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The relationship between concentration of oil absorbed by the

fruitcake (Y) and concentration of oil in the headspace (X) can be expressed by

Y =-0.580308 +0.108933X —0.000000254X > ................ (2)

with R-adjust = 0.9996. This equation was used to calculate the concentration of oil

absorbed in fruitcake in Table 33.

Table 33 Predicted and experimental concentration of cinnamaldehyde in fruitcake

No. Optimum conditions Time Predicted Experimental
storage concentration  concentration
(Wk) (ppm) (ppm)
1 Temp (40 °C) 1 193 16751
Time (10 min) 2 171 148449
Volume of oil (50 ul) 3 156 141+58
Volume of jar (700 ml) 4 145 125147
2 Temp (40 °C) 1 167 143157
Time (10 min) 2 149 124453
Volume of oil (100 ul) 3 130 103+28
Volume of jar (700 ml) 4 101 85+15

"= Mean =+ standard deviation of sixth replicates determinations

Table 33 shows the predicted concentration of cinnamaldehyde in the
fruitcake together with the experimental values. It is clear that all the predicted values
lie within the range of the experimental results. The proposed equation 4 was then
verified. The amount of cinnamaldehyde in fruitcake required to inhibit growth of
fungi can be calculated as a function of the activation temperature and time, volume
of oil and volume of package used. This should be very useful in determining process

conditions suitable for a particular product and packaging size.
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The temperature and %RH of room temperature storage condition
were recorded as shown in Figures 45 to 46. The experiments were carried out at the
sensory laboratory, Walailak University, situated in the South of Thailand in January
2006. There were rain and sunshine within the same week. The temperature at
daytime (28 °C to 33°C) was about 5 °C higher than that in the nighttime. However,
the cinnamaldehyde in the headspace of rice butter cake kept at room temperature was

not significantly different from that kept at 30 °C.

The storage of rice butter cake under normal air condition using
volume of jar at 700 ml, volume of oil at 50 pul and 100 pl which were activated at
temperature of 40 °C for 10 minutes demonstrated it is possible to extend shelf life of
rice butter cake up to 21 days and > Imonth, respectively. Moreover, the hedonic

scores were between “like slightly” to “like moderately.
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Figure 45 Temperature at the sensory laboratory, Walailak University in January
2006
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CONCLUSION

The major findings of this research can be categorized into four groups, which

are described in turn.

1. A survey on the IMF products available in the modern market in Thailand
was carried out in order to search for a product suitable for preservation with a
combined active packaging technique of modified atmosphere and volatile essential
oils. From 136 items of the IMF products surveyed, five products (cake, ham, bacon,
bread and cheese) were screened as high potential products by using the pass-fail
screening technique. Fruitcake, the premium market product, was selected to be the
product for this research study because essential oils such as cinnamon oil and clove

oil are already part of the product recipe.

2. The following conclusions may be drawn from the study of effectiveness of
using cinnamon and clove oil as antifungi in IMF product by using active packaging

technique:

2.1 The combination between cinnamon oil and clove oil with MA
conditions showed stronger inhibition than essential oil alone into agar containing

those microorganisms frequently causing spoilage of IMF products.

2.2 The combination of cinnamon oil and clove oil at the ratio 5:1 of 4,000

uL was considered to best prevent the growth of A. flavus on agar.

2.3 Variety fruitcake mix (PMCs), rice fruitcake (RF) and rice butter cake
(RBC) were selected as products to be tested using the combined effect of cinnamon
oil and clove oil because their water activities and their moisture contents were

similar to those of the commercial fruitcake available in the market.
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2.4 To prevent the growth of A. flavus on the surface of fruitcake, 300 uL of
cinnamon oil and clove oil at ratio 5:1 under high concentration of CO; or 700 pL of

cinnamon oil and clove oil at ratio 5:1 under normal air at 30 °C were required.

2.5 Western consumers tend to accept odour and taste of cinnamon and

clove oil better than Thai consumers do.

3 The following conclusions may be drawn from the development of active
packaging product for preservation of the selected IMF products with modified

atmosphere condition:

3.1 Polypropylene film, filter paper and calcium silicate type 1 (CaSE-1)
were found to release volatile oil into the headspace more effectively than thyvex,
LLDPE, LDPE35 and LDPE 70 with silica gel and calcium silicate type 2 (CaSE-2).
The results from the volatile headspace showed that major volatiles in the headspace
above an inhibitory mixture of these oils were identified as p-cymene, linalool,
cinnamaldehyde and eugenol. Furthermore it was found that the surface
concentration of oil on the surface of the fruitcake was approximately 10%of the

headspace concentration.

3.2 Storage of premix fruitcake and rice fruitcake were investigated under

the active packing condition. High concentration of CO, (40%) and low concentration

of O3 (< 0.05%) could help to extent the shelf life of fruitcake from 3 days to 14 days.
In addition, the combined effect of volatile compound of cinnamon oil and clove oil at
300 pl under high concentration of CO; could extend shelf life of fruitcake at 20 °C,
68% RH and 30 °C, 75%RH to up to 21 days.

3.3 The RSM model was successfully employed to describe the growth rate
of Aspergillus flavus. It was found that water activity, volume of oil and time were the

most significant parameters influencing growth of Aspergillus flavus. The rice



192

fruitcake was used to verify the growth model. The predicted growth rate of A. flavus

was in agreement with the experimental microbial value.

4 The following conclusions may be drawn from the application of the active
packaging technique developed to preserve the IMF products under normal air

condition:

4.1 The high temperature condition could be used to increase concentration
of cinnamaldehyde in the headspace. The results indicated that the concentration of
cinnamaldehyde could be increased to > 1,000 ppm in the headspace by a

combination of heating at 40 °C, 10 minutes.

4.2 The RSM model was successfully employed to describe the
concentration of cinnamaldehyde in the headspace at high temperature. It was found
that volume of desiccators simulating the packages volume and volume of oil were
the most significant parameters influencing the amount of cinnamaldehyde in the

headspace.

4.3 For storage of rice butter cake under a normal air condition using a jar of
700 ml, volume of oil of 50 ul or 100 pl, which were activated at temperature of 40
°C for 10 minutes to increase the amount of volatile oil in the head space, It was
possible to extend the shelf life up to 21 days and > 1 month, respectively. Moreover,

the hedonic scores were between “like slightly” to “like moderately”.

The results of this work suggest that mixtures of oils can potentially be
manipulated to achieve adequate microbial control and yet may also provide a more
favourable flavour profile than the use of only a single active component. The
findings may help the manufacturer in achieving the desired response, i.e., the desired
product shelf life and may open new opportunities for optimisation of antimicrobial

active packaging systems in the future.



193

RECOMMENDATION FOR FUTURE WORK

The volatile active packaging system could prevent growth of microorganisms
on the surface of fruitcake and rice butter cake. The packaging concept should be able
to be applied to preserve other IMF products. Sensory tests will also need to be
conducted to find a suitable gas phase concentration of cinnamon oil and clove oil for
each specific product. Furthermore, the composition of volatile compound from two
or more essential oils can potentially be manipulated to achieve adequate microbial
control and yet may also provide a more favourable flavour profile than the use of
only a single active essential oil. To achieve this outcome will require a thorough
understanding of the kinetics of release and uptake of the mixture’s volatile
components, and of their relative contributions to microbial inhibition and the
product’s sensory profile under those conditions prevailing through the product
supply chain. Cinnamon oil and clove oil at 5:1 were shown to be strong inhibitors of
the growth of yeasts and moulds. However, more clove oil should be evaluated to
prevent the growth of bacteria on surface of some IMF products because the eugenol
in clove oil has been show to be effective against many bacteria. As can be see from
the research, the volatiles packaging may open new opportunities for optimisation of

antimicrobial active packaging systems in the future.



194

LITERATURE CITED

Abellana, M., V. Sanchis and A.J. Ramos. 2001. Effect of water activity and
temperature on growth of three Penicillium species and Aspergillus flavus on a
sponge cake analogue. International Journal of Food Microbiology 71(2-
3):151-157.

Abdollahy, F., H. Ziaei, B. Shabankhani and M. Azadbakht. 2004. Effect of essential
oil and methanolic extract of Myrtus communis on Trichomonas vaginalis.

Iranian Journal of Pharmaceutical Research 2: 35-35.

Abdullah, N., A. Nawawi and I. Othman. 2000. Fungal spoilage of starch-based foods
in relation to its water activity a(w). Journal of Stored Products Research
36(1):47-54.

Agriculture and Natural Resources, University of California. 2004. Available Source:

http://www.sarep.ucdavis.edu/grants/reports/nader/Markt2.htm.

Ahmadi, M., F. Vahabzadeh, B. Bonakdarpour, E. Mofarrah and M. Mehranian.
2005. Application of the central composite design and response surface
methodology to the advanced treatment of olive oil processing wastewater using

Fenton's peroxidation. Journal of Hazardous Materials 123(1-3):187-195.

Allrecipes.com (2004). Fruitcake recipe. Available Source:

http://cake.allrecipes.com/az/FruitCake.asp

Andrews, S., H. de Graaf and H. Stamation.1997. Optimisation of methodology for
enumeration of xerophilic yeasts from foods. International Journal of Food
Microbiology 35:109-116.

Appendini, P. and J.H. Hotchkiss. 2002. Review of antimicrobial food packaging.

Innovative Food Science & Emerging Technologies 3:113-126.



195

Arvanitoyannis, 1., C.G. Biliaderis, H. Ogawa and N. Kawasaki. 1998. Biodegradable
films made from low-density polyethylene (LDPE), rice starch and potato starch
for food packaging applications: Part 1. Carbohydrate Polymers 36(2-3):89-
104.

August, K.T. 1978. Cysteine-onion oil interaction: Its biological importance and the
saporation of interaction product by chromatography. Food Science and
Technology Abstract10:12.

Azzouz, M.A. and L.B. Bullerman. 1982. Comparative antimycotic effects of
selected herbs, spices,plant components and commercial antifungal agents.

Journal of Food Protection 45(14):1298-1301.

Baranauskieng, R., P.R. Venskutonis, K. Dewettinck and R. Verhé. 2005. Properties
of oregano (Origanum vulgare L.), citronella (Cymbopogon nardus G.) and
marjoram (Majorana hortensis L.) flavors encapsulated into milk protein-based

matrices. Food Research International In Press.

Baik, O.D., M. Marcotte and F. Castaigne. 2000. Cake baking in tunnel type multi-
zone industrial ovens Part II. Evaluation of quality parameters. Food Research
International 33(7):599-607.

Benjilali, B., A. Tantaoui-elaraki, A. Ayadi and M. Thial. 1984. Method to study
antimicrobial effects of essential oils: application to the antifungal activity of six

moroccan essences. Journal of Food Protection 47(10):748-752.

Bokma, D.P. 2003. Glossary. Available source: http://www.bokma.com/
client/?contentid=388&hoofdid=252&pagetitle=Glossary

Burt, S. 2004. Essential oils: their antibacterial properties and potential applications in

food —a review. International Journal of Food Microbiology (94): 223-253.



196

Burl, S. and P. Coote. 1999. Preservative agents in foods: mode of action and
microbial resistance mechanisms. International Journal of Food
Microbiology 50(1-2):1-17.

Cassella, S., J.P. Cassella and I. Smith. 2002. Synergistic antifungal activity of tea
tree (Melaleuca alternifolia) and lavender (Lavandula angustifolia) essential
oils against dermatophyte infection. International Journal of Aromatherapy
12(1):2-15.

Chang, S.T., P.F. Chen and S.C. Chang. 2001. Antibacterial activity leaf essential oils
and their consituents from Cinnamonmum osmophloeum. Journal of

Ethnopharmacology 77:123-127.

Cheng, S.S, J.Y. Liu, Y.R. Hsui and S.T. Chang. 2006. Chemical polymorphism and
antifungal activity of essential oils from leaves of different provenances of
indigenous cinnamon (Cinnamomum osmophloeum). Bioresource Technology
97(2):306-312.

Chuang, G. C-C. and A. Yeh. 2006. Rheological characteristics and texture attributes
of glutinous rice cakes (mochi). Journal of Food Engineering 74(3):314-323.

Cobley, L.M. and B.F. Leslies. 1963. An Introduction to the Botany of Tropical

Crops. Longmans Green and Company, Inc., London. 352 p.

College, F. 2000. Molecular modeling determination of energy. Physical science

math, Engineering Department, Los Altos Hills. 4 p.

Conner, D.E. and L.R. Beuchat. 1984. Effects of essential oils from plants on growth
of food spoilage yeasts. Journal of food science 49:429-434.

CookingCache.com. 2004. Basic recipe. Available Source: http://www.basic-

recipes.com/xms/f/carrot.htm



197

Del Nobile, M.A., G.G. Buonocore, L. Palmieri, A. Aldi and D. Acierno. 2002.
Moisture transport properties of polyamides copolymers intended for food

packaging applications. Journal of Food Engineering 53(3):287-293.

Delgado, B., P.S. Fernandez, A. Palop and P.M. Periago. 2004. Effect of thymol and
cymene on Bacillus cereus vegetative cells evaluated through the use of

frequency distributions. Food Microbiology 21(3):327-334.

Della Porta, G., R. Taddeo, E. D'Urso and E. Reverchon. 1998. Isolation of clove bud
and star anise essential oil by supercritical CO, extraction. Lebensmittel-

Wissenschaft und-Technologie 31:454-460.

Deparment of Business Development. (2003). Ministry of commerce. Statistic.

Available source: http://www.dbd.go.th/index en3.phtml

D'Mello, J. P. F. and A.M.C. Macdonald. 1997. Mycotoxins. Animal Feed Science
and Technology 69(1-3): 155-166

Dykes, G.A. and S.M. Moorhead. 2001. Survival of Campylobacter jejuni on vacuum
or carbon dioxide packaged primal beef cuts stored at —1.5 °C. Food Control
12:553-557.

Ellis, W.O., J.P. Smith, B.K. Simpson, S. Khanizadeh and J.H. Oldham. 1993.
Control of growth and aflatoxin production of Aspergillus flavus under

modified atmosphere packaging (MAP). Food Microbiology 10:9-21.

Ejechi, B.O., O.E. Nwafor and F.J. Okoko. 1999. Growth inhibition of tomato-rot
fungi by phenolic acids and essential oil extracts of pepperfruit (Dennetia

tripetala). Food Research International 36(6):395-399.

Fapohunda, V. W. and S.0O. Ogundero. 1990. Physiology of fungi associated with fast

foods in Nigeria. International Biodeterioration 26(1):23-32.



198

Farber, J.M. 1991. Microbiological aspects of modified atmosphere packaging

technology-a review. Journal of Food Protection 54(1):58-70.

Filtenborg, O., J.C. Frisvad and U. Thrane. 1996. Moulds in food spoilage.
International Journal of Food Microbiology 33:85-102.

Finol, M.L., E.H. Marth and R.C. Lindsay. 1982. Depletion of sorbate from different
media during growth of Penicillium species. Journal of Food Protection
45(5):398-404.

FragranceNet.com, Inc. 2004. Woman'’s fragrances. Available source: http://www.

fragrancenet.com/f/net/womens_ fragrances.html

Friedman, M.A. and R. P. Beliles. 2002. Three-generation reproduction study of rats
receiving acrylonitrile in drinking water. Toxicology Letters 132(3):249-261.

Friedman, M., N. Kozukue and L.A. Harden. 2000. Cinnamaldehyde content in foods
determined by gas chromatography-mass spectrometry. J. Agic. Food Chem.
2000:5702-5709.

Freire, F. C. O., J.E. Cardoso, A.A. dos Santos and F.M.P. Viana. 2002. Diseases of
cashew nut plants (Anacardium occidentale L.) in Brazil. Crop Protection
21(6): 489-494

Ghadge, S.V. and H. Raheman. 2006. Process optimization for biodiesel production
from mahua (Madhuca indica) oil using response surface

methodology. Bioresource Technology 97(3):397-384.

Gholamreza Amin, M.H., S. Salehi, Z. Maral, K. Mahnaz and S. Nasrin. 2005.
Essential oil composition and antimicrobial activity of Oliveria decumbens.
Fitoterapia 76(7-8):704-707.



199

Giannou, V., V. Kessoglou and C. Tzia. 2003. Quality and safety characteristics of
bread made from frozen dough. Trends in Food Science & Technology
14(3):99-108.

Gunawan, E.R., M. Basri, M.B.A. Rahman, A.B. Salleh and R. N. Z.A. Rahman.
2005. Study on response surface methodology (RSM) of lipase-catalyzed
synthesis of palm-based wax ester. Enzyme and Microbial Technology
37(7):739-744.

Guynot, M.E., V. Sanchis, A.J.Ramos and A.J. Marfn. 2003. Mold-free shelf-life
extension of bakery products by active packaging. Journal of Food Science
(68):2547-2552.

Guynot, M.E., S. Matin, V. Sanchis and A.J. Ramos. 2004. An attempt to minimize
potassium sorbate concentration in sponge cakes by modified atmosphere
packaging combination to prevent fungal spoilage. Food Microbiology 21(4):
449-457

Guevara, J.C., E.M. Yahia, E. Brito de la Fuente and S.P. Biserka. 2003. Effects of
elevated concentrations of CO; in modified atmosphere packaging on the quality
of prickly pear cactus stems (Opuntia spp.). Postharvest Biology and
Technology 29 (2): 167-176.

Hadji-Minaglou, F. and O. Bolcato. 2005. The potential role of specific essential oils
in the replacement of dermacorticoid drugs (strong, medium and weak) in the
treatment of acute dry or weeping dermatitis. International Journal of
Aromatherapy 15(2):66-73.

Halouat, A.El, H. Gourama, M. Uyttendaele and J.M. Debevere. Effects of modified
atmosphere packaging and preservatives on the shelf-life of high moisture
prunes and raisins. International of Journal of Food Microbiology 41:177-
184.



200

Helander, I.M., H-L. Alakomi, K. Latva-Kala, T. Mattila-Sandholm, 1. Pol, E.J. Smid
and L.G.M. Gorris. 1995. Characterization of the action of selected essential oil
components on Gram-negative bacteria. Journal of Agricultural and Food
Chemistry 46:3590-3595.

Hemmerich, K.J. 1998. General aging theory and simplified protocol for accelerated
aging of medical devices. Medical plastics and biomaterials magazine.
Sheffield Hallam University.

Isabel pg Siloniz, M., M.J. Valdmerrama and J.M. Peinando. 2000. A chromogenic
medium for the detection of yeasts with B-galactosidase and B-glucosidase
activities from intermediate moisture foods. Journal of Food Protection
63(5):651-654.

Institute of nutrition. 1998. Food composition database for INMUCAL
PROGRAM. Mahidol University. Thailand.

Intercosmos Media Group, Inc. 2003. Thai retailer. Available source:

http://www.thairetailer.org/report.asp

Jacxsens, L., F. Devlieghere, C. Van der Steen and J. Debevere. 2001. Effect of high
oxygen modified atmosphere packaging on microbial growth and
sensorialqualities of fresh-cut produce. International Journal of Food
Microbiology 71:197-210.

Jayatilaka, A., S.K. Poole, C.F. Poole and T.M. P. Chichila. 1995. Simultaneous
micro steam distillation/solvent extraction for the isolation of semivolatile flavor
compounds from cinnamon and their separation by series coupled-column gas

chromatography. Analytica Chimica Acta 302:147-162.



201

Jolliffe, G.H. and E. J. Shellard. 1970. Identification of alkaloid-containing drugs by
thin-layer chromatography after micro steam distillation. Journal of
Chromatography A 48:125-131.

Karathanos, V.T., A.E. Kostaropoulos and G.D. Saravacos. 1995. Diffusion and
equilibrium of water in dough/raisin mixtures. Journal of Food Engineering
25(1):113-121

Kim, J.G., A.E. Yousef and S. Dave. 2000. Application of ozone for enhancing the
microbiological safety and quality of foods: a review. Journal of food
protection 62(9):1071-1087.

Kiwi & Kom-Kom Products Co., Ltd. (2003). Whole sales shop and retail sales

shop. Available Source:http://www kiwiandkomkom-th.com/customers.htm

Kleinhenz, V., M. Gosbee, S. Elsmore, T.W. Lyall, K.B. Lackburn, K. Harrower and
D. J. Midmore. 2000. Storage methods for extending shelf life of fresh, edible
bamboo shoots [Bambusa oldhamii (Munro)]. Postharvest Biology and
Technology 19(3): 253-264.

Kopag, T and S. Kocabas. 2002. Adsorption equilibrium and breakthrough analysis
for sulfur dioxide adsorption on silica gel. Chemical Engineering and
Processing 41(3):223-230.

Kristensen, K., P. Ostergaard and H. J. Juhl. 1998. Success and failure of product
development in the Danish food sector. Food Quality and Preference 9(5):333-
342

Krungthep Turakit online. 2003. Marketing data. Available Source:

http://www.bangkokbiznews.com



202

KSC Commercial Internet Co.,Ltd. (2003). Retailer. Available Source:

http://www.ksc.net.th/main/shopscounter.phpaction=setlanguage&lang=en

Kunkel, M.E., A. Seo and H. E. Shallo. 1995. Digestibility of Selected Carbohydrate
and Lipid Based Polymers. Journal of the American Dietetic Association
95(9):A21

Lalko, J. and A.M. Api. 2006. Investigation of the dermal sensitization potential of
various essential oils in the local lymph node assay. Food and Chemical
Toxicology 44(5):739-746.

Leangnateethep, R. 1997. Spicy and Herb. Odienstore Press. Bangkok. 200 p. (in
Thai)

Legan, J. D. 1993. Mould spoilage of bread: the problem and some

solutions. International Biodeterioration & Biodegradation 32(1-3):33-53.

Lickly, T.D., D.A. Markham and M. L. Rainey. 1991. The migration of acrylonitrile
from acrylonitrile/butadiene/styrene polymers into food-simulating liquids.

Food and Chemical Toxicology 29(1):25-29.

Limam, M., L. Tighzert, F. Fricoteaux and G. Bureau. 2005. Sorption of organic
solvents by packaging materials: polyethylene terephthalate and TOPAS®.
Polymer Testing 24(3):395-402.

Lo'pez-D'iaz, T.M., J.A. Santos and M.L. Garci'a-Lo'pez. 2001. Surface mycoflora of
a spanish fermented meat sausage and toxigenicity of Penicillium isolates.

International Journal of Food microbiology 68:69-74.

Lourens-Hattingh, A. and B. C. Viljoen. 2001. Growth and survival of a probiotic
yeast in dairy products. Food Research International 34(9):791-796.



203

Lufio, M., Roncalés, P., D. Djenane and J. A. Beltran. 2000. Beef shelf life in low O,
and high CO, atmospheres containing different low CO concentrations. Meat

Science 55(4):413-419.

Maffei, M., M. Mucciarelli and S. Scannerini. 1994. Essential oils from Achillea
species of different geographic origin. Biochemical Systematics and Ecology
22(7):1994.

Magwa, M.L., M. Gundidza, N. Gweru and G. Humphrey. 2006. Chemical
composition and biological activities of essential oil from the leaves of Sesuvium

portulacastrum. Journal of Ethnopharmacology 103(1):85-89.

Mamy Company Limited. (2003). Supermarket. AvailablSource:
http://www.jergens-thai.com/where.html

Manager online. 2003. Marketing data. Available source: http://www.manager.co.th.

Marin, S., A. Velluti, A.J. Ramos and V. Sanchis. 2004. Effect of essential oils on
zearalenone and deoxynivalenol production by Fusarium graminearum in non-

sterilized maize grain. Food Microbiology 21: 313-318.

Matan, N., H. Rimkeeree, A.J. Mawson, P. Chompreeda, V. Haruthaithanasan and M.
Parker. 2006. Antimicrobial activity of cinnamon and clove oils under modified
atmosphere conditions. International Journal of Food Microbiology
107(2):180-185.

Mundo, M.A., O.I. Padilla-Zakour and R.W. Worobo. 2004. Growth inhibition of
foodborne pathogens and food spoilage organisms by select raw honeys.

International Journal of Food Microbiology 97:1-8.

New Zealand Immigration Service, 2003. Guide to New Zealand. Available

Source:http//www.immigration.govt.nz/.



204

Nickavar, B., F. Mojab and R. Dolat-Abadi. 2005. Analysis of the essential oils of
two Thymus species from Iran. Food Chemistry 90(4): 609-61.

Nielsen, P.V. and R. Rios. 2000. Inhibition of fungal growth on bread by volatile
components fromspices and herbs, and possible application in active packaging,
with special emphasis on mustard essential oil. International Journal of Food
Microbiology 60:219-229.

Nilsson, H., B. Tunger and A.Thidell. 2004. The use of eco-labeling like initiatives on
food products to promote quality assurance—is there enough credibility?

Journal of Cleaner Production12(5):517-526.

Nitimongkonchai, N. 1999. Utilization of cinnamon oil as antifungi in durian

paste. Thesis of Kasetsart University. 79 p.( in Thai)

Nguefack, J., V. Leth, P.H. Amvam Zollo and S.B. Mathur. 2004. Evaluation of five
essential oils from aromatic plants of Cameroon for controlling food spoilage and
mycotoxin producing fungi. International Journal of Food Microbiology
94:329-334.

Ozilgen, M. and M.Ozdemir. 2001. A Review on Grain and Nut Deterioration and
Design of the Dryers for Safe Storage with Special Reference to Turkish

Hazelnuts.Critical Reviews in Food Science and Nutrition 41(2):95-132

Ruangrungsi, N. 1991. Spicy. Faculty of Pharmaceutical Sciences Chulalongkorn
University Press. Bangkok. 205 p. (in Thai)

Robinsfyi.com. (2004). Bakery recipe. Available Source:

http://www.robinsfyi.com/holidays/christmas/recipes/sweets/myfruitcake.hm

Robinson, R.K. 1990. Dairy Microbiology. Elsevier Applied Sciences.



205

445 p.

Pitt, J.J. 1974. Resistance of some food spoilage yeasts to preservatives. Food
Technology 26:238-241.

Pitt, J.J. and A.D. Hocking. 1997. Fungi and food spoilage. Blackie Academic and

Professional. London.

Pradsad, M.M. and G. Seenayya. 2000. Effect of spices on the growth of red
halophilic cocci isolated from salt cured fish and solar salt. Food Research
International 33:793-798.

Quintavalla, S and L. Vicini. 2002. Antimicrobial food packaging in meat industry.
Meat Science 62(3):373-380.

Restaino, L., L.M. Lenovich and S. Bills. 1982. Effect of acids and sorbate
combinations on the growth of four osmophilic yeasts. Journal of Food
Protection 45(12):1138-1142.

Robertson, G.L. 1992. Food packaging. Marcel Dekker, Inc. New York. 676 p.

Rodrigues, C.E.C., E.C.D. Reipert, A.D.de. Souza, P.A. Pessoéa Filho and A.J.A.
Meirelles. 2005. Equilibrium data for systems composed by cottonseed
oil + commercial linoleic acid + ethanol + water + tocopherols at 298.2 K. Fluid

Phase Equilibria 238(2):193-203.

Roller, S. and N. Covill. 1999. The antifungal properties of chitosan in laboratory
media and apple juice. International Journal of Food Microbiology 47(1-
2):67-717.



206

Saxena, J., C. Munimbazi and L.B. Bullerman. 2001. Relationship of mould count,
ergosterol and ochratoxin A production. International Journal of Food
Microbiology 71:29-34.

Schér, W. and J. O. Bosset. 2002. Chemical and Physico-chemical Changes in
Processed Cheese and Ready-made Fondue During Storage. A Review.

Lebensmittel-Wissenschaft und-Technologie 35(1):15-20.

Scannell, A.G.M., C. Hill, R.P. Ross, S. Marx, W. Hartmeier and E.K. Arendt. 2000.
Development of bioactive food packaging materials using immobilised
bacteriocins Lacticin 3147 and Nisaplin®. International Journal of Food
Microbiology 60:241-249.

Selvi, A.T., G.S. Joseph and G. K. Jayaprakasha, 2003. Inhibition of growth and
aflatoxin production in Aspergillus flavus by Garcinia indica extract and its

antioxidant activity. Food Microbiology 20(4):455-460.

Shirakura, A., M. Nakaya, Y. Koga, H. Kodama, T. Hasebe and T.Suzuki. 2006.
Diamond-like carbon films for PET bottles and medical applications. Thin Solid
Films 494(1-2):84-91.

Siam future development PLC. 2003. Department Stone. Available Source
:http://'www.siamfuture.com/RetailBusCenter/RetailersCenter/DepartStore.asp

Singh, G., S. Maurya, M.P.De Lampasona and C. Catalan. 2006. Chemical
constituents, antifungal and antioxidative potential of Foeniculum vulgare

volatile oil and its acetone extract. Food Control 17(9):745-752.

Skandamis, P.N. and G.J. Nychas. 2002 Preservative of fresh meat with active and
modified atmosphere packaging conditions. International Journal of Food
Microbiology 79(1-2):35-45.



207

Skandamis, P., E. Tsigarida and G-J. E. Nychas. 2002. The effect of oregano essential
oil on survival/death of Salmonella thyphimurium in meat stored at 5 °C under
aerobic, VP/MAP onditions. Food Microbiology 19:97-103.

Smid, E.J., Y. de. Witte and L.G. M. Gorris. 1995. Secondary plant metabolites as
control agents of postharvest Penicillium rot on tulip bulbs. Postharvest
Biology and Technology 6(3-4):303-312.

Smith, R.M. 2002. Extractions with superheated water. Journal of Chromatography
A 975(1):31-46.

Soliman, K.M. and R.I. Badeaa. 2002. Effect of oil extracted from some medicinal
plants on different mycotoxigenic fungi. Food and Chemical Toxicology
40:1669-1675.

Suhr, K.I. and P. V. Nielsen. 2004. Effect of weak acid preservatives on growth of
bakery product spoilage fungi at different water activities and pH

values. International Journal of Food Microbiology 95(1):67-78.

Suksrikarm, B. 1987. Herb and Spice. Amorn Printing. Thailand.

Taniwaki, M.H., A. D. Hocking, J.I. Pitt and G.H. Fleet. 2001.Growth of fungi and
mycotoxin production on cheese under modified atmospheres. International

Journal of Food Microbiology 68:125-133.

Teir, S., S. Eloneva and R. Zevenhoven. 2005. Production of precipitated calcium
carbonate from calcium silicates and carbon dioxide. Energy Conversion and
Management 46(18-19):2954-2979.

Viagi, E., B. Simandi, A Suhajda and E. Héthelyi. 2005. Essential oil composition and

antimicrobial activity of Origanum majorana L. extracts obtained with ethyl



208

alcohol and supercritical carbon dioxide. Food Research International
38(1):51-57.

Van Willige, R., D. Schoolmeester, A. Van Ooij, J. Linssen and A. Voragen. 2002.
Influence of storage time and temperature from solutions by plastic packaging

materials. Journal of food science 67(6): 2023-2031.

Vermeiren, L., F. Devlieghere, M.V. Beest, N.de. Kruijf and J. Debevere. 1999.
Developments in the active packaging of foods. Trends in Food
Science&Technology10:77-86.

Vytasova, J., P. Pibdova and L. Marvanova. 2002. Occurrence of xerophilic fungi in
bakery gingerbread production. International Journal of Food Microbiology
72(1-2):91-96.

Ultee, A., M.H.J. Bennik and R. Moezlaar. 2002. The phenolic hydroxyl group of
carvacrol is essential for action against the food-borne pathogen Bacillus cereus.

Applied and Environmental Microbiology 68, 1561-1568.

Wang, S., F. Chen, J. Wu, Z. Wang, X. Liao and X. Hu. 2005. Optimization of pectin
extraction assisted by microwave from apple pomace using response surface

methodology. Journal of Food Engineering In Press.

Whatman International Ltd. 2005. Filter paper. Available Source: http://www.
whatman.com/products/?pagelD=7.25.

Zhao, G.M., G.H. Zhou, X.L. Xu, Z.Q. Peng, Y.J. Huan, Z.M. Jing and M.W. Chen.
2005. Studies on time-related changes of dipeptidyl peptidase during processing
of Jinhua ham using response surface methodology. Meat Science 69(1):165-
174.



209

APPENDIX



TITLE of Work:

Researcher(s) Introduction

APPENDIX |

Sensory Questionnaire

- Massey iz

Te Kunenga ki Piirehuroa

210

Researchers Narumol Matan Supervisors | Associate Professor John
Name: Name: Mawson
Mr. Michael Parker
Contact Details: | Fresh Technologies Contact Fresh Technologies
IFNHH,Massey Details: IFNHH,Massey University
University a.J.mawson(@massey.ac.nz.
n.matan@massey.ac.nz. m.e.parker@massey.ac.nz.
Tel: 5985 Tel: 5963, 5232

You are invited to take part in a sensory evaluation of food product. The product is

‘fruitcake’, packaged inside the high gas barrier polymeric packages containing food

grade essential oil.

Your participation in this activity will take approximately 10 minutes.

We are selecting people for this exercise who meet the following criteria:

From Western countries and Thailand.

Certain ingredients of fruitcake used in this experiment may be harmful or cause

allergic reactions with certain groups of people. You are requested to refrain from our

experiment if following ingredient can cause adverse effects to you:
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Wheat Flour Sugar Vegetable oil Emulsifiers

Flavours Salt Sultanas Pineapple

Egg Baking powder Thickener Essential oil
(modified starch)

The information collected in this study will be used to complete an assignment in

partial fulfilment of the Doctor of Philosophy (Agro-Industrial Product Development).

No data linked to an individual’s identity will be collected.

If you have any questions about this work, please contact one of the people indicated

above.
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CONSENT FORM

THIS CONSENT FORM WILL BE HELD UNTIL DECEMBER 2005

I have read and understood the Information Sheet and have had the details of the
study explained to me. My questions have been answered to my satisfaction, and I

understand that I may ask further questions at any time.

I agree to voluntarily participate in this study under the conditions set out in the

Information Sheet.

I understand I have the right to withdraw from the study at any time and to decline to

answer any particular questions.

I have advised and discussed the Researcher of any potentially relevant cultural,
religious or ethical beliefs that may prevent me from consuming the Foods under

consideration.

I agree /do not agree to be audio taped, but understand that I have the right to ask for
the tape to be turned off at any time during the study (if applicable include this

statement)

Participants Date:

Signature:

Full Name - printed
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Answer Sheet

Instructions

Open and taste the sample from left to right and note the intensity of the characteristic

studied. Rate each sample on the following scale:

1 = Dislike extremely 6 = Like slightly

2 = Dislike very much 7 = Like moderately
3 = Dislike moderately 8 = Like very much
4 = Dislike slightly 9 = Like extremely

5 = Neither like nor dislike it

1. Sample Code .................

- How do you feel about the odour after opening the package?

- How do you feel about the color of the sample?
[] [] [] J J U U [] []
1 2 3 4 5 6 7 8 9

- How do you feel about the texture of the sample?
U U U ll Hl | | U U
1 2 3 4 5 6 7 8 9

- How do you feel about the taste of the sample?
[] [] [] J J J 0 [] []
1 2 3 4 5 6 7 8 9
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- How do you feel about the flavor of the sample?
U U U 0 0 | 0 U U
1 2 3 4 5 6 7 8 9

- Overall of sample
[] [] [] J J 0 0 [] []
1 2 3 4 5 6 7 8 9

2. Sample Code .................

- How do you feel about the odour after opening the package?

- How do you feel about the color of the sample?
U N U l l l l U U
1 2 3 4 5 6 7 8 9

- How do you feel about the texture of the sample?
[ L L Hl Hl U U [ [
1 2 3 4 5 6 7 8 9

- How do you feel about the taste of the sample?
0 [l [l [ [ | | 0 0
1 2 3 4 5 6 7 8 9



- How do you feel about the flavor of the sample?
U U U 0 0 | 0 U U
1 2 3 4 5 6 7 8 9

- Overall of sample
[ [ [ 0 ll 0 0 [ [

1 2 3 4 5 6 7 8 9
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APPENDIX Il

Key to Aspergillus flavus

Colonies on CYA at 25 °C and 37 °C both exceeding 35 mm diam

l

Colonies coloured

l

Colonies yellow, green or brown

l

Conidia yellow, yellow green or brown; developing cleistothecia not present

l

Conidia yellow green or yellow

Conidia with relatively thin walls, smooth or finely roughened, spherical to broadly

ellipsoidal; vesicles up to 50 pl diameter
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