649-2:2001 standard protocols is 1 log 166 

cfu/g (International Organization for Standardization, 2007). 167 

The qualitative detection of Salmonella was performed in 25 grams of meat by following the 168 

ISO 6579:2002 standard protocol (International Organization for Standardization, 2002) with 169 

a non-selective enrichment in buffered peptone water (VWR, Belgium), a selective 170 

enrichment in Rappaport Vassiliadis with soya (Sigma-Aldrich, Belgium) and Muller-Kaufman 171 

tetrathionate novobiocin (Sigma-Aldrich, Belgium) broths and the isolation on xylose-lysine 172 

desoxycholate agar (Sigma-Aldrich, Belgium) and brilliant green agar (Bio-Rad, France). The 173 

biochemical confirmation of characteristic or suspected colonies of Salmonella was 174 

performed by using API20E gallery (bioMérieux, France). 175 

2.3. Statistical analyses  176 

The results from bacterial counts were transformed into log cfu scale base 10 before 177 

subsequent calculations and statistical treatments. One way analysis of variance was used to 178 

assess the variability for normally distributed variables, whereas Kruskal-Wallis (KW) and 179 

Mann-Whitney U (MWU) tests were used for non-normally distributed variables. The 180 

normality of the distributions was assessed by using the Shapiro-Wilk test, whereas the 181 

Pearson chi-square (PCS) test was used to compare the variable proportions. 182 

On the same sample, a correlation between the total bacteria and E. coli counts (continuous 183 

variables) was determined by using Spearman’s rank correlation (rs) whereas the point-184 

biserial correlation (rpb) was used to determine a correlation between ECC and Salmonella 185 

occurrence (binary variable). 186 
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The determination of risk factors for Salmonella occurrence in cooked meat was carried out 187 

by using a binary logistic regression analysis. The outcome variable was the occurrence of 188 

Salmonella positive meals in the snack bar or restaurant. Meat-based meals in a snack bar 189 

or restaurant were declared contaminated by Salmonella if at least one sample was 190 

Salmonella positive. Potential risk factors were first screened to assess their association to 191 

the outcome variable by using the Pearson chi-square test, and only factors significantly 192 

(p≤0.05) associated with the outcome variable were considered eligible for the logistic 193 

regression analysis. All statistical analyses were carried out by using SPSS 16.0 Software 194 

(IBM, USA).   195 

3. Results 196 

3.1. Meat consumption outside the household 197 

The results from the survey showed that meat was consumed in 89% of households, and 198 

goat was found to be the most consumed meat outside the home in Kigali. The average meat 199 

intake outside the household was estimated to 49.6 grams per person and per day (Table 3) 200 

and appeared to significantly differ with the household social category (low-income 201 

households (LI) versus middle-income households (MI): MWU test=369.0, degree of freedom 202 

(df) =1, p=0.000; middle-income households (MI) versus high-income households (HI): MWU 203 

test=0.0, df=1, p=0.000; high-income households (HI) versus low-income households (LI): 204 

MWU test=699.0, df=1, p=0.000). The consumption of meat was significantly high in men 205 

compared to women (MWU test=9998.0, df=1, p=0.000) and appeared to increase with age 206 

(Figure 1). Nevertheless, the localisation of the household (urban versus peri-urban zone) 207 

was not found to significantly influence the meat consumption rate in Kigali (MWU 208 

test=8905.0, df=1, p=0.305). 209 

3.2. Preparation of meat-based meals  210 

Table 4 describes the level of utilisation of meat from different animal species within the 211 

establishments selling meat-based meals in Kigali. Bovine and goat meat were found to be 212 

the most used type of meat as they were reported to be used in 58.7 and 50.0%, 213 

respectively, of the establishments selling meat-based meals in Kigali. Bovine meat 214 

appeared to be most used in restaurants, whereas goat meat was predominantly used in 215 

snack bars. Boiling was found to be the cooking method used in the majority of Kigali city 216 

restaurants but in snack bars, meat-based meals were mostly prepared by grilling (Table 5). 217 

The cooking durations were predominantly long in restaurants compared to snack bars 218 

(Table 6). 219 
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3.3. Bacteriological quality and safety of meat-bas ed meals 220 

Meat-based meals including boiled beef, grilled goat brochettes, fried pork, grilled chicken 221 

and grilled rabbit were analysed for the detection of Salmonella and the assessment of 222 

contamination levels by hygiene indicator bacteria, namely, total mesophilic bacteria and 223 

E. coli. Table 7 describes the levels of hygiene indicator bacteria and the occurrence of 224 

Salmonella in different meat-based meals consumed in Kigali. The mean microbial counts 225 

ranged from 3.25 and 6.61 log cfu/g for total mesophilic bacteria and from 1.32 to 1.70 log 226 

cfu/g for E. coli. Salmonella was isolated from 18.7% of snack bars and restaurants (n=150) 227 

and from 11.7% of all meat samples (n=300). A significant Spearman’s rank correlation was 228 

observed between TMC and ECC (rS=0.637, n=300, p<0.01) for the same sample and the 229 

point-biserial correlation between E. coli counts and the occurrence of Salmonella appeared 230 

to be significant (rpb=0.445, n=300, p<0.01). 231 

The average TMC level of 6.18 log cfu/g observed in snack bars appeared to be significantly 232 

higher when compared to the average TMC (3.25 log cfu/g) recorded in restaurants (MWU 233 

test=1505.0, df=1, p=0.000). However, the levels of ECC in snack bars and restaurants (1.5 234 

versus 1.3 log cfu/g, respectively) were not found to be statistically different (MWU 235 

test=2417.5, df=1, p=0.127). The proportion of Salmonella positive samples appeared to be 236 

significantly (PCS test=11.7, df=1, p=0.001) higher in meat-based meals served in snack 237 

bars (18.0%) than in the restaurants (5.3%). 238 

The microbiological contamination of meat-based meals appeared to be high in rural areas 239 

compared to urban localities of Kigali. The average TMC level recorded in snack bars and 240 

restaurants of urban Kigali (2.92 log cfu/g) was significantly lower than that of 6.60 log cfu/g 241 

observed in rural areas (MWU test=1686.5, df=1, p=0.000). A comparable trend was 242 

observed in ECCs and the occurrence of Salmonella (Figure 2). 243 

3.4. Risk factors for Salmonella contamination in meat-based meals 244 

The binary logistic regression analyses revealed that the risk of Salmonella contamination to 245 

occur in cooked meat meals was four times higher in snack bars than in restaurants 246 

(OR=4.77; 95% confidence interval = 1.81–12.61; p=0.001). Furthermore, factors such as 247 

‘not changing the knife while cutting meat from another animal species or non meat 248 

ingredients’, ‘cooking by grilling or frying rather than boiling’, ‘not wearing specific work 249 

clothing while handling meat’ and ‘absence of pest control measures in the kitchen’ were 250 

found to be associated with an increasing risk of Salmonella contamination. However, 251 
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cooking for a long period, reheating foods prior to serving and a frequent cleaning of the 252 

kitchen decreased the risk of Salmonella occurrence in cooked meat meals (Table 8). 253 

4. Discussion 254 

4.1. Consumption of meat-based meals 255 

Beef and goat meat were found to be the types of meat consumed the most outside the 256 

home in Kigali. The high consumption of these two types of meat could be explained by their 257 

affordability to the population of Kigali. Due to the lack of public slaughterhouses for animal 258 

species other than bovines and small ruminants in Rwanda in general and particularly in 259 

Kigali (Rwandan Ministry of Agriculture and Animal Resources, 2012), pigs, poultry and 260 

rabbits are general slaughtered in private meat abattoirs. This result in an increased 261 

production cost for meat from animals other than bovines (and small ruminants), and 262 

consequently, higher prices on Kigali city markets. Recent statistics indicate that beef and 263 

goat meat represent 51.6% of the Rwandan meat production (Food and Agriculture 264 

Organisation, 2015). 265 

The consumption of meat in Kigali was found to be high in people from households with high 266 

incomes compared to those from other social categories. This may be justified by the 267 

purchasing power of people from that particular category as the wealth was reported to be 268 

the major determinant of meat consumption (McAfee et al., 2010; Sans & Combris, 2015; 269 

Speedy, 2003). Our findings are in agreement with the studies conducted in different 270 

countries such as the United states (Daniel, Cross, Koebnick, & Sinha, 2011), China (Ma et 271 

al., 2006), Brazil (de Carvalho, César, Fisberg, & Marchioni, 2014), Equatorial Guinea (East, 272 

Kümpel, Milner-Gulland, & Rowcliffe, 2005; Fa, Albrechtsen, Johnson, & Macdonald, 2009) 273 

and Gabon (Wilkie et al., 2005), where a positive correlation between meat consumption and 274 

the wealth of the population was reported.  275 

The meat intake outside the home by females was found to be low compared to males, 276 

probably because, in the Rwandan culture, women do not frequent bars as men do. 277 

According to Rwandan customs, the consumption of alcoholic beverages is generally 278 

reserved for men (Adekunle, 2007). Therefore, Rwandan women frequent less often than 279 

men the establishments such as snack bars where alcoholic beverages are more consumed 280 

by men. Another reason would be the low financial capacity of Rwandan women to afford the 281 

purchase of meat-based meals outside their household. Previous studies highlighted that in 282 

developing countries, the purchasing power was significantly low for women compared to 283 

men (Bastos, Casaca, Nunes, & Pereirinha, 2009; Burnet, 2011; Quisumbing, Haddad, & 284 
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Peña, 2001). The findings from our study are in agreement with the study by de Carvalho et 285 

al. (2014) in Sao Paulo (Brazil) where an average daily meat intake of 200.2 g was reported 286 

for males versus 130.6 g for females. A comparable trend was reported by Daniel et al. 287 

(2011) in Unites States (158.3 and 103.2 g of total meat per day for males and females, 288 

respectively) and in European countries where the consumption of all categories of pork was 289 

reported to be significantly low in women compared to men (Verbeke, Pérez-Cueto, 290 

Barcellos, Krystallis, & Grunert, 2010). 291 

The low meat consumption observed in young adults (18–30 years old) may be due to their 292 

limited financial capacity to afford the purchase of meat-based meals outside their 293 

households compared to people from other age categories. Comparable findings were 294 

reported in Ireland (Cosgrove, Flynn, & Kiely, 2005) where an average daily meat intake of 295 

128.5 g was observed in young adults (18–35 years old) versus 134.5 g in adults (36–50 296 

years old). However in Brazil (de Carvalho et al., 2014), the consumption of meat (including 297 

meat consumed within the household) appeared to be higher among youth than adults 298 

(178.6 g of total meat per day for adolescents versus 167.7 g for adults). A similar trend was 299 

reported in the United States of America where an average daily meat intake was estimated 300 

at 149.0 g in people aged from 20 to 49 years versus 130.9 g for people aged from 50 to 69 301 

years (Daniel et al., 2011). 302 

Contrary to other studies conducted in developing countries that have reported low meat 303 

intake in rural communities (Ayele & Peacock, 2003; Delgado, 2003; Heinz & Hautzinger, 304 

2007), the meat intake recorded in the peri-urban region of Kigali was found to be equivalent 305 

to that observed in city dwellers. Different studies have reported that people living in rural 306 

areas but near large cities had the opportunity to get jobs in these cities and their income 307 

was found to be comparable to that of city dwellers (Eliasson, Westlund, & Johansson, 2014; 308 

Wang, Huang, Zhang, & Rozelle, 2011). This could explain the equivalent meat intake 309 

recorded in both urban and peri-urban areas of Kigali city as wealth is recognised to be the 310 

main determinant of meat consumption (McAfee et al., 2010; Sans & Combris, 2015; 311 

Speedy, 2003). 312 

Previous studies have reported that the average meat intake within the households of Kigali 313 

was 34.4 grams per person, per day (Niyonzima et al., 2016). Therefore, the global meat 314 

intake (within and outside the home) is estimated to be 84.0 grams per person, per day. 315 

Although the meat consumption rate observed in Kigali seems to be low in relation to the 316 

average meat intake of 93.9 grams per person, per day recorded in developing countries 317 

(Food and Agriculture Organization, 2014), it appears to have significantly increased with the 318 
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country’s growing economy.  In the 2000s, the Rwandan global meat intake was estimated to 319 

be 13.3 grams per person, per day (Speedy, 2003). 320 

4.2. Bacteriological quality of the consumed meat 321 

The selection of the establishments from which meat samples were collected required the 322 

willingness of their managers to participate in the study, and this could have introduced a 323 

bias in the recorded findings. However, as a large proportion (68%) of the establishments 324 

agreed to participate in the study and the selection of these establishments was carried out 325 

randomly, the introduced bias is relatively minimal. 326 

The total mesophilic bacteria and E. coli counts are respectively recognised as indicators of 327 

general hygiene and fecal contamination in foods (International Organization for 328 

Standardization, 2001, 2003). In our study, the levels of hygiene indicator bacteria in different 329 

meat-based meals were found to be relatively high. This could be attributed to a deficient 330 

cooking process and/or a post-cooking contamination of meat-based meals. It is generally 331 

recognised that main enteric bacteria are destroyed at conventional pasteurisation 332 

temperatures (Jay, Loessner, & Golden, 2005; Korsak, Clinquart, & Daube, 2004). However, 333 

as cooking times and temperatures may vary from one meat product or establishment to 334 

another, the possibility of inadequate cooking treatments should not be excluded. Several 335 

authors have reportedly associated the survival of enteric bacteria in cooked meat to 336 

deficient cooking treatments (Breslin et al., 2014; Lahou et al., 2015; Roccato et al., 2015; 337 

Silva & Gibbs, 2012). The bacterial contamination of meat products from the handlers or the 338 

processing environment can also occur after cooking. Factors such as dirty utensils, unclean 339 

works surfaces and deficient hygiene for personnel were reported to be associated with the 340 

bacterial contamination of cooked meat products (Cardinale, Perrier Gros-Claude, Tall, 341 

Guèye, & Salvat, 2005; Cardinale et al., 2015). 342 

The mean TMC (4.7 log cfu/g) recorded in meat-based meals consumed in Kigali was found 343 

to be comparable to those recorded in other developing countries. The studies conducted in 344 

Cameroon (Yannick, Niba, & Akwah, 2013) and in Sudan (Abdalla, Suliman, & Bakhiet, 345 

2009) showed average total bacteria loads of 4.5 and 4.6 log cfu/g in cooked pork and 346 

chicken meals, respectively. In Taiwan, mean total bacteria loads of 5.7 and 5.6 log cfu/g 347 

were respectively reported in street vended chicken and pork meals (Manguiat & Fang, 348 

2013), whereas TMC levels as high as 7.2 log cfu/g  were recorded in street meat-based 349 

sandwiches in Ethiopia (Muleta & Ashenafi, 2001). Nevertheless, Mosupye and Von Holy 350 

(2000) reported lower TMC levels (1.9–2.6 log cfu/g) in beef and chicken-based street foods 351 

sold in Johannesburg (South Africa). 352 
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Concerning E. coli, a mean count of 1.4 log cfu/g was recorded in the present study. Our 353 

findings are comparable to E. coli loads of 1.3 and 1.4 log cfu/g, respectively reported in 354 

grilled pork and chicken meals in Philippines (Manguiat & Fang, 2013). However, higher 355 

counts were reported in Lubumbashi (the Democratic Republic of Congo) where E. coli loads 356 

as high as 4.2 log cfu/g were recorded in street goat brochettes (Kabwang, 2013) and in 357 

Sudan, where a mean E. coli load of 3.2 log cfu/g was observed in street cooked beef and 358 

chicken meals (Abdalla et al., 2009).  359 

As for hygiene indicator bacteria, the occurrence of Salmonella was found to significantly (p ≤ 360 

0.05) vary in different types of meat-based meals. The prevalence of Salmonella was found 361 

to be significantly lower in boiled beef comparatively to grilled or fried meat. This could be 362 

attributed to higher time and temperature treatments applied to beef during the cooking 363 

process. In our study, all beef samples were collected in restaurants where beef is generally 364 

prepared in sauces and the cooking duration is relatively long. Ninety-four per cent of 75 365 

restaurants reported boiling beef for more than one hour, whereas in snack bars, meat was 366 

grilled or fried for shorter periods. The temperature and the cooking duration were found to 367 

be important factors in the destruction of microorganisms in foods and several studies have 368 

reported the survival of Salmonella in undercooked meat products (Breslin et al., 2014; 369 

Lahou et al., 2015; Roccato et al., 2015). Another reason for higher prevalence of Salmonella 370 

in grilled or fried meat would be their contamination from the non-meat components of the 371 

dish. In most snack bars in Kigali, grilled or fried meat was generally served with uncooked 372 

vegetable salads that could be a source of Salmonella through cross-contamination. Several 373 

studies have reported the occurrence of Salmonella in ready-to-eat raw vegetable salads 374 

(Gómez-Aldapa, Rangel-Vargas, & Castro-Rosas, 2013; Gurler et al., 2015; Wijnands et al., 375 

2014). 376 

In our study, the overall Salmonella prevalence in ready-to-eat meat-based meals was found 377 

to be 11.7%. Ours findings are comparable to the prevalence of 15.1% in grilled goat 378 

brochettes (n=139) and 10.1% in street poultry meals (n=444), respectively reported in the 379 

Democratic Republic of Congo (Kabwang, 2013) and Senegal (Cardinale et al., 2005). 380 

Nevertheless, Salmonella prevalence as low as 2.6% in ready-to-eat pork based meals 381 

(n=117) and 0.2% in beef based meals (n=478) were reported in China (Yang et al., 2016) 382 

and Jordan (Osaili et al., 2014), respectively.  383 

The levels of hygiene indicator bacteria and the occurrence of Salmonella were found to be 384 

significantly higher in meat-based meals sold in peri-urban areas of Kigali compared to urban 385 

localities. This could be associated with the lack of hygiene and sanitary facilities such as 386 
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proper running water in rural areas, but most importantly, to less frequent sanitary controls by 387 

competent authorities in rural meat selling establishments.  Our findings are in agreement 388 

with a study conducted in Lubumbashi (the Democratic Republic of Congo) that revealed that 389 

hygiene conditions in the restaurants were less satisfactory in rural areas than in cities 390 

(Kabwang, 2013). 391 

A significant and positive correlation was observed between total mesophilic bacteria and 392 

E. coli counts for the same sample and between ECC and the occurrence of Salmonella, 393 

indicating that the prevalence of Salmonella increases with the levels of hygiene indicator 394 

bacteria in meat samples. This would suggest that hygiene improvements in the 395 

establishments selling meat-based meals can significantly contribute to a reduction in the risk 396 

of Salmonella contamination in meat-based meals. 397 

4.3. Risk factors for Salmonella contamination in meat-based meals 398 

Eight risk factors were found to be significantly associated with the occurrence of Salmonella 399 

in meat-based meals served in snack bars and restaurants of Kigali. The risk of Salmonella 400 

contamination was high in meat-based meals sold in snack bars than in restaurants. This can 401 

be explained by the fact that meat-based meals served in the restaurant (in most cases 402 

sauces) undergo a long heat treatment likely to destroy all bacterial pathogens present in 403 

meat. In snack bars, the cooking duration was relatively shorter and may suggest an 404 

undercooking and a possible survival of Salmonella particularly in depth of large piece of 405 

meat. Furthermore, uncooked vegetable salads generally served together with meat-based 406 

meals in snack bars could significantly contribute to the increased risk of Salmonella 407 

occurrence. 408 

Not changing the knife used while cutting meat from another animal species or non-meat 409 

ingredients such as vegetables, was found to be associated with a high risk of Salmonella 410 

contamination in meat-based meals. In kitchens where diverse meat-based meals are 411 

prepared, raw materials of various kinds are generally handled closely together to create 412 

numerous opportunities for cross-contamination. Therefore, the utilisation of the same knife 413 

for cutting different raw material may contribute significantly to the dissemination of bacterial 414 

pathogen such as Salmonella into the processed meat products. Previous studies have 415 

reportedly associated Salmonella cross-contamination during the processing of meat 416 

products with the use of contaminated cutting equipment, particularly the knives (Hald, 417 

Wingstrand, Swanenburg, Von Altrock, & Thorberg, 2003; Mackey & Derrick, 1979). 418 
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The absence of pest control measures in the kitchen of restaurants and snack bars 419 

increased the risk of Salmonella contamination in the served meat-based meals. This could 420 

be explained by the possible dissemination of Salmonella on raw material and/or cooked 421 

meat meals through cross contamination by pests. Vermin such as flies were found to be 422 

implicated in the dissemination of bacterial pathogens on food products from the soiled 423 

environment (Jay et al., 2005; Niyonzima et al., 2015). Nevertheless, the risk of Salmonella 424 

contamination was reduced by a frequent cleaning of the kitchen and utensils used for meat 425 

preparation. Our findings corroborated the studies by Christison et al. (2007, 2008) where the 426 

kitchen utensils, food handlers and work surfaces were identified as potential sources of 427 

bacterial contaminations in ready-to-eat foods in Johannesburg (South Africa). It was also 428 

found that reheating meat-based meals prior to serving resulted in reducing the risk of 429 

Salmonella contamination.  This could be attributed to the additional thermal destruction of 430 

residual Salmonella cells and/or new bacterial contaminants introduced into meat after the 431 

cooking process. Post-cooking contamination in ready-to-eat foods including meat has been 432 

reported in different countries such as Madagascar (Cardinale et al., 2015), Senegal 433 

(Cardinale et al., 2005), South Africa (Mosupye & Von Holy, 2000) and Trinidad (Badrie, 434 

Joseph, & Chen, 2003). 435 

5. Conclusions 436 

The findings from this study indicate that meat is regularly consumed outside the home in 437 

Kigali, and goat brochettes constitute the most consumed meat-based dish. The levels of 438 

hygiene indicator bacteria in different meat-based meals as well as the prevalence of 439 

Salmonella appeared to be relatively high. Therefore, there is a need to improve hygienic 440 

meat handling and/or cooking practices in the establishments selling meat-based meals in 441 

Kigali to limit the transmission of bacterial pathogens to humans through the consumption of 442 

contaminated meat.  443 
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Highlights 453 

1. Goat is the most consumed type of meat outside the home in Kigali. 454 

2. The meat consumption rate grows with the social category of the household. 455 

3. The prevalence of Salmonella in the consumed meat-based meals is relatively high. 456 

4. Hygiene improvements are needed in the establishments selling meat-based meals. 457 

 458 

459 
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Table 1. Numbers and main characteristics of different categories of households 660 

Category of the households Number Main characteristics of the household 

Low-income  household 70 

Has no farmland or livestock. Does not have or has a poor shelter. The household food 

needs are not regularly fulfilled.  The household cannot afford the payment of school fees 

for children or the basic medical care for any member of the household. 

Middle-income household 270 

Has farmland, livestock and/or practices a revenue generating activity. Does have a 

shelter and can fulfill regular food needs. Can afford the payment of school fees for 

children up to the secondary school level and the basic medical care for any member of 

the household. 

High-income household 17 

Has farmland, livestock and/or practices a revenue generating activity. The household 

food needs are regularly fulfilled. The household owns one or many houses and/or 

vehicles. It can afford the payment of school fees for children up to the university level and 

any medical care for all household members. 

(*) Source: Rwanda Ministry of Local Governement (2012) 661 

662 
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Table 2. Types and numbers of collected meat sample s 663 

Type of meat Cooking process Number of bars or restaurant Number of samples collected 

Bovine meat Boiling (a) 75 150 

Goat meat Grilling 42 84 

Pork Frying 15 30 

Chicken Grilling 10 20 

Rabbit Grilling 8 16 
(a) In most of the establishments, meat was first fried and then boiled with different ingredients. 664 

 665 

 666 

Table 3. Daily meat intake in different social categories of households. Values are means (± standard deviation) of meat intakes (g/pers.day). In 667 

the same column, different superscript letters indicate a significant difference (p ≤ 0.05). 668 

 n 
Daily meat intake 

Beef Goat/ mutton Pork Chicken Rabbit All species 

Low-income households 70 0.4 ± 0.7a 0.2 ± 1.0a 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.7 ± 1.3  a 

Middle-income households 270 11.2 ± 13.4 b 39.5 ± 54.7b 0.7 ± 2.8a 2.7 ± 9.0a 1.1 ± 5.6a 56.0 ± 57.0 b 

High-income households 17 53.2 ± 26.2 c 62.5 ± 112.5c 10.4 ± 32.7b 42.1 ± 83.5b 2.6 ± 7.3a 150.4 ±137.7c 

Total 357 11.1 ± 16.5 32.9 ± 55.8 1.0 ± 7.6 4.0 ± 21.2 0.9 ± 5.1 49.6 ± 65.5 
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Table 4. Utilisation of meat from different animal species in snack bars and restaurants of Kigali. Values are numbers (percentages) of 671 

establishments using meat from a given animal species for the preparation of meat-based meals. 672 

 n 
Type of meat 

 Beef Goat /mutton Chicken Pork Rabbit 

Snack bars 75  21 (28.0%) 61 (81.3%) 46 (61.3%) 24 (32.0%) 42 (56.0%) 

Restaurants 75  67 (89.3%)  14 (13.3%) 0 (0.0) 0 (0.0) 0 (0.0) 

Total 150  88 (58.7%)  75 (50.0%) 46 (30.7%) 24 (16.0%) 42 (28.0%) 

 673 

Table 5.  Utilisation of different cooking methods in snack bars and restaurants of Kigali. Values are percentages of snack bars (of restaurants) 674 

using a given cooking method for the preparation of meat-based meals. 675 

 
Type of meat 

 Beef Goat /mutton Chicken Pork Rabbit 

Boiling  0.0 (89.6) 0.0 (14.3) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 

Grilling  85.7 (0.0) 100.0 (0.0) 84.8 (0.0) 25.0 (0.0) 100 (0.0) 

Frying  14.3 (10.4) 0.0 (85.7) 15.2 (0.0) 75.0 (0.0) 0.0 (0.0) 

 676 

 677 
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Table 6 . Estimated cooking duration for meat in snack bars and restaurants of Kigali. Values are percentages of snack bars (of restaurants) 679 

cooking meat-based meals during a given period. 680 

 

Type of meat 

 Beef Goat /mutton Chicken Pork Rabbit 

30-45 min 85.7 (0.0) 95.1 (85.7) 45.7 (0.0) 87.5 (0.0) 92.9 (0.0) 

45-60 min 0.0 (6.0) 4.9 (0.0) 43.5 (0.0) 12.5 (0.0) 7.1 (0.0) 

60 min < 14.3 (94.0) 0.0 (14.3) 10.9 (0.0) 0.0 (0.0) 0.0 (0.0) 

  681 

Table 7. Bacteriological quality of meat-based meals.  Bacteriological counts: values are means (±standard deviation) of bacteriological counts. 682 

Salmonella detection: values are numbers and percentages of Salmonella positive samples. In the same column, different superscript letters 683 

indicate a significant difference (p ≤ 0.05). 684 

 n Bacteriological counts (log cfu/g) Salmonella detection 

Total mesophilic bacteria E. coli Num. of positive samples Percent 

Boiled beef 150 3.6 ± 1.9a 1.3 ± 0.4 a 8 5.3% a 

Grilled goat meat 84 6.0 ± 3.5 b 1.4 ± 0.5 a 16 19.0%b 

Fried pork 30 6.6 ± 3.1 b 1.3 ± 0.4 a 6 20.0% bc 

Grilled chicken 20 6.2 ± 3.4 b 1.5 ± 0.5 a 3 15.0% abc 

Grilled rabbit 16 6.4 ± 3.5 b 1.7 ± 0.7 a 2 12.5% abc 

Total 300 4.7 ± 3.1  1.4 ± 0.5  35 11.7% 
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Table 8. Risk factors for Salmonella occurrence in the establishments selling meat-based 686 

meals in Kigali. 687 

Variable Percentage of Salmonella positive 

establishments (*). 

Binary logistic regression 

Odds ratio 95% CI p-value 

Type of the establishment selling meat-based meals 

 Snack bar 29.3 4.774 1.81–12.61 0.001 

 Restaurant 8.0 1   

Changing knife to cut meat from different animal species and non-meat ingredients 

 Yes 3.0 1   

 No 23.1 9.600 1.25–73.56 0.009 

Cooking method for meat-based meals preparation 

 Boiling 8.0 1   

 Grilling 28.3 4.547 1.66–12.43  

 Frying 33.3 5.750 1.48–22.39 0.003 

Estimated duration of the cooking process 

 30–45 min 30.1 1   

 45–60 min 8.3 1   

 60 min< 7.7 0.193 0.07–0.55 0.002 

Previously cooked foods and only reheating at consumption 

 Yes 7.6 0.217 0.08–0.61 0.002 

 No 27.4 1   

Frequency of cleaning the kitchen 

 Only once a day 36.8 1   

 Several times  7.5 0.140 0.06–0.36 0.032 

Specific work clothing for personnel 

 Yes 4.5 1   

 No 24.5 6.825 1.54–30.16 0.004 

Presence of measures against vermin in the establishment 

 Yes 6.8 1.0   

 No 30.7 5.989 2.14–16.80 0.000 

(*) Meat-based meals served in a given establishment were considered contaminated by 688 

Salmonella if at least one meat sample was found to be Salmonella positive.689 
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 703 

 704 

Figure 1. Meat consumption by age and gender category. Values are mean daily meat 705 

intakes (g/person). Errors bars represent standard error. For the same age category, 706 

different letters indicate a significant difference (p ≤ 0.05). 707 
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 731 

Figure 2. Occurrence of Salmonella in meat-based meals sold in urban and rural localities of 732 

Kigali. Values are proportions (percentage) of Salmonella positive samples. Errors bars 733 

represent standard error. For the same type of meat-based dish, different letters indicate a 734 

significant difference (p ≤ 0.05). 735 
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