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SUMMARY

I. Title of Research

Basic Technology Development for the Productivity Improvement of Kimchi Processing
Equipments

IT. Objectives and Significance of Research

The objective of this research is to develop a basic technology for the productivity
improvement of kimchi processing equipments and research was carried out for the aims of
1) development of small scale kimchi processing technology and equipments, 2)
development of reusing method and eco-friendly treatment technology of salting brine, 3)
SOP development for the hygiene & QC of salted baechu and kimchi processing .

Kimchi making is the typical labour intensive industry in Korea, so Korean kimchi is
more expensive than imported one as two or three times. To become the advanced
industry kimchi making processes should be improved in labour and capital productivity by
process mechanization and automation. Salting process automation can reduce the salting
time to 4 hours from 16 hours with the same capital and kimchi sauce stuffing machine
can resolved the labour shortage in plant located at rural area. And we can expect the
uniform quality of kimchi by exchange the manpower with machinery in kimchi plant.
Mechanization and automation of kimchi making process are necessary for Korean Kimchi

Industry to remain as a sustainable industry in Korean.

IM. Contents and Scope of Research

As above this research was carried out as 4 parts separately, 1) development of small
scale kimchi processing technology and equipments, 2) development of reusing method and
eco—friendly treatment technology of salting brine, 3) SOP development for the hygiene &
QC of salted baechu and kimchi processing and 4) a feasibility study of developing the
automated kimchi processing equipments. The contents and scope of the research are as

follows.

1. Development of small scale kimchi processing technology and equipments
- Development of continuous baechu salting technology and automated equipments

- Development of automation technology and mobile baechu salting equipments



- Development of automatic kimchi stuffing technology
2. Development of reusing method and eco—friendly treatment technology of salting
brine
- Development of alternative technology and apparatus of brine filter
- Development of brine reusing apparatus suitable for trailer
3. SOP development for the hygiene & QC of salted baechu and kimchi processing
- Quality control: pH, acidity, coliform group, pathogenic microorganisms, total viable
cell, lactic acid bacteria, sensory test
- Development of standard operation procedure of hygiene control in automated
apparatus
4. Feasibility study of developing the automated kimchi processing equipments
- Reduction of labor cost and production time, productivity improvement

- Minimize the loss of kimchi in automated kimchi making process

IV. Research Results

In order to develop a basic technology for the productivity improvement of kimchi
processing equipments, this research was carried out as 4 parts separately, 1) development
of small scale kimchi processing technology and equipments, 2) development of reusing
method and eco-friendly treatment technology of salting brine, 3) SOP development for the
hygiene & QC of salted baechu and kimchi processing and 4) feasibility study of
developing the automated kimchi processing equipments.

In order to develop a small scale kimchi processing technology and equipments
continuous baechu salting technology within 4 hours and automatic processing system were
developed. And small scale equipment parts were made suitable size for the trailer as
baechu input hopper, half cutter, slope conveyer, input apparatus, horizontal conveyer,
salting tank, salting brine input/output apparatus, salted baechu output conveyer, salted
baechu pushing apparatus and salted baechu carry conveyer, then installed on the trailer as
20 tons per day production capacity

In order to develop a mobile baechu salting trailer continuous baechu salting automatic
equipments were installed on the middle and rear parts of trailer, salting brine tank was
installed on the lower side of trailer for the lowering of gravity center, and the salting
brine reusing system was installed on the front of trailer to prevent the fall down of trailer
at curve driving. The mobile baechu salting trailer was stable during the moving from
Hwasung to Haenam at the speed of 80 km/h by traction with filling 7 tons of brine in
the brine tank. Two hours was necessary to prepare the trailer for the moving conditions
and the same time was required to establish the trailer for the operation conditions after
arrival.

Mobile baechu salting trailer was established on the field of winter baechu production

area and test-operated for the optimization of baechu salting automatic equipments. Thirty

_10_



minutes was necessary to fill the salting tank A with 1.8 tons of half cut baechu
automatically, and 240 minutes was required to salting baechu with 4 cycle circulation of
salting brine, each cycle consisted of 5 minutes brine injection with 30% salinity at 30T,
50 minutes salting and 5 minutes ejection. Salted baechu was taken out from salting tank
by meshed slope conveyer with pushed by pushing apparatus toward slope conveyer. Total
5 hours was required for 1 cycle baechu salting process at each salting tank and salting
tank B, C and D were operated sequentially with 1 hour interval.

Automatic kimchi stuffing technology was developed by searching the kimchi stuffing
machine at factories and patent data, and analyzed as blending, rotating, injecting, dipping
and spreading types. Horizontal and slope blending type kimchi stuffing machines were
tested and the quality of kimchi made with horizontal blending machine was as good as
that of conventional hand made kimchi.

In order to develop a reusing method and eco-friendly treatment technology of salting
brine, characteristics and treatment technology were analyzed and then reusing system was
designed as basket filter, electrochemical reactor, active carbon filter, micro filter process.
Processing parts of reusing system were developed as customized size to the trailer and
installed as compact system on the trailer. The trailer was tracted to the field of winter
baechu, then test-operated with automatic baechu salting equipment. The results of
test-operation were successful to maintain the quality of salting brine as reusable level, as
salinity, pH, acidity, COD, total viable cell counts. The electric power was minimized to
0.31 kWh/m' at the level of chlorine concentration 10-20 mg/L with 2 tons of salting brine
treatment per hour.

In order to develop a standard operation procedure(SOP) for the hygiene & QC of
salted baechu and kimchi processing, a SOP of salted baechu suitable for HACCP
standards was developed. The quality index of salted baechu for the SOP are pH, total
acidity, salinity, moisture content, viable cell counts, yeast & mold counts, coliform bacteria,
pathogenic microorganisms and sensory score. Hygiene design specifications to make
mobile automatic baechu salting equipment and salting brine reusing equipment were
developed. The physicochemical index of salted baechu produced by the mobile automatic
baechu salting equipment and salting brine reusing equipment were suitable for the kimchi
making quality. Organoleptic quality of kimchi made with salted baechu produced by the
mobile automatic baechu salting equipment and salting brine reusing equipment was equal
or higher than that of produced by kimchi factory equipments. We established a kimchi
making SOP through a test-operation of the mobile automatic baechu salting equipment,
salting brine reusing equipment and kimchi sauce stuffing machine.

In order to study the feasibility of developing the automated kimchi processing
equipments, the economic evaluation of the automated kimchi processing equipments
analyzed by using a cost-benefit analysis. In this study, we estimated the production
capabilities of salted baechu. Through this, we estimated the cost of mobile salting system.

The cost include the cost of equipments, materials, labors, manufacturing and working
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expenses. The benefit i1s calculated using a cost analysis of mobile salting system.
Cost-benefit analysis is analyzed as eight scenarios with the analysis period of 10 years.
The result show that B/C ratios were between 0915 and 1.367, and 5 of them have
validity, because B/C ratio is upper than 1.0. Consequently, this system have a economic

validity, but we can not jump to the conclusion because there are some assumptions.
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AEE Mohrflo® 72 500gS A3 eke] wuk7] (Philips, HRI372)2 v}2) &
1000 8] A&kar g4 le oA (NO. 1, Advantec, Japan)= ZelA 43t of 29 10mL
S HSF 2% KoCrOy ImLE 931, 0.02 N AgNOs= HAslo] A Av|gFs tSo o=
kAt A w(%)E AArsta

28] AgNO, < 0.00117 X AgN O, factor X 3] A 1l 5=
NERTEEI0)

AT (%)= % 100

@ pH 3 A=
S WHes Faste] Als 500ge vhastar 44 A== o343 F pH= pH
meter(Orlon star211, Thermo scientific, UAS)Z ZFA3tH 1L, Ates o4 10mLS F 3+
Z}-& @l (Titrolineeasy, pH Electrode blueline 12, SCHOTT instrument, Germany) .2 pH7}
83¢] 9 W77 01 N NaOH o2 A4stgln 44 2vl@e teaosn daste] e
(%)= 74]*&6}»&

A (%) Z22H | 0.1NNaOH X NaOH 7} < 0.009
el ool AFEH A = 9]

> 100

® Bag
vl 5(12)¢] DNS(dinitrosalycylic acid) B A FHS Faiste] g2 A8 500gs v
1

b T AR 1gs TFT2 A4 (GB0mL)st o 33 of 3} (Whatman, No. 1) ImLoll DNS A
¢F 3mLE ¥ o] vortex mixer® E33stal #E Bol 583 T ¥ WSty FF 16mL
= At 33 =A(Simadzu UV1800, Japan)= 550nm0ﬂ/\1 FAEE =AY TEY
Ee8dS 22 HHORE AYste] HFdS AT F AlE T AT FHFS AAtst
=217t
A7 wF2] Feol A 10cm olde] o F 5HA oS AdMstal ol A 3~8ecm F-9E

N

o

Z 2cmz AWse] Texture Analyzer(Model TAXT-2, Stable Micro Systems, Ltd,,
England)E AF&3le] 33 wHE=AHEAvt =HZ7H1E pretest speed 1.00 mm/s, test speed
1.00 mm/s, posttest speed 10.0 mm/s, strain 90.0% ©]iL, probe$} plater= Han(13)e] w3}
Zdokom, 2AE w5 =719 v S45te] A =(strength) = F AT

ot At e o] Yo "t d(0.85% NaCh= 343 - 123t
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—8— Salted by mobile automatic salting equipment
© - Salted by fixed kimchi factory equipment
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% 3 Aol & Ao ARzt 2 A3 A3

Weeks 1 2 3 4 5
Overall Mobile? 4.20+1.1439 5.09+1.22" 473+1.01" 3.82+1.47™ 4.40+1.35™
Quality  Fixed? 4.00+1.56™ 4.27+0.90™ 3.91+0.83™ 373+1.27™ 3.30+0.82"
Appearance  Mobile 410+0.57™ 4.82+1.25™ 427+1.19™ 3.82+133™ 4.40+1.26™
Fixed 430+1.34™ 5.36+0.81™ 4.45+0.82" 3.91+1.04™ 4.00+1.25™
Col Mobile 3.70+0.67™ 5.09+1.04™ 4.45+1.04™ 4.00+1.26™ 4.30+1.06™
olor Fixed 410+1.66™ 5.45+1.04™ 455+1.04™ 4.18+1.08™ 3.80+0.92"
Odor Mobile 4.40+0.97™ 5.18+1.40"™ 4.64+1.29™ 455+1.37™ 410+1.45™
Fixed 4.60+0.84"™ 418+1.08™ 4.64+1.03" 4.00+1.34™ 3.10+1.10™
Tecture | Mobile 410+0.99™ 5.64+0.92" 5.45+0.82" 455+1.29™ 450+1.58™
Fixed 370+1.16™ 5.36+0.92" 473+1.27™ 4.45+0.82" 4.00+0.94"™
Overall  Mobile 410+1.20™ 4.82+1.25™ 4.64+1.12* 3.82+1.40™ 450+1.27™
Taste Fixed 3.40+143™ 3.64+0.81™ 4.09+0.83* 373+127™ 3.50+0.97™
Sweety  Mobile 4.20+0.63" 4.82+1.08™ 4.64+0.92" 3.55+0.93™ 450+1.08™
Fixed 4.20+0.92" 4.00+0.63™ 4.27+0.90™ 373+1.01™ 3.90+1.20™
Sour Mobile 3.60+1.07™ 4.45+1.04™ 4.91+1.04™ 418+1.33™ 470+1.16™
Fixed 3.10+1.29™ 3.55+0.82" 427+1.10™ 4.09+1.45" 4.00+1.05™
calt Mobile 430+1.34™ 427+1.35™ 436+1.21™ 4.36+0.92" 4.60+0.97*
Fixed 3.00+1.41™ 3.27+0.65™ 4.09+0.83" 3.73+1.01™ 3.40+0.84*

Y Mobile automatic salting equipment.
2 Fixed kimchi factory equipment.

3 Average+SD.
NS=not significantly different(P>0.05), *=Significantly different(P<0.05).
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Mohr &2 A 500gS 2 #3ke] nwk7](Philips, HR1372)% v} 3t
1008) g A&t 84S o3}X(NO. 1, Advantec, Japan)Z A& A =733tk
S FHsolo 2% KoCrOy ImLE ¥, 0.02 N AgNOsZ JAste] A v wFs
ZHiketo] AE(%)E ALtskAth

A= lg%
oA 7o 1
o5 é‘ﬂi

281" AgNO; X 0.00117 X AgNO; factor < 8 A 8l =
REEEETR

AL (%)= < 100

@ pH % At%

Hj) 3= 71 % 5()()g° st 449 A=E oJ3}3s & pH= pH meter(Orion star211, Thermo
scientific, UAS)Z A3 1, A=t o3d 10mLS FH3ste] A& H 3 (Titrolineeasy, pH
Electrode blueline 12, SCHOTT instrument, Germany)2. = pH”} 83°¢] 2 w7l 01 N
NaOH §Ho =z AAH3Aa AA AvEFs ths Aoz 3hbete] AE(%) = ALt A
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28] ¥ 0.1NNaOH X NaOHS 7} < 0.009

A= (%) A Ao AF & A & ol o] oF 100

Q® 9T
1l 5-(12)2] DNS(dinitrosalycylic acid) B] M4 #FH S aste] sd9dS Alg 500gS v
E AR 1ge =552 360 mL)dte] o 73k of v}of (Whatman no. 1) ImLe] DNS A

3mLE Y] vortex mixer® &%3dlal #EHE o 587 THI T WWYslal E/F4 16mL
q

foAp ot

3|4 &to] #3333 % A (Simadzu UV1800, Japan)® 550nm°ﬂ/\1 FTHEE A 2 =Y
ET8YE 22 WHoRE A3l HFAE A3 F A5 T FdG FHE ALE AT
A7
22722 w52 FolA 10cm ©l/de]l o T WA d& HA-bEa ool A 3~8cm FHE
2 2cm= AWste] Texture Analyzer(Model TAXT-2, Stable Micro Systems, Ltd.,

England)& AF-&3ste] 33 HHE SA4stoh A2 pretest speed 1.00 mm/s, test speed
1.00 mm/s, posttest speed 10.0 mm/s, strain 90.0% ©]iL, probe2} platet= Han(13)e] W}
dokom AL Wi 2719 WS S A (strength), <144 (toughness), W&
(stiffness) &2 F &3t}

® #5H7}
N+ 2] 280 st #sAAL dEdid 1298 dido= oa A 3 A7k Algh A A4
A oBh AAA] FZES 571 FUEe Tk wFAAE 2emXdem EU]E Z}
of ol AFstReon, 3 AHRYAE ol ATt ’\]Eﬂ-ﬂ Wo 8-S HAS st A
bt vy 1) v 230 feRxE vpmin)y 33 ‘Bgolny 47, otk F

‘o 9 Fo} 789 Likert 78 HEWO R FA}SH

o)

H

Ve _‘N,
i
L
[\~
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o
ofo
N

J

o
N
i
£

® Az B4 2 FANY

At&m = SPSS PASW Statistics 19.0 Eﬁlﬁﬂﬂx}% ol gshe] B o wWENH e o3
AP0 9l Mann-Whitney ¥ 0.2 &4 s}gm_

O 9=

EFAAES AFEEt] PV wEAA} sAYgeEyt 9] A]ls @ wFAAE
4CoANM Adstm A= F4 A3 A7)zl et A=) FAHRl wake glglon, Al
o] e dxEe zel= YAt A7 $¢F o] Wele EFEAE AREst] A A
271 WFAATE 1.9%~213%% ofte] Apol= AARE AL, FAHeR 237
3 W= 1.95%~203%% =AEA. A 37 Axor T2 AlEste] ok
2EE FAAY dETF 213%E FAYOR 2973 w9 2038 Hgtol}t 45
2kek 5F AR A ThA] % 7k o) W F X7 27 1.93%, 2.03% %2 S E EFAAE AHES
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6
g - 0.9
1 g
3 - 06 %‘
D <
2
—8—pH of baechu kimchi made with automatic stuffing machine - 0.3
4
— 4~ pH of baechu kimchi made with handmade
1 —a—Acidity of baechu kimchi made with automatic stuffing machine
~ = Acidity of baechu kimchi made with handmade
0 0
1. 2 3 4 5
Storage time (weeks)
a9 87 Fdaer] WA el vE wFAXe pH % A= W)
a9
MEAAe] 247 Azgel e F AL MERAE 4TAN A UG FFS
A% A3 124NN 22 ANAE ERFAE Agse] PR 29 WFOAY AT
sheFo]l Zbzy 3.63mg%, 3.75mg%%E Ao R A 7|ek wlFA A9 3.16mg%, 3.29mg% X th
koL, 3FAe A @AYol FAS sestel EFIAE Mgl BH 29I MFAA
7F 291% % FAYPoz 297 wF A9 314mg% Rt ¥ SHA YElgon o] & A A3
Sold 5T Al EHAAE Agshel A 291 WFAALE 240mg%, FAYOE £
g Wi FA A= 252mg%E SAEJT. wFAA A AT ddu ) vis, ¥ SolA
A AR DaHRAHAA ALY Brdog AlgHo] X by Aldbo] QS F
oh weba] ¥ 8BollA AFETE EobA= 713l 3FAMEA Y] IRl A SR e] ko] o
B Q3 RARSTE ARV Bk BAYY Fe AR W Foli AAAW, FA

—
&

4oz §olula Aol UEhlA ek,
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3 6. Sensory evaluation scores of baechu kimchi made with automatic stuffing machine and handmade kimchi

Weeks 1 2 3 4 5
Overall Stuffedl) 4.64%+1.033) ns 473%£0.79 ns 5.00+£0.82 ns 5.40£0.97 ns 4641092 ns
Quality  Handmade2) 4.64+092 ns 5.09+0.83 ns 4404097 ns 5.10+0.74 ns 4.82+1.17 ns
Stuffed 436%1.43 ns 445+1.04 ns 4.80£1.03 ns 5.50+0.85 ns 482+1.33 ns
Appearance Handmade 4.73%0.79 ns 5.09%+0.70 ns 490+£1.10 ns 540£0.97 ns 5.09£1.04 ns
Stuffed 4.64+1.29 ns 4.55+0.82 ns 5.00£1.15 ns 540£0.97 ns 5.09£1.30 ns
Color Handmade 4.82+1.08 ns 5.09£+1.04 ns 4.80£0.63 ns 5.60£0.97 ns 527+1.01 ns
Stuffed 445+1.13 ns 4.18+1.08 ns 4.80£0.63 ns 5.10£0.88 ns 4.36%+1.03 ns
Odor Handmade 4.55+£0.82 ns 4.73£0.90 ns 410£1.10 ns 5.20£0.92 ns 427+1.27 ns
Stuffed 5.18+0.87 ns 5.18+0.87 ns 4.40+1.07 ns 5.30%£0.67 ns 4.55+0.93 ns
Texture Handmade 4.64+0.92 ns 5.27+0.65 ns 4.60£0.70 ns 4.80£0.92 ns 473%+1.27 ns
Overall Stuffed 455+1.13 ns 473%£1.19 ns 5.10+£0.57* 5.30+£1.06 ns 4.82+1.08 ns
Taste Handmade 455+1.21 ns 491+1.14 ns 4.40+5.40* 5.10+0.74 ns 491+1.04 ns
Stuffed 430%£1.22 ns 4.50£0.85 ns 470+0.82 ns 4.80+1.14 ns 420£0.92 ns
salty Handmade 4.00£1.25 ns 4.60%+1.25 ns 4.20%£0.70 ns 4.80%£0.92 ns 4.50+0.71 ns
Stuffed 3.82+0.98 ns 473+£1.19 ns 4.80+0.63 ns 5.20+1.14 ns 482+1.17 ns
>our Handmade 391+1.22 ns 44510.93 ns 4.20£0.79 ns 4.90£0.74 ns 5.09£1.22 ns
Stuffed 5.30%£0.95 ns 4.70£1.06 ns 540£0.70 ns 4.90£145 ns 4.601+0.84 ns
Sweety Handmade 5.10%1.45 ns 5.20%+1.45 ns 4.50£1.08 ns 4.90+0.88 ns 4.70+1.06 ns

1)Baechu kimchi made with automatic stuffing machine

2)Baechu kimchi made with handmade

3)AveragexSD.
4)NS=not significantly different(P>0.05), *=Significantly different(P<0.05)
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AAFAoA A AFE 2~53] AALE-3)
7F e A #HPH 54)% 7lsoz e 4A$%E daDA, A3 gx
At AdA} G714 w27 Ho 134mg/L(Lactic acid 37mg/L. + Acetic acid 97mg/L)<}
148mg/L(Lactic acid 24 + Acetic acid 124)°| - = A}-89o] 71538k

FrE 308 WHE AREShe AACNA pHe Hul 582704 Steb ot 54 o] dellar,
CODyn #H 32 3900mg/L, 7F&4 138 &E(SS)+= H L 2,142mg/L, A7 HdE%E+ Hi 169mS/cm

THA] ol A AAE VI o® 47 ols FAE Hud 5 s Aotk
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(mg/L)
o . L Propionic .
sample Lactic acid Formic id Acetic acid acid Butyric acid
30% 9T 0 0 0 0
1=+ 0 93 0 0
22k 0 82 0 0
32F 14 0 83 0 0
4=} 37 0 97 0 0
5%} 32 0 76 0 0
62} 24 0 124 0 0
72} 3 0 71 0 0
84F 8 0 90 0 0
9xf 9 0 85 0 0
104} 10 0 98 0 0
112k 13 0 100 0 0
122k 15 0 120 0 0
132} 12 0 110 0 0
142} 16 0 95 0 0
154} 9 0 102 0 0
164} 10 0 105 0 0
174} 10 0 98 0 0
18%F 13 0 96 0 0
19%}F 12 0 110 0 0
202k 11 0 115 0 0
212k 13 0 112 0 0
222k 22 0 107 0 0
232 15 0 108 0 0
242 13 0 99 0 0
252F 11 0 96 0 0
262k 8 0 96 0 0
272k 6 0 104 0 0
282 12 0 110 0 0
292k 16 0 116 0 0
302t 17 0 102 0 0
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=5

2 WFAAGF F/1E © e Sy 2
Cl CODy SS Conductivity
sample /L) i (mg/L) | (mg/L) (mS/em)
12k 157,880 6.68 505 559 138
22} 196,780 6.23 1,250 620 138
32t 161,900 5.86 1,500 475 143
4=} 156,820 6.70 1,450 650 169
52F 147,180 6.61 1,660 640 120
62} 138,800 6.28 960 1,038 143
T} 172,960 6.31 1,060 926 158
s 162,100 6.58 990 1,182 160
9=} 161,440 6.34 1,020 616 153
10} 117,200 6.27 3,900 1,219 156
114} 160,000 5.88 1,900 658 158
122k 147,771 5.82 1,500 1,573 152
13#k 164,555 5.85 1,100 1,795 160
14=} 121,347 6.12 2,100 2,142 157
154} 164,500 6.12 2,350 1,121 153
162} 165,000 6.32 1,250 1,623 155
174} 175,000 6.20 1,550 1,262 163
18%} 172,000 6.09 1,240 1,406 162
192} 165,000 5.90 1,020 1,143 158
202} 180,000 6.05 1,200 986 162
212k 168,000 6.01 710 1,384 157
222 162,000 6.28 850 956 154
232F 148,000 5.96 820 1,176 151
242 170,000 6.28 720 1,120 154
252 167,000 6.99 640 873 157
262F 184,000 6.94 670 1,046 157
272k 180,000 6.25 850 984 158
282F 170,000 6.03 750 1,275 155
292F 168,000 6.68 900 1,085 152
302k 178,000 6.43 650 1,073 156
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T3 AEFA

Equipment Specification

Equipment Agilent 65652A DC Power Supply

DC power supply 20V, 25 A
Power supply
Operation Fixed current mode

Current density 100 A/m®

Type Batch type
Reactor
Volume 15 L
Anode IrO>,-RuOy-Ta05/Ti
Cathode Ti
Electrod
Type Mesh type
Size 100 mm x 100 mm

Holdf= A7)88as A & AZ S Merck Aol Al Al &% = Microbiology Envirocheck®
Contact TVC Total Viable CountsE ©]-&35}o] vrg|g]o} njA&E o] W3l 548 votsldt)

O™ 701238 Aot drlsksr A

- 107 -



7
o}
-
on
X

Qoh 1715842

AR e (L
3lo
5}

a4

9.0 mg/L AAZS o 93] AHAHE

ok
=

6), 123

2]
=

18 eh.(1 7) wheba] 99.9%0]732] 4t

9.9% AAHES &<

-
R

el
A= dRdae T

3]

©
=

2 129 mg/L TAAA

A 10 mg/Lold FAIAIA

KN
=

H3al7] 9

TEES &

BR

X

)
A
i

—_

o

LERA AT 193]

11.1 mg/L= At o1

AL

£

e R TH 1Y

AA el 2ol o

=
T

% 2 )

9). A Sl 203] o

sh 27)ske A5

194

;go

1Y 9, 203

e

A
BB

—

XM

Z o

1Y 8. 193]

4 1A A (m-Endo agar LES)

ofshute wEe AN ez Aojuo] of sube

3]
=4

o

A=

E

)

7} BAEA G LdFn o

X

= 2fell 7]

Fol =24 Al o]

S

9=

HHAA 350 + 05 CT=E 24 = 2 A

Eiaites

viel

K
B

ojn

)
&
zel

0

)

oot

- 108 -



%
2
-

TG

17T

[e)
A&

-
1

]

Qs wo

=7}

A

A& W NaClg o}

718}

- 109 -



Wrog_&
Mau]ﬂﬂh
LO‘NEﬁ ol
70 o_ELré
ﬁor 5N
ﬂoogfr
oﬁe _Eﬁomﬂ“
@uoﬁamwm o
mewmimam« 1
;o_v;o X0 = o B
ﬂw&ﬂe_ﬁwﬁ ﬂeﬁmmﬂ nn
MEE,HOQUJW d.ﬂziwlw _A_-i
aﬂwﬂ} # 0 T
3 ® P
i JanIg o]
Emuﬂamﬁ 7R E _—
U._mﬁlu,.m_lﬂl___on_ ,DIEO OgoT
azL et o =
vqo;z_v =4 < F
o T % od = TR Mﬁ C
o) 0 o — — EW ;o‘_ AT o
LL
wqawm 23 3 =© 3 5 <
,.JIO —
Mm_xﬂmm o £E : W
- o e = - £ A Kl
. O;oma do X g g A ogPdl °
) = o =) Mo = I, ] = g | o o oju T
- X1A = 25 Eﬂo__o -
5w ° . dloLm i )
() 1 M%n_AIoE N Ss(w ey R~ ] B
o = il W o= =) » = 3 o ° " — N Il wf To-
aimeﬂc X% ﬁmmo NAﬂ mﬂéﬂ
w.m Jxmgmuava” GUM .mmmaou, go P _J/md.mﬂ
= E@w@xm n_v dﬂm% Mw.a»a xao.o_e
Jue 3 — .ﬁA_ —_
X AWXLE.#\M_;O > mowm O ,_ﬂ_v‘ml_v% B]./FQU
= igém .1mma 2 CER o
= mumﬂﬁﬂe ! m.ndam,@ @ﬂ% =
< jﬁﬂm s mmSmme T ® T T o
<~ < E 5 wmmcu.m g T ~
i RS 3 mmmwﬁ o WE g
_ — & dgn _ — r
= me%@ cmﬁa.me %_quoqa
= e imuog P ..Mmm oﬁeevﬂo%ﬁ%
i c: ay o o S G = e S £ d X e ~ ol
. B 4EE—H > B 0 o_n__mv
ay N MMXJl F.. o L.Euv
ﬂ_HC]F %! I.. ~X LEXOJl _
B%_,oﬂr.Jl - nzn]iﬂlx‘_mﬁﬂ
OEL.@A‘A ° 3 L,ml;‘lo,ﬂ
& N A:.L. _,dﬂ,u]t ~
A oi#oﬂlc
GG R w < I
} ﬂ%%%ﬂ%ﬂ
A_.muﬂﬁﬂzﬁoo_n
Wu%mmo w}ef.
o%mau% N AR
XV IQO.ATI
o C,A —_
ZOW.._N_A” 0
Ho go,_f
_
ALI
N

- 110 -



100

o
\I o
l/l
l\
\.\ 7o)
. -
/l N
AN
[]
‘m
I\
. <
/l
l\
/.
/.
o 0
/ -~
u
L]
[ ]
l\
/. | o
\\ ~
l/l
l\
/l
/l/ - 0
[}
-
[ ]
l\
T T T T T ©
o o o o o
o © < 1Y

(%) Aousioiye usun)

Number of reuse times

DAY egae ola Azd A

o},

il

3 0 sk,

=
=

e W

=z
=

E] pore size &4

o)
=

E

=

A Q&= 5 ml/min

=
=

5 mm ZE

sk

tgom o =] 3 bar7bA

S

o W

A5 AAe

7}

sy

& A

e

A A &} A

=
o

B pore size

x4

(bar)

15

2.8

0.2

10

2.6
24
1.6
1.6

2.6
2.2

0.4
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D pore size7t 1.2 mm ool A= d=E F7H7F A9 TAeA] &%koew 02 ~ 1 m 7+
Ae F#e] S7HE5E F4381A 4o st 3 gkl 3 me
/min¥ 799 10 m¢/mini= ZE pore size®] W3lo] o3k At WHEIE Aol FAE S 4
ER LTt

olN
N

3.5

Pressure (bar)

0.0 . . .
0 3 6 9 12 15 18

Flow rate (mL/min)

a9 13 A ede] o3 wad Zet st

L3k HE pore size 045 um °]sA A= F5o] 10 m/min ©l’} 7S4S 2gbo] 543t
L 5

A S7bete AS ¢+ ddew FHo hgo] 1.3 bar7k#A] F7tste A 1.‘{'3}9?\‘:}. I
pore sizeZ} 5.0 mol A= F3 F3Fo] 10 ml/min 7HA = 249 W7 il o™ 15 ml/minol
A Hd 0.2 barg YER O pore size’t 7S IH Iy @Al %ﬁfﬂ s =

A gelsdh
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Ao AFEH A2 100100 mm Mesh typel. = §Ho] 358 AT E
2 IrO;-RuO,-Ta,O5/Ti A5, &5 Tid=FS Ab&alth(Lee et al, 2011) &
d7istet bz Eder R E8Y 15 Le 483

T Power Supply
1—%;9
a

min

I ] Waler Bath

19 26. Experimental apparatus for electrochemical oxidation.

Salting

|

10% Brine —»

Chinese cabbage Electrochemical Salinity
pickling Process processing measurements

19 27. Flowchart of experiment.

3£ 10. Specification of experimental apparatus and electrode used in this study

Equipment Specification
Equipment él%[l)lli)ef}l/‘t 6552A DC Power
Power supply Bcelg cgggr supply 20V, 25 A
CSrr ent densit Fixed current mode
Y 100 A/m2
Type Batch type
Reactor Volume 15 L
ITOZ*RUOZ*T3205/ Ti
Anode Ti
Electrod Type Mesh type
Size Mesh type
100 mm x 100 mm

() 28y

BoAFel At 10% AYGSFE A71gstd g Ausele o wgRey wse §
1% s 54 Festa dUgre AAE Fsde Frldgnh MEE P Fo 4%
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Qe F-7]719] YLI100 HPLC systemE ©]-&3te] A9l om % 119

3 11. Operational conditions of HPLC

Unit Operational conditions

Column Aminex HPX—87H Ion Exclusion Column
300 mm X 7.8 mm

Mobile phase 0.018M H2SO4

Column Temp. 65 C

Flow rate 0.7 ml/min

Detection UV 220 nm

T3 d%=+= MetrohmAte] Ion Chromatography (Compact advanced IC 838)% o]-& 3}
Cl-9] =& &A39h Cl- 4= 938 Anion SUPP 5 Columng AF-831 2™ Eluent®
3.2 mM Na,COs; # 1.0 mM NaHCO;3; ¢ &% A& At&stdom F&F2 0.7 m/min= =43}
ATt FHFILAE T AFEEEA CLE Z4%J o HACHAMS Pocket Colorimeter I =
AT e Addaet drisetA e Ao nAAESHA wstE gelsty] $18) Merck
Aol A Al % E= Microbiology Envirocheck® Contact TVC Total Viable Counts& o] -83}¢]
vt gjof Hl =9 W3t A4S sttt & TS oA HoRE Adstdon FAA
& AA A (m-Endo agar LES)E At&3ate] FAHAIF sttt A85 o #AI7] oA3ers
o7 Fojuol 3w w=us fEste] FAEPAWNSY wiA ol 71E7F
2HE AEYHAE FHFoA 350 £ 05 TE 24 + 2 A7+ vjdsdnt. F=4A
A e AR AASST. I S HUbele AR RN Escherichia coli 3
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AN R ol

(AFHAZ=FFL
70.0 ©] )
58.0 o] A
(2) L2 (%) | 40.0 o)A | 540 o1 | 500 o4 |[(AIFEAZFEL| 540 o4 | 200 oA
40.0 o] A)
4.0 o] 3}
(3) FE(%) 15.0 )8} | 9.0 o8}t 4.0 o)s} (ANFAZ=F9E| 90 o8 | 55 ost
10.0 ©] 3})
0.15 ©] &}
4) E¢2(%) | (EREL |0.02 o3t 3.0 o]s} 0.02 ©] 3} 0.15 o] &} -
0.3 °]3&})
0.4 ©] 3}
(5) SFako] (%) | 5.00] 3} 5.00] &} 5.00] 8t B FAZ=49L]| 50 o8 | 5.00]3
5.0 ©]3})
(6) AHE(%) 0.20] &} - 0.1 o] &} - - -
(7) ¥l 2(mg/kg) | 0.5 o8t | 05 ©]3 05 o] &} 0.5 °] 3} 05 o1& | 05 ¢3t
(8) F(mg/kg) 2.0 o]3 | 2.0 ¢]3 2.0 o] &} 2.0 o] 3} 2.0 o3} | 2.0 o]&}
(9) 7}=%H(mg/kg)| 0.5 ¢l | 05 <]st 05 o] &} 0.5 °] 3} 05 o1&t | 05 o3t
(10) 2(mg/kg) | 0.1¢]3} 0.1 o5 0.1 o] &} 0.1 °]3& 0.1 o1& | 0.1 <3}
(11) # = A3}k oo B ; - ) -
o] (g/kg) E74% (0010 o]st| 0.010 o3t 0.010 o8t |0.010 ©]3}|0.010 °]3&}
(3) &9 FA#e
S MFEALY MFFAHAA Tg&F 285 U FEgFS FEE A4E ALES =
o AT ANA E3 TR HA AFEE AFESA o FAAE V&S v
I 2
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T2 NF REAYMF AN AT olsH 54 2443

A e AH A A 5
% pH | AFE(%) | 9E(%) | (%) pH A5 (%) | AE(%) | FE(%)
&3 6.40 0.12 1.21 93.18 6.48 0.11 1.42 95.05
F2otr | 6.09 0.19 1.85 94.46 6.58 0.13 1.19 93.17
- 6.60 0.12 1.13 93.84 5.80 0.21 1.01 92.43
1 | 521 0.20 2.05 91.85 496 0.27 1.70 94.19
352 | 530 0.21 1.74 - 475 0.31 2.21 -
g | 571 0.15 2.09 94.06 5.56 0.17 1.25 93.57
3 5.42 0.20 1.59 93.15 5.95 0.19 1.46 93.53
Aot | 587 0.14 2.95 91.72 6.24 0.15 1.23 94.03
A711 | 6.22 0.14 2.30 93.23 5.16 0.21 1.87 92.80
72712 | 5.03 0.23 1.82 - 5.30 0.21 1.60 -
H | 5.79 0.17 1.87 93.18 5.68 0.20 1.49 93.59
=he) 6.60 0.23 2.95 94.46 6.58 0.31 2.21 95.05
H2 | 503 0.12 1.13 91.85 475 0.11 1.01 92.43

(7} F%=(%)

O 9%e AMH AL 113~295 %(Hi 1.87%)A e, MxH = 1.01~221 %(F+
1.49%) %3

@ Ale AFe FAd #=ske] MAH A2 1.10~3.00 %, A& = 1.00~250 %= A4
shaal gk,

(1}) pH
O pHE A& d& 503~6.60(FH 579)0]Rom, A FE 475~653(F 1 5.68)0] 2
=

@ A% AFEe FA0] F3he] 50~66, AH T 47~660% BAsnA o,

(th) AF=(%)

O MH A& 012~023 %(F 017%)olRemH, AFH F+= 0.11~0.31 %(H T 020 %)
SF=s

@ Az AFY Zd F8to] MAH A 0.10~0.25%, A& $+= 0.10~0.30 %= At
A} e,

() (%)

O AH A FES 91.85~9446 %(H 7 93.18%)AoH, A& F= 9243~95.05 %(F
93.59%) A t}.

@ NF AFQ A4 T8l AFH AF 25 92~95 %2 AdA st o)

GEERECIEL R EI0)
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ool EMANE EdlE Ao olgety tA4VIE(Rbe & 33 #Zo] AU

® 3 Ao AH A9 olstelH 4 7]E=(%h)

=3 AH A AH %
= pH | A%(%) | 9%(%) | F5(%) | pH | A%(%) | 9%(%) | +5(%)
5.0 0.10 1.10 4.7 0.10 1.00
7] (2h) 92~95 92~95
~66 | ~025 ~3.00 ~66 | ~0.30 ~250

A E BAo 23] AlE s 4 A4 = clean bencholl Al AA 25 ¢g& F+
o2 FHste 225 mLel ¥ slAu]&o wel Ay nAE 2 HAA nAE
A

H
dde AT dddd= % 4 9 % 59 Ak

°
=
T

E 4 NF SEAQUF AH AT du AR 54 BAAR <13

A2 A2 A(cfu/g) ] _ A $(cfu/g) ] _
o) vt ot AWkAl v | E R/ | T AubAl | R/ F30]
il 11x10° 48x10* 49x10° 27x10° 35x10* 44
TokR 21x10° 78x10° 12x10* 37x10° 12x10* 10x10*
5 46x10° 78x10° 28x10! 31x10? 28x10* A
i e 34x10! 15x10* 15x10" &4 11x10* 2x10!
ek 45x10° 23x10* 54x10"! 1x10! 80x10° 1x10!
= 4x10"! 55x10° 1x10* 81x10! 20x10* <4
A etE 69x10" 35x10° 31x10" 63x10" 29x10" &A
73 7] 32x10° 14x10* 20x10* 36x10° 68x10° 4x10*
77k 56x10° 16x10* 81x10" 18x10? 19x10* 2x10!
gk 32x10° 48x10* 49x10° 37x10° 35x10* 10x10"
HAZk 4x10! 35x10° 1x10! A 68x10° <A

A Az A Az %
° SS SA | B SS SA | B

ol R R R R R T
i I I I I R I R I I R T
e R R R R R
u} IR R R R R R R R R
i IR I I R I R I I
3 IR R I R R R R R EE N
A o I R E R R T
73 7] IR R R I R R T R R E R T R
bz A |2 |2 S 2R | SR | A | s | A | X |8 | &8 | 248 | o4

« A AR okt A

2

ol SS. Salmonella spp., C. perfiingens, SA S. aureus, B. B. cereus,. L. L. monocytogens, E.

E. coli, Y. Y. enterocolitica
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Az W3 (ha) B AFHE)
2008 37,285 2,584,908
2009 34,321 2,528,966
2010 28,270 1,783,010
2011 35,351 2,680,847
2012 25,576 1,816,021

AR D SAA

A AR A o] FAS A =

= AR H A 3 AYabako] 7 wol A Ak
wo] 328%° e, oz F 5

¥ 02,2012 71 A9 v S Afu) HA L A
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- Aimz | AN | AEE | A | A4 | AR | AskEE | Ak | AsEE A
g 337 20,320 - - 3,056 254,639 3,660 330,713 7,053 605,672
7+ 1,185 48,124 5,733 209,569 1,345 77,529 - - 8,262 335,223
ot 504 27,194 - - 2,794 27,118 - - 3,298 254,312
77 4 21,283 - - 1,789 171,941 32 1,645 2,243 194,869
i 888 55,251 243 13,151 %1 71,838 39 1,035 2131 141,276
5 523 27,791 130 7129 1,493 106,001 - - 2145 140,921
g 282 13,837 169 10,759 670 36,429 65 3,328 1,185 64,354
5 379 14,820 127 4,636 413 17,690 61 2,994 980 40,139
BA 116 4,897 - - 520 19,794 - - 635 24,691
Skl 240 9,876 - - 268 10,077 - - 508 19,953
AT 72 3,754 16 720 - - 130 7941 218 12415
BT 74 2,838 30 1,163 - - - - 104 4,001
o7 26 1,090 - - 38 1,761 - - 64 2,851
oy 6 179 - - 30 1,723 1 4 37 1,906
ikl 2 628 - - 13 938 1 49 36 1,615
=7 5,075 251,883 6,448 247127 13,388 997,478 3,987 347,709 28,898 1,844,197
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Aol 7hA L 20113 H27bA], 1kgd HA 1250958 HaL 3273H Atk v (3

)9 99 oA S o] &l wFdd JFEHE AlAe A, kgD (A AulF 7)) HA 255
ARE 3 2540tk AR MFEAPA D AAAZQA 24 A, AR WFEY 7
FH = Hat 500¢/1kg(A A3 71E)olar, AdwlF 35 97 1,400~2,2009/kg o] AT}
7. Al 7HA AE(2011-2013)
Z] o)yl = [} =] o) ¥l = A 5= 5
w RS V| dae | | wham | 80| @ |
B - (2/ke)
1 Rh- 2011-11 25,000 20 1,250 365 885
2 2 34 2011-11 35,000 20 1,750 365 1,385
3 A7 T 2011-11 24,000 20 1,200 365 835
4 AE s 2011-11 15,000 10 1,500 365 1,135
5 5 EIQH 2011-11 38,000 20 1,900 365 1,535
6 5 A4 2011-11 25,000 20 1,250 365 885
7 AE &5 2011-12 28,000 20 1,400 774 626
8 A F A 2012-10 25,000 20 1,250 995 255
9 5 59 2012-10 26,000-30,000 20 1,300-1,500 995 505
10 A s3l 2012-11 24,000 10 2,400 790 1,610
11 e 94 2012-11 35,000 20 1,750 790 960
12 g 1= 2012-11 37,000 20 1,850 790 1,060
13 A g 2012-11 30,000 20 1,500 790 710
14 g 4k 2012-11 25,000 20 1,250 790 460
15 A 2012-11 34,000 20 1,700 790 910
16 e Azt 2012-11 30,000-34,000 20 1,500-1,700 790 910
17 e 24 2012-11 29,000 20 1,450 1,082 368
18 5 o 2012-11 28,000 20 1,400 790 610
19 g U3 2012-12 33,000 20 1,650 1,082 568
20 HE Fet 2012-12 36,000 20 1,800 1,082 718
21 A 3 2013-04 35,000 20 1,750 1,124 626
22 RIh- 2013-05 40,000 20 2,000 749 1,251 AT A E
23 ARl 2013-05 25,000 10 2,500 749 1,751 AT % E
24 A8 9 2013-05 35,000 20 1,750 749 1,001 AT
25 FFFAA 2013-05 19,500 10 1,950 749 1,201 AT
26 g BA 2013-05 38,000 20 1,900 749 1,151 aTAAE
27 A& zIk 2013-05 32,730 10 3,273 749 2,524 AT E
g o AF A AAAH (http//www.esingsing.com/ver2011/main.do), &4He %4 R(KAMIS : http://www kamis.co.kr/custom

er/main/main.do)
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T(0.724) 2 “wF=dAdF" ASAT(0476)E ot FatF e, “IAiF AE WS A 4]
e AE wFA A A ‘Bl A] S FHGFEF-TIH)VS 2ste] ek
o A wEF A AR 19 19D wiFAA A G ‘el A AEstET, A =
2 2 A (1.416)2, “FAJATF (597, “365Y7 5 H3tol e
e ddujF oS A58t sl felA due T8 WeEY nlHds A1 A
3 (autoregressive model, AR) =& v 3 3] 7 (multiple linear regression)®3¢] 4 4
o] o] o5 ARE AFESATE G “HiFF A AESIETE, WFHAE 2FE T8
AEAEo AEsEI 207|718 g, vid 1.2%% ZF716tA €@ Ao ® 7HA e
(D 10 1¥9 mi=31x AHAH
190 193 wiF32 AHAZFH (@) 537 AaliAl, wiFHA A &S A= ¥
55 AAS A, I AEAS AAEET. 19 199 w34 x] JF el sk o534
of Alg¥ EHHFE AAVAELS(rd), 19 199 24H] FH(con_rice), 212 AW A ZF H]&
(r_res), ¥l5 & 7}A 4= (rcpi_bae) 5 47§ ]t}
# 11 wF4AA AT A5 9 W
LR A (713 =
A TMAHE A5 199 71AHEAS+GDP Y &4 °] %100 } )
. OECD, IMF, 3-=23)
(rdi) (1998-2012)
1o aF 9 1 XE T <) ] =
1< 1%_ g Aav Ad 114 1495 H 99 1049 31714 715 0¥t ] 2 A (A A)
(con_rice) (1998-2012)
9] 3% :H‘ 2=~
A4 AR g | QeObEE A AR < AnEoages | oo el AT
A =N (1990-2012 CHASEEA, TA%)
(r_reS) E'l)} ( B ) >-<._‘L-/\], 2?_1 O]}\J', /é;é
FEELVAETIA F(F
5= E7FA] 4 F7tRu A A (0 F) s F H ol dGDPH Ed o] | AA)
(rcpi) E{x100 (1975-2012) A ZEE ST
o Z# o) ¥ (3h=r-23Y)
oF 3,000 EES T oz 2447 3R o
=71z A= ak ] 2]l = 2k -
v =2 A FH 2 olaf wiFA A AHFHFS 2AF (1998-2011), SmABEA (AR )
(dose_bk) ¥ A A5V gle 7 dEE A dER9
# 2o A

D o7llA MEAAS Fln £E%e 44 A4S w9 Asg Agsged, ot AA 4Ae wY AR F WA} AAtE HES
A AZT & Q) BE),

2) ZAAFE AAY ARZYE 203 o) A5 D0 BT, Ak MFAR 2uge HAGOR ol TE HAY Aut B
RS AL A A5 S, 20 ARt A Aol 2AE AR S i, A28 @ A0S NEoR TPATE oA,
N 1909 A% EA ANFe A AN @1 2458kg, o - AAE Bl A1 1085kgo] APlElo] A1k B MERA 0]

s 3543kg°](2011 71%]"‘}%4%]5115‘- b.
- 201 3 191 195 WERA 4% BeeHUAREA L FH 199 A WF0A HALE 250kgd

3 NI 717 Fo ABHE] FEHEI} FED olF 207102 AW gl FERLE &%, L8717 04, nFe FEHE
50%, 28713 43d, B4 AEBE 3% 28717 BY, WSROI 7)) FEHE UT%, 28717 3199




A7 A4 o, A3 P& 2540 7t A9 AHAGFE S71E o= ddd
Ao 71xo] BAANEA ZHZhe] Av|HE MR UHI BA Urk B Au o] FHAEH
AA v FFe] dgjd oz AastA d Aolm= A HAALFE 74T Ao=m fFurdr. 2
AHH] A Z ol A 2pA| sk &4 AR E H&o] FULeHH, oA - 5AS B A M| o)
Z7betal ZFgel el A Au|gFe] AT Zoz AZETS), dA A AFAE 9,
Hj 3= 7}A o] st A E AAA sk v Ake] vl &o] EobAal, wjF 7pF o] shEt
st AAE 7Hgod A A H1e vl&o] FUksteE Ao® Iy A vk wEka] wjF 714 o]
Msstd wFAA AP o2 S v Aow Aoy FARYL g3 2
ok A7) A Lxv t-x7] AA(lag)dk<, Dxv t-x7]9F t7] #¢ A& (difference)< W EFHTE
(RANARLS) rdi = f(L1.rdi)
(&A1) =) con_rice = f(L1l.con_rice)
(214 "] &) r_res = f(Ll.r_res)
(W5 =7HA15) repi = f(D2.repi, L1.repi)
(=X A 3 ) dose_bk = f(rgi,comce, r_/r;s,Ll.rEﬁi)

Ao fist ARREY 34 A3, AANAHEALASS AHHo2 F71E AoZ o5
th 19 1993 & Aul e 20119 195gell Al 20303 119go =2 7Fash Ao R o ZH QT 92
AU A E B&S 20303744 47~48% Tl AAL Aoz dSHA vF Frrav s
A AHHo R A5she] 20300+ 2011 9] oF 2uf7F & Ao 2 o SHAT 19 199
w02 A S 2013 75.24gol A A EH oz 7Hasle] 2030l = 61.84gS V1= Ao
2 o FHA
¥ 12, Ao AREE =4 A3

Model Variables Coef. Std. Err. t P>t R?

. L1.rdi
rdi AN A 25 1.022387 0.004889 209.13 0.000 0.9997

. L1. i
con_rice (15?I§%fe}éim o) 0.974146 0.003031 321.45 0.000 0.9999
L1.r res
5 § 0.752590 0.037559 20.04 0.000
Al 1] 2] =8]8
r_res (AL AE0 &) 0.9710
‘(3%{‘;%) 0119106 | 0.016493 7.22 0.000
D2.repi
‘ (NEZ 725 28 0.508923 0.063204 8.05 0.000
rcpi [1repi 0.9779
(=8 7} 52 1.028259 0.026567 38.70 0.000
4) 7VAE45(disposable income)> MALE F &4 - AFE AFEA & + de £55 v, GDP HEdolHE 33 A% & GDP
s} 44 GDP 7t HI&E, 71%0&5011 ma) dze] Ev7) Arh ASHEAE UEnE A Ae ged 714 GDPE 71#d
7 23}

+4 GDP(2005=100)% Y7
5) &HZF 7he] A A% 9

rPN &
r)-
n

E% 7%, A/FAAA ] AA NG JEEE 61.8%U (20117 X4 A B 24D
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daose_bk >
(HH‘%‘ZZ] X] /};l]‘ﬂ %t) COEf. Std Err. t P>t R
rdi 0.001191 0.000506 2.35 0.043
(A7 EAS) ] ’ ' '
con_rice 0.190360 0.011151 17.07 0.000
Y FAaAn
AN LTEANE) 0.9998
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