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BIOLOGICAL SCIENCE RESEARCH DEPARTMENT

97/999
NAKDEE, Rewadee and AIBA, Sei-chi. Determination of characteristics of chitin and
chitosan. Grant (E) Res. Proj. no. 38-03, Rep. no. 2, 1997, 33p. (In English)

Key Words: Chitin, Chitosan, Viscosity, Solubility, Molecular weight.

Two samples of chitin and two samples of chitosan were characterised. Solubilities of
chitins were studied for several solventé, both organic and inorganic, including DMA and
NMP. Solubility of chitin in NMP gave the highest results. Molecular weights of chitosans,
on the other hand, were obtained from two different methods, namely, GPC and calculation
from intrinsic viscosity. The former method possessed lower molecular weight than that of
the latter method. The viscosities of chitosans were also measured with a rotary vibrating

viscometer machine in a 1 percent acetic acid solution. - Authors.
97/1000

PATTANAVIBUL, Siriphong, CHAIMONGKOL, Somsak, SUWANNAKUL, Anawat,
NEAMPREM, Sodsri, RATTANACHAI, Yuwadee, SARTPETH, Chitra, JAMJUMROON,
Manat, CHAIWIPHA, Nampeth and DONG KRATOK, Cheuan. Postharvest quality control of
xanthophyll content in marigold. Res. Proj. no. 39-03, Rep. no. 1, 1997, 32p. (In Thai)

Key Words: Xanthophyll, Marigold, Postharvest, Pigments, Tagetes spp.,

Asteraceae, Quality control.

The objective of this study is to develop postharvest treatment for Marigold flower in
order to minimize losses of xanthophyll during subsequent processing steps. Stabilization of
xanthophyll pigment by fermentation of freshly harvested Marigold flowers in various solvent
solutions were investigated.

Marigold flower after harvested were fermented in a solution of sodium chloride,
formic acid, acetic acid or sulfuric acid at various concentrations ranging from 0.5, 1.0 to
2.0 percent (v/v). Tap water was used as a control solution. After 4 weeks of

fermentation, flowers were oven dried at 70 degree celsius for 15 to 17 hr, ground and
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analysed for xanthophyll content. Lowest xanthophyll content was found in the treatment
without fermentation at 4.6 g/kg. Higher xanthophyll content were found in all fermentation
treatments at all concentrations. Highest xanthophyll content, 7.9 g/kg, was obtained with

acetic acid treatment at 0.5 percent concentration. -~ Authors.
97/1001

SASSANARAKKIT, Suriya, JENVANITPANJAKUL, Peesamai, WANGDHEETHUM, Romanie,
SRIVICHIT, Decho, LEELAKAJOHNJIT, Boonchu, CHAIJUNTUK, Pairoj, RATANAPHAN,
Wacharin. Black liquor from potassium pulping as biomass potassium for plant growth in
green house. Res. Proj. no. 37-06, Rep. no. 4, 1997, 32p. (in Thai)

Key Words: Biomass, Kenaf, Rice straw, Black liquor, Pulping, Fertilizers,

Clean technology, Potassium pulping.

In the clean technology for pulping local non-wood raw material, kenaf and rice straw
were pulped by potassium-based processes. Black liquor or spent liquor from those puiping
processes as biomass potassium source for plant growth was studied.

Potassium contents in the black liquor from kenaf and rice straw potassium pulping
were 9.4 percent and 2.7 percent respectively. These figures are acceptable for using as
potassium source fertiliser.

Comparison of the response of potassium-based black liquor with that of potassium
chloride chemical fertiliser on the growth of mungbean and rice were investigated in green
house. The investigation was based on the application of potassium source either from black
liquor or from chemical fertiliser together with nitrogen-phosphorus chemical fertiliser of the
formula 16-20-0. Various ratios of potassium per experimental planting area applied were
2, 4 and 8 kg K,O rai. In addition, low and high level amount of N-P fertiliser used were
12.5 and 25.0 kg per rai.

For mungbean planting, the results suggested that the optimum amount of black
liquor from kenaf and rice straw pulping used was the same; that was, 2 kg K,O per rai at
low level of N-P fertiliser. At high level of 25 kg per rai, however, growth response was
noticed with the application of black liquor from kenaf pulping only, even the amount applied

up to 8 kg K,O per rai.



ABSTRACTS OF TISTR TECHNICAL REPORTS 1997 3

Black liquor from kenaf and rice straw pulping shows the same response to rice
planting. The optimum amount was 2 kg K,O per rai at 12.5 and 25 kg of N-P fertiliser.
Authors.

BIOTECHNOLOGY DEPARTMENT

97/1002

ANTARIKANONDA, Pongtep, SOMCHAI, Prapaisrii, SASSANARAKKIT, Suriya,
RATANAPHAN, Watcharin and VEERANONTH, Patcharee. Organic fertilizer production
from canning fish industrial waste. Res. Proj. no.37-10, Rep. no. 1, 1997, 63p. (In
Thai)

Key Words: Organic fertilizers, Canned fish, Industrial wastes, Fish industry,

Waste utitization.

This research work has been carried out in order to find appropriate condition for the
digestion of fish waste for organic fertilizer, the rate of application and form of fertilizers. An
experimental design used in this work is randomized complete block design (RCBD).
Experimental studies of canning fish industrial waste have comparatively been conducted
using hydrochloric acid, phosphoric acid and formic acid at various concentrations. Extended
works using appropriate concentration of selected acid were performed under various time
conditions and useful plant nutrients. Froms of organic fertilizer in this experiment were in
granules and liquid froms.

Experimental results show that 20 percent hydrochloric and phosphoric acids could
enhance the rate of digestion comparing to the other acids. It was also found that there was
no significant different on digestion time of fish waste at 3-6 hours but the high rate of
digestion appeared at 3 hours. Therefore, the conclusion can be drawn from this research
work that the digestion of fish waste for organic fertilizer should appropriately be conducted
ur;der the condition of 20 percent phosphoric acid with 3 hours boiling.

The effect of organic fertilizer in forms of solid liquid and foliar application on plant
growth and yield have been studied with different kinds of plants such as mung bean,

cabbage and rice. The results showed that the direct application of liquid organic fertilizer to
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the plant at the rate of 50 kg/rai was effective in promoting plant growth as the same rate of
25 kgsrai chemical fertilizer formula (15-15-15). The liquid organic fertilizer was
developed into pellet from by mixing with phosphate rock in the ratio of 1 : 1 and it was
tested with various plants in the green-house. The results showed that the granulated
organic fertilizer promoted plant growth and would be more effective when mixing with
chemical fertilizer. Moreover, liquid organic fertilizer can be used as foliar application at the
rate of 0.5-1.0 percent once in every 2 weeks to promote plant growth as well as

commercial liquid organic fertilizer. Authors.

CHEMICAL INDUSTRY DEPARTMENT

97/1003

VONGPANISH, Pratum, STHAPITANONDA, Kannika, NUTALAYA, Kesara, BUAPHUD,
Suwimon. Development of natural rubber products Part 1: Research and development on
rubber sheets for rubber weir by using NR/EPDM blends, aliphatic/aromatic resin as
compatibilizer. Res. Proj. no. 32-03/subproj. no.1, Rep. no. 3, 1997, 60p. (In Thai)

Key Words: Natural rubber, ‘Rubber dam, Rubber sheets, Rubber weir,

Compatibilizer, Aliphatic/aromatic resin.

The rubber sheets for TISTR's rubber weir were 7 mm thickness, composing of three
calendered layers of rubber compound laminated on two plies of polyester/polyamid (nylon)
fabric for reinforcement. NR (natural rubber) was the main component for the inner layer
while NR/EPDM (ethylene-propylene~-diene-monomer rubber) was used for the outer layer
and the carpet in order to resist to UV and ozone. For NR/EPDM blending, QD resin which
is aliphatic’aromatic polymer containing of 1.3-pentadiene monomer was used as
compatibilizer. The formulae of the outer layer and the carpet, the inner layer, the rubber
compound for frictioning and cushioning as well as the adhesive tape of NR/EPDM
compound for sheet joining bring the properties of the sheets to meet the requirements of the
rubberized dam of MOC (the Ministry of Construction, Japan). For field test, TISTR's weir
was constructed across Mae Tao Creek, Ban Padae, Mu 4, Phra That Pha Daeng Village,

Mae Sot District, Tak Province. The size of the weiris 8 metres in width and 1 metre in
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height when it was inflated with water. The weir has been operated since November 1994

and still performs satisfactorily. - Authors.

97,1004

VONGPANISH, Pratum, STHAPITANONDA, Kannika, NUTALAYA, Kesara, WONG-
KASANSUK, Kittirat, BUAPHUD, Suwimon, EARTHAYAPAN, Manus, CHANKIEW, Sombat,
KLINCHANG, lttichai and PRADITSILP, Somchai. Development of natural rubber products
Part 1: Research and development on rubber sheets for reservoir lining by using 70:30
HR/EPDM blends, aliphatic/aromatic resin as compatibilizer.  Res. Proj. no. 30-04,
Rep. no. 4, 1997, 33p. (In Thai)

Key Words: Natural rubber, Water reservoir, Rubber sheets, Watertight lining,

Rubber liners, Vulcanization, Aliphatic/aromatic resin, Compatibilizer.

Aliphatic/aromatic resin containing 1.3-pentadiene monomer was used as
compatibilizer for NR/EPDM blending. When the resin mixed with NR and EPDM, the
mixture became tacky because the resin worked as a kind of plasticizer. After mixing with
vulcanizing agents and curing the mixture, some unsaturation bonds in the resin crosslinked
with the rubbers resulting in a network structure polymer of high elongation and ozone
resistance. For reservoir lining at Ban Lansadao School, Mu 9, Wangkuong Village, Phran
Kratai District, Kamphaeng Phet Province, the blending of 70:30 NR/EPDM mixing with 5
phr QD resin and other ingredients were used to produce rubber sheets. The properties of
the sheets were 448.67 percent elongation at break, 8.3 kN/m tear strength and no crack
for 96 h ozone resistance test at 100 pphm, 40 degree celsius, 20 percent extension. A
whole factory-seamed sheet of the area 1,8602 m and 2 mm in thickness was used for
lining the reservoir of width x length x depth 36 m x 40 m x 3.5 m and 1:2 in slope which
was 3,407 m3 in capacity. The installation Was done at the site on May 20, 1994 by
200-300 local people unfolding and aligning the sheet together. At present, the reservoir is
in good condition and TISTR is still following up the change of rubber sheet properties. -
Authors.
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97/1005

WUNGDHEETHUM, Romanie, JENVANITPANJAKUL, Peesamai, NIYOMWAN, Naiyana,
LEELAKAJOHNJIT, Boonchu, SRIVICHIT, Decho, FONGSIN, Netriya, NIMSUWAN,
Suphannipha and CHAIJUNTUK, Pairoj. Potassium base anthraquinone pulping of roselle.
Res. Proj. no. 37-06. Rep. no. 2, 1997, 25p. (In Thai)

Key Words: Clean technology, Pulping, Soda pulp, Kraft pulp, Potassium pulping,
Potassium anthraquinone pulping, Roselle, Soda-oxygen bleaching,

Kappa number, Hibiscus sabdariffa L.

A clean technology for pulping of this study is to investigate the yield, Kappa number
and physical properties of potassium hydroxide, postassium anchraquinone unbleached and
potassium anthraquinone bleached pulps made from roselle (Hibiscus sabdariffa L.) cultivar
Non Soong 2. The optimum cooking conditions, the factors which influence pulping process
and the possibility on reduction of bleaching chemicals or bleaching sequences were also
studied.

The optimum condition for pulping had been determined to obtain maximum yield for
any desired Kappa number (32-34). When the chip was cooked with 30 percent KOH, at
170 degree celsius for 3 hours, it could be defiberated with the pulp yield about 45.92
percent. With an addition of 0.1 percent anthraquinone, potassium hydroxide could be
reduced to 26 percent KOH and the pulp yield was 48.17 percent at the same cooking
condition.

The brightness of unbleached roselle pulps from both potassium and potassium
anthraquinone process showed slightly higher, when compared with the kraft and soda.
However, at the same level of frgeness, tensile index, burst index, tear index and foiding
endurance of the unbleached potassium hydroxide pulp were lower than the unbleached
potassium anthraquinone.

The use of oxygen bleaching prior to the chlorination bleaching sequence (E,CED),
on potassium base anthraquinone pulp, decreased not only the chlorine based bleaching
chemicals but also the bleaching sequence to obtain the same brightness as that in the

conventional pulps (CEDED). Physical properties of bleached roselle pulps, such as tensile
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index, burst index, tear index and folding endurance of the CEDED bleach potassium
anthraquinone pulps were higher than those of the E,CED bleached potassium anthraquinone
and soda. Comparing so the kraft pulp, these properties, except tear index of the kraft pulp,

showed better result. ~ Authors.

INDUSTRIAL MATERIALS RESEARCH DEPARTMENT

97/1006

JENVANITPANJAKUL, Peesamai, WANGDHEETHUM, Romanie, SRIVICHIT, Decho,
PANKLANG, Jintana, LAO-UBOL, Supranee and CHAIJUNTUK, Pairoj. A study on the
sulfur-free potassium pulping of rice straw. Res. Proj. no.37-06, Rep. no. 3, 1997,
22p. (In English)

Key Words: Rice straw, Potassium, Kraft pulp, Kappa number, Pulping,

Potassium pulping, Oryza sativa, Potassium hydroxide, Anthraquinone.

Non-wood raw materials normally contain high ash and high silica. High silica
content causes difficulty in chemical recovery system of pulp mills particularly the small size
one. Pulping process which eliminates the need for recovery system and avoids odour
emission, therefore, was investigated.

A study on the sulfur-free potassium pulping of rice straw (Oryza sativa L.) was
carried out in laboratory. Rice straw was pulped by potassium hydroxide, potassium
hydroxide-anthraquinone (AQ) and potassium hydroxide-dispersible anthraquinone (DAQ)
processes. The effects of pulping chemicals, liquor ratio and reaction time on pulp yield,
kappa number and pulp properties were investigated. Rice straw pulp by sulphite pulping
was also prepared to compare its properties with that by potassium-based pulping.

The experimental result indicated that the amount of potassium hydroxide usage
could be reduced to about 16 percent when pulping with the addition of 0.1 percent AQ as
well as 0.1 percent DAQ in order to obtain pulps with the same range of kappa number. In
addition, the unbleached pulps gave higher brightness than those pulping without

anthraquinone.
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The tensile index of unbleached rice straw pulps from potassium-AQ was higher than
that from potassium pulping without AQ. When comparing with potassium-DAQ pulps, the
tensile index of potassium-AQ pulps was slightly lower. The strength properties of
unbleached rice straw from potassium-based pulping were higher than those from( sulphite
pulping. The potassium pulping showed promising substitution of sulphite pulping in small

scale pulp mills where no chemicals recovery facilities are provided. - Authors.

OFFICE OF PROJECT MANAGEMENT

9771007

ANTARIKANONDA, Pongtep, SASSANARAKKIT, Suriya, PUTTANASUPONG, Anchana,
KOSURAT, Jaruwan, BHANTHUMNAVIN, Nataporn, SINSAWAT, Sayam and SAENPHOL-
MUANG, Sumalee. Industrial production of xanthophyll from marigolds. Res. Proj. no. 37-
09, Rep. no. 1, 1997, 44p. (In Thai) '

Key Words: Xanthophyli, Marigold, Animal feeding, Feeds, Extraction.

The study of method for xanthophyll extraction from marigold petals was carried out.
The crude extract obtained was used as chicken feed supplement to increase the color of
egg yolk. There were five experiments in this study. It was found that the orange-color
marigold accumulated highest amount of xanthophyll in the petals comparing to the yellow-
color marigold or the sunflower. The most suitable solvent for the extraction of xanthophyll
from dried marigold petals was hexane (comparing to acetone, methanol, petroleum ether).
The quantitative analysis of Total Xanthophylls was achieved via the AOAC standard method.
It was proved.that the steam treatment to the petals, for three minutes prior to oven-drying
at 80 degree celsius, helped prevent the loss of xanthophyil during drying period. The
preservation of crude extract was also tested and it was shown that stability of the crude
extract can be maintained for six months at room temperature, under nitrogen atmosphere in
the dark without the addition of antioxidant. Most of all, when 1-2 mg of crude extract was
mixed with 1 kg of chicken feed, with low amount of xanthophyll, the color of egg yolk was

brighter. - Authors.
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97,1008

SRIKUMLAITHONG, Sumalai, LAIXUTHAI, Parichat, NAKDEE, Rewadee, VICHARN-
RATHAKAN, Paros and ASA, Narongdej. Effect of process conditions on properties of
chitosan. Res. Proj. no. 39-01, Rep. no. 1, 1997, 12p. (In Thai)

Key Words: Chitosan, Shrimps, Chitin.

In this report study, the factors effecting properties of chitosan from shell of black
tiger shrimp, which are deproteinization and demineralization time, quantity and concentration
of NaOH used, have been undertaken. The optimum condition for chitin production has been
accomplished by deproteinizing with 1.0 N NaOH at the ratio of shell to NaOH of 1:6 w/v at
95-100 degree celsius for 1 h and demineralizing with 1.0 N HCI at the ratio of solid to
HCl of 1:10 w/v at room temperature for 2 h. The resulting chitin was deacetylated with 50
percent w/v NaOH at the ratio of chitin to NaOH of 1:20 w/v at 120 degree celsius for 1 h.
The chitosan with 22.9 percent yield was achieved with degree of deacetylation of 82.56
percent, viscosity of 430 cp, molecular weight of 13.3*105 and solubility at 100 percent.

- Authors.

97,/1009

SRIKUMLAITHONG, Sumalai, LAIXUTHAI, Parichat, NAKDEE, Rewadee, VICHARN-
RATHAKAN, Paros, ASA, Narongdej, AIBA, Sei-ichi and SHINAGAWA, Shun-ichi.
Production of chitosan from carapace of black tiger shrimp and its utilization for heavy metal
adsorption. Res. Proj. n0.39-06. Rep. no. 2, 1997, 16p. (In Thai)

Key Words: Chitosan, Shrimps, Heavy metal adsorption, Adsorption,

Chitin, Waste water.

Effective conditions for chitosan production was accomplished by deproteinizing with
1.0 N NaOH at the ratio of carapace to NaOH of 1:6 w/v at 95-100 degree celsius for 1 h
and demineralizing with 1.25 N HCI at the ratio of solid to HCI of 1:10 w/v at room
temperature for 1 h. The resulting chitin was déacetylated with 50 percent w/v NaOH at the
ratio of chitin to NaOH of 1:15 w/v at 120 degree celsius for 1 h. The chitosan with 28.6

percent yield was achieved with ash content of 0.16 percent, solubility of 100 percent,
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degree of deacetylation of 82.04 percent, viscosity of 1372 cp, and nitrogen content of 7.9
percent. Its properties complied with the imported chitosan. The application of chitosan
produced as toxic-metal binding agents in aqueous environment of electroplating plants was

carried out. lts ability to adsorb Cu2+, Ni2+ and Zna* was 70.00 percent, 10.12 percent

and 20.49 percent respectively, which was similar to that of imported ones. - Authors.

9771010

SRIKUMLAITHONG, Sumalai, VICHARNRATHAKAN, Paros, LAIXUTHAI, Parichat.
Synthesis of chitosan derivatives for enhancement of heavy metal adsorption. Res. Proj. no.
30-01, Rep.no. 3, 1997, 11p. (In Thai)

Key Words: Chitosan, Heavy metal adsorption, Adsorption, Chitin, Waste water.

The application of chitosan produced as toxic-metal binding agents in effluent of
electroplating plants was studied and compared to a standard grade of imported chitosan and
two grades of imported derivatives. Chitosan produced adsorbed Cu2+, Ni2+, zn” in
wastewater at pH 5 with ability of 81.29 percent, 17.87 percent and 18.85 percent
respectively whereas imported chitosan (CTAI) adsorbed cu®, Ni* and zn°° 65.60
percent, 11.03 percent and 20.83 percent respectively. Two derivatives were synthesized
by reacting with pyridoxal hydrochloride and mercaptosuccinic acid. The binding ability of
Cu2+, Ni2+, Zn2+ and Fe2+ was enhanced significantly, especially the derivative from
pyridoxal hydrochloride possessing highest efficiency. T2-PYR and CTAI-PYR adsorbed
cu”* 85.36 and 91.82 percent: Ni-~ 35.74 and 46.46 percent, Zn~ 28.23 and 41.97
percent respectively.

From the experiment, pH of effluent at 4.0 and 5.0 had no effect on adsorption

ability. - Authors.

97/1011

SRISAWAS, Suwanna, CHATKET, Inthrawut, BUNCHONGSINSIRI, Panida, SUTI-
VATANAVET, Vannee, SRINORAKUT, Pornpatra, SRISURIYAWONG, Samphan,
SITTHISUMARNG, Dumrongchai and SUKSANGPLENG, Sompong. Durian powder from
unripe mon-thong durian. Res. Proj. no.38-02, Rep. no. 1, 1997, 88p. (In Thai)



ABSTRACTS OF TISTR TECHNICAL REPORTS 1997 11
Key Words: Durian, Fruit preservation, Durio zibethimus, Durian power.

The yield of durian powder from Mon-Thong durian ranges from 7-11 percent based
on the weight of durian fruit. The variable which affects the yield of durian flour is ripeness of
durian flesh. The production of durian powder for one batch is approximately 27-30
kilograms and takes 2 days. Time consumed in various steps of the production are as
follows: the preparation step before drying needs 5-6 working hours by 10 workers; the
drying time of sliced durian flesh in hot-air oven is 20 hours with an electrical consumption
of 0.5 kilowatt per hour; the grinding of approximately 27-30 kg consumes approximately 1
hour and 1 worker. Durian powder is obtained by grinding with hammer mill through the
sieve with an opening aperture of 1 mm diameter. The chemical properties e.g. moisture, fat,
protein, carbohydrate, ash, crude fibre, starch and total sugar content of durian powder were
determined. The physical properties e.g. color and viscosity of durian powder were also
determined. 100 grams durian powder provides approximately 370 kilocalories with total
dietary fibre 11.8 grams, which composed of soluble dietary fibre 3.4 grams and insoluble
dietary fibre 8.4 grams. From the content of dietary fibre, durian powder can be classified as
high dietary fibre food. Ripeness of durian flesh affected directly to the viscosity of durian
powder. The longer period after cutting unripe durian fruit, the more decreasing in viscosity
of durian powder. It is recommended that durian powder must be made from unripe durian
fruits after cutting of not more than 2 days. The production cost of durian powder is 185.56

baht/kg, when the price of durian fruit is 15 baht/kg. - Authors.

PHARMACEUTICAL AND NATURAL PRODUCTS DEPARTMENT

97/1012

DISYABOOT, Prassawarn, BUNNAK, Pitayapol, SUYANANDANA, Puangpen, JENVANIT-
PANJAKUL, Peesamai, WIRAKUL, Yaowaman, NILAKORN, Silpachai, THIRAWITHYALERT,
Panya, NUANGNIYOM, Chanchai. @ The National project for the development of
pharmaceutical in dustry. Class. Invest. n0.40-03, Rep. no. 1, 1997, 141p. (In Thai)

Key Words: Pharmaceutical industry, Standard, Drug trade, GMP standards.
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97/1013

SRIWATANAKU, Kampon, BANCHONLIKITKUL, Chularatana, KLUNGSUPYA, Prapaipat,
THISAYAKORN, Charus, TANTRAWONG, Arkachai, MUTITAKUL, Ratanasiri, INTARAPUAK,
Krittiya, PRACHAYANIRUN, Ornjitra and SUNTORNTANASAT, Taweesak. Topical study of
antifungal efficacy and adverse effects of TROLOL cream in various dosing ranges in

volunteers. Class. Invest. no.30-02, Rep. no. 4, 1997, 17p. (In Thai)

Key Words: TROLOL cream, Lemon grass oil, Essential oils, Cymbopogon citratus,

Skin irritation.

THAI PACKAGING CENTRE

97/1014

MANEESIN, Pattra, LENVAREE, Ratchaneewan, PHOOSONGTHAM, Piyachon, MAND-
THAVORN, Jarusruch and SETJINTANIN, Jirapa. Effect of wrapping material and ventilation
hole on temperature inside orchid packaging. Res. Proj. no. 36-05. Rep. no. 3, 1997,
44p. (In Thai)

Key Words: Packaging, Orchid, Export, Packaging materials, Keeping quality,

Storage, Bitumen paper, Transportation.

Effect of using bitumen paper to wrap around the retail packaging and using of
transport packaging, with and without ventilation holes, on controlling temperature inside the
box were investigated. Orchids, var. Den. Mme Vipa x Candy Stripe #2, were packed in
retail boxes having ventilation holes of 6 percent. Retail packages then were packed in
transport packages with four different treatments:

1) Treatment 1 - retail box wrapped with bitumen paper and packed into transport
package having ventilation holes. This packaging is now in use for export.

2) Treatment 2 - retail box wrapped with bitumen paper and packed into transport
package having no ventilation holes.

3) Treatment 3 - unwrapped retail box packed in transport packaged having

ventilation holes.
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4) Treatment 4 - unwrapped retail box packed in transport package having no
ventilation holes.

Simulation test for transportation and storage was conducted at 2 + 2 degree celsius
and 90 £ 5 percent RH. 18 hours and 10 + 2 degree celsius 90 + 5 percent RH, 24
hours. Air temperature inside the retail boxes were monitored throughout the experiment.
Samples of orchid were also determined for general appearance and vase life.

In comparison among four treatments, there were no significant differences among
treatments 1, 2 and 4 on the protection of orchids from cold temperature. But there were
significant differences between treatment 3 and other three treatments regarding cold
temperature protection. Temperature inside the boxes of treatment 3 dropped faster about
two times than other treatments.

After storage, orchids were immediately investigated and it was found that every
sample had the same level of general appearance. However, treatment 3 provided shortest .

vase life of orchid and showed significant difference from other treatments. -~ Authors.
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