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Fermentation Characteristics of Extruded Root Hair from White Ginseng
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Abstract

The aim of this study was to compare the fermentation characteristics of extruded root hair from white ginseng. The
pH, acidity, brix, reducing sugar, total sugar and alcohol were additionally analyzed. The ginseng powder was
extruede at 25 and 30% mositure contents and maximum process temperatures of 110 and 140°C at the barrel. Fer-
mentation was continued at 27°C for 15 days and the cultivation was fixed with Saccharomyces cerevisiae, Aspergil-
lus wusamii, and Rhizopus japonicus. The results showed that pH, brix, and sugar contents(reducing sugar and total
sugar) of fermented broths were decreased after 5 days of fermentation and were stabilized during 10 days there-
after. Acidities of the fininal fermented broths were 1.12, 1.18, and 0.9~1.10% for root hair of red ginseng, root
hair of white ginseng, and extruded root hair of white ginseng respectively. Alcohol contents of the final fermented
broths were 3.82, 1.86, and 3.23~4.02% for root hair of red ginseng, root hair of white ginseng, and extruded root
hair of white ginseng respectively. The most high fermentation efficiency is extruded root hair of white ginseng(bar-
rel temperature 140°C, moisture content 25% and barrel temperature 140°C, moisture content 35%). The fermenta-
tion was increased by extruding root hair of white ginseng.
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¢14}H(Panax ginseng C.A. Meyer) & 1H-7-2H Araliaceae)
o] &3k thdAl AEE fYUE HES M A
AR 7158 7H AFAR] AR o] &HI e R
291 A E2ld] &) s, Bt A, A oAE A
Ty £, 3R] Fo] gYs a3t ElEAG
(Okuka & Yoshida, 1980).

WAL QS 7 M3 Ao2M, 4o HuE H
Z1IAY, 4 2028 4310x B X 39 A=z
3im fulAl = ggtalo] Mg 7HATh FHPole A%
& oz A7 dig #Ao] EolAEA ARE 9
238 7|54 E02 A4aHKim et al., 2002), 14F5(Ann
& Lee, 1996), 14 =2 = (Ann et al,, 1999), 214+ (Choi
et al, 1989) 5 st Al Fol MAHIL At Ae] 4=
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E 3A 4 99 AR FRE F Aok A
ol T3t Ae] g7 gl tgsiA o] &= UL
Bok oje} HEAAZA B 7FedE 7R AT
o4t B9l ARl vlste] d2&o) 3 FE2TE
g AU 9] FHgko] Hgolx: B8} (Choi, 1991) 0]
Zo] HF LA RA Q] o] &0 v]FE AAe|r}

H, HEAEL 7} A9 EFvAEe] AFHR
A FEFE 43 449 s 53 B5EAS Ze
AE8E FA4sked A 71984 tHLim, 2005). Sl
FHIos LEAFS] A28 Fgo] LATEA AAH
o2 A7 AFANELRE A4 YUt

AP TAHE EF, 4. 719, 4%, 1Az 2 ©
zZto] @A 7] dojus BUFHLE tE A
M3 A F vasted a&Fol ZAHY FAHoIt
(Harper, 1989). &t 4334 A& 3} A&, T3}
24393} 2 d2EUS} Ao WA, T4 E84S
o8] AP A, WAle] AA, =3 93, BE £
A g 23 whg Fo| TA|Zhe] dojdth(Lee et al,
1987). =3, AEFUEE, FEUF, 237 JAEE, A}
7o 72, 237 vgd w2t BHsh= AF 54

=]
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ZAT F 7] g It 54 L 7RE AEFE A
& 4= 9Jth(Meuser & Wiedmann, 1989). ¢14+e] &4
o g A7 wEdexe 237 AL WE U4
38 wite] o]3lsty BAE v|wEe # A8} 7}
58S BAFE AT (Ha et al, 2005)7} AL, ¥4EAY
U AR RE AREe F84 AR FEFES FEEY
A8 A0 tidk A (Ryu & Remon, 2004)Z2 377} HE
gt F2de At AL AXR GEAHAYTHE
o] &3S w FaX o] o3 Hwe Asiel F3lgo
Z71ethe A3 A3 S EE U ckHan et al, 2006). L
Hu &Y AL 53 A4 2 g ZEa AR sdel
gk A7) vl g8 AFel, H&o] 4EHFE T 1
Ao HEEA ) g A7 JaE A £3 e ol
wehy B drE v o83 BaaA g v)it
o] HEHY e BHo FHAUSFE 2Elte e
3l o)4 wgele] pH 2 A=3H, 9%, 39, 399,
AL ko] WslE AL N vl wEle] ARt

Nz e

Tz

2 Age AMEE A4e 442 T4 Z(DONGIN
phamacy Co., Gumsan-gun, Korea)®]%13., P|4HE (F)4]H]
cllujo] 2 8(CBN BIOTECH Co., Cheongju, Korea)ol|4]
st AHR-sFATH

o

dhgol] AMRE FEFL Aspergillus usamii®t Rhizopus
Jjaponicus7} E¥HE vle] @ 5(Koreaenzyme, Hwaseong,
Korea)S & 5= Saccharomyces cerevisiae (Koreaenzyme,
Hwaseong, Korea)S Al8-3}9] T}

SIE4Y ualo|at
HEAE i Azl AMEE AEAE 7= A A =3
438 %4=UEAF7(THK 31T, Inchon Machinery Co.,

Inchon, Korea)el™ 4&4¥719] £23F 72 29.0 mm,
733} 7ol ¥(LUD ratio)s 25:10]19 23F vjE-2 Fig.
154 2. AP T IE n)ike FEH LS Yot
7] 918l AT SEE 110°C, 140°CE 23 om, Al
B FEEFL 25 35%2 2T 23F L&
£ 200 ipm, Y& AN 100 gmin 2 1A AT, A
7 37 1.0 mm AT IR 23t ARSI

AEHFE vANEE EFUZ7I(HB-502MP, Han
Beak Co., Bucheon, Korea)E Al&3lo] 50°CollA 84| 7H
AzsRon, Azd AEe 7HEE EH71(FM-681,
HANIL MACHINERY CORPORATION, Busan, Korea)=
¢ thE, 35 mesh EFA|(Testing sieve, Chung-gye
Sanggong Co., Yongdeungpo, Korea)E 5338 F24& ¥
A g gER ARE AR

grgoie| Mz

o4 B2 10 gol FFFE S0 mLA S 7tete] EFE
F ztzko] Edto) ¥F 0.13 g &% 005 g2 HES
o z}z} R A8 8 THET BERAL 27°CAA A
Auje shon, 1597 HasYT. AgE waA
0, 1,2 3, 4,10, 159 g /H¥ AHHHALH, GF
Azt wmg wENL PAFE7|(Mega 2IR, Hanil
Science Industrial Co., Inchon, Korea)ollA] 7,121 xgZ 20
7 94859 459 BHAIER ARSI 4°CollA
B A3

pH R &=

wgofe] pHE  Microprocessor pH  Meter(pH 213,
Hanna instruments Co., Seoul, Korea)S ©]-&3}e] =74 35}9]
o} @rg ool A= Food Code(2002)2] ZF|4)E A% A
el Ested A sACh 10% FEA 25 mLol| 1%
phenolphthalein alcohol 0.5 mL< 7}gF ¥ 0.1 N NaOH
|2 % AAst G2 FAo] 30x FAIHE Al 9
M) 3-8 £ 3] acetic acid percentage(%)% $HH5H3I T

1 1 E 1 1 1 1

1. 1/2 Pitch screw
2.2/3 Pitch screw

3. Forward paddle

4. Reverse screw element

L/D ratio : 25:1
¢ 1 Z2.9cm

Fig. 1. Screw configuration of twin screw extruder(THK 31T) for extruding root hair of white ginseng(Ha & Ryu, 2005).
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wgolo Fr= oG g1 FEA(ATAGO N1 Hand
Refractometer, ATAGO Co.,LTD, Tokyo, Japan)& ©]-&3}
of A3}t

i

c.|'

waoe] FF S Phenol-H,S0,¥ (Dubois et al.,
1956)2.52 FZFsAct 1% HEY 1 mLol 5% F=T8
4 1 mLE 7H ok Ag $43H98%, viv) 5 mLE 7Hst
of EFIL 15 B A2eA WA sl wEEAIR] F &
43 =Al(Libra S35, Biochrom Co., Cambridge, England)
€ ol 83t 550 nmollM FHEE FHsle] HAFFAE
ol g3l AF3At. T FTFY AFJTAL SFIALLE
o] &8t A4kt

0

Brelct

kg olo] Sl TS DNSH Miller, 195922 4 &3}
itk 2% 2rEe) 1 mLol DNS Al¢F 3 mLE &35l #
£ BdA 5 &7 wgA7] A, ESEolA 1587 5 9
ztaioict. WzhE whgdel] FFSE 718t 25 mLE B &
g % Fggd=A(Libra S35, Biochrom Co., Cambridge,
England)E ©] &3} 550 nmol|A B EE FHsle @
AL o] gt A YT T AFFHLe F
F302E o]gslo] A5l

L2 B

urgole] 438 S Alcoholic beverages analysis of
a provision(2006)°l] ©]3F FAH & A3} Ats) - S
(Chae et al., 2004)& 3-83lo] FA3sIUct. Y& | mL
3} Caco, 1 g RS 200 mLE EFE ¥ 1AZHE
stk /0] 70~80 mL BE A F FHTE °l
23] 100 mLE BE3Ach F7Y | mLol 02 N F2
FAHESY 2 mLo X B4H98%, viv) | mLE EF
F gAoA 1 AIZHEQE WS Al7] ¥ 533 A (Libra
S35, Biochrom Co., Cambridge, England)E ©]-8-3t 590
nm IgoA FFEE SFAT. G e AT
AL EUYE LS o83t A48T

#n % D

BaHANA AAEE F715F eirts 2 e 4 B
Ze pHol ¥ v K(Kim et al, 2007). FE o] &
A7k @& pHe| W3l= Fig 29 %t pHE WE Al
2 Al F4tol 487, uiste] 518, vt GEAH I E0]
528~5362 WIE AEFAHYE T4 WGELE)
140°C, 583 25%7) E=A S A2 (5.36), WG4(HH

USTE & LEE2| pH R ATt
=t
o

—A-WGI110C,25%)
=B WG 140T, 26%)
50 =G 10T, 35%!
~B= G140 T 35%)

(1] 1 2 3 4 5 L] LA - 8 10 11 12 13 14 15
Farmentatsan lime{day}

Fig. 2. Changes in pH of root hair of white ginseng
fermentation product during fermentation at 27°C
- @ - Root hair of red ginseng
- [l - Root hair of white ginseng
- A - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 25%)
- [ - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 25%)
- * - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 35%)
- @ - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 35%)

2% 140°C, FETH 35%)7F $A(5.28) 24 = Q) ut
AR F pHE 23E AlZ §F 39714 24 Rolxien,
o|F 15 A7HA] s FEsH Ahshes e E vER
Atk v AEAH BN WGEIE L% 140°C, 83
F 25%)7F 7HaFo] A e LM (5.36~4.14), WG1(H]
2% [10°C, R 25%)7) 5344298 FL ZHAE
< YeR U 2E 15 dolA 9] pHe F4t0] 4.13, vl4t
o] 4.03, "4 AEAHFE] 4144292 WGIMIE L=
110°C, 28 25%)7F 718 =4 SR AL, WGl E
S5 140°C, FETH 25%)°F WG E 2% 110°C, 5
q§F 35%)7F 4142 71F EA SFHAT. Min and
Cho(1994)2] AFA el &E <1452 pH7t 3.8~4.22
B3E Ao} vwEde o BE AdFRY w4 A
e, ol 14l ol g ulHlZ L2 o] Fojxl w|4to]
7ol AjH oz 4FE wae 7|”o] He HEQ %Yol
A7) W&l Ao R Hekgc)

WFA 7] wE gl A% WSl Fig 339 o
HF JAHEY Axe F4bo] 1.12%, vl 1.18%, v
A AdEAEE0] 091~1.10%% A= o] &EAE T4 7}
o] Ao tig zole A YEbtA] Ut Han et
al.2007)2] Aol A YEF P 2t 20 Y ]
FHE 2A F7181L, Ws 4EA8 Y FoEMN nAEd
gk eH Aol Eolxlta s1EE w £ AFoA EA
8 I 7te] AmTt A AolE BolA] &2 olfe= W
FAZbo] A SR Fol 71F v E 2% 7714k A
o] @datA dojuA] &L Aoz AlgEHY, v
A48 vt vlste ZkE mA ol g QP W
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Fig. 3. Changes in acidity of root hair of white ginseng
fermentation product during fermentation at 27°C
- @ - Root hair of red ginseng
- M - Root hair of white ginseng
- A - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 25%)
- [0 - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 25%)
- * - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 35%)
- @ - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 35%)

Aoz Azt & & ok AxE R 5 A% st
718, HR 27] 3 Y §< 7HE Bol F7ksks

LS 5 WSS gxg)

HE A g2 QAFEE F 9] Wl Fg 49
2o B8 A Aihgade] g 4 11.6° Brix, v|4
9.4° Brix, U] A4ESAYE 119~124° BrixE SH AU}

o 1 2 3 4 5 [ ] g 10 11 12 13 14

Fememiation v day.

Fig. 4. Changes in °Brix of root hair of white ginseng
fermentation product during fermentation at 27°C
- @ - Root hair of red ginseng
- Il - Root hair of white ginseng
- A - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 25%)
- [0 - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 25%)
- * - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 35%)
- @ - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 35%)

olAe 443 o2 e FEE 9.3° BrixolA
Hd 12.4° Brix(WG3)7HA S7HH& &1 & & AUt
Wade] g dE 27 2% < 450 ghskl
o] % etutslA ZAdte P E FAE BT

] Jung et al.(2005)°] Al SS M7 HEF
Szt HEA| 7] we} wolxti B s A3 FASH
Ak Fr7t Zhshs A7) 209 E< AlSE A v
2ale] B AP 2E 2d vl 343 22
o2} & A YEAFH A ARTE HEF Jung o
al(2005)¢] deke B2 vH& £ Hrzr 9
FHe o] ] doju} AL MFEo] TS AL
2 HE A

USRI T UGEe| B!

R A7) otE FFe] W3l Fig 5o Jepidc @
d A"Ye 3¢ §F2 T4 13392 mymlL, vl
4590 mg/mL, v|3 HEHFE 74299374 mgmLE
AE At G2 F BN WG E 5 140C, 8¢
& 35%)7F 93.74 mgmLE FF FFo] /M =A F4 =
AL, WG E 2= 140°C, 8§ 325%)7F 74.29 mg/
mLE 7H¢ @A SR A} v)ike] Fetako] AEAHYF
A E8l H 2l ol F7HEHE #E F USith

Kim et al.(2007)2 B3} &g 718 g3 F=x Az
A #sio| o] Frtgo] F71ErE $99 o] EolA
O Basied & AN E AP E A9 12
Aol AE8 T 3t W37 dojd7] WEel A&
gerolo] 33 Fgo] ¥ o A€t T3 UR

o 1 2 3 4 5 L 7 L] g 10 11 12 13 14 15
Formntation beng|day)

Fig. 5. Changes in total sugar of root hair of white ginseng
fermentation product during fermentation at 27°C
- @ - Root hair of red ginseng
- I - Root hair of white ginseng
- A - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 25%)
- [0 - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 25%)
- * - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 35%)
- @ - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 35%)
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Fig. 6. Changes in reducing sugar of root hair of white ginseng
fermentation product during fermentation at 27°C
- 4 - Root hair of red ginseng
- M - Root hair of white ginseng
- A - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 25%)
- [0 - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 25%)

- Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 35%)
- @ - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 35%)

Z710) 2 FFol F43] AU the XA (Kim et
al,, 2007)9}= FUI AU L A & F U

dade] FI §F Wl BE 2971A 343] 24s
t7h 2E 159 71A fekeAl gAske HEe el
3, 018 E Ak g 744 AEE gAY HE
wioe] 9 g F4to] 2434 mygmL, vl4te] 19.54
mg/mLE A=A, v)4} FEY P ENH = WG E =
% 140°C, FETF 35%)7F 23.04 mgmLE M EA4 &
AE o, WGRUNELE 140°C, FE&§F 25%)7}
19.54 mgmLE 713 97 $4 5 A}

USET YaSe| gpgiist
UE A geee] §UT §Ee T4l 53.12 myml,
vl4tel 36.29 mg/mL, V4 HEAAE &0l 43.94~50.67 mgy/
mLE 34 = AHFig. 6).

A& HEdM = WG B2 = 140°C, FETF 25%)
7} 5067 mg/mLZ 7HE ¥4 FHHAL, WGHHE %
110°C, =R 35%)7F 43.94 mgmLE 7H4 A &4
= At Ul*&# o4t 4EAYES vasie d v
AP THL ToA oF 0% A= §UT FF] F
7he A& A8 5 U%en, 53] wGilEex
140°C, FEFF 25%)c 28 PTE L FAM T4t
Feee 3 8 F AU ©] e ST E
F8 Qi AE-e] 3ot YA Mo AbEo] BEH #
93 ko] Z7hgcH= Ha & Ryu(2005)9] A7} fA
g At daA| YT LR 2%77}1} J?—%I &
A, o|lF HE F8 A MAME Fhdhe FEE

G
-G

==nGHII0T 25N
=S G 1 40T 25%)
=53 1100 35%)
&G4 1 40T 35%)

"M 12 X W o

Fig. 7. Changes in alcohol of root hair of white ginseng
fermentation product during fermentation at 27°C
- @ - Root hair of red ginseng

-l - Root hair of white ginseng
- A - Extruded root hair of white ginseng

(barrel temperature 110°C, moisture content 25%)
- [0 - Extruded root hair of white ginseng

(barrel temperature 140°C, moisture content 25%)

- Extruded root hair of white

(barrel temperature 110°C, moisture content 35%)
- @ - Extruded root hair of white ginseng
(barrel temperature 140°C, moisture content 35%)

YepRATE o) dh FAL Tt F9o HEIHE KA}
Eoii=g

$UFe ZAFS T4 LEA0] 43.00:029 mg/mLE
7 Zon, v)id gido] WE X7 BUTF Fkel 7
A%o] 3200:0.51 mgmLE 7H @A 2FEAc) F
A EAME WGHIESE 140°C, F28F 25%)7t
44.00:0.71 mg/mL ZAa=o] 714 B FPFE 2WshH=
202 IRIHAT. FHF Fde] FFe T4 HE Yo
9.83 mg/mL, P4 EENo| 378 mgmL, 4 &Y
o] 472~5.96 mg/mLE =4 | ch.

WS F USSe| YIS EEs

U FFEAo AFE FFS Tl LFE 10¥ 7HA
F7tslt7t ol F F4sHA AN, vl HE 44Uy
B ZAFAE 2oy, AE4Y o 28 27 29
7HA F78HA F71 ¥ F Faste 3EE Yepdig
(Fig. 7). kX9, WGI W& &7] 49 o] Fd| 7484
tl ol A7|7ke] a7 & YL FEZA ke
Asf ol2jg A7t vehs o2 AAEHAG.

Iihdace] X ¢3E TS Fio] 3.82%, vl
1.86%, U]4 &Y E0|3.234.02%2 SAHUL. ¢&
AE BN E WGIMIE &% 140°C, FETF 35%)7}
402%=Z 7% =4 35U, WGIMIEL2E 110C,
H8F 25%)7t 3.23%2 7+ @A SAE/UG e ¢
2498 58 €2 §Eo] 2382 F718I e o2
M oulae tEA Y FoeM HiEo] Ao njate) Wi &
&S FHAZ = ASUTE Moon et al.(1998)2 & 31{f
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AEAY FAL Tl 4A L LFE Y-S o HH
Toll vl3le] 18% ©14 L& F&°] 78I Ta Bl
et £ Ardge e fAME A3y} 8R1E

B AFoA ojite] F4tol vl &3 FHafo] v|wy
A 2R EHde, ol vite] 4ol vlE] ¢=2g 9UE
o] 71™e] He HEQ Fo] H7] fFo] s} Feprt =

J Fgo] B Aow gaEgg. wart PSS
U3 go] AP Wl F HAH Fol=ed £ AT
Me g3go] AP met I, T, o] Zast
£ HEg Jepfdch

2 o

£ d7e SEAT e BESEE Yotny] S8l
4&4%¥ vk 2aYe pH % Mk, Bk, 9, €99,
eI FFES FAs VA, FAEES v
Aol AFES AT 488 A5y FEFF
(25, 35%)3F vlE-S5E(110, 140°C)E M3 A FEAE
WARS A z3Hit

Saccharomyces  cerevisiae ¢} Aspergillus  usamii,
Rhizopus japonicusE T3 F5& FFsl] 1597 2R
ARl ¢3E SFNS] pHE BE AlF F 3471/ 34
wolgon olF 15U7kA] euhe] TASHATHEA 4.13,
uj4t 403, IEAY Ui 4.14~429). TFYO JEE F
2 1.12%, v14F 1.18%, Y& P v 091~1.10%2 &
FAIZre] FH o2 Fol 4EAHT T 19 AxHsk
A JepdA @tk I, ST, T2 2E A7 2
A7HA] FA3]| 7Faste] o]F ehetshAl FAasie A E
FHE BTt dEHE NELEA FEE 9.3° Brix
oA Hoi 124° Brix7HA| F718H3aL, S92 36.29 my/
mLo|A 50.67 mg/mLE °F 40% A= F7isiloen, 29
2 4590 mg/mLolA 9274 mg/mLeZ FH 28] o4 F
7HHg 185 AUk 3 42 e FEFe T4 3.82%
n4t 1.86%, &I v4e] 3.23~4.02%2] H3 FFL B
AeH, &4 F vigto] vl o] Frlste] FAEO E=A)
A" A FAE F AUtk A FENA = wae
H&E 140°C, TEFEF 25%)%F WG4 E 5 140TC, 4=
BT 35%)7F 2EH] 71 FA vebgen, wide
=7t 2455 Ha Ao =

AEZHOE & AFoM HELITHE B3t vlate
BFHA] P, 2L Ul 2EAFY ML A
gl & F Ak

HAS| 2

£ A7E AN AAT-2 271 Ee] A9 FHAA
JFrles Fid A7EH.
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