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ABTRACT

Kefiran is a functional exopolysaccharide that can be used as stabilizers and also has
antioxidant and antimicrobial properties. Kefiran could be produced either by kefir grains cultivated
in milk/soymilk or pure culture of Lactobacillus kefiranofaciens JCM 6985. It was found that
kefiran produced by kefir grains in soymilk was higher than that in milk at 30.5+0.6 mg-kefiran/g-
substrate but the lactic acid bacteria can produce kefiran higher at 45.4+0.8 mg-kefiran/g-substrate.
However, the production costs of kefiran are high, mainly due to the high cost of fermentation
media. Therefore, utilizing byproducts from agro-industries would be economically attractive.
Mature coconut water (MCW) and whey lactose (WL) are byproducts from industries that could be
as low-cost nutrient sources for kefiran production by L. kefiranofaciens JCM 6985. It was found
that MCW gave high kefiran yield comparable to that obtained from pure sugars and from the use
of WL. The optimal conditions for kefiran production from MCW were: initial sugar concentration
of 3% and controlling pH at 5.5 during fermentation to reduce the inhibitory effect from growth-
associated byproduct, lactic acid. The maximum dry cell weight and kefiran production were
2.78+0.12 g/L and 2.04+0.08 g/L, respectively. The sugar consumption and total acid production
were also as high as >98% and 3.05%, respectively. When the MCW was added with yeast extract
at 3 g-N/L, the kefiran production was increased up to 3.26+0.03 g/L. The total acid production
was 5.9%. The structure analysis indicated that kefiran produced using MCW had similar structure
to that extracted from kefir grains. The repeated-batch cultivation in 1 L bioreactor could produce
the kefiran > 2.02+0.03 g/L up to 6 cycles. These results indicate that MCW could be used as a
suitable low-cost nutrient source for kefiran production by L. kefiranofaciens. The scale up of
kefiran production in 7 L of bioreactor with mature coconut only and collect data of chemicals,
electric and gas for producing and extracting kefiran. It was found that the production of kefiran

from mature coconut water has cost was 8.94 baht/g-kefiran. The produced kefiran and lactic acid
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as a by-product were used as ingredients in skin lotion and evaluated for the sensory quality with
the testers by 9-point hedonic scale used scale. The skin lotion added with kefiran received the
highest score of 6.4 for giving moisture and the highest overall liking score of 6.85. While the
control that contained no kefiran and lactic acid received overall liking score of 6.25.The skin lotion
added with kefiran has also antioxidant property. The skin lotion added with kefiran and lactic acid
received the overall liking score of 6.25 and the skin lotion added with lactic acid received the

highest absorbing score of 6.65.
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Table 1 Principle producers and culture conditions for exopolysaccharides production

Microorganisms Media EPS Temperature  Time pH  Yield Ref.
(°cO) (h) (mg/L)
L. rhamnosus 9595 M BMM" / 32-37 72 6 ~1000  Dupont et al., 2000
L. delb. bulgaricus RR ~ Whey Dextran 38 24-8 5 95-110  Briczinski ef al., 2002
L. rhamnosus R BMM"* / 37 72 6 500 Pham et al., 2000
L. delb. bulgaricus Milk Dextran 42 24 / 110 Bouzar et al., 1996
L. delb. bulgaricus MRS Dextran 40 18 / 263 Aslim et al., 2005
L. rhamnosus GG Milk / 37 20 / 80 Landersjo et al., 2002
L.delb. bulgaricus 291 Skimmed  Dextran 37 22 / 80 Faber et al., 2001
milk
L. casei CG11 Skimmed  Alginate 25 48 / 130 Cerning et al., 1994
milk
L. helveticus Whey(prot / 37 60 5 730 Lin et al., 2007
ein free)
L. delb. bulgaricus Whey Dextran 37 18 6 800 Shene et al., 2007
permeate
L. rhamnosus 9595 BMM* / 37 24 6 2775 Macedo et al., 2002
L. paracasei Dextran  32-37 72 6 ~80 Dupont et al., 2000

‘BMM: Basal Minimal Medium /: Not available
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(Shiomi et al., 1982; Maeda et al 2004; Rodrigues et al., 2005)
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Figure 2 Structure of kefiran from L. kefiranofaciens
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Table 3 Effect of carbon sources on cell growth and kefiran production by L. kefiranofaciens

JCM6985

Source Dry cell weight (g/L) Kefiran (g/L)
Glucose 16.7+0.2 1.6+0.08
Lactose 16.740.3 1.76+0.05
Maltose 20.2+0.2 2.27+0.09
Sucrose 17.4+0.4 1.48+0.1
Fructose 14.3+0.4 1.36+0.06
Galactose 13.7+0.4 1.33+0.08
Soluble Starch 12.840.6 1.22+0.07
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Table 4 The nutritional analysis of the mature coconut

Mature Coconut Water Composition
Total solids (%) 5.4
Reducing sugars (%) 0.2
Minerals (%) 0.5
Protein (%) 0.1
Fat (%) 0.1
Acidity mg (%) 60.0
pH 5.2
Potassium mg (%) 247.0
Sodium mg (%) 48.0
Calcium mg (%) 40.0
Magnesium mg (%) 15.0
Phosphorous mg (%) 6.3
Iron mg (%) 79.0
Copper mg (%) 26.0

N1: Aalase1n Krishnankutty (1987)
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Table 5 Constituent in sweet whey power

Chemical Parameters Amount (g/L)
Total solid 0.63
Lactose 46
Protein 6
Phosphate 1
Lactate 2
Chloride 1.1
Calcium 0.4

‘ﬁiﬂz aauad91n Panesar LA AL (2007)



27

Awv A 9 4 I 1 I'4 o [ 9 dy é’ a =4 1
nuITen lsnduan lamiunvasmsveudviulsaouregaunss wumn
= ¥ @ a g a s X
Mustafa tagane (1997) Any1n13 15nduan Tagluniswanon lsneaudnailsa laoiye
1 Y
Lactobacillus delbrueckii subsp. bulgaricus FUTUMTHINANOY 6.5 HANITNAADINDI YD
a 4 I'4 1 ] % 1T A . = 9 4
wodudan lsagaeglugig 1.55-2.13 n§uA0AAT Rodrigues 1azAMY (2006) ANHINT 19178
I 1 4 Y v ¢
wan laaituurasn1SueoulinuI¥e Lactococcus lactis 53 11ae Streptococcus thermophiles A
d' a =R Aa a 9 1 a 1 %} kY] o Y 1 9
erANEITaALTIAIAI TaeNan 1A 1.2-1.5 INVeINaNaAAD M NI aaIHY LasnuM5 19
o I 1 4 9 Y= 9 dy ..
novan laditluunasmsueuansnandunulanedosas 60-80 upNIINU Cheirsilp 1oz
o @ g ' ¢ a @ 4
Radchabut 2011) ladnyinmsthnduaalaaunlfiluuvasaivenlumsnandmlosuvesie
. o s o ¢ v A
L. kefiranofaciens JCM 6985 1a81aga51unUBAAA10WUS S. cerevisiae IFO 0216 WU 1F0 1]
mswaanmosuldgaga My 0.94 nSuAeAAT Ghasemlou agAm (2012) AnyINs Hunaq
I P T o R ~ ' A a o A Yy 9
MIVIUIINIYNIINITUAA INAFUNY FIaN1IzNMIzaudomMsHaaavaTufon b
%I o [ 1T Aa 9y 9 = o [ Y] L= =\
vosimauan laglunduanlag 67 nTuAsans ANINIUV0TAATNA 13 NSUADAAST N
a =~ ° v X a a o Y] ~ VW
1% 5.7 wazguugl 24 esrwaFod M ldFeawsondaatmosulagangaminy 712
Haansuaoans
5.2 uriadlulnsou
1 =1 o @ 1 a a A ] A a A J
unagTuTasnuiianudiryaonsni yuoagauns oitlued1aunilonngaunsd
[ o It P o o 1 a A o
THunaslulasnulumsdunsgimen lainlinnuiuiludensnsyuagmsuiiuiuves
4 1 ~ Y g dy a A I é’, 1 a S 1
waa uvad lu Tasnun 14 luemstourevesgaunsdinaumas luTasnudunio uazunas
a A J awv A 9y = 9 ]
Tulasnueiunid Tasaruisenaulaldvoudesinningadivnisy u1ldiuunas
4 a d an o Y 1 @ ~
TuTasu measdunumsnda (@115l Adudaiiona, 2554) dedaidaAumaoNainisn
I 1 1 o L <
It unvasuTasousinign 1aun iwadoadldudr ninoumae waz waysavso Tulu
TaReungaua
iy My Y
raadanlina? (spent cell yeast)
o % 3 s { S &
wragoaa 1suduiludadnsn laningadivnssmies daiiTsAugedeiosas 30-46
o ) I 1 o [ 1 X a
(Tacon et al., 2009) ¥ ldemrsoi I 1diluunadluTaswudmSunousegaunidla o
U I 4 9 a a A 1 a a a a
srwuwaasaanedsenovlilalonsaesiiTu 16 viia indeous 14 ¥ia Ia10u 17 via

=) 4 A I [ o w A R o [ = =~ o [ .
ﬂﬁmmmamﬂmmmmﬂmmaﬂﬂmum 16 nsuaalSuindeaa 30 n5u (Sombutyanuchit et

Aa v =\ AR a A [ 9 oI 4
al.,2001) NNUIVYUDIFITIU FUUAN (2559) 1/1ﬁﬂy1mswawmﬂasuimmﬂ%waaﬂtm



28

I 1 o [ ¥ ¥ 1 ¥ Aa o
Taudduunas I Tasud SR L. kefiranofaciens ICM 6985 Wi n¥enannmlosu
T @ A a o 1A ¥ o ] o J
gagaIiiny 480 NadnsuABAAT UENIINT I35l FUUEI (2559) GIRANMINMTEDUITARTAR
IS y 4 I 1 ' °
IdiuTdsdulelas laman e 19 Tuanaves TsAuanawaz waenisii 1l 14 1ag
Ay a a J
1FOYAUNTY
Ao A= 9 . dq Y Y A
91N91UIV8UDY Champagne H1AZAMY (2003) NANBINAVDINT IFIFaaoAd ldIN
[ (BN} a . A 1 9 ¢ v A 4
ivnae ldiunszuiumsen Ialaga (Autolysis) isonszuiumsdeeaoen lyd luadad
1 9 L) A [ 9 [ 1T Aa o aldy =~ a a Y
199 WU IFaaoaaniIuNTganada 100 nuanans M lvselinsnigmulalaa Tae
[ 1 A LY é 1 9 A 4 qd‘ [ ] 1 Y
TANIGANAUUAWNINY 1.264 F3ganns 1Faaadddilnan ikunszuiumsdos1van

9 [
AANAULAAUNED 0.383 HONINUFINNUIVBUDI Gao LAZAUE (2006) NNTANYINAVBINST

Y
v ¥

4 a a -z o I 1 @
QOUFD L. rhamnosus ioraansauanan lagldwadond 1gud nduuvas lulasnuiouny
YN o A Y 9 o 1 a ' N Y Y q Y A a
msldgadana Nanududu 5 nfuaedns wuiuvadoaa lsualrliniskaansauandnga
mnnmslsadana
MNOAHABY (soybean meal)
d A A o ¥ 9 9 & A vy ¥ '
mnoaraeutudrumasnnmsiiiudy mnoandesansalaiunumas
o 4 s
Ts@uazas Tu'lamsa 18 Wiesnniszneudie Tdsaudoeas 50 uazans Tu'lamsniszina

) v a Ao A & A < A A A a
Jouay 30 (NaNu Yo, 2549) 1HpanINNINa wrde s uveurash Usanna1sny uaziiod
{ o I 1 a Ao
eaneNaziihun1filuunasemisveaunidla (Dahod, 1999) 11N4TUATYUDI Zhang LAy
1 & A A s a gy o 9
ARLE (2015) wuNMNDuranalinanilszneuTisaudesas 44-50, 3 1ulamsasosay 20-30,
v Y Sy Xy ' @ A '
Twiiudesaz 0.5, IWwesiesas 7 uazanuruiesay 12 1azaINN1T60NINDUNADINDU
o I ¥ ¥ 1 ~ @ 1A =
i 13l uems@easonunld ldsaulalas lawsn 10-15 nSuaeans uenainlusaundd
o 9 4 @ L= @ L=
galszneualeaniinlsa Uszuim 107 nfudeans ngladilszuiu 1.7 nfudeans uazn
v 1A 4 ° < Aa < '
uaa Taaszum 2.7 nfuaeans ierhinnauvaedlalas lagau sl unvas luTasmulu
SN . ! 9 & A A 9 Y Y
MIIABUYD Rhizopus oryzae ATCC 20344 WUM35 l¥mnauvaed lalas lagaviuduiosvas
= 14 1A o 4 a a T W [
30 Tao5uas naz ldaodidudu 8x10" aedns i ldirenaansanuisnganiny 50.2 n5u
1T A a I a [ % 1 % a o dy 9 v ] A
apdans TasAailurandamnin 0.72 nfuaeniung Ind Tasnuddell laagdiininaumies
a o Y d A a <3 o o’ng
lelas lagai IvadesnsyduTada svozwnivaddu
A = .
Wy 3a130 MU HAUNNGAUNA (monosodium glutamate)
& X I A
Tulmdeungauuaitluaisdsenevilszinnngauuadauilunfovesnsangaiin
. . v & a a X ] 4 0 W < '
(glutamic acid) uiiunsaesi Tustanisniuesatsznovdridavesldsaunaly wu

g

g QU QU |- a QU 4
Tusaulwitedad TsAuluuw vaz TusAuluily Tasngauuavszsusgiunsaezil Tudaoug



29

a 3 1 ] 1 A ] A
madulassadwvesllsiu ngauuaneglugdveslisdne: lifinausaunas hiliguainia
mldiRasaesosluo1vis uaiiomansdosaatsusd 1UsAY 15U IHANTZUIUNITHIN AITUN

Y 9 o Y Y 9 o Y = a
ﬂ'lﬁi;j’ﬂxif)iJﬂl’éNWﬂLLﬁ%NﬁlliJ mwﬂwqmwmmaeu %31’]111’“‘]@@]1&@IiuiﬂﬁﬁulﬂﬂﬂﬁﬁaWﬂ

'
A o

@ I a 2 d @ Y a 1 dy o Y
ugndreenuuiungauuadase suiluariildinasaesosluems uenainildalaiing
9 ' A a ' a ~ o a ~ /A Aaa & Y 1
AunuNasinannmsdesaats 1y Tutiing lo Ina i undeaveusadaalisinage laun o

2 . . v I waq ¥ 1 1 = o a
Tu®ua(inosinate) uazﬂﬂmaﬁ(guanylate) ﬂm]mfm°usslTﬂ:iﬁa’iaﬂﬂmmmﬂmgmmmﬁiz
Auer HazAde (1990) An¥irnaveduradlulasnunuanaanuiieomsnaanea
P 9 Y 9 '
wan1 15 lae¥ e dureobasidium pullulans Mo1¥151 @80 FoUVVAE WU A5 1% Tu Ty
I 1 @ 1T Aa o @ 1
TReungauuaitunnaslulasou 0.5 nfululasnudedas Ml lasuiata 9.88 niuae
a3 uazamnsowaanguanla 3.94 nfuaeansaon A3ns wazame (2544) Anpans e luTu
a a Q( 4 e a L4
TAoungaUuANIIMSMUNUNTANYAINUSANBINDIA0IYAUNTS Proteus mirabili SM 13,
a a J 1
Bacillus subtilil SM29 18 Bacillus subtilis SM 29 lumisnaaneawes wuiaiwisalsluTy
= I 1 ~Aq ¥ a a =] o 1 Aa
Tadeungauvadunvaslulasnunldwandanofmoing 39.18, 34.35, 31.45 NTuADAAS

o W J I~ [

AWEIAY ABUIChen tazANE (2010) Any1n13 19 1y Tu TmReunganuailunnaslulasou
A & . . ' Y} a A
Tunswan squalene 1081%0 Aurantiochytrium sp. WU 19 1y Tu Tm@enngaunanaiim

9 9 [ T A o Y dy a 9 ’.! Y] 4 9 [ Y [ 1T A
NUY 13.53 NTUNDANT wﬂm%m}sﬂguaﬂﬁumuﬂmammqmmu 8.09 NTUADAAT LD

T¥Hanan squalene A1 2.59 HaanSuADANT

) ) ‘&’ S A )
6. NIAUANANIAZNIALAAANIINIFBULATNISANAN
a I a A A é’ o a A == a
NIALAAANIYUHAANANINATVUINATEUIUMIHLN TABaUNITSULANTILAAAN
. . . a A a 9y a A o a A ] a A
(lactic acid bacteria, LAB) n3auananinaa laaingaunsensauananiiod 3 stia fio L(+),D(-)
Jd an o = a o A J %
uag DL (1591 dssuaiiona, 2547) lunsgadmnssuemnsnsatananyiuiniuaa
[ I A Y Aa a e A = 4
Ysuaawilunsalueinis melvnasawiavednnufsednnelseasnvedo1risuas
d’ d' 9 a (% I'd a o Y I [
1R300 pasaIums s luoisulsyluaznandauaivuey nsauanandignlyidluansnu

A [ A = a o J Y
uﬂleJﬂfNﬂuﬂ'lilﬁ@iJlﬁUﬂl@ﬂNﬁ@lﬂm“ﬂfﬂﬂTihlﬂ

v
= o a

] Y H
thipiuldzuiimsaulaiszihnsauandn Tl filuasasdulumsnaa Indwofi

a =3 a A J

' Y A aa Y P
A1m150gneeeaals 1A lnedelizinsawdegaunie laun poly-L-lactate (PLLA) & 311 u
1 { o 4 1
biodegradable polymer H39i38n31 bioplastic Aa1115011 1119 52 Teani Tuvare du 1w
o o o o < [
Tunumsunnd Audasnssulimsi linilulvuduuwa vienyadanszgn Taonaanis

ida ludeaiwenun sumezdesaats 1d lunge aAundynssuamnsoi T 15iwaiga



30

'
a A

o [ 1 1 1 d 1
1 d1SUeIu T Naean1s 1de1gnilanldeseenuiedisigdiuluduilse Temiae

@ Jd

' ' v P '
danadew Tagdagnmaiaieg Mhonais luTewara@niin Wensasgauiadenszgndon

q
Y

a A a 2 o o 9 o v 14

ﬁaWﬂIﬂﬂ‘gau‘ﬂﬁﬂiu‘ﬁﬁiﬁJ%’Wﬂ (Dhatta et al., 1995) u@ﬂﬁ]']ﬂu&ﬂﬁ"m']ﬁﬂu1u']Glsb'ﬁ"lﬁi‘l]‘ﬂﬁ‘ﬂ
3 1 ¥ { a ' a
anauunsa-A1Nveain ﬁ1%}1uﬂ3$‘]J'Jufﬂiwaﬁfgﬁ?ﬂﬁﬂﬁiuﬂﬂﬂ 21N AT NITY
a a 9 14 a A A I Y
Wagaan Q@]ﬁ?ﬁﬂiﬁﬂwamﬁuiﬂ PATINNITTUYIUIUA NTAAAATDINDINNNITUNNY wWuau
4 9 < { o a { a

gadvinIsunsesdienneilugaainnisuimiinsauanan naznsanHanaIn

A A a 9 1 1 (BN I a [ d o a
LLTJﬂﬂlﬁﬂllﬂﬂﬁﬂlﬂi“ﬁ@ﬂ%ﬂl‘w51’[@16 (De Bruyn et al., 1988) "lmngﬂuwammcnmgqm
a a 4 g J v a ]
I@ﬂuﬂllcl%} NIALAAADN LLAALAN Llﬂal%ﬂhlmﬂm‘ﬂ Tm?wmmamw Lﬁﬂlﬂuﬁ'ﬁﬁ{lﬂ'ﬁwﬂwﬂiﬁh

Y 1 &‘ a A =~ 1 a [ d o Y 1 9 =~
lemma;mu AANITLNAT FIUANNLDY Glu’muﬁumwammmﬁmm%mﬂm Gl,"lfﬁﬁl,l,ﬂa!ﬁliﬂu

1 QU a

i1 Y
uanmn w1 1o doenuluy nazdudinsnedivesiiuyu Tugdvesdrunauvosndiu

a [

¥ v Lo a 7 o ¥ ) a @ A o
uazmmmuﬂm HONITNUIIUANARN mmm;mﬁuwu T@ahnmuaﬂﬁmﬂumuwﬁu INBNN
Y A4 A ) A o do 1 P ~ <
HUIN maaﬂmauwmqwm HASHANNUNNIANUTSDIATINNY Iﬂﬂhuﬂamammﬂmmﬂu

[ A o Y A Y v dy % a a A ao' 19 1 o
muwﬁmwamwmﬂwmmm&vu LAZUALEARNT 919 ATUDIUUN ﬁyﬂau ﬁyjlﬂﬁﬁ] Ta%um

a o Y Ao v dal Y o a [ 4
WY T TEHY ng‘]/l'lﬁuﬁ/ﬁﬂ‘]%l'lﬂ’)'liJ“]ﬁJ“]quLWﬂ‘]JWﬁGlﬂm“ﬂ

A da

yaunsonlFlunsraansauananiiitvesmsduniiziinsauananaiamsaiig
uazaareNizona Inalalada A4

A a g é
ansauanana ol luaviniiaiang laanialua

Y
v a a

dyd o 9 I a Y I 1A a
‘Ll@ﬂ%?ﬂuLGIf@fNfﬂlﬂﬁﬂi%iuuﬂlﬂu’l@lﬂﬂﬂﬂl@\‘]ﬂﬁWﬁ@]ﬂiﬂllﬁﬂﬁﬂhlﬂlﬂu@ﬂNﬂ NIALLAAAN

Q

I a A o @ ~ FY =\ & 1 1
UJ1!ﬂiﬂﬂu%iﬂﬂﬁTﬂﬂJﬂi%iuﬂNmu, Y1 LaZRAFEINNIINDINIT “]Nﬂﬁﬂsluqﬁ]‘]_] L(+) 11g90n13

= 9 J o Iy a d' a a 4 . o [
AAFUIVTITINNIYUUHY ‘VIﬂ?il]ﬂﬁWﬁ@]iﬂﬂV]@ﬂiul“NWTm%ﬂ (Rodrigues et al., 2017) 414350

U q

Aa a an as I o Y a A 1 o Y a
manaansatanan g snianalulagdinm Humsminuuaieyaunion luhldinalsn

A 1o Yya a o A ° ' 9 a A 4 9 A
Wﬁi’)]’b\l‘ﬂ']“lﬁlﬂﬂwy uiJWiJﬂ‘ﬂWUﬂ’]ﬁuwclU'ﬂﬂQ@aqﬂﬂgll Zgﬂ!ﬁ_l‘ll o u;Jﬁ.ﬁfJ'JWﬁ@llﬂll

[

a I ¥ A 1 o a ] Al R Ao & 3 X
y ﬂymmﬂummmumuum”lﬂ ‘UiTﬂﬂ\ﬂﬂ LLﬁZIﬂLﬂﬁﬁ FIUANHUSNILUN NI AN Tﬂﬂ

A Ja

a ° a 1 I ' ! ! ¥ I
aunseminnmaauulsordeuilunuaiiFenguinlasuihmanan Tnaluuuldiunsaue

2D

b4
04 = a A

a ' = = A v o 9 as a 4 3 A .
AANLNIUU HILUANL EJ‘VI@Nﬁ@uﬂnuWNﬂ%ﬁluﬂiiM’J‘ﬁﬂﬁWﬁ@]‘Hllllﬁ'El’)ﬂ A® Lactobacillus

bulgaricus (LﬁTJﬁET ‘ﬁ‘iillﬁaa, 2547) Lactobacillus bulgaricus Lﬂu!mﬂﬁﬁ&l‘ﬁWUIﬂﬂﬁ’ﬂﬂiu
X A a 3

@ a I 1 o a @
DINITNUNADINRIITUA Lﬂul‘]ff]‘l/]‘]f’)flﬂﬂﬁjlﬂﬂﬂﬁﬂuE]iJE]T‘rﬂiI@Elﬂi%’]J’Juﬂﬁ‘Hllﬂ RININ

=]

I = A A d 1 = Y A a dyd T 9
nJul,mﬂm ﬂﬂuﬂiﬂwu@mqmmwaﬂmﬂ l,lf]Jﬂ‘VlLiEJ‘]fuﬂullﬂ’ﬂllffﬂllﬁﬂGluﬂﬁﬂf]ﬁﬂﬂlﬂﬁ

a

a a A S ?,‘, A o Y 1 = A A 3 dy '
mitymuimamaumaauq i’JlI‘VNW’Jﬂ‘ﬂ‘VHGl'ﬁﬂ1ﬂ1ilu1lﬁﬂ‘ﬁi’ﬁ]W’JﬂﬂLﬂulﬂfﬂﬂ’ﬁ)Iiﬂ



31

=1

a a 9 a v d' v a A [ L&l . U Lil =
L*ﬂiﬂgl@]ﬂi@ulﬂ MNNUITeNNeINUMINannlosu laoye L. kefiranofaciens WUINUFBUNIT
9 (% a

a a da! = o = a A g Y a
Waﬂﬂﬁmlaﬂﬁﬂﬂlull‘]JWi’fJiJﬂ‘iJﬂWiWﬁ@]ﬂL“V‘l@iu G]NﬂﬁﬂLlﬁﬂ@]ﬂﬂﬂlﬂuﬂﬁwaﬂﬂqﬂTIWﬂﬂWﬁW'eWI

e5U (Cheirsilp et al., 2003)

Y A &' &’ a A a
7. M3 ¥ Taqaumaegamunssulumsiaaavonuniisauanin
Y
UszinaInolifaamaenanemsinuas u s1auanaiennu wldendiinae uag

v =

1 ) ) [ I o
TAAAYINADIINGATIMNTTNEAT 15U NINYIUSes uazmniudilends ludu Togiiudl
Y
ANuNI NI NaN 1N BATIAL TaQIANIMAD NI TUMSINEAT LN lFHEe
aol A o 1 dal 9 a = = Y I
g iesnndagmaiiilszneuaie wsag lad uazialisag lag Feausonlasu i)y
aol U A o v Y ~ d A A A a a 2 I a A daa
1912 19 1o nAeTaANI aLUANIT BT AINITONAANTALAAAN FAUNTADUNITENT
anudag lugaanIsua1ee (FUNs 390, 2554) nuaniFetananaiuisanezmulaly
Y A Y 14 2 & VAN o A A
anmuadonigay llareniTulamsadailuunainlidnenmvesd 1501 15tMen15HAN
{ ' [ < 1 a 3 J .
astsznoundiama’la litwdlu nsaae vie erswedusanlsa (Novik er al, 2017)
Y
Kotzamanidis 1@z AL (2002) ANHINTHAANIALAAANIINAINLIAIAINKFIHNAA
9 9 Y 9 g 1" W 1% 1T A 1 dy
Yol L. delbrueckii NCIMB 8130 Taglgaududuiiniaminy 100 nSuaA0ans WU
HAaANTALANAN 1A 45 NSUADANT Wee HAZAME (2004) ANHINITHANNTALAAANDIN
. ) 1 & ! ¢ A qw 3 Y 9
Enterococcus faecalis 1agl¥nniaialunviasnisveunuinie lsniniiaiannuuadu
1 =) % 90’ g’/ 1 =) =) =) (%] 1
333 NSUABAAT (170 NTINAIANINUAADANT) AINITONAANTALAAAN IAGIFA 134.9 NSUAD
893 Jyothi LazAm (2005) ANYIMsHAANIALARARNAAEM Ao siud 1z vdaaznndey
X Y, ' 9 o ) @ v
Taen¥® Lactobacillus delbrueckii 818032 0IUNTE0eN puINID tagldeu lasiniansi
Y v
lunisgesasasau sin1snaaesngunIa1eny (25, 30, 37, 44, uag 51 e usaidod)
VoA = I A A [ a ¥ ~ ¥
WU 37 esrusaFeaiugunginiuzandomsns yyeugonIniiga Tasod1u1sn
a a A Aa o 1 [ ao' A Aa o Ao
HaANTALANAN IAgIga 249 HaaniuaonsuiIA1a A% taz 11u9IUIT8U09 Buenaventurada
' a a %’ { 2
HazAAY (2007) NUNAINITINAANTALAAANDINAINTIAIAB0ENTANUITUT LA 119
1] =) 90‘ (%] 1 a =) a 1 % (%] 1 =)
ATUABANT AZ1P08 133 NTUABAAT lANANAANIALAAANININY 107 uag 120 NTUADANT

v o 9

r Y Y v ' A Y
a1y vaziielHitaaidnmautuiosas 10 (105 SWEINIANIHUAADAAT) 1¥D

Y 1w @

AVITONAANTALAAAD LAININD 84 ATUADAAT AIUIUITEUDY Briczinski HazAML (2002)

= a g a & ¢ & . . Y od
AnyIN1sHanen lanedusanl 158 1ae1¥e L. delbrueckii spp. bulgaricus RR tiag 151611 u

1 1 &‘ a < a 1w a a o 1A
Llﬁﬁ\‘lﬂ"lg‘]ﬂ’)u ‘Wmu%ammmNamaﬂ%waau%mﬂsﬁmmu 110 yaansuaeans



32

U

dJd Ay
ngilszasnvedlnssnuiay
A = Yo = a a v 9 o = o
1. ANYINT I TaquAbMaegaanIsunbas lumsnaaame S uaunuanSeumeuny
9)%’ a £ =\ Jd @
M3 lshmalsgnitazdanana
A = Y 9 ' s ' = a a o
2. oA NUITNTUYe AT e uaziad lu Tasnuimmnzay lumsnaafimosu
3. iiednIMsvensyalumskanszvuduurazsudunulunMInaa
y o o a A4 a o o v o a
4. ie1lszgnd gameSutaznsauananiiuranase 1d lundasual Taguihgean

U

Tﬂﬂ!mﬂﬂlﬂﬂﬁ“—!ﬁ &
a o dyﬁ Yo A 9 1 9 1 4
\1']1!'35]ﬂuﬁﬂ‘]&l'lﬂ?fl'i%?ﬁﬂlﬁylﬂa@q@]ﬁ1ﬁﬂﬁiﬂlﬂyﬁﬁ ]‘lﬂ!,l,ﬂ HENITNIUUND LS LIgLaN
I ' a a [ o dy dy .
I@]ﬁ Lﬂull'ﬂﬁﬁ@’lﬂ’liﬁ’lﬂ’lgﬂsl,uﬂ'liwaﬁﬂl‘l/\lﬂﬁuﬁunu@l’liﬂﬂﬂ’]ilaﬂﬂl%@ L. kefiranofacien
o v ¥ a £ 9 ' Y
1M 6985 nfFsuriaununs lsihaausqns vazdneinslduvadluTasausingn laun
o A /9 Y Y = ~ ~ o Y W
NN AN L%aaﬂﬁ@]i‘mlﬁ’) uaﬂlﬂuimmuﬂgmmsa Lﬂﬁﬂﬂlﬂﬂﬂﬂﬂﬂ'ﬁi"ﬁﬁ]ﬁﬂﬁﬂﬂ
Y =2 = Y v ! s ] A
mﬂuumﬁﬂym’nmmlmmﬂlmmemiuauuaztmaﬂuImmu‘ﬂmuwfcm N1IAIVAY
1 o Y Sol g’/ 9 @
ﬁl@“])’ﬁgﬂ'g'lilﬂ'lﬁ“ﬂllﬂ NITUUNULUUNS BN 5ﬂﬂﬂﬁﬁﬂy11ﬂiﬂﬁ51ﬂﬁlwﬂiu NIIVYIIUUINNT
a ° 9 79 Y o a ad v
Had NITATUIUAUNU Ll,ﬁ3ﬂ'liﬂ§$Qﬂﬁ1°ﬁﬂlw@§ulla$ﬂiﬂllaﬂ@ﬂ‘ﬂlﬂuNaWﬁflﬂVlﬂiuﬂTi

a o o o ) a
Nﬁ@lﬂﬂ!"ﬂiﬁﬂf‘uu’l?\iﬂﬁl

dd' 1 Vo
azTarinmanazlasy
Y @ A a A [ Y :7
1. a0 1 IaaAIMangaaMNIsuNEAT TuMInanmo T AU
2. ns1wanmziwinzavlumsranmesy
9

3. lRszuudunuunagnudunumswasfmosuanTaqrmao vz au

a o J 4 ) A = @ a
4, "lﬁ’wammmm%dmmmnmuWﬁmmﬂw\laiuuazﬂmuaﬂﬁﬂ



33

UNh 2

U

J ad
a6 Q‘ijﬂ'iﬂ! HagItTNIINAA0N

e
D

o

U

d
aquazgilnaos
> = o % =) = %
1. IngAuamSumananamledu
a Yy v v s ¢ Yaqy v A a o
Ty TuTaReungauug 901U ludandagaval iraagadunaldnal $o91nUTEn
s 3 ) ! y & P v o P A ) a
uuna iy thwzndun anduaungiiaa ludiniaasvar nduanlad Feaniu fa @
=\
a lungamnuriiuns
= :’ Y \
1.1 MSA8NINZ NI 1NN
o ¥ ¥ Ay ¥ Yy 9 A A Yy a %
Unhueni e 1du1nieeded1v11U19 ensouavaIanilsn uduaniiiaia
A4 A Y v ¥ Z o 3 ) Ao Y 9 v X
ng Taaermuanududuvesima mnduinihwgndnuniiududuudr lnsesaiuroe
) Y o o H & ' ° 9
AenTzAENTd 0.45 T Tasmas udnihldiadsuaniaanamuanouiiunle
= d
1.2 Masgnnduanlag
& 7 o H I~ Y o v Y} ~ ~
Fanduanlaa 40 n5u azareluii 1 aas udni Il lianudoun 121 ssemaFod
~ g . Yy v D) A A v q ¥ ) Y o
15 119 10U UINVINTDIAYRIVIITNG 2 501 (HBIDINLNOUNANHAI INANSoUDDN 1A
1 (% 90’ gJJ 1 o
aulalSadSnanhmananuanouinnly
o vy ada !
1.3 Maesgnhuzn3 nuandnihmatazuras lulasiou
o ¥ ¥ Ay ¥ Yy 9 A A Yy a 3
Unhuend1uan 1du1nisedred1v1Iu1e ensouavaianilsn uduaniinaia
4 A Y ¥ Z o % ¥ A e Y 9 a !
nglaaNeINyANWTUIUUYDIUIATG DINUUU VNI AN BTN TUD BANLKAY

A Y 9 Ao Y v &y Y
"l,uimmuwmmmmuﬂmwu@ l,l,ﬁ’JVIJJﬂi@\?‘ilﬂl“])’@ﬂ’)ﬂﬂi$ﬂ1ﬂﬂ‘if]d 0.45 Ullliﬂilll@]i LA

v

9 f °
1 lddadSuaniaananuaneuiianly

G

2. gaun3d

'
[ 4 a

a3 a o

Lactobacillus kefiranofaciens JCM 6985 iHunuaiisouanani lgdmsumsnaname
o & & . . . A o A A g a
JU @3%¥0910 Japan Collection of Microorganisms ﬂizmﬁtyﬂu nurareiuanlunaosoa

Yy 9 9 Y a =

ANULUNVUIDIAL 30 ﬂTﬂj@]QﬂlW{]M -20 DAY DL YT

¥ X a @ A ) 4 o &K A 9

ﬂ@uﬁf’ﬂﬂL‘I/\I@ilﬂiuil"lﬂﬂiglﬂﬂmuﬂu Lmzimmiuﬂgqmwumum DU UYDLIUAU

Tuuwaagerinumsdmlasuennign 11hou meldgungil 4 osnaaidod



d o (Y ng X a ~ J ° (Y a d
3. QTJﬂimﬁ]‘ﬁi‘ll!W13!ﬂﬂﬁ!‘“ﬂi}ﬂuﬂiﬂ!!ﬁ%ﬁ1ﬁiﬂﬂ133!ﬂ51$°r‘i

34

A A A
YOLATOIUD

U

q

UIHN

9y zil a =
ANUITFOQUUYI -20 ovF ATy

v & 1 A
N RIRERICS

9

Alaoaio
IATDINIUATT

A Y Y
wngealianudou

A [ <
IATDINIULUMAN

a

A 4 =
mimﬂmmmmmuqmmu

U

v ¥ ¥
AOUANVIDULTN

A '
PRGN KN

d’ v A
IATDIIANLDY

.2

919U1AIUAUYUH N
4 a 4

insosannTas T Taiimos

IS 0IFIALIDEANALIY 4 AN

IS DIFIALIDEANALIY 2 AN

SF-C697(GYN)
SS-325
5270044
STS

HS 115
ROS5

5203

UM 200-800
Contomate
MOIIL

420 A

W350
U-200

BP 210-s

HF-1200

Sanyo, Thailand

Tomy Seiko Co Ltd, Japan
Hotpack, China

FinePCR, Korea

Ika Labotechnic, Germany
Ika Labotechnic, Germany
Hitachi, Japan

Memmert, Germany

B. Braun Biotech
International, Germany
Orion Research, Inc., Japan
Memmert, Germany
Teachical
Japan
Sartorius, Germany

A&D Company, Ltd, Japan

Cooperation,

4. M31AN

= o @ a L4 = @ %} g
’G’f'lilﬂllﬁ'l'ﬁiﬂﬁi')%')lﬂi'm‘ﬁﬂ%u'lﬂ!ﬂﬂ/\l@iu tazdsuaihnaniviva (MANUIN)

adq v ¢ O {
ﬁ1§lﬂuﬂﬁl%lﬂuﬂ\‘]ﬂﬂizﬂ@ﬂclu@’lw’lilafl\u%@



2 A
5. 911191agLYyo

35

5 < H o o o 2
m‘VﬂSﬁHiﬂgﬂQ’@]i Man-Rogosa Sharpe (MRS) 910 Hi-media d115U16i3 811210

=
a1y

13319 (MSuABANT)

Dipotassium phosphate

Meat extract

Yeast extract
Glucose
Polysorbate 80
Ammonium citrate
Sodium acetate
Magnesium sulfate
Manganese sulfate
Peptone

Agar

10.00
2.00

5.00

5.00
0.10
0.05
10.00

15.00

A 4 v
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TuTasnuduvisdasuvaslulasnusinign (g2558l guuany, 2559)
GRFIGIY PSuna (nSuaeans)  USwaluTasou (nSureans)
Tryptone* 20.00 2.40
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Yeast extract™® 10.00 1.09
Glucose 30.00

Polysorbate 80

Tri-ammonium citrate

Sodium acetate
Magnesium sulfate
Manganese sulfate

Calcium chloride

1 Hoaansnoans
4.00
5.00
0.58
0.28
0.74
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Table 6 Total nitrogen of MRS medium

Medium Amount (g/L) Amount N (g/L)
Tryptone* 20.00 2.40

Meat extract™® 20.00 2.50

Yeast extract* 10.00 1.09

Glucose 30.00 Total N =5.99
Polysorbate 80 1 ml/L

Tri-ammonium citrate 4.00

Sodium acetate 5.00

Magnesium sulphate 0.58

Manganese sulphate 0.28

Calcium chloride 0.74
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Figure 6 Diagram of pasteurization equipment.

Source: http://www.marchcool.com/en/SME-Pasteurized-mini-set
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Figure 7 Pictures of pasteurization equipment.
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Figure 8 Inoculation of 1 L inoculum into 7 L fermenter and incubation for 5 days.
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Table 7 Kefiran production, kefiran yield and total acid production using kefir grain and pure

culture of L. kefiranofaciens JCM 6985

Starter Substrate Time (h) Kefiran (g/L) Yo TA (%)
Kefir grain Milk (2%) 72 0.58+0.01°  0.0290+0.0001"  0.38+0.25°
Soymilk (8%) 72 1.92+0.06"  0.0305+0.0006° 0.26+0.03°
Pure culture Modified- 72 0.59+0.01°  0.0454+0.0008" 1.25+0.03"
L. kefiranofaciens JCM 6985 MRS (3%) 120 1.6140.02°  0.0629+0.0001°  2.67+0.04°

Different superscript letters in the same column indicate significant difference between treatments (p< 0.05).

Figure 14 Physical appearance of kefir grain (A) and photograph under microscope 100X (B).
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Figure 15 Effect of different carbon source on growth, kefiran production, pH, TA(%) and total
sugar consumption by L. kefiranofaciens JCM 6985 at 30 “C,100 rpm, 120 h and initial

pH 5.5. The sugar concentration was the same at 30 g/L.
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(a) Dry cell weight yield
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Figure 16 Effect of different carbon sources on dry cell weight yield (g/g) (a) and (b) kefiran yield

(g/g) by L. kefiranofaciens JCM 6985 at 30 °C, 100 rpm, 120 h and initial pH 5.5. The

sugar concentration was the same at 30 g/L.

Table 8 Effect of carbon source on kefiran production and analysis of nutrient cost

Cost of carbon Cost of Nutrient cost for kefiran

Kefiran .
Media (Sugar 30 g/L) source (Baht/L), modified MRS production (Baht/g-

(g/L), A

& B (Baht/L),C kefiran), (B+C)/A
Modified MRS-Glucose 1.29 3.2 102 81.55
Modified MRS-Lactose 1.96 14.4 102 59.39
Modified MRS-Whey lactose 1.82 11.2 102 62.20
Mature Coconut mature 1.91 2.0 - 1.05
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(a) Sugar concentration at 30 g/L
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(b) Sugar concentration at 50 g/L
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Figure 17 Effect of initial sugar concentration on growth, kefiran production, pH, total acid (TA,

%) and total sugar consumption by L. kefiranofaciens JCM 6985 under condition without

pH control at initial pH 5.5, 30 °C and 100 rpm.
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(a) Sugar concentration at 30 g/L (b) Sugar concentration at 50 g/L
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(c) Sugar concentration at 70 g/L
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Figure 18 Effect of initial sugar concentration on growth, kefiran production, total acid (TA, %)

and total sugar consumption by L. kefiranofaciens JCM 6985 under condition with pH

control at 5.5, 30 °C and 100 rpm.
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a) Dry cell weight vyield b) Kefiran yield
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Figure 19 Comparative effect of initial sugar on dry cell weight yield (g/g) (a) and (b) kefiran yield
(g/g) by L. kefiranofaciens JCM 6985. Data were taken after cultivations at initial pH 5.5,

30 °C and 100 rpm for 120 h. Difference letters on the bar indicate significant differences

between treatments.
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Figure 20 Effect of initial sugar concentration on specific growth rate (u). (a) Condition on without

control pH, (b) condition on pH control at 30 °C, 100 rpm, 120 h and initial pH 5.5.
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(a) Yeast extract at 0.5 g-N/L
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(b) Yeast extract at 1 g-N/L
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Figure 21 Effect of nitrogen concentrations of yeast extract on cell growth, kefiran production,

total acid (TA, %) and total sugar consumption by L. kefiranofaciens JCM 6985 under

condition with pH control at 30 °C,100 rpm, 120 h and initial pH 5.5



(a) Monosodium glutamate at 0.5 g-N/L
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(b) Monosodium glutamate at 1 g-N/L
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Figure 22 Effect of different nitrogen concentrations of Monosodium glutamate on cell growth,

kefiran production, total acid (TA, %) and total sugar consumption by

L.

kefiranofaciens JCM 6985 under condition with pH control at 30 °C,100 rpm, 120 h and

initial pH 5.5.
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(b) Kefiran yield
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Figure 23 Comparative effect of different nitrogen sources and nitrogen concentrations on dry cell

weight yield (g/g) (a) and (b) kefiran yield (g/g) by L. kefiranofaciens JCM 6985. Data

were taken after cultivation at 30 °C, 100 rpm, 120 h and initial pH 5.5. Difference letters

on the bar indicate significant differences between treatments.

(a) Yeast extract
0.025

0.020

0.015

0.010

Specific growth rate (h'1)

0.005

0.000 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7
Nitrogen concentration (g-N/L)

8

(b) Monosodium glutamate

Specific growth rate (h)

0.025

0.020

0.015

0.010

0.005

0.000

1 2 3 4 5 6 7
Nitrogen concentration (g-N/L)

Figure 24 Effect of initial nitrogen concentration on specific growth rate (1) under conditions with

pH control at 5.5, 30°C and 100 rpm for 120 h. (a) Yeast extract and (b) Monosodium

glutamate.
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Table 9 Effect of Nitrogen source on kefiran production and analysis of nutrient cost

74

Nutrient cost

Kefiran Cost of carbon Cost of N
Media (Sugar: 30 g/L) (Baht/g-kefiran),
(g/L),A  source (Baht/L),B  (Baht/L),C
(B+C)/A

MRS-Glucose 1.29 32 102.00 81.55
Mature coconut water (0.11g-N/L) 1.91 2.0 - 1.05

- Monosodium glutamate 3 g-N/L 2.00 2.0 8.26 5.13

- Monosodium glutamate 5 g-N/L 1.81 2.0 13.76 7.64

- Monosodium glutamate 7 g-N/L 1.75 2.0 19.27 11.01

- Yeast extract 3 g-N/L 3.26 2.0 41.28 13.27

- Yeast extract 5 g-N/L 3.51 2.0 68.80 20.17

- Yeast extract 7 g-N/L 3.64 2.0 96.33 27.01
Table 10 Kefiran production in other studies

Kefiran
Strain Substrate Reference
(gL
L. kefiranofaciens JCM 6985  Mature coconut water (3%) + Yeast 3.26 This study
extract (0.3%)
Kefir grains Whey milk+ glucose (15%) 0.2 Blandon et al., 2018
L. kefiranofaciens JCM 6985 Modified -MRS add molasses 1.29 Suksawang, 2016
L. kefiranofaciens JCM 6985  Modified -MRS add lactose(5%)+ 1.25 Dailin et al., 2015
Yeast extract 1.2%

L. kefiranofaciens JCM 6985 Whey lactose (4%) +Yeas extract 2.27 Cheirsilp et al., 2012
+8S.cerevisiae IFO 0216 (1.3%)
L. kefiranofaciens JCM 6985+ Modified -MRS add lactose (15%) 4.5 Tada et al., 2012
S.cerevisiae IFO 0216
L. kefiranofaciens JCM 6985  Modified -MRS add maltose (10%) 2.27 Wang et al., 2008
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Figure 26 FTIR spectrum of the exopolysaccharide in kefir grain (This study)
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Figure 27 FTIR spectrum of the exopolysaccharide in modified mature coconut water (This study)
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Figure 28 FTIR spectra of (a) kefiran nanofiber and (b) purified extracted kefiran
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Table 11 Monosaccharide compositions of kefiran

Substrate Inoculum Glucose/Galactose  References
Mature coconut water L. kefiranofaciens JCM6985 1:0.85 This study
Soy milk + Sucrose Kefir grain 1:2.13 This study
Lactose L. kefiranofaciens JCM6985 1:4 Wang et al., 2008
Maltose + Lactose L. kefiranofaciens JCM6985 1:6 Wang et al., 2008
Milk Kefir grain 1:0.67 Zajsek et al., 2011

Milk Kefir grain 1:1.08 Pop et al.,2015
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Figure 29 (a) Dry cell weight (b) kefiran production (¢) total acid (TA%) (d) sugar consumption in repeated
batch fermentation by L. kefiranofaciens JCM 6985 in mature coconut water added with yeast

extract under pH control at 30 “C,100 rpm, 120 h and initial pH 5.5.



Table 12 Results achieved during repeated batch fermentation by L. kefiranofaciens JCM 6985

&1

Batch Dry cell Kefiran
. YP/S YX/S TA (%)
number  weight (g/L) (g/L)
Batch 1 1.9540.03  1.94+0.04  0.0647+0.001°  0.0650+0.001"  3.51+0.09"
Batch2™  4.03+0.11  2.21+0.01  0.0737+0.001"  0.1345+0.004" 3.29+0.09"
Batch3™  3.31+0.14  2.7240.01  0.0907+0.002°  0.1105+0.005° 3.65+0.05"
Batch4™  3.63+0.48  2.76+0.00  0.0920+0.001°  0.120840.016°  3.60+0.14"
Batch 5" 3.7340.10  2.38+0.01  0.0790+0.002°  0.1240+0.003" 3.60+0.09"
Batch 6"  2.53+0.51  2.01+0.03  0.0670+0.001°  0.0845+0.017°  3.55+0.05"
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Table 13 Overall production cost of kefiran from mature coconut juice using gas for pasteurization

Cost (baht)/
Items Amount Unit cost Total cost
g-kefiran

Materials
- Mature coconut juice 20 L 2 baht/L 40 baht 1.08
Energy
- Gas for pasteurization 1.5kg 22 baht/kg 33 baht 0.89
Extraction
- Ethanol lost during reuse process . 2L 70 baht/L 140 baht
10% of 20 L

6.97
- Recovery Ethanol (4.5 kW 5 h) 22.5 kW.h 2.4 baht/kW.h 54 baht
- Centrifugation (1000L/h) 7.5 kW.h 2.4 baht/kW.h 18 baht
- Drying (0.4 kW 48 h) 19.2 kW.h 2.4 baht/kW.h 46 baht
Operating cost for 37 g kefiran 331 baht -
Production cost of kefiran (Bath/g-kefiran) 8.94

*Calculated from maximum capacity of 20 L
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Table 14 Chemical and physical characteristics of the lotion

Characteristics General lotion Lotion-kefiran Lotion-kefiran-lactic =~ Lotion-lactic
Appearance Smooth Smooth Smooth Smooth
Color White White White White
Flow -+ ++ -+ -+t
Viscosity 2010 ¢cp 3020 cp 2085 ¢cp 1230.6 cp
pH 43 3.59 3.51 3.50
Microorganism > - - -

*level of flow °Growth of microorganisms (+ found growth, - not found growth)

a (2 [
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Taduganiimsaufmlosunaznsauananiosaz 1 Tnnadooaz 35.38+1.45 awdle lavuyaian
niauananiosaz 1 Inaminuiesay 22.81+0.55 uaztiveNgane ladugaina lun luldiaudnle
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Wty 1.73 nsuaedas Idananssuansduoyyaddsziesas 52.23 (Table 15)

Table 15 Effect of antioxidant in all development formulas

Example % Radical scavenging
General lotion 6.59+0.19°
Lotion-kefiran 41.89+1.00°
Lotion-kefiran-lactic acid 35.38+1.45"
Lotion-lactic acid 22.81+0.55°

Different superscript letters in the same column indicate significant difference between treatments (pS 0.05).
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Table 16 Liking scores of 6 attributes in all development formulas

Liking score

Attribute
General lotion Lotion-kefiran Lotion-kefiran-lactic acid Lotion-lactic acid

Odor of lotion 5.80+0.81" 6.30+1.58" 6.55+1.74" 6.25+1.61"
Viscosity of lotion 535+1.82% 6.1+1.73" 5.80+1.61" 5.05+1.46"
Skin absorption 5.75+1.63° 6.40+1.56" 6.25+1.48° 6.65+1.38"
Moisturize on skin 5.95+1.20° 6.40+1.3" 6.00+1.4" 6.20+1.36"
Oily on skin (after use) ~ 5.95+1.39% 6.55+1.24" 6.40+1.11° 6.30+1.05"
Overall Liking 6.25+1.18" 6.85+1.01° 6.25+0.94° 6.15+1.18"

Different superscript letters in the same column indicate significant difference between treatments (p< 0.05).
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Table 17 Product Standard follow the STD.& & o/lo & & of Thai Industrial Standards Institute

(TISI) by GreenTech Biolab Co., LTD.

Formular Mercury Hydroquinone Steroids
General lotion nd nd nd
Lotion-kefiran nd nd nd
Lotion-kefiran-lactic nd nd nd

Lotion-lactic nd nd nd
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Figure 33 Standard curve of glucose.
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Figure 34 Standard curve of lactose.
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Uze Multiplier & Dilutiocn Facter with ISTD=

Zignal 1: RIDL B, Befractive Index Signal

FetTime Type Area Imt /Area Bmount Grp Hame
[min] [nRIU*=] [asl]
------- |==m=== | mmmm e = m e | mm s | m s | m e ————
7817 MF T+I 4.72711e5 2.10325e=5 994230 SUCROSE
9.346 MF T+I 2.324%3e5 4.31472e=-8 10.03144 GLUCOSE
10,037 MF T+I 1.53076es 6&.55840=2=6 10.03934 GARLACTOSE
10,321 ¥F T+I 1.9184leg 5.15485e-8 9.985084 FRUCTOSE

RIO A, Refraclive Index Signal (ASMAMSMA 2018-11-06 15-26-495151000004_D)
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Dilution : 1.0000

Figure 35 Chromatogram of sugar analyzed by HPLC method
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Figure 36 Monosaccharide composition of the kefiran produced by pure culture of L.
kefiranofacien JCM 6985 in modified mature coconut water analyzed by HPLC

method.
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Figure 37 Monosaccharide composition of the kefiran produced by kefir grain in soy milk

analyzed by HPLC method.
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Figure 38 DPPH radical scavenging (%) of BHT concentration.
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Figure 39 Product Standard follow the STD.551/2553 of Thai Industrial Standards Institute

(TISI) by GreenTech Biolab Co., LTD.

110



111

UszIndivey
‘ﬂ' a = =)
¥ ana UNAIOAAT 1DIALITY
stiadszdan 5911020030
UM TANE
a d' U =S d' o < =]
20 yoaaliny Ungusamsanun
INFAATUUNA PRI IUATUNS 2558
a 4 =\ a ]
neneanivazina 11 lade11s) Menaniialng
=

NUM AN

NUIATIMINNBLINYATIHATINNYAT

NURANYUMIANEITEIND AN TNUT Vadindnends umInoiadoaavaiuasung

miﬁﬁuﬁmmm%wmm

Abstract

Iadcharoen, A. and Cheirsilp, B. Utilization of Agro-Industrial Byproducts as Low-cost Media for
Exopolysaccharides Production. International conference “The Water and Environment
Technology Conference 2018 at Ehime University, Matsuyama, Ehime, Japan during
14"-15" July 2018 (Oral and poster presentation).

Proceedings

Iadcharoen, A. and Cheirsilp, B. Utilization of Agro-Industrial Byproducts as Low-cost Media for
Production of Exopolysaccharides, Kefiran. National conference “The 2"
Graduate School Conference 2018 at Suan Sunandha Rajabhat University, Bangkok,

Thailand on 30" November 2018 (Good oral presentation award).
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