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Abstract

This study was carried out to investigate the properties of crude exopolysaccaride (CEPS) produced by Streptococcus
thermophilus LFG in goat milk. The yields of CEPS from yogurt cultured with Str: thermophilus LFG were greater at higher
temperatures (40-45°C) than at lower temperatures (30-35°C). Goat milk yogurt had lower viscosity values than cow milk
yogurt. However, the CEPS yield was higher in goat milk yogurt than in cow milk yogurt. The yields of CEPS from yogurt
were also higher in cultured milk containing 3% glucose (14-21%), and 3% sucrose (4-16%) relative to the control yogurt.
Antioxidant activities were higher in goat milk yogurt supernatant (21%) and its CEPS (28%) than cow milk yogurt super-
natant (11%) and its CEPS (24%). The amino acid contents of CEPS were higher in yogurt using goat milk than that using
cow milk. The CEPS extracted from goat milk yogurt produced by Str. thermophilus LFG consists of carbohydrate (37% w/
w) and protein (63% w/w). The CEPS consisted of monosaccharides such as glucose 56.45% (w/w), galactose 42.35% (w/
w), galactosamine 1.37% (w/w), glucosamine 1.09% (w/w) and fucose 0.27% (w/w).
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w5o] Itk Bacillus sp.o) TFRH AL FFE B,
circulans, B. polymyxa No.271, B. polymyxa C3, B. poly-
myxa No. 458, B. polymyxa var. lactoviscosus, B. subtilis
FT-3, B. subtilis var. polysaccharolyticum 5] L&A 3)
UH(Yang, 1991). o]oll Blgted frbts o] 8- ool
S A= vlaA AAckBerg er al, 1993). 24 f
AhtEEol]l gk A1E-2 Lactobacillus  delbrueckii  sp.
bulgaricus(Kimmel et al., 1998), Lactobacillus helveticus
var. jugurti(Oda et al., 1983), Bifidobacteria(Hur er al.,
1995)8} Streptococcus thermophilus(Thierry et al., 1991)
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microcapsular 502 E{F3L1L, o]AS EA ] A FEY
T}A (exopolysaccharide: EPS)2} 3HH(Sutherland, 1972).

Sucrose”} EH-F BiA A Leuconostoc, lactobacilli,
streptococci 52 F-4HTol o8 HELAHo T ABAEE
4 OEFHY dextrane 1,623 o-D-glucopyranosyl
residueE 7FA|= polyglucan®]t}. Dextran® Aa]Hoz &
|3 9% PAZA F9H o2 o] 8H1 ItHAspinall,
1985). & wAE o3 WAHH= OgIFF AHAES
antitumor=A412] A3} 7158 JHA 3 Q3, §AkTo] A
ks TRRIE FAEAE A olEo] AU A
HAANE FIANTI B8kl I THKeating, 1985).
Kitazawa 5(1990)2 1 3A YEFEZRE slimeE2-& &
gt 4% A7 o] YFF= glucoses} galactose 2
thamnose® /3% phosphopolysaccharides® 813 % T},

EPSE mAEo] 717 o] A YEHE AlFEY
gEdRu AR gaiee 2 v 2R e 347}
olslaL FAmgo] HA 57) wEe] AFH A Ho)
7 2 UdFE & 4 JtHMargaritis and Pace, 1985;
Sutherland, 1972). EPSE #& /9] A5E Z7A)7)1 &
At A AS AFAA BaRAE] M) AR
g A4S SAATE AF) HA HES F, Az
34 Tol Ele =83 2 VA, E8F A9

S SARISE HAslele el FAANA FE A
o2 B35 Itk(Schellhaass, 1983). ©|# 3k EPSY] 7%
8l Ruas-madiedo 52002y FAHF O ZHE] A5
£ EPS9| A% 3¢t 2, % 2, AeE) A8 ¢
EY2HE At 84S ol 71984y probiotics
24 A A7l 7150l Jdka Bt} Kang 5
(19992 frikte] Adshe AES 379 715S 47}
A7 o] G, AEY 4L Hgse
283, dEF 89, e E a3 283 v|PEe]
Hozgo g FEIINY.

g Eo] Adehes TRl B TR HES F
ol miAEe] AXse PR AdHQ F8Ao A
A AT E3] ikl A3k EPST) 4% o
FE2A A 2 F3A T gddt SE2 A9 o]fo]
7Fs8tthe A wliEol] EPSE AAtsle kel tisk
HAol EoHAL AT} (Dick et al., 1995). PIYES o]&
g thgRo] ALk w Az, Bl pH, Bl O, %
=, gk 5 el gade 5 2 55, 499
7 2 F%, ik & 4E, vidls, 2, 2w 59 2

k
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mety B ArelMs ARE o83t HAAdol
< YERE Ax3] A3, £ 2 daEeRE 4
AEE O3AE o8 EHOT S thermophilus

LFG(Lim et al., 2008)° 2J3F t}dA] A2 93 wjok
Z0E& A0, AFRE o8t A HaE
ZXE B3 crude exopolysaccharide(CEPS)2] ofw]i=2F
27 i EAE RE ol8S HaEERE £
¥ CEPS$} Hlxu A3t
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T AdE FHLA FAF FNA Saanens®-E
© 2RE ZAFEt] YFAFEU A AGRE AlFHE
ko, $+= HolsteinF O ZHE 23 AF-E Al
o} WEF AZo AFEEAY. F F7 9EE glucose,
fructose % sucrose(Sigma Co., USAYS 1-3%% Mo
2 Frst¥en, startere= MRS A|EIA|A] 37°CE 24
AIZE Bt 22 23] Ald) it S48 59 F 1%Y
A7yeldnh. Aot 78 A ARgSt AfE 50-
60°CE o B3l Al EF787, 85°Coll X 587 EAE s
AR, Kefird RE] 223V St thermophilus LFG(Lim
et al., 2008)2 o] &3t 30-45°Co| A A=s} B ujo]
LEE9] pHY} 4.60] B W7EA], 412075 WEAT)
= FTAS B8 AP samples ANFHPH A
Foll ARE3I o, AT Ro] vdeE 2 Hrlee 29
THE 288t Hlaso

(2

Ha S| dd3} Ciehx E2|

Z70] meh wigE ek ENOZHE crude AE
2] ' FA|(crude exopolysaccharide, CEPS)2] ¥-2]= De
Vuyst 5(1998)%] WS 383l At mjgAS
14,000xg(4°O)Z 307 4y st F5ds FH3lo
filter paper(Whatman No.2)%& &J¥}3F ¥ 4ul3F2] ethanol
(95%)yS 73l 4°Col A 20717 B2t AAAZA L AEE
8,000xg(4°C)2. 2 1087 ATt HAES I3
e FEAZS AL crude A2 thdA|(crude exopoly-
saccharide: CEPS)® & %514t}

Yz Bl HESY
AT vjoko] 9EH FEEL 300 pmOE 287 W
gkt ATE A F 4°CollA 1243 A3 A S A
22 ARRSIATE 10°CY] AlE 100 mLE 100 mL-& B]Ad)
#3}a] Brookfield ViscometerModel DV-II+, Brookfield
Engineering Lab. Inc., USA), spindle No. 35 AM&-3l 6

pm A 1E Fo] HeE S P eE YEhIT

CEPSe| El&lE(EE) ¥ chF &8 53
a2 HE B3 crude AES] YA total sugar
FHFE glucoseE EFFOE AME-51 phenolsulfuric acid
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Wwo g Aeelr, vhld ke BiuretH-2 ©]-83tH

=
bovine serum albuming EFEAE AR FHBlATH

CEPSe| & 24

Crude AIXZ2] ohFA) 9] 47 42 fucose, galac-
tose, glucose 2 mannose 5 monosaccharides®}, galactosa-
mine¥} glucosamine 5 amino sugarS ¥-A}&}9j o, 3k
FE RO Z A lactosed] wsle] A5} Monosac-
charides®] ¥4& s A+= CEPS A& 0.15mg2 2M
trifluoroacetic acid(TFA)Sll =9 &, 100°Col|A] 4A|17F &
o} 71R3IA)7] 2L evaporators: ©]88le] TFAS $+43)
AAG 5 BAR AEZ 0.1pugd FYaAct Amino
sugar?] £21-8 9] A= CEPS AlE 0.1 mg& 6 N HCL
=21 T 100°CoA 4AIZF B9t 7REESIAIFIL 60°CZE
7194 24417 FQF HCES: $h43] AAS & 82248 Al
B2 2ugs FYSIITE. Lactosed] 42 A8 02 mgs
300 uLAA Gl =<1 & vortexingd}il 0.2 pm membrane
filter(Sartorius AG, Germany)®Z J3}3}] A|E2 0.1 pg2-
Fdetaint. E270] @ 242 Bio-LC-600(Dionex, USA)
system¥} column- CarboPac PA1(4.5x250 mm, Dionex,
USA)s ol8stfion, olgde] B¢ v@dF+ 16 mM
NaOHE 1.0 mL/min 402 A7) A ZH 21, lactose= 0.5
M NaOHE Z&F SFT9 E94t 1.0 mL/min #%
o7 ZARAA EAEA

CEPS9| ofn| it &4

Crude MXE2] t}FA| F2] Fol| =ik White 5(1986)
9] Pico-Tagido| we} HPLC(PU-980 pump, UV-975
detector, 807-IT integrator, JASCO, Japan)s ©|-835}o] &
At AR HAE)E Crude HE2] Th2A 100 mg
S #3kal 6 N HCl 15 mLE 713 & 3037t N, gasZ X
BlaL, A BPRE 2o} 110°Ce] QoA 2213F 7h¢
A F PZE ohe AlE I mLE F8ke] 045 um
filter2 <2}-5}99T}.

o3t A8 F 50uLE FHshe feldtel Yo dxAR]
T methanol 200 puL, H,0 200 uL Z12]31 trimethylamine
100 uLE EEH3F 88 30 uLE 7}kl vortexdte] 7%
A A, 1831 7)ol FEH A 2H(methanol 350 uL, H,0
50 pL, trimethylamine 50 pL, phenyl isothiocyanate 50 puL
9] E3t) 30 uLE 718k vortexdt TR AR2ollA 108
7k AA& & thA] 2171, methanol 30 pLE 7}t
vortex3F & ThA] AZAIZ] TS Pico-Tag sample diluent
200 uLE 7Pl skl & suLE FHske BAHEow
FU3IATE. o5 Z= 0.14 M sodium acetate trihydrate
9} 0.05% triethyl aminedll HPLC® ZR/5E 718l 1L
2 8% ¥ HPO,ZE pH64E ZA3I] o33t £9&
ARESEA T 40 AREE column®] 5% 40°C, flow

ML o o
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ratet 1.0 mL/min ©]3 A& 5

HMXIZ0is0l 2|8t CEPSS| &itst &1t

AAEE 4L BloisH(1958)0] &lgte] A8 1,1-
diphenyl-2-picryl-hydrazyl(DPPH)?ll T} free radical 427
aved 3ege AT HaS deds F4d
%3le] CEPSS 7 AlRE AN O™, AlE 0.6 mL
(1 mg/mLyel] 1.5x10*Me] DPPH/MeOH £ 24 mLE 7}
3t 3 vortex mixer® 1027} 7FL3HA A&slar AL-olx
105-7F WFX] 8k t}2- spectrophotometer(UV-1201, Shimadzu
Co., JapamE 520 nmol|A] B 43t ALksiRe

o, g27e FHTE o8

e BT ERE
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o 2 =0l }E Str. thermophilus LFGS| CHeHR|| A&t

Kefir2 5B 22\t St thermophilus LFG #-=7} A4
3h= crude M XS] T (crude exopolysaccharide, CEPS)
2 QA Y5k Ao +RE ol &St WYk &=
o] w2 wEEe] Ax WU CEPS R3S 243 2=
Fig. 1 @ Fig. 2¢} 2t}

Fig. 19]A9} o] a9 Hee AkGot ¢/ H&
B 2% 30°ColA 1287 35°CAl A 10417 Bt wiok
Al 11,1503} 12,330 cPo| o1}, 40°Col| A 6417 ) 45°C])
A 4A1ZF T2 wiek Aol 12,8003} 14,550 cPE YERY
40-45°Col| A a2 Aot =T E3F B AFE )
FEAS W ARk Hoe - TEES HErt 0T
38 CEPSS] Ee|3& Fig. 200419} o] - LEE

17000

Tenperaiure (C)

1 goat itk yogurt B cow milk yogurt

Fig. 1. Effect of incubation temperature on viscosity of
yogurt produced by Str. thermophilus LFG.
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Fig. 2. Effect of incubation temperature on crude EPS
(CEPS) yields of yogurt produced by Str. thermophilus
LFG.

A 4.06-4.46 g/LOIRT AFEF HEEBNM= 4.74-530 ¢/
Lo AHHy TaEEINA A veRt #2(30-35°C) Rtk
T B2(40-45°0)F2 N =T H =S CEPS Bl
2e FEFE AHEENE A URE AR 842
CEPS ¥ej3e &2 At Hou), Akokfel 9 ut
BES HmMe AR ZaEEe Axrl 7 LaE
o] Azel HISA 0-8.6% AT AT CEPSS] Eejsk
2 14.9-182% A VERT

o|H3t AI= St thermophilus Body 102 Hj%AIZ
TE ROl A 40°CHRTRE 31°Co A EPSS] AYatako] &7
LERRTRE Kang 5-(2005)9] Hi1e}, EPS Aol tigh &
To] Fe AP Aol7t Mot &9 ads B3}
Al AXSFE AL 71381 ¢tin 3 Ruas-Madiedo 5
(2002)2] A3} xo]& BT} ¥hde] De Vuyst S(1998)
& frite] EPS A Eo] wiR2AdH 2he 318 njA)
1T L%, pH, AA2ES T 289 ZExe] a3}
Al 28810 St thermophiluse 30°COIA 42°CE 257}
Vel el EPS MRS ZSU18Vom, L delbruckii
sp. bulgaricus NCFB 2772 pH 6.09] Z7A94 35°C)
A 45°CR 257} F713) ule} BpSe] AAHE Fvtst
Aot Yo, Zisu} Shah(2003)F St thermophilus
1257& o83t 24A7F B ket Aol 37°C(458
7.1 mg/L)ET} 40°C(622+ 11.5 mg/L)ol| A & Aarere
Baoiar sto] B Age] Ane} fAR HekS B

SHF MU0l 2 Str. thermophilus LFGS| CHEHA| A&t

Str. thermophilus LFGE. wjokgF Alokg ol 2.4 wg g
o] Meoh oA A miAe F8 vy JIS
ZAVs7] 98t AkekRot SRl 47 3%9 sucrose,
glucose F fructoseF F78}e] 42°Col| 4] 5A17F wjersl 2
= Fig. 3 D Fig. 49 2o}

1880
10

Sucrose Guctose

0 goat milk yogurt B cow rmilk yoourt

Fig. 3. Effect of saccharide sources on viscosity of yogurt pro-
duced by Str. thermophilus LFG.
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Fig. 4. Effect of saccharide sources on crude EPS (CEPS)
yields of yogurt produced by Str. thermophilus LFG.
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a2} fractose B7HE GRS HVEEA] @& P27
Hlste} FARIAY 2818 tha B %S B
oAl Aol §irh S glucoseE 7 AL 4T
F LEFENME 6%, % TEENAHS 12%, sucrose &
7ol A= AR DEEONA 4%, S HEEME
of 8%2] HxF7t AdE Rt

5=8h Fig. 4914 E= nfe} Zo] CEPS A4 Ak
fr AEE0] - LEERT 49% & F58 HYS
W, o H7LEFe] A9 fructoses CEPS Akl A&dE
7t 1o, sucrose H7FTolA] 4-16%2} glucose A7}
FolA 14-21% Z71EANS BYT, kG SEE(16-21%)
o] 9-f WEE(4-14%)°)4 Bt} CEPS Atk Z7ias
7} Rt} Kang 5(1999)2 Elliker brothE ©]-8-3} vl =)
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N Str. thermophilus$} L. acidophilus CH-22] &5 H7}
of oJst EPS9] Aaked ZA} Aol BAzke] {93}
7F ZA kot IF St thermophiluse sucrose H71
oflx] EPS Aito] wQko ™, L. acidophilus CH-2= glucose
e =2 A3E Aokl sk8ict. Mitsuda 5(1981)
< B. polymyxa®l 23+ EPS 1S 93F eh4hgd o]8-4]
ZAVS B3] EPS At 71 849 B9 glucose
2t 3k, T3 Yang(1991)2 B. polymyxa D1TF52]
o5 Aol sucrose?} 713 A3, glucose, fructose
o} g 55 AUIEE W TAANSS oY YgaF
AHe: mekt stk webA B A3 AA+= Kang
=(1999), Mitsuda S5(1981) 2 Yang(1991)2] B9} 2]
SHAlE FAAITE, ghAglo] EPSS| Aol vXE P
A ¢om, B4l F glucosedt sucrose?} EPS A4kl
Hw 3] 52 875 Holy fA A3S vehfiglch
olake] AR St thermophilus LFGE 0|83+ &
=9 Aol Y- Aokt LdEERT - HEEo| 8-
14% =& ATS 2al, bl CEPS?) Aarzke 9%
WUEEHT} AR WEEC] 499 F HAAYS Hoj A

2
)
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rlo
)
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S, ole BEEY AEE sk casein®] 24 X
ololA BIZHE AL g -casein® FFo] L $-F L&
£ oo Ay Hro] JES vFom, ks o
hz2. -3 oA vst] soft curdE FAICH=E X
I(Jenness, 1980)2} 22 5430l 7|Jsh= Aoz AYzhH
o} ¥HH CEPS®] A2 qkokfy wEEo] 9-F 28 E K
o Ek=d, ol 7 Aol visk] AR AEEC]
HAEEL Tl st o & EalEa njgEe] <3
U Z o]&Ho] grkEEA tEAE T Bol] ikt
Ayl Azt Ruas-Madieod $(2002)2 Hxd] o)
g EPSO] 87122 Eeir, Oes] EPSEgRte s 4
AE= AL opar WaEMp e Tl Feka) EPSSE
TS| e AE T GRS wror, EPSe] Ak
ZA 9] hardness'= HE] Holl T oA A3t
I ATk

-

AN Y s xAo] g} HEE curd?] hardness”}

THE Aol A gtel 2717} EPS 3l wles o
e ¢ 5 st

CEPSQ| otoj it &4

AkfRo} RS o| 83k St thermophilus LFG -5
2 42°Co| A SAIZE B wkst & B3k CEPSTOl &
frEjo] iz obE|iAt AL Table 17 2th.

Table 1. The components of amino acid of crude EPS (CEPS)
extracted from goat and cow milk yogurt produced
by Str. thermophilus LFG

(unit: nM/mg)

Contents
Amino acid Goat milk yogurt Cow milk yogurt

CEPS CEPS
Asp? 8.73 5.50
Ser 13.61 11.94
Glu? 31.34 26.20
Gly 16.31 12.58
His 9.83 8.23
Arg 10.02 8.99
Thr 20.91 15.59
Ala 27.84 19.71
Pro 78.80 63.54
Tyr 8.25 4.69
Val 32.92 29.09
Met 7.24 5.27
Lys 12.54 12.59
Ile 25.68 24.53
Leu 45.99 40.01
Phe 14.75 12.24
Cys 0.72 0.32
Cys2¥ 1.70 1.71
Trp 0.13 0.09

1 Aspartic acid and asparagine.
? Glutamic acid and glutamine.
¥ Cystine.

Table 194 X np} o] 4hekft 2 9 WEE=R
FE 523 CEPS EFojA] prolineo] 7HE Wol 3]
o] I, leucine, valine, glutamic acid®} glutamine,
alanine, isoleucine, threonine 922 24}, AHekf-9) 95 W&
SolA 283 CEPSOIA 22 AFFS Btk Iy
glutamic acid®} glutamine®] ¥&o] AU FIl proline,
leucine, lysine, aspartic acid, valine¥} tyrosine 5% =9
2 3fHo J= YERTY ofr=At g HlE(Kwon
et al., 1998y i Aols BT =gk AMFF R
E23E 583 CEPSTY oAt dol $-f WEE
ZHE Bald CEPSZ9] olm)eAlH T} lysined} cystineS
AT L] olwieit Aol w2 FEe HAUTh

CEPSO|| 2/8t gitst 3t

2beRG Wl 280l St thermophilus LFGE 42°CollA 5
AZF Bt vjkA) Rl A EERE slimeFHY] el 2
CEPSE £-2]3l 3 DPPH radicaldl &3+ Axlzo] 2H4-2
233t e adsE A A= Fig. 59 2tk

Fig. 5914 K ulel go] 9-f waEIRE Fed
sl CEPS7) 11-24%9) 3Aabsl S48 Ve,

Abekg g ol EEE e 2 CEPSY 21-28%9]
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FD Supermatant B CEPS

B R &8 K& S8

—
o O

Antioxidative activies(%)

A B

Fig. 5. Antioxidative activities of supernatant and crude EPS
(CEPS) extracted from yogurt proeduced by Str. ther-
mophilus LFG. A : Supernatant and CEPS produced
from goat milk yogurt. B : Supernatant and CEPS pro-
duced from cow milk yogurt.

2ol e ASE JEh SR HEE
CEPSY] &hitsl &Ado] of o). =3t 79
BEo AEHRTR= CEPSY a3} awp) w2
VERsTt

Bae 5(2005)2 $-HE o|&3ld FAFEES WU}
g HERe sl Aol oA AR Hrb
T A AR JEgo g 10.26-88.84%2] =& BAE
A5 e oW, 7712 RS A7k & iz
BE 45-115%8 Rk so] B A¥o)x vlm
A e 848 By

Yoo 52002y T, He], &, TA|nt T utsladt
ZAPIA Ba3Ae B3l 1.6-2.7) kst a3ke] =7}
& #RIsla, B3 OiF EE gas A4 2avy
T B3E FHA AT opu=ty HEle|= 4
5 719gta kvt £33 lactoferrin® F o123}
Aso 2 superoxides}t H,0,2H-E] iron-catalyzed
hydroxyl radical 42 A33c}Jeong, 1998). ojAtoA
LEAY F 9 Gl visld EARE7F SolsAl
o|FoA|= Akekf T do] vlwA Felohn|mAkg Hol
eI, w& veE AR tge] AEAT CEPS
ol FEo FdstEAde] 7Rt AdE, =
gt A9 B CEPSOl thd3d lactoferrin 5-2] Ael&
3 Felol= 22 ksl JEEC] H-H A7) wEL
2 A7

AR At ARG A AAEE EAgakae) #a87)
& BESAE EAA RS peroxideE THEA
531, ol dF, o, B, =8 T AUwe /2
A2 4 S)TH(Rice-Evans and Diplock, 1993). AA&A%
<> A9 A By F AAEE ROO-, RO-, R-
radicalel] HARE Fof PP BAR ABANIIAY A4

>
M
A
5 o

ror%

O

12:{5
[l

£

Aehike-S AdNTIEd % 8-S e ez &
HA o

olake] Azl ol Su thermophilus 1LFGE ©]8-3}]
Bt Atk WREBOIA F2i’ CEPSY| dtal 0]
W Fob AEFe) RFEES HAT A% 8% V)
54 ARE O 5 U A0 Az

Mofn WS ER FE| 228 CEPSQ| Et3iE(EH)

3 CHUE B4

Str. thermophilus LFG& ©]838}d 42°Col|A] 5A1ZF &1t
v ke abkR LEEA el$ CEPSS F93 o
A TR Table 29 2T} HolA Ri= ule} o] CEPS
o] FFFFo| 37%010 0 THATH] 63%= w4 =
AR, ol A gl AR F 2EaRHE F
3 EaE 84 TASe) fAktel s AEE o
Ao} g slime TAE-S FAISIAL A2 WA ethanolo]
o)3) o] AR WjEolet Tk P vl g
o 93] CEPS % EPS AFFS 3HIshH 9-f YasEe
1.50-1.65 g/L, Atokf LAE-LS 1.75-1.96 g/.s AAkst 3
o2 Ve, o De Vuyst 5(1998)2] St thermophilus
LY03S o8-8k 42°Col| A 2441%F B4t wiket A7 035
g/Le] EPSE AAHivhs Hid] Hlgte £ o)A
uk, Str. thermophilus 12575 o438} 0.5%(wiv) A4S
WA H1Ek wiR|ell A 37°CE 24A1%F B2t w2
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Table 2. The contents of carbohydrate and protein of crude
EPS (CEPS) extracted from goat milk yogurt pro-
duced by Str. thermophilus LFG

(unit: %, w/w)

Sample Carbohydrate Protein

CEPS 37 63

Table 3. The contents of monosaccharide and lactose of crude
EPS (CEPS) extracted from goat milk yoegurt pro-
duced by Str. thermophilus LFG

Contents
Sugars
(g/100 g total sugar)  (g/100 g CEPS)

Glucose 56.45 20.06
Galactose 42.35 155
Galactosamine 1.37 0.5
Glucosamine 1.09 0.4
Fucose 0.27 0.1
Mannose - -
Lactose 69.67 25.5
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