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Abstract

Noni fruit (Morinda citrifolia L.) which has been used for more than 2000 years in
Polynersia as traditional folk medicine is consumed as a food or dietary supplement
with purported health benefits. The objective of this study was to investigate the
optimal fermentation time, anti-oxidative, and cancer preventive effects of noni juice
and ethanol extracts. In order to find the best fermentation time, partial fermented
noni juices were prepared from noni fruits stored for three different periods of time: 0,
4, and 8 weeks. The characteristics of noni juice from different fermentation period
were assayed by measuring functionalities, including physiological and chemical
attributes. The characteristics were analyzed as following (1) changes in the physical
properties including total yield, color value, and pH value, (2) changes in the content
of functional ingredients including total phenolic compounds, flavonoids, condensed
tannins, rutins, scopoletin and its derivatives, (3) changes in the physiological
activities including trolox equivalent antioxidant capacity (TEAC) and DPPH free
radical scavenging. Experimental results indicated that among three different
fermentation periods, noni juice began to reduce some of its functional and
physiological attributes such as total phenolic compounds, flavonoids, and rutins as
time goes by; while condensed tannins, scopoletin and its derivative were increased
over time. To investigate the polysaccharides in noni juice, ethanol extracts of noni
juice (noni-ppt) were subjected to phenol-sulphuric acid test, DNS residual sugar
assay, and molecular mass determination by HPLC analysis. Experimental results
indicated that total sugar of noni-ppt was reduced during fermentation, content of
reducing sugar of noni-ppt at the 4™ week was higher than other periods, and the
molecular mass of two major polysaccharide moieties were 468.61 and 448.46 KDa at
0 and 4 weeks respectively. Addition of noni juice or ethanol extracts to Caco-2 colon
cancer cell cultures greatly and dose-dependently decreased cell viability as assayed
by MTT. 6000 ppm of unfermented noni juice suppressed more than 50% of Caco-2
cell growth. As showed in flow cytometry, early and late apoptosis were most evident
when noni was present at the highest concentration (6000 ppm). Western blot analysis

of apoptotsis-related proteins will help to delineate the underlying mechanism.
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Figure 1. Noni tree. Figure 2. Noni fruit: young green fruit with flowers.

(http://www.imagejuicy.com/images/fruits/n/noni/1/)
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Figure 3. Noni fruit: mature fruit (unripe). Figure 4. Noni fruit: riping fruit.

(http://lwww.purenoni.com.tw/?ID=1&ID2=1&idno=1)
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Figure 5. Two different species of noni fruits.

Left:Taiwan (native) noni; right: Tahitian noni.

(+ > 2010)
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Table 1. Possible yields of noni at various growth stages

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

12-24 (year 1)
24-36 (year 2)
36-48 (year 3)
48-60 (year 4)
60-72 (year 5)

2 lbs fruit per plant per month (i.e., 24 Ibs per plant per year 1)
4 Ibs fruit per plant per month (i.e., 48 Ibs per plant per year 1)
8 Ibs fruit per plant per month (i.e., 96 Ibs per plant per year 1)
15 Ibs fruit per plant per month (i.e., 180 Ibs per plant per year 1)
20 Ibs fruit per plant per month (i.e., 240 Ibs per plant per year 1)

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

(Nelson, 2003)

F2 s ARIHTRE LG I HHEZ TR
Table 2. Evolution of fruit skin colour and firmness in the course of ripening

Maturity stage Colour Firmness

1 Dark green Very hard
2 Green-yellow Very hard
3 Pale yellow Very hard
4 Pale yellow Fairly hard
5 Translucent- grayish Soft

(Chan-Blanco et al., 2006)
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Bl -2 RSPPESEESE (0 P2 5%~ 7F 13%)
Figure 6. Different ripening stages of noni fruit appearance.
Up: unripe noni; down: ripe noni.

(> 2010)
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12



FZ Sl R

Table 3. Some traditional uses of noni.

Plant part Preparation Use
Leaf Fresh Wrap and flavor meat for cooling, livestock fodder,
silkworm food, topical burns, headaches, fever, ghost
medicine
Tea Malaria, fever, pain
Poultice Tuberculosis. sprains, deep bruising, rheumatism,
sciatica, lever, stings from stonefish, bone fractures,
dislocations
Extract Hypertension. bleeding caused by a bone puncture,
stomach ache, fractures, diabetes, loss of appetite,
urinary tract ailments, abdominal swelling, hernias,
vitamin A deficiency
Vapor of broken leaves Sties
Fruit Unripe Sores or scabs around or in the mouth, ghost medicine
Ripe Famine food, sore throat gargle (mashed), peeling or
cracking of the toes and feet (crushed). body or
intestinal worms, cuts, wounds, abscesses, mouth and
gum infections, toothaches. appetite and brain
stimulant, pig food
Poultice Boils, carbuncles. tuberculosis, sprains deep bruising.
rheumatism
oil Stomach ulcers
Extract Hypertension
Stem Wood Canoe parts, Paddles, axe and adze handles, digging
sticks. firewood. red pigment
Decoction of bark Jaundice
Wood or bark extract Hypertension
Seed oil Scalp insecticide, insect repellent
Flowers Sties
Roots Wood Carving
Bark Yellow pigment
Juice Badly infected cut

All parts of the plant

Mild laxative

The information in this table was gathered from a comprehensive review of published ethnobotanical

literature about Morinda citrifolia.

(Nelson and Elevitch, 2006)
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ﬁ_@%ﬁ?ﬂ%ﬁiﬂ ’ ]iy L e gzﬁﬁﬁﬂ* T % I L N /%‘ # ¢ %"a\'

7% ¢ (Nelson and Elevitch, 2006) - A= =18 » BFER S 2 EE &+
j’.

PN
B

BLaapin e 2 RAkd R Rl B R F §IFpnIE 2 352 v fhitpH
(2,2008) @ F & F 2 2im M BRFTZRREPD DR RIENIES A

FoRRZEFRT IR AR E-H RS E B ERAAM AN
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Figure 7. Production procedure for traditional noni juice. (http://www.ctahr.hawaii.edu/noni/fruit_juices.asp)
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2-2-2-3

[CECRE-N I

PBRZ RS EAFHOERL RS FEFROERLF TR
vk EAk o A B LR S SR ep R Pl RE > LB
Box P aedc® s o e BGE R S 7 SEFR b G0 R T
FYEAha e A 5 T EAEM RS REFAR AN
2148 ) (pasteurization) (%:,2009) o 2b-i@ Su2E B % 7 Fl 5 A S W B
AT HEBREM S BRERE 7 d BFRBAFEERE S LR
(Nelson and Elevitch, 2006) -

B A

FORREPAS RS ERSPRER L 0 L URABL
SRAEREF RIS SHERECAEFEREUS G i
2%k 5§08 5ic% B (food dehydrators) & b e 2 2k ka o &
R HRCREE SR EIBATRY > V- HUSPEEPNE S
(%,2009) c ¥ ¢ >4 § & s AFUAITTHERER P 5 A MBPanER
RRASR FREDFCREIRA S S RRE WAL SR Y D
AEAAARFANE SRR Y a2 L afEgF? (Ram, 2002) -
URRGS RS X S s S £ R LT E R R I . A
BRITERT FEERASLL T NAFE AT R AR TR
ARG A M)t RS H R R A BRI T RARA

#5387 e- % yEt (Ram, 2002; %, 2009) -

16



1. *RERET 3. HHREF P ARhic

4, RByEr-+ ((kE35N - hydraulic) 5, @iz p st
NN R AP 1P
Figure 8. Production procedure for non-traditional noni juice. (http://www.ctahr.hawaii.edu/noni/fruit_juices.asp)
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Figure 9. Production procedure for noni powder. (http://www.ctahr.hawaii.edu/noni/powders_products.asp)
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2-2-2-4 B RAPM A&
fi & amnonifl &t o By - AR RS e RS
P BRSPS R T FP AT AR R EARS
R ERE S R KR e RS RS TR B R R R R
BaokiRE o s HU R P AR WS FEREBGE MR
FA Ak R B R PAUSERERAAS D R
kS35 kR R RR AT B Gl R R R L E
FREFRIEELE ) Bk E SR ER AR S o B BV RER
Wrga BEIRZREFLTE S B e YR L B WP ER S
EARBEE R EERAEFEFEFNF (%, 2009) -
2-3 HRA AR L ZHEEH L L P
2-31 kS AP
RSN Y £ LN Sk &Y RN B A L
FrFR > FTREASFEIPRERAF YR 2L G AAPFTEREN A o
FREFEFY T H0%TR A @ g R S TR EAS LR
Mo Rv FE R *SEMkE > HpHE 420342372 F » 1 &k
¢ fefe fh (Dittmar, 1993) o = T 6 > L& L 47 S R~ 4T B~ 2K
# 7@ (Chunhieng, 2003) > H Ap¥t 3 chde 7 2 45 3 74 ~ e it ~ favit4p
¥O(FI) TG EFERTHEA BRI (West, 2006) © ¥
RS TR 7t 2B CivEoH P 2 et 2CE A (24— 158 mg/100
g dry matter) (Morton, 1992; Shovic, 2001) ; #* ¢t » <~ £l 2 F AL F
(provitamin A) (Dixon, 1999) » ¥ ¥ * »tj5n5% a4 % Ask £ g ik (Aalbersberg
etal, 1993)c FH & 773 EHawkit &4 - H¥ & 5 49.5%: 0k F
L pURERERE ~ 12.3% 0% - AP R - 10.8%0 8 3 MEFERE 109.0%:5
Frde fofh o B R SR (b1 B % 8L6% -kt & A (%) (Bui
etal., 2006) » S EEFEREET FF A B OEM I Ak RS 241

BT EL &4 o
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Table 4. Physico-chemical composition of noni juice

Characteristics Chunhieng Shovic & Whistler Nelson & Elevitch European Commission
(2003) ° (2001) ® (2006) ° (2002)
pH-value 3.72 — 3.43 3.4-3.6
Dry matter 9.87+£0.4% — 7.6 9/100 mL 10-11%
Total soluble solids (°Brix) 8 — — —
Protein content 2.5% 0.4 ¢/100 g 0.5 g/100mL 0.2-0.5%
Lipid 0.15% 0.30g/100 g <0.1g/100 mL 0.1-0.2%
Glucose 11.97+0.2 g/L — 1.5 9/100 mL 3.0-4.0 ¢g/100 g
Fructose 8.27+0.2 g/L — 1.5 9/100 mL 3.0-4.0 ¢g/100 g
Potassium 3900 mg/L 188 mg/100 g 150 mg/100 mL 30-150 mg/100 g
Sodium 214 mg/L 21 mg/100 g 9 mg/100 mL 15-40 mg/100 g
Magnesium 14 mg/L 14.5 mg/100 g 11 mg/100 mL 3-12 mg/100 g
Calcium 28 mg/L 41.7 mg/100 g 6 mg/100 mL 20-25 mg/100 g
Vitamin C — 155 mg/100 g 53.2 mg/100 mL 3-25mg/100 g
Vitamin E — — 0.05 mg/100 mL —
% Noni fruit.

P Hawaiian noni juice (100% noni juice, data compliment of HawaiiPhytomedicine.com)

® Tahitian Noni™ Juice (Commercial noni juice that contain 89% noni juice and 11% common grape and blueberry juice concentrates).

20
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Table 5. Potassium content comparison for various fruit juices.

Per 6 fl 0z (177 mL) serving

Potassium (mg)

Prune juice 530
Orange juice 354
Tomato juKe 400
Noni juice 390-555

(Nelson and Elevitch, 2006)

o ANHEBEELTRED I EE LS
Table 6. Deduced polysaccharide composition based on monosaccharide linkage data.

Polysaccharide type Component Mol%?

Pectic polysaccharides Homogalacturonan 49.5
Rhamnogalacturonan | 10.8
Arabinan 9.0

Type | arabinogalactan 12.3
Type Il arabinogalactan Arabinogalactan-protein 55

Xyloglucan 1.5
Heteroxylan 0.3
Heteromannan 0.4
Undefined 10.7

% Based on sum of linkages as described by Sims and Bacic (1995).
(Bui et al., 2006)

21



2-3-2 gt & 4
PRl R RLT RS Y o S P o AR HBHG
-BAIBFRIAG-BAEBIFAME A AL (B L)t &
Prffidr - 2 KA HRT a2 A H 8N 5 280005 80 & ik
PEFARE CRE PR d R R AR R R

s F 2 MGERR A E A (%, 2009; %,2008)

2-3-2-1 ¥+ fr

BRph e dpapic 82— 0 B3 SHRagipa i Fgmatk
FFEFEPE AT R BAER S o P 34000 7 fANE R AR AR
g 8 A NEd = B3k B4 hdiphenyl propane (C6-C3-C6) 41 3¢ #1
> (B-+-) > 2 &hfis s 5 Ak (flavones) ~ 5 Ak A% (flavonols)
Yz (flavanones) ~ & *=p% (flavanols) ~ £ ¥ @+ (isoflavones) ~ & = fir fis
(flavanonols) % i=3 % e & (anthocyanidins) * = <3¢ (Bl =) # %
RRE s N A Y AR L BT AN F o B A Ol o I O T S O
CFuBac - FAPE S £ B Pl TiEF - ¥ 5 (Cookand
Samman, 1996; Pietta, 2000) -

2-3-2-2 H %

BR o - B Rapit b # O 0RERA B S L5 > x5
B -ER:HWIPRE S EMLZ R ¥ AL PE B3
WA A PR LG Ea S B R B
T2 b ~P Bk - HBR LG a1 d? A Ed Kk a5 p o

HEfMEMA Y PERE S RENE R o RHE B TR TS G
"k 23] H % (hydrolysable tannins) {rg & 3| & # (condensed tannins) (]
L z)o k23 H %4 3 £ 5500-2800 Da 4eok b AR L 5 Ao

B om kAR AdampIe VERAGAL XS IH
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Bl a2 R
Figure 10. Basic phenol structure.

3|

GRS § ES Y 2

Figure 11. Basic flavonoid structure.

(Pietta, 2000)
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Flavones Flavan-3-ols

5 7 3 'y 3 5 7 K & i’
luteolin OH OH OH OH {(+)-catechin fOH OH OH OH OH
apigenin OH OH OH (—)-epicatechin aOH OH OH OH OH
chrysin OH OH (~)-epigallocatechin «OH OH ©OH OH OH OH

O d‘
5 8]
o} Flavylium Salts
Flavanones -
3 5 7 3 &
5 7 3 . cyanidin o oH  od  oH  OH
hesperetin OH OH OH OCHs cyanin O-gle OH OH OH OH
naringenin OH OH OH pelargonidin OH OH OH - OH

Isoflavones
Flavonols 5 7 il
- — . genistein OH OH OH
5 ’ 3 4 5 genistin OH Ogle OH
quercetin OH OH OH OH daldzein OH OH
kaempferol 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

Flavanonol
5 7 3 4
taxifolin OH OH OH OH

WL 8 B

Figure 12. Structures of flavonoid

(Pietta, 2000)
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2-3-2-3

2-3-2-4

(gallic acid)zgallotanninz 2 2 # ££ =& (ellagic acid)«ellagitannin - 45
£ 35 ® 45 £ 52000-4000 Da » # i & ruflavan-3-0l 5 ¢ o

Aol -t A flavanol = B = & 0 KRk EE A T F AR
(anthocyanidin) » == # % & 7= % fepE 4 (proanthocyanidin) @ -k %3]
ERfoxmo i JE BT 5 kpk a o3 il H 2R 5 2t
izt Tin M ERE G Vg a4 A Ao R
FRF PP RB R Y §F L E2# 207 F KX PR L0477 (Shahidi

and Naczk, 2004; 2 ,2008; %, 2009) -

=
=% % >~ Zrutin ~ rutoside ~ quercetin-3-rutinoside ~ sophorin & » #
% =4 (Ruta graveolens)® A~ gt » B2 i 4% A3 &

610.53Da B 4% M ABH £ 4 (W m)e 3 5 4@ 304 24 4h

-
a6
=
=

e
o

T AR FRE)NEF AL F
H

Y REE R ACZ By W s £ (%, 2009) o

¥4 > x tscopoletin + 7-hydroxy-6-methoxycoumarin % » # 4

% &4 (coumarin) 2 - i 4o A HE R L BER AR L
*Jf”a%’\ﬁ?\ﬂ*t‘ Z#‘iale L_Lnonl_g:ﬂ 3';@‘.?{’"&30

LEEREF 2B ¢ 648 1~ Fp > Fusf oL~ 0

o
#

% (Chan-Blanco et al, 2007, %, 2009) - Jang %

®
(2003) 7= 3 % F L WE % L 7 #rdlHepa 1c1cT | B3+ fm e i 4 o
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Figure 13. Structures of tannin. (a): condensed tannin. (b): hydrolysable tannin

(Shahidi and Naczk, 2004)



(b) (©)

CH,OH
8 0
Ho7 0. _0 o |
CH3O 5 4 OH
OH 0 S o, .0
OH 7 >
3
CH,0 ° 3 "
(d) (e)
CH,OH o O—CH2
O 8
O 0] 0 @)
OH > 5 i @ m
e OH
OH OH OH s
OH CH,0 4 OH CHP

Blte 23 F ARFFZAREZITEP 200884 Q4% (b): L "EZ - (c): scopoletin 7-O-glucosyl-(6’-1°")-glucoside -
(d) : scopoletin-7-O-p-glucoside - (e) : scopoletin 7-O-glucosyl-(6-17)-apioside -
Figure 14. Structures of rutin, scopoletin and scopoletin derivative . (a) : rutin. (b) : scopoletin. (c) : scopoletin

7-O-glucosyl-(6’-1"")-glucoside.  (d) : scopoletin-7-O-f4-glucoside. (e) : scopoletin 7-O-glucosyl-(6’-1"")-apioside.

(#, 2005 ; Pawlus and Kinghorn, 2007)
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Manuele® (2006)~ 2% K & & 2 & 3 FLiigena 4 > F = 5 g *
ZEongd od 2 [ﬁ% # & (¥ > 2005) > scopoletini=2 3 = 44 > » %] &
scopoletin 7-O-glucosyl-(6°-1"")-glucoside ~ scopoletin-7-O-f-glucoside » * #
# % scopolin 1z 2 scopoletin 7-O-glucosyl-(6’-17)-apioside » = % xeroboside

ghymexelsin » = % 2 1 § 248 4eRl -2 o

His £ & i &4

P A Anoni® © 3 200481 £ FALE RS A B L TRAE &
¥ ~ B pri- & % (anthraquinones) ~ & ¢ % A= (morindone) - ﬁﬂf
(morindin) ~ & # ¥ 3 (asperuloside) ~ ++#E 3 W i (aucubin) ~ F ¥
(rubiadin) ~ & &= % (scopoletin) -~ damnacanthal ~ rubiadin-1-methyl ether
(Wang et al., 2002) - ¢ ¢+ » i3 fatty acid glycosides - alcohols glycosides ~
iridoid glycosides ~ flavonol glycosides ~ lignans ~ coumarinsf-anthraquinones
(&) HRHS WML ~ L2 fot = (Potterat and Hamburger,
2007) » ¥ ¢ti® 3 2 4 dk 4oxeronine (Heinicke, 1985) o @ fSG% L @ 4 &t eh
LF i & 5 Eb14 (£ ~) BP9 mwe i (hexanoic acid) ~ ¥ p&
(octanoic acid) ~ % p& (decanoic acid) ~ L = ¥ #% (scopoletin) fr
3-methyl-3-buten-1-o0l =7 3 & & % » + X ik 7 & & #85% (Farine et al.,
1996) -
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Table 7 ~ Chemical composition from noni fruit

The compound in noni fruit

fatty acid glycoside (1-7)

alcohols glycoside (8-9)

iridoid (main)

asperuloside (10)
asperulosidic acid (11)
deacetylasperulosidic acid (12)

iridoid (minor)

deacetylasperuloside (13)
dehydromethoxygaertneroside (14)
epi-dihydrocornin (15)
60-hydroxyadoxoside (16)
citrifolinin B epimers a (17)
citrifolinin B epimers b (18)
6b,7B-epoxy-8-epi-splendoside (19)

flavonol glycosides

rutin (20)
narcissoside (21)
nicotifloroside (22)

lignans

3,3’-bisdemethylpinoresinol (23)
americanol A (24)

americanin A (25)

americanoic acid A (26)
morindolin (27)

isoprincepin (28)

balanophonin (29)
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Table 7 ~ Chemical composition from noni fruit (continued)

The compound in noni fruit

coumarin

scopoletin (30)

2-methoxy-1,3,6-trihydroxyanthraquinone (31)
1,8-dihydroxy-2-hydroxymethyl-5-methoxyanthraquinone (32)
1,3-dihydroxy-2-methoxyanthraquinone (33)
1,6-dihydroxy-5-methoxy-2-methylanthraquinone (34)
2-hydroxy-1-methoxyanthraquinone (35)
5,15-dimethylmorindol (36)

anthragallol-1,3-dimethylether (37)
6-hydroxy-anthragallol-1,3-dimethylether (38)

miscellaneous compounds

[-sitosterol (39)

3-O-glucoside (40)

ursolic acid (41)
19-hydroxyursolic acid (42)
cytidine (43)

borreriagenin (44)
epiborreriagenin (45)

iridoid derivative (46)

succinic acid diesters (47-49)
4-hydroxy-3-methoxycinnamaldehyde (50)
B-hydroxypropiovanillone (51)
vanillin (52)

(Potterat and Hamburger, 2007)
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Figure 15. Fatty acid and alcohol glycosides and iridoids reported from noni fruit.

(Potterat and Hamburger, 2007)
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Figure 16. Flavonoids, lignans, coumarins and anthraquinones in noni fruit.

(Potterat and Hamburger, 2007)
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Figure 17. Miscellaneous secondary metabolites identified in noni fruit.

(Potterat and Hamburger, 2007)
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Table 8. 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 19.42 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 ab,c 0.49 0.21
Linoleic 280 a,b,c 0.05 0.02
Elaidic 282 ab,c 0.29 0.12
Oleic 282 a,b,c 0.06 0.03
(Z2,Z2,2)-8,11,14-eicosatrienoic 306 a,b 0.68 0.30
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 0.03 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
Esters
Methyl hexanoate 130 a,b,c 0.37 0.16
Methyl 3-methylthio-propanoate 134 a,b 0.03 0.01
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Table 8. Identified volatile compounds from ripe fruits of noni. (continued)

compounds MW Identification* % ppm
Ethyl hexanoate 144 ab,c 0.12 0.05
Methyl octanoate 158 ab,c 0.85 0.37
Ethyl octanoate 172 ab,c 0.45 0.19
Methyl decanoate 186 ab,c 0.57 0.25
Ethyl decanoate 200 ab,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 ab,c 0.05 0.02
Methyl oleate 296 a,b,c 0.03 0.01
Total 2.76 1.18
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
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 ab,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).
(Farine et al., 1996)
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2-3-4 F R gy it b %.*

FRES TG IS AT S S AN SR PR R 0 4 AR
FTLEXEY oNOnik S % F| 5 EFIE RE > Gl E 4
2RgaiE o 2 H B & e B Fltnoni &2 BRI &
BenF fom FAE Y MRB TN TRSRR L R PR R
2 dpthem < }ELE‘JZ % (Potterat et al., 2007) % f&noni% 7+ 2 3p it = 4 4o
A oS AR EE Bk R R T 0 ARG Anoni % & T g R
PROREAGHEMF R o4 £ 4 @ feNonioside B (5) * Nonioside C
©) £~ 2> **?&@ﬁf’w?&@%ﬁ%%’*
Nonioside B (5) % Nonioside C (6) # i & ¥ 5 - L &4k » ¥ ¢
Alizarin (7) = £z &> » 2 % % - SR F4p4% > @ Rutin (3) 3 - %42
FOumb R € AERER PR A AR @ B ¢ DAA (deacetylasperulosidic acid)
(1) ~ AA (asperulisidic acid) (2) % Scopoletin (4) P 2 #&% T eiv L4 > H
% T &~ | » DAA(L1) ~ AA(2)>Scopoletin (4) >Rutin (3) - ¥ DAAZ AA
R gL2mgml > B fEt Edd RE R FRRG K -

it frik 2. DAAZ AAE o s #g (iridoids) - Iridoids &_fR 2 i* & 4 @ e
BRGRELER > B E 2 LHRA TR F (iridomyrmecin) ~ dx A2 P fi
(iridolactone) % ¢r4%= fg (iridodial) » # = L~ ¥ fL 5 dxH > A4 daan
73 45 ik (Iridomymcs) 4 i enfz @ 2 ade ¢ & ggs J) (EI-Naggar and Beal.,
1980) - Iridoids & = vk ¥ 3 F % 3>k > G A 2 B A P EfoRFED
T RPAES > BR LY VA %# 7 (Dinda et al., 2007) -
Iridoids te 4 + 07k A -(0)-vtvd B A > A A BHEAcB L4 0 2 F
g2 Fogt L5 Rhifrdrdeasfpttd s P ot Fi
He e Bakie A2 w R RO ER B H (@ 9 I g

FELH(F )2 2 L havs tag (2 44 o Iridoids # 4133 - 2 R
Yoo TRkt FF CHEFR EE e B A F

e R R T % # »z (Dindaet al., 2007 ; Tundis et al., 2008 ; Deng, 2010) -
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Table 9. Content of quality indicator ingredients in noni fruit

Compound/
juice J1 J2 J3 J4 J5 J6 J7 J8
DAA (1) 1050.7+24.2  488.8+18.6  1378.2+50.0 2423.5+115.9 1909.7+70.3  360.4+14.2 232.2+15.2 692.7£21.7
AA (2) 220.2+7.1 11.5+1.4 148.2+4.5 122.1+2.0 294.245.9 55.9+0.4 5.6+0.3 22.2+1.7
Rutin (3) 0.85+0.05 8.2+0.2 3.5+0.1 1.7+0.1 14.0+0.4 13.3+0.3 2.0£0.1 6.0+0.9
Scopoletin (4) nd 1.5+0.2 1.6+0.9 23.2£0.2 3.4+0.9 (0.5) Traces 1.52+0.08
Nonioside B (5) 15.5+0.4 91.748.1 3.810.2 1.8+0.3 3.0£0.2 94.2+1.6 (0.9) nd
Nonioside C (6)  3.52+0.04 12.7£0.2 1.8+0.2 2.05+0.02 2.5+0.1 17.1+£0.7 (0.3) nd
Alizarin (7) nd nd nd nd nd nd nd nd

DAA = deacetylasperulosidic acid ; AA = asperulosidic acid. Juice (J) : pg/mL. nd : not detected ; values in parentheses : <QL, tentative

determination
J1: Apo 1 Thai Noni ; J2 : Pacific Noni ; J3 : Tahitian Noni Juice ; J4 : Noni Widfruchtsaft ; J5 : Good Noni Juice ; J6 : Cook Islands Noni Juice ;

J7 : Cook Island Noni des lles Cook ; J8 : Nature’s Noni

(Potterat et al., 2007)
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o Compound 1 : Deacetylasperulosidic acid

Compound 2 : Asperulosidic acid
Compound 3 : Rutin
Compound 4 : Scopoletin
Compound 5 : Noniosides B
Compound 6 : Noniosides C
Compound 7 : Alizarin
Compound 8 : Ursolic acid

Compound 9 : Linoleic acid

Compound 10 : 3-Methyl-3-buten-1-ol

Compound 11 : 3-Methyl-1,3-butanediol

Bl d &Y apdiz FgHEN
Figure 18. Structures of compounds isolated from noni juice. (Potterat et al., 2007)
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Figure 19. Basic iridoids structure.

(Deng et al., 2010)
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SR G2 KB TR IE Bl B R (Y
e 'ﬁ k- LR ﬁ‘}t ’:/p)%‘}%«am}"lﬁi’W?{ﬁF" }%‘-}i)‘_}‘”l’iﬁs

f]d—P%kf‘—— P F AR A HE tb;;ﬁr,—ﬂ»}; R RF S H LR - H T
@%&lg—iﬁp’} o P T frPPﬁ‘ eF A }’J“ |} R ?;f%g_j "g‘_‘? %EFB—? P?'ﬁ"‘ i g

D5 IR 4T

2-4-1 Fjic2 4~ (antimicrobial)

Locher % (1995):h# 7 BiF M e F#F R S F 2 ¢ F X5 7 Frd)
Pseudomonas aeruginosa ~ Bacillus subtilis ~ Escherichia coli % Streptococcus
pyrogene ¥ i1 4 £ - Wang# (2002)# 3 ~ 45 hism B % F ¢ chAcubin -
L-asperuloside # alizarin{r2 3% - & B ARLE i© & 4 (anthraquinone) & 3 #r
7<% » ¥ 14 4r4]Pseudomonas aeruginosa - Proteus morgaii ~ Staphylococcus
aureus ~ Baciillis subtilis ~ Escherichia coli ~ Salmonella sp% Shigela sp % m
FleiE e o gt % ZALKInson (1956) AT 7 AR A Ap 02 o FIRR R G AR K
PRARER R FEHUGEGoFLE TG wES AR AL
7 Saludes % (2002)% 3% L che Frl & S chF B T frd B P
(Mycobacterium tuberculosis) =14 £ i£89-95% -

Jayaraman (2008)1: % I3 B P il ¢ REZFH FLFENE 0 B %
MR E U R Bb LA R B e e e ¥ b T WA
CBREREBERTE G Frdbek () HEFr BEREIG ek
(#+-)-

2-4-2 Fuz iv 1+ (antioxidant activity)
Wang% (2002)+- f = i 2 E &7 ~ 7 § F ~ Fuka i (Vit. C)
% pycnogenol (PYC)sig ¥ 24—+ p & L (superoxide anion radical) 7% it
o ARF I P A MG e T AR AT TR
Ea

SRR ST o fﬂb"fkrg REHFLE VA4S R HEETHE S
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Ay A 5—,3‘-‘,% fe # AVIit. Cenldiz ~PYCild » A 2 F F H67
10 ke e 4 o

Mohd % (2001) 2 ? fgfre fac o B~ & F » & AL padBZ
(ferric thiocyanate method) fe#r = bt & &2 (thiobarbituric acid test)ip]:# &
P vaid od BEFReE I B adrd i b4 BE Lo
a-24 5 i (a-tocopherol) % butylated hydroxyl toluene (BHT) #4p %

Zin% (2006) f1* B »cicie4n A4k (HPLC) #3219 % F 2 &

~\.¢

e F B A U T A SR PR R P RIE G AR LR i

I

LSRRl R ERARR  REE - R TR RS 5 Ak

Faf it o BBV E G R A T ar 4 o e B gl O el gy G ooT
.

-

Liu% (2007)% 7 % f% 3 B % i+ 2 petroleum ether ~ ethyl acetate fr
n-butanol % B~# 2z 3 it & 4 ¥ mannitol 4p- i > H ¢ mannitol 3 - ¥
L2 25 pd A st IFL k2 P ipdlle c BRHT Ll ¥y
EFPP LG B 2 4ng ba 4 o fhe X B4 (36.20/mL) F ;;?—“,4521.6%
2 & § po - & mannitol (36.2g/mL) R F ic i 412.0% 2 & § 6o A -
KA PR R % 72 v fho Py 3 B4 4 & disoscopoletin ~ aesculetin %
3,3’,4°,5,7-pentahydroxyflavone (quercetin) = fap-sg i &4 (Bl= L) ot =
ﬁﬂ@%%iiﬁ@&ﬁﬁi@%%ﬁ%%&%ﬁﬁ%o

Ikeda % (2009)% & 8 #:% i %+ (Hawaii:l, Samoa:2, Polynesia:3 ,
Indonesia:4-7, Tahiti:8) ® #t 7 = scopoletin ~ 7-hydroxycoumarin (7-HC) 2 4-
hydroxycoumarin (4-HC)-8 fa & &-¢ 7-HC & 5 5.1-231 1 g/ml>scopoletin
R L 0.04-045ugiml> @G AiEeiE s FR 4-HC ¥ 8 MHER &
% &% reactive oxygen species (ROS) # er1peroxynitrite (ONOO')"ﬁ FLAF
Fraae 4 o
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Table 11. Antibacterial avtivity of fruit extracts of Morinda citrifolia against gram positive and gram negative bacteria

Microorganism Methanol extract (in mm)

Ethyl acetate extract (in mm)

Hexane extract (in mm)

Bacillus subtilis
Staphylococcus aureus
Lactobacillus lactis
Streptococcus thermophilus
Pseudomonas aeruginosa
Salmonella typhi
Escherichia coli

Vibrio harveyi

Klebsiella pneumoniae
Shigella flexneri
Salmonella paratyphi A
Aeromonas hydrophila
Vibrio cholerae
Chromobacterium violaceum
Enterobacter faecalis

10.0£1.0
11.310.6
10.020.0
11.310.6
10.310.6
10.310.6
11.020.0
11.310.6
9.310.6
11.020.0
26.0£1.0
12.310.6
7.710.6
12.310.6
13.0£1.0

6.310.6
6.710.6
5.710.6
6.0£1.0
6.0£0.0
6.310.6
6.310.6
8.010.0
15.710.6
11.310.6
10.710.6
12.0+1.0
14.710.6

Note: There was no inhibition found in control.
in mm: The diameter of the inhibition zone.

42
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Table 12. Antifungal activity of fruit extracts from Morinda citrifolia

Microorganism Control Methanol % Ethyl acetate % Hexane extract %
(in mm) extract (in mm) inhibition  extract (in mm) inhibition (in mm) inhibition

Candida albicans 12+0.0 11+0.0 8.3 11+0.0 8.3 12+0.0 0
Aspergillus niger 67+1.0 60+0.0 10.5 63+0.6 59 66+0.6 1.4
Trichophyton mentagrophytes 58+0.0 12+0.0 79.3 22+0.6 62.06 41+0.6 29.3
Penicillium sp. 2510.6 13+0.6 48 18+0.0 28 2440.0 4
Fusarium sp. 35+1.0 18+0.6 48.5 2310.6 34.2 3311.0 5.7
Aspergillus fumigatus 25+0.0 22+0.6 12 22+0.6 12 24+0.6 4
Mucor sp. 90+1.0 50+0.6 44.4 60+0.1 33.33 7510.6 16.6
Rhizopus sp. 70£0.0 35+1.0 50 37+0.6 47.1 58+1.0 17.1
Aspergillus flavus 28+0.6 25+0.6 10.7 26+0.0 7.14 28+0.0 0

in mm: The diameter of the inhibition zone.
(Jayaraman et al, 2008)
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RO 0 0
7 2
8 3
Ha 5 4
1 R=CH, 3
2R=H

Wt d FRFF 2B REBRFARNDM LS 122 328401
Isoscopoletin ; 2 : Aesculetin ;3 : Quercetin -
Figure 20. Chemical structures of compounds 1, 2 and 3 isolated from
ethyl acetate extract of noni fruit juice. 1: Isoscopoletin; 2: Aesculetin; 3:

Quercetin.

(Liu et al., 2007)
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2-4-3 yig K Aed B AN

2-4-4

McKoy# + (2002) 1 * =3 {4 5 —n ¢ 475k % (bradykinin) 3142
RAvEMEE UF b RBEZFRE S LSO U BT v R200
mgepE B % KEF Q7 gl s e MR o 5 - A %k§ &5
(Cyclooxygenase-1, COX-1) # #{= 4 w fgf& (arachidonic acid) #& ©* 5

Thromboxane A2k %2 3 * & ;7 % = 3|5k 3 & f= (Cyclooxygenase-2,

P

COX-2) RI#-1E2 w fippk Liv % % 7|3t % (prostaglandin) @ 514z & 4§

Flls > A fiftd 39T #avkrg iix LB o Li% 4 (2003) 5

R tad

%:}g TOFERERRESFESE { FCOX-1Frd5x %k > @ F Fiptan 3k o

Wang% 4 (2002) 35 < &=l &7 “,f 1 ¥ COX-2E B EH PP
FlE Mk B A dF ek R o B B4k 9 10%f020% 0~ K
% T W3R B 162%4212% Rk g wdE R o

Yus® (2008)4p d13% i % it ¢ A & gl F+ T scopoletin ~ quercetin 2
ursolic acid¥ 3 »xFr+| %% jg4 interleukin-1p (IL-1B) ~ interleukin-6 (IL-6) -
i 719 % B2 (prostaglandin E2 ; PGE2) {-# % § i+ p¥ (myeloperoxidase ;
MPO) % 3 . 4p B ¥]5 ¢h4& 4 - Calabro% (2005)7" 45 38 j % i ¥ ehE 4

FACE S R AR Lo

U % 2 Ul (anti-tumor and anti-carcinogenic)

Hirazumi% (1994 %+ ¢ Rz 3 2 3w e B § 7 iy
B0 X fLiFnoni-ppt > B A & & 4 L F F pEEEEL (glucuronic acid) ~ X 5%
(galactose) ~ f7 $= ia4% (arabinose) 2 & % #% (rhamnose) = #7 7 45 i noni-ppt
HEL 5 LW g w2 (Lewisn lung carcinoma, LLC) & 3 e 3 M2
(cytotoxicity) » noni-ppt iz~ ¥ i8¢ T m %z ~ 33 ’9;]197 e e E ez - fim
ek 0 BB ie W RM R AL R e F O KRR 2
Eof % BB F LLC ] BF p HII5MEEE &+ 0 7 F ok

WAoo Blenz i E119% 0 » @228 g 2 B e BUP 98 3754248
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50 % o EP~noni-pptr FEHe AL Rip R Rt H 5 AR § P O

4 (Hirazumi et al., 1994; Hirazumi et al., 1996; Hirazumi and Furusawa,
1999) -

Dimethyl benz [a) anthracene (DMBA) i - i* £ &%+ » % DMBA

g mre ¢ cDNAK & ¢ 2= DMBA-DNA*: = 4+ (DMBA-DNA adduct) » £_

v B 3R 2 A4 B 4 o WangfrSu%  (2001) fe 5 Sk BLend * -k P 4o » X e

vREF

nﬁ-
—l \

EREFS o FA&SNONIET - B L&SDMBA Y B X E T
# " DMBA-DNA*t & $r & 2k 812_ 0 ~ 3~ 4§ @ chd & o
Jayaraman% (2008)F7 7 E L % 2 P fR o PhT Ppdrl R E B4

A Fgrefg fm Pz (human laryngeal epithiloma cells) srgrs] 5% o & & o ® f%

EPp 2 dririk bt HAF o e EBF o al e IR
B rdlr gk o
Thararat® (2011)#= 7 # B % ¢ 3 B~ 4 &% i ehDamnacantha @ #2 3

PUEREE Y & $ ¥ < 5 o e P2 (human colorectal cancer cells) s F148 33 > %

* &1 3% )L % coDamnacantha$t >t i dm e £ 5 ] T * o

2-5 &5 pEs 4 N
2-5-1 .5 4 3244 cn% 9 5
gﬁ%’iﬂﬂ?ﬁfg,}w—i—%a‘_%“f TEFE AR o T RAEY i i
EoB3 "T?]ﬁ A 4 BaaraEE S ' K pH fﬁ_\“?iﬁff}%}ﬁzﬁi\;”ﬁ%"ﬁ‘
M BPERLE 2 B4 X T RA (Wood etal, 2001) ¢k R AR dn (%
L) AR SPEE EPEL G FEARERA G o
2-5-2 % F iE PR fR T 454
av hEME SHELYE L BAORJILS > B g b A e 7 —
WPy iEr o A S pEE Nd B2 FEHL 0 A2 Bl AR
A F o ERY Y Llwreafcts o B HE RS RE L DS

(Delzenne et al., 1994 > ¥ 2004)(Bl= -+ -)
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Table 12. Food polysaccharides with bioactivity

3B 4 BEHE BABREHESERY 54 B
%% %1 2, A B B) 8% ~ B 1—4-D-glucomannan % 1994 ; ¥1997
e WIS 4 K
H588 FHRAR KRS - B 1—>4-branched- Bell et al. 1999 -
4 AL 1 o BB 4 B-1->3-glucan Kalra et al. 2000
TN HEhhEELIATHE arabino- 8 1—4-xylan Ebringerova et al. 2002
& WHARTFZES @ -1—-6-Gle- @ -1—-4- Cao et al. 2006
& s b ARG arabinoglucan
¥ HoEE B-(1—6)-branched Yan et al. 2003
B -(1—3)-D-glucan Mizuno et al. 1995
e WHER AR R B-D-galactose- §-1—4 and Yuan et al. 2006
M E &~ iR a -1—>3-3—6-anhydro-D-
ER AR b galactose
cP E‘% 'ﬁ;‘;ﬁg » *"LE a _1—>4polygalacturonan_ Yamada 1994
B~ RER branched-rhamnogalacturonan
(%,2008)
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oligo-/palysaccharides

,/\

Digestible
H,0

Monasaccharides

r

Upper intestinal tract

N N Y o intestinal epithelium ~5N/ N NN T

Portal ¥ blood
© 5
0 Non-digestible 2
" aligo-/polysaccharides g
& 0 3
o Bacteria Hy, O
Liver
metabolism (colonocytes)
o
L || b [} i /\
— Short chain Gases
carboxylic
0% acids (SCCA)
]
Systemic circulation Bacterial mass

Bl= - ~afivppgbiie g S pEand S
Figure 21. Schematic representation of the bioavailability of digestion and

non-digestion oligo/polysaccharides.

(Delzenne et al., 1994)
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2-5-3 5 EELS YO et i
HeRART YR EL - F AR NEN L AR A
HE SR E e P TR G IER R s(Williams et al., 2005) - {7 scfa s ¥
R4 sipihd p g s el 3 MBS IFHERH X HRpL #rte
FTrowell (1976)%t% S a e & » L oI5 S ML A T2
(lignin) % 7 4% A R (L f & 274 fRerfEde 2 4 > 4 ;j-&{fg_jfa fnve RE L gk
f% (cellulose) ~ & 4 s % (hemicellulose) ~ % #% (pectic substances) ~ * # %
Y13 plme BTN 248 40 9 (gums) o ZRik BT (mucilage) 5 & & 5 pEAE (algal
polysaccharudes) % - 3 % #= 3 dp SEEE o AR MDT I 0 f IR IREY
FAREALE SRS AT PR it P -;%K,éfa?ﬁp\ Ao
£ & # it (Mizuno et al., 1995; Bohn et al., 1995) - — £k ik H 3 f244 ¢ 2 4 4
REENCEEY
Lokl ashim: dda- X qad AT fwF %% A E)- P
BE PGS 2k ST AT B (R -
BB~ AR e o st b B 7 okB e B-R Y F pE(B-glucan)
B adgv kR dgiaz adr ko
2. AV eRE s REEF AT RN T RAF o 7R G
BUFAZEY SFE RS2 MA@ EGE Y it o ik
REHEFD G LR B2 B - 095 90~100% -~ L g F K 5
50~80% ~ % &2 % 30~50% - (Wood et al., 2001)
2:5-4 FRe@mBEPEG M

BREY G

b\ﬁ

Bk Y & 4 Hirazumi % (1994) 35 % i+ ¢

FIRGTF AR BOE R S EMS < fLitnoni-ppty B ¢ ¢ 7 5 49.5%

k‘\

e B FUBRER ~ 12.3% o - PR R ~ 10.8% & F B
9.00 017 42 1o » gt %9 5 P kT R R BLEYWK It £ o ¥
MR E Y e iRk §pEE Fupc % (Furusawa et al., 2003; Hirazumi et

al.,, 1999) ; ¢ fig 5B~k 5 42w ¢ 4 & (Anhetal., 2006) (£ Ltz ) -
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Table 13. Solubility and Classification of food polysaccharides

Classical

Nomenclature

Solubility

Characteristics

Classes of

Polysaccharides

Pectic Substances

Hemicelluloses

a -Cellulose

Lignin

Gums and Mucilages

Water-soluble

Insoluble in water

Soluble in dilute alkali

Insoluble in water

Insoluble in 12 M H,SO4

Water-soluble

or dispersible

Rhamnoglacturonans
Arabinogalactans

B -glucan

Arabinoxylans

Galactomannans

Cellouse

Galactomannans

Arabinogalactans

50
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Table 14. Monosaccharide linkage and composition of Noni-ppt

Sugar Deduced Linkage Monosaccharide
glvcosidic composition composition (mol®s)
linka ge® (mol%s)®

Rhap Terminal 0.6 9.5
2- 3.3
2. 4- 2.1

Fucf Terminal .3 0.3

Araf Terminal 1.7 13.6
2~ tr
3- .1
5- 4.8
3.5- 2.1

Xylp Terminal 0.6 1.2
2- 0.3
4- 0.3

Mang 4- 0.2 0.7

Gilcp Terminal 0.5 2.2
4- 1.9
4.6- 0.3

GlcAp Terminal (LAY 1.1

Cralp Terminal 4.3 179
3- 0.5
- 10.7
- 1.1
2. 4- 0z
2.6 ir
3.4- 0.6
3.6- 1.9

GalAp Terminal 2.8 (10} 33.6 (60)
- 521 (68)

* Terminal Arajf is deduced from 1. 4-di-O-acetyl-2,3,5-tn-O-methylara-
binitol, etc.

o Average of duplicate determination; ( ), * methyl estenfication; tr,
trace (<I10_2%).

(Anh et al., 2006)
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LA S

2-6-1 ‘m¥e B = I %P LR

ek w1914 EpEe FAAEIRE Rk F SRR TR TR
f%(Chromatolysis) ; %;7% (Majno et al., 1995) - & {&;® < 4|3} %*J F.R.
Kerr = 3 3| I % - 1965 & Kerr 2 L% BFR A 2L R f i o iR
RERNaR FLER W Sel IR & % Speram g o a5 meR gty o
BE 7 R g Pz 3% 7~ (Necrosis)eimre 7~ = % > Kerr %Hf'#;ﬁ

I'

cff’

g i o B2 f ﬁﬁﬁt}_mm”é’ # 7= (Shrinkage necrosis) | (Kerr,
1965) - 2_ i f.James Cormack #HuEzk™ » U F v 21972 & & AR-TH
Hgthenimie o | e { e s T k= (Apoptosis) | (Kerretal., 1972
1, 2006)(# + 1)
R RARBBE R B Y o FRT LT
A G A B L - B %z%ﬁamwgﬁgﬁ\mwg
MRS - A HFHAR e R F R oA RS i}{,ﬂ;«
(apoptotic bodies) ; % = BRFH @ T A= PR E e R A > AL
B e A fg s i A EtR- @R s RS IR o APt
B % vz k8 (phagosomes) * g i3 (autolysis)Ih % > F]pt eyt pEHP 0 ECA
£ h m?f%ﬁ"ﬁ%ﬁﬁﬁ%%o&*ﬁ@%gﬁﬁ AR ¥ 3R R
Bo¥ G e ;}gﬁ%ﬁmlﬁu? ; dmPE N e %?ﬁ;ﬁ i f— A2 (Boobis
etal., 1989; Fawthrop et al., 1991) - ¥ ¢} » /= wm®s p cendonucleases ¢
ﬂﬁpﬁﬂ@é%&jﬂﬁﬁﬁﬂ’%@%ﬁ4$?gﬁﬁ%%$§ﬁ
4 £ B en 5 £ (Oligonucleosome length fragments) » 2 £ & % % 180~200
bp (Fawthrop et al., 1991; Oberhammer et al., 1993) o @ { lw 2 ¥ lo P2 1
Al ¢ & 4 < -k (blebbing) I % (Boobis etal., 1989) -
¥k iz 47V v = (programmed cell death) 7= & _w®e = ¥ -
B ofle 5d mie k= SrA A hlmie ik T3 % galeF L F Rad

20 FlG = i il ¥ b AT R R AR B BB 0 B e
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Table 15. Apoptosis V.S Necrosis

v p

K RE

‘5o

w2 R 7
EX b

e ;{'f

smPg eiDNA

fm e 4 A A

55 g
RHE
¥

9 =L
T %
4

L

i
5
=
Xy
=hg

GLES NI e S

P EATPa: £ i 1B

* R
L AR

4o R U A A
[ %ﬁfﬁﬁ%{ﬁ,y
ZHgo 8 p RS
g B F R F
Y5 ¥ DNA% # %74 >
AR 2

SR A E L]
- B G B

£0% A A TR
Fv LB BRI E
F R RS SR

PERELP'S 22
w7 el T £ (3 4
*)

WL B

A

= R

TR R

fres ik 0 3 AR
DNAE 2.7 ' f2

b AN i B = gF WS
£

£ A TR

£ B DOEHE R

PP RS LS

o

=
8

B S

=
K

FAG AR
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AR EEEEE S R kRt L EREE ¥
7

I~

R R Rl e R R AR Fleniw e B o Bt mie = AL
o AR R A a B @R RE DR A S A K PR

B R 4

dmie = AP M d
Bl k=AM F0 B A 0 AR F A 1 iFE caspase
%9 ¥ (Hengartner, 2000) - Caspase #2% ™ #L & ICE/CED-3 #2% » %] &
ts frCaenorhabditis elegans "CED-3 A ¥]%& 3 I ik{: o — 4icaspase £_1Y
pro-caspases7;;\ F a0 F S p LA RS LA BARZ Gi pro-domain
2SN - B N s SE VR EE o B U T 7 fecaspase - i B S
b B g K R BE - i (Wang & Lenardo, 2000) o B & Fven
caspase family = F 3 - 448> H# ¢ caspase-3 H_wm¥e k= FLjT ¢ b 4EA
+ » ] 4 caspase-3 3t im e k= M ELAT 5 @ Fh Entrinsic £ extrinsic
SPRL T Bk 8 30 g rAcaspase-3 TG - B Lz g o Pro-caspase-3
< ] ¥ 32KD - pro-caspase-3 % & it i A2 ¢ j&_Asp28~Ser29 Fr
Aspl75~Serl76 & Ayt 3+ » 35 2 P17 (29~175)4-P10 (182~277) i %
B E AN Ed A BL7KD {os B12KD ek B =97 2 o caspase-3
ersubstrate ¥ PARP > caspase 35 PARP *» =& B 5 £ > 116kD #PARP %A
Asp216-Gly217 z_ f¥ 4k caspase-3 ¥ *» 2 31kD {-85kD = i # fim % 3 i%
oo 2 % # % PARP § A ¥ B X v intra-nuclear
calcium/magnesium-dependent endonuclease =3 % - i = DNA 4 jz
¥l 4e e =
¥ - fifeimie k= p b cnd-d EBcl ROEoR M A= T Y ¥ - B

LR R anie FASHE 0 S 3 - fémitochondrial permeability

transition pore (PT pore) - # B PT pore § i = U4 P 55 ] HHk & &

WA ST TR SRR P R (83 SR RHIE L > I % cytochrome ¢ &
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AIF % caspase-inducing factors f# 1! 3| m¥e ¢ 514 T PFendnre B = F i o
F & BCl RS | A SR T RS L R T i i
Pk sl enid % (Desagher and Martinou, 2000) - Bel #2% £ C. elegans /%
= AFICED-9 £ 5 Fihi:> mBcl 72Eh= ¢ Ly Fs B39 BRATR
BH1 frBH2 » i Bz kil T & 2 B ¥ 22,2 k2 B iR 5 B - Bel o
- AL F_rodimer A5 5 1 32 iz dt domain Bk AR AL S I AE S R
(Adams and Cory, 1998) - Bcl 2% & £ x & & f&:3r4|m?% &= Bcl-2 -
Bcl-xL ~ Bel-w ~ Mcl-1 % ; 0 % R34 = Bax ~ Bak ~ Bik ~ Bid ~ Bim % -
T F-0 Fenie® 5 uBcel-2 ~ Bel-xL #mel Z &) 0 i iz;;‘»n e
¥ ¢ radimer 592538 > Fr4|PT pore B Ex o e 3R SRR T 0 Frdl4T A
F T RPN R RS 0 A S M T

Baxzk F1£ 415kb » %z = i ¢t B+ (Exon) > F1F > N7 F %hb= Ak
6 5192 s 0 A+ £ % 20kDa A B % Bax-a - Bax- 8 ~ Bax-y
30 22Bcl-23-v = R - B> ¥ @ Bcl-2F9 2L FEM > A Hwe k-
REE 1T % o Baxd-v & Bcl-2+Bcl-x3-v et B2 w2 X {5t %= R A
BiE 0 Baxdv (bR pFmE A= 0 F 2o Plimie s o

Bel-24 = end 3 P w0 3n 5 1 8 3 B $HR SR 40 B 13 B cndr 4 2
fedem $rix it (Newmeyer, 1998) » 4 + & % 28kDa > # 4~ #_% T/ 4 F|a
A TR @ 143 BCl-24 #rd 4 ik & (Heat shock) ~ c st 4 ~ Frp 4 % %
ik 23k Fehlwie = o Bol-2A 3+ B4 % = B4 B4 5 BH-1 - BH-2
BH-3e#8 iz oiz = B30 (27 25 % i i 5% ez M R o4 £ i8 = B30 2 ehBcl-2

$imre = chfrd# il o Bol-2enN & 3403 & F A 5 BH-4ehiv i > &
B iR TS etz # ¢ ¢ 4EBad Raf-1% cCRM T AFI KRB
Bel-21 £4 iz — % 8 2R S~ P T POER e B 6 - 2 2C
*BBel-2F F e B Y o @ ¥ Hlwie B G P iE* ¥ LBcl-2
T M ELE A e B o b ¢t BH-382BH-42 B 3 AT PR R B

(Loop region) » ptAg 3t P ek veps (Serine)imifis it {8 Bel-2enimbe = )
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BRI Fehimre p = R R Rlwi kS 2 TR
T o A el M 4 o 0P T3 Aenb0kDash i B k- 3R
# %]+ (Apoptosis inducing factor) = ‘w2 B ¢ & ) 5 frde 2LE e
Caspase-3i¢ 2 /&1 > @ #-‘m¥e 3= chF A BET 4 o Bel-2it 4] AlIF ik
oo g FF o 2 Bel-2i B E R AR R0 R R RCTET o A

=TI N

2-6-3 A7k dnreeht F - R e 3(Flow cytometry) |
i 3% m % ik (Flow cytometry) £- P ® 3 itk 4 F - § Stk - §
RS ST ENVE S LES AT Qb -SSR N R gF

RZ

BRI fTime , - BB ZAEEAREF,

e BRI R I
FE Bl BRI ERREAL IS LS ¥ Lo R kAT Ut ST

B BEFERE AT BB Ak, JF T R e -
FIE R TR E 4 e B T 0 ek R S R

2-6-4 wre - ¥ P - AnnexinV ELA 47

Annexin V. £ - fa 4~ + & 5 35~36KD giiq g & F-v 0 i 82 mie b
BPg B sk ieps (phosphatidylserine, PS) & fLicitcng & o @ giig B 50 Rf
TfEAE g dd Blwie & F cnd IR T B ot e ienp )0 fte
= ch S o B T AN vRAL € S e e RS T e Bt ] £

o F] P L H-Annexin V. * FITC# biotin 4 i 4&3e » T ¥ £ s h
Annexin V1% 5 35 &4 vtk ] o g iy B SRR o - 4REE {Tannexin V
A PERE Ly B (Pl) 2FEES Pl - EPEAKE S b

xﬁ'x }'}'r L E‘i’:aﬂﬁ’r i f;;‘g‘f@m’?éﬂﬁrﬁ 4:{1]&‘37;){?%7— o 9—:]:‘; ’;}_‘f‘:\ﬂ’?é’ B Eﬁ,ﬁ};
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2-6-5

RIS R et T e R T S B 3R

= f chgmo FptAnnexinV o EPI L rj*u? IR e - e ek R

A mieAe R AE R

dnfe ¥ AR R v R

F e B Y a0 By x5 0 bldocaspase 2%, Apaf-1,
cytochrome ¢, PARP o — £33 = 25L& 4 {4 L iE v b P5ecaspase » 35 % #-7%
Bt AUk Rl ) sfe b 52/ dhcytochrome ¢ $8 41 > B L A AUR R
XX hmie R o B & Apaf-1 {é fFd T scaspase & & 0 Bt 5 I PARP %
#8135 B 32 j< 0% § Bcl family ~ Bax ~ Caspase 3~PARP %24 £ & & ¢
ged B oo i ed FinlR BT I G S RBZERARY T2
iy Angp 2 - o TRt AT G S R BRI T 248

yk

y B

\F‘b
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31 % U

Part 1. # M % - %29 %

Noni fruit

Fermentation

0 week

4 week

8 week

Noni juice

Basic properties

1. Total yield
2. pH
3. Color

Functional compounds

© 0k~ wh P

Total phenol
Flavonoid
Condensed tannin
Scopoletin &
Scopoletin derivative
Rutin

58

Biological activities

1. TEAC
2. DPPH




Part2. o i ¥ B % 0 4 pEAE & Fom D %

Noni fruit

Fermentation

0 week 4 week 8 week
Vi
Noni juicet
(EtOH extract)
Noni juice
EtOH-ppt EtOH-sol
(noni-ppt) (noni-sol)
Freeze-dried
|
v v
Polyglycan In vitro assay : Caco-2 cells
1. Total carbohydrate analysis 1. Cell viability
Reducing sugar ® MTT assay
3. Molecular weight of 2. Apoptosis

polyglycan
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® Flow cytometer




32 F &4

3-2-1 F % Rt

AR ER R D ZHRLYRRFE S

3-2-2 & AT E G A

1.

10.
11.

2,2’-azion-bis-(3-ethylbenzo-thiazoline-6-sulfonic acid) (ABTS) ~
butylated hydroxyanisole (BHA) ~ peroxidase (from horseradish) -
2,2-diphenyl-1-picryl-hydrazyl (DPPH) ~ (+)-catechin ~
4-hydroxy-3-emthoxybenzaldehyde (vanillin) ~
3,3°,4°,5,7-phentahydroxyflavone (quercetin) ~ quercetin-3p-D-rutinoside
(rutin) B p Sigma > U.S.A. »

Sodium chloride (NaCl) -~ trifluoroacetic acid (TFA) - potassium acetate

(CH3COOK) p#p Riedel-deHaén » Germany -

Aluminium nitrate (AI(NO3)3 « 9H20) ~ hydrogen peroxide (H202) pp Merck -

Germany -

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

Formic acid Fp Aldrich » US.A. -

Folin-Ciocalteu’s phenol reagent ~ sodium carbonate (Na,CO3) P& g

Sigma-Aldrich » U.S.A. -

Methyl alcohol (MeOH - HPLC grade) pip Mallinckrodt - U.S.A. -

Acetonitrile (CHacN » HPLC grade) #p HY BIOCARE CHEM » U.SA. -

Scopoletin pp ACROS » US.A. -

Hydrochloric acid (conc. HCI) ~ sodium hydroxide solution (NaOH)pp B35 1 i+ &

F%Z > Taiwan °

Ethanol absolut (C,;HsO) P p Feral Berlin GmbH » Germany -

FrOEMFA DR B SH LA RT CERPT LR
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3-2-3 A g mrE R

A gL ﬂﬁ'\ﬁ%m *z tx C2BBel ( Human colon adenocarcinoma, clone of
Caco-2) ; ATCC CRL-2102 ; BCRC number : 60182 » £ 4 it ¥ i + & w2 4k
WA B B SR FFRF AT RERE Y

¢ . (Bioresource Collection and Research Center, Hsinchu, Taiwan) -

3-2-4 e & A

B DMEM (Dulbecco’s Modified Eagle’s Medium )#s % (GIBCO, USA) > 12 900
ML = ki3 f3is o bempad 4 L4 g/ RIZpH £.9 7.2 12 022 pm i3
“(Millipore, USA)iE g » £ 4c » 100 mL *3+ i 5 (Charcoal/Dextran treated fetal
bovine serum ; FBS, Lot : 315734) ~ 10 ml 100X sodium pyruvate (GIBCO, USA) -

1ml human transferrin (GIBCO, USA) » /& £353 {5 ¢33 4CH * -

325 mress & H s &

Trypsin-EDTA % Trypan blue *=ptp  Biological Industries (Kibbutz,
Israel) ~ Sodium bicarbonate (OSAKA, Japan) B p Sigma (MO, USA) ~ Potassium
phosphate 2 Sodium phosphate F£p Mallinckrodt Baker (NJ, USA) - Sodium
chloride £ p Amresco (OH, USA) ~ Acetic acid F£p TEDIA (OH, USA) ~ MTT

reagent p&p Sigma (St. Louis, USA) -

3-2-6 mFE k= EE|

Annexin-V apoptosis kit £ p Strong Biotech Corporation (Taiwan)

3-2-7 F=v B A 45 A
(2) Cell lysis buffer
1. Tris-(hydroxymethyl)-aminomethane F#p Bio-Rad (CA, USA) -

2. Ethylenediaminetetraacetic acid (EDTA) ~ Nonidet P-40 substitute (NP-40) %
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3.

Sodiun deoxycholate #=p# g Sigma (MO, USA) -
Sodium dodecyl sulfate (SDS) pip Bio-Rad (CA, USA) -

(2) T2 32H
BCATM Protein Assay Kit pp Pierce Biotechnology (IL, USA) -
(3)d = HiF #A

1.

10.
11.

12.

N,N,N,N,-Tetramethylethylenediamine (TEMED) -~ Bromophenol blue ~ Ponceau
S ~ Skim milk % Bovine serum albumin B p  Sigma (MO, USA) -

Glycerol ~ Glycine ~ Sodium chloride % Tween-20 p&p Panreac Quimca Sa
(Barcelona, Spain) -

Ammonium persulfate ultrapure (APS) ~ Dithiothreitol (DTT) % Sodium phosphate
monobasic, monohydrate p#p GERBU (Gaiberg, Germany) °

Acryamide-bis solution 40% ~ Sodium tetraborate-10- hydrate 2 Sodium phosphate
dibasic F£p Merck (Darmstadt, Germany) -

Sodium dodecyl sulfate (SDS) Fi-p Bio-Rad (CA, USA) -

Methyl alcohol % Tris (hydroxymethyl) aminomethane (Tris) F&p Mallinckrodt
Baker (NJ, USA) -

BlueRAY Prestained Protein Ladderpip GeneDireX (Bruges, Belgium) -
Blotting Paperspi p Whatman plc. (Kent, UK) -

PVDF (Polyvinylidene Fluoride) Membranesf#p Millipore (MA, USA) -

-k & 5 pEp Midwest Scientific (St. Louis, USA) -

Oxidizing reagent 2 Enhanced Luminol reagentf# p Perkin-Elmer Life Sciences
(MA, USA) -

Developer and replenisher % Fixer and replenisherptp Eastman Kodak (NY,

USA) -

3-2-8 K # &RE
1. CO2{5 8 2 % 45 (2] %.HEPA CLASS100) (Thermo, USA)
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10.
11.
12.
13.
14.
15.

16.

17. 7%

18. %
19.

20.

21.

se R R TR A (3]5EWB212-B1) (Kansin, USA)
& I 2+ 8 % (hemocytometer) (Superior, Bad Marienfeld, Germany)

#£ )3 17 - (Bellco » USA)

4

f§) 2 % Sk &g prgk (R 8L1X-71) (Olympus, Japan)

32‘)

7 Rs F BT3 8 (2150 LS-750) ( Taylor-Wharton, Germany)
2 7 ¥ Vortex (Z]5.Vortex-2 genie) (Scientific Industries, USA)
a3 fmPe ik (A 5LFACScan) (Becton Dickinson, USA)
§2i# 1 (A1 5.MC-01S) (Major Science, Taiwan)
-0 B % A1 (21 5.MiNi-Protean) (Bio-Rad, USA)
T kR B (2] 5LMP- 250N) (Major science, Taiwan)
£ Al (2] 5LUFO-2100) (Pantech, Taiwan)
% i MR 4.0 5 (2) 5L5810R) (Eppendorf, USA)
MR %k gpee 8 0 Himac » CR 22G 1l » HITACHI - Japan -
pH meter : PHM82 STANDARD pH METER > RADIOMETER
COPENHAGEN - Denmark -
§ 4 %k : UV-VISIBLE RECORDING SPECTROPHOTOMETER UV-2100 -
Shimadzu - Japan -
¥ % e 5 0 MIKRO 20 » Hettich ZENTRIFUGEN - Germany -
Ak kB 2 1 UV-2100 > Unicon » USA -
% »Tat i 4p & 47 & (High performance liquid chromatography > HPLC) :
Pump : LC-10AT VP Quaternary Pump » SIMADZU - Japan -
Degasser : 4 channel degasser - GASTORR BG-14 > Japan -
Integrator : Chromatocorder 21> SYSTEM INSTRUMENTS  CO.,LTD
Japan -
Detector : UV-VIS DETECTOR - S-3702 » Soma - Japan °
1R ki - HOTTECH® » 2 fcfiff R E ¥ 5 @ o
5% | FREEZE DRYER FD-5N » EYELA - Japan °
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22. i b %45 : 1350FD » SHEL-LAB > US.A. -
23. A4 0 G-706 R g at4E (F) 0 2 & 58PS H TS » 7 ##80C » %
£1500mL > & SE AT R LN o
4. 3 7 RORE R
MR PAB-Kk 1, ¢ YIH DER BL20 » Taiwan -
#BEHE%E 1 BUCHI RELLL Rotavapor and BUCHI 461  Water
Bath » Germany -

EZFF ki § 1 - EYELAASPIRATOR A-3S > Japan -

25. 178 -k - KANSIN INSTRUMENTS CO., LTD., Model : SB 302 - Taiwan -

33 FE
3-3-1 Fprmp kit Wl
B R R AR S RIRETCE R FCRETRETHS > R EFE
REJHAF ARSI ERLHEFOR G § & ke B3 hd ek %t
X A ACTRG > 92 45 A7 2ERA o BEIEY T A o
F-ERR AR RIREDIETENFRERY R R B RS
FOMAREI)UE MG FHER RSB T TR T s L RERFERE 04
ik o & 4¥P- - FEEF o M5 R WIS 1L g 2 38 & 13,200 rpm

4°C ~ 20min » + g & =0 A &2 % 7+ 7 % Noni juice » 22t -20C T &% o

3-3-2 SpERaEl
W] -iE EOE B% 0~ 4~ 8 1 <11 Noni juice > % noni juice : 95% EtOh : 1 :
3 gt ) > B~ 200ml noni juice ¢ » 600ml 95% EtOH % 2~ % pi 48 - 5 13,200
rpm ~ 4°C ~ 20min » £ g B % > A Fdwa s 5 EtOH-ppt > 2 ¢ ik &
EtOH-sol » £ #- EtOH-sol ﬁ;,ﬁ‘v@,kéﬁ"fi z fig » £ #- Noni juice ~ EtOH-sol
21 EtOH-ppt /4 i 52 Bl i 2 & 0 2 (5 54 -k 79 5% (Hirazumi et al.,
1999) -
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3-3-3 L
3-3-3-1 & F P2
BEPER LR SRR ARSI TR E N R R AT

AXFW) = REFEERFRAE x 100% (1)

3-3-3-2 pH & 4 4

FI* Fadk Rt RIpw L2 RIZRIE_noni K H ek B2 B o

3-3-3-3 ¢ Fip| 2
d A ik Shimadzu UV-2100 % ¢t sk & sk 5k & 2Bl 2_noni % i+ 2. L* ~
*b*iE e LXEA TS cnA R 0 F L*E S 100 AT 26 0 5 0PER| A
FRRaYLfEPE AT HE BB om a*i T ERER B ;Y

PEPRFRES »m L EFFR BT S o

3-3-4 #ap kit £ 4 7 2RI

3-3-4-1 B3 it & 2. 7 € ip| = (Total phenolic determination)
%+ @ Julkunen-Titto (1985) #1= j2 jp| % 2 o
J 12 : Folin-Ciocalteu’s phenol reagent ¥ & fz3git £ 2. OH A F &> T &
A gt (W RRE) AL 73mM TRk o

250 puL 2z noni %4> 1mLHO 4-500 g L Folin-Ciocalteu’s

phenol reagent > * 4 3#% 3 /2 & » F 4c » 25mL 20 % Na,CO3z > 353 8 & » 3%
TR TEE 20min @ sk E R E 735 nm 2 sk iE o 1A 7 e
Folin-Ciocalteu’s phenol reagent 2_ &5k % (T3 ¢ ¥R e
35 1 gallicacid 3 4R# 5 & 4 (T E 0 M (k- ) o Noni %+ ¢ %,
faagic £ 2. 3 £ d SR R F1F4p % gallicacid 2. & > 2y g gallic acid

equivalent/mL noni juice % 7+ o
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%% 0 B % (1996) frdf (2003) ¢ i# p| w2 o
RIL DGR EPOREERT Y AARE S RIS X
Wk 415nm T g ok o

©P~250 pLozononi %t e~ 10 %A AR 1M fppidn & 50 L o
EAer 14mL 2 3F K333 RE W FRETERAOMIN @ f8 104 kK
B2RplA £ 415 nm 2Rk (E o 14 A 7 SR FLARZ Rk TR0 HR ke o
38t uquercetin AR & B RIEHRE Y A (Hék= ) o Noni %t P AR
k2 7 B R R AP 4 quercetin 2o & 0 12 1 g quercetin

equivalent/mL noni juice % 7+ -

3-3-4-3 45 & ¥ ®2 7 £ R (Condensed tannin determination)
%+ 1 Julkunen-Titto (1985) 1= j2 Bl = 2. o
BRI GEE E R e 4 I (vanillin) 2 ERALIFT T o g A NI 2 prd
fv o TAA & 500nm T ok e

* % 12100 pL 2 noni &+ > 4c» 1 mL4 % vanillin (w/vin MeOH) » ¥

%
k#Hg > B4 r 500 plconc. HCl» 325382 & >+ 8 74 % 20min> @
802 Ak g R p ik £ 500 nm 2 vk (@ o 1 A 7t vanillin z_ 3¢5 § T3
v ¥R e o

35 @ oru(+)-catechin iR 5 ¥ FHRE W S O(H4F=) o Noni &t P

2456 %z 2R R SURIF Ap §(+)-catechin 2 & > 12 mg

(+)-catechin equivalent/mL noni juice # 7w o

3-3-4-4 =4 % (Rutin)¥2 { &= % (Scopoletin) 3 H ji=4 3 5 £ ip] %
%+ 13 (2008) e jE X4 ig AR T2 o

2

% B i 4p & 47 R(HPLC)R 4% & ¢ <rutin £2 scopoletin z € -

A AT E E e T
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Column : Synergi 4 ¢+ Fusion-RP 80 > 250 x 4.6 mm > PhenomenexOR
Mobile phase : solvent A : H,O
solvent B : CH3CN

Linear gradient : 0-30 min : 100 % solvent A — 70 % solvent A

30-40 min : 70 % solvent A — 100 % solvent A

40-50 min : 100 % solvent A
Flow rate : 1 mL/min -
Detector : Soma UV-VIS DETECTOR/S-3702 > A =345nm -
3+ 5t 2orutin 22 scopoletin 58 B (TR (T 2T ) &V 0
rutin ~ scopoletin 2 scopoletin /=4 3 z £ d #& ¢ 5 I o H = yg/mL

noni juice % 7+ o

3-3-5 A EM LT
3-3-5-1 &3 it st 4+ (Trolox equivalent antioxidant capacity > TEAC)

%+ : Milleretal., (1993) % Arnaoetal., (1996) 1= j ip| T 2

W

o

72 : Horseradish peroxidase ¢ it H,O, 2 ABTS: * &2)= ABTS++
ARTOESIFET AR T3 T E G Rk o FHREE G F b
4 B RS ABTS « + ehE ’Vk%lﬁﬁ}g—rxg o vk EARM 5 P& T
R4y a4 AR5 o JIF AP IRl SR ET R Ak o W T
PEg ABTS « + it 4 25055 » T AR S L ARF i 4 sl

F R e

-0,S SOy
s s
C[ >_—_M—N=< D
N N
| |
CH CH,

ABTS

] peroxidase/H202

-0,S
S S
L=<
Ny N
| |
C,H H

ABTS o +
green radical cation

S0,
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% 1 #-2,2° -azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS) -
peroxidase~¥? HyO, /R £353 » @ i)k R~ B 5 100 yM~4.4 unit/mL &
50 uM> 30 CTkEFEL1h  REA) X FS FETHABTS - + i
Fhpd RF REA P 225mL pd AF BEH 4~ 0.25mL Z noni %
+ 533 R A >N F R TR R 10mMin e A kR B HRIA R 734 nm 2ok
[EREIVAY! /,9]‘4\1 ABTS « + [F3t5F pd AKX REFERZBHRITL 20 ¥R 2

3+ o trolox AR R 3 TR AW R (Fek ) o Noni %t ¢ 2 dmd
i3 2 £ R d LR AP Ap ¥ trolox 22 £ 0 2 g trolox equivalent/mL
noni juice %% o @ ABTS « + B3+ p d i 4f4 E S e o

Bz et (%) =[(Ac—As)+Ac] x100% (2)

Ac: ez ki

As : RE w2 3k E

3-3-5-2 DPPH p ¢ ﬁ_ki-;—,?‘-“,ﬁ% At 4

%% @ Shimadaetal., (1992) 1= jx plz 2 o

RIZ:DPPH p o B2 7 A3k AFE% 4 > 30K 517 nm T 4 o 2k

BEooF kR MR EREL RS o FRES G IR VA A B Rl
FUF DPPH i d Ah o d gid g iREd RLKF 4 > xR ERETE o F

DPPH f d A4y ﬁzﬂu ’ﬂlvx%xaygﬂi FA& S > &7 # &y DPPH

B“‘%mﬂb"f{m FIr Ap 3 dlEz Sk BT R A T AR &

W K,% DPPH p d it 4 2 333 -

F R 4eT™ .

Q\ rl‘ /O Q N/C
N- NH
o,N \Q/ NO, + RH

oM _~ NO, +R -

NO, o,

DPPH
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> 1B~ 06mL 2z noni %+ 4~ 0.6 ML0.008 % DPPH ® &3 % (78
fefll) s L4~ 05mL £ 43k o353 R E > R TERFE 30min
mofe Ak B IERIA R BI7Tnm 2o ek iE o 117 ’T ‘e DPPH z 35k 17 4
v HRE -

P58 0 BHA R R TIPS R (M- ) o Noni %t ¢ 2 diF
L5 7 &R d R S FF4p ¥ BHA 2. & 12 ug BHA equivalent/mL
noni juice # 7 o @ DPPH A d hifrf PE R 4T

Radical scavenging (%) = [(Ao—A) + Ag] x 100%  (3)

A0 : Fillez ki@

AR

Lz BokiE

i\
e

3-3-6 % pEAA 17

3-3-6-1 L EEB RS 2 RFET E AT

\\x»

% @ Keleti and Lederer (1974) =17 ;2 o] T 2.
RITCA] FEAE(HpE S PR SPE)2 B A S ¢ B mp A TE R 2 S EERE

£ & Folin-Ciocalteu’s phenol reagent ~ i 2 =& 2 hfe 4 ¢ $ 7 > )L &

S

490nm F L dF e kg o

S DB Iml 4R &4 » 05mI5% FSiaik 0 BFR A > £ 4 2.5ml 98%:;k
Frife > BRE > #FE 10min> 3t 25°C AR5 ¢ 10min > 12 4 sk sk R R
£ 490 nm zZ_w sk iE

3% @ 2 D-(+)-Glucose (Sigma, USA) i &8 & » & @ (TR &8 & ("4~ ) o
MR ST 2 R £ R g R SR 4p %t D-(+)-glucose 2. £ - 1

mg (+)-glucose /mL # 7=

3-362 R e EE Bkt 2 BRES R AT

o

< @ Miller et al., (1959) > £ | 7 2.

J 32 : DNS ( 3,5-dinitrosalicylic acid ) + #-g -k i & 3 P5d2 pr e fik A 0 Tdk
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MR TRR > TN E B75NM § A4F Bk E o

=2 AR -E 1L(WIV) e 3,5-dinitrosalicy acid 2 0.2% (W/V) <= % ik >t 1%:n
3 ite¥ BiR-10% (WIV) I mifiedr 5 Ci-40% (WIV) iFE adm4h ;D R
- B R4 9IMlEH AR B Iml RS e A DR RTRE
% 100°C T kg 15min > £ 4 > 0.5mIC % » B R & » 2~ 25°C ki@
10min > 12 & kR g 2Rk £ 575 nm 2o sk B

3% @ 2 D-(+)-Glucose (Sigma, USA) 5 &8 & » & #l TR & & (441 )
R pERY R RAEZ E A P RE W SR FF 4p ¥ D-(+)-glucose 2. & > 14

mg (+)-glucose /mL % 7=

3-3-6-3 L EE BT 2 A Rl

\\\Xr

L EE A (2001) =07 kR w2

RIE S EEWA S E % S & 4772 (gel permeation chromatography,
GPC) > ~ # % "} %838 m & 172 (gel filtration chromatography) & 4 + £t 5 k& 45
/% (size exclusion chromatography)i& 7 2~ 47 « H B %4 5 342~ | 40 F ende
Foapdipd ~ o35 g FlEErdtap a gl s > FTERE
TGP R AECIERE  FTFRELE O NET AT A
£tk o

A FTiE EdeT ol

Column : PolySep-SEC-P 5000 300x7.80mm column > Phenomenex

Temp : 40°C

Mobile phase : ddH,O

Flow rate : 0.8 mL/ min

Pump : Hitachi model L-6000 pump

Detector : Bischoff model 8110 RI detector

# 4 & : Hitachi model D-2500 chromatointegrator

Standard : pullulan(» + & 3.77 ~4~433-~4.68 ~5.05+5.32~556 2 590K
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Daltons or Da » retention time 4 %] % 11.22 ~10.92 ~10.33~9.68 ~ 8.97 ~ 8.46 ~

7.87 2 7.34 A 48) » BRI SAeiAEL o

3-3-7 ‘P sk

3-3-7-1 ‘m¥e 32 & 27 418
B A AR NITCRF vy B BB > BFFREONEY c AIREFH P B>
4 Caco-2 ~ Mg lmie 2.8 ok o g 0 B 3TC R ¢ g f2 0k 0 12 70% ethanol
BRGEAIEIH » BFHEIFSP o 4or o 2k 2 Caco-2 e R ixir st 10
cmdish» £ %4> 10mL &2 4 >R &353 >3 37C % 5% C0O2 2 8 %
WP o oRrE 123 tsFmed B39 78 AmE LA g .
e tEar P A R AR TR BRHE %;&_kw,f » 11 3mLPBS #i% 2
X fé 0 4o x 1.5mL 2. IxTrypsin- EDTA » B Y32 % §8 %) 2 4 48 > Flmre 54
60 4rr 3BHAF LR AR Trypsin-EDTA 2 i®% » | #3Z e 50

THrRIFTRELY > ENRBE/RYRE -

2 e A AT

%% © Mosmann (1983) 7 ;% jp| T 2.

J 72 MTT ( 3-[4,5-dimethylthiazol-2-yl] 2,5-diphenyltetrazolium bromide) &
B- % ¢ 4R FEE e T AR S
(succinate dehydrogenase) #-H & i 25 = g ¢ < formazan> 4r » DMSO i H 3

f2T % 590 nm e £ p|H ek iE o

F RN 4T
/O MADH Man*
e
o~ o2
=N
NTT MTT formazan
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Sk e %0 9634 ¢ i B anve (10° cellsiwell) i % 7 e
PRER2Z & 24-48h (50452 % AT PBS k- =4~ 100uL
MTT z2#/(0.5mg/ml) > ;2 &£355 > %37 CF s 4h> 2 H MTT 228 > 4
»~ 100ul 7 DMSO i #-F ¢ B ft7d > # % 20 min> 12 ELISAreader B

1}‘,

£ 590nm Hex kg > 2 H w3 g o

3-3-7-3 w2 k= A 47

% ¢ Annexin V-FITC Apoptosis Detection Kit fiz & jix 3% w %2 % B 2

\\?{r

J I : mre 5 ) k= (apoptosis)pF fm e Boph #5-e phosphatidylserine § 4% 3 ¢
W U P e 0Ty M dF - TR TR - FITC-labeled Annexin-V &
phosphatidylserine % - [+% & » d § k7 @ FITC & k£ o § e >
P fm e Sap B R 0 AR ¢ e Pl €8x mbe ﬁﬁﬁ%ﬂ? i A P e
RLIEY S B R ALF A NIRRT 2 mE o

>k 1 e (10° cellsiwell)gf e 123V % - 5 3 A AT - Raed ik
B2 A& 240 150 #2 B & R 500 PBS Bk - =0 & 2 Trypsin 5% & 4
415 & % medium # ok F & well o & w2 T tube ¢ 2 go $53% 1000rpm
o 5min > 2% i 0 & tube 2 K ¥ 4 ~ 100u L binding buffer ~ 2
M L2 FITC-AnnexinV 22 Pl %] » 2 4°Ca % ¥ F J& 30 min » £ 4c 400
L binding buffer » m iV mie kA 478 % c BE T o e B, & 42
FITC/PI'~ FITC*/PI' ~ FITC/PI"¢ FITC'/PI" A %4 7% % ~ 5 8= 3%

g R 2 e o

A

BEATEES LT EHEHER B X (MeantSD) 4 = 0 & * Student’s t-test
kPG BIp i B o p<00l R TR F LR ~p<005 4 7Ll
A2 p>005 RIEA T A FHEFALRE o775 1% SASOL 2 AH:Eis

4% 8 2% 3+ (completely randomized desigin) ~ % 2 4 #7(ANOVA) % Duncan’
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s new multiple range test 4~ 47 » & 4% 2 & -] >+ 0.05 (p < 0.05) & -1 & =3t 3t

+ i EF AR -7 * Sigmaplot 10.0 (Systat software , USA) #x §8 :& {7 (£ ] °
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411 FREF2LASF

FREFLFARDARPAHEERT R LEEY TR TH > N FEE

g“?
T

FEWEGT o FIE I HHES UFFER S BN RE TR AR AR
BELEMAFR TIEL Y 7 BB i AR F R SRS E
FHMPEPRE R YMA T o R WE RS fBA B R

HRFFAHEY AT AL R BRSSP AR R
A cERFL 0D 8 HHE FAATI UMY AREE (1 2)
A 568341166%  F v IR LG B EZ B AR RS AFA
4] % 57.8 %-63.9 % (Newton, 2003) - 7 % S % e e d f— B2 #2530 5

P %A o

B REMEREL L AT

Table 16. The total yields of noni juice at different fermentation time

Fermentation time (week) Total yield (%)
0 39.07+1.65°
4 52.03+1.03°
8 68.34+ 1.66 °

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

fermentation time with different superscripts are significantly different (p <0.05).
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4-1-2 #H %+ 2pH &

EREFEF PSR T 028%) %t 2pH X ixx LB pH
B4 3mAal75t (A=) FIERE S LR G {8 e pfrd g (Dittmar,
1993) M FF A Ao L PRI 2 EP RO > A KapHER]F 10

R = JgJe? - B R 2pH B+ A3.4-39 =+ (European

Commission, 2002; Chunhieng, 2003; Newton, 2003) » @ # 2% & % £ < ;;Hgﬁr 0

2L A RPEETERES2pH &

Table 17. The pH values of noni juice at different fermentation time

Fermentation time (week) pH
0 3.70°
4 371°
8 3.71°

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

fermentation time with different superscripts are significantly different (p <0.05).

4-1-3 & %A 45
AEBPEOEREFEREFT S AT AN F O LEL AR £

T BAXF AT ¢ BAE > EFFEFEOEFTI FRBA 2 ARRF BRI FA
Fo BRBER AR Lo (CAert ) Ao o PR F R AR L
HERESZLEERG TR THERSIEFEEAF LA S AR A%
BEFzarmirprt 2 THEREIEFFBET LA I R A BN S
A2brE L EREAEFREET ML S R R BPRFTLLE
W St 2pid 3 s R PR ARE Rl R e ﬁ*uflﬁ/% v
L]%H;] NePrpeisitbpgd 2 24 Riey 2 4pW (Recamalesetal,

2006) 0 JIHPIER F L FI FLT A BB LE R H AN ERE T DA -
)i A i
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Fig 22. The change of color values of noni juice at different fermentationtime. Each
value is the mean + standard deviation (n = 3). Means among different fermentation
time for L* with different letters (A-C) are significantly different (p < 0.05). Means
among different fermentation time for a* with different letters (a-c) are significantly
different (p < 0.05). Means among different fermentation time for b* with different

letters (1a”-c”) are significantly different (p < 0.05).
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Fig 23. The contents of total phenolic compounds of noni juice in terms of gallic acid
equivalent at different fermentation time. Each value is the mean + standard deviation

(n = 3). Means among different fermentation time with different letters are

significantly different (p < 0.05).
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Fig 24. The contents of flavonoids of noni juice in terms of quercetin equivalent at
different fermentation time. Each value is the mean + standard deviation (n = 3).
Means among different fermentation time with different letters are significantly

different (p < 0.05).
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Fig 25. The contents of condensed tannins of noni juice in terms of (+)-catechin
equivalent at different fermentation time. Each value is the mean + standard deviation
(n = 3). Means among different fermentation time with different letters are

significantly different (p < 0.05).
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4-2-4 Rutin ~ scopoletin % H =4 % 7 £ | %

B B EERER 2% % @ {Arutinsscopoletin 2 H jF4 40 7 F A 47 0
Foeegs (Bl +») Br0i8%2z #Fprsey » "CFFMEFF LA FH*
7+ 7 scopoletin it & 4= 7 & 3 4v > scopoletin 474 4 ferutin i &4 7 £ o
Rutin &_d fis fir 22 = 4 = p& (disaccharide rutinose) #7 ‘e = g F fk fie pE4Y
(Blanco et al., 2007) » 7 i i 427 ¥ it X FITRBE P K s F s § koA K o
SEFFPERFR s 4o @ orutin 1t &4 7 £ 0 00t % % &2 (Chan-Blanco et al., 2007)
2T RR IR FREY (B +2) A5 EEFFRPFFR e
PR B ERERE(C L) BN MR rutindg S AR R "EF B R
G e morutin 1t &3 3 B0 o Scopoletiny % prigde e B & A2
(Pawlus and Kinghorn, 2007) » &% % ¥ 5 iscopoletin i+ & 15 ¥ P& ¥ @ H 4 ;
scopoletin 472 4 RI%E % PF R m & bR - > ¥ P scopoletin 472 4~ ¥7 scopoletin
FARR o @ H AP B Aot (2005) #7or o scopoletiniTA 4 5 Z G oS @R T
Edr o J A B LS HBREE KRS € A5 = scopoletin it & 4 o
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Fig 26. The contents change of rutin, scopoeltin and scopoletin derivative compounds
of noni juice at different fermentation time. Each value is the mean + standard
deviation (n = 3). Means among different fermentation time for the same compound

with different letters are significantly different (p < 0.05).
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4-3 4 BE
4-3-1 % ieg iv 4
M2 R RS R ERy P 2o d 2 0 1 8 &

FRATEGRE S ARG 2 O l00%= o 0 R R 5
Pepihng fvan 4 o FM MR R R T SRR TR F R AR 2
foo ABTSe+p o AL4F 5 a0 4 5 H 4o o0 Trolox § £ 4 Jag vz erdg 4 (i - -
=) YRR v L B o e k. VIR SR B
2 By v 4 (34.40~35.72%) v A E PR ATEER * 4 (26.27 %) K 7 4F o
KR e ® (B +-) P g @@Lyt 27 - 8ffr 2524

* 4% 2v30.36~31.51pg = + trolox (2% i* ) 7z £-3 (2008)* 3 B ¥ X%
B AP RIS ST RS FE AT A A
Flvao A Foor A BB AR HERIRF V4 3 TR S5 Y P iRy
it - B3R5 € d iAo 1 EARY A 8 g BEME YR A0 EE N
(Kusznierewicz et al., 2008) > i3 = s fa IR % » A d *va2 FCEHTE F AP T

1§42 ¢ F4p 74 2 (Dewanto et al., 2002) -

4-3-2DPPH g d kg i

HEREAELTE G UFenig b A SRR Pk LA RE
¥ v B pgBHA equivalent/mL £ 72 0 K R EREERFER S, 0 @
“DPPH p ¢ g;,%“ﬁ% e d 2447 o Y O B2 F RN * I SR
DPPH f o zhji'k+ + X8 tl00%= v > 73 f 5 5 % 7% & § {5 5hDPPH
pod g,%xfu CHFER R GT LR VERETE AT LA B

FHDPPH fd B2 g §F TR R R T T WA LR R 2
DPPH p d zii%“,ﬁ?.*’ (55.23~61.42 %) - A g pr2 AT % (42.85%) k #F
e FmeEr (B-+ ) "l mwgdpzalsy 27 8RR
A& 4% >v11.17~13.63 ug BHA equivalent/mL =+ » 23 it it 4 2478 %

Bm oM %PHDPPH pod A& ABTS-+Y L 2 jprfit 4 i F S % (]
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Fig 27. (a) The ABTS - + radical scavenging activity; (b) Trolox equivalent equivalent of noni juice (50 fold dilution) at different fermentation
time. Each value is the mean + standard deviation (n = 3). Means among different fermentation time with different letters are significantly

different (p < 0.05).
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Fig 28. (a) The DPPH radical scavenging activity; (b) BHA equivalent of noni juice (50 fold dilution) at different fermentation time.
Each value is the mean + standard deviation (n = 3). Means among different fermentation time with different letters are significantly different (p

<0.05).
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Part2. ¢ 5B~ % ikt & ¥k %
4-4 % pEag A 4
4-4-1 BpEF B A
A P EREER AR S S BERURY o BRI 8L E

Yo KR EREE (B2 L4) ¥ 0182 FRrEmr > & 04 AP
MEF e BEPURY 24P E 525220040 7 £ "EF B R R 2
O FERFFCBERURSZABIET R AR KSR TSR

ZHERFESOCBERINRFZAPET B AGSPELAEEL R BB
ARt 8%t 0 T oy FINEF GBI R e R R PR B S o S
Figk (B- 1) P gdpm Ly P e BEPuky  BF a2 1y
A 3234~231gz g FAET R o YRR RESC A% 5Bk 4
(Hirazumi et al., 1999) g% 5 1.39 £0.05 mg# FE#rfis  (dextran sulphate) 7
£ ot 4 5 § 536000~50000 Da: # % #Ee + £ 5180.16 Da» 4% & H = & 7

BERRTRRZAEFZE S > TRATIAK ARG FATLL

4-4-2 BREET A

B REEER B E S BEBUKY 0 2 FDNS2 2R ApEZ £
AT KR kR (B2 L) R0 8k A B EEEARY O d AFHER
R CmERTKS 2 NPES 503720030 S B R EES TN
o FSCBERRFZERPECEREE TR > F O A R B2 R
e AR 20558 0.060F 5 MG B R FETFMHAEFA 4G R0
ARF > TR Tl BRI G A e R R FIRER R R e - a2
RERPEREEBE S o4 TR FT RS E (Bl - 2)F 0 7 5 Jiscopoletin it
& PN B ILPERY 23 4 o @ oscopoletin ATA b AR F F ILPER @ iR bR S
scopoletin & % f= g4~ F <14 2 % #72 # (Pawlus and Kinghorn, 2007) » scopoletin
AP EEF 0 BAERALCEY o 2 iTA Y RSB RE R KRS € A5 = scopoletin
fo & 4 > ¥ i Flscopoleting= 2 4~ 7 pLff 2k 1 & 47 i@ B RAFH e o ¥ prdp !

scopoletinii=4 4= % *» T #& 3 iv & =2 L scopoletin{s - F#iF 4 € G sk
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(Chan-Blancoetal., 2007) > p* F 5% %% (B = S )t ¥ fe 2R Aakz £

PR (Wo S S AR 2 FF R

4-4-3 5SS EFEAY

W R RERERIER RS BERIURY o 2 FRHIBE K 172 (gel
permeation chromatography, GPC)i2 2. s o + £ 447 » K F &% %% (Bl=+-)
VR A0T 8k FAEEAY  AFBEFRe X FTEF LB 27755 7.79
AgB oV H S EES S BRI A (e (8 F e F 468.61% 448.47 KDa -
AT FTRERE 632290144 ¢ 5 A AL oVl IpEA S 2B
(L) (s 7 A 3 %) 52739.30% 103.11 KDa - & 7 % &% (B = -+ - )ik o
i FlaEs EREFRARE S A AT IR S BE IR T 01 8
FriffeY CEFEBER A P e E R R RS A H B
SHBIERREA A ORENARBEM Y N hERIgEI R LR A
o E%"“%i’ﬁ frapit Ep2z s B R ey T2 g~ P ok H B
¥ A4 5 ok 23] H % (hydrolysable tannins) {5 & 3] # % (condensed tannins) (&
+Z)eckf#3l E #4+ £ X 5500-2800 Da- 45 & 31 H # 4 + £ % 5 2000-4000 Da
(Shahidi and Naczk, 2004) -

R IHEMELT A AR A4S N E R BP T et gE o

EEa S if*+’ﬂ%£$%kiiﬂ%ﬁm§4amwy¢@%

Y ie* > A30KDa b E g R AR TR (F 0 1998) o d JHAERIER &

LR P2 RS BT AL G SRR T e
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Fig 29. The contents of total carbohydrate of noni juice ethanol extracts at different
fermentation time. Each value is the mean * standard deviation (n = 3). Means among

different fermentation time with different letters are significantly different (p < 0.05).
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Fig 30. The contents of reducing sugar of noni juice ethanol extracts at different
fermentation time. Each value is the mean + standard deviation (n = 3). Means among

different fermentation time with different letters are significantly different (p < 0.05).
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Fig 31. Molecular weight chromatograms of noni ppt at 8 week by gel permeation

chromatography.
Peak Retention time (min) Molecular weight (KDa)
1 6.32 2739.30
2 9.01 103.11
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2L s A E AT B A S R S PR Spullulan(a -D-F BE) T 2 F G RE
R
Table 18. Retention time of pullulan standards with different molecular weights by gel

permeation chromatography

Molecular weight (KDa) Retention time (min) Log M.W.*
6 11.22 3.77
10 10.92 4
21.7 10.33 4.33
48.8 9.68 4.68
113 8.97 5.05
210 8.46 5.32
366 7.87 5.56
805 7.34 5.90

* Log molecular weight

45 ERE PR L RER LR %
4-5-1 ‘w3 EF A5

Bk AL B RCAcO-2im i b R kR 2 I PR AR R
(noni-juice) ~ & F} X B~k 4~ (noni-ppt)&E ¢ fR X B2 b ik (noni-sol) o A )1
1000 ~ 2000 ~ 4000 ~ 6000 ~ 8000 ~ 10000% 120000 ppm » iT* = L ] BF{s » 12
MTTA 47ime 35 KR %% (B=L=- a) v 2EEE %+ (noni-juice)
0% 8%z #psiEser > “i?‘.ffif]t se ik B e 4e 0 Caco-2 w3 iE FEEEE L o
AFEEHER %Yk R 6000ppm PFiy @ Caco-2 ‘we i3 s F K3v50% ; %
AL mBERTERP AR HES (B2 - b) v @018 FRERT T
Fp bR R AR e o Caco-2p twRe R FAF E M o HFEE e R F I NER
10000ppmp# i 1 Caco-2:m ™ 15 & 5 K>250%; 3% L % i+ ¢ fh ¥ B2 b F R R %

B% (R=-L= ¢ 7 @028k 2 Ay o LF i 4ok & 3 4o > Caco-2
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T hm e 1 K OBE F R o AP IR % Yk B 8000ppmpE st i Caco-2im e i S
FM3t50% 0 H 2 }I? (Hirazumi et al., 1999) #75% > noni-ppt*+6.25 mg/ml)k & B+ i:
i /] B g LLCLim e 15 % & 1X3750% o w2 A #7 7 122000 ~ 40002 6000ppm 3 B 3#

RREOMEFRFEL R BERUERS S B /Fiu A F LG gt oz

4-5-1 P k= K37

Rz S22z )RS E Y RCAC-2mE R D PR 2
PREBERAGEL RS e BERURSFE L BEB2 L G 0 4 5122000
4000% 6000ppm » A &] i€ # 128224.] g5 5 » 2 FITC-Annexin V/IPl % i {7 fm e
YA BB A- Bk MEEA L B R & EFITC/PI ~ FITC/PI »
FITC/PI" ~FITCY/PI" » A% & % ~ 58 ~ 7 Ea ) a= nimie o
SR (2L 1) 0 EF A R PR R % ek B R 4 0 ve A brbr &
P REAE B A w2 0 B AFEEERSY T A
2000ppm™ ¥ Caco-2im e 55 % = L w [ PES > B A B Ol A= hiwmiE b B A
5.59%¢#: 11.53% - fe Jk & 3 4c 5 4000ppmpF » & #p k= 2 aLdp = gl b e )
5 5.33%£:13.14% - % T A% iR % & 4000ppm¥tCaco-2/m e § it nE d)
H oo AR EET E F AR 23R %0k A 2000 ~ 40002 6000ppm 4
W e Lo g Lo ] RS s BREPE S et ) IR BE e 0 30 (2007)30 dm ke
B s BEIIFNEL BRI (2 L) EF P RFRBRMAFLERLS 0B
B iRk R e 0 dnte & BT £ 2 A R A S S S hlmie
SR B 0 B R PEER %t e M E P R £.2000ppmT £ Caco-2.km v
AL S B A B - e 6] L 8.82%% 8.26% 0 ik R
B4 5 4000ppmpE o & = ey F = gt 64 B 5 8.05%% 9.36% 0 AT
AR 5 I B iR i 4000ppm¥tCaco-2/m e ¢ g aLY k= o
SRR (RC L) EEFIRERBTLEL S BERFOERN >
A TE BB - 2 A RA S B A e g2 B 0 B P AR

B 5o pmip4 42000ppm™ &2 Caco-2m e sz % - Lo o PF{S 0 S A= 2t
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B = et B 5 457%% 8.35% 0 ek A& B 4e 5 4000ppmpF o & Hp k- &2
GRS L Bl B L 436% 894% 0 Mt AFREE R BERS A
4000ppm¥+Caco-2im?s ¢ HEB B = S5 T(B= 4 1 L) HFR & -
ERESOBRBEPR GFREFRE SIS CBIFS Y LEAR 6000ppmpEF o 30
Caco-2/mPe iy B - 2o - - Xk (L 22 L)ER S
# f e ¥ 26000ppmpE » (F* - = 212 Low o] EEECaco-2 5w e i e 5 4
S FE % N AR S iF 2.6000ppmpF o i GERLE A= o kL BRI
B bk v FE S 2 6000ppm EH L 2 o] pE o 433 Caco-2.m e i GRS P
= o ' % Caco-2wPe = L w | PEIL A EEZ G % ¢ FRE B~ iR+t 6000ppm
By MBS Hp = o B = A o (T Lo e - Ly gL B UF R iE
BERAFZHER R BERDL FR6000ppmR : B EF R E I L BERP
v g F26000ppm iE - = o) B 4430 Caco-2 im0t sy RaE S Hp E = o Bl
A= I EEw 306000ppm it L - PER G AEF o (F% - Lo | BEIRA 5 5 8
PR B R B pE N 2 O %4 L R 3 B4 35 6000ppm 1E F d L BE
FoRRFoBERFARERIZ - )R FIER S L BEDS U
FENE2Z SRRSO L IEHY A FIGEE REFHERE S AT
ik AT A NE B LG PR R ® T MR R Py By § 1 & 2% (Shahidi
and Naczk, 2004) = » 5 < gt 7 g4~ 5 £30 KDars b & s X 2 Furhfg (%

*o(F 01998) o d LA BER E A IS B2 S SR G PR T o
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Fig 32. Caco-2 cell viability after treating for 24 h by MTT assay.with noni juice, sol, and ppt at (a) 0 week (b) 4 week (c) 8 week. Each value is

the mean = standard deviation (n = 3) at different fermentation time.
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Fig 33. Effects of noni juice at different fermentation time on early and late apoptosis

in Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni juice for 12
h and stained with Annexin V-FITC/PI.
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Fig 34. Effects of noni sol at different fermentation time on early and late apoptosis in
Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni juice for 12 h
and stained with Annexin V-FITC/PI.
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Fig 35. Effects of noni ppt at different fermentation time on early and late apoptosis in
Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni juice for 12 h
and stained with Annexin V-FITC/PI.
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Fig 36. Effects of noni juice at different fermentation time on early and late apoptosis
in Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni juice for 24

h and stained with Annexin V-FITC/PI.
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Fig 37. Effects of noni sol at different fermentation time on early and late apoptosis in
Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni juice for 24 h
and stained with Annexin V-FITC/PI.
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Fig 38. Effects of noni ppt at different fermentation time on early and late apoptosis in
Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni juice for 24 h

and stained with Annexin VV-FITC/PI.
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Table 19. Effects of noni juice at different fermentation time on early and late

apoptosis in Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni

juice for 12 & 24 h and stained with Annexin V-FITC/PI

Fermentation

Percentages of cells (%)

Concentration 12 h 24 h
time
(ppm) Early Late Early Late
(week)
apoptosis apoptosis apoptosis apoptosis
2000 4.74+131% 9.89+0.60°F 559+0.21" 11.53+1.08F
0 4000 8.08+0.97" 12.04+0.73° 5.33+1.56°° 13.14+053F
6000 8.44+0.63° 2521+2.81¢ 7.12+0.84° 5157+1.22B
2000 5.17+1.10¢% 820+1.86%F 5.22+0.62" 856+0.97°F
Noni juice 4 4000 4.85+0.70%  7.12+0.49%F  10.62+0.53% 12.34+1.52°F
6000 10.26+1.64° 12.95+3.25° 10.84+1.99% 23.80+1.87°
2000 4.19+0.41¢ 828+1.36°F  6.37+0.23°  11.43+0.97F
8 4000 5.41+040°% 7.45+0.19F  6.32+2.06° 13.31+1.56°F
6000 5.87+2.12% 30.90+1.47%  6.86+0.62°  40.70+7.98°€
— 4.24+1.31 6.43+0.24 3.10+0.41 6.17+1.39
1
Control
(+) 16.61£2.56% 64.05+3.33"  3.99+1.11° 77.21+2.51"

Control(-): cells were treated with no FBS medium

with MeOH.

. Control(+): cells were treated

’Each value is the mean + standard deviation (n = 3). Means among different

fermentation time with different superscripts are significantly different (p < 0.05) as

compared with control (+).
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Table 20. Effects of noni sol at different fermentation time on early and late apoptosis

in Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni juice for 12

& 24 h and stained with Annexin VV-FITC/PI

Percentages of cells (%)

Fermentation

Concentration 12 h 24 h
time
(ppm) Early Early
(week) _ Late apoptosis _ Late apoptosis
apoptosis apoptosis
2000 8.82+0.10¢  8.26+1.05°F  9.77+0.39°®  10.60+0.77F
0 4000 8.05+2.65% 0.36+0.41°5°F  12.84+1.70° 11.44+1.92F
6000 12.69+0.38" 10.23+1.39P%  18.24+3.85% 12.64+0.07F
2000 6.51+0.60°  11.34+052%°  501+0.90 11.01+0.94F
Noni sol 4 4000 9.13+0.05%  12.67+0.95° 7.64+0.60°f 12.63+0.69 F
6000 12.10+0.25° 34.58+1.39%  10.84+1.01°  21.12+051°
2000  3.35+0.64f 7.22+0.81° 4.00+0.89°¢  12.75+0.51F
8 4000 11.87+0.50¢  8.25+0.56 °F 8.09+1.75¢ 16.05+0.58 ©
6000 14.31+0.45° 20.10+057°C  11.04+0.14%  39.45+0.79°
. (—) 4.24+1.31 6.43+0.24 3.10+0.41 6.17+1.39
Control
(+) 16.61#2.56%  64.05+3.33"  3.99+1.11%  77.21#2.51%

Control(-): cells were treated with no FBS medium.

with MeOH.

Control(+): cells were treated

’Each value is the mean + standard deviation (n = 3). Means among different

fermentation time with different superscripts are significantly different (p < 0.05) as

compared with control (+).
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Table 21. Effects of noni ppt at different fermentation time on early and late apoptosis
in Caco-2 cells. Cells were treated with 2000,4000, and 6000 ppm of noni juice for 12
& 24 h and stained with Annexin V-FITC/PI

Percentages of cells (%)

Fermentation

Concentration 12 h 24 h
time
(ppm) Early Late Early Late
(week)
apoptosis apoptosis apoptosis apoptosis
2000 1.25+0.59¢ 18.04+1.01®  4.57+0.03° 8.35+5.27C
0 4000 1.63+0.45% 2582+0.95%  4.36+1.52°¢ 8.94+3.83¢
6000 1.75+1.009 25.68+3.71¢  2.60+1.04°  23.13+3.66°
2000 7.68+1.20°¢  5.74+0.06F 5.58+1.16°  17.37+4.40F
Noni ppt 4 4000 9.24+2.13° 14.36+3.98°° 504+1.06°  20.42+1.18°
6000 9.79+0.59¢ 15.85+0.67°°  3.74+0.14°  23.68+3.41°€
2000 10.32+2.49° 6.43+1.61°F 351+0.61°  15.82+0.81F
8 4000 14.51+0.99° 13.47+0.21°° 7.21+1.27° 21.06+0.88°P
6000 23.69+2.79% 16.84+0.84°°  9.23+1.04%  27.55+2.17°
(—) 4.24+1.31 6.43+0.24 3.10+0.41 6.17+1.39
Control
(+) 16.61+2.56" 64.05¢3.33"  3.99+1.11°  77.21+2.51°

Control(-): cells were treated with no FBS medium. Control(+): cells were treated

with MeOH.

’Each value is the mean + standard deviation (n = 3). Means among different

fermentation time with different superscripts are significantly different (p < 0.05) as

compared with control (+).
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Fig 39. The percentage (%) of noni juice at different fermentation time on (a) early
and (b) late apoptosis in Caco-2 cells. Cells were treated with 2000,4000, and 6000
ppm of noni juice for 12 h and stained with Annexin V-FITC/PI.

Statistical differences were calculated by Duncan’s new multiple range test. Values in
the same column ( a,b,c ) with different superscripts are significantly different
(p<0.05). Data were shown as mean = SD for triplicates.
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Fig 40. The percentage (%) of noni juice at different fermentation time on (a) early
and (b) late apoptosis in Caco-2 cells. Cells were treated with 2000,4000, and 6000
ppm of noni juice for 24 h and stained with Annexin V-FITC/PI.

Statistical differences were calculated by Duncan’s new multiple range test. Values in
the same column ( a,b,c ) with different superscripts are significantly different
(p<0.05). Data were shown as mean = SD for triplicates.
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Appendix 11. The color values of noni juice at different fermentation time

Fermentation time
L* a* b*
(weeks)
0 77.41+0.34 2 8.09 + 0.04 ¢ 49.19 +0.13°¢
4 54.75+ 0.13° 26.48 + 0.16 ° 64.36 + 0.32°
8 45.17 + 4.06 ¢ 28.76 + 0.62 2 77.86 + 2.50

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 12. The functional compounds contents of noni juice at different fermentation time

Condensed Scopoletin
Fermentation time  Total phenolic Flavonoid Scopoletin Rutin
tannins derivate
(weeks) (mg/mL) (ng/mL) (ng/mL) (ng/mL)

(ng/mL) (ng/mL)

0 1847.56 £50.75%  4547+005%  179.83%0.35°  15184+092°  4096£026%  170.24+2.01°

4 1626.60+ 12.06°  32.71+£0.12°  200.00+29.14° 19841 +6.79" 3996+ 1.73° 12943 + 2.93 "

8 1289.78 + 24.20 © 17.80+0.25° 212.33+3.67° 226.86+9.78° 38.69+ 1.03°2 101.92 + 567 ¢

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 13. The antioxidant capacity of noni juice at different fermentation time

Fermentation time

ABTS - * scavenging activity

Equal to Trolox conc.

DPPH scavenging activity

Equal to BHA conc.

(weeks) (%) (ng/mL) (%) (ng/mL)
1/50* 1/50%* 1/50* 1/50*
0 26.28+1.14° 23.27+0.62°¢ 42.85+2.02° 9.24 + 0.47°
4 36.57 + 0.71 2 31.51 + 0.122 61.42 + 0.48 2 13.63+0.102
8 34.05+ 1.02° 30.36 + 0.49° 42.91+0.62° 9.49 +0.13°

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

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

1/50*: The sample diluted for fifty fold.
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juice ethanol extracts at different fermentation time

Appendix 14. The total carbohydrate, reducing sugar, and molucular weight of noni

Fermentation time

Total carbohydrate Reducing sugar Molucular weight

(weeks) (o/L) (o/L) (KDa)
0 2.52+0.04°2 0.37+0.03°¢ 468.61 + 0.04°
4 2.34+0.01° 0.55 + 0.06 ? 448.47 + 0.01°
103.11+0.01°¢
8 2.31+001° 0.41 +0.07°
2739.30 + 0.032

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 15. The summary of the noni juice at different fermentation time

week 0
Yield
Total phenolic compounds *
Flavonoids compounds *
Condensed tannin compounds
Scopoletin derivative *
Scopoletin
Rutin *
Trolox equivalent antioxidant activity
DPPH scavenging activity

*

Total carbohydrate

Reducing sugar

* Mean the best in the same row
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