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Abstract

This study was aimed to investigate the safety as well as health benefits of fresh and
different type of fermented noni juices. Physical, chemical and microbiological properties were
analyzed. The results showed that alcohol content (ethanol and methanol) increased after
fermentation compared to fresh juice. However, the level was acceptable, lower than standard.
Since sugar was added during fermentation, sugar content in fermented juice also higher in the
fermented products with fructose and sucrose being perdominant. Surprisingly, sodium content
was higher whereas potassium content was lower than that of fresh juice. It is important to
emphasize that potassium content in fresh noni has shown adverse effect to human health.

Five indicator microorganisms according to The community standard (issued by Thai
Industrial Standards Institute) were determined namely Salmonella sp., Escherichia coli,
Clostridium perfringens, yeast and mold as well as lactic acid bacteria. The results showed that
there were no contaminations of pathogenic bacteria in all fermented noni juices obtaining from
both pure and natural culture fermentation. However, small number of spoilage microorganisms
i.e. yeast and mold and lactic acid bacteria were noted in some fermented samples. Chemical
property determination indicated that lactic acid content increased after fermentation and there
was no significant difference between pure and natural culture. Similar effect was also shown
when total polyphenol content was evaluated where the amount was double of that found in fresh
juice. This was in agreement with the higher antioxidant capacity expressed as FRAP value.
However, vitamin C content declined after fermentation as expected.

Antimicrobial ability of noni samples was assessed employing five important bacterial
namely Staphylococcus aureus, Bacillus subtilis, Enterococcus feacalis, Escherichia coli and
Klebsiella pneumonia. Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) were determined. The results illustrated that fresh and fermented (pure and
natural culture) noni juices inhibited all type of microorganisms studied where E. coli and K.
pneumonia were more resistant to noni juices. It is surprising that fermented noni obtaining from
sugar added recipe had a stronger effect compared to non-sugar fermentation. MIC value at
31.25 pL/mL was observed in all samples except fresh and non-sugar fermented products where

the MIC values were 62.50 and 250 pL/mL respectively. It is important to note that the effect of



fermentation time (6 and 12 months) was spared. MBC and MIC values were comparable except
for fresh noni juice that showed no bactericidal effect at MBC concentration of 250 pL/mL.

Ames test, employing Salmonella typhimurium TA98 as a test bacteria, revealed that all
type of noni juices had no mutagenicity effects, however, an in vivo study should be conducted to
confirm the in vitro results. The effects of noni juices on Huh-7 cell cytotoxicity were also
investigated. Noni juices, both fresh and sugar added-fermented products, inhibited proliferation
of Huh-7 cell lines whereas non-sugar fermentation showed no positive effect.

In conclusion, fermented and pasteurized fresh noni juice were safe for consumption in
terms of chemical and microbiological properties. When the health benefit was considered,
superior quality was noted in sugar added-fermented noni juice samples. However, cytotoxicity
effects of fresh and fermented noni juice was not different. Further studies are carried out to ratify

the preliminary results.
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m‘smmywmwumﬂmﬂuTmmm“luwaﬂ@ﬂﬂ 1@un phenolic compound (flavonoid,
anthraquinones), polysaccharides (6-D-glucopyranose pentaacetate) Hog alkaloids F9a3
LA o w y 1 . =& v ; A g
alkaloid Ay 18un xeronine Feoylunaeeluzives proxeronine uazgnudsuiluds
P ] 4 o oo o
xeronine  Tavowlmififoglunasains  mstiimihiid gy lumnszdumsihiamues
— 1 1 { =Y 1 1 .3
oulsioelsan  Suholdmsenmsmegfinuns Inadh lgngadudigimad ldieay
wenvInhsmyhwavelseneudivnsaeyiilunagdmin Wy Iniud  uazdaiiue
(Levand et al. (1979); Farine et al. (1996); Peerzada et al. (1990)) uaixmsﬁuq (¥
& o v . ot | oA Yy w
damnacanthal m;ﬂumﬂuﬂqu anthraquinone mJ's1ENm:nmm‘vmﬂummmmm“iums

] (=1 a
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H 4 =1 ’o’
m‘mﬁ 1 Llﬁﬂ\‘lﬂ\?ﬂll53ﬂ'rD'LI'V]’NLﬂiJ‘U'ENWﬁUﬂﬁﬂLL@%N"IQﬂUE]

Characteristics Noni fruit Noni juice
pH-value 313 3.4-3.6
Dry matter 9.8% 10-11%
Total soluble solid (Brix) 8 -
Protein content 2.5% 0.2-0.5%
Lipid 0.15% 0.1-0.2%
Glucose 11.9% 3.0-4.0%
Fructose ; 8.2% 3.0-4.0%
Potassium 3,906 mg/l 30-150 mg/1
Sodium 214 mg/l 15-40 mg/l
Magnesium 14 mg/l 3-12 mg/l
Calcium 28 mg/l 20-25 mg/l
Vitamin C 2 3-25 mg/l

(“ﬁm - aa111)a991n Chan-Blanco et al., 2006)
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3.3 SinsedSinadwaiueananun (total polyphenol content) iSanawlailauosd

o =
waz laaniua

Total polyphenol content

Wamsiusaansualuhgnoeusazsinzgnindands colorimetric method Tngld
Folin-Ciocalteu reagent @11u35v09 Slinkard and Singleton (1977) ﬁd‘ﬁ Nﬁuﬁ)ﬁaﬁhﬁ‘ﬁmﬂﬂﬂ 20
ul AU indu 1.58 ml 913 uIA Folin-Ciocalteu reagent 131103 100 pl taz 1302010017
Na,CO, (20%) U311@5 300 ul vnfigangil 40 esruwadue Wunm 30 Wil udriamims
RANAULEaT 765 nm #28 UV-vis spectrophotometer asazaroas g1 18un gallic acid

s109uMalugl mg gallic acid/ ml #70819

Flavonoid content
g ; Y e . ! = 5 a ' A
391U58 % flavonoid 92875 ammonium chloride colorimetric assay TAANAIDY1IHTD
AIAZAWIIATIM catechin (ANWANTU 40-100 mg/D) 151195 1 ml asly volumetric flask
i Y g ¥ A 2
W19 10 ml ATTINAUT11AT 4 ml MPTMAN NaNO, Anandad 5% 1511as 0.3 ml fg1d's
Wi ududuasazais 10% AICL Y391035 0.3 ml IR 6 1ANEITAIY 1 M NaOH 153103 2
@ 3 3| H d a @ 1
ml udfuiSmasmsazaienamualiiiiy 10 ml dreshnan  wauliidinu udardeninis
AANAULASR 510 nm HiuAD blank 5189111530 flavonoid 1131 mg catechin equivalents

(CE)/100 g A70814

Vitamin C (ascorbic acid)
= o a oA =
mﬂﬂmﬂ?mmmmumﬁwwﬁ Dichloroindophenol titrimetric methods (AOAC, 2000) Tag
@Y 0.3 ml ﬁaadwaﬁwgﬂﬂaaﬂu 20 ml #1392810N3A acetic acid (3%) LAY metaphosphoric
a A

acid (8%) udalamsndiw 0.025% 2,6-dichloroindophenol unsERUAATTNYIINIAYA

; : 2
a3asaeIns g1 19 141N ascorbic acid 5189 1UKa 1131489 mg ascorbic acid/ ml 11gNED
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NAEOL Minimal inhibitory concentration (MIC) uag Minimal bactericidal concentration
H A y 1 5 5 m
(MBC) v23u1gnue mm@'ﬂmmm"lmm Stapphylococcus aureus, Bacillus subtilis, Escherichia

g

v
coli, Enterococcos faecalis 1ag Klebsella pneumonia 39U

M3AsNIIgNYe
v Z a
mmmgﬂﬂ@ﬁ"sa Nalgene filter Y418 0.45 pM NNUULAY double-strength trypticase soy
I ow %’z 3 3 =
broth (TSB) luifSinafiiiil Wov1enseazaeauimaay single-strength TS broth UAUAY

fognan 1dUSuas 180 pl aalu 96-well microplates.

= A a = d

MSIA3ENYOYAUNIE
4 A 4y Y A 4 4 ¥ 4 A duyy
AuudoiidesminamevduAnuuoms@ende TS  agar  VINUuABAOR 14N
= r %’ = L] o

Tnlafliwauiuiundesniinuyuisiidy Mcfarland standard 0.5 19 McFarland standard

=1 g a acd '
150919 1:100 Hugegauvs dasdusaly

MIAUNTIZH

b4
°

a 4 L g 4d a Y A A A '
duFoasduiimaussonduiut5uins 20 pl adly 96-well plate NNIGNUBINDNIDY

' Y ad a = d oA a @
180 ul lunsay well Haziioyauvsdey 10*107ml Uniiguyigil 35°C @uan 18-20 3219
povdImsty Ainsana MIC 1navndutugamofidiodiely well dinslasg du MBC

= A o o

A ) y A& & A g 4 Y
1o ﬂ'ﬂiﬂ‘ﬂ?ﬂ]uq@]ﬂqﬂﬂlsﬁ'ﬂ?ﬁu‘ﬂﬁﬂgﬂﬂ1ﬁ'}ﬂ 99.9% EU’fN‘IEaJ'Iml“'D'@ﬁﬂJﬂu “Iﬁ'ﬂﬂﬁ@ﬂllﬂﬂ’m

o w ' e ' = 3 & P - @
ﬂ-\ﬁu-lﬂ']@f.lﬂmalu well ‘Vlﬂ'}ﬂ')"ﬁ)gﬁ_]u MBC leﬁﬂquu'ﬁnﬂ'ﬁiﬂﬂ\“%@lﬂuﬂa’] 24 GH’J'IlN

< Q
3.5 k] IN3BNFRANZIS Y (Human Hepatocarcinoma cell line, Huh-7)
& J 5 9/ a wa A as = L4
NZIA0ULAE (Cell culture technique) TupefiiAn1s Taviiasn15iesouw0a Human
T A ¢ 4 o 1 L ¢
hepatocarcinoma cell line @411 1 UadNITIAY (Huh-7 cells) yunzaesluevisineusan
%719 Dulbecco’s modified eagle medium (DMEM) A3 &$1 10% (10% Fetal calf serum, FCS),
1% n5a 01l 11 (Non-essential amino acid, NEAA), 100 Unit/ml tWu HE AW UAE 100 UnitmL
@ a " Z o t:%.J 9/ é’ o
awstlaodu uay L-gutamine 3nduin1smizinssluginousaani 5%
4 4 = = 4 [
asvoulaoenlyd gangil 37 osruwaiien 5PAUTLTFAAULIAI8NNIUTZUIN 80% VDY

A 7L o L2 X d 1 Y a |a ' &£ o 2
ANYULLIDYIY DD fﬂ\‘l‘lﬂ']ﬂTﬁLLUﬂL"ﬂﬂ'ﬂﬂ\'i“ll']ﬂLﬁfN!“b’ﬁﬁiﬂﬂiﬂﬂi‘ﬁ"ﬂﬁﬂ“ﬁu muwumﬂﬂﬁﬂm
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¥
Mnuunaaoulaeds MTT  [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bromide]
= d o d . daama &
assay Fadumsianisnauveaou laal mitochondrial dehydrogenase 9NEEAANUTIA FIHA

P Y ¥ d ¥ %,’ 1 Y a [~ = 1 d A 1
#ldvzuaasIiiiuinignoeneldiiaanuiluivdeaarse la

= v ¢ 5
37 pisanmanuannsalumnenaeiuiueaiignueyiinmag
A a o ' o o w '
SEmsnAdeUAMATIA Ames test IUNIINATOUNITNONITNAIHUFUDIATIBYUN
F 4 1 ' I .
omnslugeuuafizeignaavunlastulildannsaus o 18 luanzdnAidiesn
3 a o o A Y s & i & o '
ansoadiensaozid lusuiu histidine 18 uamnirestatigmmiziaosluanzhiiaine
o o ' g A 4 o A @ o
naewuseneusde Tufinaugumsaiis histdine Hazgrnmoriug ldansoasiansaey
= Vet Y o q ¥ & Aa A & & o ' g
n'188naswazihliiFenuaiiBudiuiuounin  Tasninaiaailudeeisermisiy

= =1 R Qs Ed @ ' i
procarcinogen ﬁ)zgmﬂmu“],mﬂu carcinogen Iﬂﬂmﬁmauifﬁuiuﬂﬂﬁﬁﬂﬂ’ﬂ microsomal

(Y]

a4 a 1 o o
supernatant (89) TasnyafiGoildlunisnageunisnenatouyg 1Aun Samonella

typhimurium TA98

)

?{'; ) u o s 1 ¥ =
TumsnaaosnsiloznageumInenauwugvessed1aingnee 2 ¥ia ldun wignue
2 w 9 - a a 3 '
an uaziignueninda0ien 15T suTIA NaITuduA199 (0-100 pLiplate) aziidrsne
@ L4 o) 3| - 3 . . .
NANIWUT 2 FUA 11 o positive control 1dun 4 -nitro-o-phenylenediamine L0 & 2 -
. EURE =t o w ¥ = df a ' Y a
Aminoanthracene Tuan1z lifiuagi s9 mudey mimigneelianuiuizuazaelvina
Y
@ 4 1 o = o/ v '
nauveuFouuaiite wwnuhduaulnlafivesiiedzdeiinailumanaiugy
1ed o ' 1 1 v ' ' 1 o ' Z
(liisidedrmaz lifiarsnenatewus) edhafos 2 w1 uazezfiondredisuuiilonmid

v = o
nol¥ifauz5a1d Ames (1975)
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o 8w o = = '
1340 Lactobacillus casei 91NAAIUNUINY Wmﬁ 9auN58 2. (TISTR Culture Collections) HY
a St v av a ¢ a &2 & A
Snewnaniinnw aanuIsuinnmaniuazmaluladuvsszmaing (32.) Fuiewila

@ 1 = a o . = o o 4
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= o A ' o - g 9 & o = wa g
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1 (0.5-3.0% lactic acid) 1oM/FoURUUAVIVUTTINIR (0.5-2.5 % lactic acid) (171 4.1) Tu
A w1 I 1 o " Y = A w i
yaz@errumanuiunia-ardisianassyniemsniin Ui 4.2) Tasdionsinidunal 3
& ] ¥ w a1 g A & ) La 1o 'a &
doummervasimiinsssuraianily 3.5 vasNousgniiawiniuiu 3.0 venini
A a ¢ [ A e e, & A a L v od v
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U = 4 o o Aa’
uazdawaldanuasalunisdueyyadasy iedalasld FRAP assay vean1swiin laviye
= & 1 ' T 3 ) i\ o 9 ' [
Ui qns degend daunnwauisalunisameyyadaszifiodadan DPPH assay nuii1
' 1 o o [} i < (¥ ot as 1 “ = o %‘
Tainanameuuniin (liuaasteya) od1elsimmmasasnadonsouiennnignes
1 %,‘ A | et 5 3 a
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WOAINBU W.A. 2556- NQUMAY W.A. 2557 uonvInil IduAIedAIUguRTinTHIAUIY
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12 fou (Mauuiimilfseus aniuazmin Taorasssumna) Tasdroddanalinan lay

AivoyaReInuil gaud 1rasenanauazggnia

Total acidity (% lactic acid)

—o— Natural fermentation —@m— Pure culture fermentation

(8} 1 2 3 4 5 14 21 28 35 42 49 56 63 70 84 98 112
Fermentation time (Day)

= ~ ¥ ' w -
717 4.1 msulasuudanfsnunsavesigaeeszriumsniniuszezna 3 hou

5.0
4.5
4.0
35
3.0
2.5
2.0

pH

15
1.0
0.5
0.0

—e— Natural culture media —@—Pure culture media

0 1 2 3 4 S 14 21 28 35 4z 49 56 63 70 84 98 112

Fermentation time (Day)
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m&mmmﬁ‘ﬁnmﬂunm 6 Lﬁ@‘l«! °Iﬂ'Iﬂ']'i':lﬁﬂ'513ﬂ@@ﬂﬂ5$ﬂﬂﬂlm3ﬂqmﬂ’iw%ﬂﬂ

a o o %.) P=1 =3 =] o 1 Y] T 9 [
HAATMATIIgNBBNIINIENTN 1Al 1ATYATIING Wiswifoudiotis 7@20d13 1AuA

3 ¥ @ zgl" a o
FJ=11gneeana FN 12 =umﬂﬂa‘ﬂuﬂ@’hmwmuﬁsaummﬂmwznm 121U

y &

H ar gl’ a £ g 4 o
FP 12 = ihgnuomiindioweusgniiluszuzinl 12 AU FPS 6 = H1Qnuoninaloie

Do,
a

a < g a ¥ ¥ o & =
v3qubfuszesinm 6 dou @uuidmhaia)  FPNS 6 = igneeniindleimevsqnitly

b
&

s = ,D’ g ar ¥
szezial 6 o aunlifimsduiini)  FNS 6 = dignuendnduiresssunaiy

a 3 3 o g a g
sLu2In 6 PP (LUUHNIAI)  FNNS 6 = iigneeminaiuiyesisumaiuszezial 6

14 _y %‘ d‘.
dou (wulifmsidusiena) wansnaaswaaslua1iiem 4.1

4 o ’.‘,’ =Y 1
3199 4.1 99A152NEUMUANVNNYNUBTUAR I

pandsynoumund FJ FNS 6 FPS 6 Mdedai IEmsd1ase
anuean
(Chan-Blanco
et al., 2006)

Ethanol (%v/v) 0.04 0.39 0.48 GC/MS
Methamol (mg/L) 4.98 6.47 6.88 GC/MS
Protein (g/ 100g) 0.47 0.52 0.61 0.2-0.5 AOAC (2012)
Total sugar (g/ 100g) 2.32 12.39 12N Compendium  of
Fructose (g/ 100g) 0.74 8.67 8.84 3.00-4.00 method for food
Glucose (g/ 100g) 1.59 3.72 3.93 3.00-4.00 analysis (2003)
Maltose (g/ 100g) ND ND ND
Sucrose (g/ 100g) ND ND ND
Lactose (g/ 100g) ND ND ND
Magnesium (mg/ 100g) 9.50 22.26 21.08 AOAC (2005)
Potassium (mg/ 100g) 298.6 281.5 275.1 300-1500 AQAC (2005)
Sodium (mg/ 100g) 4.98 8.16 7.83 15-40 AOAC (2005)
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o 1 3 ] .:': Qr 9 = Qs o g o A é Q 9
aanaeglurisiiveniyldmmmasgundasusiguesuveshniniy FsimualiFuna
a ¢ v "y ! P dY A a ) ) ¥ &
lpfiaueanagealounIouaz 3 dIUNAALEANDEDAADINYTINNTRENTI 240 mg/L 19l
,ﬁ’ = et v [ 3 a’r a =] é’ =P J ¥
Fousgnsiia liuandanndonusssuna Jiunw ldsaugevuwandos uatlSainaniag
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anae dailonSeufounanisnaasssanainnuaudsenumuia lndifesdu A
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A15199 4.2 TUUANTNIDFIINGIVOIUIGNYD
¢

‘Hﬁﬂ‘ﬁ1 LG E. coli Gl S. aureus Salmonella  Lactic acid

ane 91 (cfu/mL)  Perfringens  (cfu/mL) sp. bacteria

(cfu/mL) (cfu/mL) (cfu/mL) (cfu/mL)
FJ 0 0 ND ND ND 0
FP 12 0 0 ND ND ND 0
FN 12 0 0 ND ND ND 0
FPS 6 26 0 ND ND ND 0
FPNS 6 4 0 ND ND ND 34
FNS 6 31 0 ND ND ND 0
FNNS 6 1 0 ND ND ND 49

HWUWW®  E. coli = Escherichia coli
CI. Perfringens = Clostridium perfringens
S. aureus = Staphylococcus aureus

ND = 7579 13N

]
=
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e
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UINTFTUNITHUN Vl’]zlﬁvlwﬂ‘iﬂﬂltu“ﬁﬂ?”lkﬁliﬂi)‘ﬁu‘VIiU‘mﬂU’J‘UE]»‘Iﬂ53ﬂ6ﬁﬂ?ﬂl‘]§ﬂ“ﬁﬂﬂ1ﬂﬂ1ﬁ
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wazimsaounassznemsniinedels (Nelson tazasiy 2006) uazusi Neauan1uadl
¥ @ ' a o d w1 <3 A e s/ ' &£ g
vongnueminszuansrdnsusiminiianuiunsagenielifonieond s Fuly
i A a a d 1 a a [T ' VoA Y & )
gfiyaunissnelinliannsoniydvule ldedumivon uamalmiuleluanulasasns
a = d o 1 an’ 9y o a d = ,3’ a s 7 = o
Magduniduodlndinignue 1A ziliinan¥edunsd 6 ¥1a MuUNMUATDS
= LY 4 v ' L4
UIANITFIHU HARAUAAYNITD laun Baduags 1 Escherichia coli  Clostridium perfringens
4 - . -
HuANEoad19nIAUanAn 1AL Salmonella sp.  WUNHIQNEBAAKIUATLUIUMTHUTOUVY
o = [ = ' 3 dlv a a a
wieao'lsd (80 srwadoa Wunat 1 i) lunumsduileuveukegaunsdynaiia
] = o 1 0 Y] (BN} o 1 3 1 1 = o
ag19l5Amuludaedrsiimumsniin C(udunismanelss) liwudens Isn uanudad
&L & A o 1w o5 s o Y2 w1 o 13 &
nazs FainanFedsnadsmniunusniivualf Suivdiianulaoanvaeduslna
= oa 9 = =] LY ar T a o Tt o 2,’ 1 c’:/ 5 g
nasnuuuaiGadensauananantios ludle1snvin lag ludma@uimamiduy s
= o 1 o v = [~ :; "o ] A - = o
punavnludlndiedinaniaanuiunsadinnalegedu (m13199 4.2) Fee1ailumamn
o an @ 2 9 a = 9 9 A = [ e 3.3 g =S w
nnfiremsminiieasnsauandnia lddulenfoumouiugasiiina isevedeng
seATIANIANT1 uISefidIns s yAy Invewuafidsadensauanfnyia
- o - . . & '
probiotic bacteria 3 ¥U®A 1dun L. casei, L. plantarum Qg bifidobacteria BIRANTINARDINUIN
£ ¥ = a a et a (& 9 o @ <& 1
woreeuaians gy TalddsuduTuin 10’ colony/ml n1wndan1anain 48 $2Tus ue
o o o d [ 5’ h ¥ 1 A‘: a A T
AMondan1snin 3 dUa1nt lunude L. casei luiignes daueriiadus HUsuuanas

(Wang Liazame 2009)

d‘ ATy %J = 1
AITNN 4.3 ﬁﬁJUﬂ‘lfl'lQﬂ'ltlﬂ’lWlLﬁmﬂﬁﬂlE)\‘]u’IQﬂEJB“]i‘L!ﬂ@]N“]

AIDUN WS unaiunauds (%) manudunsa-ane  YSuunsauanan (%)

FJ 553 £0.12° 4372003 0.70 = 0.06"

FP 12 12.60 + 0.92° 3,09 +0.01° 2.03£0.1°
FN 12 14.86 + 0.99" 3.07£0.07° 3.04 £ 0.25°
FPS 6 15.40 £ 2.25° 2.98 +0.02° 2.55+0.42°
FPNS 6 2.07+0.31° 3.51 +0.00° 0.97 £1.26°
FNS 6 14.87 + 2.60° 2.99 + 0.02° 2.73+£04°
FNNS 6 3.90 4 0.42" 3.53 +0.00" 0.95£0.39°

s ow
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HU0YE) ﬂ’J'ﬂﬂ‘Hi‘ﬂfﬂ1Qﬂuﬁluil‘l-!'mxiLLﬁﬂ@’)"lﬁﬂ’]’muﬁﬂﬂ"lﬂﬂﬂ'lﬁuuUf?'] UNNTDNA (p<0.05)
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FJ 79.68 £21.74° 5.16+0.53¢ 112.39 + 25.98" 72.77 £0.15° 4324 +0.00"
FP 12 133.30 = 11.67° 22.48+1.31° 146.36 £12.99%  73.46 +0.03™ 36.58 +2.36°
FN 12 133.38 +9.87° 21.31+£1.96 125.51 + 10.49° 73.75 £ 0.07° 34.08 +5.63°
FPS 6 174.30 + 19.40° 21.26+2.30° 193.12 £ 17.59° 73.60 £ 0.10™° 40.74 £1.97°
FPNS 6 78.72 + 7.44° 14.34+2.61° 81.63 = 15.08" 73.30 £ 0.26° 36.85 +1.14°
FNS 6 155.13 + 8.66" 22.74+1.30° 165.04 + 11.90® 73.69 + 0.08% 25.47 £0.86°
FNNS 6 94.18 + 19.27° 8.18+1.16° 119.46 + 25.36° 73.38 £ 0.20” 39.35 +0.86™
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GAE 111104 Gallic acid equivalent, CE M118%4 Catechin equivalent
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FNNS 6 38.82 55.32
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% Viability of Huh-7 cell
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% Viability of Huh-7 Cell
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FI5 57.14£4.12 75.00
FP 12 4 36.52£3.86 50.00
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FPNS 67 i £
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dmsudegaiiian MIC iy MBC 1a1lignFiu bactericidal Uiy @7 ¥ignyeaall
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(Minimum inhibitory concentration, MIC)

vhgnue AN (uL/mL)
LUANTILNTNDIN HuUANGoUNIYAL
S. aureus B. subtilis E. faecalis E. coli K.
pneumoniae
FJ 31.25 62.50 31.2§ 3125 62.50
FP 12 31:25 NWS 31.25 725 31.25
FN 12 3125 3125 3125 62.50 62.50
FPS 6 31.25 31.25 3125 62.50 31.25
FPNS 6 250 250 250 250 250
FNS 6 31.25 31.25 21.25 3125 31.25
FNNS 6 250 250 250 250 250
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a Y 9 Ao A -~ ) = ] dle = G 9 F 7.5
013191 4.9 mmwwummqulmmmmmﬂmamu%ﬂgauméﬂlﬂ (Minimum bactericidal

concentration, MBC)

1hgnue AMUITNTY (uL/mL)
HUANISBUATIUIN HUANSeUNTUAY
S. aureus B.subtilis E. faecalis E. coli K
pneumoniae
FJ 250 250 250 500 500
FP 12 31.25 31.25 62.50 31.25 62.50
FN 12 31.25 31.25 Fe=S 62.50 62.50
FPS 6 31.25 31.25 62.50 62.50 62.50
FPNS 6 250 250 250 250 250
FNS 6 31.25 31.25 31.25 62.50 62.50
FNNS 6 250 250 250 250 250
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ABSTRACT

Noni (Morinda citrifolia L., Rubiaceae) has been used as a folk medicine for decades.
Despite being consumed mostly in Thailand as a fermented juice there is no evidence
showing that fermentation can enhance therapeutic effect of Noni when compare to fresh
juice. In this study, fresh and fermented noni juice were prepared in our laboratory and
analyzed for their total phenolic content. Consequently, the mutagenicity and/or anti-
mutagenicity effects were evaluated by Ames test, employing bacteria Salmonella
typhimurium TA 98 and TA 100 strains, with and without S9 activation system. Preliminary
study showed that both bacteria strains TA98 and TAI100 demonstrated suitable
characteristics for Ames test as determined by histidine requirement, rfa mutation and R-
factor. However, only TA98 was chosen for further study due to its superior viability. Study
of mutagenicity and/or anti-mutagenicity of samples were conducted using 4-nitro-o-
phenylenediamine (NPD) and 2-aminoanthracene (2AA) as positive controls in the absence
and presence of S9 respectively. No toxicity was evident in both fresh and fermented noni
juice as indicated by comparable number of histidine revertants per plate being 70, 75 and 72
histidine revertants per plate in control, fresh and fermented juice respectively. The second
study revealed that fresh and fermented noni juice inhibited the histidine revertants per plate
in a dose dependent manner (with and without S9) when compare with positive controls. This
can be concluded that fresh noni juice and fermented noni juice have similar mutagenicity
inhibition effect. It is believed to be due to an equal value of total phenolic content presented
in both samples being 46.83 and 45.05 mg GAE/ml for fresh and fermented juice
respectively. Nevertheless, actual bioactive compounds that responsible for these findings
should be further studied.

Keywords: Ames test, Mutagenicity, Noni, Fermentation

INTRODUCTION

Morinda citrifolia, commonly known as noni, is a widely distributed tropical tree. It grows
on the islands of the South Pacific, Southeast Asia, Central America, Indian subcontinent,
and in the Caribbean. The fruit and leafs of this tree have a history of using for food and
health promotion (West et al., 2011). Noni products are marketed as botanical dietary
supplements for health benefits. Noni contains many phytochemicals including
anthraquinones, flavonoid, polysaccharide, glycoside, iridoids, lignans, and triterpenoids.
Compounds such as scopoletin, rutin, ursolic acid, p-sitosterol, asperuloside, and
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damnacanthal are considered as key compounds of noni fruits (Chan-Blanco et al., 2006).
Previously, in vitro and in vivo studies reported that fresh noni juice, extracts, or isolated
biological compounds rendered health benefits in terms of scavenging of free radicals, anti-
mutagenicity, anti-carcinoma activity, anti-clastogenic activity, inhibition of low-density-
lipoprotein oxidation, anti-inflammatory activity, blood purification, stimulation of the
immune system, regulation of cell function, and regulation of cholesterols (Yang et al.,
2007). Indeed, a decade ago, the European Union has given noni juice the status of ‘novel
food” (SCF, 2002). Noni juice is now used in Europe as a nutraceutical to treat chronic
conditions such as arthritis, cancer, cardiovascular disease and diabetes. However, despite
being consumed mostly in Thailand as a fermented juice there is no evidence showing that
fermentation can enhance therapeutic effect of noni compared to the fresh juice.

Mutation is an important factor for carcinogenesis. Preventing the biotransformation of pro-
carcinogens to form ultimate carcinogen occurring in the present of S9 metabolic activation
can decrease the rate of mutation. Ames test is one of the model methods developed to
investigate mutagenicity modulation. Using of the Ames test is based on the assumption that
any substance being mutagenic for the bacteria, Salmonella typhimurium, may also turn out
to be a carcinogen. The Salmonella is specifically induced mutagenesis to be unable to
synthesize amino acid and, therefore, limit its growth. However, the gene will gain its
function in the presence of pro-carcinogen, thus a number of revertant colonies per plate is
enormously increased. Besides, anti-mutagenicity of test compounds can be described if
those numbers of colonies is decreased by using of carcinogen as a positive control
(Mortelmans and Zeiger, 2000). The S9 fraction contains both cytochrome P450 and phase 11
enzymes. This has been used for Ames test to determine the chemical substances required for
metabolic activation.

The objectives of this study were to determine total phenolic content as well as the
mutagenicity and/or anti-mutagenicity of noni products by Ames test. 4-nitro-o-
phenylenediamine (NPD) and 2-aminoanthracene (2AA) were used as positive controls in the
absence and presence of S9 metabolic activation, respectively.

MATERIALS AND METHODS

Chemicals
Folin—Ciocalteu reagent was purchased from Merck (Darmstadt, Germany). Nicotinamide

adenine dinucleotide phosphate (NADP+) was purchased from Tokyo chemical industry
(Japan). Glucose-6-phosphate was obtained from Calbiochem (Canada). 2-aminoanthacene
and 4-nitro-o-phenylenediamine were obtained from Sigma Aldrich and phenobarbital-
induced S9 was a gift from Prof. Costas Ioannides, University of Surry, UK.

Preparation of sample
Ripen noni fruits were collected from Chiang Rai, Thailand. Fermented Jjuice was produced

by a local producer in Chiang Rai. In brief, fully ripe fruits were washed, chopped and mixed
with brown sugar (10%). The mixture was transferred to a cleaned container and left at room
temperature for 12 months fermentation. Fresh juice was prepared by employing hydraulic



18" World Congress on Clinical Nutrition (WCCN)
“Agriculture, Food and Nutrition for Health and Wellness”
Ubon Ratchathani, Thailand, December 1-3, 2014

press extraction prior to filtration. Both fresh and fermented noni juices were pasteurized at
80°C for 3 min before future analysis.

Determination of total phenolic content

The total phenolic content in each sample was determined by spectrophotometer according to
Folin-Ciocalteu procedure (Vu et al., 2012). The total phenolic content of sample was
expressed as mg gallic acid equivalent (GAE) per ml of sample.

Ames test
Mutagenicity testing was carried out according to the method described by Maron and Ames

(1983). To a 2 ml top agar containing histidine and biotin, 100 ul of histidine dependent
bacteria, 100 pl of noni juice and 500 ul of S9 activation system or phosphate buffer saline
(PBS) were added. The mixture was then gently mixed and poured on glucose minimal (GM)
agar plate (Bottom agar). Once the top agar was solidified, the plates were incubated in a
37°C incubator for 48 hr at which the time of the histidine revertants colonies were counted.
Anti-mutagenicity testing was similarly conducted but both positive control and noni juice
were added on a top agar. In the presence of S9 activation system, 2-aminoanthacene (2AA)
was used as positive control, whereas 4-nitro-o-phenylenediamine (NPD) was employed in
the absence of S9.

RESULTS AND DISCUSSION

Determination of total phenolic content

Total phenolic content of decreased significantly after pasteurization process for both fresh
and fermented noni juice (Table 1). The result agreed with George and colleagues (2011)
who reported that total phenolic content in tomato juice majorly declined after pasteurization.
However, fermentation and non-fermentation process did not significantly affect total
phenolic content. It can be found hat pasteurized fresh noni juice contained 23.80 mg
GAE/ml, whereas pasteurized fermented noni juice was 19.85 mg GAE/ml. The result
contradicted with previous report by Lai et al. (2013) whom found that phenolic content in
soymilk was decreased offer fermentation process. It was believed that B-glucosidase
generated from starter culture was responsible for increasing of phenolic content during
fermentation. Nonetheless, fermentation of noni juice is majorly involved with Lactobacillus
casei whereas soy bean fermentation was a simultaneous action of Streptococcus
thermophiles and Bifidobacterium infantis.

Table 1 Total phenolic content in noni samples

Sample Total phenolic content (mg GAE*/ml)
Fresh noni juice 46.83 + 24.88°
Pasteurized noni juice 23.80+0.11°
Fermented noni juice 45.05 + 1.26°
Pasteurized fermented noni juice 19.85+1.01°

Means with different lowercase superscripts indicate significant difference (P < 0.05)
* Gallic acid equivalent
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ABSTRACT: Morinda citrifolia (Noni) is widely used in traditional Asian medicine for decades.
Noni fruit juice has been reported for its various functional effects including antibacterial activity.
However, previous reports was mainly emphasized on fresh noni juice whereas the effect of
fermented juice has not yet well established. Uncontrolled fermentation conditions such as natural
microbial and fermentation time especially in house and small factory production are of important
for health benefit and safety of consumers. The objective of this study was to evaluate antibacterial
effect of 7 noni juices that produced by different processes namely fresh noni juice (FJ), 1 year
fermented by pure and natural microbe with sugar (FP 12 and FN 12), 6 months fermented by pure
and natural microbe with sugar (FPS 6 and FNS 6), and 6 months fermented by pure and natural
microbe without sugar (FPNS 6 and FNNS 6). Five bacterial were employed: Staphylococcus
aureus, Bacillus subtilis, Enterococcus feacalis, Escherichia coli and Kiebsiella pheumoniae.
Antibacterial ability was assessed by minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC). MIC concentrations of FJ, FP 12, FN 12, FPS 6, and FNS 6
were in a range of 31.25-62.5 ul/ml. Moreover, it was found that MBC of FJ was as high as 250-
500 pl/ml which implies that FJ can only inhibit bacteria by bacteriostatic effect of active
compound, not killing. Whereas MBC of fermented noni Juice by natural and pure microbial with
sugar (FP 12, FN 12, FPS 6 and FNS 6) were 31.25-62.5 ul/ml, similar to their MIC values. This
infers that these noni juices have bactericidal activity. On the other hand, when fermented noni
Juices produced by either natural or pure microbial but without sugar (FPNS 6 and FNNS 6) were
considered, MIC and MBC concentrations were similarly high at 250 ul/ml. Though, their high
MIC concentration showed low antibacterial activity but killing effect also observed. This is the
first report of antibacterial activity of different processes of noni juice. It can be concluded that
two fermentation time ranges (6 or 12 months) had no effect on antibacterial activity of noni Juice.
In addition, pure and natural microbe fermenter also did not alter those activities. Nevertheless,
sugar added fermentation was the main factor that increased antibacterial activity of noni juice.

Keywords: noni, Morinda citrifolia, antibacterial activity, MIC, MBC
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INTRODUCTION

Morinda citrifolia is known commonly as Noni.
It is planted widely throughout the Pacific. It
has been used in folk medicine by Polynesians
for over 2000 years. It is reported to have a
broad range of therapeutic effects, including
antibacterial, antiviral, antifungal, antitumor,
antihelmin,  analgesic, hypotensive, anti-
inflammatory, and immune enhancing effects

[1].

Alternative medicine benefits from many parts
of noni plant were approved including fruit [2],
Leaf [3], seed [4] and root [5]. Ripen noni is
beneficially used for noni juice production. The
fresh juice from ripen fruit has been confirmed
for its antibacterial activities as a result of
bioactive  substances such as phenolic
compounds and, in case of fermented juice,
acid which is a product from lactic acid
fermentation process [6]. Noni juice from ripen
noni fruit was mostly used in many reports for
antibacterial effect demonstration [2].

In Thailand, commercial noni juices are widely
produced in house or small factory. There are 2
production types of noni juice; pasteurized and
fermented noni juice. Until now, there is no
study of the change in active compounds
occurring from different process. Moreover,
quality control of fermented noni juice is not
achievable when natural bacteria which consist
of unknown types and number are employed.
For these reasons, producers, government
organizations, private agencies as well as
customers are questioning for the safety of
commercial fermented noni juice hence market
possibility of noni juice is limited.

Objective of this study was to evaluate
chemical properties, antioxidant capacity, and
antibacterial effect of noni juice that produced
from different producing processes. Factors
affecting fermentation process were varied
including fermentation time, sugar content and
microbial type (natural or pure culture).
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MATERIALS AND METHODS

1 Noni juice

The 7 noni juices were produced by different
processes namely pasteurized fresh noni juice
(FJ), 1 year fermented by pure and natural
microbe with sugar (FP 12 and FN 12), 6
months fermented by pure and natural microbe
with sugar (FPS 6 and FNS 6), and 6 months
fermented by pure and natural microbe without
sugar (FPNS 6 and FNNS 6). The brief
processes are described below.

1.1 Pasteurized fresh noni juice

Fully ripe noni fruits, as indicated by yellow
color and soft texture of the fruits, were
cleaned, chopped and thoroughly blended. Noni
puree was filtered and the juice was collected.
Then the juice was pasteurized at 80 °C for 1
min prior to storage at —20 °C until use.

1.2 Fermented noni juice by pure microbe

Fully ripe noni fruit was cleaned and chopped.
To the fruits, 40% w/w of 50% sugar syrup was
added. Temperature of the mixture was then
brought up to 70 °C for 10 min. Pasteurized
noni mixture was ice-shocked in a closed
fermentation tank. Ten percentage of pure
microbial stock was added after cooling down
prior to fermentation at room temperature for 6
or 12 months. During fermentation, fermented
gas was regularly released. Fermented noni was
added with 15 % pasteurized water before Juice
extraction. Clear fermented noni juice was kept
at =20 °C for further analysis. For non-sugar
added formula, similar method was employed
except for excluding the addition of sugar

syrup.

The pure microbial stock was freshly prepared.
The mixture of chopped ripe noni fruit (70 %
w/w), brown sugar (10% w/w) and water (20%
w/w) was heated at 70 °C for 10 min before
cooling with ice-cold bath. Ten percentage of
culture, casei (TISTR

pure Lactobacillus

1340), was added into the mixture prior to
fermentation for 24 hrs.
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1.3 Fermented noni juice by natural microbe
Ingredients and processing of fermented noni
juice by natural microbe (with or without sugar)
was similar to that of fermented noni juice by
pure microbe, except for the mixture was not
pasteurized and pure microbial stock was not
utilized.

2 Chemical property determination

2.1 Total phenolic content

The total phenolic content in each sample was
determined by spectrophotometer according to
Folin-Ciocalteu procedure [7]. Total phenolic
content of sample was estimated from a
calibration curve of gallic acid at 760 nm. The
total phenolic content of sample was expressed
as mg gallic acid equivalent (GAE) per mL of
sample.

2.2 Total Flavonoid content

Total flavonoid content determination was
carried out according to the aluminium chloride
colorimetric assay [8]. I mL of noni sample or
standard solutions of catechin was added to 4
mL of distilled water. Then 0.30 mL 5%
NaNO2 was added followed by 0.3 mL 10 %
AICI3 after S min. Five minutes after, 2 mL IM
NaOH was added and the volume was made up
to 10 ml with distilled water. The solution was
mixed and absorbance at 510 nm was read
against the blank. The total flavonoid content
was expressed as mg catechin equivalents (CE).

2.3 Ferric
(FRAP) assay
FRAP assay was modified from the method of
Benzie and Strain [9]. An aliquot of 200 pL
noni samples were mixed with 3 mL FRAP
reagent in test tubes. The mixture was
incubated in water bath for 30 minutes at 37 °C
and the absorbance of the samples was
determined against blank at 593 nm. Standard
curve was prepared at a range of stock solution
concentrations at 200, 400, 800, 1200 and 1600
MM using aqueous solution of FeSO4.7H,O.
FRAP value was expressed as pmole Ferrous
sulfate/mL sample.

reducing antioxidant power
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2.4 DPPH Assay

Evaluation of radical DPPH scavenging activity
of noni samples was carried out as described
previously [10]. To 3.8 mL ethanol solution of
0.1 mM DPPH radical, 0.2 mL of sample was
added. The mixture was well mixed and left to
stand at room temperature in the dark for 30
min. The absorbance at 517 nm was measured
against ethanol blank. The percent of DPPH
discolouration of the sample was calculated.
DPPH value was expressed as trolox
equivalent/ mL sample using the calibration
curve of Trolox. Linearity range of the
calibration curve was 20 to 1000 uM.

2.5 Scopoletin and damnacanthal

Scopoletin and damnacanthal were analysed by
HPLC-DAD/MSD. The reference methods
were verified and carried out by The Central
Laboratory (Thailand) Co. Ltd., Chiang Mai,
Thailand.

3 Standard bacterial strains

Five standard bacteria Staphylococcus aureus
(ATCC 25923), Bacillus subtilis (ATCC 6635),
Enterococcus  feacalis  (ATCC 51299),
Escherichia coli (ATCC 25922) and Klebsiella
pneumoniae (ATCC 700603) were cultivated on
trypticase soy agar (TSA) plates at 37°C,
overnight. For working cultures, 3-4 colonies
were suspended in trypticase soy broth (TSB),
incubated for 1 hr, at 37°C. Then the culture
was diluted to provide a final inoculum of
approximately 10° CFU/ml by compared to 0.5
McFaland standard [11].

4 Determination of MIC and MBC Values

Broth microdilution assays were performed
according to standard method MO07-A9 of
Clinical and Laboratory Standards Institute
(CLSI) with modifications [12]. Briefly, 20 puL
of 10° CFU/mL of bacteria was inoculated into
180 pL of noni juice which serial 2 fold diluted
in TSB. Prior to aerobic incubation at 37°C for
24 hrs, minimum inhibitory concentration
(MIC) values were determined by observing the
turbidity. The lowest concentrations of noni
juice with clear suspensions were considered as

@ ;
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the MIC values. The lowest concentrations of
noni juice in post-incubation suspensions which
did not harbour any bacterial growth upon
culturing on TSA after overnight incubation at
37 °C were considered as the Minimum
Bactericidal Concentration (MBC) values.

RESULTS AND DISCUSSION

Chemical property of noni juice products
Table 1 illustrates total phenolic and flavonoid
content and antioxidant capacities of seven noni
samples produced with different conditions:
pasteurized noni juice (FJ), 1 year fermentation
employing pure and natural microbe in the
presence of sugar (FP 12 and FN 12), 6 months
fermentation employing pure and natural
microbe in the presence of sugar (FPS 6 and
FNS 6), and 6 months fermentation employing
pure and natural microbe without sugar (FPNS
6 and FNNS 6).

Among different recipes, FPS 6 had the highest
total phenolic content. Type of fermentation
microbe (pure and natural) did not lead to a
significant difference of phenolic content. It is
also obvious that fermentation time had no
major effect on total phenolic content but the
presence of sugar is of most important. As can
be seen, both FPS 6 and FNS 6 gave rise to a
marked increase of total phenolic content
whereas the lowest values were evident in non-
sugar fermented juices (FPNS 6 and FNNS 6).
Surprisingly, Fresh juice contained low
phenolic content in a similar level with FPNS 6
and FNNS 6. Preliminary study showed that
phenolic content of fresh noni juice increased
during fermentation process. This was thought
to be due to plant cell wall breakdown by
microorganisms hence releasing of bioactive
compounds was encouraged. The comparable
effects were also seen in flavonoid content
FRAP and DPPH values (Table 1),

Scopoletin  and damnacanthal are major
bioactive compounds that responsible for health
benefits of noni. In the current study, it was
found that the highest bioactive compounds,
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both scopoletin and damnacanthal, were noted
in fresh juice (FJ) and FPS 6. Scopoletin
content in FJ and FPS 6 were 54.49 and 53.41
mg/kg, respectively. Likewise, damnacanthal
content in the two samples were 67.20 and
68.17 mg/kg, respectively. It is crucial to point
out that high amount of bioactive compounds
were found in fresh noni juice and the
fermentation process and sugar content had no
major effect.

MIC and MBC of noni products

Seven noni juices were determined for MIC by
broth microdilution method, following with
MBC, against five bacteria. Bacteria employed
were both gram positive and negative bacteria
(Tables 3 and 4). The MIC and MBC results
against Gram negative (GN) bacteria show in
Tables 5 and 6 and Figure 2.

Table 1 Chemical properties of noni juice
products

Noni Total phenolic Flavenoid FRAP DPPH
juice content content (ug (pmole (pumole
(mgGAE/ 100 CE/mL) Ferrous Trolox/mL)
mL) sulfate/mL)

FJ 79.7 £21.7° 5.240.5° 112.4 %2599 727027
FJ 12 133.3£11.7° 22.5£1.3% 146.4 £ 12.9% 73.5 £ 0.0%
FN12 1334299 21.3£1,9° 125.5 = 10.5° 73.80.1°
FPS 6 1743 4 19.4° 21.3:2.3° 193.1 + 17.6* 73.6 0.1
FPNS 6 78.7474° 14.3+2.6" 81.6+ 151 73.3 £ 0.3
FNS 6 155:1.+ 8.7% 22,7413 165.0+ 11.9" 73.74 0.1
FNNS 6 94,2 19.% 8.24].2° 119.5 + 25.4° 7342 0.2%

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

Table 2 Scopoletin and damnacanthal content
i selected noni juice products

Noni juice Scopoletin Damnacanthal

(mg/kg) (mg/kg)
B 54.49 67.20
FPS 6 53.41 68.17
FPNS 6 4431 48.11
FNS 6 44.67 61.42
FNNS 6 38.82 55.32
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Table 3 MIC of noni juice against Gram Table 6 MBC of noni juice against Gram

positive bacteria negative bacteria
Concentration (uL/mL) Concentration (puL/mL)
Noni juices LY B. E. Noni juices E. coli K. pneumoniae
aureus subtilis Jaecalis

FJ 31.2% 62.50 31.25 Fl] 500 500

FP 12 31.25 31.25 31.25 FP'12 31.25 62.50

FN 12 31.25 31.25 31.25 FN 12 62.50 62.50

FPS 6 31.25 21.25 31.25 FPS 6 62.50 62.50

FPNS 6 250 250 250 FPNS 6 250 250

FNS 6 31.25 31.25 31.25 FNS 6 62.50 62.50

FNNS 6 250 250 250 FNNS 6 250 250
Table 4 MIC of noni juice against Gram 300
negative bacteria - w S, qureus

Concentration (pL/mL) B, subuilis
Noni juices - - T | mE. faecalis
E. coli K. pneumoniae 3& e ——
FJ 31.25 62.50 ,.E'-?. u K. pneumoniae
100

FP12 31.25 31.25

FN 12 62.50 62.50 o ! = §

FPS 6 62.50 31.25 0 D EOd BN R B RS

FJ FP 12 FN 12 FPS6 FPNS 6 FNS 6 FNNS 6
FPNS 6 250 250 e
FNS 6 31.25 325 . o . S .
| Figure 1 Minimum inhibit concentrat
FNNS 6 250 250 : 1 el on

(MIC) of different noni juices against five
bacteria.

Table S MBC of noni juice against Gram
positive bacteria 600

Concentration (pL/mL)
500 ol ¢
Noni juices S B. E. A : % j:; I:s
aureus subtilis faecalis g 7 ] w2 focbdlis
FI 250 250 250 S| M Eco
FP 12 31.25 31.25 62.50 Swo | BB =K prewnonice
FN 12 31.25 31.25 31.25 oo | I
FPS 6 31.25 31.25 62.50 | - g Bl g B
FPNS 6 250 250 250 N T mn FPS6  FPNS6  ENS6  NNS6
FNS 6 31.25 31.25 31.25 Noni juice
FNNS 6 250 250 250 Figure 2 Minimum bactericidal concentration
(MBC) of different noni juices against five
bacteria.
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MIC of noni juices against both GP and GN
bacteria ranged from 31.25-62.5 uL/mL, except
for non-sugar adding fermented juices, FPNS 6
and FNNS 6, where MIC was as high as 250
puL/mL, The MIC results indicated that sugar is
the key ingredient in fermentation process
which increased the antibacterial activity of
noni juices. The sugar content influences lactic
acid production and the content of which was
thought to be responsible for its ability to
inhibit microbial growth. Determination of pH
(data not shown) demonstrated that sugar
containing samples had lower range of pH
being 2.98, 2.99, 3.07 and 3.09 in FPS6, FNS 6,
FN 12 and FP 12 respectively, whereas that in
pasteurized  fruit juice and non-sugar
fermentation, the higher values were observed
being 3.51, 3.53 and 4.37 in FPNS 6, FNNS 6
and FJ respectively. Moreover, according to the
chemical property of noni samples (Table 1),
total phenolic content may, partly, respond to
these effects. Surprisingly, MIC of fresh juice
against five bacteria were also in the low
ranges. This may infer that scopoletin and
damnacanthal are important keys as described
previously by Chan-Blanco and colleagues
[13]. In current study, the high content of these
bioactive compounds were also demonstrated in
fresh juice compare to other samples (Table 3).

The following experiment was carried out to
study MBC of noni juices against both GP and
GN bacteria (Tables 5 and 6 and Figure 2).
MBC of all samples were either the same or
higher than MIC. In case of FJ, MBC against
GN and GP were 250 and 500 pl/ml,
respectively. These results indicated that
antibacterial activity of active compound in FJ
is bacteriostatic whereas bactericidal activity
was illustrated in other noni juices, same MIC
and MBC values. Likewise, although FPNS 6
and FNNS 6 showed high concentration of MIC
at 250 pl/ml, but MBC was similar. The results
obtained from this study are consistent with the
previous reports where lactic acid fermentation
of herbal plants enhanced various bio-active
properties [14]. Furthermore, the different

(20 2
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fermentation time, 6 months and 1 year, did not
influence the difference antibacterial activity,
thus the less time is enough for effective
fermented juice preparation.

Noni juices that fermented by pure lactic acid
bacteria (FP12, FPS6 and FPNS6) did not
demonstrate different antibacterial activity
compared to noni juices that fermented by
natural microbial (FN12, FNS6 and FNNG6). It
can be said that natural and pure fermentation
process similarly  produce important
antimicrobial compounds, as evident in Tables
1 and 2. Nevertheless, pure lactic acid starter
culture is recommended in noni fermentation
process, especially in industrial scale, because
quality and safety are in concerned.

Moreover, It is not surprising that MIC of noni
juices against GN was higher than GP. This
indicated that GN bacteria are more tolerant to
active ingredient in noni juices than GP. This
can be explained by the complexity of outer
compartment of GN bacteria such as cell
membrane. The membrane of which has more
selective permeability than GP bacteria [5].

CONCLUSION

Antibacterial compound in fresh noni juice is
bacteriostatic, not bactericidal. Fermentation
process in noni juice enhances bactericidal
activity, probably because of bactericidal
compound production. Sugar is a key ingredient
in fermentation that promotes the antibacterial
activity of fermented noni juice. Fermentation
by mnatural microbe produce antibacterial
compound in the similar manner as pure lactic
acid bacteria employment. Moreover, the
duration of fermentation 6 months is enough of
producing the antibacterial effective compound
of noni juice.
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