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Fig.1. Flowers and fruits of noni.
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Fig.2. Related products of noni fruit.

( http://www.drinkandshare.com/other products.htm)
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Fig.3. 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. 6.

Australia. 7. Indonesia.
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TRADITIONAL NONI JUICE:
Drip-extracted, fermented & aged, unadulterated

1) Ripe noni fruits arrive at a juicing facility (“Mahalo” to the nice folks at bigislandnoni.com for a tour

of their noni facility near Kalapana on the Big Island of Hawaii).
Freshly picked, ripening noni fruits arrive at the juice processing facility in a variety of containers. The

harvested noni fruits are mainly whitish in color with tinges of green.

LEFT: Noni fruits are being weighed in tubs. RIGHT: An onion bag full of freshly picked, nearly ripe noni
fruits. Green or unripe yellow noni fruits are very hard-skinned and durable, and therefore resistant to
superficial damage and bruising during shipping an handling. They require no special handling. Noni fruits
at this stage of development will ripen overnight or in a few days at room temperature and can be processed

for juice immediately thereafter.

2) Noni fruits are washed and air-dried.

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.
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3) Ripe noni fruits are placed into a juice collection vessel for 2 months or longer. During this time, the
noni juice separates (drips) gradually from the pulp.

The juice collection and fermentation vessels should be made of glass, stainless steel or food-grade plastic.
The noni juice collects inside the containers and ferments as it gradually seeps and sweats from the fruits.
The juice appearance is initially an amber or golden colored liquid that gradually darkens with age. After
the collection and fermentation process is complete, the juice is drained from spigots at the base of
containers (and filtered). Fresh air is excluded from these containers, and contact between the juice and

fresh air is minimized throughout the process.

LEFT: A row of plastic noni juice collection and fermentation vessels. RIGHT: 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.

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

Fermented, aged noni juice is a dark brown liquid which is similar in appearance and texture to soy sauce.

The pH is relatively low (approximately 3.5), lending a characteristically sour taste to aged noni juice.
Bz -~ @ %noni %+ 2 @47 o

Fig.4. Traditional ripening of noni fruit juice.

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



S A-FEFwononi ¢ X EZRIRTTa (v H L (Levand and
Larson, 1979) > iT & { £ W & %% & ¥ 12 & (Food and Drugs

Administration, FDA) 7] % GRAS (Generally Recognized As Safe) 4~ o

Nomé‘”ﬁ”é;};ﬁ_j&;f Z_FEFRA 0 BFH ?mpﬁi%\?l}ﬁr’%\'—’;ﬁiﬂ
¢ ¥4 % fr (flavonoids) ~ Az 3 (glycosides) (Sang et al., 2000; Wang et al.,

2000) ~ ‘24 % ~ & (anthraquinones) % % = % & {c?;%pk (Wangetal,,
1999; % % »2003) £ -

EK pnoni ¢ 2 ABEINYSIBIELFHLCELL (£2D)
(Farine et al., 1996) » £ # octanoic acid ~ hexanoic acid 2 # * ~ ¢ g5

HER2Z hehpr B o ¥ b g (73 < £ 2 carboxylic acids -

methanethiol §= dimethyldisulfide % (Wei et al., 2001; Wei et al., 2004) -

gt ¢k > noni %+ ¢ 7 3 ¥ % chiscopoletin 2 H f724 4= o Scopoletin %
Hjmd $ >4 & %% (coumarin) » 1 FZHE4cBlT o p Best (1944)

#Fz_ scopoletin (7-hydroxy-6-methoxycoumarin) 2 % (Best, 1944)> F£ 5

# . scopoletin 2 H j724 $»- scopolin f /L i &3t HEL P o el AR

tm

FOoHP R UFEFWY ZEERT T FT B IR scopolin 2. 7 E k&2 E

vk £ 4p B 1+ (Runkel et al., 1997) o
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Table 1. More than sixty kinds of nutrition in noni fruit juice

Xeronine

rubiadin

nordamnacanthal

bioflavonoids
plant sterols
MME rubiadin
caproic acid
vitamin
valine
araginine

phenylalanine

scopoletin proxeronine
serotonin magnesium
protein anthraquinones
morindine morindone
iron sitosterol
munjistin acetin GlucoP
caprylic acid serum albumin
trace element  chlororubin
serine methionine
leucine aspartate
cystine threonine

morindadiol  proxeronase
damnacanthal carbonate
sodium carotene
terpenes Soranjidiol
phosphate glycosides
. ) MM-MA-R
ursolic acid ..
glycolipid
asperuloside cofactor
flavonols threonine
alanine 1soleucine
lysine cysteine
glutamic acid histidine
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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,2,2)-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 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

Total 0.41 0.18

-10-
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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
(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); CI mass spectra (b);
and/or comparisons of their Rts with those of synthetic compounds (c).

(Farine et al., 1996)
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Fig.5. Chemical structures of coumarin and some of its derivatives.
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7 ~ Noni % /2.4 253

Noni % 7+ 2_ 75 B % » 84 K p

T

AT BEFERpFAY
FHE (22) 4o a‘%‘u)?r,r:‘i (antiviral) ~ #2% f#] (antibacterial) ~ ik 7
(antifungal) ~ #2% # & (antihelmin) ~ 38 % (antitumor) ~ "% n /&
(hypotensive) ~ #~ . J& (anti-inflammatory) ~ 1t 5§ (analgesic) % # JZ ¥ 3% o

3 % S e/? K= _\./4; N2 e 2p%
K/ﬁ;tﬂ.L_LI‘ ’ ,%”}'j ‘34:7I4§b'),§,""":}3 ]3}3\5—— J—b,{ﬂi‘aﬁ? o

(<) #F i

Zin & (2002) # % noni % 2 Fi¥ *MF B ononi K2 ¢ fhe fig
(ethyl acetate) X P-4 E &% 2. $g i > &k 2> ? iz (methanol) % P~
Pz Fig Vg e Flt o JaR noni P AR 2 4RF VPG - et
Wit £ 4 o

Su % (2005) 7~ 44t noni % 2_FiF MR {FA T 0 FIRP noni
% ¢ & 319 |2 americanin A (2-propenal,3-[2-(3,4-dihydroxyphenyl)
-2,3-dihydro-3-(hydroxymethyl)-1,4-benzodioxin-6-yl]-; C,;sHs0¢) (Bl = )

2442 DPPH f d it 4 (IG5 =169 uM) -

(=) 4rEs i
Noni % i+ ¥ #r4|4c M. pyogenes, E.coli 3 P. aeruginosa % 2. # %

(Bushnell et al., 1950) « #7 3 4F & 45 11 » 2 32 noni % F fax + # % F

-13 -
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Table 3. Scientifically documented benefits of noni fruit juice

Complaint Ref. Complaint Ref.
Diarrhea McCuddin, | Antibiotic &
Spreading dark spots 2001 antimicrobial .
on skin . . Ditmar, 1993
Inhibits early Epstein
Chest infections Guest, 1938 Barr virus
Tuberculosis Abdominal pains Elliott and
Eye complaints Back ache Brimacombe,
Fever with vomiting Tonic after childbirth 1987
Inflamed, sore gums
. Uhe, 1974 Rusia and
Sore throat with cough -
Thrush . | Sriivastava,
Abscess Antimicrobial 1987;
Bushnell et al.,

Worms

1950
Sick people Powell, 1969 Nutritive

Anti-cancer activity
normalized pre-cancer

tissue

Hiramatsu et al.,

1993

Arthritis

Anti-lung cancer

Enhance immune system

Hirazumi et al.,

Infection of mouth &
gums

Sore throat

Tooth aches

Wounds, fractures, and
boils

Urinary tract ailments

Whistler, 1992

1994 . :
macrophages and Abdominal swelling
lymphocytes Diaphramic hernia
Loss of appetite
Regulates thymus .
, Ganal and , Yamaguchi et
thymocytes (immune Hypertension
Hokam, 1993 al., 2002

cells)
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Fig.6. Chemical structures of americanin A.

ST 0 AT R P R GRL R R fofht 5 @ (edow)
(Ditmar, 1993) © * noni % ;* %= 4 # 2_ scopoletin ** % f &%= 7 3F 2 ¢
i BEF 4l E e ¢ 2 & (Duncanetal, 1998) {frird|H v
5 #8.kn 74 ¢ Staphylococcus aureus, Strep. pneumoniae, Strep. sp.,
Klebsiella pneumoniae, Proteus mirabilis, Pseudomomas aeruginosa fv
Haemophilus influenza (Kayser and Kolodziej, 1997) » % #ri] & &7 3 7
Bg 4ot % s B s P s B Y ek A e e 2 B %

'fr'.?.! v ?ﬁﬁi%[?aﬁ °

(=) scopoletin z_ 24 32 7 3%
Scopoletin & 7 % f& % »% ",/TT +if 2 ek b o scopoletin 7t &g T
L s R b Espo K on o X AL F F A (bronchial

illness) fr# v (asthma) (Erazo etal., 1997) > # »x % & aspirin 2 7 & o
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Table 4. Antibacterial activity of noni

test organism young fruit ripe fruit fresh juice dried pulp dried seeds’

(relative activity )

Bacillus subtilis . ++ + + +
E. coli . T+ I n .
Proteus morganii . . - + +
Pseudomonas aeruginosa . ++ + T .
Salmonella montevideo 0 ++ . . .
Salmonella schotmuelleri 0 ++ 0 n .
Salmonella typhi ++ 4+ + + 0
Shigella dysenteriae . . + + .
Shigella flexnerii . . + + +
Shigella paradysenteriae BH ++ -+ . . .
Shigella paradysenteriae IlI-Z ++ ++ . . .
Staphylococcus aureus . ++ + + +

* Methanol extract.

™ 0 ineffective ; + effective ; ++ moderately effective ; +++ highly effective ; + has not been tested.
(Ditmar, 1993)

- 16 -



H vy ¢ 34 % % #c (Farah and Samuelsson, 1992)~ 1+ J§ (analgesic)
(Huang et al., 1993) ~ #<iik 7 ~ "% & /& (Obidoa and Obasi, 1991) ~ &3+
(Sung et al., 1998; Sang et al., 2001) % Fo3 it {4 (Shaw etal.,

2003) = scopoletin z_ 4z ¥ I& &g+ i i 4 A % ** quercetin (Ng et al.,

2003) -

(2) Fu5 % (2
Noni % i+ ¢ 2 3 & X g4 F ¢ 4% scopoletin~quercetin % ursolic
acid> H +& T P aF AP B TS dode iz i Z interleukin- 1B (IL-1
B) ~ interleukin-6 (IL-6) ~ % 7] H'?j% E2 (prostaglandin E2 ; PGE2) fr
¥ 8iF ¥ i fs (myeloperoxidase ; MPO) 2 & # - Quercetin ¥ 5 T
Fr| IL-6 2_ 714 5 scopoletin B i & 4] MPO 2 PGE2 z_ %14 5 %
scopoletin % quercetin ¥ ¥ i & ¥ ¥4 IL-1 8 2 750 i Dlug L

i *  (Yuetal, 2004) o

(1) " B2 o 2%

Scopoletin ;£ 73 p A F > H B 5 &ri T sin e n F JF5Ea
DI B2 a0 F A EEDE ERMLBRE (Ojewole and
Adesina, 1983)> =« £ #&P~noni %+ B ¥ A F M BRI G2 FHE -

i ’E’ ”IJ:‘FFT'% ##& it f& (Angiotensin Converting Enzyme ; ACE) & %

17 -



MASL B2 ERFEZ - Fo BRI TR RmER" LR 45
LR R B TR TR AT (renin) BTHA b2
i B le¥EE R (angiotensinogen) % = 7 L 3 JiE M2 & B jTiEE
I (angiotensin I) » ACE ¥ #-angiotensin I fe.i* A} = & # Je&5 % 11
(angiotensin IT) » @ 3142 et 2 5 o pFi¢ & ¥ 47% % (bradykinin)
k% @ % 2 &1 (Erdos, 1975; Hansen, 1995) (= ) o g » o
#] ACE 2. B BIbig o B "0 B2 55 o

Bp a2 ACE##lF kKR % 2 85 Fv 2 K24 »

2K v (Miyoshietal., 1991)~7) 7 4 F F=v (Matsui et al., 1993)
#2142 F (Wuetal,2002) % 3 & 35S AP o ok &4 %
v 2 RfEA 4 L5 ACE 2448 s @@ g # > S Ed P o
flavonoids 4= proanthocyanidins (with low polymerization degree)
(Wagner et al., 1991; Uchida et al., 1987) = % £ % 24%2 ACE #r+]
75 14 o Proanthocyanidins z_ #r4]/5 38 2 OH 2 5 E E4p i+ (Lee
et al., 1998; Actis-Goretta et al., 2003) ; * ** flavonoids 2_ j|3& # 3 I >
H (C-glycosides (4 : isoorientin f= isovitexin) 2. ACE #r#]7& £+ 3¢
O-glycosides (4 : isoquercitrin) ; @ O-glycosides z_ #r#| /5 £ x < 3%
C-glycosides ¥ 2. 8C-analogs (4 : vitexin = orientin) (& )

(Lacaille-Dubois et al., 2001) -
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Angiotensinogen

Asp-Arg-Val- Tyr-Ile-His-Fro-Phe-His-Leu-Val-Tle-His

Renin — '

Angiotensin |

Asp-Arg-Val- Tyr-lle-His-Pra-Phe-His-Len

' < 71 ACE [ = '

Inactive Angiotensin I
fragments

Bradykinin

Arg-Pro-Fro-Gly-Fhe-Ger-Fro-Fhe-Arg

&osp-durg-Val Tyrlle-His-Pro-Fhe
Arg-Pro-Fro-Gly.Fhe

Hetr-Pro

+ Vascular smooth Aldosterone
Phe-frg muscle contraction secretion

Y \

Increased Sodi
peripheral r; ‘::“
resistance e

Increased

HYPEHTENSIGN *Eﬂt"ﬂﬂﬂ“ular

fluid volume

Bl= > iR ps 2 1T

Fig.7. The mechanism of angiotensin converting enzyme. (Hansen, 1995)
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Fig.8. Chemical structures of some flavonoids and proanthocyanidins and

their ACE inhibitory activity. (Lacaille-Dubois et al., 2001)
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$t vk #7783 hydrolyzable tannins (Ueno et al., 1988 ) ~ xanthones
(Chen and Lin, 1992) ~ fatty acids (Morota et al., 1987) ~ terpenoids
(Morigawa et al., 1986; Hansen et al., 1996) % 7= £ 3 ACE 2z #r#]/& |20

&dp i\?ﬁlﬂ’{ I noni % ¥ 3 e drg] ACE 2 B0 F
TR &R IrF Sk (IC50<0.1%) % »t A = 3 2. % F (IC50=0.22%) - 7
2% EF ononi ka3 ooedrd| ACE B N p BB B R
(spontaneously hypertensive rats ; SHR) 4 & 0.6 mL/kg 2. noni % ;* ¥

7 e M H n BT L A (Yamaguchi et al., 2002) o

(7)) o2

Dr. Heinicke 3% % noni % ¥ 7 3 ¥ % & ®# R (proxeronine) {r
Frit® @i pr (proxeronase) © H ¥ & v 5 % #® (xeronine) I K iF
v A RBA%Z & kL2 7 ip o Proxeronine i > A R85 p X 51X PIAFERERT T o

EREE R = I f“inﬁﬂiﬁlﬁ' L R84 s i #{Y 5 xeronine (B4 ) °

Xeronine 7 — &4 4 (alkaloid) & - f& & R W * K ipit g3 (v
e B BAEEMEER 2 # Y ¥ L e ihit § 755 o Dr. Heinicke
a bR PRt W I S R I AR A
A IR o “,% Dr. Heinicke ¢t » p o & s H # A ZF9 Xxeronine 773 7> F

** Dr. Heinicke 2. % {17 7 & # % ) xeronine ¢t £ B4 &5 p| 2

221 -



B4 ~ Noni 2 &% &5t

Fig.9. Xeronine system from noni fruit.

(http://www.sample.nonijade.com/index-2.htm)
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3§ A& 413-518 Da 2. B (Heinicke, 1983) -

(=) FLrbgg 2 3

Noni % 7* £ 5 Ffps v o 1397 L 48 noni % * ¥ B E (I f
Bk Fuen™ N D ded R e 2. 4 £ (Hirazumi et al., 1994) -
Hirazumi % < %R > Noni %+ 7 7 £ % 07 gty 7
(polysaccharide-rich substance) » *>* Lewis #* J#-3% 2. C57 BL6 € & §F
B¢ BRI A T dERlnoni FPEME G AR S 2B
Hey gl tEd g bk sem drd| % 4 £ (Hirazumi et al., 1996;
Hirazumi and Furusawa, 1999) - { :&- %/ 7 # R > noni % pEtE L g I»
fois % immunomodulator sensitive Sarcoma 180 tumour system 2 B4 >
/p}ﬁ‘—, ¥iE 25-459% 5 #t ¢ ononi SR EFECREFE R
* » 4o © cisplatin, adriamycin, mitomycin-C, bleomycin, etoposide,
5-fluorouracil, vincristine £ camptothecin’ ¥+ 1t /5% & 5 4 (7 #
g% 4e 3k # »% (Furusawa et al., 2003) -

Wang and Su (2001) % 3 » ** DMBA (9, 10-Dimethyl-1, 2-
benzanthracene) %% C57 BL6 = BB 5 7 > noni % i+ ¥ 11 5 s
Fr+4] DMBA-DNA “r = = (DMBA-DNA adduct) 7;= > @ #r4] DMBA

LR

_23.



(™) R FF B PR A T

LT noni %+ L5 IR EARA L 2 # ook d N ERA L i
%R " -9 2.3 i (copper-induced low-density lipoprotein oxidation)
FRATV AP G ZE VR EPFI B RS 2§ RGP EOR
FE L oo %’% d thiobarbituric acid-reactive substances method (TBARS
method) 4 #7 % % % 3 > copper-induced LDL oxidation 2. #7451+ % p
noni ¥ § 7 % #8E phenolic hydroxyl F it k2. 1* &4 > 4v 1 3,
3’-bisdemethylpinoresinol, americanol A, morindolin §= isoprincepin » ICs,
B % 5 1.057 ~ 2.447 ~ 2.020 4v 1.362 uM - H B 5 Frdldr s+ 34 %

LDL % itz /&4 F]gt @ £ FIFE 1 & "% A i 2 »x (Kamiya et al., 2004)-

(1) " 25

AR @3 noni R G Rk in F 2 AN RO (GRS F R A
fll)}% ; non-insulin dependent diabetic mellitus ; NIDDM) - % Su & (2005)
Fragh o g% noni $F ¥ 4G vk Pk a2 LI
(phosphodiesterase I11; PDE3) ¥t cAMP (cyclic adenosine monophosphate)
z_-Kfz > T i8¢ [Bcell 22 G-Protein-Coupled receptor (P2Y recaptor)
B cAMP & 24 > iEA AR E R 2 o METYE o R # ot o il

7] noni % ;* 1% i G-Protein-Coupled Receptor System = & i 5 4% Fi s 2

-4 .



F4 AL o

() #FR % bl
Noni 82 & 1+ 5 f@ s sy IR > H 2 3 % 3w

”%)ﬁ, éﬁf‘f » 2 FIH 73 <~ £ 949 (5 56.3 mEq/L noni fruit juice) > & *
¢ ki T %0m &L F 4 (hyperkalemia) (Mueller et al., 2000
Burrowes and Van, 2005) o gt ¢k > 7 5 — Pgéi’i%s IR — 245 kend

F F#EP-noni % FiE FHEAFL AR E T L Ed Y noni ¢ AT
2_ i (anthraquinones) #7342 o B R £ 5 A3t B H P o 4o
senna * ¥ ¥ & %5*,1’%’* 2 FRA e A R T A D ¥ A F
4 xpd A EiFmeg a3 E o ERFwE 2§ 1 (oxidative

stress) @ 5148 3% (Millonig et al., 2005) -
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W

s
F A Dnoni % ZHEAERLE R RFIE S

AR

Folin-Ciocalteu’s phenol reagent, gallic acid, quercetin, vanillin,
(+)-catechin, scopoletin, vanillin, 1,1-diphenyl-2-picrylhydrazyl

(DPPH), butyl hydroxyl anisole (BHA), phenazine-methosulfate

(PMS), NADH, nitroblue-tetrazolium (NBT), ferrozine,

hippury-His-Leu (HHL), Angiotensin converting enzyme (ACE from
rabbit lung, EC 3.4.15.1), B-glucosidase (from almonds, EC 3.2.1.21),
D(+)-glucose, D(+)-xylose, D(-)-arabinose %2 D(+)-mannose % P p
Sigma-Aldrich (USA)

Na,COs3, conc. HCI 4 acetonitrile (HPLC Grade) Fp J. T. Baker (USA)
AlI(NOs);, CH3;COOK, H,0,, FeSO, - p Merck (Germany)

MeOH (HPLC Grade) B p Mallinckrodt (USA)

cthylene diamine tetracetic acid (EDTA) fp USB (Spain)

7z 04MNaCl 2. 0.1 M #=pigp s er > pH 8.3 i i ACE £ HHL

Z % o FRpL4h PR R Wako (Japan)

Trifluoroacetic acid (TFA) P& p Lancaster (England)

235 R P Amberlite IRA-400(OH) B A Supelco (USA)
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RER A
(=) Noni ¥+ 3=z RFEBXRH :
Yol 5 12L 2 7 % (PETPClex =4 L& 3F 72 F 5
PR ARBUCRAE QN E EF O AN RINE G R R
1> > Pt p DIJA (Taiwan) °
Y2+ #% (Braun MP80, Germany)
% i .o % (SCR20B, Hitachi, Japan)
(=) PRICELZERTERY P2 REXRF !
A% B2+ (UV-2100, Unicon, Japan)
(=) Noni%*¢ A ag 42227242 HPLC A7 RF X H -
HPLC pump (LC-10AT vp, Shimadzu, Japan)
Synergi 4 pu Fusion-RP column (250 X 4.6 mm, Phenomenex, USA)
UV-Vis Detector (S-3702, Soma, Japan)
Fluorescence Detector (FD-500, Groton, USA)
GOERZ Flatbed Recorder (Flatbed Recorder Servogor 124
Servogor 124 plus, Ngi, Austria)
Integrator (Chromatocorder 21, Sci, USA)
(=) ACE #rliatipl 22 REX A

Isocratic Pump (Agilent 1100 Series, Agilent, Germany)
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LiChrospher RP-18 column (250 x 4 mm, 5 pm, Merck, Germany)
Detector (Agilent 1100 Series, Agilent, Germany)
(1) FEFLREXAE
pH meter (PHMS82 Standard pH Meter, Radiometer Copenhagen,
Denmark)
§ £ & (SZ-290 color measuring system, Nippon Denshoku, Japan)
(=) Noni%i*¢ A "F 22 Hjimd Hpodp s Hit2 RBRHG !
Intelligent Pump (L-6200, Hitachi, Japan)
VP 250/10 Nucleosil 100-5 C;g column (MN, Germany)
UV-Vis Detector (S-3702, Soma, Japan)
Integrator (D-2500, Hitachi, Japan)
Rk %% (REI111, Buchi, Switzerland)
Aok icEikEEE (VV2000, Heidolph, Germany)
(=) Noni%**¢ A ¥ Z2 /2 F o7 FT2 REXHA !
Pump (765 HPLC Compact pump, Alcott, USA)
R 47 F +#%E 48 (Super Co-150, Enshine, Taiwan)
Carbohydrate Column (300 x 7.8 mm, Transgenomic, USA)
RI detector (ERC-7515A, Erc, Japan)

Integrator (Chromatocorder 21, Sci, USA)
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e An K 47- 3 R (M-8000 LC/3DQ MS system, Hitachi, Japan)
Minibore Gemini C;g (250 x 2.00 mm, 5 um, Phenomenex, USA)
AT ERF N P e £ 3R R (FT-Superconduction Nucleo
Magnetic Resonance, FT-NMR, Varian Unity-300 MHz)

(~) Noni % ¢ ACE #r#|% A 8 5% 2 RERHE
Isocratic Pump (Agilent 1100 Series, Agilent, Germany)
VP 250/10 Nucleosil 100-5 C18 column (MN, Germany)
Detector (Agilent 1100 Series, Agilent, Germany)
Rk %% (REI111, Buchi, Switzerland)
A ik EE (VV2000, Heidolph, Germany)
B+ % (Fisons VG-Quattro mass spectrometer, Altrinchem, UK)
AT E F N e £ 3R kR (FT-Superconduction Nucleo

Magnetic Resonance, FT-NMR, Varian Unity-300 MHz)

z ~ Noni % i+ 2 3 =
a7

Noni % § i3 k% ~ b gfé > A 3 2 AW = #hnoni %

P (45 RHEP G §) BA SR noni %F (£F %4 )

34

AEE MTER Y o B 12 R AERT F - B4

Sl BEFREFH T P R PRI ATE AR
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AT BF 123 I AR EFERP AT (%)

I~ Falkit ez LRI

(-) Bp#git &4 2 7 &P (Total phenolic determination)
(Julkunen-Titto, 1985)

Ja 72 1 Folin-Ciocalteu’s phenol reagent ¥ 22 fiz 3¢ it & 4» 2. OH & &
B $AL 280 (3 FRE) #0E T35 am T

3£ 1B~ 50 Ul 2 (F R4 4e » 1 mL H,O v 500 pL Folin- Ciocalteu’s
phenol reagent> * 4 33 /R &£ {5 > £ 4 » 2.5 mL 20% Na,COs

Z ps ~ 2, ~
¥\a R L A

> " Eoy
TEWR TR

B 204248 @ (P Apns 2o s BB o
v gallic acid B 1480 5 (Mitdk— ot ¢ Bpsap it & 3 2

28 d Hesk i@ 47 gallicacid 2. & » & £ 2§k &

gallic acid equivalent en% s #ick 7+ o

(=) #E% pr2 z £ % (Flavonoid determination) (& % > 1996;

R AEER T AP HRPIEE TV AR S R 8L
Fooo TP E 415nm T Bk e
S P 250 ul 2 (Rl e~ 10% AV EAR T I M fisf4e £ 50 pl
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Faer 14mL 243 ko R AEWTRTF B4 A& A
{8 B Ags 2o v% K B o 12 quercetin B (T & AR (MR C ) o
HrOA e AR SRR TE S 20 MR &Y BT 2

8 d He ki@ £ quercetin 2 8 » U E F A T7 5 2

quercetin equivalent e s #ic & 7+ o

(=) %3¢ 5 22 7 £ R %L (Condensed tannin determination with
vanillin-HCl) (Julkunen-Titto, 1985)

R N6 H B4 X pE (vanillin) 2 JRBEIEY > XA 4 K d 2
BES i o L 500nm T f Rk o

% 1B~ 100 uL 2. FiR)d 4e » 1 mL > 4% vanillin (w/v in MeOH) »
Wk 3 o e r 500puLconcHCl > JR & {8338 T# %
20 & 48 0 @ (8P| Asep 2- B K {E o 12 (+)-catechin B 1F45 & o
M (ir=) 0 T 4R e vanillin 2 38%F TR0 HpRk

W L ER S

e
et
{m
2N
-
\F’lﬂ

P d H ek @ $ 17 (+)-catechin 2. & - 1Y

& & 2 % 547 5 2_(+)-catechin equivalent #1%E 5. & T o

(=) Scopoletin 2 H jit4 2 3

\“‘kﬂ

Rl
7 R s pF R B4k 2 noni % i+ 04 RP-HPLC 4 3t o & 3if i+ i
* Synergi 4 u Fusion-RP ¢ ++ (250 x 4.6 mm, Phenomenex, USA) -
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i 5 lmL/min: & p2ZHAEEEZ L 0-75min ¢ 100% d.H,O
% 259§ acetonitrile > 75 - 85 min acetonitrile ¢ 25% *# % 0% 11 8
g UV (345nm) % ¥ % (Ex: 335 nm, Em: 455 nm) 2. = ;Y& {7

B o 12 scopoletin &% 5% (T & & 2 (" ) ° Scopoletin 474 f

Z_ 7 & M AP AT scopoletin Z | AV 7B R T o

IR X
(—) pHE®I
Bl g PER B2 noni %t It Bk BRI RIET AL 2
TR TH phdg 2 g1 o
(=) ppe =
%%kﬁﬁﬁﬁﬁﬁimM%%’%ﬁ5;%Wﬂﬁ5%ﬂ’
12 CIE1976LAB 1% 5 pl & 2 > & W] rd L* ~ a*fo b*E % 77 o L*=
1004 20 »0PFF & 22 s +a*d XMoo d »-a*Z M %

DR A AR S E S o bR AR S o

=~ 2 EFEHE
(-) g iv14
1. DPPH p ¢ i&i‘)ﬁ"“{f it # (Shimada et al., 1992)

/72 *DPPH p d A2 ¥ 5423528 nm T B < 2wk o
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DPPH & FALj spA& s oo Hox kfg ¢ 7' (4% 5 « )
P B Sk T A T R
% DPPH f o kit 4 2 %533 o g ¢ > d > DPPH « 2.

R

w:>v

gL
I

pH5.0-6.5 B i 23 > fdk[EpF R 2 48 2

m‘rtt
o
o
=¥
J
N
=
T
"
o3
wm
)
34
=
k-
A
g
T

m*rt
ke

2z B EmiEpry b TR ERPED BATHRE - F
4T ol
DPPH: + AH — DPPH:H+A-

(Violet) (Decolorized)

2 0P~ 1mL 2 FiRl4» 2 ag 40 > 0.5mL > 0.016% DPPH 7 %3

% (FrEme ) £ e r 0.5mL 2 33 ks 355 m L 80

-~

E;&V_—r%’ 504 0 2 K,,?Jﬁ A528 1385 ST N V) 5#\,;‘]‘

% DPPH 2. & b 75 56 $HP o

2. 25 B3+ 2 5% i 4 (Robak and Gryglewski, 1988)

LA %k u® PMS (phenazine-methosulfate) ¥ NADH
% g A2 2§ AT o B § & % % NBT
(nitroblue-tetrazolium) & & = diformazan > p* it & F» 3t

560 nm T B oE K Rk o ATiu Rk Pl iR 2 vk f.’i,éz’}f"ﬂ ,

MA I RALT B 20 g5 1T L
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Peln2 vk BT R A o W OAETR R ALY KA
fe A 25833 o F N4rT
NADH + H "+ 2 PMS — NAD "+ 2 PMSH
PMSH + 0, — O, +H "+ PMS
NBT+2Cl +20, +4H" — diformazan + 2 O, + 4 HCI

(yellow) (blue)

Sk LRl i B 4~ % 48452 PMS ~ NADH - NBT i3 % 73

WHARL S T o pHT A3 R E SN FETHEE S 44
fSRIE Asgp2 kB T AR PMS 2 F TG 30

3. 4§ 42 %44 (Randall etal., 1989)

B2 HyO,% 230 nm £ 5 rl%,gvz%fg,@ii,ﬂljiﬁ@;? v &

Y
%

4.

NS
=

i

: 11 phosphate buffer saline pH 7.4 fic #| 4 mM H,0, # P~ 3 mL

fer 2mL 2 @Rl > 23R ETHEFE 10 A4S BEH Ay

Z_v3 kg o Y %’\‘},’F%t H)O0,2 F iv 5 70 ¥R o

a5 2 & £ i (Decker and Welch, 1990)
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},%zIE-liferrozinea%'iﬂrFe%—f—l\jé#‘*L M2 4 Hera, a4 s
P30 562 nm & Eox 2 e FR D sk id 2 g1 e
BEZAEETEET A I ApE 70 HREZ Rk
BTEE A T L ETHR S A S AT A 4 2558 o F
NdheT ol

. 2 .
Ferrozine + Fe’' — ferrozine-Fe’ complex

(violet)

> E 1B 250 ul 2 Rl A 0 175 mL T iR S a3 % VTR
£ 4v » 250 uL 400 pM FeSO4 = 250 pL 2 mM ferrozine >+

T%) R X‘% 10’{"\%9_’ —7»%;/?']—?1 A562—i‘"‘1%l}"—_ » T 1Y

‘r*ﬂ}

%;‘;‘]&4\: FeSO, 2. F 1% 2 v HR e

(=) = Fiedi @ ps (ACE) 2 #r4]7% 12 % (Cushman and
Cheung, 1971; 3= > 2004)
Ja 32 . 2 hippuryl-His-Leu (HHL) ¥ 5 ACE 2. % & » & 7% 1+2 ACE
v oR-H 425 8 ke (hippuric acid; HA) % His-Leu (HL) > i
%7 ACEHr#14 5 epF »HA 2 HL2 2 s § B> o H 7
HA *t 4 & 228 nm ™ & & < 2 s fo F]gt | * HPLC ] . HA
Hiplz4ag v @k &Rl 2 ACE #rflisfd o

F RN 4eT™
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H,C. CH

o] HoQ \(|;2 o
N OH ACE CH By OH
e A ©)L S
H © H o H O H o
Hy S
=N

AN S
Nz
Hippuryl-L-histidyl-L-leucine Hippuric acid Histidyl-Leucime
(HHL) (HA) (HL)

*7E P~ 45ul > SmMHHL ;3% 7 04M NaCl 2 0.1 M #2pedp ¥
e s pH 83 § 1FX F 2 4e » Spul 2 #Fply - *2 37£1Ck
FIEAS s o £ 4~ 15 ul 0 60 mU/mL ACE 3% > &
%7 04MNaCl 2. 0.1 M #=pL4h 5 7 > pH 8.3 3 37 +
1CRiz™F B30 245> 2 {84 » 65ul°0.1% TFA % 1+ &
oo SHs ~ RS 0 L RP-HPLC &7 A 45 » A45iE 1 4
J&* LiChrospher RP-18 column (250 x 4 mm, 5 um, Merck,
Germany) ; ;=i 0.8 mL/min ; # #4p 5 0.1% TFA 3 >* 50%
MeOH ; Bl & 5 228 nm o ACE #r#| /&7 A3+ 8 o
FoAeT

a-b

Inhibitory activity (%) = x 100%
a

a= 11 dH,O B~ noni % i* ¥ & 1s 2 HA &% 5 F#

b=noni % * F &5 2 HA A% 5
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22

A~ Noni % i+ ¢ scopoletin 2 H 74 4 2. & B 87 Fg_
(=) Scopoletin /74 $= 2_ %% K f% 4 47
P~ 50 pL noni % i+ #r » B-glucosidase i3 ** 0.1 M fiy i & 7% it
pH 5.0 » & B-glucosidase # % k& 52 0.5mg/mL - 3% 37+ 1°C-kip ™
K fR 24 0] BF o KRS > B S iR 0 Y RP-HPLC 27 4 47 » &
Hrig & * Synergi 4 p Fusion-RP ¢ 4+ (250 x 4.6 mm, Phenomenex,

USA)> /i 2 ImL/min; & p2 R EZ 5 0-75min 4 100%

-~

-

d.H,O % 259§ acetonitrile’75 - 85 min acetonitrile ¢ 25% "% & 0%;

v g B UV (345nm) % ¥ & (Ex: 335nm, Em: 455 nm) 2. = ;i3

ff_‘: ;EIJ o

(=) Scopoletin 2 H jiw4 2 o Hg ik it
2 & A VP 250/10 Nucleosil 100-5 Cig column (MN,
Germany) 4~ 3% i+ & 5 ¥ & Wiz & scopoletin 2 H =4 # A~B >
Cz ik SkMgicHk s &7 m (52 L -RP-HPLC 4 dpif i :
ik & 2mL/min; #Ep2Z R EZ SZ 0-75min ¢ 100% d.H,O
I 259 acetonitrile » 75 - 85 min acetonitrile ¢ 2595 ¥ 3 0% 11 B

7 UV (345 nm) % % & (Ex:335nm, Em: 455 nm) 2. > ;\i&{7

/EIJ o
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(=) Scopoletin 72 4= 2_fa K fZ % FEZE A 7

Pif & 5%k 1Y 2 scopoletin 474 A~B~Co &4 > 2mL >
2N Bps > T3 951 CRiF T4 mfdo 2 b5 304~ 15
104020 A48 o AT Boen £ 4 B2 5§ 47 fo 0 BIRS -
¥ 4] RP-HPLC i& {7 & 47 > 4 #i% i & * Synergi 4 p Fusion-RP
# +L (250 x 4.6 mm, Phenomenex, USA) » 7ii# & 1 mL/min ; # & 4p
2P REZE0-75min ¢ 100% d.H,O = 259% acetonitrile>75 - 85
min acetonitrile ¢ 25% "% 3 0% ; P& & 5 345nm -

¥oobo Bem poRfRZ KRR > I IS < 3R Amberlite
IRA-400(0H) # % S ft - ‘S ik % ~ Wik > 1 HPLC-RI i& 7 g
370 & F7iE 5 R * Carbohydrate Column (300 x 7.8 mm,
Transgenomic, USA) ; 7ii# 0.38 mL/min ; # & 4p 5 dH,0O ; ¥ 4Lf

B :80°C 5 1% RI{=p -

(z) ~»FERET

M it 2 scopoletin 2 H j72 =41 % R Ap K 47-F 3% & (M-8000
LC/3DQMS system, Hitachi) |2 8 » F+ & o 2 2473 ¥ &
Minibore Gemini C;g (250 x 2.00 mm, 5 um, Phenomenex, USA) 4

17 0 20% ¥ % (acetonitrile) T 5 A #4p > iiE 5 0.2 mL/min >
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r

Bl E 5 345nm e H A3 & %% i F U f HFAFAE -3 R

-~

(Sonic Spray Ionization — Ion Trap Mass Spectrometer ; SSI-IT MS) iB]

JE

io

() PiREIRAIT

H-%h i g2 2 scopoletin 2 H jiF4 £ 4 WAt £ P R (CDsOD)
o MPEE RGP TE T L REH ((HNMR) 2 #-13 P
£ 4Rk (PC-NMR) o k3 f245 14 i & =4 (chemical shift, §) %
7T o8 & H# (singlet);d % £ % (doublet);t % # £ (triplet) ;

q#*E£% (quartet) ; br % 5% (broad) ; m % % £'% (multiplet) -

Noni % * 7 & ¢ 1{‘1’}%% fE AR e 2 A BT FE

(—) & BiTsgR & prardld 2479 4 47

#-noni %+ X 8 & A VP 250/10 Nucleosil 100-5 C;5 column
(MN, Germany) 4 &t > RP-HPLC 4 #if i @ /i 5 2 mL/min ; #
AR R ER S 0-75min 4 100% d.H,O & 259% acetonitrile °
75 - 85 min acetonitrile ¢ 2595 ¥ 1 0% o & ®B iR 0 & 20
paT k- A TR LR EIRGFICERS M2 R ok w R o B4
s 704045 um e iR s 0 A BB E ACE #r4|E 1 o

Ao 4T o I 20 A 482 PR E G B 2 ACE Frdlac gk
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(1) tpi- H{ch# 20 A4 15 20 MJE- FA -3
B K412 A2 PR B F 82% 1t 2 ACE#rdl% (#1)>
Sitipld e S A A ERE T R Fie- HL SRR T

io

(=) s Fleigh gl 2 e
LR Y 223
T iE D enoni R AIF SRR B I L RINA 2B B e
Fag- Senf A2 L AP friR S B o Bnoni % 4
AR (1:20,w/v)» 2T REWIFEA8 [ o Lipade
25 A B > S RFRFREE(B L) 5 EH 214nm
T 5 Wl & o 28 & A VP 250/10 Nucleosil 100-5 C g
column (MN, Germany) 4 &t » ¥4z ACEI-1 ~ ACEI-2 -
ACEI-3 = B8 2 " ik (deBlt - ) A 3LiEid 5 o
Column : VP 250/10 Nucleosil 100-5 C18 (MN)
mobile phase : 0.1% TFA
flow rate : 2 mL/min

detection : Ay
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-

7 ~HPLC # 3 noni % i+ 2 % I % B Jc 7% 2 ACE $r#] 5

Table 5. ACE inhibition of different fractions of noni juice separated by

HPLC chromatography

fraction inhibition (%) fraction inhibition (%)

0-10 min 83.89 +1.17 0-2 min 5.08 £1.15
10-20 min 76.83 + 1.31 2-4 min 30.43 +£2.89
20-30 min 55.65+1.93 4-6 min 93.71 £ 0.91
30-40 min 38.00+2.19 6-8 min 95.88 £ 0.46
40-50 min 29.59 +4.28 8-10 min 92.80 £ 0.68
50-60 min 34.65 £4.01 10-12 min 82.61 £2.16
60-70 min 19.42 +5.52 12-14 min 72.81 +£3.23
70-80 min 22.50 £3.60 14-16 min 81.23 +1.34
16-18 min 70.74 £ 0.64

18-20 min 59.38 +1.31

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



C e T

(b)

C e T

1.000

0. 5001

0.000 s L L L L
200.0 450.0 F00.0
W' avelength (nm.
1.000 , - ,
0.5001
0.000 s L I o
200.0 450.0 F00.0

W' avelength (nm.

Bl-- ~ Noni % i+ 2% *h -7 5 k&3 B3 -

Fig.10. UV-visible spectra of noni juice.
(a) Riped noni juice

(b) Riped noni juice treated with activated carbon
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ACEI-2 Column: VP 250/10 Nucleosil 100-5 C;g
‘ §| Mobile phase: 0.1% TFA
‘ h Flow rate : 2 mL/min

] i Detector : A4

ACEI-3

Retention time (min)

Bl — ~Noni %+ 5 5HplAJZisz LG A B 0Pk 178 o

Fig.11. HPLC chromatogram of noni juice treated by activated carbon.
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(2) & BicsgR @ prardld 2 FT
v gz 2 ACE Frd47 41 * 3 % (Fisons VG-Quattro mass

spectrometer) > 14 % % -2 &2 F # (Electrospray Ionization —

Quadrupole Mass Spectrometer ; ESI-Q MS) Bz H &~ + & - %

s

it 3z
%2 ACE #r#|4 3£ 7 f2 (CD;OD) {6 it ik kipl 28 &

Per ELE ('HINMR) 2 #-13 e+ & L% (PC-NMR) -

SRR A

AR LR REp M THEE £+ %KL (mean + standard
deviation) % 77 » I k& 2 % 33t 048 PC-SAS (Statistical Analysis System,
SAS Institute Inc., USA) &7 = >4 #3K 3+ (completely randomized
design; CRD) » jaJ2 [ % £ 45 * 4F F]+ 2% (factorial experiment) » 12 %
B & 47 (analysis of variance ; ANOVA) ‘W fe P 2 8 kg% 4 > p<0.05

TG EHFLE ¢
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AR A
— ~ Noni ¥ i+ 2 =
Noni %>~ i Hrit L A4 FR> %ird 99 pAR=30
FEFRSEFT R E > B2 5 pd d kG B L FEkd o 2P

AXH2 F PR

=
=

P EIHMEI2EE 0 AN RF Y
A 22t o a SR R H AR RS 12002
Lox it 2 R FRG NP RIRE - IRIEFFZAE-FTRES
FRHEASHZ nont FERIEEF2ZAFE T RHEFLE (P<0.05)

A XA uE 133£1.0% §9.5+£0.1% -

A N ALE-E O R

B2 P RAPFFPARZE RS EH AR EF RS B 5
Bom o WRAERY R EFLZ R ARIRAFE S (B2
He QI M2 2 CFRAPFF s 4em ¥y T > (R
Z) ddEe E B2 7 ERF W o aEE (B2 )0 wdgip]2 B =
WA SRR E S BT o

F1* HPLC 4 #t noni % 7+ - ¥ ¥| scopoletin 2_j# TR (tr) £ &
52.0 min - 1 scopoletin 1% % i etk & 18 £ B 47 (co-chromatography)

M FE T2 o %Mo oscopoletin 2. Z B F R APFRF g 4 T E A F
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30 ——unripe  ——ripe 300 - , .
2 . ——unripe  —s—ripe
El E
£ E
£ 20 F = 200 ¢
= =
g 5
E e
z 5 10,0
S 10 ¢ ERR
% 3
o
0.0 0.0
2 4 6 8 10 12 2 4 6 8 10 12
fermentation time (weeks) fermentation time (weeks)
Bl = ~Noni % /* ¥ B f-sgit &4 Bl--= Noni %* 7 5@z zE-

Fig.13. The content of total flavonoids.

272

Fig.12. The content of total phenolic

compounds.

——unripe  —s—ripe

2 15 ¢
)

)

8 10 -
<

2

=

g

2 05
2

5

e

= 0.0

2 4 6 8 10 12
fermentation time (weeks)

B-+w ~Noni %+ 7 3£ E82 78 -

Fig.14. The content of condensed tannin.
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X R (BL3)aH 72 ¥ scopoletin 2. 2 W g F R AR
E’ﬁfg’ét M zggzgqu ,ﬁh > (gg].l- N ,\)(xﬁﬁ,ﬁ,—z N ) o Fi B
scopoletin 2 72 434 ) FF ¢ *# f2 5 scopoletin > it scopoletin i ¢
B e 23 > fxscopoletin 2. Z £ ¥ B A F Fi o L
FOoONARERAELESY CRPHEM LT ERFF FETA
T3 2 %+ > £ H gcopoletin 2. 7 F {iF B EASRZ Ko
FFF T HERLFELAS A B R F L FoT
ERTY ARt e ¥ e scopoletin (Runkel and Moeller et al., 1997) » %]yt
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<0.05) (% +) -
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#2 ~ F i+ 2 noni %+ ¥ scopoletin 2. 7 &

Table 6. The content of scopoletin in grapefruit juice and noni fruit juice

sample scopoletin (pug/mL)
Grapefruit juice (F & ¥g %) 1.40+0.36°
Noni juice

Exp. (unripe, 12 wks) 117.63 £34.15°

Exp. (ripe, 12 wks) 213.95+64.42°

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

“® Mean in the same column with different superscripts are significantly

different (P < 0.05).
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Fig.19. The pH values of noni juice.
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Fig.20. The color of noni juice.
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Table 7. Comparison on the functional compounds contents of noni juice on the

market
Total phenolic
S | p q Flavonoids Condensed tannin
ample compounds
(mg/mL) (ug/mL) (mg/mL)
A 1.70 £ 0.009 ° 4434 +0.010° 0.90 £ 0.016"
B 1.87 +£0.002 2 12.77 £ 0.003 1.15+0.013 ¢
C 1.21+0.0131 10.35 +£0.021 % 0.94 + 0.003 &
D 1.12+£0.004 & 17.60 + 0.009 ® 0.73 + 0.008
E 1.74 £ 0.009 ° 17.16 £ 0.009 ° 1.53+0.021°
F 1.60 + 0.007 ¢ 10.60 + 0.007 % 1.39+0.012"
G 1.31+0.010°¢ 9.62 + 0.007 < 0.77 £ 0.005'
H 142+0.011°¢ 14.19 +0.018°¢ 1.00 + 0.006°
I 1.13+£0.0048 11.81 £ 0.004 <% 0.72 + 0.004/
] 1.55+£0.011°¢ 18.41 £ 0.008 ° 1.01 +£0.006°
Exp. ¢ ¢
. 1.36+0.076 6.60 +1.732 ¢ 1.11+0.013
(unripe, 12 wks)
Exp. d fg c
1.47 £ 0.052 7.69 + 1.281 1.20 + 0.030

(ripe, 12wks)

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

*I Mean in the same column with different superscripts are significantly different
(P <0.05).
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Table 8. Antioxidant activity and ACE inhibition of noni juice on the market

DPPH 0" H,0, Fe** ACE inhibition
sample
scavenging (%) scavenging (%) scavenging (%) chelating (%) (%)
A 66.47 +0.012 % 88.68 + 0.002 48.65+0.017 ¢ 13.24 + 0.006 ™ 70.77 + 1.284 ®
B 73.66 + 0.012 **<d 98.11 + 0.005 31.89 £ 0.003 * 37.73 +0.019" 58.69 + 1.851 ™
C 71.37 +0.022 ° 92.45 +0.007 27.57 +0.002 % 8.36 + 0.009 ™ 20.32 £9.575 ¢
D 69.45 + 0.039 % 90.57 + 0.002 24.32 +0.002¢ 10.42 + 0.006 62.92 + 2.887
E 79.60 + 0.022 ° 94.34 + 0.001 32.97 £ 0.009° 30.05+0.012 > 54.20 + 1.540 °%
F 78.63 +0.014 ® 83.02 = 0.002 91.89+0.012° 2.85+0.032° 76.39 + 1.490°
G 76.56 + 0.036 86.79 + 0.004 29.73 +0.006 % 8.48 +0.007 60.47 + 0.747 >4
H 74.10 + 0.037 *>d 99.98 + 0.006 31.89 +0.005 © 22.07 + 0.007 49.10 + 4.896 *
I 62.57 +0.002 96.23 + 0.002 14.05 + 0.003 4.00+0.017°¢ 31.64 +4.396
J 71.06 + 0.019 ° 90.57 + 0.001 26.49 +0.009 ¢ 10.33 + 0.004 ™ 25.44 + 4331 &
Exp.(unripe, 12 wks) ~ 78.93 +7.425 % 91.69 + 4.228 11.36 + 1.874° 30.02 +9.758° 42.64 +0.350°
Exp.(ripe, 12 wks)  75.92 + 10.669 ** 91.47 + 1.544 33.53+6.838° 22.84 +5.096 ™ 69.12 +9.910 ™

Each value 1s the mean +

standard deviation (n = 3).

“€ Mean in the same column with different superscripts are significantly different (P < 0.05).
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Wpl s B% 4Bl L= 2. () 2P scopoletin 2_iF § FF R (tr) 4 =
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#-noni % i+ 12 B-glucosidase -k f#24 -] pr> 3t 4p Ie i i T > 4% HPLC
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B~C %o ff "> x A2 scopoletin (Bl = + = 2 (b)) » w4aip|H
= scopoletin 12 B-p% 4 4= (B-glycosidic bond) 4% 5 fEpERE A = °
FU* L H A F s B2 i scopoletin 2 H 74 F (Bl
=)o EAFAHE S B I FRNEIS K F i P scopoletin 2 #
prd e ANBIe C(Bl= + ~)o Bt 2 % it 4 11 LC-mass 22 NMR
AT T A BRI TRIR > I E R 2 PELE o
fa-KfZ{S > scopoletin 472 #» Afr C¥ 4 kf2x &2 4 A fa 4
F(R=-+4 ~=+)> H7? 2 —% scopoletin» ¥ — B4 BRI 5 72
PANCHmI - BHFETE S > &iwpld ¥ i 5 scopoletin 4
BHEH 2 o 8@ > scopoletin #7724 3 B> SEL-KfEE > WA A4
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FRUEPRIBGE 2Bl ApE kiEwz 2478 0 + Bl(b)
aokfEiS 2 K47® - 2 ¢ A 5 scopoletin #7242 % A B &
scopoletin #7# F B ; C % scopoletin #74 3 C o

Fig.26. HPLC chromatograms of noni juice before and after hydrolyzed by

B-glucosidase. (a) is the chromatogram of noni juice before hydrolyzed;
(b) is the chromatogram of noni juice after hydrolyzed. Among them
peak A is scopoletin derivative A; peak B is scopoletin derivative B;

peak C is scopoletin derivative C.
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Fig.27. Semi-preparative HPLC chromatograms of noni juice.
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(a)

B | GO
(b) Column: Fusion-RP, 250 x 4.6 mm
Mobile phase-linear gradient:
0 min 100% H,O
‘ 75 min 25% CH;CN
| 85 min 100% H,0O
”“—“*"’”—”JL““‘““—~ Flow rate : 1 mL/min
T Detector : Asys
(c)

w e w e e e w ®s W ®  w @
...............

Retention time (min)

Bl= -+ ~ ~ Scopoletin /74 2. & 47 4| % »i% 4 & 47 B o

(a) scopoletin #74 # A (tg: 35.0 min)
(b) scopoletin #7# # B (tg: 37.5 min)
(c) scopoletin #74 F C (tg: 42.0 min)
Fig.28. Analytical HPLC chromatograms of scopoletin derivatives.
(a) scopoletin derivative A (tg: 35.0 min)
(b) scopoletin derivative B (tg: 37.5 min)

(c) scopoletin derivative C (tg: 42.0 min)
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(c) hydrolysis 5 min
(d) hydrolysis 10 min

! (e) hydrolysis 20 min
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(a) (a-1)

(b)

..............

(c)
Bl = - ~ Scopoletin 74 3 C Bk K f#

2 K AT

{l | Fig.30. HPLC chromatograms for
P ————— scopoletin derivative C acid
(d) hydrolyte.
(a-1) before acid hydrolysis
(a) hydrolysis 0 min
‘ (b) hydrolysis 1 min
I (c) hydrolysis 5 min

(d) hydrolysis 10 min
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Fig.31. HPLC chromatograms for

scopoletin derivative B
(d) ,
acid hydrolyte.
(a) hydrolysis 0 min
. (b) hydrolysis 1 min

‘l (c) hydrolysis 5 min

. (d) hydrolysis 10 min

e A
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Bk Pr o F7i8— HFE T_e Scopoletin 72 F C 2. A 47 2 % B2 AmE #
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AOE 404 B (250 pg/mL)
Fig.32. HPLC chromatogram for four kinds of monosaccharides
co-chromatography.
Peak 1: glucose (250 pg/mL)
Peak 2: xylose (250 pg/mL)
Peak 3: arabinose (250 pug/mL)
Peak 4: mannose (250 pg/mL)
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(a) (b) (©) ‘ (d)

Retention time (min)

Bl= - = ~ Scopoletin #i72 4 A fa-Kj24r 2. EHE A 47 ©
(a) scopoletin 7% t= A fa K fz4~
(b) scopoletin 474 $= A fa-K 34 &2 xylose £ & +7
(c) scopoletin 74 4 A fa-K 34 £ glucose + & 17

(d) scopoletin /72 # A fa-k f# 4 & scopoletin & A 47
Fig.33. HPLC chromatograms of monosaccharide analysis for scopoletin
derivative A acid hydrolyte.
(a) scopoletin derivative A acid hydrolyte
(b) scopoletin derivative A acid hydrolyte and xylose
(c) scopoletin derivative A acid hydrolyte and glucose

(d) scopoletin derivative A acid hydrolyte and scopoletin
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Fig.34. HPLC chromatograms of mono-saccharide analysis for scopoletin

derivative B acid hydrolyte.

(a) scopoletin derivative B acid hydrolyte

(b) scopoletin derivative B acid hydrolyte and glucose
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(a) scopoletin #74 ¥ C fh-Kj%4~
(b) scopoletin 474 = C fa-k 24 & glucose = & 17
Fig.35. HPLC chromatograms of mono-saccharide analysis for scopoletin

derivative C acid hydrolyte.

(a) scopoletin derivative C acid hydrolyte

(b) scopoletin derivative C acid hydrolyte and glucose
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LN O F I IR lgk*ifﬁ? o W3 3k K ¥ B AE o g G
UV A pax (MeOH) = 211.5~229.0~296.5 2 345nm (Bl= -+ =) >
2 & 4p i (Oksuz etal., 2002) -

LC-MS B (Fl= -+ ~) B " %P9 5 328min- o F3
Bl & 7 » scopoletin 2. A4 3 33+ (molecular ion) A3 [M] m/z i
193 (C1oHgO,) » #7820 [M-CHs]" m/z 5 177 (CoHs04) » ¥ — &
Bl 5 121 (C/HsO,) R %% % 22 Runkel % f § F i+ 7 » 3
7 31 2_ scopoletin & ¥ Bl 4p 7 (Runkel and Moeller et al., 1997) -

PR g T2 'H-NMR %3 (300 MHz) (Bl= + 1) BT
0390 = ¥%& + OCH; 2 F+ A3t »56.20~6.77 ~7.11 ~ 7.85 &~
W 5 H-3-H-5-1-8 [ Hd 2 F 3 it o "C-NMR %3 (75 MHz)
(Blm L) &+ 05681 - * %+ OCH;Z # & 3 31 > 5103.95 ~
109.94 ~ 112.54 ~ 112.61 46.11 ~ 151.42 ~ 15291 ~ 164.04 ~ %]
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L &% % (scopoletin) :

7-hydroxy-6-methoxycoumarin

Formula : C10H804
UV A e (MeOH) : 211.5 ~229.0 ~ 296.5 ~ 345 nm
LC-MS (m/z) : 193 [M]" ~ 177 [M-CH;] " (CoH;0,) ~ 121 (C;Hs0,)

'H-NMR (300 MHz, CD;0D) § :

3.90 (3H, s, phenyl-OCHj5) 7.11 (1H, s, H-8)
6.20 (1H,d,J=9.3 Hz,H-3) 7.85(1H,d,J=9.3 Hz, H-4)
6.77 (1H, s, H-5)

BC-NMR (75 MHz, CD;0D) § :

56.81 (phenyl-OCHs) 146.11 (C-9)
103.95 (C-8) 151.42 (C-7)
109.94 (C-5) 152.91 (C-6)
112.54 (C-10) 164.04 (C-2)
112.61 (C-3)

B = -+ = ~ Scopoletin 2. S & T -

Fig.36. Identification of scopoletin isolated from noni juice.
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Fig.37. UV-visible spectrum of scopoletin isolated from noni juice.
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Fig.38. LC-MS spectrum of scopoletin isolated from noni juice.
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DISPLAY
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sC
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is 54.76
rfl 1591.6
rfp 990.2
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ins 100.000 s
nm  cd¢ ph o
Lo
L)
T ee aF
P~ wr e J -
02«1 1@
et v s
L s =
-
[
|
J k|LL b
LU N B B S B B B B B B E . R B S B B B B B B B B e S B B B B B B T T T T T T
13 12 11 10 9 8 7 6 5 4 2 -0 -1 ppm
£ ] w
12.96 12.09 39.72
13.09 13.12 03

F1= 4~ Scopoletin 2. 'H-p £ % 45 £ 3 ] -

Fig.39. '"H-NMR spectrum of scopoletin isolated from noni juice.
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Ghost#4q
w
exp5  stdl3c 2
SAMPLE DEC. & VT =
date Jun 1 2005 dfrg 300.066 g
s0lvent CD20D dn H1 =
file exp dpwr a3 i
ACQUISITION dof ] o
frg 75.460 dm yyy -
tn €13  dmm W J
at 0.869 dmf 9259 (
np 32768 dseq | |
5w 18859.0 dres 1.0
fb 10400 homo n i
bs 16 PROCESSING |
tpwr 55 b 1.00 |
W 4.8 wtfile | |
dl 2.000 proc ft |
tof 1220.8 fn not used
nt 16384 math f |
ct 16384 |
alock n wWerr |
gain not used wexp ‘ |
AGS whs |
i n o wnt | 1l
in n | 'i|:
dp % | |
hs nn |
DISPLAY PN
sp -663.4 Pl
wp 18859.0
Vs 1083
sC 0
We 250
hzmm 75.44
is 500.00
rfl 4360.%
rfp 3697.1
th 3
ins 100.000
nm no  ph

-] -
= = w -
= = 3 @
. . 1 - .
bl o - e
- - —ow .
-
) ) he 3 -
: 2% 2
oo
a1
=
o= | =
= | = o
. | ~
@ als | <
b - |
- | | - -
@ |
- 1| | ~
| :
‘ ‘ |
ll IJ
|
" . " | | ) " L i " "
d W L e 4 TRy . Ll o e e MAaai s bl b i e ) A ¥ i b ke bt ks
— . : . : . . N — T : : : T R o T
220 200 180 160 140 120 100 80 60 40 20 ppm

Bz - ~ Scopoletin 2. PC-1% 2 £ 45 % 2§ o

Fig.40. "C-NMR spectrum of scopoletin isolated from noni juice.
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2. Scopoletin =2 ¥+ A 2. S F T (Blz - -)

Scopoletin #72 = A & & #hd 4 B > 2 E# B T SoTA g
UV A e (MeOH) = 211.5 ~ 229.0 ~ 290.0 2 341.5nm (Blz - =)o

LC-MS B (Ble =) 7 &FBERF Y5 42min> J FHBE
o BAF T A [M] miz 5 516 (CyHogOug) » 7% 2t [M-glc]
“m/z % 354 (CigHigOo) » ¥ — #7952t [M-2gle+1]" m/z % 193
(CioHgOy) o BBl T R B E-R R R AR P X B~ 1T HE TS 5 4P

P £ R g2 2. 'H-NMR %3 (300 MHz, CD;OD; Ble L 2 ) %
T 5336-420 53 B FEEAZFF AN 8371 A ¥k OCH; 2
3 2 83.95~4.9556.11~7.00 ~ 7.14 ~ 7.70 » %] 5 gle H-17 ~
gle H-1"~ H-3 ~ H-5 ~ H-8 ~ H-4 2. 3 31 o

BC.NMR %z (75 MHz) (Bl L 7) 3% §57.07 % ¥ 7%
OCH; 2 Bt 3 230 > § 62.87 ~ 70.68 ~ 71.60 ~ 71.67 ~ 74.75 ~ 75.18 ~
77.21~77.82~78.17~78.28~101.86~105.31~105.43 ~110.67 ~ 114.48 ~
114.56 ~ 145.77 ~ 148.20 ~ 150.73 ~ 163.70 A~ %] 5 C-6" ~ C-6' ~ C-4” ~
C-4'~C-2"~C2'~C-3"~C-3'~C-5"~C-5"~C-1'"~C-1" ~C-8~ C-5 ~
C-10~C-3~C-9~C-7~C-6 v C-2 Z B¥ i + A3 o FFr % scopoletin

T4 4 A 5 scopoletin 7-O-glucosyl-(6’-1"")-glucoside °
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L ®"¥ 2 74 F A (scopoletin deriveative A) :

scopoletin 7-O-glucosyl-(6’-1"")-glucoside

CH,OH
@)
OH |
OH CH,
OH o)
OH
OH o % o o
OH 7 5
3
6
Formula : C22H28014 CH30 5 4

UV A e (MeOH) = 211.5 ~ 229.0 ~ 290.0 2 341.5 nm
LC-MS (m/z) : 516 [M]" ~ 354 [M-glc] " ~ 193 [M-2glc+1]"
'H-NMR (300 MHz, CD;0D) 5 :
3.36 —4.20 (10H, m, glc 10H)
3.71 (3H, s, phenyl-OCHy3;)
3.95 (1H, d, J=9.6 Hz, glc H-1")
4.95 (1H, d, J=7.8 Hz, glc H-1")
PC-NMR (75 MHz, CD;0D) § :

6.11 (1H, d, J= 9.6 Hz, H-3)
7.00 (1H, s, H-5)
7.14 (1H, s, H-8)
7.70 (1H, d, J= 9.3 Hz, H-4)

57.07 (phenyl-OCH;)  77.21 (C-3") 110.67 (C-5)
62.87 (C-6") 77.82 (C-3') 114.48 (C-10)
70.68 (C-6") 78.17 (C-5") 114.56 (C-3)
71.60 (C-4") 78.28 (C-5) 145.77 (C-9)
71.67 (C-4") 101.86 (C-17) 148.20 (C-7)
74.75 (C-2") 105.31 (C-1") 150.73 (C-6)
75.18 (C-2') 105.43 (C-8) 163.70 (C-2)

Blw + - ~ Scopoletin #72 + A 2 SH-F T -
Fig.41. Identification of scopoletin derivative A isolated from noni juice.
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o -

1.200 . . . , . ,

0.600¢

0.000

200.0 450.0 F00.0
W avelength [nm.]

Bl2 -+ = ~ Scopoletin #7424 $ A 2_ % ¢F&R-¥ 0 Sk kBl o
Fig.42. UV-visible spectrum of scopoletin derivative A isolated from noni

juice.
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Bz - = ~ Scopoletin #7# = A 2 ;% 4p & 47-F 3§ -
Fig.43. LC-MS spectrum of scopoletin derivative A isolated from noni juice.
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Ghost#1

o= o
expl stdlh g
SAMPLE DEC. & VT M
date Jun 1 2005 dfrg 300.066 K L
solvent CD30D dn H1
file ex dpwr 30
ACQUISITION dof ]
sfrg 300.067 dm Ann
tn H1  dmm c
at 3.413 dmf 200
np 32768 dseq
sW 4800.8 dres 1.0
i 2600 homo n
bs 4 PROCESSING
tpwr 55 1b 0.10
pw 6.2 wtfile
dl 0 proc ft
tof 723.5 fn 65536
nt 64 math f
ct L]
alock n werr
gain not used wexp
GS whs
il n wnt
in n
dp Y
hs nn
DISPLAY
sp -658.1
wp 4800.8
Vs 162
sC o
we 250
hzmm 19.20
is 500.00
rfl 2059 .4
rfp 1401.3
th 3
ins i00.000
nm cdc  ph
-
L]
~
ne = <
w T - ™o
- 5 _* -o
M ~ @ .
| .
| Q
| [ |
| [
| i
I |
| |
| | ]
| |
I U J . I}LﬁJaJhJ“LL. .
LI B B s B B B B L 1 L T T T T T T T T T T T T T T
13 12 11 10 7 6 5 4 3 2 1 -0 -1 ppm
W et v v W iy Yo Yoy
2.36 2.20 4.02 9.5019.81 1.34 .68 3.71
5.26 2.15 4.102 .19 19562 1.72 3.01

Blw - = ~ Scopoletin #7% $ A 2. 'H-Pig £ 4= £ # B -

Fig.44. "H-NMR spectrum of scopoletin derivative A isolated from noni juice.
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OBSERVE

o own
,|oe o
oS P
exp2  stdl3c e
- T
SAMPLE DEC. & VT
date Jun 7 2005 dfrg 200.066
solvent CD30D dn H1
file ex dpwr 49
ACQUISITION dof 0
sfrg 75.460 dm Yyy
tn C13  dmm W
at 0.869 dmf 9259
np 32768 dseq |
5w 18859.0 dres 1.0
fb 10400 homo n
bs 16 PROCESSING
tpwr 55 1b 1.00
pw 4.8 wtfile
dl 2.000 proc ft
tof 1220.8 fn not used
nt 163849 math f
ct 16384
alock n o werr o
gain not used wexp =
whs o
il n o wnt =
in n
dp y
hs nn
DISPLAY
sp -663.4
wp 18859.0
Vs 157 =
sC 0 ]
we 250 N
hzmm 75.44 -4
is 500.00
rfl 4360.5 o~ -
rp 3697.1 a ~rhSeghRes o
th 16 - - SglaAtevegs
ins 100.000 - @ o u',.‘_m-u;x-r.-ugmh'
nm  no  p o o T == m | rREREers e
e ne 2 k | J = |
= W W 3 . - ! e 1
- - - | -
e 2J g = | -~
J J NN
[ @ = -
| s |/ 5
o 1 - . H
= [
2 21 1 ~ 2
e 3 ‘ r J
@ = |
= |
. i DT | i T T S
LN B L [ L L [ B L B L L B 0 L L L L L B L B BB B
220 200 180 160 140 120 100 80 60 40 20 ppm
- L7 .S letin 574 % A 2. B4+ 5 LB -
2 L7 copoletin #7# 2 -+ =

Fig.45. "C-NMR spectrum of scopoletin derivative A isolated from noni juice.
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3. Scopoletin #7# ¥ B 2 if#g:?; (Bl + =)

Scopoletin #74 4 B Z 46 d 4 > 2 K B 7 Stk 5 UVA
max (MeOH) = 211.5 ~ 227.5 ~ 288.5 % 341.5nm (Blw + - )

LC-MS B] (Blz - ~) Fa#&FF YL 45min> & TR
7o BAF T A [M] miz 5 354 (CigHis00) » %72 430 [M-glc]”
m/z & 192 (C1ogHgOy4) o s- B TR F B AT EHT g R4 o

B2 3R @7 2. '"H-NMR k3 (300 MHz, CD;OD; Blw - 4 ) %
7 83.36-420 5 F FpEAZ T F A 8390 5 ¥k OCHy 2 H 5
H > 85.06~6.30~7.17 ~7.20 ~ 7.89 » %] & glc H-1" ~ H-3 ~ H-5 ~
H-8 ~ H-4 2. 53+ A3 Bl 2 5% % & Sibanda ¥ p Xeromphis ¢ = 317

F]2_ scopolin 4p # (Sibanda et al., 1989) » #Fx:% scopoletin /7% 1= B

% scopoletin-7-O-f$-glucoside » * % scopolin °

-81-



L 2% % /74 4 B (scopoletin deriveative B) :

scopoletin-7-O-f-glucoside ; scopolin

CH,OH

el

OH CH;0
Formula : C16H1809

UV A e (MeOH) : 211.5 ~ 227.5 ~ 288.5 2 341.5nm
LC-MS (m/2) : 354 [M]" ~ 192 [M-glc] "
'H-NMR (300 MHz, CD;0D) 5 :
3.37 —3.89 (5H, m, glc 5H) 7.17 (1H, s, H-5)
3.90 (3H, s, phenyl-OCH3;) 7.20 (1H, s, H-8)
5.06 (1H, d, J=7.2 Hz, glc H-1") 7.89 (1H, d, J= 9.6 Hz, H-4)
6.30 (1H, d, J=9.6 Hz, H-3)

Blz - = ~ Scopoletin #72 4 B 2 ﬁ#g:i °

Fig.46. Identification of scopoletin derivative B isolated from noni juice.
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o =

1.000 . , . , . , . ,
2275

0.500F

— 1 N 1

0.000

200.0 450.0 F00.0
W avelength (R, ]

Bl2 -+ = ~ Scopoletin #7424 # B 2_ % *h -7 5k k¥ Bk o
Fig.47. UV-visible spectrum of scopoletin derivative B isolated from noni

juice.
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Bz - ~ ~ Scopoletin #72 3 B 2% 4p & +7-F 4 B
Fig.48. LC-MS spectrum of scopoletin derivative B isolated from noni juice.
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Ghost#2
w —
expd  stdih e
SAMPLE DEC. & VT T
date Jun 8 2005 dfrg 200.066 LL |\I
solvent CD30D0 dn H1 11
file exp  dpwr 30 |
ALYULSITIUN aor v
sfrg 300.067 dm nnn
tn H1  dmm 4
at 3.413  dmf 200
np 32768 dseq
W 4800.8 dres 1.0
fb 2600 homo n
bs 4 PROCESSING
tpwr 55
pw 6.2 wtfile
dl proc 1
tof 723.5 fn 65536
nt 512 math f
ct 512
alock wWerr
gain not used wexp
LAGS whs
il n wnt
in n
dp ¥
hs nn
DISPLAY
sp -601.
wp 4800.8
vs 359
sC
we 250
hzmm 19.20
is 500.00
rfl 1591.4
rfp 9380.2
th 1
ins 100.000
nm cdc ph
=]
259
®oNg
o m
- e
< - g
2o o A <3
ExY .. NN mw;
o~ i © e -
U Yy g
[ -
|
! |
| |
P 'l K_JLA —lll—l\AﬂJL i A
— T T T T T T T T T T T 7T T T T T T T T T T T T T T T
13 12 11 10 8 7 6 5 & 3 2 1 -0 -1 ppm
iyl w L o Ea — e
5.22 15 7.44 18.98 B
9.60 7.13 23.09 16.96

Bl -+ 4 ~ Scopoletin /7

Fig.49. '"H-NMR spectrum of scopoletin derivative B isolated from noni juice.

44 B2 H-Pm s Rk -
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4. Scopoletin #72 » C 2. FH-F T (BI +)

Scopoletin #72 4 C itz & ¢ 4= B » 2 L BIA 1 STl % &
UV A max (MeOH) : 211.5 ~ 227.5~287.0 2 336.5nm (Bl +-) -

LC-MS Bl (BlZ +=-) B PFRF 5 5S2min s A F 33 A3
% [M] 'm/z : 486 (C1HO13) » %74 ;430 [M-apio]  m/z : 354
(C16H1500) ~ [M-apio-gle+1] m/z : 192 (C1oHgOy) © 2 if] 7' % 22 i
FITET R RAPF

PR L RE w2 'THANMR %3 (300 MHz, CD;OD ; Bl + =) &
7 0334-4.08 Z AL T+ AM00391 5 F%k L OCH; 2 B+ kit
04.94-~499-6.31~7.21~7.23~7.90 %~ %] 5 apio H-1" ~ glc H-1"~ H-3 ~
H-5~ H-8 ~ H-4 2. B+ A3 - | T % % & Sibanda ¥ p Xeromphis © %~
#1217 3] 2. hymexelsin 4p ## (Rao et al., 1988; Sibanda et al., 1989) - +xFx %
scopoletin #7# 4= C & scopoletin 7-O-glucosyl-(6’-1")-apioside > * %

xeroboside ¢ hymexelsin °
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a—

L ®&¥ 2 w4 # C (scopoletin deriveative C) :

scopoletin 7-O-glucosyl-(6’-17)-apioside ; xeroboside

@) O_CHz
OH oH ©OH m
OH CHQ © f
Formula : C,;H»5013
UV A max (MeOH) @ 211.5 ~ 227.5 ~ 287.0 2 336.5 nm

LC-MS (m/2) : 486 [M]" ~ 354 [M-apio] " ~ 193 [M-apio-glc+1]"
'H-NMR (300 MHz, CD;0D) § :

3.34 —4.08 (9H, m, sugar 9H)

3.91 (3H, s, phenyl-OCHj5)

4.94 (1H, d, J= 2.7 Hz, apio H-1")
4.99 (1H, d, J=17.5 Hz, glc H-1")
6.31 (1H, d, J=9.6 Hz, H-3)

7.21 (1H, s, H-5)

7.23 (1H, s, H-8)

7.90 (1H, d, J =9.3 Hz, H-4)

I - ~Scopoletin #74  C 2. g &2 -

Fig.50. Identification of scopoletin derivative C isolated from noni juice.
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v O =

0.500k

0.000

200.0 450.0
W avelength [mim.]

BlZ -+ - ~ Scopoletin #7424 3 C 2_ % *t -7 5k k3% B o
Fig.51. UV-visible spectrum of scopoletin derivative C isolated from noni

juice.
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Fig.52. LC-MS spectrum of scopoletin derivative C isolated from noni juice.
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Ghost#3

Pulse Sequence: s2pul

1.318
1.281

7.918

7.887
1.230
1.020
0.892

AL NN OV VT

13 12 11 10 9 8 7 6 5 4 3

™ T
2
w o Lt by W i
2 13 3.668H9.79 19.594.96
4.84 5. BBATY. 08 8.22 3.

BT + = - Scopoletin #72 4 C 2. 'H-P1 @i % 3= L33 B -

Fig.53. "H-NMR spectrum of scopoletin derivative C isolated from noni juice.
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(2) Scopoletin 2. 4 32 7B P T
I #* 4 it #7148 2_ scopoletin 0 & {7 HiE it 2 ACE Frd & LBl 2 o
Pl 2% % 8 3> scopoletin & ‘}%“‘,fﬁ d ABAzs eI 2 and (BTt
w4 T)feh LA LS 2 g E td 2 d 3 & ACE
2 gl (Bcdp &) ©
Noni % j* 2_ "% n B (T "‘fACE? Frg|ier ¢k e pH P F T2
scopoletin £  £7% Tyt i® o F F5k D E I L B2 # a0 (Ojewole
ZE1

and Adesina, 1983) > y*4F & 18 % ¥ 3 & noni * /* 2 "% n B ¥ 3 @ {7

- A HE L noni * ¢ 7 32 ACE #rild o

= ~ Noni %7+ ¢ & B icigh @ i prardlf 2 & 8o F 3
(-) = FlesgrEiprirdlsod
Noni % 7 SR a edZis » WX W A g gt YT i = BE
# ®] % ACEI-1 ~ ACEI-2 # ACEI-3 (tg 4 %] & 4.5~ 9.5 £7 53.7 min) (]
1) EAFA B3 KIRSE -~ 5% 18 0 4 B P~ 3.85 mg/mL R T
# ACE #r4]% » % % 817 ACEI-1 ~ ACEI-2 & ACEI-3 z_$r| & 4w 4
13.74 £7.66% ~ 90.78 £ 1.00% = 63.34 £2.76% ° §c ' s £ @& 4 F

ACEI-2 (BT + =) ¥ B % H ICso & 5 2.42 mg/mL (*itdFL) o #1718 2

&L :}5’ ’Fﬁ ACEI-2 7 Mass fi’ NMR :& {7 %g:i o
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—>— BHA —A— scopoletin

100

scavenging (%
e
S (e S

I

[\
(e
1

)

0.0 0.2 0.4 0.6 0.8 1.0
concentration (mg/mL)
BT + = ~ Scopoletin 2- DPPH p ¢ fl_x‘)%"",f Wt oo
Fig.54. DPPH radical scavenging activity of scopoletin isolated

from noni juice.

—%— quercetin —A— scopoletin
100

0
S
\

scavenging (%)
TENCN
S S

[\
S
\

)

0 25 50 75 100 125
concentration (pg/mL)

7 -+ 3 ~Scopoletin 2_4z ¥ £ 3+ ‘}%—“,f ie 3o
Fig.55. Superoxide anion scavenging activity of scopoletin

isolated from noni juice.
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Column: Fusion-RP, 250 x 4.6 mm
Mobile phase: 0.1% TFA

Flow rate : 1 mL/min

Detector : A4

|G

{ [N O O O A O I |
u =

L ol

Retention time (min)

B+ ~ACE #r#|4 2 (ACEI-2) 2 &~ 73] 8 »xig 40 & +7 @] -
Fig.56. Analytical HPLC chromatogram of ACE inhibitor 2 (ACEI-2).
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(=) & FlcigRE Il FL (R L)

ACEI-2 5 9 ¢ 5> 2 K RBIA 7 5Tk % 5 UV A (H,0):265.5
nm(B7 L A)ed FHE (BT L4) x> B8 AF482 48540
[2M+1]" m/z % 269 (CsH,00) * A F 33 3t [M+1]" m/z 5 135
(C4HeOs) » %7243 [M-OH] m/z 5 117 (C4HsO,) » ¥ = B %75 4 21
[M-COOH] " m/z % 89 (C3Hs0;) ~ [M-COOH-OH] " m/z % 72 (C;H,40,) ©

PR EE 2 'H-NMR %3 (300 MHz, CD;OD ; B+ L) &7
§2.82 5 H32 F3 438449 5 H22 FF 3o C-NMR %% (75
MHz) (Bl + - ) %71 839.91 ~ 68.30 ~ 174.21 4r 176.53 A u] 5 C-3
C2~C-14cC-4 2. o+ 30 o gt ¢k » & NMR Fl3# (¥ 5~ » ACEI-2 ¥
A HB L Lhe b RBITH - BF G TR LS &

FEs ACEI-2 2 & 7 3 D-malic acid °
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ACE #r#|% 2 (ACE inhibitor 2) :

1 & 7z 7 D-Malic acid (hydroxylsuccinic acid)

1
. 3 _COOH

HOOC” N~

2,

OH

Formula : C4H¢Os
UV A max (H,O) : 265.5 nm
LC-MS (m/z2) : 269 [2M+1]" ~ 135 [M+1]" ~ 117 [M-OH] " ~
89 [M-COOH] " ~ 72 [M-COOH-OH] "
'H-NMR (300 MHz, CD;0D) § :
2.83 (2H, d, J=4.2 Hz, H-3)
4.49 (1H, t, J=4.2 Hz, H-2)

PBC-NMR (75 MHz, CD;0OD) § :
39.91 (C-3)
68.30 (C-2)
174.21 (C-1)
176.53 (C-4)

Bl +- ~ACE #r4l4% 2 (ACEL-2) 2 S dT -
Fig.57. Identification of ACE inhibitor 2 (ACEI-2) isolated from noni

juice.
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C e T
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0.000

200.0 4h0.0 700.0
W avelength [nm.)

I+~ ~ACE #4114 2 (ACEI-2) 2z % “t&-7 0k k3% Bl -
Fig.58. UV-visible spectrum of ACE inhibitor 2 (ACEI-2) isolated from noni

juice.
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food 71 (1.672) Sb (1,40.00 );: Sm (SG, 2x0.75); Cm (1:105) Scan ES+
100 135 x16 1.79e7

1
: COOH

4
) HOOC” ¢

OH

% |

117

83
6.0 74% 157 -
269 291 ' 457

25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

A M - mfz
450 475 500

BT 4 - ACE #4]4 2 (ACEI-2) 2 T3 H -

Fig.59. Mass spectrum of ACE inhibitor 2 (ACEI-2) isolated from noni juice.
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ACEIZ

expz stdilh
SAMPLE DEC. & VT

date Nov 14 2005 dfrg 300.066
solvent CD30D dn H1
file exp dpwr 30

ACQUISITION =~ dof []
sfrg 300.067 dm nnn
tn H1  dmm c
at 3.412 dmf 200
np 32768 dseq
W 4801.3 dres 1.0
fb not used homo n
bs PROCESSING jad
tpwr 55 1b 0.10 -
pw 6.2 wtfile w
di proc ft
tof 723.5 fn 65536
nt 16 math f
ct 16
alock no werr
gai not used wexp

whs
1 n wnt
in n
dp %
hs nn
DISPLAY
sp -601.5
wp 4801.3
V5 97
sC 0
we 250
hzmm 19.21
is 276.32
rfl 601.5
rfp 0
th 4
ins lo0.000
nm cdc ph
_J .
rrr+grrrr|rroor o[+ +~r~+~[+rrrr 1T [ r T 1 T T T T T T T T T T T T T T T
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Table 9. Analysis of ACE inhibitory activity

sample condition conc. (mg/mL) ACE inhibotion (%)
D-malic acid™ H,0™ 3.85 86.54 + 13.40
pH83 3.85 9.38 +£4.19
noni H,O 3.85 71.32 +£1.62
pH 8.3 3.85 81.46 +3.19

" Values are the mean + standard deviation (n = 3).

" D-malic acid (standard, Sigma-Aldrich)

" sample dissolved in d. H,O
™" sample adjusted to pH 8.3
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Appendix 5. The functional compounds contents of noni juice in different ripening times

Fermentation total phenolic compounds flavonoids condensed tannin scopoletin
time (mg/mL) (ng/mL) (mg/mL) (ug/mL)
(weeks) unripe ripe unripe ripe unripe ripe unripe ripe
2 2.16+0.08* 229+0.10° 23.39+2.59° 24.82+346° 0.71+0.01° 0.75+0.02¢ 123.02+27.82 191.53 +£47.57
4 1.95+0.04°Y 229+0.11°* 1343+1.99°  1524+030°  0.85+£0.11° 0.88+0.04" 142463581  218.40+44.75
6 1.87+0.08°Y 224+0.06** 10.57+0.47" 12.81 +0.68 ™ 1.03+0.14° 1.09+0.08° 136.63 +27.58 225.10 £52.10
8 1.924+0.05°Y 2.36+0.05%" 6.67+3.55°Y  11.51+2.77°* 1.15+£0.18%  1.25+0.09% 129.93+19.28Y  230.66 + 53.45*
10 1.95+0.17°Y 2.41+0.19** 823+042° 9.49+1.16% 1.24+0.09? 1.34+£0.03* 120.45+2540Y 223.50+52.93*
12 136+0.08° 1.47+0.05° 6.60+1.73° 7.69 +1.28¢ 1.11+£0.01%  1.20+0.03 117.63+34.15Y  213.95+64.42%

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

“d Mean in the same column with different superscripts are significantly different (P < 0.05).

*¥Mean in the same row with different superscripts are significantly different (P < 0.05).
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Appendix 6. The contents of scopoletin derivatives from noni juice in different ripening times

fermentation scopoletin derivative A scopoletin derivative B scopoletin derivative C

time (weeks) unripe ripe unripe ripe unripe ripe
2 61.88+4.99%Y  71.77+7.93** 11.89+0.08° 11.33+228°%  7.56+0.84° 7.80+£0.52°
4 26.15+3.93°Y  41.01+8.42°* 7.45+1.70° 8.19+1.83%  483+0.33°Y  6.24+0.71°"
6 1328 +£3.23¢Y  2330+4.73°% 538+0.92™  6.09+291°  391+0.74"Y  5.11+0.66°"
8 598+2.10°  11.80+3.53¢ 391112  506+249° 3.44+0.86° 438 +0.56
10 1.95+1.25¢ 536+£237% 223+1.19°¢ 554+1.93°  2.64+085°Y  4.01+0.39%
12 2.10+1.441 230+1.36° 4.64+052>  489+1.76°  2.05+0.63° 3.07+0.16¢

scopoletin derivatives 2. 7 & ' scopoletin derivative/scopoletin (%) # 7w °

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

“¢ Mean in the same column with different superscripts are significantly different (P < 0.05).

*¥Mean in the same row with different superscripts are significantly different (P < 0.05).
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Appendix 7. The color and pH values of noni juice in different ripening times

fermentation pH
unripe ripe unripe ripe unripe ripe unripe ripe
(weeks)
2 34.84 £ 4.17 35.14 £ 7.93 1430 £ 1.00 12.54+£230° 20.28 +2.67 18.78 = 3.06 421+0.13  4.18+0.13
4 27.45 + 6.94 31.02 + 8.61 18.98 +2.60° 17.16 £ 0.42° 16.63 + 4.66 17.46 + 4.39 4.07+0.16  4.03+0.12
6 30.70 + 8.44 3435+11.19  22.17+1.08* 19.62 +0.76 19.15 +5.57 19.86 + 5.99 412+0.14  4.07+0.11
8 28.27+9.31 3252+11.87  2320+1.73° 20.78 £0.33° 17.89 + 6.32 19.38 = 7.01 413+0.13  4.09+0.09
10 26.93 +7.18 3110+ 11.31  24.42+2.19° 22.16 £0.59° 17.19 £ 5.03 19.05 + 7.08 411+0.12  4.08+0.08
12 21.95+5.92 26.22 +9.63 22.20+3.10%® 21.33+2.10° 13.83 + 4.31 16.25 + 6.46 4.05+0.08  4.03+0.06

Each value is the mean +

standard deviation (n = 3).

““ Mean in the same column with different superscripts are significantly different (P < 0.05).
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Appendix 8. The antioxidant activity of noni juice in different ripening times

fermentation  DPPH scavenging (%) O, "scavenging (%) H,0,; scavenging (%) Fe*" chelating (%)
time . . . . . . . .
unrlpe r1pe unrlpe rlpe unrlpe rlpe unrlpe rlpe
(weeks)

2 83.63+6.09 81.61+4.69* 99.75+0.07° 98.33+0.74° 8.79 + 2.00 823+3.18° 75.04 + 15.54° 60.19 + 14.89°
4 71.80+£9.07 7246+255%® 09810+1.14% 9625+0.84%® 13.72+ 1.44 16.59 + 3.59 4522 +13.36° 41.60+13.39%®
6 7193 +7.64 7638+2.55® 9574+192°% 9491 +1.65° 2145+12.42 2670+ 11.11° 32.94 + 13.88° 29.93 +825°
8 7480+ 639 70.64+6.06° 9478+2.42%  9441+2.79° 12.98+4.59 21.35+6.50° 4521 +13.94° 34.04+18.41°
10 80.79+4.85 79.73+0.83%® 9431+052> 94.68+092° 18.15+7.94Y 3290+ 6.532% 33.51+11.53° 38.64+4.74°
12 7893 +7.42 7592+1067%® 91.69+423° 91.47+154° 11.36+1.87Y  33.53+6.84%% 30.02+9.76° 22.84+5.10°

Each value is the mean +

standard deviation (n = 3).

““ Mean in the same column with different superscripts are significantly different (P < 0.05).

*¥Mean in the same row with different superscripts are significantly different (P < 0.05).
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Appendix 9. The ACE inhibition of noni juice in different ripening times

fermentation ACE inhibition (%)

time (weeks) unripe ripe
2 50.82 +£0.35™7 72.57 £3.69%*
4 31.80 +3.95Y 74.06 + 3.87
6 53.99 £ 19.07 *¥ 76.15 £ 1.81*
8 48.23 +17.21 *Y 7437 £2.62**
10 63.03 + 12.37%¥ 77.33 £2.33 %%
12 42.64 +0.35™ 69.12+9.91°

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

“ Mean in the same column with different superscripts are significantly
different (P < 0.05).
*¥Mean in the same row with different superscripts are significantly

different (P < 0.05).
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Appendix 10. Standard curve of ACE inhibitor 2 (ACEI-2) for ACE
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