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ABSTRACT

The instant jiaogulan tea powder was developed using spray dryer technique. The central
composite design (CCD) was applied by varying carrier concentrations (25-45%), ratio of
maltodextrin (MD) and modified starch (MS) (0- 100%) and inlet temperatures (150-190°c).
Furthermore, the response surface methodology (RSM) was assigned for optimizing the process
condition.  All study factors significantly influenced on physicochemical properties of tea
powder including moisture content, %yield, bulk density, lightness (L¥), a*, b*, total saponin and
total flavonoid content (p<; 0.05).

The predictive model on %yield, solubility, total saponin and total flavonoid content
showed the 12 of 0.8674- 0.9780 and desirability of 0.886-1.000. These results indicated the
excellent models for predicting their responses.  addition, the % error was between 1.66 -
11,84, From the results, the optimum condition for instant jiaogulan tea powder was 29%
carrier, the ratio of MD : MS of 80:20 and inlet temperature of 170°C.

The physiochemical properties of instant jiaogulan tea powder with addition of flavor in
2 packaging materials [(Metalized cast polypropylene film (M-CPP) and linear low density
polyethylene (LLDPE)] at 3 temperatures (25-45°C) for 90 days were determined. Packaging
materials and storage temperatures affected on their inlet physiochemical changes and trended
to develop browning color. The declinations of total phenolic, saponin and flavonoid contents
and DPPH scavenging activity were observed in all storage temperatures and packaging materials.
From these results, the highest stability of tea powder was stored in M-CPP at 35°.

Keywords Instantjiaogulan tea powder, spray drying, storage stability, quality and predictive model
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(triterpene saponins)

(Gynostemmo pentophyUum Makino)

Gypenosides

(Ponax ginseng)
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1.2
)
2)
1.3
(Spray drying) (carrier)
30-10 2
150-120
2 (M-CPP,  etalized cast
polypropylene film) (LLDPE, linear low density polyethylene) 25-
45

(spray drying)
(carrier) 2
central composite design

14

central composite design
150-120 30-10
central composite design

(M-CPP, metalized cast polypropylene film)
(LLDPE, linear low density polyethylene) 25 - 45



1.5

Instant jiaogulan tea powder, spray drying, storage stability, quality and predictive model
1.6
16.1

162 1



2.1
[Gynostemmo pentaphyiium (Thunb.), M&kiﬂO]

( ) ( 2.1) Cucurbitaceae
( , 2551)
2.1
Gypenosides ginsenoside
Rbl (triterpene saponins)
panaxosides (Panax ginseng)
panaxosides ginsenosides
82
28
4 ginsenosides Rbl, Rb3, Rd
F3
panaxoside (

| 2551)



( - 2548)

(low density lipoproteins, LDL's)

(high density lipoprotein, HDL’s) (Xu , 2007; Yang , 2000
(lipid peroxide)
(Wang
, 2006; Zhang , 2006)
( - 2551; Megalli , 2006; Hong , 2011
Xie , 2012)

(Nagai  Lzawa,1981)

( , 2548)
( , 2548)
(Xie, - 2013)
utama-ang (2006)
55
6 235-310
(clearness) (vellowish green) ( green
tea aroma) (Jiaogulan aroma) (dried leaf aroma)
(sweet taste) (bitter taste) (green tea flavor)
(Jiaogulan flavor) (astringency) (sweet aftertaste)

(bitter aftertaste) (astringent aftertaste)



2.2 (Phytochemical)
! (Razmovski , 2005)
4 Rbl Rd3 Rd
2 ( , 2551)
2.2.1
(polyphenol)
secondary metabolite [
1 l 1
(aromatic ring) 1
(flavonoid)

(Bravo, 1998)

(reduction-oxidation)

(phosphotungstic-phosphomolybdic complex)
730
(Waterman Mole,
1994)

(flavan) 2 (2-phenylbenzopyran) 15
3 C6-C3-C6 A
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2.2

ArhGifitct

2.2

B (Pietta, 2000)

Fftvan-3- avone

Pietta (2000)

(Soobrattee
)

2005)

othro-diphenolic  catechol (
othro-diphenolic catechol

2-3 (conjugate)  40XO
C 2-3 (conjugate)
(flavonoid  phenoxyl)

@ 0 C

3I

4-0X0

C3



Aluminum chloride colorimetric assay

acid stable complex 4-keto C 5-hydroxy A
3-hydroxy C
510 (Pietta,
2000)

(Liquid chromatography-mass spectrometry, LC-MS)

Zhao (2012)
10
(rutin) (quercetin)
(p<;0.05) quercetin-di-(rhamno)-hexoside, kaempferol-3-0-di-p-coumaroyl

hexoside, quercetin-rhamno-hexoside, kaempferol-rhamno-hexoside, -~ kaempferol-3-O-
rutinoside (kaempferol)

50
1.40 - 35.10
17.60 - 193.40 1.68 - 2550
Kao (2008)
LC-MS
017 -241 Xie (2011)

(soxhlet extraction)
diploid tetraploid



2.2.2 (saponins)

(glycoside)
(aglycone) (glycane)
(glycosidic bond)
(Xie, 2013)
(detergent)
2

(sterol saponins) (triterpene saponins)

(Xie, 2013)

dammarane type

(gypenoside) 2.3) panaxoside

1" " (ginsenosides) (Panox ginseng)

ginsenoside Rbl ( 24 )
82 28

Rbl, Rb3, Rd F3 (
2551)
panaxoside (
, 2551)

Vanillin-perchloric colorimetric assay

5

560 (Xie, 2013)



Xie

10

2.3 (gypenoside)
RI = H, glucose, rhamnose; R2 = H, glucose, rhamnose; R3 = H, glucose, xylose
: Xie (2013)
24 ginsenoside Rbl
: (2548)
(2010)

(p<i0.05)



dammarane glycoside

(Razmovski , 2005; Bai 2010; Kim
Han,2011) Razmovski (2005)
9 Rbl, Re,
Rb3, Rd, F2, Rg3, malonyl-Rbl, malonyl-Rd Rf Kao (2008)
33
2 1" R Rd
0.49 - 89.88
(
) (leucine) 0.095, (histidine) 0.0473, (Iysine)
0.56, (glutamic acid) 0.09, (threonine) 0.14, (serine) 0.16,
(cysting) 113, (isoleucine) - 0.21, (arginine)  0.06,
(phenylalanine) 0.98, L 2 , (carotene)
( , 2551)
2.3 (Instant drink)

.. 2549
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(spray drying)
(", 2548)

24 (Spray drying)
(Master, 1979)

(bulk density)
(- 2545)

(critical point)

(Master, 1979)



(Gharsallaoui , 2007)

 http:/fen.wikipedia.org/wiki/Spray_drying (2557)

24.1 (Masters, 1979)

1) (atomize speed)

2) (feed properties)

13


http://en.wikipedia.org/wiki/Spray_drying

(particle size)

(viscosity)

(type of atomized)

2 Rotary Nozzle
Nozzle
(air flow)
(drying temperature)
(solubility) (bulk density)
(hygroscopicity) (shelf life)

14



Borge (2002)
20 - 30
Nadeem (2011)
3
3 5
{Sideritis stricta)
4
(2545)
120
110
3
20 ' 170
130, 150 170

40

24.2

(wettability)

15

85- 95

145, 155 165
145 155
155
100, 110
13,16 19
16
(2550)
160 - 180
20 -40
180
0.01-700
2030 40
150
2554)
(instant powder)
(sinkability)



(dispersibility)

(Barbosa-Canovas
)

(agglomeration)
2)

(bulk density)
4)

- 2005)

(solubility)
(reconstitution)

(wettability)

(sinkability)

(dispersability)
(surface)

(solubility)

16
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253

(2540
1) ( etalized cast polypropylene film, M-CPP )

( , 2538; Fowle, 2005)
) (polyethylene: PE)
(low density polyethylene: LDPE)
(linear low density polyethylene: LLDPE)
(high density polyethylene: HDPE)

( Fowle, 2005)

( , 2538)
1) (gas permeability)
2 1
24
(Fick's - Law) (Henry's Law)

(28

18



2.6

2)
24

3)
Exchange Packaging

Ortiz

19

(2539)

(water vapor transmission rate, WVTR)
WVTR 4-6 1

(heat sealability) Gas

(2008)

0-58 22 30
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58 43

Chen (2001)
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3.1
3.1.1 (Gynostemma pentophytium Makino)

3.1.2
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox, Aldrich), (gallic acid, Sigma), (diosgenin, Sigma)
(rutin, Wako)
|I-diphenyl-2-picrylhydrazyl radical (DPPH,

Sigma), (CHSOH, Lab-scan), Folin-Ciocalteu reagent (Carlo Erbra),
(Na2C03 Merck), (vanillin, Merck), (CHXOOH, Merck),
(HC104, RFCL), (C2H50FI, Lab-scan), (NaOH,
Merck), (NaN02, Merck), (AI(CI3)3, Ajax),
(CHXL2, Lab-Scan), (CF92), Lab-Scan)
(Merck)
3.2
30-35
Hammer mill 70 mesh
1
3.3

Response Surface Methodology (RSM) Central Composite
Design 3.1



2

3.1 3
A4 0 # f
( ) 150 158 170 182 190
() 25 29 35 41 45
MDMS () 0 20 50 80 100
:MD : MS
3.3.1 (feed solution)
Suntararuks ,
2008) 1.6 80-82
15 200 100
B
2
3.2
60 65
(hot plate stirrer) 60
35
11,400/ 3
(JCM Minilab spray dryer DE-10)
60
3.3.2
10/
(flow rate) 20 Q' 11)
(blower speed control) 095 | ( 2,460)

31 1ot4



3.2
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MD

Design Expert

MD:MS
(c) () ) ()
158 29 36 20:80
182 29 36 20:80
158 29 36 80:20
158 11 24 80:20
182 29 36 80:20
182 11 24 80:20
170 25 40 50:50
150 35 30 50:50
190 35 30 50:50
170 35 30 100:0
170 35 30 50:50
170 35 30 50:50
170 3 30 50:50
170 35 30 50:50
170 35 30 50:50
170 35 30 50:50
» MS
(Obon , 2009)

= X100

1/3
Water Activity Meter

113

Colorimeter (Hunter Lah) CIE L*a*b*

23



24

illuminate = D65 observe = 2°
() (%) (b
(Ae)

Ar*=L*-1* Aa* =a*-a* Ab* =b*- b

aer = J(ALY)2+(Aa%)2+(Ab%)?2

Lrar b = (L) (@) (0%)
Lj* a*, bi* = (Lt%) (a*) (bt*)
4) ( Nadeem 2011)
1 4
65-70 10
600 5 3,000
10
105 5
11 - ) Xi00
B) (Bulk density) ( Ohon , 2009)
5 10
5
( )
0) (AOAC 934.01,1990)
3 4
105 4-

( ) = ( - ) Xi00



25

) Vanillin-perchloric acid method
Zhao (2012))
5 4
70 10 (
95) 15 5,500
15 -18
! 0.5
( 5 , ) 1
(vertex mixer) ( 10
)4 60
30
560 blank
8) Aluminum Chloride method
Wolffe (2003)
150
( 15 : )15
5 ( 10
) 15 10
( 1 ) 50 , 215
510
blank
(ANOVA)

Duncan’s multiple range test
(SPSS) 95



26

333
Response Surface Methodology
(response)
Design  Expert 6.0.2
(Regression  analysis)
34
31 )
(, , 2558)
2 1)
2 ( linear low density polyethylene (LLDPE)
metalized cast polypropylene film (M-CPPW ) 2
3 (2522, 3522 4542 )
10
1 28
15 90 3.2.2
1) Folin-Ciocalteu method
Singleton
Lamuela-Raventos (1999)
250 Folin-
Ciocalteu 12.5 5
10 50
10 650

hlank



21

2) DPPH (2-diphenyl-I-picrylhydrazyl (DPPH)
radical scavenging activity)
DPPH Brand-
William (1995)
75 DPPH
( 0.2 ) 225 30
b17 blank
DPPH
DPPH =
A Snple = A contrllL =
DPPH
2 factorial in
CRD (ANOVA)
Duncan’s multiple range test (SPSS) 16.0 trial

95



41

(MD) (MS)
3.2
75+3

, 2007; Tonon , 2008)

(feed solution)
(p>0.05) 16
(water holding capacity)
Quek

(cohesion)

25-45
MD:MS 0- 100
4.1 321 - 6.61
158 182 (
5.30+0.10 4.96+0.01
(Quek
(2007)

(surface tension)
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170

158
182
158
158
182
182
170
150
190
170
170
170
170
170
170
170

MD

29
29
29
41
29
41
25
35
35
35
35
35
35
3
35
35

MD:MS

(

: MS

20
20
80
80
80
80
50
50
50
100
50
50
50
50
50
50

I+

)

)

8.30+0.20a

5,260.14%
5,53:0,03¢
5,910,020
5,30+0.10f
5.20£0.74f
4.96£0.01k
6.3020.05¢
6.61+0.010
4,99:0.09j
3.21£0.07
5,1810,08fh
5,030.53]
5,150,125’
4.86:£0.32k
5,050,021
4.961+0,019jK

8.300£0.197

0.25620.007a

0.2100.015cd
0.198+0.003ce
0.216+0.01 Itc
0.21840.014d
0.185+0.016¢f
0.18840.006df
0.202+0.006ce
0.232+0.008b

0.19040.006df
0.143£0.003s

0.19740.009ck
0.17240.007f

0.185+0.009¢f
0.188+0.052"
0.185+0.006¢f
0.204+0.033ce

29

1.39 +0.03s

45.9912.66f
57.45+1.54cf
68.87+7.30ac
48.03+2.10f
77.19£2.32a
55.54+2.77df
69.16+3.58ac
50.32+8.24df
63.12+5.82hd
73.5510.54d
59.19+1.46¢e
56.82+8.20cf
50.36+1.98df
52.82+1.02df
57.1649.81cf
59.39+10.88ce
(p"0.05)



30

(p"0.05)
(Tg)
(glassy) (rubber state) Tg
160 243 (Tonon , 2008)

(water activity)
0.143 - 0.232 4.1
(p>0.05) 16
0.25620.007

(water holding capacity)

0.6

0.3

(cyclone separator)
(blower)



MD:MS 20:80 80:20

MD MS 158
29 45.9912.66
(p"0.05)
(ps0.05) 158 182
4 6 48.03+2.10  55.54+2.77

(bulk  density)

0.351£0.018

0.418 - 0.550

4.2 41
0.501+0.006  0.550% 0.012

3l

68.87+7.30

4.2

/
6
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: MD

170
158
182
158
158
182
182
170
150
190
170
170
170
170
170
170
170

- MS

29
29
29
41
29
41
25
3
35
35
35
35
35
35
35
35

MD:MS

20
20
80
80
80
80
50
50
50
100
50
50
50
50
50
50

0.351£0.018h
0.45740.004f
0.446+0.011f
0.423£0.004s
0.501£0.006h
0.436£0.006f
0.550£0.012a
0.418+0.002s
0.485£0.009c
0.479+0.009 cd
0.473+0.011d
0.478+0.008cd
0.4860.£010cd
0.459£0.007e
0.489+0.013c
0.481£0.006cd
0.470+0.006d

(p<;0.05)

32



3

( 41) 16
90.04-99.08
(p"0.05)
95
86 65 - 70
2
(wettability)
, (wettability)
(sinkability) (dispersibility)
(solubility)
MD:MS
MD:MS (p"0.05)
MD:MS (A)
MD:MS (B) (°0
(p0.05) 4.1
"4IA
MD:MS MD:MS
(Madene , 2006)
(wettability)
29 MD:MS

65-80



79.73

4.87

0.00

29.05 32.03 3500 37.97 40.95

\

e s Niis
\ u'\!\' 58.11 y X . 181.8!
)

29.05 3203 35.00 37.97 40.95
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3

4.1B
MD:MS
(p<;0.05) MD:MS
4.1C
35-40
158-180
29-32
158-164
29 - 32
Borge (2002)
(p>0.05)
43
( J J ) L* * b* L*
a* b* ' L*
0.70£52.58 a* 18.83£3.12 b* 74.31£0.49
N ah*
(ps0.05) 2
L*
13 10 4.3)

L* b*

(p<;0.05) a*

(p>0.05)



al

Nadeem

165

O OO N o O B LW N -
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43

:MD

(<)
170
158
182
158
158
182
182
170
150
190
170
170
170
170
170
170
170

(2013)

L*

29
29
29
41
29
41
25
35
3
35
35
3
35
35
35
3

: MS

b*

MD:MS

(

20
20
80
80
80
80
50
50
50
100
50
50
50
50
50
50

)

36

(Salvia fruticosa Miller)

*

58.5210.706
55.12+2.92d
25.97+1.3
72.82+0.77h
46.54+1.36f
46.67+1.39f
22.05£0.57k
56.47+2.04d
54.74£0.19d
29.300.61h
60.42+2.42b
45.30+1.29s
24.04+0.47)
18.96+1.83m
14.71+0.30°
20.46+0.461
26.64+0.49'
6

83.18+12.3a
12.78+0.08de
13.4120.27¢d
6.88+0.17"
12.44£0.16ef
13.69+0.69¢
11.42+0.405
12.24+0.03¢fs
13.61£0.42¢
13.55£0.29¢
10.6040.59h
15.1420.07b
11.910.05f8
12.07+0.07¢fs
12.20£0.08ef?
12.1240.09¢fs
12.010.05¢fs

(p"0.05)

145

b*

74.3140.492
59.01+1.316
39.20+1.65;
62.74£0.40b
52.4140.46h
54,54+(0.18s
33.96+0.911
5,98:1.77d
60,37:0.84cd
42.95+0.36'
61.07+0.65¢
56,05:0.49f
36.38£0.57k
30.15+2.60°
23.86+0.42°
32.04£0.66m
38.83+0.431



31

(glycoside) (aglycone)
(glycone) 2
5
560 (Xie, 2013)
4.2
quadratic
(p<r0.05)
4.2 quadratic model
88.96
51.330b2.15
(
31.02£2.12
39.22
2
(Shi ,-2009) Kang
(2007)
2 16.25 - 44.78
4,5, 8
(p<r0.05)

4839  16.25¢3.01  16.66+0.87 8 9
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1 2010)

Anandaraman

(sterol)

4.3A)

29 - 38 (feed solution)
158 -182 (
170
(p>0.05)
4.2B 4.20
(
Reineccius (1986)
(D-glucose)
3
(Olezek, 2002)
3
5 A
43
87.3610.31
( )
15.81£0.61
1441 - 24.32
2

3

420)

drey



(Wandrey , 2010)

Anadaraman Reineccius

MD:MS

4 6 2432¢153

MD-.MS

(p<,0.05)
(2006)
4.3B
(170 )
23.27£0.72
P 14,41£0.95
43C
50-80
quardatic

("0.05)

40

158-170



B

g&yp&!‘

e v
< B o

43

238
22.075
20.35
18.625

16.9

158.11
164,05
170.00
175.95
18189 20.27

MD:MS ()

35.13
MD:MS (

41



42

4.2
(model) 3
MD.-MS
(Coefficient, R 2 0.83-0.99 (Lazic, 2004)
4.4 3
4.4 2
(first order)
(second
order; Quadratic model)
MD:MS
86.74
MD.-MD MD:MS
87.65
MD:MS
MD:MS
MD:MS
MD:MS
88.96
MD:MS

97.80



4.4

4.5

= 31.67 +0.35X -1.51Y +0.39Z

=296.19 -0.92X -4.78Y -1.18Z +0.02XY
+0.02YZ +4.36x10 3XZ

= -914.83 +14.43X -16.80Y +0.09Z +0.11XY -
4.84XZ +4.32x10"3¥Z -0.05X2-0.01Y2

= 1557 +0.30X -1.21Y +0.18Z +9.33x10"3XY
-1.99XZ +0.02YZ -1.73x10 3X2 -0.02Y2-

Y=

+4.6022

4.11x10V

MD:MS

%,

45.99
90.04

16.25
14.41

MD:MS

11.19
99.08

44.78
24.32

adjusted

[N TEN

R2
0.8674
0.8765

0.8896

0.9780

4.5

43

p-value

<.0001
0.0001

0.0021

<0.0001

0.886
0.765



(desirability) 0.877
(Lazic, 2004)

(desirability) 1

4.6

29

4.6

1.00-8.00

13.65
96.96
16.72
33.07

44

170
MD:MS 80:20
desirability

1.00-0.80

10 (Eddie Kenneth, 2005)

11.34
98.60
15.92
3151

10

97.80

3.24
1.66
5.03
11.84
) ! X 100



45

2
desirability desirability 0.877
170
29 MD:MS 80:20
43 '
(linear low density
polyethylene, LLDPE) (metalized cast polypropylene film, M-CPP )
2512, 3512 45+2 90
DPPH
43.1 (Water activity)
' 1
(Al-Muhtaseb , 2004)
25,352 /45
64,29 16
Sinija (2008)

44

0.143 - 0.232 0.861
0.7



46

68 30.8
( 2
2557 , 2557)
(0 30)
( 4.4) 45
0.714+0.020 0.394+0.026
4.4
(water vapor

transmission) ' (255])

0.2785 - 0.3688

0.0076-0.0351
90



16 45
(Fowle, 2005) LLDPE
(water vapor transmission rate)
318
. 2009)
0.287-0.307
(44
2
25
35 45
(

, (p>0.05)  Hernandez

(Fowle, 2005)

4

68
M-CPP
10 -1.2 0.70
90 (Butler
30
(0.537 - 0.541)
30
(2000)
25
(Stokosa 2012)



4.3.2 (Moisture content)
2
(Myhara , 1998)
4.5
6.26-7.49
5.0740.03 25
6.26-7.49
0.703-0.723
0
45
25, 35 45
2
( 0- 15) 25

45 6.46+0.17  3.130.13
6.26+0.32 3.01£0.10 '
35

48



4.5

15
25
(45 6.5810.13 12524041

25 35
(p>0.05)

(Sinija . 2008)

Stoklosa (2012)

(Michaelides
2003)
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90 4.6
6.4710.42
Carolina (2007)
(T
(glass)
4.6
(b)
Carolina (2007)
(DE12)
(OE 12) Tg
Tg
(Reh , 2004)
4.3.3 (Solubility)
4.7
79.97- 81.36

75.96- 84.54

50

25
12.52+0.41
(rubber)
25 (8)
(heterogeneous)
Tg
90



75.96- 84.54
(p>0.05)
25
80.46+1.00 75.96+0.46 (p<;0.05)

(p>0.05)

o1

(Barbosa-Canovas , 2005)
25
(2010)
35 “Z Y5
(p>0.05)
(wettability) (Fang , 2008)



4.1

(LLDPE)

(M-CPP)

25

45
25

45

0
80.26+0.468

80.62£0.73A8b
80.521.67Mc
79.56+0.94Bb
81.36£1.58Ab

81.23+0.94Ab

15 30
80.64+1.23Ca ~ 79.9740.77Da

81.27£1.23BCb  82.49:1.70/8a
82.78+151 Ab  83.18%0.54Ab
81.27£1.23 BGb  80.92+1.72(p
81.03£0.96BCh  81.44+0.94 BDa

82.21£0.45Ma  82.01+1.19MCa

(p>0.05)

( )
45 60 75
78.96:0.36Db 77.3740.50Bc  78.42£0.46°h

80.68:0.95800  80.71+0.65 cb  B1.44+107 B¥
83555046 A  82.71:0.82A0  83.83£0.47 Ad
79.92¢0.980b  80.81£0.98 ECh  82.43£0.528a
81204113 B 816410528  80.90+0.61 Cab
8267+0.87 Aa 8173409382  82.404153 Ba

(p<0.09)
(p<:0.09)

90
75.96+0.46Qd

81.78£0.92 Bab
84.54£0.77Aa
79.92+0.30 cp
81.79+0.89Ba

82.27+0.67Ba

fo
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4,34  (color)
48 %0 ()
25 L*
(p0.05) L*
L*
L* (Huang
Hsieh, 2005)
35 45
L* (p"0.05)
45 L*
Patras (2010)
1 10
v/ s ol
45
L*
a*
25
45
(p<;0.05) a* 2

(Patras , 2010)



b*

48

(<)
2
35
45
25
35
45
25
35
45
2
3
45
25
35
45
25
3
45

linear ' density polyethylene: LLDPE;

0
87.80+1 64 02
88.82+0.11As
88.22+0.10A)
88.82+0.37/4
88.67+0.42/%

87.63+0.02/8

5.0410.02ecc
4.930.43ch
4,98+0.04Cc
5.18+0.21%
5.0520.03B%
5.2420.79Ad
8.46+0.25B%d
8.490.40B%
8.8120.29AC
8.6410.38/B(r
8.2240.290C
8.1310.09Dd

polypropylene film ;M-CPP

ns

0*

45

30
87.030.77ca

88.62+0.39B8rs 88.74+0.45 Ars

89.19+0.21Aa

()
60

85.5540.688p

88.710.49AC

68.86:0.21/8 88.32£1.04Ab

88.70£0.52Ba
86.20+0.60Db
4,95£0.04cc
5.02+0.02Ba
5.0420.05B0
4.81+0.06°"
4.99£0.09¢h
5.64+0.09Atc

11.1241.39A

9.18+0.68B0
8.8110.2980
9.17+0.86ea
9.15£0.91Ba
11.8210.03Ac

88.06£1.20A

85.69+0.79Bx

5.3620.07Bb
5.10£0.10ca
5.11£0.04ca
4.97+0.04Db
5.170.03ca
5.770.13AC
11.9120.578C
9.27£0.70ca
9.2310.30ca
8.95+0.39c.ab
9.35+0.69ca

12.49£0.61Ctr

b4

90
76.66£1.89°¢
88.90+0.12"°5
85.09+0.36Ad
88.17+0.46Bp
88.97+0.12A
84.4410.6cd
6.59+0.16Aa
5.1120.05Ba
5.11£0.04Ba
5.14+0.04Ba
5.19+0.04Ba
6.2910.94/
12.96+0.82/
8.79+0.37Bp
8.84+0.59Bp
8.37£0.498C
8.6820.2280
13.45+0.64A

metalized cast

(p>0.05)

6*

47

25



4.1

25
AE

a* 6*

(1996)

1 2010)

(p"0.05)

(AE)

(AE)

4.7

L*

(Lavell

9%

45
AE L*

(2010) "

a* b*

Muralikrishna

. 2012: Patras
AE



5%

(p"0.05)

4.3.5 !
(Waterman ~ Mole, 1994)
48
(p<;0.05) 0
159.8 - 162.3 ,
! 87.26 - 96.27
54.61 -59.33 Tsia (2010)
!
(p<;0.05) 5 (2550)

(Tiwari , 2013)
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49
(p"0.05)
437
4.10
2612 - 44.27
(p70.05)

2013)

(Skrede

(p<;0.05)

(p>0.05)

Wrolstad, 2002)

58

58.18 - 62.59

(Xie,



5

— £3mn35%

— £3--35°C

----- Ha5ec

()
4.10
43.8 DPPH
DPPH
DPPH
DPPH
DPPH ' (Brand-
William +1995) DPPH
4.11
DPPH
68.11-81.27 9.06-9.48 60
DPPH (p"0.05)

DPPH (p>0.05)



411 DPPH

48 -4.10
15-75

(Kao ,2008)
(catechol)
(conjugated) 3 C
(Kao , 2008; Tsai , 2010)

DPPH
9%.7 9.7
(Zhao, 2012)
(Pietta, 2000)
(Xie, 2013)
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