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SEAIHE A Q1 SDS(Sodium dodecyl sulfate)= SLS(Sodium lauryl sulfate)gt = 20 A 2t
S AR S Bol= AEo 7P Tol AMEEA Qe AdEolt. A Had A& 7|¥teg SDS+ 9
b s=ol Jollgt dF= 71A0s Aol wWedH. 9 U Aee 24 s=et =EH 7)1
et golstty. 1§ EeF 34454 W40 R UH L, UEUE d4E e AR YAl
SDS+ AlZof U]x]= AFtof] ot =AX o2 SLS7F Huje] AolQl= AlZFo 7 AFstth= A
o] gtslAlth. o]E ol SLS= QIst AZl mEE g 4 S & A

ofeb et 2719 RAS Ao)AE 1200me/kg-AhHS] 5 EolA
Wgol Uehdrtn @k & Agel 39 mnol 4y wF5lt 2ol ohd 4
U8 B9l SDSE A Ale 0F Ay % kol 9T 1Y £ AL

O

o] = £ S{l% E‘ﬂr‘ﬂl.*f\:_‘o rmsfoldlng 07}01] sk ME]'J_ 0}01 Saccbaromyces cerevisiae 9]
FARS] HHo] JFS Fo] MEA, nlEZCeof, dl, mHEAIE U HFAY FAgo] dFS FAT
(o]

@ Chlorella vulgaris °] §7
Chiorella vulgaris= %173 2~10um9]

i

fru

Y

N
=
Hel
ok
=)

FHo= 2 AR FulFos WA shssin] SR S
staL o wol aje] gHmE Bstel FARICH DAL Rafol sigsts AAYRlT oS HYS
Qutd oz Qopac] mo] ofsh AAHE A gk Quidos kLA, pH Wt Ha A, Y
T4 Aa 54 So| 22Aete] Y-S Aatsts o= A otk SDSE ARA AFE viet 2ol
we HY 972 59 £g A% 4TS F 4 b AU asz Wt 1 /Ee Ax
50%7} cell deathsh= EC500] 7|5t =0l 2 AR U8 of2) [& ]2 2ct.

Table 1. Chlorella vulgaris®] AHZAAA] &0 thst EC50

ThQFSh 2% (10 - 35°C, 5°CA xtol), A|7]1(100~800 nuEm-2s-1) ¥ pH (3, 4, 5, 6, 7, 7.5, 9)9] =71
of Theh MAUAL EY 25~30°C AN 2L U C vulgaris7h FAsHed] Aes AlZko] of 5.2
- 5.5y Wk O vulgaris 9 4EAd AAQl Chlorophyll a9 9Fo] b5~5.58) ¢ =9ttty stk ESH

&9 WAG cell volume©] 14% o4} =9k, 7Hg whe WSS EQ pHE 7 - 7.5%0hL st} AR
& &M C vulgaris 9 A ¥ =t 25~30°Co]a, HiF7IZH2 159 o7t Agde & 4 AT
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Figure 2. Chlorella vulgaris 2| §(
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Materials

:Chlorella  vulgaris, (8§X]), Erlenmeyer flask, micropipette, incubator, microscope,

proteol-APL(Sodium Cocoyl Apple Amino acids, Seppic), 1.5md e-tube, hemocytometer, cell

counter, cover glass

Method

.
yYE 57

L.

Chlorella vulgarisS Control(Omg/ ¢), SDS 100mg/ ¢ 2+ 500mg/ ¢ , proteol-APL 100mg/ ¢ @} 500mg/
(o) 52z FulE iRl BEdc

2. A% 0h9 Cell counting2 ¢35l micropipette2 o] 25t 1mdA e-tubed]| B33}
3. cover glassS Y& hemocytometero]| e-tubeo] &35t HiX]|S 100 EZsHc} (hemocytometero|

E75t= 2789 counting area B% E4335tc})
AEEe} dAY An]HS o]835to] hemocytometer?] counting area®] AA-S &1, counters O]
£3}o] cell countinggttt.

. Oh, 24h(1 day), 48h(2 day), 72h(3 day)E &3l @A =AE &9QI5ty, 5 day, 8 day, 12 day, 15

day, 19 dayS ol Wd=d2 el

. Oh - 19 day”tX] £A3t cell counting Z1+S 7|80 2 standard curve® AHAIstct.

-DNAZZ-

B

1. 2ml e-tubeo] HIZFSH =&
'I_

offl c'ﬁ <;|:o

3
4
5
6.
7
8
9

AR DLo] e-tube AR W7t FHYEE . heat-blocke o] 83] o 60°ColA SHEIICE of A
S of 3.5l vhEsic)

. DNA extraction buffer% Qﬂﬁhl 3087 vhg-A]7ICY

B-Z 14,000xgoll A 5F1F FA sttt
SHS 2AUAHA A e- tubeoﬂ %711, RNaseE A7Isit.
29l Chloroform:Isoamylalcohol(24 : 1)2 A7}stal vortexingsttt.

. 14,000xgoll A 183F daldejst A5Ag FF.

. Isopropanol2 A7Is DNAS A7

. 14,000xgoll A AdZ2]sto] A A1, AS Aejeh &He vt
7-

10. ogh&2 7ol e washingsteh. o] e 29 yhsstu Hxgch
11. TE bufferg A}83] @2l =0 DNAFZZ QWS ALr},

10 | The CELL Vol. 13, 14



Result & Discussion

Figure 3. Control, &AAIHEAAA|(SDS), AAAHEAA (proteol-APL)Q] cell counting 2y}t
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AR SDSE T WAsSHE J15 AR ool 2AE T & Ak 5L 2y
S}3 QIC. makA SDSE ols) AlEY 2 AlEote] Sulo] wWyw 9w, AELe x|l Pt 9
+ Ol55+AE Thyste e UEYHS Joz dddn. MMz de saAlzo s dFAY
of BmStAYAS uLA o Yol L Q7] Theo] AEso] RuAm ¢ Almote] e}
A7) MRS oz AR AAAABSA 100ng/ (] SEO AATS oMo Mmat 37t
5tict.(Figure 4) o]l AAAHZ AL Alz2 8 FEF otujiite] HYPH shetz4dol7] tied
Aoz AT ofuliAte e st telo]y] tho] AZUN ZF TEAY 2AS 3
‘dot=tl ol &stAl Hot. AR&RE Proteol-APL2 Aut2 BE RESH T4 ofuliihs HHPAIZ] Zo]7] of
ol BiA] Wolld =R/O] ol Bt stel ddwez A&slS 7ol e, old wat Alza
7F B7HIE Aeg AP Y, JAAHE/EA 500mg/ € 9] w=o] AP 100mg/ ¢ o] At
Do) AESTE 243 e HAY 2 olck(Figure 4) ol FYanlo] Ay A2 Ayzbwct
[Figure 6] Al2A|2 Ulo] EAists I doll Tt AlSHzo] Aol 932 & & = HAE
DA™ o g A-(Deficeincy zone), AAT(Adequate zone), S H(Toxic zone)& W0 H7|5] =
< Aot AMlzUod ddEe ABol AL F¢ MzgE dste EashE, WA, AE 59 AAA
DEAES] WY e WA IFS F 2 W) WRol YA, A Aol e MY Aug
ZqE & QAT B2 apefo] EAY HS, FAECl w45 St 59 ool 4% UEhdd &
Aol e JYULY 25 AsIShs 59 AL Fustol RAgO] A UEhd sisol ik o
Ae dste 71289 C(Ha), HEA), OKta), N(EAa)E A4 3¢, ZAxy oo tist d4o]
TS dah.

Figure 6. Nutrient concentration in plant tissue(Ordég Vince, Molnar Zoltan, “Plant
Physiology”, 2011)

)

a7t HOEAA HE A9 ABAR Yol BHS EFT ol FIUx F4

! = AsiE 4~ A
ot olo 7|¢tsto] = wh, AREST AAARLGAN J2U ZBootnj=ito] 100mg/ ¢ 9] sr=oA= AA
ol 2E A7) dioll M=za7F S7ier Zloz waEnt 500mg/ €9 s=v S0 g 5207
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M= S 100, 500 TOO

— e ) S

Figure 7. Chlorella vulgaris DNA extraction results

Conclusion
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Material

‘Transgenic Yeast(Cell 4), YPD media, spectrophotometer, incubator, micropipette, cuvette,

Figure 4. Transgenic Yeast(Cell 4)2| 7HZEA| pH 80 A Q| HIXF AL}, pH 80A Q| Cell 45 ZE$H
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Methods
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Result & Discussion

Figure 5. Transgenic Cell 4 strain growth results at pH 3
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Abstract

Herbaceous wild grasses such as Houttuynia cordata and Artemisia campestris
have been known for their pharmacological effects such as analgesic,
anti-inflammatory, anti-cancer, and hemostatic effects and are being used in
various fields such as foods, pharmaceuticals and cosmetics. In this study, the
reaction conditions were investigated to effectively extract antioxidant from three
types of plant resources (Houttuynia cordata, Artemisia campestris and cacao
nips). Each sample was extracted at four different reaction temperatures (25, 50,
75, and 100°C) for 1 hour using different concentrations of ethanol (0, 25, 50,
75, and 100%), and total phenol content and DPPH radical scavenging activity
were analyzed and evaluated to determine the optimal conditions for extraction.
As a result, the total phenol content of H. cordata, A. campestris and cacao nips
was maximized under the extraction conditions of 100°C and 50% ethanol, and
the content was fond to be 3.002 mg/ml, 4.917 mg/ml and 4.852 mg/ml,
respectively. It is known that ICsy, which shows DPPH radical scavenging
activity, has a higher antioxidant efficacy as the lower the value. The results
shows that the lowest ICsy of H. cordata, A. campestris and cacao nips was
achieved about 0.734 mg/ml (100°C, 75% ethanol), 0.901 mg/ml (50°C, 75%
ethanol), and 0.819 mg/ml respectively. Therefore, the bioresources used in this
experiment showed excellent antioxidant efficacy and are believed to be

applicable as functional materials for cosmetics in near future.

Key Words : Houttuynia cordata, Artemisia campestris, cacao nips, total phenol

content, DPPH radical scavenging activity
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HRt AAE BEst AY 2o £, AUl 2EEY DY R o} 7hx YRS
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AZITE mebd mE wsks oiFjsly] jsiAlE muoA AAEE Tele] Zaste A4 oA 2 Al
o A 58X AAE Yt AEsh AN it ¥ 5 o] 1 Qstt4].
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1. A 9y
2.1. A4 Mg € £&29 Ax
Z2A H}O]QHH/\E oy & (Houttuynia cordaz‘a) OIX12&(Artemisia campestris), 7171282
(Cacao nibs)E Zulsteich. WA ozl dR%e afele Fol AAMAL AR PAles

S
Ju

AR SLolsho] KHEE AFRSHYCH FHIREA
%6}01 ]'E u}501 KHEE }\}_Q_O]-Oﬂq
2r7ro]l AMlgsg 843 &9 vj&Z 111002 S FEC A4 o dxe] RUIIESE 1 g A 15
ml Screw capped tubeo] =t} O 202 &ujE 0, 25, 50, 75, 100% Ethanol =%of ot
A &A&ste] 10 ml & gojEch J2]1 25, 50, 75, 100°Co] mat 1 AJIZF 59t BESAIAA A&

EH%U}EOHH Aots AR Foiste] ZA71AIE ©l

2 ALgSIGT 99 2o WHoE ANL, JPledAn A AEY A2E FE5UC 5 1
= Y597 DPPH 202 27150 29 AlRE 957] 98] £5% 252 DWS o/gslof

)
s|MEl 22 x(5,1008) Awol SA AaE gsltt i

C= 500 HY S]A4latgict.

H(control) .2 AML35t= Al® vitamin

2.2. A P
22.1. 3 Hs &F 54
Folin-Denis ®}¥of T2} e-tubed] Al& F&& 10 pyl D.W 790 pl 28] Folin-ciocalteu 50
ple AHEd 2 gojE oS oF 37°ColA 1 AIRE &¢F §FS AIXl & 765 nmolA S8 =5 F75t
ok & He dF2 #E=2Q Galic acidE ©]&%t Standard curves &35HA A4t

2.2.2. DPPH Oz AAS
DPPH z}Ojzt AAHE=2L 1,1-diphenyl-2-picrylhy-drazyl(DPPH)o| 23t AAES Foldja= &t
2 F4stt. E-tubed] Alg F&&5 500 pl 2t DPPH 500 pl& +=Adz 2oj& tg 2l
Al oF 30 =%t Plate shaker % ol SFAIAZ. o]F 37°ColA 1’\1 P &ot BE Al & 24
HeA 517 nm oA & % 2733519t DPPH 2tz A7 59] Free radical2 (1-Al&9]
SEE/HETY §85) X 1 2 YER AT
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017 &g QAL DPPH 2tz 475 AL
25°ColA] & WS I & Hs T 0% ethanol (DW)OAl 1.14 mg/ml, 25% ethanolofA
1.69 mg/ml, 50% ethanolo]A] 2.18 mg/ml, 75% ethanoloA] 1.84 mg/ml, 100% ethanolofA
0.59 mg/ml = FZE T} [Csite 0% ethanol(DW)OAl 2.69 mg/ml, 25% ethanolofA]
1.30 mg/ml, 50% ethanolofA] 0.98 mg/ml, 75% ethanoloA 0.94 mg/ml, 100% ethanolojA]
4.97 mg/mletE Z=&5|9jct

Z g FHFE 50% ethanol =% oA 2.18 mg/ml=Z 71 =911 [C509] 4% 0.94 mg/mlo 2
75% etahnol == ol|A 71AF SForct,

25°C 25°C

- 25 B

E 2 = 5

E 15 ‘E‘, 4

ER! £

£ o2

hlll =, B m m

= 1 2 3 a 1 2 3 4 5

Ethanal conc. (v/v, %) Ethanal conc. (v/v, %)
Fig. 1. Total phenol of Houttuynia Fig. 2. I1Csy of Houttuynia cordata
cordata extracted at 25°C extracted at 25°C

Table 1. Total phenol and ICsy of Houttuynia cordata extracted at 25°C

Ethanol con. Total phenol (mg/mL) ICs0 (mg/mL)
(v/v. %) AVE STDEV AVE STDEV
0 (DW) 1.141 0.002 2.694 0.010
25 1.693 0.004 1.300 0.052
50 2.180 0.012 0.980 0.005
75 1.840 0.005 0.941 0.009
100 0.586 0.000 4.971 0.003

F0°CoflA] &= S I & Hs HEF2 0% ethanol (DW)oA] 1.08 mg/ml, 25% ethanoloA]
1.56 mg/ml, 50% ethanolofA] 2.14 mg/ml, 75% ethanoloA 1.73 mg/ml, 100% ethanolojA
0.37 mg/ml = FZE T} ICsite 0% ethanol(DW)oAl 3.39 mg/ml, 25% ethanolofA]
1.23 mg/ml, 50% ethanolofA] 1.03 mg/ml, 75% ethanolo]A] 0.91 mg/ml, 100% ethanolofA]
9.81 mg/ml T3 FEE U0t

= oy FHF2 50% ethanol T4 2.14 mg/ml2 7P =987 IC59] 742 0.91 mg/mloz
75% ethanol s EollA] 7Y Wttt



50°C 50°C

_ 25 12
E 2 F 10
E 15 E g
505 5,
E 0 T T T "_G ] T - T - T - T
= 1 2 3 4 e 1 2 3 4 5
Ethanol conc. (v/v, %) Ethanol conc. (v/v, %)
Fig. 3. Total phenol of Houttuynia Fig. 4. ICso of Houttuynia cordata
cordata extracted at 50°C extracted at 50°C

Table 2. Total phenol and ICysy of Houttuynia cordata extracted at 50°C

Ethanol con. Total phenol (mg/mL) ICs0 (mg/mL)

/v, %) AVE STDEV AVE STDEV
0 (DW) 1.077 0.002 3.394 0.008
25 1.564 0.001 1.229 0.006
50 2.138 0.001 1.026 0.001
75 1.734 0.001 0.914 0.007
100 0.365 0.002 9.805 0.018

75°ColA &% 3PS i & m=s TFHFS 0% ethanoloA] 1.23 mg/ml, 25% ethanolo]A] 1.33
mg/ml, 50% ethanolo|A] 2.14 mg/ml, 75% ethanolo]A] 1.78 mg/ml, 100% ethanoloA] 0.76
mg/ml U2 FEHEACH [Csbe 0% ethanol(DW)oAl 2.45 mg/ml, 25% ethanolo|A 1.24
mg/ml, 50% ethanoloA] 0.97 mg/ml, 75% ethanolo]A] 1.02 mg/ml, 100% ethanoloA 3.21
mg/ml 9HF REE ]It

£ 1% RS 50% ethanol %04 2.14 mg/mlE 7} =91 1C52 72 0.97 mg/mlo 2
50% ethanol =%=ojA 7}&F Wrokct,

75°C 75°C

_ _ 35

E E 3

& & 25

E1 £ a2

_2 1 215

£ 2 1

_2 I _2 05 l .

£ 0 £ 0

F F :

Ethanol conc. {v/v, %) Ethanol conc. {v/v, %)
Fig. 5. Total phenol of Houttuynia Fig. 6. 1Csg of Houttuynia cordata
cordata extracted at 75°C extracted at 75°C
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Table 3. Total phenol and ICsy of Houttuynia cordata extracted at 75°C

Ethanol con. Total phenol (mg/mL) ICs0 (mg/mL)

(v/v. %) AVE STDEV AVE STDEV
0 (DW) 1.215 0.004 2.451 0.121
25 1.330 0.003 1.242 0.049
50 2.138 0.002 0.972 0.017
75 1.775 0.002 1.020 0.032
100 0.756 0.004 3.209 0.094

100°ColA =& & I & = TFHFS 0% ethanolo Al 1.13 mg/ml, 25% ethanolofA]l 1.71
mg/ml, 50% ethanolof]A] 3.00 mg/ml, 75% ethanolo]A] 2.65 mg/ml, 100% ethanoloA 1.67
mg/ml U2 FEHLATH ICyoit2 0% ethanol(DW)olA 2.59 mg/ml, 25% ethanoloA] 1.29
mg/ml, 50% ethanolo|A] 0.96 mg/ml, 75% ethanolo]A] 0.73 mg/ml, 100% ethanoloA] 0.79
mg/ml B2 FEE U
= s FF2 50% ethanol =% oA 3.00 mg/mlZ 714 =9k11 IC509] 4% 0.73 mg/mlo 2
75% ethanol ==(DW)olA 715 wotct.

100°C 100°C
_ 35 3
T 3 E 25
E 2.5 E 2
s 2 =
S 15 = 12
1
Sos : I I
Zoos 205 .
g D T T T T g D T T T T
1 2 3 4 5 1 2 3 4 5
Ethanol conc. (v/v, %) Ethanol conc. (v/v, %)

Fig. 7. Total phenol of Houttuynia cordata Fig. 8. ICsy of Houttuynia cordata
extracted at 100°C extracted at 100°C

Table 4. Total phenol and ICysy of Houttuynia cordata extracted at 100°C

Ethanol con. Total phenol (mg/mL) ICs (mg/mL)

/v, %) AVE STDEV AVE STDEV
0 (DW) 1.132 0.002 2.595 0.001
25 1.711 0.015 1.297 0.004
50 3.002 0.010 0.967 0.003
75 2.653 0.001 0.733 0.002
100 1.670 0.002 0.791 0.001

= 0% ethanol(DW)oJ|A 50% ethanol7}X] Z7}stal 50% ethanol®-E 100%
ethanol7tX] ZFAastth Z& AAFLES EE0(A 100°C, 50% ethanoloA] 3.00 mg/mlz 7H& 2

= = o
FETS B



Fig. 9. Total phenol of Houttuynia cordata extract
according to extraction temperature and ethanol

concentration

2= F2F 2HE 185ty [Coott2 Bl3l2 o 100°C, 75% ethanolo|A 0.73 mg/mlZ 774

S92 U2 7P<JEJr x#og2 MAMH vitamin CO ICsS 2.04 mg/ml o], oj¥r} e
4%] 7t e 25 2L 25Co|A 25%, 50%, 75% ethanol, 50°COllA] 25%. 50%. 75% ethanol,
5°Cof|A] 25%, 50%, 75% ethanol, 100°Cof|A] 25%, 75%, 100% ethanol o|C}.

Fig. 10. ICsy of Houttuynia cordata extract
according to extraction temperature and ethanol
concentration

3.2. ANZ| F mWE AF A4, DPPH 0 2745 BN
A3} Fig. 113} 722o] 50% ethanoli} 100°CollA M| &&haFo] 7H4t
.98 mg/mli ZATEQITE ¥FHo| 50% ethanolyt 25°C 7oA 1.06 mg/ml; 100%
°C ZAA ZF2F 1.101 mg/ml, 1.013 mg/ml & 71 4 & njsdheko]
As=UH 5 ﬁﬂ%?:.}%k IV =2 A oY A2 o] AbolE wluwsiE W oF 491 v = o]
?_]7\

@
@
=
o
=]
=3
i)
NS
o
a
»e
3
S

2 HAY 2 Yok AT%Y F HEPFS PRE 2L ethanol RN Lo Tt e ow
AN B HEEY ol B2AP) Lt MR S2AAS & HETF Yol I/ e =

& 2 qlth whHO] 50% ethanol £70|A= 50°ColA & m|&shafo] 75°C Hr} 0.17 mg/ml U
= Y 4 oot Mt WS Tt Al FE0 WS ¥¥e & Aoz wdHo
OFEEZER| 2 100% ethanold} 25°C &= x 7oA & msgtafo] 50°CHELt 0.09 mg/ml § =& 7
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Q1X1£9] DPPH 2tz AAHSS &Ast At Fig. 129 ZFo] 50%, 75%, 100% ethanol &= Tof
A BE 2ToA] ICsxEo] vH|Ldion <F 1.2 mg/ml o]5t2 ZAEE T EsF 0% ethanolyt
50°C, 75°C 2=x71 128]1 25% ethanol®}t 25°C, 50°C, 100°C &% ZZME ICsto] oF 1.2
mg/ml oJst2 WA RAME|QITt o]FoA 7MY 2 ICsod2 75% ethanolyl 50°CollA] 0.90

meg/ml2 EXEACH ¥rHo] 0% ethanold} 25°Ct ICs3to] 2.94 mg/mlz 71 =7 &XEA
ok ICsotol 7% & W 7% RS o] Alol2 wlwsiR® of 3.22 ¥} Y= Afo]g AT &
ATt ICsote 0% ethanol, & =& ©]&35t%S f 25°C 9} 100°C ¥h-g 2=xZ10A mjQ =2
SR B =T, ol T4atera4 90l 7P 22 £2F =AY sk xd0 o8l FAatetE
Ro] whujg Aoz 25T 2 9t
&
g
"_é’ 3 -..
E u 75
=1 I I = 007
,, 0 (DW) 25 75 100
Ethanol conc. (v/v, %)
Fig. 11. Total phenol of Artemisia campestris
extract according to extraction temperature and
ethanol concentration
35
3
= 25
% W 353
Sl 50°C
L
= W g3
0DwW, 25 75 100
Ethanol conc. (v/fv, %)
Fig. 12. ICsy of Artemisia campestris extract
according to extraction temperature and ethanol
concentration
U710l FAitst A2S F&EsH7] At RS 7] HsliA= Fig. 113t Fig. 125 &5l vl
A5l & HlEaYol &1 DPPH 2fojz 27159 ICRlo] e £AS WUESIE 98 W4rg
A5t =k ©gelA ethanol 5% 50% £ 75%: 812e% 100°ColA ¢ =71E UHEste A
g sl 4 glon] AHzZolRt A2 4 ik &% £7Q 50% ethanolz} 100°CAAH
25 485 HPLCE &dll A Ay Galic acid7t 7V w2 &2 AXIZ SAI0 H=2hed
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3.3. 7F1Y¥ A £ W= stF A}, DPPH 20 AAL AA
25°CoflA] =& g2 I & m= TH2 0% ethanoloA] 0.91 mg/ml, 25% ethanolof]A] 1.09
mg/ml, 50% ethanoloA] 1.19 mg/ml, 75% ethanolo|A] 0.63 mg/ml, 100% ethanolo]4] 0.11
mg/ml 9FE FEE] 9t} ICsat2 0% ethanolo]A 1.51 mg/ml, 25% ethanolo]A 1.28 mg/ml,
50% ethanolof]A] 1.178 mg/ml, 75% ethanolofA] 3.51 mg/ml, 100% ethanolo]A 8.85
mg/mlPrg FE5 A
= 1= 2 50% ethanol ==oflA] 1.189 mg/mlZ 714 =9k 1C59 742 1.18 mg/mlZ
50% ethanol ==0olA 71 St}

ook

25°C 25°C
_ 14 10
E s S 6
ERTA E ,
% 0.4 I E ) .
= 02 =
£ . : . 0 o . :
1 2 3 4 0 [DW) 25 50 75 100
Ethanol conc. (v/v, %) Ethanol conc. (vjv, %)
Fig. 13. Total phenol of Cacaonips Fig. 14. 1Cso of Cacao nips extracted
extracted at 25°C at 25°C

Table 5. Total phenol and ICsy of Cacao nips extracted at 25°C

Ethanol con. Total phenol (mg/mL) ICs0 (mg/mL)

(v/v, %) AVE STDEV AVE STDEV
0 (DW) 0.908 0.007 1.513 0.002
25 1.085 0.008 1.278 0.018
50 1.188 0.002 1.177 0.006
75 0.628 0.002 3.513 0.009
100 0.109 0.002 8.852 0.009

50°ColA] &= 1S i & o= THF2 0% ethanoloA] 0.73 mg/ml, 25% ethanolofA] 1.04
mg/ml, 50% ethanolo|A] 1.26 mg/ml, 75% ethanolo]A] 0.69 mg/ml, 100% ethanolo]A] 0.16
mg/mler= FEE 90t ICyobL 0% ethanoloA] 1.18 mg/ml, 25% ethanolofA] 1.19 mg/ml,
50% ethanolo|A] 1.18 mg/ml, 75% ethanololA 2.02 mg/ml, 100% ethanolo]A 8.98 mg/ml
%3 S

Z b= dF2 50% ethanol 504 1.26 mg/ml= 7P =9 1C5% 4¢ 1.18 mg/mlz
0%, 50% ethanol =TofA 7P urorct
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50°C 50°C

_ 14 _ 10
z 12 =
E E s
a1 [
Eos £
206 2 4
% 0.4 % 7
— 02 -
8% A B B = i, m m W
1 2 3 4 5 0 (DW) 25 50 75 100
Ethanal conc. (v/v, %) Ethanol conc. (vjv, %)
Fig. 15. Total phenol of Cacaonips Fig. 16. ICyy of Cacaonips extracted
extracted at 50°C at 50°C

Table 6. Total phenol and ICsg of Cacao nips extracted at 50°C

Ethanol con. Total phenol (mg/mL) ICso (mg/mlL)

(v/v, %) AVE STDEV AVE STDEV
0 (DW) 0.729 0.003 1.177 0.003
25 1.039 0.018 1.191 0.002
50 1.264 0.004 1.177 0.016
75 0.692 0.002 2.020 0.002
100 0.157 0.002 8.977 0.009

75°CO &% S o £ f= TFFS 0% ethanolo|A] 1.44 mg/ml, 25% ethanoloA 0.96
mg/ml, 50% ethanolo|A] 1.45 mg/ml, 75% ethanolo]A] 0.89 mg/ml, 100% ethanoloA] 0.20
mg/ml 9FE FEE 9t} IC5arE 0% ethanoloA 0.90 mg/ml, 25% ethanolo]A] 1.38 mg/ml,
50% ethanolo|A] 0.91 mg/ml, 75% ethanolo]lA 1.43 mg/ml, 100% ethanolo]A 6.22 mg/ml
oE 259

Z f= g2 50% ethanol 5204 1.44 mg/ml2 7MY =9F1 [C502 ¢ 0.90 mg/mlo &
0% ethanol =%ol|A 717 Wiy,

75°C 75°C
2 7
- =) E
3 1 I =
£ 05 I I £2
— —1
g D T T T T -_| g D T . T - T . T
1 2 3 4 5 0 [DW) 25 50 75 100
Ethanol conc. (v/v, %) Ethanol conc. (vjv, %)
Fig. 17. Total phenol of Cacaonips Fig. 18. ICsy of Cacaonips extracted
extracted at 75°C at 75°C



Table 7. Total phenol and ICsg of Cacao nips extracted at 75°C

Ethanol con. Total phenol (mg/mL) ICso (mg/mlL)

(v/v, %) AVE STDEV AVE STDEV
0 (DW) 1.439 0.014 0.897 0.001
25 0.954 0.001 1.378 0.004
50 1.44 0.008 0.914 0.005
75 0.894 0.007 1.427 0.013
100 0.201 0.001 6.215 0.007

100°ColA =& WS I & ms dFFS 0% ethanoloA] 1.50 mg/ml, 25% ethanolo]A] 2.87
mg/ml, 50% ethanolo|A] 4.85 mg/ml, 75% ethanoloA] 3.69 mg/ml, 100% ethanolo]A] 1.46
mg/ml 9F2 FEE 9t IC53te 0% ethanolo|A] 0.97 mg/ml, 25% ethanolo]A] 0.88 mg/ml,
50% ethanolo|A] 0.85 mg/ml, 75% ethanolo]A 0.83 mg/ml, 100% ethanolo]A 0.84 mg/ml
S S
= §fs THF2 50% ethanol =Z oA 4.85 mg/mlZ 7 =9k IC59 739 0.83 mg/mlz
75% ethanol =04 7 Wkt

100°C 100°C
_ 6 _ 12
5 T 1
E 4 E 08
=3 = 06
E 2 E 04
_j 1 l %‘ 0.2
§D , . ; . E 0 . . . :
1 2 3 4 5 0 (DW) 25 50 75 100
Ethanol conc. (v/v, %) Ethanol conc. (vjv, %)
Fig. 19. Total phenol of Cacaonips Fig. 20. ICs of Cacaonips extracted
extracted at 100°C at 100°C

Table 8. Total phenol and ICsy of Cacao nips extracted at 100°C

Ethanol con. Total phenol (mg/mL) ICs0 (mg/mL)

(v/v, %) AVE STDEV AVE STDEV

0 (DW) 1.498 0.004 0.966 0.025

25 2.865 0.044 0.882 0.001

50 4.852 0.031 0.850 0.003

75 3.685 0.019 0.819 0.001

100 1.464 0.001 0.843 0.001

5 He S vudls o, Z7Zto] 2wotth 50% ethanolof|Al 7P =2 £&5HS 7RI 7t
tedao AL & e o] 4.85 mg/mlz 7P ol F&" F& AL 100°C, 50%
ethanolo] i},
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Fig. 21. Total phenol of cacao nips extract according to extraction

temperature and ethanol concentration
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Fig. 22. 1ICsy of cacao nips extract according to

extraction temperature and ethanol concentration
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Table 9. Optimum conditions for antioxidant extraction from Houttuynia cordata

Ethanol concentration(%) Temperature(°C)
Phenol 50~75 100
ICs 25~75 25~100
Determined condition 50~75 100

Table 10. Optimum conditions for antioxidant extraction from Artemisia campestris

Ethanol concentration(%) Temperature(°C)
Phenol 50~75 100
ICso 50~100 25~100
Determined condition 50~75 100

Table 11. Optimum conditions for antioxidant extraction from Cacaonips

Ethanol concentration(%) Temperature(°C)
Phenol 50 100
ICso 0~50 25~100
Determined condition 50 100

= % v
olche Ants At o4%e} 717t d Aol vitamin BARI A%l%olE gallic acid5o]
qlct. o oag Al 552 UEhE HsstgEe ¥gstn
5

g 7oz gz
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Figure 1. Extraction process of apple tannin acids using an agitator.
A: Weight measuring of pericarp before tannin extraction. B: Heating extraction using

alcohol solvent.
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Figure 2. Environmental samples inoculated with BG11. A, B: 2018/7/5, Cloudy.
Incubated for 5 days after the inoculation of BGll to water collected from the upper
reaches of Hongjecheon. C, D: 2018/7/6, Fine. Incubated for 4 days after the

inoculation of BG11 to water collected from the upper reaches of Hongjecheon.

Figure 3. Environmental samples inoculated with BG1l. E, F: 2018/7/10, Cloudy and
humid. Picture taken right after the inoculation of BG1l. G, H: 2018/7/12, Cloudy and
rainy. Incubated for 13 days after the inoculation of BGl1l to water collected from the

upper reaches of Hongjecheon.

Figure 4. Micro algae observed in environmental sample A. (X400)
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Figure 5. Single-species culture from the environmental samples.
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Figure 6. Algae from single-species culture. A(X100), B(X400)
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Figure 7. Apple tannin extract extracted after 2-30 minutes of heating.

A: Red apple pericarp 100g, B: Green apple flesh 100g, C: Green apple pericarp 50g.
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3.1.4 &d A2 Zxt

Figure 8. Treatment of tannin from red apple pericarp in environmental sample B of

Hongjecheon.

Figure 9. Changes of Microcystis aeruginosa(NIES-298) by the treatment of apple tannin
acid. A: Control, B: Environmental sample A treated by the upper layer of green apple
flesh tannin 1mL. (X400), B(X400)

N

Figure 10. Changes of Microcystis aeruginosa(NIES-298) by the treatment of apple tannin
acid. A: Treated by the upper layer of green apple flesh tannin ImL. B: Treated by the
upper layer of green apple pericarp tannin ImL A(X400), B(X400)
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Figure 11. Microcystis aeruginosa (NIES-298) treated by the upper layer of green apple
10.A.@} Figure 10.Bo|A] M. aeruginosa’?t 5A]

pericarp tannin 1mlL.
Figure 9.A. (Control)¥} 8B]u3iS o, Figure
AR} kg T 2E SN 2 Wt Sy

gol2lS F7det ol &t Figure 9.B.9]
Al &=r}. Figure 1104 OREI7ER| 2 gkl Ty

3.1.5 pH &4 Zx}

(72h). Control

Figure 12. pH results of each micro algae after tannin treatment

included 250~1000uL.

Control included

Figure 13. pH results of each micro algae after tannin treatment.

100~500 uL.
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Figure 14. Graph of Chlorophyll a concentration difference by the time of centrifugation
and rpm.
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Figure 16. Graph of Chlorophyll a concentration difference by the amount of tannin
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Figure 17. Graph of Chlorophyll a concentration difference by the amount of tannin

treatment. (Environmental sample B)
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3.1.7 ¥ 5& 54 A
Table 1. Fv/Fm values of M. aeruginosa and environmental sample B after the
treatment of Apple Tannic Acid(ATA).
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. Microcystis aerugin

+ 100 300 500 =l
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Figure 18. Fv/Fm values according to the amounts of Apple Tannic Acid(ATA).
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Fig 19. Scenedesmus acutus (Illustrations of The Japanese Fresh- water Algae, 1977).

Scenedesmus acutusEI
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Fig 20. Scenedesmus acutus (Illustrations of The Japanese Fresh-water Algae, 1977).
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Figure 21. Distribution plot of Scenedesmus acutus [8]
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X1 = 0D663I-0DT5

Xa = 0D645—-0DT50

X3 =0D630-0DT5

g AR AE2 72 5 Mt =2RH Ue { =
APl sft A & g3t AlRtol Fateof AE Wie] AEsiles 27 dol 27 Ald
oAM= wol 971 Wiedd Aoz A, o3 AdddMe AlRte] ol AuA] i w7t A
o ABEE M2 ARgsior & Aoty AT M. aeruginosa®t AN AE LFAM oot FF
de A & Ao dixwo] vsl TAS A2l MEsdMes 2228 a9 &7t B
daEA TAY AMelfo] S7tge Tty 2228 a 359 448 T S7EIHE Jon

aeruginosad] sl & Soj7t ¥H Al HA2 22 v w3538 T Negative-Control AH
=29 2228 a x7F P Aol e e HAE &+ oo 22K o 7

iz AFgsto] Q5| VATt &30 Tt 222 a 55 9§ W
A= A Sl 0*7}4 Q&= QIgt oz AZIED. shR|TE FAlo of
2223 a 559 A ©d A2 offo] vsiA = Ads] F32 &g & o AvkA
At H W O & o} IOOuL TA 2], 200uL TA %|2] A= Afojojja] 222d a 4
45l 71 300ul o] RE = AR 222 a 559 g4t § o] YA e A
o tiz2«2t TAE 500ul A2jet AMEah vlwstlS of oF 30%9 dass BT ¥HA
A AM=L AmEH M ageruginosal] 2= =2] Negative-Control?] Zz2=24 a
glsl of ot e Arw oA gF §1 dZo sk gF2 TAo vls 4 A
A ooz TA &0 et AL das FE= Woll 2dEf
Aol oyt Zlog AEAE & Ao ESF M. aeruginosa®t= 22| 300ul o] A
2223 3 =50] 74 8o] HEA|A] AAIGA ZhAst= 71S &olat 2 ot ¢
TAZS 500ul A2lst M=} H|wstg S 1] 4482 oF 70% 502 M. aeruginosas A
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TAS] A= o g9 19t
Ho ey o olsh A Aot et
yEe AMaslE Zlolth ® AW Adjer UAlstE & APIAE
3 il E&ﬂ’ﬁﬂ Z2is Aelsto 2
a®) 557} Z43ctn et [ 25 ]
TA R2jzo| w2 Microcystis aeruginosa®t ER|ABe] AA; o a3
Mot ohgmt 2t M. aeruginosav -2lUet We| Ui G2 R/ 4% (Microcystis, Anabaena,
Aphanizomenon, Oscillatoria) oA 715 FHQIsH] LAES RIX|5t1 Y= Fojch. [17] &
AdoM = ARAIZRHY 24 @AS &o|1AF st w3t BFEd, At AEFA oy AYZ5l

32 8
to Mo
=

Y 7 2228 a0l g AHNE 25 Mad 2o2

7F's?t Apple Tannic acid(ATA)E Atm=RE FEsto] o]&siilrt. o|et {AH M
aeruginosa®l ‘g7%gAo] W AAH Ao & FEFAS o]&AYUY[16], &Y FEAS AFESH AF
ol ot [17] AAZ 7 F3tg ERIgt & A3HA & & %o A FEEZHN X2 INS
siZAstAL st =2 AKED e, 2 Aoz Zopdoz Ax gitg I £ A
o M. aerugmosaql ATAS A2jgh Aut FF/d a&0] &ds] AP on, T FoA= ATA
100uLE A2fstde o o8 oiv] &17F 7P £of. 100ule] tAC 2 ATA AFs 5210
A= o= 2“’16}2";% o], 22 F(100uL)dol= Est Aol A2lst 100uLe] Fgo] A|&A
O 2 UERFA] oIttt ATAZF AxA| 24 84T FAX o2 o]go] JJoHME gaprt &

Bitts 99 ATA =5 JdlofF &5 7oz WHH. 53] M. aeruginosa®l 73%-ole ATA

2 500ul Melde w 46% 71 FYAH Ggol WoiRy] WRol TA AA Hwo] tfgt x4
ol A7yt Wedh Zloz AMueEch dHm ATA 400ulet ATA 500ul 289 A& oA gutE
wls ., 400ulofA ot o fmojujeh g ARl Au7b YRttt e FAReE grolARE 2o
= ATA 400uLold o %7 549 olgt Thed ol £5% 4 ook A, eyl o9z
= ATA 500uLg A2t 250 277F 9 A7 ot 495 442 4 el sM=& oot
5t ATAS] o] 93]la8] x=20] Aor S o x27} 383t HE M7t & 9ty S&lo] HQ
2t ATA QFo] 400-500ul, Afold o &|t) &ab} Uepde o5 4 e 2ol

ATA 500ulg 7|&2=2 TAE M aeruginosa Bt &7 ABZQl SA|ABoJA ¢ GupAo|ict.
I

M. aeruginosa®) 739t 22| SAIABoIA= Az]gt ATAQJ Fol A24+E A &E0] FopA|
L dAS FAS Bt £3] SAABo] TAS A2J5¥S o Atidoz AX guprt o LAt
A=l olggt &5 &itof oot Y &80l M aerugmosaoﬂ Hlsl o Aslie oz Hel
o AAE & AE2 oYt 27 352 TS| gz, TAZL AxRA2A o]8 7HsAE
oo of SRRl RRoz ALY 4 Q1S Aozt AAHN
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Based on the sequence analysis and comparison

Discrimination of marine species

AT wad AR asy
Ay zay : AEE Fad
AR Aol o)A, W), BHH, dad, FAe
Abstract
Aol EAshs st Be 52 &¢tez o] 7hest T= QAT 2rHo] v&sho] SQFgh
2= Hurt 271 T= A9 EAEH. ol2fg Ae &5t BEES £Yo=HN A o5
Fote B9E EAISIH ABAIES §¢og mhHol ofdr] wiZo] |ujAte] =& &of d5iE B
= ol £H2 HQUSHA] 942 499 oF sample 8712 DNAS £74

3

SL & 42 Sl 7IE0] LR S vjudozH U sample 8709 2 RIS EAA}

o A"l oA 87H9l sampled R HAR7|(Larimichthys polyactis)@d Zi°l2tal 7Hdsto dE<

R sequence®} 7|E0] dAHR Fo| vlu AHE F S &0 USRI RS

dee ohreletot. A Al A 7Pt sample] F82 AR7|(Larimichthys

polyactis) G o0 A3 ZAto] sequence ESH o aiE 7t e Fx7|(Larimichthys polyactis)2 &
ek

dor e ok O rlropjo o

%)
o
>
L
N
e
=

- =249 o

2 Ang Helstn =59 Aus
BRa Z7bsel AgolH WabALue &

T

o

u

lo

Hu

>

N

[m]

0,
o e

S Al A=< 715320 samples
ARG tgdor gt g HE3 sampleAtA|Q] 747t A2 Zlo] ohg AFoA EetE|ojof &
Aog BZdET. Aoz AFol AATAL KIsjutgolA] Aot AEE mEHo| gigt 7|k AE &
ARSI FRotl o=go2A AEF wWHe Ha/dut o]o] AREE{ DNA barcoding 7|&°f tisto
Ay Froxtso] Az o3& 35k DNA barcoding 7]&9] 58731 d3e] ZQ/dE Ageith



Introduction

Y AEoR g Al ¥ FHIE FotE 4 gloy gFolet £ did olF 4% Al
siAlet o fEEoz 7|E Yyute 2 55 85| o A
de2Z Ad&sto] RGe ol& S
(intended mislabelling)’t A A|AIR 02 Z715t= FAoltt. dH= 7iutte] F¢ 3y, EEE, QFf
2 d|Est 57 gi=AIoA RFSE 3827 A= & 1687]9] A#=o| CFIA(Canadian Food Inspection
Agency)’t AIAIgE labelling 73] UJX]X] 6= 2102 E2tt. ol AAQ 44HAE Dot= 4
Aol intended mislabelling®] Tj& Aot} Egt A FUoA T Al ZAF ZAxf 73719 A4 F
167119] dAolA 7|5 ZAR|AR|(Ruvettus pretiosus)s FENA S7o] FARE thdol(Thunnus spp)=
4o wojst Atdo] Adtel up Qltt. ol2fst 22 WA S At AH|AY] S 9] QA= SHAERE
H

Ao YT $HL SOl WolAte] BUPAS AL AulAolA] Boj F B2F et Faret
WIb AFEolof k. WARE AAIA YRS 5 Bl o we A7v A= AT 57

3
g HAMI=EA el DNA barcoding 7]wo] M=% 57489 WHoz £% wu Qlty. DNA
barcoding2 & &&F0 783t &4 {AAE 74 tlolgyo]A0] FAE HEHZ(reference standard)Q =
SESIL AVIMEY e BluE Sl F2 0N ZIHolt. =% 54 Alole &2 nEZEL
o} A|EFZLATolA| [ (COT) AR 5'Uth 600bp 713 B82S o] &3t} sl SAA= 31 QA4
Hoy SA7 7 2o F UojAel ¥lol= I5] A2 ¥ Of T "olrp FAstEE BE T 5

= = —
R A Al dY ARREH. o] & ol&et s7o] 7IE FHIEA & U A9 fAE A=

At

=2 AFES B0 AtAo] AdidolA &elEllon] o] DNA barcodingo] tigh A7t 23]
X138 =] Itk DNA barcoding 7]&9] U] 0]& oA 2+ TFAA SAHE £7 24 el 27 AHA
S DNA barcoding 7|&& AMEsIe] ST 024 439 T Ajul(Butastur indicus)®] HAlo] XI°8E]
QIS RIg ARIZE Q. ATl WaRol &5he A4 2ARLRA BEAE FEAZI=H B2
g AgZ ot 22y dA WERY Al v ArdEer EAIERe] mhE MAIR] @A I HolAlge]
2 o2 ZFolz1 v FANCH ol2gt A=tollA DNA barcoding 7]&2 &oll HAEH op¥EE9]
TS st AEA £ £ =Rlo] 7hedlitts Ao 2 Hof DNA barcoding 7]&2 s X AJEA
HEO FopoMe Fa3t L2 & FAoR 7|gEnt

Material & Method

1. sampling

2291 oo x| wof 591 Sample 8012]S  FuOfstol Ao A} o =89
sample®] M2jx|L2juje} vix|2jujox RAS st FASISIAH. 70% YRZE 1YsE § heat
blockS AFL3} lysis 7S At

ofo
ol
—_
34¢)

2. DNA extraction
sty E A|g5oA DNAE F&3517] 98 AccuPrep ® Genomic DNA Extraction kit (Bioneer, Korea)
= Argettt 5% DNAL 1% TAE agarose gel AolA 517|955l shelstairt.

3. Polymerase chain reaction (PCR)

COlI §XAS &Z35t7] Yol =& DNA template 3ul, DW 5ul , Primer Fish F1 1ul, Primer Fish
R1 1ul, master mix 10plES =%t total volume 20pl=2 AAFSE & PCRE ZI8851ict PCR A of
A COl §47 Ulo] 52t 600bpyhae] Rro] SEE900] PCRO| AL&% primert o/ 0]EFce]

o} COI £Z09] univesai primer % 349l Primer Fish F1, Primer Fish Rlo|t}. PCR ¥l x7&
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94'CollA] 5% &< pre-denatulationg Zl3§et ¢ 94'ColA 30%7t denatulation, 55'CollAl 30%3t
annealing, 72'Co|A] 1%t extensiong Zlg§stil 2 7S 30cycle BHEsto] ZIs¥stct. cycle] ¥h=
o] 225 $ 72'ColA 102 %9 elongation 51Tt 0|5 1% TAE agarose gel AMol|A] 7| %5}
Z A2 oI5ttt A7|F 52 Eo] 42 DNA Zats 24U A& 7]¥(Macrogen, Korea)o] 9]2|s}
Z7F Al 9 DNA SequencingZ Z1385t3ict. sid Zib= NCBI BLASTE AR&sto] vl I oz

8 o

to 2 AlS samplel] =4S ZIsistFiCt.
Table 1. Fish &7]A4 <&

ook

Primer Sequence (5'— 3') Reference
. Ward et al.,
Fish F1 TCA ACC AAC CAC AAA GAC ATT GGC AC 2005
) Ward et al.,
Fish R1 TAG ACT TCT GGG TGG CCA AAG AAT CA 2005
Results
Table 2. A& sample®] NCBI BLASTZ 2 ZAfctEnto] Ax|w
J1-Fish J2-Fish
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Abstract

Recently, ferment filtrate from Galactomyces strains have been attracted in
cosmetic industries. Especially, Galactomyces reessii is known to produce
B-hydroxy-B-methylbutyric acid and redox enzymes. In this study, the cultural
medium of G. reessii was optimized based on cell growth, and the total phenol
and DPPH radical scavenging activity were analyzed from the ferment filtrate.
Effect of wvarious carbon source (malt extract, glucose, sucrose, maltose,
galactose, xylose, mannose, cellobiose, fructose, and locust bean gum (LBG)) and
nitrogen source (peptone, yeast extract, urea, soybean, and ammonium sulfate)
and incubation temperature (25°C, 30°C, 37°C) on the response (dry cell weight,
total phenol concentration, ICsy, and HPLC) was evaluated. As a result, the
highest cell growth was achieved by sucrose and malt extract as carbon source,
and yeast extract and peptone as nitrogen source, and 30°C as incubation
temperature. In the optimal medium, the cell growth was improved about 9-fold
compared with the control group. The highest content of total phenol was found
to be 0.57 g/L at 3% xylose and 1% yeast extract as optimal carbon and
nitrogen source. The lowest ICsy, an indicator of antioxidant efficacy, was
achieved about 376.2 g/L at 3% sucrose and 1% ammonium sulfate. In overall,
the ferment filtrate from G. reessii shows antioxidant efficacy, thus, it could be

applied for cosmetic materials in the future.

Key Words : Galactomyces reessii, Antioxidant, Optimal medium
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1.2 d1=58

G. reessii= A7} #79] o|20jX|X] ¢ n|AZo|ct wlata] YH AloA o] F27F A= &
2ol tiet 71& Ates EadE Ao O‘O*EHL ZI2A QY oE sgEd B tiAEA 2300 oiet
Hut geial vt gioint U]l gol AR §8E 22g Yol wsojdntn stiete 258 o
AT & o® 1 aves EY] giE2o 2 ddMe AELR G oreessivt AH o2 g7
& 2 Qe WAl RS AP B X} stk @41 G reessit Aok viA|Q] ®AYT AALE ZF
71 2elste] BigA] & A Sadat Aadg A4St o] A iR 2UA w2 EE 2
stls o w2 ot o= 430 Al 9T A G reessi®] AU thigAgAte] 7RbE

a (o]
radical 2715 24, HPLC $43 olgall Helstat otk ol% £l G reess117} Aeimo e
ofWg 7hxlE JMHEA, 53] SE RobollA 2T 4 ot AAA st Wotstuxl gt

1.3 o] &4 ©j73

G. reessine= GH|oJAlot ofAty RYX|O|A HHAH ESUBEO|THI]. G reessine HAYULE
glucose®} galactose, B4 UL peptones FY422 A= O 7P & Al2te 2oz LA UG
[10]. ol2gt G. reessii= o2 ool AtAA s4e B3 o ARE G
reessi’t WEojUl= 840Q laccasez UE ARAAE AASIY 7S o @ £ UG
[11]. EM=Z G reessinc: Je =& o= € W 59 &4 B35 AU AAE &5+
£9] 7]1%L 5= R-methylbutyric acid(MBA) A

B-Hydroxy-B-methylbutyric acid(HMB)Z %2
manganese peroxidasesS Z3tot= N2 g A0 7|9t POME(Palm Oil Mill Efﬂenent)_l o=
Aol ®50] Qlo] v]& HoA F&XQ 4 M2 AAR Zdo] &&= 4 JATH13].

rkgL il

I. A9 8y

2.1 Fermentation condition for Galactomyces reessii

2.1.1 #%& Az 29 Aelg vjRHES AU Y)

d
Aol ALRSE Galactomyces reessii= iP—} 0SS HEAE(KCCM)oA 2018.05.02.0] Bgure
2108 A& HSE= KCCM 502590|H EYHFS G reessii= Indonesia®] Hibiscus cannabinusoj
A Be 5A gt 4% #3E= malt extract 4%, agar 1.5%= &350 =9Il ?- 2M2] NaOH
o]-&sto] pHE 6.52 St& FHujx|o] =sto] 21°ColA 7Lt B ﬂ‘i“iﬂr 2 % pHE 6.5,
malt extracte] ==& 4% =2 St BAufR| oA 3LAR 3H vijdsto] #9 SHEE =T} UpR|TC
2 pHY: 6.5, malt extract?] == 4%, agar 1.5%=2 = AFHU| X oA % vl o5t T}

uju

2 87 ga9 1
E&i%QJ SOl ©et G reessie] A% Freg HAEIAIE olgsto Lottt Ao Arget ©
AHL malt extract, glucose, sucrose, maltose, galactose, xylose, mannose, cellobiose,
fructose, Locust bean gum(LBG)C 2 = 10&=o|t}. ZF AL L BSHAY9 =55 3%2, AL
el yeast extracte] =5 1%= §F WAUfR|OA] viFAIZICE. BRUfA]C] £7] pHe 6.52 &}

NYS APPL, 2R o] Bt vjx|o 8% FtYct. g 7T 150rpmO.2 37°CoA
vjgstdnt. oot g§a9S LBGR 9 A2FoM= S/4ol tigh LBGY &si=5 i2{ste LBG

kx rﬂ
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o] =2 1%2 stUtt. AT HiX] AL malt extract 4% AAsIF o0, iR HIX Q]
pHy 6.5, #9 5%+ iAo 8% = sto] 37°ColA 150rpme = 7Lt BiYst it

2.1.3 A% Wiy XA
ArHe] FHo] m2 G reessi?] A% HArs YotEIX} gioh AFHo] ARESH AAHS
3 APS

peptone, yeast extract, urea, soybean, ammonium sulfate2 &% 5&R/o|t}t. ZF AL A
Had RAF AY A U2 AA Hadd(sucrose)d| RS 3%Z, 70 24U FES 1%=2
A
L .

233 AAulRlo] o HEE viKe) 8%2 stol #2 viYetRTt AMAUAY &7| pHE 6.52
9rsof AYe AYSHAL, F& 37°CoIA 150rpmOR 427t vjstATt

2.1.4 A AR 5 FA}t
=0 g G reessi®] A% HES LotHAA ot} 7} S
oA 2 2A HAaY(sucrose)? L5 3%=, A AAY ZAL

stirh. 258 20 FEE virle] 8% stgld, AR £7] pHE 652 soict 7t A
2 150rpmo.2 427 ujokstict.

2.2 Fermentation profiling of Galactomyces reessii

2.2.1 Dry Cell Weight &&
Dry weight+= growth kinetics, yield factor, metabolic quotients®] st=S A3 biomass?]
Adgte s Atge=n dut st A4 A ojlE 3489 'a&2 =7l s 7IF0]l He
TR0 gholoi14]. Nzl AARFHS F7ctks U2 o] WUiio]l BuEQX|TH15] 2 Aol
+ M&Ao=m AEE|O|YE oven methodE ©]&3l[14] G reessi® AxEFS 57350
291 Aad, 255 ZY5to YA G reessiis U]2] AYE 573 falcon tube(W)of
7 4°CoflA 3000rpmO = 4087t AR5 g § G reessii®t S A3 25ttt ool &
falcon tubeZ dry ovenol|A 60°CZ2 48A17F 7AXRSIY 1, 7AXE H3} falcon tube?d] AZHW,)
ZAX5IY T A= chemical balance2 A4 A XI7HA] EASHYTH ESE G reessiil
A AxE ZFF(dry cell weight)2 X% i} falcon tube®] A AZFHW)olA vl2] F7J3t
falcon tube A2HW;)Q] XI& L5}t
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P29 stk & WAL SAsts $E F 2 AYOIAL I Sumnerst RS, G. L. Millers}
JN=Fstk 3,5- dlmtrosahcyhc acid(DNS) HHe /\}%ﬁ}mq carbonyl group(C=0)& 77X 9=
e SIAXAHLS 7K =], carbonyl group2 71X @& = 3 5-dinitrosalicylic acidES &7]4d &
7oA 3,5-dinitrosalicylic acid®] aldehyde groupS carboxyl groupo@ FHUA|A

3-amino-5-nitrosalicylic acid@ gr5oj[l6] AZME oA wr=ch oA wWHatE ME
spectrophotometer@ 540~575nmoj|A] 45 FA}SIH ©9 sHEFS dHlw EA4s 4~ itk 30
mQO] Z-F4of 1g9) DNS Alefz A7ieh §H €714 &d5 2/4ds5t7] 98l 2M9] NaOHE 20m0 7
7tstoth, Esh & FAbAo] Qs A HME HEX|5t7] sl Rochell salt(Potassium sodium

tartrate)g 30g A7t & S/+5 A7Isto] & A12F9] volumeo] 100md7}F =]A| SFATH17].

G. reessiiz BYst7] A %Oﬂﬂ} reessiiz Bt & A2 HE5HS 508] SJMAIZ] £ s]Aet
& 0.4m0°t A|=FF DNS Alef mQ% 2835t 60°ColA 3:3T WA & Wzt g
spectrophotometer= 54Onm0ﬂ/\1 SYEE 540 5%t §Y =+ glucosez e BE I

Mg olgatel gol Py AL

y=1.9288z — 0.0113 , R* = 0.9999

y = &9
x =3 Y

Sl Pa ElF F UMY F BFY g A §A F ey

Carbon consumption = C, = C;

2.3.1 & H= 3K Total phenolic content) &
ZX 5= o= Folin-Denis ¥, Prussian blue assay, Lowenthal ¥} =
o] 71X]7F Jou18] B oA+ Folin-Denis ¥} Vernon(1999)9] spectrophotometer
methodE ¥ WYPsto mle4d g9 SF= S5 Hesd 2252 4714 2499A
Folin—Ciocalteu(F—C) 19¥9] phosphomolybdic/phosphotungstic acid Z¢A|S LA AH(HAS
50o5to]) Aol gtdEAS AY/dsh=tl18], Folin-Denis W2 o] F-C A|efZ o] &sfto] A
H3lol 8 =X o}— Zio|t}. Vernon(1999)9] wtH o M ¥H3tE spectrophotometer® 765nm
]}\1 xﬂo]—‘— 7—1o]q— = ﬁﬂlr_skako q- 3]- e l:ﬂ-l:H oz /\10401.01111. G. reessiic HHoko]._]_ =
2]t A= o 100 E84 790, Folin-Ciocalten 50p0E 21l 30°CofjA] 887t wh2A|7Ich
Blankol= A& T4l S745 A7IstY ¥H8S 7885ttt o]% sodium carbonate solutiong

1500 21 24°CoflA] 1A]ZF =9F ¥r2 A7l & UV-VIS spectrophotometeri OD7sS =459
ok 54 Aot gallic acid2 WE ol BE TME olgstel & WL WAL
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2.3.2 DPPH radical 445 &%
Fatet 82 AA HolA free radical®] 2%
oi19]. Fareh SS9l gdsto] 7t
(1,1-diphenyl-2-pricrylhydrazyl) A75¥H-& AHEs5t3TH
204 eHggt 7] A4 radicale] YFC2[20,21] F HA gioﬂ w9 AR ke FhL}e] ﬁx}%
ZFAAL Qlen] HepS woh. DPPHeol & ®imj Ao H47p Ags rdo] dojubd
1,1-diphenyl-2-pricrylhydraine(DPPH)0] E® LgtME o7 F0{[22] Mo] dojX]= A of ot
2t Atst 53jo] Aoty WStk DPPHe:= 515~528nmoflA 7Hg W8 A £45H= ¥H DPPH
L 515~528nm FZojA wlg A EAFHK] Estug[22] B AIAAL Blois o] 7]utslto]
517nmojlA &4 =5 5745}ttt DPPHe(1,1-diphenyl-2-pricrylhydrazyl) 275 542 ¢st A
3 o 2= Blois(1958)xt Williams(1994), Gulcin(2003)9] €IS 7|¥to 2 35to] ¥y st ALE
stich Al 50009t 50010°] 0.25mM DPPH&9H(L0f methanol)S 24°CoA 3087F ¥H2A]7

S gpectrophotometer@ 517nmojjA S3 =& =451} blanko]= methanol ImdE 2911,
DPPH control2 A|&2TAl methanolS 50000 €olFch ESE H|WE 54 1mg/u0e] v|EHT]
C 50022t 0.25mM DPPH&9 500105 24°CojA 3087F ¥F2A]Z1 3 spectrophtometer®
517nmoA] &34 =5 =X359ct. Free radical A7 5L ofd Alog L3ic},

£ el DPPHe

0

—_—

-

Ay 1
—F X100
Ay

A, = the absorbance of the control reaction

DPPH radical A7 5(%)

A, = the absorbance in the presence of the sample
T3t DPPH radical 50%S AASt=0 =Qst X829 2=t £ ICy(Inhibitory concentration
50%)olzt stITt.

Al &9 5% (mg/ml) X 50

1Cso(me/m) = Sy ol DPPH radical 271 (%)

2.3.3 HPLC &A

Solujst & W =stefyt DPPH A7 50| UeERd A& Fof tisjA] HPLC (High Performance Liquid
Chromatography)S £ HJE& EA35190}t DAY yeast extractz 1451 ©HAYS &gt
A oA, A Y2 xylose, cellobiose, fructose® -Zg35t vj&]o] tjs] HPLCE &5ttt E35t
EAYS sucrose®Z 1A AAHE st A= AAYS yeast extract, soybeanS &
a et "ixlof] tisto HPLCE £7d5t%tt. HPLC= HITACHIARS] ]S o] &5 A2 FAluto]
Q32219 INNO Column C18 120A 5um 4.6x250mmE Argstgon, fuj(o]=AHE 50%
Acetonitrile2 A1 DAD ZA&7] o 260nmoj|A] &£A3sF¢ith. HPLCO £0[9] flow rate= 1md/min

2 st Aol ex: 50°C, injection volume 5p), BAAIZHS 30802 &hict.
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I A+ Z2a # u3
3.1 A+ Zx

3.1.1. "HjX] =AY 2 Galactomyces reessii?]l AN EZSF

Galactomyces reessii B HjA|Q] 2 & AAYL yeast extract 1%=2 1A5t10, HAYKS
Zy7] 27 sto] vjYget G reessii®] A% Jxe}f v § ¥a ojui o] Final pHE ‘—}Elrkﬂ 2
7t= Table 10]|t}. G reessii U vjX|9] =A & &HAYL sucrose 3%=2 1AStT AAHS 7+
7] 2 sto] Biger G reessi®] A% =t v} & @w ofatolof Final pHE UERH At
X Table ZOID} G. reessii 8] BiX|Q] R/4-& Sucrose 3%2} yeast extract 1%z 1178t Hj
FeEE st¥e O G reessi®] A% A= viY & €8 A4kl Final pHE UERH Zat
= Table 3015}

Table 1. Utilization of different carbon compounds for growth by Galactomyces reessii

in liquid medium

Media Composition Incubation Dry cell weight Final pH of
Carbon Source | Nitrogen Source | lemperature (8/L) the filtrate
Malt extract 4% 37°C 2.93 £ 0.19 4.73 £ 0.00
Malt extract 3% | Yeast extract 1% 37°C 22.777 £ 0.92 493 £+ 0.13
Glucose 3% Yeast extract 1% 37°C 6.57 £ 0.07 4.70 £ 0.06
Sucrose 3% Yeast extract 1% 37°C 25.90 £ 0.86 6.07 £ 0.17
Maltose 3% Yeast extract 1% 37°C 16.65 £ 0.52 499 + 0.07
Galactose 3% Yeast extract 1% 37°C 16.84 + 0.58 5.30 £ 0.16
Xylose 3% Yeast extract 1% 37°C 4.87 + 0.03 4.81 + 0.03
Mannose 3% Yeast extract 1% 37°C 6.16 = 0.04 514 = 0.17
cellobiose 3% Yeast extract 1% 37°C 5.32 £ 0.01 5.49 + 0.02
Fructose 3% Yeast extract 1% 37°C 6.05 £ 0.02 4.80 £ 0.12
LBG 1% Yeast extract 1% 37°C 5.28 + 0.09 7.85 £ 1.37

All analyses were mean of triplicate measurement = standard error

AAYE yeast extractz2 1AL, 2t7] T2 10529 &4 2 UL= viX| A G reessiis 7Y
ZF 150rpm o &2 HjYA|Z] 7%} EtAYo] sucrosed T 25.90g/LZ 7HAF A Atsron, 7 Qo=
EtA o] malt extract(22.77g/L), galactose(16.84g/L), maltose(16.65g/L)1 HiA] &=o=2 G

reessiZt 2 Apsit}. wretA G reessi| ZS]’Qq M-S olgo] ¥ 4 Qe EAY-2 sucroseolrt.
E OE AYTe ALY A RS gaput AAUe AR APTOIN 2 At
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Table 2. Utilization of different nitrogen compounds for growth by Galactomyces reessii

in liquid medium

Media Composition Incubation Dry cell weight Final pH of the
Carbon Source | Nitrogen Source | lemperature (8/L) filtrate
Sucrose 3% Peptone 1% 37°C 3.87 £ 0.03 4.60 = 0.00
Sucrose 3% Yeast extract 1% 37°C 472 = 0.01 5.34 = 0.21
Sucrose 3% Urea 1% 37°C 0.08 £ 0.00 9.67 £ 0.02
Sucrose 3% Soybean 1% 37°C 11.28 £ 0.08 4.80 £ 0.20
Sucrose 3% | Ammonium sulfate 1% 37°C 2.86 £ 0.05 4.16 £ 0.09

All analyses were mean of triplicate measurement = standard error

Table 2= HjX]9] EHAY ZRAE Table 19 ZAIoA G reessii®] z|A &Adoz AMAE
sucrose® 1ASHL, Zt7] .2 55 =0] AALYPo g2 gr= vijX|of] G reessiiE 150rpmo =2 4U7T
vj A7l Axtolct. Alg Aul AAYo] soybeand W 11.28g/L2 7P A Agfon] AAUo]
yeast extractl HIX|O|A At G reessi®] A7FF AA 4.72g/L= FA| AATS FAuA
456g/LS dAr}t. gt AAYo] soybean?Ql HjA]E= soybean® 727t #9] dry cell weighto]
TS FUS &= Y8R (G reessi®] FHA AYE G & Uv ALYCZ= yeast
extracts A7JstHct.

Table 3. Utilization of different incubation temperature for growth by Galactomyces

reessii in liquid medium

Media Composition Incubation Dry cell weight Final pH of the
Carbon Source | Nitrogen Source | lemperature (8/L) filtrate
Sucrose 3% Yeast extract 1% 25°C 4.00 £ 0.00 5.25 £ 0.20
Sucrose 3% Yeast extract 1% 30°C 7.11 £ 0.02 5.37 £ 0.25
Sucrose 3% Yeast extract 1% 37°C 5.10 £ 0.06 5.64 + 0.31

All analyses were mean of triplicate measurement = standard error

Table 3& Table 19] A3ZAu}9} Table 29] AdZAIOA HAAE FAHAYQ sucrosel A
AAAQl yeast extract® TFE H{X|O G reessiisS 4335t &, 25°C, 30°C, 37°CoA 150rpmo
2 4A7F vwjdst Aytolct. AAAY} 30°ColA G reessizt 7P A Aeron, Final pHE 72t &
EHoA 2 Ato]S HolR|= %Sk
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3.1.2 Galactomyces reessii &g oju}olo] = u|=3tef

0.8 -
0.7 4
0.6 4

0.5 4

0.4 4
0.3
0.2

.;IIIII'IIII

0.1
Control Malt Glucose Sucrose  Maltose Galactose Xylose Mannose Cellobiose Fructose
extract

Total phenelic content {g/L)

Carbon source

Figure 1. Effect of different carbon compounds on total phenolic content of
fermented filtrate of Galactomyces reessii

The total phenolic content was higher in all experiment groups than the control
group which didn’t add nitrogen sources. All analyses were mean of triplicate
measurement + standard deviation

HGAade delsty 7] vix|ofA ABAHE g o uboR 94 5 HsTdgolre Sado] xylose?l Hj
oA & mEsgol 0.57g/L= 71 =71 Ut ©AaYo] galactose?l HIX|Q} fructose?l Hj

Ao F m=EYE 717} 0.45¢/L, 0.47/L2 &7 L%%E%.

0.3 4
0.25

0.2 4

0.1 4

Total phenolic content {g/L}

0.05

T 1
peptone yeast extract urea soybean ammaonium sulfate
Nitrogen source

Figure 2. Effect of different nitrogen compounds on total phenolic content of
fermented filtrate of Galactomyces reessii

All analyses were mean of triplicate measurement + standard deviation
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TAYE sucrose® nAgstil, AALS Delsto] G reessis 71 HiR|IA Aibd da ofut
Ao A= HAYES yeast extract2 A|Fgh XA F m=gFo] 0.28g/L= 7 =7 ABAE
A, 1 ForR= A4LYOR peptoned AlFTh HiX|oA F W= o] 0.20g/LE =2 U
of. ®3t AALO =R soybeang AlEet HiX|O|A Al F HETFo] 0.18g/LE =7 Uttt ¥t
do] AAYE urea®t ammonium sulfate2 Fgg HiX| A= F mHeFdFo] 0.03g/Le}

(=] (=]
=] = = fa
[=1 n a2 un

1 1 1 1

Total phenclic content {g /L)

=

(=)

n
I

30°C 37°C
Incubation temperature
Figure 3. Effect of different incubation temperature on total phenolic

content of fermented filtrate of Galactomyces reessii

All analyses were mean of triplicate measurement + standard deviation

(]

£

AYE sucrosez AAYLS yeast extractz2 553t Hf | 2 g2 oA BiFAIZ S
, iR zof T2 G reessi? viFomAoA AEH F msdgS 25°CoA 0.24g/L, 30°C
oAM= 0.23g/L, 37°CollA+= 0.25g/L &2 =2 Z A}o|& HO|X| rry.
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3.1.3 Galactomyces reessii & a oju}oio] JtALSH &g A

Table 4. Free radical scavenging activity of antioxidants by carbon source changes

Compound Incubation
ICs (mg/ml)

Carbon Source Nitrogen Source Temperature
Malt extract 4% 37°C 484.88 + 11.15
Malt extract 3% Yeast extract 1% 37°C 549.98 + 57.09
Glucose 3% Yeast extract 1% 37°C 428.80 £ 22.86
Sucrose 3% Yeast extract 1% 37°C 561.96 £ 111.96
Maltose 3% Yeast extract 1% 37°C 428.14 £ 50.73
Galactose 3% Yeast extract 1% 37°C 585.27 £ 64.60
Xylose 3% Yeast extract 1% 37°C 1296.35 + 19.93
Mannose 3% Yeast extract 1% 37°C 437.79 £ 12.50
cellobiose 3% Yeast extract 1% 37°C 442.27 + 23.17
Fructose 3% Yeast extract 1% 37°C 465.87 + 71.23

LBG 1% Yeast extract 1% 37°C N.D.

All analyses were mean of triplicate measurement + standard deviation
N.D. = not detected

DPPH radicalo] 50% AAE=0 ZQsh gfg ojutolo] oFS AARSE ICyrd HHAY-S maltose,
glucose® 535t viX|ofA] ZtZF 428.14mg/md, 428.80mg/miz= 7Y A Ut EHAYS
mannose, cellobiose®Z 53t HiX|o|AQ] ICsy HA] 437.79mg/md, 442.27mg/mlz F ZFe 7t
Atk W9, 9498 wlosex 3T HIAIO LA ol Ao 2] [Cx 1296.35me/mE BE A
AT 5 M =2 [Cox BRI

Table 5. Free radical scavenging activity of antioxidants by nitrogen source changes

Compound Incubation
ICs0 (mg/md)
Carbon Source Nitrogen Source Temperature
Sucrose 3% Peptone 1% 37°C 565.28 + 11.37
Sucrose 3% Yeast extract 1% 37°C 570.65 = 40.45
Sucrose 3% Urea 1% 37°C N.D.
Sucrose 3% Soybean 1% 37°C N.D.
Sucrose 3% Ammonium sulfate 1% 37°C 376.18 £ 0O

All analyses were mean of triplicate measurement + standard deviation
N.D. = not detected

Aade Zasto] HigAl =M BAYS urea®t soybeanoz A|Fet HiA]= DPPH
ororct. ¥t A4 Y-S ammonium sulfate A|F§ BiR]AE B E
2 IC5Q 376.18mg/mi-2 HoZFQict

2
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Table 6. Free radical scavenging activity of antioxidants by incubation temperature

changes
Compound Incubation
T . ICs0 (mg/mQ)
Carbon Source Nitrogen Source emperature
Sucrose 3% Yeast extract 1% 25°C 516.15 + 88.71
Sucrose 3% Yeast extract 1% 30°C 526.17 + 148.19
Sucrose 3% Yeast extract 1% 37°C 542.29 + 40.00

All analyses were mean of triplicate measurement * standard deviation

HAYS sucrosez, AAYULZ yeast extractz viX|o] Fgeh H YR =S F2isto] viFAIR

3.3.4. HPLCE 53t Galactomyces reessii &g ojifoio] 48 HA
G. reessii ‘Fa o|ufHo] ot A #AZ2 {lsl HPLCE Al¥stict. Figure 478 Figure
17K = 25240 tist HPLCO] ZAitoln, Figure 11%E Figure 157tX]%= G reessii &g o]
vt st HPLC ZAxtolty.

ol

Figure 4. HPLC chromatogram of Figure 5. HPLC chromatogram of

L-ascorbic acid at 260nm Gallic acid at 260nm

L-ascorbic acid® 260nmofA] 1.84080A4 ZA&E 1, Gallic acidE= 260nmoj|A 1.95389
AN AEEAG.

Figure 6. HPLC chromatogram of Figure 7. HPLC chromatogram of
Vanillic acid at 260nm Vitamin B; at 260nm
Vanillic acid:= 260nmoi|A] 2.2078-0 4], Vitamin Bi= 260nmof|A] 2.01380A AZE .

Galactomyces reessiR| 2| MZFZ 1 HO| @ AtH 2OfZ.

1o
olo
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d
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Figure 8. HPLC chromatogram of Figure 9. HPLC chromatogram of
Vitamin B;; at 260nm Vitamin B; at 260nm

Figure 10. HPLC chromatogram of Vitamin Bg at 260nm

260nmoj|A] Vitamin Bj,&= 2.213+%, Vitamin Bsx 2.020%, Vitamin Bgx 2.893F0A] Z+2zF A
5 A

Figure 11. HPLC chromatogram of medium of composition that carbon source is

xylose and nitrogen source is yeast extract at 260nm
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Figure 12. HPLC chromatogram of medium of composition that carbon source is
fructose and nitrogen source is yeast extract at 260nm

Figure 13. HPLC chromatogram of medium of composition that carbon source is

locust bean gum and nitrogen source is yeast extract at 260nm

Figure 14. HPLC chromatogram of medium of composition that carbon source is
sucrose and nitrogen source is yeast extract at 260nm
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Figure 15. HPLC chromatogram of medium of composition that carbon source is

sucrose and nitrogen source is soybean at 260nm

e

HPLCE &0l G. reessi ¥a oo drgd i 245 F 2u, 5379 i oAtoA
L-ascorbic acid®} Gallic acid, Vanillic acid, Vitamin Bs, Vitamin Bi,7} ZstE Z1o=z 3H0]
T Tt EFAYE sucrose, AAYL yeast extractz I35t HiX|(Figure 14)9] ¥rg o u}oio| 4]
+ Vitamin By7} £7F=2 dRE A &9 & 2 Qo

3.2 1%

3.2.1 Galactomyces reessii®] Z|Ay|X]
Hadg Falet viAloflA vigRt G reessi®] A M FFS 54T Bite Table 12 i &
A & ok 2 FAl= sucroseoAl 25.90g/L2 A AT F 7P ©ol "é%ﬁ}&’iq. o=
malt extract 4%E 22 x99 79l 2.93g/LEC} oF 9uf] A=
A G reessii®] RAAARE Q5 HAYL sucrosez WHETH T 2]o% malt xtract0ﬂ/\1_4 =2
A7t 22.77g/L, galactose’l 16.84g/L 12]1 maltoseo|A] 16.65g/LZ2 A& AIAL9] HA4EHA
Q1 10.85g/LETh =2 AYES BEAG. EF Table 19 ZifolA AALS FI7IsHA] b2 dizdt
It AA Y9l yeast extractES A7ISE B & AIAFLA G reessi®] AMAE0] ¢ 43 Zloz H
of 9] S5t 4FE HdliAe BAadat Fado] g7 EAste 2ol § A-sital HuEn.
G. reessi®] XA A%Fg FESH HAYURl sucroseet 57}7‘]4 Ardoz HiduirlE AAste
A Az STz o FES S ZiH(Table 2), I FAl= soybeano|A] 11.28g/L2 thE
AardEn &ds] =2 AGES HEUIH. shr|gt Soybean% LEAL JEIR o] 01X Qlof Hf
Ao A =A] kob 9] FAI soybean®] FAVF A FAEEHIUS 7ol U7l diZ
soybeanof|Al o] ZH A ARttii WS ]= ofY¥oh TEtN ol2fgh tede 2ISigiE O
ol 7 & At vlAl= soybean thZo=z A Algfon] b £AIQ 4.56g/LET BFEOl =
S 4.72g/L AFF yeast extractz HHECEH Yeast extract= AAY Qoe TSt vitamin,
mineral @ AAOIX}IES G5t Q7] TFof|[23] AAYE yeast extract2 A7Fst viX|oA G
reessii?] AFEC] 7VF 64l Aoz gwodn E3F urea®l 7S] 0.08g/LE A9l AtEtA]
& 4 gledl o]Ze ureart T ZHA AAY F U vThuay Aaf[24]o]et

A=
= FolA 71t Zlez Wl

r]

o]
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o HGY FHA =5 A7] fsll A ©a(sucrose)dt A AHAa(yeast extract) BiR|OfA
' WS T AT S0CAA T1lg/L2 TPY 9% AYES BET 2

g/L, 25°ColAl 4.0g/L9] 7S =Qlstitk(Table 3). &4 wix] Add Atz
HEQFS W G reessi’t glucose = galactose 12]1l peptonedA] 7HAF A Atttk &
= FUHE[10]1Y} Z2] G reessiie] £]A HiX] 2L sucrosell yeast extract?l Zo
2 AtREH B e 30CE |HHo

Lorr
w
~
a
=2
Rl

19
re

322 % e ¥ B4
25%9F pH, Wi AlZh} 22 o RS SASH /AR GEICIAN Z2F SAadit F4ado]
2o @2} G reessii?
Phenolic compounds | =

2 7152 UEUY d¥tdoz Hs4d stelso] datst 842 U
[25-27]. 2 ZA3}, xylose XA 7P W2 F9 H=%

].

= =
o g ghgEol FAEHYCH O &
fructose®} galactosed|Al H=/d ggda9 =2 F2 EAHFigure 3). AR ANz F7<t
3 HEgPo] vaT S EolA] de Ao Hof ©AYUo] WA ot njyE A F
o2 AT EASHA] e ZoE wHEn. 2uAoR G reessi2RE HE/d 2Rt
=2 47 A3t HAYoR s VM B2 49 I HEsZ FRT xylose HIX|ZF Aoy wHE
=3

A4 79 WA 0.15g/Luct W Ty shEo ¥S Holt urea0.03g/L)
ammonium sulfate(0.05g/L)e} =2 3=FE8 Ho|= peptone(0.2g/L), yeast extract(0.28g/L),
soybean(0.19g/L)0.2 B ==tHFigure 4). °]= Urea?t ammonium sulfate= 7] AAY,
peptoned} yeast extract, soybean2 77| AAH[28]02 F AAY It F HEzTTFo| &tol7t 4
+ Jog Hof HE/d detE S Yol G reessiig HIYE W {71 AAYE WX Y
AA2 A= Zio] Agtetcty A =T ESF Table 194 malt extract 3%, yeast extract 1%
Hix]o] & ml=dgol malt extract 4% BX|(CETH)Q] oF 2.281Q1 2102 Hot G reessi®] H&
Aatole Aadol 2 s U4l Aoz wodg. Aupdog st 7y subAl H4aY
| 7P @55 A4 Yut opE7EA] Q) yeast extract® At
AN Aad A A F HEz o 92 & & Ae U2 AAU9
i

DOI’

= & T MU 2‘03 G

o] AZoItt. Aadel FRFo| et njAd=2e] AAZ Apolrt LS A NE FFE A

%+ soybean A9l o U] AT T He AT =

Aoz Yot F Hedde U= AT TS w2 Jos wodd. A g@ad gA it
h:

a O O O

A= olgt BhZIAIIE] BAUY] BRE G reessid] WHFH & HEAFol ofRA AUTAS
AR G A0R Hol & mMEdPe HAYY FRU I B2 %@ ofuold] ZPW ciord
WYl G we Zoz wuHn

255 Gest 2N F g 25°CoA] 0.24g/L, 30°CollA] 0.23g/L, 37°CollA} 0.25g/L
&t Atolof] F Apo]= HO|A] QftH(Figure 5). WetA G. reessii®] HY == vt
=4 FRE9 Aol HY FEFES UIXRIA] U= oz oMUy Ao = 37°CoA F

107}x] §ra9at 5711 Rado] gt FAreh @S olwy] 45| DPPH radical A75

T 73 1002 UERQIch. DPPH assay:s AlE £&ZolU 9 21380] At}
Al ZYL SRSt WEoR Mo WA2HW whtw oje w2 $UE R 2.2-diphenyl-1-pic
ryl hydrazine© 2 B]7lej 02 MEElo] AL Hepdo] FolxlLd] oAt FEr} 245 53

oL flo
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590} DPPH radical 47%50] 2 #
dAret g aat oty we

ojujetct29]. @etA DPPH radicalg £7st= 530 ©
QITH30,31]. &FAYolA = maltose?] ICs00] 428.14g/L=

atitst &do] 1A 2 sAaYolglonr T2 glucose, mannose, cellobiose &0 2 UEGTH
(Table 4). DAY= ammonium sulfate®] ICs0] 376.18mg/m0 2 7H 3HAFSE =0 FH oWt o
0 1 t}20=2 peptonedt yeast extract &0 2 UENGTHTable 5). 22X 02 G reessi®] &
Al @59 A& [Cs> HAaYu A4¥S 550 ammonium sulfateo]A] 7P gabA{Ql 7o
2 UMt G reessi® WY ERAE ICy &5 7P 243F S 7HA]= ammonium sulfate?]
[Cs00] TS ¥ g SHAEo| Wo] »ol= 8.8 D]’\g‘“ SHUQl Lactobacillus plantarum|32]9]
IC50(353 11mg/mQ)[33] Zra} & Afo]S HO|X] Q= Zlo2 Hol G reessi/t A =2 2RO
St SHAFEO] dg 2 AU uist JiX| 7t ok =t ofet L. plantarumzZl G reessiio)
DPPH radical s 578 ol A29} Achg WAL o) 9] £AI%} 93] w2
8 3 71540 U %) 938 A o
S kel Aol Woll of G| W EEAR B3 Agol WAL Hagrol Aol ny G
reessii?] @8t 5ol § WA kg Aoz oygeln of He xpo] 2714 AAS ﬁ%gsro%
TH8E TeVP Aok HiY =5 ZY5tYE O ICs 25°C, 30°C, 37°CoA Z+zf
516mg/mQ 526.16mg/md, 542mg/mdo|tHTable 6). G reessiiS B|Ydt= 271 FolALE [Cy

o

_EL > FUIO

[l

of ZAsH: P AAL 2 ATk WA G reessiZ e 2EOIA BFTLE Wi of sl
Faet 25 B7si0] 25°Col A Fare} ol Mg U 2RSS AL 4 k.

(o]
olx 7] 9Jsf A]si=l DPPH radlcal A2A5E %ﬁﬂ &9 1C 57 AxpolA 7 2 2
£ HQ ®jX] 2o ZE EHAYL maltose, DAY ammonium sulfate® TSI oF
DPPH radical 27450l 9Jat ICe B ahetd A5 $of PR Fast ang yet
s ZRYHos A5H uh Y3031 wrHol & e aye Pash BYL Uehs ms
shEr2Rut ofe25-27] AR AlEol: S4L JbA PAlsh Y UehfAl gk Hey e
52 Ues AR 54 Weroz @go] of

[35P7bA] 3T gols] theo] Faat Farst & SESESEIRE S
Ak gk T B AoNE B AEY 00 BYROE Ffstol ﬁo*: 2t
Hold wjxle PAste Fch & wsols S4S /P HERE mawo] UAW, MAMoRE

g},
gAaet 7152 JHAICh w0l Rakst 4L M 2ol ICxo] Pt Auto] HEE MolRt
#Al017] whgo] My ool Yol A ICuk e e Jxl st garet astolal Fhy
924 wixlat WOEch of He vloR BE WA F AU 100 vlaHLYS o

FAtstsol 71} £2 BiA|= sucrose?t ammonium suh‘ate7} A Q1 x| 2 AleE),

of

3.2.5 HPLC &A
G reessi®] W& olzielo] matEl 2R Ash] 9ol Msst HPLC Ak Figure 11,
Figure 12, Figure 13, Figure 14 Figure 150 UEWItt. G reessi®] wra oiutdofA] slo]t
EAH R AHhydroxybenzoic acid) AIB9] Gallic acid, Vanillic acid®} 874 u]E AZEY
L-ascorbic acid, Vitamin B;, Vitamin B;, Vitamin Bs Vitamin Bj,7} ZA& % it o]2st 4
=2 oo AP AE AFolA it A=A Aol HE5E vH36-42]7F AR, FEwA
Aagst 57pxl0] WIAE waE oulol F UL 10 AL B3 A V15 AR @
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Fig. 1. Mouse B.W. graph (A) 4weeks male B.W. (B) 8weeks male B.W. (C) Male B.W. degree
of change. (D) 4weeks female B.W, (E) 8weeks female B.W. (F) Female B.W. degree of change.
The asterisk (*) is shown as * when p <0.05, ** when p <0.01 and *** when p <0.001
compared with the control group. The shop mark (#) is indicated as # when p <0.05, ##
when p <0.01 and ### when p <0.001 compared between BU group and BU+VE group.
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Fig. 2. Male mouse internal organ weight graph (A) Sperm counting. (B) Tastis weight. (C)
Epididymis weight. (D) S.V. weight (E) Kidney weight. (F) Spleen weight. The asterisk (*) is
shown as * when p <0.05, ** when p <0.01 and *** when p <0.001 compared with the
control group. The shop mark (#) is indicated as # when p <0.05, ## when p <0.01 and
### when p <0.001 compared between BU group and BU+VE group.
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Fig. 4. Male mouse internal organ pictures. From left to right Tastis, Epididymis, S.V.,

Kidney, Spleen. From top to bottom CTL, BU, BU+VE (x1000).

Fig. 5. Female mouse internal organ pictures. From left to right Uterus, Ovary, Kidney,

Spleen. From top to bottom CTL, BU, BU+VE (x1000).
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