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ABSTRACT

Aim: To assess the microbial load and antibacterial activity of irradiated T. tetraptera fruit and the
appropriate equilibrium relative humidity for the storage of irradiated fruit of T. tetraptera.
Methodology: The whole fruit was analyzed for aerobic mesophiles count and moisture sorption
isotherm was determined; while the powdered samples were analyzed for antibacterial potency.
Results: Irradiating the samples reduced the microbial load significantly. A dose of 10 kGy
eliminated all microflora from the products while a dose of 5 kGy reduced the initial microbial count
from 1.1x10* to 80 CFU/g (i.e. 93% reduction). The net gain of moisture by fruits stored at 55% to
75% ERH was minimal and no growth of fungi was observed on the fruits. ERH above 75%
reintroduce some microbes.

*Corresponding author: E-mail: yawdar4@yahoo.com;
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Conclusion: Irradiation completely eliminated the microflora at 10 kGy and substantially reduced
the antibacterial ability of T. tetraptera fruit against the bacteria strains studied. The irradiated and
unirradiated T. tetraptera fruits were better stored up to 75% equilibrium relative humidity.

Keywords: Tetrapleura tetraptera fruit; moisture sorption isotherm; irradiation; microbial; antibacterial.

1. INTRODUCTION

Spices, medicinal and aromatic herbs are well
known for their useful antimicrobial
phytochemical constituents. However, these
plant materials are often highly contaminated by
microbes. As with many other agricultural
products, spices and herbs may be exposed to a
wide range of microbial contamination during
pre-and post-harvest. Such contamination may
occur during processing, storage, distribution,
sale and/or use [1]. Having been dried material
from plant origin, spices are commonly heavily
contaminated with xerophilic storage moulds and
bacteria [2]. Various conventional methods of
sterilization and microbial load reduction
including fumigation with gaseous ethylene oxide
or propylene oxide and application of steam [3]
have been used. These methods are however,
recognized as less safe and are now prohibited
or restricted in most countries [4]. Microbial
contamination in raw plant materials is a very
common problem for which gamma irradiation
process is nowadays the most used technique
for micro-organisms reduction [5]. Extracts of
Tetrapleura tetraptera fruit are used as spices in
soup and have been suspected to have
antibacterial  activities [6]. While gamma
irradiation can reduce the microbial load, the
procedure can inadvertently reduce antimicrobial
potency of Tetrapleura tetraptera fruit. Moreover,
inappropriate equilibrium relative humidity (ERH)
at which the fruit is stored can promote microbial
reinfection. Hence, the aim of this work was to
assess the microbial load and antibacterial
activity of the irradiated T. tetraptera fruit and the
appropriate equilibrium relative humidity for the
storage of irradiated fruit of T. tetraptera.

2. MATERIALS AND METHODS
2.1 Sample Collection and Preparation

Dried fruits of Tetrapleura tetraptera were bought
from a local market in Madina, Accra - Ghana,
and were identified by the Botany Department of
the University of Ghana. They were divided into
two batches of which the first batch was washed,
oven dried at 50°C overnight, cut into small

pieces and ground into a powder with a hammer
mill. The ground powders were stored separately
in air-tight containers and kept in a cool, dry, dark
place. Ten grams each of the T. tetraptera
powder and whole fruits were packed in different
polythene bags and irradiated with gamma rays
from Cobalt 60 source at 5 and 10 kGy at room
temperature at the Radiation Technology Centre
of GAEC. The dose rate was 2 kGy/hr and the
dose delivered was confirmed by Fricke’s
dosimeter. The samples were then stored in the
fridge at 4°C awaiting subsequent analyses.

2.2 Preparation of Plant Extract

The dried fruit samples were ground and
extracted with methanol in a soxhlet apparatus.
The solvent was removed using rotary
evaporator under reduced pressure at
temperature below 50°C. The resulting crude
extracts were stored at 4°C until used. Stock
solutions and serial dilutions of the plant extracts
were prepared in dimethyl sulphoxide (DMSO)
[7,8].

2.3 Antimicrobial Activity Test

Antibacterial activity was detected by the disc
diffusion method [9] for Gram positive and
negative bacteria (Staphylococcus aureus,
Salmonella typhimurium and Escherichia coli).
Chloramphenicol (30 pg) and distilled water were
used as positive and negative controls,
respectively [10]. Experiments were run in
triplicate and the results represent mean values
of the three measurements.

2.4 Aerobic Mesophiles Count
Analysis

(TVC)

Total mesophilic aerobic bacteria count was
performed according to the method specified by
the International Commission on Microbiological
Specifications for Foods [11]. Plate Count Agar
was used as the medium and colony counter
used for the counting. Incubation was carried out
at 30°C for 3 days. Yeast and mold count were
performed using the pour plate method.
Dichloran Rose Bengal Chloramphenicol Agar
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was used as a medium. Incubation was

performed at 25°C for 5 days.

2.5 Moisture Sorption Isotherm of the
Whole Fruit

The equilibrium relative humidity for the samples
was determined [12]. Two whole fruits of
approximately 2 grams were weighed and placed
in desiccators having specific equilibrium relative
humidities at an ambient temperature of 30+1°C.
The samples were placed in the upper section of
each glass desiccator on wire/plastic mesh while
the lower section contained the formulation of the
glycerol-water mixture (Table 1). The relative
humidity values in the desiccators and the
temperatures were monitored using the thermo-
hygrometer. The interior of the desiccators had a
temperature of 29+1°C. The weight (loss or gain)
of the samples was determined every 2 days by
weighing the samples and graphs were drawn for
the values obtained.

Table 1. Summary of the formulation of
glycerine-water ratio used to establish the
prescribed equilibrium relative humidity

% ERH Volume of Volume of
glycerin (ml) water (ml)

55 75 25

65 68 32

75 58 42

85 45 55

95 22 78

2.6 Statistical Analysis

Statgraphics centurion (Version 16) statistical
tool was used for the analysis of variance and
mean separations. Values were represented as
mean = S.D of triplicate data. The graphs were
drawn using Excel version 2013.

3. RESULTS AND DISCUSSION

3.1 Antimicrobial Properties of
Tetrapleura  tetraptera fruit as
Influenced by Gamma Irradiation

This antibacterial assay was chosen because it is
rapid and reliable in testing [13]. There were
observable significant differences (Table 2)
between extracts of the irradiated and
unirradiated T. tetraptera fruitregarding growth
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inhibition of the Staphylococcus aureus and
Salmonella  typhimurium. There was no
significant difference in the inhibition of growth of
Escherichia coli by the extracts from the
unirradiated fruit and extracts from fruits
irradiated at 5kGy; however the inhibition of
growth of Escherichia coli by extract of the fruits
irradiated at 10kGy was significantly different
from the extract of the unirradiated fruits (Table
2). The positive control (Chloramphenicol) had a
zone of inhibition significantly higher than both
the irradiated and unirradiated samples in this
present work for E. coli and S. aureus. However,
the extracts from the unirradiated fruits
performed significantly higher than the positive
control (Chloramphenicol) in the inhibition of the
growth of S. typhimurium. In this present work,
the irradiated samples generally showed the
lowest bacterial growth inhibition. The
antibacterial activity of some plants have been
attributed to the presence of some active
constituents, like phytochemicals, in extracts
from those plants [14,15,16]. These constituents
have been reported to interfere with cell
permeability of bacteria [17,18].  Other
researchers have reported on the effect of
irradiation on the antibacterial activity of plant
extracts. It has been reported that gamma
irradiation had an effect on the antibacterial
activities of leaves of Juniperus and Artichoke

respectively [19,20]. The gamma irradiation
might have inactivated these inhibitors and
phytochemicals resulting in the irradiated

samples having lower antibacterial ability. This
present finding is contrary to the finding that
irradiation significantly induced some
phytochemical contents and antioxidant potential
of irradiated T. tetraptera [21].

3.2 Microbial Load of Tetrapleura
tetraptera Whole Fruit as Influenced
by Gamma Irradiation

The microbial load of the unirradiated samples of
the powdered Tetrapleura tetraptera fruit was
very low indicating high product quality (Table 3).
Irradiating the samples reduced the microbial
load significantly. A dose of 10 kGy eliminated all
microflora from the products while a dose of 5
kGy reduced the initial microbial count from the
initial load of 1.1x10* to 80 CFU/g (i.e. about
93% reduction). Gamma irradiation has been
shown to be generally effective in reducing the
microbial load of dehydrated ingredients, spices
and dried herbal products [22,23,24,25].
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Table 2. Antibacterial activity of T. tetraptera fruit extract against pathogenic indicator strains

Dose (kGy) Diameter of clear zone of inhibition in mm
Escherichia coli (-) Staphylococcus aureus (+) Salmonella typhimurium
(-)
0.00 8.50+0.50° 11.20+0.20° 15.00+1.00%
5.00 7.00+3.00° 4.80+1.70° 8.57+0.45°
10.00 2.50+0.50° 5.30+1.10° 6.00+0.50°
Water - - -
Chloramphenicol  10.20+0.40° 21.00+0.50% 11.00+0.70°

Means + standard deviation with different superscripts in the same column are significantly different (p<0.05). (-)
means no measurable zone of inhibition

The initial low counts could be attributed to the
fact that the samples were cleaned, as is done
traditionally, with a piece of cloth. This could
have resulted in the original load being reduced
to the counts reported in this present work. This
traditional method of making the fruits acceptable
could be a viable option in instances where no
other decontamination method is available.
However, it must be cautioned that unless the
piece of cloth is itself clean, it could serve as a
source of contamination for the whole fruits.
Though a dose of 10 kGy resulted in the
complete elimination of all microflora, it is
recommended that a dose of 5 kGy be used for
decontamination of powdered Tetrapleura unless
the aim is to use it to prepare food for
immunocompromised patients where complete
elimination is required.

Table 3. Aerobic mesophiles count (TVC)

Dose Count Dilution Pop.
(kGy) factor (CFU/%)_
0.0 108.0 10° 1.1x10
5.0 8.0 10" 80

10.0 0.0 10 <10

3.3 Effects of Gamma Irradiation on the
Moisture Sorption Isotherm of
T. tetraptera Fruit

Equilibrium relative humidity, expressed as a
fraction, determines the water activity in a given
sample. It has been used as a basis to
understand microbial growth and to determine
the extent of enzymatic reaction in food products
[26,27,28]. The relationship between water
activity and moisture content in a food is often
expressed as a sorption isotherm. Food moisture
isotherms are important in equipment design for
drying, packaging and storage for prediction of

shelf-life, and determination of critical moisture
and water activity for acceptability of products
that deteriorate mainly by gaining moisture [29].
It has also been observed that biological activity
occurs only when moisture is present [30].
Therefore the moisture content of the product
itself, as well as the moisture content of
surrounding air, is important for safe storage [30].

Results obtained were not near the sigmoid
curve reported [31] to be typical of foods
(Figs. 1-3). In all three samples, the samples
kept at 85% and 95% showed a curve
characteristic of samples stored at those ERHs.
After an initial gain in moisture, there was a
sharp drop by day 10 and this continued through
to the end of the storage period. The moisture
gained favoured the growth of fungi which had
taken over the entire sample by the end of the
experiment. Several researchers have made
similar observations in other foods. It has also
been indicated that irradiated cowpea samples
absorb more moisture than non-irradiated
samples stored at 85% and 95% ERH [32,33].
This was because irradiation weakens the inter-
molecular bonds between starch and water
thereby enhancing increase in water uptake [34].
The growth of fungi from 85% ERH has been
reported to be dangerous as harmful
microorganisms like Staphylococcus aureus can
grow at these relative humidities [27]. The net
gain of moisture of samples stored at 55% to
75% equilibrium relative humidity was minimal
and no growth of fungi was observed in these
samples. This was consistent with the findings
which stated that food water activities of less
than 0.70aw (70% ERH) is unlikely to support
spoilage by microorganisms [35]. It is thus
anticipated that storage of these products at
ambient relative humidity of 20 to 75% would
keep the products safe and extend the shelf-life.
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Fig. 1. Moisture sorption isotherm of the unirradiated T. tetraptera fruit at different equilibrium
relative humidities at 29+1°C for 30 days
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Fig. 2. Moisture sorption isotherm of T. tetraptera fruit irradiated at 5 kGy at different
equilibrium relative humidities at 29+1°C for 30 days
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Fig 3. Moisture sorption isotherm of T. tetraptera fruit irradiated at 10 kGy at different
equilibrium relative humidities at 29+1°C for 30 days

4. CONCLUSION

Irradiating the samples reduced the microbial
load significantly and all the microflora were
completely eliminated from the products at 10
kGy. The irradiation substantially reduced the
antibacterial ability of T. tetraptera fruit against
the bacteria strains studied. Since the net gain of
moisture of fruits stored between 55% and 75%
equilibrium relative humidity was minimal, both
the irradiated and unirradiated T. tetraptera were
better stored up to 75% equilibrium relative
humidity.

ACKNOWLEDGEMENTS

The authors greatly acknowledge the immense
contributions of the technologists and technicians
in the microbiology laboratories of RTC and FRI.
CONSENT

Not applicable.

ETHICAL APPROVAL

Not applicable.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. McKee LH. Microbial contamination of
spices and herbs: A review. Lebensm.
Wiss. Technology. 1995;28:1-11.

2. Romagnoli B, Menna V, Gruppioni N,
Bergamini C. Aflatoxins in spices, aromatic
herbs, herbs—teas and medicinal plants
marketed in ltaly. Food Control.
2007;18:697-701.

3. Dickman S. Food irradiation. Compromise
eludes EC. Nature. 1991;349: 273.

4. Uijl CH. Heat treatment of spices. Beating
the bugs! International Food Ingredients.
1992;3:9-11.

5. Koseki PM, Villavicencio ALCH, Brito MS,
Nahme LC, Sebastido KI, Rela PR,
Muradia LBA, Mancini-Filho J, Freitas,
PCD. Effects of irradiation in medicinal and
eatable herbs. Radation Physics and
Chemistry. 2002;63(3-6):681-684.

6. Achi OK. Composition and antibacterial
activities of T tetraptera Taub. Pod

234



10.

11.

12.

13.

14,

15.

16.

Bernard et al.; EJMP, 5(3): 229-236, 2015; Article no.EJMP.2015.022

Extracts. Research Journal of
Microbiology. 2006;1(5):416-422.

Ambrozin ARP, Vieira PC, Fernandes JB,
Fernandes da Silva MF, de’Albusquerque
S. Trypanocidal activity of Meliaceae and
Rutaceae plant extracts. Memoria Institute
Oswaldo Cruz. 2004;99(2):227-231.
Ndukwe IG, Habila JD, Bello IA, Okoh JI.
Phytochemical and antimicrobial studies
on the leaves and stem of Desmodium
scorpiurus Der (sw). African Journal of
Biotechnology. 2006;5:1789-91.

Bauer SW, Kirby WM, Sherris JC, Thurck
M. Antibiotic susceptibility testing by
standardized single disc method. American
Journal of Clinical Pathology. 1966;45:493-
496.

Takahashi JA, Pereira CR, Pimenta LPS,
Boaventura MAD, Silva LGF. Antibacterial
activity of eight Brazilian Annonaceae

plants.  Natural Product Research.
2006;20(1):21-26.

ICMSF. Sampling for Microbiological
Analysis Principles and Specific
Applications. Toronto, Canada:
International Commission on

Microbiological Specifications for Foods;
1998.

Banu RA, Odamtten GT, Kpodo K.
Comparative moisture sorption, insect
infestation and Aflatoxin production by
resident Aspergillus flavus Link spores in
solar and sun dried cassava accessions
before and after Gamma Irradiation.
Journal of Ghana Science Association.
2008;10(1):74-91.

Zhu X, Zhang H, Lo R. Phenolic
Compounds from the Leaf Extract of
Artichoke (Cynara scolymus L.) and Their

Antimicrobial  Activities.  Journal  of
Agriculture and Food Chemistry.
2004;52:7272-7278.

Mahasneh AM. Screening of some
indigenous Qatari medicinal plants for
antimicrobial activity. Phytotherapy

Research. 2002;16(8):751-753.

Joshi MC, Joshi HS, Rashid MK, Gaur S. A
study of antimicrobial agent utilization and
the resistance pattern of predominant
microorganisms in the medical ward of a
tertiary care centre in Uttar Pradesh, India.
Pharmacology online. 2011;1:451-461.
Ravikumar S, Gnanadesigan M, Suganthi
P, Ramalakshmi A. Antibacterial potential
of chosen mangrove plants against
isolated urinary tract infections bacterial
pathogens. International Journal of

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

235

Medicine and Medical Sciences.
2010;2(3):94-99.
Linthorst ~ HJM. Pathogenesis-related

proteins of plants. Critical Reviews in Plant
Science. 1991;10:123-150.

Kumar S, Gautam S, Powar S, Sharma A.
Microbial decontamination of medicinally
important herbals using gamma radiation
and their biochemical characterisation.
Food Chemistry. 2010;119:328-335.
El-Sawi SA, Motawae HM, Ali AM.
Chemical composition, cytotoxic activity
and antimicrobial activity of essential oils of
leaves and berries of Juniperus phoenicea
growing in Egypt. African Journal of
Traditional, Complementary, and
Alternative Medicines. 2007;4:417-426.
Ferreira AA, Leal AS, Ferraz VP, Machado
Y, Takahashi JA. Effects of gamma
radiation on the chemistry and antibacterial
activity of Artichoke leaves. Boletin
Latinoamericano Y Del Caribe De Plantas
Medicinales Y Aromaticas. 2010;9(3):232-
237.

Darfour B, Agbenyegah S, Ofosu DO,
Okyere AA, Asare IK. Gamma irradiation of
Tetrapleura tetraptera fruit as a post-
harvest technique and its subsequent
effect on some phytochemicals, free
scavenging activity and physicochemical
properties.  Radiation  Physics and
Chemistry. 2014;102:153-158.

Council for Agricultural Science and
Technology (CAST). Radiation
Pasteurisation of Food, Issue Paper No. 7,
CAST, Ames, IA; 1996.

Adu-Gyamfi A. Effect of Storage Time on
the Microbial Quality of Some Spices and
Dried Seasonings. Ghana Journal of
Agricultural Science. 2005;39:93-101.
Adu-Gyamfi A, Tahiru M. Effect of Drying
Method  and Irradiation  on  the
Microbiological Quality of Moringa Leaves.
International Journal of Nutrition and Food
Sciences. 2014;3(2):91-96.

Phianphak W, Rengpipat S,
Cherdshewasart W. Gamma irradiation
versus microbial contamination of Thai
medicinal herbs. Songklanakarin Journal of
Science and Technology. 2007;29(1):157-
166.

Labuza TP. Sorption phenomenon in foods;
Theoretical and Practical Aspects. In:
Theory, determination and control of
physical properties of food materials. (ed.
C.K. Rha). D. Reidel Publ. Co. Holland;
1975.



27.

28.

29.

30.

31.

32.

Bernard et al.; EJMP, 5(3): 229-236, 2015; Article no.EJMP.2015.022

Igbeka JC, Blaisdell JL. Moisture isotherms
of a processed meat product-Bologna.
International Journal of Food Technology.
1982;17(1):37-46.

Fennema OR. Food Chemistry. Markel
Dekker Inc. New York. 1985;312-419.
Palou E, Lopez-Malo, Argaiz A. Effect of
temperature on the moisture sorption
isotherms of some cookies and snacks.
Journal of Food Engineering. 1997;31:85-
93.

Jelle H. Storage of tropical agricultural
products. Agromisa Foundation,
Wageningen. STOAS Digigrafi,
Wageningen, the Netherlands. 2003;31:6-
15.

Debnath S, Hemavathy J, Bhat KK.
Moisture sorption studies on onion powder.
Food Chemistry. 2002;78:479-482.

Darfour B, Ocloo FCK, Wilson DD. Effects
of irradiation on the cowpea weevil

33.

34.

35.

(Callosobruchus  maculates F.) and
moisture sorption isotherm of cowpea seed
(Vigna unguiculata L. Walp). IAEES.
Arthropods. 2012;1(1):24-34.

Ashaye OA. Effect of gamma irradiation on
moisture sorption isotherms of cowpeas.
African  Journal  of  Biotechnology.
2006;5(16):1505-1507.

Rao VS, Vakil UK. Effects of gamma-
irradiation on cooking quality and sensory
attributes of four legumes. Journal of Food
Science. 1985;50:372-375.

Wilson DM, Payne GA. Factors affecting
Aspergillus flavus group infection and
aflatoxin combination of crops. In: The
toxicology of aflatoxins: Human Health,
Veterinary, and Agricultural Significance.
Eaton DL, Groopman JD (Ed), Academic
Press, Inc., San Diego. 1994;383-406.

© 2015 Bernard et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http.//www.sciencedomain.org/review-history.php?iid=791&id=13&aid=6718

236



