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Abstract 7 

The occurrence and susceptibility of multidrug resistant (MDR) bacteria obtained from 8 

food to aqueous leaf extracts of Acalypha hispida (ALEAH)  were determined using 9 

standard bacteriological and disc diffusion methods. In rice, Total Heterotrophic Counts 10 

(THC), Total Coliform Counts (TCC) and Total Feacal Counts (TFC) ranged from 11 

3.3x103 to 1.9x104 (CFU/g), 1.9x103 to 3.6x103 (CFU/g) and 1.0x102 to 1.6x102 (CFU/g), 12 

respectively. In ‘garri’, highest THC (2.0x 104 CFU/g), highest TCC (1.2x 104 CFU/g) 13 

were obtained in sample GA-03 and lowest TCC (2.0x 103 CFU/g) were obtained in 14 

samples GA-04 and GA-11. In ‘fufu’, the THC and TCC ranged from 7.3x 103 to 9.5x 15 

103 (CFU/g) and 2.6x 103 to 4.6x 103 (CFU/g), respectively, while ≥ 70% ‘fufu’ had no 16 

TFC. Eight genera (Escherichia, Staphylococcus, Enterobacter, Streptococcus, 17 

Klebsiella, Proteus, Pseudomonas and Salmonella were obtained in the food samples. 18 

Growths of single bacterial isolate were obtained in 41.7% of rice, while co-19 

contamination with two and three isolates were observed in 33.3% and 25.0% samples, 20 

respectively. Only 50.0%, 16.7% and 33.3% of ‘garri’ had growth of single, two and 21 

three bacterial isolates, respectively, while between 1 (8.3%) to 5 (41.7%) of ‘fufu’ and 22 

rice had growth of two and three bacterial isolates. The ALEAH contained alkaloids, 23 
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cardiac glycoside, phenolics, saponin, tannin, flavonoids, deoxy- sugar, anthraquinones 24 

and phlobatanins. The results showed that between 45.5% to 66.7% bacterial isolates 25 

were multidrug resistant. Of 56.3% MDR S. aureus obtained from the boiled rice, fufu’ 26 

and ‘garri’ only SAF4 and SAR3 had the same resistance patterns. The discs containing 27 

20 mg/ml and 80 mg/ml ALEAH showed the lowest and highest activity of 6.7±1.8 mm 28 

and 13.6±1.0 mm, respectively. Streptococcus spp SPF1; E coli ECG3, and P. aeruginosa 29 

PAF2 were resistant to 20 mg/ml and 40 mg/ml of the ALEAH. Conclusively, there is 30 

need to  always evaluate the bacteriological quality of the food sold in the fast food 31 

centres / restaurants from time to time and train the food handlers on food safety 32 

practices.  33 

Key Words: Acalypha hispida, Antibiotics, Phytochemicals, Extracts, Susceptibility, Uyo 34 

Introduction: 35 

There have been significant increases in the patronage of restaurants, cafeteria and fast 36 

food centres all over the world as a result of the busy nature of people (Akpomie and 37 

Akpan, 2013). Rice is one of the most widely consumed staple foods in Asia, Pacific, 38 

America and Africa. The nutritional value of rice is provided by its content in 39 

carbohydrate, sugar, fibre, energy, fat, protein, water, iron, calcium and zinc (Kaneko et 40 

al., 1995). Among the fermented cassava products of cassava roots are “garri” and “fufu” 41 

(Ogiehor et al., 2007; Padonou et al., 2009). Cassava root is normally processed before 42 

consumption so as to detoxify, preserve, modify and improve their overall organoleptic 43 

properties (Oyewole, 1991). Fufu and ‘garri’ are staple foods of West , Central and 44 

Southern Africa. Fufu is made by steeping whole or cut peeled cassava roots in water to 45 

ferment for three to five days, depending on ambient temperature, while ‘garri’ is 46 
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processed by peeling the root, washing, grating, solid state fermentation, pulverizing and 47 

roasting (Oyewole and Sanni, 1995). Cooked garri or ‘Eba’ as it is called by the 48 

‘Yorubas’ or ‘Garri’ by the ‘Igbos’, is stiff dough made by soaking ‘garri’ in hot water 49 

and kneading it with a flat wooden baton. Both cooked fufu and ‘garri’ are eaten by 50 

taking small ball of these food samples in one's fingers and then dipping into an 51 

accompanying soup. The partially unhygienic conditions in which these foods are 52 

prepared posses serious concerns to public health. 53 

                  The global incidence of food borne diseases is difficult to estimate, but it has 54 

been reported that in the year 2005, 1.8 million people died from diarrheal diseases. A 55 

great proportion of these cases were attributable to the consumption of contaminated food 56 

and water. Food and Agricultural Organisation and World Health Organisation concluded 57 

that illness due to contaminated food was the most prevalent health problem in the world 58 

and also an important cause of reduced economic productivity (Kaferstein et al., 1997). 59 

The nutritional constituents of these foods serve as a rich medium for the growth of 60 

microorganisms that might contaminate them as the potential sources of contamination of 61 

these foods are soil, water, air, human beings, processing equipment, raw materials and 62 

packaging materials (Banwart, 2004; Akpomie and Akpan, 2013).  63 

                 The continuous spread of multidrug-resistant pathogens has become a serious 64 

threat to public health and also a major concern to the clinicians (Sanders and Sanders, 65 

1992; Akinjogunla et al. 2010). One of the ways to prevent antibiotic resistance of 66 

pathogenic species is to use new compounds that are not based on existing antimicrobial 67 

agents (Shah, 2005; Akinjogunla et al., 2010). Screening of compounds obtained from 68 

plants for their pharmacological activity has resulted in the isolation of innumerable 69 
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therapeutic agents representing molecular diversity engineered by nature (Akinjogunla et 70 

al. 2011). Acalypha hispida is an erect, dioecious flowering plant of 1.8 to 3.7 metres tall. 71 

It belongs to the family Euphorbiaceae, subfamily Acalyphinae and is commonly called 72 

Philippines Medusa, red hot cat's tail or fox tail. A. hispida originated in Oceania, but has 73 

become naturalized to multiple countries in America, Asia and Africa (Meyer, 1982). The 74 

leaves of A. hispida are astringent and used to treat leprosy and kidney ailments 75 

(McLaughlin and Rogers, 1999; Onocha et al., 2011). The decoction of the leaves and 76 

flowers is used as a laxative and diuretic in gonorrhea, and the bark acts as an expectorant 77 

in asthma and the flowers are used to treat diarrhoea and dysentery (McLaughlin and 78 

Rogers, 1999). The aim of this study was to determine the occurrence of food pathogens 79 

in ready to eat foods sold in some restaurants and fast food centres in Uyo and also to 80 

evaluate the susceptibility of multidrug resistant bacteria obtained to aqueous leaf 81 

extracts of Acalypha hispida. 82 

Materials and Methods  83 

Study Area 84 

 85 

Uyo is a city in South-Southern Nigeria and is the capital of Akwa Ibom State. Akwa 86 

Ibom State shares boundaries with Abia, Cross River and Rivers States. The population 87 

in Uyo is estimated to be about 451,128. Uyo is located between latitudes 5º 02' 37" 88 

North and longitudes 7º 54' 06" East. There are many restaurants, canteens and fast food 89 

centres in Uyo. The busy and cosmopolitan nature of this city necessitates that people eat 90 

out to satisfy the natural desire for nutritious diets. 91 

Collection and Bacteriology of food Samples                                                                                                           92 

A total of 36 food samples consisting of boiled rice (N=12),’garri’ (N=12) and ‘fufu’ 93 
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(N=12) were purchased from twelve (12) fast-food centres / restaurants between May to 94 

June, 2013. The food samples were aseptically collected using sterile containers, 95 

carefully labelled to reflect the date, time and place of collection, and were transported to 96 

the Microbiology Laboratory immediately for bacteriological analysis. One gram of each 97 

of the food samples was added into 10 ml of peptone water and then shaken vigorously to 98 

dislodge adhered bacteria. Serial dilutions were made to obtain 10-1, 10-2, 10-3, 10-4 and 99 

10-5 dilutions. Zero point one (0.1) ml of the serially diluted sample was transferred onto 100 

plates of MacConkey Agar (MCA), Nutrient Agar (NA) and Eosine Methylene Blue 101 

(EMB) agar and incubated aerobically at 37 oC overnight. After incubation, the colonies 102 

on the positive plates were counted to obtain the Total Heterotrophic Counts (THC), 103 

Total Coliform Counts (TCC) and Total Feacal Counts (TFC) respectively on the plates. 104 

Thereafter, the colonies were subcultured onto plates of nutrient agar and incubated at 105 

37 oC for 24 hr. Pure cultures of isolates were streaked onto nutrient agar slants, 106 

incubated at 37 oC for 24 hr and stored in the refrigerator at 4 oC for characterization and 107 

identification. All isolates were Gram stained and subjected to various biochemical tests 108 

using standard methods (Fawole and Oso, 1988; Holt et al., 1994; Cheesbrough, 2006).  109 

Antibiotic Susceptibility Testing and Multidrug Resistant (MDR) 110 

Bacteria 111 

Sixty-six (66) bacterial isolates obtained from the food samples were kept on nutrient 112 

agar slants at room temperature and their susceptibility to antibiotics were determined 113 

using disc diffusion method according to NCCLS (2004). Zero point one (0.1) ml of each 114 

bacterial isolates prepared directly from an overnight agar plate adjusted to 0.5 115 

McFarland Turbidity Standard was inoculated using sterile pipette onto each of the plates 116 
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containing Mueller-Hinton Agar (MHA). The inoculated Mueller-Hinton Agar plates 117 

were then allowed to stay for about 3-5 min for the surface of the agar to air dry. The 118 

discs containing ten antibiotics: Penicillin (PN, 10µg), Ceftazidime, (CEP, 30µg), 119 

Streptomycin (S, 30µg), Pefloxacin (PEF,5µg), Gentamycin (CN, 10µg), Ofloxacin 120 

(OFL, 5µg), Nalidixic acid  (NA, 5µg), Augmentin (AU, 10µg), Ciprofloxacin (CPX, 121 

5µg) and Cotrimoxazole (SXT, 30µg) (Oxoid, UK) were aseptically placed onto the 122 

surfaces of the Mueller-Hinton agar plates using a sterile forceps and gently pressed to 123 

ensure even contact. The plates were incubated at 37 ºC for 18 hr and the zones of 124 

inhibition after incubation were observed and the diameters of inhibitory zones were 125 

measured in millimeters (mm) using a ruler. The interpretation of the measurement as 126 

sensitive and resistant was made according to the manufacturer’s standard zone size 127 

interpretative manual. The intermediate readings were considered as sensitive for the 128 

assessment of the data. Bacterial isolates that were resistant to three or more antibiotics 129 

were taken as multiple antibiotic resistant bacteria (Jan et al., 2002). 130 

Sources of Acalypha hispida  131 

Acalypha hispida was obtained in Uyo, Akwa Ibom State. This plant was identified at 132 

Department of Botany and Ecological Studies, University of Uyo and later transferred to 133 

Pharmacognosy and Natural Medicine Laboratory, Faculty of Pharmacy, University of 134 

Uyo for processing. The plant was washed under running tap water and with distilled 135 

water in order to remove extraneous matters (sand e.t.c), and air-dried at room 136 

temperature for one month. The dried plant part was pulverized and stored in polythene 137 

bag until required.  138 

Preparation and Concentration of Plant Extracts 139 
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The powdered A. hispida (about 3 kg) was exhaustively extracted by Soxhlet Apparatus 140 

using aqueous. The filtrate was evaporated using a rotary evaporator attached to a vacuum 141 

pump (Model type 3492, Corning Ltd). After complete evaporation, the extract was 142 

weighed and preserved at 4 ºC. The graded concentrations (20, 40 and 80) mgml-1 of the 143 

extracts were prepared using 100 ml of dimethyl sulphoxide. 144 

                              145 

                            Fig i: Acalypha hispida 146 

 147 

Phytochemical Screening of Aqueous Leaf Extract of Acalypha hispida 148 

(ALEAH) 149 

The phytochemical components of ALEAH were determined using the methods of 150 

Sofowora (1986; 1993); Trease and Evans (1996). 151 

Test for Saponins: Half a gram 0.5 g of the filtered ALEAH was put in a test tube and 152 

2 ml of distilled water was added and shaken vigorously. Formation of frothing which 153 

persisted on warming was taken as preliminary evidence for the presence of saponins.  154 
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Test for Tannin:  Half a gram (0.5 g) of the filtered ALEAH was stirred with 5 ml of 155 

distilled water and 5 % Ferric Chloride reagent added. A blue-black colouration indicated 156 

a positive test.  157 

Test for Phlobatanins:  Half a gram (0.5 g) of ALEAH was added to 3 drops of 158 

40 % formaldehyde, 6 drops of dilute HCl was also added to boiling and cool. A 159 

precipitate was formed, if positive and washed with hot water; this left a colourless 160 

residue after washing, indicating the presence of phlobatanins.  161 

Test for Cardiac Glycoside: Half a gram (0.5 g) of ALEAH was dissolved in 2 ml 162 

of chloroform concentrated sulphuric acid (H2SO4) was carefully added to form a lower 163 

layer. A reddish-brown colour at the interface indicated a positive test.  164 

Test for Anthraquinones: Half a gram (0.5 g) of ALEAH was boiled with 5 ml of 165 

10 % sulphuric acid (H2SO4) and filtered. The filtrate was cooled in ice and shaken with 166 

2.5 ml benzene, the benzene layer separated and half its own volume of 10 % ammonium 167 

hydroxide (NH4OH) was added. A pink, red or violet coloration in ammonia (lower) 168 

phase indicated a positive test.  169 

Test for Flavonoids: Few pieces of magnesium metal strip were added to 5 ml of the 170 

filtrate plant extract with concentrated hydrochloric acid (5 ml). The formation of orange, 171 

red, crimson or magenta was taken as a positive test.  172 

Test for Terpenes: Half a gram (0.5 g) of ALEAH was dissolved in 3 ml of 173 

chloroform and filtered. 10 drops of acetic anhydride were added to the filtrate with 2 174 

drops of concentrated sulphuric acid (H2SO4), pink colour at the interphase was taken as 175 

the positive test.  176 
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Test for Deoxy-Sugar:  Half a gram (0.5 g) of the filtered ALEAH was dissolved in 177 

2 ml of glacial acetic acid containing one drop of ferric chloride. It was then underplayed 178 

with 1 ml of concentrated sulphuric acid (H2SO4). Violet ring observed which settled 179 

after few minutes was an indication of a positive test.  180 

Test for Alkaloids:  Half a gram (0.5 g) of ALEAH was added with a few drops of 181 

picric acid reagent. A white or yellow precipitate indicated a positive test.  182 

Test for Phenolics: To 2 ml of ALEAH, 1 ml of ferric chloride solution was added. 183 

Blue or green colour indicated a positive test. 184 

Preparation and Sterilization of Sensitivity Discs 185 

Discs of 6 mm diameter were punched out using Whatman No. 1 filter paper with the aid 186 

of a paper punch and placed in Petri dishes. The Petri dishes containing the discs were 187 

then sterilized in an oven at 180 oC for 1 hr, after which they were allowed to cool before 188 

used. 189 

Susceptibility Testing of MDR Bacteria to Aqueous Leaf Extracts A. 190 

hispida (ALEAH) 191 

The antibacterial potency of ALEAH on MDR bacteria obtained from the food samples 192 

was evaluated using disc diffusion method (Nair et al., 2005; Sule et al., 2010). Sterile 193 

filter paper discs of 6 mm diameter were impregnated with each ALEAH solution of 194 

graded concentrations (20, 40 and 80) mgml-1 and carefully placed using sterilized forcep 195 

onto plates of Mueller – Hinton agar which had previously been inoculated with 0.1 ml of 196 

MDR bacterial isolates prepared directly from an overnight agar plate and adjusted to 0.5 197 

McFarland Turbidity Standard. The plates were then incubated at 37 oC for 18 hr . Each 198 

ALEAH concentration was replicated thrice and the mean zone of inhibition diameter (in 199 
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millimeters) was determined in each case. The ALEAH was tested in vitro for purity by 200 

plating out on Petri dishes containing nutrient agar and incubated at 37 oC for 24 hr. 201 

Results 202 

               The Total Heterotrophic Counts (THC) obtained in boiled rice samples RI-01, 203 

RI-02 and RI-03 were 6.2x103, 1.0x104 and 1.9x104 (CFU/g), respectively, while their 204 

Total Coliform Counts (TCC) ranged  from 2.3x103 to 3.6x103 (CFU/g). Samples RI-04, 205 

RI-05 and RI-06 had THC of 4.5x103,
 4.8x103 and 1.0x104 (CFU/g), respectively. 206 

Samples RI-04, RI-05 and RI-06 had THC of 4.5x103,
 4.8x103 and 1.0x104 (CFU/g), 207 

respectively. Samples RI-01, RI-02, RI-04, RI-05 and RI-06 had no Total Feacal Counts 208 

(TFC). Highest TFC (1.6x 102) CFU/g was obtained in sample RI-12, while lowest TFC 209 

(1.0x 102) CFU/g was obtained in sample RI-09 (Table 1). The bacterial counts of ‘garri’ 210 

and ‘fufu’ are shown in Tables 2 and 3.  In ‘garri’, the highest THC of 2.0x 104 (CFU/g) 211 

was obtained in sample GA-03, followed by GA-12 with THC of 1.5x 104 (CFU/g), while 212 

the highest TCC of 1.2x 104 (CFU/g) was obtained in sample GA-03 and while lowest 213 

TCC of 2.0x 103 (CFU/g) was obtained in samples GA-04 and GA-11. Total feacal 214 

counts ranged from 1.3x 102 to 2.2x 103 (CFU/g). In ‘fufu’, 75% of the samples had no 215 

TFC, while THC and TCC ranged from 7.3x 103 to 9.5x 103 (CFU/g) and 2.6x 103 to 4.6x 216 

103 (CFU/g), respectively. “In fufu’ highest THC and TCC were obtained in samples FU-217 

11 (Table 3). 218 

              A total of thirty- six (36) food samples comprising boiled rice (N=12), ‘fufu’ 219 

(N=12) and ‘garri’ (N=12) were analyzed for the presence of bacterial contaminants. The 220 

bacteriological analysis of the ‘fufu’ revealed the percentage occurrences of the isolates 221 

as follows: E. coli 3 (25.0%), Staphylococcus aureus 5 (41.7%), Enterobacter spp. 2 222 
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(16.7%), Streptococcus pyogenes 4 (33.3%), Klebsiella spp. 4 (33.3%), Proteus spp 2 223 

(16.7%), Pseudomonas aeruginosa 3 (25.0%) and Salmonella spp 2 (16.7%) (Table 4). In 224 

‘garri’, bacterial isolate with the highest percentage of occurrence was S. aureus 5 225 

(41.7%), followed by E. coli 4 (33.3%) and the lowest percentage of occurrences were 226 

obtained from Proteus spp 1 (8.3%) and Salmonella spp 1 (8.3%). A total of nineteen 227 

bacterial isolates belonging to six genera (Escherichia, Staphylococcus, Streptococcus, 228 

Klebsiella, Proteus and Pseudomonas) were obtained from the boiled rice, while both 229 

Salmonella spp and Enterobacter spp were not isolated (Table 4). 230 

                  Of the 36 food samples collected, only 15 (41.7%) of the samples showed 231 

growth of single bacterial isolate, co-contamination with two and three bacterial isolates 232 

were observed in 12 (33.3%) and 9 (25.0%) samples, respectively (Table 5). The results 233 

also showed that out of the 12 ‘garri’ samples collected 6 (50.0%) had growth of single 234 

bacterial isolate, 2 (16.7%) had growth of two bacterial isolates and 4 (33.3%) had 235 

growth of three bacterial isolates. Only 5 (41.7%) of ‘fufu’ and rice samples had growth 236 

of two bacterial isolates, while poly bacterial growth were present in 1 (8.3%) of rice and 237 

4 (33.3%) of ‘fufu’ samples (Table 6).  The phytochemical screening results showed that 238 

ALEAH contained very high concentrations of alkaloids and cardiac glycoside, high 239 

concentrations of saponin and tannin. Small amounts of flavonoids, phenolics, deoxy- 240 

sugar, anthraquinones and phlobatanins were detected, while terpene was not detected 241 

(Table 6).  Of 9/15 (56.3%) MDR S. aureus obtained from the boiled rice, fufu’ and 242 

‘garri’ only SAF4 and SAR3 had the same antibiotic resistant patterns (PEF-AU-SXT-S), 243 

while 6 /10 (60.0%) of S. pyogenes were resistant to 3 to 7 antibiotics (Table 7). 244 

Multidrug resistant patterns of the Gram negative bacteria from the food samples are 245 



12 

 

shown in Table 8. Only 5/11 (45.5%) E. coli, 2/4 (50.0%) Enterobacter spp, 4/8 (50.0%) 246 

Klebsiella spp, Proteus spp   2/4 (50.0%), P. aeruginosa 5/10 (50.0%) and Salmonella 247 

spp 2/3 (66.7%) were multidrug resistant. Of these Gram negative bacteria, E.coli with 248 

codes ECG3 and ECR8 had the same resistant patterns, while both Klebsiella spp KSF6 249 

and KSG7 were resistant to NA-AU-SXT (Table 8).                   250 

                    All the MDR S. aureus and S. pyogenes were sensitive to 80 mgml-1 of 251 

ALEAH. The lowest and highest inhibitory zones of 6.7±1.8 mm and 12.2±1.0 mm were 252 

obtained, respectively. S. pyogenes SPF1 and SPF3 had the same antibiotic resistant 253 

patterns (NA-CN-AU-SXT-S-PN) and were resistant to both 20 mgml-1 and 40 mgml-1 of 254 

ALEAH (Table 7). Of the entire MDR Gram negative bacteria obtained, only E coli 255 

ECG3 and P. aeruginosa PAF2 were resistant to the three different concentrations of 256 

ALEAH . The used disc diffusion methods showed that the zones of inhibition increased 257 

on increasing the concentrations of the extracts, thus, exhibiting concentration dependent 258 

activity. The discs containing 80 mgml-1  ALEAH showed the highest activity against 259 

MDR Enterobacter spp ETF3 and E. coli ECR1 with zones of 13.6±1.0 mm and 13.3±2.0 260 

mm, respectively, while disc containing 20 mgml-1 showed the lowest activity against 261 

MDR Salmonella spp SSG4 with zone of 6.9±2.5 mm (Table 8).          262 
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Table 1: Bacterial Counts of Ready to Eat Food (Boiled Rice)  263 

 264 

 Samples                    Total Heterotrophic Counts (THC)     Total Coliform Counts (TCC)     Total Faecal Counts (TFC)               265 

 Code                                         (CFU/g)                                             (CFU/g)                                  (CFU/g) 266 

RI-01                                          6.2x 103                                                                 2.3x 103                                                           - 267 

RI-02                                          1.0x 104                                                                 2.9x 103                                                           - 268 

RI-03                                          1.9x 104                                                                 3.6x 103                                                    1.2x 102 269 

RI-04                                          4.5x 103                                                                        -                                                                     - 270 

RI-05                                          4.8x 103                                                                 2.1x 103                                                           - 271 

RI-06                                          1.0x 104                                                                 2.6x 103                                                           - 272 

RI-07                                          1.2x 104                                                                 3.0x 103                                                    1.1x 102 273 

RI-08                                          3.9x 103                                                                 1.9x 103                                                           -            274 

RI-09                                          1.6x 104                                                                 3.3x 103                                                    1.0x 102 275 

RI-10                                          5.0x 103                                                                 2.0x 103                                                          - 276 

RI-11                                          3.3x 103                                                                          -                                                                    - 277 

RI-12                                          1.4x 104                                                                 2.9x 103                                                    1.6x 102 278 

 279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 
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 293 

Table 2: Bacterial Counts of Ready to Eat Food (Garri)  294 

 295 

 296 

Samples                   Total Heterotrophic Counts (THC)    Total Coliform Counts (TCC)     Total Faecal Counts (TFC)                 297 

Codes                                      (CFU/g)                                             (CFU/g)                                  (CFU/g) 298 

GA-01                                     5.7x 103                                                                 3.1x 103                                                          - 299 

GA-02                                     1.3x 104                                                                 3.4x 103                                                             - 300 

GA-03                                     2.0x 104                                                                 1.2x 104                                                   1.7x 102 301 

GA-04                                     6.6x 103                                                                 2.0x 103                                                            - 302 

GA-05                                     5.2x 103                                                                 2.9x 103                                                            - 303 

GA-06                                     1.3x 104                                                                 3.3x 103                                                            - 304 

GA-07                                     1.3x 104                                                                 3.8x 103                                                    2.2x 102 305 

GA-08                                     7.4.x103                                                                 3.0x 103                                                             -            306 

GA-09                                     1.2x 104                                                                 4.5x 103                                                    1.3x 102 307 

GA-10                                     7.0x 103                                                                 2.9x 103                                                           - 308 

GA-11                                     6.5x 103                                                                 2.0x 103                                                          - 309 

GA-12                                     1.5x 104                                                                 3.8x 103                                                    2.6x 102 310 

 311 

 312 

  313 

 314 

 315 

 316 

 317 

 318 
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Table 3: Bacterial Counts of Ready to Eat Food (Fufu)  319 

 320 

 321 

Sample                         Total Heterotrophic Counts (THC)        Total Coliform Counts (TCC)      Total Faecal Counts (TFC)                322 

Codes                                                (CFU/g)                                             (CFU/g)                                  (CFU/g) 323 

FU-01                                                8.5x 103                                                                 2.7x 103                                                          - 324 

FU-02                                                1.4x 104                                                                 4.1x 103                                                           - 325 

FU-03                                                2.1x 104                                                                 4.0x 103                                                    1.9 x 102 326 

FU-04                                                7.9x 103                                                                 3.5x 103                                                          - 327 

FU-05                                                1.0x 104                                                                 3.5x 103                                                          - 328 

FU-06                                                1.2x 104                                                                 4.2x 103                                                          - 329 

FU-07                                                1.8x 104                                                                 2.6x 103                                                    2.2x 102 330 

FU-08                                                7.3x 103                                                                 2.7x 103                                                          -            331 

FU-09                                                1.6x 104                                                                 3.9x 103                                                          - 332 

FU-10                                                8.2x 103                                                                 3.0x 103                                                          - 333 

FU-11                                                9.5x 103                                                                 4.6x 103                                                          - 334 

FU-12                                                1.0x 104                                                                 3.4x 103                                                    2.5x 102 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 
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Table 4: Distribution and Proportion of Bacterial Contaminants of Ready to Eat Food  349 

 350 

Bacterial                              Boiled  Rice (N=12)                   ‘Fufu’ (N=12)                          ”Garri”  (N=12)           Total (N=36)  351 

Isolates                            No / (%) of Occurrences         No / (%) of Occurrences          No / (%) of Occurrences        No / (%) 352 

Escherichia coli                      4 (33.3)                                   3 (25.0)                                    4 (33.3)                         11 (30.6) 353 

Staphylococcus aureus            6 (50.0)                                  5 (41.7)                                    5 (41.7)                         16 (44.4) 354 

Enterobacter spp                     0 (0.0)                                    2 (16.7)                                    2 (16.7)                           4 (11.1) 355 

Streptococcus pyogenes          3 (25.0)                                  4 (33.3)                                    3 (25.0)                          10 (27.8) 356 

Klebsiella spp                         2 (16.7)                                   4 (33.3)                                    2 (16.7)                           8 (22.2) 357 

Proteus spp                             1 (8.3)                                     2 (16.7)                                    1 (8.3)                             4 (11.1)  358 

Pseudomonas aeruginosa       3 (25.0)                                   3 (25.0)                                     4 (25.0)                         10 (27.8)   359 

Salmonella spp                        0 (0.0)                                     2 (16.7)                                    1 (8.3)                             3 (8.3) 360 

Total                                           19                                             25                                           22                                      66  361 

Values in parenthesis are percentages 362 

 363 

 364 

 365 

 366 

 367 

 368 

 369 

 370 
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Table 5: Prevalence of Single and Mixed Bacterial Contamination of Ready-to-eat Food Samples 371 

Source                 No of Samples         No (%) of Samples     No (%) of Samples     No (%) of Samples            Total No (%) of 372 

                              Collected                 with One Isolate        with Two Isolates        with Three Isolates                Isolates                 373 

Garri                          12                             6 (50.0)                      2 (16.7)                       4 (33.3)                             22 (33.3)                       374 

Fufu                           12                             3 (25.0)                      5 (41.7)                       4 (33.3)                             25 (37.9) 375 

Rice                           12                             6 (50.0)                      5 (41.7)                       1 (8.3)                               19 (28.8) 376 

Total                          36                           15 (41.7)                     12 (33.3)                      9 (25.0)                             66 (100) 377 

 Values in parenthesis are percentages 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 
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 388 

Table 6: Phytochemical Constituents of Aqueous Leaf Extract of A. 389 

               hispida  390 

 391 

 Tests                                    Constituents                               Results 392 

Dragendorff’s Test                           Alkaloid                                                +++ 393 

General Test                                    Saponins                                                  ++ 394 

Lieberman’s Test                            Cardiac Glycoside                                 +++ 395 

General Test                                    Flavonoids                                               + 396 

General Test                                    Tannin                                                    ++ 397 

General Test                                    Deoxy- sugar                                           + 398 

General Test                                    Phlobatanins                                            + 399 

General Test                                    Terpenes                                                ND 400 

General Test                                    Anthraquinones                                        + 401 

Frothing Test                                   Phenolics                                                 + 402 

 403 

 Keys: +++: Present in very high concentration 404 

             ++: Present in moderately high concentration 405 

               +: Present in low concentration 406 

               - : Not detected 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 
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 426 

Table 7: Susceptibility of Multidrug Resistant Gram Positive Bacteria to Aqueous Leaf Extract of A. 427 

              hispida  428 

 429 

Bacterial                            Isolates                           Zones of inhibition                   430 

Isolates                               Code                20 Mg/ml       40 Mg/ml      80 Mg/ml          Antibiotic Resistant Pattern 431 

Staphylococcus aureus      SAG1                    NZ            7.8±1.2a         9.5±2.0b              CN-AU-CPX-SXT-S-PN-CEP 432 

                                           SAG2              9.2±0.7b        10.3±2.5c       12.0±0.5c              CN-CPX-S 433 

                                           SAF4               9.0±1.5b         9.8±1.5b        11.1±2.0c             PEF-AU-SXT-S 434 

                                           SAR3              8.4±1.0a        10.1±0.5c       12.2±1.0c              PEF-AU-SXT-S 435 

                                           SAG9                   NZ             7.5±2.5a            9.1±2.5b             NA-CN-AU-CPX-S-PN-CEP 436 

                                           SAR6              6.7±1.8a       8.7±0.6b          10.5±1.0c             OFX-NA-CN-CEP 437 

                                           SAF5               8.1±1.5a     10.4±0.5c         12.0±2.0c              SXT-S-PN-CEP 438 

                                           SAR12                NZ             8.1±0.7a        11.3±1.0c              AU-CPX-SXT-S-PN 439 

                                           SAF10                 NZ            8.5±1.2a        10.7±1.0c               OFX-PEF-CN-CPX-SXT-PN-CEP 440 

Streptococcus pyogenes     SPF1                   NZ                 NZ              7.4±2.2a              NA-CN-AU-SXT-S-PN 441 

                                           SPF3                   NZ                 NZ              7.6±1.5a              NA-CN-AU-SXT-S-PN 442 

                                           SPR5               7.3±2.7a        8.2±1.0a          9.9±1.0b              PEF-AU-CPX-PN-CEP 443 

                                           SPF8                8.6±0.5b       9.6±1.5b         11.6±1.0c             OFX-CN-CPX-S 444 

                                           SPF10                 NZ             7.0±2.4a          9.3±1.5b             OFX-NA-AU-SXT-S-PN-CEP 445 

                                           SPR9               8.0±1.3a        8.9±1.0b        10.6±2.0c          CPX-S-CEP 446 

Key: NZ: No zone of inhibition; values in parenthesis are percentages; each inhibitory zone included 6 mm diameter of the 447 

disc., SD: Standard Deviation. Each value represents the mean of three replicates and standard deviation. Mean within the 448 

column followed by the different superscript letters are significant as determined by Duncan’s multiple range test (P <0.05). 449 

 450 

 451 

 452 

 453 
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Table 8:  Susceptibility of Multidrug Resistant Gram Negative Bacteria to Aqueous Leaf Extract of A. 454 

                 hispida  455 

 456 

Bacterial                            Isolates                         Zones of Inhibition                                                         457 

Isolates                               Code                20 Mg/ml        40 Mg/ml      80 Mg/ml             Antibiotic Resistant Pattern 458 

Escherichia coli                 ECR1              9.2±1.6b        11.7±1.0c        13.3±2.0c                NA-CN-AU-S 459 

                                           ECG3           NZ                 NZ                   NZ                        PEF-AU-CPX-SXT-S-PN-CEP 460 

                                           ECR4              7.9±1.0a         9.0±0.8b         10.4±2.5c                 PEF-CPX-PN 461 

                                           ECF6               8.2±2.3a        8.8±2.0b         10.8±1.0c                 NA-PEF-CPX-SXT 462 

                                           ECR8                  NZ                NZ                7.5±1.5a                 PEF-AU- CPX-SXT-S-PN-CEP 463 

Enterobacter spp               ETF1               7.7±1.0a         9.0±1.0b          9.7±2.5b                  NA-PEF-CPX-PN-CEP 464 

                                           ETF3               9.4±1.5b       11.2±1.0c        13.6±1.0c                 OFX-AU-CEP 465 

Klebsiella spp                    KSR1                  NZ              8.0±0.5a          9.1±1.3b                 NA-CN-AU-SXT-S-PN 466 

                                           KSR3                  NZ              6.9±2.0a          8.4±1.0a                 OFX-PEF-AU-SXT-CEP 467 

                                           KSF6               9.4±2.2b       10.7±1.0c        12.5±1.6c                 NA-AU-SXT 468 

                                           KSG7              8.9±1.7a        10.1±1.0c        12.9±0.5c                 NA-AU-SXT 469 

Proteus spp                        PSF4                    NZ             7.0±1.4a              7.3±2.5a                  NA-AU-CPX-SXT-S-PN-CEP 470 

                                           PSR2                   NZ             7.0±2.1a          7.6±1.0a                   NA-PEF-AU-CPX-PN 471 

P. aeruginosa                    PAG1               8.1±1.0a         9.9±1.0b         10.2±2.0c                 CN-AU-CPX-SXT-S-PN                472 

                                           PAF2                   NZ                NZ                   NZ                        OFX-NA-PEF-AU-S-CPX-CEP 473 

                                           PAG3               8.5±0.5a        11.5±1.0c        11.9±2.5c                CN-CPX-SXT-S 474 

                                           PAR5               7.2±0.5a          8.1±1.0a          9.7±2.0b                OFX-CN-SXT-S-PN 475 

                                           PAR10             8.5±1.0a        10.3±1.0c        11.0±1.5c                NA-PEF-AU-SXT 476 

Salmonella spp                  SSG4                6.9±2.5a         8.0±2.0a           9.5±1.0b                CN-AU-S-PN-SXT 477 

                                           SSF11                  NZ              7.4±1.5a          8.7±2.2b                 CN-AU-CPX-SXT-S-PN-CEP 478 

Key: NZ: No zone of inhibition; values in parenthesis are percentages; each inhibitory zone included 6 mm diameter of the 479 

disc., SD: Standard Deviation. Each value represents the mean of three replicates and standard deviation. Mean within the 480 

column followed by the different superscript letters are significant as determined by Duncan’s multiple range test (P <0.05). 481 
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Discussion 482 

 483 

                       Foods meant for human consumption also serve as rich media for growth of 484 

microorganisms, which can result in deterioration, spoilage and food borne illnesses 485 

(Adesiyun, 1984; Majolagbe et al., 2011). The occurrence of pathogenic micro-organisms 486 

in human foods could be a public health concern (Bautista et al., 1988). The properties of 487 

food such as moisture content, hydrogen-ion concentration, temperature, and nutritive 488 

values determine the types of microorganisms and the extent to which they are present in 489 

a food material (Garbutt, 1997; William and Dennis, 2004).  490 

                    In the present study, the Total Heterotrophic Counts (THC) obtained in 491 

boiled rice and ‘garri’ samples ranged from 3.3x103 to 1.9x104 (CFU/g) and 5.2x103 to 492 

1.5x104 (CFU/g), respectively; and these values were observably still below 493 

recommended limit of bacterial counts (≤ 105 CFU/g) of the International Standards for 494 

Microorganisms in Foods (Owhe-Ureghe et al., 1993; Rose and Osunnaiye, 2003). Thus, 495 

the results of these plate counts indicated that the foods had low microbial counts. Our 496 

findings showed that different ‘fufu’ samples from the different restaurants differ in 497 

microbial load as FU-03 has the highest load of 2.1x 104 (CFU/g), while FU-03 has the 498 

lowest load of 7.9x103 (CFU/g). These variations in microbial loads may be attributed to 499 

the hygienic conditions of the personnel in contact with the food, the environment and the 500 

raw material from which the ‘fufu’ are produced. 501 

                   In this study, E. coli, S. aureus, Enterobacter spp, S. pyogenes, Klebsiella spp, 502 

Proteus spp., P. aeruginosa and Salmonella spp were isolated from the cooked rice, 503 

‘garri’ and ‘fufu’ collected. This finding showed S. aureus as the most prevalent bacteria 504 

in the food samples and this differs from the previous reports by Wogu et al. (2011) in 505 
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which K. pneumoniae were predominant in the food samples from restaurants / fast food 506 

centres.. The occurrence of E. coli in the food samples are indication of feacal 507 

contamination. Although cooking or heating is expected to reduce the microbial load of 508 

cooked foods, but such foods can also become contaminated due to cross contamination 509 

and environmental sources such as air and dust, food utensils and food handlers 510 

(Singleton, 1997). Isolation of the genera Staphylococcus, Streptococcus, Pseudomonas 511 

and Proteus from the cooked rice is in conformity with the findings of Majolagbe et al. 512 

(2011) who isolated S. aureus, Pseudomonas spp and Proteus spp from cooked rice. 513 

Findings by Nichols et al., (1999) showed the occurrence of E. coli in cooked rice sold in 514 

restaurants and our findings confirmed this.   515 

                    The antibiotic susceptibility results also indicated multiple resistance patterns 516 

among both Gram positive and Gram negative bacteria isolated from the cooked rice, 517 

garri and ‘fufu’ samples. Previous studies by Oluyege et al. (2009) have also shown the 518 

occurrence of MDR-bacteria in food samples as 50% of their isolates from food samples 519 

were resistant to six out of the eight antibiotics tested.  520 

                     Phytochemical screening of ALEAH revealed the presence of flavonoids, 521 

deoxy-sugar, phenols, anthraquinones, cardiac glycosides, alkaloids, tannins, 522 

phlobatanins and saponins. This result agrees favorably with the result previously 523 

obtained by Iniaghe et al. (2009). Antibacterial activities exhibited by the ALEAH in this 524 

study also confirm the preliminary investigations of Adesina et al. (2000); Okoh et al., 525 

(2006). The results obtained showed that ALEAH exhibited inhibitory activities against 526 

the MDR bacteria with different degrees as demonstrated by measuring the diameters of 527 

inhibitory zones and these results are in conformity with the results obtained by Abu-528 
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Zaida et al. (2008); Akinjogunla et al. (2011). Plant extracts are rich in many phyto 529 

compounds which are the cause of their bioactivities. The mechanisms of actions of many 530 

antimicrobials are complex and may not be the consequence of their action on a single 531 

target. The mechanisms of antimicrobial action of phenolic compound include membrane 532 

disruption, proteins binding, inhibition of proteins synthesis, enzymes inhibition, 533 

production of cell wall complexes, formation of disulfide bridges and intercalation with 534 

cell wall (Bozdogan and Appelbaum, 2004; Akinjogunla et al., 2011), while the action of 535 

alkaloids could be intercalation with cell wall and / or DNA constituents (Cowan, 1999). 536 

Hence, the presence of these secondary metabolites such as anthraquinones, cardiac 537 

glycosides, saponins, tannins, alkaloids, flavonoids and phenolics in ALEAH may be 538 

responsible for its potential use as drug against MDR food pathogens.  539 

                     Conclusively, owing to non-adherence to food safety practices and the 540 

indiscriminate establishment of fast food centres / restaurants in most developing and 541 

underdeveloped countries, there is need to evaluate the bacteriological quality of the food 542 

sold in the fast food centres / restaurants from time to time, train the food handlers on 543 

food safety practices, enact and enforce the laws on the establishment of fast food centres 544 

/ restaurants. 545 
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