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ABSTRACT   33 

Aims 34 

A large percentage of the Ghanaian population relies on herbal medicine solely to 35 

meet their basic healthcare needs. However, medicinal plant materials normally 36 

carry a large number of microbes and the presence of these microbial contaminants 37 

has the potential to cause disease in humans when consumed.  38 

This study evaluates the microbial load and characterizes pathogens in three of the 39 

most patronized herbal powders in the Kumasi metropolitan area. 40 

 41 

Methods 42 

The samples were labelled A, B and C. Microbial analysis was carried out and 43 

moisture contents of samples were determined. 44 

 45 

Results 46 

Sample A had microbial load of 2.6x103CFU/g which is below acceptable limit and its 47 

yeasts and moulds count was 8.0x102 CFU/g which is below acceptable limits. 48 

Absence of lactose and non-lactose fermenters but presence of Staphylococci which 49 

is a pathogenic microbe Sample B’s bacterial load was5.30x105CFU/g which is 50 

above acceptable limit and yeasts and moulds count was 5.9x104CFU/g which is 51 

above acceptable limit. Presence of lactose fermenters. Presence of Staphylococcus 52 

aureus.  Sample C’s bacterial load was 1.03x106CFU/g which is above acceptable 53 

limit and yeasts moulds count was 5.8x104CFU/g which is above acceptable limit. 54 

Presence of lactose fermenters and non-lactose fermenters. Presence of 55 

Staphylococcus aureus.   56 

 57 

Conclusion  58 

The results of this study have revealed that there are quite a number of microbial 59 

contaminants in herbal powders constituting a health risk. 60 

 61 

Keywords:  Herbal powder, Microbial load, Bacteria, Yeast and Mould, Health risk 62 

 63 

 64 
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INTRODUCTION 65 

Herbalism is prehistoric. For example, indigenous physicians in ancient times left 66 

texts of medicinal recipes and those who did not leave it in text passed on their 67 

information on medicinal herbs to their progeny by having them participate in 68 

preparing the medicament [1]. There is an extensive list of reasons why herbal 69 

medicine is so important and it is evident since about 80% of the world’s population 70 

depends on herbal products for their primary healthcare [2]. It has been established 71 

that herbal medicine is used three times as much as conventional medicine 72 

worldwide, and have managed to stand the test of time by passing down from 73 

generation to generation [3]. 74 

Statistics have shown that about 65% of Ghanaians rely on herbal medicine to meet 75 

their basic healthcare requirements [4].  In a recent African study for the Roll Back 76 

Malaria Initiative, it was discovered that countries like Ghana and Nigeria used 77 

herbal therapies as home remedies (first point of call) in nearly two-thirds of 78 

households when a child starts showing signs of fever and/or high temperature [3].  79 

Herbal medicine comprises of medicinal plants, minerals and organic matter 80 

extracted from a whole plant or parts of the plant like the roots, rhizome, leaf, pod, 81 

seed, bark, fruit or even the flower [2, 5]. Herbal medicaments are found most 82 

commonly as water decoctions, ethanolic extracts, concentrates, tablets, capsules, 83 

tisanes, crude powders, ointments, salves, soft gels or tinctures [6]. Herbal medicinal 84 

powder is the granulated form of a medicinal herb used as an antidote for diseases 85 

[2] and have standards set by the World Health organization with which they should 86 

be prepared in order for it to be fit for consumption [7]. 87 

Studies have identified bacteria (Escherichia coli, Bacillus cereus etc) and moulds 88 

(Penicillium species, Fusarium species, and Aspergillus species) in herbal medicinal 89 

powders [8]. These medicaments are known to be highly susceptible to fungus like 90 

Aspergillus flavus which produces aflatoxin and other mycotoxins if not stored well 91 

[5].  Mycotoxins have the potential to be mutagenic, embryo toxic and carcinogenic 92 

[8]. These microscopic biochemical changes can only be detected by scientific 93 

observation yet this is not a common practice amongst herbal medicine 94 

manufacturers [9]. This study evaluates the microbial load and characterizes 95 
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pathogens in three of the most patronized herbal powders in the Kumasi 96 

metropolitan area. 97 

 98 

MATERIALS AND METHODS 99 

Three different brands of herbal powder were collected from designated herbal 100 

shops in Kumasi - Ghana. The three samples were coded (A, B and C) for ethical 101 

reasons and kept sealed in their containers until time of analysis. The moisture 102 

content of the samples (2g each) was determined using the method proposed by the 103 

international organization for standards (ISO), before microbiological analysis. 104 

In the microbial analysis, 1g of test sample was weighed and dissolved in 9 ml sterile 105 

peptone water in a 15 mL Falcon tube to obtain 1-in-10 dilution.  One milliliter was 106 

taken using a sterile pipette and was dissolved in 9 mL sterile peptone water in a 107 

15mL Falcon tube.  The mixtures were diluted further 10-fold down to 10-6. Inoculum 108 

of 0.1mL was taken from each of the serial dilutions using a sterile pipette and plated 109 

onto triplicate Plate Count Agar (PCA) plates using a sterile L-shaped glass rod in 110 

spreading the inoculum.  The PCA plates were then incubated at 35°C for 24 hours 111 

for growth to occur. 112 

The procedure was repeated for identification of moulds and yeast using Sabouraud 113 

Dextrose Agar (SDA). Bacteria isolation and identification was done using 114 

MacConkey agar and Xylose Lysine Deoxycholate Agar. The plates were then 115 

incubated at 25°C (room temperature) for 3 days for growth to occur.  Distinct 116 

colonies were sub-cultured onto corresponding to get pure cultures for the 117 

identification of the microbes. The identification of microbial colonies was done by 118 

observation of colony colour, size, appearance and cell morphology.  119 

MacConkey agar distinguishes Gram-negative bacteria that can ferment the sugar 120 

lactose (Lactose positive) from those that cannot (Lactose negative). Xylose Lysine 121 

Deoxycholate (XLD) Agar is used in the isolation of Salmonella and Shigella species. 122 

Catalase and Coagulase tests were performed to confirm the presence of 123 

pathogenic Staphylococcus aureus.  124 

 125 

 126 

 127 
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RESULTS 128 

Moisture Content Determination 129 

The moisture content of the three samples was in a range of 2.0% to 5.0%. 130 

According to the results recorded in table 1, sample A recorded 2.62% and has the 131 

lowest moisture content followed by sample C which recorded 2.90% and finally B 132 

which recorded 4.70% (Table 1).  133 

 134 

Enumeration of Microbes using Plate Count Agar 135 

The aerobic plate counts ranged from a low of 2.6x103 CFU/g to a high of 1.03x106 136 

CFU/g. The total number of microbes present in one gram of sample A was recorded 137 

as 2.60x103 CFU/g. Sample B had a total of 5.30x105 CFU/g and sample C recorded 138 

1.03x106 CFU/g (Table 2). 139 

 140 

Identification of Bacteria using MacConkey Agar, Xy lose Deoxycholate Agar, 141 

Mannitol Salt Agar, Catalase and Coagulase tests 142 

Significant growth in MacConkey agar was observed for plates with pellet streaks of 143 

samples B and C whilst sample A recorded no growth (Table 3).  144 

Samples A and C did not record any microbial growth on Xylose Deoxycholate (XLD) 145 

Agar after 48 hours of incubation and observation. Sample B recorded growth on the 146 

four plates the colonies were streaked onto (Table 4). 147 

The microbial analysis with mannitol salt agar depicted Sample A with no microbial 148 

growth after 48 hours of incubation. Samples B and C both recorded growth on their 149 

plates (Table 5). 150 

All the samples gave positive results for the Catalase test whilst only Sample C was 151 

positive for coagulase test (Table 6). 152 

 153 

Identification of Yeasts and Moulds using Sabouraud  Dextrose Agar 154 

The yeast and mould counts ranged from a low of 8.0x102 CFU/g to a high of 155 

5.8x104 CFU/g. Sample A recorded a total viable count of 8.0x102 CFU/g for yeasts 156 

and moulds in general. Sample B recorded 5.9x104 CFU/g and sample C recorded 157 

5.8x104 CFU/g as seen in table 7. 158 

 159 
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DISCUSSION 160 

In Ghana, around 65% of the population relies on herbal medicine alone to meet 161 

their basic healthcare needs [4]. However, medicinal plant materials normally carry a 162 

large number of microbes and the presence of these microbial contaminants has the 163 

potential to cause disease in humans when consumed. This study evaluates the 164 

microbial load and characterizes pathogens (if any) in three of the most patronized 165 

herbal powders in the Kumasi. 166 

 167 

Moisture Content Determination 168 

The set standard by the European Pharmacopoeia Commission states that the 169 

moisture content of herbal powders should not exceed 7.5%. All three samples fell 170 

below this standard. The moisture content of a powdered product can provide an 171 

idea on its quality. It is an indication of its shelf-life; low moisture content is a 172 

requirement for a long storage life. The higher the moisture content in a powdered 173 

product, the more favourable the environment for microorganisms to thrive. The 174 

results from this test imply that all three samples have acceptable moisture contents 175 

and would not support a favorable environment for microorganisms to grow.   176 

The moisture content of the three samples was in a range of 2.0% to 5.0%. 177 

According to the results recorded in table 1, sample A recorded 2.62% and has the 178 

lowest moisture content followed by sample C which recorded 2.90% and finally B 179 

which recorded 4.70%. This could imply that product A would have the longest shelf 180 

life and product B will have the shortest shelf life. Since high moisture in powders are 181 

prone to earlier spoilage because of the increased activity of bacteria and fungi and 182 

the powder. Observing the way these three samples were packaged, it is no surprise 183 

that sample B has the highest moisture content; the herbal powder was tied in a 184 

white polythene bag and placed inside a small container. On purchasing this drug, 185 

the lid was not tightly screwed onto the container leaving an avenue for moisture to 186 

enter it. Furthermore, sample B had no batch number indicated on its packaging, it 187 

was not registered by Ghana’s food and drugs board and its manufacturing date was 188 

not indicated. All these bits of information are essential because it authenticates the 189 

drug. The only present information was the instructions on its use, the dosage, active 190 

ingredient and expiry date.  Sample A came in an airtight container that had a seal 191 
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that had to be broken in order to access the powder. No batch number was indicated 192 

on the package but it is registered by Ghana’s food and drugs board, had a 193 

manufacturing date and expiring date. Sample C also came in an airtight container 194 

that had a seal that had to be broken in order to access the powder. Batch number, 195 

manufacturing date and expiring date were present. It was registered by Ghana’s 196 

food and drugs board. These details are important for the manufacturer to display on 197 

the packaging because it shows the current state of the product to the consumer. 198 

 199 

Enumeration of Microbes using Plate Count Agar 200 

From table 2, the aerobic plate counts ranged from a low of 2.6x103 CFU/g to a high 201 

of 1.03x106 CFU/g. The total number of microbes present in one gram of sample A 202 

was recorded as 2.60x103 CFU/g. Sample B had a total of 5.30x105 CFU/g and 203 

sample C recorded 1.03x106 CFU/g. Plate Count Agar is used as a general indicator 204 

to assess the viable microbes in a sample (Figure 1). The European 205 

Pharmacopoeia’s acceptance criterion for the total aerobic microbes count is 105 206 

CFU/g and the maximum acceptable count is 5.0x105 CFU/g. In evaluating the 207 

microbiological quality of sample A in reference to this standard, sample A has a 208 

value below the maximum acceptable count, so A’s bacterial load can be said to be 209 

within acceptable range. Samples B and C, on the other hand, both have values 210 

above the maximum acceptable count which render their bacterial load 211 

unacceptable. Further analysis was performed on all the distinct colonies that formed 212 

on the media, to assess whether the microbes are pathogenic or not. 213 

 214 

Identification of Bacteria using MacConkey Agar, Xy lose Deoxycholate Agar, 215 

Mannitol Salt Agar, Catalase and Coagulase tests 216 

MacConkey Agar was used to identify the presence of lactose fermenters such as 217 

Escherichia coli and Klebsiella and non-lactose fermenters in samples A, B and C. 218 

MacConkey agar acts as a visual indicator, lactose fermenters produce acid by 219 

metabolizing the lactose present in the agar and as a result lowering the pH of the 220 

agar; this results in the appearance of reddish or pink colonies. The bile salts 221 

precipitate around the colony, causing the medium surrounding the colony to 222 

become hazy. From table 3, only Sample A did not record any growth after forty 223 
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eight hours of incubation. Sample B recorded growth of pink colonies dispersed 224 

throughout the medium; this could be an indication of the presence of lactose 225 

fermenters. It was observed that there were a few white colonies formed as well. 226 

E.coli should be absent in 1g of the sample as set by the European Pharmacopeia 227 

Commission. The bacterial load for sample B is unacceptable. Sorbitol-MacConkey 228 

agar can assist in the definite identification of the presence of enteropathogenic 229 

E.coli. Non-lactose fermenters cannot use lactose; instead they make use of peptone 230 

and forms ammonia as a result raising the pH of the agar. This leads to the formation 231 

of white colonies on the plate. From the results recorded for sample C, the entire 232 

medium changed colour to yellow (from red). It was observed that the colonies that 233 

grew on sample C’s plates were white, circular and randomly dispersed; there were 234 

no pink colonies present (Figure 2). This is an indication of the presence of non-235 

lactose fermenters such as Salmonella, Proteus species, Pseudomonas aeruginosa 236 

and Shigella; according to standards set by the European Pharmacopoeia, 237 

Salmonella should be absent in 25g of a powdered sample yet in this instance it is 238 

present in 1g. Hence, it can be said that Sample C has an unacceptable bacterial 239 

load.  240 

Xylose Deoxycholate (XLD) Agar was used to analyze the distinct colonies that 241 

formed on the plate count agar. XLD agar is used in the isolation of Salmonella and 242 

Shigella species from clinical samples and from food. Salmonella is a rod-shaped 243 

bacterium found in the intestine that can cause food poisoning, gastroenteritis, and 244 

typhoid fever. As a contaminant in products for human consumption it can cause 245 

Salmonellosis, a type of food poisoning usually characterized by gastrointestinal 246 

upset, diarrhea, fever, and occasionally death. Shigella is a dysentery causing 247 

bacterium and Shigellosis is a highly infectious form of dysentery caused by the 248 

Shigella bacterium. Samples A and C did not record any growth after 48 hours of 249 

incubation and observation. Sample B recorded growth on the four plates the 250 

colonies were streaked onto (Table 4). It was observed that a large portion of the 251 

media turned yellow whilst the sides remained red (Figure 3). XLD agar has a pH of 252 

approximately 7.4, leaving it with a bright red appearance due to the indicator phenol 253 

red. Sugar fermentation lowers the pH and the phenol red indicator registers this by 254 

changing to yellow. Some of the colonies were reddish in colour whilst majority of the 255 
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other colonies were yellowish. On further incubation for another 24 hours, it was 256 

observed that some of the reddish colonies had gotten black centers. Salmonella, 257 

can ferment the sugar xylose to produce acid; Shigella colonies cannot do this and 258 

therefore remain red. Salmonellae metabolise thiosulfate to produce hydrogen 259 

sulfide, which leads to the formation of colonies with black centers and allows them 260 

to be differentiated from the similarly coloured Shigella colonies [8].  The plates of 261 

sample B show the presence of Salmonella, Shigella and coliforms; further analysis 262 

on isolating agar is required in order to name the species of the Salmonella and 263 

Shigella bacteria that are present in sample B. The European Pharmacopoeia sets 264 

the acceptable criterion for Salmonella in a herbal medicinal powder that it should be 265 

absent in at least 25g of a sample. Sample B is unacceptable in reference to this 266 

standard. 267 

Staphylococcus aureus is a bacterium that typically occurs in clusters resembling 268 

grapes normally inhabiting the skin and has the potential to cause disease by 269 

producing toxins responsible for boils, cellulitis, sty, impetigo, septicemia and food 270 

poisoning. Mannitol Salt agar was used to isolate Staphylococcus aureus in the 271 

samples. Staphylococcus aureus produces yellow colonies with yellow zones, 272 

whereas other staphylococci produce small pink colonies with no colour change to 273 

the medium. Sample A did not record any growth after 48 hours of incubation. 274 

Samples B and C both recorded growth on their plates. The colonies were yellow, 275 

round and slimy (Figure 4). According to standards set by the European 276 

pharmacopoeia Staphylococcus aureus should be absent in 1g of powdered sample. 277 

Samples B and C were unacceptable in respect to this standard. The Catalase and 278 

Coagulase test are confirmatory tests. The Catalase test differentiates staphylococci 279 

(catalase-positive) from streptococci (catalase-negative). The Coagulase test is used 280 

to differentiate Staphylococcus aureus from staphylococci. Samples A, B and C all 281 

gave positive results for the Catalase test indicating staphylococci present in all of 282 

them. It was only sample C that gave a positive for the coagulase test indicating the 283 

organisms picked from sample C’s growth are Staphylococcus aureus (Table 6). 284 

 285 

 286 

 287 
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Identification of Yeasts and Moulds using Sabouraud  Dextrose Agar 288 

Herbal powders are susceptible to fungus like Aspergillus which produces aflatoxin 289 

and other mycotoxins.  Mycotoxins produced by Aspergillus have the potential to be 290 

mutagenic, embryo toxic and carcinogenic [8]. For the microbial enumeration of 291 

moulds and yeasts, Sabouraud Dextrose agar was used. According to the set 292 

standard by the European Pharmacopoeia, the maximum acceptable count in 1g of a 293 

powdered herbal medicinal sample is 5.0x104 CFU/g. Sample A’s count falls below 294 

5.0x104 CFU/g indicating that A has an acceptable fungal load. Sample B on the 295 

other hand, has a count above 5.0x104 CFU/g indicating that B has an unacceptable 296 

fungal load. Sample C also has a count above 5.0x104 CFU/g (the 10-2 dilution had 297 

to be used instead of 10-1 because the number of organisms that grew on 10-1 plates 298 

fell below 30); this indicates that C has an unacceptable fungal load. On sub-299 

culturing the distinct colonies that grew on to new sterile agar (Figure 5), pure 300 

colonies were formed and identified. Sample A’s colony was suspected to be 301 

Aureobasidium although the growth had not fully sporulated making the confirmation 302 

of its identity difficult (Figure 6). Sample B’s colonies included Trichoderma viride, 303 

Aureobasidium, Penicillium species and Aspergillus niger (Figure 7). Sample C’s 304 

colonies included Aspergillus niger and Trichoderma viride (Figure 8). Aspergillus 305 

niger is a common contaminant of food. Recent studies suggests some Aspergillus 306 

niger strains produce ochratoxin A, a potent mycotoxin. Trichoderma viride is less 307 

likely to cause human disease, it is a plant pathogen. Some Penicillium species 308 

produce mycotoxins such as patulin which are dangerous and deleterious to the 309 

immune system. Aureobasidium may cause allergic reactions when consumed over 310 

a long period of time [10]. 311 

 312 

CONCLUSION 313 

The study demonstrated the presence of microbial contaminants in all the three 314 

samples with that in samples B and C exceeding the acceptable limits of microbial 315 

counts set by the European Pharmacopoeia. The presence of coliforms, 316 

Staphylococcus aureus, Salmonella, Aspergillus niger and Penicillium specie 317 

constitute a health risk. Therefore good pre and post-harvest practices together with 318 
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hygienic manufacturing practices ought to be followed to minimize the level of 319 

microbial contamination. 320 
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TABLES 383 

 384 

Table 1:  Moisture Content Determination of Three Selected Samples 385 

 386 

SAMPLE I.D. MOISTURE CONTENT (%) 

A 2.62 

B 4.70 

C 2.90 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 
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Table 2: Growth on Plate Count Agar after inoculation & incubation at 25°C for 24 411 

hours 412 

 413 

Sample 

I.D. 

10-1 

(CFU/g) 

10-2 

(CFU/g) 

10-3 

(CFU/g) 

10-4 

(CFU/g) 

10-5 

(CFU/g) 

10-6 

(CFU/g) 

Whole 

Sample 

(CFU/g) 

A 2.6x103 0 TNTC TNTC 0 0 2.60x103 

B TNTC TNTC 5.3x105 5.0x105 1.0x106 0 5.30x105 

C TNTC TNTC 1.03x106 1.4x106 5.0x106 1.0x107 1.03x106 

 414 

TNTC: Too numerous to count 415 

CFU/g: Colony forming unit per gram 416 

Maximum acceptable count: 5.0x105 CFU/g (Set by the European Pharmacopoeia)  417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 



                                                                             
 

Manuscript Accepted                                                                             Early View Article 
 

 

Page 16 of 26 
 

Table 3:   Results from sample pellet streaking for the identification of 437 

microorganisms using MacConkey Agar 438 

 439 

Sample I.D. Viable Lactose Fermenters 

A - 

B + 

C + 

 440 

+ = Presence of Lactose Fermenters; - = Absence of Lactose Fermenters 441 

 442 

 443 

 444 

 445 

 446 

 447 

 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 



                                                                             
 

Manuscript Accepted                                                                             Early View Article 
 

 

Page 17 of 26 
 

Table 4: Results from sub-culturing colonies from PCA growth onto XLD agar  465 

 466 

Sample I.D. Viable Organisms 

A - 

B + 

C - 

 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

 480 

 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 

 489 

 490 

 491 

 492 
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Table 5: Results from sample pellet streaking for the identification of microorganisms 493 

using Mannitol Salt Agar 494 

 495 

Sample I.D Viable Organisms 

A - 

B + 

C + 

 496 

 497 

 498 

 499 

 500 

 501 

 502 

 503 

 504 

 505 

 506 

 507 

 508 

 509 

 510 

 511 

 512 

 513 

 514 

 515 

 516 

 517 

 518 

 519 

 520 
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Table 6:   Results from Catalase & Coagulase tests on colonies formed on 521 

MacConkey Agar 522 

 523 

Sample I.D.  Catalase Test  Coagulase Test  

A + - 

B + - 

C + + 

 524 

 525 

 526 

 527 

 528 

 529 

 530 

 531 

 532 

 533 

 534 

 535 

 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

 545 

 546 
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Table 7:  Recorded Growth on Sabouraud Dextrose Agar after inoculation & 547 

incubation at Room Temperature for 72 hours 548 

 549 

Sample 

I.D. 

10-1 

(CFU/g) 

10-2 

(CFU/g) 

10-3 

(CFU/g) 

10-4 

(CFU/g) 

10-5 

(CFU/g) 

10-6 

(CFU/g) 

Whole 

Sample 
(CFU/g) 

A 8.0x102 0 3.0x104 1.0x105 0 3.0x107 8.0x102 

B TNTC  5.9x104 1.1x105 1.0x106 0 0 5.9x104 

C 3.0x102 5.8x104 9.0x104 1.0x105 1.0x106 0 5.8x104 

 550 

TNTC: Too numerous to count; CFU/g: Colony forming unit per gram; Maximum 551 

acceptable count: 5.0x104 CFU/g (Set by the European Pharmacopoeia) 552 

 553 

 554 

 555 

 556 

 557 

 558 

 559 

 560 

 561 

 562 

 563 

 564 

 565 

 566 

 567 

 568 

 569 

 570 

 571 

 572 
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FIGURE LEGENDS 573 

  574 

Figure 1: Growth on plate count agar for samples A, B and C respectively from the 575 

dilution factor 10-1.  576 

 577 

Figure 2: Representative plates showing growth that occurred on MacConkey agar 578 

after pellet streaking for Samples A, B and C respectively. 579 

 580 

Figure 3: Representative plates showing growth that occurred on the XLD agar in 581 

relation to samples A, B and C respectively. 582 

 583 

          584 

Figure 4: Representative plates showing growth that occurred on the Mannitol Salt 585 

agar in relation to samples A, B and C respectively. 586 

 587 

Figure 5: Representative plates showing growth that occurred on the Sabouraud 588 

Dextrose agar in relation to samples A, B and C respectively.  589 

 590 

Figure 6. Representative plates showing growth that appeared from subculturing A 591 

(Suspected Aureobasidium) onto sterile Sabouraud Dextrose agar.  592 

 593 

Figure 7: Representative plates showing growth pure colonies of Trichoderma viride 594 

(A), Aureobasidium spp (B) Penicillium spp (C) and Aspergillus niger  from sample B 595 

onto sterile Sabouraud Dextrose agar.  596 

     597 

Figure 8: Representative plates showing growth of Aspergillus niger (A) and 598 

Trichoderma viride (B and C) from subculturing C onto sterile Sabouraud Dextrose 599 

agar.  600 

 601 

 602 

 603 

 604 
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FIGURES 605 

 606 

   607 

A     B    C  608 

 609 

Figure 1: Growth on plate count agar for samples A, B and C respectively from the 610 

dilution factor 10-1.  611 

 612 

   613 

  A   B     C 614 

 615 

Figure 2: Representative plates showing growth that occurred on MacConkey agar 616 

after pellet streaking for Samples A, B and C respectively. 617 

 618 

 619 

 620 

 621 



                                                                             
 

Manuscript Accepted                                                                             Early View Article 
 

 

Page 23 of 26 
 

   622 

  A   B     C 623 

 624 

Figure 3: Representative plates showing growth that occurred on the XLD agar in 625 

relation to samples A, B and C respectively. 626 

 627 

    628 

  A    B    C 629 

 630 

Figure 4: Representative plates showing growth that occurred on the Mannitol Salt 631 

agar in relation to samples A, B and C respectively. 632 

 633 

 634 

 635 
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   636 

  A    B    C 637 

Figure 5: Representative plates showing growth that occurred on the Sabouraud 638 

Dextrose agar in relation to samples A, B and C respectively.  639 

 640 

   641 

   A      B 642 

Figure 6. Representative plates showing growth that appeared from subculturing A 643 

(Suspected Aureobasidium) onto sterile Sabouraud Dextrose agar.  644 

 645 
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    646 

  A       B 647 

   648 

  C      D 649 

 650 

Figure 7: Representative plates showing growth pure colonies of Trichoderma viride 651 

(A), Aureobasidium spp (B) Penicillium spp (C) and Aspergillus niger  from sample B 652 

onto sterile Sabouraud Dextrose agar.  653 

     654 
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   655 

 A     B    C  656 

 657 

Figure 8: Representative plates showing growth of Aspergillus niger (A) and 658 

Trichoderma viride (B and C) from subculturing C onto sterile Sabouraud Dextrose 659 

agar.  660 


