La~FagfpgEFmy
Graduate Institute of Food Science
TUNGHAI UNIVERSITY

R R B

Master Thesis of Food Technology Section

{

e
) !

TR

B8
L
\L.

=
X
NS

1\
=

=
T

~

L
\L.

Advisor : Jeng-De Su, Ph.D.

Tsun-Chung Tsai, Ph.D.
R B LA R EEE TS

Functional composition changes and storage stability

In noni process

LA R E

Graduate Student : Ru-Yu Su

PEAR-pgELZ

December, 2011



1>
gﬁu
BEHSHE Fr ?ﬁi&giﬁﬁ?ﬁpfﬁi&ﬂﬁﬁ@%%‘ﬁﬁﬁ%
{’ T#&lv‘mﬂlm}fﬁ"“?‘ %fr’/u/w\f‘fhﬁ ,)};1 , Eﬁﬁ J;{EE?F‘,‘EE;-Q%:% giﬁgé .

EHEHEE D N H ERD T s R B AL 0 # A @IE R A e
EFBEEFARENY RS 7 AAD 3 ERATEY 2] F3RF hepiwas o
#%ﬁ i\g%g«zﬁm,ﬁ- 'qﬁvogm,u,p s B R W ﬁ(;%ép\'um}a&f’;iyxé
TR FAHL

S d o RF R AE L e RE LS ER S LR AR R §
Do ENTRPFL FAMBARERFFAL R AH LB o0

PIFRABBROERLEML AL RFLEIRRG G PR

N

LT a4 E
A g R BE2 R, o

BB oG R Py B RAD 2R R BIEE Y RE2 67 B %
fophes o 4 BT e 2 g E‘?i’!’ﬁﬁﬁéﬁ'frﬁ:}e CE VR R AT s g B
SooFRE RS FRBE PR F [ A cPeterd FR i A
B RAT MRS T PR g BRI R T E LR
E TR CFE R FR SR P L BT B ¥
N R S N T R Ny e N NPEE N T RS

<R R

]h‘i

LR i fers 0 B8 T R R L S S S T3 5

,:snlé‘ai&,:i\,,,jia\:{?\ WL oo

oy

BB R E AR SRR o) G R MR ¢ R e
dq,,_{l]pu,ﬁi\,@—? g\,%‘f—}_ ;jz_l-L;/mtJ ));Jcé{;mrj; [N é;ﬁ \ A ),%1;1 ﬁ

feh - o g AmBfiral o

f

S 7 I



P &

G I S 10
C IR X T8 T 10
T T U T 11
(=) TBELH 38 et 11
(Z) ZE I3 7 0 oo 13
SRR AR Z H A B 21
IR T E 21

D I CE R T T 23

D R RT3 S 30



\\\?{y

o R AR R T 30
R N 2 O 47
(=) Fuie2 £ (Antimicrobial).......ccoooeveiiiiii e, 47
(=) #Fo3 M (Antioxidant activity).......cceevvvierieeivenneiieennn, 48
(=) v 2 Ui (Anti-tumor and anti-carcinogenic)......... 53
(z) F#3 L (Anti-inflammatory)........ccccceeviie v, 54
() "% i B (HYPOENSIVE)...covi e 55
(=) 27 42# (Analgesic actiVity).....cccovvievieiie i 56
(=) FEp i F Ao (Cardiovascular activity)....ooooveeennee. 58
(~) FE2 B (Xeroning).....ocovinvnrnnnnnen 59
FHHLET 2 02 s 62
— o R R 62
Ty B R e 63
Sy BRI IER e 63
S E S SO SS 65
T B R T i e 66
() FEEE S 2 W 66
(Z) BERMEEE F 2 WAE 67
(2) B 3 20 3B oo 68



() 28 P REER TP sy 68
(Z)LC-MS 2 LC-MS-MS F ..ot 69
() o A T 70

(5) T A B IR R 70

(N) B T B 5 B B T, 71
() 2 T8 H B B, 74
(1) BE35 A 3T e 79
By B B3 e 80

Part. 1T 3 FEME 285 it 80

U 85
.—: > i/;—_/—r:"ri ................................................................................ 103

Part. 2 B I8 e 108
I\':V

N L 110
S v A TEIE R et 123
L 2o e et e e r e 130
R 132



Bl P 4%
RN S
I 2 N 6
I R A s 6

B2 v B E (RS R) e, 7

F%-ﬁ.'; fs -&JL% ................................................................................ 7
BlZ 7 B SRR T 9

N B R = 2 N 14
Bl = B L i AT 17
ISR I N B 19

SR B T B B AR e 20
Bl AT 2 2 B e 26
R T N 26

I T S 27

BLte 233 AREF2AREF M2 884 32

BT R el R R SRR TR R &

DRI S EE RS Y N -E TS e

v



DRI & - I L TSR Y RN 332 37
Rt~ d ERFFP AN M FSHN 43
Bl 4 B 2 2 A B 44
Flo S BB E L AR 44

Blo - s d #RF 2B mERFLHPEN DL L4125 32

S E FACER L T B 57
S HRRCEC MERS Y AN AR E B E....60
SR FZFRER N 61
Bl L7 7 pFEETHER SN2 Pa 5% o, 81
Bl L2 2 R EEERHEE S pHEZ B8 i, 83
Bl - 2 P HEFRFEELS T FLEE 84
Bl= S~ RT# R R 2 XU AR AP TR 88

Bl L4 HEFF 24230 A R 2B R 2173 B 2Tk Ap



CA S HREEERD AP EREER T2 R 93
Bzt A R dBERHERS P A 2 228 95
Blzt7 2 pHEETHERS AP MR s B2 D, 96
IR AN S 3 Lol sy A R SR B SR -5 100

S A REEETHERY S A A CER A ST

AR 2B A 101
Bl= -~ 2 SRR TR P A Z B 102

B=-+4 72 FEREFEHERL S0 B41) oipttrolox 5

|l

2 ABTS + " fid JhiFrh i 4 2 B 105
Bz &~ 3 AT HER + 4 (80 B AFf) crin st BHA § €2
DPPH fi o i 40 4 2 B 5 s 106

Bl -~ 7 R PR % (8 B ) SACE frfli e

BB e 107
Ble - 2 RERPEFRZ2 S HERS A pH E2Z B 109
Fle L= 3 B E S NS 2 BB, 111

Ble Lo 3 P pmz = SHEl s aps o 8.1
Ble -7 A Pl pmz = SRR sty SEms 82 38115

Bl - 7 b REREEE S SHERE A L R P17

“

Bl L= 2 R A e > SRS 242 kA2 §5.118

Vi



jud

Ble - A2 R R 2 SRR T AR H TR
Fr U B2 BB e 121
Wz 47 PRz 2 S HEE S L RRZ P12
BT+~ 7 PR 2 2 U % (30 B AFE) hip st trolox
FEEABTS " pd i 4 2B F 127
BT - 7 R RGRER 2 2 SCHERE % (70 S4F) hin$ BHA
FEZ DPPH pd Aifrpicd 2 s 128

FZ -2 3 B2 S SRR %8 R4F) ACE $ril

Vil



+
I~ =k

e
fq

4
4

7

% P&

R E AR N R T T R AR e,
AR FRE R R EHRZITE e

SEERLATB AL 3B e,
SR S T R e
N £ a0 AL - ST RS
AN E R TRED I BE RIS
CEREET P LA B AL e,
SR RFEREFFTP BT A
CHEREE TR A R
VR E R PR BIIH R e

S SRR R E BN HEE A F A

........ 15

........ 49

20 2 SR E B LR I B 50

Vil



=3
% B [
M- v L Rl FE R R BB 143
M B F AR I BB, 143
N B O A -3 U 144
S s LA R 20 I BB 144
FHFT SR E 2 I BB 145
g ~TroloX 2o 122 b BB ..o 145
g = SBHA 2o 3 & S ee e 146
4~ ~ Scopoletin 2o 2 Ao 146
g4 SRULING 2 4528 8 BB 147
it sl R R 2 AT A B AR AR B AT B, 148
i - E A BB L T RS 52 A5 B R4 K 47 ... 148

i P PR PR EHER RS L A pHER B2 P

énhn
E‘ﬁ
L
>
({o]

i 2 PR EFTHEL S LB EA 5 R 2 85150
bt 3 L d T D F AL A E A T, 151
Mg T A R B ESS Y Lo 2 FUME

)i —‘ﬁf‘:,&:&‘_i%ifgﬁ ....................................................... 152
L s R b A EERE AR & hdg a4 2 ACE drdliE i

IX



L

L

L

K45

Mt g =

Hids =

Mt g =

F g =

F s =

F s =

F s =

SN R IR 2 S B e 154
MK RERPERE S NHERE S pH 2 B, 155
YA AT TS R AR S A AR A T2 LI 156
LA R G NHREE AT AR B2 BT

Lo T RPHEERFZIAHEEREFY IR EZR

Lo A REERT C SHBERE S AN R

LE R RGP R RS Y ARE R H TR
BB DR 2T B e 161
LI RRFEPRE G SRR RS d e R B

ﬁ’xxfég‘.\)ﬁ’ -g- ...................................................... 162

LA RGP A S HE R P ABTS - g
Z AR S troloX JE B 2 B2 8 163

L R GERET R S SR R hDPPH p o AR

3 2 A3 BHA R B 2 B8 e 164



M= N 2 R R 2 S N % 0 ACE PRl B2 B

s LA S B IRER 2 B e

Xl



# &

AR KD DA FEHEEMNON) XA FEREE I R RARET D
PRMEF a2 A mEE i St d MRS F G P E
# (Iridoids) v 1% 5 &2 5> b 4 i iridoids 2 2> * 2T E 3
FAEE AR 2 R iridoids SR EEF AP WA KT FL
AR :F STt Tod #pitine s 25— B2 2501
*PpH By AadF 37 =+ AFOCERE T /S 256.74% 0 @ Hppd
Plg s sl 4 8@~ £4% (Rutin) 2 DPPH o ik it

PerEE AR A R > A L "WE F (Scopoletin) 2 iy it 4

6

(Trolox equivalent antioxidant capacity, TEAC) B| & % %t 7 & % 2 48
F5 & B ¥R & - pF(Angiotensin converting enzyme, ACE) 5 R iX
FRHFOLE o FER P A& riridoids § oA fd 0 A B[ EE L fiE
& ¥ 3 e (Deacetylasperulisidic acid, DAA) 2 2 # ¥ A& (Asperulosidic
acid, AA) > A F ' EFFMEFFT FRTH Jd BEETREFHT R
ks AREZACRSHFB2Z HHE * i apH B ABMEER %
B oompH ER §AERERPFR M ERBE N B d £ RIF RN F R
PR EREFappd Pl PREF L SRFALBEEZ B > 2 B2
PR SE AER ARG A AP d PRI HREET o EE S

POTHLFIE 1S G ARy DRERE UL o



Abstract

The aim of this study was to investigate the changes in the physical
properties, functional compounds especially iridoids and the physiological
activities of noni juice during 4-week fermentation and 3-month storage. In
the study, two major iridoids were isolated, purifued and used as standard to
determine their content and stability in noni juice, and expectations of the
future could be used as indicators of quality control of noni. The results of
fermentation experiments showed that during fermentation, the pH value in
noni juice was remained around at 3.7, yield increased slowly up to 56.74%,
and the color turned darker. The contents of total phenolic compounds,
flavonoids and rutin as well as DPPH free radical scavenging ability decreased
along with increase of fermentation time. Scopoletin and trolox equivalent
antioxidant capacity (TEAC) increased and angiotensin converting enzyme
(ACE) inhibition showed non-significant change in fermentation. Iridoids,
specifically deacetylasperulosidic acid (DAA) and asperulosidic acid (AA)
were identified as the major components in noni juice and both slowly
decreased during fermentation. The results of stoarge experiments showed that
all samples from illumination, non-illumination at room temperature or 4°C of
sterilized-noni juice showed higher pH values than that of non sterilized-noni
juice, and decreased with storage time. After sterilization, the color of noni
juice became darker, but there were non-significant change during storage.
Under three different storage conditions non-significant change in functional
components and physical activities in storage time. The results indicated that

sterilized-noni juice had constant and better qualities during storage.
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Bl- ~ 3 Ao Bl= s % & R i o
Figure 1. Noni tree. Figure 2. Noni fruit: young green fruit with flowers.

(http://www.imagejuicy.com/images/fruits/n/noni/1/)



Bl= ~HHEE 281 E (RBR)- Ble ~EHEF D68 % o
Figure 3. Noni fruit: mature fruit (unripe). Figure 4. Noni fruit: riping fruit.

(http://www.purenoni.com.tw/?ID=1&ID2=1&idno=1)
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BT 7 P EamEl s (20 42 548+ 0 SRR )

Figure 5. Two different species of noni fruits.
Left: Taiwan (native) noni ; right: Tahitian noni.

(4 - 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 Ibs 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)

12
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Bl ~ 2 FRSFEaTEEES (F 14257 T3 %)e
Figure 6. Appearances of noni fruit at different ripening stages.
Up: unripe noni; down: ripe noni.

(+ - 2010)
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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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1. Ripe noni fruit 3. Air-dried of noni fruit

4. Fermentation in bucket 5. Fermented noni juice

Bl= ~ B %R
Figure 7. Production procedure for traditional noni juice. (http://www.ctahr.hawaii.edu/noni/fruit_juices.asp)
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R B RGFEREF R FHBRKE A G

Frllit s -H fage 3 “f B8 R B (food dehydrators)

BER AR ARk A B R R B A

24 Tie- HUSBEREM A S (B,2009) ¢ 54
SRS ATER R L G P AN EEE B A S

B 2 RACRES B S LR R R R R
AR FANESEEEY A2 A afEEY (Ram,
2002) o b ek o T A E ROL L RO L P B R o AR R AR T
T FLFE R AWTERT FRERAIL] T e
SRR R OVEME 4 IR A (e BSAE A Rk Afs B et
FREE ANEM R AR AT R AR BT R R

(Ram, 2002; %, 2009) -



1. Ripe noni fruit 2. Cleaning

4. Squeeze out the juice (hydraulic) 5. Non traditional fermented noni juice (Fresh)

Bl &~ - 2R AR % AR o
Figure 8. Production procedure for non-traditional noni juice. (http://www.ctahr.hawaii.edu/noni/fruit_juices.asp)
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1. Noni pulp (with seeds)

-

4. dried noni pulp 5. Products of noni powders

B4~ F %4 Elae e
Figure 9. Production procedure for noni powder. (http://www.ctahr.hawaii.edu/noni/powders_products.asp)
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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)
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372 FF > K,ért”ﬁ caproic acid ~ caprylic acid % 7 #p&t » .3 & 13
¢ fefex gt (Dittmar, 1993) c & F > % > L & 249 ~ £~ 4T -
Br ~ 42 e s (Chunhieng, 2003) » H Ap 4t 3 chde 3 £ 224 5
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F ' Hl4 T (West, 2006)- ¥ >R ¢ 7 § 4 A BCIE
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(Dixon, 1999) ¥ ¢ #* 3 5% w4 % Adx 2 Jg & (Aalbersberg et al.,
1993) -
ERT TG EF AR SRR & § 5 49.5%:k L
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FUBRB R R U Rk B R GEAR R E S (B,
2009; = ,2008) -

1. %%

mv\vt

ills

B s SRR AL - 0 B S RaRE A S
FRARE CEF PR BT B FE S P
4000 % f4F % At RS > H A AR = BRR S
diphenyl propane (C6-C3-C6) ;% #tH= (Rl -) 1 &
% 5 % @ (flavones) ~ ¥ @ A& (flavonols) ~ ¥ =
(flavanones) ~ ¥ *zf% (flavanols) ~ £ ¥ A (isoflavones) ~ & 'z
fir f# (flavanonols) % =+ % pe & (anthocyanidins) * - = 3
(B+-=) TRz ALhE BN ¢ g
ERE S SRR CT E IR A R R SN B A (R
3 ~Frd)fg i - %5 (Cook and Samman, 1996; Pietta,

2000) -

2. H %

HBhi- RS BB S L E
AT - ERLEMIPRE SRR R R
PAMLnEBRLETHCEFES a\:oﬁf@;tg&f,&j fim 3 1Y

L Bt AR 30 T A Fd s PO o BB AL

24



23 AR EFau R R

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)

2 ANHEBELSTROIEES %
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)
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OH

O A
Figure 10. Basic phenol structure.

B+ - ~ R A~
Figure 11. Basic flavonoid structure.

(Pietta, 2000)
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Flavones Flavan-3-ols

5 7 K 4 3 5 7 3 4 5
luteolin OH OH OH OH (+)-catechin SOH OH OH OH OH
apigenin OH OH OH (—)-epicatechin aoOH OH OH OH OH
chrysin OH OH (—)-epigallocatechin oOH OH OH OH OH OH

7 0 '
0 Flavylium Salts
Flavanones .
3 5 7 ¥ &
5 T 3 4 cyanidin OH OH OH OH OH
hesperetin OH OH OH OCHgy cyanin O-gle OH OH OH OH
naringenin OH OH OH pelargonidin OH OH OH - OH
¥
O
, 0 5
OH Isoflavones
O r
Flavonols 5 7 4
- — - genistein OH OH OH
5 7 3 4 5 genistin OH Ogle OH
quercetin OH OH OH OH daidzein 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

DR S i E S 2
Figure 12. Structures of flavonoids.

(Pietta, 2000)
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EROERY R ARz i R g £ (%, 2009) -
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(AL RE-Y AL E O BRI S RE L NG
R ~ TR S R 8 & B E (Chan-Blanco et al, 2007; %,
2009) - Jang% (2003) # 1 # % K &&= % & 3 Fr]Hepa 1clc7
| BUSFR i be cg 4 o Manuele® (2006)+ in i A RE £ E ¢
PR 4 0 R SRR BOES o d 2B (1

2005) - scopoletin z #& 472 4= 3 = #& » 4 %] 5 scopoletin
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¥ - = scopolinr % scopoletin 7-O-glucosyl-(6°-1")-apioside » =
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(b) OH
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Figure 13. Structures of tannin. (a): condensed tannin. (b): hydrolysable
tannin.

(Shahidi and Naczk, 2004)



(b) (c)

CH,OH
8 0
HO7 O @) OH |
6 P OH CH,
OH 0
CH3O 5 4 OH
OH Q 8 0 0
OH 7 >
3
CH,0 ° 3 "
(d) (e)
CH,OH o O—CH2
@)

OH CHSO

B-Le =43 AREFZAREFIRFTLPF210884% @ =44% -0): L TEF - (c) : scopoletin
7-O-glucosyl-(6’-1"")-glucoside - (d) : scopoletin-7-O-p-glucoside - (e) : scopoletin 7-O-glucosyl-(6’-1")-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-p-glucoside. (e) ; scopoletin
7-O-glucosyl-(6’-17)-apioside.

(#, 2005 ; Pawlus and Kinghorn, 2007)
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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. Chemical structures of fatty acid and alcohol glycosides and
iridoids found in noni fruit.

(Potterat and Hamburger, 2007)
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Figure 16. Chemical structures of flavonoids, lignans, coumarins and

anthraquinones found in noni fruit.
(Potterat and Hamburger, 2007)
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Figure 17. Chemical structures of miscellaneous secondary metabolites
identified found in noni fruit.

(Potterat and Hamburger, 2007)
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Table 8. Identified volatile compounds from ripe noni fruits

compounds MW Identification* % ppm
Acids
Acetic 60 a,b,c 0.04 0.02
2-methyl propanoic 88 a,b 0.11 0.05
Butanoic 88 a,b,c 0.71 0.31
2-methylbutanoic 102 a,b 0.54 0.23
Hexanoic 116 a,b,c 19.42 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 a,b,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 noni fruits (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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FACE & 41 2 GaiER > 2 A8 S B0 FN R R 2
Al It TR o 3 L PR SER = de i DA - N LT & A
B4 kg TR S gl dp iR @ 2 4R #(Potterat et al., 2007) $
el Eit 2kt pded 4 - EF AR B KRR 0T
oS AGER R ST RIFES T ORI~ G E I E S o4 £
1 # #rnonioside B (5) % nonioside C (6) z &> » # % MRl » 7 * &
R AR B EHFRY R SRE 0 Fletnonioside B (5) % nonioside C (6)
26T - STt ¥ talizarin(7) £ £5 R0 B ¥ -
PR Arutin (3) - sE4RF A0 b & AERSFMET A AL
# > @ H ¢ DAA(L) ~ AA(2) 3 scopoletin (4) R 5 % T_ehit &4 >
% ¥R+ -] 2DAA(1) ~ AA (2)>scopoletin (4) >rutin (3) - ® DAA

BAA Rz R 2mg/mlb B - A £ Y mE T A&‘ﬁk%iﬁ 0

Fak et 2 DAA 2 AA ¢ Ry & (Iridoids) - Iridoids &3
CEF P RGN HE e LR P SYRE  (iridomyrmecin) ~ dx
%, M fin (iridolactone) % dr 7 = g (iridodial) » H_d drar 33 85 ik
(Iridomymcs) 4 & enfr 4 o de ¢ & s ) (EI-Naggar and Beal.,
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X e N HA S o AR LMY ¥ 2 pE A3 5 i (Dinda et al,
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2007) - Iridoids 2%+ A7k N -(c)-tvm H TRAE 0 2 A & B

B4 m @ 4#5‘3;&%‘?&\;‘@1&1?;‘;{;1 I gk g Mk
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dehydromethoxygaertneroside  (14) -~ epi-dihydrocornin  (15) -~
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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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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

RS Ry SR L1 Sk
Figure 18. Chemical structures of compounds isolated from noni juice. (Potterat et al., 2007)
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RO

B4 b2 AA R
Figure 19. Basic iridoid structure. (Deng et al., 2010)

COOCH;

HO

O-Glu

Bl=- -~ B&F2Z A 54
Figure 20. Basic loganin structure. (Rastrelli et al., 1998)
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A Lol AL Giridoids sl AN 2 E o

Iridoids & e PF 5 & B 2xfd s F & anit £ 4 < jédp HHE7E
v pRE M2 AFE Mok B AR TS 1S 1 (Wang and Su,
2001 ; Wang et al., 2009 ; West et al., 2010) - ¥ ¢} - iridoids ¥ Fr#]im
e AL TR a0 8 12 o ALd 3T iridoids 3§ a7 A2 ek 1T 1
(Nakamura et al., 1997) ¢ ¢} > iridoids &7 & IR {%3F% grdrd] § 1 szﬁ
#7350 L (Xing et al.,2009 ; Yamabe et al., 2010) » 7= &t #r4] A #f o
IR ehp d g2 4 2 (Linetal, 2006): @ ftEde b - E T OBEE R R
% k@ soiridoids st ¥4 TBARS #12 = (Pacifico et al., 2009 ;
Bouderbala et al., 2010) = it crvgf 4 o 0u & B4k & B "EF R4 €
*E i %’r‘g - @ iridoids Pl E 3 &4 F VEEF SRS B LB PEH
fie. en % Hp ;5 % (Bouderbala et al., 2010) - “,4rt $L 2% s iridoids At 3R A s

B B 5% > Kim % (2005) ¥ 7> DAA #r4] LDL % it it 4 (63.8%)

I%
=4

¥ L F ¥ ehA 1 & A FE L F probucol 4pE (78.1%) 0 @ AA H
Frdli 4 ¥ & 55.8% » 4 57 iridoids $ »z#rd| LDL § it - Iridoids
78 4 drd) TNF-a f2c2_ i 4 > 7 % 25 5k 8 b JRBE & (L et al,
2006) - B2 7% scoplotein 7~ £  sgiuehfFis > e H g > 2 2 X F
SR % b # iridoids Aprt 0 d 1B B A b 280
=t qridoids B4t F)m A 5 % 14 > xiridoids 07T iR e
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Table 10. The contents of major iridoids in different parts of noni

Sample DAA? AA°
Fruit juice (mg/mL) 1.441 + 0.027 0.218 + 0.009
Fruit (dried) (mg/g) 3.741 £ 0.016 1.253 + 0.005
Leaf (mg/q) 0.338 £ 0.028 0.539 + 0.007
Root (mg/g) 0.087 £ 0.008 0.326 + 0.031
Seed (mg/g) 1.303 + 0.050 0.148 + 0.011
Flower (mg/g) 0.880 + 0.040 0.421 + 0.021

% Deacetylasperulosidic acid
® asperulosidic acid ; mean+SD ; n=3.

(Deng et al., 2010)
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et

7

(- ) +uic2 = (Antimicrobial)

Locher ¥ (1995)cr%#= 3 &gm g kimH *F 2o F 524
¥ $r+| Pseudomonas aeruginosa ~ Bacillus subtilis ~ Escherichia coli %2
Streptococcus pyrogene % 2 & - Wang & (2002)F 7~ 45 R %
F ¢ 1 Acubin ~ L-asperuloside 2 alizarin o428 - @ HALZE T & 4~
(anthraquinone) £ 5 Fr Fj»c% » ¥ 12 Fr4] Pseudomonas aeruginosa -
Proteus morgaii ~ Staphylococcus aureus ~ Baciillis subtilis ~ Escherichia
coli ~ Salmonella sp % Shigela sp % ' s 12 - 2t 5 % & Atkinson
(1956)cF= T4 4 40 02« FI R F A" Rt ARE A R R - F
Wk B2 g L E TG mEs e B R 4 7 Saludes % (2002)
FIRFER N (el ¢ =ahZ BT gl g s F - (Mycobacterium

tuberculosis) 4 £ iE 89-95% -
Jayaraman ¥ (2008) ™ % e 5 B X B B Ok LA H FUF) S
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AW

1

ﬂﬁi

F":Fﬂnﬁg‘—rg’“*’”mimpﬂzrr}‘%rﬁ*&bﬁ’xb” L B
EPpo T HE A FR D § Sk (22 -)

HEFY LG s (R L)

(=) #3% i* {+ (Antioxidant activity)

Wang % (2002)tt fe* Z ZH 5 ~ F F F > Fke i
(Vit. C)% pycnogenol (PYC)edz 5 F&4x+ p d 2k (superoxide anion
radical) 7 f PoAgF ey pd AEMRRBImE B TE A
AHAME T AR ArARE IS i%",éf fe 4 ARE A H s
b4 L G BRSNS dgy 1A “,fﬁ‘é 4 ZVit.C
(1.4 ~PYCHLAR » A B FHEKF 4k it 4 o

Mohd % (2001) ™ ¥ fgqfre e "o 5B~ %97 > T Mg
pc 48 =  (ferric thiocyanate method) Ffr &2 = v & fe 2
(thiobarbituric acid test)ip]z&H g s # o d BE PR fhe 7y
FBponfrglig B i it 4 B2 € ha-2 7 R (a-tocopherol)
% putylated hydroxyl toluene (BHT) #p§ -

Zin % (2006) f1* % »xav ik 4p & 47 &k (HPLC) #-3 ) 2
FNEF 2R F O Eh o U R A SRR B o TERE
FBALE AN RipE PRy VERARE 0 B R - T

AR oV AREY 73 A RIEEN S FI LG 7 i
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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
8.0£0.0
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.
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Table 12. Antifungal activity of fruit extracts of 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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Liu%x (2007)#= 7 % p% & B % i+ 2 petroleum ether ~ ethyl
acetate frn-butanol 3 P~#~2 FuF it it 4 ¥ mannitol 4pvt e > H
" mannitol 5 - ¥ L2 2% pd fl_\‘;%"ﬁn?é?nj s el T L Bk
il e S5 KT mERFLIRF2IIE L0 @
v Py E P (36.29/mL) ¥ -;Fi",értZl.G% 2.4 % pd A& & mannitol
(36.2g/mL) R % & -;%",f 12.0% 22 3 p o o KBFREEE 2
v B ¢ Fq X B~ $ A& # ) isoscopoletin -~ aesculetin %
3,3°,4°,5,7-pentahydroxyflavone (quercetin) = fap-#g it &+ (Rl =
o) MR AR P AR IEHF 'fl»iz;év’v;%",!r? 7
4 o

lkeda ¥ (2009)<_ & 8 A% %+ (Hawaii : 1, Samoa : 2,
Polynesia : 3, Indonesia : 4-7, Tahiti : 8)® #7 % =7 scopoletin ~
7-hydroxycoumarin (7-HC) % 4- hydroxycoumarin (4-HC) - 8 & tx &-
¢ 7-HC en& 5 5.1-231ug/ml > scopoletin =7& % 0.04-0.45ug/ml »
MLy miEPik&? FIR4HC F 8 f i % ik &% reactive

oxygen species (ROS)*® & peroxynitritt (ONOO ) #ids chgr ] it
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.
RO (8] 0
7 2
8 3
Ha 5 4
1 R=CH, 3
2R=H

Bl= b R R R IR A et £ 1022 3
2_ %54 1 Isoscopoletin ;2 Aesculetin ;3 Quercetin -
Figure 21. 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 Fuf (Anti-tumor and anti-carcinogenic)
Hirazumi % (1994)*tnoni % * ¢ # IR 3 § # 33t e e ®
@MWy F o X fEfFnoni-ppt 0 H A& &4 S F FEMER
(glucuronic acid) ~ X 44 (galactose) ~ 7 3 a4 (arabinose) 2 &
% # (rhamnose) - # % 45 dinoni-ppt ¥HEe 5 L3 m e (Lewisn
lung carcinoma, LLC)E 3 ‘wm®2 & #.|+ (cytotoxicity) > noni-ppt iz
IR Thw e ~ MR e o B im0 - file e ok o R

im e SR HP SRR L R RGE LR e kR R s B o F 5%k
2

i}

B RS F LLCH | BA p &B-15mgeiss jl % 4 0 ¥ § 2%

nu—
W
_4

Hbe | B SRR E119% 0 » @28 Fpp A ] B9 508
3 EAZUES0 o FEBwnoni-ppt I AR B R Ring o] R 2y
B L 3 PR R 4o (Hirazumi et al,, 1994; Hirazumi et al.,
1996; Hirazumi and Furusawa, 1999) -

Dimethyl benz [ a) anthracene (DMBA) % - i* ERJE$H > %
DMBA ¢ m % ¢ 1DNA % & ¢ 7 & DMBA-DNA 4 &
(DMBA-DNA adduct) » &_i* 5 3k % 2 4= 45 B 4& - Wang{-Su %
(2001) 7o 2% Bl chd ¥ oK P 4o x X ER ER R B kS
4 - 2P EE&EDMBA P RS E T EE R

DMBA-DNA%e & = & 5 Bk Bl2_ & ~ 3~ e 8 g & o



Jayaraman% (2008)F § # L 2. 7 8~ ¢ fhe Podrl &k E B
P 4 L 4wz (human laryngeal epithiloma cells) e 4] i®
* oo R RET Y RIS ik bl B e e B E B

Fooom R REBARS SR Gk

(=)~ #% L (Anti-inflammatory)

SIS B L I L SRR RGP S U N
-+ prostaglandin E2 (PGE2) frprostaglandin D2 (PGD2) 2. & = »
¥ 3 % 4] cyclooxygenase-1(COX-1) z =+ » #IC50 & 169
ug/mL (Aspirin H IC50 = 241ug/mL ; indomethacin # IC50 = 1.2
ug/mL) (Li et al., 2003) -

Mckoy % (2002)% Rzl * 7 RE PP A IVERE g L F
AR IE S TEF S SR AR R SERES RS RO PET o= A o CpE ]

> o R H (s g o~ i F L F] bradykininfrcarrageenan 0 2R {8 B

5

BB LF 77 25T RS, 557 drilbradykininfe
carrageenansl A= X F & > ¥ U RS B 5 Prqick o

Yud (2008)4p &1 3% B % ¢ A & ehdm i P B scopoletin
quercetin % ursolic acid ¥ 3 #x #r 4] o *¢ j % interleukin-1p
(IL-1B) ~ interleukin-6 (IL-6) ~ = 7] 8:11% E2 (prostaglandin E2 ; PGE2)

fo ¥ BLiE ¥ i f= (myeloperoxidase ; MPO) % % X 4p B ]+ ch &
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4 oCalabro® (2005)*4p e % * P h= 4 2L £4 4 B3 dn

B e o

() *% = & (Hypotensive)

Youngken% (1958)z 77 7 Bl fy 4 K 1IN 2 Z B4 B 3
. RenF ko TR RS Y h)g 2 i BRI o @ Moorthy %
(1970) Fe 5 » 3 T3 L A23% 2 ethanol 5 B~4+ ¥ & s @ cjg 2 o
B K oOjewole® (1983)F FER * ¢ 77 chh AE it &4
wo TR o IR F PSR B E M Rk o

FIARA E - FE* 35 F ok BehE S o @& % A @& P
TR Z EH Ao g P B g0 Flm g ,wﬁi%]:':fi_ ’
By H 00 o Asahina® (1994)F 1 R R B g JIARH
F & o

L »]v{ﬁ% # it B= (Angiotensin Converting Enzyme ; ACE)
B R & % irenin-angiotensin system (RAS k su)® 24 £ & &
§oo F ARG BN S TR mBRS LY ABI L AR
AR TR TEE B T (renin) » BAFRL e
Tc %5 % R (angiotensinogen) #& % = 7 & F 2 a B i A |
(angiotensin 1)« ¢ Jc&5% # i* f¥ ¥ M-angiotensin | it A) = o 3

Tesg % 1 (angiotensin 1) » F]a Sldew B b= o 0 oo g it & B 47
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% (bradykinin) -k fE4 iE o o R Frdln F joE R 4 en
AP LR L AR R Bl - Fa Ris -y 2 Ak
fie2 e 4] (2, 2008) -

Lacaille-Dubois% (2001)7 7 % § {£.4= » <proanthocyanidins
feflavonoids i & 4+ $fa & 1< 4,5—% L E G prdliad s B F
Tedg & @ - pedr 4l 4 B 5 0 orientin (20£2%) -~ isoorientin
(48+1%) ~ isoquercitrin (32£2%) -~ vitexin (21+£1%) -~ isovitexin
(46x1%) -~ (+)-catechin (16+£3%) -~ (-)-epicatechin (34+1%) %
procyanidin 82 (25£5%) -

Yamaguchi % (2002) # 7 # Rz il % 7+ 7 F sadrilo F
HFRECFEAE DSR2 BRET L TR R il
EEBNAIRZED on B S FTHY KRG FP B B
&l (spontaneously hypertensive rats ; SHR) &8 % i+ » v i@ 2 o &R
ET R A IE o o P ER R LG Frdld B oiip R e

Frens Ao o F T LI B o R o

(=) 27 424 (Analgesic activity)

- ERAY B P %k RS (writhing) fr 4 4
(hotplate) &=k k47 346 B crak H4EFF >k - RS S 8T > #H

FIIRE Bde 2 b g AEFF 2R S B2 AE 1Y 2 £ 4 & (Younos
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Angiotensinogen
( Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu | Val-lle-His )

/

Angiotensin | (decapeptide) Bradykinin

( Asp-Arg-Val-Tyr-lle-His-Pro-Phe | His-Leu) ( Arg-Pro-Pro-Gly-Phe-Ser-Pro | Phe-Arq )

7l » -

{> @E inhib@
A J Y

Angiotensin Il (octapeptide) Inactive peptides

Non-ACE pathways

( Asp-Arg-Val-Tyr-lle-His-Pro-Fhe ) { Arg-Pro-Pro-Gly-Phe.Ser-Pro )

Bl b=~ PR pE L T ]
Figure 22. The mechanism of angiotensin-converting enzyme.

(%,2008)
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et al., 1990) -

FRETHECEFLREP S FE L L OF ] R
Pk o PRI AR R RIF R R vk o Bz g
B3 m oo UFEHRE G R KA RERE O RA
¥ 4 =control (F Ak & — Sk4c* -k@ A ;‘flwcnoni%‘;*) . ’%3&%??]§4t5
% SRR E G A10% FER R otk 8 420%
BEAEr oo o u&a10% {88747 % o & control e ¥ /& >
Hiz o d P g adigg >k ¥ U8 7 5e20% FR R
SRR ATk BAF o R FER T R 0 T E A R R4 R Bt
b ervgs B % i+ v placedo (% &) > ¥ 4 5 control (7 Ak & — AAr
k@ 3 Ak SR %+ 2 placedo) - é&%;‘;"]&%czo % placedo - fﬁa%ﬂj‘
410 % g%}i%i*fré&%ﬁ]&%czo % EREFEr e KBTS
EEERF TR RRET &S00 %020 % RS 2R
TP BE T »edk 0 A ﬂJ‘ 4020 % placedo = 4p ¥ P > &5 &

R f w < R W 4 1162 %% 212 % (Wang et al., 2002) o

(=) g ~a g A (Cardiovascular activity)
% & P 3¢ (Low-density lipoprotein > LDL)% % %)% p d

AN EALEEHEFF 0> A LDLE (S E vl B ) S e

=1

@k e (foam cells) #_:3 = # "% & i e & p 7] - Kamiya %
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aﬂf

(2004)F AR 2. P fEEBde 1 74 2 L i pfrl 2 R FE Bt
(d " F 5P ¢ F 530) Sapdp+ orif %2 LDL
(copper-induced LDL)%¥ i s # 3 243 chfrf]2c % o @ d ethyl
acetate X B~4» ¥ o g en fA A fis % (Lignans) (Bl= + =) # 7

FL~2-5fcbfa A E TR G PF R 77 RS FOHK - B iy

i ABHTA v i > 7 { f Sesr flr 4+ 3§ $LDLF i -

(~) #iz % (Xeronine)

4 i 8 R_Heinickett Lini %R Y 7 7 ?‘,pag (Xeronine) 2.
W P4 fF ik % R (proxeronine)fr ¢ % 4 i fiF (proxeronase) o #&
AR (S %ﬁd ?‘/r%‘ﬁg'bﬁ‘*ﬂ”‘% "?‘}}—?4‘:’\‘?‘/\?# £ A
eIt AL ARG Fehwan (Bl Sw)e FRRELA -2
$ ik o Heinicket L35 Fia B 8§ B4 30 Faipail 4 o 4 ¥
FOXH AL BET S E Ry TR A G HEVEY 0 ¥R
Hrgwmiznr ¥iEF LLE&%,?%%? i H w FnF o §les
AREF T FE T R FA R T A M AR D BT
FIPH > TP R TR A AR BRI E S PRI R

Bt F R o L5 2 R AR ¥ “ﬁf 7 Heinicket® L 4v

-

Solomonf# L ¢t » ¥ & H @ A FF FREBRIF R P IOG R

(Wang et al., 2002; Chan-Blanco et al., 2006 ) -
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1: 3,3'-bisdemethylpinoresinol

2 : americanol A

3 : americanin A

—OH

4 > americanoic acid A

5 : morindolin

6 : isoprincepin

Bl=-+=

CHR R R AR AR R B

Figure 23. The structures of six lignans from noni extracted by ethyl acetate.

(Kamiya et al., 2004)
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Figure 24. Xeronine system from noni fruit.

(http://www.sample.nonijade.com/index-2.htm)
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(1 FE)

LU ey FalditEyr i g 4 E

1A % Liz % LAgdRF 1 4

2.4 % 2.5 4 % 2.DPPH fi o g iff i 4

3.pH & SRR 3.i Tk g 1 pr el
4. %% fis Y e

Z R ERRA
Fr#enx PR EFILE ARG AT ZHRBAER

BFIE 7 ik o

ERNN Y Y L

1. Angiotensin converting enzyme (ACE from rabbit lung » EC
3.4.15.1) . butylated hydroxyanisole (BHA) .
2,2°-azion-bis-(3-ethylbenzo-thiazoline-6-sulfonic acid) (ABTS) -

2,2-diphenyl-1-picryl-hydrazyl (DPPH) -~ peroxidase (from
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horseradish) ~ Hippuryl-L-histidy-L-leucine (HHL) ~ (+)-catechin ~
4-hydroxy-3-emthoxybenzaldehyde (vanillin) ~ Hippuric acid
(HA) ~ 3,3°,4’,5,7-phentahydroxyflavone (quercetin) ~ Loganin ~
quercetin-3p3-D-rutinoside (rutin) fp Sigma > U.S.A. »
2. Sodium chloride (NaCl) -~ trifluoroacetic acid (TFA) ~ potassium
acetate (CHsCOOK) ptp Riedel-deHaén » Germany -
3. Aluminium nitrate (AI(N03)3-9H20)\hydrogen peroxide (HZOZ) PR
p Merck » Germany -
4. 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) ~
Gallic acid ~ Formic acid pp Aldrich » U.S.A. -
5. Folin-Ciocalteu’s phenol reagent ~ Sodium carbonate (Na,CO3) P
p Sigma-Aldrich » U.S.A. -
6. Methyl alcohol (MeOH - HPLC grade) P p Mallinckrodt> U.S.A. »
7. Acetonitrile (CHSCN » HPLC grade) #p HY BIOCARE CHEM >
US.A. -
8. Scopoletin pEp ACROS » US.A. -
9. Hydrochloric acid (conc. HCI) ~ sodium hydroxide solution (NaOH)
PR B LB 2EE  Taiwan o
10. Ethanol absolut (C,H¢O) rp Feral Berlin GmbH - Germany -
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1. M8 3@ 3.~  Himac » CR 22G Il » HITACHI > Japan -
2. pH meter : PHM82 STANDARD pH METER  RADIOMETER
COPENHAGEN > Denmark -
3. § £ & : UV-VISIBLE RECORDING SPECTROPHOTOMETER
UV-2100 > Shimadzu - Japan °
4. #c® B @ 4o 0 MIKRO 20 » Hettich ZENTRIFUGEN >
Germany -
5. & skk g3t 1 UV-2100 » Unicon » USA -
6. % »zit ;% 4p & +7 %k (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 o
7. B i kA K47 P B OF 3 &k (High performance Liquid

Chromatography/Mass  Spectrometer/Mass  Spectrometer >
65



LC/MS/MS) : Sciex AP13000 » ABI » USA -
8. wpxti - 12L z 7% B(PET.PC.&-rx = 7]) » DJA » Taiwan °
0. {5iB 5% ki : HOTTECH® » 2 fot A ke £5 127
10. % 2 3z% ¥ : FREEZE DRYER FD-5N » EYELA - Japan -
11. =k %45 @ 1350FD » SHEL-LAB > US.A. -
12. 3 px4g @ G-706 g 3348 () > ™ & &5PS # @ >
it #.80°C » % £1500 mL » 5 TR L LD
.
3. I FFVR L kA
MR PRk, ¢ YIH DER BL20 - Taiwan -
FEk&#%E - BUCHI RE111 Rotavapor and BUCHI 461
Water Bath > Germany -
% % §TiF ki # 1 1 EYELAASPIRATOR A-3S » Japan
14. 78 -kH - KANSIN INSTRUMENTS CO., LTD., Model : SB

302 » Taiwan -

() #EHER P2 WA

Rl R SR REICE O ORFCRENFE TR O REER
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P Y MR K iR R & PF BB (low temperature long time,
LTLT) >  265°C-Kigted- % IR P H I T EFE L £ 165C
Kiphed- 2O R E RS o NAERLR AR E R
FRE M AMFEITLHRYE A RREARIERL ST 50

o BARA SRR (B k) RS (AR L )E 4 5o
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FOE > E R0 A L F2F  FA% - F6% C 58F ~ #10

¥ 2 12:F o

) A& 2R

Ji

(

MEAER 2 R LA o HoiER L 10,000 rpm s 20
Ak oA S I TR E N FRESE T

AXFW) = ZHEFEFEEEFFEE x 100% (z*-)

(m) &~ 3l e a5 e iy
B % 4 05 0.2 um R B R 1S * Y HPLC 2 iridoids 4 4 £ #
o SR R R R Y S R Rl

Toik & 4= » & g4 4p i 4 loganin i % $tp8 o T L HPLC &

Column : Desc. Jupiter 4p Proteo 9A » 250 x10 mm » X 4 & 3% & 47
¥ 12 C18
Mobile phase : solvent A : 0.19¢ formic acid
solvent B : CH3;CN
Linear gradient : 0-40 min : 95% solvent A — 75% solvent A
40-48 min : 75% solvent A — 60% solvent A

48-50 min : 60% solvent A — 95% solvent A
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50-60 min : 95% solvent A
Inject volume : 150 pL
Flow rate : 3.0 mL/min

Detector : Soma UV-VIS DETECTOR/S-3702 > A =235 nm

(Z ) LC-MS 2 LC-MS-MS #z_

12 LC-MS 2 LC-MS-MS g% #r43cehd ¢ figd ¥ 3 ik (DAA)
2B ER(AA) A e
LC-MS :

lon model : Negative

Declustering potential (Volts) : -30

Focusing potential (Volts) : -200

Entrance potential (\Volts) : -10

Nebulizer gas (NEB) : 6

Curtain gas (CUR) : 12

lonspray voltage (IS) : -4500

LC-MS-MS :
Sample DAA AA
lon model Negative Negative
Declustering Potential (\Volts) -30 -40

Focusing Potential (Volts) -200 -150
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Entrance Potential (Volts) -10

-15
Collision Energy (Volts) -5~-130 -5~-130

Collision Cell Exit Potential (Volts) -5 -5
Nebulizer Gas (NEB) 6 6
Curtain Gas (CUR) 12 12
Collision Gas (CAD) 7 7

lonspray Voltage (IS) -4500 -4500

Temperature no controlled  no controlled

() ~& A~ 47

130 PAFEEREY AR AFRBLHTAE S

B3

B iR THR -

(=) =iv B F R

1. pH & 2 i8] %

TI* peak Ry > R R L RRIIGER R PG 2 %

2. ¢ F2Z P E

r2 Shimadzu UV-2100 ¢ Z kBl 3L %2 L*~a* -~ b*

BEeol*ek e R AR 5 L¥ES 100 A r2v 0 5 0

PR &7 >R a*5 B AT HpEd B @ a¥i LB

PRl hid S b*5 f ERFRES > A T EFRHBE S o
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(™) Bt £z 2Rl
1. ¥z 3 (Iridoids) 7 £ i Z_
% ®oma R AR A AT R(HPLC)RI 2~ ~ [ B LB % 7 2 4
e foiE R 5 ¢ ridoids 2 7 £ -
A5 EE e
Column : Jupiter 4p Proteo 9A » 250 x 4.6 mm > Phenomenex”
Mobile phase : solvent A : 0.19% formic acid
solvent B : CH5;CN
Linear gradient : 0-40 min : 95% solvent A — 75% solvent A
40-48 min : 75% solvent A — 60% solvent A
48-50 min : 60% solvent A — 95% solvent A
50-60 min : 95% solvent A
Inject volume : 20 pL
Flow rate : 1.0 mL/min

Detector : Soma UV-VIS DETECTOR/S-3702 > A =235 nm

2. =% 2% (Rutin)¥ 4 % % % (Scopoletin) 2 H =4 3 7 & ] 2
% B scan ik AP K 17 & (HPLC) Rl 4 5 ¢ 0 rutin &

scopoletin 7 & o
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AT iE e
Column : Synergi 4u Fusion-RP 80 > 250 x 4.6 mm -
Phenomenex”
Mobile phase : solvent A : H,0
solvent B : CH5;CN
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 =345 nm -
35 12 orutin 22 scopoletin 153 LG (TR A A o R &P D
rutin ~ scopoletin 2 scopoletin =4 # 2 £ d £ 8% ¥ R ¥

At o H =12 ug /mL noni juice % T °

3. Bpsug it & 4 7 &P 2 (Total phenolic determination)

F 32 @ 12 Julkunen-Titto (1985) &= ;2 jp] 7_ - Folin-Ciocalteu’s
phenol reagent ¥ &2psaf it &2 OHE X &> ¥ A 4 37
¢z it (R RE) TR ETIBIM T F ok o

+ Ff L P50 pL & 4r » 1 mLH,O §-500 pL Folin-Ciocalteu’s

phenol reagent » * # % 3 /2 & » £ 4 »25 mL 20 %
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Na,CO3 353 R & » 2 BT EE204 480 Ris Lk
2t AR ETISE nm Tk iE o XA ;,;]:4‘:

Folin-Ciocalteu’s phenol reagent z_ % % T3 v ¥ f&

28 @ gallic acid F (FRE R T H ITHRE Y R o 5
frapic £ 2.5 d pL i8S S E O 4p Hallic acid &

¥ > r2ug gallic acid equivalent/mL noni juice # 5t o

4. ¥ pr 2. 7 =B 2_ (Flavonoid determination)
BRI A E (1996) frsd (2003) e 2 plE_c R ARt & 4

i
=
F_L

AR ILIE R T T B AR SRR S B 8 X
A £ 415 nm ‘f’ﬁ 13 S
%5.51?: 250 L & ¢ e > 10% B padEfc 1M ﬁ*‘ﬁ’xﬁ“’x 50

aT R

uL > £ 4e x> 14 mL 233k 333 R E 3

fol

40 & 455 Ris Ak R RRIE k£ 415nm T h

SR E o TR AR AR RS Y (TR Y HERE -
¥tz quercetin f TR S 3] (TR W AR o R 50 g

T 2 R ALY D Ap ¥ quercetin g > 12 g

quercetin equivalent/mL noni juice % 7+
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o1
:-_,:\}n
il

& ¥ %2 7 &= (Condensed tannin determination)

&

Fa 32 1 2 Julkunen-Titto (1985) ¢ il %2 - 454 H $&1 4 §
f (vanillin) 2 JE@pi®* ™ > ¢ 24 % d 2 gmd §
it ¥ Ak £500nm T ok e

#H 3 0 w100 pL $& &7 4e » 1 mL 4 % vanillin (w/v in MeOH) »
Wk 3 o f 4 »500 pL conc. HCl» 353 2 & » 3t 3 8
THEE20 A48 Rigm e R ERRFRE AR £500 nm
TRk {E oo YA 7 Sevanillin 2. 2% % T3 0 HR

.
B o

35 1 u(+)-catechin § TR & ¥ B IFEREY Mo R 5P D
N H B 7 ERd S AREY R O 4p $(+)-catechin 2

£ > 1ug (+)-catechin equivalent/mL noni juice # 7+ o

|

(1) 23

LR

|

1. % Fvz 15 4 (Trolox equivalent antioxidant capacity, TEAC)
B2 2 Miller & 4 (1993) 2 Arnao % % (1996) e ;& B
¥_- Horseradish peroxidase ¢ it H202 2 ABTSF &7
FABTS « " pt ARSI S F > X2 £ 734 nm
TR ke FHEE G FF bar 4 o Rla R ABTS -

+ ’ 2 » ] 2 N [ LRSS P . s — 3
g 0 F ﬁ‘*vx"olﬁ“,ug'f“'é o F o k EARM 0 £ 7 R



S FF a4 ARG o 1% AR ET R 2k T

A T AR R ABTS T i 4 TR B

# 2 1 #-2,2°-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) ~ peroxidase ~ 22H,0,;8 £ 53 » & H {5k
B & %] 5100 uM ~ 4.4 unit/mL £250 uM > .30 C T~ #F
L F L] s B8 d £ HABTS 7 B p

d A F RiEAm e 5225mLABTS ¥ A d A F isa v

U\

de r $50.25mL0 R £355 0 A E TR R104 418
AR ER R HS A LTS NMT kK {E o YA
ZArABTS « "HE 3 pd AF RER R T2
YRR o

F R ArT

et e el

|
C,H;

ABTS

l peroxidase/H202

SO
S
KI =
N+ T
,H

ABTS o +
green radical cation
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#H& t o Trolox & RE S RITHREY R 5T 2 mF P 3
ERed R R A F 4p ¥ trolox 22 § 0 12 opg trolox

equivalent/mL noni juice %7 @ ABTS " p d iR

4 2hE 3 R
B Ui 4 (%) = (Ac—As) /Ac x 100 % (*2)
AC : iz kB

As: F ez Bk e

2. DPPH p d A # ",f it # (DPPH free radical scavenging
activity)
R : ruShimada ¥ (1992):= i el % > DPPH A o % it

P F o KRR L HREFS i 4 o DPPH p o
B2 TR AR M EBIT nm T Aok
e Fthahj g it o plici's DPPH A d 2 o
RAGTE R SRR BT I P

BT EE A T R Rk DPPH p g A S 2

4

=

\oN

Qs
o
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F st deT

0.0 Qg

1

I‘~‘H
o, U HO, R ey O, ; o NO, +R -
NO, NO,
DPPH

#H 3P 0.6mL fk& > 4 » 0.6 mL0.008 % DPPH © A% i3 %
IR E SN ZETEEFE 30 480 @ (oA Kk
B H L £ 517 nm ek (E o 12 A % 4r DPPH 2
PERITL T Y FRE o

PRH 0 BHA SHRESEITHREY R o Y 24y V87
ERSd RS R RFpE BHA 2 & > 7 nug BHA
equivalent/mL noni juice # s+ - m DPPH p d f&-}%",!rt 4
PE T
DPPH free radical scavenging (%) = (Ac— As) /Ac x100 %

(*=2)
Ac Iz 3k iE

Mz?%ﬁi&%@
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3. & BOITHE R I BE 2 dripl S R T
72 : 2 Cushman and Cheung (1971) % %= (2004) 0 j p) 2 e
12 Hippuryl-L-histidyl-L-leucine (HHL) 1% 5 & & jc¥5 %
#& i i= (Angiotensin converting enzyme, ACE) 2 < 5> &
#2 ACE ¥ #HHL~ 2 5 & fcpé (hippuric acid - HA)
% His-Leu (HL) » #% % & ACE Frd|4~ 5 fpF » B it Fr4)
ACE z 7#i -aHA 2 HL 22 = & #-¢ 5> emHA *

A E228 nm T E G B L2 skiE s 1% HPLC kiR

HA 85 »prfiz2 4 2§77 F4#% 5HACE 2 #rf]E 1

F R 4T
CHz
Hippuryl-L-histidy-L-leucine Hippuric acid Histidyl-Leucine
(HHL) (HA) (HL)

#% P45 uL S mM HHL 3% (73 %% 3 0.4 M NaCl 2.0.1 Mp=
Fedh g ek > pH8.3) (5 F > 40 » SuL 2 4 5 o *037
Crkig TIEH5 2478 > £ 4 » 15 pL 60mU/mL ACE:%
7 (2> 204MNaCl 201 M mpséh s 7% > pHB8.3) >

#F37 Cokik ™ F 30 A48 #R1s 4 65 pL 0.1 %
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TFA % b F o 54w (13000 rpm> 14 48)> 2 RP-HPLC
A SO
AT iE e
Column : LiChrospher® 100 RP-18e > 250 x 4 mm » Agilent
Technologies -
Mobile phase : 0.1% TFA ;% *50 % MeOH -
Flow rate : 0.7 mL/min -
Detector : UV 228 nm -
E C MACER e At RIFA S o H3bE o5 5
Inhibitory activity (%)=(X-Y)/X x100% (5 1 )
X3 ggps KRB &rF Kis2HA L% g

Y HEE RS2 G f

(L) szt a4t

AF Sz F BT oE £ B % E (mean t standard
deviation) # - - I $x * Statistical Analysis System (SAS) 8.0 %2
SLit e 7% B S~ 17 (analysis of variance - ANOVA) -~
Duncan’s multiple range test & et 447 » ViR B S L F 5 HF L

BMp<005TiL s EBELR o
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ENI S S M5 s s
225845
Part. 1 : 2 g3 %

- \;Ej_fu,lv'jt_%‘r

FREARIDIFHES DA A LFRT A ARS
B BRFEeRLEP ISR THES Y T BB LA A

LRI R CEFREMT s SRS Y

BB TR TR o BE AR enzE B % R 430 (10,000 rpm, 20
min)= ;4 A B &t ATE AR I (F0i)2 A F L47.70% 0 5
FRECHASF IR 2 FHIFFE S T BB 2

A% > 2B 55799 % 257.63% (F= + 1) (=) &o g

7= {4 ¢157.8% (Newton, 2003) #p % -

2. TR FMEBETHERL S, pH B2 B

FEFR CEIPEFEFERESZFESS  ApH B A

BASTLL RPN BE RN S - RER P HPH &

i %34 339 =+ (Chunhieng, 2003; European Commission,

2002; Newton, 2003; mt » 2007 ; % - 2008 ; = - 2008) > = palt
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70.00
60.00 -
50.00 -
T 4000 -
<
=
< 3000 -
-
20.00 -
10.00 -
0.00 - . . T T
0 1 2 3 4
Fermantation time (week)

Bl- 3 7 F¥BPFRFHELSAS S Pi TR0 o
Figure 25. Changes of yields in noni juice processed during different
fermentation time.
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oA RkREEEI ARG o MapH B A1 R 2 o
FEEEARY A BT S 2 Rt M2 pH E 3.69 (B

- .L_;‘)(K;TM,E‘;‘,‘,L:)O

3. R HEETHERS I B RE
FEFREAEREEF A EREF I AT F A E o AN
FRMOREEI FEBA A A RPF R EFELE S DR
BAhk S @R L ikd > B ER Ao L (e

v

S)LFEERRAR BEAXB A HARR o BE Mo LW

24

aXEARL AT AR cMEFF MM TarE G - 2 248
oo AT HBES 0?25 EH A BTN AT AP R T
PR A AR ARERETERY MRS REERAR G

}I?efﬁ Mo Pr IRttty Eiad REE G I 4p M (Recamales et

al., 2006) * 45 & H B2 4 g R FLMw 2Bicd o a s
?uﬁ%ﬁﬁ%%%¥%ﬁ%@iﬁﬁ’ﬂﬁgﬁ$gﬁﬁﬁ’

Mo P EP At E T R ILAD e ARE 0 % ,,taQFL,qL 5T Ap et
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3B 1

a ad
b b
C
3T A
36
35
34
3.3
3.2
3.1
5 I T T T T
a 1 2 3 4

Fermentation time (week)

pH

Bt - 2 BEFFHERS T pHEZ B

Figure 26. Effects of different fermentation time on pH values of noni
juice.

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

¥ Means among fermentation time with different superscripts are
significantly different (p < 0.05).
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90
sn-%
70
60
50 -

40 - d

Value

30 A

20 4

10 4

-10 -
Fermentation time {week)

Bl AR EEEFHER ST R BT
Figure 27. Effects of different fermentation time on color of noni juice.

Each value is the mean + standard deviation (n = 3).
*d Means among fermentation time with different superscripts are
significantly different (p < 0.05).

84



s ob*EAx L £ ARG F ¢ o b*EE a*ie g RS AT EF

R s BB kP 235 €A% ¢

Wit &7 £
LT RES R )

FEREP ALZandoids 3 A fE 0 A w5 el IR
(Deacetylasperulosidic acid, DAA)* & # ¥ & (Asperulosidic acid,
AA) (Potterat and Hamburger, 2007 ; Deng et al., 2010 ; West et al.,
2010) » ¥ & 3 = Jgkgffr;ﬂz ] ﬁ 2. %4 (El-Naggar and Beal,
1980) ¢ is 7 e P A5 /e ] % H % 4 ¢ DAA{r AA >t HPLC
RArdy keniz ¥ o d 2 }*Jc(Deng etal., 2010) ¥ v - iridoids # 235

m F &S fok & > BATHE [ FER 0 HPLC 2 ® & ¢ 1 4
i v H- BB ) SRR REg Dite > T AN
Bl m 1-7 0 2 {8 3. % rutin 2 scopoletin £ % %> d Bl= -4 (a)
7 & rutin >t 36 4 48 4138 > @ scopoletin Pt 37 & 45 0T > 2 [
- ANEERES T drpeak 6 & peak 7 4 w] 5 rutin f scopoletine

WRTHE ] R R B 2-3 X {5E 2 HPLC A 457 R - 2
1 () d %7 peak 1 22 peak 2 -7 % T > A% 5 F P &
o TS A L ¥ peak 1 e peak 2 1Tt o d % iridoids *t

345 nm T 2 Bk o Flpt Bl R R 345 nm L & TRl 7o
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TE- KRR 4 () BRI - AHERET 19 448
36 4 48 ~37 & dmcrk iE 0 T peak 4~peak 6 £ peak 7 I 2t iridoids
md Bz L4 (b)L crzEzn peak 6 & peak 7 & %] 5 rutin e
scopoletin» £ & < )I;J&(f; » 2005) 7 4 19 & 45 1 et 4F o T peak
4 % scopoletin 7 #4724 F -

3t DAA 22 AA £ 5 — Ik 30 @ F IR B4 260 nm
BB TR ok o FIRtESE R R 260 nm sk £ TR E F
Bl-+4 (d)>&Z®=- - "@{HREv % 6-19-20-36 &
37 &4 e ig > T peak 34567 g Y 23 F ko
b= }I%'v" s (EI-Naggar and Beal, 1980) DAA =4 &+ & #i AA -] »
< DAA K 17 kenpE € 3 AA & > Tt da s peak 3 5 DAA -
M peak 5 Pl 5 AA - & F 11 > 4w Pl T peak 3 2 peak 5 e =
2 E): S W SV il%f“ﬁﬂzﬁﬁiu% 5 & % (Loganin) 1% 5 ¥tpe » &% &
7 (Bl = ) loganin & = BTk & % %237 nm> @ peak 3 2 peak
5 e+ sk £ P JE A 235 nm o d P gr @ _peak 3 #2 peak 5 i

iridoids -

2. LC-MS-MS 3 %_
Fd LC-MS &2 B# (B =+ - ) ret_peak 3 2 peak 5 e4

+& %%, % 5 390Daz 432 Da & )I?—He (El-Naggar and
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Beal, 1980) 4p I » # ¥ #g T_peak3 = DAA @ peakb 3 AA- d 3t
DAA 22 AAEﬁ%*#;fgjﬁ _ 1‘%";})&:, Flptd LC-MS- Msg’i%vz‘g’(%

L) v PMAFEBE - A S kEHE LSS L 228

Ji

Da>m AA%H - FEHE- 23 k2 L3805 270Da >

Brh o AA 22 DAA BHET B A AR AA BT - ik o A g

AAH — ¢ Aapr > 245 F % 391Da-

3. % v ATEERE I 7 R

BATEH S R FENEETRS > 28 A BEEF R
REKRREIES > S S VIR R S T 3 vk Ap & 4T
4 45 iridoids *+ & ﬁ P2 28 5% cd 3P ad g b Ag iridoids
s R hd BlE il e f <o) KA H iridoids
B PATEER ST ZAH TR gt o R AR
erviridoids = DAA % AA (Potterat and Hamburger, 2007; Deng et al.,
2010) » #& 4~ W]#-DAA 2 AA 3 4 B ic 25 B> FT# ) %
B % H iridoids & f# % 603542500 @ #7f# s+ & B % ¢ «hiridoids
w4 Bl 5 536371500 (] R Sz E LA FER FH1LI3 B > &

RSEY ) HERFFL AT HRES (Bl2L2)-
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Aj3s

= =3 = o o < o < =3 < <
= P= o = P c: = < o < P
w © n < w 3 = I o

] g - & u

Tin;)e (min)

RBl= &=~ R % 2 XA A g oA B TR
Figure 28. Semi-preparative HPLC chromatograms of fresh small noni juice.
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6 min 20 min

@) (b)

37 min

36 min

Agss 37 min

36 min

(C) Time (mins) (d) Time (min)

37 min

A5 6 min
345 A0 19 min

36 min

20 min

37 min

T'ime (min) Time (min)

Bl 4~ HREFF 22802 RFE2 2173801l (@ A28 A iRES; (b) 235
nm ; (c) 345 nm ; (d) 260 nm -
Figure 29. Analytical HPLC chromatograms of small noni juice and standard of rutin and scopoletin. (a) standard of rutin and

scopoletin, (b) 235 nm, (c) 345 nm, (d) 260 nm.
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(@)

- 2

o>

B=-L ~B54&% -peak3 % peak5 z % *h&-7 ALk H B - () B& 2 5 (b)peak 35 (c) peak 5 ©

0.500

||I Jl ¥ dituted 10x
! diluted 100x

diluted 200x

| L diluted 800x

2000 4500 7000
Wavelength (nen |

1

L P Undiluted .
05008

N
\ W diluted 10x
iy J
\ M ssed 1m = —
2000 4500 7000
Wavelength {rm )

(b)

won

i Undiluted
FAY
(S
0500'\ f "
YA
A
| diluted 10x
0 . A:\HW— "
2000 4500
Wavelength (nm )

Figure 30. UV-visible spectrum of loganin, peak 3 and peak 5 isolated from noni juice. (a) loganin, (b) peak 3, (c) peak 5.
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(a)

B8.5&7 o

§.0a7 4

5.5eT

5.0e7

4.5eT 4

Intensity, cps

2.5&7 o

2.0&7

1.5&7

1.0e7 4

5. 0ef 4

407 -

2.5a7 4

307

(108 2553 2934

2201

424.9 569
*48 400 9-2584.9

7Fraa

'
753 0. 78R 5.807 2 gag 7 9746

100 Z00

[M-H]": 389

300

<00 S00 Bs00
miz, amu

Dimer : [2M-H]": 779

FO0

200

j={ulu]

1000

(b)

Intensity, cps

6.5e7 4

G.0a7 4

557 4

S0eT o

4.5a7 4

40&7 4

3.5a7

20&7 o

2.5a7

Z.0e7 -

1.5a7

1.0e7

5.0e5 4

_A110

100

[M-H]": 431

Dime

25649
1 ‘_,?83.4 3802 || 4773 5352 6474 ;‘51_?3321.7335 '5,1585.4

200 300 400 500 800 700 200 200 1000
miz, amu

r:[2M-H]": 863

Bl=-+- ~LC-MS xR - (a) 4 2fes FLA LC-MS T HH 5 (b) 2 £35 i LC-MS LRI -
Figure 31. LC-MS spectrum. (a) LC-MS spectrum of DAA, (b) LC-MS spectrum of AA.
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(a) (b)

329.1 119.1
854 4 OYDH 3565 -
2.0e4 4 H(% H
7 5ed = P I (B
4 \\\ IH O 2.Je
7.0e4 -1 \l/ OH CHj3
B8.5e4 4 _ H H
’ HO 0. OH
&.0ed 4 Hﬁ/ 2.5e5 1
5524 © “OH
2 118.1 2
S 5064 “OH S 20e5- SEAD 431.1
£  45e4 = 165.2
@ 2 113
L 404 137.0 2
= 1 1684.8 = 1.5e5 4
354 147.1
3.0e4 1 g JEL L |
2.5e4 1.0e5 4
208.3
2064 4 183.2
L2268
1564 ] 179
47 .1 5.0e4
1.0e4 ] L € 1792 295D 268.7
50000 4 80.9 3711
ol (L1 1 . 1 flees | e T s
100 120 440 160 180 200 220 240 260 280 300 320 340 360 380 400 100 200 250 300 350 400
mfz, amu miz, amu
[M-HJ: 389 [M-HJ": 431
Others are the fragments ([M-H]) Others are the fragments ([M-H])

Bl=+=- ~LC-MS-MS &=z Bl# - (@) ¥ ¢ fied ¥ 3 f& LC-MS-MS &z Bl ; (b) & &£ ¥ it LC-MS-MS #Z Bl -
Figure 32. LC-MS-MS spectrum. (a) LC-MS-MS spectrum of DAA, (b) LC-MS-MS spectrum of AA.
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700E+08 -

6.00E+08 -

5.00E+08 -

4 00E+08 -

Area

3.00E+08 -

200E+08 -

1.00E+08 -

0.00E+00 ~
Big noni Small noni

Sample

Bzt SR EEE 2 EREER LR
Figure 33. Iridoids contents of big noni fresh juice and small noni fresh
juice.
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Bpssg it & 7 £ P % (Total phenolic determination)

R FI(FIZ L) (L) ER RSP S

RS
EE
L
Ik
IR

s ]ﬁ PR @ iR H P X '}}?ﬁ"_l_éﬁ‘l“ﬁ
Sz B s E T A S 0 2 2 £ 51206.27 pg/mb o 4P d A R

163941 pg/ml @ % » T 3 926 % » g

a\\
i
=
3=
TE
(w
5:2;
\F‘h

BEV R A TIPS EES AL T F VG i EN

PR TRBRERE SRR T AR ZETE A Y
(2005) ~ 3 (2008) ~ % (2008) *+ % B 3 LB % L > 4 B1E
s LSRN ERFR R R TR P ED

B Ra EEEFERNT NS S5 £ 7% (4 2010) -

5. %+ fr 2. 7z € % (Flavonoid determination)

J R kR (R T) (e 2 ) SRS LN
o HGEME TV RS M2 AR KA R 74
ug quercetin equivalent/mL FE 42 "% > 538 v 3F g fE {8 03 960
ug quercetin equivalent /mL > 3¢ F 5 & ¢ PR ik it &4 %5 X
BEFFHEm RIS I oW R RoREAREE T

FHREE R R G ENA BT T Rk E

(2 0 2008) -
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1600 -

: 2 ab
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Figure 34. Effects of different fermentation time on content of total
phenolic compounds of noni juice.

Each value is the mean % standard deviation (n = 3).
“¢ Means among fermentation time with different superscripts are
significantly different (p < 0.05).
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Figure 35. Effects of different fermentation time on contents of
flavonoids of noni juice.

Each value is the mean + standard deviation (n = 3).
*d Means among same fermentation time with different superscripts are
significantly different (p < 0.05).
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& H % (Condensed tannin determination)
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7. 42 ~4Aqa% 22 8 2825 7 £ 2 (Rutin, scopoletin
and its derivate determination)
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Scopoletin % — &% IS FR $eriEd M E 0 LA S
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8. dx¥ 7 £ ipl T (Iridoids determination)
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xgx,ért,rzlﬂ';ﬁ B 3Fkr2100% ;> 7 iFpeak 3¢ C-H-O~% %A
kw5 90.47% ~ 118.88% ~ 98.89% - m peak5 ¢ C~H =~ % eni

BRI A w5 73.64% % 97.57% > B % & ¥ 5 DAA &2 AA %
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#

A
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b e

DAL B ) + #& > & % % Tahitian
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Figure 36. Effects of different fermentation time on contents of
condensed tannins of noni juice.

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

100



200 - 400 -
a
180 - ab
: - S5 350 -

160 - ab T
~ 3 . 300 -
5 140 - I N\ ¢ <
‘g‘f 120 EE £ 750 -
= i - \% =#=Scopoletin+ Scopoletin
.E 100 4 c _ _E 200 - . denvate
E E Scopoletin E == Scopoletin derivate
= 801 0 Rutin Z 150 -
[ =
£ 60 4 H == Scopoletin
] © 100 A

40 A

20 4 50 A

0 1 2 3 4 a 1 2 3 4
Fermentation time (week) Fermentation time (week)

R="- -7 rEEMEFEELS Y 2R F AR 32 a2 P RRZEE
Figure 37. Effects of different fermentation time on concentration of rutin, scopoletin and scopoletin derivate of noni juice.

Each value is the mean + standard deviation (n = 3).
#¢Means among fermentation time with different superscripts are significantly different (p < 0.05).
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Figure 38. Effects of different fermentation time on concentration of
iridoids of noni juice.

Each value is the mean + standard deviation (n = 3).
*“ Means among fermentation time with different superscripts are
significantly different (p < 0.05).
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1. % 3vyg i i 4 (Trolox equivalent antioxidant capacity » TEAC)
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e & b2 ff 4 g 428 100 % (2 - 2008 5 >
2010) > s * F HH#H L & HFE 00 B 5 F % e Ko Bl =
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2.DPPH p ¢ éi"f it # (DPPH free radical scavenging activity)
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3. & B fedE w1 pEdr 41512 (ACE inhibitory activity)
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Figure 39. Effects of different fermentation time on trolox equivalent and ABTS - * radical scavenging activity of noni juice
(40 fold dilution). (a) trolox equivalent, (b) ABTS - * radical scavenging activity.

Each value is the mean + standard deviation (n = 3).
¥ Means among same fermentation time with different superscripts are significantly different (p < 0.05).
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Figure 40. Effects of different fermentation time on BHA equivalent and DPPH radical scavenging activity of noni juice (80
fold dilution). (a) BHA equivalent, (b) DPPH radical scavenging activity.

Each value is the mean + standard deviation (n = 3).
*b Means among same fermentation time with different superscripts are significantly different (p < 0.05).
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Figure 41. Effects of different fermentation time on ACE inhibitory
activity of noni juice (8 fold dilution).

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

® Means among same fermentation time with different superscripts are

significantly different (p <0.05).
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Figure 42. Effects of different storage time at three conditions on pH values of noni juice.

Each value is the mean + standard deviation (n = 3).
*TMeans among same storage condition with different superscripts are significantly different (p < 0.05).
*¥YMeans in the same storage time with different superscripts are significantly different (p < 0.05).

109



RIT AR F) 4@ U HABRF eE A o T b ke 4C ke
FORRENE L -am H e b e ANFLE LA
KRR o EEDI RN B LM bR T2 AR

2GR R EARESITT R

A
&
1;

’ 7 §L1{1r°

Rk s AREICACERF N 3 RI 523> 4Ce2 L*E
253

2ACER AR § - k> ARKE2 4Cmha‘E g

@;“a

B Sk e 7]\"»*7]/;%]»‘?4%];'&.—: E&’baﬂﬁgiﬁoﬁﬁb'afrétﬁbiﬁ

Fig i 2L b 5 o2 B 17 RERASLE 2 HRF 2

1. Bp-5 i & ¥ 7 & Bl =(Total phenolic determination)
d Ak (Ble o) (e L)7 i 2 L AR
B AREENACEY  RUBFAES IR R PR ER

Il BT A5 — N e A P — s 32
RIS R EEmE I E AP EOLE o
110

d



ENen-llumimated

5 Murminated

are significantly different (p < 0.05).

n = n
S S B
S e 2
g ° = N o
5 . i=) = 4
- c
AN © 5]
B2 8 =3
o C o~ D
N L . S E ;m o
(<) [<B) O +—
- = S N = = <
o~ e — 0 <5}
= [ c —
s o ..nla. > = < V o
Lo ¥ sS2&k
is| = o °o = T o
=k X —~ = O T
- (&) c C =
AWM o N— o — o DL =
! —~ - > o ﬂ m
W o D (b () &
A N m S © ® Y= ®
. 4 BN ==
¥ Ies 2 s 8 T 27T E
E o dml o O 58] > s
. NS T 5 =
£ X, < © c o c @
b & © ) N ..nm n < w
g B0 S8 © L 2
y— O D Y= O
N~ Y c - +l m —
.ﬁ. e = [<B) c C uw
. T = S S 8 D
w@n ..:HL w— O nla a5} w )
N v o = I e
e K wn o m (@)) m (¢0]
R =~ 3 c n
e o O [«B) ©
—~ O O - = O (B
© ] 8
’ St cg o EEBS
w o < = ®© .=
L , S n
] . 2 0 2%
; _— [72]
2 " ~ S 8 @ <
2 ~ @ > o Q ®©
_ _ _ | > Q@
m e w e m & w & > = = 5 S
0 ki &~ 1 — - Ll fe)) [&)
™ LTI — a @ >
<) L = L W & x
® 3
2 .a N o
2ze 4 £y
[ | @\B o O
) = o HEERISRRRRIRIEE o
i < PETEITTY ©
2 g
& ]
2 g
w @
292 2 5 8 4 8 4 g wn oo
anpe s | \nllv/ ek, q
N

111




ERESSENSRNGN]

T TS S S S SN S S SN

10

Attt |

ARRERIARIRIRRIRIRN

SISO -

S SSSSNSANSSASANSN|

NN NN NN |

(d)

1 T
MNon sterilized

o

=4
A

x

2. %
(f)4C.
3).

=S RS X

P

Storage time (week)
(e) non-illuminated,

(d) BBk ; () Pk (f)4C -
Figure 43. Effects of different storage time at three conditions

FIFRER PR R S N
on color of noni juice.
(d) illuminated

- ~N

superscripts are significantly different (p < 0.05).

*¥Means in the same storage time with different superscripts

** Means among same storage condition with different
are significantly different (p < 0.05).

Each value is the mean + standard deviation (n

Bz -

112

*
=1
=}

~ o AT TSI o

L

6

Storage time (week)

Storage time (week)




oo AAPRERFERT > RE s AREKZ ACeFralp¥ L
£ -FREFE Yang ¥ (2007) 277 SR AP0 kg D e
PHAPZZERET 2 AL RFSERILZER T T
fon ROKEEAEF A F S pART £ 0 AR PR o bt

2 AR E T o A B AT A Y RERE AR TR R

PRI HRFRCEF TR 6 PR TR o

2. %p% fr z £p 2 (Flavonoid determination)
dF%EE(Be 7)) (e - )V ARkEZ4
Caerd " BHFIMIERF PRI fapld SRR 1S
R RFIV A Bk RMBPEEE AR Mo R @t E
REREARY B € XA R S ACEF G AR T AT
FOER SRR wE FEAFTRA AARKEY B E G
FIF TR MR I RRY T ARG B
©69.25 ug/ml > F B o FI¥ & BF) L AR T B A CTERST A %
AP EEIMC AV RRE T BESGFEE R P S HK
AR R R A4 RS okt v Bt R

ToREABRALIACETRARTLE -

113



2500
: : : Kb :(b : ® ¥ xb

= o a ab  ab a
- - [~ _E'-
57 VA M NEE
5 2l zl 2
E 1500 $$ 5‘ 5‘
E | | ool _
E " : $$ : s‘ : @ Muminated
o : : :
= "' : " . " : . )
= 1000 - Ll | Lol | Ll | ENon-illuminated
= ] | Lo | Lo |
2 e | red | rod |
£ 2l g2l g2l 4t
E 2 | A | 25|
< 500 roa | real | roal |

2l 2l 2l

e | vedk ek

el | rod | Lo |

. P | o | eoilE |
Mon stenhized 0 6 2 10 12
Storage time (week)

Bl Lr 2 PR E S SRR AR R B
Figure 44. Effects of different storage time at three conditions on contents of total phenolic compounds of noni juice.

Each value is the mean + standard deviation (n = 3).
*b Means among same storage condition with different superscripts are significantly different (p < 0.05).
*Means in the same storage time with different superscripts are significantly different (p < 0.05).

114



50
Miminated
40 1 ONon-lhuminated

4%

Quercetin equiv alent (pg/mL)

Storage time (week)

Ble 27 - A RERETE S SHERS Y FEM IR BE
Figure 45. Effects of different storage time at three conditions on contents of flavonoids of noni juice.

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

*dMeans among same storage condition with different superscripts are significantly different (p < 0.05).
XMeans in the same storage time with different superscripts are significantly different (p < 0.05).
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Figure 46. Effects of different storage time at three conditions on contents of condensed tannins of noni juice.
Each value is the mean + standard deviation (n = 3).

#Means among same storage condition with different superscripts are significantly different (p < 0.05).
XMeans in the same storage time with different superscripts are significantly different (p < 0.05).
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Figure 47. Effects of different storage time at three conditions on concentration of rutin of noni juice.

Each value is the mean + standard deviation (n = 3).
*b Means among same storage condition with different superscripts are significantly different (p < 0.05).
XMeans in the same storage time with different superscripts are significantly different (p < 0.05).
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Figure 48. Effects of different storage time at three conditions on concentration of scopoletin and scopoletin derivative of
noni juice. (a) scopoletin, (b) scopoletin derivative, (c) total contents of scopoletin and scopoletin derivative.

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

*b Means among same storage condition with different superscripts are significantly different (p < 0.05).
*Means in the same storage time with different superscripts are significantly different (p < 0.05).
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Appendix 12. Effects of different fermentation time on yield, pH values and color of

noni juice
Fermentation time  Yield L% o+ -

(week) (%)

0 4770 3.76£0.01°  79.62+2.49*°  -1.98+0.70°  36.91+0.74"

1 53.68 3.72+0.01°  70.14+0.64"  10.17+0.44"  60.51+0.54°

2 56.90 3.72#0.01°  66.19+1.13°  1541+0.56°  65.45+1.84"

3 57.99 3.69+0.01°  68.53+0.84°°  14.87+0.55°  69.56+0.05%

4 57.63 3.77+0.01°  68.55+2.46™  14.25+2.28*  66.27+0.90"

Each value is the mean + standard deviation (n = 3).
0 Mean in the same column with different superscripts are significantly different (p <

0.05).
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Appendix 13. Effects of different fermentation time on contents of functional compounds of noni juice

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

0 1639.41£21.45° 74.14£2.15° 115.48+4.75° 164.74+21.14% 179.29+8.70® 163.74£27.29°

1 1592.99+40.94° 65.17+1.26" 144.66+4.31° 156.65+4.49 " 132.17+0.74° 140.92+7.41%

2 1560.24+33.00°  §3.19+1.04™ 175.52+3.59° 161.81+13.04 % 107.05+4.89 % 129.88+12.81"

3 1478.23+19.24° 59.24+0.74° 186.98+3.54° 181.49+2.45° 86.03+0.51° 119.3045.21°

4 1206.27+87.86° 60.85+0.84° 140.90+14.60° 131.07+5.26° 52.21+0.52° 89.51+8.45°

Each value is the mean + standard deviation (n = 3).
4 Mean in the same column with different superscripts are significantly different (p < 0.05).
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Appendix 14. The elemental analysis of deacetylasperulosidic acid and asperulosidic acid

Sample code Weight (mg) N % C% H % 0%
. 1.969 0.00 44.49 6.75 -
DAA
1.902 0.00 44.59 6.66
LA CNTR - 0.00 49.23 5.64 -
DAA? 1.802 - - - 44.63
LACONTR - - - - 45.13
b 3.360 0.00 36.84 5.49 -
AA
3.312 0.00 36.80 5.36
LN - 0.00 50.00 5.56 -

? Deacetylasperulosidic acid
® Asperulosidic acid
- Mean not detected.
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Appendix 15. Effects of different fermentation time on concentration of
deacetylasperulosidic acid, asperulosidic acid and total iridoids of

noni juice
Fermentation time DAA? AAP Total iridoids °
(week) (ng/mL) (ng/mL) (ng/mL)
0 176.61+4.28° 198.27+7.53° 374.88+11.75°%
1 165.16+1.71° 182.79+1.07%* 347.94+2 .45
2 165.70+3.49° 174.10+2.41° 339.80+5.73"
3 172.43+5.75° 167.58+6.68" 340.01+12.42°
4 133.45+14.50° 138.28+18.52° 271.73+32.98"

% Deacetylasperulosidic acid

® Asperulosidic acid

¢ Total contents of deacetylasperulosidic acid and asperulosidic acid

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 16. Effects of different fermentation time on antioxidant capacity and ACE inhibitory activity of noni juice

Fermentation ABTS - * scavenging activity Equal to Trolox conc.

DPPH scavenging activity

Equal to BHA conc.

ACE inhibitory activity

time (%) (ng/mL) (%) (ng/mL) (%)
(week) 1/50* 1/50* 1/80* 1/80* 1/8*
0 44.08+1.46 35.28+1.14™ 74.26+0.65 12.50+0.11 57.38+14.49°
1 50.29+1.01 ° 40.13+0.79° 72.84+1.99 2 12.25+0.35 2 71.30+12.93°
2 49.90+1.16 ® 39.83+0.91° 71.874#1.17° 12.08+0.20 68.79+18.31 °
3 46.83+1.00 ™ 37.43+0.78" 70.62+1.44° 11.87+0.25 2 48.22+17.46 °
4 41.33+3.39° 33.13+2.65° 62.45+5.46 ° 10.44+0.95 " 57.05+9.22

Each value is the mean + standard deviation (n = 3).
% Mean in the same column with different superscripts are significantly different (P < 0.05).

1/8*: The sample diluted for eight fold.
1/50*: The sample diluted for fifty fold.
1/80*: The sample diluted for eighty fold.
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Appendix 17. The summary of fermentation experiment

Fermentation time (week) 0 1 2 3 4

DAA? contents 1 1 1 1 2
AA" contents 1 15 2 2 3
Total phenolic compounds 1 1 1.5 2 3
Flavonoids compounds 1 2 2.5 4 4
Condensed tannin compounds 3 2 1 1 2
Scopoletin derivative 1.5 2 1.5 1 3
Scopoletin 1.5 2 1.5 1 3
Rutin 1 1.5 2 2 3
ACE inhibitory activity 1 1 1 1 1
Trolox equivalent antioxidant activity (TEAC) 2.5 1 1 2.5 3
DPPH scavenging activity 1 1 1 1 2
*Total 155 16 16 18.5 29

% Deacetylasperulosidic acid

b Asperulosidic acid

Values within columns followed by the same number are not significantly different (p < 0.05) in same fermentation time.
* Mean the lowest score was the best.
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Appendix 18. Effects of different storage time at three conditions on pH values of

noni juice
Storage time (week) - pI_—I Va'fje -
[lluminated Non-illuminated 4C
Non sterilized 3.760.01° 3.76:0.01% 3.76+0.01°
0 3.79+0.01° 3.79+0.01° 3.79+0.01°
2 3.79+0.00% 3.79+0.01% 3.79+0.01%
4 3.79+0.01% 3.78+0.01% 3.77+0.00%
6 3.7620.00™ 3.7620.00° 3.77+0.01™
8 3.74%0.00* 3.74%0.00% 3.72+0.01%
10 3.72+0.01% 3.72+0.01% 3.71£0.02%
12 3.70+0.02% 3.70£0.02™ 3.71£0.01%

Each value is the mean + standard deviation (n = 3).
*fMeans among same storage condition with different superscripts are significantly

different (p < 0.05).

*Y Means in the same storage time with different superscripts are significantly

different (p < 0.05).
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Appendix 19. Effects of different storage time at three conditions on color of noni juice

) Color
Storage time
L* a* b*

(week) : — . 5 — . - — .

Illuminated  Non-illuminated 4C IHluminated  Non-illuminated 4C IHluminated Non-illuminated 4C
Non sterilized | 42.27+2.69° 42.27+2.69° 42.27+2.69° | 28.06+0.76% 28.06+0.76° 28.06+0.76% | 41.36+4.48° 41.36+4.48° 41.36+4.48°
0 37.16+0.98°  37.16+0.98" 37.16+0.98° | 27.97+1.16% 27.97+1.16% 27.97+1.16% | 33.13+1.88°  33.13+1.88°  33.13+1.88"
2 36.99+1.04™  39.14+0.76™  30.08+4.94% | 27.77+1.24%  28.30+0.27*  27.33+1.08° | 33.55+2.77™ 36.19+1.33™  36.05+8.10%
4 37.97+0.69™  37.93+0.41°  36.47+1.29% | 28.03+0.46™  28.42+0.45*  27.56+0.70°* | 34.24+1.31° 34.52+1.43°  31.74+2.26°>
6 36.02+0.44%  37.46+0.77°™  38.40+0.99%* | 27.11+0.43¥  28.03+0.23*  28.31+0.34% | 30.77+0.77%  33.44+0.93"  34.88+1.56%
8 35.36+3.30™  35.25+1.03%  34.86+0.70™ | 26.23+1.22%*  26.61+0.70°*  26.96+0.95%* | 29.85+5.73”  29.36+1.79%*  29.23+1.23"*
10 35.32+0.57™  35.76+1.52°  34.87+1.01% | 26.56+0.67> = 27.00+1.10®>*  26.28+0.49™ | 29.50+0.88™  30.35+2.52°®%  28.66+1.69™
12 34.50+2.35>  34.23+0.91% 35.49+2.04™ | 26.59+1.53*  26.47+0.81%  27.56+0.62° | 28.63+3.69™ 28.45+1.80%  31.26+3.58"

Each value is the mean + standard deviation (n = 3).
¢ Means among same storage condition with different superscripts are significantly different (p < 0.05).
*¥Means in the same storage time with different superscripts are significantly different (p < 0.05).
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Appendix 20. Effects of different storage time at three conditions on contents of total
phenolic compounds of noni juice

Storage time

Total phenol (ug/mL)

(week) [lluminated Non-illuminated 4°C

Non sterilized 1851.24+77.61° 1851.24+77.61° 1851.24+77.61°
0 1983.55+48.71° 1983.55+48.71° 1983.55+48.71%
2 1963.63+67.60°™  2045.36+127.28%  1995.81+176.48%
4 1997.85+59.77%  2032.59+11.30  1999.90+35.29%°
6 1997.34+79.70%  1996.83+52.76%  2028.51+45.77%
8 1917.14+96.76%  1926.33+73.38%  2024.93+78.29%
10 1985.59+20.10  1958.01+16.86™  1941.66+29.73%
12 1962.09+56.44%°¢  1947.79+47.39%  2009.09+42.59%

Each value is the mean + standard deviation (n = 3).
b Means among same storage condition with different superscripts are significantly

different (p < 0.05).

*Means in the same storage time with different superscripts are significantly different

(p < 0.05).
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Appendix 21 . Effects of different storage time at three conditions on contents of
flavonoids of noni juice

Storage time

Flavonoids (ug/mL)

(week) [lluminated Non-illuminated 4°C

Non sterilized 73.04+1.84% 73.04+1.84%¢ 73.04+1.84%
0 73.92+1.53® 73.92+1.53® 73.92+1.53%
2 73.51+1.44% 74.00+1.33% 74.09+1.28™
4 75.19+1.19™ 75.41+1.56™ 75.05+1.41%
6 70.62+2.60% 73.29+2.39% 74.47+1.89™
8 70.04+4.44° 69.55+2,72° 66.69+7.50%
10 72.30+1.57% 71.58+1.57° 71.94+2.26%
12 70.57+1.04> 69.25+2,93% 73.04+1.50™

Each value is the mean + standard deviation (n = 3).
>4 Means among same storage condition with different superscripts are significantly

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

(p < 0.05).
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Appendix 22. Effects of different storage time at three conditions on contents of
condensed tannins of noni juice

Storage time Condensed tannins (ug/mL)
(week) [lluminated Non-illuminated 4°C

Non sterilized 135.61+18.70° 135.61+18.70° 135.61+18.70°
0 166.39+27.57° 166.39+27.57° 166.39+27.57°
2 158.76+25.65™ 166.00+£17.28% 161.21+16.99%
4 161.51+23.68% 152.13+8.26™ 156.87+5.92%
6 150.53+12.37% 162.00+24.50% 173.43+35.04%
8 142.60+23.76 133.77+6.89% 130.17+40.08%
10 144.99+15.74% 148.08+15.89% 156.52+10.98%
12 146.94+15.22% 149.43+19.84% 143.05+£18.04%

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

>4 Means among same storage condition with different superscripts are significantly
different (p < 0.05).
*Means in the same storage time with different superscripts are significantly different

(p < 0.05).
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Appendix 23. Effects of different storage time at three conditions on concentration of
rutin of noni juice

Storage time

Rutin (ug/mL)

wee uminate on-illuminate

(week) [lluminated Non-illuminated 4°C

Non sterilized 109.41+11.58° 109.41+11.58° 109.41+11.58°
0 98.97+14.79° 98.97+14.79% 98.97+14.79°
2 111.10+19.26* 97.72+14.72° 91.26+15.64%
4 95.93+7.39% 95.58+11.79° 95.04+4.98%
6 98.96+2.86% 94.05+13.74%% 98.38+10.45%
8 88.94+10.47% 85.11+9.59% 103.85+14.64*
10 100.18+4.58% 93.45+13.45% 96.51+6.41%
12 100.02+11.09% 80.26+11.99" 98.58+17.13%

Each value is the mean + standard deviation (n = 3).
b Means among same storage condition with different superscripts are significantly

different (p < 0.05).

*¥ Means in the same storage time with different superscripts are significantly

different (p < 0.05).
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Appendix 24. Effects of different storage time at three conditions on concentration of scopoletin and its derivative of noni juice

Storage time

Scopoletin (ug/mL)

Scopoletin derivative (pug/mL)

(week) Illuminated Non-illuminated 4°C Iluminated Non-illuminated 4°C
Non sterilized 200.99+10.00% 200.99+10.00° 200.99+10.00% 137.83+16.09 137.83+16.09 137.83+16.09
0 188.97+8.43° 188.97+8.43" 188.97+8.43% 137.95+5.36 * 137.95+5.36 137.95+5.36
2 204.47+8.062 200.20+2.63% 190.36+24.60% 150.10+17.73¥ 139.07+5.94* 136.48+25.59
4 207.58+9.70% 205.93+3.97% 194.99+4.97% 150.68+17.01 ¥ 152.74+9.05 % 138.60+3.20
6 208.41+8.83% 204.26+4.56° 199.88+13.28% 152.63+25.80 147.03+15.93 % 147.48+21.07 ¥
8 198.98+19.18™ 204.34+11.36™ 207.51+15.91* 147.75+19.48 147.72+25.06 > 149.84+24.05*
10 222.53+16.66™ 221.90+2.09% 201.70+10.40* 159.50+24.68 164.11+5.72 % 150.78+22.66
12 211.27+3.18% 197.60+18.99™ 206.43+12.91* 165.43+17.06 142.94+21.27 % 155.84+19.13 ¥

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

b Means among same storage condition with different superscripts are significantly different (p < 0.05).

*¥Means in the same storage time with different superscripts are significantly different (p < 0.05).
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Appendix 25. Effects of different storage time at three conditions on contents of deacetylasperulosidic acid and asperulosidic acid concentration
of noni juice
Storage time DAA? (ug/mL) AA® (ug/mL)
(week) IHluminated Non-illuminated 4°C Illuminated  Non-illuminated 4°C
Non sterilized | 126.47+8.38° 126.47+8.38° 126.47+8.38° 82.56+8.43% 82.56+8.43°% 82.56+8.43%
0 135.01+8.15° 135.01+8.15° 135.01+8.15° 82.73+2.56 82.73+2.56° 82.73+2.56
2 137.19+£1.02%  130.25+9.80%  129.58+12.74%* | 83.60+6.41% 84.10+8.84% 90.44+7.29%
4 134.19+4.60%  135.62+10.71% 139.14+7.9% 72.60+5.45% 80.47+11.73% 87.58+6.60%
6 140.35+9.41%  131.25+11.08*  132.11+15.11% | 86.32+9.63% 86.54+8.48% 88.00+6.82%
8 127.48+18.06% 129.27+15.04% 133.94+13.33% | 77.97+14.46™  80.32+12.47%  81.08+7.82%
10 135.99+4.03%  137.0810.64+™  130.39+4.35% 76.12+5.6 > 79.58+10.40*  82.54+5.81%
12 136.03+4.35%  135.22+3.57%  139.32+2.18%™ | 73.37+2.20%  70.63+10.34*  89.50+3.50%

% Deacetylasperulosidic acid
b Asperulosidic acid

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

% Means among same storage condition with different superscripts are significantly different (p < 0.05).
*¥Means in the same storage time with different superscripts are significantly different (p < 0.05).
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Appendix 26. Effects of different storage time at three conditions on ABTS - * scavenging activity and equivalent to trolox concentation of noni

juice
Storage time ABTS - " scavenging activity (%) Equal to Trolox conc. (ug/mL)
(week) 1/30* 1/30*
[lluminated Non-illuminated 4°C [lluminated Non-illuminated 4°C

Non sterilized 58.09+5.88 58.09+5.88 58.09+5.88 & 42.89+4.14% 42.89+4.14% 42.89+4.14%
0 62.69+1.54 % 62.69+1.54 % 62.69+1.54 % 46.12+1.08 % 46.12+1.08 % 46.12+1.08
2 60.22+3.79% 61.74+2.30% 61.80+£2.47 % 44.39+2.66 45.46+1.62 % 4551+1.74%
4 60.83+2.48 59.48+1.51% 60.09+1.08 44.82+1.74% 43.87+1.06 % 44.30+0.76 ™
6 59.58+5.97 61.84+4.14% 63.71+3.50 43.94+4.20% 4553+2.91% 46.85+2.46
8 58.66+4.10 % 59.21+3.37% 54.88+10.98 43.29+2.89 % 43.68+2.37% 40.64+7.72%
10 64.19+2.05 % 61.44+3.07% 62.19+2.18 % 47.18+1.44% 45.25+2.16 % 45.78+1.53%
12 60.42+1.85% 59.56+5.80 60.90+2.87 % 44.53+1.30% 43.93+4.07% 44.87+2.02%

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

% Means among same storage condition with different superscripts are significantly different (p < 0.05).
*Means in the same storage time with different superscripts are significantly different (p < 0.05).
1/30*: The sample diluted for thirty fold.
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Appendix 27. Effects of different storage time at three conditions on DPPH radical scavenging activity and equivalent to BHA concentation of

noni juice
Storage time DPPH scavenging activity (%) Equal to BHA conc. (ug/mL)
1/70* 1/70*
(week) [Hluminated Non-illuminated 4C Illuminated Non-illuminated 4°C

Non sterilized 60.93+3.83° 60.93+3.83° 60.93+3.83" 11.99+0.75° 11.99+0.75° 11.99+0.75
0 65.26+2.03" 65.26+2.03 65.26+2.03" 12.84+0.40" 12.84+0.40" 12.84+0.40°
2 64.77+2.88° 65.75+1.89 ° 63.07+3.68 ™ 12.74+0.56" 12.94+0.37°% 12.41+0.72%
4 66.14+2.75° 64.42+1.77 ° 63.68+3.90 ™ 13.01+0.54° 12.68+0.35° 12.53+0.76™
6 60.58+4.58% 63.50+3.19 ° 64.28+3.75™ 11.92+0.90% 12.50+0.62° 12.65+0.73%
8 70.94+5.542 68.78+6.96 2 67.60+8.37 2 13.95+1.08% 13.53+1.36% 13.30+1.64%
10 74.1142.77% 73.52+3.40 ™ 75.06+5.18 14.57+0.54™ 14.4620.67™ 14.76+1.01%
12 76.54+3.70™ 73.37+3.87 74.86+8.04 15.05+0.73™ 14.43+0.76™ 14.72+1.57™

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

¢ Means among same storage condition with different superscripts are significantly different (p < 0.05).

*Means in the same storage time with different superscripts are significantly different (p < 0.05).
1/70*: The sample diluted for seventy fold.
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Appendix 28. Effects of different storage time at three conditions on ACE inhibitory
activity of noni juice

Storage time ACE inhibitory activity (%)
(week) . Ll :
[Hluminated Non-illuminated 4C

Non sterilized 44.62+11.07% 44.62+11.07™ 44.62+11.07™
0 60.43+7.95%% 60.43+7.95% 60.43+7.95%
2 61.47+4.67°0 51.03+7.20% 59.67+12.82%
4 46.97+14.77° 44.82+11.89™ 45.74+14.43%
6 66.75+4.96™ 66.47+7.11% 49.50+21.22%
8 68.16+9.25% 64.56+17.97% 46.34+5.30™
10 66.10+10.20* 62.02+10.78% 44.73+19.67™
12 63.61+7.41% 70.73+17.20% 79.24+17.71%

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

¢ Means among same storage condition with different superscripts are significantly
different (p < 0.05).
*Means in the same storage time with different superscripts are significantly different
(p <0.05).
1/8*: The sample diluted for eight fold.
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Appendix 29. The summary of storage experiment
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Values within columns followed by the same number are not significantly different (p < 0.05) in same storage time.

* Mean the lowest score was the best.
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