Science World Journal Vol 14(No 1) 2019
www.scienceworldjournal.org

ISSN 1597-6343

Published by Faculty of Science, Kaduna State University

SURVIVAL OF SOME FOOD-BORNE  PATHOGENIC
MICROORGANISMS IN OZONATED TROPICAL FRUITS JUICES

TREATED WITH CHITOSAN

Barry Aigbodion Omogbai'* and Marcel James lkenebomeh

"Department of Microbiology, Food and Industrial division, Faculty of Life Sciences, University of Benin, Benin City, Nigeria.

*Corresponding Author Email Address barry.omogbai@uniben.edu.ng

ABSTRACT

Enteric pathogens in non-pasteurized fruit juices can cause
gastroenteritis. The ability of chitosan to inactivate food-borne
pathogens in tropical fruit juices was investigated. Challenge
studies was conducted with Salmonella typhimurium, Escherichia
coli 0157:H7, Listeria monocytogenes and Staphylococcus
aureus. Tropical fruit juices employed were orange, pineapple,
watermelon and a mix of the three. Fruit juices samples (100ml)
were dispensed into 150ml conical flasks. Chitosan powder was
added directly to the juice to give a final concentration of
1000pg/ml,  1500pg/ml  and  2000ug/ml  respectively. For
challenge testing, 0.1ml of 24h old broth cultures of the
microorganisms were inoculated into the flasks at a level of <
6.69Log10CFU/mI. The juices were then stored at 28°C and 4°C
for 7-14 days and 20days respectively. Chitosan concentration of
2000ug/ml was effective in killing Escherichia coli 0157:H7 in all
fruit juices in 36 h irrespective of temperature of storage.
Salmonella only survived up to 24h in pineapple and mixed fruit
juices treated with =1500ug/ml chitosan. A greater Kkilling
occurred for Listeria monocytogenes with the application of
concentration  of  1500-2000ug/ml  chitosan. At these
concentrations Listeria monocytogenes counts were reduced from
an initial challenge inoculum of 5.82log10CFU/mI to zero count in
12h to 24h in all fruit juices. The addition of 1500ug/ml or
2000ug/ml chitosan to the juices reduced Staphylococcus counts
to zero in 18h in watermelon and orange juices. The =5log
reduction of these pathogens by chitosan demonstrates its
potential preservative power for unpasteurised fruit juices.

Keywords: Chitosan, juices, foodborne pathogens, inactivation,
preservative.

INTRODUCTION

Juices may be squeezed directly from fruits or vegetables. They
can also be produced from macerated or crushed material so as
to include a considerable amount of pulp, or may be extracted by
water as in prune juice. Juices may be used in their natural
concentrations or may be concentrated by evaporation or
freezing. They may be preserved by canning, freezing, or drying.
Juices extracted from fruits are more or less acidic depending on
the product. The pH of juices range from about 2.4 for lemon or
cranberry juice to 4.2 for tomato juice. They all contain sugars, the
amount varying from about 2% in lemon juice up to 17% in some
samples of grape juice (Stratford et al., 2000).

An important current trend in food preservation is towards the use
of procedures that deliver food products that are less “heavily”
preserved, higher in quality, perceived as being more “natural’,
contain less additives, and are nutritionally healthier. Some new

and “emerging” techniques aim to meet some of these objectives.
Most of these techniques act by inactivating microbes. Many
naturally occurring antimicrobials have been explored for use as
food preservatives, but few have yet been widely exploited (Lee
and Kang, 2004).

It is of great importance for manufacturers to assess the
microbiological safety and stability of any new or reformulated
product. Three ways of achieving this objective are: predictive
microbiology, storage trials and challenge testing. Predictive
microbiology is an excellent tool for examining the consequences
of formulation changes in products. Storage trials involve
assessing the product over its storage period to establish shelf-life
of the product including assessing sensory and chemical changes
as well as microbiological stability. Challenge testing encompass
the use of inoculated packs studies to establish the safety of
products. This being especially important for chilled foods (Smith,
2004).

With the increased pressure on food manufacturers to remove or
reduce the traditional chemical preservatives in their foods, and to
adopt more natural alternatives for the maintenance or extension
of shelf-life, there is considerable interest in the use of natural
ingredients as microbial growth inhibitors. Numerous naturally
occurring antimicrobial agents are present in animal and plant
tissues, where they probably evolved as part of the defense
mechanisms of the host against microbial invasion. Chitosan from
crab holds great promise in this direction.

Chitosan is a natural polysaccharide comprising copolymer of
glucosamine and N-acetylglucosamine. It can be obtained by the
deacetylation of chitin from crustacean shells (No and Meyers,
1989). Chitin and chitosan have very similar chemical structures.
Chitin exhibits structural similarity to cellulose and differs from it
with the replacement of C-2 hydroxyl residues by acetamide
groups (Kurita, 1998). Hsu et al. (2002) reported that chitosan is
insoluble in water, alkali and organic solvents, but soluble in most
diluted acids with pH less than 6. When chitosan is dissolved in
an acid solution, it becomes a cationic polymer due to the
protonation of free amino groups on the C-2 position of the
pyranose ring. The cationic properties of chitosan in acidic
solutions give it the ability to interact readily with negatively
charged molecules such as lipids and cholesterol. In this respect,
chitin and chitosan have attained increasing commercial interest
as suitable resource materials due to their excellent properties
including biocompatibility, biodegradability, absorption, ability to
form fims and to chelate metal ions (Li et al., 1992). This
investigation attempts to provide a base of scientific knowledge to
support innovation and development of new functional tropical
fruit juices with an assurance of consumer protection.
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MATERIALS AND METHODS

Sources of microorganisms

The microorganisms used in the study were bacteria including
Salmonella typhimurium, Escherichia coli 0157:H7 and Listeria
monocytogenes which were stool isolates obtained from Nigerian
Institute of Medical Research (NIMR), Lagos, Nigeria.
Staphylococcus aureus (SAUBT1), was a clinical wound isolate
obtained from the Department of Medical Microbiology, University
of Benin Teaching Hospital, Benin City, Nigeria. Microorganisms
were characterized based on shape, size and colour of colony
and inspected by light microscopy. The bacteria were Gram-
stained (Roberts et al., 1995). Phenotypic profiling of both gram-
positive and gram-negative bacteria was undertaken using API
50CHB and APl 20E strips (BioMerieux, Marsielle, France)
respectively.

Source of chitosan
This was obtained according to the methods outlined by Omogbai
and lkenebomeh (2016).

Preparation of fruit juices

Freshly harvested fruits of pineapple, orange and watermelon
were sorted, washed, peeled and diced into cubes using a sharp
sterile stainless steel knife. The diced or chopped pieces were fed
into a sterilized Binatone juice extractor (Model JE-500, Binatone,
England). The device was fitted with a special filter which enabled
the fruit juice to be obtained directly without further filtration and
homogenization. The juice obtained was poured into sterile
bottles and corked after filling using manually operated bottle
corking machine. Fresh juice samples were either refrigerated at
4°C or kept at 28+2°C until needed for use. Packaging materials
used for storage include PET plastic bottles and polythene
sachets (Omogbai, 2012).

Microbiological analysis of tropical fruit juices

Four fruit juices: pineapple juice, orange juice and water melon
juice were analysed microbiologically for bacteria using standard
methods.

Isolation and enumeration of microflora of juice samples

Fruit juice (100ml) was dispensed into 200ml containers (in
duplicate for each treatment) and stored at 4°C and 28+2°C.
Duplicate samples (10ml) were taken periodically from each
container for microbiological analysis. The pour plate method was
used for the isolation and enumeration of bacteria in the fruit juice
samples. Ten-fold serial (1:10) dilutions of homogenized
suspension were prepared in sterile peptone water —a maximal
recovery diluent. Viable numbers were determined by pour-plating
1.0ml on nutrient agar for total counts. Violet red bile glucose agar
was used for the enumeration of Enterobacteriaceae after
incubation at 37°C for 24h. Microbial counts were taken after
incubation, calculated and expressed as colony forming units per
milliliter (CFU/ml) of the juice samples tested (Omogbai and
Ikenebomeh, 2016).

Ozonation of tropical fruit juices.

The modified method of Hunt and Marinas (1997) was employed
in ozonation of fruit juice. Ozone gas was generated using an
ozone generator (Model: TS-Ill, Tianjin Bioengineering Co., Ltd
China) in a 500ml Erlenmeyer flask. An ozone concentration of

3.33mg/min was applied. Ozone concentration was recorded
using an ozone analyzer (built-in ozone module in the device).
Excess foaming was prevented with 10-20ul sterile antifoaming
agent which was added before each ozone treatment. The juice
samples were treated for 0-20min with sampling at 2min intervals.
All experiments were carried out in duplicate and replicated at
least twice. The efficacy of treatment was determined in terms of
reduction or total killing of viable counts over time (Kim and
Yousef, 2000).

Treatment of fruit juices with chitosan.

Fruit juices samples (100ml) were dispensed into 150ml conical
flasks. Chitosan powder was added directly to the juice to give a
final concentration of 1000ug/ml, 1500ug/ml and 2000ug/ml
respectively. For challenge testing, 0.1ml of 24h old broth cultures
of the microorganisms E. coli 0157:H7, Salmonella typhimurium,
Listeria  monocytogenes and Staphylococcus aureus were
inoculated into the flasks at a level of < 6.69Log10CFU/mI. Al
treatments were prepared in duplicate. The juices were then
stored at 28°C and 4°C for 7-14 days and 20days respectively.
Juices containing no added chitosan were also inoculated with the
selected bacteria or yeast as controls (C). Absolute controls (AC)
containing no added inoculum and chitosan were also prepared.
Single samples were removed from each duplicate batch of juice
periodically during incubation for microbiological analysis (viable
counting). Plating out was done in triplicate, therefore, mean
counts for each time point were calculated from six replicate
determinations (Omogbai, 2012).

STATISTICAL ANALYSIS
This was achieved according to Ogbeibu (2005).

RESULTS

Fruits juices challenge studies with bacterial pathogens

The survival of four foodborne pathogenic organisms in ozonated
tropical fruits juices treated with chitosan is shown in Tables 1-4.
When inoculated into ozonated tropical fruits juices, Escherichia
coli 0157:H7 survived in all the untreated juices (control) for
upwards of 72h at both 4+1°C and 28+2°C. In the presence of
1000ug/ml chitosan, log reductions of = 2.87 log1oCFU/mI of E.
coli 0157:H7 numbers occurred in all the juices irrespective of
storage temperature over a period of 72h (Table 1).

With chitosan concentration of 1500ug/ml total killing of E. coli
0157: H7 occurred in watermelon juice at both 4+1°C and
28+2°C. In orange juice, E. coli 0157: H7 was not detected
beyond 12h with 1500ug/ml chitosan treatment. Marked reduction
of log number was seen in pineapple (=4.65 logCFU/ml) and in
mixed fruits juices (=4.67 log CFU/ml) at both 4+10C and
28+2°C. Chitosan concentration of 2000ug/ml was effective in
killing Escherichia coli 0157:H7 in all fruit juices in 36h
irrespective of temperature of storage (Table 1).

The survival of Salmonella typhimurium in ozonated tropical fruits
juices treated with chitosan is illustrated in Table 2. In untreated
controls Salmonella populations increased at 28+2°C but had little
or no growth at 4+1°C during 72h incubation in all fruit juice
samples. At 1000ug/ml chitosan concentration, counts of
Salmonella decreased steadily from a challenge concentration of
6.68 log1o CFU/mI to 0.0 and 2.24 log1oCFU/ml at 28+2°C and
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4+1°C respectively in orange juice over 72h. In watermelon juice this Salmonella was reduced to zero count in 60h at 28+2°C. A concentration
of 1500 and 2000ug/ml reduced the initial challenge cell concentration of 6.68log10CFU/ml to zero by 36h in all juices irrespective of storage
temperature. Thus Salmonella only survived up to 1day or 24h in pineapple and mixed fruit juices treated with >1500ug/ml chitosan (Table 2).

In Table 3 the Gram-positive bacteria Listeria monocytogenes increased slightly in cell population in the control experiment (fruit juices without
chitosan) stored at 4+1°C by 1.01-1.9 log1oCFU/ml. In juices stored at 28+2°C there was 0.5-1.14 log1oCFU/ml increase in growth of Listeria
monocytogenes. The introduction of chitosan into the juices caused a reduction in the number of this bacterium. Listeria counts fell from an
initial of 5.82log10CFU/mI by =3.21 log10CFU/ml in juices stored at 28+2°C and =3.37 log1oCFU/ml for 4+1°C over a period of 42h. However
greater killing effect was seen with the application of concentration of 1500-2000ug/ml. At these concentrations Listeria monocytogenes counts
were reduced from an initial challenge inoculum of 5.82log10CFU/ml to zero count in 12h (in watermelon juice), 18h (in orange juice) and 24h
(in pineapple and mixed fruit juice) respectively (Table 3).

The effect of chitosan concentration and storage time on the growth and survival of Staphylococcus aureus in tropical fruit juices stored at both
and 4+1°C and 28+2°C showed reductions in the bacterial populations (Table 4).Chitosan concentration of 1000ug/ml achieved reduction of
initial challenge inoculum of 5.75log1CFU/mI to zero count in orange, pineapple and watermelon juices in 36h. In mixed fruit juice, this
concentration achieved 3.84 and 3.89 log1oCFU/ml reduction in Staphylococcus aureus population at 4+19C and 28+20C. The addition of
1500ug/ml or 2000ug/mi chitosan to the juices reduced Staphylococcus counts to zero in 18h in watermelon and orange juices. Pineapple and
mixed fruit juices however required 24h and 36h respectively for reduction of Staphylococcus aureus counts to zero at both 28+2°C and
refrigerated 4+1°C storage.

Table 1: Effect of Chitosan (DMPAC) Concentration and Storage Time on the Growth and Survival of Escherichia coli 0157:H7 in Ozonated
Tropical Fruit Juice Stored at 4+1°C and 28+2°C.

STORAGE CHITOSAN SURVIVAL POPULATION (LogwCFUmI) IN TROPICAL FRUIT JUICES
TIME (H) CONCENTRATION ORANGE PINEAPPLE WATERMELON MIXED FRUIT JUICE
{g/mi)
28°C 400 28°C 45C 28°C 400 28°C 45C
0 540+003 640+003 5404003 6401003 6401003 6401003 6401003 5401003
1] 1000 5.82+0.01 6.10£0.01  5Rat002 6121001 5431002 5671001 5871000 5811002
1500 3.53x0.01 4152002 4264001 4774001 326 +0.01 3.85+000 445+001 4.853+0.01
2000 2812004 308000 3754002 3844000 2481001 237+001  383+002 415+0.02
0 6332002 640£003 5484001 6401003 5361000 65401+003 6341000 5404003
1000 5.48x0.01 5.82:000 5574002 573+001  5.03+0.02 5254001 583+002 5724000
12 1500 138002 246001  285+0.01 3061001 1301001 1461000 301001 3183001
2000 1.23+0.00 1.45¢001 2084001 2381000 1164000 1214002 2224001 23142000
0 5252001 6352000 5554000 6311000 6.36+0.00 §34+000 6251001 S31F0.01
1000 4.27+0.01 5.04+002 4434001 525+002  4.56+0.01 4 86+0.01 4654002 5024000
24 1500 0.00+0.00 183002  138+0.01 175+000  0.00£0.00 0.00+0.00 1544001 1.73+0.01
2000 0.00+0.00 0.00£0.00  1.25+0.00 1414001 0.00+0.00 0.00+0.00 1384000 1414000
1] 6.38+0.00 §.23+000 543+002 §.31+0.00 6.30+0.01 §.25+0.00 5.A7+002 5264001
ki 1000 3.85+0.02 416+002 354002 4 66+0.01 418001 4 30+0.00 4104000 4234003
1500 000000  0.00£000  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
2000 0.00£0.00  0.00£000  0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
1] 626000  §.28+£000 63300 6.38£0.01 6.15+0.02 6.25+0.00 6431001 6203001
1000 3.53£0.02 376002 3652001 3.87£0.02 3.78x0.00 3.87£0.02 3834002  35854+002
48 1500 000000  0.00£000  0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
2000 000000  0.00£000  0.00£000 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00
i} 6.20+0.01 625001  6.28+0.00 6.30+0.00 6.27+0.01 6.25+0.00 6194002 5204000
60 1000 3.21+003 378004 J344+0.01 3.56+0.01 3.36+0.01 3.52+0.01 A56+0.01 3RTH0.00
1500 0.00+000  0.00£000  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00
2000 0.00£0.00  0.00£0.00  0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
0 6.20+0.01 6.25+0.01 §.28+0.00 §.30+0.00 6.20+0.00 §.25+0.00 6.15+0.01 5204001
72 1000 3.211+003 3524002  3.32+000 341000 3.01+0.00 3.33+0.00 3444002 3534002
1500 000000  0.00£000  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
2000 0.00£0.00  0.00£0.00  0.00+£0.00 0.00£0.00 0.00£0.00 0.00+£0.00 0.00£0.00 0.00£0.00
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Table 2: Effect of Chitosan (DMPAC) Concentration and Storage Time on the Growth and Survival of Salmonella typhimurium in Ozonated
Tropical Fruit Juices stored at 4+1°C and 28+2°C.

STORAGE CHITOSAN SURVIVAL POPULATION (LogwCFU/ml) IN TROPICAL FRUIT JUICES
TIME {H) CONCENTRATION ORANGE PINEAPPLE WATERMELON MIXED FRUIT JUICE
{jag/mi) |
28°C 4oC 28°C 4oC 28°C 4oC 28°C 4oC
a 689001  688x001  §.88+001 5.88+0.01 6.681+0.01 6.681+0.01 6.68+0.01  6.6810.01
a 1000 5.05x0.00 8.10£0.02 5761002 5.8840.00 47312003 4851001 5.8110.00 5.87+0.02
1500 4.26+0.02 4.52+0.01 4414000 4524002 3.24 4004 3511004 4524003 473001
2000 3.18x0.01 3.36x0.02  3.5240.02 3.47+0.01 231002 2824000 4022001 4244001
0 6.75x0.02 6.68+0.01 5.8040.00 6.5640.00 87142004 6.5810.01 5.834£0.02 6.5440.02
1000 457001 4.83x0.03 5.1010.01 54710.01 4511002 4724003 5444002 5.5640.02
12 1500 1.85+0.02 228+000 2.3540.00 3534002 1.38£0.00 1.8540.01 2841001 278001
2000 118002 210001 1.3640.03 1.5840.00 1.054+0.00 1.2740.01 2254002 2434000
Q 725001 654001  7.18+0.01 6.5040.02 6.96+0.01 6.75+0.02 6971002 §36001
1000 4 25+0.01 4.87+0.02 4.4340.02 4234001 2.865+0.02 3.07+0.01 5.0140.00 5.1840.00
24 1500 0.00£000  0.00+000 1214000 1864002 0.00£0.00 0.00+0.00 1464002 1564002
2000 0.00+0.00 0.00+0.00 1.0940.00 1.1940.00 0.00+0.00 0.00+0.00 1.374+0.01 1.4140.01
(1] 7.85x0.01 5.48+0.01 T2T+0.02 5.87+0.01 7.58+0.02 5.88+0.01 7.3840.00 5484002
36 1000 2.84+0.02 4.58+0.00 3.83x0.01 3.18+0.02 2.259+0.00 2.85x0.04 443+001 4 60+001
1500 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00x0.00 0.00+0.00 0.00x0.00 0.00+0.00
2000 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
(1] 8.30+x0.01 5.66+0.00 7.359+0.00 5.48+0.00 T.74+0.01 5.71+0.00 7.4840.02 56574002
1000 223001  3.06x001 321002 3.66+0.03 1.24+0.03 2.18+0.01 2864007 4124003
48 1500 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
2000 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00
(1] 7.64+002 §.63+0.01 T.46+0.02 §.70+0.00 T.96+0.02 5.83+0.02 7.5540.00 5.634+0.02
80 1000 2264000  2.63+000 2.74+0.01 3.12+0.03 0.00£0.00 1.37+0.02 A17+002  3567+0.00
1500 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
2000 0.00+0.00 0.00=0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00x0.00 0.00+0.00
0 7.35+0.01 5.65+0.00 T.41+£0.02 5.61+£0.02 8.10+0.02 7.15£0.03 7.8240.01 5744002
72 1000 0.00£0.00  2.24+001  1.16+0.01 2.75+0.01 0.00£0.00 0.00+0.00 273+002 3044002
1500 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
2000 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00

Table 3: Effect of Chitosan (DMPAC) Concentration and Storage Time on the Growth and Survival of Listeria monocytogenes in Ozonated
Tropical Fruit Juices Stored at 4+10C and 28+2°C.

STORAGE CHITOSAN SURVIVAL POPULATION (LogwCFUiml) IN TROPICAL FRUIT JUICES
TIME (H) CONCENTRATION
(pgheml) ORANGE PINEAPPLE WATERMELON MIXED FRUIT JUIGE
28T Ao 28T Ao 25°C Lo 28T Lo
a B FETAR] R R 0820105 D 82+0105 B B240.05 hB40.05 FEIH005  5EIH005
0 1000 453:000  A07+000 4754003 4602000 4443001 3524002 4874000 4514002
1300 314001 3512002 3914002 3624003 251 £0.04 2384002 3834004  375+0.00
2000 348000 328001 3644001 3352001 227001 2304002 3574002 3414002
U 592002 585007 5754000 5912001 5851000 5934000 5872000 6821000
1000 410+001 385003 4354003 4074003 3861002 355001 4484002 400+0.00
g 1500 260+002 242000 343+004 3352001 1284004 1214000 3524001 3404001
2000 2212003 206+001 3304002 2274002 1264000 1184001 3414002 3204002
0 BEN00T 84300 5572001 6.13£003 597001 595+000 576£001 6181002
1000 378003 351004 4074004 358+003 3642002 346=0.01 4204002 3694000
12 1500 142001 132001 2514004 243+000  0.00+0.00 0.00=0.00 2724001 2614000
2000 1.18+0.00 107002 2484001 215+002  0.00+0.00 0.00=0.00 2544002  234+002
a [REE B 00T L EY LR B 760103 B 3501 5R0+004 GITH004
18 1000 3442004  322+002 3552002 3450 3.1820.02 3.05=0.00 3614002 354+003
1500 000000 000000  1.27+0.01 117002 0.00+0.00 0.000.00 1.56+0.01 1.74+0.03
2000 000000 0.00«0.00  1.05+0.00 1.05+0.00 0.00+0.00 0.000.00 1.31+0.02 1.25+0.00
4] FRTEIRA] BHEENOT B ATH0TE [T FEEEDR] B 02=003 5R9+001 6484000
1000 3052002 287£001 321005 3054001 29620.03 2.780.00 3524000  318+002
24 1500 000000 000000  0.00+0.00 0.00+0.00 0.00+0.00 0.000.00 0.00+0.00 0.00+0.00
2000 000000 0.00«0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
a 0.1 [N RRYEN] LA 05300 R ER 5954000 GATE001
30 1000 2764002 241003 2711003 2.60+0.01 267+0.01 2.58+0.03 2844002  271+003
1500 000000  0.00+£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
2000 000000 000000  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
0 R 753003 [RTEN ERENEN 0G0z o Mex00E B1RE002  GRTBEE002
36 1000 25300 2284000  262+004 2.55+0.1 261+0.00 243+0.01 2754000 250+0.01
1500 000000  0.00+£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
2000 000000 000000  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
a 0960103 [P RG] 5560107 o dex0.00 U007 5350107 [REET]
42 1000 230000  216«0.01  257+0.00 2.43+0.00 22400 2.13+0.03 251002 2.50+0.00
1500 000000  0.00«0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.000.00 0.00+0.00 0.00+0.00
2000 0.00+000  0.00+0.00  0.00+0.00 0.00=+0.00 0.00+0.00 0.000.00 0.00+0.00 0.00=+0.00
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Table 4: Effect of Chitosan (DMPAC) Concentration and Storage Time on the Growth and Survival of Staphylococcus aureus in Ozonated
Tropical Fruit Juices Stored at 4+1°C and 28+2°C.

CHITOSAN
CONCENTRATION SURVIVAL POPULATION {LogyGFUIm) IN TROPICAL FRUIT JUICES
(ppfml}
ORANGE PINEAPPLE WATERMELON MIXED FRUIT JUICE
T T T ¥ T T T #C
] 57002 5755002 5758002 5755002 5754002 575+002  575%002  575%002
0 1000 ATO+001  AT0R000 4934001  4TIH000 451001 4244001  495+000 4894000
1500 374000 3662001 3ETH002  3TBA000 3504002 354000 3094001 3TEX002
2000 2E0x002 3322002 3754003 2864002  3.18+0.01 3054001 318002 3164003
0 586:0.01 5032001 5804002 5684000 583001 5254002  493+002 5604002
1000 67002 3512002 4854002 4574001 3574002 3404000 485001 4554002
[ 1500 246:004 2472001 2664001 2504000 236003 2084001 2754002 2544001
2000 226001 1572002 2474002 ZHH003 1394000 1264000 2684001 237+0.02
0 586:002 4712002 5894001 5014002  6.05+0.02 4624003 4B1H002 5134002
1000 302000 3852001 4M+002  ADDH002 267002 2E540.01 435001 4474001
12 1500 1352002 1162002 2054001 2154002  122:0.02 1104002 2444002 2254+0.02
2000 1182000 1082000 1884002 1264000  0.00:0.00 000000 223003 2104001
0 E14+003  ATI4002  B10:002 485002 627+001 4554001 5604003 ABE4003
12 1000 2554003 2412003 268001 3512002 243001 2IBH002  3ATEHD0Z 3814002
1500 000+000 0002000  159:002 1424002  0.00:0.00 000000 2012000 163002
2000 0.00+000 0003000  136:001  0.00+000 000000 DO0+000 152+001 141001
] Se6x001  A622001 6212000 4562001 5435002 4361000 S562H000 4631001
1000 1985002 1402000 2752002 2468002  1.38:0.01 1244002 2954000  308+0.02
4 1500 000+000 000000  OO0D:D0D  OO0+D00 0004000 DO0+000  186+004 1452001
2000 0.00+000 0002000 Q00000  0.00+000  0.00:0.00 000000  145:002  1.10:002
] SO002 4502000 6212000 422002 5105002 436F000  SE2E000  AFL004
0 1000 156001 000000 184003 1724000  (0.00:0.00 DO0H000 2001 2124000
1500 0.00+000 0002000 O0O00:000  0O0+000  0.00:0.00 000000 153002  0.00:0.00
2000 0.00+000 0002000  OO00:000 000000  0.00:0.00 000000 0002000  0.00:0.00
] 3632003 456:002  628:001 3572002 4765003 4224001 5661003 430000
8 1000 000+000 0002000  OO00:000 172000 000000 DO0HD00 1864002 1914002
1500 0.00+000 0002000 0O00:000  0.00+000  0.00:0.00 000000 1412004 0003000
2000 0.00+000 0002000  0O00:000  0.00+000  0.00+000 0.O0+000  0.00:000  0.00:0.00

Pathogen detection in tropical fruit juices by enrichment

In order to check the efficacy of chitosan treatments using concentrations of 1000, 1500 and 2000ug/ml in fruit juices, various enrichment
treatments were investigated. Thus Tables 5 illustrate pathogen detection in freshly prepared chitosan treated tropical fruit juices stored at both
4+1°C and 28+2°C. With the application of 1500 and 2000ug/ml chitosan the four pathogens tested (Escherichia coli 0157:H7, Salmonella
typhimurium, Listeria monocytogenes and Staphylococcus aureus) did not survive more than one day at both 4+1°C and 28+2°C temperature
in the juices. None was detected by enrichment except Staphylococcus aureus and Listeria which were detected on day 2 at 4+1°C storage in
pineapple juices.

With chitosan concentration of 1000ug/ml the pathogens Salmonella typhimurium and E. coli 0157:H7 survived for up to 9 and 15 days
respectively in orange juice at 28+2°C and 20 days at 4+1°C. Listeria monocytogenes and Staphylococcus aureus were recovered in orange
juices for up to 3 and 13 days respectively at 28+2°C storage of orange juice (Table 5). In general the pathogens survived and were recovered
in juice treated with a chitosan concentration of 1000ug/ml for up to 3days or the entire 20 day study period. Cell recovery by enrichment
indicated that injured organisms were present in chitosan- treated (1000g/ml) juices at either 4+1°C or 28+2°C (Table 5-8).
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Table 5: Pathogen Detection in Freshly squeezed Chitosan Treated Orange Juice Stored at 4+1°C and 28+2°C.

Pathogen/Chitosan

STORAGE TEMPERATURE

Goncentration

&11:0

SAMPLING DAYS

13

12

14 16 18 20

Escharichia colf 0157:HT
Control+E. colf 0157-HT
Chitosan, 1000walm|
Chitozan, 1500pg/ml

Chitosan, 2000pafml

Salmonelia fyphimurium
Caontral+ Salmenella typhimurium
Chitozan, 1000pafml

Chitesan, 1500ua'ml

Chitesan, 2000uaiml

Listera monocytogenss

Contral + Listena monocytogenes
Chitozan, 1000pafml

Chitozan, 1500pg/ml

Chitozan, 2000pafml

Staphylococcus aursus
Contral+ Sfaphyioceccus sursus
Chitosan, 1000pafml

Chitosan, 1500pafml
Chitozan, 2000pgiml

+

+

+

+

+

+

+= Pathogen detected after enrichment

- = Pathogen not detected after enrichment

Table 6: Pathogen Detection in Freshly Squeezed Chitosan Treated Pineapple Juice Stored at 4+1°C and 28+2°C.

Pathogen/Chitosan Concentration STORAGE TEMPERATURE
ZREIC &0
SAMPLING DAYS SAMPLING DAYS

[1] 3 3 9 13 15 19 [1] 2 [ 10 12 14 16 15 20
Escherichia colf U151 HT
Control+E colf U124 H/ + + + + + + + + + + + + + + + +
Chitosan, 1000pga/ml + + o+ o+ o+ - - + + + + + + + + +
Chitcsan, 1500paiml + - - - - - - + - - - - - - - -
Chitcsan, 2000paiml + - - - - - - + - - - - - - - -
Satmonella fyphimunum
Control+ Salmonells fyphimurum + + o+ o+ o+ + + + + + + + + + + +
Chitcsan, 1000paiml + + o+ o+ o+ - - + + + + + + + + +
Chitczan, 1500paiml + - - - - - - + - - - - - - - -
Chitczan, 2000paiml + - - - - - - + - - - - - - - -
Lisfena monocyfogenss
Control + Listena monocyfogenss  + + o+ o+ o+ + + + + + + + + + + +
Chitezan, 1000paiml + + + + + + - + + + + + + + - -
Chitezan, 1500palml + - - - - - - + + - - - - - - -
Chitcsan, 2000paiml + - - - - - - + - - - - - - - -
Staphylococous aursus

+ + + + + + + + + + + + + + + +

Controls+ Staphylococcus aursus

Chitosan, 1000pga/ml
Chitosan, 1500paiml
Chitozan, 2000paiml

+= Pathogen detected after enrichment

-= Pathogen not detected after enrichment
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Table 7: Pathogen Detection in Freshly Squeezed Chitosan Treated Watermelon Juice stored at 4+1°C and 28+2°C.

Pathogen/Chitosan STORAGE TEMPERATURE
Concentration 28£2°C £%1°C
SAMPLING DAYS SAMPLING DAYS
1] 1 3 3 9 13 13 19 1] 2 [ il 10 12 14 16 18

Escherichia colfl 0157 HT

Control+E. colf 0157 HT + + + + o+ + + + + + + + + + + + +
Chitosan, 1000pgfml + + + + o+ + + - + + + + + + + + +
Chitosan, 1500pgfml + + - - - - - - + - - - - - - - -
Chitosan, 2000pgémi + - - - - - - + - - - - - - - -
Salmonela typhimurium

Control+ Saimonaia f},}gﬁfmm + + + + + + + + + + + + + + + + +
Chitosan, 1000pgfml + + 0+ o+ o+ - - - + + + o+ + + + + -
Chitosan, 1500pg/ml + + - - - - - - + - - - - - - - -
Chitosan, 2000pgfml + + - - - - - - + - - - - - - - -
Listeria monccyiogenss

Control + Lisferna H?OHDS}-'TDQE!HES + + + + + + + + + + + + + + + + +
Chitosan, 1000pgfml + + + + o+ + + - + + + + + + + - -
Chitosan, 1500pg/ml + + - - - - - - + - - - - - - - -
Chitosan, 2000pgfml + + - - - - - - + - - - - - - - -
Staphylococous aureus

Control+ Sfaphylococcus aureu + + + + + + + + + + + + + + + + +
Chitosan, 1000pgfml + + + + + + + + + + + + + + + + +
Chitosan, 1500pgfml + + - - - - - - + - - - - - - - -
Chitosan, 2000pgfml + + - - - - - - + - - - - - - - -
+= Pathogen detected after enrichmen -= Pathogen not detected after enrichment

Table 8: Pathogen Detection in Freshly Squeezed Chitosan Treated Mixed Fruit Juice Stored at 4+1°C and 28+2°C.

Pathogenichitesan Concentration STORAGE TEMPERATURE
28E2-C 4x1eC
SANPLING DAYS SANPLING DAYS
o1 3 5 9 13 15 19 ] 2 6 & 10 12 14 16 18

Eschernichia coll METHT

Control+£. coli 0157 H7 + o+ + + + + + + + + + + + + + +
Chitosan, 1000pg/ml + o+ + + + o+ + + + + + o+ + + + +

Chitosan, 1500 pg/ml + o+ - - - - - - - - - - - - - - -
Chitosan, 2000pg/ml + o+ - - - - - - + - - - - - - - -

Salmonelia typhimurm

Control+ Saimonella typhimurium + 0+ 0+ o+ o+ * + + + + + = + + + + +
Chitosan, 1000pg/m S - - + + + + + + + +
Chitosan, 1500pg/ml + - - - - - - + - - - - - - - -
Chitosan, 2000pg/ml + - - - - - - + - - - - - - - -

Listeria monocyfogenss

Caontrol + Listeria monocytogenas + + + 0+ o+ 0+ + + + + £+ + + + + +
Chitosan, 1000pg/ml £+ 0+ o+ £+ + + + + + o+ + + + + +
Chitosan, 1500pg/ml + - - - - - - + - - - - - - - -
Chitosan, 2000pg/ml + - - - - - - + - - - - - - - -

Staphylococous aweus

Control+ Staphylococcus aureus + + o+ o+ o+ + + + + + o+ + + + +
Chitosan, 1000pg/ml + o+ + + + - - - + + + o+ + + + +
Chitosan, 1500pg/ml + o+ - - - - - - + - - - - - - - -
Chitosan, 2000pg/ml + - - - - - - + - - - - - - - -
+= Pathogen detected after enrichment - = Pathogen not detected after enrichment
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DISCUSSION

The biocidal action of chitosan tested against Escherichia coli
0157:H7, Salmonella typhimurium, Listeria monocytogenes and
Staphylococcus aureus were found to be concentration and
temperature dependentthus corroborating Baskaran et al. (2010).
At 1500 and 2000pg/ml, chitosan completely inactivated
(negative by enrichment) E coli 0157:H7 after 24h in orange and
watermelon fruit juices. However a concentration of 1000 ug/ml
could not eliminate the pathogen from the fruit juices rather a
gradual reduction occurred. Similarly Staphylococcus aureus and
Listeria monocytogenes did not survive up to 1day when treated
with 21500 pg/ml of chitosan. Both organisms rapidly died off
from 5.57l0og10CFU/ml and 5.82log10CFU/ml to non-detection
levels. Irrespective of the fruit juice type, 36h was required to
completely eliminate E coli 0157:H7 (from 6.4log10CFU/ml) and
Salmonella (from 6.68 Logw0CFU/ml) to levels that were
undetectable using conventional microbiological techniques.
Furthermore once inactivated, E coli 0157:H7 and Salmonella
remained undetectable for the duration of the 20 days challenge
test study. The non-detection of these pathogens with enrichment
method presupposes that the cellular injury caused by chitosan
was irreversible (Lee and Kang, 2004). The substantial reduction
in the number of days (from 20 to 1) that E. coli 0157:H7 and
Salmonella typhimurium were able to survive in all tropical fruit
juices when treated with 21500 pg/ml and stored at 4+1°C
present an opportunity to improve the safety of unpasteurized fruit
juices (Synder and Worobo, 2018).

Temperature was another factor that exerted a profound effect on
the antibacterial activity of chitosan on the four challenge
pathogens in this study, for example, 1000ug/ml chitosan
decreased E. coli 0157: H7 counts from 6.4 logwCFU/ml to
3.21log10CFU/ml in 72 h at 28+2°C. However the same
concentration of chitosan reduced bacterial counts to
3.52log10CFU/ml over the same period at 4+1°C. Similar
differences in pathogen inactivation at these temperatures were
also observed with higher chitosan concentrations, although not
as prominent as that observed with 1000ug/ml. This finding
agrees with that of Yuste and Fung (2004), who also reported a
higher rate of inactivation of E. coli 0157:H7 and Salmonella
typhimurium in apple juice by a combination of nisin and
cinnamon at 20°C compared to 5°C. The enhanced antibacterial
effect of chitosan at 28+2°C could be attributed to the higher
metabolic growth and death rates of E.coli 0157:H7 and
Salmonella typhimurium at 28+2°C compared to those at
refrigeration (4+1°C) temperature (Yuste and Fung, 2004).
Similarly, E. coli 0157:H7 survived at a greater rate at 4+1°C
compared to 28+2°C in the control samples, which could also be
attributed to the lower metabolic, growth and death rate of the
bacterium at this temperature. Zhao ef al. (1993) reported that
the survival of E. coli 0157: H7 was enhanced at 8°C compared to
that at 25°C in apple cider with and without preservatives. The low
pH of the juices could also have played a role in the antimicrobial
activity of chitosan. The acidity of the fruit juices might have
resulted in sublethal injury to the pathogens, which could enhance
their susceptibility to cell membrane or cell wall damage activity of
chitosan since this polymer is positively charged combined with its
chelating ability (Li et al., 1992).

Thus the results of this study indicate that chitosan at low
concentrations (=1500ug/ml) could potentially be used as an

effective antimicrobial to inactivate E. coli 0157:H7, Salmonella
typhimurium, Listeria monocytogenes and Staphylococcus aureus
which may contaminate tropical fruit juices by chance during
processing. The =5log reduction of these pathogens obtained in
the present study would be seen to have met the demand of the
National Advisory Committee on Microbiological criteria for foods,
of the United States Department of Agriculture (USDA) and
possibly National agency for Food, Drug administration and
Control, Nigeria (NAFDAC) which recommends that manufacture
of fruit juices should include effective treatments that can result in
a cumulative 5-log reduction in E. coli 0157:H7 or pathogens of
concern in the fruit juice being processed (USFDA, 2001).

Conclusion

This paper has shown the possible use of chitosan as an
antimicrobial agent with a preservative potential for shelf life
extension of tropical fruit juices.
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