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(A Study on Development of Long-term Storage of Onions
and Garlic with Thymol of Plant Essential Oil)
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Dubey$} Kishore (1988)2 Melalleuca leucadendron, Ocimum canum, Citrus medica s
o] Al&E o] Aspergillus TE°| dlste] ot &40l A& RHastdor, 1d 9 AAF
of AELYUSE HxAY, F F AAFE HE LYo HAS AFHe WAl 48T
F 9t Aol A A F(Aeschbach et al., 1994, Backheet, 1998, Bhaskara et al, 1998,
Tiwari et al., 1988; Smid et al., 1994; Dixit et al., 1995). I3k 3JutAlojo] A = ZH Y f 9
HhAlo] ol wyH o AgE 4 S (Mihaliak et al, 1991, Rakotonirainy and Lavedrine,
2005).
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Ao og zrolw 7|7k & 28y §38 M2 3kx ol A

Tymol2 thyme (7hymus capitatus)?= Q4o FAEQH < okg
o] H7FAZ AFE-H 1 =4 (Burt, S. 2004), A& E 30ppme] tymol® &35 3k
cinerea®| 2%+ Al FFo| S FAH g9 35%°A 05%%E ATt 3993 (Chu et al,
1999). T3 EH& Aol oste] Al A Al A gFolye] tist A girp A
g H] 38% HAEHATT BHaHJTHKIMm et al, 2007).
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[e)
S AFHWYAI Botrytis aclada, Aspergillus niger 5 135S 7 HAslo] WAL
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2 acetic acid®] A5 &} 3k 9k ECH0 value 27
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Table 1. &3}, vls9 FabdA] depgds Fobate] A &5t vis |4 Aiksad
3} ul=
A=
WA (ha) | ©(kg) | AMHEE) | 259 WA (ha) | ©Y(kg) | AAEF(E) | 259
2009 3,982 6500 258,830 1294¢] 861 1,200 10,332 14591
2010 4,074 6700 272,958 1501¢] 593 1,134 6,725 20199 A
2011 3,703 6000 222,180 12214 661 1,128 7,456 26041

20099 5009 /kg, 2010 5509/kg, 2011 5509/kg 7o 2 2F94=
vk 1 20094 1,4009/kg, 2010 3,0009/kg, 2011 3,500¥/kg 7102 2594

Table 2. &3}, vl=9 FAEA] depdt Fobdte] F5d & An] A
&} ZAE R
3HE] (8,800) g
© 21 3H(5.000) 13191(53,400)
3Fmtel ] (9,800%) FrkE2(36,900)
:] 3L % 3y y
20100 Awl %2 ] 2 3H(2,700) SFohelE(44,900)
24 (3,000) HF3H8,000)
71 EF(30,100) 71EH40,400)
3HE](9,200) S
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- 3hrtel ] (11,0007) FruE 2(42,300)
LI] it =% ) y
2011 A %2 H] 2 2(2,000) FFCFuL (49, 400)
24 (1,800) H52H2,000)
7] EF(18,300) 7] E}(46,000)
Zn=s 2010 Ajul F== 2011 Ajwj ==
F5(33,2007) F% (41,6009
Al EF o) A (4,400) o) A4 (5,200)
71 EF(1,800) 7] €F(1,200)




Table 3. A 2AE

ARG BRE (%)
TEHE
Fat ks
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3. FUHE APozA TG Fne AWl U HE nAY 4
23 (AL A7)

A& Qare] A2 Adoyo] Fob AddE T, 20ppm 502, 30ppm thymol =] 2]+

[e}
2 5T oA of 4a7d &<t p_sgra}ml A olBES Al HES ETEAE A=,
= Aol s Ay EAEo] 0% o AARE, oA el = 17.8%, FA 2= 33.3% %

Bl & Ao Ay gl dA ol W"g (LSD, P=0.05).

T3 B Aol e dart 5TE Mg AFA Ho] & Aol gIAA T FAg =
2o okulSo] Mol el ElEo] 4o 35S Ao AAE v A% £ LS A
Alslo] FRIth o] H3l F7E 20ppme] BHl&ES AP sk du AldoA = Ay 2719 st

Aol HAsHA LA A= Aol vl AstA EAYESA 5 (Table 4).
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“The onions in the 8 bags of 20kg were treated with 30ppm of thymol in the 6 tons and 14
tons of storage container for untreated control and thymol treatment, respectively.
"Onions were infected only around root attached area.
“Whole onions were infected severely.
YThe means followed by same letter are not significantly different between treatment (LSD,
P=0.05)
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SUMMARY

I. Title
Development of long—term storage of onions and garlic with thymol of plant
essential oil

. The objectives and necessities of the research and development

When the onions are harvested, most do not properly be dried because the season
for the crop harvest overlaps the rainy season. If the onion are not properly dry, they
are readily rot during storage, especially the onions covered with plastic on the bank of
the rice field to avoid the rain. Most severe disease are occurred during the storage if
onions are infected in the field.

Blue mold and gray mold occurs on low and humid condition of storage room.
White mold disease caused by Fusarium species may be originated from the field. Onions
1s rot by postharvest disease by the cultivation and storage technology. Although there is
no precise data on the postharvest loss, it is roughly known to 20% that is considered
to be caused by the postharvest disease. Therefore, the control of plant diseases during
the cultivation and postharvest control is the most import factor to increase yield and
quality.

If the onions faces to the imbalance of nutrient during cultivation such as too much of
nitrogen and phosphate, the resulted physiological degeneration makes onions very
susceptible to fungal and bacterial pathogens. This makes onions rot rapidly. If the onions
contaminated with mold and bacteria are stored long—term and maintained in high humid
condition, the postharvest disease spreads out to other onions and makes huge loss by
severe decay.

The control of post—harvest disease by pesticide is practiced through the application
of pesticide to onions in the field before harvest in such way that pathogen population
could be reduced, resulting in less disease development in storage room. There is no
pesticide registered for usage to control onion disease in storage room so there is urgent
need to develop the technology to reduce postharvest disease.

There were about 97,000 square meters of storage house in Korea in 1997 and of
these storage, onion and garlic storage houses take part 42% and 13%, respectively,
indicating that onion and garlic is a major product in storage and distribution industry.

The amount of domestic onion discarded due to secondary growth and physiological
and pathological decay during storage is estimated to be almost close to 30%. It is
known that onion cultivars grown in Korea 1s particularly easy to decay during storage
because it has the thick collar so that cut collar is the wide infection sites for pathogen
invasion. It is also noted the thin layer of onions make more susceptible to infection

during storage and distribution so that it cause a huge economic loss due to damage

_10_



occurred during storage.

Importation of onions from China are expected to be drastically increased due to
recent Improvements 1in quality and price competitiveness to domestic production.
Especially in China wholesale onion prices is 202won/kg, compared to domestic prices
(509won/kg) that is 2.5 times low (Table 2). So in such situation where price
competitiveness of domestic onion is low, the cost savings is need through improved
post—harvest quality.

Postharvest disease comes mostly from the soil and infected onions than those during
storage. However, disinfestation of storage and management of onions is also important
to control postharvest disease.

To prevent the loss due to postharvest disease, postharvest disease control must be
accomplished. So if it is not properly controlled, disease spread rate is very fast and
cause continuously cause damage to onions.

In order to reduce damage caused by postharvest disease, the research is conducted
on harvest time adjustment avoiding rainy days, proper fertilization and temperature and
moisture control during storage, dry, and the use of pesticides in some countries, mainly
in the center of the tropical and sub—tropical fruits and vegetable.

Dubey and Kishore (1988) reported the antimicrobial activity against Aspergillus
species such as Melalleuca leucadendron, Ocimum canum, Citrus medica plant oil. It 1is
suggested that these oils could be sprayed to fruit and vegetables, or dipping fruit and
vegetables (Tiwari et al 1988..; Smid et al, 1994;. Dixit et al, 1995) to the control of
postharvest disease in the storage. Furthermore, this can be used very effectively to
control the pathogen because it is volatile (Mihaliak et al, 1991, Rakotonirainy and
Lavedrine, 2005).

Sulfur fumigation treatment prevent the growth of microorganisms due to sulfur
dioxide (sulfurous anhydride, SO;) fumed during burning process. It is widely used now
in Korea. But sulfur dioxide could be fatal to asthma patient, Korean Food and Drug
Administration regulate strictly so that sulfur dioxide residue must be less than 2000
ppm.

Tymol is a major compound of thyme (Thymus capitatus) oils and has been used for
food preservation and additive for fruit juice (Burt, S. 2004). It has been reported that
fumigation of 30ppm of thymol to Cherry resulted in reduction of the gray mold Botrytis
cinerea to 0.5% from 35% of the untreated control(Chu et al., 1999). It was also
reported (Kim et al, 2007) that gray mold on apples of storage reduced by 38% by the
thymol treatment compared to the untreated control.

Thymol 1s artificially synthesized and the effects on microorganism i1s very high with
10—30ppm and also is inexpensive as 15,000won per lkg. It is also considered "generally
regarded as safe" so that the United States Environmental Protection Agency does not
set limit concentration to use that. It is very urgent, but there is no fumigation technique

yvet to apply to control postharvest disease of onions in storage house.
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III. The content and scope of research and development

1. Study on postharvest disease incidence of onion and garlic in storage

We surveyed the major production areas of onion and garlic, Muan, Jeollanamdo
province with regarding to the status and trends of production. Also investigated
postharvest disease of onions and damage generated during cold storage rooms from
December to March 2012. Investigated onion and garlic diseases in continuous cultivation
areas and surveyed conditions of onion and garlic products, and the incidence pathways of
postharvest diseases in the 8 locations of Agicultural cooperatives and private storage.

We identified 13 species that causes major storage diseases such as Bofrytis aclada,
Fusarium species and Penicillium in cold room maintained at 0C and Aspergillus niger
and Rhizopus isolated from market onion and garlic that reduce the qualities of the
products.

Major pathogens isolated from onion and garlic were ZBotrytis aclada, Fusarium
proliferatum, Fusarium acuminatum, Penicillium sp. Aspergillus niger, Rhizopus oryzae. In
addition, pathogenicities were tested with inoculation of the mycelial agar block or spore
suspension into needle—wound or intact onion and garlic surface sterlized by 1% sodium
hypochlorite. The inoculated onions and garlics were incubated at 25~28 C for 7 days,

maintaining highly saturated humidity to determine pathogenicity.

2. Effect of thymol fumigation on postharvest pathogen in vitro and the basic study for
the technology development of thymol treatment

In order to study the minimum inhibition concentration of thymol on pathogen, the six
species of pathogen such as Botrytis aclada, Aspergillus niger were tested. EC50 value
was determined by the direct and volatile effect of acetic acid on pathogens as a positive
control.

Direct and indirect effects of thymol, ethanol and acetic acid on spore germination of
the six species including Botrytis aclada and Aspergillus niger were tested.

Comparative experiments of thymol with sulfur dioxide were also conducted on the six
fungal species isolates from onion and garlic, Fusarium acuminatum, F. proliferatum,
Botrytis aclada, Aspergillus niger, Rhizopus oryzae, Penicillium sp with regarding to their

antifungal activities.

3. Effect of thymol fumigation on postharvest pathogens for long storage and the

technology development of thymol treatment
Fumigation effects of thymol on postharvest pathogen of the onions in cold storage in

the laboratory scale. Investigated the effect of 30ppm thymol fumigation on fungal

diseases of onions stored for 8 weeks and 16 weeks after treatment. Thymol 30ppm
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dissolved in ethanol was sprayed to the surface of onions to develop one of methods to
treat onions to control postharvest diseases that could be applied to the commercial
condition.

Postharvest disease incidence of onion treated with thymol fumigation that conducted
in 0.5, 6, 6 tons in size containers and thymol residues analysis. There were the
untreated control, sulfur dioxide and thymol fumigation treatments. The onions stored at
5C were observed for six months to determine effect of thymol fumigation and analysis
thymol residue on the onions. The gas trap sample plastic pockets were established to
intake the air inside of containers to be analyzed by GC—MS. The gas samples were
taken by hours with the air pump that was connected with tube to inside container.

Application of thymol fumigation to a commercial storage rooms in size of 29 pyung
(95.7m?) of Mongtan Agricultural Cooperation, Jeollanam—do (547 tons of volume in size
and stored 160 M/T of onion). The 10 fumigation apparatuses contained thymol solution
(one for about 300g thymol dissolved in 100% ethanol) were used to make final
concentration of thymol corresponding to 20ppm in total storage space to fume the
storage room of Mongtan Agri—Cooperation in Muan, Jeollanam—do to six hours by
heating thymol solution to control postharvest disease. The disease incidences were
determined at 6 and 10 months after treatment.

Effect of thymol on onion quality. Changes in the functional compounds of onions
such as flavnoids, quercertine, total phonols, antioxidants, and sugars were analysed
through HPLC at 8 weeks after treatment at 4C.

IV. The results of research and development
1. Production trends of onion and garlic, and ecology of disease of postharvest disease
Major production areas of onion and garlic was investigated for cultivation and

production status. Also ecology of postharvest diseases that caused qualities and

economic loss was studied in the continuos cultivation areas of Muan, Chonnam province.
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Table 1. Production and cultivation status of onion and garlic of Muan, Jeollanam—do

Onion Galic
Net Net
Year | Hectare Kg Productio profit | Hectare Ke Productio profit
(ha) n(M/T) (billion (ha) n(M/T) (billion
WON) WON)
2009 3,982 6500 258,830 129.4 861 1,200 10,332 14.5
2010 | 4,074 6700 272,958 150.1 593 1,134 6,725 20.1
2011 3,703 6000 222,180 122.1 661 1,128 7,456 26.0

Onion : 2009yr 500won/kg, 2010yr 550won/kg, 2011yr 550won/kg
Garlic : 2009yr 1,400won/kg, 2010yr 3,000won/kg, 2011yr 3,500won/kg

Major storage pathogens of 13 species such as Botrytis aclada, Aspergillus niger
Penicillium spp., Fusarium spp., Rhizopus spp. were identified. White fungus growing with
white fungi (Fusarium) and gray mold (Botrytis acalada) were major pathogens, then

followed by Penscillium spp. in cold storage of Muan of Cheollanam—do.

2. Inhibitory effects of thymol on postharvest pathogen in vitro

The effects of thymol on fungal growth was very significant, of 6 species (Botrytis
aclada, Fusarium accuminatum, Fusarium proliferatum, Rhizopus oryzae, Penicillium sp.,
Aspergillus niger) isolated from onion and garlic. The concentration of 10ppm thymol
inhibited the mycelial growth and spore germination. Especially gray mold pathogen was
significantly inhibited. 30ppm of thymol inhibited mycelial growth much more than the
20ppm of sulfur dioxide.

The fumigation of thymol dissolved in ethanol to onions using room chamber at 4C
and 25T resulted in less than 10% of disease incidence compared to more than 90%
disease incidence of non—treated control.

When the storage period was increased for 16 weeks, also the effect of thymol was

significantly higher than the untreated control.

3. Effect of thymol fumigation by heating on postharvest disease as pilot experiment
(at 4 months of storage of 6, 14 M/T containers)

Muan produced onions of cold storage container in lksan was treated with 20ppm
SO,, and 30ppm thymol, respectively and stored for 4 months at 5 C and disease
incidences were investigated compared to the untreted control. The results showed 0%
disease incidence from the fumigation of thymol, 17.8% of sulfur dioxide treatment and
33.3% of the untreated control (LSD, 2 = 0.05).

Also there was no sprouted onions in thymol treated at 4 months after treatment but

many several sprouted onions in the untreated control (Table 2).
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Table 2. Effect of thymol fumigation by heating on postharvest disease as pilot
experiment (4 months of storage)

Disease incidence B(%)‘: severe

Treatment® Disease incidence A(%)" ) ,
infection
Sulfur Untreate Sulfur
Replication Untreated o Thymol o Thymol

dioxide d dioxide

R1 40 18 0 10 2 0

R2 38 10 0 9.0 2 0

R3 29 22 0 7.0 0 0

R4 26 21 0 14 2 0

Mean 33.3a¢ 17.8b 0c 10a‘ 1.5b Oc

*The onions in the 8 bags of 20kg were treated with 30ppm of thymol in the 6 tons and 14 tons
of storage container for untreated control and thymol treatment, respectively.

"Onions were infected only around root attached area.

“Whole onions were infected severely.

YThe means followed by same letter are not significantly different between treatment (LSD,
P=0.05)

Measurment of the residual amount of thymol on onion surface after treatment of thymol
fumigation dissolved in ethanol at a concentration of 30ppm. Thymol was dissolved in
95% ethanol with 30ppm of concentration and thymol was fumed for 24 hours. The
residual amount of thymol on onion surface after treatment was analysed by GC—MS.
Residual thymol was detected at 7.55ppb per 1 gram of onion, which is far below safety

level.

4. Application of thymol fumigation to a commercial storage rooms in size of 29
pyung (95.7m?) of Mongtan Agricultural Cooperation, Jeollanam—do (547 tons of
volume in size and stored 160 M/T of onion).

Major postharvest pathogens were identified to be various fungi such as Fusarium and
Botrytis in onion. However, disease incidence of these disease were very low that made
us not to apply to garlic in commecial scale. Also it was very difficult to have
cooperation with storage facilities of garlic. The study was conducted with a focus on
technology development to control postharvest disease of onions in the massive storage
houses.

Fumigation (20—30ppm of thymol based on total volume of storage room) effect of
postharvest disease incident was greatly significant and residual thymol was not detected
by GC—MS after long term storage 7 — 10 months.

After 6 months storage, 70 onions were infected from the untreated control room. In
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contrast, only 3 onions were infected from the thymol fumed room among the places of
one—twenty—second section of total pallets stacked in the whole storage room (Table 5,
Fig. 1). To reduce the loss, the onions were all sold after 6 months of storage of the
control. However, the onions of the thymol fumed room were sold at 10 months after
storage with 17% loss of onions. In the untreated control, 20% loss was already

occurred even at 7 month after storage (Fig. 2).

Cost and Yearning Analysis (based on storage room with size of volume 547M/T):
Approximately 8,000 bags of 20kg onion were stored.

Fumigation increase storage period more than 3 months.

Reduction was 96% less of 20kg size of bags: 8000 x 96% (See Table 5) = 7680bags saved

Net price of 20kg = 10,000WON. ¥10,000 x 7680 bags = 76,800,000,000WON saved per storage
room — 300,000won (76500000won)

In reality, the Cooperation sells to market with reduce price.

If assumed to 2,000won reduction per bag before three months. 8000x2000=16,000,000won loss.
In table 5, (1540-66)bags X 10,000won = 14,740,000won loss by postharvest disease

Cost: 300,000won (reagent grade of thymol 3kg used)

Net profit: about 30,000,000won ((16,000,000 + 14,740,000) per room

Table 5. Control effect of thymol fume in commercial scale at 7 months after treatment

) Expected
o Infected onions
) Penicillium total
B. aclada Fusarium . (one of .
] species and onions
(Gray mold) species twenty—second
others . (whole
of room) b
room)
Untreated 24 11 35 70 1,540
20ppm 3
Thymol 1 2 0 ) 66
(96% reduction)
fume

About one—twenty—second (1/22) areas of room only could be accessed to observe.
"Whole room assumed at the time of 6 months after storage. Deterioration by disease and rotting
1s assumed to accelerated in longer storage. In fact, the loss was 17% after the 10 months of

storage. The control had 20% loss of whole 8,000bags after 6 months storage.
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Fig. 1. At 6 months after treatment. A, B and C; Diseases in the untreated control D.
Onions treated with 20ppm of thymol fume (note no disease occurred)

5. Analysis of residual thymol of onions with GC—MS

The residual thymol existed as 0.0408ug per lcm® and 12.8ug per whole onion at 3
hrs after treatment, and 0.0047ug per lem” and 1.49ug per whole onion at 24 hours after
treatment. The residual concentration of thymol would be 0.009ppb per gram of onion.

The residual thymol existed as 0.4588ug per lcm® and 13.69ppb per whole garlic at
3 hrs after treatment, and 0.0047ug per lcm?® and 1.49ug per whole onion at 24 hours
after treatment. The residual concentration was significantly dropped to negligible level at
24 hrs after treatment, indicating that continual degradation or volatilization be progressed
with time.
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HA7HA 2 AFEE 3 =Y (Burt, S. 2004), A8 E 30ppm< tymol® 53k
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3 3 g o
ojgt &S ALY 8l T Tl XS =F E QA IFAY AFa 8-S WLt
of WHAE W WAL 52 2ARAT

&t vk
A=
WA (ha) | ©(ke) | ANFGE) | 299 | WA (ha) | Bke) | ANFE) | 259
2009 3,982 6500 258,830 12949 861 1,200 10,332 145914
2010 4,074 6700 272,958 1501 593 1,134 6,725 20141
2011 3,703 6000 222,180 12219 661 1,128 7,456 2601
Sk 120099 5009 /kg, 20101 5509 /kg, 2011'd 550 /kg 71Eo® XFoikE
mhs 20099 1,400 /kg, 20101 30009 /kg, 2011 35009 /kg 71+ o® ZFAtE

Table 2. %3, 59 FaeA Aehds Febre] FFo e A 43
ot =AE ZUAE

3HE (8,800) e
— 2 ‘]\ —?/
2-2]21(5,000) A 3}+](53,400)

; — 3}\1}01]_13](9,800*) k= 22(36,900)
2010 A %3 ] 9 3H(2.700) FFeFRl=(44,900)
24(3,000) 53+(8,000)
71 EFH(30,100) 71 E}40,400)
3HE](9,200) e
S J 3o
\ 3halol 1] (11,000°) k2 2<(42,300)
:] 3L _ ) 5
2011 A %2 ] @ 3H2.000) FFE(49,400)
24(1,800) HF3H2,000)
71€}(18,300) 71 €H46,000)
= 20109 Awl EE 20114 Al E=
2 %(33,2007) Y %=(41,600
Au EFF ) A (4,400) th A (5,200)
71€H(1,800) 71EH(1,200)

P& ReklA b ol AMEI Qi FES Fu Aue), e U vi EE
i A WS dvheh whize] A
Q. () FFs v AMAE e
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F oz 247 A%
5317k 10% oWl = %

20129 = AgdE FET F8 79 R 719A F3 R vis AFLY HuF wE 7F

W A 8l A 102970m” (31,200%) ~FRAF L, A1dA A R AQas A 29
- A7V & 165,740=(7,800,000/3,/20kg) ~ A4k 70% A 7Hesiu A A S
50% 4= A% 7hs
Table 3. 43} vts A & v 43
(492
- ] &} ] nl=
2011 A¥ A e A 315 A8 A e A 315
oty 3 9,971 9600 - 770 770 700
BERS 2,700 2,700 - - - -
AeEsd 300 300 - 30 - 30
Berd 5,100 5,400 1,600 57 - -
&3 600 740 - 43 - 43
TEER 458 3,916 900 75 - -
FobE3
4,000 9,365 3,600 - - -
T A
A5
25 16,748 16,748 5,280 600 1,800 1,200
Zul 7,000 6,000 1,400 - - -
vl & 9,600 5,085 2,000 - - -
Z At 8,000 6,700 800 150 150 150
A5 6,000 5,000 1,200 - - -
Cha 2,600 2,600 400 2,800 2,800 1,200
A 73,077 74,154 17,180 4,525 5,520 3,323
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¥} whse A% B4 £ 54
- Rk ¥te Ag AT 2o 2 ¥R

Aspergilius Fusarfim [ Rhizopus

Mixed fungi (Fusarium, Peniciffium..)
Fig. 3. 28CelA FAAgE Agd Tt S3dM= Aspergillus spp. Rhizopus spp. <

Fusarium spp. Penicillium spp. 7} 35 oA gt A& 44 g2 & 5 A+

Fig. 4. ¥3oA &g 48 F%
A B9%" F30o| group 1 : Fusarium spp. B. Aspergillus fumigatus (group 2) C. &% +39]
group 3 : Penicillium spp. D. Aspergillus niger (group 4)
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- g, 94 vhsd A% 497 29

2 5%

Rhizopus

Fig. 5. 28TlA HF4*x

A o] A gd
Rhizopus spp. 7} 22 H

dafl- o vhsol M= Penicillium spp., Fusarium spp.,
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Fig. 6. vlsolA &8 48 F%
A, 2899 F30] group 1 : Fusarium spp. B. Rhizopus spp. (group 2) C. Aspergills spp.(group 3)
D. Botrytis spp. (group 4)

F P FE A2 AFne d3 2 s ¥dE £ A

Fusarium Botrytis =&l

Fig. 7. ¢ F¢ AL Ao 2dd FHE 43
kvl oy R Ro| 8lFgFo] Fysarium spp. © HYail Qi AL

4.

al

o] Botrytis spp. ¢ & o] 1o
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C | Bottom Top

Fig. 8. Ad F<¢ AL AZ3d Bid Fijd 499 vs9 F8 HAdT &7
A. Botrytis spp. (group 1) B. Fusarium spp.(group 2) C. Penicillium spp.(group 3) D. Aspergillus
spp.(group 4) E. Rhizopus spp.(group 5)
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Table 5. ¢3¢ vtsoA £ 8¢ HIT

Plate no. Host Strain ACCEssion no.
I:IE»'E- Penicilliumsp. B1-35 ABIT43121
2 Of= Cylindrocarpon obtusisporum GUT2eTR21
E] DEng Penicillium brasilianum AB455514.1
4 Of= Penicillium brasilianum AB455514.1
5 ok Penicilliumsp. B1-35 ABIT43121
& E_EEI Penicillium brasilianum AB4LL5141
T E_FJI Penicillium purpurogenunm GUSEEISLL
] ':-:'_EII Penicillium brasilianum AB455014.1
) QEx} Penicillium purpurogenunm GUSE2511
10 D[ru‘:_-, Fusariunm aownmin 3t HMDG6E325.1
11 IJP:_—[ Fusarium acuminatum HMDOG6E325.1
12 IJF::, Fusarium acuminatum HMDG65325.1
13 E_f.il Botryotinia fuckeliana HMSEe%]2 1
14 F ok Botryotinia fuckeliana HM%EF3421
15 QFx} Botrytis aclada strain onionBC-15 EUDSI0TT.2
16 Of= Fusarium solani EUD2S5ES 1
17 %Fa-l Fusarium proliferatum H(3325331
13 Of= Fusarium acuminatum HMDBEES20 1
19 OF= Fusarium acuminatum HMDEE3251
20 DP:_—I Fusarium scuminatum HMDBEZ 251
21 Of= Rhizopus oryzase AYZ13685.1
22 QFxE Rhizopus oryzae AY213685.1
23 Db‘::[ Aspergillus niger HO1TO505 1
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Table 6. %3¢} vlEdA EZE F8 HIT

Ident
ities

Lengt Start End Bi R E- Mat To Pct(
Description AC h t a val ch tal %)
w ue
Pmﬂh\m . B1.35 senes AB274312.1 596 148 584 858 433 0.0 436 437 99
SS rRNA,

complm mdpqﬂul sequence

ll"umumlcm%sﬁ:nm HMO068325.1 1148 562 1112 561 0.0 561 561 100
s h Pricd s Pl

:Sss‘- 1 RNA

ched

omplete sequence; and 28s
con:p an:
A gene. partial

I&% aclada strain OnionBC-15 I EUO093077.2 539 15 533 1029 | 519 0.0 519 s19 100
1 Hed

1. ESSnWRNAm and

(]

P

complete . and ‘lss

nibosomal A ;m partial
_sequence | | !
Fusarium prolifera 18S HQ332533.1 1172 20 569 1090 550 @ 0.0 550 550 100
T I p-aninl

1, 3. 85 nbosomal RNA genc and

complete e . and ’SS

nibosomal LA partial
m&:& UWEFP 846 AY213685.1 627 15 621 1150 580 0.0 so8 607 o8

1 > A gene_.‘pa‘.rual
1,58S n‘iaoson;-l RNA gene. and

and "85

]strain CICC 2487 HQ170509.1 627 17 605 | 1112 | 561 00 | s82 | 590 o8
ial

18r DNA sequence analysis ©l| universal &+ primer ITS 1
(5'-TCCGTAGGTGAACCTGCGG-3") ¥} ITS 4 (5'-TCCTCCGCTTATTGATATGC-3")&
A}8-3F blast search 23 2% 987100% ©] homologyS H a1 B A3 oFute}l nlsof A
F8 FFolE= 67X R 5 AHE; Penicillium sp. B1-35, Fusarium acuminatum, Botrytis
aclada strain onion BC-15, Fusarium proliferatum, Rhizopus oryzaea, and Aspergilius

niger.
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Fig. 9. Phylogenetic tree

=1

F_CSR-1
sgar—=F_CSR-6 | Fusarium acuminaturn strain NRRL 54212
L—+F CSR-5
asr—= Fusarium proliferatum x :
t ¢ csra | Fusarium proliferatum
28) ?‘_CSR -
3 P_CSR-1
é?aniclllium sp B1:35 Penicilliumsp. B1-35
P_CSR-2

Aspergillus fumigatus

Rhizopus stolonifer strain DAOM 225707
Botrytis allii

Aspergillus flavus

Penicillium basilianum strain RMF 8007

[_ﬁE:Asparglllus niger strain CICC 2487

A_CSR-1 Aspergillus nigerstrain CICC 2487
A_CSR-2

Lo R _CSR-1 _ _
Rhyzopus oryzae strain UWFP 846 | Rhizopus oryzae strain UWFP 846

i R_CSR-2

”{:oaoiryolinia fuckeliana

B_CSR-2
W’EEBthis aclada strain OnionBC-15 | Botrytis aclada strain OnionBC-15
B_CSR-1

Fusarium oxysporum

F_CSR-2
Fusarium acuminatum strain NRRL 54212

Fig. 10. 16S rDNA sequence analysis. 16S rDNA PCRel|l A}-4% universal 3+ primer= f{D1
(5'-AGAGTTTGATCCTGGCTCAG-3') 3 1m2(5'-ACGGCTACCTTGTTACGACTT-3' )=
A28k PCR products Z7]+ 1.4kb i 1.2% agarose geloll A7]<%&3. M2 1kb plus DNA

marker: sequence analysis 23 Pseudomonas ¢t Bacillus 7}7¢ homology 7} =%k
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Fig. 11. 18S rDNA gene PCR. Botrytis acladaS &733F7] 93 GSP(gene specific primer)
BA2F (5'-GTGGGGGTAGGATGAGATGATG-3') ¢ BA3R (5'-TTGAATTGGGAGAGCGTTCC
TTCG-3') Z18lal Fusarium proliferatunrs -573317] ¢k Fp3-F (5'-CGGCCACCAGAGGATG
TG-3'), Fp4-R (5'-CAACACGAATCGCTTCCTGAC-3') & AF&3lo] 18 rDNA PCRS
&3t 7} Phenotype ©] Botrytis ¢ Fusarium® 2 Ho]l= A Z2 DNAE #2349 sequencing
3t A3 200bp Botrytis aclada ¢+ 230bp®] Fusarium proliferatum < 31835 (M, 1kb

= =

plus DNA marker(invitrogen); 1 to 3, Botrytis aclada, 4, Fusarium proliferatum)

i e B = Agar;‘g%

Rhizopus Fusarium

Aspergilius

Fig. 12. 9 #4799 ¥AAG YT agar plate JZFWHA 23 HAF AA. Rhizopuse) 2
HEY d¥ECr 7 E2ke. WA SN Fusarium 3} penicillium & Aspergillus,
Rhizopusel Hl8] MW EE7F =& JEsHA] 22 FiolA Etd wWdyto] #Aga 53] &

h=]
vl #alol F2 Fusarium©] §A 23
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Bolylis aclada Aspergillus niger  Fusarium profiferatum  Rhizopus oryzae  Penicillium sp. B1-35 Fusarium acuminatum

Bottom 8

Fig. 13. %3}

Table 7. € AT A FAHE 439 s F8 Hod

2 dT0M SBE

awamow  Botrytisalli Botrytis alli (aclad) strain onion BC-15
~~  B.dnerea B. cinerea (Botryotinia fuckeliana)
e i
Nss Fusarium oxysporum, Fusarium acuminatum
== K. cepae F. proliferatum
F. solani
Heggoly | Aspergillus niger Aspergillus niger
Aspergillus fumigatus
ZEa=ol  Penicillium iez’l;lsll/;l';f: ;’l;’ B1-35
P, purpurogenum
NS ot -
Jam Sclerotinia sclerotium
prem Pseudomonsassp. Pseudomonas hibiscicola,
Burkholdera cepacia Bacillus megaterium
=2E3oly Rhizopus oryzae

WA 7 & Fusarium, ¥ EH0] 228 A= AL AFg, ALZ o
Tol ZEsEel A2A%H, Penicillum T2 Edolu F AN dusHo] #9d

4, 31F

G, vhEo FAGA Adopd = Fobe ket wiso A e B RASHES
ZAbsE7] el depd e Fore] du 2 ombso] AuErtel ALAGLE WEste] AEFAL
E &3 HEalol o Hsirt 7 Ak 58] Sk vhs AR AW Fx= 2E A~
glo] ZEFolA A &2 o] Wil kel Futel Ffold At AR o] Fo] XA eFal
Fol s WAy f& s7llA F= AREstaL = ol E APle ARE e E 7l H
al L A 7wo] FFste] SAbA e 9% WAlEd= AR 7dstr] oj#E AFaLvt

7
22
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7HE w7 e wWAddorgE HegHol(Botrytis, Aspergillus)®t 3 3o (Fusarium)

she oA s Beh Aulde] HW HYd Wy

)

o

2
R
H

-0
s}
i

(7
ok
(o,
BT
9,
ol
jules
)
o2
=)
it}

W o d ol WM Fo| ol F =2 Aspergillus, Rhizopus, Fusaium, Penicillium 5°) 2
3t7] wiitel o Z HE 5 Al e AFaudAY A vl Erkolyet 55

oAl WA 4 9= El=me MER Avle Jee]l 2ad Aor AzHET F A

12 o

ol F=2 AV FHe ol AFWYATL Botrytis acalada, Fusarium proliferatum,
Fusarium acuminatum, Fusarium solani, Rhizopus oryzae, Penicillium brasilianum,
Penicillium purpurogenum 52 7]&d BHilE x| %& Fo] o]glon E3| Rhizopus oryzae

= el A ddoer NWe 2 HAY Eo] RauEA FUE Foldnh HT AEH

Hugded 2 dodAds ot Ay e 718 dgo]l HA gkt F= A7}
Y= AL B acaladaalll), 918 £9 Fusarium %%, Rhizopus oryzae, Penicillium %<,
Aspergillus niger 5ot 712 AW 24 54 A RuHAY Hdvds 2y
Aol frAFeEAl Skt

Futet mhso] Fo BAddsSs A flElA WA AR Faket s FAA sk
8 HATES Feletar Ao e FaE ool nieESY 223 Fo HAdEd vasko]
¥ Fed 54 @2 2 universal primer ITSI/ITS4 ¢ GSPE ©]-£3F 18S rRNA sequencing
S B AEHYT S 54 St 54 330l 9] 18S rDNA ITS region®| primer ¥ A4 1l
ol 7P EAZF ¥ HeFHo| Botrytis alli (acalada) ¢ 3153°| Fusarium proliferatum=

5A3}7] 913 gene specificd primerE ©]-&3F A& o A dlolEle} A WA EAS A}

(ol

vV A3} Fusarium proliferatum, Fusarium acuminatum, Aspergillus niger, Penicillium sp. B1-35,

rr

Botrytis aclada, Rhizopus oryzae 67 12 T8 WHito]l I+ Uil 53] Botyris aclada
Agage] FafjE Faol et FelE AgHdvoer SR 25T & A= e
At G 18720TColA & Aetar FAR gk dap gAo] BiAZ FollA fA dist= A
gkl AT ol X Fusarium proliferatum, Fusarium acuminatum ©] T2 W= St o]
v EddA Bl 24 3] fJA gaEo] YEhe AoR AR EUTE HgE Gene specific

3l primer® ¢ &4 AdWHS (Polymerase chain reaction)® @71M9 48 %3 Botrytis alli

o

o

(acalada) ¢ Fusarium proliferatum < 73kl & 4= At}
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A28 HEY AFEATE] AF H A Lol oA a3

Gt 4-69€0 FHo] HFTHER AF THS Hdl GrIAGe] HFHA AEo|A N F
g 5 dErF AvE olFo] AA of A% T FI B AYFaz A7 E4Ho] vig =u
A T FEs 957 g8 7 F o A FFHoR aFHE AE

Fut v A AN Ha, Qo] AHARIE deta, B HAdvto] tiste] FeokE
Al A AR A kAl E Axdte] W] RS FUoEA FE F AR F 5
HE Zol= Wol F2 ol &Ha o, A B2 o] A=l ofste] F3)
Hed Jge FAAEE flov Ak oF 209% FE7F WAl og Fufjeta e
Atk webA A g L A Yol Ao AEH e wAle £ SA 2 w2 el oA
- Fog alo] i k. wEkA AWF 9] Fusarium A5, AL FZold 9o AE

of WAl Bk ope}, AGI A FHFT] W] HA P ARG WRe FEL T|E 7

3
A F3Fole g Folvd wlg a3 XU Aolt}.
Tymole thyme (7hymus capitatus)®)s L9 FAEJY 2ekg AEFHEA F2
o HMAZ AFEE 3 9=t (Aeschbach et al, 1994, Backheet, 1998, Bhaskara et al,
1998, Tiwari et al.,, 1988; Smid et al., 1994; Dixit et al., 1995), A& & 30ppm<e] tymolz &
=%t A3 Botrytis cinereadll 9§ A FFolW S FA g9 35%0l A 05%= FFAsh
thal 33l (Chu et al, 1999), B3t El& A glo] osto] Abapo] A G dvtd AU A
k] st A g7 FAE T gib] 38% #HAFE AT B auE At (Kim, 2007).
A HeES dedoz 45 o Hedd Abd &%= 10~30ppmel A
1kg 150009 A== vfg- A @ Brk ot QAAC digh b8 w3 ol
g2 ol tigh &I FTEE
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2.48 Uy 2 A%

ulel whso A FEler AW 63t (Botrytis aclada, Fusarium accuminatum,
Fusarium proliferatum, Rhizopus oryzae, Penicillium sp., Aspergillus niger)o| W3s}o] El &=
o] wgol A A= AFA A &3E Hrbskr] fAstel dgd s= (0, 100, 250, 500,
and 1000 wxg/ml)¢] E]E<S potato dextrose agar (PDA)e] &3t 3 7} W9 A AHS
BJrrstdct o] W ElEe] w2 50% DMSOE AH&3t1om, PDA wiAe] A volumedl
1%6¢] volume®. 2 stock solutions H7lstAth A% W] Xz dgd 2ulE x| HF
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g 5 20TA 109 wigst F A AolE FAsklvh. 1 ZA3k= Figure 13 Zow, A7t
g Bl 2] ewrb 2507500 pg/mld Wl AAHWAT 67FF9] A AFL BE oA o) A
Zhls %594 W9 2= ECH0 valueE 78 F+ g1ath

Fig 1. Mycelial growth of six fungi isolated from stored onion or garlic on potato dextrose
agar and various concentration (0, 100, 250, 500, and 1000 xg/ml) of Thymol. Thymol was
dissolved in 50% DMSO, and then the stock solution (1%6) was added to media. A,
Botrytis aclada B, Fusarium accuminatum C, Fusarium proliferatum D, Rhizopus oryzae E,
Penicillium sp.; ¥, Aspergillus niger.

TAPY A mA= A mdE dotrR7] flst]
Qo] @ A4 A EIE petridishel 224
2 7 oo el @ 4HH Ere FA wER AY
a5, WA HES T @ %azi Welite] Aol T Fapel wste] Auxow

BT FAAFS oA REAL, 1 &3k AU (Figure 2). €%
Aol oI 2t v
2.711, Fusarium proliferatum= 2.37, Penicillium sp.<= 2.66, Aspergillus niger= 3.32%
23472089ug/mle) Stk (Table 1). 3FAYr Rhizopus oryzae= AF A7 A E77F o,
o= El=o] w0l Fol wet 5old, &2 R oryzaedl W AR Al o Ao A
7k},

rlo
off
b
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>
!
T
{0,

M lo df ron |
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A, DBotrytis aclada B, Fusarium

Fig 2. Mycelial growth of six fungi isolated from stored onion or garlic in a I—plates
containing potato dextrose agar and various concentration (0, 100, 250, 500, and 1000
solution (5ml) Thymol was dissolved in 50% DMSO, and then the

stock solution (1%) was added to distilled water
accuminatum C, Fusarium proliferatum D, Rhizopus oryzae E, Penicillium sp.;
a

_E_ /\164
o ‘]_El }_‘:/\4 o]
b el FAb Ao Fee

g/ml) of Thymol.
Aspergillus niger.
Table 1. ECso values of six fungal isolates to gaseous Thymol® based on relative mycelial
growth on potato dextrose agar in I—plates
Fungal isolate ECs" 95% Fiducial limit
Lower Upper
Botrytis aclada 2.54377 2.47516 2.61050
Fusarium accuminatum 2.71759 2.41099 3.11343
Fusarium proliferatum 2.37890 1.94170 2.63410
Rhizopus oryzae - - -
Penicillium sp. 2.66499 2.58185 2.75992
Aspergillus niger 3.32350 3.10170 3.79710
Thymol was dissolved in 50% DMSO, and then 50 pl of Thymol solution was added to
5ml distilled water in a I—plates.
ECso values (logThymolug/ml) and fiducial limits were determined by probit analysis.
Relétlve mycelia growth of six fungal isolates were measured 10 days after inoculation at
201
F A%A49 A7E 9§15k B2 §u)% ethanolz A7) Seke] g ApAel @ &
% oBgHe A2l o] dhakel EAbals] 9Aske] 71Eol AHEEE DMSO% ethanole At
o} Hd3 W or HrEAt 50% DMSOES &ri2 El &9 stockg A Z35}o]
1%2 233921, ethanole absolute ethanolg AF-g&3dte] &3
w2t 0.01%9] volume® & PDAM|A|l &&ate] H7betdvt. 1 A3 50% DMSO stocks Al
Zol A EC50 value7l =74 U&= Ao #HzHIATH
Aol A 0.01%9] vl A2 o=z uFke
=3, v 1F =2 vl A volume
2 F7] WFe] A4

. 000
{3 A BT} ethanolS {wj&E A3
(Table 2-1 and 2-2). 2284 ethanol®] 7%
stocke] ®iA|o H7lE 7] Lol WA=
o2 H7tE ASolv= L AA

ol 1% =+



29 stock® Azdte] WA EFatE Aol Aot

Table 2—1. ECso values of six fungal isolates to Thymol® based on relative mycelial

growth on potato dextrose agar

Fungal isolate ECso’ 95% Fiducial limit

Lower Upper
Botrytis aclada 1.2897 1.0769 1.5526
Fusarium accuminatum 1.5449 1.0878 2.5228
Fusarium proliferatum 1.7567 1.3857 2.5694
Rhizopus oryzae - - -
Penicillium sp. 1.9280 1.7061 2.2778
Aspergillus niger 1.9613 1.5447 2.8104

*Thymol was dissolved in 50% DMSO, and then Thymol solution (1% vol. of media) was
added to potato dextrose agar (PDA).
PECs0 values (logThymolgg/ml) and fiducial limits were determined by probit analysis.

Relative mycelia growth of six fungal isolates were measured 7 days after inoculation at
20°C.

Table 2—2. ECso values of six fungal isolates to Thymol® based on relative mycelial

growth on potato dextrose agar

Fungal isolate ECso’ 95% Fiducial limit

Lower Upper
Botrytis aclada 1.5719 1.2006 2.3415
Fusarium accuminatum 3.1503 2.3929 5.6520
Fusarium proliferatum 2.3762 2.0437 3.0024
Rhizopus oryzae - - -
Penicillium sp. 3.8593 2.6996 8.5194
Aspergillus niger 6.4250 3.8926 38.0123

*Thymol was dissolved in 100% ethanol, and then Thymol solution (0.01% vol. of media)
was added to potato dextrose agar (PDA).
PECsovalues (log Thymolgg/ml) and fiducial limits were determined by probit analysis.

Relative mycelia growth of six fungal isolates were measured 7 days after inoculation at
20C.

El&Zo] &= ethanol& /‘}9’5‘} | #18to] ethanole] ®i#ell 7%= volumes
ol & Hste, 67F oA FaWAT Bacladast An]gefi Adstg o, uj
A eekel 0, 00L, 0., 02 05 5 1% uiAel A7bekel = Wawel WA 4F
v 1 A3 Baclada= WA volumeel 1%= E3F=HAS o JC—LHH 9l ethanol A}

A Aol JAE AN, Anigers 0.2% volumeol o2 wjxlo] EdEAS w &rjo o
Fo =z HYgtol A Aol AT (Figure 3 and Table 3).

2439
volume
37h33

3
JFo R

A 9]
9l

_45_



Aspergillus 7

Fig 3. Mycelial growth of two fungi, Botrytis aclada and Aspergillus niger on PDA
amended with various volume of absolute EtOH. Fungal suspension (2ul) was dropped on
the media, and then incubated at 20C for 7 days. Seven days after inoculation, mycelial
growth (mm) was measured.

Table 3. Mycelial growth of two fungi, Botrytis aclada and Aspergillus niger on potato

dextrose agar amended with various volume of absolute ethanol

Treatment® Mycelial growth (mm)b

Botrytis aclada Aspergillus niger
0% volume of absolute EtOH 56.67 + 0.58 ab © 33.00 = 1.73 a
0.01% volume of absolute EtOH 57.67 £ 0.58 a 31.33 + 0.58 ab
0.1% volume of absolute EtOH 52.33 + 5.51 be 30.80 + 0.00 ab
0.2% volume of absolute EtOH 57.00 £ 1.73 ab 29.67 £ 1.53 b
0.5% volume of absolute EtOH 58.00 £ 0.00 a 30.00 + 1.00 b
1% volume of absolute EtOH 49.67 = 2.89 ¢ 27.33 =+ 0.58 ¢

“Absolute ethanol was added to sterile potato dextrose agar (PDA) as 0, 0.01, 0.1, 0.2,
0.5, and 1% volume of media.

"Mycelial growth (mm) was measured at 7 days after inoculation. Fungal inoculums (2ul,
10" ®spores/ml) were dropped on PDA, and then incubated at 20C.

‘Value represent means * standard deviation of three replications. The same letters are
not significantly different (P < 0.05) according to the least significant difference (LSD)
test.

7]1E2] =794 ethanole &ul& AFE3Fo] thymol (100xg/ml)S &31A121 3 wj#]2] volume
o] 0.01%AF83 A, B H3AA 0.2% olats 7ITo2 0.1% volumeo = wjA| o H7FAIZ]
AS vlal Hr7Eek A3 thymol (100ug/ml)S ethanolel &3]A71 3 wj=19] 0.1% volumel. &
i zlo] &3%3k Aol 0.01% volumel & vjx|o] H7}st ARTE EAHoRE HAF A A &
7 A YeEr T (Figure 4 and Table 4). 2822 o]ZA o2 Hol EHES HuwEdd w
2} ethanolel <l % 0.01% volumel = #jx]e] H7Ig& wf EC50 valueZb 73 #

s ol 9lom, o= A2 o volumelZ wiA|o H7lE 7] wjito] wAE 4 9l
2k 7bs A E k. aYBuR E AFoA e o] %o AFA HES e H0 % ujA

of F7tEE S viA volumed 0.1% FFo & &3slo] A& syt
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Thymol 100pg/ml as
0.1% of media

@

EtOH EtOH Thymal Thymol 100yg/ml as
as (L Dl‘!ﬁi{ul as0.1% vol as @il %wol 0.1% ofmiedia
\ \ LY

O O o) -

= 2

. £ S L
Aspergillus niger

Fig 4. Mycelial growth of two fungi, Botrytis aclada and Aspergillus niger on PDA
amended with various volume (0.1 and 0.01%) of absolute EtOH and thymol (100sxg/ml).
Fungal suspension (2ul) in tween20 solution) was dropped on the media, and then
incubated at 20C for 7 days. Seven days after inoculation, mycelial growth (mm) was
measured.

Table 4. Mycelial growth of two fungi, Botrytis aclada and Aspergillus niger on potato
dextrose agar amended with various volume of absolute ethanol or thymol

Treatment” Mycelial growth (mm)b
Botrytis aclada Aspergillus
niger

addition of EtOH to media as 0% volume 6233 £ 208 a © 3467 £ 1.15 a
addition of EtOH to media as 0.01% volume 63.00 £ 1.00 a 36.00 = 0.00 a
addition of EtOH to media as 0.1% volume 55.00 £ 7.00 a 32.00 = 1.00 b
addition of thymol in EtOH to media as 0.01% volume 12.33 £ 3.51 A 22.67 + 0.58 A
addition of thymol in EtOH to media as 0.1% volume 433 £ 1.15 B 6.67 £ 1.53 B

“Absolute ethanol was added to sterile potato dextrose agar (PDA) as 0, 0.01, and 0.1,
% volume of media. Thymol (100xg/ml)was dissolved in absolute ethanol, and then the
solution was added to sterile PDA as 0.01 and 0.1% volume of media.

"Mycelial growth (mm) was measured at 7 days after inoculation. Fungal inoculums (2ul,
10" ®spores/ml) were dropped on PDA, and then incubated at 20C.

‘Value represent means * standard deviation of three replications. The same letters are
not significantly different (P < 0.05) according to the least significant difference (LSD)
test.

B Zo| 4y AAT A= o WY B aclada®t A. nigere] A & AEFS HU)st
7] 913}e] positive control® glacial acetic acidE ®]nLd}e] H7}5FA T} glacial acetic acidE
0, 1, 10, 100, 200, 500, 1000ul/Le] FZ== wjAlo] H7lstd o, E&E-2 0, 1, 10, 50, 100, 200u
g/mle] FEZ iAo &3 & WAdde xx GRS JTH 7Y T #AF dolE 43}

o] EC50 valueE 3 7Fsttt (Figure 5 and 6).
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Aspergillus niger

Botrytis aclada

W . f -
A {

Aspergillus niger '

Fig 5. Mycelial growth of two fungi, Botrytis aclada and Aspergillus niger on PDA
amended with various concentrations such as 0, 1, 10, 100, 200, 500, and 1000 ul/L of
acetic acid (positive control) (A), and 0, 1, 10, 50, 100, 200 pg/ml of thymol (B).
Fungal suspension (2ul in tween 20 solution) was dropped on the media, and then
incubated at 20°C. Seven days after inoculation, mycelial growth (mm) was measured.

71 A3} glacial acetic acid®] B. aclada®l t3dF EC50-2 2.6431019 o™, A nigerol Ws|iA =
510422 acetic acid® A. nigerdl] i E A A &7 gl Aoz Az E At (Table
5. Wb Bl 59 A+ B. aclada®l t$ EC50-2 1.1928°19, A.nigerdl ta| A+ 1.63250] %
t}. o]+= positive controlq] acetic acid®.t} A A A &7 ¢ ASS r|sty, &3
A nigerel diAE AFH o8 dAF AGS At As & F At (Table 5).
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Fig 6. Dose—response curves for two fungi, Botrytis aclada and Aspergillus niger to (A)
glacial acetic acid and (B) thymol. Relative mycelial growths were determined as
diameters on PDA amended with glacial acetic acid or thymol divided by diameters on
PDA for acetic acid or PDA amended with ethanol for thymol control.
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Table 5. ECs0 values of six fungal isolates to Thymol* based on relative mycelial growth
on potato dextrose agar

Treatment / Fungal isolate Botrytis aclada Aspergillus niger
ECso’ 95% Fiducial limit ECso 95% Fiducial limit
Lower Upper Lower Upper
Glacial acetic acid 2.6431 2.1555  3.1116 5.1042 4.1448  7.4492 a
Thymol 1.1928 1.0437 1.3251 1.6325 1.0719  2.0421

“Thymol was dissolved in absolute ethanol, and then Thymol solution (0.1% vol. of
media) was added to potato dextrose agar (PDA).
PEC50values(logThymolgg/ml) and fiducial limits were determined by probit analysis.

Relative mycelia growth of six fungal isolates were measured 7 days after inoculation at
20C.

u)
o g

, Bl=e] 3jdbAdof o)t 7hd Al WA A oAl &3+ glacial acetic acid= A A
AA|FFA] gkol HIIE 4= qlAow, ElELS B aclada®]l WA= EC50 value”l 2.6843,
Anigerel Wl 352012 A 371 IAW acetic acidel]l ®]3te] WA el A A4 &
H7F At (Figure 7 and 8, Table 6). 12jvp 3o oJg M4 &3= wjAo] HES &
ek A Al gite] HlsiA = EC50 valueZb 7] wistoll 3 Aol ok gah= A A

ol ma) AL AL o & AN

N
e

il

ol

200 500 100011“

)l.

Botrytis aclada

)Y V4

Aspérgillus niger

Botrytis aclada

Aspergillus niger

Fig 7. Mycelial growth of two fungi, Botrytis aclada and Aspergillus niger in I—plates
containing PDA and various concentrations of acetic acid (positive control) (A) or thymol
(B) solutions. Five ml of acetic acid or thymol solution were pour in one side of
I—plates, and fungal suspension was dropped on PDA in the other side in I—plates. After
fungal inoculation, the plates were incubated at 20C for seven days.

_49_



[ 3
M
ha

=010 400062 =00 1= 000,96
F=0.33 »=0.58

o
(]

] *

e
7

0.8 A
¥

+

Relative mycellal growth
g g ;
Relative mycellal growth
o

2
M

=]
=1

=]

=]

0 1. 5 2 o 25 3EI 1.0 1.5 20 2.5 30
lacial acetic acid concentration [log (pl a.i./L)]  Glacial acetic acid concentration [log (ul a.i./L)]
1.2

Mg

y=0.1%102 1076 y=-001x0 Tx 115
#=0.90 r=0.97

0.8 A -

Relatlve mycellal growth
Relative mycellal growth
o

0.0 0.0 : ’ . ;
10 15 2.0 25 20 1.0 1.5 2.0 25 30

Glacial acetic acid concentration [log (ul a.i./L)]  Glacial acetic acid concentration [log (ul a.1./L)]

Fig 8. Dose—response curves for two fungi, Botrytis aclada and Aspergillus niger to
volatile of (A) glacial acetic acid and (B) thymol. Relative mycelial growths were
determined as diameters on PDA in I—plates.

Table 6. ECs0 values of two fungal isolates to gaseous putative positive control and
Thymol® based on relative mycelial growth on potato dextrose agar in [—plates

Treatment / Fungal isolate  Botrytis aclada Aspergillus niger
ECso’ 95% Fiducial limit ECso 95% Fiducial limit
Lower Upper Lower Upper
Glacial acetic acid - - - - - - a
Thymol 2.6843 2.2979  3.5365 3.5201 3.1201 4.3993

“Five ml of Thymol solution was added to the other side of I—plates.
PECso values (logThymolrg/ml) and fiducial limits were determined by probit analysis.

Relative mycelia growth of six fungal isolates were measured 7 days after inoculation at
20C.

A AL A & 3+= positive control®l acetic acidH.t}h A EoA &
AATH E3 B=o] A5 HAdd e AHARN FFH o ma Bn

Ao gyt 8 AFHYAT] B. aclada®t A. nigerdl US| A
: ol gk el date] o5 WY x£3
A gyl Eape] wolo)] vz g HIEsEAY. o] e A ECH0 valueE AA35H7] 9st
o] wjA]o| acetic acid®} thymol< @%L??} A Ao o s AL Agﬂ o7 &2 st
IAFS dAvder Hristlon, ols Exo wolg: bt 1 A
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2 B. aclada= lpug/mlo]’d2] F XA, A nigert= 10ug/mle]e] T = A
23ttt (Table 7).

Table 7. Sporulation of two fungi, Botrytis aclada and Aspergillus niger on potato
dextrose agar amended with various concentration of putative positive control and thymol

Treatment” Sporulation [log (spores/cm’+1)]*
Botrytis aclada Aspergillus niger
Glacial acetic acid (pl/L)
0 5,68 £ 0.03 b 6.32 + 0.02 ab
1 6.02 £ 0.04 a 6.30 = 0.08 ab
10 5.79 £ 0.02 b 6.34 £ 0.06 a
100 5.84 = 0.03 ab 6.17 £ 0.16 b
200 490 + 0.17 ¢ 6.25 £ 0.11 ab
500 4.96 + 0.24 ¢ 6.21 £ 0.13 ab
1000 NT 6.24 = 0.03 ab
Thymol (ug/ml)
0 585 + 0.07 a 6.38 + 0.06 a
1 5.65 £ 0.16 b 6.26 £ 0.06 a
10 5.16 = 0.15 ¢ 6.08 = 0.03 b
50 345 £ 0.18 d 5.92 + 0.04 ¢
100 3.20 = 0.21 d 520 £ 0.17 d
200 NT NT

“Sporulation [log (spores/cm®+1)] was measured at 7days after inoculation on PDA
amended with each concentration of positive control (glacial acetic acid) and thymol at
207C.

’NT = not tested.

“Value represent means * standard deviation of three replications. The same letters are
not significantly different (2 < 0.05) according to the least significant difference (LSD)
test after log transformation.

Hhd | sk o] ofsk A A g3E HI7Esk A3} glacial acetic acide= 200, 1000ul/L2]
FLxoNA B aclada®l FA S FANAH oW, A niger:= 100ul/Lol Aol sxoA EAb 3
s BaAAT BEY A9E T el tiske] 1000ug/mlel A Exp A A gt #
ZHE QITh (Table 8). Bl &9 3ol ogh 1A Q 224384 AR A -4 Zdel v
st Hlw A aEEolA F WA ¥ FAAES HAEAFHOH, acetic acid®] B9+ B
aclada A+ A7 QA E = HEo| Hlste] vBluA dEsolA #AEAL, A nigers] A5
= A AAATIA ZPAR, 22 P F oAl dEsiA BT #EEAT (Table 8).
olgidt A=, HlEe APAos YU dAF AFS AAA7H, 3R 9s| A= TAL
A AAATIAT 2 A Fs FaATIAE Fe Aoew AZET. ¥ acetic acide
B. aclada®l 7ol ARAom dAF S AAAT7I AL, FdA ol oA 2 FAAFE 7
SAZVIARY A nigers AHAQ] wAF Aoy A FAF HAhEoE gl og £ A
S FaNE 297 2 Aow BFEAY



Table 8. Sporulation of two fungi, Botrytis aclada and Aspergillus niger affected by
gaseous putative positive control and Thymol* on potato dextrose agar in I—plates

Treatment Sporulation [log (spores/cm™+1)]*

Botrytis aclada Aspergillus niger
Glacial acetic acid (ul/L)
0 6.16 = 0.06 b 6.29 £ 0.03 a
10 642 + 0.02 a 6.19 = 0.09 ab
100 6.13 £ 0.10 b 6.12 = 0.05 b
200 595 + 0.01 ¢ 5.95 + 0.14 ¢
500 6.18 £ 0.06 b 5.66 = 0.07 d
1000 583 + 0.12 ¢ 5.73 + 0.06 d
Thymol (pg/ml)
0 6.08 £ 0.08 a 6.70 = 0.03 a
10 581 £ 0.09 a 6.70 £ 0.02 a
100 5.13 £ 0.23 ab 6.46 = 0.06 b
200 526 = 0.24 ab 6.30 + 0.07 ¢
500 5.33 £ 0.06 ab 6.13 + 0.08 d
1000 333 + 289 b 5.96 + 0.07 e

“Sporulation [log (spores/cm®+1)] was measured at 7days after inoculation in I—plates
containing PDA. Five ml of Thymol solution was added to the other side of I—plates.
"NT = not tested.

“Value represent means * standard deviation of three replications. The same letters are
not significantly different (P < 0.05) according to the least significant difference (LSD)
test after log transformation.

ElZof oJste] J3FS whe WHYdwe] xzp ol S H7slr] flshe], EEolu acetic acidE
Hj 2] o] &3tsle] wjtE wWdire] JAds XAE AFF o geetic acid®] Ao B. aclada=

3 Hhol-§ a3 (Table 9). ¥HH, Bl &2
WolgS AAAASY, A nigerdl WA T Hol& o

Al Z37E gLl
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Table 9. Germination of two fungi, Botrytis aclada and Aspergillus niger on potato
dextrose agar amended with various concentration of putative positive control and Thymol
Treatment”

Germination (%)

Botrytis aclada Aspergillus niger
Glacial acetic acid (ul/L)
0 65.67 £ 1097 a 66.67 £ 2.89 a
1 3433 £ 513 b 71.67 £ 2.52 a
10 40.00 = 12.53 b 36.33 + 5.13 be
100 33.33 = 11.93 bc 40.67 £ 1.15 b
200 19.33 + 2.08 ¢ 40.33 £ 0.58 b
500 19.67 + 0.58 ¢ 20.67 £ 16.77 d
1000 NT 25.33 + 0.58 cd
Thymol (pg/ml)
0 68.00 £ 2.65 a 63.00 + 4.58 a
1 56.67 + 4.16 b 58.33 £ 2.89 a
10 16.33 + 3.21 ¢ 65.67 + 6.03 a
50 3.67 £ 1.15 d 64.67 £ 5.51 a
100 4.00 = 1.00 d 6033 £ 153 a
200 NT NT

dGermination (%)of fungal isolates grown PDA amended with each concentration of
positive control (glacial acetic acid) and thymol were evaluated at 24 hours after
inoculation at 207C.

NT = not tested.

‘Value represent means * standard deviation of three replications. The same letters are
not significantly different (7 < 0.05) according to the least significant difference (LSD)
test after arcsine transformation.

HhE - 7P o2 ElE] 9)ste] ks we Wdire] ¥ Ap Wol&2 acetic acide] Aol B.

aclada= 10ul/Lol’de]l FxdA A a37F AdAoew, A ngerd M= JF&FS T4 &Lt

(Table 10). E| &S B. aclada= 10ug/ml o9 FZoA WolsS 7ZHAAH oY, A nigerdl

el A= 200ug/ml ©]/de] FEoA Holss JA St aeR=) ojdgt AZ KoL
=]

acetic acide= A FHAoORZE F HATY Wols&S TAAZIAR 3dto] o3 FI= B
aclada?) At Qe ElE9 A= B. aclada®| WA= AEAE 237 T Ao
A. nigerol Wi 3o ol FHAH o R Wolgo] HarvE AS & AAT
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Table 10. Germination of two fungi, Botrytis aclada and Aspergillus niger affected by
gaseous putative positive control and Thymol®on potato dextrose agar in [—plates

Treatment” Germination (%)’
Botrytis aclada Aspergillus niger
Glacial acetic acid (ul/L)
0 66.33 + 8.74 a 71.67 £ 929 a
10 39.67 + 10.69 b 76.00 = 529 a
100 37.67 = 15.37 bc 67.67 £ 2.52 a
200 33.67 £ 1.53 be 71.00 £ 3.61 a
500 23.33 + 2.89 cd 7233 £ 7.51 a
1000 15.33 + 0.58 d 72.67 £ 643 a
Thymol (pg/ml)
0 59.67 £ 2.08 a 70.00 £ 2.00 a
10 35.00 £ 9.64 ¢ 64.00 £ 5.29 ab
100 45.67 £ 513 b 63.33 + 6.11 ab
200 32.00 + 2.00 ¢ 58.00 £ 2.65 b
500 36.33 £ 7.37 be 62.00 £ 2.00 b
1000 20.33 £ 0.58 d 64.67 £ 5.51 ab

‘Germination (% )offungalisolates,B. aclada and A. niger, affected by gaseous positive
control (glacial acetic acid) and thymol were evaluated at 24 hours after inoculation at
20C.

NT = not tested.

‘Value represent means * standard deviation of three replications. The same letters are
not significantly different (2 < 0.05) according to the least significant difference (LSD)
test after arcsine transformation.

AARE A A JA ECH0 valueE 7oz Fulo A QAT o3 F
=3} positive controlQ] glacial acetic acide] Z7FH A o2 AA = a37}
9}‘3}. A HA a5 Hrlslr] ¢35be] El &=} glacial acetic acidE B. aclada
A 22 200pg/mlzt 400pl/LE Aol o, A nigers HAE3H7] 98l HE
40ug/mla, acetic acidZ 100,000ul/L &Ho 7 ALy olattt. 3o o3t 7HH 2 EE
H7Fst7] 984 = 500ug/mle] FE 2 El =3} acetic acid £ Y3 5

ok
_O,E o
o
oY ¥9 ok

i

e

< FHlgE & &9 200mls

EEel= I B H}D‘roﬂ e % ﬁ"ﬂ sieves® A & S35 SHwa DAt HrtskA
o ole} e g F HYFS sandpaperZ AAE W 3k mwel 107, 10° 107 cells/mlE
20ul drop*moculatlonﬁb;gﬂr. 20CoN A 109 7F vkt ol Al f5E5 H7FsAt (Fig.
9. 2 A3 10107 cellsy/mlz HFaS W ol IAsA RGP, HES Aol
st Aol Futo] gk ARTE Wo| AA WASATE ESE acetic acide] AT 23Z 9]
IS o Svivk HgE Nx2Tok ARSI Wol wAEAT (Fig. 9). webA] EES 22 o]

[e)

[.

o
1

ol

Al
Aot 2ol Wdd AHHoR g5 Aol BE #FaATIE 27 F AR A,
ol T 22 AR W¥HE aydE ¢ s Aol
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Using sodium metabisulfite to generate SO,

Using sodium metabisulfite and sulfamic acid (slow and fast release)

- Fast release: SHA7LA 28 = aPEOM 74 24H 758 =8

Fig 9. Sulfamic acid ¢ 7t W& SO, 5 A ¥ (F. acuminatum)

=% (10ppm, 30ppm, 60ppm)E Sodium metabisulfite © sulfamic acid & 7}k A3 (A
zote] FHolEd Agste HAd SAavbs 24 ThsA m=a) HIbsHA @2 A E Tl A
27y oA AE=ES v A}, sulfamic acidE F7Fgro 24 AAEE SO, gas 9 3wk
AE7F =old w2l Sodium metabisulfite §F 3 7Fs A 2] ol vld] i A FE o] "Hojx
= s gl wxE Gk oA 10ppm~ TAAZA7E A3 30ppm FE= Tl
Aoz FE < E} wla] o}k 8] - A ¥ Sodium metabisulfite 20ppme] F %

_4
_4

ﬂl

Botr 1 tis aclada

29D

Asper; gﬂhn niger

Fig 10. Diseases caused by two fungi, Botrytis aclada and Aspergillus niger on onions sprayed (A)
or treated with volatiles (B) of with water (untreated), acetic acid (positive control), and thymol.
Onions were sprayed with water, acetic acid, and thymol based on EC50 values against each
pathogen (acetic acid 400ul/L, and thymol 200pg/ml for B. aclada acetic acid 100,000 upl/L, and
thymol 40ug/ml for A.niger). For volatile test, 200ml of acetic acid (500ul/L) or thymol solutions
(500ug/ml) were put in plastic boxes, and then onions were put upon the sieves, the closed plastic
boxes were maintained at 20°C for 10 days. For pathogen inoculation, 10°, 10° 10" cells/ml of
fungal suspensions (20ul) were dropped on onion surface wounded by a sandpaper.
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SRR BE7Y %

2347 EtoH 20ppm SO, 30ppm Thymol 249 EtoH 20ppm SO, 30ppm Thymol

Penicillium sp. B1-35

Aspergillus niger

Fusarium acuminatum

Rhizopus oryzae
Fig 11. A& A# HEF o} FArt2ge] 784 vl

H&E £3589 A3 A3 Aspergillus niger ¢ Rhizopus oryzae & SO, oA 1 A& 37}
o F%5. 30ppm ¥ 20ppme] SO, vX9] Ao|E=E HAEF & BSkov F dF Aspergillus
niger ¢ Rhizopus oryzae ©| WdlA+= thymol oA Ht} SO, oA WAl 37 v =A
YUl t}. Botrytis aclada = SO, 9 =7 Eol: Thymoloﬂfﬂ A Ut 9o,
o] A5 F3l FEo Aolo]| gt A &Y BT} o] FFA ALY Aol wep #F 9
AA a7t gE2A FHFEst= AS & & AT WA Penicillium sp. B1-35, Fusarium
acuminatum, Fusarium proliferatum, Botrytis aclada |4+ SO, E.t} Thymolol] A = A
EH7F o Holwkoh

EtoH 20ppm SO, 30ppm Thymol

Botrytis alli (aclada)
Fig 12. Botrytis aclada °| A& 2 & AH € &3 FAr7t29 9] JFF8A v
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HETAZRE 35 Fo Botrytis alli (aclada) o W3+ &34 &3 20ppme] of3it7lx B}
30ppme] E]Eo] AA 3| =5

Untreated
control

30ppm
Thymol

EPLEX| B2 YUE IFSY YT 2
o £2|ot mE
0] E&HEl SFo|E0|
S B20|of xf2hs HE

EELES 90 10704 SH2|3, EtOH, 30ppm Thymol & M2|3 = 95 S0t A (2°C) 3 ¥Y
E iR Yn 2| 2Eof FusariumOR 22| TLE 100%(HH37] 2.5~3am 0|4 , EOHE
70%(1.5~2cm), Thymol 35%(1cm 0|2ho| WHEF BY

4°C 7| &t

Fig. 15. Botrytis alli (aclada) 9 W3 A EARAF B &9 FFAY in vivo test.

A, TWASEA] 2 FIto| Botrytis aclada®] EAAE NS 55 F38t4 30ppm thymolS
xglste] 25Col A RaAstHA FAH2 9 HAS v, B, WA 5 4ilo] Botrytis aclada
o] zAAY NS FFHFste] 30ppm thymols *gdte] 2Col|A HystHA FAe ¢ |

4e vl

£
o
i

Eles ol £F8te] Agste] 42 23k A AN Ao 2y EY TSRS
ZAREE A3, A el Blske] Bl Aol M= AR A& dAs] s
(Fig. 15, Table 11), FA g9 5 &2 A Fuhe] 49 25 FHH Fuo] Fof&o]
A Hlal, A2 AFACd= 95 FHH Fue] Bl daiA= As FAsAdvt A2 A%
Aol = A o] A sk AL e bl AlFte] Ay gFute] sFow Qs T



e i Fom odd Aol wAH: 2
Aot Ao AgHditeln ofsh 2o Wddel AL AFANE A% A5 A, @
N FFel T Arelste] FAF Ax el FPolt AWFBol YAXOR el

At

v 8- (%) + 3 1 9.2}
2]
25C A% 9F A% 4C A% 957 AH)
=7 90+14 97+17
o = Not done 51+12
E] & g 10£8 3+1

AEAG Bl Eo &t EA o in vivo test. T AT T 4o Q2 WA Botrytis aclada
A NS 25 JEe Aol FATY duegs YT, HEAZTFE 25CAA dFdzt
BHag $o ZF A e w2 ¥HAS A2 FAYTAAE RHLAS T FAE T 9
B2 g oA %yl ¥y R R\ ANE Fusarium proliferatume] 2o] Apgkal <kup 9w 7}
AR Bl Botrytis aclada 7} Aeh= A& #Rletd i, ElEA T SotoA = S s
E3e Wl Botrytis aclada 7y AebA &2 A& Rl o mM HES AW oA a3E
gkl 4 AU
3. 1%

HE T55 93 H4 805 &As7] fste]l AdE DMSO, &4k olghs FollA oes
7V A Ao R HUMEATH HES A FAHE AE AFEA 222 A e 3
Y £57F =ojA deE&s &ulE AMEE A9t 3ol ¥ # HuE Agwe] WA o
S FEE AoRE AGEHAT A SR AFEste] HES F55tE AR Vet ov Ax
Atol HE 5 AAY H=s AFtsted O ofgwol vk I oEE] ik HEo &
qE= vl mobA 50 PR AFAAEE EF ged FEdd AoR AU eSS
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Table 1. Effect of thymol fumigation on disease incidence of onion in low temperature storage

Disease severity (0-5)" / Percent disease incidence(%)
Treatment
Untreatment 30ppm Thymol
. 4to5/ 74.8a" 4 to 5/ 0.0b
4°C Storage b
2 to 3/ 25.2a 2 to 3/ 0.0b
(For 9 weeks) )
Not applicable 1to2/208

%0 to 5 scale: 0 = symptomless onion, 1= few lesions to less than 10% of onion skins
affected, 2=10 to less than 25% of onion skins affected, 3= 25 to less than 50% of onion
skins affected, 4= 50 to less than 75% of onion skins affected, 5= more than 75% of onion

skins affected.
"The means followed by same letter are not significantly different between treatment

(T-test, P=0.05)

3. AL AR FEFI di@ EE 2F A AZH ¢ J9A 23 AF (165 AR 2%
A1)

Qb ¥k 87K ehele Foll ¥ (312x220x164(H)=8.3L, H}O] 7 2) FA e ¢ 30ppm Bl E A

5 3WEA Zhzy Ao At 8F 165 Fol Hlw #HEIFORMA ElEO FFo] W A
a9E A 98te], 30ppme] HE FEE 30mle] 100% ol &gl Hol &% Ayd A3, F
A8 TFoNAME Penicillium, Fusarium 2 Botrytis =307} 7F4 Bkal gl & A ol 3o
ol ds A7A Fdvk (Fig. 1. FA 2Tl = oF 50% ol Fael Aol kot H= A+
M= Aol T Furk HE gldd Ao® Hol HEAZE AGHY] HAS A= A 9
T G T5E =50 ASS AdS Ao A (Fig. D).
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Untreated control 30ppm Thymol Untreated control 30ppm Thymol

AL A 8F ¥ A=A 1657 &
Figure 1. Effect of 30ppm thymol treatment postharvest disease in low temperature

(4°C) storage for 16 weeks

4 ge $AF £F Il @ GC-MSE o 8% HE BFF 24
oppmel FEE EEe] HES $alstel Yoot vhE e BY A F, e EFE 5T
S0l GOMS BUE A8 T I A1ksel AR AT R oD v gl

E A A &ulo] (GC-MS #4& 93 &ull: oA ofAHe|E) Fo]= At
593 Lol AZFS Al te] vl A3 g data not shown) A g ¥ 3

ANFAGE WEZHET 24AE Ad Fof AF S MEAA G o] FoldlE HEe FE7F A9
gkelakoith (Table 2, 3, 4).

> 8
o
£
£

Fake] A= AP 3AE Fo &I 17 9 EE 128ug°l K
0.0408ug o= EAF Aolw, g o]AS ¥yt 1adF g R ki 0.078pphe] FEE
Foboll EAstH L, AT 24/ T 49 1) G HE 149pge] ARG o)t 4 lem’ B
0.0047pg o2 EAgk Aol T3k oS Yyt 1 a2¢d e FER

Ftoll EAsAM El=el AFE &I 30ppm FEA= @AE X WA= SHE gl
(Table 4). vt A2 AE8tx i wguz A g Ad4d2 49 gt & Aol

s o A= U}* 1] 2 1439uge] FatdEd ol vhs lem® @ 0458uge.2 A3 Aol
Mol Fuz ket w2 i 1369pphe] FEZ Fubo] EAsH A E
2

=2 AF o83 %Eoﬂb Z mAE S0E FEolAY (Table 4).

T p.
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o] Aol BEAY F 347 Fol ANT ABRT #Fk A Fol AAF ABAA
vh Sl9e] Wolgle EES FEsb AA3 WolAE o] HANATh o EEe] vkt vhy
o slje] ReEA @ A% wob Y Aol ok, Aztel AvhEA A% Ras A FHwse

Ao Az,

A
S I
2892 0.2 01
35844 2 1
392121 20 10
2867269 100 50
4427786 200 100
38042144 1000 500
B
Thymol STD Curve
40000000
35000000 //
30000000 y—37346%
/ R:—0.99(
25000000
o /
£ 20000000 ¢ Calibration
- / Curve
15000000 S
/ —#49 (Calibration
10000000 / Curve)
5000000 -
0 1
0 200 400 600 800 1000 1200
ng

Figure 2. A, Thymol concentration for standard (STD) curve for ppm determination.
Y (ppm)=0.5X(ng/ul). B, Thymol standard curve for GC-MS analysis.
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Table 2. Measurement of thymol concentration of onion skins treated with 30ppm thymol
spray with GC-MS

N 3 (ng)t ¥ = H
okm} A & 3] & (ng) #g- °
A 2} (ppm)
) OT1 0.6463
A
_ 0T2 0.6969 0.6408+0.06 0.3206
AT &
0T3 0.5791
oT7 0.0606
A 2]
; OT8 0.0860 0.0746+0.02 0.0376
24X 7t &
0T9 0.0771

B0ppm FES ElES EFAHZB0ppm TEZ ElES 100% EtOHO| oA AZgo]z RAlgh
alo] 3AIZF = 24A7F 5 %yl 3709 919 S 200ml of ethyl Acetated] &3]3 % 2ulE GC-MS
2 FAA

Table 3. Measurement of thymol concentration of garlic skins treated with 30ppm thymol
spray with GC-MS

] 3t (ng)+ ¥ = it
s A8 822 %(ng) ¢ Tne ¢
A=t (ppm)
GTI 6.84132
A g GT2 6.92512 7.197+0.545 3.5987
3N 7+ GT3 7.82587
A3 GT7 2.06920
_ GT8 2.04325 2.065+0.020 1.0328
2UN T
GT9 2.08460

B0ppm FE9 HES A2 B0ppm wE9 EEZ 100% EtOH o HoA] ~xgolz FAME
= 24N F uks 3709 99 E 200ml of ethyl Acetateo] &ai3t & 2ulZ GC-MS
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Table 4. E| 2 E5 A9 gy} npso] FFdes HE v 24°

} B 2R
=N 5 HFF (ng) ol (ml) R—— 1a/9151 /pflojJr
s 17 A em) ;’ "gu%
oho A8 3A & 0.3204 200 12.816 0.0408 0.078
o 8] 24X 3 0.0373 200 1.492 0.0047 0.009
- g 3A7F & 3.5987 200 143.948 0.4580 13.687
A 8] 24X & 1.0328 200 41.312 0.1310 3.928

“The table was analysed from data of table 2 and table 3 to determine practical residual

thymol in onions and garlics.

@

T3l dd GC-MS &4 ( Niow XM AE)

e

KN
=

_YH

3=

o M
mh e
oL

A
Z}
A}

ol

o)A to] E A AFEj A vt2 7)1kt SItE A sk 1}
stol, 35, 42ppme] HES 1A AEA 7HE 7stetd FEAE ASs W St RS
o] FEE A3} (Table 5 Table 7).

e g AL A4ne 44 Agaslde Basts 33 B
o -

=

o)

[ g
mt

U S

ila

b B 3AE Bppm 9 FEVF HEF 7tE F5 A

Fute] 9o A= HE AP SAF 9 HE IR A% 439 45 4 7
656pg ©l 2&%8}21% ﬂ o] %3 lem® @ 200ugl ® EAE Aolw, Edh o] AL Ui} |
w9 399pphe Fm Fupol EAstAaL, A 24A3F = 43 N B = 588uge] zt
stged ole %3 lem’ ¥ 187ng, %9 1 1% B 3578pphe] HER Fufol] ZAg Aol
o} (Table 6, Fig. 3A). E]EJ AL 44 FE 0ppmolE AAF) B wxE= 3 5
ottt HES AEetA TﬂfﬂEi AA gigt 9L He gloh & Zlolnt
Fute] Wue A9 HE A 5/\]7F ¥ HE REs 24T 2%, 49 U 9 H
44pge] FREFAEH o= %43 lem® B 00l4pgo @ EAIS Aoln, wek o] AL % |
s

g 9 0.027ppbe] FE=Z uto] EA O]’/\}\—L A 244]
FoFA] &kt (Table 6, Fig. 3A).

s A= HE AE SAZE T HE IRFS 24T A9, vhs U 7 HE 644ug0]
AFeged o vhE lem® 3 256ugo

7654pphe] EEZ mlso] EAEA I, AT 2447 T wks 1] B B 348ugo] 3
=d o)E ulE lem® 9 138ug, vt 1 199 4136pph o & EAS Aotk 2] 48417t
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o mlE 17] B B E 48uge] FFEYEY olE vE lem’ @ 191pg, v 1 23 57.1pph
oz EA38 Aoldt}t (Table 6, Fig. 3B). ©o]+= E &2 2% 3834 % 30ppmeol+= & A 3]
I onx= Fu)d £E0dnt

Table 5. E|% A 7k 7]&3ke] 35ppmo] H =5 & Futel vhge AHshe HE ¥
=o tgk GC-MS #4]

AR 3] =% (ng) P + EFHA} %+ (ppm)
35p-0-1 32.3591
9] 7] 35p-0-2 32.4951 32.7044 + 0.48517 16.4
2]+ 35p-0-3 33.2591
5A17F 35p-0-4 0.1925
9 3Bp-0-5 0.22268 0.21736 + 0.02267 0.1
- 35p-0-6 0.2369
35p-0-7 30.088
9] 3] 35p-0-8 29.4372 29.3705 + 0.75309 14.7
28] % 35p-0-9 28.5862
24X 7F 35p-0-10 0
Y] ) 35p-0-11 0 0+0 0
35p-0-12 0
o Bp-G-1 32.3029
A2 5 _
54171 9] 3] 35p-G-2 32.3793 32.2053 + 0.23831 16.10
- 35p-G-3 31.9337
s 3Bp-G-4 16.7817
R 28] 5
mhe , M; 9] Bp-G5 17633 17.3480 + 0.49043 8.67
= 3Bp-G-6 17.6292
9] 3] 35p-G-8 2.39668 2.41618 + 0.02966 1.21
A8A| ZF

35p-G-9 2.45032
“Gppm FEo HES 1A HEE td T35 Aeate] 5, 24, 4843
U3, uls 99 S 200mle] olE oA Elo]Eo] &35l 2ulE 35}

5 247 570 <kule] <y e}
GC-MS& #4845t}
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Table 6. Bl A& 7t4 7]3}ste] 35ppme] W =% F5& Futel whso] #fshe HiE
A
= BEe vk
=2 CE! ICE b
BAAR TRE FFE (ug) g o) e he Py
T mr v omad een Ee
(mD) 170 (cm?) gvt=
L 16.4 200 656 2.0892 3.992
7
W] 011 200 44 0.0140 0.027
%}
Aw 2] 7] 147 200 538 1.8726 3,578
2422 v E 0 200 0 0.0000 0.000
A 2] 54
; 2] 7] 16.1 200 644 95.637 765.4
= K3
o} % el 9] 9] 8.7 200 348 13.853 413.6
24A] 7+
EEE> B}
48 41 9] 7 12 200 48 1.910 57.1

“The table was analysed from data of table 5 to determine practical residual thymol in

onions and garlics.
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Table 7. §& A& 7149 7|38t 35ppmeo] HEE 53 ¢yt Fsl= EE T2 o
3k GC-MS #4
N _ N Sl
AR 3] 4= % (ng) 1t (ng) E=Ax
(ppm)
42p-0O-1 82.8736
5A17 & 42p-0-2 79.8036 79.8246 3.03853 39.9
42p-0-3 76.7967
o5 42p-0-4 55.8314
(4 4) 247N % % 42p-0-5 58.5803 46.0328 19.401 23.0
= 42p-0-6 23.6868
42p-0-10 26.1683
48N 7 & 42p-0-11 26.4462 26.4027 0.21589 13.2
42p-0-12 26.5935
42p-0-7 0.24368
5A7F 3 42p-0-8 0.30672 0.29795 0.05046 0.15
o 42p-0-9 0.34344
W () 2p- 013 0.04711
UANTF & 42p-0-14 0.06516 0.06209 0.0137 0.03
42p-0-15 0.074
Uppm L HES 1A FEHE 7ME 5 A Sk 5, 24, 48A17F & 24z 57 &Fuke] o3 9
Wi E 200mle] o€ ofAlH o] Ed] &35t 2uE FH sl GC-MSZ #2433t
Table 8. El&E 1AE 719 7138819 42ppmo] H=E £33 Sulo IH{e= HE s 4t
2o &
EAARY EAARY
g F9 =L A|7H ng/ <l 9
N FEHE (ug) &Y (mD pg/ %k 170 T ppb
% e /g%t
(cm®)
5A17F & 39.9 200 1596.5 5.08 9.71
<17 24N 7F & 23.0 200 920.7 2.93 5.60
(A4)
4847 & 13.2 200 528.1 1.68 3.21
e 5A1 7 & 0.10 200 6.0 0.020 0.036
F) oz = 0.03 200 12 0.004 0.008

“The table was analysed from data of table 7 to determine practical residual thymol in

onions.
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Fig. 4. €& 1AE 7}E 718ste] 42ppmo] HEs &5
Y= FrFos EX)

e 29 AeEelvelA (839H, 51EH &) He=s &7, He 1A 7td 54
gl & sto] AW A ZaE AFdstHA Fupel visol EEol dviy st A%
HogAe]l BaE vEbd ¢ A, o= AR AREe] Adt - ElEo] EaEar 1Al
T xR Fute] euo ZhFsh=A tHff ATE vhA AL, 160= FE oY F A
i @ AE R bl AldE flske] 6, 14= PR 1% AaLelM e aAE
7HE &5 Agste WS A8 E ok D} g AW HaelM HE 2AE H59] 4
A 7t4 skl £k AL A WAl a3t v s
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of 14,214L (¢F 14%; 7F=185cm x AlZ 390cm x3= 9]

5714 ¥

B

322¢5 7t

Bl &

=]

i 57 30ppm FE7F 5

2

197cm) ol F-Q+¥3t 200kg 2t

1 F5AE

sttt (Fig. 5).

=
=

tal 805g4 Bles 4 A U] Fa vt

a8

ol

1o

AX EHE 7|8 ET A

&=

)

|

-WVI

20ppm©°] ¥

No
joh

HAF Bl & 7FF7E HolAl gttt (Fig. 6).

2=
Zro

of ¥

£ Fue 3t 4247 Ad ol

F 14

3
“

Figure 5. €& g
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2 g 20ppm SO2 30ppm Thymol

Figure 6. El= 1A 7FE 713} &5 A elA] Aol El=o] A gl we 7HF Z2A 3] 7|

AE 9%

ofgi7t AEE falld A& ke AR A% AdEolY 6078L(SF 67 7F=130cm x AlE
275cm x 0] 170cm)ell 72t at 200kg# of a7k~ 9] FE7F 20ppmel HEE 108ge EH &=
Aot bR o] R o R FEFAE o] &5 1313} AL, FAYE 9 dxe AFn
= Aol FESto]) oAb A gl S T}
o il

< A% (5T) ZEelY

Figure 7. &< 719 E5(FEA7F2) A 68 2o A4 A oldoAA e Ay
A A
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g HE ARY 24

A2 A4 (5C) XA 30ppme] FE7t HEE EHE 322eS &5 A HE AT AF

Fut 9]ue E& 7]’7‘7]' =0 A= o= ¥ ¢y HE ATkl &4 12¥d 232ppb
2 (Table 10) EAA=H, o= Ao HES 719 &5 At 2 (Table 6, Table 8) X
o} zbFEko] of 2] AL EHkied EEo] AloA RS ud 3 AL AYE Aol &
2 B A WHEAdS tEAH FAL oA T2t 20ppmo] HEE A St 9]
A= EE 7HE7E HolA Fekom, 30ppm B 20ppmo] A ¥ ¥} 94«4/1 EE HFEe A

2 39 B9l 89 21 9 2442 ATS At EAP Aol

Table 9. E] & 30ppme] A& H A2 A& dute] gE 7= GC-MS #49°

= 3 %(ng) Hi(ng)+ X FH=} % 1 (ppm)
] AH-T-1 92.210
1A-T-2 190.162 190.56+98.54 95.28
JAH-T-3 289.303
“Pppm FE] HEES nA FU2 td FF Aol 5, 24, BAY F 2% 54 Fatkel 95

Vs, o 919 200mie] oD ohAH ol £ §al3hel 2uE Astel GC-MSE A ST

Table 10. ¥]& 30ppme] A2d A A Futel] Fishs BlEo v A

HEe vk

N . ) A A A=

g 59 4 TAAIR S o g CE] o

A Zk TS r 7

! e e /g%t

(cm?)
9] 7 _
SAIZE & 95.3 200 3811.2 12.1 23.2
(A4)
“The table was analysed from data of table 7 to determine practical residual thymol in

onions.

Jjﬁz e ol%ﬂ"i*i 5ot v AP i gE nAY 71E FF AP &

A% ool AeAg Aroltie] ek ki FA 2] 20ppm SO 30ppm thymol
ToWe 5C oA o 419 Bt nyeldal oMES ARl BEe FZans zael
e, BE Ag Tl A Aol 0% ol AA, obFirlaA s 17.8%, FA
T 333%%= ElE Ao AW s o] dA3] wrka (LSD, P=0.05) (Fig. 8, Table

E5 B ATl AE Gk 5T 47 AGA Aol e
B guhgol Mol uhg BlEel Yol 5FS Adstel AN o A3 F 2



A A kel FATh (Fig8, Fig. 9). o]F wdh 712 20ppme] E &S A s %3t AldoAls
el 270 St Aol AR FRA FA = AGH ] +

2l o — 30ppm Thymol A2l
Fig. 8. &ute] AgHo 3t g&E uA 7[E9 35 A7 339 AR

Table 11. &F3te] A 4ol et Ha A 71E +5 Ag &3 (Jak A= deolyolA o
A7 <k B

R ol &A(%)" o] &B(%)": severe infection

HE 35 2) % B2 35 2] % Gk
R1 40 18 0 10 2 0
R2 38 10 0 9.0 2 0
R3 29 22 0 7.0 0 0
R4 26 21 0 14 2 0

5t 33.3a" 17.8b Oc 10a‘ 1.5b Oc

“The onions in the 8 bags of 20kg were treated with 30ppm of thymol in the 6 tons and
14 tons of storage container for untreated control and thymol treatment, respectively.
"Onions were infected only around root attached area.

“Whole onions were infected severely.

“The m)eans followed by same letter are not significantly different between treatment (LLSD,
P=0.05
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"o|4g A

o8&

“ o] B :Severe infection

Hel+t

= J‘Zﬂ 7]'0:] =

i

47H% =

fx

30ppme] HE i
TAEE JNAdE]
oF 3A|ZF 7hE gk
o} It =
22717 o=
o AudleA HE
= AlgelA Al

X
=

A E|EIA7E vpE 7|ShE A A2 iﬁﬂﬁ
s 7)3kE HEo]l AL A ARsHE A
Ao EEe rE o] 23] ¢
19 HER2 100% ol el wHof 244
Az, Fub o9 gl vk g
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Tgh 30ppme] 10vfe] st ALFE
H7td &5 APt ®E H
ARZL). o] ] = io}oi x%a} =

ﬂlhﬂ

Fig. 10A

~ Fig. 10B

gafstol 713}

A 7kE 713 AL B, HlES ol g2

Fig. 10. A, H&

geo =9 30ppmel BEZ T2 AL @ FBve HE BFF

n
o T
s
o
2

=4
30ppm FE9 EH =S ZHZF 100% ol ghEol Hl & 24X Bt 5 Al sk Syl Al
Z o7l I (FA)E dEolAH olE &ufo] mof ElE FFES g1t (Table 12).
30ppme El =& e Fo 5 A AIFoAM= & 129 7.55ppb ElEo]
Folal e Aoz AT (Table 13). o] ¢ FSAFAAE HEILAE et =
oAx FTSAH ] = HHES A8
Table 12. GC-MS #4 5 53 A2 A% 439 Thymol #F% &<l
A& 3] 4 ZF(ng) H it (ng)+E = HA} 3 7 (ppm)
EtOH30p-1 62.3261
EtOH30p-2 62.7058 62.037+0.85 31.02
EtOH30p-3 61.0791
200mle] o g ol H o] Ed &

“Pppm FEF HES BES £F Aeste] 4N F 47 5%

glste] 2ulS skl GC-MSE 48kt
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N PAAR BEe) wi
B X o
R R L w2451

Z‘_E ok Ok

e (g (ml) ug/ % 174 294 (cmd) ppb/g %3t
EE :
SAIZE & 31.02 200 1240.8 3.95 '1.55

CEL

“The table was analysed from data of table 12 to determine practical residual thymol in

onions.

Agely Wi HE &

50cm x =9°] 80cm)e] WA 7tA~5 X

Adeld Yol Frg
AEF gy g e
3. 36704 4ve) ot

kg Hel F FZ7
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Air pump Tedlar bag

2k G999 MAS VIFoE & HE AY ¥ dE HE IFF 24

S TEERs W 3w EHEo] Fupe] fujo wiE Z RAEvs shAske] 4G

of &t A HAAY TEZ FHE AHs] fste G xwu A 7] FE3ke]
30ppm FE7F HEE thymols HE|shal, A 33U Fo &3elgje] Folgle HEsEE
A3} (Table 14), 4719 A2l 3 BFoA 43 1138 9 0.01570.033ppbo = &
Ao EA A= (Table 15), H&2] Aol g FadFe wis A &g
A B w9 A JEfUA kA AHEE F e Aoz waE STk
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Table 14. %3} EHA ] 7]%3F 30ppme thymolS A3 3 %y ¢y gE HFZF

GC-MS #4
ANEWE 3] 5 #(ng) PF+EFAA} 3 7t (ppm)

0.18-1-1 0.03348

HiE=] 0.18-1-2 0.03704 0.03627+0.0025 0.018
0.18-1-3 0.03830
0.18-2-1 0.01813

HhE 2 0.18-2-2 0.03273 0.02561+0.0073 0.013
0.18-2-3 0.02598
0.18-3-1 0.0369

HE= 3 0.18-3-2 0.02086 0.02682+0.00878 0.013
0.18-3-3 0.02268
0.18-4-1 0.06907

HhE 4 0.18-4-2 0.05517 0.05875+0.00908 0.029
0.18-4-3 0.05201

B0ppm L2 ElES AHElsle] 39 & 2z 57 Fute] 935 200mle] olE oA EH o] Eo| &35}
o] 2ulE FHsle] GC-MSE 2413519t}

Table 15. %3 FHA ] 7153 30ppmY thymolS A gldt & <ut oy HE zFz st

)1\_]__3
HE9 Tk
T,‘i_/d}\]g_g] T,‘:_‘_M/\]gz_o
W x};ak (1g) ﬁzn () ug/ .
I (Ug & 1g/ s 17 P DD#
) /g &3t
(cm?)
0.18g-1 0.018 200 0.72 0.0023 0.020
0.18g 0.18¢g-2 0.013 200 0.52 0.0017 0.015
thymol 01823 0.013 200 0.52 0.0017  0.015
0.18g-4 0.029 200 1.16 0.0037 0.033
Mean 0.01825 200 0.73 0.00235 0.02075

“The table was analysed from data of table 14 to determine practical residual thymol in

onions.
o £% Adld WRelAe HEe 3o A% F} 9] HET AFF P4
o £ Aol WRelA A%ste] st 44

o =EFH oo AFH AAo| &
3] 30ppm thymols @3}, 28 3¢

Wzkstel Aoy el ¥ oF }9] ] o]
dolglE BB RS B3 A3 (Table 16)

Gk 1] @ B1% 336~764nge]l AHFFGEE ol it lem’ P 0107 ~ 0.2433g o E
Ak Aolw Wt ojAS i 1T A wEE FrhH 0947 ~ 2152pphe] FEE 4

_78_



stel EAstelaL, Aol Wi-o] FEe A 3ARF § Ha skl =Ed Ao] 0.0248ppm=
ety 30ppmol H==E ElES APstdAnt Fuke] gwlolu Aol e Wi W] A&
o2 ElEo] FAHE Zog AAHJY (Table 17). ElE Aol & FFFS 2 FA
& A B v A dElA bl AHEE ¢ e Ao AdEU.
Table 16. &% Zge|Uo] 7]Ee 30ppme] thymols Alst F <o ove EE Iy
GC-MS 41"
A= 3] #F(ng) B+ HA 3 ¥ (ppm)
15g-1-1 2.719767
15g-1-2 3.42167
3.12721£0.31347 1.56
15g-1-3 3.16229
15g-2-1 4.98889
15g-2-2 3.04826
3.82909%1.02431 1.91
15¢g-2-3 3.45013
15g-3-1 1.73875
15g-3-2 1.76776
1.67472%+0.13665 0.84
15¢g-3-3 1.51781
15g-4-1 3.2477
15g-4-2 3.47919
3.37831%£0.11858 1.69
15g-4-3 3.40803
“S0ppm FE7F HEE HES AEste 3 Ztzy 50 Fate] 995 200mle] ol g ofAlH o] Ef

Q5
gelete] 2% FAske] GC-MSE 439

Table 17. F% ZiHolYl 7153 30ppme] thymols &g & 4y} ou]e] El&E HF=F 34t
ElZo] 5%
T 59 FAA gL o
Ea ug/<|¥
= 2k Q. ol
AL G (ll ) g-o (ml) ug/%kj)r 174 jjg_ud@ pfli
2 /g [e] -‘4’
(cm”)
15g-1 1.56 200 62.4 0.1987 1.758
15g-2 1.91 200 76.4 0.2433 2.152
15
& 15g-3 0.84 200 33.6 0.1070 0.947
thymol
15g-4 1.69 200 67.6 0.2153 1.905
Mean 15 200 60 0.19108 1.6905
A7 & 33X ek HE Vs FEVF AT A= Ha BEE SR TR 447
RHE 57 Z44st7] A Zskdt (Table 18, Fig.14). Standard curveol] A] vFeEbLE= & A&
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o) AEs Aow gzel Ak e,
A7 39 Fol FEAAE NBAL WA e A st ol
SR

Table 18. &% A" oYyl 7153 30ppmY thymolS g3 & Adoly Wi-o g A7+
]

S
= ng ppm
15g-1A] 7+ 0.01545ng 0.0077
15g-2A] 7+ 0.02876ng 0.0144
15g-3A] 3+ 0.04954ng 0.0248
15g-4A] 7+ 0.03859ng 0.0193
15g-5A] 7+ 0.01481ng 0.0074
Eoly WEe 7taEs A7 O ¥ME ooHEE o] &3 tedlar bag ol ¥F s, THHE 7}
2 AE 47 40ml A oEolAHIolE &uf 2mlol A FH HAF olF 2ulE FHetel GC-MS
2 2
0.03
£ 0.025
O
o
W 0.02
Mo
a S5 " =57 1 B85 Eppm
o 001
0 Bl T T T |

15g-1lh  15g-2h 15g-3h  15g-4h  15g-5h

15g Thymol X 2|

Figure 14. 3% ZAd ol 7]+3F 30ppme thymols #g]dk & ZAdHoly Wi g Azt
-

& % ¥4 (arranged from table 18)
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AYE A% Aelgd=: F¢ TEFH 299 5478) ¢ AL A2

°1N i
e

ﬂlz’: rilqi
n N

. H
A
GFutel whsol A7l AR GgS A= MY & 89 T shue ASDBFgIHUS,
Penicillium, Fusarium 2 Botrytis 52 W&t #3302 ZAME U=, vise 4
]

1
2 WS el £3 A7 1% Awel Bagel 24 o dgew we 48 Fa
Ao A7 AE = Gl 2He stFal A8 sl AEloly WRe Ry s e
o ol e BE 7 20-30ppme] HEE HES FEsE A Fute] 9ue) 4
EHEAAG0ppm) FERG WS e FER FHAD AW oA mapt ol S5
oﬂ;}
53], H= 2AE A3 7tE9ste] 7|shste] E5etH wmE S22 Emo] 43kl 2
FHTGo=N A WAl a3yt g gdsdAnt, A=A He aAE A4 7tdst
W 7lstetH A A 2ow Qlste] ElEo] A AAsH JFREE HVIA HY Wil BHE2

ol ket e slow gus
el HEE dued gd S AL £3 A, AsAA £ § A

_>.i

= il

il Xi%OﬂH ﬂﬁlrﬂ: }C’L‘E TAsHA EFTE o Fuke] oy dute] Wl ¥
F7le S gl

upebA ol SA& kst

2E)el Aol v R #
Ol AR e 2EY A
e R I = 7H“"'6}i><}
A o Aol
de skt

209 A7aLe] 160=2] Fdtel HeE E5& 20ppm - = A A2 A gAel =5
g g5 HAFT (Fig. 16, 17, 19, 19). A% 6
A 7070 ) Fatel ARl AdENeH dF= *\:"6‘}71] WAyste] Fukel o]l = Ao
FA7] Alzedn. 2Eu He AY Fube @A 370 Fapnte]l A E AT (Table 19,
Fig. 17). FA2] AGdL 25 A% 671 Fol FF4d9 Ast= =87 daHAqAT H=
A AFEL A 10/ AA o] 58 3¥E Aol =stH AT (Fig. 19).

/\1%—011 gdulE 1 9 ] ¥x8 T (5234}
3

mlm

o
e
1w g
Yy
lo
i
2 o
v
o

Pigure 15. 9% 9 £330 ALE H2 9T AN, 20500 7o
nol HAE AN 2ol 500g HE/L TS GaF & A n=d FEE

watol 209 AeAFe] 4] EFHANE Al + AT (20ppm F

500g ElE/IL ehe £37] 8707k Bad)sa, £d FAHeR @4 Fol/1del o=
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zolA BED Y HAEFRAE HEAS0 e dew ALsel £F §7] B F
Fol AT 5 Qe AAVIER Adeag sgout /18 £E7 U o4 a4 Ag

o] o 2t}

A B

Fig. 16. ¢F 160=2] Ju7t Agso] = 299 (547%) A2 gao] o ehgo] &A1zl
20ppm thymolS &35 fﬂﬂo}t BE. ded
20ppmel FXxel sFsts HES 100% ogE i3]
of #5178 &5 FA & of 300ml-4 Bl &
A A A Aol a3E ALsEITh

1—ﬂ
-
rO
1o
OFG
kf au’
off
el
° &
Y

oko
=
il
Mo
-
ol
ok
R
o
o
ol
2
[@))
>,
)
offl
A
N
X

1 TS 9% AR AR
ZHE 19 F3
t 7F2 13m X Al#13 m X =°] 1.8m = 3m’
203 FH o= P ES 1327] S0l
- 3m’x132 = 402m°
* o] of Xy A W7o 9
D (nr® x h)/2 = (314 x 35° x 12)/2 = 231m°
* 299 A1 F H3
: 316m’+231m*=547m’
« 209 A3 Fzhe] Wi ¥3] 547m’-402m’=145m’
* 293 A7FaLe] 20ppm Hl= A2l &
: 145m’ x 20g = 2.90kg
* DATE A FSA dnk A8 Aok 7]FA] 5k x 68 = 300,000 4

k
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o
i
N
)
off
f
N
N
i
oxl

Egel gty oA sk dAFE FIE V|Fo® 9 o]Foix 10-30ppmell A A
7 5% Ao Hurt AL FFee WHoR ek gaiste] Ao Fae
7k i3t FIE 7]Fo R 3o 10ppml®E EHES 393 &5 A Pstar ;S o] &3 317
T AL Ao Boj7le Aol b FHAG ALd FFEH ElE WAL wiEH = A
ko] A @ ol Ut (oF 197

g R A9 g4 gt 7| A2 vAEA dA 23U UFo] AlEZe] ExEe
gk "Aash B E2ke g g 83 Hed Aot HES VISAI7IH EAgEe] A g
7F A AdElel s w Bk Expgke] Agr HolA A, ElEo] & F3tolA AAEE HIE
AL s AARSE AL EAHor a5 HE FEH(IWrHow Edsle] AA AE
2 A A4S 10~30ppm) 9t B Aozt A £ Jon 7Fe] wEH AT AetE v
AE YERE $ 7] wde] Fzte] Fujo] uidt ElEe] HA THE Ay vz AXlshe
Aol 7ol wxE AT AT A 7 EHE Ve S Aot wekA Fu F
SA el s YR st HEY vE A4t

AAAR A (1 AFA 547E 71F): 20kg Fyb FB000F o] AGH, TS 3L ol
A7 7hs, oF 8000 7heEl °F96% I a7 FAghrkar 7k 8000 x 96%
(Table 5) = 7,680'¢ o]ejelut F-afjol &gk £HS Fol7] flsf nlg] =33
olEH oz 20kg 172 7H4 10,0009 x 76807 =
300,00091(76,500,0009)) .= o]]& Axte 5= glon}
- oy ddAes O ojdd v oo v g o s
20kg 2,000 1A w Fhrhar 7FA S 8000x2000=16,000,00094 <=3l
(1540-66) X 10,000 = 14,740,0009) F-3= 2AH =4
- W& & 3kg> 9F 300,000¢
- Tt AW A= 3 ) AT F 30,000,0009 ]S W

= Zo] 7te%
Table 19. Hl& 59 @4 A &A1 A WA a3
Penicilli RCE
enicillium sp. .
B. aclada F P T g FAgs
- ) and others ) . o
(NN FsFel)  profileratum (F319] 1/224) of w2
GFETFo] &) .
(d 1)
A2 24 11 35 70 1540
20 3
ppm
e sz 1 2 0 (£ 96.7% 66
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A4d A FAE A 05 T5 A7t oo FH 7K
= 9%
1. AE
Ad FZA B At Gkl 4Gl vAE dFo] U ATE wuH Fo] op
AL glov 8% Azd olste FAU 9ex mEi Fdd om g JdrAE 2Ae
7] glske] @vtel Eehricolm B Aol Fo s)BA ARS daom FAd wE) o
A% zASAT

7h A g
o <kt 156704 247 30ppm thymol A 2]} FA 8 F+E5 4TCoA 8F F<F A Asd
Al thymol A& F+¢} FH 279 Futs vuste] ¥ WA a945 174 skl 30ppm 9
thymol 100% ethanol o o] 3} ool ZnF EFA2 A FAHe < =23
of 7} AEgo & 15704 eler Foll o] 4TolA 85 s Attt 85 F9
7F Ay EE GoE MEY sk 70T B

O]—Z

okylo] % Hi-ol= EAW.e Bonaccorsi et. al.] Wl o]3te] F=3ITh v
It A EE F 10gS 100mLe] WMgh2¥} A 4T A 23 27 £vh MeEs 55

)
gee 93 oA A4%Y sk
TollA SLAIA 8mLel 7HgAl vhe %
10mL2 @A Ech FE vl ASEA @ A -20Ce] Bparh

HPLC #4& Agilgent 1100 chromatograph(Agilent, Palo Alto, CA, USA)° A
g8 AGFgA e} 2E AMZ7] DADHE7]IE 360nm= o] &3t a3t} Flavonoids
Lichrospher 100 RP-18 (250mmx4.6mm) column= ©°]&3t11 YA=Z7|= 5um (Merck
KGaA, Darmstadt, Germany) #|3% phenomenex (USA) Cl8-type X% column®|t}.
columne 25CE FA YL olsFoz2E & 7222 0.1% TFA(solvent A)E ©] &3t
i H®E (solvent B)& ol &%t w3 2o ®WsE §& ZRIaHES o]§Ith
B-20%, 0~10%; B-20~80%, 10~15%; B-80~20%, 15~22%. 412 0.8mL min', ¢
S $%3}ste] Hlagkt}. Chromatographic
TE DS o835t ALtEAT

(

53] 10pL. Quercetin flavonols

N
= 1
42 217} B sampled F ¥ MEEIL 3
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o & EetEwolE Y
H] 49 (Chang et al. 2002)& ©]-&3te] & FlavonoidsE ¥&dlth 05mL "W&E +=
% 15mL "WgE3 s, 0.ImL 10% 9steFr5, 01mL 0.IM 2AH2E 1ex
28mL T7FE At E¢Eo]l W3ey] s 3023t F2oAM FAR tE FHE
FAE g

415nmell A Shimadzu UV-1700 spectrophotometerES o] &3] =A3lc). 4
&2 FEF3 #4148 quercetin €95 F% 125 100pg/mlzZ HE T ng Q/g FW.
Z

ol A

BN
)

ek & dw o

% phenolics ¥412 spectrophotometer2} Folin Ciocalteu ¥B] A H (Dalamu et al. 2010)<

oFZE A ste] Abgetlth EEHAL WE) 20-7000ug A A/mL ol A Fu]H gle,

=L

9y} FZELE(100uL)T 29mL FHFZE test tubeo] ¥ i1 I the 05mL 343+ Folin
Ciocaltea Al FS Hal=th AES Fd3 43 15685 WAl 2mL 20% ASUHEFE
FEHS HalE WS TSRS 90 AFLold ®H#E . 790nmeld FREE

LU . 1 O
Shimadzu UV-1700 spectrophotometers ©]-&3lo] ZA3ct BE A= pg GAE/g

FW= 333k},

vl % s g

% phenolics #2412 spectrophotometer®} Folin Ciocalteu H| A% (Dalamu et al. 2010)<&

dato] ALgardth TEFAS W9 20-7000ug 2 A/mL ool A =] ek

O

k7 A4S
vl FEHEE(100uL)T 29mlL FHTE test tubed] ¥ 1 t}e 05mL 3|43 Folin
Ciocaltea Al2FS ettt AMZS AHA3] H 1585 X3t} 2mlL 20% I3t JEH

et

FEHS fgilFrg WMSETSES 907 AedA BE#Sa 790nmelAd  FE =
Shimadzu UV-1700 spectrophotometerE ©]&3to] A3t} & A= png GAE/g

FW= xzdstaith.

=] o =
Al H]—l?jlva I

ko] &atkst 242 Brand-Williams, Cuvelier, Berset (1995)¢ DPPH 4] %S

Aoto] AAlstAT Troloxs 23 o= AMEeF 2y £d &9+ Trolox pmol
o} 553 g AFSHF(umol TE/g FW)o.2 3t} DPPH €995 100mLe WE&= 24mg
°] DPPHS &dfiste] F=Hleta A& wf7bx] -20 CellAd A& b 29 &5 515

nmo A 1.1 £ 0.02 &9 WA FHFE=E A7) Y& W22 DPPH 895 31435}
of Z4 &k A7) 34 @ DPPH €9 950uLE 50ul &9, 5 = AMZ 2553

w3t WMES (11, v / vE A 208 FoF vreAZTh
UV-1700 &3 J=AE A&3te] 515 nmolA 54 stk 32+
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Torlox AFololl A A Aot} =& A¥+= ymol TE/g FW= %83t}

Gy A WHAE 95 30 ppm HES 2

3 4 FES A F quercetm sheks
Mgk A3 A %k 36950 - g | FW, HE AgT7E
z =

3533ug - g FWo = §9

o X Ao

AFol & HolA] Fsktt (Fig. 1). 4dte] +8% F5 38+ Quercetin 3 ¥3tol JFe
u XA & FoR2 AtgE )

Fute] bt A4, F de B F FdR o qEFE HE AY It FAY &
o Hvl&) tha =& FAhks dAd 3 S JERSIY (Fig. 2~5). o]+ EH=o| #AE T
ZE Y v AR IS 7HA L 7] "ol EE A & kst 9o
= o] S7tE AeE AREY. T3tk F e gAY E S S7hE A
o BuE Bk Qo

e A 2 AL T 71E g FH ougt JIFES WA= g2 oz Ay
ATt

500

E O Contraol O Treated

= 400 -

E i

=

= 300 -

g T

] 1

S 200 1

o

=

) T

= 100 - At

3

'|:| —

Q MGy Dely Total

Fig. 1. Effect of thymol treatment on quercetin contents. Q, Quercetin; MGly,
4" —glucoside; Dgly, 3,4 "~ -glucoside. Error bar indicates standard error of

the mean.
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Total Flavonoids (mgQ/g PW)

6,000

Antoxidant (g Trobos /g FUr)

5,000 T
I
4,000
+
3,000
2,000
1,000
Control Thymol

Fig. 2. Effect of thymol treatment on antioxidant activity. Error bar indicates

standard error of the mean.

2,500
2,000 =
I
I
1,500 T
1,000
500
Control Thymol

Fig. 3. Effect of thymol treatment on total flavonoids. Error bar indicates standard

error of the mean.
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6,000

ol
[=]
=]
=2
H4

4,000

3,000 -

2,000

Total phenolic (mgGAEfg FAr)

=
=

[=]
[=]
=]

Control Thymol

Fig. 4. Effect of thymol treatment on total flavonoids. Error bar indicates standard

error of the mean.

rob

e 548 & 499 9 =4S vustr] 7184 3 s #4938 23 Fructose$t
Glucose H|&©] %3l Sucrose "E‘%ﬁol 7HE gdth A el we 74 “’“ﬂ%k 4]
7] %3 Fructose 19.6mg - ¢ ' FW, Glucose 17.3mg - ¢ ' FW, Sucrose 92mg - g ' FW<
el At. Thymol A2 %3+ Fructose 16.9mg -g1 FW, Glucose 16.3mg-g ' FW,
Sucrose 11.2mg - g ' FWo 2 A2 oo} fo2 xo]E no|x O}O}E} (Fig 20). ©]
oF & A= A(2007)0 HlE=AE & 29 gitA Aot vs=d AEds el
AEA R HaE E5H8Y 45 43 A #d AEH 7154 *l"ﬁ:/] Wl = &

44 9% vA Aoz Yzer

01

60
O Control O Thymaol treated
50 -‘V .|_
. |
bf 40 J'
o
£
£ 30
B
-
w
i T
_g 20 I -
3 | B
10 T E\
0
Fructose Glucose Sucrose Total

Fig. 5. Effect of thymol treatment on total soluble sugars. Error bar indicates

standard error of the mean.
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Al 54 AFE BAE AT H= 5 &1 7

N

A
a5 Agnsh Ao AR FETU Pl WD A o] T, BEFE 2

of &ttt 53] 7ter Al A= Botrytisel &3t AT HMAP—U# WHH A Lo A =
Aspergillus7y 2] A ¢kket. 7tet A Fo M= Fusarium (31.7%)0] 744 & veg Hi
HAow 1 S0 Aspergillus (28.6%), Penicillium (175%) 3 Rhizopus (9.5%)°] 1t}
Ao M= Botrytis, (41.1%), Fusarium (27.4%), Penicillium (19.2%), Rhizopus (5.5%)°]
HE= %At (Table 1).

Table 1

Fungal genera isolated from onion bulbs from two origins inecluding a Garak
commercial market. Seoul. and storage houses of the National Agricultural Cooperative

Federation. Muan. Jeonnam province. Korea in 2012

Sample origin Fungal genera Isolate (No.) Frequency of

occurrence (%)

Commercial market Aspergillus 18 28.6
Bonytis - —
Fusarium 20 31.7
Penicillium 11 17.5
Rhizopus 6 9.5
Others 8 137
Total 63 100

Storage house Aspergillus = =
Bonvtis 30 41.1
Fusarium 20 274
Penicillium 14 19.2
Rhizopus 4 5.5
Others 5 6.8
Total 73 100

* ., not detected.

wEE 5 & HFolE FolA ARl wFE Agste] A7 st dnd #ES F
) wAke} ExY] FEE Fdad ow(Fig 1), ITS regione] 9714 E #2418 T3l 5 #F
of WS TASAT 7k FFolo ITS A7IA Y2 neighbor-joining} bootstrap analysis
£ EY & clusteringg st 2™, Kimura two-parameter modelel] 2|3 phylogenetic treeZ
AAsFATE ITS region®] F71A LS NCBIY dz=3st9om, A niger F23 (accession

number = KF263921), B. aclada F23 (KF263922), F. proliferatum F17 (KF263923), P.
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brasilianum F1 (KF263924), R. oryzae (KF263925)¢]t} (Fig. 2).

Fig 1. Morphologies of (A) the Aspergillus sp. F23, (B) Botrytis sp. F15, (C) Fusarium
sp. F17, (D) Penicillium sp. F1, and (E) Rhizopus sp. F21 on potato dextrose agar grown
at 28°C for 7 d; however, Botrytis sp. F15 was grown at 20°C. Abbreviations: ¢ =
conidia, cp = conidiophore, mac = macroconidium, mic = microconidium, ph = phialide, s

= spore, sp = sporangiophore, sr = sporangium, and st = stipe. The scale bar = 50 um.

Aspergillus costaricaensis CBS 1155747 (DQ9Y00602)
Aspergillus eucalypticola CBS 1227127 (EU482439)
Aspergillus vadensis CBS 1133657 (AY585549)
Aspergillus tubigensis CBS 134 48T (AJ223853)
Aspergilius neoniger CBS 1156567 (FJ491682)
Aspergiilus coreanus CBS 1193837 (FJ491684)
Aspergillus piperis CBS 1128117 (DQ900603)
Aspergillus acidus CBS 564 65T (AJ280009)
Aspergillus lacticoffeatus CBS 1018837 (DQ9I00604)
Aspergillus foefidus CBS 114.497 (EF661187)
os|r Aspergillus niger F23 (KF263821)
Aspergillus niger ATCC 168887 (AF138904)
Aspergillus awamori CBS 557 657 (AMOB7614)
Aspergillus brasiliensis CBS 1017407 (AJ280010)
) Aspergillus carbonarius CBS 111.267 (DQ900G05)
Aspergillus selerotioniger CBS 1155727 (DQ900606)
100_'_— Aspergillus ibericus CBS 1215937 (AY656625)
85— Aspergillus sclerotiicarbonarius CBS 1210577 (EU159216)
T Aspergillus ellipticus CBS 707.797 (AJ280014)
£ Aspergillus heteromorphus CBS 117 557 (AJ280013)

A

Botrytis convoluta 9801 (AJ716304)
Botrytis tulipae BT830 (AJ716301)
Botrytis elliptica BEST 14 (AJT16300)
Botryotinia ficariarum CBS 176.637 (AJ716296)
Botrytis squamosa PRI026 (AJ716299)
———— Botrytis paeoniae 0003 (AJ716298)
———— Botiytis polyblastis CBS 287.387 (AJ716291)
Botryotinia pelargonii CBS 497 507 (AJ716290)
a| Botrytis cinerea SASS6 (AJ716294)
Botrytis fabae CBS 109.57 (AJ716303)
Botrytis aclada F15 (KF263922)

54| Botrytis aclada PRIO0G (AJ716295)
Botrytis hyacinthi 0001 (AJ716297)

-

Botrytis sphaerosperma MUCL 21481 (AJT16293)
T Botrytis calthae CBS175.63 (AJ716302)
sal Bofrytis porrf MUCL 32347 (AJ716292)
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Fusarium inflexum CBS 716.74T (U34577)

Fusarium oxysporum {.sp. rhois CBS 220 497 (DQ831898)
Fusarium oxysporum f.sp. cyclaminis CBS 159,577 (DQ452451)
Fusarium circinatum CBS 405.977 (U61677)

| Fusarium concolor CBS 183.34T (UB1679)
100 Fysarium polyphialidicum CBS 961877 (U34580)
Fusarium gutiiforme CBS 409.977 (KC464629)

Fusarium ramigenum CBS 418.977 (U61684)

Fusarium napiforme CBS 748.977 (U34570)

Fusarium pseudonygamai CBS 417 977 (U34563)

Fusarium sacchari var. elongatum CBS 220.76T (UG1676)

Fusarium brevicatenuiatum CBS 404.97T (U61675)

Fusarium redojens CBS 360.87T (X94169)
s4r— Fusarium acutatum CBS 402 977 (AY213653)
Fusarnium annulatum CBS 258.547 (AY213654)
Fusarium dlaminii CBS 175.887 (U34572)
Fusarium concentricum CBS 450.977 (UG1678)
Fusarium proliferatum F17 (KF263923)

Fusarnium proiiferatum CBS 122158 (DQB55730)

10d
Fusarium fujikuroi CBS 221.76T (X94176)
Fusarium proliferatum var. minus CBS 216.767 (U34574)
s Fusarium nygamai CBS 749.97T (U34568)
D Penicillium daleae CBS 211.287 (GU981583)

Penicillum abidfanum CBS 246.677 (GU981582)
_ Penicillium zonatum CBS 992.727 (GU981581)
Penicilium brefeldianum CBS 235.817 (AF033435)
88— penicillium lineolatum CBS 188.77T (GU981579)
2 [ Penicillum ehriichii CBS 324.48T (AF033432)
L Penicilium meloforme CBS 445.747 (GU981605)
———————————— Penicillium brefeidianum CBS 233.817 (GU981615)
Penicilium wotroj CBS 1181717 (GU981591)
Penicillium echinuionalgiovense CBS 328 597 (GU981587)
Penicillium mariaecrucis CBS 271.83T (GU981593)
Penicillum araracuarense CBS 1131497 (GU981597)
78— Penicillium brasifianum CBS 253.557 (GU981577)
aeJ—|_— Penicillium brasilianum F1 (KF263924)
Penicillium skijabinii CBS 439.757 (GU981576)
69 B Fenicillium onobense CBS 174.81 T (GU981575)
" Peniciliium svalbardense CBS 122416 (GU981603)

Rhizopus azygosporus CBS 357.93T (JN206343)
Rhizopus chinensis CBS 631.827 (JN206344)
Rhizopus bovinus CBS 294 317 (KC206522)
Rhizopus chinensis var. liguefaciens CBS 388.347 (JN206354)
Rhizopus pusilius CBS 343 297 (AY243958)
Rhizopus pseudochinensis var. thermosus CBS 394.347 (JN206359)
95 Rhizopus pygmaeus CBS 344.297 (KC206523)
Rhizopus caespitosus CBS 427 877 (DQB41325)
Rhizopus homothallicus CBS 336 627 (DQ641324)
Rhizopus oryzae F21 (KF263925)
Rhizopus oryzae CBS 112.077 (DQB41281)
Rhizopus schipperae CBS 138.957 (DQ119015)
[ Rhizopus sexualis var. americanus CBS 340.627 (HMI99967)
L — Rhizopus sexualis var. sexualis CBS 336.397 (HMI99966)

0.05

Fig 2. Phylogenetic trees constructed by the neighbor—joining method that show the
relationships between isolates (A) F23, (B) F15, (C) F17, (D) F1, and (E) F21 and
other members of the genus (A) Aspergillus, (B) Botrytis, (C) Fusarium, (D)
Penicillium, and (E) Rhizopus, respectively, based on phylogenetic analysis of nuclear
ribosomal ITS1—5.8S—ITS2 region sequences. Bootstrap values of 1000 analyses are
shown at the branching points. The scale bar represents numbers of nucleotide
substitution per 100 (E) or 1000 (A-D) nucleotides of the sequence. The type or

neo—type strain of the species is indicated as “T’or “NT”; accession numbers at GenBank
are shown in parentheses.
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o] 57rF Fol A P. brasilianume v MU o2 B ¥ ekgtom oFul HAFo R A
Bud Aoz AZHAY (Fig. 2).

(¢}

T e 5o WYUAS Hutshr] fske ke outer®t inner surfaced] BMYUT S HES

Aok HE dE=7=2 PDA plugE AHEstsion, H#4E 72+ scratchd A AR&3ES]
ow olE tlxRToAE WAl BEIA XUt A niger F233¥ B. aclada Flot 439
outer®} inner surfaceol| ] Wo] wWo| WA3Y oV F. proliferatum F173 P. brasilianum F1
2 outer surface® T} inner surfaceollA] ©f ®Ho| Z WASATCH R oryzae F212] 74 %o+
outer®} inner surfaceoll ] EF g w2 A o] z HAEATH (Fig. 3, Table 2).

Outer surface Inner surface

Fig 3. Symptoms of diseases on the outer and inner surfaces of the onion bulbs that
were inoculated with (A) Aspergillus niger F23, (B) Botrytis aclada F15, (C) Fusarium
proliferatum F17, (D) Penicillium brasilianum F1, and (E) Rhizopus oryzae F21.The outer
surface of the onion bulbs, which were slightly scratched using sandpaper, or the inner
surfaces of half—cut bulbs, that were inoculated with fungal mycelia grown on potato
dextrose agar (PDA) for 5 d, were incubated at 28°C for 5 d except for the bulbs that
were inoculated on the inner surfaces with B. aclada (20°C; 2 d). PDA plugs (inoculated
control) or scratches alone (non—inoculated control) did not show any disease symptoms.
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Table 2

Lesion diameters of five fungal isolates. Aspergillus niger F23. Bonytis aclada F15.
Fusarium proliferatum F17, Penicillium brasilianmum F1, and Rhizopus oryzae F21 on

outer and inner surfaces of onion bulbs®

Fungal 1solate Lesion diameter (mm)

Outer surface Inner surface
Aspergillus niger F13 973=121a" 9.33+123a
Bonyvtis aclada F15 440=106a 609=192a
Fusarium proliferatum F17 376 £0.74 b 514=1.06a
Penicillium brasilianum F1 3.20£091b 6.14=1.13a
Rhizopus eryzae F21 852+153b 13.67+x0.46a

* Fungal mycelia were moculated on the outer surfaces of onion bulbs by slightly
scratching them with sandpaper and on the inner surfaces of half-cut bulbs in containers
on mesh screens with two layers of wet paper towels. The moculated onion bulbs were
incubated at 28°C for 5 d. except for B. aclada (20°C). Potato dextrose agar (inoculated
control) or scratched alone (non-inoculated control) did not exhibit any symptoms of
disease on the onion bulbs.

® Means = standard errors followed by different letters are sigmficantly different
between the outer and inner surfaces of the omon bulbs according to the least significant

different at P < 0.05. The values are the means of cight replicates.

=2 T

Muksl WAy B aclada®t A. niger?] A7 EEo] = 9&FS HUESH] ¥8Fe] positive

control=

glacial acetic acidE& W]usle] H 7}l glacial acetic acid= 0, 1, 10, 100, 200,

500, 1000ul/Le] F== wjxo] H7tstdom, HES 0, 1, 10, 50, 100, 200pg/mle] == uj

Al &

@ 5 gawel LA Age FEF 79 F w4 QolE SAste] ECS0 value:

ristaoh &=k 3ubd g 3E Hrislr] $ske], E&E3 glacial acetic acidE 0, 10, 100,
200, 500, 1000 pg/ml or pl/Le] FX= I-platee] *&|ste] A AG-E H7EstA Tt (Table 3).

Table 3  ECs values of rwo fungal isolates. Boavins aciada and Aspergiling niger. to Thymel or posttive control (glacial acetic acid) based on relative mycelial
@owth on potato dextrose agar
Application®  Treatmeny/ Experiient 1 Experiment I
Goncentration Baryns aclada Aspergiiins niger Batrytis aclada Aspergillus miger
ECsy ? G504 Faducial limit ECw 8% Fiducial limit ECs 5% Fducial lumir ECs 95% Frducial limit
Lower Upper Lower  Upper Lower Upper Lower  Upper
Amendad Giacial acetic acid 27709 26772 28780 - = 29737 2.8623 4.7862 - = -
Thymeol 1.1918 L0437 13181 16325 10719 10421 1.1480 10476 1. 2400 L7137 03107 24978
Craseous Glactal acetic acid = ¥ * + * * - * = - + *
Thymol 16843 22078 35365 35201 3820 43003 23866 23330 24378 32808 30068 ATIG2

" Thymeol was dissolved in absolute ethanol. and then thymeol solwtion was added to potato dextrose agar (PDA) 5 ml of distilled water with the Thyvmol
solution were treated on a part of F-plates. Conidial suspension (2§l of 10%7 spores'ml 0.03% tween20) were dropped on potato dextrose agar amended
(PDAwath varons concentration of thymol for "mmended application’, or it was dropped on PDA in the other side of I-plates for "gaseous apphication’.

" ECy, values (log Thymo! pg'ml. or log eglacial acetic acid ml/'L) and fiducial linits were determined by probit analysis. Relative mycelia growth of two
fungal 1solares were measwred 7 days after inoculation at 20°C. Two experiments were conducted with three replications each.
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I Ay, Ao AFEA E3E wA o thymol¥} glacial acetic acide E£¢3S Ao B
aclada® ™t EC50- glacial acetic acide A P& o F W A A 27709, 2.9737°] %
oW, A nigere= wAF GAE7F wlv|ste] EC500] AlArE Al &Ekth. Thymole]l 4% B
aclada®) ™3 EC502 1.1928, 1.1490¢]9°o™ A nigerel thalA+= 1.6325, 1.7137% acetic
acidell Hlgte] Aol F wWdde FA AFS FaARG. Aol 93 EC50
glacial acetic acid®] 7o+ A7 s&d W& dAF A W7t F5lshx] Zol EC500]
ZE A &Ztow Thymold 7S B. aclada®l 74-%-° 2.6843, 2.3866°] 1 1L, A. nigerol] U
A= 35201, 3.25952] EC50 = YERW T ThymolS ®iAo 2H £35S wol H| s}
slutE wo] gyt e o AzteEn (Table 3).

Bl Z o] AL Aol tigh Al @] o o5 Wvrol xA FAATFI EA] ol

A= JFg= FristAdrt o] E $8lA ECS0 value 37 wel 543 et Xz WHo=
AFstaon, 225 FE3 F dAnF AFS Tl AFH HoteS Hrbeth 1 A,
of &£3%+3 7% glacial acetic acid: B. acladad) thsiA F el 23 oA 5OOL11/L°] o
Lol A FAFo] asdom, A nigerol WA 1000pl/Lol A EAEA oA &
A 2% A HTable 4). W E|2S B acladay= F W A A FEZA 22 10ug/mlo]
oA, A nigere WO ARolARE 50ug/ml FEolA EA} ‘_%’ deFo] FHAskqith
B. aclada®l~] Glacial acetic acid 1000 pl/L3} F+ Bt A4 thymol 100, 200ug/mlol A= H
At TAE AAeA] @obd WIS FrF Uk vk Sl dHE AgE Aol
glacial acetic acid¥ B. aclada®] thalA dhH ol 23 o At IOOOul/Li‘: | A 22 JAdS 7
A2AF o™, thymol®] -9 200ug/ml ©]4e] sZeA F AFPA BF A IS T4
Al AT, 28} glacial acetic acid®} thymole =5 3| oz A& 9o A nigerd *
A G FE FFAATIA] Sl (Table 4).
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Table 4

Effects of amended or gaseous applications of various concentration of Thymel® or positive

conirol (glacial acetic acid) on sporulation of two fungal isolates. Bormyris aclada and Aspergilins

niger
Application  Treatment/Concentration  Sporulation [log (sporesicmy” +1)]”
Bomyvns aclada Aspergillus niger
Experiment 1 Experiment 2 Experiment 1  Experiment 2
Aanended Glacial acenic acid
0 5.0920.03 b° 4.4920.18 ab 504£004a 59120020
1 543004 a 4.30=0.37 be 5.86=0.02 a 5.98=0.08 ab
10 5.20=0.02 b 4.690.02 a 5932002 a 6.05=0.00a
100 £ 2520.03 ab 4.250.18 be Z87=0.07a 6.04£0.02 a
200 4.3120.17 ¢ 4.33=0.14 be 5052007 a 5.9220.06 b
500 4.36=0.24 ¢ 4.10+0.12 ¢ 5.02+0.07 a 587006 b
1000 = . 5.46=0.11 b 5, 52+0.03 ¢
Thvinal
1] 526007 a 4.47=0.13 a 6.12=0.01 a 587=003a
1 5.06=0.163 4.38=0.26 ab 6.03£0.03 a 5922005 a
10 4.57£0.15 b 3.4320.85 be 581001 a £93z0.04a
50 +4.25+0.21 ¢ 2.87+0.05 ¢ 490038 b £91£0.01 a
100 - - - -
200 - - - -
Ciaseous CGilacial acetic acid
0 2AT=0.06 b 4.64=0.15 ab 608003 a 6.15=0.01 ¢
10 5.83x002a 4.80=0.05a 6.0520.04 a 6.2020.02 ab
100 5.53=0.10b 4.7320.11 ab 5.06=0.16 a 6.2220.02 a
200 £.35:0.01 ¢ 4.67=0.05 ab 6.01=0.03 a 6.1920.03 b
200 5.58+0.06 b 4592013 b 5.985£0.03 a 6.17=0.03 be
1000 5.24:0.12 ¢ 4.62=0.046 ab 6.04=0.05 a 6. 182002 be
Thymol
0 549008 a 4.71=005a 6.04=0.02 a 6.19=0.02 a
10 521x009a 4. 740,00 a 2097=0.11 a 6.220.02 a
100 4.54£0.23 be 4.68=0.05a 5.05:0.16 a 6.2320.02 a
200 4.6740.24 be 3072055 b 597005 a 6.21=0.02a
500 4.74+0.06 b 3402047 be 600010 a 6.18=0.05a
1000 4.41+0.01 ¢ 3.11+0.01 ¢ 6.01=0.07 a 6.2020.03 a
Sp-.:rmlalmn [log (spores/cm” +1)] was measured at 7 days after inoculation of comidial suspension
(2pl of 10%7 spores/ml 0.03% tween20) on PDA amended with thymol solution for ‘amended
application’: PDA in a part of I-plates while thymol solution on the other side of I-plates for 'gaseouns

application’ at 20°C.

* Value represent means + standard deviation of three replications each experiment. The same letters
are not significantly different (P < 0.05) according to the least significant difference (LSD) test after

log ransformation.

ZAF dobg o] A9, wjAe] &3
He] Aol A 500ul/Lo]
VLo A Hrols& o A A
ol e Fxo|A WolgS TAAAAT A nigere]
d FEHI= Mg Aol glacial acetic acid&= B.
AN A B om A npigerd Wolgol: JIFS

of thsfA 1000ug/ml,

iﬁ o>

L/K

R
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aclada®)

-l glacial acetic acid= B. aclada®l
FEoA ¥} HlolsS
WV Bl 52 B oacladats
Ea

ol gl =

FA] ¢kttt thymol 7

o 3 A

o A nigerel WaA 200u
T oo AEA FEHOZ 10ug/ml

FEFE T %

Lok}, w3

A ddsA EAF Holg S
4%+ B. aclada
A. nigerel HaA 200pg/ml o] Aol A Holg&S A A ATt (Table 5).



Table 5 Genuination of two fuingi. Bomtis aclade and Aspergillus niger on potato dextrose agar

7}

amended with various concentration of positive control and Thymol

Applicanon

Treatment Concentraton

Crermination”

Botryiis acladn Asporgilins niger
Experiment 1 Experiment 2 Experiment 1 Experiment 2
Amendead Glacial acenc acid
0 6572110 a° 61.49.1 a 66.74200b 531z1l.0a
1 34.345.1 be G8.3£7.8a T 7158 47.529 0 ab
10 46.5:7.8 b G3.9+6.6 4 A3zS50c 458.7+6.7 ab
100 16.5£2.1 od TO.4+£2.4 a 40.7+1.2 ¢ 42.2£2.9 ab
200 19.322.1 d G5.9x3.8a 40306 ¢ 40.9:12.9 b
00 10.T+0.6 d 40 3+10.8 b 258.3+0.0 d 36752 b
1000 - - 11.0+1.4 ¢ +4.1=10.7 ab
Thymol
0 G6E.0x26a Tl.5x7.3a 63.0=4.6a 45,3227 a
1 S6.7+4.2 b G2 0xida 58.3=20a 52774 a
10 16.3:3.2 ¢ 52.9:7.7 0 65.7x6.00 51.5=5.5a
&0 4.3=1.24 233430 64.725.5a 50.5=8.2a
100 - - - -
200 - - - -
Craseois Glacial acenc acid

i 66.3+£8.7a T1.7=8.5a f466.2a 62421042
10 30, 7=10.7 be TE0=53n 54048 55 50.01=10.1 a
00 46.5+2.1 b 677225 a4 E50=50a 550117 a
200 3741504 Tl.O0z3.6a 51.3z45a 54.0=1.5a
S00 23.3:2.9 de T2.3=7 52 55822 6a 5l0=l3a
1000 15306 ¢ T2 TG4 a 5709z1.6a 57.1=13.5a
Thymol
0 9. T=lla 64.8=56 0 To0x1.04 0. 1=10.7
10 350596 be 54.1254a 64,0253 ab 75326, 5ab
100 45.7£5.1 b 53.3x3.10 63,3z6.1 ab 5852180 b
200 32.0+20¢ 55.2x73a S8.0+2.0 0 IB.5=25¢
SO0 3p 3274 e 56.2+1.69 62.0+2.0 v 269808 ¢
1000 20,5407 o 26.527.0 b 64.7x5.5 ab A5l

* Germination (%s) was evaluated ar 24 hours for Bonatis aclada and 36 hours Aspergtllus niger after
moculation at 20T,

* Value represent means + standard deviation of three replications each experiment. The same letters
are not sigmficantly different (P < 0.05) according to the least significant difference (LSD) test after

arcsine transfonmation.

3], A. nigerol] <
of o] A3
A7

gz}g ATt (Table 6).

aclada®] tste] ElE 500ng/mie]
HA HAF Fol At adRyg FosiA ¥
B3 gy o3te] B acladad ¢33 H&
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Table &

Disease symptom caused by Aspergillus niger and Botvtis aclada on mmer section of onion Pre or Post-treated

with various concentrations of positive control and Thymol

Treatment®

Disease symptom (mm)’

Asperaillus niger

Bonviis aclada

Pre-treatment

Post-treatment

Pre-treatment

Post-treatment

Glacial acetic acid (nL/L)

0 11.38=1.87a 1139£242A 228+1.00a 413£099A
500 8§30+£1.06ab  11.07x0.69A 0.68=054D 269+1.15AB
1000 521=083¢ 11.01 = 1.73 / 1.56 =0.82 ab 1.75=035B
2000 7.21£0.76 be 946=026A 0.25=043D 1.69=0.79B
Thymol (ug/ml)

0 11.08=1.13a 1042=1.01A 3i54=1.12a 304=182AB
500 9.50+0.71 a 11.03=076 A 0.08=0.14b 538£2.29A
1000 4340690 1083 =146 A 0.04=008b 0.11=0.19B
2000 4950480 11.59=0.59 A - 054=041B
Fluzianamipl/L)

400 259+£0.57 §95+1.14 013+022 -

* Inoculation on inner section of onion sprayed with ¢ach concentration of positive control (glacial acetic acid)
and thymol at 28°C for A.niger and 20C for B.aclada. Pre-treatment was sprayed 24 h before inoculation and
Post-treatment was sprayed 24 h after inoculation. Concentration of fluzianam is commercially recommended.

® Disease symptom was measured at 7 days after 4. niger inoculation and 10 days afier B. aclada inoculation.

¢ Value represent means = standard deviation of 3 replicates. The same letters are not significantly different
(P<0.05) according to the least significant difference (LSD) test.

“Non-inoculation has no lesion.

- means 1o lesion

St A Bzl 9% g3t A AA ZAE Bty 9t Futel vy vk
thymol®} t %7 glacial acetic acidE =X # o3t o, A& FoFel fluzianam=
AHESEATE Aol o e 9 X]Eﬁﬂra Hrtel7] skl WAHE 2473 A 2
= Yulo] A~xo] F 5 % A niger= 79, B. aclada= 10¥ &<t Z+
oF 2050l A Hj g ‘%‘78 Aol & 337}3}913}. B HE Aol 7 Zﬁﬂl:ﬁe Eau
A5l A nigerl 23 WAL Thymol 1000pl/Lo]e] Fxol Al HA3stR oW (Table 7), B.
aclada® 74-F-°l+= 500ug/mlol’de] FrolA @A kA H ol 7&&:5}91‘4. Bdd HE Foll A
g Afdde 7 Hde gig ¥ FAsdE gtk dx2TE AR S 485 oF fluzianam
- YT HF A 22 T AHEsde W BT o ez ¥S AAAZY (Table
8).

L
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Table 7

Disease symptom caused by Aspergillus niger on inner section of omion Pre or Post-treated with various controls

and Thymol
Treatment® Disease symptoni (mm)”®

Pre-treatment Post-treatment F Value Pr>F
Distilled water 11.38 £ 1.87 11.39+£242 0.00 0.9957
0.5% EtOH solvent 11.08=1.13 10.42=1.01 0.58 0.4881
Fluzianam (400ulL) 259057 8.95=1.14 74.78 0.0010"
Glacial acetic acid(500 pL/L) 8.50=1.06 11.07 £ 0.69 4.30 0.1298
Glacial acetic acid(1000 pL'L) 521083 11.01 £1.73 26.44 0.0068"
Glacial acetic acid(2000 uL/L) 7.21£0.76 9.46=0.26 25.39 0.0151°
Thymol(500 pg/mi) 950071 11.03=0.76 493 0.1131
Thymol(1000 pg/ml) 434+0.69 10.83 = 1.46 48.30 0.0023"
Thymol(2000 pg/ml) 495048 11.59 = 0.59 197.3 0.0008"

* Inoculation on mner section of onton sprayed with each concentration of control (distilled water. glacial acetic
acid, 0.5% EtOH and fluzianam) and thymol at 28°C for 4.niger. Pre-treatment was sprayed 24h before
inoculation and post-treatment was spraved 24h after moculation

® Disease symptom was measured at 7 days after inoculation.

“Non-inoculation has no lesion.

"and” indicate a significant (P < 0.05 and P < 0.01) difference between pre-treatment and post treatment at the
tested mycelial growth by least significant difference (LSD) test. Values are means of 3 replicates.

Table 8

Disease symptom caused by Bonviis aclada on inner section of onion Pre or Post-treated with various controls

and Thymol
Treatment Disease symptom (mm)°

Pre-treatment Post-treatment F Value Pr>F
Distilled water 2.28+1.01 4.13=0.99 5.14 0.0859
0.5% EtOH solvent 354+1.12 3.04=182 0.11 0.7724
Fluzianam (400ul/L) 013022 - 1.00 0.3739
Glacial acetic acid(500 uL/L) 0.68 £0.54 2.69+1.15 7.63 0.0700
Glacial acetic acid(1000 pL/L) 1.56 =0.82 1.75+0.35 0.09 0.7823
Glacial acetic acid(2000 ul/L) 0.25 043 1.69 =0.79 7.45 0.0720
Thymol(500 pg/ml) 0.08+0.14 538229 15.97 0.0162"
Thymol(1000 pg/mli) 0.04 =0.08 0.11+0.19 0.32 0.6029
Thymol(2000 pg/mi) - 0.54 =041 6.24 0.0878

* Inoculation on inner section of onion sprayed with each concentration of control (distilled water. glacial acetic
acid. 0.5% EtOH and fluzianam) and thymwol at 20C for B.aclada. Pre-treatment was sprayed 24h before
inoculation and post-treatment was sprayed 24h after inoculation

® Disease symptom was measured at 10 days after inoculation.

“Non-inoculation has no lesion.

“and” indicate a significant (P < 0.05 and P < 0.01) difference between pre-treatment and post treatment at the
tested mycelial growth by least significant difference (LSD) test. Values are means of 3 replicates.

- means no lesion
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