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Abstract

Noni juice has been considered as health food in many countries. Fresh
noni juice contains some volatile organic acids with unpleasant odor that put off
consumer acceptance. Usually, the unpleasant odor was masked by blended
grape juice, cranberry juice, or blueberry juice in manufacturing commercial
noni juice products. In this kind of products, the amount of biofunctional
compounds are inevitable decline. The aim of this study is to remove these
volatile organic acids by using a yeast strain (MRAG6), but not to reduce the
level of biofunctional compounds. The noni juice used in this study was
prepared by natural fermentation. The major biofunctional compounds such as
phenolic compounds, flavonoids and rutin of the fermented juice were not
reduced significantly after treating by MRAG. But another valuable
biofunctional compounds, scopotletin was slightly decreased for three day
treatment, as showed by data of UPLC analysis. Foul smell organic acids,
butyric acid, DL-2-methylbutyric acid, hexanoic acid, and octanoic acid in the
yeast treated juice were obviously reduced, according to data of GC analysis.
The reduction of these organic acids refers to that application of MRAG to
eliminate the unpleasant odor of noni juice is feasible to improve the flavor of

noni juice.
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Fig. 1. Production procedure for traditional noni juice.
(http://www.ctahr.hawaii.edu/noni/fruit_juices.asp)
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Fig. 2. Production procedure for traditional noni juice.
(http://www.ctahr.hawaii.edu/noni/fruit_juices.asp)
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fisEg it E4 A & L BRI &4 (anthraquinones) > # Fdamnacanthal
¢ % 7 (morindone) ~ #cktH (morindin) # 3 % (rubiadin)frrubiadin-1-
methyl ether % - i3 $*E 3% F (aucubin) ~ # £ ¥ (asperuloside)fr & &
= % (scopoletin) (Wang and Su >-2001; Wang etal. - 2002) - ¥ *t:& 3 7
¥ At 4ocaproic acid ~ caprylic acid& 2 4 4= &g (Dittmar > 1993; Heinicke >
1985) > kb2 b ERE A YL 3 RE FBCfEY i G

P

vOER Y L AER 2 £& V& (&~ )2 dfatty acid glycosides -
alcohols glycosides -~ iridoid glycosides ~ flavonol glycosides ~ lignans ~
coumarinsfranthraquinones % (Potterat and Hamburger > 2007) - @ %3 i
Poagph et g it S 5 EblHE () B¢ owe pi (hexanoic
acid) ~ % p&¢ (octanoic acid) ~ % & (decanoic acid) ~ X =& % (scopoletin)
fr3-methyl-3-buten-1-olshz £ & % » < ¥ ik 7 % & «785% (Farine et al. >

1996) -
of
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Table 1 ~ Chemical composition of noni fruit

The compound in noni fruit

fatty acid glycoside

alcohols glycoside

iridoid (main)

asperuloside
asperulosidic acid

deacetylasperulosidic acid

iridoid (minor)

deacetylasperuloside
dehydromethoxygaertneroside
epi-dihydrocornin
6a-hydroxyadoxoside
citrifolinin B epimers a
citrifolinin B epimers b

6b.7p-epoxy-8-epi-splendoside

flavonol glycosides

rutin
narcissoside

nicotifloroside

lignans

-

3.3"-bisdemethylpinoresinol
americanol A

americanin A

americanoic acid A
morindolin

1soprincepin

balanophonin
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Table 1 ~ Chemical composition from noni fruit (continued)

The compound in noni fruit

coumarin

scopoletin

2-methoxy-1.3.6-trihydroxyanthraquinone
1.8-dihydroxy-2-hydroxymethyl-5-methoxyanthraquinone
1.3-dihydroxy-2-methoxyanthraquinone
1.6-dihydroxy-5-methoxy-2-methylanthraquinone
2-hydroxy-1-methoxyanthraquinone
5.15-dimethylmorindol

anthragallol-1.3-dimethylether
6-hydroxy-anthragallol-1.3-dimethylether

miscellaneous compounds

p-sitosterol

3-0O-glucoside

ursolic acid
19-hydroxyursolic acid
cytidine

borreriagenin
epiborreriagenin

iridoid derivative

succinic acid diesters
4-hydroxy-3-methoxycinnamaldehyde
p-hydroxypropiovanillone

vanillin

(Potterat and Hamburger. 2007)
morindolin
1soprincepin

balanophonin
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Table 2. Identified volatile compounds from ripe fruits of noni

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
(Z,Z,2)-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,2)-2,5-Undecadien-1-ol 168 a,b 041 0.18
Total 51 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
Total 0.41 0.18

-20-
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Table 2. Identified volatile compounds from ripe fruits of noni (continued)

compounds MW Identification* % ppm
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
(2)-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 mass spectra (b); and/or
comparisons of their Rts with those of synthetic compounds (c).
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(1) #§ it

Wang % (2002):“ fix * jZ B %4~ 5 5 b > Fuka i (Vit. C)
% pycnogenol (PYC) ek 3 1242+ p d Fi(superoxide anion radical) i%",%
et o ARF I A AR B TE AL AT TR
RN SVETE P LR i—n/T‘ e A ARE A A HIRE 4 L AR H B R T
%7 andg§ IR pad SVILC 14 R PYChld i » @ &

g oAn e a4

@)+

Mckoy % 4 (2002)% IR % 7 5B 13 LK B E F Frdlscsk o At

o)

EAI* mg Lp F-n ¢ 47% % (bradykinin) » A+ BH %73~ > R
BRI Lni Py S5 ETER S E P 7 drdle ¢ 4r5k %
Sldecngf W F 0 2 v RS B 5 ik

Su# (2001)4; M3 B % 7 #%kF pE % (cyclooxygenase) COX-1-COX-2
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ARE b IREE Y 5 K HCOXFrrndk & fug U Z Celebrextp & & ¥ it
PEFREF o

Yus® (2004)45 2155 % ¢ A & chda i 4 BT scopoletin ~ quercetin £
ursolic acid ¥ 3 »zFr 4| ' 2 & % interleukin-1p (IL-1pB) -~ interleukin-6
(IL-6) ~ =» 7| W% E2 (prostaglandin E2 ; PGE2) 4 # %f i 3 * fis
(myeloperoxidase ; MPO) % % L 4p M F]+ 14 4 - Calabro% (2005)7 35 !

B E R A L B G g ok o
(3) s s F B

R A L enA) A 2 0 R Pg -9 (low density lipoproteins, LDL)
thi it 3 M o Kamiya® A (2004) 07 3 dp 300 R % 00 iR e pl
L fig X P4 g L LR F AL B (thiobrabituric acid reactive
substance method) 4% 4+ % ¥ LDL¥ ™ (copper-induced LDL
oxidation) § &% ¢ > B L4 ardlE L Lo .r—g;g; Torh %
F ¢ Apo% (lignan) fr¥ A p pa 8 (phenylpropanoid dimers) g

oo

(4) o 7 4#

- ERAE T BB R sk KGR 4 (writhing){o4t 4 (hotplate):# 5%
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REFF R AL REF R - EF RS FHETHFRERINE P2 L
etk gefedpggin Y 2 £ 3 3 4 (Younos etal., 1990) -

3 R EflEs :‘%‘i’%%‘fl‘%%ﬁ’iﬁ 3 %ﬁ? B E A RN Rk
T 2o R RE R R otk AR MER SR 0 A 5
control (# A& SR %)~ 4 85% HER F 7 ~ A& F10%EH * ok s
0% E A Er e 10 S BITRHMT % - Zcontrol e R > H s
Z B AP R AR vk > X Ak 820%E B % i st ik B
o AR S G o0 A Loontrol (7 Ak &3 % )~ 4k & 20% placedo (%
REA) ~ & 910%% B % F ek s20% R * it 5 2> & STX ST H
FF oo Bk AT A& S10%T20% R RS BB IP A GA sk
g1 4% 5 20% placedo e Ap ¥+ PR > o Bk JF w X R B 4 1 162% % 212%

(Wang et al., 2002) -

(B) +oMfe i 3¢ 17 i 15

Hirazumietal. (1994) 325 > SR P iFH 2 345 5 5 7 0 5
BEFERL ~ 2590~ PR - HE MBI AT A A2 Tw
LERNEK ’S‘f]{‘fém’?é’ ~EEwme R wme gt o kB LA Fefiilifg i 4 o =
BRFEM o R M kP RV S > B p 3 st1omgtt | 4 O e e (Lewis

lung carcinoma cells) 7+ B¢ > & & ¥ 3 4v H 119%:02 &k - 228 %
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| > 4o @ vincristine ~ 5-fluorouracil ~ cisplatin ~ adriamycin® > B¢ 3 5

ﬁﬁv

CRY cnpulp sk ;e E I FF3F 2-chloradenosine & ciclosporin & $r 41 4 £ 4

g

Al Bl E P RGER R A -

(6) #rpF) ac

Noni % ;* ¥ $#r4]4- M. pyogenes, E.coli 2 P. aeruginosa % 2_ 4 &
(Bushnell etal., 1950) o #7 348 & 45 1 » & 32 noni % 7 A = 3 % §F 2
FrEpT R OLRTHE R A2 R E fofd+ S (402 2) (Ditmar,
1993) - Locher % (1995)5%= 5 Bt Mg B % 7 2 ¢ % E B v dr
Pseudomonas aeruginosa ~ Bacillus subtilis ~ Escherichia coli 2 Streptococcus
pyrogene % 14 £ o Wang & (2002)#= % D % F ¢ 0 Acubin -
L-asperuloside 2 alizarin o438 ch= & BAREE 1 & 4 (anthraquinone) £ 7
#rEP % > 7 4] Pseudomonas aeruginosa ~ Proteus morgaii
Staphylococcus aureus ~ Baciillis subtilis ~ Escherichia coli ~ Salmonella sp
% Shigela sp % m i 42 > 4t & % £2 Atkinson (1956) %= 3 3R 4 4p 1 o
FILER TR RIcFARERZ BEh ~FE -HE25rFLEFL o
F oAzt B R AE o ® Saludes ¥ (2002)%F IR M P fRfrl @ mihE B

P+ 7 Frdl% 1% F (Mycobacterium tuberculosis) 2 £ £ 89-95% o
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# = ~Noni 2 #rFiE1E

Table 3. Antibacterial activity of noni

test organism young fruit ripe fruit fresh juice dried pulp dried seeds”
(relative activity ")

Bacillus subtilis . ++ + + +

E. coli y ++ + +

Proteus morganii + + +

Pseudomonas aeruginosa . ++ + +

Salmonella montevideo 0 +F

Salmonella schotmuelleri 0 ++ 0 +

Salmonella typhi ++ +++ + + 0

Shigella dysenteriae + +

Shigella flexnerii + + +

Shigella paradysenteriae BH ++ +++

Shigella paradysenteriae I11-Z ++ ++

Staphylococcus aureus . o + + +

" Methanol extract.
™ 0 ineffective ; + effective ; ++ moderately effective ; +++ highly effective ; - has not been tested.

(Ditmar, 1993)
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HERFFFSHAMT FBa R SF IR AER AT R
AR XGRS A ks FH SRRETELL T P

ORERRCS 2 RUa

(1) f 4 & 4 (phenol)

gt B4 R a3 EP Y > JaREATE 8000 f& » »r it § b e
TH T AR A B BEANG T o5l ¥ 75
BRA Ao RE A o A B R R S TR
(stibenes) ~ -k j&frig & H & ~ Afs & (lignans) ~ A 7% (lignins)
Foo FHIE 5 G AF S R FopS > k) U R
Fog s e g2 R mE (R, 2009, 2,

2008) -

(2) # % gr (flavonoid)

FEx M S b pap it &4 2 - 5 4 = B % K diphenyl
propane(C6-C3-C6)A| st #re = (B =) > M3k % ~FEF ~ %
RN N B L B N S K ) + fr (flavones) ~ ¥ [k %

(flavonols) ~ % *= fr (flavanones) ~ & *= % (flavanols) ~ & & ik
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(isoflavones) ~ & =k A% (flavanonols) % 7= % iz f (anthocyanidins)

<
-t

SR AR RS SN I R eI S

e
T

FumB o Fod B R % S S 2 BMS

5 HiEF i 55 (Cooketal., 1996; Pietta, 2000)

[ !
Qlilﬂ
OH
Flavones Flavan-3-ols
5 7 3 4 3 5 7 3 I 5
luteolin OH OH OH OH (+)-catechin HOH OH OH OH OH
apigenin OH OH OH (—)-epicatechin aOH OH OH OH OH
chrysin OH OH (—)-epigallocatechin  aOH OH OH ©OH OH OH

’QI;”
0 Flavylium Salts
Flavanones
3 5 7 3 &
5 7 3 4 cyanidin OH OH OH OH OH
hesperetin OH OH OH OCHs cyanin O-gle OH OH OH OH
naringenin OH OH OH pelargonidin OH OH OH - OH
¥
O
5
7 0. I =
OH Isoflavones
0 ”
Flavonols 5 ! 4
- - - genistein OH OH OH
5 L 3 4 5 genistin OH Ogle OH
quercetin OH OH OH OH daidzein OH OH
kaempferal OH OH OH daidzin Ogle OH
galangin OH OH biochanin A OH OH OCH;
fisetin OH OH OH formononetin OH OCH;
myricetin OH OH OH OH OH
¥
@4
7 N O\
S
5 OH
0
Flavanonol
5 7 3 &
taxifolin OH OH OH OH

Bl = ~Fmx &k -
Fig 3. Structures of flavonoid
(Pietta, 2000)
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() HF& H % (tannins)

HB - kplapfit iy # 0BBA TS L > &
A {8 (Beta-smith, 1962) - 8§ %7 2 H LT RN LS
KfRE B ot B (Fle) -

K f2H % (hydrolysable tannin) ¢ & & 3 5 - g kit &4 (i
¥ ADUFEM) > Hgh EuA R 2t AR
45 & ¥ % (proanthocyanidins) » 7 % i B 57 A5 = -3-7ik & AR
(polyhydroxy-flavan-3-ol oligomers) gt -gidt s 2 & - 42> 2 % %
ok fan A5 o < MR A BB A RR . FX ERERI § 8L
FOAMA T ke A i M H B Ul LR T MR R R
IE SRLINE ) 7 A i T % 74 2z (Bagchi et al., 2000; Santos-Buelga &

Scalbert,2000;  ,2008) -

(4) =4 2 (rutin)

=4 % (rutin, 3,3°,4°,5,7-pentahydroxyflavone-3-rutinoside,C27Hso
O) 519734 jiffap A 4 ke enfde 17 - P s v LBt a2 4
th- fEm LT d 2P SR AN P v AR B & -
#& (Nijveldt et al,. 2001) - = % % &4 3 fr f ¥4 i (flavonol querc

etin)f-= 4 = pE (disaccharide rutinose) #7% = erasgF fr fiz pE 48 (Ribé
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(a)

o
- o
-
=)

OH

(b) &t

o=c|:
0 OH
Q 0 Q
HO C—y 0—=C OH
o)
HO C=0 Nc=0 OH
HO” i o s oH

Blvg ~ B B2 - (a) BALEE - (b) KBAEE -
Fig 4. Structures of tannin. (a): condensed tannin. (b): hydrolysable tannin
(Shahidi and Naczk, 2004)



reau-Gayon, 1968) - Bl17 = H it F g4 » v A WY 5 7 AR N A
%5 ¥4 ik (Chan-Blanco et al., 2007) - = 4 % inG i £ T
P PEiE AR E IV AORfE o v A A% 4 iy 8 (Ra
ffo et al., 2006) - ¥ #t » v & & 5 FuiF 2L (Guardia et al., 2001;

Selloum, 2003) ~ #uic# ¥ (Cushnie & Lamb, 2005) % 4 52 &4 -

(5) & = = & (scopoletin)

L aE 2 > x zscopoletin ~ 7-hydroxy-6-methoxycoumarin % -
S TR LF I ANEIREE A LR N R L P

(coumarin)2. — énit L4 (Bl=)e k&2 2 8- BE & psgi &
oot R £ AR mpnonik? FEYF o

L&

W

FEFAFLAEBEM o g T fapE s U LB
W AU~ R % o B E (Chan-Blanco etal, 2007; %, 2009) - Jang
% (2003 7 #HF K @ e 4 & 7 FridlHepa lclc? | A e ek
4 o Manuele® (2006)~ s A @& %22 5 B > 5 = 5 K

JE* ;@‘m@J °
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R Y

Fig 5. Structure of rutin.
(http://en.wikipedia.org/wiki/Rutin)

BN~ REEFZ &%

Fig 6. Structure of scopoletin.
(http://en.wikipedia.org/wiki/Scopoletin)
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7 e AE F4e Geotricum sp. fdl B AR Y € 4 fE 7 L F vRER
47 kB (Bl )7 & f¥* fF4e Tetragenococcus sp. i 314 2 £ 5 4 #

R FadE it L4 0 B EIF S B S P RR AP R o

() B ARHELET AF A2 R & F

PEt S G A2 S R A (R ) KT B R

T H 4 4§ % 5 1 (Jackson o 2002) o ¢ fiE GG B EEA S 0 2

5‘5’%‘:

LERERR PP R G REh RS T AR T Y

MEAD EAET ik rk o B horRde R (FR (¢ - 1988) 5 xR HF

SR

FEpFAz A 4 — & 3 3 6.t anseps (fusel alcohols) » 4oit 3 f ~ & 7 A%
B R AT B RS R FC S
o ¥ LPPR S A & 24 (Jackson o 2002) 5 7 e eifkt FAALE
SERERE N BN E R AR R ARAFFE
S SRge B o

BB R (R ) dp i S BRI - AR aER
o AEPERRGERE SF o S F LA L A rinfrh o e
hexanol ~hexenol % > B & 5 -k % 4 § = % *%f 48 i* & 4 (Phenol-der-

ived alcohol)4- 2-phenylethanol » R 2 7 seou > 4 § =k(5* > 1988) -
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L, D Lactic acid

Clucase T Ethanol
@M f
1 FMNH  Acetal dehyde
Phosphoenol =+ Pyruvic acid +> -+ Acetic acid

Malic acid Asoartis acid Citric acid

ATP Citrulline
ADP ({/

Arginino succinic acid

Glulmic acid
Fumaric acid Q-Kd.ndnuﬂc acid

FAD Buccmic acid

g]; ~ ﬁj;k_:—ﬁ- E:])’?ﬁ*"-’» g\}" ﬁﬁﬁ/x7 1A
Figure 7. The biosynthesis pathway of organic acids in yeast

fermentation.

(%2 > 1982)
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Sulfur off-odor
S Grape precursor

-

Sulfate

"8
.8 sulfite |
" Aroma active compound

s .
-

Sugar
K s

Sugar Diacetyl
' : '

Pymvm —ﬁg_l_l_!:‘?lactato —  Amino acids T odor actives sulfur
o e . -w compound
— - .,,_777-‘ a
e — AcetylCoA acids
—2_

s - s
FattyAcidCoA < Higher alconois)

| ¥

thanol (FattyAcids ) ( Esters)
EE— ,7_

 Ethanol -

(nanor )
Ry S ksters

B~ - B R RS SRR T AART -

Figure 8. Formation of aroma compounds in alcohol fermentation by

2000)

yeasts.
(Lambrechts et al. >
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R-CH(NH;)-COOH

Amuino Acad
weKOA
]
Glu
R-CO-COOH
wKeto-Acid NAD'
CoA ( B )
O,
((-) NADH = H'
R-CH=0 R-CH(OH)-COOH R-CO-S-CoA
Aldchyde ce-Hydroxy-acid Acyl-CoA
NADH + H*
3 5
NAD'
R-CH;-OH 4 R-COOH
Higher Aleoho) Aod

B4 ~ 5 F)8 &2 &+ H -
Figure 9. Biosynthesis pathway of higher alcohols in yeast.

(Jeongetal.» 2012)
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B, R LT 2 6

1. & APEFfEFRBRR T L K g AR AHBERT v - 4L A+

PR Y k- & AR RANEES DR R RS g A

X BB A FERABEREET TAAREAR BN

e S 2 fs {ofig st & B e fdlit 8% > A LR 7 AR o
THEAEMEL A AR KB AMBRAT T 2 LN AR

B 1S BB S o -k B (he -k BN ER) 0 PRER SR EL R {oiR iR @ pe

T * 5 4 AR g K fE o
FE B PEE LA ? O BAIRR T 0 §ETHEE S B2 LA
(Nordstom,1964) o F|2% & Ag & 5 k% % F » o700 § B3 & Sgps2

Frehd 5 o % kA 4 A ko
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(=) P2 A% frestatry

G50 BT LR R & DCERGET AR > B IR Rt APk
ALY LR HEER AT AL o R T DA & LR HREA B G T
o= AT e R R T DS L R S i s oA
FWEF Lok B A LW IS e R e
I Sl S I S CS b LR B S S REA

PRI B Jr g bR A P BE A AP %ﬁr%ﬁ:" é"}iiﬁff %V%\E’f’l

—_

CE R - RER G R AR etk o
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- REHEE

ATEE R R ER B

v
FEHNGB4 %)
v
Lt F oy
v
TR

v
ﬁ:_‘:/

25 C 7 p A 143

!

7% %18 %k &t 10000rpm, 20min

'

HPER

!

ok LR A
1 &%

2. pH &

i E R A A
Lk EEs

2. =4 %

3. Wfs

4. ¥F fr

5. 46 %
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FRERL

v
#48 MRAG
R R M 4 I8 R M -
#%m—, EMAA’I‘% ._-—-r:'r)_'f/ 3 F- #B%’H(GC)/”\’H
6. & 2B RE 3. R4z a4 1+ I*;‘k}ﬁ;«ﬁ]_’ b
. % = ([
ETE 4DPPH A0 F LT
. 2.7 W 2
8. “,'&ﬁ’; K/T‘,;b 4
9. ¥ M
10. e H®
N
(- )

AR BRI ORI R S BRI S ARG AP

22 AR RRFIE S P Rk

(= )@#E® Rz

1. 2’-azion-bis-(3-ethylbenzo-thiazoline-6-sulfonic acid)(ABTS) ~
butylated hydroxyanisole (BHA) ~ (+)-catechin ~ 2,2-diphenyl-1-p-
icryl-hydrazyl (DPPH) ~ peroxidase (from horseradish) ~ Hippuryl-L-h-
istidy-L-leucine (HHL) ~ 4-hydroxy-3-emthoxybenzaldehyde
(vanillin) ~ quercetin ~ quercetin-3p-D-rutinoside (rutin) p&p Sigma >
USA. -

2. hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) ~ Gallic

41



acid pEp Aldrich » US.A. -

3. uminium nitrate (AI(NO?’)3 . 9H20) ~ calcium carbonate (CaCO3) .
calcium hydroxide (Ca(OH)Z) ~ hydrogen peroxide (HZOZ) FEp
Merck > Germany -

4. droxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) ~ Gallic
acid ptp Aldrich » US.A. -

5. Folin-Ciocalteu’s phenol reagent P p Sigma-Aldrich » U.S.A. -

6. Methyl alcohol (MeOH » HPLC grade) & p Mallinckrodt » U.S.A. -

7. Acetonitrile (CH3CN » HPLC grade) f+p HY BIOCARE CHEM >
US.A. -

8. Scopoletin pp ACROS » USA. -

9. Butyric acid pp ALDAICH » USA -

10. DL-2-methyl-butyric acid p# g ACROS » USA -

11. Hexanoic acid pEp ALDRICH - USA -

12. Octnoic acid ptp ALDRICH » USA -

= RERA
1. % E4:G-706 1 % 2148 (R) 11 & aPSHEH & » 7 a4
80°C » % £1500ml > = T AL ML F AL P o

2. # i 4t f5:himac CR22G » p A HITACHIHk 3¢ ¢ 4
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3. EiE3 % #:NIR-153 > p #SANYO#R; € 4 o

4, PFadk & -:PHM82 STANDARD pH METER » = % Radiometer
corenhagen=: # -

5. 4 k& mt:UV-2100 » # ®WUnicon= & o

6. HcE B i 3. #5:MIKRO 20 - Hettich ZENTRIFUGEN > Germany -

7. # 10 % 47 & (GC) : GC-2014 » HITACHI - Japan -

8. LC(Ultra Performance Liquid Chromatography)

(1). Quaternary Solvent Manager -QSM
MODEL CODE:QSM(Waters,USA.)

(2). Samle Manager-FTN
MODEL CODE:SDI(Water.USA.)

(3). PDA el Detector-1&48 "L 7| ¥ & P 8
MODEL CODE:UPL(Waters,USA.)
(4). FLR Dector- % & 1 jp] =

MODEL CODE:UPF(Waters,USA.)

(- ) A &R
1 %7+ &%
T =S RN T U VNS YN Vi T R S Y

FAEOEEMNF A ETZ 0 BN T
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RFPATF (W)= FREFEQ)/ FRFF L(9) x 100%
2.pH & A 4
B"loml_ﬁ.;ﬁ.\amp?ﬁ:‘% o1 ,%‘\"‘ w-r? }}" ﬁ’x%)ﬁ Bl IZQ%—‘ ELf 7:—‘;

SRS RSTET T SE SO

(Z) BEESITF PSS A Y

AR E A UMRAGE EE (s » BB M g it o FHA S
ZOBIRG 0 W - I LR RIMRAGH IS g S chd o 4 B =
TR 5 HPIMRAGE f¥ i 42 e S EL I 42 1w o 405 145 8k ehdt %
It 5 % #4-PDB3: & A7 4 7 F k& (1000, 500, 250, 125, 100, 75,

50ppm) 2 § s pk > RIH B F g drdlA £ 2 2 R B PR L iR

BB AR N B S5 e KB MRAGHE FE B & 0
6000rpm/30mindi. » By $» 4 ~ 10mlg -k w3 » B2 ¢ 500pl
4e 2 50%(E B %~ B ARk 0 LL)FER 4 > 3v20°C/150rpm & 7 5
X240 pF > R R AL £ F R L 16000rpmat s 304 4 0 Bt
iFit i FGCA 17
k2 A

3 w40 MLetk 50 4~ 14.28 g2 8 B SR L Fle o 3

Gk ST B R k0 RS B60°C ks T 15 b
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32 SPME/Z 844536 » F 2 7 B304 45 4 AL 5 H e (xR
RéEPRBLE 2T FAAITRY (GC)U A7 H F R+ o
AR CRESER L
Column : Stabilwax-DA > 30meter > 0.25mm ID > 0.25um df » ©R
RESTEK » US.A. -
Solid Phase Micro-Extraction (Manual) : 573330-U » SUPELCO -
USA. -
SPME Fiber Assembly : 57300-U > 100um Polydimethylsiloxane
Carrier gas flow : 24 mL/min (N2/Air)
Detector : DFID
Colum temp : 40°C
Injector temperature : 220°C
Detector temperature : 250°C
Program rate : 5°C/min

Split ratio : 20:1

(=) MRABH' %
FIM A % Y A dei 2 & S IS%GER % R FR) 0 A E
HERAEFRR CEFR AR ERATEE > AT

A4 % 15%3 ) % i+ 0 B~40ml4e » 500ul i f6 > *+20°C/150rpm & i
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BEMIE PR A RAE Rt RS LR P
6000rpma 30 4 > 4 % H 1 i £ L@ F kw0 Bw B L F
BMIse » R & A AEAOMIE £AF i Fie AL B

A& FIHARRS25% -

(m)sac = o 7 iRl 2

1. %,ps v & 4 (Total phenolic determination)

F 121 4 Julkunen-Titto (1985) 2. = j% o 45tk iz :#7%] (Folin-Ciocalteu’s
phenol reagent) ¥ &2 fi-dgit 42 A TR R F &> € 2 ¢ B
PROABERAFEFAIRIEBN A4 d F 2 ET5 &
v m ATk £ 735Nm T ek o

W30 B50 Pl A 1k de ~ 1 mLd 43 K 4e500 uL AR RS 3

~

Ao R E S A 2.5 mL 20%Ek fhdh K ke TR B 0 R 323
s 2B F R20min o 1Ak BB 2L pZET35 nm 2k i o
P*E o a S e (gallicacid) 5 128 5 BTG AR (AR ) o
AR R F B R g0 o fR&FEREd e 2L R R
T TR g S SR S TR LT TR

<+ paz. & > rmg gallic acid equivalent/mL % 7+ o

DO
e
-\
wht
=
(“
Y
e

2] _ (Flavonoid determination)
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YL

Y

21 F
s

EE (1996) frsd (2003) e E T o HER R Y £ Bkk
B Ty R AR AR Y ¢ L 0 & A £4150m
TRk o
#250 uL #e & ¢ 4o » 10 %R fe el M prpide E50pL > £
ferlAmL 23T R BIRESNFETF R 250 R
{1l kB 2hplH A4 £415nm ™ ek sk {5 o T 00 A R Ao A

Rep2 sy 150 SRR

L R (Querceting A TR IE §o 1Bl IEHRIE W A (A ) o

tede? gk 7 2 d RIS RS D 4pdt querceting o 12

ug quercetin equivalent/mL noni juice % 7+ °

3. 4{5—@ H %2 7 &2 (Condensed tannindetermination

YL

12 Julkunen-Titto (1985) =™ iRl &2 - #5 & 2o 4 i
(vanillin) 2 Jk@psies* ™ > € 24 % d 2 394 R > T 4k

£500nm T 5 =k e

D100 pL R & ¢ 4 >~ 1 mL 4 % vanillin (w/v in MeOH) » % 5k 3%

3 > F 4 »500uLconc. HC1» 323 B & > 2 R 7 #5520 &
b8 > FRis A KR RZEPIE AR ES00NMT ki o 7 UG

A tevanillin 2 385§ (F5 0 $Rl -
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SLE e
P

4(+)-catechin § Tk &> & WITHRE S B (ferz) > &

IRl

B 0 4p ¥t (+)-cateching » 2

mg (+)-catechin equivalent/mL noni juice % 7 -

Pl H B 2 B L ERY R

4. L &% (scopoletin) ¥ =% % (rutin)
%+ 3 (2008) z 3 2 ¥ 4c i3 4F o * UPLCP 22 #c48 8-HPLCZ
i i

7

L UPLC g g et ige s Vi@ A B TR &Y

LRgi8=4%7

= 7B o A PTiE e
Column : ACQUITY UPLC BEH C18 Column, 2.1x 100mm, 1.7um

Mobile phase : 0-0.7 min : 100 % dd. H20 — 30 % acetonitrile

0.7-1.3 min : 30 % acetonitrile — 0 % acetonitrile

1.3-2 min : 100 % dd. — H20 100 % dd. H20

A HE RS R R S WS T ) ER

RO LRE RS T A S B SRR AR A u]rpg

rutin/mL{-pg scopoletin/mL % 7+ -

() 43 - Fpl T
1.%Fus it 5 #  (Trolox equivalent antioxidant capacity » TEAC)

F @ o % Miller (1993)2 = ;% ip] 2_- Horseradish peroxidase ¢ i

HoO2% ABTSF ;S ABTS « + » pt L LA EH S 5 7 >

TR ET34nm™T E 5



©“ABTS » + e g > ﬂﬁbvk%fgjrk;g'r oo Rk EAR > £
TR S FLE a4 AR oI F At dlle s kBT
At TR S E ABTS -+ it 4 T i S
FF a4 gl e
# F¢ 1 #-2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) ~ peroxidase ~ 22H202 R £353 » & H B fs kR & 5
%100 pM ~ 4.4 unit/mL 2250 pM 5 230 C Tk F 1) pE
o VR FERT LT NABTS o+ B A d AF REH - &
2.25MLABTS « +p d AF Jidd @ 40 » % 50.25mL - 7 & 35
3 R R T FEELI0A S o e kR B H Y £ 734 nm
TRk E o XU A FAcABTS o + B3 pod A F REE

Wy TEE HRE ok AT

-0,S SO,
= S S
@ >=I-J — N —_=< ﬁ
= ™ N
CI H.- Cli H

2° "5 2''s

l peroxidase/H202

-O}S SO;
S S
\@ >=N —N =< j(j
N N
I I
C,H, C,H

2" "5

ABTS o +
green radical cation
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58 Trolox i R S TR G (e ) o B 24 B4 7
R gd B A R F p Htrolox 2 & 0 g trolox
equivalent/mL noni juice # 7 - @ ABTS « + p d A fﬂ‘ Ha
B3 4T o
Big v i 4 (%) =(Ac—As) /Ac x 100 %

AC: Frillez kg o
As: F B2 K E e

2.DPPH p d Zf f“ 4 (DPPH free radical scavenging activity)

J 32 : rzShimada et al. (1992) 73 2 ip| < - DPPH g d A5 fsb
Fr kFoiig it EJ/ET w4 o DPPH pd 22 7[R
Bk RN G AP RBITIMT F BB EE o FHREL T
i a4 o Blag ‘}%",f DPPHp & 2 » ¢ H zad 4 » &k
ETE oo U A A e BB ET R A o T O ETR

Fif % DPPH A o fhii 4 2535 o F ot 4o

Sue S9e

NO, NO,

DPPH
(Yamaguchi et al.. 1998)
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#H 3 >0.6mL fk& o 4 » 0.6 ML 0.008 % DPPH " A&z i » 393
RESNFT R TEEEEI0L 480 D (s 10 A KRR P H AR
£ 517nmerx L @ o 117 7 $eDPPH 2 3% 1T 5 F 0 $fR e o
FHE  MBHAG HRE S LIRS R ) o &Y 2 4F L4 2
ARG R AT BHA 2 £ > 12 pg BHA
equivalent/mL noni juice # 7= = @ DPPH A o Zijiz 4 345 =
ESS (oL
DPPH free radical scavenging (%)=(Ac— As) /Ac x100 %
AC @ I ez vk iE

As: FErie2 BkiE

ERN A

P B BBy 1L 5E £ R 5 X (mean £ standard
deviation) # - - I 4 * Statistical Analysis System (SAS) 8.0%x 2_
Sty ie 7% B &4 15 (analysis of variance » ANOVA) £
Duncan’s multiple range test2. 583+ 4 47 > WSS £ F 7 B F L

B> p<005TiLL LEFLE -
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B 8% AR

SRR eliT R
(-) %43
SERELY AT IRBCHEET k0 MEEY TR T R

EEEEAY 2 LG L FRE e HarE TR R g

FHEFETAARRY SRUEFTLEMIG R TIEL* 7 E5E

e aFESF AN

S X R RBERE-FRE PRI FEERZI R REZN
SR BRI R TERNE R A Ak H R b ek
AF¥0F 2 (w)o A FE KA FER 547.70%3% 2 % 53.68% %

Lo MEHPEREE e S A SRR AR A S H B IR

\rm
l*i

2t e £ F LR S A S NE- B Y EERE
57.99% > "t"\’/ﬁc) ?‘ e1157.8% (Newton, 2003)m &g ¥ A B » V su B2 A
F%%lﬁi}‘ %5 rr%'f;ﬁ_”ﬁ B o AF %iﬁﬁﬁé?ﬁ%\ I R %ﬁ.u@ﬁl‘a ;\‘;@

B0 E R e RIS I i B RA AT -

(=) pH 44
B FCE BT GpH B ApH36 24 (Rm)e 24
i v peo - SRR ApH @ 42034 $13.9 =+ (Chunhieng,
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2003; European Commission, 2002; Newton, 2003; % » 2007b ; % > 2008 ;

302008) 0 % F R SEIERS O FRER oY AR

2w S HERF B RYPT G AT Spl BRI

Table 4. Change of total yield and pH value in noni juice during natural
fermentation.

A% (%) pH &
% 0% 47.70 3.76
¥ 1% 53.68 3.72
¥ 2% 56.90 3.71
¥ 3iF 57.63 3.70
¥ 4% 57.99 3.76

(Z) PASEERLS S BIBEIRF L P g1
- X P AFREE SIS PR PR ek T T o

T CGERRSOTRAE Y Bl S

Table 5. Change of functional ingredients content in noni juice during
natural fermentation.

Scopoletin Rutin Total phenolic  Flavonoid e H B

EEERE
(ng/ml) (mg/ml) (mg/mL) (ng/mL) (mg/mL)

»
>

. 0 % 228.62+5.19 114.57+2.64 1.52+0.02 74.14+2.15  0.12+0.00
1% 231.36+5.21 109.82+2.13 1.54+0.04 65.17+1.26  0.14+0.00

»
>

% 23 235.47+5.25 97.92+2.64 1.56+0.03 63.19+1.04  0.18+0.00
% 3% 258.29+5.54 71.44+2.01 1.48+0.02 59.24+0.74  0.19+0.00
% 43 217.20+6.01 64.38+2.89 1.41+0.05 60.85+£0.84  0.14+0.01
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1.

'

W

R Ak

>

7

m}x

FNPRRAP I AF R L LER S aigma‘ﬁ
Bairodmp RAERUTaEESI P AT ZEHES T,
g% it - Chan-Blanco % (2007) ~ % (2008) ~ 1§ (2005) #“zE R

SERBA &Y L FRPE R EHFREFES Y AY

W

7

Ik

PEFPRBE R RPN E G s LT R kg o
AFEARSD RFREESY ARNER ZE 522862 ug/mL o 2 R
ts 3 £ 3 258.29 pg/mL > % 3§ T E crdB g o
ERESEAREREE S22 g Aq TR E R

r’g ) M—rl,(al'%?’ N__:t \fﬁi% i j\lpkfb §MRA6’?ﬁ§—

"mﬂ
U

L
JE AR R 2 A4 11457 pgimL > K E A e
miERBEE A R 7 & MY - FRFE L 510982 pg/mL 3
TN IREFLAR CEIFCGFERLIRIEFDEESE
FAE 0 WAL RAAR o L e T pRiEARY 0 B
(2010)~ B(2011)  H =4 % 5 £ 4p 8 o Jo = ik p R R

BEr 5427857144 pg/mL -
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AL RS
e S e R A Rt N i 3
it p ¥ % 7+ er1.52 mg/mL gallic acid equivalent |4 41k B 5t >

2 1.41 mg/mL gallic acid equivalent =3I 35-k & - < ;;{Jeig LI i)

—_
—

E4 5 AR T PEH A b engE A o TR F R RS

#im ek (Yangetal, 2007) o 3R &4 ¢ cnfinsgic &4 5 1048

% AEE A en 2 £ 74.14 mg/mL quercetin equivalent p
PR pEw - iF W 24F .64 mg/mL quercetin equivalent =+ > ® 3
¥ = ¥ 1 4F 1 59.24 mg/mL quercetin-equivalent - ¥ (2005) ~ 2

(2008) ~ % (2008) ** iR HAFee M % BT o« BLEIAp LR o

0.14mg/mL » FH8 £ A>T fEm 2 lgF L o
A

SRR G S AR S
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NPk EC GELE R AFBRUAFE (F %31 )

—\

T ;

Wi RS §F AU RS T IR

ETIS

ipEASE A @9 %A 4 ¥4 (Broadhurst & Jones, 1978) 5 4 &
R Er e SR E MERISE 4 A F RAS » A BET %
%% % (Hagerman, 1998) - Waterman {rMole (1994) 45 = + =

1A4C ¢ 4 X EF e @ 2 11% » Sun % 4 (1998) B

2R 0 25~30° CHF e F B ¥ EE &R A Bk iE o

- Iw ik p REER R R e BT

L ER R SR IS 4 g

Table 6. Change of antioxidant capacity in noni juice during natural
fermentation.

DPPH (pg/mL) TEAC(ng/mL)
¥ 0% 1000.20+9.11 1763.86+57.08
¥ 1% 980.33+£27.79 2006.61+39.38
¥ 2% 966.77+16.29 1991.59+45.44
¥ 3 949.31+20.10 1871.47+39.01
¥ 4% 835.18+76.36 1856.26+32.58
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Table 7. Change of functional ingredients content in noni juice during

MRAG fermentation.
R Scopoletin Rutin Total phenolic  Flavonoid e E®
T (ng/ml) (mg/ml) (mg/mL) (wg/mL)  (ug/mL)
% 0= 258.29+5.54 71.44+2.01  1.48+0.02 59.24+0.74 0.19£0.00
1= 235.67+4.78 62.34+£1.85 1.31+£0.03 58.19+£0.92 0.18+£0.00
2= 221.35+5.66 58.35+2.32 1.28+0.01 58.01+£0.84 0.18+£0.00
% 3= 210.24+6.02 51.62+2.11 1.21+£0.02 58.31+£0.97 0.17£0.01
% 4 = 200.16+5.86 42.82+2.03 1.16+0.01 57.87£0.79 0.17£0.00
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Fig 10 . The scopoletin contents of noni juice at different MRAG
fermentation time.
Each value is the mean + standard deviation (n = 3).
¥ Means among fermentation time with different superscripts are
significantly different (p < 0.05).
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Fig 11 ._The rutin contents of noni juice at different MRAG fermentation
time.
Each value is the mean + standard deviation (n = 3).
¥ Means in the fermentation time with different superscripts are
significantly different (p < 0.05).
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Fig 12 . The total phenolic compounds contents of noni juice in terms of

gallic acid equivalent at different MRAG fermentation time (day).

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

#¢ Means among fermentation time with different superscripts are
significantly different (p < 0.05).
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Fig 13 . The flavonoids contents of noni juice in terms of quercetin
equivalent at different MRAG fermentation time.

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

# Means among fermentation time with different superscripts are
significantly different (p < 0.05).
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Fig 14 . The condensed tannins contents of noni juice in terms of
(+)-catechin equivalent at different MRAG fermentation time.

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

#Means among fermentation time with different superscripts are
significantly different (p < 0.05).
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Table 8. Change of antioxidant capacity in noni juice during MRAG
fermentation.

TEAC DPPH (ug/mL)
(ng/mL)
%0 = 1871.47+39.01 949.31+20.10
%1 1868.38+41.37 948.21+19.48
%2 = 1861.21+40.87 945.38+20.04
%3 1855.76+39.59 943.94+19.57
%4 % 1851.29+38.94 941.39+19.59
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Figure 15. Change of DPPH scavening activities in terms of BHA
equivalent in noni juice during fermentation time.
Each value is the mean + standard deviation (n = 3).
& Means in the same fermentation time with different superscripts are
significantly different (p < 0.05).
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Figure 16. Change of ABTS-+scavening activities in terms of Trolox
equivanent in noni juice during fermentation time.

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

a

Means in the same fermentation time with different superscripts are significantly
different (p < 0.05).
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Table 9. Antibacterial activity of organic acids

Concentration Butyric acid Dimethylbutanoicacid hexanoic acid Octanoic acid

1000ppm
500ppm
250ppm
125ppm
100ppm
75ppm
50ppm

Oo0oo0oo0oo oo
O+ + + + + +

00O+ + + +
OO+ + + + +

0 ineffective ; + effective
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Figure 17. The result of MRAG fermentation for different day to reduce
organic acids
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Figure 18. The result of MRAG fermentation for one day to reduce

organic acids (B) and blank(A) on Gas Chromatography analysis.
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Table 10. Rreduction of volatile organic acids in fermented noni juice

treated by MRAG.

|l

2

ik

~= E1
R =

i

Time periods of MRAG treatment

volatile organic acids

(Lday) ~(2day) = (3day)  (4day)

Butanoic acid (%) 15.59+0.03' 0.22+0.02 0.04+0.01 0.00£0.01
DL-2-methyl-butyric acid (%) 14.21+0.02 -0.44£0.02 0.02+0.01 0.00+0.01
Hexanoic acid (%) 18.92+0.03 ~1.23:0.03 0.02+0.01 0.00£0.02
Octanoic acid (%) 5.15:0.04  2.05£0.02 0.75:0.01 0.26+0.01

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

The volatile organic acids in noni juice as 100%.

71



D F AR AT RIS B AR R Y A R D UF AL R
AR CTATR R RoGER AR S A S AIMRAG

BIZ3E 0 T E99% 1 b ehg £ o

MRAGYF ™ fit ~ = ¥ A7 fe ~ & fefod fechmf st 007 fede§ o
EAHRD FIME DT AT B p o 1Y MRAGRJIE f A E B2

AR T AR f S T AT R B3

R TMRAG S AR P LA R E AN T2 2443

Ik

FoR o R KRR AT R F R BEE 9%z A p o d R
A 1258.29ug/ml & > % 210.24pg/m1(19%)» &> £Ap$H 5 5 @ ¥
TP EE H B Eﬁfﬂ% TR EEORL o gy MBS

H ’DPPHE'IEJZJ%%%“,’TT;&‘E" ~TEAC ‘43 it a0 4 T m g ¥ 2 3% o

72



2~ 33 v

3 3% (2008) AL RS2 WA 2 BRI - LA F
G EfE L Lk o
BES s R 2iE s AR EET (1996) SAREY amag &4
BB R P F L o L L ¥ X B4R 22(4): 394-398 -
B4 2 (1982) o pE* FF WRDL E 5 2 1% c WP H B R R
4:78-91 -
P h4E (1988) FpF Y 24 § & 4 o BLFRP % % R %0 10:139-174 -
# B (1979) » FpE~ A4 F c WA HEERA K111
A (2007) w=pt (Nonmi)% i B B3 AR ik 2 4F 3t e BA PR~ &
W ALk o
B (2011) BE RSB REEE A
2Ry KA AF aRPg s milwms -
T (2009) R s PP FFLE o 0B 1 R TRAE
1 4% (2005) Noni % i+ 423 i* |+ ~ ACE #rd | fcld Wit 3 7
Scopoletin 2 fi74 $r2 it Fgpdre - A5~ 55 & ML
He oo

427 (2003) BT X E T E R PR R PP g LE 20

73



oo Ea BRMPHEE FHPPEFTT LG -
Fracis (2011) R a2y Aa 8

a Rk Lk o

BB (2009) Mot GER)SF b RFFEAY F P HI0E R AT
TR L R o LR A ST RELERFIESS ]
AL o

Ai, J. (1998). Solid-phase microextraction in headspace analysis. Dynamics in

non-steady-stage mass transfer. Anal. Chem.; 70: 4822-4826.

Argon, P., Atienza, J. and Climent, M.D. (1998). Influence of clarification, yeast type,
and fermentation temperature on the organic acid and higher alcohols of malvasia

and muscatel muscatel wine. Am. J. Enol. Vitic., 49(2): 211-2109.

Arnao, M. B., Cano. A., Hernandez-Ruiz, J., Garcia-Canovas, F. and

Acosta, M. (1996) Inhibition by L-ascorbic acid and other antioxidants of the
2,2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) oxidation catalyzed by
peroxidase: a new approach for determining total antioxidant status of foods. Analy.

Biochem. 236: 255-261.

Asahina, A.Y., Ebesu, J.S.M., Ichinotsubo, D., Tongson, J. and Hokama, Y. (1994)
Effect of okadaic acid (OA) and Noni fruit extraction in the synthesis of tumor
necrosis factor-a (TNF-a) by peripheral blood mononuclear (PBN) cells in vitro.
The Procedings of the International Symposium of Ciguatera and Marine Natural

Products: 197-205.

Atkinson, N. (1956) Antibacterial substances from flowering plants. 3. Antibacterial

74



activity of dried Australian plants by rapid direct plate test. J. Exp. Biol. 34:

17-26.

Bagchi, D., Bagchi, M., Stohs, S. J., Das, D. K., Ray, S. D., Kuszynski, C.A., Joshi, S.
S., & Pruess, H. G. (2000). Free radicals and grape seedproanthocyanidin extract:
importance in human health and disease prevention. Toxicology, 148, 187-197.

Cardon, D. (2003) Le Monde des Teintures Naturelles. Belin. Paris. Caro, A.D., Piga,
A., Vacca, V. and Agabbio M. (2004) Changes of flavonoids, vitamin C and
antioxidant capacity in minimally processed citrus segments and juices during

storage. Food Chem. 84: 99-105.

Chan-Blanco, Y., Vaillant, F., Perez, A. M., Reynes, M., Brillouet, J.-M. and Brat, P.
(2006) The noni fruit (Morinda citrifolia L.): A review of agricultural research,

nutritional and therapeutic properties. J. Food Compos. Anal. 19: 645-654.

Chan-Blanco, Y., Vaillant, F., Perez, A. M., Brillouet, M., Zuniga, C. and Brat, P.
(2007) The ripening and-aging of noni fruits (Morinda citrifolia L.):
microbiological flora and antioxidant compounds. J. Sci. Food Agric. 87:

1710-1716.

Cushnie T. P. T. & Lamb A.J. (2005). Review. Antimicrobial activity of flavonoids.
Int. J. Antimicrob. Agents, 26, 343-356.

Dittmar A. (1993). Morinda citrifolia L. — use in indigenous Samoanmedicine. J.
Herbs Spices Med. Plants 1, 77-92.

Dixon, A. R., McMillen, H. and Etkin, N. L. (1999) Ferment this: the transformation
of Noni, a traditional Polynesian medicine (Morinda citrifolia, Rubiaceae).

Ecological Botony 53: 51-68.

Farine, J.P., Legal, L., Moreteau, B. and Quere, J.L. L. (1996) Volatile components of

ripe fruits of Morinda citrifolia and their effects on Drosophila. Phytochem. 41:

75



433-438.

Guardia T., Rotelli A., Juarez A. and Pelzer L. (2001). Antiinflammatoryproperties of
plant flavonoids. Effects of rutin, quercetin and hesperidin on adjuvant arthritis in
rat. Il. Farmaco., 56, 683-687.

Hirazumi, A. & Furusawa, E. (1999). An immunomodulatory polysaccharide-rich
substance from the fruit juice of Morinda citrifolia (Noni) with antitumor activity.

Phytotherapic Research, 13: 380-387.

Heinicke, R. M. (1985). The pharmacologically active ingredient of noni.Pac. Trop.
Bot. Gard. Bull., 15, 10-14.

Hirazumi, A., Furusawa, E., Chou, S.C. and Hokama, Y. (1996) Immunomodulation
contributes to the anticancer activity of Morinda citrifolia (Noni) fruit juice. Proc
West Pharmacol Soc. 39: 7-9.

Ikeda, R., Wada M., Nishigaki T., Nakashima K. (2009) Quantification of coumarin
dervatives in Noni (Morinda citrifolia) and their contribution of quenching effect

on reactive oxygen species. Food Chem. 113: 1169-1172.

Jackson, R.S. (2002). Specific and distinctive wine styles. In: “Wine Science:

principles, practice, perception”. 2" Ed. California, USA.

Jang, D. S., Park, E. J., Kang, Y. H., Su, B. N., Hawthorne, M. E., Vigo, J. S., Graham,
J.G,, Cabieses, F., Fong, H. H., Metha, R. G. and Pezzuto, J. M. (2003) Compounds
obtained from sida acuta with the potential to induce quinine reductase and to
inhibit 7,12-dimethylbenz[a anthracene—induced preneoplastic lesions in a mouse

mammary organ culture model. Arch. Pharm. Res. 26: 585-590.

Jayaraman, S. K., Manoharan, M. S. and lllanchezian, S. (2008) Antibacterial,
Antifungal and Tumor cell suppression potential of Morinda citrifolia fruit
extracts. Int. J. Integr. Biol. 3 (1): 44-49.

Julkunen-Titto, R. (1985) Phenolic constituents in the leaves of Northern willows:
Methods for the analysis of certain phenolics. J. Agric. Food Chem. 33: 213-217.

76



Kamiya, K., Tanaka, Y., Endang, H., Umar, M. and Satake, T. (2004) Chemical
constituents of Morinda citrifolia fruits inhibit copper-induced low-density

lipoprotein oxidation. J. Agric. Food Chem. 52: 5843-5848.

Lambrechts, M.G. & Pretorius, 1.S. (2000). Yeasts and its importance to wine aroma-a

review. S Afr. J. Enol. Vitic., 21: 97-129.

Manuele, M. G, Ferraro, G, Arcos, M. L. B., Lopez, P., Cremaschi, G. and Anesini, C.
(2006) Comparative immunomodulatory effect of scopoletin on tumoral and

normal lymphocytes. Life Sci. 79: 2043-2048.

McKoy, M.L.G., Thomas, E.A. and Simon, O.R.(2002) Preliminary investigation of
the anti-inflammatory properties of an aqueous extract from Morinda citrifolia

(Noni). Pharmacol Soc. 45: 76-78.

Miller, N. J., Rice-Evans, C., Davies, M. J., Gopinathan, V. and Milner, A. (1993) A
novel method for measuring antioxidant capacity and its application to monitoring
the antioxidant status in premature neonates.

Clin. Sci. 84: 407-412.

Mohd, Z., Abdul-Hamid, A., & Osman, A. (2001). Antioxidative activity extracts from

Mengkudu (Morinda citrifolia L.) root, fruit and leaf. Food Chem., 78: 227-231.

Morton, J. F. (1992) The ocean-going Noni, or Indian mulberry (Morinda citrifolia,
Rubiaceae) and some of its “colourful” relatives. Ecological Botony 46: 241-256.

Nayak, B.S., Isitor, G.N., Maxwell, A., Bhogadi, V. & Ramdath, D. (2007).
Wound-healing activity of Morinda citrifolia fruit juice on diabetes-induced rats. J.

Wound. Care., 16: 83-86.

Nelson, S. C. and Elevitch C.R. (2006) Noni: The complete guide for comsumers and
growers. 1st ed. Permanent Agriculture Resources, Holualoa, Hawaii.

Nordstom, K. (1964). Studies on the formation of volatile esters in fermentation with

77



brewer’s yeast. Svensk kem. Tidskr., 76: 510-43.

Paddie, HAB. (1990). Ester formation in brewery fermentation. J. Inst. Brew., 96:

327-331.

Pietta, P.-G. (2000) Flavonoids as Antioxidants. J. Nat. Prod. 63 :1035-1042.

Potterat,O. and Hamburger, M. (2007) Morinda citrifolia (Noni) Fruit-Phytochemistry,
Pharmacology, Safety. Planta Med. 73: 191-199.

Samoylenko, V., Zhao, J., Dunbar, D. C., Khan, I. A., Rushing, J. W. and Muhammad,
I. (2006) New constituents from noni (Morinda citrifolia) fruit juice. J. Agric.
Food Chem. 54: 6398-6402.

Santos-Buelga, C. & Scalbert, A. (2000). Proanthocyanidins and tannin-like
compounds-nature, occurrence dietary intake and effects on nutrition and health. J.
Sci. Food Agri., 80, 1094-1117.

Selloum L., Bouriche H., Tigrine C. & Boudoukha C. (2003).Antiinflammatory effect
of rutin on rat paw oedema, and on neutrophils chemotaxis and degranulation. Exp.
Toxicol. Pathol., 54, 313-318.

Shahidi, F. and Naczk, M. (2004) Phenolics in Food and Nutraceuticals. CRC PRESS.
1-14.

Su, C., Wang, M., Nowicki, D., Jensen, J. and Anderson, G. (2001) Selective COX-2
inhibition of Morinda citrifolia (Noni) in vitro. The Proceedings of the
Eicosanoids and other Bioactive Lipids in Cancer, Inflammation and Related
Disease. The 7th Annual Conference, 2001. October 14-17. Loews Vanderbilt
Plaza, Nashville, Tennessee, USA.

Wakil, S.J. (1961). Mechanism of fatty acid synthesis. J. lipid Res., 2: 1-24.

Wang, M. Y. and Su, C. (2001) Cancer preventive effect of Morinda citrifolia (Noni).
Ann. N. Y. Acad. Sci. 952: 161-168.

Wang, M. Y., West, B. J., Jensen, C. J., Nowicki, D., Chen, S., Palu, A.K. and

Anderson, G. (2002) Morinda citrifolia (Noni): a literature review and recent

78



advances in Noni research. Acta. Pharmacol. Sin. 23 (12): 1127-1141.

Yamaguchi, S., Ohnishi, J., Sogawa, M., Maru, I., Ohta, Y. and Tsukada, Y. (2002)
Inhibition of Angiotensin | converting enzyme by noni (Morinda citrifolia) juice.
Nippon Shokuhin Kagaku Kogaku Kaishi 49 (9): 624-627.

Yang, J., Paulino, R., Janke-Stedronsky, S. and Abawi, F. (2007)
Free-radical-scavenging activity and total phenols of noni (Morinda citrifolia L.)

juice and powder in processing and storage. Food Chem. 102: 302-308.

Younos, C., Rolland, A., Fleurentin, J., Lanhers, M.C., Misslin, R. and Mortier, F.
(1990) Analgesic and behavioral effects of Morinda citrifolia. Planta Medicine 56:

430-434.

Yu, H., Li, S., Huang, M.T. & Ho, C.T. (2004). Anti-inflammatory constituents in
Noni (Morinda citrifolia) fruits. IFT Annual Meeting 33F-28, July 12-16 Las

Vegas, NV.

79



VARl Al A}

1.0

0.8 |

AAT735
=
(@)
I

y = 1.4722x - 0.054

04 L R = 0.9943

00 0.2 04 06 08 1.0 1.2

gallic acid concentration (mg/mL)
Mek— AR TR EDLE -

Appendix 1. Standard curve of gallic acid.
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250000000 1y — 1180018.32 x - 2216328.00
R*=1.00
200000000 |
% 150000000 |
—_
8
& 100000000 |-
50000000 |
0

0 50 100 150 200 250

scopoletm concentration (pg/ml.)

rigm - R BB E 2 AR & 8 -
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Appendix 5. Standard curve of rutin.
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