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SUMMARY

I. Title

Technology for minimal processing and postharvest management of welsh onion

II. Purpose and background

Postharvest technologies are developed with the aim of maintaining the quality
of fresh vegetables until they reach consumers by exploring physiological and
biochemistry aspects of vegetable metabolism. With growing consumer demands
for fresh vegetables, postharvest handling technologies have emerged as an
essential part of overall strategy for the agricultural sector, particularly for the
growth of farmers’ income. Consumers put priority on freshness and convenience
when they purchase welsh onions and prefer small packages. The purpose of this
study was to develop an optimized postharvest handling process aimed to deliver

fresh—cut welsh onions in a safe and convenient package.

IM. Content and extent

The identification of an ideal postharvest process involved investigating
maintenance in the production area, the distribution of welsh onions in winter and
respiratory metabolism of welsh onions using different processing methods and
storage conditions. In addition, experiments were performed to verify the
maintenance of the post-harvest quality of fresh welsh onions and to optimize the
post—harvest processing using different decontamination techniques. Finished
welsh onions were available in three different types: thread, bead and cut types.
The feasibility of vacuum-packaged welsh onions was tested with the control
group. To that end, an optimized post-harvest process was defined for welsh

onions.

,10,



IV. Results and suggestions

1. Development of postharvest technology of welsh onions

1) Distribution of welsh onions in winter

More than 90% of welsh onions produced in Korea are traded in the field when
distributors travel to welsh growing areas and make a deal with farmers before
November for welsh onions that are harvested during the winter season. Trading
price depends on price trends in the wholesale market and expected harvest

quantity.

2) Respiratory metabolism of welsh onions

Respiratory activities of welsh onions were examined after welsh onions were
peeled and washed. The respiration rate was 10 mlL/hr - kg when peeled and 12
ml/hr - kg when peeled and wash, which were high than 6 ml/hr - kg measured in
the control group. This finding confirms that peeling and washing decreased
respiration rate and consequently slows deterioration. Peeling and washing are
not considered effective for treatment of harvested welsh onions. A higher
respiration rate was found when welsh onions were harvested later and storage

temperature was higher.

3) Postharvest processing for storage

Welsh onions were treated with three different methods : precooling method,
cut and peel method and peel-cut-wash method. And the properties of each
group were compared with those in the control group. The overall weight of
welsh onions that were cut and peeled reduced by 1555% during storage,
representing the highest weight loss. But a weight loss in welsh onions that
were cooled was smaller showing a 9.98% decrease. Thus the precooling method
proved more effective in preventing weight loss as well as decay. In addition,
the occurrence of color change was much slower in welsh onions treated with the

precooling method over the storage period, compared with those of other groups.

,11,



4) Quality analysis in terms of harvest timing and storage temperature

A smaller weight loss was observed in welsh onions that were harvested in
November and stored at temperature of 5C, demonstrating a 9.35% reduction. In
other words, there were a minimum difference of 2.15% and a maximum difference
of 9.92% between the weight loss in test samples harvested in November and
those of test samples harvested in other months. The decay rate was higher in
welsh onions harvested in January. The degree of color was more stable in test
samples kept at temperature of 5C than those kept at higher temperature (10T
and 20C). There were however no significant differences in color changes among
test samples harvested at different times of the year. Thus color change is

closely associated with temperature.

5). Quality analysis in terms of package size

To find the optimized package size for storage, welsh onions were packaged in
three different sizes (control, LDPE 30um, LDPE 60um) and stored in the
low-temperature cooler along with a themometer. Those packaged in LDPE 60um
size maintained the best quality during storage showing a better texture. By
weight, test samples stored in pack of bkg showed a higher solidity (as much as

25%) than those in pack of 10%.

2. Development of minimal processing technology
1) Pretreatment test on minimal processing of welsh onion

Microbial decontamination treatments were conducted using electrolyte water
and chlorine water. Decontamination was more effective when welsh onions were
treated with diaphragm electrolyte water. E. coli was not found in any of the
groups. The test samples were treated with water at mild temperatures, packaged
in OPP bag and left at room temperature for 10 days. Based on changes in
solidity and skin color during this period, welsh onions that were treated with
water at mild temperatures and cut into small pieces were greatly influenced by

treatment temperature and duration. The higher treatment temperature means the

,12,



shorter treatment duration.

2) Application of hurdle technology

In addition to water-based treatments, huddle technology was employed to
suppress microbial growth and color change. After 5 days of storage, test
samples treated with NaClO showed 3.5x104, which was lower than 5.5x105 of
the test samples treated with AA+CA and 1.5x106 of the test samples treated
with NaCl+CaCl2. That is, NaClO was the most effective treatment to prevent
microbial growth. And NaClO was also effective in preventing the growth of
colon bacillus.  Although it was not proven effective as much as NaClO, the use

of NA+CA also seems an effective way to control microbial growth.

3) Development of fresh-cut welsh onions

Based on the optimized minimal process drawn from experiments, welsh onions
were transformed into fresh-cut products for three different purposes: thread type
is for spring onion pickle, bead type for a specific Korean-style stew and cut
type for spice. The number of bacteria, including colon bacillus, yeast and
fungus, decreased when the product was vacuum packaged, compared with PE or
PP packages. It was also found that those packaged in vacuum was more

effective than container package in restricting microbial growth.

4) Quality and overall preference of finished welsh onions

When welsh onions were vacuum packaged, the quality of fresh welsh onions
was maintained during storage given more than 5 score on a 0-10 scale for every
item. The overall preference in terms of color, odor and texture was decreased as
the storage period lengthened. After 16 days of storage, welsh onions treated
with tap water showed a higher score for color change, compared with those
treated with electrolyte water and HCIO.
5) Feasibility of postharvest technology

The feasibility of the postharvest technology of welsh onions was tested by

,13,



SingSingWon Co. specializing in fresh—cut products. The three types of welsh
onions (thread, bead and cut) were produced and stored along with the control
group. While the control group showed the initial decay level of 10~10° CFU/g
after 15 days of storage, newly processed welsh onions showed the decay level of

10° CFU/g after 20 days of storage at 5TC.

6) Finalized postharvest process

To maintain the postharvest quality of fresh welsh onions using minimal
processing, the study defined the optimized postharvest process as follows:
Material welsh onions are separated on the basis of size and cut into two parts
separating the white part from the green part. After cutting, welsh onions are
washed, treated with mid temperature water containing calcium agents and
immediately soaked in 4C water. After draining water, welsh onions are dried
and vacuum packaged in containers. Those containers are kept in a ultraviolet
sterilizer to minimize microbial contamination. Packaged goods are stored in the

range of temperature between 0 and 4C for shipment.

,14,
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o] U RE AAT F B FHCE 05 cme Astal o] Aol A P
Zow 80 cm Hol®  dASA dAdetint. Lea, FAA Y= el oS
Aed Qs 525 FrEd 1027 FAT 5§ AdsFom FEs ST
A, s mE SFAYSA 2 FE5A- AR AlRE 119 269, 124
26, 1¥ 26l AASRCH, o5 A 8= 5 10, 20T Aol 242k A &shdA

U SEAEEA 2AL
ite] SFES EH A2gs dgate] SAS A dEE Aol FAE feE &
1A 13 x %ol 75 cm, 133 £) WFoll A AA9 3/4 A B i} AsE
ol Wye 7 7 A% dA A tFoz AAHoR §7] U9 7AEREE GCE
WAt 09F CO; B SFEEE ATt =, Gas-tight syringes ©]-&3}¢]
%

¥ E9 71AE 200 A AHFH e the, thermal conductivity detector(TCD)<}
Alltech AF9] CTR I column®] 25 GC(Shimadzu, GC-14A, Japan)ol F3te] 9]
2YEH d& mEwEaPozr JARAS EAMSATE ojul GCe BAxAL
column &% 35T, injector &% 60T, detector &% 60C= #3}% 1L, carrier gas

&2 50 m{ He/min®] 1t}
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D 115 170 150
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,31,



A ge s
& o}

g

)
=N

H

—_

A

ﬂ”
T

!

N
%

=thate] d market EoF A E] XA

ol A

59

Jri
o

my
—
o

il

~O

)
—_—
o))
0

s
;OH

Ho
go

it

3

&

o

B

S

3Fo of

[

ol 22
gl

3}

=

b 1 E3HF

ol

1958 oz yewrh A= AL ikl v
=<}

o] 13%A%E ol A

b

S

=
=
1_]_—

N

market 2]

]

ko>
[

o

el

Ho

7

# 4

]

al

2 7hE

F AAAD AgEHor o ofof

5 el 7% o

o
o ¢

al

Jri
o

=
B
—_L

H

2

=
kel

[e)

F ol
H| 11
°F 400

Ely

°

A A7 2
30 ofdjel A

st =
o AAFER e A= B A

uH
A
326
3;’_

=5

Aufm = AfEar 1 9
]

ST
X

FoA k] o] 1o
F 12kgo 2 A4t A A7)

24
100

©

=
=

[e]

]

AAHZE A2 o] FolA 1

A

ul 3 markett

FaL Shok(
P

120
3

o

M=
,32,

&
HH HE

o] dl e

oJ
AAY 7} o] Fo) A

}
A]

A

o] thH-E(90% ©])e]

106

o

ST
=3

Al
&

A}
X

9]

A

1l

)

-
g4 65~70%=

AekFo 2 30~50%

17

AAY &L 90% AE o] Fo

A

} o
2 Z7]9

[e]

'IT

[e)
A& o] Al 60 ~ 80%7F A&, B7IAFOR

a7
gtel 58 @ Foh F97h WA AEE 254

2. A= Fe] ) market =

o] A}
A gk =3 At

h=]
—::‘]:J_
ﬁ‘
[}

H
=

A AFS7E Ao dnrtAel A

™, 2¢ ]

o,



oloE SRR Bn G Wil gste]l FEG AANE ATt £y
d 5 Qeme AASe Foln, W 1, 29dE Aol AHIE AR ol

a4t 9 2SS 9 AbEs Ao dE e dAet
AN & dAAJA AREGR 2 FAE SUHERES fste] FabdA e AlHa A

ATE8E A&dS 586k 129 ~34
Ak 24 &8, 4~59 A7) ob¢-2= ta &8k 6~119 A =Ah3rh Z3515

Ao, A 1E Aol 1,800kg AAl — AHFF st - 2@y 2w A -

% 5% Fow et vt
thute] 2HlA FEAEHE A A b A b kel el e AA vk
2o 40~50%5 HFsta Ao, 11¥€eA 49714 A=, 93, 20t FAHEA)

e o

- Al el A (ha) 10ad % (kg) AR GE)
2001 13,519 2,873 388,406
2002 13,331 2,842 378,849
2003 13,315 2,905 386,798
2004 16,346 2,992 489,136
2005 11,916 2,847 339,289

% 38 dAxd

L

= gishe] Al R A ol =A AmEHo] 2004d7tA Z7ha
O7h 20059 o F astom, AAFE AMWAR G gk £ 0506
Us dig AwjE A dddiv] 27.1% 74agk 11916haz AAlEE 30.6%7F 74 gh
339,289= © & L}E}RELL

4 M ishel 20059 AMEA R ARFomA ATAH A e
11916ha® A 2% Aol 7174 B 3457ha% A A% AviEAe) 29%5 24

=]

i

rr

7]

,33,



e

tHab Al 2 A

Bo 1096UECZ 323%2 A s Q)

e 20054 - ot
Al vl A A (ha) 10ad = HF(kg) A F(E)

A= 11,916 2,847 339,289
A 135 2,993 4,040
Ak 886 3,299 29,233
o} 7 276 2,651 7317
HEl 39 2,544 10,048
B 14 3,350 469
o 34 2,735 930
22t 26 2,604 677
77 2,806 2,648 74313
74 450 2,310 10,397
Fu 430 2,621 11,270
e 587 2,617 15,364
A5 867 2,747 23819
A 3457 3173 109,684
5 801 2,282 18280
A 457 3,188 14571
A% 295 3,009 8877
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Decay ratio(%)

0 3 7 11
Storage time (days)

a9 10, dAYE 2ed dyhe] AT Hels

g ; =, 377150 welaid ofe] 7 Aol oa AFe F
4e grhee obF Fo8 FASAT A% F dse] Amel WsE AR
2 aelm e doz A4stel & 7,8 901 UehNIch Aol nhek Az
Fue Aw 24 4%, du AeEe] Aasst A% A desk.
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F 7. AAYE ST e

&7

129 w3}

day L value a value b value
0 41.76+0.50 -13.63£1.16 11.98+0.58
3 42.10+0.27 -14.1+0.37 12.31+0.73
7 42.19+0.09 -14.40+0.22 13.92+0.14
11 42.78+0.19 -15.59+0.13 16.06=0.16
0 40.48+0.04 -13.33£0.25 13.29+0.63
3 40.13+0.18 -14.03+0.27 15.03+0.10
7 44.19+0.19 -15.21+0.35 17.37£0.52
11 42.47+0.34 -15.63+0.22 16.58+0.86
0 38.07+0.14 -12.53+0.28 12.10+0.66
3 39.78+0.23 -12.78+0.11 13.81+0.34
7 37.10+0.02 -13.41+0.07 14.47+0.11
11 39.69+0.21 -15.19+0.15 17.20+0.05
0 40.47+0.29 -12.38+0.41 11.59+0.28
3 42.07+0.31 -14.27+0.21 13.40+0.51
7 44.40£0.22 -15.84+0.14 17.82+0.26
11 45.62+0.07 -16.30+0.10 18.43+0.23

* mean = STD



£ 8 AAeE BT ghuEre A7 Aol Wal
day L value a value b value
0 77.80+0.66" -8.840.11 14.86+0.07
3 77.28+0.43 -7.34+0.07 14.35%0.11
Control
7 76.15+0.14 -6.95+0.05 14.02+0.18
11 78.59+0.52 -5.83+0.04 13.45+0.28
0 76.76+0.67 -8.09+0.20 14.93+0.25
3 76.24+0.87 -8.10+0.19 16.37+0.07
of|
7 74.73+0.48 -8.67+0.18 16.88+0.04
11 76.87+1.47 -8.10+0.14 16.06+0.21
0 77.65+0.47 -8.02+0.84 15.05%1.53
3 77.00+£0.55 -8.34+0.43 16.07+0.33
)]
7 77.08+0.06 -8.65£0.03 16.89+0.10
11 76.89+0.09 -7.90+0.16 15.69+0.28
0 76.72+0.55 -8.41+0.42 15.37+0.31
3 76.14+0.34 -9.04+0.22 16.37£0.18
A
7 75.85+0.11 -9.69+0.17 18.62+0.30
11 71.69+0.24 -9.61+0.44 18.77£0.75

* mean = STD
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£ 9. AAYE G ks Agr)d Ame vl
day L value a value b value
0 81.52+0.40" -1.02+0.09 411+0.33
3 82.15+0.30 -1.094+0.05 4.8+0.34
Control
7 82.72+0.02 -1.19+0.04 5.10+£0.13
11 83.53+0.10 -1.32+0.05 5.08+0.18
0 81.52+0.40 -1.02+0.09 4.11+0.33
3 81.71+0.70 -1.31+£0.07 5.74+0.37
of
7 81.45+0.09 -1.49+0.09 6.73+0.02
11 82.97+0.21 -1.66+0.08 6.45+0.37
0 80.65+0.20 -1.29+0.36 4.31+0.23
3 81.27+0.16 -1.51+0.13 5.47+0.29
v}
7 83.53+0.44 -1.67+0.04 7.05+£0.17
11 83.19+0.08 -1.82+0.10 7.74+0.29
0 81.66+0.83 -1.19+0.01 4.26+0.17
3 82.16%0.18 -1.25+0.07 5.21+0.34
A
7 82.36+0.30 -1.38+0.09 5.89+0.34
11 83.37+0.14 -1.35%0.02 6.23+0.15
* mean + STD
2 #FHA
FA, wredd, oy A E ekl dig) of A& AGtHA Az, sl
S, FHlejale] gEHow ATEA s AHE Aye o911~ a9 149 2
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A 1% gk gAY daTel My Aol SN FRY Be AFE U
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bead type(©]3} bead type#| %)L Shallolt sliter(LF-151, Lucky Food Machine Co.,
LTD, Korea) & 7 0670.8 cm® F74A5 Jo=z Aslo] 71&3d vt

150ppm sodium hypochlorite =& 187 3 X|e & F=F g7 22 W

o Adgradth EE M5} ddUs ADTE 4 Adfd 120 FA
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& Aol WA Ao wEsidnh AAYSE A7) AT OPP UE BF
(20<30cm)ell 200g8 HFekel WREFFE F 5Cel AFFHUA FASH WS
st

A\

g AR =4 54

A7 2849 pHE pH meter(Suntex, 2000A, USA)Z Alg3tg o A3tskd A ¢
(Oxidation-reductin ~ potential:  ORP)9] ZFA-20RP meter (RM-12P, TOA
Electronics, Japan) AF&3t9t}h. zfold 2AHHCIO) &S Aaf|Ak3ls 50 mLo] &2
g, 4t 10 mLe} AREA A S 05 mL 7tsle] S2d o] HES 3 & X9

F 2
FAUEF §9 10 mLE 5249 gojo] Fusd WA 43

ORP HCIO pH
At 1108 mV 101.5574 ppm 2.95
A4 637 mV 102.0530 ppm 8.37

vt A wE Havby Adde|giae] FH454
Tk diote] EVFAR 9 F olEdS AAS 2 HEE Ad AAG v,
Aol Sl ZEdte] dusta FelddE Aol 59
o] size® TrAZIEe] Adeifrh ol wAEAE 9%
40770°C o WA tiute] Fde TS FA ¥= EAd
At g &% 40, 50, 60, 70 T + 28 A HE &% (Water bath)ol A 30%

1%, 18 30%, 2%o2 247 AHEstret o] w deAewHe] A4 271 =9
A gEol t]sle] #FA < HIlol| o]Este] MHAsEAT)
vl o] A EA Aol wE AlAHo o] n Y=o oA 7}

Ao A& A FS thread typed S AESR oW, 0 AE AojhHo o]



45 = AT ascorbic acid(AA) 1% +citric acid(CA) 1%,

200mle] it e A d5E 718k stomaking 1&3te] Dyt A2 Fgl 843 of
S Petrifilm (3M  Microbiology Products, USA)S A}&3te] &9 E

Coliform, &% % #Fo] F&5 SAsAY. vAE WY =1 Fd3 E. coli,
Coliform2 35C, #3°lx= 25C9 &q27|dA zt7z} 293 5 &<k WAzl &

ElY colonyFE =435l colony forming unit (CFU/g)= FE A5t

!
b AuiRel RS FEste]  Color/Color difference meter (Color Quest 2,
Hunter lab, USA)2 =439t} =, Agulate] 49 ddmyel =ejxo] Mg|zo g
FH bemA Aol He XS 74 do=

A A3 t}e Color/Color difference meter®
7% & Hunter L, a, b #t22 YEAT 8 bead typed thread typed 2] 4l

ddo] o ohA|E | = Aol 5gFe FHHE 329 HlE2 EFT v
w712 ZA EHste] Fr] AAG wHer SAs

Scientific Co, CR-200D, Japan)® Z7A3tAth & AW o] el Zo A 5 cm9E A
AA, B Fel A 15 fle] F9E BAAolH dol= FF v 274 10 mm I E
probe® il 274 10 mm WHE7}A test speed 50mm/min %22 2 o2 ¢
A dojA = FEES S5 FAgS FHsto]l o] & 4 =(hardness)® A

[ex]
AN
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hul

93 A=Wl ofAs

71 Sl

o] &3] ANOVA

)
He

211

g
o
TR

B

n
N
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o
olo

el
it

=)

=]

FZ9 BXS Nobuyuki & Mendel(2003)¢]

‘04

el

i

A 7}sto]

KeN
=

i

, 80% oAl

o

bol ol 2j gt

715

3
=

Z

i
il

UV-VIS spectrophotometer(Shimadzu UV 1240

25 mL=

tol ofgiel A=A A

= =
-:TXC')] [}

=
=

Model) & detection wavelength 6459} 66394 &F %=

B
—_
1o
_ZTd
e
ol
e
ToR
i

it
No

o

=7.220D663+20.30D645

Total Chlorophyll(mg/L)
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oA AFEHs A A Hg A 10 CFU/ge Aite]l A& QY wsl, 175
10'710° CFU/g & o& 7Z239eS NNFSd o)A waste] A
A Aakslo] AX A AT e AF 2 AT RAY & TS AASATH

Sh
~
lo,
e
D)
-
o

Al AE o= FEo] AEHI 3l vholth
w APeMe daget del

r>f
)
&
il
o
ofo
ot
i
=
B
)
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o
fol
X
il
ne
Rl
b
%)
il

A F o] A AHFY A4S 74

1) AR Aol 23k cut type(Ze ) HA7FE g AAeE Ald A3
A dighe] HA7FF o3 dAE AlgS 9t ArEEF dadAd

g T SUIEAMTEY] ARTINS Fole 19 258 o] Auta Al o3k A&
7V M E=e AR Uyt A F 2719 AddA BY FEgE AYe
control®] A% 64 x 10" CFU/gld Hl& NaClO AZ g+ 21 x 10 CFU/g,
A A 16 x 10" CFU/g, €2e]s Ae 7% 14x 10' CFU/g® ey o
S AAEFe At 271 E718Aw] Al 2HE B F ds AR JHEHA
. 22y NaClo A2 79 49, A% 49l 714 mAETE 27 3714 A&
ol mls) vl ol wA3% Srbete], 714 Al o

S SHyth olgfg Ad ] Ay A F2s GATE AFHA], S A
ZF2 Ao vhx] @y olx tta W ¥ Torriani®t Massas e ZA3eb FASH
ES Aag AFHAYE drIAFdRr RSt AV AGAdE 28 mMAE
Aol FAHE 4 dokar Badk Park 5ol A¥et fAbstth A &
NaClO Agl+-¢] 2714 Alite] SAAAZA7} HoluA &= olf= F719487F 4
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108 A% =2 37447 oA &

shd AlFH g Aol digh gt ARTIE Wake " 269 2 NaClo

A AgA HgTELFe AZ7)E ke AR 27] 1.3x10°2 Afatsts 4 5
i o

?d AFgo R ye w, AHF AHATF] Aert g AAA T vE) w2 oG

AA a9E BJon, 53 A 1699 A, M5 AHRAE T g
TFE 48 x 10° CFU/go 24 NaClOcjflrm®] td# 74 7F 1.1 x 10" CFU/gell 1] 3}
o 50M) A% =2 Ui T2 9A a3E BT 74 AT BE HYAd 96
[ AERQD E. coli® EAlE AHA gttt AHF A wE HAvby dddig
o] Fx 9@ Fo]l 4o WEE a9 273 2o AFE7] 1.3 x 100 T 22 x 107
CFU/go 2 vehd dajitslsel 14 Ag ol v NaClo A2 7E 62 x 107
CFU/ge 2 =/ =A% gl A% 274 Aty T oAl ans 1
d Ao Ayl tgE AEE Ho, g 9 FFolo FAAA g¥E & F

P& AR YEbth =3 AR 104744 dsjatsteel s A AT AR

9 Fgole] @59 ol log 05HEE A FAR #FH P4 woltht A%
169 o) F 45 AelPr GBS FES ATud X % FFo] #FHS
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1.E+09
1.E+08
1.E+07
1.E+06
1.E+05

1.E+04

Total microorganism count(CFU/g

1.E+03
—&—control
1.E+02 ---®-- NaClO
JNUEES
1.E+01 A sy

—e— uAUn[H
L

1.E+00
0 5 10 15 20 25

Storage period(day)
a9 95 AAS Al e HAxskE dvuse s/4ATe W

1.E+09
1.E+08

1.E+07
1.E+06
1.E+05

1.E+04

1.B+08 —a&— Control

---®-- NaClO
—h— e
—e— 22|
1.E+00 |

0 5 10 15 20 25

Storage period(day)

19 260 AAES Al i Havky dddiste] gt ate] Wt

Coliform count (CFU/g)

1.E+02
1.E+01
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1.E+08

@ 1.E407
E 1.E+06
S
S 1.E+05
(@)
(@]
o 1.E+04
‘23 .
- 1.E+03 —&— Control
C
C s . m--
o 1E+02 B -- NaClO
CI“S _‘_/I\_Mu,\_
> 1.E+01
—— UZE [
1.E+00 |
0 5 10 15 20 25
Storage period(day)
a9 27 AT AP e HAvtE dddae] a8 9 F3Fole] st
AAFE 24 A cut type(Ed tiah)e] A3 5 AYF A2 1 1004 o
Eld vhe} o] v fadte AEdFS RIoy VA9 AR 25 o]F A dA

stttk Hunter agt< 24 AdFE 271 SHA 230004 A 269 & 44
-266% 474 A FE -1.93914 2212 NaClO Hgl+& -1.93004 2118 &%
Hacte AEFgS Bl v A A -215004 A% 169 ol F -1.700® 3
7bebe AFS AT Hunter b #¢ 4%, 559 NaClO A A tax 78k

- T AR Aot &
dejg AeTe FEUAE A Holx @tk dd Hdu gt AGF H9N
o e F 1194 YeERRATh Hunter L3S 4% 4Z85 Adyts A %7
46.19010 ot A7 25 o] 39.23% o ou, AT, NaClOH ] 2 4t

o

& AT A A% 27 L g 0% £ 4789tk £9 Hunter a @
PN
-
q

I

AE wel Agr\gke] Ades WAl APYS e

13+
= = =2

i

—_—

1

2 NaClIOA &7 -7.69914 -10.66= <Z¥ A7 -8180A4 -1221= A
AaEE 4%e oy fEs AT MY AT A% 2706 mal A%
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717kol 7 3}gtel

F Aol B
MBI e kel 919 AREA

WAl BaAEgoy $Es}

LS9k A NaCIOSH 929)
G AT AL
ARe w

s 2

23 AH g Ao W cut type HA7bE tfuhe] uiR A s}
Color S%(ejrrai?)%e Control (1?§%Sm) LA ezl
y)
0 78.84+0.07 79.48+1.75 79.79x0.77 80.77x1.39
4 77.7211.84 79.28x1.23 78.28+1.15 78.68+2.02
L 10 80.19+£0.78 80.79x1.31 76.71£1.92 81.70x0.58
16 78.94+1.22 80.07x1.27 77.27+00.31 81.18+0.66
25 77.35+1.78 79.48+1.33 77.25x2.05 79.60x0.60
0 -2.30%0.31 -1.93+0.34 -2.15%+0.40 -1.93+0.04
4 -2.20%£0.09 -1.78x£0.16 -2.10%£0.20 -1.87%£0.13
a 10 —2.58+0.29 -2.02+0.27 -1.94+0.08 -2.05%+0.10
16 -2.36x£0.19 -1.79+0.28 -1.70x£0.02 -1.75%+0.05
25 -2.66x0.17 -2.11x£0.22 -1.94+0.35 -2.211£0.14
0 5.13x0.54 4.96x1.10 5.56t0.57 5.00x0.12
7 5.85+0.23 5.17x+0.78 6.01x0.13 5.84+0.23
b 10 6.52+0.41 5.71+0.88 5.28+0.18 5.20+0.25
16 6.4710.51 5.38+0.28 5.60£0.13 5.31£0.15
25 6.51£0.39 5.22+0.89 5.46x0.59 5.69+1.39
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3 1L AES Al wWE cut type HA7FE o] S5 A A st

Color S%(%E?e Control (1 g‘;%lgm) L erzra|

0 44 .67%0.06 45.43+£0.89 45.76x0.35 46.19x£2.19
5 46.88+1.54 44 .95+1.27 45.871£0.18 46.471£1.76

L 10 46.27+0.98 43.65%1.16 46.23+0.58 42.08+2.31
16 46.01£1.56 44 .25+1.76 44.531£0.69 41.11£1.67
25 44,9511 .45 43.34x0.54 43.78+0.97 39.23%1.51
0 -9.42+0.15 -7.69+0.13 -9.32+0.27 -8.18+0.30
5 -8.94+0.24 -7.32x0.48 -9.05+0.80 -7.57%£0.74

a 10 -9.22+0.17 -9.44+0.48 -8.68+0.57 -9.92+1.70
16 -9.09+0.22 -10.30x£0.32 -8.66+0.60 -10.79*1.27
25 -8.99+0.28 -10.65*+0.17 -8.74%£1.48 -12.21+0.83
0 8.88+0.38 8.76+0.46 7.70+0.02 8.64+1.33
5 8.51+0.34 8.66+0.66 7.77+0.57 8.26+0.78

b 10 8.70+0.35 9.18x0.74 8.63x0.35 10.38x1.62
16 8.54+0.26 10.50£0.45 7.86+0.96 10.82+1.42
25 8.7210.51 13.17x0.50 8.46+0.49 13.16+0.85

AAG Aol e vt dure] Fre) wste

ERd whe} 2ok A Ae BE AR NE AR

Z,
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o
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rO
o

229 A7r APHNEFS &

5.0

4.0

Hardness(kgf)

1.0

0.0
0 5 10 15 20 25 30

storage period(day)
¥ 28 AHE Aol wE cut type HavbE tid AW AR Fwe] Ws)

2.0

Hardness(kgf)
o

0.5

0.0
0 5 10 15 20 25 30

storage period(day)

a9 29. AlF G Aol wE cut type HA7bE iyl AW BRI H o] W3}
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==

12. A5 Aol wE cut type Ha7bE dizte] AF7+5 H5 54

A

717K

Q]

)

PsEA 2] -
0 5 10 16 2%
control 8.22 7.6° 7.0° 6.3? 542
NaClO 8.4 6.7" 53" 4.8 3.2
A Ak
A 4= 8.1 6.2° 6.0° 55° 49°
ozel 8.2° 74 6.3 5.0° 4.0°
control 8.1? 6.9 55 4.8 3.4
NaClO 7.8 6.0° 5.1° 3.4 2.4°
6(;]:
A 5 7.4 6.2 47 4.1° 2.9
Sl Ba 75 6.1 45° 3.9% 2.2P
control 7.8° 6.4° 6.7% 6.1° 5.22
NaClO 7.7 6.6 5.2° 4.3° 35"
%2
A 4= 75 53" 5.2° 5.4° 49°
Sl B 7.2 6.6" 5.0° 5.2° 4.3
control 8.2% 6.9" 6.0° 5.7% 5.4%
a b b b b
A9 NaClO 79 6.0 55 4.4 2.8
7 5=
] 2 5 7.7 5.0° 5.7 5.3 4.9°
S B 7.6 7.0° 4.5° 3.8" 3.2°
control 8.2% 7.1% 6.2° 6.2° 5.7°
NaClO 7.8° 6.3 5.8 4.1° 35°
T-vf o A}
N e 7.7 4.6° 5.8 5.3 5.2
S =R 7.7 7.8 55 4.4° 4.0°
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2) AH Aol ol gk thread type(3Fde] Fef)o] HAvby dAg AE A

thread type®d 1A o] aAFe] A7 EalT9 daFAEd o3 F a7
el A% Fole 1d 30~327 2ok AASF HE A% S AT F
714 ATsE 15102 FE5 AT 92x10%0 HlEte] mYEe] F2 oAl &3}
Hol= ZAog yewth ey A 89S 7Fdae W FRSs AHTe
37x10°02 A AYTE 12x10°002 Yy nAE A gdte] FE AjolE
Bolx Fah= Aow vehytth W NaClo A TE AgdF okt =
7t 2
Ho] NaClO9 A2z vAE AqAaZnE 2] oJd el gt se] ddans 4
Aot FEd A7t A% 2715 42859 NaClo A tug o e 53
o8 AEHAoM, 53] G Ayt WA dEhd F 5714 Aol Al vkt
A7 AT AL E7 dE Aow vehyth ol A mAgERe] g%
S AN fEiAE s Ao AR /Y o ® sdE gl

o

al -
o Bgon A% 49 o FVE AT MY ¥ AR FES

rlr

1.E+10
1.E+09
1.E+08
1.E+07
1.E+06
1.E+05
1.E+04

CFU/g

1.E+03 4 —&— control
—IE+O2 | ---0-- NaClO

1.E401 | oizta|4
1.E+00 : |

0 5 10 15 20
Storage period(day)

28 30. AHG Ao WE thread type & A7Fs tute] 7] AT W3}
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1.0E+08
1.0E+07 |
1.0E+06 |
o 1.0E+05 |
T
&5 1.0E404 |
1.0E+03 |
—&— control
1.08+02 @+~ NaClO
— A A
1.0E+01 | chS5
—e— UZiE|¢
1.0E+00 :
0 5 10 15 20

Storage period(day)
a9 31, AlAS 2ol 93 thread type &7 tholel g ate A3}

1.0E+07

1.0E+06

1.0E+05

1.0E+04

CFU/g

1.0E+03

1.0E+02 & —e— control
T ---m-- NaCIO
1.0E+01 | —Aa— PMA
—— UZI2|
1.0E+00 :
0 5 10 15 20

Storage period(day)
a8 32, AlHS Ago] w2 thread type HA7Fs tule] &7 U F3Folo W3}
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A H g Aol o8 thread type #&7bs thapAlEe] Axke] Wshe 3 120014 o
ERHATH L #hel A5 4 Ay 5 A7l A Fidts 4 Bl

(29 33 3. A% 1598 7IFow Woks w NaCloA g ¢ AT+ A

FzNAG AL WI7E g AL BEFEPoY oF FZ5 fHAaslel St
NaClOA 2] &= dA717Hs 2 Lkel tidh Mol A §35 2 4 S Aoz 7|gy

M
o
2
2
s
e
e
ol
2L
X~
2
&
3o
g
o
N
lo
o T

E 12. A4 Ao wE thread type #A7Fs tate] M3

Storage
Color period control NaClO A= UZra|

(day)

0 56.22+0.54 56.99+0.45 56.30x+0.50 57.37+0.54

6 56.11+0.23 55.84+0.12 56.49+0.42 56.68+0.08

L 15 54.33+0.28 56.72+0.31 56.97%0.60 52.42+ 0.08

19 52.44+0.32 49.65+0.42 51.83%+0.64 50.61+0.44

26 51.80x£0.55 47.4310.30 49.57+0.33 47.69x 0.74

0 -18.77+£0.18 -13.00£0.17 -12.73£0.18 -13.66%0.13

6 -10.39%0.32 -10.34% 0.32 -11.34%0.17 -9.77x0.28

a 15 -16.73x£0.34 -15.61£0.32 -14.95x0.56 -17.34%+0.34

19 -14.50£0.80 -15.23%0.14 -13.63x0.23 -15.58x0.37

26 -14.11x0.21 -11.71£0.17 -16.17x£0.42 -16.50%0.09

0 20.18+0.46 20.06x0.80 18.09+0.49 20.47+0.46

6 14.93+0.48 14.74+0.28 17.94+0.24 14.41+£0.76

b 15 27.88+0.76 27.77+0.65 27.12+1.08 28.69x 0.31

19 24.1010.72 25.10+0.14 25.83+0.68 25.81+0.92

26 23.19+0.37 22.32+0.81 26.28+1.02 29.40+0.07
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L value

45 | —&— control

—— %
—e— o223
|

0 5 10 15 20 25 30

storage period(days)
a9 33, AlAS$ Ao WE thread type 473 thule] Hunter L %9 W3}

3) A& A el 93 bead type(bead typed) HA7FE thate] dxlg A& Ay

Bead type(bead type®) Ha7be dlvke] A7|R&)Fot dafAee] g F &
7N ATEe] A7 Fol= 29 34~363 2ok AR 8Ye] Mg AT F
T AsE 31x10°2 22 7|z @2y s AT 50x10%0 BlEte] mAYE
FAAAEAS Hole Aew vEhgth A 1294 NaClO A8 35x10° &2

F AYTE 16x10° CFU/g FFo=z Aurzol mAygEsty %7] Y530
10710% CFU/g?l HS zheratthd A% 1294 oln] %7] RBajdejo] =ush Aoz
=yt wbde] el A A e A% 179A 0 10° CFU/g F50] =238

H

-

o AAFZHN7}F d= Ao e
g g T, wgeldk AR Wk T U AEI fARE B B o

J?.,

AA 7171 Al A7Eslek AaFAEs A

AT

ol Anz VBB A%

o A7t feE Ao B

A
2

5]

>

,81,



1.E+0
1.E+09 | e

1.E+08 |

1.E+07

CFU/g
.
3

—_

i_l_l

&

(@]
T

—&— control

1.E+04 ¢ ---®-- NaClO
——
1.EH03 — UZip| 2
1.E+02
0 5 10 15 20

Storage period(day)
29 34. AHG 2o wE bead type HA7be thate] 3714 n A= W3}

1.0E+08

1.0E+07

1.0E+06

1.0E+05

1.0E+04

CFU/g

1.0E+03

1 OE+0p —&— control

1.0E401 | —a— e
—e— izl

1.0E+00
0 5 10 15 2

Storage period(day)
a9 35 AlAF 2o WE bead type HA7FE thate] Aot W3}

,82,



1.0E+08

1.0E+07 |
1.0E+06
1.0E+05
2
o
5 1.0E404
1.06408 | '
1.0E+02 —&—control
---B-- NaClO
1.0E+01 —A— AR
—e— a4zl
1.0E+00 ‘
0 5 10 15

Storage period(day)
a9 36, Al Yo WE bead type HA7FE e x4 F

2 2 AT BF dAT A4S BolA goy AT L
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L value

8 & & & 8 & 8 &

—&— control

i A
—— ozt

0 5 10 15 20 5 0

storage period(days)
a9 37. A 2o W& bead type HA7FE ¥t Hunter L 3tel W3}

0
-4
-8
0}
=
©
>
© -2 +
—&— control
16 —a— NaClO
—a— A
—— Uz
20 ‘

0 5 10 15 20 25 30

storage period(days)
a9 38, A& 2o W& bead type HA7FE ¥t Hunter a %o #H 3}
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b value

3 b —a— g
—e— &2
O |

0 5 10 15 20 25 30

storage period(days)
a9 39, AlA 4 2o W& bead type HA7FE thate] Hunter b gtel W3}

4) A=A el o7 cut type HA7bE thoke] W)

tute] SAE A 2AS A7 st 40770C =Wl 30%, 1%, 1+
A7+ Zdylste] A gsle] OPPOl E£36 9 ar, A2 A

.
109 St BASEA FEs A3 PR sl w5 Pohe] gEse] FAL

Ris

w
S
i
DO
£
o
fru
N

N

N
_>J‘_|l
ACk

,85,



F 13. dA gl 93k cut type H A7 oo A AFE e W

i

Hot water treatment Storage period(day)

) Time(sec)
0 5 10
60 + ++
40
120 - - +
60 - - -
50
120 - o
60 - ++
60
120 + +++ +++
60 +++ +4+++ ++++4+
70
120 ++++ ++4+++ +++++
- good
+: bad

T
oy

=4
<

a5}

2y
rlo
o
X
rl

@ Aol AW tha FbE FAE u

Ea
e A4 Agrel ARA5E FskE FAE wh A Azl

32

,86,



==

14, A5A 2ol o% cut type H27hE dishel AW Az

Storage A A ZHZ)
Color period
(day) 0 60 90 120 150
0 79.23£0.13 78.23%+0.89 79.79x0.77 78.75+1.39 78.44+£0.95
4 78.43+0.42 78.12x1.45 78.28x1.15 78.68x2.02 77.83%+1.38
L 10 78.8210.97 79.59+0.78 76.71x1.92 78.63+0.84 76.70x1.22
16 77.3411.33 78.38+0.27 77.27+£00.31 77.18+0.43 74.18+0.35
25 76.58+1.25 76.79x1.583 77.25x2.05 76.30%x1.45 74.60%+0.60
0 -2.15+1.22 -2.03£0.34 -2.11+£0.25 -1.98+£0.44 -1.95%0.04
4 -2.12£1.19 -1.99+0.26 -2.20x0.40 -2.27x0.13 -2.27x0.13
a 10 -2.34x£0.94 -2.12x1.45 -1.94%+0.08 -2.05+0.10 -2.05%+0.10
16 -2.22+0.17 -2.38+£0.58 -2.30%£0.02 -2.75%0.05 -2.55+0.05
25 -2.66+0.17 -2.31+£0.37 -2.80+0.35 -2.51x0.14 -2.41x0.14
0 4.86+1.34 5.06%1.10 5.11£0.57 5.25%0.12 5.00x0.12
7 5.22+£0.82 5.27+0.78 5.81+0.13 5.34%+0.23 5.44+£0.23
b 10 5.54+0.41 5.81x£0.88 5.28+0.18 5.50£0.25 5.20%1.25
16 5.07+0.51 5.58+0.28 5.63x0.13 5.31x0.15 5.61x0.15
25 5.61+£0.39 5.22+0.89 5.44+0.59 5.494+1.39 5.89+1.39

,8’77



¥ 15, A8 93 cut type 2

Storage 2 A 7H(Z)
Color  period
(day) 0 60 90 120 150
0 41.42+0.46 40.47£0.16 41.24+£1.09 42.34+0.52 43.02+£1.32
5 42.72+0.96 43.24%£1.12 43.15%+0.83 43.31+£1.84 45.24+£0.96
L 10 43.69%£0.79 45.41£1.41 44.99%+0.68 44.12+1.05 44.08+1.31
16 45.08+1.12 44.53+£1.29 43.17+1.24 46.13+1.01 46.13%£1.60
25 46.71£0.62 44.99£0.31 46.13%£1.21 45.08+£1.26 47.94£1.26
0 -8.95%1.78 _10'123io'3 -9.21+£0.98 -9.31+1.04 -8.83%1.40
5 _10'4fi1'4 -8.88+1.12 -8.86+£0.94 -9.28+0.77 -9.21+£0.23
a 10 _10'4fi1'2 -8.856+1.05 -7.80+£1.22 -9.36%0.69 —7 8041 .84
16 -8.69+0.41 -9.97+£1.07 -8.89%+0.95 -9.23+£0.66 —9.60£1.33
25 -8.14+0.79 -7.80%£1.76 -8.21+1.50 —-8.69+1.64 -8.14%£1.18
0 8.78+0.84 9.22+£1.49 9.391+0.46 8.93x1.81 8.40£0.65
5 12.81£0.38 8.75+£0.59 8.08+£0.98 8.284+1.00 9.18+0.27
b 10 12.81+1.65 8.48+0.90 8.05+0.69 8.53+0.88 8.05+0.72
16 7.93+0.83 10.55%£1.71 8.84%+0.65 9.18+0.92 9.33%1.71
25 6.756+0.72 8.05£0.98 8.14%£1.19 7.93+0.64 6.75+0.66

,88,



E 16, @A) A3 cut type H2THE U] A%710F BFEA

A7 1K)
HsE5A A 2]

0 5 10 16 25

0 8.0 7.4 6.8 5.3 42

60 77 7.8 6.7 5.8 4.7

A 2 90 8.2 8.3 72 6.7 5.4
120 8.0 8.3 77 6.7 55

150 8.2 77 6.3 5.7 3.8

0 77 6.2 5.3 5.0 3.7

60 75 73 59 4.7 35

90 7.8 7.0 6.3 5.2 47

120 75 73 6.9 55 47

150 7.2 6.8 59 5.0 43

0 8.2 8.0 6.3 5.0 35

60 8.3 78 6.7 55 48

=4 90 8.3 77 6.8 5.3 42
120 7.8 75 65 5.7 45

150 8.0 7.3 5.2 5.0 3.2

0 8.0 7.2 6.1 5.1 3.8

60 7.8 77 6.4 5.3 43

90 8.1 75 6.8 5.7 48

120 7.8 77 7.0 6.0 49

150 78 7.3 5.8 5.2 3.8

0 8.0 75 6.0 5.4 42

60 8.0 78 65 5.8 45

90 8.3 75 72 6.0 5.0

120 8.0 77 7.4 6.3 5.4

150 8.0 75 6.0 55 4.0

,89,
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[ A Eavd ol
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1.E+08

CFU/g

1.E+07
1.E4+06
1.E+05
1.E+04
1E+03

—e—20C
1E+HR |

—&—5C
1.E+01 | —4—10C

- -m-- 20°C
1.E+00

0 5 10 15 20

storage period(day)
a9 40, AALLd WE FHATME thread typed & 7|4 Al¥re A3

1.E+07

—4a— 10T
1EO1 - om0
1.E+00

0 5 10 15 20

storage period(day)

a8 41, AFeEo wE HAVME thread typed thadarteol W3}

,91,



1.E+05

1.E+04

1.E+03

CFU/g

—e— 20T

1.E+02 —8—5C
—A— 10T
---m - 20C

1.E+01

0 5 10 15 20
storage period(day)
O 42, Ao wWE HAVME thread typed TFE % FFolo W3}

60.0
55.0
50.0
()
=
S 45.0
—
400 B * _20°C
—a—5C
350 [ —Aa— 10T
w20
30.0
0 5 10 15 20

storage period(day)

a9 43, A% & HAVMF thread typee| L valued 3}
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0.0
-5.0
-10.0
[0
E
S -15.0
©
-20.0 |
—e—-20C
—=—5C
-25.0 | 100G
---m-- 20C
-30.0
0 5 10 15

storage period(day)

a9 44, AL wo wWE FH A7 thread typed a valueo # 3}

20

30.0
25.0
20.0
(D)
>
< 15.0
>
O
10.0 |
—e— 20T
—=—5C
50 1 —a&—10C
---m-- 20C
0.0
0 5 10 15

storage period(day)

a9 45 AL W& HAVME thread typed

,93,

b value®] 3}

20



) Ag2ro W& bead type HA7be thuke] FEWst
Fexo] WE bead typedlEY I NAAAT Wl 19 463 o] AFLE

<
SRS F B AT S #

2
i)
o
=
o
!
<
o
oW
Jm
ol
g
RS
=
T
@
!

AZF F 5714 AT 10002 %A SA5 o 27|59 el Ao

ol Hetow glgk Aot Zrh = 10ToA 7€ AT AFe Aok

X
lo
rE
Ac)
N
2
2
o
rlo
rlo
ki
N
=
o
d
lo U

W bead type WIAFY AZ7E HATTT W= 29 479 YERYAoH,

olg]d A oA AWt = 74 AT FAWslew AT A% 109 A
5C A% AE] ATFTFE 10°2 27| A Ao WS rolx @gkor} 10T
2 20C A AES 10°, 10'2 22t log 2014 T wo] FAEHo £xW 3o

£ gdetA gelatinh. A7 E. Colie] EA= gQ1uA] &gkt o] 4]

ot
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CFU/g

CFU/g

1E+10

1E+09

1E+08

1E+07 |

1E+06

1E+05 |

1E+04

1E+03 |

1E+02 |

1E+01

1.E+08

1.E407

1.E+06

1.E405

1.E+04

1.E+03

1.E+02

1.E401

1.E+00

Fewo wE FHA7HE bead typedFo =

5 10 15
storage period(day)

7174 Alatel st

20

0 4 7 10
storage period(day)
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1.E+05

1.E+04

1.E+03
2
D
L
O
1.EH02 T
—e—-20T
1.E+01 —8—5C
—4a— 10T
---0--20C
1.E+00
0 5 10 15 20

storage period(day)

O 48, A= w2 FHAUME bead typeAlFe &R 2 FFol9

60.0

55.0

L value
N
[€)]
o

40.0

35.0

30.0

5 10 15 20
storage period(day)

Lro W HA7ME bead typedlEFQ L valued H3}
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0.0

-10.0

a value

-20.0

-30.0
0 5 10 15 20

storage period(day)
a9 50 A%l mE HAVME bead typeAlE2] a valued ®H 3}

30.0
25.0
20.0
[}
E
S 15.0
Ko}
10.0 |
—e— 20T
—8—5C
50 [ —a—10C
---m-- 20C
0.0
0 5 10 15 20

storage period(day)
a9 51 A% & HA7MF bead typeAE< b valued] W3}
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2) P AEA Al HartE digte] nAE] A F Y

Thread type #HZA7hs taAlFe & 7148 M 1% 520 vebd wpep 3
o] & w7 AT 10710" & YEHH ou A7)zl AnEeE Fbekglth A
4 59% 71F82S W NaClOA 8 7-7F 35x10'2 AA+CA2] 55x10°, NaCl+CaCl29]
15x10%l wlate] wro oz ZAH o] nAAE AJEIAI ¥REE < 5 A
gy A% 1096 olZ8 NaCloA 7= 1.1x10°0.2 F438] F7tstg L o v
A FRY log 15F+4E 2 o2 Yeyr mea 59 A= @y A g gl
A NaClo9] Age nAEA &S BEd vgg3 oz AzeAnt 108 o
gel 71zl g A e ¢S Aoz AZbET T ool R olef fARE
A2y 53)7F vEh o FA4g Aok AA+CASl At mAEe TS

=

SEEEE T EDET

o

1.E+08

1.E+07

1.E+06

1.E+05

E+04

CFU/g

1.E+03

1.E+02 - —e— AAYCA
—a— NaCl+CaCl2
—e— NaClO
1.E+00 :
0 2 4 6 8 10 12
storage period(day)

1.E+01

O 52, I AEA Ao mE HAVFE thread typed] & 714 Al W3l

,98,



1.E+06
1.E+05
1.E+04
2
2 1.E+03 -
O
1E+2
—e— AA+CA
1.E+01 1 —m— NaCl+CaCl2
—a—NaCIO
1.E+00 ‘ :
0 p) 4 6 8 10 12

storage period(day)

a9 53 FuAEA Al wE HA7hE thread typeel W ate] W3}

3) BEA H77F HAbe g SRS E@wdd PlAE

Ao AN S TV et AFe FREHAEE AstA 7= B

A H7PF o] &H 1 Adnk & AFelA = AldH ] thread type AFS FEEA
55 AstAA mAES TS AT AT dEer HFAE HUMS AA NS
A zstdeh. BEAZE AF g flsjacle] He wAETACA WA= FFS
Ao Rz BEA H7E A Ao thread type AFS 1&E3F JAAS F 30x3F &
A o 871 £ 5 5T AAstHA nAEY T WsE ARG BE
AZE Aty oz FREIAHE A Ed7F F sorbitolS AFE3FA T E-sorbitol9] &
2 12 v AR FEEHAEE 72 0965, 0.945, 0.884%
o x=TY A TR EE 09800130 A FY TR R Asket AFY A%
FAA o= HWHS BAVE dvhe AF7AHRE AFITFANAE dubHer Fi
= E AT BHEAE AF H/MER ®el o]&sta vk Benmegui 5
SRR EY A Zo o] &%+ polyols & sorbitole] FEZFA T Astazrt At

3
Baustdoh et B dAFo| e E-sorbitol &N thread type AES A 5

,99,



TERINE WHIE AHRYGU(E 17). I 2 sorbitold] EIH| Lo H=LSFE

thread type®] FEZAH =7l AstE Ak Ax 2 Fo FESHEE dx2ad ST
o7 AXF 09765 Hl&l| FE-sorbitol H]E&°] I =& 1119 A% 09732 714
A YRtk 2y A 713ke] A 2pghe] wEl 4 -sorbitol Hl&°] 1:0.19] &3

A= HasteE i x4 1:05 2 161

e

ol A3} thread typed FEZAHE
o] Egtdo] A3t thread typee] FEIHEE 239 F7lele A4S HAY. o
= sorbitol®] W&o F7hgel whel o]t o

EHA= 2S5 Ak olyg d4e &7 & - 259 Azuden A%

Aol ofd7t AZE oo FRIANE AdEI= FiE-sorbitol EFH|E ]

PN
s
L01el3k7h B AL % & Ak

E 17. B5A H7 o) 93k Al MAH| thread type A EQ FEIEAHYE H3I}

v
Control” T1 T2 T3
ke
0 0.9765+0.0007 0.9745+0.0007 0.9740£0.0014 0.9735+0.0007
2 0.9775+0.0021 0.9740+0.0071 0.9760+0.0014 0.9740+0.0000
4 0.9785+0.0007 0.9730+0.0042 0.9750+0.0028 0.9745+0.0021

“control; top water, T1; water:sorbitol=1:0.5, T2; water:sorbitol=1:0.1,

T3; water:sorbitol=1:1
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5}
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1.E+09
1.E+08
1.E+07
1.E+H06
D 1.E+05
-)
L
O 1.E+04
1.EH03
| ---4-- container
1.E+02 PE 30
1E+01 - —4&—PP 30
' —e—vacuum
1.E+00 : :
0 2 4 6 8 10 12 14 16
storage period(day)
a9 54, X mE HAUY dddiate] F a7 AM e
1.E+07
1.E+06
1.E+05
o 1E+04
-
L
O 1E+03
1.E+02 ---&--- container
—B—PE 30
1E+01 + —Aa—PP 30
——vacuum
1.E+00
0 2 4 6 8 10 12 14 16
storage period(day)
1 55 Al wE Havky dddiske] digtate] Wit



container

—a—PE 30

..’...

—&—PP 30
—¢——vacuum

1.E+06
1.E+05

6/N40

1.E+01

1.E+00

10 12 14 16

storage period(day)

;OL
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EESERE
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il
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ko3
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t2 = uf Ao g oA

s
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e

3

oA ow RFeYe %
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3
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# 18 e ©E cut type AlXHe g He] HFEA
A 713
HsEA 2]
0 4 3 12 16
container ~ 7.8° 5.3° 3.2° 25" 1.7
PE 30 7.8° 7.1° 6.4 6.0° 5.2
A Y

PP 30 7.8 7.4 6.7 55 4.8°
vacuum 7.8° 7.0° 6.4% 5.8° 55
container  81° 6.5° 5.7 4.8 3.4°

PE 30 8.1% 7.4 6.0 5.5 5.4

6(;]:

PP 30 8.1 6.2° 47" 4.1° 3.9°
vacuum 8.1° 7.4% 6.5° 5.7% 6.2°
container 7.7 6.1° 5.3° 557 4.2°

PE 30 7.7 7.8 6.0° 5.3 5.5

%7

PP 30 7.7 7.0° 55 5.4 4.9
vacuum 7.7 6.6™ 6.5° 5.7 5.2°
container 7.9° 59° 4.4° 3.4° 2.3P

4 TV"L ol PE 30 79 6.7 5.7 5.3 49
7 o

PP 30 7.9 7.3 5.2° 55 5.0°
vacuum 7.9 6.9° 6.0% 5.7 542
container 85 6.5" 5.2 4.9P 2.7°

PE 30 8.5 7.3 6.8° 5.7 55

T-ulf o] A} .

PP 30 8.5 7.6 5.8 5.8 5.2

vacuum 8.5 7.2° 6.5% 6.4° 5.7
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o] thread type® 3
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container 75" 6.3" 3.2° 2.1°¢ 1.4¢
PE 30 7.5 7.1° 6.6 6.0 5.2

A Ay
PP 30 7.5 7.4 6.7 55 4.8°
vacuum 7.5 7.2 5.4° 4.8° 35"
container  8.1° 6.5° 5.7 48" 3.4°
PE 30 8.1 7.0 6.3" 5.2 4.4°

65]:
PP 30 8.1° 6.2 57 5.6° 3.9
vacuum 8.1° 7.4° 6.5° 5.7° 5.22
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z4
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7] i—};‘_ a a a a a
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vacuum 8.1° 7.1% 6.5" 5.4% 4.8°
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0 5 10 15 20
cut type 71E 8.5 7.4° 6.2° 58° 5.2°
) 8.3 78" 7.2 6.6 5.3°
s thread 7)E 8.2" 6.9° 59 5.2° 4.4°
7 8.4 71° 6.5° 6.2° 5.0°
bead type 71E 8.1° 76° 6.9° 6.5 5.1%
7 8.2° 7.2 5.7 5.7° 49"
cut type 7)& 8.3 7.6 6.4 55 4.2
7 8.0° 75 71° 59° 5.0°
- thread 7)1 78 6.SZ 5.52 4.4? 3.5f
7 75" 6.2 59 5.4° 4.8
bead type 7 8.1° 6.2° 5.1° 46° 3.9
7) 8.0 7.4 6.2° 5.6° 5.0
cut type 71E 8.0f1 7.2f1 6.3a 6.5f 4.9f
7 8.2° 75° 7.2 6.8° 6.0°
.  thread 7)E 7.8° 6.8" 5.7 46" 4.4
o type 7 76° 7.2° 6.8° 5.2 49°
bead type 71E 8.0 6.2° 5.0° 46° 4.2°
72k 79 75 6.6° 54° 5.0
71E 8.3" 7.4° 6.2" 5.9° 4.3
cut type 7 8.2" 7.6 7.2 6.4° 5.4
AAH thread 7)1E 7.9° 6.7 5.7" 4.7° 4.1
A type 7N 7.8 6.8 6.4" 5.6 4.9°
bead type 7)1 8.1% 6.7" 5.7° 5.2 4.4>
7|3k 8.0° 7.4 6.2 5.6 5.0°
cut tvpe & 8.3" 7.6 6.5 6.2° 4.5
7) 8.2" 7.8 7.6" 6.5 5.5°
o)A} ﬂt%aed 71E 7.9" 6.8 5.9" 4.9 4.4
7 7.8 7.0° 6.5 5.8° 5.0°
bead type 71E 8.1? 6.8° 5.9 5.4" 4.4
7 8.0" 7.5" 6.6° 5.8° 5.5
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