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Abstract

Noni (Morinda citrifolia) has been known to contain many
functional phytochemicals. Noni fruit is climacteric. The fruit will ripe
quickly and become soft and juicy. The ripe noni fruit gives strong foul
flavor. The changes in texture and flavor during ripening are closely
related to activity of its endogenous pectin methylesterase (PME).
Enhancing the PME activity would leads to the increase in fruit juice
yield and release of functional phytochemicals and also will shorten the
juice production processing and improve the juice quality.

This project will focus on three subjects: (1) isolation and
characterization of PME from noni juice, (2) production and
characterization of noni juice fermented under anaerobic at four different
temperature (25, 35, 45 and 55°C), and (3) evaluation the effectiveness of
three pasteurization methods (Low Temperature Long Time, LTLT;
High Temperature Short Time, HTST; and Ultrafiltration) on the quality
of noni juice.

First, crude PME was extracted from ripe soft noni fruit with
NaCl-Tris buffer, pH 8.0, and precipitated with ammonium sulfate.
Precipitate of 35-75% ammonium sulfate was dialyzed and the solution
was concentrated with Amicon filter for DEAE column chromatography.
Two PME isomers (PME-A and PME-B) were isolated and optimal
temperature for PME-A was found to be 60°C. PME-B showed better
thermal stability than PME-A.

Second, noni juices from different temperature-controlled

fermentations were subjected to the measurements of juice-yield, color
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change, functional phytochemicals and physiological activity. Noni
fermented under 35°C gave better juice yield than others at initial
fermentation period. Both noni juices from noni fermented under lower
temperature, 25 and 35°C, gave better antioxidant activity and lower
acidity, probably due to microbial growth. Whereas noni juice from noni
fermented under higher temperature, 45 and 55°C, gave lower juice yield,
darker in color, less content of phytochemicals, lower ACE inhibitory
activity and higher antioxidant activity, probably due to mallard reaction.
All three methods selected were found to reduce microorganism
effectively and exhibited no significant effectiveness on the content of
functional phytochemical and on physiological activity. However, HTST

(95°C, 13 sec.) posses the advantage of easy operation and save the
pasteurization time over ultrafiltration (0.45 pm) and LTLT (65°C, 24 +

24 hrs).

Key word: noni, pectin methylesterase, temperature-controlled
fermentation, phytochemical, antioxidant activity, ACE

inhibitory activity, pasteurization.
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Figure 1. Two different species of noni fruits.
Left: Tahitian noni; right: Taiwan (native) noni.
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Table 1. 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  Sties
leaves
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 Jaundice
bark
Wood or bark Hypertension
extract
Seed Oil Scalp insecticide, insect repellent
Flowers Sties
Roots Wood Carving
Bark Yellow pigment
Juice Badly infected cut
All parts of Mild laxative
the plant

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

literature about Morinda citrifolia.

(Nelson & Elevitch, 2006)
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Table 2. 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 /100 mL 10-11%
Total soluble solids (°Brix) 8 — — —
Protein content 2.5% 0.4g/100 g 0.5 g/100mL 0.2-0.5%
Lipid 0.15% 0.30 g/100 g <0.1 g/100 mL 0.1-0.2%
Glucose 11.97+0.2 g/L — 1.5 g/100 mL 3.04.0¢g/100 g
Fructose 8.27+0.2 g/L — 1.5 g/100 mL 3.0-4.0g/100 g
Potassium 3900 mg/L 188 mg/100 g 150 mg/100 mL 30-150 mg/100 g
Sodium 214 mg/LL 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 3-25 mg/100 g
Vitamin E — — 0.05 mg/100 mL —

*Noni fruit.

® 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).
Table adapted from Chan-Blanco et al. (2006).
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Table 3. Potassium content comparison for various fruit juices.

Per 6 fl oz (177 mL) serving

Potassium (mg)

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

Data source: Hlgdon 2004
(Nelson & Elevitch, 2006)

o FRLAEROHETE RIS AT
Table 4. An analysis of selected nutritional aspects of

Hawaiian fruit powder.

per 100 grams

Protein 5.8%
Fat 1.2%
Moisture 9.3%
Ash 10.3%
Carbohydrate 71%
Total dietary fiber 36%
per 1200 milligrams
Protein 69.6 mg
Fat 15.5mg
Carbohydrate 843 mg
Total dietary fiber 419 mg
Calories 3
Vitamin A 2.261U
Vitamin C 9.81 mg
Niacin 0.048 mg
Thiamin ~
Riboflavin ~
Iron 0.02 mg
Calcium 0.88 mg
Sodium 2.63 mg
Potassium 32.0 mg

Data provided compliments of the Hawaii noni industry.
(Nelson & Elevitch, 2006)
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Table 5. Deduced polysaccharide composition based on monosaccharide linkage

data.
Polysaccharide type Component Mol%"
Pectic polysaccharides Homogalacturonan 49.5
Rhamnogalacturonan I 10.8
Arabinan 9.0
Type I arabinogalactan 12.3
Type II 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)

LA ARAYE R LG BHR LR

Table 6. 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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Figure 2. Different ripening stages of noni fruit appearance.
Up: unripe noni; down: ripe noni.

14



S~ EB2Z B/
(- ) {4 fmve B2

1 g e B E AR e A G e R T & f ekt FAE S F 0 AR o
B BB B 0 R & S EE T A G enDAF R R 0 1 B-1 AR AT
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ek ¢ (Wong, 1995) -

ERRAT R H RSN (k=) ]

1. %% 7 fgp* (Pectin methylesterase, PME, EC 3.1.1.11)

WK iET A AR 0 @i XA S hd fig it o PMER 47 &t
PRavkEES Y @V LA S B w0 K
PME~ ¥ j&fe st @ o dgpd o - a5 o e d kik PME & ficie #
FIFFE doididd» 5 MR R g BT B (4o Ca’) o Mo K5

% %=1 (Wong, 1995) -

2. R svlEmepips (Polygalacturonase, PG)

Bk fRa-1APEH 4 R H F% iz 5 fE7)50 o # - 5
238 vk 2 eneh 2 fF (exo-PG, EC 3.2.1.67) s ¥ — BB 5 5E 8-k jz
ek =2 & (endo-PG, EC 3.2.1.15) » & P H#7 7 » F 030 5 il 7]
B F e b A de > @ fs KP4 e (vine-ripe fruit) K F]1 4R

%3 (Wong, 1995) -

3. % Phpkpg 4l f2ps (Pectate lysae, PEL)

1/ B-elimination 8.1t 2] §2 & fig i ehL FUBAERL o 7N PG ) 2
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Figure 5. Enzymic degradation of pectin by polygalacturonase, pectate
lyase, pectin layse, and pectinesterase. (Fennema, 1985)
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Table 7. Classification of pectic enzymes acting on pectins or pectic acids

EC suggested name Common name EC number Substrate Action pattern
De-esterifying enzymes
Polymethylgalacturonate esterase (PMGE) Pectinesterase 3.1.1.11 Pectin Random
Depolymerizing enzymes
Hydrolases
Endopolygalacturonase (Endo-PC) Polygalacturonase 3.2.1.15 Pectate Random
Exopolygalacturonase 1 (Exo-PGl) Polygalacturonase 3.2.1.67 Pectate Terminal
Exopolygalacturonase 2 (Exo-PG2) Polygalacturonase 3.2.1.82 Pectate Penultimate bonds
Endopolymethylgalacturonase (Endo-PMG) Pectin hydrolase Pectin Random
Exopolymethylgalacturonase (Exo-PMG) Pectin hydrolase Pectin Terminal
Lyases
Endopolygalacturonate lyase (Endo-PGL) Pectate lyase 4222 Pectate Random
Exopolygalacturonate lyase (Exo-PGL) Pectate lyase 4229 Pectate Penultimate bonds
Endopolymethylgalacturonate lyase (Endo-PMGL) Pectin lyase 4.2.2.10 Pectin Random
Exopolymethylgalacturonate lyase (Exo-PMGL) Pectin lyase Pectin Terminal

Pectic enzymes acting on ohgogalacturonates have not been included in this table because they are not very abundant and of little interest for

industrial pectin degradation. Enzymes have been classified and named according to the Enzyme Commission (EC) (IUPAC-IUB

recommendations).
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Figure 6. Change of pectin substances by enzymatic action during

ripening.
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EREE N
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Table 8. Molecular weight and isoelectric point of PE different plants.

Sorce MW (kDa) pl References

Apple 55,28 - Castaldo et al., 1989
Banana 30 8.8,9.3 Brady, 1976

Banana -- 9.3~9.5 M > 2002b

Carrot 27 -- Markpvic, 1978

Chayote 47.8-50 -- M > 2002a

Grapefruit 51,36 - Seymour et al., 1991
Guava -- 9.6,3.5 % 0 2007

Jelly fig 42 4.4 Komae et al., 1990

Jelly fig 38 3.5 Lin et al., 1989

Kiwi fruit 57 7.3 Giovane et al., 1990
Lemon 35,33 9.0,>11 MacDonald et al., 1993
Mung bena sprouts 23.7 - 1% > 1990

Mung bean sprouts 75 -- Goldberg et al., 1992
Orange 37 >8.65 Rillo et al., 1992

Orange 36.2 10.05,>11  Versteeg et al., 1978
Papaya 53 -- Lourenco & Catutani, 1984
Soybean 30 8.8,9.3 Hultin et al., 1966; Brady, 1976
Soybean sprouts 30,47 >93 # » 1991

Tomato 24,27 8.4 Delinc’ee & Radola, 1970
Tomato 27 8.6 Delinc’ee, 1976

Tomato 23 -- Lee and Macmillan, 1968
Tomato 27.5 -- Kohn et al., 1983

Tomato 22 -- Markovic & Slezarik, 1969
Tomato 33.2 -- Markovic & Jornvall, 1986
Tomato 23.7,35.5 -- Pressey & Avanes, 1972
Tomato 28 -- Theron et al., 1977
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Table 9. Optimum temperature for the reactions catalyzed and thermal stability by PME from different plants.

Source Optimum  Description of thermal stability Reference
temp. (°C)

Acerola >90 The total acerola PME retained 13.49% of its specific activity after 90 min of incubation at 98°C. The Assis et al., 2002
partially purified acerola PME showed 125.54% of its specific activity after 90 min of incubation at 98°C.

Acerola -- The PME submitted at 50 and 80°C retained 90% of its activity during 100 and 50 min, respectively. Assis et al., 2000
The heating times necessary to total inactivation of PME at 98, 102 and 106°C were equal to 110, 10 and
2.17 min.

Apple -- The activity was unaffected up to 40°C/1min then a progressive activity loss was observed up to 90°C/1min  Castaldo et al., 1989
where no activity was detected.

Apple 63 -- Denes et al., 2000

Apple 60 -- King, 1990

Apple 55-60 -- Lee & Wiley , 1970b

Banana 63 At 70°C, 50% of enzyme activity was lost after Smin of treatment, whereas at 75°C more than 90% of Ly-Nguyen et al., 2002b
enzyme activity was lost.

Black carrot 55 The enzyme was stable between the temperatures of 30 - 50°C for 5 min. Unal & Bellur, 2009
Above 55°C, the inactivation rate increased greatly.
The enzyme lost nearly all of its activity at 70°C.

Bramley apple 60 -- King, 1990

Carrot 49 The enzyme was stable up to 40°C/5 min, with a linear decrease in activity between 40-70°C. Alonso et al., 2003

No enzymatic activity was detected in samples heated at more than 70°C/5min.

29



%4 ~ 3 k14 PME 2 Boif & Bif A &R R AL 1 ()

Table 9. Optimum temperature for the reactions catalyzed and thermal stability by PME from different plants (continued).

Source Optimum  Description of thermal stability Reference
temp. (°C)
Carrot 50 - Lee etal., 2001
Carrot 77 - Leeetal., 1979a
Carrot -- Above 50°C, a significant loss of carrot PME activity was observed. At 55°C, 50% of PME activity was Ly-Nguyen et al., 2002a
lost after 10 min of treatment, whereas at 60°C about 95% of PME activity was lost.
Carrot -- The enzyme was highly sensitive to heat at temperatures above 50°C/15 min. Sila et al., 2007
At 55°C, almost 50% of the activity of the enzyme was lost, whereas at 60°C, already 95% of the enzyme
was inactivated.
Chayote 60 -- > 2002a
Guava 75-80 The enzyme is very stable, showing activity even after 30 min of storage from 50 to 98°C. Leite et al., 2006
At 75°C, there is an increase of the specific activity after 30 min of storage.
Hawthorn 55 About 50% of the relative activity still remained after 25 min at 60°C, and it was completely inactivated by ~ Vivar-Vera et al., 2005
incubation at 80°C during 10 min.
Mango 55 -- Azzaetal., 1995
Mung bean sprouts - 7 50°C Kig4e 2min (8> B R B ST R FIRE S AUR B ALE 60C A ARE B AL 0 k0 1990
BRI A B At 65Cfe 75C A E -
Mung bean sprouts 65 -- Taylor et al., 1981
Orange 60 -- Komae et al., 1990
Orange 60 -- Korner et al., 1980
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Table 9. Optimum temperature for the reactions catalyzed and thermal stability by PME from different plants (continued).

Source Optimum  Description of thermal stability Reference
temp. (°C)
Papaya 65 -- Fayyaz et al., 1995
Papaya 35 -- Lim & Chung, 1989
Papaya 60 About 50% of the activity still remained after Smin at 65°C, but the enzyme was completely inactivated by =~ Lourenco &
incubation at 80°C for 1 min. Catutani, 1984
Peach 60 A 2% loss of activity was observed upon heating for 5 min at 55°C. Javeri & Wicker, 1991
After heating for 5 min at 65° and 70°C, the residual activity was 23% and 0% of unheated control.
Plum 65 The enzyme retained minimally 90% of its initial activity after 5 min of heat treatment below 50°C, after Nunes et al., 2006
which the enzyme activity started to decline gradually.
Potatoes 55-60 -- Puri et al. 1982
Shamouti and 55-60 - Korner et al., 1980
Valencia orange
Valencia juice 55-60 -- Wicker et al., 1987
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Table 10. Optimum pH and concentration of ion for the reactions catalyzed by PE

from different plants

Source pH Concentration of ion  References
Alfalfa -- Na 0.140 M Lineweaver & Ballou, 1945
K 0.140 M

Ca 0.140 M
Mg 0.035M

Apple 6.5-7.5 - -- Castuldo et al., 1989
Banana 6.0-9.5 Na 0.200M Hultin et al., 1966; Brady, 1971
Chayote 6.5 Na 0.200M M > 2002a
Grape 7.5 -- -- Lee etal., 1979b
Jelly fig 6.5-7.5 -- -- Linetal., 1989
Jelly fig 8.0-8.0 -- - Komae et al., 1990
Mung bena 7.5 1% > 1990
sprouts
Orange 7.5 Na 0.100M  MacDonnell et al., 1945

Orange 7.6, 8.0 - -- Versteeg et al., 1978

Orange 7.5 - -- Kohn et al., 1983

Orange 9.0 - -- Rillo et al., 1992

Papaya 7.5 - -- Chang et al., 1965

Papays -- Mg 0.200M  Lourenco & Catutani, 1984

Tomato -- Ca 0.030M  Kulp, 1975

Tomato -- Na 0.050 M Lee & MacMillan, 1970a
Ca 0.050 M

Tomato - Mg 0.005M  Markovic et al., 1969

Tomato 7.8-8.0 Na 0.200 M Markovic & Patocka, 1977

Tomato 8.0, 8.5 -- -- Nakagawa et al., 1970

Tomato -- Na 0.200M Pressey & Avanes, 1972
Ca 0.030 M

Tomato 7.6 -- -- Tucker et al., 1982
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BARpwE G R A HRE S AR %Y BT 2
g Y B 0 X @ BergfrFurusawa (2007) A€ BUF 2% ¢ BI3L 5

R RSN SRS H4A2F G T (superoxide-mediated tissue

damage) & HEITH o

5. FU L Ardk AL

McKoy # 4 (2002) 1 #* =503 X 4 F — o ¢ -5 % (bradykinin)
slAc R MERF LF B RBEFER S LSFF g LB 25K
7T OIR200 mgiirE i % ok B T Frd] 4 B avRokod o

% - A%k 3 & p* (Cyclooxygenase-1, COX-1) ¥ #-1-4 v fafk
(arachidonic acid) # i* i Thromboxane A2k %82 ¥ n F J& 5 % = 3|k

% &p¥ (Cyclooxygenase-2, COX-2) P|:#-7=4 v fgppt Bit 5 = 7] aﬁ’g—g
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(prostaglandin) @ 31 A= B & 4 L F &> S fAfpEF L FART 0 # kT
AL B o Li% A (2003) R %GR Y BREFBREI P
B L EeanCOX-1#rdlsc s » @ F Fugad sk o

Wang & £ (2002) Pl3n 5 * E8 3 % " #HCOX-2% % iF
BFrFE > R A dE el R o B B4 8 10%1r20%

XER R RS T A R B 162%0212% 07 o R o

6. Fr S

Bushnell & 4 (1950) # P % B 3 % 0 %+ ¥ 4 Salmonella
typhosa ~ Salmonella montevideo ~ Salmonella sachottmuelleri ~ ¥ ¢t =
faShigella paradys & ~ Micrococcus pyogenes ~ Escherichia colif-
Pseudomonas aeruginosa¥ A # 10320 mm v ok 24 % % i+ ¢
#S. typhosafr = f4S. paradys Ftk 2 4 4p iz endr |25 o

Atkinson (1956) 4 & FH B * it #rH| & T Hhd £ o 4o
Pseudomonas aeruginosa -~ Proteus morgaii~Bacillus subtilis~ Escherichia

coli ~ Helicobacter pylori ~ Salmonellaf-Shigella®# > 3% i¥ 4 3% & 2 il

IT# 7§ > Locher® 4 (1995) i I3 i % che W 55
7 #r§|Pseudomonas aeruginosa ~ Bacillus subtilis ~ Escherichia colifr

Streptococcus pyrogenes4 £ o
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FREET Y ER Y o Ra HPupa i ey PR
¢f1o Locher % 4 (1996) ;R s R % vk E P fro & 7 5B >

HIV-12 & % fm ek > fupm 4 F 0

<o

W&

NS

7. %% fEengs 3R

Kim# 4 (2005) **f &% * ¥R > R F 5750 FE 5 -
3w % R (type T procollagen) @ Hf 4 £ #F & A 4 M o 5w oo
(human dermal fibroblast cells) ¥} & 2 > 2 s B> R s fr A T &

k-9 f%% (matrix metalloproteinase-1) 7% #*

(=) R i pd o
I AREF DF 2 #

F IRA g iﬂ” (Heinicke, 1985; Solomon, 1999) #- i chfé f8 5
}f@ﬁﬁ AR % (xeronine) o FH S AEF X ELEF iﬂ” Heinicke$: 3! th
(- U B - e R S R A T e

Heinicke:a = 3 M % # 2 3 3F % 2 % & (proxeronine) » ¥ 5 4 $8 ¥

S LR M EETAS SLE SRR 2 iR b B R
b FHEROMEEEY ARERN R BRI S B ARS

DFS ERPCOIE SR S R R S R R

2. H A e
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AWFHER SR CEFY 0 P w S A ERT00Et £ 0 B
£ o % - it BAR (anthraquminones) v W R A48 (anthraquinone
glycosides) ~ g »p{r8 72  ~ § k4 % (iridoids) fr@ & 4 &% fe
pE %8 (iridoids glycosides) ~ * fi= % (lignans) ~ #74 "5 %8 (neolignans) ~
+ fiv f% fe pEE (flavonol glycosides) ~ ¥ zA 3 f4 (phenylpropanoids) -
BRI £ 4~ = 8% (triterpenoids)fr®s ¥k & (Pawlus & Kinghorn,
2007) c R K F 7 3 nfEd P F S 4 FIA L S o L F g S

BN o SRR SN et A AP Fme SRS A

MRUER RS T Y

3. dpth# e = 4
(1) #pi- &

G Pl E AR R - HHTA P AP RS RO%
feerfidr - =X R 0 H Ap ¥R 24c B4 (van Sumere, 1989; Shahidi,
2000; Shahidi, 2002) « 5 £ Y 8 F e b S F A% F F —
R BEANST oY N SR o BEW R A

BF KR B FRe % (stibenes) ~ -k ﬁ;frﬁﬁﬂ—g - Af

3y
s

% (lignans) ~ * % (lignins)% » F@i4rk L - o frigradr? - &

4 vk s CROE S B S Tk~ B e CEEBE N (Naczk &

Shahidi, 2006) © ¥ *t > Eesgd FH A Wy 53377 5 R E DB EF N 0 P

40



Lo GER A AR G (ERR 58

Table 11. Compounds isolated from Morinda citrifolia (only fruit part)

Structural class

Name (code)

Acids

Acetic acid

Ascorbic acid

Benzoic acid

Butanoic acid

Decanoic acid
(Z,2,2)-8,11,14-Eicosatrienoic acid
Elaidic acid

Heptanoic acid

Hexanedioic acid

Hexanoic acid

Lauric acid

Alcohols and phenols
Benzyl alcohol
1-Butanol
Eugenol
1-Hexanol
Anthraquinones

Esters

Anthragallol 1,3-di-O-methyl ether (7)
Anthragallol 2-O-methyl ether (9)
Austrocortinin (10)
5,15-Dimethylmorindol (14)

1-n-Butyl-4-(5'-formyl-2'-furanyl)methyl
succinate (57)
1-n-Butyl-4-methyl-2-hydroxysuccinate
(58)
1-n-Butyl-4-methyl-3-hydroxysuccinate
(59)

Ethyl decanoate

Ethyl hexanoate

Ethyl octanoate

Linoleic acid
2-Methylbutanoic acid
2-Methylpropanoic acid
3-Methylthiopropanoic acid
Myristic acid

Nonanoic acid

Oleic acid

Octanoic acid (2)

Palmitic acid

Undecanoic acid

3-Methyl-2-buten-1-ol
3-Methyl-3-buten-1-ol
(Z,2)-2,5-Undecadien-1-o0l

6-Hydroxyanthragallol-1,3-di-O-methyl
ether (17)

2-Methoxy-1,3,6-trihydroxyanthraquino
ne (27)

Morindone-5-O-methyl ether (34)

Ethyl palmitate

Methyl decanoate

Methyl elaidate

Methyl hexanoate

Methyl 3-methylthio-propanoate
Methyl octanoate

Methyl oleate

Methyl palmitate
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Table 11. Compounds isolated from Morinda citrifolia (only fruit part) (continued)

Structural class

Name (code)

Flavonoids

Iridoids

Ketones

Lactones

Lignans

Nucleosides

Saccharides

Kaempferol (62)
Narcissoside (64)
Nicotifloroside (65)

Asperuloside (70)

Asperulosidic acid (71)

Asperulosidic acid methyl ester (72)

Borreriagenin (previously morindacin)
(73)

4-epi-Borreriagenin (74)

Deacetylasperuloside (80)

Deacetylasperulosidic acid (81)

2-Heptanone

(E)-6-Dodeceno-y-lactone

Americanin A (88)

Americanoic acid (89)
Americanol A (90)
Balanophonin (91)
3,3'-Bisdemethylpinoresinol (92)
3,3'-Bisdemethyltanegool (93)

Cytidine (98)

Nonioside A (99)

Nonioside B (100)
Nonioside C (101)
Nonioside D (102)
Nonioside E (103)
Nonioside F (104)
Nonioside G (105)

Quercetin (66)
Rutin (69)

Deacetylasperulosidic acid methyl ester
(82)

Dehydromethoxygaertneroside (84)

6B,7B-Epoxy-8-epi-splendoside (85)

6a-Hydroxyadoxoside (86)

1,30,4,70-Tetrahydro-6-(hydroxymethyl
)-3H-furo[3,4-c]pyran-4-carboxylic
acid (87)

3-Hydroxy-2-butanone

(2)-6-Dodeceno-y-lactone

Isoprincepin (94)

Morindolin (95)

(—)-Pinoresinol (96)

(+)-3,4,3" 4'-Tetrahydroxy-9,7'a-epoxyli

gnano-7 a,9'-lactone (97)

Nonioside H (106)

a- and B-Glucose

Methyl a-D-fructofuranoside (107)
Methyl B-D-fructofuranoside (108)
1-O-(3'-Methylbut-3'-enyl)-B-D-glucopy
ranose (109)
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Table 11. Compounds isolated from Morinda citrifolia (only fruit part) (continued)

Structural class ~ Name (code)

Triterpenoids and sterols

3,19-Dihydroxyursolic acid

Miscellaneous compounds
(Ethylthiomethyl) benzene
Hexanamide (122)
B-Hydroxypropiovanillone (123)
4-Hydroxy-3-methoxycinnamaldehyde
(124)
Isoscopoletin (125)

19a-Methylursolic acid (117)

Limonene (126)
1-Palmitin (127)
Potassium
Scopoletin (132)
Vanillin (133)
Vomifoliol (134)
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Figure 8. Chemical structures of compounds isolated from Morinda citrifolia
(only fruit part). (Pawlus & Kinghorn, 2007)
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Figure 8. Chemical structures of compounds isolated from Morinda citrifolia
(only fruit part) (continued). (Pawlus & Kinghorn, 2007)
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Figure 8. Chemical structures of compounds isolated from Morinda citrifolia
(only fruit part) (continued). (Pawlus & Kinghorn, 2007)
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Figure 9. Production of phenylpropanoids, stilbenes, lignans, lignins,
suberins, cutins, flavonoids and tannins from phenylalanine.

PAL denotes phenylalanine ammonia lyase.
(Shahidi & Naczk, 2004)
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Table 12. Dietary sources of plant phenolics

Phenolic compounds

Dietary source

Phenolic acids

Hydroxycinnamic acids

Hydroxybenzoic acids

Flavonoids

Anthocyanins

Chalcones
Flavanols
Flavanonols
Flavanones

Flavonols

Flavones
Isoflavones

Xanthones

Tannins

Condensed

Hydrolyzable

Other phenolics
Alk(en)ylresorcinols
Arbutin
Avenanthramides
Capsaisinoids
Coumarins
Lignans
Secoiridoids

Stilbenes

Apricots, blueberries, carrots, cereals, pears, cherries, citrus fruits,
oilseeds, peaches, plums, spinach, tomatoes, eggplants

Blueberries, cereals, cranberries, oilseeds

Bilberries, black and red currants, blueberries, cherries, chokecherries,
grapes, strawberries

Apples

Apples, blueberries, grapes, onions, lettuce

Grapes

Citrus fruits

Apples, beans, blueberries, buckwheat, cranberries, endive, leeks,
lettuce, onions, olive, pepper, tomatoes

Citrus fruits, celery, parsley, spinach, rutin

Soybeans

Mango, mangosteen

Apples, grapes, peaches, plums, mangosteens,
pears

Pomegranate, raspberries

Cereals

Pears

Oats

Pepper

Carrots, celery, citrus fruits, parsley, parsnips
Buckwheat, flaxseed, sesame seed, rye, wheat
Olives

Grapes

(Naczk amd Shahidi, 2006)
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FHaP h i ot Haks e B 5 BRITEREE T (40
phenol sulfotransferases ~ catechol-O-transferases - B-glucosidases -~
lactase-phloridzin oxidasesf-UDP glucuronosyl transferases %) # i& »
AR BE kA (F A NS AR ) F A RE R
FUBBPUE Ul FoRELAE ST F R i (Ames
et al., 1993; Amin & Buratovich, 2007; Chavez et al., 2006; Gee et al.,
2000; Hertog et al.,1993; Kupeli et al., 2007; Lam et al., 2007; Piskula &
Terao, 1998; Ren et al., 2001; Sfakianos et al., 1997; Spencer et al., 1999;
Walle et al., 1999; Yen & Chem, 1995) - 4p A ~ }}%ifﬂ I I oA
CRETH MBS KRG IBEC EF o A B L
{AFERS,P 4B iky £ 3% (functional micronutrients)

(Chan-Blanco et al., 2006) -

(2) %% pr

SRR LS A Y - 460 32000 © EE 5 1600048 %
3 fr i* &£ # (Harborne & Williams, 2000) - #f % fit & & B ¥ Hor2e =
(A,B)> # Bd - a5 ik (C) “riddk > HB4dcRl - - 977 0 i
HArs B fwH i BARFEE (A12) MR ML & EpEHD

B A Y PR (R IS RIS 2 (Brlund,
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Figure 10. Possible routes for dietary polyphenols in humens.
(Shahidi & Maczk, 2004)
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nucleus

Quercetin: R1=0H, R2=0H, R3=0H

Rutin: R1=0H, R2=0H,
R3=6-0-0~L-rhamnosyl-D-glucoside

Spiraeoside: R1=0H,
R2=0-B-D-glucoside, R3=H

Hesperetin: R1=OH
Hesperidin:

R1=6-0-0-L-rhamnosyl-D-
glucoside

Naringenin R1=0OH

Naringin
R1=2-0-g-L-rhamnosyl-D-glucoside

Narirutin

R1= 6-0-g=L-rhamnosyl-D-glucoside

Bl - s pos AR RBAZ A FLEFEREfE A Lo
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Figure 11. Chemical structures of the flavane nucleus, quercetin,
hesperetin, and naringenin, and some of their most common
glycosides.

(Erlund, 2004)

51



223 PRADLLEIRAEE BY S

Table 13. Main groups of flavonoids, the individual compounds, and food sources

Group Compound Food sources
Flavones Apigenin Apple skins
Chrysin Berries
Kaempferol Broccoli
Luteolin Celery
Myricetin Fruit peels
Rutin Cranberries
Sibelin Grapes
Quercetin Lettuce
Olives
Onions
Parsley
Flavanones Fisetin Citrus fruit
Hesperetin Citrus peel
Narigin
Naringenin
Taxifolin
Catechins Catechin Red wine
Epicatechin Tea
Epigallocatechin gallate
Anthocyanins Cyanidin Berries
Delphinidin Cherries
Malvidin Grapes
Pelargonidin Raspberries
Peonidin Red grapes
Petunidin Red wine
Strawberries
Tea

Fruit peels with dark pigments
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2004) o #oT5 SEF AR 1L & B2 oo ihfy it o i‘%—f";f; fre;rvﬁ 24
dipig ban 4 HE S F e 7}# *n%—r;q fE\a e pd A
% 7% (Korkina & Afanas’ev, 1997) :

Flavonoid (OH) + R- ——> flavonoid (O-) + RH

G ey BW ReadEa et &4 5 LA Bk (quercetin) 0 H F 7 3%
F¥ 27 > @ EFLsg it (Chopra et al.,2000) ~ #f (Pereira et al.,
1996) ~ +vi & (Ferryetal., 1996) ~ #= % % (Pignatelli et al., 2000) ~ =
# #7% (Perez-Vizcaino etal., 2002) ¥ 2 32 5 3% § jpfy < b B B £

;53540

OETEE

e -fikptopit i FIENBRAZESAE &
A FL G EF (Beta-smith, 1962) - H %7 ik H B E BT R 5 5 4
kfrE picige i ® o

'k f2H % (hydrolysable tannin) ¢ & 4 F 5 - g-Kit &4 (i@
¥FoDAFTEM)  HAAEARTAL AR gt a4 R -

%5 & % (proanthocyanidins) - 5 % B R 2F A 5 =-3-fF % R4
(polyhydroxy-flavan-3-ol oligomers) M g -g4t % % & - 4= (B -+

TR ) R F R ARES A e N aEE H R SRR

53



OH

H O O ‘\\\\\

3 "y,
/R,

R, R; Class

OH H Proanthocyanidin
OH OH  Prodelphinidin

H H Profisetinidin

H OH  Prorobinetinidin

DR T S L St

Figure 12. The basic repeating unit in condensed tannins.
(Schofield et al., 2001)
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OH
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Figure 13. Model structure for a condensed tannin.
(Schofield et al., 2001)
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FARRBR G AT R KT ko d WL T BB
e T Efﬁ-,"l#ﬁtp ;Ln » Boan e arH B g J}’m% it~ im[&v im/}{_u_ ~ ?F‘ ¥a
o B Ao & 74 2% (Bagehi et al, 2000; Santos-Buelga & Scalbert,

2000) °

4) LaEH

{ L= 2% (scopoletin, 7-hydroxyl-6-methoxycoumstin, C,7H3,016)
B4 E2 (coumarin) - f& - 5 — fhfs 8 b7 » B F S Ao F
Ltwdrm o frB B A B RAPR SREFREFRE DAL PRERA G
Bo#u S RAR AP i hE e 2 £ € &pRT (Zobel
etal, 1991)c 2 kB - B 5 F (it e fif) 2 &2 T o5 €
FF AT E A4 (Zeringue, 1992) o iofdfs 4 B30 — e
PR R R RA AR E I £33 Y ¢ 0 Farine (1996) i ¥
R BEERY DY RRERG M SR RS R Y AT IERY]
M EERAR A AT E AR EFNRA L FIFIH P A
#’#Lff]%%'b‘_ (Atkinson, 1956; Dittmar, 1993; Leach et al., 1988; Locher et
al., 1995) ~ Fu% 754 (Kim, 2004) ~ 1+ % & 4 (Huang etal., 1993) ~
%3+ (Sang et al., 2001; Sung et al., 1998) ~ g 1# & o /& (Solomon,

1999) ~ BN i 5% & % (Levand & Larson, 1979)
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Figure 14. Structure of scopoletin.
(http://en.wikipedia.org/wiki/Scopoletin)

DEEENES S SIS 3

Figure 15. Structure of rutin.
(http://en.wikipedia.org/wiki/Rutin)
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S =3 %

= % 2 (rutin, 3,3°,4°,5,7-pentahydroxyflavone-3-rutinoside,
CyH30016) % 1973 JE4F s~ #r ) kenfde B> 4 PR v L3t
A - fAafiT “ad P o MAEAPFaE T AR m 8
$= e— & (Nijveldt et al,. 2001) - =4 % &_d ¥ Ak f5#4 i (flavonol
quercetin)fr= 4 = FE (disaccharide rutinose) #7'e = erizg 3 fk fie pE 1Y
(Ribéreau-Gayon, 1968) » Bl 7 5 H * Fig4g » 0 A 45 5 7 g4
A 2 5 LA fk (Chan-Blanco et al., 2007) - = 4 2 SR R
o R REREEAT AR AR v - B4 g 1
#| (Raffo et al., 2006) - ¥ #F » v R 2 § Fi3# & (Guardia et al., 2001;

Selloum, 2003) ~ it 2 #» (Cushnie & Lamb, 2005) & 4 12514 o
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1985 & = L x4 7% F £ 8 7| (pacific tropical garden bulletin)
- RMAER S F (Heincke, 1985)> = L £ 3 2 kg

—FRFOHERFTRLII S RhE AR T AT E S S -

Fih Bt Rzt @2y G E o d WER F EIRT ok sk F
P EINMAREFRIFEGN AR - A FECHER S A

1990 # F % (Deng et al., 2009) > 4 4% ",’TT T AR e &R T
b H 3T EERBRFEY R L K9 H B A 5 (Dixon et al., 1999) ;

BRI 2002 #RVERLFFF AR IV ARM LR

d ¥ % (European Commission, Scientific Committee for food, 2002) -

FEEEG CEMONERE ST A AL % 6] (Millonig,
2005; Stadlbauer, 2005) > PEERIERY R R EAMY R
A KR U Rt %}‘ﬁ# (European Food Safety Authority,
EFSA) %% 3 K it & & Q}EJT|9 » 32006 EILEIL G R S
YA BahE EES o Bk E - AGES (Osterreische Agentur
fiir Gesundheit und Erndhrugssicherheit GmbH) §iE i* & & 47 » 7322

-

HEREFAYRFTRENEME B S ARERL R R R 2 R
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RN RFEFEHFRF A ERERE SRER 3
e g R R R i BARCT = I gl R DA RE RS 2h e
L% 16 X {54 3 PR MERRE 0 A4 Rkt LT
032 A4 §FuMT R RE TR R PR AR
oot R 65 Cir TS CH A 24 hr & g M E RS B %k
FRF 24 /R €% ME Ay MEE S R 2 FRAELAHS
PALE RO L RS IR M R Rk ok AR 7R
FoBRFRMFEMERL R EERK B EBUR A Sy F
f (2 60CH SOCRIE L ) > Rl 2 ke SRR > Hing
eSS e SR EEE R AR R CE RO 2
EREE A T A Rt g2 o SRR et
BAREREHER SO B R P EF IR TR ES
Arf »RRASHF LT E AR R FBRLIFENERD o
Yang % 4 (2010) 773 kBR¥EHFR F A F NPT KHE2F TR 5%
o R PMkBELEEEFA PRI E B2 3 C i L ER
PR EER ] K F (S ERER B AFL G gy e
2CZE  BRFHSPEFLRBFPIE > S8 12 &0 85
Ao A AR VR M A RO R P R 4 R R A IR (e

H PR PR g e L RE A R ) o T PR R 0 R
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FREY I REGORRIMoFRESRIEER S T

FAORRELE IR EERECP Btk end BE
HEEH AP G R 4 F AN ERL S A S

CRARI N o A o F A A HERR Y R RER T 4 R

b

ARSER R S R AL O E BT SRR S O il

BV e T A RIEY > CHEE B OE BRI R A F AL
faodm RAREREE S B g S AR ke &5

FE R R B £ 2 E - HRAEYBEIRMSE
FRBGEFCAERERIFAR AR AT IR ASST
(Alkorta et al., 1997; Kashyap, et al., 2001; Wu et al., 2007) - 5% (2006)
HREEBHFLER S ARYRG R SR FRF AR
FEdh T T ORGEA R iR A St s e 2 Ry
R R R R o B Aol T R S A DR Y % p b

PP chrt i e RA ST -

\;\\}

AT A LI L DR L Nl R R F R

'y

UV

Part 1. f¥ it —F L p B9 7 SRS S BB Yp A fah

MAEEE A %R (PME) - ¥l R R R 15 S8 (B i
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VIERSERGE ) T REA R BRERADE

Part2. #x R @ — R FL BN HRTEDER FEEY THERLE
PR ER o 0 RER TS HEMS P RFORE e &t
SRR A S m NG
L AABF AF~FREAYSZE ~pHE ~ 7 5 (5

Pafrpppe) ~ & F R
2. F AL EA A
() #EZ 8pmit by ~FiMmiteb HEER -
Q) PRI A "EEEZ ~FA4F -
3,04 Mg
() #2§ i 4 DPPH p o 4% it 4 ~ TEAC B4nf 1t

K=
B(—,’J °

(2) "& o Bk D ACE #rdla 4 o

4 FARAT L AHBEE G B (FR ) o

Part 3. MR — S (b v RAIT Z B3 FRFS (T AR AL
Wi FELE) HEAET RAMET S #aES s

4 IDGE ) R

= |-
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\\\?iy
/
—A
o
=
\\'Q:E‘_
J

N

- R A

(._

) R

AYERBERS R ZHRURAEYFRFAESTFERELNT % 4

q‘l'jta)}&l ”ﬁ“ 4\:’0

(=

) R E

1. Tris (hydroxymethyl) aminomethane (NH,C(CH,OH);, Tris) fp &

FL7 usb = &

2. Sodium chloride (NaCl) -~ trifluoroacetic acid (CF;COOH, TFA) ~

potassium acetate (CH;COOK) P p 4¢ & Riedel-de Haén = & o

3. Sodium azide (NaN3) ~ pectin from citrus fruits (DE ~60%) ~ albumin

bovine (BSA) ~ angiotensin converting enzyme (ACE from rabbit lung,
EC 3.4.15.1) ~ Hippuryl-L-histidyl-L-leucine (HHL) ~ Folin-Ciocalteu’s
phenol reagent (2N) ~ gallic acid ((HO);CsH,CO,H) - quercetin

(Ci5H1007) : vanillin (CsHg05) .
2,2’-azino-bis-(3-ethylbenzo-thiazoline-6-sulfonic acid) diammonium

salt (CgHpsNgOeSs, ABTS) -~ peroxidase from horseradish -~
(¥)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid

(C14H;50,, TroloxTM) > butylated hydroxyanisole

65



((CH3);CC¢H5(OCH;)OH, BHA) ~ 2,2-diphenyl-1-picryl-hydrazyl, free
radical (Cs;4H44NsOg, DPPH) -~ rutin trihydrate (C,;H300,4'3H,0,
vitamin P trihydrate) - L-(+)-Latic acid (C3HgO;) B p % K
Sigma-Aldrich = & -

4. Ammonium sulfate (NH,),SO4) - sodium hydroxide solution Titrisol®
0.IN ~ sodium carbonate (NaCOs;) ~ aluminium nitrate nonahydrate
(AI(NO3)3-9H,0)~hydrogen peroxide (H,O,) P p 4t & Merck = & »

5. Protein assay dye reagent concentrate F-p # B Bio-Rad Laboratories°

6. (+)-Catechin (CisH4O¢)BEp P & OSAKA § 4 % 5-34k5% € 4k o

7. Scopoletin (C1oHgO4) BEp - §FF ACROS = & o

8. Acetonotrile (CH3;CN, HPLC grade) P p # ® HY BIOCARE = & o

() REXA
1. 2 M % WAg e s 2. R B & —Part 1
B - MP80 > 46, W BRAUN =t & o
2% 45 : Blender 7012 > # ® DYNAMICS = & o
P4 N E C RZR 2021 0 £ B Heidolph = @ -
Feig - © PHM82 STANDARD pH METER » + % Radiometer
corenhagen =t # o

% i MR 4o 8 © himac CR22GT » p » HITACHI $&3¢ € 4+ -
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A2 3 e 4% 0 SONIFIER 250 » % K] Branson = & o
% 47 % © Spectra/Pro” molecularporous membrane tubing (MWCO =
12~14,000) > # " SPECTRUMLABS = #

B R B Model 8050 » % B anicon” bioseparation 2 # o
—a% { YM10 (NMWL = 10,000) » # & MILLIPORE = & o
35 2 H A, # $ DEAE-Sephadex® A-25 > 3 X Pharmacia 2 7 ©

— ¥ 2R & B 1 L-6200 Intelligent Pump » p #~ HITACHI
R gAk o
— & ke B P FC203 > # F GILSON = &
Ak g 1 UV-2100 » 2 B Unicon = & o
PEWLd & @ SHOERELD -

p #F @ik : DL25 > 3§+ METTLER = @

CERS SRR U SR RERE —Part2 &3

AR 0 G-706 BfE B g (F) > 1 8 S5 PSHFHUS - 7 at#

™

)& 4

/Jﬂ

4\:’0

N
P> =1

80°C » % £ 1500mL » 5 45 B 9% i

(ﬂ

Fragsg A DR%> S8 Ry PHEREFF AN o
B i (F 4o 48 0 himac CR22GT > p 4~ HITACHI #A5¢ § A
12E 3 & 4 P MIR-153 > p & SANYO R3¢ ¢ 4+ o

FIRSTEK RI-150 > & - 2 FH LG5 A2 & o
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TKSLTI601 » &8 it R EF 127 o
fadk & 3+ : PHM82 STANDARD pH METER » + % Radiometer
corenhagen 2> # ©
¢ 4 % : UV-VISIBLE RECORDING SPECTROPHOTOMETER
UV-2100 > p * Shimadzu &% € A+ ©
Ak &2 1 UV-2100 > 3 B Unicon = & o
#3753+ L PR-101 (Brix = 0.0-45.0%) > P & ATAGO A3 € 4+ -
% Pxic kA0 & 47 &% (HPLC) —5tpe s ﬁ]i;fr; :
— 425 A -kiz #, : BRANSON 5200 > # ) Branson = &
—# ;% §F 1 765 HPLC COMPACT POMP > 5 2 ALCOTT =
a .
— % 1= * Transgenomic' " ICSep ICE-ORH-801 (300 mm x 6.5
mm) > # B Transgenomic 2> #
— ¥ B 4 0 655A-52 > p A~ HITACHI R3¢ ¢ 4+ o
—37 @Rl E : ERC-7515A > p ~ ERC $&3" g4+ -
—#% 4 & : Chromatocorder 21 > p # SIC k3% ¢ 4+ o
B oci AR 45k (HPLC) — A WE % ~ =4 % ACE #ri] 4
—iZ % F1F © 1100 series Quaternary Pump > % & Agilent > &

—h § %3 : GASTORRAG-14 > p » FLOM k3% § 4k -
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— % 41 : Synergi 4y Fusion-RP 80 (250 x 4.6 mm, 4 um) > % &

Phenomenex = & o

LiChrospher® 100 RP-18¢ (250 x 4 mm, 5 pm) > %
Agilent = @ o
— ¥ eh e Ak R E 1 S-3702 0 p & Soma ki €Ak

—#% 4~ & : Chromatocorder 21 > p # SIC tk35% € 4+ ©

LA RAFD ALK F —Part3
B A%-kisH  HOTTECH” » 2@k e £ 227 o
il g A & ¢ Sterifil holder 47 mm - # K Milipore = &

— & % GN-6 Metricel® Grif 47 mm (0.45 ym)> ¥ B PALL 2 # o

AT E CMC43-0 p A YOKOGAWA 7 + R3¢ 4+ ©
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Z ~NBER

(—) Fo%&~ %
AFHEMUAIFEREFLIHFE ARSI ANMB I G AEFER S

PME # it » ®plid B i 2R A F 1 1 JRERHEZ S22 BE

ERBRFERES DR E A E DRERE M EME T R
ERBATHERAANTES 03 TR B EETF &3

BHARF NI LIHERF ARSI PR AR RN FHET

Lo B

(=) # K % PME ehi Begz 35 i —Part |

M A A2 BRI TR SRR e Bt o BT
e 5 Al A BT B U ER BIRGE 2 A1
B RBP4 S BHBRIFEEFLE Y T8 02 2

T F ST o S 12 BT g EERE B A LR B R

3
F
Ui
=0
<
s
{

4

¥

ATHE R B % F A8 S

—\

ST TRER GTOFERRES IR A2 %

i
ai
bt
AR
e
ot

i

% Cameron fv Grohmann (1995) #7#&2 = /2 I 4¢

,l‘,( /léffF ) '?I%E-H}’%,&r@.]- by hl—r-—r 3 mTP _H}’%F 4OC.T#§FE_ o _
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Part 1:

Noni fruit
Extraction and purification of PME

PME isozyme from noni

. _ f Optimum temperature
Temperature properties of PME from n0n1—| .
- Thermal stability

Part 2: Part 3:
LTLT

Noni juice — Sterilizing evaluation — HTST

l LuF

Temperature control during noni juice fermentation

’ ’ ’ ’

Basic property ~ Function compound  Biologic activity ~ Sensory evaluation

- Total yield - Total phenol Anti-oxidant capability
- pH -~ Flavonoid DPPH

- Soluble solid - Condensed tannin - TEAC

- Organic acid - Scopoletin - ACE inhibition

- Color - Rutin

Bl ~AFTF%N7FHE&

Figure 16. A summary scheme for the experiments of carried out in this
study.
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Noni fruit

l

Crashed and removed seed

l

Noni pulp

Extraction with buffer (stirred overnight) *

l

Filtrated and centrifuged for impurity

Ammonium sulfate precipitation (35-75%)

l

Solubilized and dialyzed overnight b

l

Amicon stirred cell concentration

l

Chromatogram on DEAE A-25 ¢

l

Activity assay (pH-Stat)

a. Extract buffer c. TBS buffer
0.1 M Tris (pH 8.0 at 27°C) 0.01 M Tris (pH 7.5 at 27°C)
1 M NaCl 0—1M NacCl
0.02% NaNj3

b. Dialysis buffer
0.01 M Tris (pH 7.5 at 27°C)
0.02 M NaCl
0.02 % NaNj

B+ - -~ F K $SPMEZ 3B~ % it Jn 42 [B)

Figure 17. Flow chart of extraction and purification of PME from noni.

72



S fEd PME Mg+ gt mie B f - A2 3 BERV RS 2 AR
FBd o

ABEREFBRE N GREL BE SR B L2 SRR
1212 (wiv) GRS s S0 IE A 2 min (5 30 sec ik #AL T A
IR AETR o N RRENHF) 6 UBRRSEEZHIEE
&’%ﬁ%ﬁﬁ%%iﬁﬂé°@BH:%@#ﬁ&é%ﬁ$ﬁ,#

$ i& 3w 4520 13,000 rpm &g 30 min 0 B~ Fi% 17 5 %K % PME

%
&

e

2. Frphaedl e

P B % PME Az 5% 0 M4 » Ffidets & 0 B 0 e r

S

FHIRAMBE S CHFL A P RMEETCR G FE 2R
(6o a F CpARAEPH EI 7.5 - %W 2hr @ HiE | f7o

213,000 rpm #E s 30 min {8 0 -] s 3] R R S go] b fhdts A

*
('

BErK T2 LRk £4F M~ Froo b3 ok

BEEERE AR RBIF S AHHT I PR B

DB ER BT AR EE R S 2 R e e &

4k R BT ATEATH AR Y B A A kiR E 10 min s £
R S S R I S RUEAE T O ) Ry e



o< ft4p 9 (Wong, 1995) - dxfid 2 PME &+ £ 43 20~50 kD »

AR B MWCO = 12~14,000 2 3% 75 > 14 20 B 8AF 2 B 4777

(P BRiZiR) BFEREREN > TR 2R H Lo B4g o RrriFz 230
RREF R A REFFLRIEE B P RR AT R B AR

Sk Fw FRA L Z B AR Z KRR (0~35%, 35~75%,

75~100%) » #5 B &S PME A B k% LT £l o

3. B %1@1 7

- FEESHFPME S B pl v T URBETALT 0 £
ALY L AR WE A I A %A gk DEAE
A-25 PRES LA R LA HEEE o F YA BLiEAR Y ¢ AR
ek RHEE R B (NMWL = 10,000) *¢rkip ¢ kg adints 2 fE 4
i e

B~ 50 mL DEAE A-25 #f7; % 350 B 48 8 4 (P42 2.5 cm) » 1
TBS i #&if o & T fi7ts » & =4 » 9mL Jk45AE % /& & 1 40 mL TBS
P RR AR g S O T B0 B 0 Rt 75 mL TBS
MHERRLO-IM F CHMRRPRFE BRI ETT L O FiE
HAagkir e BRI A ek Blch2 o inig i 1 mL/min & F 2
B2mLo #ori@z e vy npliEke TEROEE AL B4

FALE TR B AR A
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4. PME # 2R T2 2

i

PME (v % o> & Spapt  § 74 B fakt > 7 i@ RAe7 § 48k

ko M Ay SR o pom § * (h PME BRI e v 4

W
1%

e
(‘H}

A g8 A )* PME A 2 s e R RA R+ G

LD
i
T}
9

¢ E o GBI E 2 Y AP R F 2 (pH-stat) £ R
PME &% » %4 Lee fv MacMillan (1968) 1 j& I 4c 12 i3 4F o
P~40mL 7 0.1 M & i 4 10.5%H 1 % % F (DE=60%) i3 %>
DD pHTS o M PEH-RESE > > 30C T 4o » I mL ehpg £ i3 iR o
O EF TRAEPFF 4 001N & F Y4307 0 12 pHostat > N F
AL TS kAT (10 min) P AT 4 aE § 4037 mL
oo d LPHEEDECEPAREZL BRI S AT E K
(microequivalent) > @ 1% min 1 meq 2 AfE 2§ T 5 - B
H i+ » 7 | PME unit = 1 ymole COOH/min &+ ¥ 2 3+ & 4o

PME activity (unit) = ‘AXEFOOl %1000 (1)

A4z 001 M & F i 4037 mL #&
F:ggigpmesiy
T: K o if TpFm

GO REIRB RPN EABR R ER TR R

530 Tz &Rl

75



v T EHP FFEBP T2 0 95 Bradford protein-binding
assay 117 ;% o 4| * Coomassie Brilliant Blus G-250 (CBG) 4F 4 »
CBG Rfftq 7 #l> a7 FR&AET 7 FAEd § AMBELT L s
B0 FRetsd Whe FRik- BAARY LOky > w%5:F
§oo@ fkE 5950m T ok .

% AL 1R 800 UL o e~ 200 Lk HEH A - 3R R
& Smin {6 » A KERIRP Z A E 595 nm 2 vk k@ o 11 BSA i &
B FREY R e ) AR LR F BE S0 B aE
A e B FREHRSEY 0 F 7 Ed S RE Y SRR 4pE BSA

2_% > ™ ug BSA equivalent/mL # 7+ o

6. PME if & #1251+ 2 #F 34
(1) * R Rz Al B

I IR ER > A BRIES FIERT (30405060~ 70
C) i m2 x> 1 30CHFERiF i AR 2% pE

_F']-ltz\l"“%\’/“—i °

(2) B & w2 B
M E LK EE YA RE AT (30405060~ 70 ~ 80

00°C) 4v# Smin > = T 3 kip %0 F oSS 5- 30T
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LRI A R mn] (300C) (T L R 0 B AR EE T

AR B A

(Z) MR % 7F 284 pF —Part 2
(N 3=y A a0

FTFEEREFERS TR ER T FE D Fr 57 2R
- BEF L EAT AT MR L > AR FEEEY 5 4
»ﬁwagagé(aigﬁomu’gﬁﬁiﬁ%aiﬁ&(%~
35~45~55C) 2 EEE A MY 27 12343572 FEFFE
B BE o B2 & 15 4T 8,000 rpm, 15 min Bes EJE 2 = i€ 4 E A
W fs A FFEEE ST - £ 4 13,000 rpm, 10 min 2 "f FH T L 1S
Fri v mpREz kS B BERAKEIEH T T8 % v % 04y

#liex 51 Bk & o

(1) %725
R OE LR L PR R PR REN A

A
EREAE (2

A (%)= x 100% (2)
#FEEFE (9
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(2) pH i& A 45

1% R £ RILipIE pH G o B 10 mL s 15 % 7 PG A 3

(B) PRARERF T E
FI# R 3ToRILRIGET B A 2 & 0 R (CBrix) &1
20 R d g K H B AT RD B F 0 B0 4 100 pL 5

SRE L o FH AT B A o

(4) 5 pasr fiy pai] &

RS §- -8 B AR 3. R I A MR A
i A R 2 (HPLC) & 4 8 %70 ns ffepipt § £ >
2 PRl R Ap v e L % S8 iR 18071 54 20 plo 12 ICSep
ICE ORH-801 ¢ #4475 (38> 35°C) > sni# & 0.6 mL/min » # & 4p
5 0.01 NHySO, 3 #- B i 35 > 10376 0] B i ip] o 1 5 B4R 8ok
TR R (RS )RR Y PRE Ry 24 2R
B A > & W2 mg latic acid/mL - mg acetic acid/mL # 71 o &

A ik & & 47 Bl Aot s ror e

(5) ¢ FAAT
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F1* ¢ LRPITFZR S FEREARLFES 1Y o 2 CIE 1976
color space (CIELAB) 1% % jpl¢ &% (i ¢ Hunter Lab %12 T = 43
FE 0123 4FE o CIELAB & { it Brechd 7354 ) B % 1Y
lightness (L* » P? % &)~ a* (% = fdc) ~b* (5 dh5H) &1 o L*
BT 100 PP e > BT 0 L B2 +ta*d x40 d > -a* i AR

AR T S AL ARAEINF F > -b* L ARAEINEES o

3. F oA A e pRR
(1) p i & 4

%% Julkunen-Titto (1985) 2. = j* 4F k[~ 2 (Folin-Ciocalteu’s
phenol reagent) ¥ Zfssgit &2 A FRAF Ko R E P s
BB EFAZTI I ES A2 d R T PRI R s N E
735nm T F Bk o

B~ 50 uL & 8 & F o 4o~ I mL 2 35 k4o 500 pl AR HES 24
BB TSR A » 25 mL20% AN 4R il IR B R £33 B R EF K
20 min> 72 A Kk R 2RPIEE 735 nm 2ok B e 10 § F FE (gallic acid)
PR TR B R (T ) 7 AR RS S R R
EoRFEFI IO ELZFRE-FREITREPRCEFZES S
Y R FFp¥IL 83 2 £ 0 2 mg gallic acid equivalent/mL %

‘/'F e}
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(2) %

%4 Wang (1997) 2. = % o § k4 fedk (0% 27 € B4R T 4 S fF
Ef > Bl d it >3 415nm T G ok o

B~ 250 uL 3w 18 %+ o 4o r 50 uL 10% A padede 4R o 4o »
SO UL I M 4o 3% i BTkt » 4~ 14mL 4 85 k133090 &
EETF R A0 min o e kR R RIGE 415 nm 2 Bk T o LA
Ak (quercetin) & #RJF & 3 QUITHRIE N S (e ) > 2 4o fRaF 2L
FlsbsZv e Heepd 59 i FRE-FRE Y HEmsE
d R W AR T A A AR 2. £ 0 ™2 oug quercetin equivalent/mL #

T o

) 4e H ®

% Julkunen-Titto (1985) 2. > /% k= % (proanthocyanidin)
BHUEED R AREEREY VEF IR (vanilling 7% > & 4 %K
¢ Fped it A 500nm T ok o

B-250 pL gres ts %t o 4o~ 1 mL 4% 34 ¥ (Wivip st e ige)

N«
-

ok

Wk 3 o B4 r 500 pL R WAk R EIRE 0 R 355 B0
F R 20 mino 12 A kK B 23R 500 nm 2o vk sk 5o 12 52 % % (catechin)

AR PR S (e ) P R A AL R B 5
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e FEd 2y B FRE-BRFIPHEER I ED MBI R

REREZEZE 2 £ 0 12 mg (+)-catechin equivalent/mL % 77 ©

(4) L ®wE % (scopoletin) ¥ =4 % (rutin)

£4 3 (2008) 2% % ¥4l B AR o & ¥ o k45 (RP-HPLC)
AT TR FERES AR FEZAF I E R RS
Jafé » 7L+ 20 pL - 12 Synergi 4p Fusion-RP 80 ¢ 414~ 45 » i & 1
mL/min> # & p A iE ¢ 5 0-30min ¢ 100%< &3 -k 3 30%¢2 % >
30-40 min @ 30%c % w4 T 100%2 3 -k > @dF 100%2 grd kT
3 SOmin % & - B > 12 UV 340 nm fip] - 1 K K EE o
FHRESQYFRESR (L) EREFFIP AT ZEEZS R
ZEd PR SR 4 w2 g rutin/mL e pg scopoletin/mL £

oo B A etk SR BT Bl Aot et o o

4, A 1@ E M
(1) 42§ a4
L. DPPH § & A 4% i
4% Robak (1988) 2. ;% & 4v 11 i% &5 « DPPH % — f& Ak % inf

d B B O MARTHS > & 5170m T4 % 0§ DPPH fi d g

P g FOER (5o 0 Fif HF4REL A DPPH R J AL 4
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d o Rk B Mok B AR S Rl fhar 4 AaRSE o B OF R

DPPH-+ AH —>DPPH:H + A-
(Violet) (Decolorized)

B~ 600 pL 3o 15 % 5+ 5 40~ 600 uL 0.008% DPPH ¥ f&3 % » 37
L3035 sk F 30 min v 12 A Rk B 2RRIEE 517 nm 2 Bk B o 1
BHA Z 8 55 @ iv {8 o 8 (45— - ) > 7 i DPPH p d &2
Fles g o REkifd 20 B SR RIE S A G SR
o R EERE ARt L AR ET FAREHF LS B
LI

- (Ac-Acp) — (As-Asp)
(Ac-Acs)

Ac = 2 e b da@ 7 *r DPPH pd ez mkiE
Acg= # i i* ¢ DPPH § o A2 vk iE

As = 4 1+ 442 DPPH o Az ki

Asp= Ftcdid 1“4 @ 3 4 DPPH § d A2 vk iE

DPPH f & A% 4 (%) 1 x 100% (3)

FR % DPPH pd Jh4Fhii 4 d p 4R o 517 49 $ BHA 2

E

% > " ug BHA equivalent/mL # 7% o

II. TEAC %43 i s 4
%< Miller (1993) 2. = ;% - Horseradish peroxidase ¢ it H,0,
# ABTS %)% £ X ABTS f o k> H 5 st 4o

H,0, + ABTS e 2 H,0 + ABTS-"
(Aquamarine)
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ABTS 'pd A5 E%J > & 734nm ™ F w2k o ABTS'p ¢ A ¥in
FUPFiEris, g% ABTS pd A4 3 f7d mm LiEmrg i ok
B U AR S PIdF T 4 ARG o

#- peroxidase ~ ABTS &2 H,0, /R £353 » @ & i{s kR A 4 5 44
unit/mL ~ 100 uM ~ 50uM > >t 2B Tk F i 1 hro @ 2 = 5 f2.en
ABTS "p d A F BiE&B~0.25 mL 3w {5 % 4540 » 225 mL ABTS:"
Bl AR RBEA AL EERF R 10 min > A Kk R 2R
734 nm 2_ B £ & o 12 Trolox 5 R &7 # (TR d R (Ffér+ =) >
i e ABTS- A d K2z F i Zzv 2 Bueprd 296 2598
53 e fd g S gl 3 E FRE R 2 p ) Ak

BT @AEHE R B ST

ABTS- p d A#F% s 4 (9 ] x 1009 4
S pd AFgi s ()=[ (AC'ACB) 00%  (4)

Ac = 7’/7]‘4 vPLE IL«Jff”m/] 4v ABTS-" Ad Rz ki
Acg= # ;?Fﬁ#mqﬁ 4 ABTS- pd Hiez kg

As = Jtedng ity 2 ABTS 'pd fawz s kig

Asp= Ftednd A 2 b ABTS "o d L2 s kiE

R %7 ABTSp 4 z’i’s%ﬂ?“f we #od gt R A 1R 4p ¥ Trolox 2

£ » 17 pg Trolox equivalent/mL # 71 °

(2) ACE Fr+] e 4

T F-n g 1{‘{;5;% % %u (renin-angiotensin system, RAS) 7 3 & 4
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e BT HrnE & 4B4] 0 % - 3l Jcig A (angiotensinI) & &g 4
PR F e g ”i(‘{ﬁj% f& it i (angiotensin converting enzyme,
ACE) % 2 Rl ¢ # 2 5 B Mm% - Ale ¢ 1{1!5-% v algd— g
# B o B4 1&g o %4 CushmanfrCheung (1971)2 = & o
Hippuryl-L-histidyl-L-leucine (HHL) & * 1 & = 9% - 314 ¢ JeéF 3
giude > ¢ <X IJACEeni®™* @ 44 25 % J e (hippuric acid, HA) fr
His-Leu (HL) » @ #jt £ 228 nm7 *% % o # ACE% F|#r4|pF » PIHA{
HL 4 %‘ﬂfgzﬁ‘ C e B X Frleniydlmdpt o HAR e AR
% 5 MACES 3|4 Sdrd|crmc e 4545 o H F BN 40T ¢
HHL 4> HA+HL

P~ 45uLSmMHHL A 537 (3% 5 04MF it 42 0.1 M
Fadh % #7% > pH83)» e » Sul 2 #wiigis % 37C-kis ™
FEA Smin> £ 4 > 15 uL 60 mU/mL ACE 3% (3% 04 M % it
oz 0.1 M PR A ¥ 7% > pH 8.3)> 3t 37 C-kiF ™ F J& 30 min {$ >
2 Fde ~ 65 uL 0.1% TFA % ok & % fe ™2 13,000 rpm> &< 1 min>
Bel Gk ~-18CHh B AR 24 E o 551 RP-HPLC i
{7 ipl3% » i1 8+ 20 pL > 12 LiChrospher® 100 RP-18e # .4 47 » jni# &
0.7 mL/min > # & 4pif i 5 7 0.1% TFA 550%"® g% > 2 UV 228 nm

f R o ACE #rd| B h A B N 4o

84



HAc— HAg

ACE #4172 1 (%) = x 100% (5)
HAC
HAc= 7 i w3 B % 7 2 HA 485 f#
HAs= 4t L % 7 2 HA 485 #f
5. F i R
SRR PSR EEG AR BHFROAL B LR 2 g

) 7l (GGrR) RHERETF -

ARHRSY SEE R RS (1984) P52 (Ranking test)
EATRGEE B R TR NEER S Y Pl B f AR
SRS e

BAEFAHFRELEFEEREOERY 0SS IR EEAZ
Adr SERFET APPE IS LA JFLLERERE £ E 5
AFRPFFENEFRE PALFF LRI DL R T RG
AP EFREY LS TRELT-RoFEIESFRERES

PRBBEYF ARSI

(1) A= 3 fif & 747

W0 (Bhdlie) 2% 1A FMEIEA (2543544555T) =

85



I

TAF A 5 LB~ S5mL R

A TEd R F RS AR P E B S

B B L ¥ R

DBt SR EAFd 15

= 4k 3 3
‘a‘T‘.s‘a‘ % Z. f_{: ~

%ﬂw

A Krammer "8 > ¥ T_
40 Bgi g (P = 0.05) = 32~58 o {74 3 320 BEE £ 3

A (KR
'%)1? '13}12-,\ =) ‘:;\) B

r§&58 &Ff%h'ﬁh{(xpé 7 R %’fi—i

Ik vR) o

(2) 14 % it = B 2 uT

-5 4F L p R (2535445°55C) 22 EH A S LB 5mL
MEFI5mL 5 1H&E 2425 0tk X 3BEEHE
BRI QI ZIECERIE IS CXFH >~ T8 FL 5 RS AR
IR EB ST &

> . - e =T 4 s Zz
W@L'Z{' ‘QF’KITJ”;!\Fﬁ’:"J‘,: o IR &ﬁlé%iﬁg

v}\u-

R

h 445 £4F 815 A& Krammer "8 4k %4 > o422k (P=0.05)=

26~47 o 18 & M3 260 BEF

>‘L\

CPIH A (RRH T ML DR R E A
FEATBEFDRF L (RFEH AR DR A

(2) % FHE> 52 8% —Part 3

AL R R R R

-

LBEC RV AHASSTE BT 4



Plenegod NREFEEG I B RS KD B BT AR

A
{ﬂ.
[
*D—-

ER AR P AR R R LR R

1. M8 & P A (low temperature long time, LTLT)
SR RRPLIPFEFTER > RS LI E T ERH Y
OSCkiz 4 eH 1 X EPHBIZTEFEL BN OSCRFS#ET=

R aB2x o WEFELR 2P GAFFEREFREF -

2. B fEP R (high temperature short time, HTST)
AFSHKETF IR ERL R EFRALE A ERETR
"?5@"1'\ Ai?“‘ T\ ﬁpﬁ/n_)i VI o -U Pt d "t”ﬁrr'/%gfﬁﬁ ’

(52 RHBE 2 5 95, 13scce PR XARE RN T B 0 TR R

3. Mg ;'},a“,/f 7 (ultra filtration, UF)
B AR 2 N v EREN RS E R F S 1217C, 15 min
A BIERAHFFL R 2 BRI AXELEZHRF o #
B

S BT 045 um iR E R R A D R
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(1) #3445

AR KRR Ry T HE + %KL (mean + standard
deviation) # 51 > I $& * Statistical Analysis System (SAS) 8.0 5% 2_ st3+
R E 7% 2 I~ 17 (analysis of variance ©» ANOVA) ~ Duncan’s
multiple range test & s34 47 VR E X LTI R F AR L p<0.05
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3 2L by 2L =)
225 814wm

Part 1: % J % PME a3 B2 % (L
- ~# K % PME z 35
5

RS S A ER L BRI E SE R E I PR

da
N

pE (Buietal.,2006) > % PME ¥ it 38 B % % f2? HFE & ehd d o
BEWEFAPME 58 pl 239 Fo SRSk EREY 4127
ﬁ’jﬁ%%ﬁuﬁiﬁﬁiﬁﬁﬁéﬁ’%Uﬂﬁskaﬁﬁéﬁ
R E AT 4R > i A - PME B4 k¢ FTE )3k o Ali(2004)
T IMF CHZEFRERL LI A A ES B AR T K
¢ en%k PLp% % > Espachs-Barroso & 4 (2005) R|f1* 2 1M # i 4p
2 FWREPRE M - $i0 s 2B § 0% MaEE 0 Guiavarc’h ¥
A (2005) it FIME VAR EIEREBF 5k WS o B

WA 2o 50 IMERZF A E R TS a0 kA

T\
34
4

R R YRR EN T BOREAR DS B 52 - Draye e
Cutsem (2008) 12 2M z_ % it 43 i 5B~ K % 9% % ; Assis % 4
(2002) R4 7 0.6M % f“4p % 7k 550 FF R BE S A E o AF
%% %+ Cameron = Grohmann (1995) &1 ;3 » #2% J % BLR-2 R i &
LR A BHAEL T IMA CAEIRRR ST SR R

BAREB S e B BE R T EIIpE R
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S BERFEERES RS A

A7 LR R AR (T TR P 0 R IR TR A P m v E R R
FoBEREENL AL AR BV HEFHRRTE O FR
Cameron v Grohmann (1995) f s it = F ek B o N
SR e ~ A pH B B o T A b A pdE Rk % o B2 R

B PR pE Tris % e adFH M pH &0 Ka ok i

=1

7l 7o i Tris chi heock 2 a3 pH e > Fa BEREE S
A CHERFE T ERRRERY LS O FREBRET VLGN
AR EE N ITRIFE A pH & o AW E R L% pH E 43

452 B g Rk AhpH TS LB 8 A7 i LB EEE BT -

EFGF R D TR ESCR T A AZARR S G

\v

fo 1S i R > bl BB A ROF PELE

o

<+ Cameron fv Grohmann (1995) 1= j2 > 4= F S B 1 % 4

T pmpidsde A 5 2 BRE A 5 0~35% ~ 35~75% ~ 75~100% %
o B TR G A 0 S EITEA BR LRI A E R B R F R
ABERE Y A 35-T5% B AT R B B 0 VL R M B 4
178 & » 2 jE i w qediE 77.82% 5 @ 0~35%2 /T e F2 0 o 3052 3

E:’ f; 4 /r' r'} lﬁ-r-r ‘FE' JF /]Q mO 05 l" m R T"&_—r’,\ 35“’75%?? -F;L/'\.E"ri ;

@ e D(HE 0 2005) 03 80%4 ek B 385 i AR 6 AT
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FEMoweEF i 1.14% - & 10 ¢+

MKk E T5~100%0% £ g R

B% o 3 * 35~75%2 FradTR R BLIT S 1 R sk endi (RIE 2 o

= ~DEAEA-25 #t+ 2 k452 & it & %

#-35~T5 Yokt fr B 2 FRERARIUIR P 38 1T IS AR B AL T o d 2
FREAATOEALY o S AR RR S PR R F AT AR
VAN SR EL BRSNS -

45 M RE AR
» N R WA

R & 3t 20~50 kDa (Wong, 1995)

U S

PME &4+ & + 3

B E (MWCO: 10 kDa) ik Saatfedeimiik # 2 foid B475% > S0 13
Y e

FoBARBE mMgORY TR 2 BAMGORS TIER S
%‘\,ﬁu’g»f, e ,fgk:,\;g;g—% ,pr}ux;—rug o

2 N

FERREE R B2
‘L—»}W%ﬁ o

PME % & pl & ( ~ 3 A #22 8~10) >
PR3 2 At

#= PME ¥ 2ixi2 ™ o4 ¢
P pH 75 28 e i > VAGHFHA f T 2fedhye > AT
PME ﬂ(* 1§—E/H a1 ml@ i‘ﬂﬁllﬁ*}’}i#g"ﬁ V“ﬁ{%%

o ik Bt DEAE # 412 K 47 Bl4c B L N #5T e

WIS F L F DTy Fd S EFREES RO
Flt g o Fd FORER B SRR ERF BT
~ g F FoBARF ¥ RE 2P LA (Wangetal,

B oM RELG L

L PME-A-#% M ° 7 3
2002) A EEBER RS K g A Restie S r TR o ¥
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Figure 18. lon exchange chromatogram on DEAE A-25 of PME from noni.
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ReNE LA EERPEDR I E R TR R T E ST S
5 ko - BAed FEFF R R endd Fo Al A B
O.D. 280 eh3—v FAp &R > 7of "R+ PME-A chj-v [Tl 3 &V
e EEITRTE LB M R FEER 107 Sk E M

ARSI AR T 2SS FUNBRARANRK EHERFF

CHRRT IMy PR BEEEREANTE R SR TR

<
g3

=

ER G HEpH B ea BAF LY A AT RO 0SM
a2 B BHITERIE B a2 ¥ g RY - BEEEE
1% B PME-B > 82 X 2 2t K 47 Bl & 12 & IR PME-A v i€ > e 8 3
v Bk R B ¥ 1Y PME-A > ot B TR 2 BB 3 PME-A # o

PME # 12 5 87 % 3t e gl o B e 4 55 % e
# % (Castaldo etal., 1989)~ 34t % (Fh > 2002a)~ § § # (Seymour et
al., 1991) ~ 18 f (MacDonald etal., 1993) ~ % & ¥ (4 » 1991) ~ % 3+
(Delinc’ee & Radola, 1970; Theron et al., 1977) % -k % WEF - A
1 1 PME a4 5 o & 3 B % PME 5 DEAE 3 #1815 > # (5 4 4t

4 PME-A v PME-B # 672 % I 2|48 -

N L

“NS

F 121000 mL 2 fE % WK F B 75 AR 54F 35~75% En ik

SR B A 10 0 kAR BB H kR A 2 R E S foR e
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B A HRAEEAEED 138 L R E R Bk AE k (F i
AR F AR Fd WIERBE RSN BN S KT 1280 2 K
d DEAE ¢ r~ 4t > 75| B # 5 5 PME-A {v PME-B > ' /£ 422
W E L 1.6590 14.57 0 w e F R 5 8.46%Fr 6.97% - H w2 %

A A e

I~ BEPME EE RS 2
() FRIERHEBEZFBZBE

AR TR E R R A B A R R T R
FERRRE O M EF REARAMEEEZ BE R cB L4 (et
E) TR o KEE R R Pl b PME B E SR L o @ F B ERY 5T
BRI FRARBFERAT AR 2" Mo 5 BANEEZ Y
BAAEY A4URE > @B HEE o PMBE-A & 60CHE T B d i1
Bl 30CHE®RA T 28425% MR LER By TV AL R
Mo d REHEZ ROV B ERRDL HF RE e FpF o

B2 ARBELTE > A TOCHE » PME-A a2 B 4T %% > @A R IR

v
-

2 50°CPEAp e -k B2 7542 o PME-B % 60 C Pt d a5
ARE 0§ TOCP v L MFFH L F it 1 Apft 30CH AR &

631.69% ° s B B R B RIFEZ F I 0 P48 pH T R R
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21w %K % PME 2 % it 4

Table 14. Purification of PME form noni.

Volume Total protein Total activity  Specific activity Purification fold Recovery
Step (mL) (mg) (Unit) (U/mg) (%)
Crude Extract 1000.0 494.00 265.25 0.54 1.00 100.00
35~75% (NH4),SO; precipitation 70.0 268.10 198.97 0.74 1.38 75.01
Concentration (MWCO: 10 kDa) 30.0 246.03 168.48 0.68 1.28 63.52
DEAE column PME-A 14.0 25.24 22.43 0.89 1.65 8.46
DEAE column PME-B 12.0 2.36 18.49 7.82 14.57 6.97
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Figure 19. Effect of temperature on activity of PME from noni.
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R AR F B2 R 0 7 PME-B S & F R R <3 70T -

7% dp 41 M4 (Korneretal., 1980)~ # /& (Lourenco & Catutani,
1984; Fayyaz et al., 1995) ~ # % (Lee & Wiley 1970b; King, 1990) ~ #*
+ (Javeri & Wicker, 1991) ~ 4 & (Ly-Nguyen et al., 2002b) % - 4x-k
% e PME # i3 B4 3 50~70C > L % PME = 5 Ap v & 305 @ &

Lim {= Chung (1989) &%= 3 35 &1 » 7 5 #acg £ PME » 2§ 5% 7

FRARDERELEERAT T 35C - HR > 255 T7%KE % PME
MR R E 0 RT0CHRE T E G AR S

BRERELERAL N SRS LT R R 2 K AT
SeF Sminc K18 2 WA LRI o e B R B F AT FH T 30°C T ORI
R L A e B R R B R ARl L (L T) frF e & 60°C
# » PME-A {r PME-B %18 & # 2 3 P 3fen@ 28 > ftc 4 5min {435
A 90% 1 b chE o @ 5 70°C 4e 4 5Smin 15 0 PME-A cvE 144 B
FehT %A s 16.64% 0 4 80°C 4r#t Smin AR 24 ARk
% PME-A > PME-B £ 4 # 3 2.8 & a2 14 > 45 70°C 4 # Smin & &
7 43.63%E 0 A A e 80°C T4 Smin TR DA E o A

AR PRI 0 S T70CH# Smin {8 hlen] o & A4 E
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Figure 20. Thermal stability of PME from noni.
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2 R FEg ks 5 2 80 C A Smin {8 R A 2 P A RS
AR BB T M R BIRSAL T S X Tl o R R %
PME % 80CH B T # T Smin> 3¢ FE X FRT" 7 = 28
REEE A LA o

v ReAp L B AR £ 30~50C T e S min ERAEL 0 2
(SRR £T70C 4 # Smin™ = 24 % (Alonso et al., 2003;
Unal & Bellur, 2009); # + A& > 50°C F %8 & AJ2 5Smin- & 2 90%
vLbEE s AR B RIS E BT '8 (Nunes et al., 2006) 5 A &
B 65°C T 4e# Smin PIIF 2 L ficiE o 2 80°C4e#t I min if = > %
7% (Lourenco & Catutani, 1984) ; ¥+ % 55°C 4c 4t 5 min > 2%«
Ao @ g 65 CAr g Smin FE R AR 0 & 75C A Smin B = 2
L5 A EM T0CASE S min 42 + 5 > @ 2 75CAIER] i A7
B 90% a4 o A B E SR 0 M % PME AR B oAt
BB ARk % A TR 000 M D BRI SHE R RS Sk ko

FEIHEFHRES > F % PME 7 - BESR g E 0 HpE
FREMEFRRES G 7RS0T 0CHERFFAILE T 2
Wenf e MREH T @ NERS A ROUR BB FREA
FRAPEZEELAR &0 TEAFRAEH S S F% o HiEE

B

99



Part 2: B w22

d b EE R R R E G L R R RS Rk AP B
FHREPME AR R a - F £60CH TRFETY
Ra ERRFORBERALT TG LA o FAhURKRE -

AW HREEFTREE KU TR EFRETRET R B R

SRR R HA L > T3 PS # TR AHE 0 R R SR
B0 A BN 255354555 CRAER o FRMITERF LD - 1 &
FEHFER B RBPRBREIZEF DT FERE o v AFFEOARRE

FHle) 24 51 B2 FpEES

ﬁt
F_L
&
P
3
Q-
-64\
2
&
‘V‘w
3

BoR RS E S PR R T R R o P A

%
it o
R MR
() %+ AF
FRFEAFARDARPFAREET R VEEF AT R
gAY A gl RG D AL LR o & B T
TRHFETPARARS AR ELEEP IR TEL Y7 BB
o A A R R R o AR AR FEERER e 70 R WA

(EF o % LA 25

)

SN AERE-FE o MRIVPREREDI RS RLFD R

100
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B F]F R RS PME @R 3 60 CT A v i &
BB R A PR s

- B g VESFREOER A FET] 4525% 0 Kb
e 157.8% (Newton, 2003) - ¥ v &2 & S A2 2 % F Sf87 M -
NP DS TR AT A A SR B L A P@?”bmﬁ‘% ’

RBRF AL o @ AL BEATER SR LS SEEE 0 R

101



50

0
40 -
)
ke
©
>_
30 T o
—0— 25C
35°C
45¢
—O— 55
o | | | 1
0 1 2 3 4

Fermentation time (weeks)
Bl= - RSBSOS R

Figure 21. Change of total yield in noni juice during fermentation.
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g S ) e S A e v - R R pH 430 34 5139 2
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FRIFETIEY Rig ko n BEFMOENFRAFEZL R ]
A T enpH @0 3%k (2007) 8RR 3B EE FchpH B8 >
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Figure 22. Change of pH value in noni juice during fermentation.

104



8o 25Cenmult > & T R RE AP R R b (- 2

SN ) A AR D FREINRET L REEATART AR
ARH o R F P R T EAEE Y 5 A2 L TR LR

SORAEE SR FIFP] > FI A 4 L FUBRERL Y D o MR R B 40 kg
B, LI g B iEches (55C) 2 5P A o

mo 25 CenEw o Vi Flicd A L ek &P apEsE
AL > FP R TR EEP A IREE o i RO pRiE AR
BT AR RN T H R kA P EARR M 2

2 AR R F & (R 2000) -

() Fpegrpgpe Bl
d MR Es R G AR e pH ERF FE T BT
Foif 0 FH A R R P NS AR G R R 3T

TR AN

105



12

11 4

10 A

Brix®

91 | —o— 25¢C
35C
45C
—O— 557
8 T T T
0 1 2 3 4

Fermentation time (weeks)

Bl L2 R R T T B LA R

Figure 23. Change of soluble solid in terms of Brix in noni juice during
fermentation.
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Figure 24. Change of latic acid content in noni juice during fermentation.
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Figure 25. Change of acetic acid content in noni juice during
fermentation.
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Figure 26. Change of L* value in noni juice during fermentation.
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Figure 27. Change of color in noni juice during fermentation.

(a) 25°C; (b) 35°C; (¢c) 45°C; (d) 55C.
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Figure 28. Change of total phenol content in terms of gallic acid
equivalent in noni juice during fermentation.
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Figure 29. Change of flavonoids content in terms of quercetin equivalent
in noni juice during fermentation.
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Figure 33. Change of DPPH scavening activities in terms of BHA
equivalent in noni juice during fermentation.
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Figure 35. Correlation between DPPH scavening activities with total
phenols of noni juice during fermentation.
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Figure 36. Correlation between TEAC with total phenols of noni juice
during juice during fermentation.
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Figure 38. The ranking test score of noni juice in the first week.
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Figure 40. Change of L* value in noni juice at different sterilization
conditions. “° Mean in the same column with different
superscripts are significantly different (p < 0.05).
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Figure 41. Change of color in noni juice at different sterilization
conditions.
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Figure 42. Change of function compound in noni juice at different
sterilization conditions. (1) “® Mean in the same column with
different superscripts are significantly different (p < 0.05).
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Figure 43. Change of function compound in noni juice at different
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different superscripts are significantly different (p < 0.05).
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Appendix 14. Effect of temperature on activity of PME from noni.
Temp ('C) Temp (C)
Isozymes Activity (Unit/mL) Relative activity (%)
30 40 50 60 70 30 40 50 60 70
PME-A 2.63 3.82 5.81 7.48 5.79 100.00 145.34 221.06 284.25 220.11
PME-B 0.43 0.66 1.09 1.75 2.73 100.00 151.50 253.01 405.06 631.69
MHeFL T~ 3B % PME 208 B @
Appendix 15. Thermal stability of PME from noni.
Temp ('C) Temp (C)
Isozymes Activity (Unit/mL) Relative activity (%)
30 40 50 60 70 80 90 30 40 50 60 70 80 90
PME-A 2.56 2.57 2.50 2.38 0.43 -0.02 -0.01 100.00 100.19  97.50 92.63 16.64 -0.60 -0.20
PME-B 0.41 0.40 0.39 0.39 0.18  -0.03 -0.06 100.00  96.04 94.76 9420  43.63 -8.03  -14.71
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Appendix 16. The total yield (%) of noni juice at different fermentation

time
Fermentation time Temp ('C)
(weeks) 25 35 45 55

0 33.17+5.38"

1 39.84 & 1.74 <% 4238 +0.87 2 39.27+0.27% 3745+1.21°
2 43.58 +0.02 43.75+0.58 39.87 +0.30 <% 37.86+0.37°¢
3 4429 +1.94° 4526 +0.83° 42.50 + 0.58 40.01 +1.19 <
4 4525+1.05° 44.61+0.94° 41.05 +0.32 > 37.77+0.86 ¢

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

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

e - R B ERE O %2 pH

Appendix 17. The pH value of noni juice at different fermentation time

Fermentation time Temp (C)
(weeks) 25 35 45 55
0 3.64 +0.00 ¢
1 3.58 +£0.02% 3.59 +0.00°°" 3.64+0.01%° 3.65+0.01°
2 3.55+0.068 3.59+0.01° 3.63 + (.01 e 3.64 +0.00°
3 3.62+0.06 T 3.60+0.01 3.64+0.01 3.65+0.00°
4 3.61 +0.03 bodef 3.60 +0.01 %f 3.64 +0.01 ¢ 3.65+0.01°

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

*fMean in the same column with different superscripts are significantly different (p < 0.05).
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Appendix 18. The soluble solid (‘Brix) of noni juice at different

fermentation time

Fermentation time Temp ('C)
(weeks) 25 35 45 55
0 1020+ 0.10°¢
1 10.03 £ 0.61°¢ 11.27 +0.12%¢ 11.33 + 0.06 ™ 11.10 £ 0.00°
2 9.93+0.32° 11.50 £ 0.10% 11.53+£0.06% 10.97 £ 0.06
3 9.27+0.49¢ 11.37 £ 0.06 2 11.27 £0.06" 10.83 £0.06¢
4 9.70+0.00f 11.40 £ 0.00% 11.40 £ 0.00% 10.83 £0.15¢

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 19. The latic acid content of noni juice at different fermentation

time
Fermentation time Temp (C)
(weeks) 25 35 45 55

0 1.21+0.44 *

1 1.44+051% 0.95+0.14™9  046+0.05%  0.87+0.34"*
2 0.97+0.32"¢ 075038  045+0.19%  0.13+0.06"

3 1.08 041 0.61£0.67"  038+0.16%  0.16+0.04°
4 1.61+0.85° 0.39+021%  020+0.07° 0.67 £ 0.11 <

The latic acid content was expressed as mg/mL.
Each value is the mean + standard deviation (n = 3).

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

182



xﬁ}%’;",—: 4 v 7 k%?ﬁ%f%@dﬂ;%ﬁ%ﬁiﬁ?ﬁﬁg 2

Appendix 20. The acetic acid content of noni juice at different
fermentation time

Fermentation time Temp ('C)
(weeks) 25 35 45 55
0 0.00 +0.00 ©
1 0.00 +0.00 ¢ 0.00 +0.00 © 0.00 +0.00 ¢ Trace
2 0.95+0.73° 0.02+£0.03° Trace Trace
3 0.65 +0.40 ™ Trace Trace 0.07£0.06°
4 1.80 + 1.46 Trace 0.03+0.04° 0.17+0.00 °

The acetic acid content was expressed as mg/mL.

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

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

s Lo AR EEPER AR R 2 LFE

Appendix 21. The L* value of noni juice at different fermentation time

Fermentation time Temp (C)
(weeks) 25 35 45 55
0 75.98 + 1.98°
1 52.68 £4.21° 49.17 +1.63° 38.17 +£0.62% 3553+ 1.07°F
2 4740 +4.81°¢ 39.22+1.36¢ 26.39 +0.69¢ 27.44 £0.27¢
3 48.08 £1.15°¢ 32.43+0.32° 19.88 £ 1.09" 2071+ 1.35"
4 39.65+1.82¢ 2771+ 1358 16.69 +0.89' 21.58 +1.33"

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

I Mean in the same column with different superscripts are significantly different (p < 0.05).
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Appendix 22. The a* of noni juice at different fermentation time

Fermentation time Temp ('C)
(weeks) 25 35 45 55
0 0.16+0.17"
1 21.32+0.658 28.33+0.11°¢ 31.67 £3.50 3470 £ 1.14%
2 27.22+£221°F 34.13 + 0.44 % 33.91 £ 0.52 ¢ 35.49+0.16%
3 28.04+0.42F 32.88+ 1.06% 32.11+045% 33.98 +0.72%*
4 31.99 = 0.69 ¢ 3308 + 1.53%¢ 3029+2.11% 35.46 + 0.84*

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 23. The b* of noni juice at different fermentation time

Fermentation time Temp (C)
(weeks) 25 35 45 55
0 41.11+0.70¢
1 67.84 £4.78° 71.96 £2.22° 5134+ 11.59°¢ 54.05 £ 1.93%
2 68.31 +5.58° 59.58 +1.89° 39.09 + 1.11% 40.98 + 0.46 ¢
3 68.34+3.88° 48.67+0.50° 28.16+1.93 29.67 +2.34°¢
4 59.25+2.64° 4124 +2.37¢ 223042368 31.22+231°F

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 24. The total phenolic compound content of noni juice at
different fermentation time

Fermentation time Temp ('C)
(weeks) 25 35 45 55
0 1.39 +0.02’
1 1.65 + 0.02 °%f 1.64 + 0.02 ‘&0 1.64 +0.01 4t 1.63 + 0.02 e
2 1.63 + 0.07 &0 1.61 +0.03 " 1.64 + 0.02 ' 1.67 £ 0.03 %
3 1.56 £0.11" 1.58 + 0.05 &hi 1.70 £ 0.02 > 1.77 £0.02%
4 1.52+0.01° 1.57 + 0.04 8" 1.71 £0.03% 1.81+0.03°

The total phenolic compound content was expressed as mg of gallic acid equi./mL.
Each value is the mean + standard deviation (n = 3).

*h Mean in the same column with different superscripts are significantly different (p < 0.05).
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Appendix 25. The flavonoid content of noni juice at different
fermentation time

Fermentation time Temp (C)
(weeks) 25 35 45 55
0 7527 +2.09°
1 60.09 +2.12% 5521 +5.26°%¢ 5326+ 1.14%f 52.07 +1.72°%
2 59.22 +1.81°%¢ 49.90 + 2.09 °'e" 53.15 + 5.04 %f 51.85+2.12°%
3 61.72+0.19° 48.27 + 0.68 46.54 + 4.59 47.95 + 228 fehi
4 53.59 & 7.53 %f 423141727 40.36 +4.23) 4372 + 3,581

The flavonoid content was expressed as pg of quercetin equi./mL.
Each value is the mean + standard deviation (n = 3).

*J Mean in the same column with different superscripts are significantly different (p < 0.05).
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Appendix 26. The condensed tannin content of noni juice at different
fermentation time

Fermentation time Temp ('C)
(weeks) 25 35 45 55
0 0.09 +0.02¢
1 0.16 + 0.02 °f 0.19+0.01 0.20+0.01° 0.17 £ 0.01 2t
2 0.16 + 0.01 °f 0.17 + 0.02 2 0.16+0.01%f 0.16 =+ 0.00 °f
3 0.15+0.02 0.20+0.01% 0.17 £ 0.02 24 0.17 £ 0.01 2t
4 0.14+0.01 " 0.17 + 0.02 >def 0.18 + 0.00 *¢ 0.16 =+ 0.02 °%F

The condensed tannin content was expressed as mg of (+)-catechin equi./mL.
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 27. The scopoletin content of noni juice at different
fermentation time

Fermentation time Temp ('C)
(weeks) 25 35 45 55
0 36.86 = 0.77 ¢
1 33.64+1.93% 37.06 + 0.14 > 36.38 + 1.59 36.20+ 1.11 %
2 34.36 + 5.84 41.54+3.67%® 35.93 + 4.65 37.12 + 5,52
3 30.44 +3.93¢ 39.82 + 2,284 36.71 + 4.62 45.05+3.18°
4 30.29+2.10¢ 38.59 + 1.03 ¢ 36.46 + 3.69 39.58 + 7.54%¢

The scopoletin content was expressed as mg of pg/mL.
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 28. The rutin content of noni juice at different fermentation

time
Fermentation time Temp (C)
(weeks) 25 35 45 55

0 112.84 +2.16°

1 86.77 £ 7.60° 87.02+5.09° 86.19 +1.65° 85.36+2.91°
2 81.73+2.72"% 75.00 + 1.87 % 72.87 + 4.44 °4F 70.30 + 6.20
3 79.77 +7.27"¢ 72.32 £ 6.86 " 68.45 +2.80 ™ 62.94 +0.62 &M
4 75.85 + 7.95 % 64.98 + 6.72 ¢ 57.76 £ 191" 54.66+5.17"

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

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

I Mean in the same column with different superscripts are significantly different (p < 0.05).
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Appendix 29. The DPPH scavenging activity of noni juice at different fermentation time

Fermentation Temp (C) Temp (C)
time DPPH scavenging activity (%) Equal to BHA conc. (ug/mL)
(weeks) 25 35 45 55 25 35 45 55

0 28.03 +0.59 412.10+10.99"

1 4451+ 1.04 45.28 +2.35 4032+ 1.56 45.54+0.81 717.17£19.30" 747.49 £36.57°" 775.85 +12.14% 844.72 +27.42°
2 46.14+1.97 4451 +0.44 41.99 +0.98 46.57 +2.80 731.55 +43.59° 71722 +8.07" 794.90 +17.96¢ 894.59 +30.14°
3 47.68 £ 0.66 48.70 £ 0.97 48.84 +0.63 56.15 + 1.56 639.61 + 28.98¢ 670.47 + 18.118 797.49 + 11.59¢ 921.47 + 14.95°
4 51.39+1.48 54.09 £ 1.63 56.35 + 0.60 63.30 = 0.24 736.25 + 15.00°" 75541 +£51.82% 93273 +28.94° 1065.15 + 4.44°

The capability of DPPH scavenging activity was expressed as pug of BHA equi./mL.
Each value is the mean =+ standard deviation (n = 3).

*M Mean in the same column with different superscripts are significantly different (p < 0.05).
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Appendix 30. The Trolox equivalent antioxidant capacity of noni juice at different fermentation time

Temp (C)

Equal to Trolox conc. (pug/mL)

25

35

45

55

Fermentation Temp (C)
time ABTS:" scavenging activity (%)
(weeks) 25 35 45 55

0 30.26 + 0.42

1 36.27 +1.32 34.43 +0.58 36.75 +0.95 39.65 + 0.34
2 37.61 = 0.42 35.56 + 0.59 37.67 £1.20 40.20 + 0.74
3 39.72 +0.47 38.91 = 0.50 42.48 +0.96 45.16+0.73
4 40.84 +0.77 41.69 +1.06 48.24+0.39 50.39 +0.70

1164.11 + 06.01™
1395.44 + 50.89 ¢
1324.48 +22.36'
1413.93 + 36.43*
1525.46 + 13.21 %

1446.74 + 16.06 "
1367.89 +22.531
1449.09 + 46.21 ™
1546.56 +28.35"

1527.91 +18.13 %
1496.80 + 19.35¢"
1634.21 + 36.78 ¢
1737.50 £27.90°

1571.33 +29.48°F
1603.87 + 40.63 %
1855.91 + 15.09°
1938.32 £26.77°

The capability of ABTS-" scavenging activity was expressed as pg of Trolox equi./mL.
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 31. The ACE inhibitory activity (%) of noni juice at different

fermentation time

Fermentation time Temp ('C)
(weeks) 25 35 45 55
0 73.65 +0.94°
1 73.92 £2.53° 7425 +2.75° 74.66 + 1.58* 7272 +0.53°
2 73.52 +1.04° 72.30 +0.98° 69.37 +1.71% 27.12+9.24¢
3 71.06 +2.64° 68.54+2.39° 53.65 + 12.49° 24.60 + 4.23 ¢
4 72.88 +£2.59° 72.79 +0.49° 4376 +7.24°¢ 12.40 +0.86°

The sample of ACE inhibitory activity diluted for fifty fold

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 32. The ranking test table of noni juice in the first week.

Color Odor
Number of Week 1 Week 1
Week 0 - - - . Week 0 - - - .
consumer 25C 35C 45C 55C 25C 35C 45C 55C

1 5 2 1 3 4 4 3 2 1 5

2 5 2 1 4 3 3 1 4 5 2

3 5 2 1 3 4 2 3 1 4 5

4 4 2 1 3 5 4 1 3 5 2

5 4 1 2 3 5 3 4 1 5 2

6 1 2 3 4 5 1 2 4 3 5

7 1 2 3 4 5 5 3 1 2 4

8 5 4 1 2 3 5 1 4 3 2

9 5 4 3 1 2 2 1 3 5 4

10 5 1 2 3 4 1 5 3 2 4

11 3 2 1 5 4 4 1 5 3 2

12 4 3 1 2 5 2 1 5 3 4

13 5 2 1 3 4 5 1 3 4 2

14 5 2 1 3 4 3 1 2 4 5

15 1 3 2 4 5 1 2 4 3 5
Sum of rank 58 34 24 47 62 45 30 45 52 53

Critical Value (p > 0.05) = 32~58
Scores below 32, significantly favor by public
Score higher than 60, significantly disfavor by public.
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Appendix 33. The ranking test table of noni juice in the last week.

Color Odor
Number of Week 4 Week 4
consumer 25C 35C 45°C 55C 25°C 35C 45°C 55C

1 1 2 4 3 3 2 1 4
2 1 2 4 3 4 1 2 3
3 4 1 3 2 3 4 2 1
4 1 2 4 3 4 3 2 1
5 1 4 3 2 1 2 3 4
6 1 2 4 3 2 4 1 3
7 1 2 4 3 1 4 2 3
8 1 2 3 4 4 3 1 2
9 2 1 3 4 3 2 4 1
10 3 1 4 2 1 4 3 2
11 1 2 3 4 4 1 2 3
12 1 2 3 4 4 2 1 3
13 1 2 3 4 4 3 1 2
14 2 1 4 3 4 1 3 2
15 1 2 4 3 3 4 2 1

Sum of rank 22 28 53 47 45 40 30 35

Critical Value (p > 0.05) =26~47
Scores below 26, significantly favor by public.
Score higher than 47, significantly disfavor by public.
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Appendix 34. The pH and color values of noni juice at different sterilization conditions.

Condition pH L* a* b*

I+

Control 3.84 43.05 + 1.30° 19.17 £ 1.94° 4925 £9.10%
LTLT (65°C,24+24hr)  3.86 2993 + 1.69° 2696 + 483* 36.04 = 10.78"
HTST (95°C, =13 sec) 3.84 4587 £ 1.70° 19.47 + 0.89° 57.89 + 420°
UF (0.45 pm) 3.83 4615+ 141° 2058 + 1.63° 59.17 + 4.60°

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 35. The functional compounds contents of noni juice at different sterilization conditions.

Condition Total phenol (mg/mL) Flavonoid (ug/mL)  Condensed tannin (mg/mL) Rutin (ug/mL) Scopoletin (pg/mL)
Control 1.37+0.02° 27.71+0.07 0.08 £0.00° 36.54 + 1.31° 116.04 £ 4.36°
LTLT (65°C, 24 + 24 hr) 1.42+0.02° 2891+0.18% 0.10+£0.00*° 38.61 £ 0.07* 113.72 £ 1.38*
HTST (95°C, =13sec) 1.34+0.00° 27.85+0.09° 0.07 +0.00¢ 3572 £ 1.40° 116.51 £ 2.16*
UF (0.45 um) 1.37+0.03° 26.25+0.11° 0.07 £0.00 36.61 £ 2.39° 11721 + 1.61°

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 36. The biologic activity of noni juice at different sterilization conditions.

Condition Anti-oxidant capability
DPPH scavenging activity (%)’ Trolox equivalent antioxidant capacity (%)* ACE inhibitory activity’
Equal to BHA conc. (ug/mL) Equal to Trolox conc. (pug/mL)
39.85% + 1.01 30.00% + 0.46
Control ’ ) ° ) 65.24 * 1.40°
631.01 £18.72 1154.10 £ 17.81
45.41% £ 0.15 34.07% + 0.26
LTLT (65°C, 24 + 24hr) ° ° 49.66 + 1.06°
733.82+2.78° 1310.63 £ 10.03*
37.74% + 0.63 30.29% + 0.40
HTST (95°C, =13 sec) ° ° . 48.03 = 0.74°
591.84 £ 11.70°¢ 1165.47 £ 15.36
37.61% +0.61 30.29% + 0.42
UF (0.45 um) /o . o . 49.00 £ 1.92°
589.40 + 11.35 1165.47 £ 16.21

! The sample diluted for eighty fold.

* The sample diluted for forty fold.

? The sample diluted for fifty fold.

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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