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Antifungal activity of Boesenbergia rotunda (temukunci) extract against 
filamentous spoilage fungi from vegetables

Abstract

The filamentous spoilage fungi in vegetables can lead to significant impact in food and 
economic loss. In order to overcome this problem, chemical fungicide has been implemented in 
vegetable farming and processing but it causes problems towards environment and food safety. 
Thus, the utilization of natural products such as plants extracts, which exhibit antimicrobial 
and antifungal activity, is more acceptable to solve this problem. The aim of this study is 
to investigate the antifungal activity of Boesenbergia rotunda extract against ten filamentous 
spoilage fungi isolated from five vegetables. The extract was used to treat fungal isolates from 
vegetables; CRb 002 (Penicillium sp.), CHa 009 (Aspergillus sp.), TMa 001 (Geotrichum sp.), 
TMa 002 (Aspergillus sp), ONb 001 (Aspergillus sp.), WBb 003 and WBb 004 (Fusarium sp.) 
WBb 007 (unidentified), WBb 008 (Aureobasidium sp.) and WBb 010 (Penicillium sp.). The 
results showed that the yield of the extract of B. rotunda using ethanol (95%) was 11.42% 
(w/v). The 10% of B. rotunda extract exhibited antifungal activities against ten filamentous 
fungi after 5 days treatment with growth reduction of 41.56%, 30.68%, 86.20%, 50.62%, 
26.67%, 47.44%, 50.74%, 36.39%, 42.86%, and 39.39% for WBb 008, WBb 004, WBb 007, 
WBb 003, CRb 002, WBb 010, CHa 009, TMa 001, ONb 001, and TMa 002, respectively. B. 
rotunda extract showed highest antifungal activity against fungi isolated from winged bean 
(WBb 007) with percentage reduction in growth was 86.20%, while the lowest activity was 
against fungi isolated from the carrot (CRb 002) with 26.67% reduction in growth.  Generally, 
the TPC of fungi in the vegetable samples were reduced after treatment with 5% of B. rotunda 
extract at 5 min and 10 min of exposure time. The results suggested that B. rotunda extract 
has high potential to become natural food preservative which can reduce the fungi spoilage of 
vegetables.

Introduction

Microbial spoilage in the vegetables becomes 
a severe problem especially for post-harvest crops 
(Tournas, 2005). These losses have been estimated 
up to 40% in developing country especially at post-
harvest and processing stage (FAO, 2011). In another 
study, almost 20% of crops worldwide have been 
attacked by fungal infections and these problems 
were occurred due to low pH, moisture content and 
high nutrient in the vegetables (Pitt and Hocking, 
2009). Alternaria, Aspergillus, Cladosporium, 
Colletotrichum, Phomopsis, Fusarium, Penicillium, 
Phoma, Phytophthora, Pythium and Rhizopus spp., 
Botrytis cinerea, Ceratocystis fimbriata, Rhizoctonia 
solani and Sclerotinia sclerotiorum are the common 
fungi that infect vegetables (Tournas, 2005).  

Chemical fungicide is one of the effective 
techniques to overcome this problem. Furthermore, it 
becomes primary method due to low cost and easy to 
use (Xia et al., 2006). However, it contains hazardous 
substances which can lead to environmental 
problems. In addition, it may contaminate the food 
chain when fungicide residues remain in the food 
being consumed by human (European Food Safety 
Authority, 2011). Other than that, ozone treatment 
also can be applied to reduce spoilage fungi in the 
vegetables (Yadav, 2009; Gabler et al., 2010).  In 
addition, this method was more tolerable by the 
producers due to the free of chemical residues 
(Frank et al., 2010).  Nevertheless, ozone treatment 
method may cause harm to human when used at high 
concentration and exposure. Therefore, alternative 
methods which are less harmful to human, plants and 
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an environment are needed.
Natural plant extract is an alternative method to 

replace the use of chemical and ozone treatment in 
treating spoilage fungi in vegetables. It is because 
plants have a variety of secondary metabolites, such 
as tannins, terpenoids, alkaloids, flavonoids and 
glycosides which display antimicrobial properties. 
(Valentin et al., 2010; Radulovic et al., 2013).  
Meanwhile, Ruszkowska and Wrobel (2003) also 
reported that compounds such as 2-decanone, 
hydroxydihydrocornin-aglycones, indole derivatives 
and flavanone isolated from plants showed antifungal 
activity. Other than that, essential oil from plant 
extraction process also had an antifungal activity that 
useful to overcome the problems (Combrink et al., 
2011; Prakash et al., 2015). 

Boesenbergia rotunda consists of essential oil and 
many flavonoids that can be used as anti-inflammatory, 
antibacterial and antifungal, antioxidant and many 
more (Chahyadi et al., 2014). Furthermore, to best of 
our knowledge the antifungal activity of B. rotunda 
extract against the filamentous fungi isolated from 
vegetables was not widely studied. Thus, antifungal 
activities of B. rotunda extract against filamentous 
fungal spoilage isolated from vegetables have been 
investigated using different concentration with 
different exposure times. Therefore, this study is 
crucial to examine the ability of B. rotunda extract to 
inhibit fungal growth.

Materials and Methods

Plant sample
Dried samples of rhizomes of Boesenbergia 

rotunda were purchased from Herbal Market, Pasar 
Baru, Bandung, Indonesia. The specimen was 
deposited at Laboratory of Natural Product, Institute 
of Bioscience (IBS), Universiti Putra Malaysia.

Preparation of Boesenbergia rotunda extract
The extraction of B.rotunda was done according 

to Rukayadi et al. (2008) with some modification. 
Fifty gram of dried rhizome of B. rotunda was 
pulverized into fine powder. Then, the powdered 
rhizome was extracted using 200 ml of 95% ethanol 
for 4 days at room temperature with occasional 
agitation. The extract was filtered by using Whatman 
filter paper No. 1 followed by concentration by 
rotary vacuum evaporator (Heidolph VV2011, 
Schwabach, Germany) at 40oC. The extraction 
process was repeated three times. The concentrated 
extract was dissolved in 100% dimethylsulfoxide 
(DMSO) (Sigma-Aldrich, St. Louis, MO) to yield 
a concentration of 100 mg/ml or 10% (w/v). It was 

then further diluted to obtain 10 mg/ml or 1% (w/v) 
of B. rotunda extract in 10% (v/v) DMSO. 10% 
DMSO was not found to kill filamentous fungi tested 
(Rukayadi et al., 2013).

Inoculum preparation
Ten filamentous fungi (Table 1) were previously 

isolated from five types of vegetables, i.e: carrot, 
chilli, onion, tomato and winged bean, and deposited 
at Microbiology Laboratory, Institute of Bioscience 
(IBS), Universiti Putra Malaysia. The fungi were 
cultured and maintained on potato dextrose agar 
(PDA) (Difco, sparks, MD) aerobically for 7 days. 
The cultures were stored at 4oC until further usage.

Antifungal activity by Boesenbergia rotunda
The agar well diffusion method (Wanchaitanawong 

et al., 2005) was modified to test antifungal activity 
of B. rotunda extracts. Four fungal disc (6 mm) were 
cut at the periphery of a seven-day-old culture using 
sterile cork borer. A fresh PDA plates were also 
punctured with the similar manner. Then, the fungi 
disc were transferred into each well of PDA plates. 
Consequently, 50 µl of 10% (w/v) extract, 1% (w/v) 
extract, 10% (v/v) dimethyl sulfoxide (DMSO) and 
20 µl of 1% (v/v) Amphotericin B (Amp B) were 
pipetted onto each of the well. Ten percent DMSO 
and 1% Amphotericin B were used as negative and 
positive control respectively. The agar plates were 
incubated at 30oC for 4 days. All test were repeated 
three times with three replications each (n= 3 × 3). 
The diameter of fungi colonies was measured and 
percentage of reduction fungi growth was calculated 
by using a formula below. 

    , where:

T = test 
C= control
I = percentage reduction of fungi growth
(Pandey et al., 1982; Luo et al., 2005)

Table 1. Fungi isolates and its genera
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Effect of Boesenbergia rotunda extract on the number 
of spoilage fungi of vegetables

The treatment of selected vegetables, i.e., carrot, 
chilli, onion, tomato and winged bean was done 
to evaluate the effects of these extracts on natural 
filamentous spoilage fungi present on the surface 
of vegetables. The effects were evaluated in the 
means of total plate count (TPC) of fungi. A total of 
5 g of the each of the listed vegetable samples were 
cut using sterile knife separately to prevent cross 
contamination. Then, each of the sample were treated 
with 45 ml of tap water , 0% (only sterile distilled 
water), 0.05% (w/v), 0.5% (w/v) and 5% (w/v) in 
10% DMSO of B. rotunda extract at different time 
exposure which were 5 min and 10 min After that, 
the samples were dried on sterile filter paper before 
homogenized using a stomacher at 250 rpm for 
2 min. An aliquot of 20 µl from serial dilutions of 
each treatment was plated onto PDA and incubated 
at 30 ˚C for 5 days. The number of colonies were 
counted and reported as Log CFU/ml. The tap water 
and sterile distilled water were used as positive and 
negative control respectively. Each of the assays were 
carried out twice with duplicates (n = 2× 2).

Statistical analysis
The analysis of variance (ANOVA) was applied 

to determine their significance differences for means 

for each treatment. The statistical analysis was used 
the Tukey’s test (MINITAB) to determine the level 
significant difference between each treatment. Then, 
the results were interpreted as means ± standard 
deviation (SD) of duplicate analysis. The results for 
each treatment in application assay were calculated 
and interpreted in Log CFU/ml value.

Results and Discussion

The sample of Bosenbergia rotunda was 
extracted in three series of extraction. The weight of 
dried sample that was used for extraction was about 
50.00 g. After the extraction process through the 
rotary vacuum evaporator the total weight of yield 
extracted from B. rotunda was 5.71 g (11.42% of 
yield). From previous studies, 12% and 9.49% yield 
of B. rotunda extract were obtained using ethanol 
as solvent in solvent extraction evaporation and 
distillation methods, respectively  (Salama et al., 
2013; Woo et al., 2015). Thus, differences of yield 
for each study were obtained because differences in 
volume of solvent and method used. The extraction 
was repeated three times due to significant amount 
of active compounds which may be left behind in the 
first soaking process (Azmir et al., 2013). Ethanol 
was selected as the solvent for extraction process 
due to its ability to extract flavonoid compounds 

Table 2. Diameter of fungi colonies after treatment with 10% DMSO, 1% Amp 
B, 1% of   B. rotunda extract and 10% of B. rotunda extract

Means that do not share the same superscript letter are significantly different 
(P < 0.05)
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that are mainly responsible for B. rotunda biological 
activities (Mahmood et al., 2010).  In another study, 
essential oil of B. rotunda  using 95% ethanol as 
solvent showed potent activity against Candida 
albicans (Taweechaisupapong et al., 2010). 

The concentration of 1% and 10% of B. rotunda 
extract were applied against ten filamentous fungi 
spoilage isolated from carrot, chilli, onion, tomato, 
and winged bean with 10% DMSO as negative 
control and 1% Amp B as positive control. The effect 
of all the treatments on fungi growth was evaluated 
by measuring the diameter of fungi colonies for each 
treatment. The results for diameter of fungi growth 
for each treatments (10% DMSO, 1% AmpB, 1% 
extract and 10% extract) against each fungi and the 
percentage of reduction of fungi growth for 10% of 
B. rotunda extract were depicted in Table 2 and Table 
3, respectively. Based on the results, 10% extract 
of B. rotunda showed strongest antifungal activity 
against filamentous fungi isolated from winged bean 
(WBb 007) which is 86.20% while the lowest was 
against fungi isolated from the carrot (CRb 002) 
with 26.67% reduction in growth. The 10% extract 
of B. rotunda reduced significantly (P < 0.05) all the 
filamentous fungi growth from tomato (TMa 001 
and TMa 002), chilli (CHa 009), winged bean (WBb 
003, WBb 007,WBb 008, and WBb 010)  and onion 
(ONb 001) as compared to DMSO (negative control) 
in the experiment. This is in agreement with the 
previous studies by Pattaratanawadee et al. (2006) 
who reported that 10%, 8% and lesser of ethanolic 
extract of B. rotunda had inhibitory efficiency 

against several filamentous fungi, such as Aspergillus 
parasiticus, Aspergillus niger and Fusarium 
oxysporum, respectively. In another study, Jantan 
et al. (2003) mentioned that the oil of B. rotunda 
rhizomes was effective against dermatophytes, 
filamentous fungi and yeast including C. albicans 
and C. neoformans. This spice extract has the ability 
to alter the morphology of the hyphae by collapsing 
the rigid structure (Rasooli et al., 2005). 

Application  of B. rotunda extract on the 
vegetables were done at different series of 
concentration which are tap water, 0%, 0.05%, 0.5%, 
and 5% at different exposure time (5 min and 10 min) 
to evaluate the effect of extract on TPC of fungi. The 
results for each of treatments were calculated and 
interpreted in Log CFU/ml value. Based on the result 
(Table 4), the number of total plate count (TPC) from 
winged bean showed a reduction using tap water 
and different concentrations of the extract at 10 min 
exposure time. The number of TPC (Log CFU/ml) 
for winged bean sample after treatment with tap 
water, 0.00%, 0.05%, 0.50% and 5% extracts were 
6.18 ± 0.00, 5.71 ± 0.12, 5.70 ± 0.01, 5.62 ± 0.01, 
and 5.43 ± 0.20, respectively. The number of total 
plate count (Log CFU/ml) for winged bean sample 
was reduced significantly (p < 0.05) from 6.18 ± 
0.00 using tap water to 5.43±0.20 using 5% extract 
at 10 minutes exposure time. Similar results were 
obtained to chilli samples, where the number of TPC 
was reduced significantly (p<0.05) at 5 min and 10 
min exposure time from 4.90±0.12 and 4.67±0.20 
sing tap water to 4.00±0.00 and 3.85±0.20 using 5% 
extract, respectively.  Generally, the number of total 
plate count from vegetables can be reduced using 5% 
extract.  

Referring to the previous studies, boesenbergia, 
cardamonin, pinostrobin, pinocembrin, panduratin 
A and 4-hydroxypanduratin A are active compounds 
that cause this plant to possess antifungal activity, 
anti-dengue N2SB/NS3 protease, antibacterial, anti-
inflammatory, anticancer and antioxidant activity 
(Eng et al., 2012). Meanwhile, Pompimon et al. 
(2009) and Seniya et al. (2013) had stated that 
antifungal activity of B. rotunda were due to the 
existence of 4-hydroxypanduratin, pinostrobin and 
pinocembrin. Phenolic compounds such as flavonoid 
in the B. rotunda also have been associated to in-vitro 
antimicrobial properties. However, the mechanism of 
secondary metabolites to act as antimicrobial agents 
is unclear but various potential modes of action have 
been proposed. Firstly, the secondary metabolites 
cross the cell membranes into the interior of the 
cell and lead to the critical intercellular functions 
(Cristani et al., 2007). Secondly, cell death due to 

Table 3. Percentage reduction of fungi growth

Means that do not share the same superscript letter are 
significantly different (P < 0.05)
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the structural damage on cell membranes caused 
by these compounds or these compounds act on the 
hyphal cell wall of fungi and lead to the collapse of 
the fungal mycelium (Gill and Holley, 2006; Sharma 
and Tripathi, 2006). 

 All of the results obtained showed that B. rotunda 
extract can be used to inhibit filamentous fungi 
isolated from vegetables and reduce the number of 
total fungal colony from the vegetables. Based on the 
application of vegetables in the extracts, 5% extract 
can be used to reduce the number of spoilage fungi 
for several vegetables within a short time (5 min) 
but it might be costly to commercialize it. Thus, 
0.5% extract was recommended to use as vegetable 
detergent to reduce the number of spoilage fungi for 
several vegetables for 10 min.

Conclusion

In conclusion, Bosenbergia rotunda extract has 
high potential to be developed as natural antifungal 
to reduce spoilage of vegetables caused by fungi as 
its antifungal activity was demonstrated. However, in 
depth study regarding this extract such as stability of 
the extract and its constituents must be done in order 
to develop high commercial value of natural food 
preservatives.

Acknowledgement

This work was supported by RUGS initiative 4 
(RUGS 4) – UPM to Yaya Rukayadi under the project 
number: 02-05-11-1586RU (2011). 

References

Azmir, J., Zaidul, I. S. M., Rahman, M. M., Sharif, K. M., 
Mohamed, A., Sahena, F. Jahurul, M. H. A., Ghafoor, 
K., Norulaini, N. A. N. and Omar, A. K. M. 2013. 
Techniques for extraction of bioactive compounds 
from plant materials: A review. Journal of Food 
Engineering 117: 426-436..  

Chahyadi, A., Hartati, R., Wirasutisnaa, K. R. and Elfahmi. 
2014. Boesenbergia pandurata Roxb., an Indonesian 
medicinal plant: phytochemistry, biological activity, 
plant biotechnology. Procedia Chemistry 13: 13-37.

Combrink, S., Regnier, T. and Kamatou, G. P. P. 2011. In 
vitro activity of eighteen essential oils and some major 
components against common postharvest fungal 
pathogens of fruits. Industrial Crops and Products 33: 
244-249. 

Cristani, M., D’Arrigo, M., Mandalari, G., Castelli, F., 
Sarpietro, M. G., Micieli, D., Venuti, V., Bisignano, 
G., Saija, A. and Trombetta, D. 2007. Interaction of 
four monoterpenes contained in essential oils with 
model membranes: implications for their antibacterial 
activity. Journal of Agricultural and Food Chemistry 
55(15):  6300-6308.

FAO, 2011. Global Food Losses and Food Waste- 
Extent, Cause and Prevention. Food and Agriculture 
Organization of the United Nations. Rome.

European Food Safety Authority. 2011. The 2009 
European union report on pesticide residues in food. 
EFSA Scientific Report. Italy: European Food Safety 
Authority (EFSA).

Eng, C.T., Karsani, S. A., Gen, T. F., Sher, M. W., Abdul 
Rahman, N., Khalid, N. Othman, S. and Yusof, R. 
2012. Proteomic analysis of cell suspension cultures 
of Boesenbergia rotunda induced by phenylalanine: 
identification of proteins involved in flavonoid and 
phenylpropanoid biosynthesis pathways. Plant Cell 
Tissue Organ Culture 111(2): 219-229.

Table 4. Total plate count of fungi (TPC) for each vegetable in each treatment at 5 
min and 10 min (Log CFU/ml)

Mean values ± standard deviation with different superscript letters in the same row are 
significant different (P < 0.05).



438  Zakuan et al./IFRJ 25(1): 433-438

Gabler, F. M., Smilanick, J. L., Mansour, M. F. and 
Karaca, H. 2010. Influence of fumigation with high 
concentrations of ozone gas on postharvest gray mold 
and fungicide residues on table grapes. Postharvest 
Biology and Technology 55: 85-90.

Gill, A. O. and Holley, R. A. 2006. Disruption of 
Escherichia coli, Listeria monocytogenes and 
Lactobacillus sakei cellular membranes by plant oil 
aromatics. International Journal of Food Microbiology 
108(1): 1-9.

Jantan, I., Basni, I., Ahmad, A.S., Ali, N.A.M., Ahmad, 
A.R. and Ibrahim, H. 2001. Constituents of the 
rhizome oils of Boesenbergia pandurata (Roxb.) 
Schlecht from Malaysia, Indonesia and Thailand. 
Flavour and  Fragrance Journal 16(2): 110-112.

Luo, D. Q., Wang, H., Tian, X., Shao, H. J. and Liu, J. K. 
2005. Antifungal properties of pritimerin and celastrol 
isolated from Celastrus hypoleucus. Pest Management 
Science 61(1): 85-90. 

Mahmood, A.A, Mariod, A. A, Abdelwahab, S. I., Ismail, S. 
and Al-Bayaty, F. 2010. Potential activity of ethanolic 
extract of Boesenbergia rotunda (L.) rhizomes extract 
in accelerating wound healing in rats. Journal of 
Medicinal Plants Research 4(15): 1570-1576.

Pattaratanawadee, E., Rachtanapun, C., Wanchaitanawong, 
P. and Mahakarnchanakul, W. 2006. Antimicrobial 
activity of spice extracts against pathogenic and 
spoilage microorganisms. Kasetsart Journal- Natural 
Science 40: 159–165.

Pandey, D. K., Tripathi, N. N.,Tripathi, R. D. and Dixit, 
S. N.1982. Fungitoxic and phytotoxic properties of 
essential oil of Hyptis suaveolens. Journal of Plant 
Diseases and Protection 89: 344-349.

Pitt, J. I., and Hocking, A. D. 2009. Fungi and Food 
Spoilage 3rd ed. New York: Springer.

Pompimon W., Jomduang, J., Prawat, U. and Mankhetkorn, 
S. 2009.  Anti-phytopthora capsici activities and 
potential use as antifungal in agriculture of Alpina 
galangal Swartz, Curcuma longa Linn, Boesenbergia 
pandurata Schut and Chromolaena odorata: 
bioactivities guided isolation of active ingredients. 
American Journal of Agricultural and Biological 
Sciences 4(1): 83-91.

Prakash, B., Kedia, A., Mishra, P. K. and Dubey, N. K. 
2015. Plant essential oil as food preservatives to 
control mouls, mycotoxin contamination and oxidative 
deterioration of agri-food commodities- Potential and 
challenges. Food Control 47: 381-391.

Radulovic, N. S., Blagojevic, P.D., Stojanovic-Radic, 
Z.Z. and Stojanovic, N. M. 2013. Antimicrobial plant 
metabolites: Structural diversity and mechanism of 
action. Current Medicinal Chemistry 20 (7): 932-952.

Rasooli, I., Rezaei, M.B. and Allameh. A. 2006. Growth 
inhibition and morphological alterations of Aspergillus 
niger by essential oils from Thymus eriocalyx and 
Thymus x-porlock.  Food Control 17: 359-364.

Rukayadi, Y., Shim, J. S. and Hwang, J. K. 2008. Screening 
of Thai medicinal plants for anticandidal activity. 
Mycoses 51: 308-312.

Rukayadi, Y., Lau, K.Y., Zainin, N.S., Zakaria, M. and 

Abas, F. 2013. Screening of antimicrobial activity of 
tropical edible medicinal plant extracts against five 
standard microorganisms for natural food preservatives. 
International Food Research Journal 20(5): 2905-2910.

Ruszkowska, J. and Wrobel, J.T. 2003. Tryptophan-derived 
sulfur-containing phytoalexins- A general overview. 
Advances in Experimental Medicine and Biology 527: 
629-636.

Salama, S. M., AlRashdi, A., Abdullah, M. A., Hassandarvish, 
P. and Bilgen, M. 2013. Protective activity of Panduratin 
A against Thiocetamide-induced oxidative damage: 
demonstration with in-vitro experiments using WRL-
68 liver cell line. BMC Complementary and Alternative 
Medicine 13(279): 1-9. 

Seniya, C., Mishra, H., Yadav, A., Sagar, N., Chaturvedi, B., 
Uchadia, K. and Wadhwa, G. 2013. Antiviral potential 
of 4-hydroxypanduratin A, secondary metabolite of 
fingerroot, Boesenbergia pandurata (Schult.), towards 
Japanese Encephalitis virus NS2B/NS3 protease. 
Bioinformation 9(1): 54-60.

Sharma, N. and Tripathi, A. 2006. Fungitoxicity of the 
essential oil of Citrus sinensis on post-harvest pathogens. 
World Journal of Microbiology and Biotechnology 22(6): 
587-593.

Taweechaisupapong, S., Singhara, S., Lertsatitthanakorn, 
P. and Khunkitti, W. 2010. Antimicrobial effects of 
Boesenbergia pandurata and Piper sarmentosum leaf 
extracts on planktonic cells and biofilm of oral pathogens. 
Pakistan Journal of Pharmaceutical Sciences 23(2): 224-
231.

Tournas, V. H. 2005. Spoilage of vegetables crops by bacteria 
and fungi and related health hazards. Critical Review in 
Microbiology 31(1): 33-44.

Valentin, B. B., Meenupriya, J., Joel, E. L., Naveena, D. E., 
Kumar, S. and Thangaraj, M. 2010. Antibacterial activity 
and characterization of secondary metabolites isolated 
from mangrove plant Avicennia officinalis. Asian Pacific 
Journal of Tropical Medicine 3(7): 544-546.

Wanchaitanawong, P., Chaugwanit, P., Poovaradom, N. and 
Nitisinprasert, S. 2005. In vitro antifungal activity of 
thai herb and spice extracts against food spoilage fungi. 
Kasetsart Journal- Natural Science 39: 400-405.

Woo, W. S., Rhim, D. B., Kim, C. and Hwang, J. K. 2015. 
Effect of  standardized Boesenbergia pandurata 
extract and its active    compound panduratin A on 
skin hydration and barrier function  in human 
epidermal keratinocytes. Preventive Nutrition and  
Food Sciences 20(1): 15-21.

Xia, X. J., Huang, Y. Y.,  Wang, L., Huang, L. F., Yu, Y. 
L., Zhou, Y. H. and Yu, J. Q. 2006. Pesticides-induced 
depression of photosynthesis was alleviated by 
24-epibrassinolide pretreatment in Cucumis sativus L. 
Pesticide Biochemistry and Physiology 86(1): 42–48.

Yadav, L. 2009. The effect of ozone on the growth and 
development of selected food spoilage fungi, p. 19. 
Florida: Dissertation.com.


