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SUMMARY

I. Title

Development of Production and Distribution Technology for High Quality Seed
Sprouts

II. Objectives and Importance of the Project

The seed sprouts, as one of the well-being health foods, are needed to be improved in
their microbiological quality from the food safety point of view. Accordingly, the
systematic studies on non-thermal microbial decontaminations, effective packaging, and
technical feasibility will result in the high-quality production and distribution of seed
sprouts in the market. This work was intended to analyze the existing microbial hazards
in both production plants and marketing commodities for developing the decontamination
methods. At the same time, infra-structural platforms for the practical implementations of
technologies to be used for the sanitary production and distribution of high-quality seed

sprouts were pre-established.

IIl. Contents and Scope of the Project

Section 1. Development of E-Beam Sterilization Technology for High Quality
Seed Sprouts

To develop a sterilization technology of non-thermal or non-chemical properties, the
existing microbial hazards in both production plants and marketing commodities were first
analyzed. And then electron beam that can be controlled by the electric on/off was
applied along with gamma ray (a comparative group) for such investigations as
energy treatment effects on microbial (patogens) sensitivity and sterilization in
commercial sprouts or seeds. In addition, the germination properties of irradiated

seeds and quality aspects from the microbiological, physicochemical and sensory



points of view of seed sprouts during post-germination storage periods were
evaluated in order to establish an optimal sterilization condition, which will be
combined with improved packaging and HACCP plan for the production and
distribution of high-quality seed sprouts.

a. Evaluation of general and pathogenic microorganisms contaminated in commercial
seeds and seeds sprouts

b. Determination of E-beam sensitivity of pathogens contaminating sprout seeds

c. Determination of E-beam sensitivity of pathogens contaminating seed sprouts

d. Quality aspects of sprouts germinated from E-beam treated seeds

e. Microbiological, physicochemical and sensory qualities of sprouts as affected by
E-beam treatment

f. Establishment of E-beam sterilization conditions for seed sprouts and its economic

feasibility analysis

Section 2. Microbial Safety Analysis and Development of HACCP Plan for
Seed Sprouts

To ensure microbial safety and prevent sprout-associated illnesses, microbial quality
of the step-by-step process in seed sprouting was analyzed. Their comparative effects
in decontaminating seeds and sprouts were also evaluated by treatment of
disinfectants on APC and L. monocytogenes inoculated in red radish sprouts.
Development of GMP and HACCP plan in order to apply at production area was

conducted.

a. Microbiological analysis of step-by-step process in sprouts production

b. Decontamination effects of seeds with disinfected treatments and soaking water
c. Decontamination of sprouts on irrigation water during sprouting

d. Decontamination effects of sprouts on disinfected treatments

e. Development of GMP and HACCP plan in order to ensure microbial

safety



Section 3. Selection of Optimal Packaging Material and Determination of

Expiration Date for High Quality Seed Sprouts

The PET, which is the packaging material used for seed sprouts, showed many
problems such as high chances of contamination and weight loss of the commercial
products packaging. Thus, the objective of this study was to select an optimal
packaging material for seed sprouts. The sprouts packaged with the selected optimal
packaging materials were compared to sprouts packaged with conventional PET and

the expiration date of the distributing products was determined.

a. The effect of different packaging materials on the physical quality of sprouts

b. The effect of different packaging materials on the chemical quality of sprouts

c. The effect of different packaging materials on the microbiological quality of
sprouts

c. The effect of different packaging materials on the organoleptic quality of
sprouts

d. Change in the weight loss of sprouts using selected optical packaging material
and E-beam treatment

e. The quality evaluation of sprouts packaged in selected optical packaging

material combined with E-beam treatment and shelf-life prediction

Section 4. Development and Application of E-Beam Sterilization Process for

Seed Sprouts

In order to develop the sterilization technology for high-quality seed sprouts,
commercial sprouts and their seeds were carried out sterilization test by appling
e-beam. The sterilization condition was set up by evaluating a beam current, beam
output and beam uniformity for irradiation treatment with E-Beam, and by estimating
physiological characteristic and sprouting, microbiology, physico-chemical and a

sensual quality.



a. Setting up beam current, beam output and beam uniformity

b. Characteristic understanding of dose distribution chart in E-Beam irradiation
along with irradiation patterns

c. E-Beam treatment process development for seeds and sprouts, and
optimizing sterilization conditions

d. Establishing manuals for a quality management and guarantee of seed sprouts

e. Economic feasibility analysis on E-beam sterilization of seeds sprouts

IV. Results of the Project

Section 1. Development of E-Beam Sterilization Technology for High Quality
Seed Sprouts

1) In order to determine the e-beam sterilization effect on pathogens potentially
contaminating seeds or its sprouts, commercial sprouts (16 kinds from 10 companies)
and their seeds (7 kinds frpm 5 companies) were tested for their contamination by 5
pathogens(Escherichia coli O157:H7, Salmonella, Listeria, Bacillus cereus, Coliforms), thereby
resulting in observing Listeria positive in such sprouts as broccoli, red radish and

alfalfa.

2) Broccoli and red radish were selected as model samples in seeds and sprouts,
which were found positive of Listeria monocytogenes, were used as a medium for the
irradiation (e-beam and gamma-rays) sensitivity studies on 4 species of pathogens
(Escherichia coli O157:H7, Salmonella, Listeria, Bacillus cereus) by determining Do value
(decimal reduction dose) and 5 D value(5 log cycle reduction], from which it was
found that e-beam has a similar sterilizing effect to gamma rays on the above bacteria

and a dose of 1 to 3 kGy was enough to control their contamination in sprouts.

3) The populations of total bacteria and coliforms in most-consumed commercial
seed sprouts (55 items in 16 kinds) were 7-8 log CFU/g and 4-8 log CFU/g,
respectively, and those of commercial seeds (7 kinds from 5 companies) were 1-5 log

CFU/g and < 3 log CFU/g, respectively, which were varied with their kinds and



companies' origins. The e-beam irradiation 1t 1 to 3 kGy was enough to reduce the
microbial loads by 2 to 5 log cycles, which was similar sterilizing effects to gamma

irradiation.

4) The microbial growth in irradiated seeds at 1 to 3 kGy, such as radish, red
cabbage, broccoli, red radish, etc., were analyzed during germination period. At the
1st day of germination, the bacterial loads were 2-5 log CFU/g in non-treated control
bu 1-4 log CFU/g in irradiated samples. However, the loads rapidly increased in both
non-irradiated and irradiated groups, reaching similarly 7-8 log CFU/g at 5th day of
germination, which is mainly due to the cultivation environments. Meantime, coliforms
were negative to 3 log CFU/g in most sprout seeds, but at 5th day they increased
upto 5 log CFU/g in non-irradiated control and 1 to 4 log CFU/g in irradiated ones,

respectively.

5) The initial germination rate of most seeds were more than 95% and did not
significantly change upto 5 kGy in red radish and 2 kGy in broccoli, respectively. In
case of radish and cabbage seeds, however, it reduced by about 90% upon 1 kGy.
Electron beam was less detrimental to seed viability than gamma rays, which resulted
in a gradual decrease in moisture, yield and length of sprouts but not apparent at

doses of 1 to 3 kGy.

6) Germinating the seeds led to an increase in the contents of functional componts,
such as ascorbic acid, carotenoid, chlorophyll, total phenolics and sulforaphane but to
a decrease in glucoraphenin content. These changes in chemical properties during
germination were modulated by E-beam irradiation, which was supposed resulting

from the retardation of sprout growth in irradiated seeds.

7) E-beam irradiation at 1 to 3 kGy enabled commercial packaged sprouts to be
improved their microbiological quality by reducing the loads of total aerobic bacteria
and coliforms from 5-6 and 4-5 log CFU/g to the extent of 2-4 log cycles, thus
maintaining the hygienic quality upto 3 days or longer of storage at 6+2C. The
sensory evaluation by 5 hedonic scaling on color, odor, texture and overall acceptance
of irradiated sprouts at 1-5 kGy did not show any apparent differences from the
control, indicating 3 point (fair) until 5 days of storage under commercial packaging

conditions.



8) For establishing the distribution methods for high-quality seed sprouts, the
E-beam was applied to the optimized packaging material (OPP, oriented
polypropylene) to verify their suitability for two model commercial sprouts samples
(radish, clover). The results proved that the combination treatment of OPP packaging
and E-beam irradiation at around 2 kGy could provide the sprouts with improvement
of the microbiological quality and with the extension of shelf-life as compared to the

conventional packaging.

Section 2. Microbial Safety Analysis and Development of HACCP Plan for
Seed Sprouts

1) For sprouts grown, the APC and coliform count increased rapidly during the
sprouting process regardless of use of commercial sanitizer, and presence of the

pathogenic L. monocytogenes in non sanitizer.

2) We recommends decontamination of seeds with one or more treatments (soaking
in a 20,000 ppm calcium hypochlorite for 15 minutes) that have been approved for
reduction of pathogens in seeds by US FDA and heat treatment (soaking 70C hot

water for 1 min). And germination after each treatment was not greatly decreased.

3) This study demonstrated that the use of acidic and alkalic electrolyzed water as
disinfectant during sprouting could be an effective intervention strategy against the
pathogens contamination of sprouts. Especially, acidic electrolyzed water of HCIO 100

ppm, above pH 3 was the most effective.

4) After seed sanitation and decontamination during sprouting, chemical treatments
(soaking in 100 ppm sodium hypochlorite for 5 minutes or 80% ethanol for 30
minutes, and washing by electrolyzed water above three times) at washing step were
considered to effect in comparison to the safety standards of some foreign countries.
Therefore, combination treatments may be needed to eliminate the pathogens in all

processing step of seed sprouting.



5) The implementation of decontamination of seeds (CCP 1) by soaking in a 20,000
ppm calcium hypochlorite for 15 minutes or 70C hot water for 1 min and irrigation
(CCP 2) and washing by electrolyzed water during sprouting were verified in
comparison to the safety standards of some foreign countries. According to this
results, this research determined to implement Good Manufacturing Practices (GMP)
during sprout production, and to develop Hazard Analysis and Critical Control Point
(HACCP) plan in order to ensure microbial safety and prevent sprout-associated
illnesses as effective intervention strategy against the pathogen contamination during

seed sprouting.

Section 3. Selection of Optimal Packaging Material and Determination of

Expiration Date for High Quality Seed Sprouts

1) The headspace gas evaluation showed that O, gas became low and CO, gas
became high in sprouts packaged with 2 kinds of PET with 6 holes and without hole
and 3 kinds of anti-fogging OPP with different oxygen transmission rate in order to
have high oxygen transmission rate. The weight loss rate of sprout in PET with 6
holes was 19.7%, which is the maximum weight loss rate, while other packaging
materials had about 1% weight loss. The sample with low oxygen transmission rate
showed an increased in b value, thus had more yellow color. In addition this sample

was also observed to have an off-odor.

2) The soluble solid contents tended to increase during storage, but the not much
increase was observed in sprout packaged with low oxygen transmission rate
materials. The pH of the sample packaged with 5 kinds of materials increased during

storage, but the pH decreased in samples with high oxygen transmission rate.

3) Total aerobic bacteria counts in all samples was high during storage, but total
aerobic bacteria of sprout packaged with low oxygen transmission rate was higher

than others.

4) The result of organoleptic qualities showed that the sprouts packaged with
PET(no hole) and anti-fogging OPP, with low oxygen transmission rate, were generally

low in yellowness of root, a weak sprout smell and strong off odor, while PET with



6 holes and anti-fogging OPP, with high oxygen transmission rate, were high in
yellowness of root, and had a strong sprout smell. The sprouts packaged with
anti-fogging OPP, which has middle oxygen transmission rate, had a good score in

terms of overall acceptability until 7 days of storage.

5) The sprout packaged with PET had 0.0~1.84% weight loss rate at 4C, and
28.07% at 20C, which is the maximum weight loss rate, while the sprout packaged
with anti-fogging OPP, which selected as optimal packaging material for hight-quality
sprout, had 0.00~1.08% weight loss rate.

6) Total aerobic bacteria and coliform bacteria counts in the sprout were higher
especially at higher storage temperature. The sprouts treated with e-beam of more
than 2 kGy showed that the total coliform bacteria was sterilized, but at 20C total
coliform bacteria was 4.43 log CFU/g. Total coliform bacteria count of the spout
packaged with anti-fogging OPP was almost the same as compared to the sprout

packaged with PET.

Section 4. Development and Application of E-Beam Sterilization Process for

Seeds and Seed Sprouts

1) In order to estimate eligibility for facility, middle-energy E-Beam accelerator was
frequently measured and managed a dose distribution chart and dose classify by
packages of seed sprouts was measured. The absorbed dose irradiated to sprout
vegetable was dealt with ranges of low dose and changed sensitively for variation of

package materials or quantity of spouts filled

2) In case of seeds and sprouts, A available penetration depth was confirmed to
penetrate sample material fully that was irradiated by condition 2.5 MeV and 59 mm

depth, and E-beam uniformity by types was measured 1.07-1.26.

3) The verification result of a dose distribution chart classify by sort of sprout
vegetable packages was found out agreements of theoretical relation for depth and dose

of E-beam. and operation conditions for E-Beam irradiation facilities were determined by



density and thickness of irradiating materials

4) The temperature effect by irradiating E-Beam was not different before and after of
irradiating at 1-10 kGy absorbed dose.

5) The economic feasibility was analyzed on E-beam sterilization of seeds sprouts.
The E-beam facilities was found too expensive to be installed at sprout factories.
However, the irradiation service by the irradiation company would be reasonable for
treating the commercial sprouts commodities based upon the costs consisting of
transportation fee (150,000 won/ton) and irradiation cost (230,000-320,000 won/ton),
which will be 2.7-29% of the market prices of the corresponding sprouts (average

10,000,000 won).

6) The quality assurance and quality control in E-beam irradiation service facilities

were pre-established for seed sprouts along with progress manuals.

V. Result Achievements and Their Application Plans

Some commercial seed sprouts like broccoli, red radish and alfalfa were found to
be contaminated with Listeria species. The electron beam Do value and 5 D value for
critical pathogens, such as Escherichia coli O157:H7, Salmonella, Listeria and Bacillus
cereus, on the media of Brocolli and red radish samples in both seeds and sprouts
were similar in its sterilizing effect to gamma ray and a dose level of 1 to 3 kGy
was enough to control microbial contaminations in seed sprouts by reducing their
loads upto 2 to 5 log cycles with negligible changes in physiological and quality
properties. The above results based upon the scientific and technical achievements on
the optimized electron beam processes can be applied for a commercial purpose
through establishing the corresponding legislations and regulations in the near future,
and in case of which the irradiation service would be economically feasible as

compared to the construction of beam facility at the sprout production plant.



On the other hand, the improved packaging (oriented polypropylene, OPP) was
selected as a material showing the effect of extending shelf-life, protecting foreign
matter and microbial contamination, and by which the expiration date of stored seed
sprouts was determined along with or without e-beam irradiation for pre-establishing
platforms in the practical implementation of sprout irradiation. The evaluation data on
the existing microbial hazards in the current production steps of seed sprouts can be
practically used together with the proposed GMP manuals and HACCP guidelines for
the sanitary production and distribution of high quality sprouts by the participating

industries and others through the technical education and guides.
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(h) HZZZ (Coliforms)
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A4 skt

(2 BE8 A&

(7hH BLARNZF 0157 : H7 (Escherichia coli 0157 : H7)
AA 10 g= FH3sked 90 mLe] mEC(modofoed E. coli) ¥j <ol novobiocinfs 3 7}gk
5 35CollA 24413t Savlgstitt. o] #o] mEc wiA|elA wifE TUdH=E EMB Hi
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J
i

=

iy & S S g9lskal KIA, indole, oxidase test?} 2> As}et AIHAS 4
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A8kl o™ 1 % API(analytical profile index) 20E kitE ©]&3}o] E coli O157:H7S <

(W) A=Rda} (Sahmonella sp.)
AA 10 g& Fsted 90 mLo] Htd =l 7k $ 35C 18AI1F St vl st
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2417w deh wE HF O A2 S He dRdde FAHE o2 REd
o =
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(th B2 Hl &) ok (Listeria monocytogenes)
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30CelA 24A12F vikatdleh. S MdFd o5 gl 2H ol deul*](Listeria selective
agar)oll &3 T 30CelA 2447 wjFst), A4 F2he] ListeriaZ FA = wd+f
TE EEduiAlo] HFd & wjdE #& o]&ste] gram staining, B-haemolysis,
catalse, motility testS AA5t31 ot API g=E|gjo} 7|EE o] &3lo] FRAANFHS HA

shlet.

(EH v E 2 A #$-2(Bacillus cereus)

AA 10 g& Fstel 90 mL ¢1beks 3| oo it stk Hels 10% egg
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ol A 24413 vlFsitE Mg § £EE $e zhe £ JEs Aol BE )
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5. (LA AEY A A4 24
R EEE
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e 2A17F B9 AxRA I
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Nordion International Co. Ltd., Ottawa, Canada)< 717} o] &3} 0.25-3 kGy W 9e] A
Fom AT o] Wl FaAdsFe] #l2 ceric/cerous dosimeter (Harwell, UK)<}
CTA dosimeter& /\}%5‘}3?\14.

@B) FBE A7EH 2 AFAE 53

ARkA <, dlg<tat 2 WYX A= (Escherichia coli 0157 : H7, Salmonella sp., Listeria
monocytogenes, Bacillus cereus)ll et 744 SAHLE 11129 (HLA)PAAE AL
I FdsHA A 2l 2AME A v E A avs log CFU/go 2 UEHY
Aar, 7t WA AES] 74432 Dip-value (Decimal reduction dose)?} 5 D value (5

log reduction dose)= WEFU A TH(24).

4 BOAE A4 2 A 24

7k AE AR
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1) Lol & 53

T2k Wolg2 9
kGy) H=Z Fslo] vige] Ax & 7F
27104 72-96417F v

o] u) yohiz Ho] £ e o]

7]’ 01 cm O])b]'?_]_ )\% =



gt skl AR 1 g& oA E vigol 7t
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(1) Ascorbic acid ¥F ¥4

ol 4 9] ascorbic acid & 42 A.OA.CHQ26)S AF&sI3lth Tobfa 5 g&
#3te] 10 mL metaphosphoric acid(MPA)E 7}ate] #2118 § Whatman filter No. 412
o #Hskar Al 50 mLe] MPAS 7hated 3] B o 2h5 WSSty of & 100 mL ¥~

Fet2=To] MPAR fill up AIX1 ¥ o} 10 mLE #3+o] dichloroindophenol dye solution®
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(2) Carotenoid/ Chlorophyll &% #4]

Wrolgl 2| 2429] carotenoid/chlorophyll 3% #41> Fan¥} Thayer(27)°1 ot Hhy o
2 AU HobAf4 5 g& 20 mL AFE obAlES Hol £ - E4 F AS o
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(3) Total phenol &% &4
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5 FZE 2 mLel phenol A% 2 mLs E33ste] A2olA 333 AAE FH 10%
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(4) Sulforaphane &% ¥4

B2zl 9@ AHgulS ol A9l sulforaphane A2 Liang 5(30)2] WHS o
eatel SARA AR 5 g FAE F ATREEE FE A2 3083 BA A
H AR5 goﬂ 50 mL methylene chloride®} 2.5 g anhydrous sodium sulfate= do] &3} o
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Table 1.1. Microbiological count of commercial fresh sprouts from different
companies in Korea

Type of Sprout Total plate count Coliform count Pathogen
(No. of companies) (CFU/g)l) (CFU/g)l) (No. of samples)
Alfalfa (6) 63 x 10 — 9.1 x 10°  7.4x 10° — 2.4 x 10° L. monocyto-

genes (1)
Brassica (2) 47 x 100 - 72x 100 19 x 10" - 2.1 x 10 -
L. -
Broceoli (7) 18 x 10" - 73 x 10° 13 x 107 — 52 x 10’ 7nonocyro
genes (1)
Buckwheat (2) 29 x 10 -92x 10° 14 x 10 - 72 x 10 -

Chinese cabbage (4) 4.1 x 10" — 7.4 x 10°  1.6x 10" — 4.0 x 10’ -

Kale (2) 1.6 x 10° 3.7 x 10" — 8.4 x 10 -
Mungbean (1) 1.2 x 10 4.1 x 10* -
Pak choi (1) 2.6x10 9.1x10° -
Radish (2) 20x 100 - 44 x 100 33 x10° - 45 x 10° -
Rape (5) 49 x 100 — 54 x 10° 13 x 10" - 2.9 x 10 -

Red cabbage (8) 24x 100 -90x 10° 1.1 x 10" - 1.0 x 10° -

L. monocyto-genes

Red radish (6) 50x 100 - 68 x 10° 2.1 x 107 — 7.3 x 10’ )
Soybean (1) 1.1 x 10 1.0 x 10° -
Tatsoi (5) 21 x 100 - 81x 10° 9.1 x 10° - 57 x 10 -
Turnip (1) 3.1 x 10 3.9 x 10 -

Mixed sprouts (2) 2.0 x 10' = 5.0 x 100 55 x 10° — 62 x 10° -

DValues are means of triplicate experiments (n=3)



Table 1.2. Microbial count of commercial sprout seeds from different companies in
Korea

Type of Sprout Total plate count Coliform count

(No. of companies) (CFU/g)l) (CFU/g)l) Pathogen
Alfalfa (5) 1.5 x 10" — 49 x 10 <10 — 1.1 x 10° -
Broceoli (5) 35 x 10> — 22 x 10° <10 - 2.5 x 10' -
Chinese cabbage (1) 12 x 10* 2.0 x 10 -
Rape (4) 39 x 10° — 3.5 x 10° 5.5x 10" = 2.2 x 10° -
Red cabbage (3) 9.2 x 10° — 8.4 x 10° <10 - 9.0 x 10' -
Red radish (5) 1.6 x 10 — 4.2 x 10’ <10 - 3.5 x 10' -
Tatsoi (5) 1.5 x 10> — 2.5 x 10’ <10 - 1.5 x 10 -

"Values are means of triplicate experiments (n=3).
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Fig. 1.1. Typical commercial fresh sprouts used in the experiment.

Table 1.3. Pathogens of commercial fresh sprouts of alfalfa, brassica, and broccoli

Alfalfa Brassica Broccoli

Pathogen
A B C D E F D G cC D E F G H I

Escherichia coli 1)

O157:H7
Salmonella S - - - - - - L -
Listeria - oo o - - - - . L
Bacillus cereus - - - - - - - - - - - - -
Coliforms T + 4 0+ 0+ o+ o+

1)Negative; DPositive.



Table 1.4. Pathogens of commercial fresh sprouts of buckwheat, chinese cabbage, kale,

mixed sprouts, mungbean, and pak choi

Buckwheat Chinese cabbage Kale sl\pj[riz)(fl(tls Mungbean Pak choi
Pathogen
D G A B E F D G C J D J
Escherichia coli 1) ) ) o o ) ) )
O157:H7
Salmonella - - - - - - - - - - - ;
Listeria - - - - - - - - - - - ;
Bacillus cereus - - - - - - - - - - - -
Coliforms ) + + + + + + o+ + + + +

l)Negative; DPositive.

Table 1.5. Pathogens of commercial fresh sprouts of radish, rape, and red cabbage

Radish
adis Radish Rape Red cabbage
Pathogen (3 colors)
A C D D E F G 1 A B C D E F H 1
Escherichia coli ) i S S
O157:H7
Salmonella - - - - - - - - - - - - .-
Listeria - - - - - - - - - - - - - ..

Bacillus cereus - - - - - - - - - -

Coliforms S S

1>Negative: DPositive.



Table 1.6. Pathogens of commercial fresh sprouts of red radish, soybean, tatsoi(vitamin),

and turnip

Red radish Soybean Tatsoi(vitamin)  Turnip
Pathogen

B D E F G I J A B D E F G

Escherichia coli 1)
O157:H7

Salmonella - - - - - - - - - - - - -

Listeria - - -

Bacillus cereus - - - - - - - - - - - - .

Coliforms £ v+ + + + + o+ o+ 4+ +

1)Negative; IPositive.
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Fig. 1.2. Commercial sprout seeds used in experiment.

Table 1.7. Pathogens of commercial sprouts seeds of alfalfa, broccoli, and red radish

Alfalfa Broccoli Red radish
Pathogen

Escherichia coli 1)
O157:H7

Salmonella - - - - - - - - - - - - - _

Listeria - - - - - - - - - - - - - -

Bacillus cereus - - - - - - - - - - - _ - _

Coliforms +

1)Negative; IPositive.



Table 1.8. Pathogens of commercial sprouts seeds of tatsoi, rape, red cabbage and

chinese cabbage

Tatsoi(vitamin) Rape Red cabbage cCa}[l)i[I;aegsz

Pathogen
WB SM SH MS SN WB SH MS SN WB SH SN SM

Escherichia coli 1
O157:H7

Salmonella - - - - - - - - - - - - -

Listeria - - - - - - - - - - _ - _

Bacillus cereus - - - - - - - - - - _ - .

Coliforms £ 4+ 4 + o+ 4 o+t + +

1)Negative; DPositive.
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Table 1.9. Microbial count of irradiated seeds with electron beam and gamma ray

Total plate count

Coliform count

Irradiation
Seed dose (CFU/ g) (CFU/ g)
(kGy) E-beam Gamma ra E-beam Gamma ra
y y
0 3.9 x 10 3.9 x 10° 0 0
1 2.8 x 10 1.4 x 10° 0 0
Broccoli X 1
3 42 x 10 N.D.Y 0 0
5 0 0 0 0
0 1.2 x 10* 1.2 x 10* 0 0
Chinese 1 25 x 10° 3.0 x 10° 0 0
cabbage 3 3.0 x 10' N.D. 0 0
5 0 0 0 0
0 3.1 x 10° 3.1 x 10° 0 0
- 1 20 x 10° 1.6 x 10° 0 0
over
3 35 x 10° 13 x 10° 0 0
5 4.0 x 10" 8.0 x 10" 0 0
0 6.7 x 10° 6.7 x 10° 0 0
Radish 1 1.8 x 10° 84 x 10° 0 0
adils
3 5.7 x 10° 8.6 x 107 0 0
5 2.6 x 10° 23 x 10° 0 0
0 9.2 x 10* 9.2 x 10* 0 0
1 3.6 x 10* 5.6 x 10° 0 0
Red cabbage ) )
3 7.5 x 10 6.2 x 10 0 0
5 45 x 10" N.D. 0 0
0 1.9 x 10° 1.9 x 10° 0 0
Tate 1 2.1 x 10* 9.0 x 10° 0 0
atso1
3 15 x 10° 2.0 x 10° 0 0
5 3.0 x 10 1.2 x 10° 0 0

DNot detectable (the minimum detection level as 10 CFU per g). (n=3).
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Table 1.10. Microbial count of irradiated sprouts with electron beam and gamma ray

Total plate count

Coliform count

Irradiation
Sprout dose (CFY/ ) (CFY/ )
(kGy) E-beam Gamma ra E-beam Gamma ra
y y
0 598 x 10° 1.40 x 10° 248 x 10*  7.63 x 10°
1 110 x 10°  5.03 x 10* 3.6 x 10° N.D.
Broccoli . .
3 9.73 x 10 225 x 10 0 0
5 850 x 10°  3.08 x 10° 0 0
0 26 x 10° 1.24 x 10° 11 x 10° 159 x 10*
Chinese 1 9.7 x 10> 1.11 x 10* N.D." 0
cabbage 3 25 x 100 333 x 10° 0 0
5 1.3 x 10" 2.78 x 10° 0 0
0 33 x 10° 4.80 x 10° 1.1 x 10° 150 x 10
1 13 x 10" 350 x 107 0 0
Clover )
3 0 3.00 x 10 0 0
5 0 250 x 10" 0 0
0 13 x 10° 3.76 x 10° 1.9 x 10° 153 x 10*
1 25 x 10° 1.14 x 10* N.D. 0
Radish ) 3
3 25 x 10 430 x 10 0 0
5 4.0 x 10 3.58 x 10° 0 0
0 25 x 10° 117 x 10° 3.7 x 10° 151 x 10°
1 1.8 x 10* 1.73 x 10* 1.3 x 10" 1.00 x 10
Red cabbage X 3
3 23 x 10 2.08 x 10 N.D. 0
5 1.3 x 10" 1.78 x 10° 0 0
0 4.0 x 10° 5.88 x 10° 85 x 10° 3.90 x 10°
1 3.0 x 10* 493 x 10° N.D. 2.75 x 10"
Tatsoi . 3
3 1.9 x 10 2.73 x 10 0 N.D.
5 1.4 x 10° 210 x 10° 0 N.D.

"Not detectable (the minimum detection level as 10 CFU per g). (n=3)
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Table 1.11. Radiation Dy values (kGy) of total plate count in sprout seeds

Sprout seed E-beam Gamma ray
Broccoli 2.54 -
Chinese cabbage 215 -
Clover 3.07 1.08
Radish 1.41 2.56
Red cabbage 1.38 2.10
Tatsoi 217 213

DValues are meansz standard deviation (n=3). Means followed by the same letters within the row per sample are

not significantly different (p>0.05).
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In tatsoi sprout by iradiation treatment,

Table 1.12. Radiation Dy values (kGy) of total plate count in fresh seed sprouts

Sprout seed E-beam Gamma ray
Broccoli - 3.29
Chinese cabbage 212 6.29
Clover - 3.49
Radish 1.44 7.97
Red cabbage 1.26 4.05
Tatsoi 1.81 3.02

"Values are meanst standard deviation (n=3). Means followed by the same letters within the row per sample are

not significantly different (p>0.05).
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Table 1.13. Radiation Di values of pathogens inoculated in broccoli and red radish

seeds
Broccoli seed Red radish seed
Pathogen
E-beam Gamma ray E-beam Gamma ray

Escherichia. coli 1)

0.99+0.02"a 1.18+0.17a 1.85+0.14a 0.99+0.04b
0157:H7
Salmonella typhimurium 0.60+0.03b 0.81+0.00a 1.35+0.09a 0.80+0.22b
Listeria monocytogenes 0.55+0.06a 0.49+0.02a 1.20+0.15a 0.40£0.05b
Bacillus cereus 1.17+0.07a 0.92+0.03b 1.53+0.58a 0.92+0.37a

Y Values are means+ standard deviation (n=3). Means followed by the same letters within the row per sample are not

significantly different (p>0.05).



Table 1.14. Radiation 5 D values of pathogens inoculated in broccoli and red radish
seeds

Broccoli seed Red radish seed

Pathogen
E-beam Gamma ray E-beam Gamma ray

Escherichia. coli
4.95+0.02a 5.90+0.17a 9.25+0.14a 4.95+0.04b

0157:H7

Salmonella typhimurium 3.00+0.03b 4.05+0.00a 6.75+£0.09a 4.00£0.22b
Listeria monocytogenes 2.75+0.06a 2.45+0.02a 6.00+0.15a 2.00£0.05b
Bacillus cereus 5.85+0.07a 4.60+0.03b 7.65+0.58a 4.60£0.37a

"Values are meanst standard deviation (n=3). Means followed by the same letters within the row per sample are not
significantly different (p>0.05).
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Table 1.15. Radiation Dy values of pathogens inoculated in broccoli and red radish
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sprouts
Broccoli sprout Red radish sprout
Pathogen
E-beam Gamma ray E-beam Gamma ray

Escherichia. coli

0.73£0.08a  0.46+0.01b  0.81+0.04a  0.41+0.02b
0157:H7
Salmonella typhimurium 0.30£0.06a 0.13+0.00b 0.23+0.00a 0.14+0.00b
Listeria monocytogenes 0.43+0.02a 0.16+0.02b 0.59+0.03a 0.22+0.01b
Bacillus cereus 0.41+0.15a 0.33+0.07a 0.96+0.04a 0.49+0.03b

"Values are meanst standard deviation (n=3). Means followed by the same letters within the row per sample are not

significantly different (p>0.05).



Table 1.16. Radiation 5 D values of pathogens inoculated in broccoli and red radish
sprouts

Broccoli sprout Red radish sprout

Pathogen
E-beam Gamma ray E- beam Gamma ray

Escherichia. coli
0157:H7

3.65+0.08a 2.3040.01b 4.05+0.04a 2.05+0.02b
Salmonella typhimurium 1.50+0.06a 0.65+0.00b 1.15+0.00a 0.70+0.00b
Listeria monocytogenes 2.15+0.02a 0.80+0.02b 2.95+0.03a 1.10+0.01b

Bacillus cereus 2.05+0.15a 1.65+0.07a 4.80+0.04a 2.45+0.03b

"Values are meanst standard deviation (n=3). Means followed by the same letters within the row per sample are not
significantly different (p>0.05).
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Table 1.17. Germination of sprouts grown from irradiated seeds

(unit : %)
Electron beam Gamma ray
Dose
(kGy) Red ) ) Red Red ) ) Red
) Broccoli Radish Clover ) Broccoli Radish Clover
radish cabbage radish cabbage
0 99" 96 95 96 96 99 96 95 96 96
1.3 $0.9° £1.2° 106" 2.0° £1.3° $0.9° +1.2° 106" +2.0°
1 99 96 88 90 89 99 96 86 89 84
+0.7°  +22°  +15° 106 +2.6° +0.7° +09° 217 +1.5° #45
3 99 92 73 83 79 %8 92 72 84 76
£3.2°  £1.5°  41.0°0 +21° +87° 432" 28 +1.5° 47" 155
5 98 87 51 48 38 97 90 51 47 24

£21%°  +194 1499 257 1559 +25° 1365 1429 £21°  +65°

DValues are means + standard deviation (n=3).

a-d

Means followed by different letters within the column are significantly different (p<0.05).

Table 1.18. Yield ratio of sprouts grown from irradiated seeds

(unit : g/ g)
Electron beam Gamma ray
Dose
(kGy) Red . . Red Red . . Red
radish Broccoli Radish cabbage Clover radish Broccoli Radish cabbage Clover

1032 1064 641 649 668 1032 1064 641 649  6.68
0 +0.64"" +0.78" +0.63* +0.17° +0.68° +0.64* +0.78 +0.63" +0.17° +0.68
(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)
898 921 608 648 607 893 916 635 556 583
1 +049° +0.79° +0.11° 025 +0.39° +0.11° +0.12° +04*> +0.80° +0.52°
(87%) (86%) (95%) (100%) (91%) (86%) (86%) (99%) (85%) (87%)
799 720 581 595 576 790 716 533 516 530
3 #0.19° +0.33°  +0.12°  +0.19° +0.26° +0.38° +0.07° +0.3° +0.13° +0.16°
(77%)  (67%) (90%) (92%) (86%) (77%) (67%) (83%) (80%) (79%)
697 531 333 274 363 667 545 338 295 331
5 #0269 +0.13% +0.46° +0.21° #0.16° +0.26% +0.27% +03°  +0.06° +0.26°
(67%) (49%) (52%) (42%) (54%) (65%) (51%) (53%) (46%) (50%)

YValues are means # standard deviation (n=3).

*Means followed by the different within the column are significantly different (p<0.05).
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Table 1.19. Length of sprouts grown from irradiated seeds

(cm)

Electron beam Gamma ray
Dose

Red Red Red Red
kG . .
(kGy) radish Broccoli Radish cabbage Clover radish Broccoli Radish cabbage Clover

301 285 387 274 387 3.01 285 387 + 274+ 387 +
0 +1.21"* 085 +03° 023" +031° +1.21° 085 032° 023 0.31°
(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)
2.95 278 250 265 250 297 265 279+ 260+ 279+
1 +043° 065" +05° +022° +048" 1217 124> 026 019° 0.24°
(98%)  (97%) (65%) (97%) (65%) (98%) (93%) (72%) (95%) (72%)
264 263 233 202 233 242 259 245+ 190 + 245 +
3 +091° +043° +04° +0.13° +0.38° +0.98° +0.52%° 048 020° 0.36°
87%) (92%) (60%) (74%) (60%) (80%) (90%) (63%) (69%) (63%)
238 175 146 151 147 232 191 148+ 144+ 148
5 10620 1078% 104 +020% +0.39% +0.74° +1.04° 041° 018" 038
(79%)  (61%) (37%) (55%) (37%) (77%) (67%) (38%) (53%) (38%)

"Values are means # standard deviation (n=100).

*Means followed by different letters within the column are significantly different (p<0.05).
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Fig. 1.34. Total plate count of red radish sprouts grown from irradiated seeds

during germination at 23+2C.
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Fig. 1.35. Total plate count of broccoli sprouts grown from irradiated seeds during

germination at 23+27C.
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Fig. 1.36. Total plate count of radish sprouts grown from irradiated seeds during

germination at 23+27C.
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Fig. 1.37. Total plate count of red cabbage sprouts grown from irradiated seeds

during germination at 23+2°C.
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Fig. 1.38. Total plate count of clover sprouts grown from irradiated seeds during

germination at 23+27C.
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Fig. 1.39. Total coliform count of red radish sprouts grown from irradiated seeds
during germination at 23+2C.
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Fig. 1.40. Total coliform count of clover grown from irradiated seeds during
germination at 23+27C.
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Fig. 1.41. Total coliform count of radish sprouts grown from irradiated seeds during

germination at 23+27C.
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Fig. 1.42. Total coliform count of red cabbage sprouts grown from irradiated seeds

during germination at 23+2°C.
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Fig. 1.43. Total coliform count of clover sprouts grown from irradiated seeds during

germination at 23+27C.
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Table 1.20. Ascorbic acid content” (ug/ g, d.b.) of red radish sprouts grown from

irradiated seed during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seeds 35.4
(Day 0) 1.4
Germination ~ 297.1 235.8 209.5 169.8 254.1 223.1 197.1
(Day 3) +353% 168" #164°Y  #83%  #83%  #151™Y  175%
Germination ~ 744.7 600.5 499.5 358.4 622.2 496.8 4435
(Day 5) 663 #329™ 3627 #18.0%  #439™ 144%™  #154

DValues are means + standard deviation (n=3).

“*Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).

Table 1.21. Ascorbic acid content” (ug/ g, d.b.) of broccoli sprouts grown from

irradiated seed during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seeds 18.6
Germination 2002 1833 157.4 124.8 158.9 143.3 131.1
(Day 3)  %152%  #3.6”  #45Y  #49¥  £64Y  228Y 25
Germination 7545  661.5 530.6 4235 606.5 467.7 468.6
dx
(Day 5) 221 #351™ 68 +175% #1257 #165% #1577

DValues are means + standard deviation (n=3).

“*Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).



Table 1.22. Ascorbic acid content (¢g/ g,

irradiated seeds during germination at 23+2C

d.b.) of radish sprouts grown from

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seed 18.7
(Day 0) +1.1"
Germination ~ 253.8 193.4 143.7 95.4 218.0 165.9 135.0
(Day 3) +13.9% +8 +10.5%  #65Y  +141%  292Y  +49¥
Germination ~ 640.4 466.7 351.3 237.0 509.7 415.1 298.9
(Day 5) 42120 #132%  #21.3% 828 486™ 198"  £12.9"

DValues are means # standard deviation (n=3).

“®Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).

Table 1.23. Ascorbic acid content (#g8/ g, d.b.) of red cabbage sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seed 18.6
(Day 0) +1.3Y
Germination  238.5 208.4 1653  129.0+ 1733 155.6 134.1
(Day 3) +12.2™  £73% #1039  56Y +9.6Y 749 +29Y
Germination  518.6 476.4 2927 3110+  368.6 379.9 325.1
(Day 5) +4.7% +12™ +10% 1629 £12.6% +17.2% 33"

DValues are means + standard deviation (n=3).

“*Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).



Table 1.24. Ascorbic acid content (¢g/ g, d.b.) of clover sprouts grown from irradiated

seeds during germination at 23+2C

Electron beam (kGy) Gamma ray (kGy)
Stage Control
1 3 5 1 3 5
Seed 29.30
(Day 0) +3.12Y ) ) ) ) ) )

Germination  171.95 97.04 77.56 49.63 94.59 77.40 53.89
(Day 3) +10.50Y  +4.45% #4979  +3.96%  +4.02°Y  +202Y  +1.85%

Germination 42295 28290  214.09 12255 25840  200.68  136.07
(Day 5) +17.65%  +21.68™  +10.84™  +3.10™  +13.08"™ +11.42°™ +13.38%

DValues are means + standard deviation (n=3).
“*Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).
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Table 1.25. Total carotenoid content” (ug/ g, d.b.) of red radish sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seeds 0.32
(Day 0) +0.02"
Germination 5.52 4.30 2.55 1.62 441 2.93 2.00
(Day 3) +0.44%  20.04%  £0.10Y  £0.14Y 2010  +023Y  +0.23Y
Germination ~ 21.45 17.97 15.86 10.82 19.41 17.28 15.79
(Day 5) +1.56™  +0.86°  £0.95%  +1.83" 043 028" 1337

DValues are means + standard deviation (n=3).

“*Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).

Table 1.26. Total carotenoid content” (ug/ g, d.b.) of broccoli sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seeds 0.30 i i i i i i
(Day 0) +0.06"
Germination 4.64 3.15 2.60 2.22 3.29 2.45 2.21
(Day 3) +037%  £028%  £0.16Y  £0.02¥  +030%  #019Y  +0.49%
Germination  10.34 8.41 8.31 8.00 8.59 8.59 7.87
(Day 5) +0.90™ 053" 068" #0.60™ +1.12°™  £1.60°™™  +2.05™

"Values are means + standard deviation (n=3).

““Means followed by different letters within the row are significantly different (p<0.05).

*YMeans followed by different letters within the column are significantly different (p<0.05).



Table 1.27. Total carotenoid content (u#g/g, d.b.) of radish sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy) Gamma ray (kGy)
Stage Control
1 3 5 1 3 5
Seed 0.57
(Day 0) +0.02"
Germination 5.53 4.90 3.91 2.57 6.65 4.32 2.58
(Day 3) +0.09”  +£024Y 0327 #0.79Y  £0.22%  +0.08Y  +0.14Y

Germination 20.03 18.07 15.28 7.99 14.41 11.16 7.34
(Day 5) +1.31%  #058%  #3.93"™  #154%  +611°™  #0.15"  +0.29%

DValues are means + standard deviation (n=3).
*Means followed by different letters within the row are significantly different (p<0.05).

“*Means followed by different letters within the column are significantly different (p<0.05).

Table 1.28. Total carotenoid content (ug/ g, d.b.) of red cabbage sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam Gamma ray
Stage Control
1 3 5 1 3 5

Seed 0.46

(Day 0) +0.13"
Germination 4.37 3.09 2.35 1.61 2.85 2.51 2.33

(Day 3) +0.11%  £0.04”  +021Y  £037Y  +1.13%  +0.14%Y  0.13Y
Germination 11.46 10.45 9.24 8.57 11.79 10.27 10.12

(Day 5) +1.28%  +0.06™  +0.28°™  +0.13™  £1.00™ 040 +0.15™

"Values are means + standard deviation (n=3).
*Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).



Table 1.29. Total carotenoid content (#8/ g, d.b.) of clover sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy) Gamma ray (kGy)
Stage Control
1 3 5 1 3 5
Seed 0.58
(Day 0) +0.02"
Germination ~ 4.00 3.28 2.77 2.36 3.34 2.37 1.66
(Day 3) +1.50Y  20.07%  #0.11°Y  20.09Y  #023"  +021Y  +0.29Y
Germination  6.04 5.42 4.35 5.22 8.02 6.37 4.15
(Day 5) +2557  #1.23%  #045°™  20.75° 041  #030°  +1.78"

DValues are means + standard deviation (n=3).
**Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).
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Table 1.30. Total chlorophyll content” (ug/ g, d.b.) of red radish sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seeds 3.81
(Day 0) +0.19"
Germination ~ 23.88 20.89 17.06 12.90 22.36 18.29 16.37

(Day 3) 296 062" 024  £0.50Y

+1.207%  +041°Y 358

Germination  68.00 41.09 39.85 31.10
(Day 5) +758  £1.89%  207%  #232%

65.50 53.47 4718
+1.63%  #1.75™  $6.56™

DValues are means + standard deviation (n=3).

*IMeans followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).

Table 1.31. Total chlorophyll content” (ug/ g, d.b.) of broccoli sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seeds 1.45
(Day 0) +0.35"
Germination  38.94 35.99 28.95 2419 33.27 26.58 20.76

(Day 3) +1.81% 2037 #1467  0.63"

+0.23% #3579 41.68Y

Germination 82.69 75.89 63.32 54.57
(Day 5) +612 2071 +438™  7.10™

56.77 39.57 39.08
+9.11%  +0.75%  +10.94%

DValues are means + standard deviation (n=3).

“*Means followed by different letters within the row are significantly different (p<0.05).

*YMeans followed by different letters within the column are significantly different (p<0.05).



Table 1.32. Total chlorophyll content (#g/ g, d.b.) of radish sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seed 8.90
(Day 0) +1.01"
Germination  61.55 51.01 4987  36.32 73.84 53.06 32.81
(Day 3) +2.89%  +287Y 7317  +1.40Y 4513  +0.87Y  +233V
Germination 12692 11747 10310  69.33 12757  83.65 66.83
(Day 5) +5.49™  £12.69° 4847  +13.92%  4824™ 569  #3.41%

YValues are means * standard deviation (n=3).

““Means followed by different letters within the row are significantly different (p<0.05).

*YMeans followed by different letters within the column are significantly different (p<0.05).

Table 1.33. Total chlorophyll content (#g8/ g, d.b.) of red cabbage sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seed 3.44
(Day 0) +0.18"
Germination ~ 33.73 23.89 17.13 14.91 23.06 21.73 20.05
(Day 3) +1.43%  #1.63%  #353Y  2033Y  +090% 271" +2.00Y
Germination  86.58 81.02 74.95 65.85 75.49 68.12 66.95
(Day 5) +8.79  +346™  #1.26™ #0387  #6.32™ 4301  +9.89%

DValues are means + standard deviation (n=3).

**Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).



Table 1.34. Total chlorophyll content (¢g/ g, d.b.) of clover sprouts grown from

irradiated seeds during germination at 23+2C

Electron beam (kGy) Gamma ray (kGy)
Stage Control
1 3 5 1 3 5
Seed 3.28
(Day 0) +0.58"

Germination 5679 5296 4297 3660 4682 3690 2451
(Day 3) +231%Y #0327 +1.87Y  #2.06Y  +431°Y 396" 4534V

Germination ~ 88.28 87.80 71.48 61.07 9032  86.99 68.42
(Day 5) +41.05° 4579 428.78% 756" 149 7377 732"

DValues are means + standard deviation (n=3).
**Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).
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Table 1.35. Total phenol content” (mg of gallic acid/ g, d.b.) of red radish sprouts

grown from irradiated seeds during germination at 23+2C

Electron beam (kGy) Gamma ray (kGy)
Stage Control

1 3 5 1 3 5

Seeds 7.99
(Day 0) +0.40"

Germination  35.56 32.72 28.14 22.99 35.04 30.30 28.47
(Day 3) +0.99%  #0.74%  #1.22Y  x050% 049  +054Y 218V

Germination  45.76 43.38 42.62 39.11 44.50 43.83 41.62
(Day 5) +1.18%  #£1.79°  #2.74°  #0.98% 167 #1.50™  #3.15™

DValues are means + standard deviation (n=3).
“*Means followed by different letters within the row are significantly different (p<0.05).

“*Means followed by different letters within the column are significantly different (p<0.05).

Table 1.36. Total phenol content” (mg of gallic acid/ g, d.b.) of broccoli sprouts

grown from irradiated seeds during germination at 23+2TC

Electron beam (kGy) Gamma ray (kGy)
Stage Control

1 3 5 1 3 5
Seeds 7.08
(Day 0) +0.61"

Germination  15.86 16.25 16.83 17.00 15.83 16.35 16.90
(Day 3) +1.17%  #1.62% +0.69" +0.37%  20.37Y +1.37% +0.15%

Germination ~ 21.08 22.10 22.09 23.37 21.38 21.59 22.64
(Day 5) +0.267  +1.70°™ #1147 011 2079 2024 #1.39™

DValues are means + standard deviation (n=3).
*’Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).



Table 1.37. Total phenol content (mg of gallic acid/g, d.b.) of radish sprouts grown

from irradiated seeds during germination at 23:2C

Electron beam (kGy)

Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seed 5.41
(Day 0) +0.13"
Germination 18.44 17.10 17.02 15.9 19.31 24.76 21.88
(Day 3) +1.219  #1.22°Y  #1.81°Y  £049Y  +038Y  £0.05Y  +0.15"
Germination ~ 35.78 33.03 31.89 28.22 29.82 30.09 31.48
(Day 5) 221 +1.75°  #2.78°  +1.22%  #1.31° 05" £1.26™

DValues are means + standard deviation (n=3).
*Means followed by different letters within the row are significantly different (p<0.05).
“Means followed by different letters within the column are significantly different (p<0.05).

Table 1.38. Total phenol content (mg of gallic acid/g, d.b.) of red cabbage sprouts

grown from irradiated seeds during germination at 23+2C

Electron beam (kGy) Gamma ray (kGy)

Stage Control
1 3 5 1 3 5
Seed 7.07
(Day 0) +0.61"
Germination ~ 15.74 16.08 17.09 15.33 15.49 16.15 15.83
(Day 3) +1.16Y  £1.61%  0.7%  +0.33%  +0.36™  +1.35%  +0.15"
Germination ~ 22.53 24.97 25.05 26.42 24.29 23.46 28.10
(Day 5) +0.99%  +1.66°  #021°  £0.18™ 093"  +1.49™  +0.82™

DValues are means + standard deviation (n=3).

a-d-

Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).



Table 1.39. Total phenol content (mg of gallic acid/g, d.b.) of clover sprouts grown

from irradiated seeds during germination at 23:2C

Electron beam (kGy) Gamma ray (kGy)
Stage Control
1 3 5 1 3 5
Seed 4.27
(Day 0) +0.05"

Germination ~ 13.60 13.69 12.05 10.99 14.48 14.29 13.17
(Day 3) +0.41°Y 239" #1429 +0.88Y #1207 116~  +2.06%

Germination ~ 2537  24.89 1940 1913 2550  17.91 17.52
(Day 5) +212°  +0.13™ 046%™ 292  #1.78% #0617 #2777

DValues are means + standard deviation (n=3).
*Means followed by different letters within the row are significantly different (p<0.05).

“"Means followed by different letters within the column are significantly different (p<0.05).
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Fig. 1.44. HPLC chromatogram of sulforaphane from broccoli sprout.

Table 1.40. Sulforaphane content” (ug/ g, d.b.) of germinated broccoli sprouts from

irradiated seeds

Electron beam (kGy) Gamma ray (kGy)
1 3 5 1 3 5

Germination ~ 324.3 273.0 238.6 214.7 276.8 211.2 165.7
(Day 3) +42%  #39%  £103*Y  #53Y  #227%  #187Y 384V

Stage Control

Germination ~ 790.3 681.0 463.7 437.6 519.3 506.9 486.8
(Day 5)  #244™  284™  #83°% 261%™  #581%  #49%  #114

"Values are means standard deviation (n=3).

a-d-

Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).

Table 1.41. Sulforaphane content (¢g8/ g, d.b.) of germinated red cabbage sprouts from

irradiated seeds

Electron beam (kGy) Gamma ray (kGy)
1 3 5 1 3 5

Germination ~ 297.3 294.3 285.6 245.7 290.4 283.5 235.6
(Day 3) +10.67  £149™ 7.0 474%™ 203%™ #40% 213

Germination  307.6 299.0 291.0 279.8 299.1 296.0 280.2
(Day 5) +12.9% #1804 #13™ #1402 +12.6™

Stage Control

"Values are means + standard deviation (n=3).
*®Means followed by different letters within the row are significantly different (p<0.05).

*Means followed by different letters within the column are significantly different (p<0.05).
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Fig. 1.45. HPLC chromatogram of sinigrin from red radish sprout.

Table 1.42. Glucoraphenin content” (umol/ g, d.b.) of germinated red radish sprouts

from irradiated seeds

Stage Control Electron beam (kGy) Gamma ray (kGy)
1 3 5 1 3 5
Seeds 240.6+
(Day 0) 1.8
Germination 2044 + 2069 + 2027 + 217.6 * 2083 2124 +  2224%
(Day 3) 36.1™ 2.4 7.9 39.4™ 20.0™ 13.4% 5.0™

Germination 533 57.6 % 749 740 % 595 % 884 914+
(Day 5  *188Y  117°  #30™ 23" 187" #7173

"Values are means standard deviation (n=3).
““Means followed by different letters within the row are significantly different (p<0.05).

**Means followed by different letters within the column are significantly different (p<0.05).



Table 1.43. Glucoraphenin content (umol/ g, d.b.) of germinated radish sprouts from

irradiated seeds

Electron beam (kGy) Gamma ray (kGy)

1 3 5 1 3 5

Germination  14.68 36.69 81.46 85.36 7345 13283  207.39
(Day 3) +0.677  £1.04%  #034Y  #1.30Y #1387  +0.16”  £1.63"
Germination ~ 89.43 17321 18407  193.07 10509 15315 24598
(Day 5) +043%  #2216™  #0.32™  £049™  #043™ 4503  +0.64™

Stage Control

DValues are means + standard deviation (n=3).
“*Means followed by different letters within the row are significantly different (p<0.05).

“*Means followed by different letters within the column are significantly different (p<0.05).
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Fig. 1.46. Total plate count of irradiated red radish sprout during storage at 6x2C.
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Fig. 1.47. Total plate count of irradiated broccoli sprout during storage at 6x27C.
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Fig. 1.49. Total plate count of irradiated red cabbage sprout during storage at 6+2°C.
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Fig. 1.51. Coliform count of irradiated red radish sprout during storage at 6+2°C.
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Fig. 1.52. Coliform count of irradiated broccoli sprout during storage at 6+2°C.
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Fig. 1.53. Coliform count of irradiated radish sprout during storage at 6+2°C.
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Fig. 1.54. Coliform count of irradiated red cabbage sprout during storage at 6x2C.
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Fig. 1.55. Coliform count of irradiated clover sprout during storage at 6+2C.
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Table 1.44. Sensory properties"

)

sprouts stored at 6+2°C for 7 days

of electron beam and gamma ray irradiated radish

Para- St(?rage Electron beam (kGy) Gamma ray (kGy)
‘ time
meter 0 1 3 5 0 1 3 5
(day)
1 4.6 4.6 43 4.1 2.9 2.9 2.9 2.8
+0.5™  +£0.7*" +0.8™  +0.6"" +1.1™ +1.1% +1.1% +1.0™
3 4.4 4.4 4.0 4.4 2.9 2.8 3.0 24
+0.8™  +£0.8*" +0.8™* +0.5" +0.8™ +1.0% 1.1 +0.7™
Color
5 3.8 3.0 3.2 3.0 2.8 2.6 2.6 24
+0.4™ 2067 0.8 +0.6™ 0.7 0.7 0.7 0.7
7 3.5 2.7 3.2 25 25 2.3 2.6 2.1
+0.5%  £0.6™ 0.8  +0.8%  #0.8* 0.7 0.7  +0.6™
1 1.7 1.5 1.6 1.7 1.8 14 1.3 1.5
0.8 05 +0.7°Y  £0.7*Y  +1.0™ +0.7% 05" +0.5Y
3 1.7 14 1.9 2.3 2.0 19 1.8 1.8
+057Y  +0.8™  +0.4%™  +1.0™ 1.1 1.1 2097 +1.2°Y
Odor
5 2.2 1.8 1.8 2.0 2.3 25 2.3 2.3
+1.2"  £0.8™  +£0.8*  +0.9*  £1.0%  £1.2* +1.2%  +0.9™
7 2.5 2.5 24 2.5 2.5 24 2.6 2.6
+0.9™  £1.1*  +£09* 0.8 1.3 £1.1* 05 £1.2%
1 4.8 49 4.8 4.6 41 4.1 4.3 3.9
+04™  +£0.3*" +04™ £05™ 0.8 0.8 £1.0™* +0.8*
3 4.3 4.1 41 3.7 41 3.9 3.8 3.4
+0.8™  +£0.9™  +04*" +0.9°" +0.8%  +0.8%Y 0.7 105"
Texture
5 4.0 35 3.3 25 3.5 3.1 3.0 3.0
+0.9™  +0.8™ 0.5  +0.6Y 0.8 0.6~ 057 +1.1Y
7 3.8 3.7 3.3 3.0 3.0 3.1 3.0 2.8
+0.6™ 0.6 0.7 03" 0.8 +0.8Y  +1.1Y 0.7V
1 4.8 4.8 4.4 4.1 3.4 34 3.6 3.3
+04™  +04™ £05™ £05™  £1.1¥  £1.1¥% £1.3% £1.2%
Overall 3 43 4.4 4.0 3.7 3.4 3.3 3.3 2.8
+0.8™  +0.8™*  +0.0" 0.9™ 0.9 0.7 09 £1.0*
accepta
bilit 5 3.8 35 3.2 2.8 2.8 2.6 29 2.8
-ty +0.4% 0579 0.8 1077 +1.0% 077V  +0.8%  +1.2%
7 3.5 3.0 3.4 2.6 2.6 2.3 2.6 25
+0.5™ 0.8  +0.8™ #1.1Y  #0.7™ 077 0.7  +0.5™

USensory evaluation was conducted by 10 panelists using a 5-point hedonic scale (5=very good; 1=very bad).

““Means followed by different letters within the row per parameter are significantly different (p<0.05).

“"Means followed by different letters within the column are significantly different (p<0.05).



Table 1.45. Sensory properties”

cabbage sprouts stored at 6+2°C for 7 days

of electron beam and gamma ray irradiated red

Para- Storage Electron beam (kGy) Gamma ray (kGy)
time
meter - qay) 0 1 3 5 0 1 3 5
47 48 4.7 4.7 4.4 43 4.0 4.1
+0.5™  +04™  +0.7*% 05" 05" 05 0.8 +0.6™
3 49 4.3+ 4.0 3.7 4.4 4.1 4.0 3.9
+0.4™ 0.8 10.6™ 04" 105 > +0.6™  +0.8™ +1.1%Y
Color
5 4.0 42 2.8 3.2 4.4 3.9 4.0 3.1
0.9 +0.8™  +0.8™ +1.0™Y +05ax  +0.8% 105  +0.6™*
; 35 3.6 2.7 2.9 3.8 3.8 3.8 2.9
+0.5% 05 +0.9™  +0.8% 0.7 105  +0.7%  +0.6™
. 1.6 1.6 1.6 1.7 1.9 1.6 1.6 1.8
+0.7*"  +05™  +0.5™ 05"  +0.6™ +0.7% 05"  +0.7%
3 2.0 23 2.3 26 2.0 1.9 2.0 1.9
0.6  +0.8™ +0.8" +05"™  +1.1* +0.8%  +0.5™ +1.0%
Odor
5 1.7 1.8 23 2.7 2.1 2.0 23 23
0.8  +0.8™  +0.8™ +1.4™ +1.1% +1.1% +#1.3%  +0.7%
; 25 2.7 2.9 25 25 24 24 3.0
+0.9™  +09™ 411"  +0.8™  +0.9™ +1.1% 409 +1.2*
. 48 45 4.4 4.4 4.1 45 4.0 4.4
+0.4™ 077 +0.7* 05" +0.8%  +0.8™ +l.lax +0.9™
3 46 43 4.0 3.9 4.0 4.1 35 3.5
+0.5™ 0.8 +0.6™  +0.7°"F 0.8 0.6 05  +0.8Y
Texture
5 3.8 35 2.7 3.2 3.8 3.5 35 3.0
+0.8™ 0.6 +05%  +1.2°Y 107 +05Y 0.8  +0.8Y
; 3.4 3.4 3.0 2.5 3.6 3.6 3.4 2.8
+0.7% 0.8 0.8  +0.7% 205>  +0.7Y 0.7 0.7
. 47 46 46 45 45 4.4 4.1 43
+05™ 205 +05™ 0.5 +0.8™ 0.0 0.8 +0.9™
Overall 3 4.4 4.0b 4.0b 3.7b 43 4.1 3.6 3.6
+0.5"  +0.6™" 0.6  +0.5™ 0.5  +0.6™ +0.5%  +0.9%
accepta 40 3.8 2.7 3.0 45 40 3.8 28
bility 5 g 100m 108 100Y 405 2007 407%™ +07Y
. 33 33 2.6 2.6 3.9 3.1 35 2.5
+0.5™ 0.7 0.7 +08Y 0.6 £ 0.6™ 09 +0.8%

YSensory evaluation was conducted by 10 panelists using a 5-point hedonic scale (5=very good; 1=very bad).

““Means followed by different letters within the row per parameter are significantly different (p<0.05).

“"Means followed by different letters within the column are significantly different (p<0.05).



Table 1.46. Sensory properties"

)

sprouts stored at 6+2°C for 7 days

of electron beam and gamma ray irradiated clover

Para Storage Electron beam (kGy) Gamma ray (kGy)
. time
T (day) 0 1 3 5 0 1 3 5
. 5.0 4.9 49 45 4.4 43 4.0 43
£0.0°  +03™  +03™  £05™ 05 0.7  £0.8%  +0.7™
3 49 4.7 4.4 3.9 43 4.1 4.0 43
+0.47  +05™ 105" +£0.7°  £0.7%  £0.6™  +0.8%  +0.7™
Color
. 4.0 3.7 35 238 45 4.1 4.0 3.8
+0.6™ 05 +0.87Y  +1.0™ 0.8  +0.6™ 05  +0.7%Y
; 35 3.9 3.4 2.6 4.0 3.8 3.9 33
+0.7°% 0.8 109%™  +1.0% +0.8™ 0.9 04> 0.7V
. 1.4 1.4 1.4 1.6 1.3 1.4 1.4 1.3
+0.5™ 05  +£05™ +05% 05 0.5 05 +05Y
3 1.4 1.4 1.7 2.4 15 1.6 15 1.8
od +05° 05  +0.8°Y 0.8  +0.8 +0.7%  +05™  +0.9™
or
s 1.3 2.0 25 28 15 15 15 1.8
+0.5™ +0.6°"*  +0.8°  +1.0°  +0.8™  +0.8™  +0.8™ +0.7*Y
; 22 2.4 25 3.0 2.0 1.9 1.9 23
+1.0™  £0.7*%  +£0.1*"  £02"™  £1.2%  £1.0*%  +1.2™ £1.3%
| 49 4.6 43 43 45 43 4.4 44
+03™  £0.5™ 404" 05"  +0.8™ 05 0.7 0.7~
3 47 47 44 3.7 41 4.1 4.1 3.6
+05™  +05™  +05™  +0.8°  +0.8™ 0.6 0.6~  +0.9°Y
Texture
s 43 3.8 3.2 2.7 43 4.1 4.1 3.6
+0.8™ +0.8°"™  +0.8° +1.0°Y 0.7 0.8 0.6~  +0.5*Y
. 35 3.6 3.4 2.7 43 3.6 3.9 3.3
+057 0.8 +0.9™  +09%  +0.9™  +1.2™ 108  +1.0V
. 49 4.7 4.6 4.4 4.8 4.4 4.0 41
+03™  +0.5 +05 05 +05% 05 109  +1.0™
Overall 3 4.9aw 4.7aw 4.4aw 3.7wa 43 N 4.3ax 4.1ax 3.8 N
+0.4 +0.5 +0.5 +0.5 +0.9 +0.5™  +0.8 +1.0
accepta
- . 43 3.8 3.1 238 45 4.1 43 3.6
-bility +05 0.8 108" +0.9%  405% +0.67Y  +05%  +0.5%
; 3.6 35 33 24 43 3.6 3.9 3.4
+0.7°% 0.8 0.7 +0.9%  +0.9™ +1.2°% 08>  +0.7™

USensory evaluation was conducted by 10 panelists using a 5-point hedonic scale (5=very good; 1=very bad).

““Means followed by different letters within the row per parameter are significantly different (p<0.05).

“"Means followed by different letters within the column are significantly different (p<0.05).
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Table 1.47. Total plate count of irradiated sprouts in different packaging during

storage (CFU/ g)
Irradiation Storage time (day)
sample
dose (kGy) 0 3
0 15 x 10 16 x 100 13 x 10° 12 x 10° 1.3 x 10°
1 60 x 10° 64 x 10° 9.0 x 10° 1.3 x 10° 4.8 x 10’
OPP
2 95 x 10" 9.7 x 10" 24 x 10° 3.8 x 10° 5.5 x 10°
3 1.6 x 100 53 x 10" 1.2 x 10> 22 x 10° 2.3 x 10°
Radish
0 33 x 107 14 x 10° 24 x10®° 17 x 10® 24 x 10
1 1.8 x 10* 85 x 10° 25 x 10* 3.3 x 10* 4.9 x 10*
PET
2 47 x 10> 93 x 10> 1.6 x 10° 1.6 x 10° 6.2 x 10°
3 38 x 10° 1.2 x 10> 4.7 x 10> 35 x 10> 7.8 x 10°
0 12 x 10° 20 x 10° 1.1 x 100 4.2 x 10 9.0 x 10’
1 83 x 10° 62 x 10> 13 x 10° 9.0 x 10° 6.1 x 10°
OPP
2 26 x 100 3.0 x 10> 99 x 10> 23 x 10° 29 x 10*
3 1.7 x 10° 12 x 10> 29 x 10> 4.2 x 10> 4.3 x 10°
Clover
0 22 x 100 55 x 10° 25 x 100 26 x 10 1.2 x 10°
1 34 x 10° 19 x 10° 1.6 x 10° 2.1 x 10° 1.3 x 10°
PET
2 79 x 10> 33 x 10> 3.1 x 10° 4.0 x 10> 6.0 x 40°
3 40 x 100 13 x 10> 2.1 x 10> 24 x 10> 43 x 10*

DValues are means of triplicate experiments (n=3).



Table 1.48. Coliform of irradiated sprouts in different packaging during storage

(CFU/ g)
Irradiation Storage time (day)
sample
dose (kGy) 0 1 3 5 7
0 13x 10*Y  259x 10>  43x 10> 35x 10°  2.02x 10*
opp 1 45%x 100 6.0x 10"  3.2x 10> 3.7x 10>  6.0x 10
2 0 0 0 0 0
3 0 0 0 0 0
Radish 5 5 3 1 .
0 3.3% 10 24x 10> 156x 10° 1.36x 10  1.6x 10
1 1.8x 10°  49x 10° 1.75x 10> 25x 10°  3.5x 10°
PET . , ,
2 0 0 1.2x 10 4.7% 10 9.3x 10
3 0 0 0 12x 10°  3.8x 10"
0 3.6 x 10°  3.82x 10*  43x 10* 93x 10*  6.5x 10°
1 1.0x 10  32x 10  6.0x 100  1.1x 10>  4.7x 10
OPP ) .
2 0 0 0 2.2x 10 2.9x% 10
- 3 0 0 0 0 1.7% 10"
over
0 6.5x10° 2.2x10* 2.5x10° 5.5%x10° 6.3x10°
1 1.1x10° 1.4x10° 1.6x10° 1.3x10° 2.0x10°
PET . , ,
2 0 0 3.1x10 4.0x10 6.0x10
3 0 0 0 1.3x10" 2.5x10°

DValues are means of triplicate experiments (n=3).
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Table 1.49. Total ascorbic acid (mg/100 g, fw.) of irradiated radish sprouts in
different packaging during storage

PET OPP
Storage
time [rradiation dose (kGy) [rradiation dose (kGy)
(day) 0 1 2 3 0 1 2 3

0 68.22 69.28 58.54 56.69 61.26 63.51 57.05 60.90
+7.25"”  £10.05 #6566  +7.28 11.82 15.31 +0.75 12.26
1 56.29 51.98 48.53 46.64 55.86 52.66 47.77 4712
+6.97 +9.95 +8.32 284  +1010 +11.15 1791 +12.22
3 54.15 60.57 57.02 54.19 58.36 59.95 58.18 57.23
13.71 1241 13.04 13.70 +0.80 +3.65 +1.89 £1.73
5 66.81 64.45 57.67 67.39 61.84 58.98 54.01 52.05

+2.20 +2.26 +2.54 +1.88 +2.59 +3.95 +1.44 +2.51

53.93 49.73 43.34 43.78 51.03 46.14 43.13 47.22
+2.36 +3.76 +1.89 +1.95 +1.77 +3.59 +3.40 +1.29

DValues are means + standard deviation (n=3).

Table 1.50. Total ascorbic acid (mg/100g, f.w.) of irradiated clover sprouts in
different packaging during storage

PET OPP
Storage
time [rradiation dose (kGy) [rradiation dose (kGy)
(day) 0 1 2 3 0 1 2 3

0 16.50 17.16 17.16 16.36 18.90 20.38 19.57 14.25
+0.22' +1.26 +0.99 10.74 11.18 +1.63 +1.21 +1.24
1 17.77 16.39 15.42 12.55 17.92 16.47 15.49 15.89
10.75 +0.99 +0.32 11.86 1271 +1.47 +1.09 10.64
3 15.63 13.89 13.31 12.55 16.76 12.73 12.73 12.51
12.58 +1.51 +1.68 +0.88 +0.97 +1.99 +2.03 10.94
5 15.92 12.08 12.88 11.86 15.63 13.20 10.88 10.63

+1.38 +1.97 +1.73 +2.24 +1.31 +0.70 +0.31 +0.65

17.08 13.89 13.31 12.40 16.87 10.99 10.41 11.39
+1.56 +1.35 +1.12 +0.83 +0.43 +2.15 +0.43 +3.0.2

DValues are means + standard deviation (n=3).
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Table 1.51. Total carotenoid (ug/g, fw.) of irradiated radish sprouts in different
packaging during storage

Storage PET OPP
time [rradiation dose (kGy) [rradiation dose (kGy)
(day) 0 1 2 3 0 1 2 3

0 1.88 1.30 1.84 1.50 1.81 1.74 1.33 1.57
+0.07"  +0.05 +0.04 +0.27 +0.13 +0.02 +0.02 +0.03
1 1.35 1.34 1.60 1.18 1.43 1.33 1.25 1.17
+0.06 +0.20 +0.08 +0.72 +0.01 +0.05 +0.02 +0.03
3 1.53 1.30 1.48 1.09 1.14 1.27 1.22 1.19
10.05 +0.02 +0.02 10.04 $0.02 +0.02 +0.08 10.10
5 1.41 1.24 1.34 1.03 1.04 1.04 0.99 1.10
10.02 +0.01 +0.11 +0.05 +0.03 +0.02 +0.03 +0.03
7 1.16 1.03 1.14 1.25 0.96 1.10 0.87 1.13

+0.04 +0.05 +0.12 +0.03 +0.03 +0.01 +0.02 +0.11

YValues are means * standard deviation (n=3).

Table 1.52. Total carotenoid (ug/g, fw.) of irradiated clover sprouts in different
packaging during storage

Storage PET OPP
time [rradiation dose (kGy) [rradiation dose (kGy)
(day) 0 1 2 3 0 1 2 3

0.42 0.28 0.23 0.25 0.15 0.16 0.21 0.22

0 +0.02" +0.04 +0.02 10.06 +0.02 +0.06 +0.06 +0.04
1 0.10 0.15 0.24 0.18 0.13 0.14 0.19 0.16
+0.02 +0.04 +0.21 +0.02 +0.02 +0.04 +0.03 +0.03
3 0.09 0.16 0.14 0.13 0.16 0.11 0.14 0.18
+0.02 +0.01 +0.01 +0.04 +0.07 +0.03 +0.05 +0.01
5 0.04 0.14 0.09 0.14 0.01 0.10 0.12 0.12
+0.04 +0.05 +0.03 +0.03 +0.07 +0.03 +0.06 10.06
7 0.05 0.11 0.01 0.08 0.01 0.12 0.02 0.14

+0.01 +0.04 +0.06 +0.03 +0.01 +0.08 +0.01 1+0.01

DValues are means + standard deviation (n=3).
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Table 1.53. Total chlorophyll (ug/g, fw.) of irradiated radish sprouts in different
packaging during storage

PET OPP
Storage
time Irradiation dose (kGy) Irradiation dose (kGy)
(day) 0 1 2 3 0 1 2 3

6.13 5.12 5.70 8.30 6.70 7.09 5.91 4.95
+042"  £157 028  £342 072 013 2061 2079
) 4.87 4.83 5.20 3.91 6.34 6.52 4.07 414
10.62 +0.36 +1.51 +0.47 +0.86 +0.47 +0.27 11.81
; 4.53 412 5.20 3.95 5.36 4.90 3.91 3.33
+0.28 +0.10 +0.48 $0.13 +0.56 +0.31 +0.06 +0.78
- 4.44 3.52 452 3.51 4.72 3.44 3.69 3.23
+0.43 +0.36 +0.61 10.63 +0.85 +0.61 +0.21 +0.70
; 1.63 2.32 2.10 1.69 3.13 3.50 3.83 3.21

+0.31 +0.22 +0.27 +0.40 +0.47 +0.30 +0.60 +0.55

DValues are means * standard deviation (n=3).



Table 1.54. Total chlorophyll (ug/g, fw.) of irradiated clover sprouts in different

packaging during storage

PET OPP
Storage

time [rradiation dose (kGy) [rradiation dose (kGy)

(day) 0 1 2 3 0 1 2 3
13.09 10.40 10.69 9.58 12.11 10.85 10.09 9.16
+0.27"  +0.30 +0.29 10.41 11.52 +1.15 +0.87 +0.9

. 9.70 8.88 10.84 8.54 9.43 9.52 9.02 7.73
+0.55 +0.39 +0.29 +0.46 +0.43 +0.59 +0.57 +0.19
3 9.28 7.32 8.44 7.97 8.34 8.86 8.78 07.26
+0.58 +0.39 +0.69 +0.48 +0.50 +0.56 +1.03 +0.81
; 7.01 6.28 7.05 6.90 9.59 791 8.04 6.22
+0.50 +0.65 +0.25 +0.45 +1.45 +0.71 +0.21 +0.90
; 5.79 5.97 6.93 5.47 7.96 6.72 7.63 6.77
10.11 +0.56 +0.37 10.25 +0.20 +0.23 +0.38 +0.19
'Values are means % standard deviation (n=3).
Table 1.55. Total phenol (ug/g F.W) of irradiated radish sprouts in different
packaging during storage
Storage PET OoPP
time [rradiation dose (kGy) Irradiation dose (kGy)
(day) 0 1 2 3 0 1 2 3
0 7.62 7.21 8.01 7.96 6.89 7.61 8.35 7.99
+0.08"  +0.15 +0.08 +0.15 +0.10 +0.06 +0.05 +0.37
1 7.19 7.06 7.98 7.90 6.29 7.63 7.76 7.36
+0.11 +0.16 +0.27 +0.06 +0.46 +0.06 +0.28 +0.08
3 6.20 7.60 7.02 7.24 5.99 6.89 7.61 7.67
+0.04 +0.05 +0.05 +0.06 +0.48 +0.19 +0.35 +0.07
5 5.59 6.83 6.61 6.85 5.60 5.35 6.39 7.08
+0.14 +0.07 +0.03 +0.27 +0.06 +0.07 +0.10 +0.11
7 5.21 6.86 6.35 6.93 4.93 5.40 6.00 5.94
+0.07 +0.15 +0.17 +0.13 +0.04 +0.22 +0.07 +0.37

DValues are means + standard deviation (n=3).



Table 1.56. Total phenol (ug/g fw.) of irradiated clover sprouts in different
packaging during storage

PET OPP
Storage
time [rradiation dose (kGy) [rradiation dose (kGy)
(day) 0 1 2 3 0 1 2 3

0 5.63 5.16 5.24 8.26 6.26 5.24 5.94 5.40
+0.34"”  £0.01 +0.18 +0.29 +1.52 +0.13 +0.05 +0.07
1 542 4.95 5.02 542 5.50 5.36 5.37 512
+0.23 +0.03 +0.11 +0.18 +0.13 +0.34 +0.17 +0.08
3 491 4.81 511 5.02 519 5.06 5.19 5.02
+0.09 +0.22 +0.06 +0.04 +0.07 +0.15 +0.04 10.11
5 4.47 498 5.03 4.48 498 4.84 493 491
10.13 10.27 +0.98 +0.17 +0.03 +0.13 +0.08 +0.25
7 431 3.70 3.79 4.58 3.68 3.86 513 4.09

+0.09 +0.03 +0.08 +0.12 +0.06 +0.03 +0.08 +0.05

DValues are means * standard deviation (n=3).
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Table 57. Sensory properties’

6x2C for 7 days in different packaging

of electron beam irradiated radish sprouts stored at

Storage PET orP
time Irradiation dose (kGy) Irradiation dose (kGy)
(day) 0 1 2 3 0 1 2 3
1 ]6.14+0.90 |5.8610.69 | 6.00£0.82 | 5.1410.90 | 6.14+0.90 |6.29£0.76 | 5.86£0.90 | 5.29+1.11
9] | 3 |6.00£0.82 | 5.86+1.21 | 5.57+1.40 | 5.57£0.53 | 6.14£0.69 | 6.43+0.53 | 6.57£0.53 | 6.140.90
Tl 5 | 51440.69 | 486069 | 5.29+0.76 |543£0.98 | 557+0.98 |6.00£0.82 | 5.29+0.76 | 6.00£1.00
7 |5.14+0.69 |5.14£0.69 | 5.29£0.69 | 5.57£0.53 | 5.43+0.95 |5.29+0.95 |5.86£1.35 | 5.71£0.49
mo| 1 5861121 | 5.57+1.27 | 6.29+1.25 | 5.29£0.95 | 6.00£1.00 | 5.86+1.07 | 6.14+0.90 | 5.5741.40
g | 3 |614£0.90 |571£1.89 | 5574151 |5.29+¢1.25 | 6.29+1.11 |5.86x1.35 | 6.29£0.76 | 6.00£1.15
Aol 5 | 4.86£0.69 | 4.7120.76 | 5.43£053 | 4.86+1.21 | 5574113 | 6.00£0.82 |5.71£0.76 | 5.57+0.98
A 7 | 543151 | 5.86£1.07 | 5.43+0.79 | 5.00+1.41 | 5.43£0.79 | 6.14£0.38 | 5.86+1.07 | 5.14%1.07
A |1 6.1411.21 | 5.86+1.46 | 5.86+1.35 | 543£1.27 | 6.00£1.00 | 5.14+1.07 | 5.71+0.95 | 4.71£1.70
A |3 ]6.00£0.82 | 5294138 | 5.71£0.95 | 4.71+1.38 || 5.8620.38 | 5.29£0.49 | 5.14+0.69 | 4.86+1.46
W 5 | 4712076 | 457+053 | 5144069 | 4.43£0.98 | 5.43+0.79 | 457+1.81 | 4.86+135 | 5.00£1.41
A 7 | 4.83£0.75 | 5.14£1.07 | 5.14+090 | 5.29+0.76 | 4.33£1.21 | 4.14£1.35 | 4.71+1.11 | 4.57+0.53
1 |657£1.13 | 6.57£0.53 | 6.00+1.15 | 5.71£1.38 | 6.43£0.79 | 6.29£0.95 | 6.14+0.90 | 5.43%1.72
o] | 3 [529+1.11 |52941.25 |5.86£1.21 |5.00£0.82 | 5.00+1.41 |5.29+1.11 |5.43£0.98 | 5.00£1.15
F | 5 | 4004115 |5.0041.29 | 414+1.07 | 4.5740.79 | 5.14+1.07 |5.43+0.79 | 5.14%0.69 | 5.29+0.76
7 | 4.86+0.69 |4.86£0.90 | 5.00£0.82 | 5.00£0.82 | 4.14+0.90 | 4.14+1.35 | 4.86£1.35 | 4.00£0.82
1 ]657+0.53 | 6.57£0.53 | 6.43£0.53 | 5.57£0.79 | 6.43+0.79 | 6.57£0.79 | 6.57£0.53 | 6.29£0.76
i 3 |6.00£0.82 | 6.43+0.79 | 5.57+0.53 | 5.29£0.95 | 5.8611.07 | 6.43+0.53 | 6.57+0.53 | 6.0041.15
7 5 | 5.71£0.76 | 5.57£0.53 | 5.14£0.90 | 5.00+0.58 | 5.71£1.25 | 5.43£0.79 | 5.00+0.82 | 5.57+0.79
7 |543+0.79 |5.8610.69 | 5.43£0.79 | 5.1440.69 | 6.00+0.82 |5.29+0.76 | 5294170 | 5.57£1.27
1 1643+0.79 |6.2920.76 | 6.29£0.95 | 6.00£1.00 | 6.14+0.90 | 6.86£0.38 | 6.29£0.76 | 6.14£0.90
Al | 3 | 6434053 | 6.00+1.15 | 6.29+0.76 | 6.14£0.38 | 6.00£0.58 | 6.00+0.82 | 6.14+0.90 | 6.1420.90
W o| 5 | 5.14+0.69 |3.86+0.69 | 4.71x1.11 | 4.5740.79 | 5.71£0.76 |586+0.69 | 5.43+0.98 | 6.00+0.58
7 | 5141090 |5430.79 | 5.14£0.90 | 5.57£0.79 | 5.14+0.69 | 4.86+0.90 | 5.57+1.13 | 5.14£1.27
i 1 | 6.1420.69 | 6.00£0.58 | 5.71+0.76 | 5.57+0.53 | 6.14£0.69 | 5.57£1.40 | 5.86+0.38 | 5.14+1.21
; 3 |5.86+090 |5.71+1.38 | 6.14+1.07 | 557£1.13 || 5.71£0.76 | 6.00+0.58 | 6.14+0.38 | 6.14£0.69
7_] 5 | 457+0.79 | 457+0.53 | 4712049 | 457£0.53 | 5.8610.69 | 6.14+0.90 | 6.29+0.76 | 5.57£0.53
_j:_ 7 1 52941.11 | 5.57£0.98 | 4.86+0.69 | 5.29+0.95 | 5.00£0.82 | 4.86£1.07 | 5.29+1.38 | 4.43%1.27

USensory evaluation was conducted by 10 panelists using a 7-point hedonic scale (7=very good; 1=very bad).



Table 58. Sensory properties’

6x2C for 7 days in different packaging

of electron beam irradiated clover sprouts stored at

PET OPP
Irradiation dose (kGy) Irradiation dose (kGy)
0 1 2 3 0 1 2 3

1 |6.50£0.76 | 6.38£0.92 | 6.63£0.52 | 6.13x1.36 | 6.38£0.92 | 6.50+0.76 | 6.88+0.35 | 5.88£0.83
9] | 3 |6.38+0.52 | 6.00£0.76 | 5.50£0.93 | 5.88£0.83 | 6.38£0.52 | 5.88+0.64 | 5.38+0.52 | 5.63+0.52
| 5 | 6.1310.64 |5.38+0.74 | 4.63£0.52 | 4.6310.52 | 6.25:0.46 | 5.88+0.64 | 5.75£0.89 | 4.50£0.53

7 | 5574113 | 571£049 | 4.71£0.95 | 4.57x0.79 | 5.57+1.27 | 5712049 |5.00£1.29 | 4.86%1.07
mo| 1] 6258071 | 563£0.52 | 5.63+141 | 5884099 | 6.500.53 | 5.63£0.92 | 6.13£0.83 | 5.50£0.96
g | 3 |6.13£0.99 |5.50+1.07 | 5.00£1.07 | 5.25£0.89 | 6.38£0.74 | 5.88+0.64 | 5.50£0.53 | 5.75+0.46
W15 | 5134064 | 55040.53 | 4.38+0.52 | 3.88+0.64 | 55040.76 | 5.25+0.89 | 4.88£0.64 | 4.000.76
4 7 | 557£0.53 | 4.86£1.21 |4.29£0.76 | 4.57+0.79 | 5.71x0.75 | 543+0.9 |4.71£0.95 | 4.43£0.98
A | 1| 5508093 | 625£0.71 | 5.63+1.06 | 5382074 | 5.13£0.99 | 5.50£0.93 | 5.63+1.19 | 5.880.99
A |3 | 5.75¢1.04 | 550£0.93 | 4.38+¢1.41 | 4.25£1.39 | 5.88£0.64 | 5.13£0.83 | 5.50+1.31 | 5.38+0.92
W 5 | 513+0.83 | 4.88+0.99 | 4.88+0.64 | 4.50£0.76 | 5.6340.74 | 450£1.07 | 4.75¢1.28 | 5.3840.74
A 7 | 443+1.13 | 3.86£1.35 | 4.29£0.76 | 4.14+1.46 | 4.71x0.95 | 4.86+0.69 |4.71£0.5 | 4.43£1.13

1 |6.13£0.64 | 6.13£0.64 | 5.50£0.93 | 5.63x0.74 | 6.00£0.93 | 6.13+0.35 | 5.50£0.76 | 6.13£0.64
o] | 3 |550£0.76 |5.13+1.46 | 4.63x1.60 | 3.88+1.55 | 5.3841.51 | 4.63£1.41 | 4.88£0.99 | 3.88%1.25
A | 5 | 4754089 | 463£1.06 | 45041.07 | 3.8841.25 | 563052 | 5.63£0.52 | 4.88£0.99 | 5.00£0.93

7 | 4.86+1.07 | 4.86+1.07 | 4.00+1.15 | 3.86£1.07 | 5.00£1.15 | 4.57£1.27 | 4.8620.69 | 4.14+0.90

1 | 6384052 |525¢£0.89 |5.75£0.46 | 5.63x0.74 | 6.50+0.76 | 6.00£1.07 | 6.13£0.64 | 6.2520.71
i 3 | 5.50£1.07 | 5504093 | 5.75¢1.04 | 5.75+0.71 | 5.630.74 | 5.50£0.76 | 5.13£1.13 | 5.88+0.99
23
| 5 ] 5.38£0.52 | 4.88£0.83 | 5.25£0.71 | 4.38£0.92 | 5.38+0.92 |5.630.52 |5.1310.83 |5.00£0.76
i 7 | 4.86+1.35 | 4.14+0.90 | 3.86+0.90 | 3.86+1.07 | 4.71£1.50 | 4.57£0.98 | 4.43£1.13 | 4.00£0.82

1 |563£092 |575£0.89 |5.75£1.04 | 5.75£0.89 | 5.88+1.25 |575+0.71 |5.88£0.99 | 6.00£1.07
Al |3 ] 5.38+0.74 | 5.38+0.52 | 5134113 | 5.00£1.07 | 5.50£0.93 | 4.50£1.07 |5.00£1.31 | 4.88+1.25
W | 5 |5.00£0.76 |5.00£0.93 | 425¢1.16 | 4.0041.07 | 5.38£0.52 | 538+052 |525£0.89 | 4.5041.20

7 | 457+1.40 | 4.86+1.07 | 4.43+0.98 | 4.86£0.90 | 5.00£0.82 | 4.71£0.49 | 4.71£0.76 | 4.570.53
i 1 |5.88+0.64 |575£0.46 |5.38£0.74 | 5.63x1.17 | 6.25:0.89 | 6.13+0.35 | 6.13£0.83 | 5.50£0.93
;1 3 16.00£0.53 | 5.38£0.92 | 4.63£0.92 | 4.88+0.64 | 6.130.64 |5.50£0.93 | 5.50£0.76 | 5.38+0.74
7} 5 | 5.75¢0.71 | 5254046 | 4.63£0.92 | 4.38£0.92 | 5.75£0.46 | 5.50£0.53 | 4.75+1.04 | 4.38+0.52
; 7 | 5.00£1.00 |457¢1.27 | 4.14£0.69 | 4.57+1.13 | 5.00£1.29 | 5.14+0.38 | 4.29+0.95 | 4.00£0.82

USensory evaluation was conducted by 10 panelists using a 7-point hedonic scale (7=very good; 1=very bad).
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A2 A7 Eopze] s W7 R AZSE Y13 HACCP Plan 7

AT AAARAF R Fa7F A Frlekal e TokAiie HAd vAAEY 2
DI Aol &old AFOoREA Hx, A 5 T8 AN Y AFE APz 4l
AFow APHATKI-3). 1973 v 3 TGl F(soy), lZ(cress), A
mustard) & A}l A Bacillus cereus7t A A= MBS 7] = o3 Ao = T}

F \A BaEdvd). vAESAES FA7L Wolss 9t Bacillus cereust >107/gE

(M= 309 =/1999) wid FA Algsta glow, ol fifd A= o dR
AFPozH AF5E AaE dol vf glov(u= 1996-2004\d, 1,636 cases/2771; U
1996-1997'1, 16,126 cases/15%1 ), L Alo] AL FTA Ao = W HAr(1-3).
Wobaf o] A NS AT -

Practices, GMP)o|u} 93l 845 ¥ 7] (Hazard Analysis Critical Control Point,
HACCP) A9 =2 ol ## 255 dAY 9 =9 F A& sloth

T ol A AP RLe] FThet A &F e digetr] HsiAe A8A A, fE
71e Fret kB A A FFo] AT

Hgel A ol A sl o F AFFe] A

FAx R FH3E 7] (Good Manufacturing
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25 oAl 7]7] ol 20,000 ppm calcium hypochlorite &0 = Aht3h Z1S diLskSl
th6-8). HobAAag FTAFH A f& AlbEL e AHAEE sodium FE
calcium hypochlorite, hydrogen peroxide, chlorine dioxide, ethanol, oxonated water,
acidified sodium chlorite, organic acid/hypochlorite$} gaseous acetic acid7} A TH9-11).
Mol 2t xAo] wlg oSt Aol o AFAde g ARHow ANk &
Qoms A FAe) At 4 Wbk A FAel aHE 54L& A

27b bR Qs A WYAEeR cha
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2 a1, 7 Aol AL WolAla F wulge] vlmA Be ol
£FA R Aol LS AP AER Agshert

2. Wobal&s] ANGAE v YBHH ALY

AR HARE AEEA(2007)0 WS Vo AAEAH T dAle] 24 AL
A2 ARE AFSte] ARk, didatat, gt 2 8L P8 E(Salmonella spp., E
coli O157:H7, Listeria monocytogenes, Staphylococcus aureus, Vibrio parahaemolyticus, Bacillus
cereus)®] LAEE H7istar, Uil FARF A SRS W AESA QYEE vl

A 7h8l e,
7h AR AFH R AFE

Ao wiy AFAG AEE 242 100 g A=M E435S] ice box® #WHEto] =
9

0 mL 0.85% H3 NaCl&NE 7}3sto] o



. QuAZE 2 4FEE A4

(1) YEtAlF (Aerobic plate count)

AT @ AFEYN 1 mLE FHe] 9 mL 0.85% HiF NaCl &0 do] dAH= 3
ARt 72 &A gANe] 1 mLA S FHsle] Had 438 FHEZHA 2vdd Y %

N

S vl %] (Plate Count Agar) °F 15 mLE <t 42

2
Fotsith. 139 30-30070¢) Het& B Bds 98t JHE Ak

o

(2) WAL (Coliforms)
A7 @ AFEYN 1 mLE FHe] 9 mL 0.85% HiF NaCl £o] Qo] dAH= 3]

(3) W (E. coli)

AAe | AFLN 1 mLEe 3ol 9ml 0.85% B NaCl &0 Qo] dAHRE 34
At 7k @A Ao 1 mLA S H3 Petrifilm'™ E. coli count(PEC)oll HZE3 F 2
TFAIZIAL 35Tl 24417 vk & APE FE He T F9ldd VxS A 9

YRR ANSD, 1 BF Al AANFE Fokol U 7E RS

(4) ARde} (Salmonella spp.)

A A AgYd 1 mLE #H3] 9 mL 0.85% B NaCl £o] Yo drE=z g
etk ZF @A 8 S MacConkey 3 ul#] = XLD iAo HEAIZ F 3
5ColA 24A17F wiFstsiet. 50-15070 9] FA1e] o wldafe] &t = A2 g

o]

7 Qg ASsdn. A

>
ot
o,
me
=2
>
&)
=
X
lo
2
oft
4
rO

(6) FAXLTFT A (Staphylococcus aureus)
AHE | ALY 1 mLE F38ke] 9 mL 0.85% vt NaCl &0 o dAER 9



Brr P kgt a2 g
w2yl Ao dehi Al 8 2= de AR AraA. Arw

st & I gAATFHoE 1M Coagulase test, Catalase testE 2 A13}il, BAP Agar©l
Zato] 37TColA 24412 vigste] §8& dorv o= WAt 3, VITEK32E At

(6) B]=HE|g|ol+t (Listeria monocytogenes)
AAe B AF9Y 1 mLE F38ke] 9 mL 0.85% it NaCl §9o] Yo dAHRE 84
shaleh. Zh |7l S A NS Oxford H3dMlx|ell HFsfe] 30TelA 24-4841F vl et
50-1507H 2] e]aeto] 2elel FaS AGetlvh AlGd Fadol A 5719 AP A Hehe
Hateol BEghdufAlol] $A 30ColA 24hemolysis(BAP agar)tests 3ato] A €klst3ith.

o

o

(7) B3E8ANAE (Escherichia coli O157:H7)

AXEE ALY 1 mLE F8tel 9 mL 0.85% W NaCl &0 Yo aAH=E 3

Astaitt. 7 dA A A& MacConkey sorbitol gH¥i%|] H= EMB agarel 73k

5Coll A 24A17F v ¥k 5 50~15070¢] &% FHHI HAe] 854 Hego] &<ld
cly of

A&atant. A5e BuelA 5744 AgA e okl nEFAA

of,
i
mlo

o\

3to] 35Col Al 2447 wjF &
VITEK32E A}-g3te] #]skelatalct.

(8) BIB.E| & (Vibrio parahaemolyticus)

AHH AL 1 mLE FH3te] 9 mL 0.85% Hi NaCl &N o] dAd=s 3
Atk b g M NS TCBS ghxlufAlel HEate] 35Tl 18-24A17F v sk &
50-15071¢] A7 2-4 mm<l FFAe A HZs] o] FlE Hs AFsivh A
Tk Fe A 57 o] AP AR Fehs FH3ko] 3% NaCls H7heh Hgadn<lo] HFE
sko] 35Tl A 24417t vl § Oxidase test, motility test®} Wa, 7k~ v A A2 A
3}

j;_
ko1&l il VITEK32ZE F A4 3le] &<l3tdt].



9) vHA#H2 A2 (Bacillus cereus)

AR A3
o,

AN 1 mLS

9l

50-1507H

&
T

e

oo]: S

tel 30Tl A 2441 3F i

HEs

dufA]

ki3

Al B4 NS MYP

s
il

7z}t

R
9

el

=
=

o lecithinase

=
T

Tl A o] A

=32
=

3

A

o] 30°CellA 24

Juf =] ol] A5

el

Halo] HF
33 VITEK32E %A

3}o
<

e

MYP

st

=
=

FA T motility test

S

0]
1 =

ol

Mo
i

}S93 T}, Bacillus cereus®

S

CERRE

4 A4

T

o7

;5__10

K
mj

3. Az3} Aol w

7t FAALEAE

%" sodium hypochlorite, calcium hypochlorite, &

N

o]/

o

. gelAlz B2 wobs 53

4

[e)
Gl

bl A FApol

S

4100 seeds)? = =

o)
=

O

]

3

&

10cm #HE |t 4

-
T

2

71e] o] @A (Whatman No.1) 1%4& 23 /5 10 mLS 7

25C ool A 33] o]

=
[}

H] A 2]

Foloh. Azek A 9

5 Aelste] A1§3

= =%
A

-
T

;3

124]

Tako = YER ST

3

ZEE

s

3]
=,

© 33] A

BN



4. TorQ & R FAY wBE AE a9 MY

7} AF 4FSF 44 2 AN

2
o AMEAI Ao FEATE 542 Lelse] 484 AFHRoR a9 P

Q1 Listeria monocytogenese A7}l th.

1) A5
AH&- 5 L. monocytogenes ATCC 191118 AR5 30TColl Al 24A17F vl kel W
o7 2%}, 32k ¥ v AAH AAFA A sAste] gl

(2) Listeria monocytoganes 3% L AZX

B AR AU wale F2 AE ¥ AedlA 047 Az F AED oo

43 nt2 F APttt AFFSFE BobfaFAe] A9 oF 10-10° CFU/g, 2ol
29 A9 ok 10107 CFU/g= 2 F FuF HEshaloh

U ddaS49 A

FERIL
10%), calcium hypochlorite(DC chemical co., Ltd), °l&%(99.9%)S T3t AHE3SEA
3, JFFe Avlge LEF(O0ZW-1001, E7HeE2, 2EEE 025 ppm), Aa|itsts:
(HCIO 100 ppm, ORP 1,100 mV, pH 2.76), H3l3<(HCIO 101.79 ppm, ORP 676mV,
pH 872)E5 Adeato] A3 AH&E3lTt.

() &5A9 s= # AR

ol &2E A} A5 A] calcium hypochloritet™ 20,000 ppm &%= A 153 *2]8k¢lar
ol 2 A5 A] sodium hypochlorite®] 74-¢- 100 ppm, 200 ppm 5% Z+7} 5, 10, 20
B2 Agstda, olehee 80% wEolA 30%, 1, 5837 Attt @& (0ZW-1001,
A7t E2, QEFE 025 ppm), H3A4HsI(HCIO 100 ppm, ORP 1,100 mV, pH 2.76),



A e gk 4=(HCIO 101.79 ppm, ORP 676mV, pH 8.72)°l= Z1Z} 53, 10, 2027+ =251},

t}. Listeria monocytogenes 3% A3 Wi

stomaching¥t ¥ 0.85% NaCl &0 =2 A%3]X 3 & Tryptic soy agar(T SA)Q]- Oxford
agarol| X 37C, 24-48A1%F v ¥ I+ standard plate count(SPC)YH o= A4HslS

aL, colony-forming unit(CFU)/g= E A3}t BE ME2 duplicate® 3t 54 /\];:
of thell 23] whasle] =1E IE MAEe 55 S48k I FdgS I
A3d e 23
49 94 Toblz F4 % TopAz
7 webz 2 FA49 BF
ol AFAF AR FEdA ARREH F39eka, ANGAE SolAi Alss A

oo
>
e
2
=2
>
of
il
g3
rlo
i3
<
DX

BY ¥ QAl=¥H FEwel FAG} oAzt HuhF
of MlmH BE T 5F(NF, Fi, A4, AR, Ch) £ 5F (@B, BRI,

224, A4, gy 1 BYL Fig. 2.1, Fig 229} 2T}

Fig 2.1. Domestic seeds and sprouts in company A.



Fig. 2.2. Imported seeds and sprouts in company A.

AGA NN st T2 F FU= S vt o]EE|olR, Table 213 2.

Table 2.1. Importing country of the sample seeds in company A

Samples Importing country Samples Importing country
Chinese

Korea Alfalfa Italy
cabbage
Radish Korea Broccoli Italy, United states
Rape Korea Clover United states
Red radish Korea Red kohlrabi Italy
Tatsoi Korea Red radish Italy

BAAANA Fad2 ol 4i

FAS wolAat U 2B(0F, FA)T FUL 4F
PN
T

(23t nee] AR, AT)OE T WS Fig 23, Fig 245 om, £ FAel

> l I '

Fig. 2.3. Domestic seeds and  Fig. 2.4. Imported seeds and sprouts in company B.

sprouts in company B.
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19 A} F olEe Edolol A At Hel A o7t

< Company A >

Seed receipt & storage [Step 1]
l
Seed soaking [Step 2]
l
Germination [Step 3]
l
Growth 1day (by drum) [Step 4]
l
Growth 2day (by drum) [Step 5]
l
Wash [Step 6]
l
Drain [Step 7]
l
Cooling [Step 8]
l
Package & storage [Step 9]
[Step 10]

AT,

< Company B >

Seed receipt & storage

|

Seed soaking

|

Germination

|

Growth 1day (by drum)

|

Growth 2day (by tray)

|

Growth 3day (by tray)

|

Wash

|

Drain

|

Cooling

|

Package & storage

Fig. 2.5. The sprout production processes of company A and B.
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Growth

Seed soakins

Seed storage

A.

Fig. 2.6. The sprouting pictures of company

Gertmination Growth (by dreum)

Seed soaking

Growth (by tray)

Fig. 2.7. The sprouting pictures of company B.



2. WolAae] ANGAE HABRH SHad B
7. bz ARANAA] ANGAE a2y

ol o] A A ulel o AujAE | AESHH 93] el 4 A= Table
22273 2t FA 2% A AFEAES AFHA Fokal, dizatel] Hlste] fojahA ut
& AR FEE B0y, wolngolA dukAle, gt B 10-10° CFU/go =
TR LS oo #Agle] TRl HlEte] FolstA £ o9 FES UEddnh £

]

A AmStA] 2 S 2o A] Listeria monocytogenes ©] &% At

Table 2.2. Total plate count and coliforms during germination of alfalfa

Total plate count (CFU/g) Coliform count (CFU/g)
Day Control Treatment Control Treatment
0 (seed)  6.25x10° + 4.71x10° 8.20x10" £ 6.01x10" 172x10° + 152x10°  1.00x10" + 1.10x10'
1 6.09x10” + 6.25%x10 7.92x10° + 7.60x10° 2.93x10" + 3.37x10 2.23x10° + 2.26x10°
2 1.10x10° + 5.89x10 2.80x10" £ 2.61x10’ 2.33x10" + 1.78x10 2.17x10° £ 1.30x10°
3 2.00x10° £ 957x10° 6.85x10" + 9.88x10° 1.30x10° £ 5.79x10’ 3.32x107 + 2.34x107
4 1.70x10% + 1.10x10° 9.27x10” + 3.75x10’ 1.20x10° + 1.20x10° 4.82x107 + 3.55x10

5 (sprout)  2.30x10° £ 9.81x10’ 180x10° + 5.22x10"  130x10° + 1.30x10°  1.10x10° + 1.00x10°

Mean t+ SD

CFU: colony forming unit.

Table 2.3. Total plate count and coliforms during germination of broccoli

Total plate count (CFU/g) Coliform count (CFU/g)
Day Control Treatment Control Treatment
0 (seed)  235x10° £ 122x10°  3.00x10° + 1.42x10°  2.06x10° + 1.43x10° ND
1 1.90x10° + 1.30x10° 3.07x10° + 251x10° 187x10° + 250x10° 1.23x10° + 1.40x10°
2 9.60x10" + 1.14x10 150x10° + 150x10° 2.27x107 + 135%10 3.52x10° + 3.26x10°
3 150x10° + 4.46x10’ 1.20x10° + 6.33x107 2.60x10" + 1.62x10 9.22x10° + 9.01x10°
4 652x10" + 1.16x10°  2.10x10° £ 6.94x107  6.00x10° + 4.79x10° 8.45x10° + 7.60x10°

5 (sprout)  250x10° + 2.06x10"  2.90x10° + 1.00x10"  3.62x10" + 1.95x10"  6.12x10" + 8.77x10°

Mean t SD.

CFU: colony forming unit.



Table 2.4. Total plate count and coliforms during germination of clover

Total plate count (CFU/g) Coliform count (CFU/g)
Day Control Treatment Control Treatment
0 (seed)  283x10° + 2.62<10°  1.80x10° + 181x10°  224x10° + 255¢10°  1.53x10° + 152x10°
1 3.03x107 £ 2.78x107  2.69x107 + 254x10°  8.15x10° + 275x10°  5.30x10° + 6.32x10°
2 780x107 + 485%107  572x107 + 407x107  415x107 £ 277107 3.61x107 £ 3.12x107
3 930x10" + 6.02x10"  6.85x107 £ 443x10°  272x107 + 1.12x10"  2.52x107 £ 1.50x10°
4 9.95x107 £ 2.37x10"  5.60x10" + 433x10"  3.60x10" + 202x10°  2.40x10" + 1.38x107

5 (sprout) 747107 £ 346x107  270x10" £ 8.08x10°  425%10" £ 3.00x10°  1.86x10” + 1.55x10’

Mean t SD.

CFU: colony forming unit.

Table 2.5. Total plate count and coliforms during germination of red cabbage

Total plate count (CFU/g) Coliform count (CFU/g)
Day Control Treatment Control Treatment
0 (seed)  345x10° £ 150x10*  570x10" + 5.00x10"  140x10° + 2.44x10°  5.00x10° + 5.00x10°
1 147%107 + 442x10°  345x10° + 574x10°  1.20x107 + 454x10°  1.35%10° + 2.38x10°
2 137%107 4 377x10°  572x10° + 263x10°  1.15x107 + 3.48x10°  1.82x10° + 3.77x10°
3 3.65%107 £ 1.91x10°  1.77%107 + 1.01x10°  1.80x10" + 917x10°  3.95x10° + 2.95x1(°
4 457%107 + 3.90x10"  212x107 £ 9.60x10°  462x10" + 359x10"  5.22x10° £ 3.09x10°

5 (sprout)  457x107 £ 245x10°  3.A7x107 £ 158x10°  3.11x107 £ 316x10°  1.99x107 + 145x10’

Mean t SD.

CFU: colony forming unit

Table 2.6. Total plate count and coliforms during germination of red radish

Total plate count (CFU/g) Coliform count (CFU/g)
Day Control Treatment Control Treatment
0 (seed)  185x10* + 6.40x10°  9.20x10" + 9.00x10"  138x10* £ 651x10°  1.50x10" + 1.70x1('
1 8.67x10° + 6.14x10°  2.00x10° £ 218x10°  1.82x10° + 6.07x10°  2.45x10" + 2.76x10*
2 140x107 + 8.16x10°  1.08x107 + 135x10°  475x10° + 147x10°  2.22x10° + 9.46x10°
3 7.00x107 + 2.44x10°  1.88x107 # 1290x10"  822x10° + 551x10°  3.30x10° + 3.36x10°
4 130x10° £ 130x10°  1.90x10 £ 1.82x10°  3.05%10" + 159x10"  1.11x10" + 7.93x10°

5 (sprout)  1.10x10° £ 9.16x10"  437x107 £ 211x10°  1.82x107 £ 3.20x10°  1.36x107 + 7.89x10°

Mean + SD.

CFU: colony forming unit.



Table 2.7. Food-borne pathogens during germination of clover

E. coli

Da E. C())l 0157:H7 S. aureys L. monocytoa;enes B. cereus Salmonella
Uy cpuy  (CFUT (CFU/g (CFUjg)  spp. (CFU/g)
0 (seed) - - - -
1 - - - 1.0x10¢4 1.2x10<
2 - - - 8.5%10¢ 8.5x10¢
3
4 . . . .
5 (sprout) - - - 1.5x104 1.8x10<

L A AAEA dopAjie] AAGAE Y

AGA ] Topxx B T AL AE mAEEA 542 Table 2.8, Table 2994 Z T}
FAe S, kAl 5 10-10° CFU/g, AT« =+ 10'-10° CFU/go24 it
FUA TR Aol HolX| gkt FAke] HFA] A5 Al(calcium hypochlorite 20,000
ppm) Al 7ol wE AtolE dEhldled, WA AsAlE AgstA &2 Ao Ul
Ab FApe] AubAld £ 10%10° CFU/g, T« 5 10-10° CFU/go 2 UElytor,
TAA FAFe] AukAlt = 10°-10° CFU/g, i3+ % 10%-10° CFU/go & YElR:
AEASE AYE A FUak T AubAld = 10-10° CFU/g, AT« 5 10-10°
CFU/go.2 YERY 10107 CFU/g Aro ZAAadNE BIow, st FAE AukAlFS
10-10° CFU/g, Widd+ 5 <10' CFU/go = e} 10-10° CFU/g A=2 Uit &
Awctk gt o A vebg S JAF Al a5 Fagdo] AlabE

FA7} wol & ke AukAlA 10-10° CFU/g, thidt 10107 CFU/go.2 %7 1}
Ebwtal, 94 dubAleF 10°-10° CFU/g, et 10°-107 CFU/ gl 2 & $X& HY
ool A Alite] F2jo] FlaiAE A & 5 AUk A 7IbESE bl o
Agtatol 10°%-10° CFU/g, 10-107 CFU/gl 2 ¥& S ALE FX8te Aoz yeigth A
A3} g5 Fon AnkAl I tigatato] 10°-10° CFU/g, 10°-107 CFU/go.2 2 Q9%
& Uetlie Ador B o Exnt AlFs] Hoe Add A4S AA nAESE 9

shupy Sol 4™ o)

4 Aow And.



Hoj = otE= ol A WH(15), Table 2.10-2.12¢9F o] HAF Al A%AE A &
Uik A, A FAe] wol & A A E coli7t HEC] H AT A5 A Al
A& Tl AA" de 2o AF Al 254 AE S7 144 welek AR A
% 2214 fQEY s A% 589 FovF eddn

B v Eel dd £A 27 Table 2133 2tk 249 1059 ZE ARA A
T A asA AR fFek wAgle]l A AAEACNM AREdA ATl Eo coli
O157:H7, Salmonella spp., Staphylococcus aureus, Vibrio parahaemolyticus®} Bacillus cereus
sl AEHA FRoy, A28 Aldor vufet d=o 2 A1l L. monocytogenesl
ek F4A BAs AAe A, HAE A a5AE AP A &S FUL A5 o}
oF 1 o] % ©AlA FAANSE UERo] Wobajiol A oprEo] WAL 5 = AT

5g s S8l AF A 254 AP Beyel U Frdc

B>



Table 2.8. Aerobic plate count of step-by-step

process in seed sprouting by company A

Process steps (CFU/g)

Samples Soaked Sprouting  Sprouting  Sprouting '
Seed Wash Drain Storage
seed lday 2day 3day
h bb 5.9%10* 1.9x10" 6.2x10 1.7x10° 6.7x10 14x10" 9.0%10° 19x10
. ) ox
Domestic ~ Chinese cabbage (2.1x10% (7.8x10') (1.8x10% (5.6x10%) (1.5x10%) (7.2x10") (9.0x107)
d h 51 105 9,1)(104 1.1x108 1.8x108 2,2)(107 7_3)(106 6'4)(106 5_4)(107
. 1x
fadis (3'3><105) (5.8><1()7) (9.1><107) (2.9x1()8) (7_8><1()7) (8.7x1()7) (1.1x108)
R 9.7 104 25)(104 17X107 15)(108 90)(107 12)(107 47)(106 76)(107
7%
pe (4.5x10% (5.6><107) (1.8><108) (2,5)(1()8) (3,7x107) (4,1x1()7) (1,9x107)
R d d h 41 104 12X104 46)(107 17)(108 17)(107 45)(106 31)(106 14)(107
. 1x
o 2.9x10%)  (7.3x10)  (81x107)  (9.3x107)  (1.6x10)  (29x10))  (2.1x10)
T 90 103 56><103 21)(107 84x107 81)(107 34)(107 27)(107 11)(108
. Ox
e (1.0x10%) (9.1x10") (1.5x10°%) (4.5x10°) (9.2x10") (1.1x10% (1.1x10°)
4 Alfalf Lo 720400 730 e1x107 22407 170 170
2%
fmporte e (7.4x10% (6.4x10") (6.4x10") (6.1x10") (1.1x107) (9.8%10°) (1.5x10)
Broceoli 5 0x10° 3.0x10" 1.6x10° 8.0x10 6.2x10 1.8x10 1.6x107 1.3x10
o | (62¥10)  (324107)  (10)  E710)  @2x10)  (19x10)  (32x10)
cl et 22900 14a0” 860l 430 2140 196100 1460
o | (22x10°)  (27x10)  (9x10)  @7x10)  (1.6x10))  (6.0x10)  (L4x10))
Red kohlrab 5 6x10° 61x10°  93x10°  41x107  81x10"  48x10"  1.8x107  3.3x10’
. 6%
R (15x10%)  (12x10)  (8.0x10)  (7.3x107)  (21x107)  (24x10")  (1.9x10))
h 2 8 104 78X103 17)(107 24)(107 24)(107 11)(107 92)(106 12)(107
. 8x
Red radis (1.8x10% (7.0x10) (1.6x10% (1.2x10%) (5.0x10") (2.6x10") (2.3x107)

CFU : Colony forming unit
() : Not treated with sanitizer



Table 2.9. Coliform count of step-by-step process in seed sprouting by company A

Process steps (CFU/g)

Samples Sprouting  Sprouting  Sprouting .
Seed Soaked seed 14 od 2d Wash Drain Storage
ay ay ay
. o 6 5x101 1.0x10° 1.1x10° 1.0x10° 8.0x10° 55x10°  4.0x10°  7.0x10°
. : Bx
Domestic  Chinese cabbage 74x10°)  (3.0x10%  (23x107)  (42x10)  (14x10)  (1.2x107)  (5.6x10%)
e 2 0x10° 3.2x107 6.0x10* 8.5x10° 1.1x10° 9.0x10°  1.1x10°  1.0x10°
. ox
Radis 29x10%)  (1.0x107)  (L1x10)  (21x10)  (8.9x10%)  (3.9x10%  (1.6x10)
5 0x10° 1.3x10" 6.5x10° 1.6x10° 1.1x10° 75x10°  1.1x10°  1.2x10°
UX
Rape (13x10%)  (44x10%  (21x107)  @7x107)  (42x10%  (3.7x10%  (1.9x10°)
. 3.0x10° 1.2x107 1.9x10° 9.3x10° 1.3x10° 9.0x10°  1.1x10°  7.5x10°
: ox
Red radis (19x10%)  (81x10%)  (9.3x10%)  (72x10%  (7.0x10%  (7.0x10%  (6.2x10°)
5 0x10° 1.6x107 6.0x10° 8.0x10° 8.5x10 12x10°  1.5x10°  8.0x10°
. ox
Tatsoi (12x10°)  (25x10%)  (L4x10)  (3.7x10)  (1.1x107)  (9.0x10%  (1.1x10))
. it 39%10° 1.0x10" 4.9x10* 5.2x10 2.2x10° 1.7x10°  22x10°  5.0x10°
2x
Imported  Alfalfa (6.8x10%  (73x10%  (25x107)  (1.8x10)  (6.0x10%)  (41x10%)  (4.3x10°)
| 5 0x10° <10' 7.5%10° 4.2x10° 8.4x10° 33x10° 6.0x10°  1.1x10°
: ox
Broceoli @5x10%)  (1.0x107)  (LOX107)  (84x10%  (21x10%) (3.4x10%  (3.9x10%
1 L 5x10° <10' 5.0x10° 1.6x10° 8.4x10 11x10°  1.9x10°  1.5x10°
5x
Clover (3.6x10%)  (17x107)  (2.8x107)  (1.2x107)  (63x10%)  (4.4x10%  (6.2x10%
 Kohlrab 3.5x10° 1.0x10" 7.9x10* 2.2x10° 3.3x10° 24x10°  2.1x10°  1.9x10°
: By
Red kohlrabi (3.6x10%  (7.3x10%  (1.8x107)  (14x10)  (7.9x10%)  (9.8x10%  (9.7x10%)
. S 5x10° 7.5x10" 3.6x10" 3.1x10° 1.6x10° 21x10°  2.0x10°  1.8x10°
: By
Red radis 23x107)  (1.2x107)  (1.8x107)  (L.0x10)  (25x10%)  (3.0x10%)  (1.4x10°)

CFU : Colony forming unit
() : Not treated with sanitizer



Table 2.10. Pathogen analysis of step-by-step process in no treated seed sprouting of domestic radish by company A

Process steps (CFU/g)

Pathogens Soaked seed Sprouting  Sprouting  Sprouting )

Seed (Not treated) lday 2day 3day Wash Prain Storage
Escherichia coli 1.0x10" 1.0x10' 4.0x10° 5.0x10° 5.0x10° 1.0x10" 2.0x10' 4.0x10'
Staphylococcus aureus ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND
Vibrio parahaemolyticus ND ND ND ND ND ND ND ND
Bacillus cereus ND ND ND ND ND ND ND ND
Listeria monocytogenes ND ND ND ND ND ND ND ND
Escherichia coli O157:H7 ND ND ND ND ND ND ND ND

CFU : Colony forming unit
ND : Not detected



Table 2.11. Pathogen analysis of step-by-step process in no treated seed sprouting of domestic rape by company A

Process steps (CFU/g)

Pathogens Soaked seed Sprouting  Sprouting  Sprouting i

Seed (Not treated) 1day 2day 3day Wash Drain Storage
Escherichia coli ND 1.0x10' 3.0x10° 8.0x10° 7.0x10° 3.0x10' 4.0x10' 4.0x10'
Staphylococcus aureus ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND
Vibrio parahaemolyticus ND ND ND ND ND ND ND ND
Bacillus cereus ND ND ND ND ND ND ND ND
Listeria monocytogenes ND ND ND ND ND ND ND ND
Escherichia coli O157:H7 ND ND ND ND ND ND ND ND

CFU : Colony forming unit.
ND : Not detected.



Table 2.12. Pathogen analysis of step-by-step process in sprouting of domestic red radish seed not treated with sanitizer by

company A
Process steps (CFU/g)
Pathogens Soaked seed Sprouting  Sprouting  Sprouting .
Seed (Not treated) 1day 2day 3day Wash Drain Storage

Escherichia coli ND ND 2.0x10° 1.0x10° 1.0x10° ND ND ND
Staphylococcus aureus ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND
Vibrio parahaemolyticus ND ND ND ND ND ND ND ND
Bacillus cereus ND ND ND ND ND ND ND ND
Listeria monocytogenes ND ND ND ND ND ND ND ND
Escherichia coli O157:H7 ND ND ND ND ND ND ND ND

CFU : Colony forming unit.
ND : Not detected.



Table 2.13. Pathogen analysis of step-by-step process in sprouting of imported red radish seed not treated with sanitizer by

company A
Process steps (CFU/g)
Pathogens Soaked seed Sprouting  Sprouting  Sprouting .
Seed (Not treated) 1day 2day 3day Wash Drain Storage

Escherichia coli ND ND ND ND ND ND ND ND
Staphylococcus aureus ND ND ND ND ND ND ND ND
Salmonella spp. ND ND ND ND ND ND ND ND
Vibrio parahaemolyticus ND ND ND ND ND ND ND ND
Bacillus cereus ND ND ND ND ND ND ND ND
Listeria monocytogenes ND ND + + + + + +
Escherichia coli O157:H7 ND ND ND ND ND ND ND ND

ND : Not detected.

+ : Detected.



ot B AAYA TolAie AADTAE A EH

BiA| ol ao] Ak AE vz FEW7E A3k Table 214, Table 2159 2
ok FAke] 4§, dukAld 5 10°-10° CFU/g, i3+ £ 10-10° CFU/go.2A =
WAakak Fodah FAREE] Aol HolA gskth FAke] AFA] %Al S
1,000-1,5008) 8141y A2l s, uldk x4 AWl 5= 10>-10° CFU/g, i1
T 8 10-10° CFU/go.2 YElgton, =904t Fake] dukAlst 4= 10%-10* CFU/g,
HAHET FE 10-10° CFU/go.2 e} <10° CFU/g A9 #A42a7E Hol AYA
B} T2 a5 o FolE gstE o ddEo|.

Tk FApe) el A akat 29k A BE AvkAlet 107 CFU/g, Wit 10°
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Table 2.14. Aerobic plate count of step-by-step process in seed sprouting by company B

Process steps (CFU/g)

Soaked
Samples Sprouting  Sprouting  Sprouting .
Seed seed Wash Drain Storage
lday 2day 3day

(Treated)
Domestic ~ Chinese cabbage  1.5x10*  51x10°  29x10"  1.9x10°  1.8x10°  1.9x10°  1.9x10"  2.0x10’
Rape 15x10°  1.0x10*  23x10"  20x10°  7.0x10°  40x10°  57x10°  6.0x107
Imported  Alfalfa 8.4x10" 1.3x10" 5.8x107 3.7x10° 1.6x10° 1.4x10° 9.4x10° 2.2x10°
Broccoli 5.4x10" 4.3x10° 1.9x107 2.9x10° 2.9x10° 1.2x10° 2.5x10 3.5x107
Red kohlrabi 5.6x10° 1.9x10° 1.1x107 2.4x10° 3.3x10° 7.0x107 5.6x107 7.3x107
Red radish 2.0x10° 6.2x107 1.7x10 2.9x10° 2.8x10° 1.3x10° 5.9x107 7.9x107

CFU : Colony forming unit.



Table 2.15. Coliform count of step-by-step process in seed sprouting by company B

Process steps (CFU/g)

Soaked
Samples Sprouting  Sprouting  Sprouting .
Seed seed Wash Drain Storage
lday 2day 3day

(Treated)
Domestic ~ Chinese cabbage  7.3x10° 1.3x10° 6.5x10° 2.7x10° 1.9x10 2.0x10" 2.2x10° 5.5%10°
Rape 75x10*  4.0x10° 2.6x10° 29x10°  33x10°  33x10"  4.8x10°  3.5x10°
Imported  Alfalfa 22x10°  68x10°  1.9x10°  23x10°  4.0x10°  32x10°  6.9x10°  7.3x10°
Broccoli 4.8x10* 7.0x10" 3.3x10° 3.4x10° 1.9x10 1.9x10 4.1x10° 5.4x10°
Red kohlrabi 5.5x10 1.1x10 1.8x10° 1.5x10° 5.2x107 1.1x10 6.0x10° 7.0x10°
Red radish 3.3x10 1.2x10° 1.9x10° 2.7x10° 2.2x10 1.8x107 1.8x107 1.1x10

CFU : Colony forming unit.



Table 2.16. Pathogen analysis of step-by-step process in seed sprouting by company B

Process steps (CFU/g)

Pathogens Soaked seed Sprouting  Sprouting  Sprouting .
Seed (Treated) 1day 2day 3day Wash Drain Storage

Escherichia coli ND ND ND ND ND ND ND ND
Staphylococcus aureus ND ND ND ND ND ND ND ND
Salmonella ND ND ND ND ND ND ND ND
Vibrio parahaemolyticus ND ND ND ND ND ND ND ND
Bacillus cereus ND ND ND ND ND ND ND ND
Listeria monocytogenes ND ND ND ND ND ND ND ND
Escherichia coli O157:H7 ND ND ND ND ND ND ND ND

CFU : Colony forming unit.
ND : Not detected.
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Table 2.17. Germination rate of five seeds by washing and sterilization treatments

Germination rate (%)

Treatment Time (hr)
12 24 36 48
Distilled water 80.0+0.0 90.0£0.0 90.0+£2.8 92.0+2.8
Tap water 62.0£2.8 74.0£2.8 84.0+£0.0 92.0+0.0
70% Ethanol 58.0+2.8 76.0£5.6 80.0+0.0 90.0+0.0
Alfalfa CaOCI2 20,000 ppm 38.0+0.0 84.0+2.8 84.0+0.0 88.0+2.8
10% NaOCl 50 ppm 72.0£5.6 74.0£0.0 86.0+£8.4 96.0£0.0
10% NaOCl 100 ppm 64.0+0.0 80.0+16.9 88.0£5.6 94.0+0.0
10% NaOCl 200 ppm 74.0+£5.6 84.0+5.6 86.0+£0.0 94.0+2.8
Distilled water 18.0+0.0 40.0£0.0 46.0x0.0 80.0+0.0
Tap water 18.0£2.8 34.0£5.6 52.0+2.8 78.0£0.0
70% Ethanol 6.0£0.0 30.0£0.0 50.0+2.8 76.0£0.0
Broccoli CaOCI2 20,000 ppm 12.0£2.8 44.0£5.6 56.0+0.0 72.0£0.0
10% NaOCl 50 ppm 14.0+£0.0 36.0£0.0 54.0+2.8 80.0+0.0
10% NaOCl 100 ppm 8.0+0.0 40.0£0.0 58.0+2.8 78.0+£0.0
10% NaOCl 200 ppm 8.0£0.0 36.0£5.6 58.0+0.0 80.0+5.6
Distilled water 42.0+2.8 86.0£2.8 90.0+£0.0 98.0£0.0
Tap water 56.0£5.6 64.0£0.0 68.0£0.0 90.0+0.0
70% Ethanol 44.0+5.6 76.0£2.8 88.0+£0.0 92.0+0.0
Clover CaOCI2 20,000 ppm 44.0+0.0 78.0£0.0 80.0+8.4 90.0+0.0
10% NaOCl 50 ppm 38.0+2.8 78.0£0.0 80.0+£0.0 98.0+0.0
10% NaOCl 100 ppm 48.0+0.0 90.0+2.8 92.0+£0.0 96.0£0.0
10% NaOCl 200 ppm 36.0£5.6 64.0+2.8 90.0+0.0 96.0+0.0
Distilled water 4.0+0.0 24.0+2.8 38.0+0.0 78.0+£0.0
Tap water 8.0+2.8 30.0£0.0 48.0+0.0 82.0£0.0
70% Ethanol 4.0+0.0 28.0+2.8 32.0+0.0 70.0£2.8
Red cabbage CaOCI2 20,000 ppm 8.0£0.0 22.0£0.0 30.0+2.8 70.0£2.8
10% NaOCl 50 ppm 12.0£2.8 32.0£0.0 48.0+2.8 78.0£0.0
10% NaOCl 100 ppm 10.0+2.8 28.0+5.6 46.0+0.0 76.0£0.0
10% NaOCl 200 ppm 8.0+0.0 32.0+0.0 48.0+0.0 76.0£0.0
Distilled water 24.0+2.8 74.0£2.8 82.0£2.8 94.0+0.0
Tap water 34.0+2.8 84.0£0.0 90.0£2.8 96.0+0.0
70% Ethanol 18.0£2.8 80.0£0.0 84.0+0.0 90.0+0.0
Red radish ~ CaOCI2 20,000 ppm 28.0+0.0 54.0£2.8 72.0£5.6 86.0£0.0
10% NaOCl 50 ppm 14.0£2.8 56.0£0.0 74.0£0.0 96.0+2.8
10% NaOCl 100 ppm 22.0+2.8 60.0£5.6 62.0£0.0 96.0£0.0
10% NaOCIl 200 ppm 12.0+0.0 70.0+2.8 72.0£0.0 90.0£0.0
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Table 2.18. Effect of chemical treatment on germination rate in red radish seeds

Soaking Soaking Germination rate (%)

Treatment time temp.
(h) () 12h 24h 36h 48h

6 5 10.0 63.5 88.5 95.0
Distilled water

6 20 26.0 77.8 93.0 95.3
Distilled water & 6 5 5.5 26.0 66.0 82.0
Ca(OCl). 20,000ppm, 15min 6 20 87 562 790 838

6 5 30.0 82.5 92.0 95.0
Chlorine 50 ppm

6 20 60.2 91.0 95.5 96.0

6 5 30.5 87.5 94.5 96.5
Chlorine 100 ppm

6 20 66.8 91.8 97.0 97.4

6 5 225 81.0 91.5 95.5
Ozonated water

6 20 54.0 86.3 94.5 97.8

6 5 8.0 75.0 83.5 88.0
Acidic electrolyzed water

6 20 44.0 82.4 85.5 90.8

6 5 4.0 68.0 80.5 83.0
Alkalic electrolyzed water

6 20 23.0 74.0 81.0 92.0

4. TolA A 2 Exte] HYE Az7+s) ol

Solberg & (13)2] 7]l 23ld 7HAE3AE AXNA Fe AEFS AukAFF7E 10°
CFU/g ol’4¢l 45 s18e 7IAdg Zert dvta =, Sopias 24452 100%
7} 10° CFU/g o1 AEH o] HglAAQ Aoz 2A A o]d vl A4
g ol&ste] tExzgTAe AAA fa FHFY AAFE AdEsle B AT=E
w249 e BATD 5 glvh webd A AsE Far717] s dopAjae
A& HA A E. coli®t L. monocytogenes?t AZEE AN FAReF Wolxiof il L.
monocytogeness 10°-10° CFU/mLE ¥l - HE3 5 o8] 279 2% IS 483 %

I35 el Bkt
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7h FA &% BE A7 &an

1) IALEZ o3 BAGAE MAE T2 W Fo

AR T JAARE Aol wE AAtEAE mAE SA WSE AR Ade
Table 2.129} Fig 2.8, Fig 2.9¢F &t} 5C 7l 6A1ZF AAA A5, A d A9
AWM L. monocytogenes = 717+ 5.4810.01 log CFU/g¥ 3.3310.02 log CFU/go°]
Ao, A ARkMFH} L. monocytogenes T 77 4.29+0.02 log CFU/g
3.25+0.02 log CFU/go. 2 ARkM:F7} oF 1 log CFU/gAE #asE o2 YEGA]
gk ol & AMAFS> 7.7620.01 log CFU/g, L. monocytogenes <% 5.95+0.02 log
CFU/g2 = °F 3 log CFU/g A% S7lel= 3o & vERRTh

WA 20T FRol 6A1RE FAAAZ A, A A FAY] AWkl 3 L monocytogenes
T ZH7} 5.8340.01 log CFU/g¥} 3.48+0.02 log CFU/gellom, A 5 vk} L.
monocytogenes T 217} 7.0540.14 log CFU/g, 3.45:0.21 log CFU/go & UWHAH F+=
23] ¢ 1 log CFU/g A% T7tete Ao Yeh 5ToAe A Al Adolgt A}
£ HQo ol ¥ AwkMtI} L. monocytogenes T ZHZb 8.47+0.03 log CFU/g,

_
(

5.48+0.01 log CFU/g® ©F 1-2 log CFU/g A% F7lshe Ao & YerEt) ole A&
=7F 20T wl, dubAlge] A 2mdiel FARske] wo] T4 S A7) wEel A

o7 FFE).

S ST e Ao AlsEnh

-
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Fig. 2.8. Microbiological quality of Fig. 2.9. Microbiological quality of
soaked seed at 5TC. soaked seed at 20T.

@ 33 A5A A BE FA A5 527

Oh A%F A Be FA 2% 4y
AEFol g AT FA] 2% Eabsh Wobd] MAE T nAE 9GS 2A

A= Table 213, Fig. 210, Fig. 2113 k. HE A Fxke] dukAdAf¥ L

5.

T 4.2940.02 log CFU/g, L. monocytogenes T+ 3.26+
CFU/go & °ofgte]l AE HIv. ol & ARKAIT I} L. monocytogenes v 212t
7.76£0.01 log CFU/g, 5.96+0.01 log CFU/go.2 Z7}2 Uedth 750l 6417 A
A|AZ1 ¥ calcium hypochlorite 20,000 ppm &%= A 1537F A A7 S22 LRbA
T+ 1.8710.12 log CFU/gl = YERY} 3 log cycle ©]7e #HAgyisE HIi
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7_'

S

Are] fa aYdE B Wol Fok AWA|FZ L. monocytogenes T

o
1o

6.97+0.00 log CFU/g, 5.1620.01 log CFU/g2 2 UElIY T7/H5 HE & WolAzl 4
Hlaste]  wwg gAE BT skl ez HAAA F dwkAlEat L
monocytogenes T+ 217} 3.30+0.03 log CFU/g, 1.41+0.17 log CFU/ ggi 2 log cycle
QLo FAaE Hlal, wol Zok AWAH I L. monocytogenes T 2t 6.95+0.02 log
CFU/g, 4.99+0.03 log CFU/go = Zajitst9t frASE g atE& vl

LEF 6AIZE FAAAZ TS ARkAIAE T L. monocytogenes 7 ZH7t 4.27+0.04 log
CFU/g, 2.25+0.02 log CFU/go.= YEl SFell JAFAZ FAFe Hlasto] AnkAl¢f
T W= A9 glol L. monocytogenes T+ 1 log cycle LS| FHAaydE B,
o} = AWkt L. monocytogenes T Zt7t 7144017 log CFU/g, 5.31+0.02 log
CFU/go.® yEh mm| gk ZHAanks Yebi i

ol#dt A¥E BW FA it B ol wAEe] T4 AAE s FA AFE F
calcium hypochlorite 20,000 ppm & %=olA 153 A2 7AW ASFEA defitsts
U Ses d8oke Wtem A A&sk= o] gl Aow e

fus

& 6
7 |-
5
6 |-
4
S5 g
)
L L
O "2 O 8
347 8
2
3 |-
ow —e— DWW
—l— DW+Ca(0Cl)2 —— DW+Ca(0Cl)2
o ow 1 ow
Acidic EW Acidic EW
—¥— Alkalic EW —¥— Alkalic EW
1 - 0
Seed Soaked seed Sprouting Seed Soaked seed Sprouting

Fig. 2.10. Effect of seed decontamination Fig. 2.11. Effect of seed decontamination

on APC. on L. monocytogenes.

@) @FAYd e FA &% 5%

dgAge wE A5 T 4% aitel wopa] FH vAE TS A A
T Table 2199} 2th. A% A5 HqFed 29 Sl Adste] 4843t W] do}
7} L. monocytogenes T2 WtE FAlslgl o, wolg 80% ol o® FHMGAHE, L

monocytogenes V| HES HAEA ko2 FslgiTh
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Table 2.19. Effect of hot water treatment on germination rate and L. monocytogenes in

red radish seeds

Germination rate (%)

Treatment temp. Soaking time L. monocytogenes

(C) (sec) No soaking Soaking after population
treatment
Control 0 92.8 94.7 3.95+0.16
30 94.7 96.7 0.88+0.68
60
60 92.8 97.3 0.43+0.59
30 92.3 94.8 0.20+0.45
65
60 87.3 90.6 0.11+0.33
30 87.4 89.7 0.02+0.14
70
60 82.0 85.2 0
30 76.2 78.0 0
75
60 67.3 68.7 0
30 13.2 24.8 0
80
60 9.6 13.5 0
30 24 3.6 0
90
60 0.5 1.0 0
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. Auise] e Az a3

(1) 23AMAN HEF A3t 53

Aag= Zpolo] whE A S AuaAE wAdE A adE Boked, WA 50
ppm F5=9 fFaFet eEFe] Ad= Fig. 212, Fig. 213 el AT

Aol 7] dWbAle = 5.83+0.00 log CFU/g, L. monocytogenes <+ 3.44+0.06 log
CFU/gellom dxwoms SRz A 495 BY, IF 5 diAd 5=
5.0540.14 log CFU/g, L. monocytogenes T+ 3.39£0.12 log CFU/gOo &= °F31o] A4S o
ERf At ey ol & AREA| I L. monocytogenes = 247t 7.47+0.03 log
5.4610.02 log CFU/go = Ebtom, Aul 5 UAWkAta} L. monocytogenes T+ ZH7t
8.00+£0.05 log CFU/g, 5.60+0.04 log CFU/g°.2 Z7}8< el i),

P4 50 ppm FEE AuiE FAFY] ol F ANk L. monocytogenes T 7
7.370.00 log CFU/g, 5.25+0.19 log CFU/g< 2 eI} thztol Hldle] ofzk v 424

o
N
N
N
N

S Hlow, Au] = A9k L. monocytogenes T Z+7t 7.3120.04 log CFU/g,
4.730.03 log CFU/go. 2 e} thx7to Hls) 1 log cycle ©]3}e] #as BT}

LETFE Augt A, ol ¥ UAwkMt L. monocytogenes = 717t 7.4740.03 log
CFU/g, 5.29:0.05 log CFU/g<.2 e} tzws} & 202 mo|x| gkgtor} A
AWA 2} L. monocytogenes = Zt7} 7.2120.03 log CFU/g, 4.74+0.06 log CFU/go. =
Uet 94 50 ppm == AHE Aol AR A g9E Bl

50 ppm &= Hagot eEFE A Skl AUt oo AdvtAld = 1 log
cycle °olate] mm|gt A4S WERF O™, L. monocytogenes T AAAE 2F 1 log
cycle o] A5 Hol Aojade AA YA gkt

Q&9 50 ppm FEO F4g BEF SRR AWM Fe-o vus) & Hiads
LB A e SkAIRE Aulset o] S-S Ao mA Au) 5 Al H Aol A A
W 7 g oD Rk

il
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Fig. 2.12. Effect of irrigation water on Fig. 2.13. Effect of irrigation water on
APC in red radish seed sprouts. L. monocytogenes in red radish sprouts.

A Ak A5 S AuidAE v AAE Az a3 A3 Fig. 2.14, Fig. 2.15
of YeERTE EAFe] 7] dWkAlat 7 5.29+0.02 log CFU/g, L. monocytogenes T
3.33£0.02 log CFU/gollem tzioar FHFF2 Amd 492 v, 5 5 o

=

Alxt 475 4.9440.01 log CFU/g, L. monocytogenes ++= 3.25+0.02 log CFU/go. = °F7te]
AAaE YeEpdAT ey drol & AWkAIeE R} Lo monocytogenes 7= ZH2E 7.0940.00 log
CFU/g, 5.28£0.00 log CFU/go.= Uehdown, au ¥ outk
= 717} 7.2440.00 log CFU/g, 5.51£0.02 log CFU/g2. 2 Z7}8HS YeERy Atk

Asfrtstaz Aulg o] ol F AwkAlit £ 6.95£0.08 log CFU/g, L.
monocytogenes = 4.39+0.02 log CFU/go = thxw 3 Hlwstd wwgt HAE BT
Al o] AwkAle = 6.04£0.01 log CFU/g, L. monocytogenes T+ 3.1240.00 log
CFU/go = txel Hldl ¢F 1 log cycle o9 T

Asjgdr= Aujgs 45, ol o ARkMFI L. monocytogenes T 2t
Bl AsabslrR Wolalzl A f-H o
L. monocytogenes <+ ZtZf 5.11+0.03
log CFU/g, 2.96£0.01 log CFU/g% = e} tjzao] Blste] ¢F 2 log cycle ©]°d<] 7
283E Hol 58 Ao adtE YT

A<t 3 L. monocytogenes

—

o

=
6.62+0.11 log CFU/g, 4.00+0.00 log CFU/g2 =
oF7hol e v etk AW FolE AukAit

::J‘

oleJgt A3E HW, calcium hypochlorite, A3Atsts 2 A3t drE 3k T2 &
5 T i, o5 4 AR AuE ¥Asud o & AgadE 7dE ¢ 3

ogle g,

146



8 6
7 5
2 2
m Ty
G 6 G 4
(o) (o)
° o
n A y
5 r 3
+—Dw —&—DW
Acidic EW —— Acidic EW
Alkalic EW Alkalic EW
4 2
Seed Soaked Germination Sprout Seed Soaked Germination Sprout
seed seed
Fig. 2.14. Effect of irrigation water on Fig. 2.15. Effect of irrigation water on
APC in red radish seed sprouts. L. monocytogenes in red radish sprouts.

(2 9A9 BAHEZAA A& A3 2z

Calcium hypochlorite?} sodium hypochlorite®] EA}450] WE 50 ppm FET=E
Aol A Auet A5 ol el A% F3E Fig 216, Fig. 21791 e AT

TAS] Z7] WAl 4.7610.10 log CFU/gollom THaell A F 5.84+0.07
log CFU/g, o} % 6.39+0.30 log CFU/go2 F7+e H33, 50 ppm L AAT=E
Al Fel & 6.31+0.01 log CFU/go & AWkA|t4=9] A a e A YERA] &dth

W 79 A F Calcium hypochlorite 20,000 ppm &%=0lA 1537 A2 $ 2

log cycled] FTAaraEaE Hol 2274002 log CFU/gl = UElRtOmn ol Jok
6.09+0.07 log CFU/go.2 Yel} Z74= AFA o] vla] 3t we =25 BAR, 50
ppm FE AaF Al ¥ 6.06£0.03 log CFU/go 2 YElY THF HE F Al
wrobal2xof] Hlgte] ww gk 4 g5 YER AT

Fagol FAA FAke] 45 50 ppm =0l 3.9440.10 log CFU/go = UEFSEAL,

100 ppm &=elA 3.80+0.05 log CFU/go.2 UERY} Fak 3F ol H]3] 1 log cycle
s Bl ey ol $ Zb7; 6.25+0.02 log CFU/g, 6.2440.04 log

AEo o

a
CFU/go.Z =& A& Yeld e, 50 ppm %9 d2d An) Fd= S/HF HF
Alef vlaLs] A zpol & WERA] gFol, Aol A&H T Aol wE o] HAY
Aol @zt A YeERA okt

Fig. 212-2.15°] Yetdl S75, o= Al 459 vluls] B, dA7gols 4849
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Fig. 2.16. APC on soaking waters of chlorine 50 ppm in red radish seed sprouts.

gt A4S, 271 #5E 4.13£0.09 log CFU/gollo™ SH/4 HIF F 5.81+0.00
log CFU/g, o} ¥ 6.37+0.07 log CFU/go.2 Z71ete 4 &S YERHN Y 50 ppm
X9 Ahg AW Tl 6.25+0.03 log CFU/go = Auljel] thet Jak2 A el
A Skth. 74 3F F calcium hypochlorite 20,000 ppm &=olA 15%837F A2 & 2
log cycle o9 AE Ho| 1.87+0.12 log CFU/go = YElton ol 2 571+0.04
log CFU/g, 50 ppm 94F A8 F 596£0.02 log CFU/go.= UENKLTE Sodium
hypochlorite 50 ppm¥} 100 ppm FEA HFE & Awjst Feide S/HT AT &
ofA el Aol A Apol7t WA ol thidwtwt o] Aol ARbAlre] Adet frAb
Al e 50 ppm =] A Ao mAE Aojadtes A YA Stk

J
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Fig. 2.17. Coliform count on soaking waters of chlorine 50 ppm in red radish

seed sprouts.

o 315k A Ale) s JAANZ, AT e ARs} av

—

¥+= Fig. 2.18, Fig. 2.19°] YepdAct =71 WAl L. monocytogenes T+ 717
8.13+0.11 log CFU/g¥} 6.40+0.01 log CFU/g°]1 ©.1} Sodium hypochlorite 100 ppm -&
Lo 5t AEl F AREA|T I L. monocytogenes T ZH7t 6.58+0.04 log CFU/g,
4.85+0.00 log CFU/go = UEFRtil, 200ppm F=olA 53k A & dubAtz) L.
monocytogenes T Z}7} 6.57+0.02 log CFU/g, 4.69£0.00 log CFU/go.2 e} djx
of nlgte] oF 1.5 log cycle®] #AaAE BT T FolA JAAAIRLe] STt uh&
Haads AT 23 1 log cycle oldte] mu|gk 4w IE Hol HAAZEE] F7tel
et dsFe A YeERA 29ko ) Sodium hypochlorite 200 ppm =0l Al 2043+ A
gotalS wl thxatel Hlgke] °F 2 log cycle®] #AE WEo] d¥HAlT = 6.1440.19
log CFU/g, L. monocytogenes <=+ 4.27+0.09 log CFU/go. = Az oA 71 -
g AE Aol a3E YERSIH

APOFALAMUEFRS o] &3 e ATAEe] Aol ofshd Aol &7t o] #HAaTE A
o] gt ARt ofue} w9 mapH otk M= A= Ak USITH(17,18,19).
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& ethanol 80% FX=ollA 30%3F Aeletale 45, AubAltd L. monocytogenes <+
+ 7}7} 5.5940.03 log CFU/g, 3.65+0.01 log CFU/gl &2 tjz=te] Hl3te] °F 2 log cycle
ol’del HAaFIE vErll e, HeAzte] F7bel tidt &> A YEhA sk

9
—e— 100ppm (APC)

8 —m— 200ppm (APC)
100ppm (L. mono)
200ppm (L. mono)

o) 7
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Fig. 2.18. Effect of sodium hypochlorite on microbial quality of red radish sprouts.

9
8 —e— APC
—=&— /. mono
7
o
D 6
LI_ v
O * *
o 5
ko)
4
— —
3
2
0 0.5 1 5

Soaking time (min)

Fig. 2.19. Effect of ethanol on microbial quality of red radish sprouts.
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@ 3FF a5 JAAAZN Y g FolAie A% &

Aafjabsts, dalddaet eEge] AAAR ] whe AR dobfie] 4% g
Fig. 2.20, Fig. 2.21° Yep At dvkAlwte] 739, 7] w571 8134011 log CFU/go]

Jovt dejatslE 58, 10%, 2083 Ase o
6.24%0.03 log CFU/g, 6.18+0.10 log CFU/g2. 207 A Al °F 2 log cycled]
#H2E Yepgdth As@945E 5%, 108, 2083 AsS wl 7M7) 6.70£0.04 log
CFU/g, 6.53+0.09 log CFU/g, 6.34+0.01 log CFU/g2 & 204 A 24| 1 log cycle ©]7%¢]
AaE vERdo] Asjitste] vlate] tha vhe FAEdE Btk 25 A5 208
F AeAl 7.28+0.04 log CFU/go =2 e} Hdafitsts, shdaE 537 Agds R
O Ao es e faradss dedo] Az FoA 7 e Alodjads B3
o 2y dejaksty, et e Eg B A2 ARt whel mnek S7FEAS e
WAt

rr
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Fig. 2.20. Effect of chemical water on Aerobic plate count of red radish sprouts.

L. monocytogenes®] 73-%-, %71 w57} 6.40+0.01 log CFU/gol o As|italrE 5,

—

0%, 2083t A sHS wix Zhzb 4574003 log CFU/g, 4.46%0.09 log CFU/g,
4.05£0.00 log CFU/gC. & UEl} 2 log cycle o9 Haays Hol Az 7}
g e Adans Gl A sE 5%, 108 2027 Ass W A4
5.030.11 log CFU/g, 4.87+0.17 log CFU/g, 4.77+0.01 log CFU/go & YEh} 1 log
cycle o]¢e] #AaE Ho| Aalitstael] Hlsto] vk Hamas UEdY &5
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Fig. 2.21. Effect of chemical water on L. monocytogenes of red radish sprouts.

() Al¥gd g dopfire &AF 5

S, Asjakst, Ak ael e EG AlH wE AY HopAie A% mde
Fig. 2.220] YeERNATE AlH d AWrAld 2} L. monocytogenes -+ 7.27+0.02 log CFU/g,
5.4040.01 log CFU/gl 2 Z/T= 33 A F AvkMt3 L. monocytogenes T+
6.91£0.01 log CFU/g, 4.2840.01 log CFU/g2. 2 1 log cycle ©]&}2] wu]d 7FAxE LiE}
ideh dsfaksta 33 AFH F AR G5 5.9040.08 log CFU/go % 1 log cycle ©]
sko] s HSlAL, L. monocytogenes = 1.98+0.03 log CFU/gS = 3 log cycle ©]%d¢]
HaE Bo] L monocytogenes A EI7F 7MY -3 AR UEEHH. dagdsE 3
3] AAE A9 Al G 6512011 log CFU/gS 2 1 log cycle ©]3t2] wjw]dk 7t
A5 BHAAT, L. monocytogenes 7 3 log cycle®] A& EHof 2.30+0.00 log CFU/go
2 Uit &8 eE&FE 33 AFE 459 dRkAlel Lo monocytogenes T 2
6.64+0.03 log CFU/g, 4.0840.03 log CFU/gCl 2 ZHF Ao nste] oFzte] 74 a )
= ° Bol Aejas A dehA] ST

N
o~
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N w N (@) (e)) ~ (e¢]

control DW Acidic EW  Alkalic EW ow

Fig. 2.22. Comparison of different washing treatments on microbial quality of red

radish sprouts.

Z}. Hurdle technology

(1) Ca(OCl),, chlorine, ethanol®] &3 A2 o} & Wolx4e] 73 a3

Calcium hypochlorite 2% o] W& A% F2o] Ao A & 25U &
A= Aay 23 Table 2202 2rh EXxFo] 27] AubMlat 2 L. monocytogenes 5

+ 5.8310.00 log CFU/g, 3.48t0.00 log CFU/golom FHT A & kM) L
monocytogenes T+ 5.29+0.44 log CFU/g, 3.15+0.21 log CFU/g% & <}zte] TAE e

lem, calcium hypochlorite 20,000 ppm -S%ZoA 1587F A2 & URkAlA F&
21040.12 log CFU/g2.2 3 log cycle®] A4S H A O™ L. monocytogenes T HEF]
o kTt

ol & mjAs FxFe] AwWbAl I L. monocytogenes = ZHZb 7.47+0.03 log CFU/g,
5.4810.00 log CFU/go 2 UEMIl o, A% T URkMsty}t L. monocytogenes G-
7+7} 6.95+0.00 log CFU/g, 4.4840.00 log CFU/gOo. & W2t FAHTE of 7t Wre S5
YEWHAS. 50 ppm Ek=° ALhFER AN §F HiaE T dykAle L
monocytogenes ~+ 7217t 7.3240.03 log CFU/g, 4.60+0.00 log CFU/go & w|w| &k 7hA

i

Holal, As T AWhAlt 3 L. monocytogenes 7= A Alel H]E 1 log cycle ©]
o) gke 2o 7h7F 6.2440.00 log CFU/g, 3.30+£0.00 log CFU/gC. 2 Y EFRET)

50 ppm =8 FLFE Qg TopAfio] Amdds dA AT A = WA=

153



log CFU/gQi el oW Lo monocytogenes T AEEA FAUH A% FAE 50
T2 Aujgk Yol AE AFI LA EF 100 ppm XA 5

g F AukAlt = AaETel vEke oF 1 log cycle A= W FAE HS 5

log CFU/go = YEFSLS ™, L. monocytogenes 7% A=A ATt 80% ol gb-ol A 30

230 AYZE A vas FAL An$Ae] dvkAw = 742 517+0.08 log CFU,

3.8310.18 log CFU/go. 2 YEFSLO ™, L. monocytogenes T &

o]#{ gt AF}olA] HW, calcium hypochlorite 20,000 ppm &=olA 1583t T4 2%
¥ 50 ppm FEe] AaFE Aujsto] AlFGEA A AR AANUES 100 ppm FE=
A 5EZE A i 80% ole2E 3087 AEshd, & #4 10° CFU/g ol&}, A F 5
nEe] AR AFel B nA=E Hd7IEA o At

(2) &5, NaOCl, ethanol®] &3} Ao w& o4 A3 ad

QEF o g5 mE AY FAe eEF A F A5y e s AE
¥ A¥s= Table 2.213 2l FAFe] =7 AWM} L. monocytogenes T+ 5.83+0.00
log CFU/g, 3.48+0.00 log CFU/gel oW SR/ A & AnkAlit3t L. monocytogenes
4~ 5.2940.44 log CFU/g, 3.15£0.21 log CFU/go. 2 <Fzte] 7raE Yehldlon, o9&
T HA F dwkMtI Lo monocytogenes T+ 5.05£0.14 log CFU/g, 3.00£0.00 log
CFU/go = mats Fxbo] Hl3)] oFte] TAE HQuTh ol & misy T2 dukAlA
¥} L. monocytogenes T Zt7t 7.47+0.03 log CFU/g, 5.48+0.00 log CFU/go = YEYSL
om, A% FAe] AWHAIA I L. monocytogenes T 77t 6.97+0.07 log CFU/g,
5.29+0.05 log CFU/gQE % FAET o7 e X5 YER) A

LEFE A F vAs FX] AR L monocytogenes 7= ZH2t 7.21£0.03 log

riN

CFU/g, 4.73+0.03 log CFU/go® wH|g HAE WL, &% T2 dvbadd L.
monocytogenes T WAl HIE 1 log cycle % WF& FFo= 7M7) 6.1140.01 log
CFU/g, 3.74+0.06 log CFU/g °. 2 YElRTh QLEFTE Aulgh Wol]io] Ak E o
A dAFelA g vAAE AloladtE U Aot AU EFI eSS AHEEH
th WA vaE FAE LEFE G TopfAE Aot AATUESF 100 ppm E ol

N 587 Ag) & Al S ALAT waste oF 1 log cyde o1 FaE 1S
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5.98+0.06 log CFU/g% = YE}RE O™ L. monocytogenes <+ HEH A &ttt s T4}
E SEFE A ol AE AolF LA EF 100 ppm FEOA 5E3F AHE F A
REAle o= mAasa ) Hlasto] ok ke X5 HQl 54040.02 log CFU/go. = LE}
L. monocytogenes 7= HE% A FUATH 80% ool 30%3F AEd H5 m
A TS AEFAe AWkl e A4
2 e O™, L. monocytogenes T EF HEEH A AT
ol gt Aol A BH, T HFHE I
Jol A ZpolA AU EHE 100 ppm FEolA 5837 Ag i 80% oEEE
Agstd, F ¥4 100 CFU/g °l3}, Ae5+ nidEe AFAAMY A Fe v nAdsE

A bA7IEA A A esiAl =t

Table 2.20. Effect of Ca(OCl):-chlorine-ethanol hurdle on APC and L. monocytogenes

during cultivating of radish seed

Processing Treatment Population (log CFU/g)
step . L.

First treatment Second treatment APC

monocytogenes

Seed 5.83+0.00 3.48+0.00
Soaked seed Distilled water 5.29+0.44 3.15+0.21

Distilled water &

2.10+0.12 <1.00

Ca(OC), 20,000ppm, 15min
Germination Distilled water 7.47+0.03 5.48+0.00

Distilled water &
Ca(Od), 20,000ppm, 15min

6.95+0.00 4.83+0.00

Sprout Distilled water 7.32+0.03 4.60+0.00

Distilled water &
Ca(Od), 20,000ppm, 15min

6.2410.00 3.30+0.00

Washing Distilled water NaOCl 100pp, Smin  6.2310.01 <1.00

Ethanol 80%, 30sec 6.17+0.08 <1.00

Distilled water & .
. NaOQ 100ppm, 5min  5.17+0.08 <1.00
Ca(Odl), 20,000ppm, 15min

Ethanol 80%, 30sec 3.83+0.18 <1.00

CFU : Colony forming unit
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Table 2.21. Effect of ozonated water-NaOCl-ethanol hurdle on APC and L.

monocytogenes during cultivating of radish seed

Processing Treatment Population (log CFU/g)
step . L.
First treatment Second treatment APC
monocytogenes
Seed 5.83+0.00 3.48+0.00
Soaked seed Distilled water 5.29+0.44 3.15+0.21
Ozonated water 5.05+0.14 3.00+0.00
Germination Distilled water 7.47+0.03 5.48+0.00
Ozonated water 6.97+0.07 5.29+0.05
Sprout Distilled water 7.21£0.03 4.7340.03
Ozonated water 6.11+0.01 3.74+0.06
) o NaOCl 100ppm,
Washing Distilled water . 5.98+0.06 <1.00
5min
Ethanol 80%, 30sec 5.00+0.06 <1.00
NaOCl 100ppm,
Ozonated water ) 5.40+0.02 <1.00
5min
Ethanol 80%, 30sec 3.80+0.14 <1.00

CFU : Colony forming unit

() A3, FLF, NaOCl9| E3F Ao wE ol A7s a3t
Aefj e 25 frhol weE A5 $2 dafjdds Aul 5 L5 wE vA
E Aztay A3= Table 2.22¢9F 2l Fxke] %7] AWM Z L. monocytogenes %
5.29+0.02 log CFU/g, 3.33t0.02 log CFU/gell o™ ZF#a A F dukAlda L
monocytogenes T 4.29+0.02 log CFU/g, 3.25+0.02 log CFU/go = °Fzte] 7HAg el
lom, dafjgtds HAA = AWHAldH L. monocytogenes <=+ 3.30£0.03 log CFU/g,
a5 FAke| BlE] oF 1 log cycle X9 THAE YERSITL
ol & w ik kY] AREA I L. monocytogenes = 77t 6.95+0.08 log CFU/g,

2.13+0.00 log CFU/go.= 1]

4.96+0.06 log CFU/go 2 el om, A T2k AWkl L. monocytogenes T+ 2t
7} 6.6240.11 log CFU/g, 4.41+0.00 log CFU/go = m|i= FXHTE 93t 9o F2&
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LFER A

e ez Al 5 mas FAke] ARbAlE 3 L. monocytogenes = 212t 6
log CFU/g, 4.05+0.13 log CFU/g2 & °F 1 log cycle A%Ee] AE HI, &% T2
o] ARkMZ} L. monocytogenes = WA= AN vl °F 1 log cycle A% W& o
2 7}7} 5112003 log CFU/g, 3.96£0.01 log CFU/g<.2 LFERtTh,

Aafjetdrz AQujgh Wopafid] e G Aol 53 mAE Aojans

W dartste, dajskdas 2 AoA MY EFS ARSI WA vAE FAE

il

i
o

il

Asfgtda= Aujet HolQAE dafjitstret dsistdra 33 AHE $o ArkAlAt
Zkzy A2 d ¥ vlaste] 1 log cycle ©]/de] IHAE H<Ql 4.93+0.04 log CFU/g,

4.91+0.08 log CFU/g &2 UEFSOW L. monocytogenes v AE=HA LFAUATE &5 F

Ea
T

ARt e A2 vasad vlaste] 9fE W X5 Bl 4.88+0.15 log CFU/g,

4.8140.02 log CFU/go 2 YEF O™, L. monocytogenes T H=% A At
STAEE Aol e dsgds Al § Aol

A
ALd A5, vias At auTAe] dukAe ¢
4.81+0.12 log CFU/go. 2 et O™, L. monocytogenes =% QA AZEH A At
ol AytellA W, T2k HFHFEH A7t ¢k dagkdeE ARSsto] A F
A GANA 2t F A ER 100 ppm XA 5E7F A = dsiitsts, s
T2 33 AHA, F #5100 CFU/g o138}, Ae5a nEe AAAAe 2 Fd o
& m A=A b7l A ek Al
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Table 2.22. Effect of acidic EW-alkalic EW-NaOCl

monocytogenes during cultivating of radish seed

hurdle on APC and L.

Processing Treatment Population (log CFU/g)
step First treatment  Second treatment APC k
monocytogenes
Seed 5.29+0.02 3.33+0.02
Soaked seed Distilled water 4.29+0.02 3.25+0.02
Alkalic EW 3.30+0.03 2.13+0.00
Germination Distilled water 6.95+0.08 4.960.06
Alkalic EW 6.62+0.11 4.41+0.00
Sprout Distilled water 6.04+0.01 4.05£0.13
Alkalic EW 5.11+0.03 3.96+0.01
Washing Distilled water  Acidic EW 4.93+0.04 <1.00
Alkalic EW 4.91+0.08 <1.00
NaOCl 100 ppm, 5min  5.29+0.03 <1.00
Alkalic EW Acidic EW 4.88+0.15 <1.00
Alkalic EW 4.81+0.02 <1.00
NaOCl 100 ppm, S5min  4.81£0.12 <1.00
CFU : Colony forming unit
5. WopA & AYAEG A9 HACCP 3§
ol AAE TAd F2 AEZUHE FolA 38HE AmAEA 20,000 ppm

Ca(OCl),¢F 70T ol A <]
B A
o AnE AR

Ca(OCl); Wt} Wolalze] D844l

R}
-
.‘Q 4
o\

540 %A A5
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Holglom, R4

T obuer kAl
ALEZA 2 1o FDACAME @A

A2 YHS 9%

2ok Qe
T7HA

125}

(53], AFsta)©]
HaAA A
3L 9l 20,000 ppm
dstaal g

!

Olt



7F. Ca(OCI)9l 93 FAAL=T Abste A

= |4 7)uHek HACCP plang dA9] Axral o] Agato] Auat A5 wrol )
Ao AGAE mAESH FHLS g 2rhFig2.23). A AACNA AusR ALS
gtal e AErE dxwoR gt 9 AFelA 5% wAE AREIAE e
A st A eke] vl A= Fig 2.23-2.2500 YERAITE Aa)aksiare] A gt

© 2= L. monocytogenes®] AFEo] o] Fo]lA A = Ao w yehyth ey Asjitsls
2o Auj= HEGA A QubalF3t ool
oz e} @Ad 4% wadv.

_1\1

F2} 4.110.12, 3.25+0.43 log CFU/g

b4

. geAeel % FALET A8s A6

Ae 70T del 127 AAAD B A

A Abde] A &= Aes T FAG0] AdolA g @ele] ATFo] obd 20 kg %
of diger Al ¥ Aol =7 Wojiy] W or ArRdrh AFH 2334 4
ol Aejgtewm s FAAL s At adu dsjidstem Aujal v
T EHA B AbEEo] HEHA Gk EA et Absta Aol HeA Ao A
AWbAl w3 gt 7 2h2E 4.0240.11, 2.9740.14 log CFU/gEi LEb, Solberg
T@3)o] AAF AHAA AFel e wAEA AV EXNRA F #5100 CFU/g
olal, vt 4 10° CFU/g ©late] 7ol Rgate] wAEsqom ehdet 437k

P IR T

i
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6.00 r
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seed soaking Germination Germination Germination washing
1D 2D 3D
(A)
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4.00 7 -\ //\
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OOO L | | | |
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N
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seed soaking Germination 1D Germination 2D Germination 3D washing
©)

Fig. 2.23. Effect of acidic electrolyzed water on microbial population in red radish
seed sprouting. (A) aerobic plate count. (B) Coliforms. (C) L. monocytogenes
population. @, irrigated tap water (control); M, irrigated acidic electrolyzed water;

A, irrigated tap water after 20,000 ppm Ca(OCI), treatment.
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10.00

8.00
6.00
4.00
2.00 r
0.00 -
seed hot water soaking Germination  Germination  Germination washing
1D 2D 3D
(A)
6.00
5.00 [
400 r
3.00 [
2.00 r
1.00 r
0.00
seed hot water soaking Germination  Germination  Germination washing
1D 2D 3D
(B)
4.00
3.00 [
2.00 r
1.00 r
0.00 = = - = =
seed hot water soaking Germination  Germination  Germination washing
1D 2D 3D
©

Fig. 2.24. Effect of acidic electrolyzed water after soaking in hot water (70T) on
microbial population in red radish seed sprouting. (A) aerobic plate count. (B)
Coliforms. (C) L. monocytogenes population. 4, irrigated tap water (control); WM,

irrigated acidic electrolyzed water.
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1 ‘ ‘ Seed receipt
l
2 ‘ ‘ Seed storage
l
3 ‘ ‘ Pre-germination soak
l
4 ‘ ‘ Germination of seeds
l
5 ‘ ‘ Growing in rotating drum
l
6 ‘ ‘ Harvesting of sprouts
l
7 ‘ ‘ Washing of sprouts
l
8 ‘ ‘ Drain of sprouts
l
9 ‘ ‘ Pre-cooling of sprouts
l
10 ‘ ‘ Packaging
l
11 ‘ ‘ Chill storage of finished product
l
12 ‘ ‘ Distribution
l
13 ‘ ‘ Customer
Fig. 2.26. Process step flow for sprout production.
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(2 ANE=E

wol Ao tlate] HAF SIS EEHE Table 2237 2. 7} whA

Hl
=

A7bs 3

2 s Bostel, 1979 4, 39Sl FANEF, 40A9] W, 58A ] Aust el A el

Table 2.23. Hazard analysis

st 93]S hazard= A3t}

Hazard analysi
No. Process Hazard(s) Origins - - y.515 Hazard Control measures
severity | likelihood
o ) -Bird, rotent and insect control
) .| -Contamination by birds, rodents or
Pathogenic bacteria | n program
insec
such as E  coli ) o ) ) ) -Selection of suppliers of good quality
-High microbial loading High High Hazard
O157:H7, Salmonella, L. seed
-Presence of pathogens on seeds o )
monocytogenes, B. cereus o L -Microbial tests on dried seeds
Raw -Contamination by pesticides .
. -Discard seed
1 materials: N
o
Dried seeds Agrichemicals -Pesticides used during seed crop Medium Low 4 -Inspection
Hazar
Foreign matter such as
soil, metal fragments, Contamination by forei " Lo High No Inspecti o i hin
-Contamination oreign matter w -Inspection, sieving and was
broken glass, hair et Y & Hazard " & 8
al.
Pathogenic bacteria ) -Dry storage/Humidity control and
. | -Bacterial growth due to damp storage : )
such as E  coli B ) No moisture control in seeds
2 | Seed storage conditions High Low .
O157:H7, Salmonella, L. o ) hazard | -Clean storage environment
-Contamination by dirt
monocytogenes, B. cereus
-Growth of surface microbial
Pathogenic bacteria o -Surface decontamination of seeds
.| contamination
Pre-germinati such as E  coli o ) ) ) ) -Cleaning and disinfecting of
3 -Contamination from dirty soaking High High Hazard ) .
on soak O157:H7, Salmonella, L. ] recycled soaking containers
containers
monocytogenes, B. cereus L -Disinfection of water supply
-Contamination from water supply
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Hazard analysis

No. Process Hazard(s) Origins severity | likelihood Hazard Control measures
High microbial level,
pathogenic  bacteria o ) o ) o )
h £ i -Contamination from dirty germination -Cleaning and  disinfecting  of
suc as . coli
4 | Germination containers High High Hazard | recycled germination containers
O157:H7, Salmonella, o - ;
-Contamination from water supply -Disinfection of water supply
L. monocytogenes, B.
cereus
High microbial level,
pathogenic  bacteria | -Excessive microbial proliferation -Use of disinfected irrigation water
such as E. coli | -Contamination from dirty growth ) ) -Cleaning and  disinfecting  of
5 Growth ) High High Hazard )
O157:H7, Salmonella, | containers recycled growth containers
L. monocytogenes, B. | -Contamination from water supply -Disinfection of water supply
cereus
High microbial level,
pathogenic  bacteria o ) ) -Cleaning and  disinfecting  of
. | -Contamination  during harvesting )
such as E. coli ] ] ) ) ) No spades, etc. used for harvesting
6 Harvest -High microbial levels on the Medium | Medium o
O157:H7, Salmonella, hazard | -Application of control measures
harvested sprouts .
L. monocytogenes, B. before harvesting
cereus
. . . -Chlorination of wash water
High microbial level, o . o
) | -Contamination from wash water -Chilling and chlorination of wash
pathogenic  bacteria ] ] ] ) .
.| -Proliferation of microorganisms in water
such as E.  coli ) ) No ) . )
wash tank water Medium | Medium -Cleaning and disinfecting wash
O157:H7, Salmonella, o hazard .
-Contamination of wash tank surfaces tank system daily at the end of
7 Wash L. monocytogenes, B. ) ) ) o )
-Dirty collection bin contamination production
cereus
-Clean and disinfect collection bins
N -Rinse sprouts thoroughly with
o
Residual chlorine -Chemical residue from rinse water Low Low hazard potable water following harvest
azar

-Sufficient rinsing
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Hazard analysis

No. Process Hazard(s) Origins severity | likelihood Hazard Control measures
High  microbial
level, pathogenic
bacteria such as N
o
8 Drain E. coli O157:H7, | -Contamination of drain surfaces Medium Nglg hazard -Cleaning and disinfecting of drainers
azar
Salmonella, L.
monocytogenes, B.
cereus
High  microbial ) )
. -Well  designed factory line layout and
level, pathogenic )
. drainage system. Controlled movement
bacteria such as
) . -Cross-contamination  from raw ) ) No of staff and equipment
9 | Pre-cooling E. coli O157:H7, ) o ) Medium | Medium o .
material, germination and growing areas hazard | -Maintain, clean and sanitize all
Salmonella, L. ) B
equipment and clean and sanitize all
monocytogenes, B.
surfaces that may contact the sprouts
cereus
High  microbial
level, pathogenic -Personnel  hygiene control, regular
bacteria such as L ) hand washing, regular change of gloves,
. -Contamination  due to unsanitary ) . No ) o
E. coli O157:H7, . ) Medium | Medium regular cleaning and sanitation of
handling practices hazard ]
Salmonella, L. equipment
monocytogenes, B. -Package time is less than 10 minutes
i cereus
10| Packaging . . ) No -Used approved food grade packaging
Chemicals -Outflow  from packaging materials Low Nglg )
hazard | materials
-Use Good Manufacturing Practices
Packing -Contamination by foreign matter No (GMPs)
. . . Low Nglg . .
materials during packing hazard | -Protect al lights from accidental
breakage
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Hazard analysi
No. Process Hazard(s) Origins a.zar afla YSIS Hazard Control measures
severity | likelihood
High  microbial
level, pathogenic
bacteria such as o o
i . o ) i No Storage  under chill 4C+2C. Limited
11| Chill storage E. coli O157:H7, | -Microbial — growth Medium | Medium i
hazard | shelf-life
Salmonella, L.
monocytogenes, B.
cereus
High  microbial
level, pathogenic
bacteria such as o~ e
o , -Microbial growth ) ) No -Chill distribution chain 4C+2C
12| Distibution E. coli O157:H7, Medium | Medium )
-Use of out of date product hazard | -Date label and stock rotation control
Salmonella, L.
monocytogenes, B.
cereus
High  microbial -Clear instructions to the consumer on
level, pathogenic storage, shelf-life and product
bacteria such as . preparation
. -Storage abuse of product leading to ) ) No o
13| Consumer E. coli O157:H7, o Medium | Medium -Ensure a pest control program is in
microbial growth hazard
Salmonella, L. place
monocytogenes, B. -Use sneeze guards where product is
cereus sold in bulk

‘Severity was evaluated by three stage: low, medium, high.

Likelihood was evaluated by five stage: negligible, low, medium, high, critical.
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2 1a Do preventative control measures exist?
| I
Yag Mo
L
Q1b Is control at this step necessary for safet/?
*
Mo * Mot a cCP " {aToP )
Q2 Is this step specifically designed to eliminate or reduce the likeby
occumence of a hazard to an acceptable level?
Mo
Q3 Could contamination with identified hazard{s) occur in excess of
acceptable leveks) or could these increase to unacceptable levels?
: +
‘r:“ Mo = [(&TOP )
Q4 Will a subsequent step eliminate identified hazard(s) or reduce likely
occumence to acceptable leveks)?

¥ ¥

vee ~©~ NotaccPr — - (&8TOP) Mo

* Codex HACCP system and guidelines for its application, CODEX

Fig. 2.27. CCP decision tree.
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ol 4ol et Fave|Hel A4FEE Table 2.249F 2t} Table 22394 Q= H7tE FEE FoA Todd A4z o &
o A FANE, AMUALS FHHOR BT FRo A Yagivh
Table 2.24. Determination of critical control points on sprouts
No Process Hazard(s) Qla Q1b Q2 Q3 Q4 CCP No.
Pathogenic bacteria such as E.
1 Raw seeds coli O157:H7, Salmonella, L. Yes No Yes Yes
monocytogenes, B. cereus
o Pathogenic bacteria such as E.
Pre-germination .
3 I coli O157:H7, Salmonella, L. Yes Yes CCP-1B
soa
monocytogenes, B. cereus
Pathogenic bacteria such as E
4 Germination coli O157:H7, Salmonella, L. Yes No Yes Yes
monocytogenes, B. cereus
Pathogenic bacteria such as E.
5 Growth coli O157:H7, Salmonella, L. Yes Yes CCP-2B
monocytogenes, B. cereus

* Qla : Do preventive measures exist for the identified hazard(s)? If no-go to Qlb. If yes-go to Q2.

Q1b : Is control at this step necessary for safety? If no-not a CCP. If yes-modify step, process or product and return to Qla.

Q2 : Does this step eliminate or reduce the likely occurrence of hazard(s) to an acceptable level? If no-go to Q3. If yes-CCP

Q3 : Could contamination with identified hazard(s) occur in excess of acceptable levels or could these increase to unacceptable levels? If no-not a CCP. If yes-go to Q4.

Q4 : Will a subsequent step eliminate hazard(s ) or reduce the likely occurrence to an acceptable level? If no-CCP. If yes-not a CCP.
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(4) HACCP A8

ol sl Aol tldte] 24 s HACCP A&
A 20,000 ppm Ca(OCloll o] g+ Wt o] AglelA A 70T A=l 1

Table 2.25. HACCP plan

¥+ Table 2.259} #t}. CCP 191 4o}

e

SIEEX RE

s

£

25Tl V5 FDAoNA #%

Aelate By T S AT

Significant o Monitoring procedure and frequency Corrective CCP HACCP
CCpP Critical limits . .
hazards What How Frequency Who action Verification records
-Return to -Calibrate
) ] -Treatment log
. Treatment soaker until timer .
-Soak for 15min at . Test paper & . . . -Timer
concentration | Each batch | Field crews | 15min at -Check visual . .
20,000 ppm Ca(OCl)2 . timer . . calibration
CCP-1B / & time 20,000 ppm colorimetric
. | Pathogen log
Pre-germin Ca(OCl)2 test paper
" K growth
ation soa -
-Return to -Calibrate | -Treatment log
. Treatment .
-Soak above 1min at Thermometer ) soaker until thermomete | -Thermometer
o temperature ] Each batch | Field crews ] . ] ] )
70C in hot water & ti & timer 5min at 65C | r and timer | calibration
ime
hot water each week log
L . L -Irrigation -Calibrate
-Irrigation with acidic
after pH meter
CCP-2B / | Pathogen | electrolyzed water Property of | pH meter & ) Lo . -Property of
. Each batch | Field crews | adjusting -Check visual
Growth growth with below pH 3, EOW test paper . . EOW log
. property of colorimetric
chlorine 100 ppm
EOW test paper
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A4d A 2

Wopa o] AAEANE vAEsty flsjadles EA A, T dukAld e
10-10° CFU/g, &+ S5 10'-10° CFU/go 24 Zuita}l =ik F247ke] jo]=
Bolx ¢kgror HFA A% F¥ol wel 10-10° CFU/g A9 #AaHE el
o} FAbgol & AukAld 52 10°-10° CFU/g, i3 $°5 10-10" CFU/go2 &S
TAE YERRAAL, A 71 7EE ofzte] SIFE Homw AH ) e ol dnbAld
B hgatel 10°-10° CFU/g, 10°-107 CFU/gl 2 %S ¢ 9%E Yehidth AEA &
SAE AdskH &2 sl F, w A, 45 SAe] Zol § AAClA E colivh HEE
Aew, GFHE=dA gl E. coli O157:H7, Salmonella spp., Staphylococcus aureus,
Vibrio parahaemolyticus®t Bacillus cereusi= 3 HZH A &%k, L. monocytogenesel] o

& 44 BAL ANF 23, B £5AE Ae A ge FPL 4Te] wopsh

ot o] M AE A7stE A8l vABE ALl A E. coli®} L. monocytogenes”t 754
A5 FApe} drobaf ol thel L. monocytogenesE 10°>-10° CFU/mLE W% - HE3 5 o
2] e A% S A8 F g3E FUhsklth A A% Al calcium hypochlorite
SO 1523 AYATIAY A st W, AFrFEA daitstaey

m
SAdFE Fehs Weter AAgdd AHEsks Aol adpHellon, Azt Ft

MAEe 4% AN B Gad, eEF % AsdERe] AuE 3PN | 2 A
RENZ 0 5 QQUTh A F AHDAN A ZJolR AU EF 100 ppm F =l A
5R7F Aelek A%, 80% olwrge] 308 Aed A%, AAES i FU5E 39
AHF A0 & #4 10° CFU/g o8t A5 57 nhZe] 4AAde] 4Fd njgh )
AEZ A7 FEANE WEAZL o] ARES FFsle] 2w, dolaie J$AHEH A

A e ol FAe AeAelsh A s Aol Wae] VAR APasts 4TE

b wobAl A AN A HFA 254 g EBE dNYES B3I 137 B
ot Aol S A, AT AH B s T 22 A8 T dAH A8
gle] Ago] A

o Aol oA A Atk 9 GMP 48 ¥ HACCP plan 7H
S Sote] B AES] Fgets AlAstaLA
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87] & ol 671 BT Yol Aa AZN FEHD Y Felolw, PC LA
S7te] Pejz vug Y9 A PO EAA SUs} Br) 7ol gl Ul

AAjolt), 3% WOPP film Z 4 A= Table

Table 3.1. Oxygen transmission rate(OTR) of anti-fogging OPP film

LO LM LH
OTR (cc/m” 24h) 5,000 20,000 40,000
Thickness (/) 30 30 30
Size (cm) 20%20 20%20 20%20

o 297 F4 24
O =7 e 71A £4
Gas analyser(280 COMBO, England)E ©]&3dto] th7] 5 7[Ax=Ad tig =

headspace gasE A3t om, ol th7]e] 7|H=AHL O, 21%, CO, 0%E 7I+2

ATt

2 FFHEE 4

N
e
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e

=2 3 JNE Addete] AR T TS S5k, A 1949 S

Artete] TR 2SS YERHIA

fiu)
e
=)
Hm
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G A= A

npa gk ol s w W AI9HL=97.78, a=-0.39, b=+2.05)C.2 X A3 colorimeter(CR-200,

Minolta, Japan)E ©]&3%te] AMEE ZF74sta, 1 A3E 7M7) Hunter's color value?!
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A ZEEE wjFEte] AFd FATE log CFU/go 2 YEATE A=Al 2 Ad4
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(2 AAEAT 53

AR5 Al52] 1,1-diphenyl-2-picryl hydrazyl(DPPH)ol| w3t Ao a2 A
Az FYES SA3AT12). LotAlA 5 g 50% ethanol 50 mL<

&7 overnight
F% % ox3l do my A %3 DPPH €9 4 mLS 7}te] 40%7+

WA Tk

spectrophotometer ©]-&3l] 517 nmoll Al FFEE SAH3I b5 2oz ALt

o=

A_bs

Free radical scavenging activity(%) = (1- ™ )x100

Abs: Absorbance of DPPH solution with sample at 517nm

Abc: Absorbance of DPPH solution without sample at 517nm

AL #5A EA R

o
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St SHA 1045 oo AAsigien, o ¥k

appearance),

2] M (yellowness of root), obl AW Al (sprout smell), ©]F (off-odor), 32 7H(texture),
Al & (withering), &% %] 7] 3. % (overall acceptability) &< &= 3] 94 AHAHPo= =
FAel wE ol A WEHANE AAISHI

2. AFF SolAL: AF HHEF BE 57T 4 AE
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o, 79 Al Al % $<A PET Aol 2749 AEjQl ol T8 1
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(3) Chlorophyll/ Carotenoid % &4

rolel #2429 chlorophyll ! carotenoid 3% 41> Fan¥} Thayer(16)°l <] "H-S
Abgate] AT okl 5 g2 FSto] 20 mL A7EE oMlES ol s F
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Fig. 3.1. Change in gas composition of radish and broccoli sprout packaged with

different materials during storage at 10C(left: radish, right: broccoli).

PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’ 24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m’ 24h (Anti-fogging OPP), LH: OTR 40,000 cc/m’ 24h (Anti-fogging OPP).
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Fig. 3.2. Change in weight loss rate of radish and broccoli sprout packaged with

different materials during storage at 10C(left: radish, right: broccoli).

PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m” 24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m”24h (Anti-fogging OPP), LH: OTR 40,000 cc/m” 24h (Anti-fogging OPP).
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1 Zpol7b vk BzFele] L valued| 749 LH % LM 8= 4 &S BIlS

H, PC ¥ LO EZAE A&7 WE L valued 7o) Aot A% 744 o= ¥
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Table 3.2. Change in Hunter's L, b and AE value of radish sprout packaged with
different materials during storage at 10C

Storage period (days)

1 3 5 7

PO 63.39+0.30" 65.17+0.48° 63.37+0.76° 62.39+0.56"

PC 66.83+0.18" 68.05+0.74° 66.23+0.59" 65.28+0.39"

V;ue LO 67.85+0.34° 68.57+0.28° 67.67+0.29° 67.08+0.62°
LM 66.28+0.26° 66.83+0.88" 66.43+0.46" 64.79+0.27

LH 66.78+0.16" 65.64+0.18° 63.54+0.45° 64.5040.35°

PO 31.65+0.52° 32.66+0.50" 33.50+1.32° 35.39+0.96"

PC 31.06+1.06° 34.09+0.43° 33.7240.31° 33.47+1.07°

Va]fue LO 31.39+0.65° 33.02:+0.49" 43.73+0.81° 43.51+0.60°
LM 30.34+0.50° 34.32+1.29° 33.93+0.68" 32.25+1.43°

LH 31.22+0.58° 31.49+0.46° 33.21+0.76" 36.03+1.13"

PO - 2.55+0.14° 3.66+0.33" 4.56%0.31°

PC - 3.36+0.48" 2.75+0.81°¢ 2.92+0.38¢

lefe LO - 1.79+0.44° 12.3340.19° 12.15+0.21°
LM - 4.07+0.89" 3.60+0.21° 2.57+0.69"

LH - 1.45+0.10° 3.95+0.27" 5.34+0.61"

Y Mean+S.D.,

*dyalues within the same column with different superscript letters are significantly different (p<0.05),
PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m’24h (Anti-fogging OPP), LH: OTR 40,000 cc/m*?24h (Anti-fogging OPP).
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Table 3.3. Change in Hunter's L, b and A4E value of broccoli sprout packaged with
different materials during storage at 10C

Storage period (days)

1 3 5 7
PO 55.85+0.759° 55.182.89° 55.11+0.65° 55.48+0.48"
PC 57.02+0.87° 56.07+0.75° 54.35+0.95% 59.32+0.56%
L value LO 50.82+13.31° 56.00+0.84° 54.75+1.28" 58.37+0.75
LM 56.74+0.74 57.51+0.66 54.43+1.33° 53.25+1.24°
LH 58.67+0.66° 55.83+1.80° 56.03+1.49° 53.41+0.55°
PO 23.85+1.08° 24.74+4 40° 25.52+1.32% 27.21+1.12%
PC 21.98+0.91° 25.79+2.60° 23.98+1.24° 28.55+1.49"
b value LO 22.97+1.30° 24.70+1.49° 25.38+0.96° 29.93+0.57°
LM 22.64+0.73° 25.77+0.37° 25.53+1.01° 26.27+0.68°
LH 23.39+1.32° 24.93+1.87° 26.65+1.70° 27.09+0.85"
PO - 1.16+0.53¢ 1.83+0.65° 3.41+0.28¢
PC - 3.96+0.32° 2.53+0.48™ 7.18+0.46°

AE
LO - 1.96+0.61° 2.64+0.57™ 7.33+0.63°

value
LM - 3.2440.42° 3.32+0.48" 5.25+0.53°
LH - 3.31+0.55™ 3.49+0.64° 6.57+0.23"

B Mean+S.D.,

*dyalues within the same column with different superscript letters are significantly different (p<0.05),
PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m?” 24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m’24h (Anti-fogging OPP), LH: OTR 40,000 cc/m”24h (Anti-fogging OPP).
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Fig. 3.3. Change in soluble solid contents of radish and broccoli sprout packaged
with different materials during storage at 10°C(left: radish, right: broccoli).

*%Values within the same day with different letters are significantly different (p<0.05),
PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’ 24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m”24h (Anti-fogging OPP), LH: OTR 40,000 cc/m”24h (Anti-fogging OPP).
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Fig. 3.4. Change in pH of radish and broccoli sprout packaged with different
materials during storage at 10C(left: radish, right: broccoli)

““Values within the same day with different letters are significantly different (p<0.05),
PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m”24h (Anti-fogging OPP), LH: OTR 40,000 cc/m”24h (Anti-fogging OPP).
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Fig. 3.5. Change in total aerobic bacteria counts of radish and broccoli sprout

packaged with different materials during storage at 10C(left: radish, right: broccoli).

PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’ 24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m’ 24h (Anti-fogging OPP), LH: OTR 40,000 cc/m’ 24h (Anti-fogging OPP).
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Fig. 3.6. Change in total phenolic compounds of radish and broccoli sprout
packaged with different materials during storage at 10C (left: radish, right: broccoli).

*%Values within the same day with different letters are significantly different (p<0.05),
PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m’24h (Anti-fogging OPP), LH: OTR 40,000 cc/m” 24h (Anti-fogging OPP).
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Fig. 3.7. Change in free radical scavenging activity of radish and broccoli sprout
packaged with different materials during storage at 10°C(left: radish, right: broccoli).

*dValues within the same day with different letters are significantly different (p<0.05),
PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m’24h (Anti-fogging OPP), LH: OTR 40,000 cc/m*24h (Anti-fogging OPP).
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Table 3.4. Organoleptic qualities of radish sprout packaged with different materials
during storage at 10C

Storage period (day)

1 3 5 7
PO 5.4+1.99° 4.04£1.0° 3.4+1.3° 2.9+1.5°
PC 7.4+1.3° 5.9+0.9" 6.0+1.6™ 4.3+0.9"
Appearance LO 8.1+1.1° 6.6+1.0" 5.8+1.1" 5.541.3°
LM 7.9+1.3° 7.240.8° 6.5+0.8" 5.4+1.8°
LH 7.3+0.9° 6.4+1.3" 5.2+¢1.1° 4.4+1.3°
PO 4.4+1.6° 4.1+1.2° 2.0+0.8" 2.3+1.2°
Yellowness PC 6.6+1.1° 6.6+0.9° 6.0+1.5° 4.6+1.4°
LO 7.9+0.4° 6.6%0.5° 5.6+1.1° 6.5+1.5°
of root LM 7.1£1.6° 6.3+0.5° 5.841.5° 4.0+1.5°
LH 6.9+1.1° 5.9+0.6° 4.9+0.9° 41+1.1°
PO 7.0+1.3° 7.1+1.5° 6.7+0.7° 6.6+1.7°
PC 5.3+1.5° 5.5+2.0° 2.611.4° 3.3+1.4%
Sprout smell LO 6.0+1.5™ 5.9+1.2° 3.6+1.5° 2.0+0.8"
LM 7.1+1.1° 6.0+1.6° 5.2+1.1° 4.8+1.2°
LH 6.3+1.3" 6.6+0.5° 5.3+1.3" 4.3+1.8°
PO 6.0£1.5° 7.3+1.5° 7.241.0° 6.4+2.0°
PC 5.841.5° 5.9+1.3° 2.3+1.5° 4.0+1.2°
Off-odor LO 6.5+1.0° 4.441.3° 3.4+1.1° 1.1£0.4°
LM 6.241.3° 5.1+0.9" 6.8+1.2" 5.3+1.6™
LH 5.5+0.8° 5.7+0.8" 5.6+1.9" 6.7+1.5°
PO 7.1+0.9° 4.7+¢1.1° 5.841.0™ 3.6+0.9¢
PC 6.940.9° 6.3+1.6" 5.7+0.8" 4.6+1.5°
Texture LO 8.0+1.2° 5.6+1.3" 4.9+1.4" 4.9+0.8"
LM 7.4+1.0° 7.3+1.5° 6.0£0.9° 6.9+1.1°
LH 7.6+1.1° 7.0+1.0"° 6.4+1.0° 6.140.6°
PO 6.1+1.1° 3.9+1.4° 3.1+1.4° 2.9+1.5"
PC 6.7+1.1° 6.9+1.4° 5.6+1.3° 4.9+1.6°
Withering LO 8.1+0.9° 6.840.9° 5.6+1.1° 3.9+2.0"
LM 8.0+0.6° 7.4+0.7° 6.6+1.3° 5.5+1.1°
LH 7.1£0.9" 6.9+1.0° 5.8+1.2° 5.3+1.8°
PO 5.7+1.4° 5.0+1.2° 3.1+1.3¢ 2.6+1.5"
Overall PC 6.7+0.8" 7.1+1.1° 3.7i1.7ic 4.3i1.oz
LO 8.0+0.6° 7.041.6° 4.5+1.2" 2.5+1.1
acceptability — y; 7 44q gba 7 .841.0° 6.6+1.2° 5.041.1°
LH 7.4+0.5 6.9+0.8° 5.4+1.6 4.8+1.3°
D MeantS.D.,

*%Values within the same column with different superscript letters are significantly different (p<0.05),
PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m”24h (Anti-fogging OPP), LH: OTR 40,000 cc/m” 24h (Anti-fogging OPP).
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Table. 3.5.

materials during storage at 10C

Organoleptic qualities of broccoli sprout packaged with different

Storage period (day)

1 3 5 7

PO 6.8+0.9"°? 5.6+1.2° 5.1+1.3° 3.9+1.1"

PC 5.6+1.1° 5.040.5° 5.7+1.4° 2.8+41.3%

Appearance LO 6.1+1.4" 5.9+0.6° 5.6+1.1° 2.5+1.2°
LM 7.1+1.0° 5.6+0.7° 5.4+1.2° 4.4+1.3°
LH 5.4+1.1¢ 5.3+1.3° 5.6+1.5° 3.3+0.7b*

PO 6.4+1.3° 4.6+1.1° 4.0+1.0° 2.7+1.0%

PC 6.3+1.3° 5.0+0.8° 6.1+1.7° 3.3+1.2°

Yellowness b

LO 6.4+1.2° 5.1+0.6° 5.1+1.1° 43+1.2°

of root LM 6.8+0.7° 4.5+0.5° 4.0+1.5° 2.9+1.4%
LH 6.1+0.8° 4.5+0.5° 4.2+1.4° 1.8+1.0°

PO 7.0£1.0° 6.8+1.0° 7.1+1.3° 5.3+1.3°

PC 4.4+1.1° 2.3+1.0¢ 2.0+0.° 1.5+0.5°

Sprout smell LO 5.6+1.3"° 3.941.6° 2.0+0.7° 1.340.5°
LM 6.7+1.7" 5.5+1.1° 6.1+1.6° 5.0+1.5°

LH 7.4+0.5° 4.4+1.2° 6.1+2.0° 3.6+1.4°

PO 7.6+1.0° 6.4+1.5° 7.0+1.3° 5.1+1.7°

PC 4.0+1.2° 2.1+1.1° 1.9+1.1° 1.340.5°

Off-odor LO 3.4+1.4° 4.4+1.3° 1.7+0.7° 1.0+0.0°
LM 6.4+1.4" 5.841.4° 6.842.0° 5.6+1.7°

LH 6.0+1.6" 6.0+1.3° 7.0+1.5° 4.942.0°

PO 7.2+1.1% 6.4+0.5% 5.8+1.2° 3.8+0.7°

PC 7.1+1.1° 5.4+1.6" 4.6+1.3° 2.4+0.7°

Texture LO 6.2+1.1% 6.6+1.0° 4.6+1.4° 1.7+0.7°
LM 7.3+0.7° 6.3+0.7" 5.4+1.4° 4.4+0.9°

LH 6.6+0.9° 6.4+0.9" 5.9+1.3° 4.2+1.2°

PO 6.84+0.9° 5.1+1.3° 5.0+1.2°° 3.841.0°

PC 6.8+1.4° 6.0+1.0 3.9+1.1% 2.1+0.8°

Withering LO 6.1£1.2° 6.7+1.0° 4.5+1.2" 1.60.5"
LM 6.8+1.3° 6.6+1.1° 5.5+1.7° 3.8+1.3°

LH 6.5+1.6° 6.4+1.3° 5.2+1.5% 4.3+0.7°

PO 6.5+1.1% 5.840.8° 5.6+1.5° 4.0+1.1°

PC 5.5+0.9"° 3.4+1.4° 3.2+1.4° 1.840.8"°

Overall b b

N LO 5.0+0.8° 5.7+1.3° 3.8+1.5 1.6+0.7
acceptability LM 6.941.0° 6.040.8° 5.741.5° 4.441.3°
LH 6.0+1.20% 5.7+1.0° 5.7+1.5° 3.4+0.9°

D MeantS.D.,

““Values within the same column with different superscript letters are significantly different (p<0.05),

PO: 6 holes (PET), PC: no hole (PET), LO: OTR 5,000 cc/m’24h (Anti-fogging OPP),
LM: OTR 20,000 cc/m”24h (Anti-fogging OPP), LH: OTR 40,000 cc/m”24h (Anti-fogging OPP).
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Table 3.6. Change in total aerobic bacteria counts of radish sprout packaged with
PET and anti-fogging OPP during storage at different temperature and e-beam
irradiation dose

(log CFU/¢g)

Storage period 4C 10C 20C
(days) PET OPP PET OPP PET OPP
0 7.52 7.18 7.52 7.18 7.52 7.18
1 8.15 7.20 7.87 7.32 8.34 8.39
Control 3 8.38 8.11 8.24 7.80 8.63 8.65
5 8.23 8.08 8.38 8.27 8.70 8.53
7 8.38 8.11 8.91 8.87 8.88 8.79
0 4.26 3.78 4.26 3.78 4.26 3.78
1 3.93 3.81 4.81 4.35 5.28 5.12
1 kGy 3 4.40 3.95 5.23 5.14 5.84 5.51
5 4.52 411 5.70 5.43 6.50 6.00
7 4.69 3.68 6.09 5.60 7.90 7.27
0 2.67 1.98 2.67 1.98 2.67 1.98
1 2.97 1.99 3.12 2.95 3.47 3.10
2 kGy 3 3.20 2.38 3.90 3.77 4.44 417
5 3.20 2.58 5.37 4.27 5.62 4.80
7 3.79 2.74 5.35 5.16 6.30 5.69
0 2.58 1.20 2,58 1.20 2.58 1.20
1 2.08 1.72 3.03 2.55 3.37 2.73
3 kGy | 3 2.67 2.08 3.27 3.01 4.63 3.94
5 2.54 2.34 3.74 3.65 5.57 4.75
7 2.89 2.36 4.34 413 6.53 5.70
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Table 3.7. Change in total aerobic bacteria counts of clover sprout packaged with
PET and anti-fogging OPP during storage at different temperature and e-beam
irradiation dose

(log CFU/g)

Storage period 4T 10C 20C
(days) PET OPP PET OPP PET OPP
0 7.34 6.08 7.34 6.08 7.34 6.08
1 6.74 6.30 7.73 7.53 7.85 7.29
Control 3 7.40 7.04 7.49 7.48 7.91 7.49
5 7.41 7.62 8.22 8.08 8.36 8.31
7 8.08 7.95 8.66 8.62 8.77 8.77
0 3.53 2.92 3.53 2.92 3.53 2.92
1 3.28 2.79 4.67 3.57 4.54 4.25
1 kGy 3 3.20 3.11 4.43 411 4.85 4.60
5 3.32 3.95 4.78 4.52 6.31 6.25
7 6.11 5.79 6.09 5.58 7.90 7.27
0 2.90 241 2.90 241 2.90 241
1 2.52 2.48 3.59 3.43 3.52 2.99
2 kGy 3 2.49 3.00 3.86 3.40 451 410
5 2.60 3.36 4.88 4.67 5.31 4.86
7 5.78 4.46 5.40 5.14 7.30 6.69
0 1.60 2.23 1.60 2.23 1.60 2.23
1 211 2.08 1.76 2.38 2.10 1.92
3 kGy 3 2.32 2.46 2.33 2.20 2.55 2.52
5 2.38 2.62 3.81 3.26 4.58 3.55
7 4.63 3.63 4.28 4.45 6.53 6.35
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Table 3.8. Change in total coliform bacteria counts of radish sprout packaged with
PET and anti-fogging OPP during storage at different temperature and e-beam
irradiation dose

(log CFU/¢g)

Storage period 4T 10C 20C
(days) PET OPP PET OPP PET OPP
0 2.52 2.11 2.52 2.11 2.52 211
1 2.38 241 3.25 2.72 3.96 3.06
Control 3 3.19 2.63 4.01 3.25 4.66 3.73
5 4.13 3.54 4.79 4.54 5.61 4.69
7 4.20 431 5.53 5.52 6.36 5.63
0 2.26 1.65 2.26 1.65 2.26 1.65
1 2.69 1.78 2.84 2.28 3.17 2.84
1kGy | 3 2.24 251 3.44 3.25 423 3.59
5 3.40 2.57 3.59 3.82 4.83 4.54
7 3.54 2.78 4.62 4.40 5.50 5.41
0 - - - - - -
1 - - - - 1.79 -
2 kGy 3 1.08 - 1.58 - 3.46 2.74
5 2.67 - 2.82 1.91 4.80 3.91
7 297 - 3.73 3.32 5.39 5.14
0 - - - - - -
1 - - - - 1.66 1.44
3kGy | 3 - - 1.57 - 3.09 2.49
5 3.08 - 2.96 2.22 4.00 3.68
7 1.58 - 3.78 3.55 4.37 443
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Table 3.9. Change in total coliform bacteria counts of clover sprout packaged with
PET and anti-fogging OPP during storage at different temperature and e-beam
irradiation dose

(log CFU/¢g)

Storage period 4T 10C 20C
(days) PET OPP PET OPP PET OPP
0 3.81 3.56 3.81 3.56 3.81 3.56
1 434 458 4.54 4.54 4.62 4.79
Control 3 5.40 4.63 5.65 5.52 5.54 5.69
5 5.74 497 5.90 5.63 6.16 6.08
7 6.80 5.81 6.14 5.86 7.14 6.06
0 2.04 1.00 2.04 1.00 2.04 1.00
1 2.15 1.51 1.79 1.66 3.50 2.28
1 kGy 3 2.20 1.78 2.84 2.72 414 3.25
5 3.11 2.04 3.42 3.36 4.31 3.82
7 3.30 2.67 3.98 4.96 5.39 5.02
0 - - - - - -
1 - - 1.28 - 2.83 1.16
2 kGy 3 1.49 - - - 3.51 3.10
5 2.60 1.34 3.04 2.58 4.21 3.82
7 2.78 1.46 3.45 3.46 4.71 4.46
0 - - - - - -
1 - - - - - -
3 kGy 3 - - - - - _
5 111 - 2.81 2.63 1.42 1.52
7 2.40 1.23 3.63 3.38 4.25 2.86
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(1) Total vitamin C <] W3}

XAAE GElste] AARA ZARGE B 9 S E2W HolAlA 9] total vitamin C TS
Fig. 310 % 3.11¢] Yehhdde F<¢ 9 S2W total vitamin C IS 7}
35.58+2.97~69.28+10.05 mg/100g *= 2 3.99+0.28~20.38+1.63 mg/100g T = =A%
59 total vitamin C o]l ¥ & Ao Yetygtom AA7|te] Aol AFH

total vitamin C &2 7+4 TS HTh Tk AL 7F Zold 4= total vitamin

(2) Total phenol =2 W3}

PET ¥ WHOPP Z3Ad 27gh 7 2 S28] Wola]49] total phenol TS =
gt A3}E Table 312 % 3130 YEATE total phenol 3F F4H A T2
4.4010.05~9.53+0.33 ug/gelAil SE=H 49 3.29£0.11~6.49+0.07 ug/g= F<o] tha
A YERskar, A47)zke] dojel we} total phenol ol FAdhE FOoE gl
Ak Aol wE total phenol ol FH g o] & Hol= 2 oy PET X744
o] A% thah EA ZAFRoH e 9 Mzl 98 total phenol FHEFe] Aol
Kol x| eFodrt.
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Table 3.10. Change in total vitamin C contents of radish packaged PET and

anti-fogging OPP during storage at different temperature and e-beam irradiation

dose
(W.B., mg/100g)
Storage A°C 10C 20C
period
(days PET OPP PET OPP PET OPP
68224725"  6126£1.82 | 68224725  61.26+1.82 | 68224725  61.26+1.82
56.29+¢6.97  55.86£10.10 | 55.46+8.69  55.53+7.28 | 53.39+749  62.20+0.40
Control 54.15£83.71  58.36+0.79 | 57.164£3.39  58.39+7.13 | 50.0945.24  5230+1.84
66811220  61.844259 | 64.13+2.69  58.6540.58 | 50.96+0.81  64.89+1.74
53.93£2.36  51.03+1.77 | 5430£1.84  48.89+539 - -
69.28£10.05  63.51£5.30 | 69.28+10.05 63.51+530 | 69.28+10.05 63.51+5.30
51.9749.95 52.66+11.15 | 49.4049.08 52414827 | 4643+8.03  60.86+0.59
1 kGy 60.57£2.41  59.95483.65 | 53574255  57.20+4.67 | 46461099  53.28+0.83
64.45£2.26  58.98+395 | 57.05+0.79  5143+3.23 | 4643+3.04 65.72+0.76
49.7313.76 46141359 | 5147+1.24  50.20+4.20 - -
585446.57  57.0540.75 | 5854+6.57  57.0610.75 | 58.54+6.57  57.05+0.75
48531832 47774791 | 52371095 46.8241.93 | 54.41+11.78  50.85+3.94
2 kGy 57.0243.04  58.18+1.89 | 52.52+4.01 56.44+1216 | 57.78£3.96  50.20£1.53
57678254 5401144 | 51.70£1.78  51.32H0.75 | 42.04+1.37  53.03£1.58
43.34+1.89  43.13+£340 | 43.23#43.54  58.21+1.93 - -
56.69£7.28  60.90£2.26 | 56.69£7.28  60.90£2.26 | 56.69+7.28  60.90+2.26
46.64+2.84  47.11+12.22 | 47224247  4857+#3.00 | 54.08+14.78  57.52+1.09
3 kGy 54194370  57.23+1.73 | 5470+043 46.10£13.01 | 43.0944.88  47.88+2.01
67.39£1.88  52.06+251 | 49.69+2.60 49.04+1.35 | 44.6110.63  47.08£1.32
4378+1.95 47224129 | 3558+2.97  53.57+2.80 - -

Y Mean#S.D..
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Table 3.11. Change in total vitamin C contents of clover packaged PET and

anti-fogging OPP during storage at different temperature and e-beam irradiation

dose
(W.B., mg/100g)
Storage 4C 10C 20C
period
(days PET OPP PET OPP PET OPP
16.50£0.22"  18.9041.18 | 16.50+0.22 18.90+1.18 | 16.50+0.22  18.90+1.18
17.77+0.75  19.92+2.71 | 18.50+2.19 18.10+0.66 | 17.92+0.92 17.05+0.50
Control 15.63+2.58 16.76+0.97 | 17.05+1.12 15.67+0.49 | 16.83+2.78 15.34+0.58
15.92+1.35 15.63+1.31 | 15.85+0.58 14.07+1.74 | 13.13+0.35 11.28+2.92
17.08+1.56  16.87+0.43 | 16.65+2.49 14.00£2.75 | 11.17+1.13  10.66+1.43
17.16x1.26  20.38+1.63 | 17.16+x1.26 20.38+1.63 | 17.16+1.26  20.38+1.63
16.39+0.99 16.47+1.47 | 14.73+2.39 15.74+0.30 | 16.18+3.73 13.75%1.51
1 kGy 13.89+¢1.51 12.73+1.99 | 14.80+0.93 13.46+0.49 | 11.24+1.04 11.32+1.18
12.08+¢1.97  13.20+0.70 | 12.69+0.54 10.95+0.38 | 7.97#1.51  9.61£1.75
13.89+¢1.35 10.99+2.15 | 10.95+1.79 10.37+0.98 | 8.63+2.07  7.87+0.85
17.16x0.99  19.59+1.21 | 17.16+£0.99 19.59+1.21 | 17.16+0.99 19.59+1.21
15.41+0.32  15.49+41.09 | 15.27+#1.34 17.16x0.91 | 13.75£2.18 13.24+1.51
2 kGy 13.31+1.68  12.73+2.03 | 13.49+1.07 12.91+0.29 | 12.37+0.51 10.08+1.22
12.88+1.73  10.88+0.31 | 12.55+0.51 9.61+£0.38 | 6.27+3.10  7040+2.41
13.31+1.11  10.41+0.43 | 11.32+1.21 15.02+3.38 | 5.77+1.41  5.55+0.77
16.361£0.74  14.25+£1.24 | 16.36£0.74 14.25+1.24 | 16.36+0.74 14.25+1.24
12.55+1.86  15.89+0.64 | 14.87+1.49 14.76x1.16 | 16.36+1.49 13.31+£0.42
3 kGy 12.55+0.87  12.51+0.94 | 12.37+3.18 14.07+0.72 | 12.80+0.18  9.10+£1.98
11.86+2.24  10.63+0.65 | 11.82+0.56 8.81+1.29 | 4.46+0.25  7.29+0.22
12.40+0.82  11.3943.02 | 12.22+0.94 6.71£2.23 | 4.13£0.86  3.99+0.28

Y Mean#S.D..
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Table 3.12. Change in total phenolic compounds of radish packaged PET and

anti-fogging OPP during storage at different temperature and e-beam irradiation

dose
(W.B., ug/g)
Storage e 10C 20C
period
(days PET OPP PET OPP PET OPP
7.62+0.08"  6.89+0.10 | 7.62+0.08  6.89+0.10 | 7.62+0.08  6.89+0.10
7194011  6.29+046 | 9.53+x0.33  7.39+0.09 | 7.44+0.52  7.2145.05
Control 6.20+0.04  599+048 | 7.40+0.28  6.65+0.11 | 7.03+0.10  6.88+0.36
5591£0.14  5.60+0.06 | 6.7410.20  6.04+0.16 | 6.30+£0.07 6.95+£0.01
5214£0.07 4.93+0.04 | 5.39+0.07 4.40+0.05 - -
721015  7.61£0.06 | 7.21+0.15  7.61+0.06 | 7.21+0.15  7.61%0.06
7.06£0.16  7.63+0.06 | 7.80+0.07  7.75+0.04 | 8.04£0.17 6.35+£0.10
1 kGy 7.60£0.05  6.89+0.19 | 7.13+0.07  4.75+0.04 | 5.33%£0.01 5.47+0.11
6.83£0.07  5.35+0.07 | 6.49+0.04 6.08+0.17 | 5.50+£0.14 4.60+0.06
6.86+£0.15  540+0.22 | 4.76£0.32  5.62+0.05 - -
8.01+0.08  8.35+0.05 | 8.01+0.08  8.35+0.05 | 8.01+0.08  8.35+0.05
7.98+0.27  7.76+£0.28 | 7.84+0.19  7.35+0.09 | 8.67£0.07 7.45+0.10
2 kGy 7.02+0.05  7.61+0.35 | 8.06£0.10  5.68+0.11 | 8.29+0.24  5.68+0.28
6.61£0.03  6.39+0.10 | 7.79£0.09 5.35+0.16 | 5.62+0.01 5.30+0.04
6.35£0.17  6.00+£0.07 | 6.87+0.23  4.74+0.13 - -
7.96£0.15  7.99+0.37 | 7.96x£0.15  7.99+0.37 | 7.96+0.15  7.99+0.37
7.90£0.06  7.36+0.08 | 9.28+0.08 7.86x0.13 | 7.91+0.09 7.51+0.07
3 kGy 7.24+0.06  7.67£0.07 | 8.11+£0.08 5.55+0.12 | 7.37£0.36 6.64+0.11
6.85+0.27  7.0840.11 | 8.09£0.05 5.29+0.09 | 5.61+0.16 5.97+0.08
6.93£0.13  5.94+0.37 | 6.941046  4.74+0.09 - -

Y Mean#S.D..
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Table 3.15. Change in total phenolic compounds of clover packaged PET and

anti-fogging OPP during storage at different temperature and e-beam irradiation

dose
(W.B., ug/g)
Storage e 10C 20C
period
(days PET OPP PET OPP PET OPP
5.63+0.34"  6.26+1.52 | 5.63+034 6.26+1.52 | 5.63+0.34 6.26+1.52
5.42+0.23 550+0.13 | 6.32+0.13 6.13£0.40 | 5.11+0.33  4.75+0.34
Control 491+0.09 5.19+0.07 | 6.49+0.07 5.77+0.08 4234013  4.12+0.20
447+0.13  4.98+0.03 | 5.80+0.03 5.04+0.05 4.75£0.34  3.98+0.09
4.31£0.09 3.684£0.06 | 5.94+0.11 4.89+0.08 | 4.15£0.29 3.29+0.11
516+£0.01 5.24+0.13 | 5.16x0.01 5.24+0.13 | 5.16+0.01 5.24+0.13
4.95+0.03 5.36+0.34 | 5.33+0.10 6.21+0.09 4.98+0.08  4.67+0.26
1 kGy 4.81+0.22 5.06+£0.15 | 5.21+0.22 5.2740.02 420+0.02  4.38+0.13
4.98+0.27 4.84+0.13 | 5.19+0.14 4.90£0.10 4.38+0.13 4.41+£0.59
3.70+0.03  3.86+£0.03 | 5.05£0.10 4.94+0.12 | 4.43+0.10 3.76%0.92
524+0.18  5.94+0.05 |5.24+0.18  5.94+0.05 |5.24£0.18  5.94+0.05
5.02+0.11 5.37%0.17 5.82+0.12 6.30£0.10 496+0.30  5.04+0.18
2 kGy 5114£0.06  5.19+0.04 5.951£0.36  5.76+0.28 47240.14  4.88+0.21
5.03+0.98  4.93+0.08 5.71£0.08 5.16x0.14 | 4.88+0.21 4.10+1.44
3.79+0.08  5.13£0.08 | 5.26+0.20  4.72+0.09 | 3.74+0.03  3.93+0.22
8.26£0.29  5.40£0.07 |8.26+0.29  5.40+0.07 |8.26+£0.29  5.40+0.07
5.42+0.18  5.12+0.08 5.91+0.22 6.16+0.09 4.7610.07  5.51+0.01
3 kGy 5.02+0.04  5.02+0.11 5.58+0.13 5.98+0.16 4.59+0.06 4.76+0.07
448+0.17  491+0.25 | 551+£0.06 5.50+£0.09 | 3.96+0.04  4.48+0.68
458+0.12  4.09+0.05 | 5.51+0.07  5.39+0.05 | 3.26+0.12  4.18+0.16

Y Mean#S.D..
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Table 3.16. Change in

chlorophyll compounds

of radish packaged PET and

anti-fogging OPP during storage at different temperature and e-beam irradiation

dose
(W.B., ug/g)
Storage e 10C 20C
period
(days) PET OPP PET OPP PET OPP
6.13+0.42"  6.7020.72 | 6.13+042 6.70£0.72 | 6132042  6.70+0.72
4.87+0.62 6.3410.86 | 9.69+£1.52  8.81+0.49 | 11.14+1.22  9.22+0.57
Control 4.53+0.28 5.36+0.56 | 8.21+0.76  6.64+0.50 | 7.84+2.78  9.54+0.80
4441043  4.7240.85 | 7.69+0.33  6.2610.44 | 6.74+0.54  6.87%0.28
1.63+0.31 3.13+0.47 | 3.14+0.60  4.36+0.19 - -
5.12+1.57 7.09+0.13 | 5.12+#1.57 7.09+0.13 | 5.12+1.57  7.09+0.13
4.83+0.36 6.52+0.47 | 7.69+036  7.67+1.28 | 9.60£1.86  10.99+0.72
1 kGy 412+0.10  4.90+0.31 | 7.56x0.55 7.10£0.63 | 8.32+1.33  11.05+0.96
3.52+0.36 3.44+0.61 | 512+0.28  4.90+1.07 | 8.01£0.13  8.98+0.40
2.32+0.22  3.50+0.30 | 3.80+0.68  3.44%1.31 - -
5.70+0.28 591+0.61 | 5.70£0.28  5.91+0.61 | 5.70£0.28  5.91+0.61
5.20£1.51 4.07+£0.27 | 7.22+0.24  8.88+0.53 | 9.56+0.55 10.03+0.93
2 kGy 5.20+0.48 3.91+0.06 | 6.50£0.65 7.04£0.26 | 9.60+0.40  9.31+0.48
4.52+0.61 3.69+0.21 | 6.16+0.73  6.81£1.07 | 6.00£0.79  7.69£0.08
2.10+0.27  3.83+0.60 | 5.39+0.60 4.73%0.56 - -
8.30+3.42  4.95+0.79 | 830+3.42 4.95+0.79 | 830+3.42  4.95+0.79
3911047  4.14+1.81 | 7.88+0.62 6.59+0.53 | 8.14+0.26  9.24+1.42
3 kGy 3.95+0.13 3.33+0.78 | 6.95+0.75  6.54+0.84 | 7.85+0.61  8.45+0.61
3.51+0.63 3.23+0.70 | 6.20£0.18  6.64+£0.73 | 7.27+0.17  6.66£0.25
1.69+0.40 3.21£0.55 | 6.44+047  4.84%1.53 | - -

Y Mean#S.D..
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Table 3.17. Change in chlorophyll compounds of clover packaged PET and

anti-fogging OPP during storage at different temperature and e-beam irradiation

dose
(W.B., ug/g)
Storage e 10C 20C
period
(days PET OPP PET OPP PET OPP
13.0940.27" 12.1141.52 | 13.09£0.27 1211+1.52 | 13.09+0.27 12.11+1.52
9.70+£0.55  9.43+0.43 | 7.9240.526  8.82+1.35 | 6.15+0.13  6.52+0.54
Control 9.28+0.58  8.34+0.50 | 7.22+0.76  6.23+0.84 | 5.54+0.73  5.48+0.37
7.01£0.50  9.59+1.45 | 6.94+0.80  6.05£0.56 | 4.54+0.11  4.25+0.13
579011  7.96£0.20 | 5.67£0.21  5.65+0.23 | 4.72+0.85  3.63+0.26
10.40+0.30 10.85%1.15 | 10.40£0.30 10.85+1.15 | 10.40+0.30 10.85%1.15
8.88+0.39  9.52+0.59 | 7.41+£0.56  9.16+1.17 | 6.12+0.21  6.73%£0.71
1 kGy 7324039  8.86x0.56 | 6.47+0.16  7.57£0.59 | 525+0.15  5.77%0.19
6.28+0.65  7.91+£0.71 | 5.70£0.15  5.59+0.44 | 549+141  4.5840.45
597+0.56  6.72+0.23 | 3.13x0.39  5.41+0.46 | 4.80+0.36  5.03+0.86
10.69+0.29 10.09+0.87 | 10.69+£0.29 10.09+0.87 | 10.69+£0.29 10.09+0.87
10.841£0.29  9.02+0.57 | 7.03+0.22  7.64+0.44 | 6.95£0.07 7.64+0.47
2 kGy 8.44+0.69  8.78+£1.03 | 5.04+0.28  6.00£0.83 | 5.80+0.22  6.45+0.30
7.05+0.25  8.04+0.21 | 5.06+0.28  5.36+0.57 | 4.66x0.76 ~ 5.17+1.14
6.93+0.37  7.63£0.38 | 3.47+0.34  4.78+0.47 | 4.54+048  3.7840.23
9.58+0.41 9.16x0.9 | 9.58+0.41 9.16+0.9 9.58+0.41 9.16+0.9
8.54+0.46  7.73x0.19 | 6.06£0.73  6.84+0.48 | 5.84+0.67  6.70+0.32
3 kGy 7974048  7.26+0.81 | 5.78+0.43  5.98+0.59 | 4.81+0.44  5.17+0.57
6.90+0.45  6.22+0.90 | 4.10£0.69  5.77+0.12 | 4.34+043  4.62+1.51
547+0.25  6.77£0.19 | 3.52+0.30 491030 | 3.21+0.60  4.24+0.48

Y Mean#S.D..
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Table 3.18. Change in carotenoid compounds of radish packaged PET and

anti-fogging OPP during storage at different temperature and e-beam irradiation

dose
(W.B., ug/g)
Storage AC 10C 20C
period
PET orp PET orr PET orp
(days

0 | 1.88£0.07" 1.81+0.13 | 1.88+0.07 1.81+0.13 | 1.88+0.07  1.81+0.13
1| 1.35+0.06  1.43+0.01 | 1.69+0.02  1.51+0.03 | 1.77#0.02  1.49+0.03
Control | 3 | 1.53£0.05  1.14+0.02 | 1.64+0.04  1.54+0.02 | 1.39+0.03  1.22+0.03
5| 1.41+0.02  1.04+0.03 | 1.32+0.02  1.20+0.05 | 1.15+0.05  1.06+0.01

7 | 1.16+£0.04 0.96+0.03 | 1.05+0.02  0.83+0.00 - -

0| 1.30£0.05 1.74+0.02 | 1.30+0.05  1.74+0.02 | 1.30+£0.05  1.74+0.02

1| 1.34+020 1.33+0.05 | 1.71+0.03  1.51+0.04 | 1.57+0.25  1.76+0.04
1 kGy | 3| 1.30£0.02 1.27+0.02 | 1.3740.03  1.03£0.04 | 1.39£0.02  1.37£0.02

5| 1.24+0.01  1.04+0.02 | 0.82+0.03  0.74+0.09 | 1.16+0.01 1.2840.04

7 | 1.03£0.05  1.10+0.01 | 0.86+0.03  0.83+0.08 - -

0| 1.84+0.04 1.33+0.02 | 1.84+0.04 1.33+0.02 | 1.84+0.04  1.33+0.02
1| 1.60+£0.08  1.25+0.02 | 1.33+0.04  1.35+0.03 | 1.59+0.04  1.55+0.03
2 kGy | 3| 1.48+0.02 1.22+0.08 | 1.24+0.05 1.16+0.15 | 1.52+0.05  1.17+0.02
5| 1.34+0.11  0.99+0.03 | 1.23+0.03  1.15+0.04 | 0.84+0.03  1.30+0.03

7 | 1.14+0.12  0.87+0.02 | 0.85+0.03  1.03+0.02 - -

0| 1.50+0.27  1.57+0.03 | 1.50+0.27  1.57+0.03 | 1.50+0.27  1.57+0.03
1| 1.18+0.72  1.17+0.03 | 1.68+0.07  1.48+0.01 1.37+£0.03  1.50+0.02
3 kGy | 3 | 1.09£0.04 1.19+0.10 | 1.46£0.07 1.10+£0.02 | 1.39+0.04 1.10+0.01
51 1.03£0.05 1.10+0.03 | 1.28+0.03  0.06+0.16 | 0.94+0.01  0.99+0.05

7 | 1.25£0.03  1.13+0.11 | 0.97+0.03  1.07+0.07 - -

Y Mean#S.D..
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Table 3.19. Change in carotenoid compounds of clover packaged PET and

anti-fogging OPP during storage at different temperature and e-beam irradiation

dose
(W.B., ug/g)
Storage e 10C 20C
period
PET oPrr PET orpP PET OPrPP
(days

0 | 042+0.02" 0.15+0.02 | 0.42+0.02  0.15+0.02 | 0.42+0.02  0.15+0.02
1| 0.10£0.02  0.13+0.02 | 0.70+0.05  0.72+0.05 | 0.62+0.02  0.55+0.02
Control | 3 | 0.09+0.02  0.16+£0.07 | 0.62+0.07  0.53+0.01 | 0.51+£0.02  0.46+0.02
51 0.04£0.04  0.01+0.07 | 0.48+0.03  0.49+0.02 | 0.39+0.03  0.38+0.02

7 | 0.05£0.01 0.01+0.01 | 0.51+0.05  0.47+0.05 | 0.40+0.05  0.34+0.02

0| 0.2840.04 0.16+0.06 | 0.28+0.04 0.16+0.06 | 0.28+0.04  0.16+0.06
1| 0.15+£0.04 0.14+0.04 | 0.65+0.04  0.84+0.04 | 0.60+0.02  0.60+0.04
1 kGy | 3| 016+£0.01 0.11£0.03 | 0.63+0.05 0.66+0.04 | 0.58+0.02  0.55+0.01
5| 0.14+0.05 0.10+£0.03 | 0.64+0.06  0.61+0.05 | 0.56+0.15  0.41+0.05

7 | 0.11+£0.04 0.12+0.08 | 0.30+0.01  0.54+0.01 | 0.50+0.01  0.46+0.04

0| 0.234£0.02  0.21+0.06 | 0.23+0.02  0.21+0.06 | 0.23+0.02  0.21+0.06
1| 0.24+021 0.19+0.03 | 0.50+0.03  0.53+0.05 | 0.62+0.02  0.67+0.02
2 kGy | 3 | 0.14+£0.01  0.14+0.05 | 0.45+0.01  0.54+0.02 | 0.55+0.01  0.58+0.02
5 0.09+0.03  0.12+0.06 | 0.45+0.02  0.51+0.03 | 0.49+0.01  0.48+0.01

7 | 0.01£0.06  0.02+0.01 | 0.34+0.02  0.42+0.03 | 0.38+0.06  0.34+0.02

0| 0.25+0.06  0.22+0.04 | 0.25+0.06  0.22+0.04 | 0.25+0.06  0.22+0.04
1| 0.18+0.02 0.16+0.03 | 0.55+0.07  0.59+0.04 | 0.60+0.04  0.52+0.03
3 kGy | 3 | 0.13+0.04 0.18+0.01 | 0.48+0.02  0.55+0.00 | 0.49+0.04  0.46%0.03
5| 0.14+£0.03  0.12+0.06 | 0.39+0.06  0.50+0.05 | 0.44+0.03  0.44+0.12

7 | 0.08+0.03  0.14+0.01 | 0.36+x0.03  0.47+0.04 | 0.34+0.03  0.46+0.02

Y Mean#S.D..
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Table 3.20. Change in organoleptic qualities of radish packaged PET and anti-fogging

OPP during storage at different temperature and e-beam irradiation dose

Contorl | Storage 4C 10C 20T
period
(days) PET OPP PET OPP PET OPP

parameter

1 6.14+0.90 6.14+0.90 | 5.86+0.69 6.43+0.53 | 5.00+£1.63 5.71+1.11
6.00+£0.82 6.14+0.69 | 5.29+0.76 5.57+1.13 | 3.29+0.95 6.14+0.69
5.14+0.69 5.57+0.98 | 4.86+1.07 5.14+0.69 | 4.57+0.79 4.86+1.07
5.14+0.69 5.43+0.8 | 3.00£1.00 5.57+0.53 | 3.00+1.15 5.43+1.27
5.86+1.21 6.00£1.00 | 5.86+1.35 5.86+1.46 | 5.00+1.73 5.86+1.46
6.14+0.90 6.29+1.11 | 5.86+1.21 5.71+0.76 | 2.57+1.27 5.43+0.98
486069 5.57+1.13 | 4.57+0.98 6.00£0.58 | 3.29+0.95 4.86+0.69
5.43+1.51 5.43+0.79 | 3.00+1.53 4.86+£0.90 | 2.14+1.07 4.57+1.27
6.14+1.21 6.00£1.00 | 5.14+1.21 5.86+1.35 | 4.29+1.11 5.29+1.80
6.00+0.82 5.86+0.38 | 5.57+1.13 5.29+0.95 | 4.71+1.50 4.86+0.69
471+0.76 5.43+0.79 | 4.71+0.76 4.29+#1.11 | 3.43+1.27 4.14+1.57
4.83+0.75 4.33+1.21 | 5.00£1.00 4.00+1.73 | 3.71+1.80 4.29+1.70
6.57+1.13 6.43+£0.79 | 5.29£1.38 6.00+0.82 | 5.14+1.07 5.86+0.90
529+1.11 5.00+1.41 | 5.71+0.76 4.71+0.49 | 4.57+1.99 4.71+1.11
4.00£1.15 5.14+1.07 | 3.86+£1.07 4.14+1.35 | 2.86+0.90 4.00+1.63
4.86+0.69 4.14+0.90 | 3.57+0.98 3.86+1.68 | 2.43+1.13 4.00+1.63
6.57+£0.53 6.43+0.79 | 6.29+1.11 6.71£0.49 | 5.29+0.95 6.14+0.69
6.00+£0.82 5.86+1.07 | 5.86+£0.90 6.00+£0.82 | 5.14+1.95 6.14+0.69
5.71+0.76 5.71£1.25 | 5.29+0.95 5.29+0.95 | 4.43+1.81 5.14%1.95
5.43+0.79 6.00+0.82 | 4.57+2.37 5.57+0.79 | 3.14+1.68 5.29+1.25
6.43+0.79  6.14+0.90 | 6.29£0.95 6.14+0.69 | 5.43+1.51 6.00£1.00
6.43+0.53 6.00+£0.58 | 6.29+0.49 5.57+0.98 | 3.57+1.81 5.57+0.98
5.14+0.69 5.71+0.76 | 4.71£0.95 5.71+0.95 | 4.14+1.21 5.43+1.27
5144090 5.14+0.69 | 3.43+1.62 5.00+0.82 | 2.43+1.27 4.57+1.13
6.14+0.69 6.14+0.69 | 5.71+0.76  6.14+0.69 | 5.14+0.69 5.71+0.76
5.86£0.90 5.71+0.76 | 6.14+0.69 5.57+1.13 | 3.14+1.35 5.43+0.79
4.57+0.79 5.86+0.69 | 4.57+0.79 5.00+1.29 | 3.14+1.21 3.86+0.90
5294111 5.00+0.82 | 3.29+1.50 4.86+1.35 | 2.71+1.25 4.00+1.15
6.00£0.82 6.57+£0.53 | 5.71+1.11 6.57+0.53 | 4.86+1.68 5.71+0.76
5574098 5.29+£1.25 | 5.71+0.76 5.71+£0.95 | 2.71£1.25 5.71+1.11
514090 5.71+1.11 | 4.71£0.95 5.43+0.79 | 3.43+0.98 4.43+1.27
5.14+0.69 5.29+£0.76 | 3.00+1.63 5.00+0.58 | 2.14+1.07 4.29+1.11

Appearance

Yellowness

of root

Sprout

smell

Off-odor

Texture

Withering

Overall
acceptability

Marketability
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Table 3.20. Continued

1 kGy

parameter

Storage
period
(days)

4C

10C

20C

PET

orp

PET

orr

PET

orp

Appearance

1

5.86+0.69
5.86+1.21
4.86+0.69
5.14+0.69

6.2940.76
6.43+0.53
6.00+0.82
5.29+0.95

5.71+1.11
5.71£1.50
4.86+0.90
5.43+0.53

6.14+1.07
6.00+0.53
5.14+0.82
5.71+0.95

5.71£1.38
5.57£0.53
4.57£1.13
4.71£1.50

5.86+1.21
5.71+1.38
5.14+0.69
5.29+0.76

Yellowness

of root

5.57+1.27
5.71+£1.89
4.71+0.76
5.86+1.07

5.86+1.07
5.86+1.35
6.00+0.82
6.14+0.38

5.71+1.11
5.86+1.21
4.14£1.35
4.57+0.79

5.71+1.11
5.71+1.11
5.43+0.53
4.71+£0.76

5.57+£1.27
5.14+0.90
3.71+0.76
3.29+1.25

5.86+0.90
5.86+1.07
5.14+0.90
4.71+1.38

Sprout

smell

5.8611.46
5.29+£1.38
4.57+0.53
5.14+1.07

5.14+1.07
5.29+0.49
4.57+1.81
4.14+£1.35

6.00+0.82
5.14+1.35
4.71+0.76
4.57+0.79

4.71£1.80
4.57+1.81
4.57+1.62
3.71+£1.38

5.29+1.11
4.71£1.11
3.71+£0.76
4.14+0.90

5.43+1.51
4.86+1.35
4.71+0.95
4.14+1.21

Of-odor

6.57+0.53
5.29+41.25
5.00+1.29
4.86+0.90

6.29+0.95
5.29+1.11
5.43+0.79
4.14+1.35

6.57+0.53
6.00£0.58
4.57+0.98
5.71+0.76

6.43+0.79
5.57+0.98
4.57+£1.13
4.57+1.62

6.29+0.76
5.29+0.76
4.00+1.73
4.57+1.13

6.00+1.00
5.43+0.79
4.71+0.49
5.57+0.53

Texture

6.57+0.53
6.43+0.79
5.57+0.53
5.86+0.69

6.57%0.79
6.43+0.53
5.43+0.79
5.29+0.76

6.14+0.90
5.86£0.69
4.29+1.38
5.71£1.25

6.29+0.76
6.14+0.69
5.86£0.90
5.43+1.13

6.29+0.49
5.43+1.27
4.14+1.57
5.14+£1.35

6.57+0.53
6.00+£0.82
5.43+1.51
5.00+1.29

Withering

6.29+0.76
6.00+1.15
3.86+0.69
5.43+0.79

6.86+0.38
6.00+0.82
5.86+0.69
4.86+0.90

6.00+1.15
6.00+1.00
4.71+0.76
5.57+1.13

6.43+0.79
5.71+£0.95
6.14+0.90
5.14+1.07

6.14+1.07
5.71+£0.95
4.00+1.41
4.86+1.07

6.43+0.79
5.43+1.13
5.00+1.29
4.57+0.98

Overall
acceptability

6.00+0.58
5.71+1.38
4.57+0.53
5.57+0.98

5.57+1.40
6.00£0.58
6.14+0.90
4.86+1.07

5.71£0.76
5.57+0.53
4.43+0.79
5.71£0.76

5.86£0.38
5.43+0.79
5.14+0.90
4.71£1.11

5.43+0.53
5.57+0.53
3.86+0.90
4.71+0.76

5.86£0.90
5.57+1.13
4.57+0.53
4.29+£1.50

Marketability
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6.00+0.58
5.14+£1.95
4.71+1.38
5.57+0.79

6.57+0.79
5.86+1.07
5.57+0.79
5.29+0.76

5.71+£0.95
5.57+0.79
4.00+1.15
5.29+0.95

5.86£0.90
5.57+0.98
5.71+0.49
4.86+0.69

5.71+£1.11
5.00£1.00
3.71£1.11
4.43+079

6.14+0.90
5.71+1.11
4.57+1.51
4.29+1.11
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Table 3.20. Continued

2 kGy

parameter

Storage
period
(days)

4C

10C

20C

PET

orp

PET

orr

PET

orp

Appearance

1

6.00+0.82
5.57+1.40
5.29+0.76
5.29+0.76

5.86+0.90
6.57+0.53
5.29+0.76
5.86+1.35

6.43+0.53
6.00+0.58
5.14+0.90
4.29+0.76

5.86+0.69
5.71+0.49
5.00+0.82
5.86+0.82

6.00+1.15
3.14+0.69
4.57+1.13
2.57+0.79

5.86+0.90
5.86+1.07
5.43+0.79
5.14+1.07

Yellowness

of root

6.29+1.25
5.57+1.51
5.43+0.53
5.43+0.79

6.14+0.90
6.29+0.76
5.71+0.76
5.86+1.07

4.86+1.57
5.29+1.11
4.43+1.13
4.14+1.21

5.43+0.79
5.57+0.79
5.29+1.21
5.14+1.27

5.57+1.27
3.00£1.15
3.57+0.98
2.00+0.82

5.43+1.27
5.71+1.11
4.57+0.79
4.29+1.50

Sprout

smell

5.86£1.35
5.71£0.95
5.14+0.69
5.14+0.90

5.71+0.95
5.14+0.69
4.86+1.35
4.71+1.11

6.14+0.90
5.86+1.46
5.00+0.82
5.14+0.69

4.57£1.99
4.57+1.40
4.86+0.69
4.29+1.50

6.14+0.90
3.43+1.51
4.43+1.27
2.86x1.57

5.14+1.77
5.43+1.13
4.14+1.86
3.86+1.57

Off-odor

6.00+1.15
5.86+1.21
4.14+1.07
5.00+0.82

6.14+0.90
5.43+0.98
5.14+0.69
4.86+1.35

5.86+1.46
6.29+0.76
4.71+0.49
4.57+1.27

6.29+0.76
4.14+1.07
5.14+0.69
4.57+0.98

6.43+0.79
4.57+1.13
3.86+1.57
2.57+1.27

6.29+0.76
5.57+0.79
4.57+0.79
5.43+0.79

Texture

6.43+0.53
5.57+0.53
5.14+0.90
5.43+0.79

6.57+0.53
6.57+0.53
5.00+0.82
5.29+1.70

6.57+0.53
5.57+0.98
4.57+1.51
4.57£1.90

5.43+1.13
5.71£0.95
5.00+1.41
5.57+0.79

5.86+0.38
2.86+1.46
3.29+£1.50
3.29+1.50

5.71+0.95
5.43+0.53
5.14+1.07
4.71£1.50

Withering

6.29+0.95
6.29+0.76
4.71+1.11
5.14+0.90

6.29+0.76
6.14+0.90
5.43+0.98
5.57+1.13

6.14+0.90
6.14+0.90
4.43+0.98
4.57+1.27

5.86£0.90
5.86£0.90
6.14+0.90
5.00£1.15

6.14+0.69
3.00£1.29
2.86+1.35
2.57+0.98

6.43+0.79
5.71+0.95
5.00+1.00
4.29+0.76

Overall
acceptability

5.71+076
6.14+1.07
4.71+0.49
4.86+0.69

5.86+0.38
6.14+0.38
6.29+0.76
5.29+1.38

6.00£0.82
5.86+0.69
4.57+0.79
4.57+0.98

5.43+0.53
5.43+0.79
4.86+0.69
5.00£1.15

5.57+0.79
3.43+1.13
3.29+1.60
2.43+0.79

6.00+1.00
5.43+1.27
4.29+0.95
4.29+1.11

Marketability
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5.86£0.90
5.71£1.50
5.14+1.35
4.57+0.53

6.29+0.76
5.71+1.38
5.71+£1.25
5.71+1.11

6.14+1.21
5.86+0.90
4.29+£1.25
4.29+1.11

6.00+1.00
5.71+£0.76
5.71+0.76
4.71+£0.76

5.43+1.27
2.86x1.07
2.86+0.90
2.57+0.53

6.14+1.07
5.29+1.50
4.71+£1.38
4.14+1.35
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Table 3.20. Continued

3 kGy

paramete

Storage
period
(days)

4C

10C

20C

PET

orp

PET

orr

PET

orp

Appearance

1

5.14+0.90
5.57+0.53
5.43+0.98
5.57+0.53

5.29+1.11
6.14+0.90
6.00+1.00
5.71+0.49

5.86£0.69
6.00+0.82
4.71+1.11
4.14+0.69

6.14+0.6
6.00+0.82
4.71+1.11
5.29+0.79

6.00£1.29
5.29+0.95
4.00£1.29
2.86+1.21

5.86+1.76
5.43+0.79
4.86+0.90
3.86+1.35

Yellowness

of root

5.29+0.95
5.29+41.25
4.86+1.21
5.00+1.41

5.57+1.40
6.00+1.15
5.57+0.98
5.14+1.07

5.29+1.38
4.86+1.35
4.00+1.00
3.00+1.29

6.29+0.76
5.43+£0.98
3.86+0.90
4.71+£1.25

5.71+£1.38
4.14+1.07
3.57+0.98
2.00+0.82

4.71£1.60
4.57+1.13
3.57+0.53
3.00+1.29

Sprout

smell

5.43+1.27
4.71+1.38
4.43+0.98
5.29+0.76

4.71£1.70
4.86%1.46
5.00+1.41
4.57+0.53

5.29+1.50
5.43+1.40
4.86+1.21
4.43+0.98

4.29+1.89
5.14+1.35
5.29+0.76
4.14+1.21

5.14+£1.35
3.57+1.62
3.00£1.15
3.00£1.91

4.14+£1.35
4.43+1.27
4.00£1.15
3.43+1.62

Off-odor

5.71+£1.38
5.00+0.82
4.57+0.79
5.00+0.82

5.43+1.72
5.00+1.15
5.29+0.76
4.00+0.82

6.14+1.21
5.86+1.07
5.14+1.07
4.29+1.11

5.00+1.41
5.43+1.13
5.43+0.53
4.57+0.98

6.29+0.95
4.57+0.53
4.29+1.25
3.29+£1.50

4.29+1.50
4.86+0.69
4.29+1.25
4.86+1.77

Texture

5.57+0.79
5.29+0.95
5.00£0.58
5.14+0.69

6.29+0.76
6.00£1.15
5.57+0.79
5.57+1.27

5.29+1.38
4.86+0.69
4.71+1.70
4.14+1.77

6.00+£1.00
5.86+0.90
4.86+1.35
5.71+0.95

6.00+0.58
4.71+0.76
3.43+1.72
3.14+1.07

6.14+0.90
6.14+0.69
4.86+1.35
4.14+1.57

Withering

6.00+1.00
6.14+0.38
4.57+0.79
5.57+0.79

6.14+0.90
6.14+0.90
6.00£0.58
5.14+1.57

6.14+0.90
5.57+0.79
4.43+0.79
4.43+1.40

6.14+1.07
5.43+1.13
5.14+1.07
4.86x0.90

6.57+0.53
5.00£1.00
3.29+1.70
2.43+0.79

6.14+0.69
5.00+1.41
3.86+1.35
3.57+1.27

Overall
acceptability

5.57£0.53
5.57£1.13
4.57+0.53
5.29+£0.95

5.14+1.21
6.14+0.69
5.57+0.53
4.43+1.27

5.71£0.76
5.57+0.79
4.57+0.98
4.43+0.98

5.86£0.69
5.71£1.25
4.29+1.38
4.57+1.27

6.00+0.82
4.57+1.27
3.29+£1.50
2.43+0.98

5.00+1.15
5.14+1.07
3.57+0.98
2.86+1.07

Marketability
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5.29+0.76
5.43+£0.98
5.00+1.41
5.43+£0.98

5.57+0.98
5.43+1.72
5.71+1.11
4.57+1.27

5.29+1.25
4.86+1.07
4.14+1.07
3.86+1.07

5.71+£0.95
5.57+0.79
4.86+1.07
4.43+0.98

5.43+1.27
4.00+0.82
2.43+0.98
2.14+0.69

5.43+0.79
5.00+0.82
3.57+1.27
2.86+1.21
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Table 3.21. Change in organoleptic qualities of clover packaged PET and
anti-fogging OPP during storage at different temperature and e-beam irradiation

dose

control | Storage 4°C 10C 20°C
period
(days) PET OPP PET orp PET OPP

paramete

1 6.50+0.76  6.38+0.92 | 5.63+1.19 6.13£0.64 | 5.88+0.99 6.50+0.53
6.38+0.52 6.38+0.52 | 5.13+0.83 6.38+0.74 | 2.50+0.53 6.25+0.89
6.13+0.64 6.25+0.46 | 5.25+0.71 6.13+0.64 | 2.13+0.83 5.50+0.76
5.57+1.13 5.57+1.27 | 5.00£1.00 5.14+0.90 | 3.43+1.51 5.29+1.60
6.25+0.71 6.50£0.53 | 5.75+0.46 5.88+0.64 | 5.88+1.25 6.13+0.64
6.13+0.99 6.38+0.74 | 4.63£1.30 6.13+0.83 | 2.00+0.53 5.88+1.25
5.13+0.64 5.50+0.76 | 5.00+0.76 5.88+0.64 | 1.38+0.74 5.13+0.83
5.57+0.53 5.71+0.76 | 5.14+1.21 4.71+1.11 | 4.43+1.13 4.57+0.98
5.50+0.93 5.13+0.99 | 5.25+0.89 5.50+0.76 | 4.63+0.74 5.13+0.64
5.75+1.04 5.88+0.64 | 4.88+1.25 4.88+1.25 | 4.00+1.41 4.38+1.60
5.13+0.83 5.63+0.74 | 4.38+0.74 4.88+0.99 | 2.63+1.30 4.63+0.74
4.43+1.13 4.71+£0.95 | 4.43+1.13 3.86+1.35 | 3.86+1.77 4.71+1.38
6.13+0.64 6.00£0.93 | 5.50+0.76 5.88+0.99 | 5.63+1.30 5.75+0.89
5.50+£0.76 5.38+1.51 | 5.13+0.83 5.75+1.04 | 3.25+1.49 5.75+0.89
4.75+0.89 5.63+0.52 | 4.63+0.92 5.25+1.16 | 1.25+0.46 5.00+0.93
4.86+1.07 5.00£1.15 | 4.00+1.41 4.43+1.81 | 3.71+1.38 4.00+2.00
6.3840.52 6.50+0.76 | 5.38+0.52 6.25+0.71 | 5.63+1.06 6.38+0.92
5.50+1.07 5.63+0.74 | 5.38+0.74 5.75+0.71 | 3.25+1.28 5.75+0.89
5.38+£0.52 5.38+0.92 | 4.38+1.06 5.50+0.53 | 2.38+1.30 5.25+0.89
4.86+1.35 4.71+1.50 | 4.29+1.60 4.29+1.38 | 4.43+1.72 3.86+1.35
5.63£0.92 5.88+1.25 | 5.00+1.69 5.75+1.04 | 5.75+0.71 5.88+1.13
5.38+0.74 5.50+0.93 | 4.75+1.16 5.38+0.52 | 2.38+1.19 5.38+0.74
5.00+0.76 5.38+0.52 | 5.00£0.93 5.63+0.52 | 1.63+0.92 4.75+0.89
4.57+1.40 5.00+0.82 | 4.00+1.00 4.57+1.27 | 4.00£1.29 3.57+1.51
5.88+0.64 6.25+0.89 | 5.50+0.76 5.50+0.76 | 5.50+0.93 5.75+0.46
6.00£0.53 6.13+0.64 | 4.63+0.92 5.50+0.93 | 2.25+0.71 5.25+1.04
5.75£0.71 5.75%+0.46 | 4.50+1.07 5.63+0.52 | 1.63+0.74 5.00+0.53
5.00+1.00 5.00+1.29 | 4.43+0.98 4.71+0.95 | 4.00+1.15 4.86+1.46
6.13+0.83 6.00+£0.46 | 5.63+0.52 6.00+0.00 | 5.50+£0.76  5.75+0.46
5.75£0.89 5.75+0.89 | 4.88+0.99 5.63+0.92 | 2.00£0.53 5.25+1.04
5.50+0.76 5.63+0.52 | 4.25+0.89 5.63+0.52 | 1.25+0.46 4.75+0.71
5294111 4.86+0.69 | 4.57+1.27 4.86+1.07 | 3.86+1.46 4.43+1.62

Appearance

Yellowness

of root

Sprout

smell

Off-odor

Texture

Withering

Overall
acceptability

Marketability
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Table 3.21. Continued

1 kGy

paramete

Storage
period
(days)

4C

10C

20C

PET

orp

PET

orr

PET

orp

Appearance

1

6.38+0.92
6.00+0.76
5.38+0.74
5.71+0.49

6.50£0.76
5.88+0.64
5.88+0.64
5.71+0.49

6.13£1.13
6.00+0.93
4.88+0.83
4.71+1.38

6.13+0.83
5.63+0.92
5.63+0.74
4.71+0.76

5.88+1.13
4.00+1.31
3.25+0.89
3.14+0.90

5.13+1.55
5.88+0.64
5.25+1.28
4.43+1.27

Yellowness

of root

5.63+£0.52
5.50+1.07
5.50+0.53
4.86+1.21

5.63+£0.92
5.88+0.64
5.25+0.89
5.43+0.79

5.75+£0.71
5.50+0.93
4.63+0.74
4.29+0.95

5.75+0.89
5.50£1.20
5.25+0.46
4.57+0.98

5.631£1.06
3.88+1.55
2.50+1.07
3.57+£0.98

5.38+0.92
5.25+1.16
4.63+0.74
3.71+1.38

Sprout

smell

6.25+0.71
5.50+0.93
4.88+0.99
3.86+1.35

5.50+0.93
5.13+0.83
4.50+1.07
4.86+0.69

5.75£0.71
4.50+£0.93
4.38+0.74
4.29+0.76

5.50£0.93
5.00£0.76
4.75+1.28
4.14+1.21

5.50+1.07
4.75+£1.04
3.2511.16
3.57+1.27

4.88+0.83
4.63+1.30
4.88+0.64
3.86+1.07

Off-odor

6.13+0.64
5.13+1.46
4.63+1.06
4.86+1.07

6.13+0.35
4.63+1.41
5.63+0.52
4.57+1.27

5.63+£0.92
4.38+1.30
4.88+0.99
4.71+1.38

4.88+0.83
3.88+0.99
4.88+1.25
4.43+1.13

4.38+1.41
4.00£0.76
3.88+1.25
3.43+1.27

5.13+1.36
5.50+0.93
4.13+1.46
4.14+1.86

Texture

5.25+0.89
5.50+0.93
4.88+0.83
4.14+0.90

6.00+£1.07
5.50+0.76
5.63+0.52
4.57+0.98

5.75£0.71
5.50+0.76
4.75+0.89
3.86+1.21

5.50£1.20
5.751£0.71
5.00£0.93
4.29+1.25

6.00+0.76
4.38+1.06
3.13+0.83
3.14+1.21

5.50+1.41
5.25+1.39
4.88+0.83
4.00£1.41

Withering

5.75+£0.89
5.38+0.52
5.00+0.93
4.86+1.07

5.75£0.71
4.50+1.07
5.38+0.52
4.71+0.49

5.38+0.74
5.38+£0.92
4.63+0.92
4.29+0.95

5.50+1.07
4.75+0.89
5.50£0.53
4.71+1.38

5.50£1.20
3.88+1.13
3.00+0.93
3.71+1.11

5.50+0.76
4.38+0.92
5.25+0.71
3.57+1.13

Overall
acceptability

5.75+0.46
5.38+0.92
5.25+0.46
4.57+1.27

6.13+0.35
5.50+0.93
5.50+0.53
5.14+0.38

6.25+0.46
4.88+0.99
4.25+0.89
4.43+0.79

5.38+0.74
5.50+1.41
5.38+0.52
4.71£0.95

5.25+1.16
3.75+1.49
3.00+0.76
3.29+1.38

5.13+0.83
5.25+0.89
4.63+0.52
3.86+1.57

Marketability

N O W RN U QO R[N O W RN O W RN O W RN O W RN o W RNy o w

5.50+0.76
5.63+£0.74
5.25+1.04
4.71+1.11

6.00+0.53
5.63+0.74
5.50+0.53
5.29+0.49

5.63+£0.92
4.88+0.83
3.88+0.83
4.43+1.27

5.63+0.74
5.38+1.19
5.25+0.71
4.86x0.90

5.38+1.30
3.50£1.20
2.38+0.92
3.29+1.38

5.38+0.74
5.50+0.76
5.13+0.64
3.57+1.40
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Table 3.21. Continued

2 kGy

paramete

Storage
period
(days)

4C

10C

20C

PET

orpP

PET

orr

PET

orpP

Appearance

1

6.63+0.52
5.50+0.93
4.63+0.52
4.71+0.95

6.88+0.35
5.38+0.52
5.75+£0.89
5.00+1.29

5.50+0.93
5.50+0.76
5.00+0.93
5.71+1.38

5.75£0.71
5.25+1.04
5.25+0.71
4.86+1.35

5.38+1.06
4.88+1.13
3.88+0.83
3.29+1.11

5.75+£1.04
5.13+£1.13
4.88+1.25
4.29+1.60

Yellowness

of root

5.6311.41
5.00£1.07
4.38+0.52
4.29+0.76

6.13+0.83
5.50+0.53
4.88+0.64
4.71+£0.95

5.75+1.28
4.75+1.04
4.00£1.07
4.71+0.95

5.88+0.64
5.00£1.31
4.88+0.64
4.57+1.27

4.88+0.99
4.75%£1.39
2.88+1.25
3.00£1.29

5.13+£1.13
5.2511.16
4.88+0.64
3.8611.46

Sprout

smell

5.63+1.06
4.38+1.41
4.88+0.64
4.29+0.76

5.631£1.19
5.50+1.31
4.75%£1.28
4.71£0.95

5.63+0.52
5.25+0.46
4.63+0.92
4.43+0.53

5.00£0.93
4.63+1.51
4.75+1.28
4.57+£1.27

5.50+0.93
4.25+1.28
3.25+0.89
4.00+1.00

5.1310.64
4.75+1.49
4.88+0.99
3.57£1.13

Off-odor

5.50£0.93
4.63+1.60
4.50+1.07
4.00£1.15

5.50+0.76
4.88+0.99
4.88+0.99
4.86+0.69

5.50+0.93
5.00£1.07
4.00+1.20
4.29+1.25

6.00+0.76
4.50+1.41
5.38+0.74
4.43+1.62

4.25+1.75
5.25+1.04
3.25+0.89
4.43+1.13

5.13+1.13
5.75+£0.89
4.25+1.28
3.71+£1.60

Texture

5.75£0.46
5.75+£1.04
5.25+0.71
3.86£0.90

6.13+0.64
5.13+£1.13
5.13+0.83
4.43+1.13

5.38+0.92
5.25+0.71
4.50+£0.93
4.14+1.57

6.00+£0.76
5.25+1.28
4.63+1.30
4.57+1.40

5.38+0.92
4.63+0.92
3.63+£0.92
3.71+1.38

5.75+£1.04
4.75+1.49
4.25+0.89
3.14+1.07

Withering

5.75+£1.04
5.13+£1.13
4.25+£1.16
4.43+0.98

5.88+0.99
5.00£1.31
5.25+0.89
4.71+£0.76

5.50+1.20
4.75+1.04
5.00+0.76
4.71+0.95

5.75+0.46
4.50+1.51
4.63+0.52
4.29+1.38

4.88+1.25
4.88+0.83
3.38+0.92
3.00£1.00

5.13+1.46
4.38+1.77
4.00£1.20
3.57£1.13

Overall
acceptability

5.38+0.74
4.63+0.92
4.63+£0.92
4.14+0.69

6.13+0.83
5.50£0.76
4.75+1.04
4.29+0.95

5.25+0.89
4.63+1.41
4.13+1.25
4.43+0.79

5.38+0.92
5.00+1.31
4.88+0.83
4.71+0.95

4.75+1.28
4.63+1.41
3.50£0.93
3.86+1.46

5.25+£0.71
4.63+1.51
4.75+0.71
3.57+1.51

Marketability

N O QW RN U QO R[N O W RN O QW RN O W RN O W RN oW RNy o w

5.25+0.89
4.63+£1.06
4.38+1.06
4.17+0.75

6.13+0.99
5.00£0.76
5.00+0.76
4.43+1.13

5.25+1.16
4.63+1.30
3.88+1.36
4.29+0.95

5.13+0.83
5.25+1.16
5.13+0.83
4.71+0.95

5.38+0.74
4.38+1.60
2.63+1.19
4.14+1.35

5.38+0.74
5.00£1.07
4.38+1.30
3.86+1.21
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Table 3.21. Continued

3 kGy

paramete

Storage
period
(days)

4C

10C

20C

PET

orpP

PET

orr

PET

orpP

Appearance

1

6.13+1.36
5.88+0.83
4.63+0.52
4.57+0.79

5.88+0.83
5.63+0.52
4.50+0.53
4.86+1.07

5.38+1.19
4.50£1.07
4.13+0.83
5.14+1.07

5.50+0.76
5.75£0.46
5.38+£0.92
4.71£1.11

6.00+0.93
5.00+1.20
2.50+1.20
2.71+1.11

5.50+1.07
4.75+0.89
4.38+0.74
3.57+£1.72

Yellowness

of root

5.88+0.99
5.25+0.89
3.88+0.64
4.57+0.79

5.50£0.93
5.75+0.46
4.00+0.76
4.43+0.98

4.88+0.99
4.13+1.25
3.63+1.06
4.57+1.13

5.13+0.83
5.38+1.51
4.13+0.64
4.43+0.98

5.38+1.19
4.88+1.13
2.13+0.83
2.57+1.51

5.13+0.83
4.63+£1.69
4.25+1.28
3.57+1.81

Sprout

smell

5.38+0.74
4.25+1.39
4.50+0.76
4.14+1.46

5.88+0.99
5.38+0.92
5.38+0.74
4.43+1.13

5.63+1.06
4.88+1.36
4.38+1.19
4.43+0.53

5.25+0.89
4.88+1.46
4.50£1.20
4.00+0.82

5.38+0.92
4.75+1.04
3.75+£1.04
3.43+0.98

5.25+0.71
4.88+1.36
4.63+0.92
4.00+1.53

Off-odor

5.63+0.74
3.88+1.55
3.88+1.25
3.8611.07

6.13+0.64
3.88+1.25
5.00+0.93
4.14+0.90

5.13+1.13
4.88+1.25
4.38+1.51
4.14+0.69

5.13+1.46
4.88+1.64
4.00+1.20
4.57+0.79

5.25+0.89
4.88+0.99
3.38+0.92
3.43+£0.79

5.38+0.92
4.63+1.77
4.38+1.06
3.29+1.60

Texture

5.63+0.74
5.75+0.71
4.38+0.92
3.86+1.07

6.25+0.71
5.88+0.99
5.00£0.76
4.00+0.82

5.13+£0.99
4.88+1.13
4.13+0.35
4.29+1.11

5.75+0.89
5.38+0.74
4.38+0.52
4.43+0.79

5.38+0.92
4.63+0.92
2.88+1.36
3.14+1.21

5.75£0.71
4.63+1.51
4.25+0.89
3.14+£1.35

Withering

5.75+0.89
5.00£1.07
4.00+1.07
4.86x0.90

6.00+1.07
4.88+1.25
4.50+1.20
4.57+0.53

5.00£1.07
4.50+1.51
4.00+0.93
4.57+0.98

5.50+1.07
4.75%1.16
4.38+1.06
4.29+0.95

4.88+0.83
4.50£0.93
2.38+1.19
2.43+1.40

5.25%1.16
4.38+1.60
3.88+0.83
3.43+1.51

Overall
acceptability

5.63£1.19
4.88+0.64
4.38+0.92
4.57£1.13

5.50+0.93
5.38+0.74
4.38+0.52
4.00+0.82

4.75%£1.16
4.13+£1.73
3.75+1.28
3.00£1.00

5.25+0.89
5.25+0.89
4.75+0.89
4.29+0.76

4.88+1.55
4.25+1.28
2.75%£1.16
3.00£1.00

5.38+0.92
4.13+1.25
3.631£1.19
3.57+1.27

Marketability

N O QW RN U QO R[N O W RN O QW RN O W RN O W RN oW RNy o w

5.00+1.41
5.631£0.92
4.25+1.04
4.00+0.82

5.631£1.30
5.00£0.76
4.38+0.74
4.00£1.00

4.75+0.89
4.13+1.46
3.38+1.19
4.29+0.95

5.13+1.13
5.25+0.71
4.38+0.92
4.14+1.07

5.13+0.83
4.25+1.28
1.75+0.71
2.57+0.79

5.25+0.89
4.13+1.46
4.38+1.06
3.57+£0.98
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Table 4.2. Creation change of oil refining ingredient after irradiation (D=50kGy)

NEZZEHE T g = HI == A 20k i e |
T S No. i LEE 50k Gy 50kGy
1 c—Pinens 64 458 81,028 732533
i Camphene 1.251 1. 6850 1.568
=2 Subinsns 285996 162,552 143994
4 3 —Pinene 10,643 19,304 15586
5 Myrcenes 229 686 423,779 358,991
£ & —3—Carens 21611 52410 41,3783
7 e —FPhellandrene 27097 40,151 31.2453
8 Limonene 161.552 2275TE 269,846
8 & =Terpinens F. 118 2,910 8,302
10 o Cymne 21,603 35,994 31,818
11 Terpinolans 5,660 8012 2,018
12 & —Elemenes 12,025 13011 12,961
13 a—Copasene 20674 22,302 21,275
14 Linalool 11.019 12,144 13.334
15 3 —Carvophyvllens 451,239 55113 590,538
16 c—Humulens 27859 26,899 22,620
A 1,175,459 1,768 491 1,665 408
10°
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Fig. 4.8. Sterilization effect gamma-ray and electron beam(Tameric).
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Fig. 4.12. Percentage depth-dose curves for electron irradiation of water.
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0.12 - 0.13
6.7
1.74 MeV-cr'-g™
0.0281c1/g
0.063
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Table 4.6. Useful penetration for irradiation with electron energy

Energy
300 500 750 1,500 2,500
(kV)
Total penetration 0.63 1.40 3.00 7.50 15.0
Useful penetration single-side | - 3 0.80 1.68 5.00 8.7
irradiation
Useful penetration double-side| /5 1.90 4.00 120 21.0
irradiation
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Fig. 4.18. Thickness efficiency of absorption irradiation from two side.
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Fig. 4.19. Use of filters to improve uniformity of dosage in depth.
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Fig. 4.24. Filament type low energy accelerator.
AEB®| EB Unit= 218 2 A77E8 o= ARgstr] 9fal d<ests A=, dglA
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. T3 plug-out/plug-in WA WHOZ {4 B ofd Alxwle] HX] AFHE F

o
Atk Al2~gE 2k QIEAH(10 umeolste] Ti foil)S AH&3}aL, solide state rackell A A
Ak A= FALS WS dEske] BAker] flstel 5 aiebd A3 E A (power

supply)S AH8-3F313L, ¥4 F(beam current), 40 mA(@ 25 cm window)S 7}A] 3l 80-150

keV Alolol A AT = JuFE A7 Adasy A8 HolE 93 touch screen 7

Acceleration
Voltage
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Fig. 4.25. Standard modular low voltage EB unit.
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Size : ¢ 45mm,L190mm
Irradiation wide : 2.5cm/tube
-Acceleration Voltage : 25-60KV

‘Tube Current : 0.6mA

‘Tube life : 1500hours
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Structure of Min-EB

Fig. 4.26. Structure of mini- EB Tube and specifications.

Table 4.7°1+ modular low voltage EB system¥ 7]<& curtain type of low voltage,

self shielded EB 7]%¢] Z}o]= Q&)

Table 4.7. Modular and traditional low voltage EB systems

Property Modular EB units Traditional low-voltage EB systems
Mode of manufacture Modular Custom designed
Repetitive Single unit production
Electron source Heated filament Heated filament
Beam chamber Factory evacuated Dynamically pumped
Beam window 6 or 7yum Ti foil 8-12.5 um Ti foil
Beam voltage Variable 80-150kV Fixed increments
Power supply Solid-state Coil-wound transformer
Repair mode Replacement On-site service

U] 4§ 19841 KFK(Kernforschungszentrum Karlsruhe)s= ESI Electrocurtain TM
A 2574471 (150-300 kV, 3.6 kW)E o]-&38te] @xgo] wi7|7F2xe]g AR Al 2~E

= skt

Fig. 4.25. FZK Mobile Irradiation system AGATE-M (Karlsruhe, 1994).
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Fig. 4.31. Stack energy measurement device.
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Fig. 4.32. Depth-dose curve for various beam energy (beam energy: 1.0-2.5 MeV,

beam current: 20mA, conveyor speed: 5 m/ min).
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Fig. 4.35. Dosimetry of sprouts.

Table 4.8. Test condition of sprouts

Dose rate [=5 kGy, t=15 mm]
No. mA Velocity(m/min) times
9.4 20 1
4.2 20 2
23 20 3
AA2%FA [d=0.5, t=15 mm]
No. Dose(kGy) mA Velocity(m/min)
1 0 0 0
2 1 1.1 20
3 2 3.2 20
4 3 52 20
5 5 9.5 20
6 10 19.0 20
ol 4 [d=0.17, t=30 mm]
No. Dose(kGy) mA Velocity(m/min)
1 0 0 0
2 1 1.0 20
3 3 5.2 20
4 5 9.3 20
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Fig. 4.36. Dose distribution in 55mm thick layer of sprouts irradiated by 2.5 MeV

electrons.

Table 4.10. Dose mapping of sprouts by packing materials[2]

Sample| Packing materials (mm) Dose mapping Dose (kGy)
N 1. 2387 &4 1.00 kGy

53
2-1 o . 2. X2%87] ved 0.81 kGy

1. 487 35 0.99 kGy
22 341 2. ¥487] ved 0.92 kGy
J" (14.5%11.5*3.5, 88g)
1. 2887 &% 0.99 kGy
41
23 5 o 2. 3487 vy 0.84 kGy

(150120%41, 111g)

Beam power: 2.5 MeV, Beam current: 3.9 mA, Velocity: 30 m/min

Table 4.10= A2 X387 H M=E

B

L& Table 49 Bt F7Hs 1.0 kGy = 7|+
o7 Hrladnh AFEEIE FA Al AR 2ARER] &4 Z27S beam power 2.5

MeV, beam current 3.9 mA, Velocity 30 m/min &= ZA} A 2]} th.
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Table 4.11. Economical feasibility analysis on electron beam treatment of selected

seed sprouts (won)”

Cost for |T ) Irradiation cost
Market| Irradia- : ransportation cost (won)
Sg(r)%l)lt rice tion |Production (factory —irradiator Quality
won) | (kGy) packaging —market) 2.5 MeV | 10 MeV
0 0 0 0 Fair
Clover Same
1 150,000 80,000 | 110,000 | Good
0 0 0 0 Fai
Radish Same at
2 150,000 80,000 | 140,000 | Good
Chinese 0 5 0 0 0 Fair
cabbage 3 ame 150,000 80,000 | 170,000 | Good
VAR 2A)E : 5E A, AA FF 1E, 200 box, 1-3 kGy H#] A
F)HErte] L FEXFHAEN ) > olHIHA(F) F& Al
O A 2 A7 140 km HE / 1A 3048
4] @ 150,000
@ =AML A Faded weh 24 (Table 4.12)
Table 4.12. Irradiation cost for treating electron beam selected seed sprouts
E{)eeCatlr‘gn Irradiation Irradiation dose (kGy)
(MeV) condition 1 5 3
Cart irradiation 24 min 24 min 24 min
(60 m) 25 i 25 i 25 i
)5 (20 cart/eycle) m/min m/min m/min
: (Box/cart) 4 mA 8 mA 12 mA
beam current
(mA) 80,000 won 80,000 won 80,000 won
22 min 28 min 34 min
Conveyer 9.1m/min 7.0m/min 6.0m/min
10 irradiation (5 m) 0.5min/Slot 0.7min/Slot 0.8min/Slot
(5 box/slot) 0.5 mA 0.8 mA 1.0 mA
beam current 0,000
110,000 won | 140,000 won | 170000 won

278



2

=
=

Aol A g

I 55 83 A
3 #%9] box

1<

Q)
=

9

=

=

}

2l
q-2Fe] Co-60 HHAF

-
T

ojmz ol 4ok F2 AHFE Ay
th. advolr|E(F) Al 49 1 palletell

=

URES

ofgf&ol uf

-

o Zekd ZARAH[ A

3}7]

S

—

H
=

&

A
p

1-3 kGy A1

st A 1, 2,

S

R

%O

shh

S

ZA}H]

3

[e)
=
s

50,000
= (12)9] A1%7H4  8,000,000-12,000,0009 S 317

R

-

gozn As) s

zé‘

T

‘g]

Table 3049} o] 1% oba i
Aol A 2F 300,0008+9 0.2 o AFe T},

ol

=K

7}]-8-0]

=
T

Hrhd 35-4.4%9]
a1

af

dtE T

Ao

feis
=

2]

o

4 A2 7

=1

279

s Brhw zApAIre] Ao Fe A

S

[e)
=y



Table 4.13. Economical feasibility analysis on gamma irradiation of selected seed

sprouts (won)"

Mal.‘ket Irradia- Cost f(?r Transportation o Added
price . production| cost (factory | Irradiation cost .
Sprout tion . . Quality | cost
(won/ (KGy) & —irradiator (won) (%)
ton) y packaging | —market) °
0 0 0 Fair
Clover 10,000, Same
000 1 50,000 300,000 Good
0 0 0 Fair
Radish 8,000, Same
000 2 50,000 300,000 Good
Red |12,000, ° 0 0 Fair
Same
cabbage| 000 3 50,000 300,000 Good

D7kl 2APIE  5E A4, A4 % 1E, 200 box, 1-3 kGy A2 A

FEJAGENI7HE) > 2ol e (F) 75 Al

™ N M IX N N
(EB Irradiation Procedure)

- mrgmey W 21 { BNE
- EEmvaa wE : Delivery | Irradiation

Quality i J
Assurance /| Control

Loading
Proces
| mNBY =ty
| lradiation | Waiting for
Processing Irradiation
5

Fig. 4.37. Electron beam irradiation procedure.

280




197 AAY 2AAEE 35

D AW 2AAH 2 AHE QEY T ASE A AEE wedh
@ BE ARG dgueels 94 24 2 AF wea
®

=]
Fpel wol ALY A oMY Fo Wiz ZAAU A FHE F4-5

@ Fiue= oA R FE Haed ZARHIE AFAME S dadin
© FAde o A AlFe 44 B 2AF 7hs A Bl § ARl A e
i

297 TEaPel &% AFAR
D FAVAE A5E 2PN A JHAR 722 so] AR LAz AR

Sto] MFLE IR AHgt] AN,

@ 2AAN s TEade) QUaEe g, T, Fa R gow A Ay o

A 27lel whek stol lejshel WA AT AT AT AL

)

@ Tzl olsto] ALt Axpe 4 3 wel MArkEy] 5 ZuHo]oj &
wdstaL, 371 FEES] Tl A AFxACd CTASEF= A3

@ AFel AEHMT Y A A, Foll B AHE 9Jste] ot a1d
=2k Indicatorgs -2 gttt

( e‘jf;g, EB Irradiation Service

Radlation
Product : Indicator

Dose :
Date : ! !

| Serial No : (Fed is exposed)
\

Fig. 4.38. Indicator label.
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