Bangladesh J Microbiol, Volume 33, Number 1&2, June-December 2016, pp 23-28

BANGLADESH
0] 0

Bacterial and Fungal Loads in Raw Sea Foods, Fruits and Vegetables
collected from Dhaka, Bangladesh and the Effect of Heat on its Growth
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Foods, fruits and vegetables are essential foodstuffs which can also serve as a major source of bacterial and
fungal transmission. Mishandling of fruits, vegetables and foods during storage, transport, inadequate
preparation and unsanitary conditions during processing have led to the spread of foodborne diseases
worldwide, especially in Bangladesh. A total of 51 samples of fruits (n=16), vegetables (n=16) and seafoods
(n=19) were studied for the determination of bacterial and fungal loads and assessment of heat effect on
microbial growth. All categories of 51 samples showed initial bacterial counts ranging from 4 X 10%- 7 X 10°
cfu/g, and fungal counts ranging from 103 - 10° cfu/g. Fruits, vegetables and seafood samples showed bacterial
counts ranging from 4 X 10% - 4 X 105,5 X 10* - 1 X 10% and 3 X 10* - 7 X 10°, and fungal counts ranging from
6 X 10% -1 X 10%g, 9 X 10* - 7 X 105/g, and 1 X 10° 1 X 10%/g, respectively. Just after microbiological analyses,
all different categories of samples were heat treated at 60°C for three intervals viz 30 minutes, 1 hour and
finally 2 hours. Heating at 60°C showed efficiency in reducing bacterial and fungal growth in the samples
studied with log reductions not venturing below the 1.00 mark and various samples with log reductions more

than 5.00.
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Introduction

Food, fruits, vegetables and water are major source of bacterial
and fungal transmission!. Raw fruits and some categories of raw
vegetables contain various nutrients and possess many health
benefits?. The rise in its consumption can also be contributed to
the different campaigns, such as the 5 a day program, run by
different government institutions®. Vegetables play important
roles to combat against cardiovascular and cancerous diseases
4. They also posses antioxidants which help in protecting cells
from being attacked by free radicals, and provide other benefits

including DNA repair, longevity and cell maintenance?.

World Health Organization (WHO) and Food and Agricultural
Organization (FAO) reported a yearly increase of 4.5% in the
consumption of fresh fruits and vegetables between 1994 and
2004 2. Iran has been one of the many countries to undergo an
increase in the consumption of fresh produces’. Various European
countries have also observed the same increase in consumption
3. Awareness of the nutritional benefits attributed as a causative
factor in the rise of consumption of fresh produces 2. Perhaps
this has contributed to the recent rise in the number of cases of
human infections associated with minimally processed vegetables
and other raw foods? ® 7. Seafood plays a role in the spread of
foodborne illnesses, as for example, sea fish originating from
polluted water may contribute to illnesses, often involving bio-

toxins 8.

Despite all the benefits, mishandling during storage, transport
and inadequate preparation have led to the spread of food-borne
diseases * °. Different reports have expressed the presence of
microorganisms, viruses and parasites on fresh food >>7. Several
studies have identified the presence of Escherichia coli O157:H7,
Salmonella Typhimurium and Salmonella newport in fresh leafy
produces °. Even in Bangladesh, foodborne illnesses are caused
largely due to unsanitary conditions during processing!?.
Pathogens such as Salmonella typhi, Campylobacter spp., V.
cholerae, V. vulnificus and V. parahaemolyticus have been
associated with contaminated seafoods 8. Moreover, the recent
advances in diagnostic methods and surveillance methods have
positively identified fresh produces as the source of food- borne
illnesses?. These may occur due to exposure to various other
sources of contamination at farms or market, such as fertilizers
and soil organisms>> 10-12,

Disinfection is critical to eliminate the risk of infection, with
traditional disinfection relying heavily of washing. Washing is
effective in removing dirt, pesticide residue along with
microorganisms, which cause quality loss'3. Researchers have
been attempting to find alternative methods of disinfection, such
as pressure and heat treatments 4. Heat treatments have been
gaining momentum, as they do not rely on any chemicals, generally
relying on hot water dips, vapor heat or hot air treatments. Current
study attempted to identify the microbiological loads of raw foods,
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collected from Dhaka City, Bangladesh and to demonstrate the
effect of heat on the microorganisms in fruits, vegetables and
food, as to establish heat as an effective, low cost and easy to
use method of disinfection.

Materials and Methods

Sample collection

Raw fruit (n=16) and vegetable samples (n=16) were collected from
local street markets and superstores early in the morning. Raw
seafood samples (n=19) were collected from fish markets in a cool
box. All samples were immediately transferred to the Microbiological
Laboratory at Stamford University, Bangladesh, Siddeshwari,
Dhaka. All categories of samples are listed in Table 1.

Estimation of Bacterial and Fungal Loads

Raw sample was aseptically cut into small pieces. Then 10 grams
of the sample was homogenized for 1 min in sterilized 90 ml of
physiological saline using a stomacher (Model No. 061-21001;
Atect Co. Ltd, Japan). From this homogenate, serial dilutions
(upto 10#) were prepared and surface plated (0.1 ml, in duplicate)
on Nutrient Agar (NA) and Sabaroud Dextrose Agar (SDA). NA
plates were incubated at 37°C for 48 hours, while the SDA plates
were incubated at 25°C for 5 days. After incubation, the bacterial

Table 1. List of raw food samples.

counts and fungal counts per gram were calculated from NA
plates and SDA plates, respectively. The results are listed in
Table 2.

Effects of heat on bacterial and fungal growth.

The remaining sample cuts of all samples just after microbiological
test were transferred into the sterilizer at 60°C for 3 intervals viz
30 minutes, 1 hour and 2 hours. After treatment, total bacterial
counts and total fungal counts/g were determined by the methods
mentioned above. The results are listed in Tables 3 and 4.

Results

Estimation of Bacterial and Fungal Loads

Fifty-one raw food samples from 3 categories are listed in Table 1.
From Table 2, it was apparent that TVBC and TVFC were 4 X 10
-7X 10°CFU/gand 1 X 103 - 1 X 10° CFU/g, respectively. Among
three categories of samples studied, seafood and fruit samples

contained the highest and the lowest TVBC and fungal counts,
respectively.

Effects of heat on bacterial growth

Effect of heat on bacterial growth in fruit, vegetables and seafood
samples are shown in Tables 3a and b.

Type of samples ~ Sample size Sample

Fruits 16 Apple, Tangerine, Orange, Banana, Guava, Mango,
Pears, Green Apple, Grapes, Dragon Fruit, Papaya,
Sapodilla, Berry, Wax Apple, Wood Apple, Sugar Cane,

Vegetables 16 Okra, Eggplant, Carrot, Tomato, Potato, Cauliflower,
Lettuce, Onion, Spinach, Peas, Red Amaranth, Cabbage,
Coriander, Bitter Gourd, Radish, Bottle Gourd,

Seafood 19 Swamp Barb, Stinging Catfish, Tengra, Indian Mottle

Eel, Scribbled Gobi, Yellow Tail, Mozambique Tilapia,
Bata, Freshwater Garfish, Dwarf Gourami, Walking
Catfish, Olive Barb, Annandale Loach, Ganger River
Sprat, Square Head Catfish, Rohu, Pabo Catfish, Prawn,

Golden Mahseer

Table 2. Determination of viable bacterial and fungal counts in raw fruits, vegetables and food samples.

Sample type Sample size Total viable bacterial Total fungal
counts (CFU/g) counts (CFU/g)
Friuts 16 4X103t04X 103 6X103to1X 103
Vegetables 16 5X10*to1X10° 9X10*t07X 103
Sea foods 19 3X10*t07X10° 1X103to1X10°
Total samples 51 4X103to7X 10° 1X103to1X10°
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Among the vegetables tested (Table 3a & b), 3 samples showed
log reductions of 3.00 and higher (Bottle Gourd, Lettuce and
Okra in ascending order), whereas one sample was below 1.00
(Egg plant; 0.67). 4 samples of the fruits demonstrated log
reductions of more than 3.5 (Banana, Green Apple, Green
Grapes and Dragon Fruit), whereas Berry showed the lowest
log reduction of 0.76. Sufficient log reductions were observed
among the seafood, with most samples demonstrating a log
reduction of 3.00 and higher. Low reductions were still visible
with Pabo catfish and Golden Mahseer (0.70 and 1.48
respectively).

Effects of Heat on Fungal loads

As seen in Tables 4a &b, heat was efficient in reducing fungal
growth with log reductions not venturing below the 1.00 mark and
various samples of log reductions more than 5.00. 5 vegetables
(Okra, Lettuce, Peas, Bitter Gourd, Bottle Gourd) had log reductions
5.00 and higher. On contrast fruits had slightly lower reductions
mostly ranging from 4.00 (Grapes) to 4.36 (Berry). Similarly, the
higher log reductions for sea foods ranged from 4.04 (Square head
catfish) and 5.34 (Golden Mahseer). Among all the raw foods tested
the most insignificant log reduction was observed in coriander
with a value of 1.25 and spinach with a value of 1.33.

Table 3a: Effects of heat on bacterial Growth in raw food samples (Log cfu/g).

Sample Name 0 Hours 30 min 1 hour 2 hour Log Reduction
Okra 640 436 3.08 281 3.59
Eggplant 441 434 4.08 3.74 0.67
Carrot 548 448 343 3.08 240
Tomato 523 436 346 326 1.97
Potato 446 430 336 228 218
Cauliflower 429 439 3.18 2.60 1.69
Lettuce 599 430 3.18 2.60 3.39
Onion 438 436 432 3.11 127
Spinach 426 432 4.00 3.18 1.08
Peas (Borboti) 526 432 439 328 1.98
Red Amaranth 546 532 432 3.04 242
Cabbage 5.15 530 4.18 3.11 204
Coriander 5.15 5.00 430 328 1.87
Bitter Gourd 546 4.11 3.04 295 251
Raddish 539 532 4.15 3.04 235
Bottle Gourd 530 432 3.15 230 3.00
Apple 426 5.18 430 3.04 122
Tangerine 5.34 430 348 2.00 334
Orange 5.00 449 340 2.00 3.00
Banana 3.59 347 2.60 0.00 3.59
Guava 4.15 436 347 2.00 2.15
Mango 420 4.07 3.15 295 1.25
Pears 429 430 334 270 1.59
Green Apple 394 341 230 0.00 394
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Table 3b: Effects of heat on bacterial growth in raw food samples (Log cfu/g).

Sample Name 0 Hours 30 min 1 hour 2 hours Log Reduction
Dragon fruit 404 3.18 248 0.00 404
Papaya 4.11 4.00 348 2.70 141

Sapodilla 543 4.18 3.54 2.30 313
Berry 3.90 548 457 3.14 0.76
Wax apple 440 432 3.08 2.00 240
Wood Apple 5.56 440 4.00 332 224
Sugar cane 4.46 4.36 3.85 2.30 2.16
Swamp Barb (Puti) 6.32 6.30 5.08 320 3.12
Stinging Catfish (Shingi) 548 430 3.14 228 320
Tengra 548 530 4.14 3.11 237
Indian Mottle eel (Bair) 548 5.30 4.18 330 2.18
Scribbled Gobi (Bele) 648 540 446 3.11 337
Yellow Tail (kechki) 548 457 328 230 3.18
Mozambique Tilapia 648 5.58 4.08 348 3.00
Bata 648 548 4.18 3.39 3.09
Fresh Water garfish (Kaika) 6.49 543 4.96 338 3.11
Dwarf Gourami (Khoilsha) 532 5.28 428 338 1.94
Walking Catfish (Koi) 6.51 5.26 4.18 330 321
Olive barb (Sharpoti) 549 539 439 340 2.09
Annandale Loach (Gutum) 541 4.15 3.56 230 3.11
Ganjer river sprat (Kechi) 543 545 495 326 2.17
Squarehead Catfish (Cheka) 448 4.55 323 2.36 2.12
Rohu 548 4.15 334 248 3.00
Pabo catfish (Pabda) 448 432 404 3.78 0.70
Prawn 5.36 5.54 432 3.04 232
Golden Mahseer (Mohosho) 438 420 3.15 2.90 148
Table 4a: Effects of heat on fungal growth in raw food samples (Log cfu/g).

Sample Name 0 hour 30 min 1 hours 2 hours Log reduction
Okra 534 3.60 278 0.00 534
Eggplant 441 3.74 2.85 0.00 441
Carrot 446 3.77 2.30 0.00 446
Tomato 445 3.88 248 0.00 445
Potato 420 404 336 228 1.92
Cauliflower 426 404 3.85 2.00 2.26
Lettuce 546 3.99 270 0.00 546
Onion 438 436 3.85 2.00 238
Spinach 423 434 3.08 290 133
Peas (Borboti) 546 393 295 0.00 546
Red Amaranth 5.38 432 3.18 2.95 243
Cabbage 4.08 398 3.00 2.00 2.08
Coriander 4.15 4.18 332 290 1.25
Bitter Gourd 545 3.90 2.85 0.00 545
Raddish 5.11 451 3.04 2.00 3.11
Bottle Gourd 5.04 3.04 290 0.00 5.04
Apple 4.18 332 248 0.00 4.18
Tangerine 4.08 326 230 0.00 4.08
Orange 4.11 340 2.00 0.00 4.11
Banana 397 340 2.00 0.00 397
Guava 3.57 395 2.85 0.00 3.57
Mango 4.15 3.18 0.00 0.00 4.15
Pears 4.15 348 2.30 0.00 346
Green Apple 346 326 290 0.00 3.15
Green Grape 3.15 3.60 2.95 0.00 3.86
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Table 4b: Effects of heat on fungal growth in raw food samples (Log cfu/g).

Sample Name 0 hour 30 min 1 hour 2 hours Log reduction
Dragon fruit 3.86 3.04 2.00 0.00 4.00
Papaya 4.00 326 3.70 0.00 4.18
Sapodilla 4.18 4.18 230 0.00 381
Berry 3.81 3.54 223 0.00 436
Wax apple 436 332 0.00 0.00 428
Wood Apple 428 2.00 330 2.60 1.72
Sugar cane 432 436 3.70 230 1.74
Swamp Barb (Puti) 404 4.08 240 0.00 448
Stinging Catfish (Shingi) 448 3.60 338 2.85 3.61
Tengra 6.46 440 330 290 1.56
Indian Mottle eel (Bair) 446 426 443 2.85 2.64
Scribbled Gobi (Bele) 549 536 330 211 2.12
Yellow Tail (kechki) 423 446 426 345 2.00
Mozambique Telapia 545 5.58 340 2.08 2.38
Bata 446 4.69 3.08 2.15 233
Fresh Water garfish (Kaika) 448 428 3.18 226 272
Dwarf Gourami (Khoilsha) 498 4.11 3.78 230 1.81
Walking Catfish (Koi) 4.11 430 332 2.60 1.66
Olive barb (Sharpoti) 426 432 230 0.00 3.99
Annandale Loach (Gutum) 399 340 3.26 2.18 2.00
Ganjer river spral (Kechi) 4.18 428 3.18 2.00 2.08
Squarehead Catfish (Cheka) 4.08 436 2.00 0.00 404
Rohu 4.04 353 320 248 1.80
Pabo catfish (Pabda) 428 428 295 0.00 432
Prawn 432 3.18 391 2.00 230
Golden Mahseen (Mohosho) 430 423 2.78 0.00 5.34

Discussion

Current study attempted to identify the bacterial and fungal loads
present in raw foods, collected from the supermarkets and open
markets of Dhaka, Bangladesh. The study also attempted to
identify the effects of heat on the growth of microbes and fungus.
The study assesed the use of dry heat to decontaminate raw
foods. The widespread knowledge of the nutritional benefits of
fruits and vegetables, such as antioxidants property, and roles in
DNA repair and longevity, has led to a rise in its consumption?.
As aresult, an increase in the incidence of foodborne illness has
been observed, particularly among elderly and immuno-
compromised people.

The alarming increase of food borne illnesses in Dhaka, has led
to a need for the development of safe, easy and cheap methods
of decontamination. Previous studies have demonstrated high
microbial and fungal counts in raw foods of Dhaka, Bangladesh
and all around the world*”-?. Coupled with the minimal access to
clean water, this situation is establishing a negative effect on the
health of the population.

Raw foods exhibited large microbial and fungal counts, painting
an alarming scenario in the Bangladeshi food sector. 15 % of the
samples had exceeded the limit of microbial growth, which was
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unsuitable for human consumption; whereas, 45% of the foods
were marginal. Open markets such as Ryer bazar market and the
fish markets are typical types of market, catering only to a minority
of the upper class family; it serves as the major source of produce,
meats and fish for the majority of Bangladeshi citizens, particularly
due to the ease of availability and lower prices of products. Current
study also determined the air quality of the locations, to asses
the relative effect of environmental pollutants on the foods.
Elevated microbial and fungal counts were found in the
environment, presenting air quality as a major contributing factor
to the contamination of foods in open markets.

Studies in Ghana!> found similar microbial counts of fruits and
vegetables ranging from 9.3 x 103 to 1.5 to 10!, Abadias et al.
(2008)* in Spain also observed microbial counts that ranged
around 107 to 108, Alternatively, their fungal counts varied from
the current, expressing counts to be on a higher scale. In
coherence with the current study, higher counts were observed
in leafy vegetables with fruits generally expressing lower microbial
and fungal counts. This can be a result of the acidic nature of the
fruits combined with the temperature generally used for storing
fruits in Bangladesh, usually refrigerated, aided by the peel, if
present3. Studies by Jeddi ez al. (2014)° have also found microbial
counts to range between 10° and 107. Similar results were
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presented by Nipa et al. (2011)!° for fruits and vegetables tested
in Bangladesh. Additionally, studies by Rahman and Noor (2012)10
have also revealed increased bacterial and fungal loads among
common salad vegetables, which are consumed raw. Therefore,
the increased presence of pathogens will impact the incidences
of foodborne illnesses.

The increase in foodborne disease, linked with raw foods,
continues to be alarming, particularly produce, which are
consumed raw®. As the source of these diseases may vary, proper
precautions employed in order to reduce the burden. Heat is an
established method used often in households and commercial
settings but some studies have revealed nutritional and functional
changes in food properties!”. Heat treatment are applied to foods
such as milk to increase shelf life and to reduce the presence of
microorganism, but its full application in rendering foods free of
organisms, is still in question!®. Additionally, the previous studies
have also reported a decrease in soil biota in relation to the effect
of heat on the ecology of forests!®. The knowledge on the effects
of simple heat treatment on the samples will positively have impact
the health and safety of the consumers. Heat was effective in
reducing the microbial and fungal load in food samples studied,
with log reduction of 2.00 and higher.

As foodborne illnesses continue to rise, studies on effective
methods of decontaminating foods need to continue, in order to
maintain the health of the community. Methods currently being
used include gamma irradiation and fumigation®” and research
on the application of low- pressure plasma sterilization in
agriculture gained momentum?!, but trust on the use of radiation
is still in question. The use of heat on foods would ensure the
quality of the foods without compromising nutritional benefits
or affecting the profit margins of the food production and/or
agricultural companies. Its application will greatly enhance the
quality of the foods, particularly as it is a non-chemical method
of disinfection.
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