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Abstract

This research divides into two parts : temperature-controlled
fermentations of noni fruits and noni leaf tea. Noni fruit fermented at 30°C,
35°C and 40°C, for 0, 1, 2, 3, 4 weeks to investigate its yield and change in
functional quality and physiological activity. Fermen- tation at 30 C for
two weeks gave better juice yield than others at initial fermentation period,
better flavonoids, rutin, scopoletin and total phenolic compounds content
whereas the fermentation at 40 °C showed higher antioxidant capacity.

Tea is a popular beverage. Noni leaf was found rich in flavonids. To
find the optimal conditions for functional compounds extraction and analysis
of the main flavonid compounds is conducive to product development. Three
samples of freeze-dry small noni-leaf tea, rolling small noni-leaf tea and
rolling big noni-leaf tea were prepared by boiling in water for 15~30-45 and
60 minutes. In general, rutin content of rolling small noni-leaf tea is 3.1
times that of rolling big noni-leaf tea, 1.4 times that of freeze-dry small
noni-leaf tea. Rolling small noni-leaf tea exhibited best in functional
component content, physiological activity. And its flavonoid content and
antioxidant capacity is relatively high. Therefore, the three noni-leaf boiling
in water for 60 minutes was choiced for sensory evaluation. Favor of rolling
small noni leaf tea was found more popular.

Rolling small noni-leaf tea boiled in water for 60 minutes was prepared
and stored at 4°C, room temperature in dark (RTD) and room temperature
under light (RTL) for one month. Rolling small noni-leaf tea stored at 4 °C



exhibited better stability in quality than samples at room temperature in dark,
and samples under light.

Major flavonoid other than rutin was isolated by HPLC and identified
with HPLC / MS / MS. Molecular weight of PEAK 4 and PEAK 6 was founf
to be 727.6 and 593.2, and chemical structure tentative concluded to be

Kaempferol -( Glc + Rha + Xyl ) and Kaempferol -( Glc + Rha )respectively.
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Fig. 1. Noni tree in Pingdong. Fig. 2. Noni leaves.
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Fig. 3. Noni fruit: young green fruit with flowers , green fruit ®’, and mature white frui
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Table 1. Evolution of noni fruit skin colour and firmness in the course

of ripening
Maturity stage Colour Firmness
1 Dark green \ery hard
2 Green-yellow \ery hard
3 Pale yellow \ery hard
4 Pale yellow Fairly hard
5 Translucent-grayish Soft

( Chan-Blanco et al., 2006 )
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Table 2. Possible yields of noni fruits at various growth stages

Month Expected fruit yield*
0-9 Seedlings grown in nursery, no fruit production
9 Transplant into field, no fruit production

12-24 (yearl)

24-36 (year2)

36-48 (year3)

48-60 (year4)

60-72 (year5)

2 Ibs fruit per plant per month (i.e., 24 Ibs per plant per year 1)

4 bs fruit per plant per month (i.e., 48 Ibs per plant per year 2)

8 lbs fruit per plant per month (i.e., 96 Ibs per plant per year 3)

15 Ibs fruit per plant per month (i.e., 180 Ibs per plant per year 4 )

20 Ibs fruit per plant per month (i.e., 240 Ibs per plant per year 5 )

*Realistic estimates based on excellent farm management practices and growing conditions. Actual yields may vary.

( Nelson, 2003)
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Table 3. Physico-chemical composition of noni juice

Characteristics Chunhieng (2003) *  Shovic and Whistler (2001) ? European Commission (2002) °

pH-value 3.72 - 3.4-3.6

Dry matter 98+04% - 10-11 %

Total soluble solids 8 - -

Protein content 2.5% 0.49/100¢ 0.2-0.5%

Lipid 0.15 % 0.30 ¢g/100 g 0.1-0.2 %

Glucose 11.9+0.2g/L - 3.0-4.09/100 g

Fructose 8.2+£0.2¢g/L - 3.0-4.09/100 g

Potassium 39 00 mg/L 188 mg/100 g 30-150 mg/100 g

Sodium 214 mg/L 21 mg/100 g 15-40 mg/100 g

Magnesium 14 mg/L 14.5mg/100 g 3-12 mg/100 g

Calcium 28 mg/L 41.7 mg/100 g 20-25 mg/100 g

Vitamin C - 155 mg/100 g 3-25mg/100 g
*Noni fruit.

b Tahitian Noni~ Juice ( Commercial noni juice that contain 89 % noni juice and 11 % common grape and blueberry
juice concentrates ) .
- Mean no determination.
( Chan-Blanco et al., 2006 )
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Table 4. Identified volatile compounds from ripe noni fruits

Compounds MW  Identification* % ppm
Acids
Acetic 60 a,b,c 0.04 0.02
2-Methyl propanoic 88 a,b 0.11 0.05
Butanoic 88 a,b,c 0.71 0.31
2-Methylbutanoic 102 a,b 0.54 0.23
Hexanoic 116 a,b,c 19.24 8.26
3-Methylthiopropanoic 120 a,b 0.41 0.18
Benzoic 122 a,b,c 0.19 0.08
Heptanoic 130 a,b,c 0.09 0.04
Octanoic 144 a,b,c 58 24.98
Hexanedioic 146 a,b 0.08 0.03
Nonanoic 158 a,b 0.03 0.01
Decanoic 172 a,b,c 1.54 0.66
Undecanoic 186 a,b,c 0.03 0.02
Lauric 200 a,b,c 0.16 0.07
Myristic 228 a,b,c 0.14 0.06
Palmitic 256 a,b,c 0.49 0.21
Linoleic 280 a,b,c 0.05 0.02
Elaidic 282 a,b,c 0.29 0.12
Oleic 282 a,b,c 0.06 0.03
(Z2,Z,Z)-8,11,14-Eicosatrienoic 306 a,b 0.68 0.3
Total 82.88  35.68
Alcohols
1-Butanol 72 a,b,c 0.07 0.03
3-Methyl-3-buten-1-ol 86 a,b 4.13 1.78
3-Methyl-2-buten-1-ol 86 a,b 0.3 0.13
1-Hexanol 102 a,b,c 0.11 0.05
Benzyl alcohol 108 a,b,c 0.05 0.02
Eugenol 164 a,b 0.03 0.01
(Z,Z) -2,5-Undecadien-1-ol 168 a,b 0.41 0.18
Total 5.1 2.2
Ketones
3-Hydroxy-2-butanone 88 a,b,c 0.06 0.03

2-Heptanone 114 a,b,c 0.35 0.15

11
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Table 4. Identified volatile compounds from ripe noni fruits ( continued )

Compounds MW Identification* % ppm
Total 0.41 0.18
Esters
Methyl hexanoate 130 a,b,c 0.37 0.16
Methyl 3-methylthio-propanoate 134 a,b 0.03 0.01
Ethyl hexanoate 144 a,b,c 0.12 0.05
Methyl octanoate 158 a,b,c 0.85 0.37
Ethyl octanoate 172 a,b,c 0.45 0.19
Methyl decanoate 186 a,b,c 0.57 0.25
Ethyl decanoate 200 a,b,c 0.19 0.08
Methyl palmitate 270 a,b,c 0.04 0.02
Ethyl palmitate 284 a,b,c 0.03 0.02
Methyl elaidate 296 a,b,c 0.05 0.02
Methyl oleate 296 a,b,c 0.03 0.01
Total 2.76 1.18
Lactones
(E) -6-Dodeceno-y-lactone 196 a,b 0.09 0.04
(Z) -6-Dodeceno-y-lactone 196 a,b 0.09 0.04
Total 0.18 0.08
Miscellaneous compounds
Hexanamide 115 a,b 0.03 0.01
Limonene 136 a,b,c 0.39 0.17
( Ethylthiomethyl ) benzene 152 a,b 0.07 0.03
Unknown 1 166 b 1.48 0.64
Unknown 2 168 b 0.56 0.25
Unknown 3 184 b 0.57 0.25
Scopoletin 192 a,b 1.97 0.85
\Vomifoliol 206 a,b 0.95 0.4
Unknown 4 212 b 1.65 0.71
Total 7.67 3.31

* Chemical identifications were based on EI mass spectra (a); Cl massspectra (b);
and/or comparisons of their Rs with those of synthetic compounds (c) .

(Farineetal., 1996 )
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Table 5. Chemical composition from noni fruit

Compound

References

Fatty acid glycoside (1-7)
Alcohols glycoside (8-9)

Wang etal. (1999),
Wang et al. (2000 ),

Samoylenko et al.
(2006) ,

Dalsgaard (2006 )

Iridoid glycoside (10-19 )

Main

Asperuloside (10)

Levand and Larson

(1979)
Asperulosidicacid (11) Kamiya et al.
Deacetylasperulosidic acid (12) (2005)

Minor

Deacetylasperuloside (13)
Dehydromethoxygaertneroside (14 )
Epi-dihydrocornin (15)
6a-Hydroxyadoxoside (16)
Citrifolinin B epimersa (17)
Citrifolinin B epimersb (18)
6b,7B-Epoxy-8-epi-splendoside (19 )

Sangetal. (2002),
Kamiya et al.
(2005) , Suetal.

(2005 )

Flavonol glycosides

Rutin (20)
Narcissoside (21)
Nicotifloroside (22)

Sangetal. (2002 ),
Suetal. (2005)

Lignans

3,3’-Bisdemethylpinoresinol  (23)
Americanol A (24)

AmericaninA (25)
Americanoicacid A (26)
Morindolin (27)

Isoprincepin  (28)

Kamiya et al.
(2004)

Balanophonin (29)

Pawlus etal. (2005)
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Table 5. Chemical composition from noni fruit ( continued )

Compound References
Coumarin
Scopoletin  (30) Pawlus et al.
(2005)
1-Hydroxyanthraquinoes (31-38) Kamiya et al.
2-Methoxy-1,3,6-trihydroxyanthraquinone (31) (2005) ,
1,8-Dihydroxy-2-hydroxymethyl-5-methoxyanthraquinone ( 32 ] Pawlus et al.
1,3-Dihydroxy-2-methoxyanthraguinone (33) (2005)
1,6-Dihydroxy-5-methoxy-2-methylanthraquinone (34)
2-Hydroxy-1-methoxyanthraquinone (35)
5,15-Dimethylmorindol (36)
Anthragallol-1,3-dimethylether (37)
6-Hydroxy-anthragallol-1,3-dimethylether (38)
Miscellaneous compounds
B-Sitosterol (39) Su et al.
3-O-Glucoside (40) (2005) ,
Pawlus et al.
(2005)
Ursolicacid (41) Sang et al.
19-Hydroxyursolic acid (42) (2002)
Cytidine (43) Sang et al.
(2002) , Su
etal. (2005)
Borreriagenin (44) Su et al.
(2005
Epiborreriagenin  (45) Samoylenko
et al.
Iridoid derivative (46 ) Sang et al.
(2002)
Succinic acid diesters (47-49 ) Samoylenko
et al.
4-Hydroxy-3-methoxycinnamaldehyde (50 ) Pawlus et al.
B-Hydroxypropiovanillone (51) (2005)

Vanillin (52)
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Fig. 4. Chemical structure of fatty acid and alcohol glycosides and iridoids

found in noni fruit.

( Potterat and Hamburger, 2007 )
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¥ % (rubiadin )f rubiadin-1-methyl ether % - :& 5 #+# 7 3 4 (aucubin ) ~

# % & (asperuloside ) = & & = % (scopoletin )( Wang and Su, 2001; Wang
etal,2002) » pt it £ 42 I B RH N 4ol Tor 5o ARy ARG
f4 (caproic acid ) =< & (caprylic acid) ( Dittmar, 1993); @ 1 & ¢4
i 4 B 5 F &% (xeronine) (Dittmar, 1993; Heinicke, 1985) - {34512 4
W2 oo Bt Fexirgp LR 302 M S4od 2 97T

( Chan-Blanco etal., 2006 ) -

= BERNABRH GRS
(-) prag - £+ (phenol)

frapic & 454 ¢ B Ls hens & > fE3F4246 8000 f& 0 H fis
W A Bl ralamp i LM AR REERER
( phenolic acids ) ~ #f & f* (flavonoids) % ¥4 & (tannins) % > B~ % p»
SEED S A PRAp R f g R ARy A G R R
EARRE > AT IeFIH R F L L B %’-K/T‘g d Az g oA

(Duhetal., 1999) -

(=) #% % (flavonoid)
B e Ad = B3k %4 o0 diphenyl propane (C6-C3-C6) 4] 5% #f
Hr o BRIt - i BAF N aRY o A HEE

ErEFRT ¥ B GHAML AN
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RH L BT A 55 (flavones) ~ 5 fk A (flavonols) ~ §
i (flavanones) ~ & =@ (flavanols) ~ £ 3 A (isoflavones) ~ § = A
A% (flavanonols) % i # % e f (anthocyanidins) % = + % » 4o @]+ #7
—r(Pletta 2000)"“’1H jf BE ﬁﬁgeﬁ%/iﬁ”iﬂfé’fi’é#é#ﬁ,i o
i Fupd o sl FuBac s B S 2 RaS Al

TiEF v Z# i (Cooketal., 1996; Pietta, 2000 ) -

=) H#% (H% > tannins)
Hp o -fARDERHECEY ¥ WRERA TS L o &x flG

B R ERMIERE D S S ERA S RAL > <A nE §

PR i HPRn g i 2 ridet > Bit R 3
Fo2Pd Pk ERREG iy ? SEH Khhayp o

A AR ERL Y THERE FEAE R o JUBFS - 0 BB H B
e 5ok 33 B % (hydrolysable tannins)  fri5 & 41 ¥ % (condensed
tannins ) o -k f2 A H B 4~ 5 £ 5 500-2800 Da > 4r-k & 2 fEE § A
BPREL T & ks R ALGERIF  FTLRAGALLEFIR
(gallic acid )z gallotannin 2 2 & 4 ¥ i~ p4(ellagic acid )rellagitannin -
‘{ﬁ@ 3 H %4+ £ 55 2000-4000Da- # 41 & 12 flavan-3-ol 5 # < o
Mol E - GRS flavanol X H g8 SRKEEAZ T AREA

(anthocyanidin) » &= # % & 7= % fepE 4 (proanthocyanidin) - # 3

I EREG VR LA 2 Rp DA L R CRRE TR
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Table 6.

Location of chemical compounds on the plant

Location

Chemical constituents

Reference

Flower

Flower

Flower
Fruit

Fruit

Fruit

Fruit
Fruit

Fruit

Fruit

Fruit

a2-Methyl-4-hydroxy-5,7-dimethoxyanthraquino ne

4-O-B-D-glucopyranosyl- (1—4) -a-L-
rhamnopyranoside
5,8-Dimethyl-apigenin 4’-O-p-D-
galactopyranoside

Aracetin 7-O-p-D-glucopyranoside
B-D-Glucopyranose pentaacetate

2,6-Di-O- ( B-D-glucopyranosyl-1-O-octanoyl--
D-glucopyranose

6-O- ( B-D-Glucopyranosyl-1-O-octanoyl-p-D-gl
ucopyranose

Ascorbic acid

Asperulosidic acid

Asperuloside tetraacetate

Caproic acid
Caprylic acid

Ethyl caprylate

Sangetal. (2002)

Sangetal. (2002),
Elkins (1998)

Sangetal. (2002),
Elkins (1998)
Dittmar (1993)

Wangetal. (1999)

Liuetal. (2001)

Morton (1992) |,
Elkins (1998 ), Wang
etal. (2002) ,
McClatchey (2002)
Wangetal. (1999),
Liuetal. (2001) ,
Cardon (2003)
Dittmar (1993) Fruit
Sangetal. (2002) ,
Dittmar (1993) ,
Elkins (1998) ,
Wang etal. (2002) ,
Levand and Larson

(1979)
Solomon (1999) ,
Dittmar (1993) ,
Cardon (2003) ,
Elkins (1998) ,
Wangetal. (2002),
Levand and
Larson (1979)
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Table 6. Location of chemical compounds on the plant ( continued )

Location Chemical constituents Reference

Fruit Ethyl caproate Dittmar (1993)

Fruit Hexanoic acid Dittmar (1993)

Fruit Octanoic acid Farineetal. (1996) , Sang
etal. (2002)

Fruit  “Quercetin 3-O-a-L-rhamnopyranosyl- ~ Farineetal. (1996) , Sang et

(1—6) -B-Dglucopyranoside al. (2002) ,Cardon (2003) ,
Wang and Su (2001)
Leaves Alanine Sangetal. (2002) , Srivastava
and Singh (1993) , Cardon
(2003)
Leaves Arginine Dittmar (1993)
Leaves Aspartic acid Dittmar (1993)
Leaves B-Sitosterol Sangetal. (2002) , Chunhieng
(2003), Elkins (1998 ), Wang
etal. (2002)
Leaves Citrifolinoside B Sangetal. (2002 )
Leaves Cysteine Dittmar (1993 ), Elkins (1998 )
Leaves Cystine Dittmar (1993 ), Elkins (1998)
Leaves Glutamic acid Dittmar (1993)
Leaves Glycine Dittmar (1993 ), Elkins (1998)
Leaves Histidine Dittmar (1993 ), Elkins (1998)
Leaves Isoleucine Dittmar (1993), Elkins (1998 )

Leaves CKaempferol 3-O-a-L- rhamnopyranosyl- ~ Sang etal. (2002)

(1—6) -B-D-glucopy ranoside

Leaves Kaempferol 3-O-p-D-glucopyranosyl- Sangetal. (2002)
(1—2) -a-L-rhamnopyranosyl- (1—6) -
B-D-galactopyranoside

Leaves Leucine Dittmar (1993), Elkins (1998)
Leaves Methionine Dittmar (1993 ), Elkins (1998 )
Leaves Phenylalanine Dittmar (1993), Elkins (1998 )
Leaves Proline Dittmar (1993), Elkins (1998 )

Leaves Quercetin 3-O-p-D-glucopyranoside ~ Sangetal. (2002)
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Fig. 8. Basic phenol structure.

B4 ~dw b2 &~ SH -
Fig. 9. Basic flavonoid structure.

( Pietta, 2000 )
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5 7 q 4 3 5 7 ¥ & 5
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quercetin OH OH OH OH daidzein OH OH
kaempferal OH OH OH daidzin Ogle OH
galangin OH OH biochanin 4 OH OH OCH;
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Fig. 10. Structures of flavonoids.
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PR AR R § I E# a0 iTE KX PR L% 7 (Shahidi and Naczk, 2004 ;

%,2009 ; 2,2008) -

(=) =42 (rutin)

=4 % (rdtin, 3,3 4 5,7-pentahydroxyflavone-3-rutinoside, C27H30016)
51073 SR H ket i 0 d RS v AR S Ao fEe ALIE
“ad P Y APy v AR RS B i & 40— #& (Nijveldt et al,
2001)- =4 % 2.4 & frpsA ir (flavonol quercetin) == 4 = p# (disaccharide
rutinose ) #fke = eruE Ak fepEdE (Ribéreau-Gayon, 1968) > Bl-- = 5 H i+ 4

Ho S HRb 0 0 E A b SREMEAT (3 T ER S RE e

&
«%’ﬁ

)% FEIANALFE (F L EFE)RE CEHE R A E
FZEES oRF BRI R AT IR R SRR R e
v H - A4 gy v (Raffoetal,2006)- ¥ ¢t > v B E 5 Fu L (Guardia
etal., 2001; Selloum, 2003 ) ~ =¥ # % (Cushnie & Lamb, 2005 ) % #'@ﬁai (Leitao
etal.,2005) % # 1@ ;=2 M o

() L&z 2 (scopoletin)

L 2% % (scopoletin, 7-hydroxyl-6-methoxycoumstin, C;;HxOi) 4 & 2
(coumarin) - & > % - fEESEEATA 4 0 B 1Y B Aol 2 o o frd B
AEEARR SRR EAE A ToRBER S 5 MR X R ER AP

P 2% 7 & € Jplie (Zobeletal, 1991) - e s 70— Bere
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PP I AF R RA AT E 3 ANEEY o Farine (1996) 305 ¥ a2
B YRR Mo B A AR Y AT B R R ERFR
A AR L B ARG L 33 7 a0 el R (Atkinson, 1956;
Dittmar, 1993; Leach et al., 1988; Locher etal., 1995) ~ % & /&4 (Kim, 2004 ) ~

aHjg st 4 (Huangetal., 1993) ~ %%+ (Sang et al., 2001; Sung et al., 1998) ~ 3g#

B & & (Solomon, 1999 ) ~ ## 48 p o % & % (Levand & Larson, 1979) * -

N S IR EA
FRAAIRT LT AT BT e B B B (FE jE e
B RE-BEMER BRI E 5T BT ERA YT S 2
MR 2 fedr = 4 > WA SRR R ILE o S LI IR R A FaRnil
AR £ SR DAY 2 @ % 22 ok (585 2002) 0 @i S
PH L BFT T TR 0 hol fg 1t (antioxidant)\#a/ﬁai (antiviral ) ~ ¥
7 Cantibacterial ) ~ # & 7 (antifungal ) ~ %  (antitumor ) ~ "% n &
(hypotensive ) ~ L& (anti-carcinogenic ) ~ ¥z (anti-inflammatory ) =i
2 );gﬁ] & (wound-healing) %2 1@rsco i AR 5~ B H A WEP B E
PR R AR ) PRI AT
() #F
Wang & (2002) +“d= 2B % ~ § 5 56 ~ ok e (Vit. C)
% pycnogenol (PYC) =g s 1235+ p o A (superoxide anion radical ) ‘;—;.L% At

SoAF U pd g R e 2 TR AL WA T ST

27



ALY IR A ARG AR AR T4 AR LS R BT IR R g

Bt ka4 5 VIt C a4 B PYC a4 B a B F 5 ARk i

Liu % (2007) FZEp % 2 0 fhe fafiBuged AAEN = B0 L4

e isoscopoletin ~ quercetin fr aesculetin > ¥ 3g 1t = BT £ ¥ F 125 o
AfrAZy 1A £ 5 iz ’t“f“ 4o PR SRR (RN 5= A

Zin ¥ (2002) 7 E 219~ R 7 e+ 2 4d o FRER
fac fig (ethyl acetate) % B~3 2 ? iz (methanol ) JrB’»;}vv—”r&E’ 4B g b
BomdlsffrEd 2 e e PP Ry F g 12> R H 9 EREP
Pr2drig VPR e Tt RRERATY AR 2 dmg VPTG - BiRiEfot
Bt g g AR ERAeE T AR L FF P FAIE - SR g
$o oo

Sang # (2001) /&g E+2 ¢ fig (ethanol) FB~pr ¢ S dpihit - 48
#rer iridoid glycoside i+ & 4= - citrifolinin B (1) » 2 2 T 4& = vef flavonol glyco-
side i & 4~ > quercetin-3-O-f-D-glucopyranoside (2) ~ kaempferol-3-O-a-L- rhamno-
pyranosyl-(1—6)-3-Dglucopyranoside (3) ~ quercetin-3-O-a-L- rhamno- pyranosyl-
(1—6)-p-D-glucopyranoside (4) ~ quercetin-3-O-B-D-glucopyranosyl- (1— 2)-[o-L-
rhamnopyranosyl-(1—6)]-B- D-galacopyranoside (5) '+ % kaempferol-3-O- B-D-
glucopyranosyl- (1—2)- [o- L-rhamnopyranosyl-(1—6)]-3-D-galacopyranoside (6) °
Todg dipe ~fECES Y ’ﬁ fDPPH Bdé7sb"’ﬁi“ﬁ':4&\‘:vla77%

~85.8% ~45% ~799% ~ 81.3% - 28.6 % (DPPH conc.=30uM) > B+ 7 &

28



LL._ﬁ,L L2 ,L%ﬁf‘lﬂ}#_'\ °

(=) Frflicd
AT ARL A R R e A ¢ 2 4 B F dgehscopoletin £ § | 5
1%

(

p%% o i{ y ?]/ﬁﬁ 3T zfrdﬁ;lj—’: ”%*&fﬂ’ 0157 (NCTC 12900) Li{

3
>

O

uncan etal., 1998 ) -

*H %7 ¢ #7% 2 acubin ~ L-asperuloside % alizarin &2 H §3 ¢ #7132
anthraquinone '# A2 £ 7 mepﬂ AR 1ot = W mﬁf] : Pseudomonas aeruginosa -
Proteus morgaii ~ Staphylococcus aureus - Baciillis subtilis ~ Escherichia coli -
Salmonella # Shigela @4t o = FIGHR 7 5 oy o #7000 gA48% 005
BRAREA R h ~ 32 2 wppg £ enid & P38 (Wangetal, 2002) -

Jayaraman % (2008) A3 M %2 7 @ ~ ¢ fec figfol ¢ RE B2

Fie 4 o fa @ i 5 Bodr 2 e # B iE o T UG T RIRFL A R

=t

VI e MR B2 PrEpi kb A o dok N OTOn o
AR ES 2T R Bt ¢ R L FrEpEk o i g el S.osureus
(ATCC 25923) (Gram positive > G +) 2.4 £ » HE | #r4E& (minimum
inhibition concentrations>MIC’s ) % 1000 pg/disc> @ H F#rFPk~ - & 7.3mm+£0.1
@ 30 pg 2. vancomycin i % 2 #rEPk < o) 5 16 mm (Zaidanetal., 2005)
cBEER T 2 rutin it &P EF B G Pt * (Calabroetal., 2005) -
TR AR ELEPS AR TR T 80% L BPiEE 0 @

Rifampcin( L & s P &4 ) idp e kR T RIT 0E ] 97 % 2 4k
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A AR AP > TER O B MR L G s e s (American Chemical

Society, 2000) -
EREEFPOFFEE RS T LR LN F 4 GG Ascaris

Lumbricoides #— % p 7= o ¥ b g jede F riEiE Morton eupddpdi o iR R

&;Egig‘{ 2 g wh e kg T s AA (Raj,1975) -

(=) f@;}iai

Umezawa & (1992) jz5 M 2 43304 # 4 Damnacanthal (1- methoxy- 2-
formyl-3-hydroxyanthraquinone) i+ & 4~ » 2 3LE ¥ 5 »adr | HIV s 4 MT-4
fmie thig = e 5% (cytopathiceffect) » ® 7 ¢ Frdiimie 2 4 £ > T i€ %
s p Aok o R AT EFTER F Y 2 outin TG FupE 2

{¥% o (Calabroetal., 2005)
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Figure 12. Structure of rutin.

(http://en.wikipedia.org/wiki/Rutin )

X OCHs

Bz ~dagia e

Figure 13. Structure of scopoletin.

( http://en.wikipedia.org/wiki/Scopoletin )
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Blte ~ERS A2 BefRIEPde sdpdi2 it 85 124032 %
# ° 1 * Isoscopletin ; 2 : Aesculetin ; 3 : Quercetin -
Fig. 14. Chemical structures of compounds 1, 2 and 3 isolated from

EtOAc extract of Xisha noni fruit juice.

(Liuetal., 2007)
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Table 7. Traditional uses of noni for diseases
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Table 7. Traditional uses of noni for diseases ( continued )
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Fig. 15. Chemical structures of compounds isolated from ethanol extract
of noni leaves.

(Sang et al., 2001a)
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Table 8. Antibacterial activity of fruit extracts of Morinda citrifolia against gram positive and gram negative bacteria

Microorganism

Methanol extract (inmm) Ethyl acetate extract (inmm) Hexane extract (inmm)

Bacillus subtilis 10.0+ 1.0 6.3+0.6 -
Staphylococcus aureus ‘Y 11.3+ 0.6 6.7+ 0.6 -
Lactobacillus lactis ‘*’ 10.0£ 0.0 5.7+0.6 6.3+0.6
Streptococcus thermophilus ¢’ 11.3+ 0.6 6.0+ 1.0 -
Pseudomonas aeruginosa %’ 10.3+ 0.6 - -
Salmonella typhi ‘2’ 10.3+0.6 6.0+ 0.0 -
Escherichia coli ‘%’ 11.0£0.0 6.3+0.6 -
Vibrio harveyi (%’ 11.3+0.6 6.3+0.6 -
Klebsiella pneumoniae ‘2’ 9.3+0.6 - -
Shigella flexneri %’ 11.0+ 0.0 8.0+0.0 -
Salmonella paratyphi A 2’ 26.0+ 1.0 15.7 + 0.6 -
Aeromonas hydrophila ‘%’ 12.3+ 0.6 11.3+0.6 -
Vibrio cholerae ‘%’ 7.7+06 10.7+ 0.6 -
Chromobacterium violaceum ‘2’ 12.3+ 0.6 12.0+ 1.0 -
Enterobacter faecalis ‘%’ 13.0+ 1.0 14.7 + 0.6 -

Note: There was no inhibition found in control.
(Jayaraman et al., 2008 )
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(=) Fu3 X

McKoy % 4 (2002) f#* =% L4 5 —n ¢ 475k % (bradykinin)
SlAz R vERE UF B RBREFFER S LI F oy LA 5T
r R 200 mg R SR E G T ] < ReaRokeE o Li & 4 (2003)
PR EHREERN O BREPREFEPE L #HCOX-LHrdrask @
P 2k o

Yu % (2004) iR RSP A& a4 scopoletin~quercetin
2 ursolic acid # 3 »xFr#|m¥e jgr4 interleukin-1p (IL-1B) ~ interleukin-6
(IL-6) ~ = 7] H;Tﬁ% E2 ( prostaglandin E2 ; PGE2) fr ¥ #%i% ¥ * fis
( myeloperoxidase ; MPO) % % W 4p i 13 & 4 o Calabro % (2005)

_,T:J['ﬁ.,|‘z?-ﬁt amwé’%lLbJ}?’# F#’m]? ;\m]fé {o

() 2"/ ~EZT
=Ry B 9 %k RS iEd 4 (writhing) fo#t45 (hotplate )

PR RIF R R EE otk o R R "}

“JH—
\4

ot

s Pgm 2k

% BT R R AT
JALF % ) 5B 75000 4rA g 2 &% B E* (Younos et al.,
1990) -

FREHF A EFEREPFE AT TP L L 80 7% -
R g% i frdde 2m RIF A and 2ok » B ME%R 6 0 &
zocontrol (7 & & % )48 5% FH %+ ~4&3a 10%=R 5

fréka 20% R FFEe 2o ke 10 X SEFRLHF % - & control
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PHB o BBz w AP ROk > XU S 20% HE F LT
EAER Tk e ARFEHR e o A s control (A ARSEHERE R )
4 g 20% placedo (= & )~ 4 & 10% % F ks 20% H R 5 7
Fre T XREFRF TR L5 T4&3 10% {v20% HH *

S BB ILP R s f ko 24k 20% placedo AP R 0 B B

BT R AT 162% 2 212% (Wang et al., 2002) -

() FP e F AR
Byt s R ¢ 2 scopoletin it & 4 £ G g T &R
% H W5E @ T % B2 # i (Ojewole and Adesina, 1983) < 7 § £ 3

HRHER PV H LRI PP 7 0% ML R0 2 £ & (Youngken, 1958

B

, Youngken et al., 1960 ) « @ 3 B 432 ¢ fR X B 77 F 5 4 F MAR AR o0
¥ 2. = & (Moorthy and Reddy, 1970 ) -

Yamaguchi % (2002) # 3R ) % - 7 3 s 4] ACE 2 iEF» ®
32 B rdacsk (I1Cs < 1 pL/mL) <A 232 %9 (ICs = 22
uL/mL e @ S F o B 5 HFF RS ER F NG M p FEF
o /& < B (spontaneously hypertensive rats ; SHR) z o BT a3 L A o
Kt sdp il st P 23wl ACE 2 > ¥ 115 »ad Fp 17 frik

I B o & - Yang & (2008) T AR R Y 2orutin & BT T E

FEG En B2 ¥

H

@ Loizzo #(2007) 7= 3 7rdp 41> B AR AE 1 &4 & F #r4] ACE
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2_ &1 apigenin (1Cs0 =280+ 3.2 uM )~ luteolin (1C50 =290 +2.9 uM )

+ kaempferol-3-O-a-arabinopyranoside (1Cso =320 +4.1uM ) ~ kaempferol-
3- O-B-galactopyranoside ( ICsq = 260 £ 3.0 uM ) ~ quercetin- 3-O-a- arabino-
pyranoside (1Cso =310 +2.2 uM) v luteolin-7-O-B- glucopyranoside ( ICs

=280 3.4 M) -

(=) /P B

UVB fg 5 A A K2 # B P HFa & ehd & 5 S M2
Azde g friiie 4 - @ AP-1 (Activator Protein-1) 2 4 {73 i 2 iaie
PiahkeEand o &g A Fr4) UVB-induced Activator Protein-1 (AP-1) »
R e 5 2adr i o d A LA NEGEREF 2 e mBEPP Y o dpd -
farTeniridoid (Ff iy ) #gi- &4 o g i &4 FL 5 citrifolinoside > +
113 sxdr4] UVB- induced Activator Protein-1 (AP-1) 2z & 4% (1Cs = 29.0
UM )> e 2 Fuihgs 2 3 ok Bl St i 2 1Y B g4 4 (Sang etal,
2001b) -

Sang % (2001c) fGEREF ¢ & 34— fEiren iridoid i & 4 -
#i i citrifolinin A> @G e &Y o Bt £ L5 #rd] UVB-
induced Activator Protein-1 (AP-1) 2 & (1C5=69.6 uM ) » T £ 5 4=
Mz o Bl RIS B BES -

Jayaraman % (2008) #* 7 dE L % 2. 7 g ~ ¢ fhc Fofrl & e X P4

¥4 S o2 (human laryngeal epithiloma cells ) ehdrd] is % o & % kg
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O E B2 gk bt > A Do e E B 0D

&
+4
ki

FRISTA B gk .

(~) RiE®
4 & 7 Heinicke ¥ Lin: %KY 27 Fi2® (Xeronine) 2 v 5§
1 F % % & (proxeronine) frZ it % #& i f5 (proxeronase) - #& » * 4
BT Y RAREERFLRRL SRR Plee e flr 1A
AHAMG Eoron (B~ ) Fik® 5 - 2 4k o Heinicke £ 1335
Fwiy BA Y Fofpdnd > §iER NSRRI
PRI A IR EA  FRAARRBLAET S EFERR
B FE Ao FeAMS NI FET R R TN A
PARE NIRRT H TP R A AT Ry e e
ek FRBOFEEOR T E Y ASHE T f 7 Heinicke #
2 {- Solomon # L #F » @ H is A FF F LB RF i ® 3 & (Wang

et al., 2002; Chan-Blanco et al., 2006 )

P}

FBROPRT O EAE S BE T R A AL HA

=5

Z enF g it & $ (Yang et al., 2007 ; %, 2009 ; 5, 2009)- p = B

b
o

B ERASRER S A NE P ARIE SR (BRI ) IR ER
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B+ = ~ Citrifolinoside 2. ,.%H;;“ °
Fig. 16. Structure of citrifolinoside compound.

(Sangetal., 2001 b)

B+ = -~ Citrifolinin A 2_ % 43¢ -
Fig. 17. Structure of citrifolinin A compound.

(Sang et al, 2001c)
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BT IN 2w %
R AN S F L

Fig. 18. Xeronine system from noni fruit.

( http://www.sample.nonijade.com/index-2.htm )
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B4 WP EH2ERET o d 2 2AG L 2EER 52 5
3.5 ER 4 2T E L5 FRP (AFtmr ),
6B T PR o
Fig.19. Many brands of noni juice from different origins have been imported
and delivered to consumers directly. In order from right to left: 1.
Philippine; 2. Ryukyu; 3. Tahitian; 4. South Pacific; 5. American
company (without registering the correct place) ;

Australia; 7. Indonesia.
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ER ARSI ER N P AEE > FEMLI BRI
P % 372 4 5 (Chan-Blancoetal., 2006 ) 5 % > 4 & 31220 %
Bt » TERE AR Al ek w0 SR AP
TBERPAMEE AR TEEST L VM A SO LR FH A
Bar p RAXKARE > » BB DI RPN R "zmﬁ%‘gﬂ°9"5"”—r"‘i—}§¥§iﬁj
1 WER L ARSI ERS 5B B MR s d
ﬂu%%é&g%ﬁ’%%ﬁﬁ#Eﬁ&&ouT%upﬁ&ﬁiﬁ#
Aoy A BN
(-) B2 R %
@ﬁiﬁﬁ%ﬁﬁiﬁﬁ%ﬁﬁﬁﬁ%%’&%ﬁﬁﬁﬂ?ﬁﬁ%
% 5 B SR EFEEA G AFE (autolysis) > E@ H R F e A 2
AFERAAR T NLFEASTE A B AR TS kenid (3
2005) Bl H HEH FE FERN T BN O EEFY
FEPFR % 4 p ARz 4 RS %-H g8 &4 (Yangetal, 2007 ) - % ¥ pF &
e AR S 2 WAes Forreed o H @R Bl AT o BATH
FER E DRI ERBER I R BE 2 Ak (E el B RS f R
AE) AEG LA AR SRR DB G E A G hE
Be o FRISEZE L B AR §o 0 B RS F 0 R P IR FHRE
FERFUAE - A 8 YR L o FHEFRF L 2-8%7
% (Nelson and Elevitch, 2006 ) - &3 f¥iE427 - 2K % i € bk & %

FPgd s B RRF AR GRS S EFREAETARL > &R
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Ripe noni fruits arrive at a juicing facility

An automatic noni fruit washer, adapted for use with noni from
a vegetable operation. Freshly picked noni fruits after washing
are allowed to air-dry on raised tables before they are processed
for juice.

The final noni juice
product is decanted,
filtered and bottled.

A juice collection and
fermentation vessel,
approximately full of
noni fruits and juice.
Juice will be drained
though the spigot after 2
months and bottled.

Bl= &~ A e

Fig. 20. Production procedure for traditional noni juice.
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BARE S ERARM e B E A RN P R A I REE RS N EE

FRend it > RAZ SRRV IR AR E- HRFIABERAAMA S

() 22 R %

AR B A R 2
ksl i 32 g0 A SR oI GO Rl NS S &L
Fark PUAp i & > 2L @ e B % 7 W Ao Bl - L -
RS A el RAR ST GBI g Rk PeA
RN IS B WAEE BRSSP TRELR AR T B
#&¢ 7 (pasteurization) ( % -

AT H R RN CBEARE A BRBAFREER ST AR

( Nelson and Elevitch, 2006 ) -

A hydraulic fruit
press for making
fresh- squeezed
noni juice. Ripe
fruits are loaded
into the press
through the top
door. Juice is
pressed from the
pulp and bottled
immediately.

Bl L - ~2RBsiE g & Wlam o

(L REEY A

ORRELER R

)?ﬁj— ZEE2Y A A

o H B AR U i B R R

2009) o LB ALE B & TG A KB

Fresh-squeezed
noni juice has a
golden amber
color and has
significantly
less sediment
than fermented
noni juice
collected by the
traditional
method.

Fig. 21. Production procedure for non-traditional noni juice.

( http://www.ctahr.hawaii.edu/noni/fruit_juices.asp )
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(2) #REP

il R ETAS SRR ’ai#ﬁaéﬁq*{ ) A R IR T R e
MR RAERET AL T FHE R GRS S FEYtE
%ﬂﬁ%@%i%jﬁ%%&%%%(mwdeMmﬂﬁﬁ&ﬁﬁ%

PA ks s B SR R E R R ATRS > V- W

=

FATaMEAAMAS (2-2009) ¥ 2 3¢ g0 ay

-‘3:%}5’;’ﬁﬁjkfﬂfﬁm?m%—hgr—rmgfﬁ‘h—l ﬁf cne ks @B e o

() B2 A S

o tEz A R WEt o By - B RS
L SFERRE, D AERE P e r B R e 2

FEFEFAESE S RSk R %
ATRERR PR B EE S AR P A .
2. FERE AR D RSE R R ARG o e r BB R SR P
B2 R o
3 HERFRAGR I EERERL I I AR R BB %
FRAESFER RS
4 R FRFERES DMERF PR30 B o F ok &R
R d Bt plane i % ﬁgﬁ),%z;i °
R CREREFAERFT T RBITE o ERkE SRR R
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6. BRI AS RV RERA42 9 F o R CBEZ
RS E ek R AMEN DA TS Fo 2 d AL
SR L Bk 04 T o A SRS B okt K 6
EFR L Ty RPERNEHRBENT R L7 BFE

g & (R0 2009 ; £ > 2008) -
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Noni seeds and pulp The puree  (pulp and

before they are pureed fluids) is separated
and separated. manually from the seeds.

Dehydrated noni fruit puree
(wafers) has an amber
color, and is thin and flaky.
This material is then ground

into a powder and

Blo L= %5

Fig. 22. Production procedure for noni powder.
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The noni fruit puree is spread onto fruit dehydration rings
using a rubber spatula. The dehydration rings are stacked. A

b

thin layer of crusty noni puree is produced, the noni “wafers”.

The final product,
encapsulated and
dehydrated noni
fruit powder.

( http://www.ctahr.hawaii.edu/noni/powders_products.asp )
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Table 9. Noni product and effect analysis

i & e # e

B o ES RE a5

9 F TR 5 N R T BRI i e A A b
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o g E Prylieiefond o R h SRR TR EE 0 R TED Y N RS 2

b RIEM & X

g 53 e EATE § A R

i eRE %7 ¥ RAS

P TR AR TS w R R R

ST 5 @ T LK E R

BB A A = R SRR R T A g

X RE e FLF A SR iRl S YR ] AR TR 2 B S  fe 2 L

Y 1 TN Fral AE2 RILRHE wFL L&

X HR I fo e B @ TR o FME LR R

w A PR RN iR S TR

FAL B A RN RIFATEF VAL HRETFFRRyE  FFEFTALG 7 AGE L

B F N 0 S L ek 2y

[T P ES AR HEFTREH EFHEE)E R HRHE R A K iEr
192+ LT t?éé%f:% CEATERAIHE GG PSR

PEEE ¥+ e A

bor oK 5@ AR L ST LR SRR

Pl 37 X F R R EA KA BT
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# -+ ~#% 1 % (Morindacitrifolia) & 4|4 47

Table 10. Patent analysis for Morinda citrifolia

155 ~E2pH B O OF R

US7264829 2007-09-04 | KR E L EFEL Il 232 o Lol b HEpl ol ansi 2 Y
3’;“?"#;’”7%\' R ESA T /f}]ﬁ:—rB""

JP2007091600A2 | 2007-04-12 | v p & Fde: 7 F ~frr R E 47 S o faiid c L AR F R EFF P LS5
w u-ﬁ'—%r" ek R nfEd & ’F % o

JP2007055963A2 | 2007-03-08 | * ** & = /&l & & ~ (L5 5% %“E?* SRy LR R H T AR A s 2 2 AR
FoM AR v A7 R (roasted) B L R 2 FBP LS o FEi G U R R R
P g

US7186422 2007-03-06 | * **;57 4 %ﬁﬁ;},}q(#ﬁw F_type 1) 2 H 4p B ok enx 28 % 5 fe = (naturaceutical formulation) »
et 30 F - Al B AS c RRASREABRES b o

JP2007016015A2 | 2007-01-25 | #* > ;5% e TR F# % 2£47 ﬁhn.fgs(Huntlngton's disease, HD) % #g B ;R B & X (Rheumatoid
arthritis)spe A e » Pt oA ¢ ZRARIIIRER 1 A K o L 23 F 7 drdliE e ahd
¢ fgsL %2 (histone deacetylase, HDAC ) & *# ;3% 7 #] = #& i* fis (tumor necrosis factor
converting enzyme, TACE) > 2 4v 1 - EAE R EF - ¥ K2 52 T FAF 7 FhF Bgr o

JP2007014208A2 | 2007-01-25 | #] &% = B % chimds % > 7 a4 - #* 2> 5% WG st (allergy) 2 3 « /& (hypertension) o 842 & 3¢
ek F ~ it~ 393 P/? B Sk ok Z%Wﬁpﬂ o EFFRFAMFEA L 70 C o

EP1206197B1 2006-10-25 | JE 1 * »0 4 & & F-e0i & "a_(dletary fiber)z. = ;2 o KR % P ERRE (Wet pulp) » & ?ft z
Faz g <] it & & 10-40 % - £ iE {7 M F]dZ (pasteurizing) ;& 4

JP2006280382A2 | 2006-10-19 F;ﬁﬁ;(ﬁ’» p Indian mulberry)fie @ = chds 3 G 5 A Foo ST L IFH RPN T HE R S w R K

2RRT R AR AR HREERG Y L ASETT R0 s e A B
KB BRIV ESE o
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L ~#KE % (Morindacitrifolia) & 41447 (%)

Table 10. Patent analysis for Morinda citrifolia (continued)

& {15055 a2 pH B O O OE

US7122211 2006-10-17 | % ® %% & (skintoner)ene st 47 {% 5 % o P (P Se M ZER e 0 HA K F% G P A
3 o

JP2006174752A2 | 2006-07-06 | 7 3 B ez B AL 1% * » 7 NI 2 LR RE 2 49 v (obesity) % A s o 2t AHL 3 pEAT
(saccharides) ~ 8 j (bittern)i® & L % 7 > £ % & BORHEE o 2t 2 Bk P 07 P R MR 2
BE R R S % R gk (hyperlipemia)p B e B BY AR o

US7070813 2006-07-04 | = X # 4 o= * 25 55 of 5452 &% (colon) > 25| tdrd] ~FE 1 2 AR S B chgpmie 2 £ o
Hpes d HE 41 & 50X > FLE & (quercetin & B A > o

US7048952 2006-05-23 | 3.} = R &4 e * g 4 & 2 AJL § (fungal)#f 2 g2 4 £ o AR R & H b1
oM TR R R RSP HY WS g AR L gl

US7033624 2006-04-25 | 241 A SoenX AREF A > ¥ ANIEH E 5K b MO L% 7 (osteoarthritis) o R 41 A &
EHPER S oS F 7 (puree juice) o

US7014873 2006-03-21 | 3 f 4v 1 & Fenle S 4 > ¥ 200k Ak FMAE g (candidiasis) o 41 A Bk pER 2 E P iE
ek FSL v s EagRRE o

JP2005211063A2 | 2005-08-11 | B AR &4 i 5 BB ARG * o MR EP LB MR ERE L L R EF i %F
F(jasmine) ¥ ~ % 7 f5(guava)E = § & (turmeric) 1935 % 1§ ¥4 5 (lemongrass)¥ - R 154 7
FHrLd e Z R T BFRY  FIEFI VLGP AR o

EP1261358B1 2005-01-05 | i# * =K (B~ p Indian mulberry) % B~ 5% B sg(tinnitus) - £ # 4 2 & H v 3FH] 40422 (Ginkgo

Biloba) 5 B~ ~ fis & C~ § ivic % 5 P~(lycopene) 2 % R #f fi¥ % (coenzyme Q10) ¥ - £ 5
Po kP ES AP Z AR
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L ~#KE % (Morindacitrifolia) & 41447 (%)

Table 10. Patent analysis for Morinda citrifolia (continued)

& {15055 c24pd B O O# OB
JP2004359593A2 | 2004-12-24 | & 4 fi s siir g chp Ev il S S (1RG4 ~ EEM5)E K% - BUF % (74§ Mg £
T >0 VRAGAIEDE SRR TIHARE G EN G PP LR E e ; :B";%)’aﬁ
kg s F 3 s BHE 2% &+ % o
JP2004097175A2 | 2004-04-02 | 2 J 1330 5 § B 84 » 7 s BB F R doH i o R A1T2NG0% ~ B (s -
BEH AT EHbs B Fathl L P A Fok P R iR £k
i 0 ks m«fé Vo & H v i ongd B4 2 i 4o Tk #F (dextrin) ~ % #&(oligosaccharides)
FORRE DB T R EE SR -
JP2004075601A2 | 2004-03-11 | £ F & «hX B~ * 305 5y 1+ & 2 (foodstuff) » # zx &L if $4(coprostasis) e
JP2003342178A2 | 2003-12-03 | 4% ~— Fd 2 “,f % 5- (hircismus) ~ v % (halitosis) & 7 4rsrkif e 2 » 2 2 € 3 7
LR TEH* o gt 3k S P T e K o
JP2003055248A2 | 2003-02-26 | 1 | 5 iE > e F Bji‘&E‘? i 3 AF o %] A (angiotensin converting enzyme
inhibitor, ACEI) > i @45 JoR B o BR{EF * o ptdr @A % EHmtp %3
% R SRR 0 ¥V RIFEAR R drdl s o
US6417157 2002-07-09 | * > 4% A& 4 (massage Oil) ~ 1* 4 5% M Wb et b (essential oil) o b 4o = > 5B~

RS -
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BN R E L FREE 3T Renmcy R ucE 0 BRERF 0 Sk

TR T A LR TR kAT o FE TS 0 A
B h o AFDEEE s A ki (55 1985) 4

BAB I ALSRLESTRE VAR E SRV EIE o
B I ALFRNFE
RHF AR BT TR RE
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EEASE A SRR BB Sk BT E .
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- SRR LRSS LR FEal oy per &

-
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L I S A C D a1 % S— S 4o 4 %5

(RFBALA-ERREARH YV E R >opm LR P S

%&%—’ =] ﬁ%ﬁ_’i mﬁi&ﬁ#+_)k}%_>%¥%‘)%ﬂ§t‘>ﬂ[ﬂ#i—).%’i,q’- 4o '*‘ﬁﬁﬁ—'_l afi%'(

“REACBREA-ERAHERRH Y ARl aroHa

(2)3h R do S B &
B8R XE>BAEA>EARERRIE B F BT ol XA
Ll
RECABREAENBERRH M F OH R g o 4 JA %
Q)2 BBE REEA-HBBR - BB B> BtE | potr
@EBEF KE-oW () FoRRhd—> B> e 4o 35

Blo L= 2 p2 ®Wdinmm e
Fig 23. The flowchart of manufacturing procedures of tea.
(£ >2000)
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(=) Fefl R

1. %% (withering)

Wl T ke FF LKA FEF (K 75-88%) e & RAr e

mr
7y

DR B Bk A (2 Ak REFERZK
ROOE (turgor) kAL o @ B E A B0 BN 2 I i endida k
% % (Bokuchava and Skobeleva, 1980 ) > p* & 5 4+ 2 % %
(physical withering ) ; & = im®e -k (i §7 > @ lwve el & M4 3%
B 0 T dmie M b BT AR T OJRE 0 5 FE R DL R A B (TAE
i BRI L FERG hEF AR B E LS
4 % & (chemical withering) ( Tomlins and Mashingaidze, 1997 ;
BT > 1995) o

2. #.F (panning)

KF ¢ hips§ ivps (polyphenol oxidase) s f: » il v s

Fhaz 2 H @ g2 (4e peroxidase ~ lipoxygenase % ) enis* » i@ &
ﬁgj’]é% \/@c%\ié’&- ﬁ&%" L,?’TF 1&&0‘;\4 )Aé%\:‘ E’*f’)y](,{,\

—\-«'--\r-'—,/_i

FROEAEFF e Lok g o 00 K eniaa e (s
» 1996 ) -

3. 442 (rolling)

PR 4 R FERY £ 5@ FEP hime ot

Be o FRAIRPR R E DR G o B e T R AR ER D

—

b
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b FiE LA F iEck o (0 1995) HABAF LR T b
BEEF B Fl A ESE R > 75 2k F % (catechins)
% ¥ § (4 pF (catechol oxidase ) » Ak BLHk chim®e ¢ > 2 F %

A DFEE A B SR E AT o Flie B £

o

jgoalgn pE R F B (G5 0 2000) o HFAh BT U F X5 F
3k > AR 30 AL - o F AR £F 15
| P (Lee, 1983) -
. % p% (fermentation )

H Al FER 4T E R o 3R e e iR R p
Piv GGy  ALANFTFOCRL IR R EFLEI
ERES o d o hRd FERERIFMFEE LR I FARE

dOIE RN A s L b

7

?]\ﬁ

eEATA 4 BEd kiR
(Lee, 1983 )

Oparin (1935) #& 13 pxiEAz? > X § chlmie 77 & 4 hg
F it < £ a2 F 554§ (v 2 pREE (quinones) s 1 {9 pRAT M

FREENT P F e

catechins + oxygen ——> quinones + water

quinones > colored products

BOQFPHF AL DG P ARA A Bl
B (thearubigins) # & + & (theaflavins)(®l= -2 ~Bl=- + 1 )o
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Catechol oxidase

0O,
(1)Epicatechin Oxidized

~ Thearubigins
(2)Epicatichin gallate epicatechins

Epitheaflavic acid
3-galloyl epitheaflavic acid
Gallic acid Oxidized

gallic acid

Bl=twe ~ REF2 4 34/0
Fig 24. Formation of thearubigins in black tea.

(Berkowitz et al., 1971)
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OH
OH

OH
H _
HO ol. HO = /Qo
- OH PPO ] \O
g Ba OR
on H

OH
1) RI1=H ; Epigallocatechin (EGC)
2) Rl=galloyl ; Epigallocatechin gallate (EGCg)

OH

H
HO

H
OH

3) R2=H ; Epicatechin (EC)
4) R2=galloyl ; Epicatechin gallate (ECg)

DN S S ERE TR

Fig 25. Formation of theaflavins in black tea.
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ol. | HO 0 q
PPO 3
~. Y S,
OR 2 OR 2 H
OH

1)
2)
i
4)

R1=R2 =H ; Theaflavin (TF1)

R1 = galloyl » R2 = H : Theaflavin-3-monogallate (TF2)
R1=H » R2=galloyl ; Theaflavin-3'-monogallate (TF3)
R1=R2=galloyl : Theaflavin-3,3'-digallate (TF4)

(Sanderson et al., 1972)



5. 5% (drying)

GCRLREIY FEBLYFERTIES R FET LM

*’4

Happ o s B2 0F o TRRFESF > S sph S
SRR AL FE R F R ek LR F bk R0 A 0 XS
FESRFZEID 4% 17 > IR~ EH (=5 1995) ¢ F
F¥ipd o hichERY PR E TR AT AN SE 0 B

F J& (caramelization ) sV ¥ 2 M4 % F B> @ RS R 7RGk vk o

3

( Bokuchava, 1958 )

ES T LIPS A LR T S T
B g R LRk § RS A L R RS G

LA 2 s 4 rr - - P - r 2 ol 42 -
FE o FFen- g fwdt-orqm o B g Fdagal 3

1. % p=#gi- & ¥ (Polyphenolic compounds)
SRR AP A FFORARI AL DR I E IR R
B FRI B Fmeks foackh o % B4 0 Rk o
ARG BT B IR 2 40~60% (& FicE 15
~30% ) ¥ F B 2k ¢ jnek P84 42( £ % 51975; Sanderson, 1972 )-

gl iR RARgz 28V s g e St



it &4 > ¥ BE 5 75~80% H 1 & =3 EGC (epigallo-
catechin )~ EC( picatechin) 2 fiz &] 2. EGCg( epigallocatechin gallate )
{r ECg (epicatechin gallate ) » ig4c®l= +» 5 < x g @ » 2%
FH ARG ~F rRA R ST MAIT R R E G %A s

Mo FiErARE 5 i AT E R A e et s o Rk 2

T

Ty
CJ

\
‘~w\«+
2

iy B GEF B EROL T A R 0 K e R E

(%% -1988)- B " RLAFFE 2 HFF L Fed g

CAP R EFS s Bkl AR - AT AL
B RARBFZES O M REEARL DRSS 0 F VAR

1985 ; Matsumoto, 1993 )

(2) % pr p5 3¢ (Flavonols) 2 H fepEgl

ETTRS

+ Pk FRAE G AR PR R AE 0 & 4 (flavonoids) ¢ eh- a0 H4pig

MTEF AR RRTEF A S RS G AN FFE Y

v qucertin-3-rhamnoside ~ qucertin-3-glucoside -~ kaempferol- 3-
glucose ~ qucertin-3-rhamnoglucoside % > % A3 kP & 5 % 2> »

LFFEY Fhni 532 - AR Hpdel - L= 997 0 g



Ao S EFF-Red R

Table 11. Approximate general analysis of tea flush

Component Fresh Flush® ( %)

Protein 15

Fiber 30
Pigments S
Caffeine 4
Polyphenols, simple 30
Polyphenols, oxidized 0
Amino acids 4
Ash 5
Carbohydrates 7

Volatile compounds 0.01

"Values are expressed as percentage of whole tea dry weight.

(Sanderson,1972)
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Lo N EFPARmIprLpdnrdg R

Table 12. Phenolic compounds in fresh tea flush

Polyphenol *FX TELE%
%)
Flavanols
(-)Epicatechin (EC) CisHi, Oy 290 1- 3
(-)Epicatechin gallate (ECg) C,,H ;50,0 442 3-6
(-)Epigallocatechin (EGC) CisH,,0, 306 3-6
(-)Epigallocatechin gallate (EGCg) CpH;3O0,, 458  9-13
(+)Catechin (C) CsH, .0y 290 1-2
(+)Gallocatechin (GC) CsH, ,;O, 306 -
Flavonols and glycosides
Quercetin CisH,j0;, 302 -
Kaempferol CisH, 0O, 286 -
Quercetin 3-rhamnoglucoside Cy;H;00, 610 -
Kaempferol 3-rhamnoglucoside C,:H300,5 594 -
Quercetin 3-rhamnodiglucoside C;;HyOy 772 -
Kaempferol 3-rhamnodiglucoside Cy3Hy Oy 756 -
Leucoanthocyanins 2-3
Phenolic acids and depsides ~5
Gallic acid C,H,O, 170 -
Chlorogenic acids CieHisOy 354 -
p-Coumarylquinic acids C,¢H;sOs 338 -
Theogallin CiHs0,0 343 ~1
Ellagic acid CiH Oy 302 -
Total polyphenol 25-35
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40 OH
) H
2 o Bl H
~0co OH
g
OH
OH
(-)-Epicatechin(EC) (-)-Epicatechin gallate(ECg)
H
OH
OH
OH H
0 O 1.2
0 SN on P
OH Y
“0COo OH
"OH H
H OH
HO 3 OH
(-)-Epigallocatechin(EGC) (-)-Epigallocatechin gallate(EGCg)

DN AN N+ 2.

Fig 26. The structures of catechins in tea flush.
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Kaempferol : R;=R,=H
Quercetin : R,;=OH, R,=H
Mpyricetin : R;=R,=OH

B R AL B

Fig 27. The structures of flavonols.
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rhamnose <5 A pE e pE Y = JEBE RS BE B AN

SR PR &4 (4 > 1981a) o

# d F%%Tﬁzﬁén!ﬁ%%’ﬂkb;ﬁﬁ v e B8 A1 iEAR R
BAF PTG RS Skt Mo £3F 5 kR 2 AR ek
chkih (4 - 1981la) - Roberts (1962) ¥ &% A F ¢ 7 7 ~ it
B g Echin, vd gid kA7 2 > 2712 leucoc-yanins
fe leucodelphinins = i - & ¢ = F FHAF RN R ¥ i ok

FREAEY FIpEE Er A § (4 > 1981a)

3. f-p&#g (Phenolicacids) % sgp-fasf (depsides)

RSP R MgRapedE e 0 2 theogallin B A EF Y 0 2 2R A

1“‘12*

% o (4 »1981b)

4 $H &k (Alkaloids)

B4 RN § w2 ¥] (caffeine) ~ 7 ¥ dg (theabromine) 2 % #&
(theaphyline) = 62 tdg o &k F ¢ » weetF] 5 1 & chje P
§o & 125~3.5% 0 eber TN F R YL ek ens (o a8 BiE AR
PSR e A 4F & (caffeinetannate ) pt it T G B A 0

derdcd & (4 1980) -
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5. #-—v Frersgprept (Proteins and free amino acids )
FFP 0 Fo ety For2E® (tanin) &0 2 4

4R B Sy B R aiek o @ YRR Y 0 12 xR (thea- nine)

rf’l/g.‘fé?;;'_ "/ﬂ%h,ﬁﬁpi;f,«,l%)\»péf,Bzﬁﬁiﬁ%@ﬁ%ig&éiﬁ%
FRo REEFHNE L FEAF hrRE T (£ 2000)

6. B ki &% (Carbohydrate)
Selvendran (1972) % * # M F F * ReF > AF % (lignin) - X
% (hemicellulose) 2 %@ % (cellulose) ez € € 34 > 2 >0 4

AP BREFIRA VR RS 0 B o A2 IRk o

7. {4~ ¢ % (Plant pigments)

# %% (chlorophyll) &2+ & § % (carotenoids) = 2 £ 1 &

B S R R N R N

w‘<
M

§ % =

q/

9 ;F_]z 'E_.I/Alr’:" ) "1
G fe 341 AR gr]ﬁgs_ F?’fiﬁ;%ui@rﬁ;);‘i") ,fﬁ,nggsg?ﬁq

# ¢ (Wickremasinghe, 1978) -

% % (Lipids)
R EFUFBAL X F MR R EH BT kR
@Rt s AR L &4 (Mahanta, 1985) c H ¢ 5 % & oy sk

- ’ 2

HEREFRLZEATE CERYTAA TR F S TREEFFEOST
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( Tomlins and Mashingaidze, 1997.) -

G E P FICE 5% B Y 9F 60~70%¢ Ak @ &

NP sy KB 0 -~ 2 - (Wickremasinghe, 1978 ) -

Wik BBV RS TR T ¢ 4

1. R & & g 58

Forrpalamz 180840 EEBpE L g R H

fEF A CREEFRIBETERG DS AG S F S
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@4 K b (=fed 0 1988) 0 E{riE (1986) LFET R

Mo sFepgmyd o 1:50 (wiv) shE EER > ¥R B

E

70~100°C » ©2 5B~ 5~60 A 45 (TH > B EFRD HILE R E
REB  FBpEiE 20 A4 FB0 M T M Wik

Eitz B FPE 0 a TR AL 100CE P BR 5L o

FIBR T E s "SR MR F 2 33 A (2

BN RFEFERFDFZEY AR FEBER R

FEAE L E (Liang and Xu, 2003 ) - — 4k ki 0 F B KR

o
<l
o
\?
%
3
AT
o
5
(th-
-
%
\
A
W
o
Al
®
N
\_
A
W
i
-

S

X enE B e R AR S E B AR 6 AR S T A A

4

B

Ly

B e Al AR AERPEE B R i AT

7 B G PR LT 4 0 - S F E R 8~12mm bk eh
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()

ey

F oA

e I Foardk i (k0 2007)

B WBHFPEER R PRI PR EES A G R
PREREERE FHERIBPOZ ARG o NFhAGHhrFAR
PoA o hikif F a0t B & AR skenE F (450 2007)
e

1975 # % W& &85 ¢ (Institute of Food Technologists,
IFT) #* R F &3P ha s o T U F e 2 BF L aul ~ o s
AR REFIREL > AREEATSRAE B AR D5
BT h— PR BT RS F R AR
AERORASEEFTSFTLIL P e 4L p i F
PP EAATROIREEIEY > R ETRES L FREREL R
R o BTRET RIS FOR T AL Ao £ A i e s
¢ EN A D ARE o FrAEd B R rREd TR gk -
AR EE iz - AR TP ATHABFT2LHi - 85
RESFENS ZVAI - A8 5- 5B A
WP F AP L E RGP R S R o R
EipS A 1R SRR BRI IENL R 0 B oA
BREREA 2z A2 ST BB A M SRET R A2 B
M T8 T A &FE (W 0 2007)

B OTHE RFEPRAL - 4 L LR T K
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R S ERAE A PR T ST RS R e AU e

I nbxﬁ'jq—f@ﬁ\'/n\ﬁ’w_ IL)I}E'»BE, +iZa (% »2004) - it PR

i

P TR RE A AR B RRFE ST T R0 R

A

Y
i

"’Fﬂj‘@éﬁ?"ﬁ‘}fﬁ" SRR CRER CHP EBRPR S

$HF (2 02004)0 kgt BUBHY 22 F weEmp

-n'\«

B R RER N~ F vk B S AR RO A
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Table 13. Inspection standard of tea quality grading.

I~ &3 R

Fre & B iR FRE S 2
-~ REELG (L AESNS ENG RRET N (Lt kR a3 g
d B ;15‘3;&&;3&&;&1@/}3@ FAR o

RS EL G
2.F 2 > mrB AP R d FA A2 REART BRI A

»

E\‘ 7N
KE g3 2150 o AL R
%

S RS LERGY S AEIREEF LY R AR RS
i (d ?% B W FRANREEL | &7 fpEIoH s T
AT RN | Rl A FE geAngaaR. | RIIEE -

B E ek R

e fe 2 iR BT AR F 2 . - E R g PR

% ~ 3 t’ > 2% -+ 2 4 2 1 7o Sy . PN A 2
Tk B PR EEAZ | ABIEPN 0 KEE K
ETE &R Bz d o ho de it o 4 F ORI

i

Ju
&
Eae
Sy
‘_m 4

B
RO

N ~mf

Lsgenr ERaaFE R E |L* 238 r 58 540 5 i
P B h MR g% A K| TR A% 0 4T3
EERKF 2 - AL IATH T TR T R0R

2FESFHGIRAS  FR|2HFEENL FRE
BlE 2_ o Hoegd | o
m FEFTE |LFERS NG S sp [LEHTLE FaL o A K0
WP S| FE A RF O FRACMNE| K F@EO- A FES
Hife B (TR e ok FESF RS AL
282 g s gplapr | RO EES FRAREE
TR NI AERE -
I~ pFEYILT RS FAa F b mlick b (L g ERRESNIF I S o
A S F SRR IR A
 AHE Bk OB Rl
Fodig a2 s
FET AT kRS E
T o
R RET A E R R R R R RS R RmEE




313 FR A Bl (B

Table 13. Inspection standard of tea quality grading.
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Table 13. Inspection standard of tea quality grading.
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Table 13. Inspection standard of tea quality grading.

I+&P DBRER
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S~ FEke LiEFESEARS #E | LREART 0 |L- 2t ERHKE
ATEERA | PFECREREOEA SPF S i) y2am e L7
PR E A ® 2 o EEOBRY TadREe
AREEE -
2.2 REE PE AR |28k F EE T
B EEEAR S e 4L e
BT A R E Ry
Lo
=2 grEe LEF- B EE AT LE Y 240
B FFES - o
B FERD (LEAER L kR |LBERWEIL | L ki T L E i
Wk AR R B ° P W F plAT o RoRARR 0 - Jg"ﬁ’-rv»
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sEE3 =
Part1 3#H % B B 2 A7 4

AT kit

30°C~35C 40 CT 274 B #FEl1-2-3-41%

#-78 B% 18 2 F O % Ok &x.c 10000 rpm, 20min

!

ClE0 e

LA s e A AEEEA

1. A% 1 s 1 ddag (i 4

2. pHi& 2. GEE® 2. DPPHp d i
x/% i

3. By 3. IR

4, #d 4, Lazi



Part2-1 2R E A B F X B2 277

1 g4 A D R

!

T SoF X2 N

RALRRE I RRERF A RREHF

!

w oA 15~ 30~ 45~ 60 A 458 (7 F B

!

#-Z P8 2 E & 4.< 13000 rpm, 10min

|

ERER
|
AR AR PR ATLERA FaciTh
1 E 1 g i L WA
2 HEER 2. DPPHpd % 2 7#¢
AR A
3. AT
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Part2-2 B EF etk % T A 45

Bt 60 A b HEEEF

!

mER TR ERE

!

65°C T %
A
4 h
4CH 7 3ET

(3 &)

* ik ik

| |
I

BT 1~2-3~ 4R

|
v v

PRt gz B4 AILEMEA T

1L Ay I I A

2. HEER 2. DPPHA o i
ul/Tf W

3. 4%

4 F4%
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Part2-3 E R E F# bl & R 47

X 60 A aa ] B RER
iﬂ%ﬂHHt@ﬁ&%
|

' I

1 # 4 47 4] HPLC B4 5 2mL v >t 100°C T
(A7 -kjza) & {7 -k #2 10min

!
7k 10 min
}

}
) S T 4

}

1% & 45 4] HPLC
A TN AR S 4

(A 4ok fais)
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/4

F &

) R

LERF: A2 R P ERLY B ZHBRAEIRFRE S -
2. R E A EESI R R EATRLE S 2 5
BRE AR ER R LRSS ERE

kA FELpt AT HhE (kp BAR)

) ERERE

Potassium acetate ( KC,H,O0OH ) ~ sodium carbonate ( Na,CO;3) ~
Sulfuric acid (H,SO,4) ~ B p Riedel-deHaén » Germany -

2,2 - azino-bis-( 3-ethylbenzo-thiazoline-6-sulfonic acid ) ABTS ) ~
butylated hydroxyanisole ( BHA ) ~ ( + ) -catechin -~ 2,2-
diphenyl-1-picryl-hydrazyl ( DPPH ) -~ 4-hydroxy-3-methoxy-benzal
-dehyde ( vanillin) -~ peroxidase ( from horseradish ) ~ quercetin ~
quercetin-3 5 -D-rutinoside ( rutin ) ~ Kaempferol -~ 6-hydroxy- 2,5,
7,8-tetramethylchroman-2-carboxylic acid ( trolox ) ~ Gallic acid ~
Folin-Ciocalteu’ s phenol reagent p£p Sigma > U.S.A. -

Methyl alcohol (MeOH » HPLC grade)?p Mallinckrodt » U.S.A. -
Aluminium nitrate (AI(NO3); « 9H,0) ~ hydrogen peroxide (H,O,)p
p Merck > Germany -

Acetonitrile (CH3CN » HPLC grade ) B p J. T. Baker » U.S.A. -

Scopoletin g ACROS » U.S.A. -
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Jui

Ethyl alcohol (C,HsOH) - OSAKA § A % &4k € 4+ >
Japan -

Hydrochloric acid (conc. HCI) P p B 1 v & % % > Taiwan o

v RERA
1. # 548 1 G-706 B#E %44 (Fl) M8 F% PSHEFHA* > 7
wt# 80°C » % £ 1500ml > 5 @B A Bon G L@ oo

#

a»

N
=}

S A CDRBZ > S FRF CERGT AP

3. B MIE& v himac CR22G > p & HITACHI 3% ¢ A+ -

<

4. FiE#HE &4 (1) NIR-153 > p & SANYO tk;' ¢ 4+ o
(2) TKSLTI-601> S8 A®ES Lo o
5. fadk &+ 1 PHM82 STANDARD pH METER - + & Radiometer
corenhagen = & o
6. ¢ £ ik : UV-VISIBLE RECORDING SPECTROPHOTO-
METER UV-2100 > p A Shimadzu tx3* € 4+ ©
7. & kg3t 1 UV-2100 » # B Unicon = &
8. #4753+  PR-101 (Brix =0.0~45.0% ) p & ATAGO %k
g A
9. Hc® B @ 3w : MIKRO 20 » Hettich ZENTRIFUGEN >
Germany -
10. 42§ A -kizH - BRANSON 5200 > % F Branson = & o
11. %% ¥ : Marcato Pasta Makers Mod 110 Mod 150 - ltaly -
12, A 4R F IR -kH 1SB-302> S EARETF T o
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13. % 23z% % : FREEZE DRYER FD-5N » EYELA > Japan o
14. B RE: ﬂﬁ’}t,%_ RE111 > Buchi » Switzerland -
15. {28 #% % k5 # : Water Bath BH-130 » YIHDER » : ##
£ = S B S
16. F3# ik : API3000 LC/MS/MS System Item > Applied
Biosystems > Foster City » CA » USA -
17. B civkAp k45 &k  (HPLC):
CRIERFHERESPARE SR E4E 7
(1) % ¥ : Hitachi L-7100 Quaternary Pump > p & p = k5% ¢

Ak o
(2) B # .1 %+ : Hitachi L-7200 Autosampler > p & p = k3% ¢ 4+ o
(3) ¢+ : Jupiter 4 1 Proteo 90A. 250 x 4.6 mm 4micron 497632-1
( phenomenex ) » USA -
(4) BA7ir41g T4 2 % : Hitachi L7000-Series HPLC System »
S S

(5) @Rl ® : UV-VIS DETECTOR - Hitachi L-7 -

LA#H TEFREFY AT Z~FF4F 1 &4
(1) =% §1f : Agilent 1100 series Quaternary Pump > Germany -
(2) "f # #Z % 4 channel degasser - GASTORR AG-14 - Japan -
(3) & 1L - Jupiter 4 u Proteo 90A. 250 x 4.6 mm 4micron 497632-1
( phenomenex ) » USA -

(4) # #~ & : Chromatocorder 21 » SYSTEM INSTRUMENTS CO.,
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LTD - Japan o

(5) f i8] ® : UV-VIS DETECTOR - S-3702 » Soma » Japan -

NIRRT - BB raizApkir J1* 2 FHREREF? 25
i & Tk K
(1) # % §if © Hitachi L-7100 Quaternary Pump > p 4 p = $k5% ¢
AE o
(2) & 1L : Jupiter 4 x Proteo 90A. 250 x 4.6 mm 4micron 497632-1

( phenomenex ) » USA -
(3) & +rdr 18 T H I E  Hitachi L7000-Series HPLC

System ° Japan °
(4) P % : PDA (Photo Diode Array ) detector > % = &4 "L 7

& 7 & » L-7450 Photo Diode Array Detector ’Japan °

IV. B »xicigdp (HPLC): x 2@ A& @ o
(1) §if &4 A" & 1 L-6200 Intelligent Pump > p * HITACHI
R g AL o
(2) ®# A& 4L : Jupiter 4 £ Proteo 90A 250 x 10.0 mm 4micron
497633-1 ( phenomenex ) » USA -
(3) @Bl ® : UV-VIS DETECTOR > S - 3702 » Soma - Japan o
(4) # #~ & : Chromatocorder 21> SYSTEM INSTRUMENTS CO. >

LTD - Japan -
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T~ R T2
QUERES S b
1 %A%
g ol ARl oo Rl E R
FHREFRAATCT Fgod PP RN ORREESETAS

BEURE A (%) A2 0 BT

ZEFAE (9)
#REFE (9)

2. pH &~ 47
B 10mL &.w 2 noni & i 0 R T o I iRE R Rk

s

TAZ RIBlE_noni F G H e E 2 B o

3. vikHA Pz E
FU* k3Tst RILRIFT R LA 2 £ kR (CBrix) £
_\Oill—iéﬁ_—i- J\}'“J’E(F’%TE/‘J‘)J"}’*J_ETF ’«]" 5| % 4c 100 ﬂl_

B RE o FH G o

4. & EA Y5
FI*d L RPITHFER S A FEER G B o2 CIE

1976 color space ( CIELAB) i* 4 jp| 4 & & ( & ¥t Hunter Lab &
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ML E E s 2 3 1 8 o0 CIELAB & { at e d 7 B
¢ ) %% lightness (L* > B 2 & )~a* (S dhdsic) b* (F
T slic) A7 o L*BRiT 100 & e o BT O ARE  +a*
FARARIT A d o - @A ARAR S S + DYA ARSI F ¢ o - bFA AR

;r\%?fg °

(C)s it &4 5 A4

1.

W ps i &% (Total phenolic determination)

#

® . %4+ Julkunen-Titto (1985) z = ;2 - i+ @ & & ( Folin-
Ciocalteu’s phenol reagent) ¥ &2 sgit & 2. OH A 7R &
Fle> RAP OB EBGERFcr AL T 88 > A2
dF I EhpEd 0 AL 7350m T f ok o

PP 50pL g {5 % o 4o ImL 2 dES ok e 500uL AR kA
EAH R LR 4~ 25 mL 0%ai AL % A PR > R &
¥23 1528 F i 20 min > v A sk sk B 2t ipl2R 735 nm 2z vk
R RN RNt RS I A R SRR

r2 a5 (gallicacid) 5 % 53 8 (TR ® W & (féh- )

Jo

BEeprd ze LR BE R F R L T E
d o EEY SRz £ 0 0 ug gallic acid

equivalent/mL % -+ o
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2. #F+% fr (Flavonoid determination )
R 4% Wang (1997) 2 22 o FrsE Ak iE T € L4E
WA AF LY > R d Bt 415nm T 4 ok o
# B B~ 250 pL Hreo (5 % 0 4e r 50 uL 10% AL 4R 4R B
fv o 50 pL IM fp e dm 3 ke 2R B 0 4e ~ 14 mL 2 frs ok
$¥3 R L > A F R TF R 40 min o 12 A Sk Sk B 2R pEE 415
nm 2_ v £ g o
b % Lo pr (quercetin) A AR B TR G SR (S )
7& /7’]‘ R AR F R G o ERFEE e LR BE -
FEREFSPRERMR RS S AREY AR T AL R &0

( g quercetin equivalent/mL % 7+ -

3. & £ ¥ % (Condensed tannin determination )
J3@ o %% Julkunen-Titto (1985) z =i - & = % (proantho
cyanidin )& 2 @ i g 2 o kB ¢ v &2 4 X FF (vanillin)
% > AA KT Fpd > a2 500nm T F ok o
P~ 250 1 L s 15 % 4 0 4o~ ImL 4% vanillin (w/v in MeOH)
Wk g o R4er S00uL EHWEKERERES 0 REE]S

2

6> R F B 20 mine vz & Sk Sk & 2R RIE 500 nm 2o sk sk E o

v

DER R B SR T

0@ F# (catechin) 3R &5 8l ES M (z )

87



FERE T BIFRE - FREFVFEEERZEL M
By s R E P TR 2 2 £ 12 mg(+)-catechin equivalent/mL

4. 4 w = % (scopoletin) &2 =4 % (rutin)
% 3 (2008) 2 = ;& i 4c 1 B 4F o & * Autosampler 45 i
A+ (RP-HPLC) ¥ g Aty 2 2 B & 7F Y vl R E 2 8 =
AEZE o APIEEAT
Column : Synergi 4 ¢ Fusion-RP 80 > 250 x 4.6 mm > Phenomenex®
Mobile phase : 0-30 min : 100 % dd. H,O — 30 % acetonitrile
30-40 min : 30 % acetonitrile —0 % acetonitrile
40-50 min : 100 % dd. H,O — 100 % dd. H,0

Flow rate : 0.8 mL/min -

Detector : UV 345 nm -

BEAP AT 28242580 LEBESRRET > A w1

« g rutin/mL 4= 1 g scopoletin/mL £ 7+ -

(2) 2 mEEA
1. DPPH g ¢ A f 4 ( DPPH free radical scavenging activity )

B2 %% Robak (1988) 2 % # &4 i1} 4  DPPH f 4 fif %

88



A ¥ kR P B R EE it d o DPPH G - ik

At

A

S enfd Ao AT BBRE NS A 5ITmT ke
DPPH B d f,!_\fi’#’ri,i it 4 ?ﬁﬁ"i’r & o d ;}Fi,j? it 3 Fﬁ?ﬂﬁ‘-"‘i’ ’
At DPPH i d 2 2 37¢ » @ (5% K o vk 8 > 4%

PRIFLE Vv 4 ARsE o B OF sl

a0 Q

N
]
1H

o, \©/ NO, 4 RH SN ; _No, +/R

O,

—

NO,

LPPH

(‘'Yamaguchi et al., 1998 )
P B~ 600 ¢« L #c 15 % 7 4e ~ 600 1 L 0.008% DPPH # fi% i3 i »

R L g tsEr Rk B 30min e 1z A kR B PR 517 nm 2 =

Vig
BAE o A 4 DPPH pod A2 F 5 20 &2 o

E CBHA S HEEST QTR EY SR (e ) RS ERE T

Bt

RRRIE S AR d 8 LAl BR %Y DPPH

pd g s d R e AT Aes BHA 28 0 1 ug

BHA equivalent/mL # 7 o & ;%40 F

Ac-A - ( AsA
DPPHﬁE’E&ﬁ“%EE" (%) = [( c-Acs ) ( As SB)]X]_OO% (2)

(Ac-Acs)
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Ac= % ¥ Sefig Y Fo@ 7 4 DPPH pd A2 Bkig
Acg= # H4cdii it 32 DPPH pd Loz m k@
As= F4dif 2 DPPH A d w2 mkip

Asg = i befng v Hoa A 7 4- DPPH pd A2 ki

2. Py v i 4 (Trolox equivalent antioxidant capacity - TEAC)

2

%+ Miller (1993) 2 = ;> - Horseradish peroxidase ¢ i it
H,O, 2 ABTS#) = & % s ABTS - )t A ehif % d F
£.734nm T § % ke § ABTS Tp i R ogRg b v i
g 1 ABTS-" pd A4 3 pd me sk @r i o vk B0 A%

S IgE 1 a4 ARsE o

! # 2,2-azino-bis- ( 3-ethylbenzothiazoline-6-sulfonic acid)

v

(ABTS) ~ peroxidase & H,0,8 £353 » @ B s kR A~ B &
4.4unit/mL~100 M ~50u M > 3> B Tk F & lhro @ H
XA AR ABTS-"h o A F RiEA o B 025 mL 3o s %
Pt odeor 225 MLABTS " o A F iEA 0 R 4303 15wk
O 10min o 12 e Sk Gk B 2R EE 734nm 2o s B B o 11 7 /‘]‘ bu

ABTS-"pd Rz F s %3 v 8o F pii4c™
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N N
| l
CZHS C?H5

ABTS

l peroxidase/H202
0,$ S04
S )
==

NG N
| |
C,H; C,H;

ABTS o +

green radical cation

8 Trolox 5B R HFEREY R (HEE- ) R ERE 2
BB FRIE A dRE A S A 3 Fling A
R pd ASRET @AEFEL Y o FRES
ABTS-"f o F4% i 4 o » R0 ¢ 3419 4p 4 Trolox 2 £

» 12 g Trolox equivalent/mL £ 77 o & ;X 4T

Ac) - (As-A
ABTS'+E'1E}£§!}*F“TM" (%) =] (AcAce) = (As-As) ] x 100% (3)

(Ac-Acs)

Ac= % i 4cdd i 4@ i 4 ABTS-"pd ez s ki
Acg = 7 ftedng v 4 & ABTS-"p d Loz s kig
As= i 4eing 4 & ABTS-"p d Loz s k&

Asg = i *ediF 4@ 3 b ABTS-"p d Az wkiE
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() F & &3®
CHERELF IR RELAF A EREFEAELE A
Gl FHFRBAL LB oL R R F LT TR SRS
D AR T A R U ARE (BES ) (FR) Bk R

(rE)=ZHBRETF - *F&RFTIFTRERREIP (1984) P

PR E g AR AL TR Ak: 1 ~94 148G
Bl EE R EEE 9N RS B R e
AP BRIF A iR E o
BAEARFL F PR TR0 S B ERLE
THRREEAFfAC L E= AR SFEF & EPBPE v
AT AR B NEFEE RN BRI DAL IR
EF2RIATF-RoFEIERREF FHRUABEITHE

W2 RER

TR TEREE Ik - B K RBFH A LR S
FE LT o
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(F)FERF? PR L2 Bt 2 o e T
1. 41% RP-HPLC i& 7 T e %8 A 17
1) #FREF#aBECEPF220FR LT84
P45 . 20uL 2 scopoletin 100 i g/mL e rutin 100 x g/mL -
frd* 15042 < FRELF I FREHF RS 11" RP-HPLC
¥ #& iz PDA (Photo Diode Array ) detector & {7 i& 7 > & #8220 ~

400 nm 2z A 45 o

(2) #HEF2pokfErs i
B2mLd R EFY 2 3pd ke g it &5 4~ ImL 12N
HCl> # # 3, 6 N e (7 5 > 100+ 1°C-kix T k2 10 » 45 -
kfRTS o kip o~ BRI A GICEE S RBWT MY o L 1 RP-
HPLC 2747 > A= AR E R kfEn 2%t - f|* RP-
HPLC & (7 T2 fe L& A 47 > A {7 iF 4o -
Column : Synergi 4 1 Fusion-RP 80 > 250 x 4.6 mm > Phenomenex®
Mobile phase : 0-30 min : 100 % dd. H,O — 30 % acetonitrile
30-40 min : 30 % acetonitrile —0 % acetonitrile
40-50 min : 100 % dd. H,O — 100 % dd. H,O

Flow rate : 0.8 mL/min -

UV Detector : UV 345nm -
Detector {

PDA detector : 220 nm-400nm -
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2HEREF ARFRBEF LA
X g 8 A Jupiter 4u Proteo 90A 250 x 10.0 mm 4micron
(phenomenex, USA) 4 g it R E A2 L 8 F=mi- L - 1Y
As 100 L2 560 A& ] EREZLF BRZFE TR LR
A G ARz R SRMEECR BT B2 FT e A ATIR
% 4T
Column : Jupiter 4 ¢ Proteo-90A » 250 x 10.0 mm > Pheno menex®
Mobile phase : 0-30 min : 80 % dd. H,O —25 % acetonitrile
30-40 min : 25 % acetonitrile —20 % acetonitrile
40-50 min : 80 % dd. H,O —80 % dd. H,0O
Flow rate : 2.0 mL/min -

Detector : UV 345 nm -

3. & F Z Rl
Bt FREFH MM I AP K AT-T 3 (API3000
LC/MS/MS System Item) | 2 2 A 3 £ o A 45iF i 40T ¢
(1) PEAK 4 it & 3 2 g% 0% 2
12 0.01% TFA in H,O f=2 § (acetonitrile) &5 4 # 4p > i

L 1.0mL/min > Lo Spu Lo @ pliE 2 deT
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Instrument condition ESI+/MS/MS

lonSpray Voltage (eV) :5000 Parention (amu) : 727
Temperature (°C ) : 400 Collision Energy (eV) : 30
Scanrange (amu) : 200 ~ 1600 Scanrange (amu) : 50 ~900

(2) PEAK 6 i & 4 2 @7 5 i

Items Positive Negative
DP (Declustering Potentional) (Volts) | 30, 60, 90 -30, -60, -90
FP  (Focusing Potentional) (Molts) 200 -200

EP (Entrance Potential) (Volts) 10 -10

MEB (Nebulizer Gas) 4 4

CUR (Curtain Gas) 6 6

IS (lonspray \oltage) 5500 -4500

DESRT

AR R P By T 35E + %K L (mean t standard

deviation) # -+ - I # * Statistical Analysis System (SAS) 8.0 *x

zo B ie 7 % R &~ 47 (analysis of variance - ANOVA) ~

Duncan’” s multiple range test & 53+ 4 47 » v R $ % £ F 3 ¥ £

B p<0.05THRLEBEFLE o



3 2t by 2 L =)
25583

Pal’tl F{—}ﬁt ay_]}P’ ﬁ#” fﬂm
SR A

1. ZHRF2 %4 F

FREFLFAZDIRPFARHET R P EFEEF T ¥V FE
FWiEEAEY 2 682G T (Bl L ra) o BRI 41 F 9P R
TR EWERETAARRS ARBELEP IR (B -+ ~b) >

gL LR B IR UM o KEERL O CFEERR

Mad o gt 2 S B PR ZRYE  FIt I ol % A
ke REHREFOETHAFRE-FE O MEITFPREERIE, P R
K Ao RR RTEIRAE > PR TEIREE A S ke (Bl t1a) o

FREFEE NS ASFET RS (B2 et ) 0 2SR
FEEPE e 49.85% ) - ke B A ASR A K 6.27£05% % o

30°C shiew| g fEF ik i FI56.5% hE F > 40CHhEH F 1

‘ \
(=

5

TR kA T o B R v AR SR R T RGeS A

T SR R PR g 4 0 %P A FEpE S (40 2010) 0 A AF

\H
s

BB o3 30C~35C40C g #pe=x~ % 5 57.22%~57.41% -

57.93% > 2 % fxge 4 157.8%4n § (Newton, 2003) > e = i i 4 >
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B 395 T Eaug g gk foik (2010) Apfe v e H A S0

o
-

RAFEPFRAF S GG B DR FREOEN A F A
56.36% ~ 55.89% ~ 56.11% » ** B~ T #F R § w ¥ %k & RiiE (B

:’L’Lb) &F'—Tr]m#om_'% J\/\E“E{ﬁ};J Flm 'F A K

2. pH &4 45
FREVHEEAY SpHEMaHF L pH38 2+ (= +- -

B

\\\?{y

%ﬂwéﬁ’—&ﬁﬁ%%ﬁpH@G*BAﬂﬂié
( European Commission, 2002; Chunhieng, 2003; Newton, 2003; f# - 2007b
;3 >2008; % >2008) - %73 RS RIS ??,‘Sé;:%%frézgle

AR {0

\“‘kﬂ

A%

‘__l

w
=
n»

AFEHRUERREAFFTAEANGF AR o EZREFSE 0~4 F2F
fis PR ZHEHAEY TREANFZEF AR o0 B2

(it - ) > %8BT 2 03 2 F2 FpE ERFAE P

SRIRGEESL R I g I UM R P ) S
WE AT FARBA T F AP A aY 304 B ARS

%«;L s ﬁby&é%ﬁég:%m#gfﬁg s o %?%? =4 m%a}}%‘r;ﬁ;% fT% 15 Ao

e T Rl T (LR BHE) o Fla T B RAE

o

BE It (40 2010) o HE P EEEAY DT R L FE
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Blo A2 FRSBETERES (a) 2% 5 (b)) 3% -

Fig. 28. Appearances of noni fruit at different ripening stages. (a) unripe noni; (b) ripe noni.
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Bl=o L4~ (2)40C#ms- 3 (b)40CHES e o % o

Fig. 29. Noni fruits fermented at 40°C for (a) the first week; (b) the fourth week.
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~ B =30
O\c -0
~ +33 C
=
= 40
~ 50
45 | 1 | |
0 1 2 3 4
Fermentation time (weeks)
Bl= - R * B RBPTHEHEF AT DR
Fig. 30. Effect of yield in noni fruits during fermentation.
4.00
3.75 —--30C
s 35T
=) -
3.30 B +-I'00C
3.25
3.00 | | | |
0 1 2 3 4

Fermentation time (weeks)

Bl= - ~HEREENBPREDEHPH Bl o

Fig. 31. Effect of pH value in noni fruits during fermentation.
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10 -

—--30C
.E 6 - --35C
~+40°C
_I_ L
2 L
0 | | | |
0 1 2 3 4

Fermentation time(weeks)

Blz Lt RS ERBRIFHT AL Z £ o
Fig. 32. Effect of soluble solid in terms of Brix in noni fruits during

fermentation.
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RO TREAI M AR TR e AT AR g2
(B>2009) &% 3 X HFFEPENEFRE > T Flikd P4 Epgm
Stk RPN AEESARS BT 0 R E R TARANF AR

B o @ F 4 rFEEu s d ks Fieh RE CHMAEY TR

ERSEVECD - I B e S

4. ¢ FEA AT

ERBOERSAIRER I AT R AT FoREFF D
BT FRBA A CAARF RARBS EF K AADET I ERSL
id D HARR U4z L2 (gt o) #rw oL BLARER

BARF Aor AR MEFEFEME S A B R R I B ARARIF

¢ ARF R hE o BRI LA a R RRER AR o EEFH

BEEIYr o H L EREF T P 40°C BT F il A
RAPRE AL RouRs B Fl L Ep AR

BAR = 2 AR S Bl= e (=) o d S58T 0 ¥

F- e ar EHAck s o HY 30C BEE- B ohlew > A pEiEAR

Pird k4 A B0l @ 35C40°C HpE- B ehEn b 2~4
FRIEEFE R/ G O AR R -

b EAx % A 7453 ¢ Bl= 7 (gt ) HEEE 9TT e

b ARG kA R A EE R o b bR o & 8

Al

T A0C BEFPEEN { AP 55 T s a3ty 57
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100 -

E Control
80 A 0
AL A 830C
b b B
60 \ W3S¢
- D40°C
40
20
0 |
Control 1 2 3 4

Fermentation time (weeks)

Bzt ERENERERDPFHEHR2R (LXE) @ -

Fig. 33. Effect of L* value in noni fruits during fermentation. Each value
is the mean * standard deviation (n=3) .““Means in the same
fermentation time with different superscripts are significantly
different (p < 0.05) . **Means among same samples with

different superscripts are significantly different (p < 0.05) .
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a*

& Control
25 - 230°C
20 m35C
S40°C
15 -
10 -
5 | d
o L0

Fermentation time (weeks)

Bzte ~HEEWHFHRPTH a* @R E-

Fig. 34. Effect of a* value in noni fruits during fermentation. Each value
is the mean + standard deviation (n =3) . ““Means in the same
fermentation time with different superscripts are significantly
different (p < 0.05) . **Means among same samples with different

superscripts are significantly different (p <0.05) .
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& Control

B
—I(i B30°C
m35C
Z40°C

Control 1 2 3 4
Fermentation time (weeks)

Bl= -7 %5 SR EHF -

Fig. 35. Effect of b* value in noni fruits during fermentation. Each value
is the mean + standard deviation (n=3) . **Means among same
samples with different superscripts are significantly different (p <
0.05) . ““Means in the same fermentation time with different

superscripts are significantly different (p <0.05) .
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e§ ¢ % (Tripoli et al.,, 2007) > #F R %+ b* BEEEF 2

\V‘b

5 18
FA%F endt B (450 2010) > 40C R BB o] A sy - 27
F2brEpiy TR > amg g £ F FREEE S DT

(B=-+-)

1. Rz g
FERFESY-GFEBEOEYBEEFRALSFESF ERY
Fedido Pl ahips B0 SRS O (B2 -2 i T ) o
JE K % pF en1.68 mg/mL gallic acid equivalent 3 4r 1 1.72 mg/mL gallic
acid equivalentenL 32k % - H @ » 30C* % - FFEORFIEFE
1.74 mg/mL gallic acid equivalent > @ 40°CH B pER>t % = 3£ 3 1.75
mg/mL gallic acid equivalent - ¥ (2005) ~ * (2008) -~ % (2008) **

TOREEER RS L RIS o R P B T A

F‘ﬁ}?féﬁi’f%%";}\ 2R W2 g} E,‘jz’?’ %Eﬁ@%ﬁﬁ?ﬂ‘l?ﬁééﬁﬁﬁﬁﬁﬁﬁlﬁjﬁ
*rlrft o
2. MpEmrzE

'REFREEF > BRSSP T REARS (B2
gL 2 )e j¥ A 3 iE S e 42.28 mg/mL quercetin equivalent B 45t 4 o

30CH B % g ¥ MR D58 5 i # % - & 30C 35T »

106



40°C ™ M 3 41.33~39.49 ~ 39.69 mg/mL quercetin equivalent = + >
E X% w4 23177 ~ 29.59 ~ 30.68 mg/mL quercetin equivalent - 1§
(2005) ~ 2 (2008) ~ % (2008) ** 3 B #FEER * P > 5 BLET]
A o SR e e A2 (S W3 X 30.68 mg/mL quercetin equivalent >
BMrHEERY i@t & XDNHREFF BB P pEar
BprpR s o AH Y FROBEHEL A E B (k0 2010) - #FH R
VP E R R A chA R B RA TR YEOE b
EAREG R EEAPRARE - 5 FEF BT ESF 2 FEE

4 WA AT

\““\ﬂ

REH %7

w
=

N A R B R ﬂﬁbﬁ FEE AP ey A ERE
WG BEEFH A (B2~ gt )  RERETIRERESR

PR Bl B R B AHM 12743ng/mL > G5 -

A% - k4L % 7 £33 206.76pg/mL ~ 2343pg/mL > & 35 T
fe % w14 B 224.39ug/mL -
SpEHBohgAT s 2 2 A Y 0 A I A AR LY TR
k&P GBEE R AT RUIFF(R R3HEM)TIAEEL
PERSY T HEBEFT ViR kB A XA LA R

# 5 A 44 (Broadhurst & Jones, 1978) ; % X FEg 2 m 7 4% (% g
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2000 - B Control
B30C

1600 - 035C
D40°C

Gallic acid equivalent (ng/mL)
[S—y
o
S
S

Control 1 2 3 4

Fermentation time (weeks)

Bl R RPFHARC EF DR

Fig. 36. Effect of total phenol content in terms of gallic acid equivalent
in noni fruits during fermentation. Each value is the mean +
standard deviation (n=3) .“BMeans in the same fermentation
time with different superscripts are significantly different (p <
0.05) . *®Means among same samples with different superscripts

are significantly different (p <0.05) .
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B Control
40 + B30°C
035C
30 - S40°C

20 -

10 -

Quercetin equivalent (pg/mL)

Control 1 2 3 4

Fermentation time (weeks)
Bzt - R ERPTHEHGER MR E
Fig. 37. Effect of flavonoids content in terms of quercetin equivalent in

noni fruits during fermentation. Each value is the mean %

standard deviation (n=3) . ““Means in the same fermentation
time with different superscripts are significantly different (p <
0.05) . *“Means among same samples with different superscripts

are significantly different (p <0.05) .
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;E“ 300
B B Control
= 250 230
=
% 200 | D350C
-é <0 Z40C
S - ¢
S 100 ||
‘."3
A 50
:':
0
Control 1 2 3 4

Fermentation time (weeks)

Rzt R ENERIEHGeER DL -
Fig. 38. Effect of condensed tannin content in terms of (+)-catechin

equivalent in noni fruits during fermentation. Each value is the
mean + standard deviation (n = 3) . “®Means in the same
fermentation time with different superscripts are significantly

different (p < 0.05) . **Means among same samples with

different superscripts are significantly different (p <0.05) .
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THEMSE L XF RAS 0 Fla B %% % (Hagerman, 1998) -

P
P!
Rl
e
Ny
|k
IS
S
;,?
P
(w,
B
Eir)
gt
=
!

f
W
gt
£
[
IS
i
&

L
wHB N LR R0CHEPEF - FFEFOALE R E 0 FHlA
T pRiE ALY X F B ¥ h% 1 - Chan-Blanco % (2007) ~ % (2008) -
# (2005) AR % Pk » FRAPRE RG> R FEHEE S L
REZZEFEFPRPE Ra RPFREPEF % 5T "% - Yang
4 (2007b) Fap|E T SR FV A A A RE R X DEEREROIEY &
PR E AR HAFREES Y A WEE FE 516223 ug/mL > 25 2B
f2¢ BB M E 3 258.8 ug/mL > AAE@dF A& 200 ~ 230 pg/mL = % o frd
B2 ARt 0 5 44k (2010) BB R0 6 1 0 R E2iP (2005) sk

R

5. 3%z E

t

AR EAT R ARl - et 4 ) TF 0 BARRET DR

Ik

'}

E R E 80 E 11964 pg/ml-SEFF e Fa B4 2 3

3

b

B

TH
B
}E_y}

P - PR D H115.02 pg/mLig & 0 QPF L F AR RIS

g
-

i 3 5P 3035 A0CHER T RAKEFNEAEZ

e

&
r_rs-&'g
s

|l
5.
Al
‘,‘Eh‘l
&

!

. r§ /Emﬁf’_gjlﬁk‘#ﬁiﬁ};'l ’ éf_l'f_ﬁ i# 2 e 407 C”? ﬁ-j— 19 v = é ',%
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Fig. 39. Effect of scopoletin content in noni fruits during fermentation.
Each value is the mean + standard deviation(n = 3). “®Means in
the same fermentation time with different superscripts are
significantly different (p < 0.05) . **“Means among same samples

with different superscripts are significantly different (p <0.05) .
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Fig. 40. Effect of rutin content in noni fruits during fermentation. Each
value is the mean + standard deviation (n=3) .*“Means in the
same fermentation time with different superscripts are
significantly different (p < 0.05) . **“Means among same samples

with different superscripts are significantly different (p <0.05) .
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5B 6143 ugimL 0 SRS 5 R 12
=4 & E - g VA D FLA AR =4 - pE (disaccharide rutinose )
fr ke = GgE ik AepEAE (Blanco et al., 2007 ) o A pEeiE AR VoA X

Pk 25 ba AR (35 2008)
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equivalent/mL 2 77 2 o i - FF S 4 M5 TS B R
2wl ko> g R g A2 ehg ] 2 532.67 pg BHA equivalent/mL 4p it & e
g tork 3 HRE o n AR EDENH Y Lotk ARG o

AR R N H g Coank i3 40°CHE s R IRIE VAR
Henfia) o PARZ R e wH R R AAR S cA0CH PR RS - B
£ 3 854.33 pg BHA equivalent/mL shdeg it iw 4 > @ 22 35CH ¥ lech

¥ v kg it 5 821.67 ug BHA equivalent/mLAp 5 © &7 3% B % f%

BREVH F%’ﬁo";‘ e 3}"‘43@ 'L’fﬁ%ﬁ—m/\i ’ ﬁé{ﬁ:@:’_’%ﬁ?—”"l’% NP AR o

2. TEAC 3wz it iy 4
FHES4oBle L - (4 L - ) o7 0 Fd VB ug Trolox

equivalent/mL # 57 o SiF— kg s 0 & e ABTS p o - 78 fsb
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3 OB e o By LB E A EE 1550.19ug Trolox equivalent/mL

#2 3 2002.16ug Trolox equivalent/mL > #dr#]e 3k B 7
[ A

29.16% -
B pg a4 By TR AR o -

gr2e Y5

g ALY R R G RN AR R K

(Kusznierewicz etal.,2008) ; m it = iz /R %> 1 & £.d >ta4 2C %

AT R

BRE AP F >4 1Y B TA 2 0 (Dewanto etal., 2002) o
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Fig. 41. Effect of (a) DPPH scavening activities; (b) BHA equivalent in noni fruits during fermentation. Each value is the
mean * standard deviation (n = 3) . ““Means in the same fermentation time with different superscripts are

significantly different (p < 0.05) . *®Means among same samples with different superscripts are significantly

different (p<0.05) .
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Fig. 42. Effect of (a) ABTS-" scavening activities; (b) Trolox equivalent inf noni fruits during fermentation. Each value is
the mean + standard deviation (n = 3) . “®Means in the same fermentation time with different superscripts are
significantly different (p < 0.05) . *®Means among same samples with different superscripts are significantly

different (p<0.05) .
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CAMAQFFERF L AGLERFAER IR FEOHE R
S ¢ i (Lee, 1983; Oparin, 1935)  F]pt # 3 SiE 44 F A0 15 3 fx
IF 2GR BBt A R ERF > Z AR B ER B
ER 2QFATFTOHea W4 11 60 A8 F 5 BB DS
Rz 2 B HRERF  HREF TR EREGEE

¥ 7 €A% 5 23312111 ~ 12.93 pg/mL (+)-catechin equivalent -
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Fig. 43. Effect of boiling in water extraction time on total phenol content
in terms of gallic acid equivalent in the extracts from different
noni leaves. Each value is the mean + standard deviation(n =3).
ACMeans in the same extraction time with different superscripts
are significantly different (p <0.05) . **“Means among same
samples with different superscripts are signifycantly different (p

<0.05) .
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Fig. 44. Effect of boiling in water extraction time on flavonoids content in

terms of quercetin equivalent in the extracts from different noni
leaves. Each value is the mean * standard deviation (n =3) .
ACMeans in the same extraction time with different superscripts
are significantly different (p < 0.05) . **Means among same
samples with different superscripts are significantly different (p

<0.05) .
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Fig. 45. Effect of boiling in water extraction time on condensed tannin
content in terms of (+) -catechin equivalent in the extracts from
different noni leaves. Each value is the mean * standard
deviation (n = 3) . #“Means in the same extraction time with
different superscripts are significantly different (p < 0.05) .
**Means among same samples with different superscripts are

significantly different (p <0.05)
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4. FRHEZE

e (2006) #-# B E 12 95 % ¢ FEEBR A ITH fLE LR T
M ETNEAE IR AR HEREIE Y5 16mged B W
HEREZFAENEAFNEL O R ARG IARED T UE T

hEAZ s ERMN o d Ble L2 (k- LT ) BExET ) EE

Y

T RUN Z ERR N AERE L HEREY A NAFTEN]HERE
B SgICT ] ERE T o ) EREZEY RUin ZE S < HRE
Brar3le i | FREDLIL4Z B A FEZN60 24827 )%
REZF - ~HREHRF- S L&A TN FRETEDZEEZ

£ 4 5] 5 1270.52 ~ 412.03 ~ 766.76 ug/mL rutin equivalent -

oy AREEAST
1. DPPHp d 24 i 4

DPPH & - f% ¥ ehp d &> & 517nm T 3 53 7]wx k> Fuf i
B H e kBT ook EARIS > A dug YA ehiE 4 i 4 4%53 o Chen
and Ho (1995) 4 PN EEY DIFFERFTEE AT REL R
F“f DPPH p o A » H; il‘éfm b B3 FIR L hOH A #kcp 5B o
d S A LR JEd R d RS A FADPPH pd 2 o i -OH
A#pAxs o BB i 32 a4+ 4% (Shimada, 1992)
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DPPH A d Ajig i 4 Lic L ED 18 B 27 P HRES
EHRFFET A AR P Aeniiipacd DR REDR A A
et B AR E HFrad AAHERESARS L B2y
60 A4tk F B L EAF 0 DPPH p o Jhiff b o & 260.46
ng/mL BHA equivalent » DPPH p d fira 5 95 25% > @ il 3c-] 3% B
Fio ]l B EHF A ui5 15460 4 454 F » ¥ (9142.85~ 159.69 pug/mL

BHA equivalent » 454 482 4e i 5 Bive & p d A2 i Gl 4 o

2. ABTS f d fhifeh i
BaCRCE A IR s e o SR LI R I - R RE IR U S S A )|
Tk r‘?piﬁi",lrt Hydroxyl radicals ( Shi, 1991 ) ~ 4z # 44+ (Robak, 1988 ) -
DPPH (Shimada, 1992) % p d et 4 2 Pl &S A& £ a3 i
& _ruLinoleicacid®s Big & 1t % St kipl 2 H g ftag 4 o H @ )
ok d KRR DPPH B a4 o Ao B E T it g
il g vac A a2 2 > w §d 3t DPPH pod AR5 00 AR R
P RE SRS T 0 T g R REFRS 3“‘% pod Zhen|gro Ft o &
F - Rl ABTS. pd fhjigin 4 o g 4 anEi (g
£ (4 > 2000)
dWE L (a0 ) BE T A f R ES ABTSS A d &
TR B ARRE IR RESF S AR ESARS 132 50 2

SEGF Sl R ES ABTSS fd g 4§ v Bk o)
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Fig. 46. Effect of boiling in water extraction time of rutin content in the

extracts from different noni leaves.
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Fig. 47. Effect of boiling in water extraction time on (a) DPPH radical scavenging activity; (b) BHA equivalent in the
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3) . ““Means in the same

extracts from different noni leaves. Each value is the mean + standard deviation (n

extraction time with different superscripts are significantly different( p < 0.05 ). **Means among same samples with

different superscripts are significantly different (p <0.05) .
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Fig. 48. Effect of boiling in water extraction time on (a) ABTS -

the extracts from different noni leaves. Each value is the mean + standard deviation (n=3) . “®Means in the same

extraction time with different superscripts are significantly different( p < 0.05 ). *Means among same samples with

different superscripts are significantly different (p <0.05) .

129



el

+ - 2 58 KN s ks o 2L
e ~FRERLF AFER

Table 14. Sensory evaluation of noni-leaf tea.

Smell Observe Taste
Item aroma aroma the _ - : :
. . brightness brilliant  strength perception purity after-taste
perception extent of mjury - -
Freeze-dry small noni-leaftea 53" 5.1° 5.1° 5.1° 4.6 5.3° 5.1° 5.1°
Rolling big noni-leaf tea 6.2% 6.3% 6.9% 6.9° 5.4° 5.7° 5.2° 5.0°
Rolling small noni-leaf tea 6.9° 7.1° 6.1° 7.0° 5.0° 5.7° 5.3° 5.5°

The scores are in a range of 1~9, the higher score the most obvious or acceptable.

*PMean in the same column with different superscripts are significantly different (p <0.05) .

130



Part 2-2 L £ 7 % T 0 47

- HaEMHtEF TR

1. Bpz g
KRS E (et 4 e L) " ETRRASER A28
FPEENRE ACTIrz R TH AL A T RN TR T AR R
— AT R AR ROt EARE AT A R o M R TR F L

W
e
w0y
|l
-
AR

2R HERFAEARPE EF > A RAPE

AR EREEE Yang & (2007) 2 AT B AL 0 B 4y Ao B
P 2 BREF S d ARRFGZ IR EF T T PR S st
I AERAR S b 2 h B ARECOTRELER o

d BT g S 4) BEV O R AT A BRSPS
Fog@pEais R g ik BT 2 mEk ~ 2@k
LACT AR RRGEEMOZ £ % 0 2 Qe GORFIDE T L

BoGe o WHTR PR GEAL S R 0 A AT~ Ao § AT be PR AT R L

==

AR EEERA T ARERY X P ORI (10 2010)
(2008) ‘& B2 2 B EER > 7 SRRIL2ZER N

4 B B 1 s R

t:dw
% h
%T;;?,
A
i
iy
why
=
™
'
A

)

Y
-&if

131



O Control

W

sk

600

_ _
O O O O O O
S S S S S
e < I A —

(qu/81l) yuageamnba proe dnqen

Storage time (week)

ST
Fe A

CE

¥
w {

Hi M2 B o4°C

2
FE]

R !

Sl T QR
=2y LS

¥

~N /J\

Bz + 4

/_;g*“:‘ °
g A

5 %5

/.

Y = oog
 F o

~RTL ;

P

2
FE]

S mE

N
e

RTD

Fig. 49. Change of total phenol content in rolling small noni-leaf tea during

storage at various conditions. 4 °C : storage at 4 °C in dark; RTD :

: room temperature under light.

room temperature in dark; RTL

Each value is the mean + standard deviation (n=3) .”*®Means in

the same storage time with different superscripts are signifycantly

different (p <0.05) . **Means among same samples with different
132

superscripts are significantly different (p<0.05) .
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Fig. 50. Change of flavonoids content in rolling small noni-leaf tea during

storage at various conditions. 4 °C : storage at 4 °C in dark; RTD :

: room temperature under light.

room temperature in dark; RTL

Each value is the mean + standard deviation (n=3) . “BMeans in

the same storage time with different superscripts are signifycantly

different (p <0.05) . **“Means among same samples with different
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superscripts are significantly different (p <0.05) .
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Fig. 51. Change of condensed tannin content in rolling small noni-leaf tea

during storage at various conditions. 4 °C : storage at 4 °C in dark;

RTD : room temperature in dark; RTL : room temperature under

3). ~“BMeans

light. Each value is the mean * standard deviation( n

in the same storage time with different superscripts are significantly

ifferent (p < 0.05) . **Means among same samples with different

superscripts are significantly different (p <0.05) .
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Fig. 52.Change of rutin content in rolling small noni-leaf tea during storage
at various conditions. 4 °C : storage at 4 °C in dark; RTD : room
temperature in dark; RTL : room temperature under light. Each value
is the mean + standard deviation (n = 3) . “BMeans in the same
storage time with different superscripts are signifycantly different (p
< 0.05) . **Means among same samples with different superscripts

are significantly different (p <0.05) .
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Fig. 53. Effects of storage time and with/without lightening on (a) DPPH radical scavenging activity;

. room

in dark; RTL

. room temperature

RTD

. storage at 4 °C in dark;

in rolling small noni-leaf tea. 4°C

temperature under light. Each value is the mean + standard deviation (n =3) . “®Means in the same storage time

. **Means among same samples with different

with different superscripts are signifycantly different (p < 0.05)

superscripts are significantly different (p <0.05) .
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Fig. 54. Effects of storage time and with/without lightening on (a) ABTS - " radical scavenging activity; (b) Trolox
equivalent in rolling small noni-leaf tea. 4 °C : storage at 4 °C in dark; RTD : room temperature in dark; RTL : room
temperature under light. Each value is the mean + standard deviation(n = 3). “®Means in the same storage time with
different superscripts are signifycantly different( p < 0.05). **“Means among same samples with different superscripts

are significantly different (p<0.05) .
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Fig 55. HPLC profile of noni-leaf tea with Photo Diode Array.
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Fig 56. HPLC separation chromatogram of concentrated noni-leaf tea .
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Appendix 9. The total yield (%) of noni juice at different fermentation

time
Temp Fermentation time (weeks)
(C) 0 1 2 3 4
49.85
30 56.50 57.19 57.22 56.36
35 56.26 56.36 57.41 55.89
40 55.60 56.50 57.93 56.11

gt A R R O % P2 pH

Appendix 10. The pH value of noni juice at different fermentation time

Temp Fermentation time (weeks)

(C) 0 1 2 3 4
3.84+0.01%°

30 3.81+0.01"*° 3.81+0.02°%° 3.82+0.01°*° 3.85+0.01™

35 3.83+0.02" 3.84+0.02°%* 3.85+0.01%* 3.85+0.01*

40 3.83+0.00"° 3.86+0.01"* 3.87+0.01** 3.87+0.01"

Each value is the mean + standard deviation (n = 3).

ACMeans in the same fermentation time with different superscripts are
significantly different (p < 0.05).

“*Means among same samples with different superscripts are ignificantly
different (p < 0.05).
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Appendix 11. The soluble solid (" Brix) of noni juice at different

Temp Fermentation time (weeks)

('C) 0 1 2 3 4
8.13+0.81*

30 8.53+0.31" 9.13+0.12"* 8.07+0.64™  8.20+0.40

35 8.80£0.20""  8.67+0.6"" 8.67+0.31"*" 9.67+0.42"

40 8.60+0.40" 9.47+0.42"* 8.60+0.40™ 9.27+0.81A™

Each value is the mean + standard deviation (n = 3).

ACMeans in the same fermentation time with different superscripts are
significantly different (p < 0.05).

#“Means among same samples with different superscripts are ignificantly
different (p < 0.05).
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Appendix 12. The L* value of noni juice at different fermentation time

Temp Fermentation time (weeks)
(‘C) 0 1 2 3 4
71.92+4.66°
30 62.03+1.43"° 61.51+1.22 AP 64.75+2.64 " 61.34+1.37 7"
35 63.43+1.89 AP 63.62+2.01 A° 58.99+0.54 BP 53.10+1.37%°
40 63.76+1.07 *° 56.46+1.15 B¢ 54.82+2.06 B 47.99+2.85

Each value is the mean + standard deviation (n = 3).
ACMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).

*IMeans among same samples with different superscripts are ignificantly different (p < 0.05).
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Appendix 13. The a* of noni juice at different fermentation time

Temp Fermentation time (weeks)
(C) 0 1 2 3 4
2.21+0.51°
30 19.08+0.85" 20.13+0.75" 16.2440.77%" 19.00+0.82%
35 17.8620.33"° 19.37+1.07%° 21.72+0.78% 24.88+0.88
40 18.51+0.37"° 23.90+0.68™" 24.38+0.9"" 26.78+0.66™

Each value is the mean + standard deviation (n = 3).
ACMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).

*IMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 14. The b* of noni juice at different fermentation time

Temp Fermentation time (weeks)
('C) 0 1 2 3 4
37.59+1.04°
30 65.35+1.54% 68.7+1.32" 69.24+1.11" 65.18+0.95"
35 65.56+1.04"% 69.85+1.517% 66.89+1.36™ 60.50+0.82"°
40 70.61+1.25% 65.15+1.94"° 61.98+1.24° 53.49+0.86"

Each value is the mean + standard deviation (n = 3).

“*Means among same samples with different superscripts are significantly different (p < 0.05).

ACMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).
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Appendix 15. The total phenolic compound content of noni juice at

different fermentation time

Temp Fermentation time (weeks)

(C) 0 1 2 3 4
1.68+0.10°

30 1.74£0.03" 1.73+0.03"* 1.43+0.05°* 1.59+0.06""

35 1.68£0.02"* 1.52+0.10%* 1.59+0.05"* 1.69+0.05"%"

40 1.64+0.07"* 1.7520.06"* 1.64+0.07** 1.73+0.05"

The total phenolic compound content was expressed as mg of gallic acid
equi./mL.

Each value is the mean + standard deviation (n = 3).

ABMeans in the same fermentation time with different superscripts are
significantly different (p < 0.05).

*PMeans among same samples with different superscripts are ignificantly
different (p < 0.05).

174



GE- ol N o 3510 gy A A h A

Appendix 16. The flavonoid content of noni juice at differentfermentation time

Temp Fermentation time (weeks)
(‘C) 0 1 2 3 4
42.28+0.89°
30 41.34+0.58" 6.19+0.56" 35.4040.99"° 31.76+0.85"
35 39.49+0.34%" 37.49+0.81"° 34.03+0.52" 29.59+0.23"%¢
40 39.69+0.43% 34.58+0.44" 33.54+0.97° 30.68+0.84

The flavonoid content was expressed as pg of quercetin equi./mL.
Each value is the mean + standard deviation (n = 3).
ACMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).

*IMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 17. The condensed tannin content of noni juice at different fermentation time

Temp Fermentation time (weeks)
(C) 0 1 2 3 4
127.43+10.33°
30 183.31+9.07%° 206.76+8.04%* 169.28+2.36"" 183.72+4.10%°
35 200.72+6.99"% 210.7245.785* 206.98+5.27°% 224.39+7.27"%
40 212.72+7.75" 234.3049.66™ 211.67+8.28™ 212.89+7.35"™

The condensed tannin content was expressed as w g of (+)-catechin equi./mL.

Each value is the mean + standard deviation (n = 3).

ABMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).

*“Means among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 18. The scopoletin content of noni juice at different fermentation time

Temp Fermentation time (weeks)
('C) 0 1 2 3 4
162.23+9.33°
30 231.26+5.19"° 258.80+7.60™ 217.20+2.80" 221.14+45.74"
35 226.48+5.40" 214.59+8.04% 214.33+7.25°% 227.62+6.75™
40 207.70+2.96% 215.98+12.41% 201.05+6.01°% 200.10+4.78%

The scopoletin content was expressed as mg of pg/mL.
Each value is the mean + standard deviation (n = 3).
ABMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).

““Means among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 19. The rutin content of noni juice at different fermentation time

Temp Fermentation time (weeks)
(C) 0 1 2 3 4
119.64+3.04°
30 119.32+3.64™ 106.82+2.03*" 71.89+1.59% 65.54+2.61°%°
35 113.13+2.13"% 83.57+3.53 69.10+3.68" 69.12+1.44"°
40 112.62+1.38% 95.75+4.93% 66.00+3.61"° 61.43+2.10%

The rutin content was expressed as mg of pg/mL.
Each value is the mean + standard deviation (n = 3).
ACMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).

““Means among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 20. The DPPH scavenging activity of noni juice at different fermentation time

Fermentation Temp (C) Temp (C)
time DPPH scavenging activity (%) BHA equivalent (ug/mL)
(weeks) 30 35 40 30 35 40

0 35. 23+1. 144 532. 67+13. 58¢

1 46. 7540, 96 47. 60+1. 72" 48. 68+0. 88*¢ 730. 83+6. 71" 733.83+17. 01"  764. 67+6. 79C
2 50. 07+1. 93% 44, 44+1. 77% 55.51+40. 75" 802.5+7.21%  683.11424.94% 854.33+12. 01%
3 45.39+1. 27% 46. 63+1. 325" 52.50+0. 88" 661.00+10. 90 741.33+21.10% 806. 25+14. 82
4 52.09+0. 40% 51.58+1. 06 54.02+0. 64" 800. 08+23.43% 821.67+17.42% 921.33+24. 61"

The capability of DPPH scavenging activity was expressed as pg of BHA equi./mL.
Each value is the mean + standard deviation (n = 3).
ACMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).

*dMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 21. The Trolox equivalent antioxidant capacity of noni juice at different fermentation time

Fermentation Temp (C) Temp (C)
time ABTS - + scavenging activity (%) Trolox equivalent (pg/mL)
(weeks) 30 35 40 30 35 40

0 26. 79+2. 11¢ 1550. 19+75. 33¢

1 38.70+1. 08" 37.45+1. 00" 37.42+1. 294 2032. 96+35. 69 2002. 78+80. 73 1970. 74445, 334"
2 38. 51+1. 00" 37.20+1. 22" 38.82+1. 59" 2060. 56+94. 791943, 89+51. 22> 2038. 70+61. 19"
3 30. 31+0. 69" 33. 08+0. 62 34. 07+1. 39*¢ 1588. 15+56. 39%°1736. 11+73. 234 1766. 30+75. 89*
4 33.41+1. 85" 35. 50+1. 20" 35. 88+0. 79" 1735. 37+95. 86" 1813. 15+38. 15" 1852, 22451. 81"

The capability of ABTS-+ scavenging activity was expressed as pug of Trolox equi./mL.
Each value is the mean + standard deviation (n = 3).
ABMeans in the same fermentation time with different superscripts are significantly different (p < 0.05).

*dMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 22. Total phenol content in terms of gallic acid equivalent of noni-leaf tea boil in water for 15 ~ 30 ~ 45 and 60 min

Time (min)
Sample
15 30 45 60
Rolling big noni leaf tea 0.338°°+0.004 0.350°"+0.005 0.357°+0.005 0.361°+0.006
Freeze-dry noni leaf tea 0.388%°+0.006 0.409%%+0.004 0.411"%+0.007 0.400"%+0.007
Rolling small noni leaf tea 0.408"°+0.003 0.423%°+0.005 0.438"%+0.005 0.440"%+0.005

The total phenolic compound content was expressed as mg of gallic acid equi./mL.
Each value is the mean + standard deviation (n = 3).
ABMeans in the same boiling time with different superscripts are significantly different (p < 0.05).

*PMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 23. Flavonoids content in terms of quercetin equivalent of noni-leaf tea boil in water for 15 ~ 30 ~ 45 and 60 min

Time (min)
Sample
15 30 45 60
Rolling big noni leaf tea 40.27+0.86% 43.0141.50% 44.45+0.68° 45.1040.72°
Freeze-dry noni leaf tea 72.58+0.50""  77.13+0.3%1 77.82+0.84" 78.47+0.98™
Rolling small noni leaf tea 68.12+1.20° 73.58+0.53%" 76.01+0.52" 75.87+0.59%

The flavonoid content was expressed as pg of quercetin equi./mL.

Each value is the mean + standard deviation (n = 3).

ACMeans in the same boiling time with different superscripts are signifycantly different (p < 0.05).

*dMeans among same samples with different superscripts are signifycantly different (p < 0.05).
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Appendix 24. Condensed tannin content in terms of (+)-catechin equivalent of noni-leaf tea boil in water for 15 ~ 30 ~ 45

and 60 min
Time (min)
Sample
15 30 45 60
Rolling big noni leaf tea 19.24"* +0.81  20.48™+0.79  21.00" +0.60  21.11°* +0.69
Freeze-dry noni leaf tea 9.70%°+0.77 10.78 %+.98 11.81%%4+0.81  12.93B*+0.99

Rolling small noni leaf tea 19.74%+0.76  21.46"°+153  23.09"%+1.38  23.31"°+0.64

The condensed tannin content was expressed as w g of (+)-catechin equi./mL.

Each value is the mean + standard deviation (n = 3).
ABMeans in the same boiling time with different superscripts are significantly different (p < 0.05).

*“Means among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 25. Rutin area of noni-leaf tea boil in water for 15 ~ 30 ~ 45

and 60 min
Time (min)
Sample
15 30 45 60
Rolling big noni leaftea  242.69 313.72 304.04 412.03
Freeze-dry noni leaf tea 597.75 718.12 883.12 766.76
Rolling small noni leaf tea  990.25 1066.09 1231.06 1270.52

The rutin content was expressed as mg of pg/mL.
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Appendix 26. DPPH scavening activities and BHA equivalent of noni-leaf tea boil in water for 15 ~ 30 ~ 45 and 60 min.

(a): DPPH radical scavenging activity. (b): BHA equivalent

Ttime (min)

Ttime (min)

Sample DPPH scavenging activity (%)

BHA concentration (pg/mL)

15 30 45 60

15 30 45 60

Rolling big noni leaf tea 14, 85+2. 83 14. 30+0. 69 15. 63+0. 59" 17. 05+0. 56

16.37+1. 18" 15.95+0. 49%* 15.53+0. 58" 17. 19+0. 98>
Rolling small noni leaf tea 21. 90+0. 69" 24.57+0. 42" 25.36+0. 53" 24. 98+0. 58"

Freeze-dry noni leaf tea

115.65+4.34 ¢ 129.99+4.20 B¢ 144.30+3.00 ®° 159.69+5.61 B2

142.85+10.45% 139.14+4.31 B 135.44+5.12 B¢ 140.96+7.20
214.36+3.66 °  241.74+6.14 " 260.57+5.75 % 260.46+7.31 A2

The capability of DPPH scavenging activity was expressed as ug of BHA equi./mL.

Each value is the mean + standard deviation (n = 3).

ACMeans in the same boiling time with different superscripts are significantly different (p < 0.05).

*dMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 27. ABTS- " scavening activities and Trolox equivanent of noni-leaf tea boil in water for 15 ~ 30 ~ 45 and 60

min.(a): ABTS - " radical scavenging activity. (b): Trolox equivalent

Ttime (min) Ttime (min)
Sample ABTS - + scavenging activity (%) Trolox equivalent (ug/mL)
15 30 35 40 15 30 35 40
Rolling big noni leaf tea  29.79+0.76% 32.03% 0.16%° 33.29+0.36%% 33.90+0.54%%  573.67+16.26% 615.33+ 8.74%° 638.67+11.93%%® 650.0+7.21%
Freeze-dry noni leaf tea  41.32+0.70"" 43.14+0.93"® 44.08+1.40"* 44.85+2.86"®  785.00£10.82"\° 818.67+6.66"* 836.0+14.73"*  834.0+14.73"
Rolling small noni leaf tea 41.02+0.79"" 42.78+1.34"° 44.63+0.91°* 44.78+1.40"*  785.67+7.23"" 818.33+12.90"° 853.00+3.61**  855.67+14.64"

The capability of ABTS-+ scavenging activity was expressed as pug of Trolox equi./mL.

Each value is the mean + standard deviation (n = 3).

ABMeans in the same boiling time with different superscripts are significantly different (p < 0.05).

*dMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 28.Total phenol content of rolling small noni-leaf tea storage at various conditions. Store at 4 °C (4c), room

Temperature in dark (RTD) and room temperature under light (RTL)

Storage Storage time (weeks)
condition 0 1 2 3 4
0.46+0.01%
4°C 0.46+0.01% 0.46+0.01% 0.45+0.01° 0.45+0.01"°
RTL 0.49+0.01% 0.49+0.01% 0.50+0.01* 0.48+0.02"
RTD 0.46+0.00% 0.47+0.01A% 0.47+0.00% 0.47+0.00"

The total phenolic compound content was expressed as mg of gallic acid equi./mL.
Each value is the mean + standard deviation (n = 3).
~BMeans in the same storage time with different superscripts are significantly different (p < 0.05).

*PMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 29. Flavonoids content of rolling small noni-leaf tea storage at various conditions. Store at 4 °C, room

Temperature in dark (RTD) and room temperature under light (RTL)

Storage Storage time (weeks)
condition 0 1 2 3 4
112.83+3.97°
4°C 115.88+1.32™ 113.79+2.22% 114.16+1.6™ 113.04+1.84™
RTL 115.72+1.75™ 112.23+1.85™ 113.59+4.09" 110.87+2.51"
RTD 111.70+2.01% 114.13+3.89™ 114.30+1.31™ 111.76+0.98™

The flavonoid content was expressed as pg of quercetin equi./mL.

Each value is the mean + standard deviation (n = 3).

ACMeans in the same storage time with different superscripts are significantly different (p < 0.05).
*dMeans among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 30. Condensed tannin content of rolling small noni-leaf tea storage at various conditions. Store at 4 °C, room

Temperature in dark (RTD) and room temperature under light (RTL)

Storage Storage time (weeks)
condition 0 1 2 3 4
31.06+1.32°
4°C 30.22+0.89" 30.69+1.87" 31.76+1.44" 31.88+0.55"
RTL 27.20+1.00%° 27.9241.53"° 29.76+0.15 "B 28.50+0.64 B
RTD 27.55+0.76%" 29.26+0.51°% 28.97+0.66 °*° 29.32+0.91 B

The condensed tannin content was expressed as w g of (+)-catechin equi./mL.

Each value is the mean + standard deviation (n = 3).

~BMeans in the same storage time with different superscripts are significantly different (p < 0.05).

*“Means among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 31.Change of rutin content of rolling small noni-leaf tea storage at various conditions. Store at 4 °C (4c), room

Temperature in dark (RTD) and room temperature under light (RTL)

Storage time (weeks)

Storage
condition 0 1 2 3 4
136.55+10.40°
4°C 126.98+2.96"°  119.55+4.74A°  122.89+1.06"®  146.56+6.01"%
RTL 119.45+8.27"*  114.70+1.00"" 120.44+4.717  120.27+6.31"*
RTD 103.99+2.09%° 116.18+6.32"° 116.80+3.06"° 110.22+8.90"°

The rutin content was expressed as mg of ug/mL.

Each value is the mean + standard deviation (n = 3).

ACMeans in the same storage time with different superscripts are significantly different (p < 0.05).

**Means among same samples with different superscripts are significantly different (p < 0.05).
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Appendix 32. BHA equivalent of rolling small noni-leaf tea storage at various conditions. Store at 4 °C (4c), room

temperature in dark (RTD) and room temperature under light (RTL)

Storage time (weeks) Storage time (weeks)
Storage DPPH scavenging activity (%) BHA equivalent (ug/mL)
condition 0 1 2 3 4 0 1 2 3 4
26. 41+0. 60?° 249.00+46. 14*
4C 25. 45+0. 78" 25.18+0. 13 25. 28+0. 77 25. 16+1. 43" 239, 1747. 97 236.5+1.32%  237.50+47. 86" 236.28+14. 60"
RTL 29.55+0. 77" 26.31+1. 05™ 25. 66+0. 97%" 26. 47+0. 47" 281.00+7. 86 244.00+4. 27%" 241.39+9. 88*" 249.61+4. 83"
RTD 28. 05+0. 89" 28. 60+0. 55" 28. 77+0. 52" 26. 98+0. 69"*° 268. 89+4. 48" 271.28+5.59" 273.00+5. 29" 254. 78+7. 08"

The capability of DPPH scavenging activity was expressed as pg of BHA equi./mL.
Each value is the mean + standard deviation (n = 3).
ACMeans in the same storage time with different superscripts are significantly different (p < 0.05).

*“Means among same samples with different superscripts are significantly different (p < 0.05)
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Appendix 33. Trolox equivanent of rolling small noni-leaf tea storage at various conditions. Store at 4 °C (4c), room

temperature in dark (RTD) and room temperature under light (RTL)

Storage time (weeks) Storage time (weeks)
Storage ABTS - + scavenging activity (%) Trolox equivalent (pg/mL)
condition 0 1 2 3 4 0 1 2 3 4
36. 641+1. 10" 811.33+23.18"
4C 37.06+1. 39" 36.91+1.66™ 36.84+1.67" 36.49+1. 46" 820. 11429. 21** 816. 89+34. 95* 815. 56+35. 26™* 808. 11+30. 68"
RTL 39.10+1. 37 39.00+1. 21 38.21+1.49* 38.84+1. 38" 863. 00+28. 79" 860. 89+25. 38" 844. 33+31. 34" 857. 56+28. 99
RTD 39. 48+0. 58" 39. 83+0. 87" 39. 46+0. 692" 39. 35+0. 82 871.00+12. 12" 878. 44+18. 26" 870. 56+14. 48"* 868. 33+17. 24"

The capability of ABTS-+ scavenging activity was expressed as ug of Trolox equi./mL.
Each value is the mean + standard deviation (n = 3).
ACMeans in the same storage time with different superscripts are significantly different (p < 0.05).

““Means among same samples with different superscripts are significantly different (p < 0.05)
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Appendix 34. Photo Diode Array of 5 compound in noni-leaf tea.
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Appendix 35. HPLC chromatogram of concentrated noni-leaf tea treated

by different elution program.
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Appendix 36. LC-MS spectrum of compond 4.
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Appendix 37. LC-MS spectrum of compound 6.
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Appendix 38. The summary of temperature-controlled fermentation of noni fruit

Temp (C) C 30 35 40
Fermentation time (weeks) 0 1 2 3 4 1 2 3 4 1 2 3 4
Total phenolic compounds 4 4 4 3.5 3 4 4 4 4 4 4 4 4
Flavonoids compounds 4 4 3 3 2 3 2 1 0 3 2 2 1
Condensed tannin compounds 2 3 4 3 3 3 35 35 4 4 4 4 4
DPPH scavenging activity 1 3 4 2 4 2.5 2 3 4 2 3 3 4
ABTS -+ scavening activities 1 4 4 3 3 4 35 3 2.5 35 4 2 2.5
Scopoletin 2 3 4 3 3 4 4 4 4 4 4 4 4
Rutin 4 4 3 2 2 4 3 2 3 4 3 2 2
*Total 18 25 26 195 20 275 22 205 215 245 24 21 215

Values within columns of followed by the same number are not significantly different in the same temperature-controlled
fermentations (p < 0.05).
*Mean the higher score was the best.
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Appendix 39. The summary of the optimal conditions of noni-leaf tea

Sample Rolling big noni-leaf tea  Freeze-dry noni-leaf tea  Rolling small noni-leaf tea
Time (min) 15 30 45 60 15 30 45 60 15 30 45 60
Total phenolic compounds 2 2.5 2 2 2 3 3 25 1 2 3 3
Flavonoids compounds 2 3 3 3 2 3 3 3 1 2 3 3
Condensed tannin compounds 3 3 3 3 3 3 3 3 3 3 3 3
DPPH scavenging activity 0 1 2 3 3 3 3 3 1 2 3 3
Trolox equivalent antioxidant activity 1 2 2.5 3 2 3 3 3 3 2 3 3
*Total 8 115 125 14 12 15 15 145 9 11 15 15

Values within columns of followed by the same number are not significantly different in the same boiling time (p < 0.05).
*Mean the higher score was the best.
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