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What you get

Benefit 1
4
Value 1
What you give up
Cost 1
4

Fig. 1. Principle of Value Creation
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Expectation Research Procedure

1. Trust of tea industry can be recovered by improving safety of tea products.

‘ Selecting Method of Tea manufacturing

2. Introduction of HACCP system give tea products safety.
3. With HACCP system, it is possible to set up the standard of safety quality

Setting up the Standard of HACCP System in Tea Industry
1. Analyzing Hazards in the Process of Tea Production
2. Decision CCP, Setting up the Standard of Safety Quality
3. Decision of Improving Method and Making HACCP Plan

4. Manufacturing method is a important factor of quality.

5. HACCP manufacturing method become more important in a factor of quality.

6. HACCP manufacturing method increase the satisfaction of perceived quality.

Analyzing the Effect of Perceived Quality by HACCP System
1. Evaluation the Importance and Satisfaction Degree of Quality

2. Analyzing the Correlation between HACCP and Per-Quality.

7. Mania gp. has more trust than non—mania gp. as mania gp. has the high

satisfaction of perceived quality on HACCP manufacturing method.

Analyzing the Satisfaction Degree of Per—Quality between consumers.

1. Analyzing the Satisfaction Degree by Drinking Groups.

Fig. 2. The Research Procedure in the Implementing of HACCP and

Satisfaction Degree in the Perceived Quality
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Table 1. The Specification of Tea

[tem Limits
Tar color Not detected
Pb(mg/kg) <2.0 (in case of fluid tea <0.3)
Sn(mg/kg) <150 (in case of fluid canned tea )
Bacteria cells <100/1m (in case of fluid tea)
Coliform Negative (in case of fluid tea)
Cd(mg/kg) <0.1 (in case of fluid tea)
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Table 2. Statistics on Annual Local Korean Green Tea Products

Item ‘85 ‘93 ‘96 ‘99 ‘03 ‘05
Cultivated area
449 642 829 1,400 2,308 2,953
(ha)
Production
476 617 947 1,193 2,322 3,309
(ton)

Yield (kg/10a) 106.5 96.1 114.2 85.2 100.6 112

Farmhouse
92 739 1,171 1,979 3,281 4,457
(household)
Cultivated area
4.9 0.9 0.7 0.7 0.7 0.7

/farmhouse (ha)

Consumption
11.6 13.9 20.8 25.5 48.5 68.8
per person (g)

* without import amounts

(source : Ministry for Food, Agriculture, Forestry and Fisheries ; 2006)

Table 3. The Status of Green Tea Cultivation by Regional Groups ('2003)

Item Jeonnam Kyungnam Jeju Country
Area(ha) 1,345 698.8 197 2,308
Production (ton) 1,424 355 531 2,322
Farmhouse
1,719 1,520 9 3,281
(household)

(source : Ministry for Food, Agriculture, Forestry and Fisheries ; 2005)
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Table 4. The Present Condition of Green Tea with Culture Sources

Cultivated
It Farmhouse Cultivated area Production Manufactory
em
(household) area (ha) /farmhouse (ton) (EA)
(ha)
Hadong
1,235 474 89
(03)
Boseong
982 885.4 0.9 1,246 31
(05)
Country 4,457 2,953 0.7

(source : Hadong County, Boseong County ; 2009)

Table 5. Imported Quantity of Chinese Tea (ton)
Green Tea Green Tea Green Tea Fermented
Year Total
(1%, 27) (3 4™ Total Tea
2002 1,386 51 1,225 1,276 110
2004 2,837 210 2,470 2,680 157
2005 2,919 153 2,418 2,571 348
2006 1,621 112 1,196 1,308 313

* 2006 = the first half year

(source : Korea Customs Service ; 2007)
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Growth
rate

Total Beverage Market (2006)

Minral 35,000(-3%)

water
1,700
9%

G/T 320
B/T 170

Sales

amount

Tea Beveragq,
(100million won)

Coffee
drinks
1.230

Fruit juice
4,300
-12%

Sports drinks

* G/T ; Green Tea B/T : black Tea

Fig. 3. The Market for a Beverage in the half of the Year ('2006)
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(1) HACCPY 7@ ¥ 2A
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Axbs D feles 4 2) T8 #4183 T8 we Ve 94 A
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FAolm AAHola A& BYE 2Fe A (safety)
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sld=ol Al WA AE Ao, FAAE, A5 B FAE Tl o
3 A At Al B EU Wt E Ao 24 HACCP AAE 873
3 Q) THOEITFL).

HTole AE #d AW U AF Y Adg 44 AE AL
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Table 6. The Name of an Article applied to HACCP

Items

No.

o

it

Nfo

Ko
Mo

o

M
T

mo

ol

<

dE=

8

10

nE
iy

I
i

nE
pH

11

o
I

T

13

el 43

=

14

o

—

<

16
17

-

MK
=

. Korea Food Sanitation Act - The Name of an Article applied to

(source

HACCP; 2009)
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Table 7. The Times applied to HACCP

Division
Sales amount Employee Times
(100million won/year) (person)
20 251 2006. 12. 1
5 221 2008. 12. 1
1 =6 2010. 12. 1
<1 <5 2012.12. 1

(source : Korea Food Sanitation Act - The Times applied to HACCP ; 2009)
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(1) 2= #4Hbrand equity) 23
Aaker(1991)% ‘B = 22H(brand equity)’o]&t Bal=eo} #hedd zpAH(L
g AL S AN o] HUMA (e F54]) 7HAE A ste BdE
ydzk Aol s Alstel 8902 AlFE= AHassets)e] J ol shar
2= 24ES S T899 S o Z2rha sl
1) B¥#E= Q1% %(brand name awareness)
2) 2= ZFE (brand loyalty)

3) A& A (perceived quality)

7)
4) BE A4 o]uX](brand associations)

1 Fo| A% Aarker and Keller(1990)¢} Kirmani(1990)+= A Z3==4o] B
e 2dEd ZAPA JeFS w ATt A3, Zeithaml(1998)2}
Rust ef al(1996)2 A|Ztd FALS X ztd 7Fx| o Al J&S vz

i sk
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) B[R] ©Aj o] &
ol &(cue utilization) ©] 2o & An|xEo] AFE] I EAS

A Zbst=d o] e AxER 82 4 e dAdE WAAE @A (intrinsic

cues)?} @] A4 A (extrinsic cues)Z T 5 Atk
Ankrd oz YAA GAE AE AAe #EE GaR AF L AAY 5

Maheswaran et a/.(1994)°¢] ®H.113}99 2™ Richardson et a/(1994)% -
A BA=o disk xztEAe] o, A4 @A g disiA Atk Baivt

At

Hong et a/(1989)¥} Maheswaran et al(1994)2 dwtx oz 2214 A
oF A2 @A7E FAlC FoARE w AF A2 Fel mE WA oERE
zZrol= Al AA o] AL ARALFE A BE TS A dAe] o
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I Cowley et al(2003)] 98t A|F A4 oF AR &4 HHo
sk sjA] B o], AR FY & AB[RY Ao BE AElA g W dFo

Mo
rlo
b
_>|i

f

(e
o
2

LI Ak oz AFA Al FIFEFE A @A TE LnjRke] R A
2 Hi¥a e (Maheswaran
et al. 1994), 2z Aol wel Sl= AF AlEEel = 2E ®el vkl
ol S5 AE AAe] FEsr] wWEel aE HrFE w WA dAR
U= oA 4 eAel digh 93 AA B Aoz ddd
of Wrellk= F& A Zke) zpel7k af Aol ujate] A4 ol whel &
gitE A7 Bas gARE vE ARl THa 3 dakA] 53k 2 oA
2 g o) JF ddske] AlE AA &
sh=Alol]l i = ofn] vt A7t o] Fo M TtHRao er al 1988, Herr
1989, Rao et al. 1992, Smith et al. 1997, Wood et al. 2002).
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(encoding)yt Q1&(retrieval)oll = Atter ko] w4 Qi ARAo]
A )9k #Aste] Smith(1993)= AFel dig &

AHE BRel did Bllzol] g Ay, g 2 H=

Aes ASAoR HAFsidn. 28l HIZd= AlE AREo] AMAER st
= BAA oluA(mental image)E FAAAIZI=H], oldg BT FAA o
nA = AA Augrvs AA B 9 fFARE] wfel Al

B7h ool F@dFE mE 7hsAel srhal Schlosser(2003)7F K
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(5) AZAFHAA A 57

A2k (country of origin)oll thak A= 7]do] nlA”E s = AFolLt A
Fo A X e =7PE onske Az dAFA(country  of
manufacture)= AAZ AFe] Aol dojd w7bE Aeetar YA
(Chao 1993), =l 2t Aol = Ax AAS F7H7F opd QiAo

TAHE Fee s Aow HelY
AAA mbell #g A= Schooler(1965)e o8] Hx= Alms o,
F& dgEo] APHA=H o] AFES H A AT ZE5E
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AR w7} EARTE e we
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Y53l thJohansson et al. 1985). TdE ¢2k2] @3] EAE ¥He] &= dlA]
A o WA dabA aapp Hlste A S st & A4 S5
T EAET ol &3t AFES dAA mUE A AHug
(cognitive elaboration hypothesis)ol] o]8] Zuv]AF AKX g AHAA afA]
g 5 A 2o F3om(Hong and Wyer 1989), 94 E H7tste 24
oA AelA Aol 2A gllow AgIve e WE FJAHGurhan-
Canli and Maheswaran 2000). ¢] & &8l AFEL L3 AF
T, A, 9% 59 W A a3 A RN 2d W A9
= e Ae v Ak ' A Ao gk ol E g sk 7)o
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Ao A]A] o] Wre A= YA AHE 1A I (stereotype) o

4 WyoR A e HEE AgeA o
AAA B BEA FESA, 2ulAe] A fFEol BE A4l 9
A Aunths AF &4 ARE T2 28snz 484 Gnt s
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kel xEgkxle] 9l caffeine, catechin, fiber, moisture, total free
amino acid(TFAA), theanine, T-nitrogen?| &S ®#43}7] $slo] A=
10ge FHotal 9o dAE:AA g ¥ ZHAAEFFE=ANIR
spectrophotometer, Model NIR6500, FOSS, USA)Z 400~2,500nm ¢l

T SEE AR 1g¥ HslY AAFESA7]I(Model MB45, OHAUS,
Swiss)Z SA3I o, A = (water activity @ Aw)E A|8E 3g¥ F
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Table 83} v},

0|
NR

i+ 51871

Hin

Nlo

&

b A

7y2~3 2 vbE 1849 (Gas Chromatography, GC, Model 6890A, Agilent, USA)%}

HPLC,

A g 2ntE 18k (High Performance Liquid Chromatography,

=
=

Model 1100 series, Agilent, USA)

Table 113} 7t}

i

EK
N
A
-

H

1%7], Agilent,

257

GC-ECD(Electron Capture Detector, A%}

1
T

Detector

USA)92} GC-NPD(Nitrogen Phosphorous Detector, &4, ¢l 7AZ7], Agilent,

USA),

HPLC-UVD(UV Detector,

g3k,

=7], Agilent, USA)ZS

334

FLD(Fluorescence Detector,
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- TFH A8E 30% acetone in hexane 2mo]] =<1 & o]& FA}7|9} HH
= olFste] Ag® ARER
ii) HPLC& A Al
- o}7l 7FEZ Ao dichloromethanes <& Wt}
- 1% methanol in dichloromethane 4M=Z o] FFEE A7} nl27] Ho =

HFE A2 33 wEd F Y FHT
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W 6. faldFEAEYE (2) ICP(Inductively Coupled Plasma; =232}

zohy o Z43te] As, Cd, Cu, Pb, HgS Z43H9th
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Table 9. Pesticide List of Multi Class Pesticide Multiresidue Simultaneous

Analysis Methods

Equipment Detector Pesticide

Bifenthrin
Chlorfenapyr
Chlorfluazuron
Chlorpyrifos
ECD Cyhalothion
Fenitrothion
Fluazinam
Methidathion
GC Thiamethoxam

Triflumizole

Amitraz
Bitertanol
Buprofezin
NPD Difenoconazole
Pyraclofos
Tebuconazole

Tebufenpyrad

Azoxystrobin
Fenpyroximate
UvVD Flufenoxuron
HPLC Hexaflumuron

Hexythiazox

Carbendazim
FLD ) )
Milbemectin

_44_

Collection @ sungshin



Table 10. The Operating Condition of GC

Initial temp. : 1207TC

Initial time : 2.00 min.

Ramps :
# Rate Final temp. Final time

Oven
1 10 220
2 7 250
3 7 28 15
4 0.0(off)
C
G I[nitial temp. : 260C
Split ratio
Inlet

ECD - 50:1
NPD - splitless

Initial flow : 1.0 ™¢/min.

Column
Hp-5
Detector ECD, NPD
Temp. :280T
— 45 —
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Table 11. The Operating Condition of HPLC

Column : 4.6x250mm, 5ul(Agilent)
Detector : UVD, 254nm
UVD Injection vol. : 2040
Temp. 1 40T
Flow rate :1.0m¢/min.
Mobile phase : D.W.(80%) : Aceronitrile(20%)
HPLC Column 1 4.6x250mm, 5ul(Agilent)
Detector : Excitation, 360nm
Emission, 460nm
FLD Injection vol. : 5ul
Temp. . Not control
Flow rate 1.2ml/min.

Mobile phase: D.W.(2%) : Methanol(98%)
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Table 13. The Processing Conditions in the step—by-step Process in Green

Tea Production

Condition Inner temp.
Process of tea leaf
Temp.(T) Time (min.) (C)
Steaming 110 1 98
Heating
Fan-firing 200~140 10~15 85
Primary
) 88 17 35
rolling
Rolling 31 20 35
Rolling
Secondary 34 17 36
rolling
Final rolling 117 17 40
Drying Drying 87 25 70
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Table 21. The Moisture Contents and Water Activity in the step-by-step

Process in Green Tea Production

Moisture Aw
Process
Contents (%) S.D Contents S.D
Fresh leaves 75.3 2.52 0.94 0.02
Heating 74.0 2.00. 0.94 0.02
Rolling 10.3 1.53 0.32 0.01
Drying 4.5 0.70 0.25 0.00
S.D : Standard Deviation
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(Ishikura et al. 1984), &7 &2 AlZto] AshHA of /g 23]
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Hz |

49:568

16.442

2500

17.049
24.447

2000 -

14.543

1500 -

22501

1000

© o] 8
o 0 = E£ & § 3
503 g BBy 5 g
b s = o [Rallled | £
o s T T T T T T T g i

Signal 1: ECDZ2 B,

RetTime Type Area Amt/Area Amount Grp Name
[min] [Hz*s] [ng/ul]

——————— e | e e e e e i
14.543 PB 4325.18018 4.65475e-4 2.01326 chlorfluazuron
16.442 VvV 6491.12842 3.7751%e-4 2.45052 chlorpyrifos
16.639 VB 4748.90674 5.20861e-4 2.47352 fenitrotion
17.049 PB 5923.33643 4.09248e-4 2.42411 thriflumizole
19.090 BV 4072.95337 7.14081e-4 2.90842 thiamethoxam
19.390 vV 1811.48743 1.04604e-3 1.89489 fluazinam
19.568 VB 1.11570ed4 2.19203e-4 2.44565 chlorfenapyr
19.924 BV 1353.18176 1.76634e-3 2.39018 methidation
22.501 BB 2891.18018 8.91758e-4 2.57823 bifenthrin
24.447 BB 5703.20508 4.12372e-4 2.35184 cyhalotion

Totals: z 23.93064

Fig. 7. Standard peak for Pesticide (GC-ECD)
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Hz

450

400 -

350

250

8:387

19.552

Signal 1: ECD2Z B,

RetTime

19,552
20.212
22.59%4
24.146

Totals

M

Type

BP
BP
A%
BV

Area

48.92587
20.38509
21.45786
24 .81861
176.18387
456.64850
157.78723
62.33771
15.85880

15 20

Amt /Area Amount

[ng/ul]
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
4.64660e-4 B.18B656e-2
0.00000 0.00000
5.70154e-4 8.99631e-2
0.00000 0.00000
0.00000 0.00000
1.71829e-1

25 30 min

Grp Name

chlorfluazuron
chlorpyrifos
fenitrotion
thriflumizole
thiamethoxam
fluazinam
chlorfenapyr
methidation
bifenthrin
cyhalotion

Fig. 8. The Pesticide Residues of Green Tea (GC-ECD)
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10032

21,598

Ema
e oREE
=298

22.876

Signal 1: NPD1 A,

RetTime Type Area Amt /Area

1 Bl - -
17.515 BB 148.18921 3.79521e-2
18.340 - -
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Amount

5.62410

25 min

dichlorvos
ethoprophos
cyprodinil
terbufos
diazinon
primicarb
metalaxyl
fenthion
parathion
cyprodinil
pendimethalin
phenthoate
mepanipyrim
imazalil
fludioxonil
buprofezin
iprodione



RetTime Type Area Amt /Area Amount  Grp  Name

[min] [pA*s] [ng/ul]

------- e e B e e e e e
18.870 - = = triazophos
19.932 BB 73.89209 6.48546e-2 4,79224 tebuconazole
21.231 - = e EPN
21.598 BB 85.65584 6.31502e-2 5.40919 tebufenpyrad
22.876 PB 88.21265 6.16579%e-2 5.43900 amitraz
23.708 PB 3.69119 2.63462e-1 9.724B8e-1 pyraclofos
24.184 PV 42.56005 1.04873e-1 4.46342 bitetanol
29.064 PV 10.28075 2.56360e-1 263557 difenoconazolel
29.253 VB 9.95954 2.52852e-1 2.51828 difenoconazole2

Totals : 31.85430

Fig. 9. Standard peak for Pesticide (GC-NPD)
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70

50

40 |

4G ARE
t9:465

Fi55
18.703
:E19.041

Signal 1: NPD1 A,

RetTime

14.716
15.384
15,575
15.903
16.595
16.987
17.181
1Sl
18300

Type

PV
VB

VB

BV

7.4563%e-1

2.19658
6.35463e-1

27.45043

1.28693

0.00000 0.00000

1.24168e-3 2.72746e-3
3.79767e-2 2.41328e-2

4.86618e-2 1..33579

1.81760e-1 2.33912e-1
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dichlorvos
ethoprophos
cyprodinil
terbufos
diazinon
primicarb
metalaxyl
fenthion
parathion
cyprodinil
pendimethalin
phenthoate
mepanipyrim
imazalil
fludioxonil
buprofezin
iprodione

min



RetTime Type Area Amt /Area Amount Grp Name

[min] [pA*s] [ng/ul] i
——————— e e | [ s Bt e b
18.870 = = o triazophos
19.920 - - - tebuconazole
21.337 yp B.66607e-1 2.95263e-1 2.55877e-1 EPN
21.58%6 = = = tebufenpyrad
22.799 BP 7.81731e~-1 5.05170e-1 3.94907e-1 amitraz
23.699 = - - pyraclofos
24.191 VB 2.32094 2.52247e-1 5.85450e-1 bitetanol
29.049 - - - difenoconazolel
29.232 = = - difenoconazole2
Totals : 2.83280

Fig. 10. The Pesticide Residues of Green Tea (GC-NPD)
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10- ~8
© b
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=10-
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10 15 20 25 30 min

Signal 1: VWDl A, Wavelength=254 nm

Azoxystrobin
Hexaflumron
flufenoxuron
Hexythiazox
Fenpyroximate

RetTime Type Area Amt/Area Amount
[min] mAU *s [ppm]
------- e B el e B B Rt
19.651 BP 266.82141 1.87598e-2 500351
25.13% BB 31:0.32520 156119%e-2 5.00242
28.697 BP 215.94629 2.31351e-2 4.99594
29.722 BB 48.16622 1.04020e-1 502025
30.520 BP 292.06970 1.71603e-2 5. 61201
Totals : 25.02613

Fig. 11. Standard peak for Pesticide (HPLC-UVD)
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mAU
25
20 -
15 -
10

40 997
oz

™
~
0
=
™

14.465

18.596

iE
10
<O [ : ‘ e | - i P —
10 15 20 25 30 min

_? 10547
}
?
|

Signal 1: VWDl A, Wavelength=254 nm

RetTime Type Area Amt/Area Amount Grp Name
[min] mAU *s [ppm]

——————— e e e i e B
19.599 z= = = Azoxystrobin
25.082 - = = Hexaflumron
28.630 = = = flufenoxuron
29.685 = = = Hexrythiazox
30.428 - = = Fenpyroximate

Totals : 0.00000

Fig. 12. The Pesticide Residues of Green Tea (HPLC-UVD)
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LU
140 -

120 -

100 -

80 -

60

40-

9.095 - milbemectin

20~

10.866 - Milbemectin

0= i T i T T T T T T T T T T T T T T T T T e ) T T T T T
6 7 8 9 10 1 min

Signal 1: FLD1 A, Ex=360, Em=460

RetTime Type Area Amt/Area Amount Grp Name
[min] Lu *s [ppm]

------- e e e b 5 o e e e e el Tl [t ot~
2.242 BV 687.21985 2.91028e-3 2.00000
2.929 VB 18.80949 1.0632%e-1 2.00000
9,095 BB 248.07761 8.06199%e-3 2.00000 milbemectin
10.866 BB 64.04110 3.12299%e-2 2.00000 Milbemectin

Totals. : g8.00000

Fig. 13. Standard peak for Pesticide (HPLC-FLD)
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mAU

175
150
125
100
75
50

25

?5‘201 - cabendazim

Signal 1: VWDl A, Wavelength=254 nm

RetTime Type Area Amt /Area Amount Grp Name

5.201 BB 104.96881 3.68011le-2 3.86297 cabendazim

Totals 3.86297

Fig. 14. Standard peak for Pesticide (HPLC-FLD)
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L=
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(3]
0.65 - 5 =
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™
1 =
0.6 o
2|88 &
. w
all¥ ¥
0.55
05| j#\~ - 1\¢ﬂpM/\AM’fMﬂﬁ\\mﬁﬂ
R o \m
—— e T s ———1 — .
0 215 5 ?{5 1IC| 12|.5 min
Signal 1: FLD1 A, Ex=360, Em=460
Peak RetTime Type Width Area Area Name
# [min] (min] LU *g %
el e [=mm——— [mmm—== [immmre—e—a === e e e S
1 1.949 BV 0.1240 1.97972  9.4241 2
2 2.216 vV 0.2432 3.74920 17.8474 2
3 2.242 0.0000 0.00000 0.0000
4 2.929 0.0000 0.00000 0.0000
5 2.958 vv 0.4906 531130 25.2836 7
6 3.324 VB 0.1542 1.06382 5.0641 7
T 3.609 BV 0.2113 9.80373e~1 4.6669 ?
8 3.928 VB 0.1664 2.34408 11.1586 ?
9 4.255 BV 0.2179 1.00704 4.7939 ?
10 4.700 VvV 0.2549 L 27274 6.0586 2
1] 5.608 vV 0.2634 1.28009 6.0937 2
12 7.401 VB 0.2259 2.01857 8.6091 2
13 9.095 0.0000 0.00000 0.0000 milbemectin
14 10.866 0.0000 0.00000 0.0000 Milbemectin
Totals : 21.00693

Fig. 15. The Pesticide Residues of Green Tea (HPLC-FLD)
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Table 23. The Contents of Pesticide Residues in case of Keeping the Safety

Days
Spray Result
Pesticide Saflfetzofrj:ys (l\gfnl{) Days after Residue
plucking spray

(day) (day) (ppm)
1 Azoxystrobin 14 1.0 14 16.22
2 Bifenthrin 14 0.3 14 0.5
3 Carbendazim 7 2.0 7 2.0
4 Chlorfenapyr 7 3.0 7 21.27
5 Chlorfluazuron 7 10.0 7 5.88
6 Cyhalothrin 7 2.0 7 2.11
7 Difenoconazole 21 2.0 21 0.51
8 Fenitrothion 7 0.2 7 0.36
9 Fenpyroximate 3 10.0 4 18.09
10 Fluazinam 14 7.0 14 9.14
11 Flufenoxuron 7 10.0 7 11.76
12 Milbemectin 3 0.5 4 0.5
13 Pyraclofos 14 5.0 14 19.70
14 Tebuconazole 21 5.0 21 12.22
15 Thiamethoxam 7 2.0 7 2.0
16 Triflumizole 14 3.0 14 0.33

* MRL : Maximum Residue Limits
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Table 24. The Standard of Pb contents in Green Tea Leaf with country—-by-

country
Country Limts (ppm) Country Limits (ppm)
Malaysia 2.0 Canada 10.0
Singapore 2.0 India 10.0
EU 5.0 Bulgaria 10.0
China 5.0 Kanya 10.0
Table 25. The Heavy Metal Contents in Green Tea Leaf
Heavy
As Cd Cu Pb Hg
metal
Contents
0.01 0.01 0.59 0.04 ND
(ppm)

* ND : Not detected
% Hg 1 JEROME Gold film mercury analyzer
Detection limit : O.1ppm
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Table 27. Microbiological analysis in the step—-by-step Process in Green

Tea Production (CFU/g)
Staphylo
SPC SPC ) Salmone
Process A Coliform —coccus
(x10%) (Mold) -/la spp.
aureus
Plucking  Fresh leaf 336 440 + - -
Heating Steaming 2.6 <10 + - -
Primary
) 0.35 <10 + - -
rolling
Rolling 0.66 50 + - -
Rolling
Secondary 7192 20 + _ -
rolling
Final 0.14 18 + - -
rolling
Drying Drying <0.1 <10 - - -

* SPC : Standard Plate Counts

_95_

Collection @ sungshin



Table 28. Sanitary Conditions of Equipments and Environment in Working

Place of Green Tea (CFU/plate)
Staphylo
o SPC _
Division SPC Coliform  —coccus
(Mold)
aureus
Fresh leaf
) 120 340 - -
gathering room
Around heating
) 34 80 - -
equipment
Around rolling
) ) 132 1 - -
Working equipment
place Around drying
) 352 8 - -
equipment
Door 18 23 - -
Center of
) 60 36 - -
working place
Fresh leaf
) 640 <10 - -
gathering room
Around heating
) >10,000 <10 - -
) equipment
Equipment ]
Around rolling
) 4 <10 - -
equipment
Around dryin
© arime <10 <10 - -
equipment
* SPC : Standard Plate Counts
— 96 —
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Table 29. The Changes of Microorganisms by the Hand Washing Methods

(CFU/plate)
Hand washing methods Before After
Anti- SPC Staphylo
Water  Soap  Drying septic (109 SPC Coliform  —coccus
solution aureus
@) 68 246 - -
0 25 53 - -
0 0 24 6 - -
0 0 39 93 - -
0 0 0 6 20 - -
0 0 3 65 - -
0O 0O 0 0 5 6 - -
* SPC : Standard Plate Counts
- 97 -
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Table 30. The Effect on the Decreasing of by Cell Count with Washing
(CFU/g)

Density (%)  Time (min.) SPC(x10%) Death rate

Initial cells 480
2 44 90.83
Water
10 56 88.33
0.5 2 36 92.50
10 9.2 98.08
1.0 2 20.8 95.67
H202
10 5.2 98.92
3.0 2 6.4 98.67
10 4.8 99.00
10 2 57.6 88.00
10 11.2 97.67
20 2 51.2 89.33
EtOH
10 16.8 96.50
30 2 48 90.00
10 8.4 98.25

* SPC : Standard Plate Counts
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Table 31. The Processing Condition and Inner Temperature of the Green

Tea Leaf in Roasting Process

Condition Inner temp. of
Process 0
Temp. (C) Time (min.) tea leaf ()
Roasting 110 20 75

Table 32. The Microbiological Analysis before and after Roasting Process

in Green Tea Production (Mean+S.D)
Item Before After
Moisture 4.5+0.7 3.5+0.3
Moisture
Aw 0.25+0.00 0.14+0.00
SPC <1.0x10° ND
Coliform Negative Negative
Microbiology
Salmonella spp. ND ND
Staphylococcus aureus ND ND

* ND : Not detected
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o] Hixal Qo (Hara ef al. 1989, Kono ef al. 1994), Alx=344 <
vebd A3 Aates mAEe] E4 7hsAdel e AoRE YRt v AdE
A TheAde duA U WHEH o s YEhubA] a EafEAoR Aoy
Q3 FAE7F oHE Aom AEH AT

MAES] 0dYe dvrHoR mFEHPBTF7E 3.0x10°~5.0x10°CFU/g A

w2 EAetn Qe Aurel Adu Az g Fo 249

2) CCP 2747} HACCP Plan
Table 340l el Az}t o] Az T4 dANA 2719 CCPE ZA3S
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WA Alof st

I
=
nAE B ThsAS 4 Ax sAEE AL ndsol yEd 5 3l

CP(control point)= 2] s} t}.

CCPel #he] 71E& CCP-1& AT 3telel, 74237 Aol st
A Al 7} wop § 87Tl Adstelof &, CCP-2& X &7
W+ 3 A#FE 1.0x10°CFU/g mivte® Asto], F7td Alx 349 3

A AA] Aldaes 2HEHo R sk Aoz At

ole} o] 2719 CCPE ZAAsIa #FTH o= HACCP plans Table 359}
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Q-1 Do control measure exist for the identified hazard?
4 v
NO YES —> CP
v
Q-2 Dose this step has the hazard control method by workers? «— Modify
process
or
y y product
YES NO
v t
[s control at this step necessary | _}) YES
for safety?
v
NO —» | Not a CCP |—» STOP
Q-3 Dose this step eliminate or reduce the likely occurrence of
hazard to an acceptable level? —» YES
v
NO
v
Q-4 Could contamination with the identified hazards occur in excess of
acceptable level or could it increase to an unacceptable level(s)?
4 4
YES NO —> CP
v
Q-5 Will a subsequent step eliminate the identified hazard(s) or
reduce its likely occurrence to an acceptable level?
+ + v
YES —> CP NO — | CCP

Fig. 16. HACCP Decision Tree for Selection of CCP

* Q : Question
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Table 36. Demographic Characteristics of the Respondents

(N=180)

Characteristics Group N %

Male 33 18.3
Gender
Female 147 81.7
20-29 27 15.0
30-39 50 27.8
Age
40-49 53 29.4
=50 50 27.8
. Single 32 17.8
Marital status

Married 148 82.2

Students 8 4.4
Company employees 56 31.1
Professional workers 28 15.6

Job status Self-employed 15 8.3
Housewives b5b 30.6

Free lancer 12 6.7

Others 6 3.3

Under high school 7 3.9
High school 40 22.2
Education College 26 14.4
Undergraduate 89 49.4
Graduate school 18 10.0
<100 37 20.6
, 100-199 31 17.2
Monthly income 50 97 8

(W10,000) 200-299 '
300-399 27 15.0
=400 35 19.4
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Table 37. The Characters in Green Tea Drinking (N=180)

Variable Group N %
Everyday 51 28.3
Intake cup About 3 per week 93 51.7
<1 per week 36 20.0
<12:00 73 40.6
Time of drinking 12:00-18:00 92 51.1
>18:00 15 8.3
Office, School 95 52.8
Place of drinking House 80 44 4
Tea house 5 2.8
Oneself 69 38.3
Occasion of With friends 65 36.1
drinking With family 29 16.1
With business partners 17 9.4
For conversation 61 33.9
Good for health 52 28.9
Reason of
o Good taste & flavor 40 22.2
drinking
To keep awake 19 10.6
To quench thirst 8 4.4
<1 29 16.1
1-3 70 38.9
Purchase volume
4-6 37 20.6
(EA/year)
7-10 23 12.8
>11 21 11.7
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Table 38. Descriptive Statistics of Quality Factors (N=180)

Division Quality factor Mean S.D
Taste 4.30 0.739
Intrinsic quality
Flavor 4.11 0.754
factor
Color 3.66 0.820
Brand 3.85 0.744
Extrinsic quality ) .
Production location 3.76 0.942
factor
Package 3.66 0.806
Fermentation degree 3.73 0.944
Tea
manufacturing Plucked season 3.68 0.995
techni
cehniaues Production method 3.56 0.970

Perceived quality
_ ) 3.76 0.750
satisfaction degree

S.D : Standard Deviation
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Table 40. The Importance Degree Analysis in Quality Factors by Green

Tea Drinking Group

Quality factors

Group N Mean S.D t D
Mania 51 4.41 D72
Taste 1.202 234
Non-mania 36 4.25 .649
Mania 51 4.25 627
Flavor 1.660 .102
Non-mania 36 4.00 756
Mania 51 4.04 .692 ,
Color 3.170 002"
Non-mania 36 3.53 774
Mania 51 3.92 .845
Brand 714 477
Non-mania 36 3.81 .668
Production Mania 51 3.90 1.025
. 1.674 .098
location Non-mania 36 3.53 1.028
Mania 51 3.90 755 .
Package 2.182 .032
Non-mania 36 3.53 .810
Fermentation Mania 51 3.88 .909
1.214 229
degree Non-mania 36 3.64 931
Mania 51 4.14 122 .
Plucked season 3.106 .003™
Non-mania 36 3.56 1.027
Production Mania 51 3.86 917
2.399 .019"
method Non-mania 36 3.36 .990
Perceived Mania 51 3.92 .688 ,
. 2.209 .031°
quality Non-mania 36 3.56 .809
S.D : Standard Deviation
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Table 41. The Importance Degree in Intrinsic and Extrinsic Quality Factors

Group N % Quality factor Mean S.D
Intrinsic quality
4.02 0.607
factor
Whole 180 100 o )
Extrinsic quality
3.76 0.584
factor
Intrinsic quality
4.24 0.505
. factor
Mania 51 28.3 o )
Extrinsic quality
3.91 0.550
factor
Intrinsic quality
3.93 0.580
_ factor
Non-mania 36 20.0 L )
Extrinsic quality
3.62 0.586

factor

S.D : Standard Deviation

Table 42. The Difference Analysis of the Importance Degree in Intrinsic

and Extrinsic Quality Factors by Green Tea Drinking Group

Divisions Group N Mean S.D t-value p
Intrinsic Mania 51 4.24 0.505
quality 2.582 012"
factor Non-mania 36 3.93 0.580
Extrinsic Mania 51 3.91 0.550
quality 2.316 .023"
factor Non-mania 36 3.62 0.586
P<0.05 S.D : Standard Deviation
-119 -
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Table 43. The Change of Satisfaction Degree in the Perceived Quality
before and after the Recognition of HACCP Production Method

Before After
Perceived Perceived
) , HACCP )
Production quality ) quality
production ] )
method satisfaction satisfaction
method
degree degree
Mean S.D Mean SD Mean S.D Mean S.D
3.56 0.970 3.76 0.750 4.08 0.742 4.14 0.784

S.D : Standard Deviation

Table 44. Regression Analysis of Effect between Perceived Quality and

Production Method before HACCP Awareness

Standardized
Variables regression t p
coefficient
Dependent variable
Perceived quality
) ] 2.786 .008
satisfaction degree
Independent variable
Production method .363 2.726 .009

R?:0.132, F:7.431, p=0.009
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Table 45. Regression Analysis of Effect between Perceived Quality and
Production Method after HACCP Awareness

Standardized
Variables regression t D
coefficient
Dependent variable
Perceived quality
) ) 5.523 .000
satisfaction degree
Independent variable
HACCP
.385 2.430 .021

production method

R?:0.148, F:5.903, p=0.021
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ABSTRACT

Research on Implementing HACCP to Green Tea Industry
and Effect of Perceived Quality by HACCP Awareness

Park Sung Sun
Department of Food and Nutrition

The Graduate School Sungshin Women'’s University

This research is performed to assist the tea industry development basis
by exploring the method to improve the safety of tea product in response
to the increasing interest on their safety in domestic tea market. This
study was intended to implement HACCP to tea manufacturing process
through chemical, biological and physical hazard analysis to secure the
safety. In addition, the positive effects of implementing HACCP system on
the customer’s perceived quality was investigated. This is performed to
utilize the result of the research as a documentation for securing safety in
green tea industry.

Four tasks were performed for this purpose; first, to investigate the
current status of domestic tea industry, to explore quality improvement
ways in tea industry, and to select manufacturing methods and systems
which can be commonly applied to tea industry. Second, to select AZ

company at the tea cultivating region, to select the green tea
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manufacturing method, to find the safety affecting factors from each
process to implement HACCP system, and to select CCP through chemical,
biological and physical analyze. Third, to establish the safety management
standard, and to prepare HACCP plan. Fourth, to evaluate quality priority
of quality factors, to examine the effect of quality priority and perceived
quality satisfaction when customers recognize the HACCP implemented
manufacturing method, and to analyze the difference of customer groups

by drinking factors.

Followings are the summary of the research results mentioned above

1. The 4 basic green tea manufacturing processes of leaf plucking,
heating, rolling, and drying process were selected as a green tea
manufacturing process after reviewing tea classification. Therefore,
HACCP system was implemented and the manufacturing method was fixed
for this research by measuring the condition of processing temperature

and the time for each green tea production process.

2. The tea farm was divided into 6 zones to analyze the tea leaf and the
product uniformity of the selected tea farm, and analyze contents of
general chemical compositions from collected tea leaf before processing.
The result indicates the excellent chemical composition contents quality
for caffeine, catechin, fiber, total free amino acid (TFAA), theanine, T-
nitrogen with the average amount of 3.16%, 15.58%, 17.21%, 3.42%,

2.11%, 6.00%, respectively. The chemical composition contents for each
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zone were significantly different(p<0.05) for 5 chemical compositions
except caffeine. This suggests that cultivation standardization may be
required to reduce the differences in raw material chemical compositions
caused by the tea farm cultivation, and to produce a uniform product.
Each chemical composition contents were indicated as 3.08%, 14.87%,
19.48%, 3.56%, 2.01%, 5.71%, respectively, and 4.52% of moisture which
maintains excellent quality after processing. There are significant
differences(p<0.05) for all chemical composition contents in each zone,
which indicates the differences in raw material chemical compositions
may be extended to the differences in product chemical compositions.

The caffeine content was not different significantly before and after
processing, while other chemical compositions were significantly different
(p<0.01). This suggests that the standardization of green tea production

process may be needed for production uniformity in tea industry.

3. According to the hazard analysis result for HACCP implementation,
heavy metals contained in tea leaf are found to be non—hazardous, and is
excluded from the selection. 30 kinds of pesticide residues, which are
sprayed during the tea cultivation, are selected as hazardous elements.

According to the analysis result of pesticide residue in plucked tea leaf
using GC and HPLC, 0.04ppm of chlorfenapyr was detected with maximum
residue limit of 3.0ppm, but it was not detected after the processing due
to the washing or the pyrolysis through the steam heating process.

Agricultural chemicals by food types that are registered to Food
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Standard Code have regulations for safety days and the maximum residue
limit, but their possibility of residual has big differences according to
timing, weather, etc. Therefore, we analyzed 16 types of hazardous
agricultural chemicals by their elapsed days, and found that 13 types of
agricultural chemicals exceed the maximum residue limit after the elapsed
safety day. Therefore, it was suggested to secure the safety by extending
the safety days for each agricultural chemical as follows: 1) 1 type of 4
days extension — milbemectin, 2) 9 types of 7 days extension — bifenthrin,
carbendazim, cyhalothrin, fenitrothion, fluazinam, flufenoxuron, pyraclofos,
tebuconazole, thiamethoxam, 3) 1 type of 11 days extension -
fenpyroximate, 4) 2 types of 14 days extension - azoxystrobin,

chlorfenapyr.

4. Standard plate counts of coliform, Salmonella spp., and
Staphylococcus aureus were conducted to find bacteria and mold for each
green tea production process stage, to analyze the biological hazardous
elements, and to establish the management standard to secure the
microbial stability for green tea. High contamination level with 3.4x10°
cfu/g of SPC, and 4.4x10? of SPC(mold) was found, and also the positive
reaction for coliform test from a collected fresh leaf was found. Bacterial
contamination, especially, was more significant than mold contamination,
but Sa/monella spp., and Staphylococcus aureus were not detected.

More than 99% of the microbes contaminated in fresh leaf were

eliminated during the washing and the steaming processes, and the
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population of microbes was reduced to 10°cfu/ml level through the rolling
and the drying processes. After final process, SPC was less than 1.0x10°,
and SPC(mold) was less than 1.0x10'. In addition, raw leaf indicated the
positive reaction for the coliform test, but it indicated the negative
reaction for a final product, and coliform was not detected after final
drying process in production.

Microbial examination was performed for dropping bacteria in each
working place, equipment surface and personal worker hygiene inspection
to find the microbial hazard at the production factory environment. The
examination was made for standard plate counts, coliform, Sa/monelia spp.,
Staphylococcus aureus. The result indicates that the factory internal air
has higher microbial contamination than the external air. Therefore, we
use the air purifier to circulate the internal air, to reinforce ventilation
facility, and to remove dust. It was suggested reducing microbial
contamination by equipment cleaning, and by establishing the standard for
workers’ hand washing.

We also improve the process to remove microbial hazard with the

roasting method.

5. Foreign matter was not selected as a hazard in physical hazard

analysis.

6. According to hazardous analysis on green tea production process

using CCP decision tree based on the analysis result for each green tea
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production process, 2 CCP hazard of pesticide residue and microbe in

drying process were decided, and HACCP plan was prepared.

7. The quality factor and quality satisfaction of green tea product was
evaluated through a survey, and the importance as a quality factor, and
the effects on perceived quality of HACCP method were analyzed.

Taste, flavor and color are selected as internal quality factors. Package,
brand, production location are selected as external quality factors. Tea
leaf plucking season, fermentation degree and manufacturing method are
selected as tea manufacturing technologies. The analysis result indicate
that the importance of taste is average 4.30 (S5.D=0.739) in internal quality
factor, brand is 3.85 (S.D=0.744) in external quality factor, and
fermentation degree is 3.73 (S5.D=0.944) in tea manufacturing technology
as the highest points.

From mania group distinguished by the number of drinking times,
internal quality factor of 4.24 is considered to be more important than the
external quality factor of 3.91. Non-mania group shows 3.93 and 3.62
respectively, which indicates that the mania group considers both internal
and external qualities more importantly.

It is found that customers use more product attribute information when
their knowledge level is high from the fact that internal quality factor is
higher than external quality factor, and that mania group considers

importance more than non—mania group.
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8. Before explaining the HACCP manufacturing method, the importance
as a quality factor is 3.56, the perceived quality satisfaction is 3.76. After
it is explained, the average point is 4.08 and 4.14 respectively.

For the effect of perceived quality satisfaction before explaining the
HACCP manufacturing method, The R? value is 0.132, which is slightly
low, and its model indicates statistically significant with p=0.009(p<0.01).
The standardized regression coefficient 1s 0.363. Therefore, the
manufacturing method indicates the significant effect to perceived quality
satisfaction. In addition, the R* value, which indicates the explanatory
power level of HACCP manufacturing method that affects the perceived
quality satisfaction, becomes 0.148 after it is explained and recognized by
the respondents. Its model indicates statistically significant with
p=0.021(p<0.05). Standardized regression coefficient is 0.385. This
suggest that HACCP manufacturing method affects significantly to the
perceived quality satisfaction, and it is more significant after recognizing

the HACCP manufacturing method than before.

Along with establishing the HACCP manufacturing method standard, we
could find the result that the importance in quality for products
manufactured with HACCP system implementation has high effect to the
perceived quality satisfaction. Therefore, it is suggested to implement
HACCP system without delay to secure the safety to the production
process, to provide customer safety quality, and eventually to develop the

tea industry through the trust for customer.
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Moreover, it is found that following issues are required: —. to ensure the
maximum safety days for pesticides sprayed to the tea cultivation
because the residual volume has big difference according to the timing
and the weather condition, —. to reduce the distrust on agricultural
chemicals by transform to the environment friendly cultivation, -. to
establish microbial standard and specification which are missing in tea
category of Food Standard Code to prevent the hazard from the microbes.

It is suggested to reduce the difference between the customers’
perceived quality and the makers’ quality continuously, to establish the
marketing strategy to agree with customers perceived quality, to
transform to customer oriented product strategy from the maker oriented,
and to introduce the active marketing strategy into the domestic tea

industry for the development in tea industry.
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