Korean J. Ginseng Scf
Vol. 5, No.1 (1981}

KEMEY % Glucose EE= ArginineZR il
Y| #tEnt mEs{LERO| CHEhod
EmI-2AR

SR A PEEPEA - BEAEE BREXY AGTERY
(1981d 24 20d A=)

The Characteristics and Antioxidant Activity of
Non-enzymatic Browning Products from Fresh Ginseng
Extracts and Those with Arginine or Glucose

Kang-Ju Choi and Dong-Hoon Kim®*

Korea Ginseng & Tobacco Research Institute Department of Food

Technology, College of Agriculture, Korea Um'ver._sityf Seoul
(Received February 20, 1981)

Abstract

Color is one of the most important quality factors of red ginseng(Hong-sam)
which is processed from fresh ginseng (Panax ginseng C. A.Meyer). Therefore, a
study of characteristics of browning mixtures of aqueous fresh ginseng extracts,
factors which accelerate the browning of the aqueous extracts,and the antioxidant
activity of the browning mixtures may contribute to the improvement of the color
and other gualityv of red ginseng and other ginseng products such as ginseng ex-
tracts.

In the present study, factors which affect the Maillard-type browning reaction of
aqueous extracts of fresh ginseng roots were investigated firstly by adding vari-
ous concentrations (0. 001-0.5M) of arginine or glucose solutions, by varving the
browning reaction temperatures and durations. Secondly, some characteristics such
as brown color intensity, amounts of water-soluble and ether-soluble extracts, a-
mounts of non-dialvzable materials, pH, viscosity, and reactivity with 2, 2’-diphenyl-]
-picrylhydrazyl and antioxidant activity of the browning mixtures of the aqueous
fresh ginseng extracts with small amounts of 0.1 M arginine, 0. 1 M glucose, and
distilled water at various browning temperatures and reaction time were studied.

The results of the present study are as follows.

1. Color intensity (absorbance at 470 nm) of the browning mixtures was in-
creased by adding various concentrations of arginine solution to the fresh ginseng
extract, but the addition of the same amount of glucose solution did not increase

the color intensity.
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2. The amounts of water- or ether-soluble extracts, amounts of non-dialyzable
materials were slightly greater in case of the browning mixtures of the fresh
ginseng extract with 0. 1M arginine solution than in case of the browning mixtu -
res of the fresh ginseng extract with the same amount of 0.1 M glucose solution.
In the process of the browning reaction, the pH of the browning mixtures of the
fresh ginseng extract with 0.1 M arginine solution decreased slightly, while that of
the browning mixtures with 0.1 M glucose solution was almost constant.

3. The color intensity (absorbance at 470 nm) of the browning mixtures of the
fresh ginseng extract with 0.1 M arginine or 0.1 M glucose solutions did notcor-
relate well with the reducing power or the antioxidant power of the browning mi-
xtures. The antioxidant activity of 909% ethanol extracts from the earlier stages
of the browning mixtures of the fresh ginseng extract with the arginine solution
was almost comparable to that of the 90% ethanol extracts from the later stages
of the corresponding browning mixtures. The browning mixtures of only the fresh
ginseng extract or of the fresh ginseng extract with the glucose solution showed
considerable antioxidant activity, although both showed less brown color intensity

than the fresh ginseng extract with the arginine solution.
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Table 1. The proximate composition of the fresh ginseng (unit © %)
Item Moisture Ash Crude Crude Reducing Total c¢rude water
Sample fat protein sugar sugar fiber extract

Fresh ginseng 72.5 1.37 0.28 4. 18 118 16.2 195 8. 54
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Fig. 2. Variations of absorbance (490 nm)
of the browning mixtures* of
fresh ginseng extracts with the
same amount of 0.1M arginine,0.1

Fig. 1. Variations of absorbance (490 nm)
of the browning mixtures of fresh
ginseng extracts with differem
concentrations of arginine and

. M glucose, and water, with brown-
glucose at 100C

ing reaction temperature.

*The reaction mixture was heated for 4 hrs, % The reaction mixture was heated for 4 hrs.
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Fig. 3. Variations of absorbance(490nm)
of the browning mixture of fresh
ginseng extract, with the same
amounts of 0.1M arginine, 0.1M
glucose, and water, with browning
reaction® time.

Fig. 4. Variations of pH of the browning
mixtures® of fresh ginseng extr-
acts with different concentrations
of arginine and glucose at 100
browning temperature.

*The reaction temperature was 100T * The mixture was heated for 4 hrs.

Ellis& ™o 2|3t® Mailard® 8B EKANA 45« WEEEK] B(Y)& BE 7
LAY A RS BE(S) @ feletr] =X (amino acid end group)® 7t A
41L& % (nitrogen conpound) 2l MAE[(A)e} 7 2k 7 (T) =b&ell 2zt widsted Y=K
X(SIA(T)?3k 22 Aol fsh4 24 + oob 9t

Hodge® ™2 BRuTBEst obvl x4t el MARIC ] Aol =fe} ofvt el Bfiol o7t
SHAEL oA H EH FIBYWEL HAeleln Rustn ek, 2EL =R M2 @
| TEed st obal A A deid U= Yot 24 aminedt BEEIL BK

A R TE hact 22 fAF A KMH 44" Aew Welaokm s

&
i
b

o

i
o



14 ERIE - 2E® el olabaral A

2o mar BEHEsH ohol m(bAMS) B 3ol oA 445 nitrogenous reductons &
amino acid 51 851 FAYLE 49T Boh B odel LEN AW TR
il 4 445l aldehyde® T amines, diamine, amino acids®F proteing® A4 (L&
ol Eaol 214 brown polymersS ® 4 qch ZRsh olch,

Fitol 2o 92 S0 Das S UisgEo @l vlsedl HEEMOlD RML
2 el LS A0S @ £ eleh, el Aol BRI P4 3%, Sl
D52 1%) 0 diehed W LA (obul MY 0.3%, RNL124%)S e HA @
Sslol gloh, ahebd KBRMIYS Maillard® B (LES SREHET shibel 8
Mol ulsbel WAS YRS o 9 N Iobl waslol ABMIEME HEKER A BE
ol A Bl Wl ghol ofvlmmEel AR WA R oiel HARYES ¢ 4 ol
Grb. mebd BEKSA old amino acide U A{EAWE AHE S AR
L BT WEMNGE S FA AR ohpel BN BHle]l RET T WEE

b oerEar Fare AlEY 4

0

T Aem ek

3!

2) pHel it : Kt fit#el pHi= 5.480) ek, 4 84 28 0.001
0.01, 0.05, 0.1, 0.5MolRr2] glucose™ arginineS #7har Wl Kt &
= Fig. 49t #Zcb. & glucoses H7MEE s F7islof & pHe (k> dlgl v arginine
S "ot Bt Sk Hell wtel pHoE s A skAl Sobskadeb. ol A 2 Maillard® B @A
el ARl wtel pHel Hshzt Qo= ] hpithEa el 7t=l BBEREol ‘EK
Hobe v vohy ksl Aabgieh, ol RS KB KB MMl ¥ sH& 0.1M arginine
B2 pHr 10.50¢1 < 2k 0. IM glucosefE# el pHeE 6.452 A2 s al %ol argini-
ne d 7+ BER RICHK A A HWEARIE B (100TAH A 441 7h) Bk K Fol 4= == o
= BASY arginine® el Zrhdel =tel pHrt Fok5 Aew EEsigieh A2 A
BFol TR olvl e S8 KA = KEMEB 1225 (Fig. 5)u 7t 42
(Fig. 6)ol =& B|E(LIEEA 42 Hste Aok AL o+ Aot

KE Kt el 0. 1M glucose®Bm® & ¥ 7Hat RIGCHEK S pHe Al #Hsbrh gldle
v AB KEE A 0. IM arginineSHS MY KK MAEE W NBARE o)
Fhg ol el WA @A sl (Fig. 2, Fig. 3%2) pHe wleragr #
A7t elelet (Fig. 5, Fig. 63 %)

Maillard®l # 0L RUCHRAN 4 WAL Kol Aol =tel pHY T8 A8t 71 20
ol frhs Ho®elys el WA Fotol wiste pHob of $ vl okatAl s gl HE

o2y A EHEel gl Bl RKICKS BEs st del s 2 dalel Ao
sonoRebs 8RSl Maillard® B RICEHE el KB Ml ¢35 o9
Al RSl olak ARGl Zlal" Aoz <bms gl



Vol. 5, No. 1 (1981) VAR Bol ghAbs) a g 15

—@ - | Presh pinseng extrac: with
—@—  Fresh ginserig extract with . 0.1IM argimine ‘
0.1M arginine — =~ Fresh ginseng extract with
— "~ ! Fresh ginrerg extract with - . 0.1M glucose
0.1M glucose --["-- ! Fresh ginseng extract with
--T7.. . Fresh ginseng extract with water 10} water
10 *ro—o— .
[ > - e — e
8 5
8-
{ jnoy
= =%
o 6 L
6l ° [Sr e B =]
S Ao S 3
4 -
4»
I 2 I
Z [
N A S
” P ! 2 4 6 8 10 3
50 75 100 12 14 16
Browning reaction temperature(C) Browning reaction time (hrs)
Fig. 5. Variations of pH of the browning Fig. 6. Variations of pH of the browning
mixtures* of fresh ginseng ext- mixture of fresh ginseng extract,
racts with the same amount of 0.1 with the same amount of 0.1M
M arginine, (. IM glucose, and water, arginine, 0. IM glucose, and water,
with browning reaction temperature. with browning reaction time at

100TC.

* The mixture was heated for 4 hrs.

3) KEstE milme af Fik: mEREERS =B MEERITHES KEEMNYY B
2 Fig. 742} el KF Kt sl 0. IM glucose®BE S A 7 UL H e &
EKS o 8ol 0.1M arginineB# S H 78 FUCHKS A+¥ct o4 gagAx £ T3
i 0. 1M arginined 7} FRUGHES] W] ABEtEhiEY e o HUdEE ¥+ UAd
Maillard® BE(LRICHE A BWEERIE] 280 =te} KEFEYHEY T+ sSdd+s
HEWE BB 2 o, KE KEH HE%H 0.IM arginined H 73 WL RKICHEKC
A WEERIGe] dAstA Fasdq KEEYEES ERel FAsldm obgel ki
RICHE A 345 WEARESS Kk 23tdes ¢ + At

4) Ether-soluble extract® & & B/t @ kel el =& LAl RIEHE S ether-
soluble extracti®el M3}t Fg.8 ol 42 o, KE KEERmEYA 0. IMglucose &
e A gt Bt RISHKC vwste) @& 0.1M arginineB&-$ 3 7H4 Bl KIEHK
o) 4 M= ether-soluble extractel &fol wWatct, =& MARIE Kife]l Frhdd =
b KIEHES WERE %7 (Fig. 3 32)3 @ ether-soluble extract®| & ol bt &
7t s et

Burton® ™ol 2] &= glucose-glycine® sucrose-glycine® &k KIEH 4 & EILR
.ol A el =bel ether, trichloroethylene, cyclohexanest Z& Z@M. 2 hilid 5 3l

+ non-volatile compounds+ A 7bol 74 shgtell ol F7b sl ol &Pt & 2 5



16 ERE - G RE e ol 4hEr 3] =

|
¢ ~ @ | tresh ginseng extract with 0. 1N wrgimine

— - Fresh ginseng exiract with (1M ghicos *. ~ 1 Fresh ginseng extract with 0. 1M argine

= "-- [ Fresh ginseng extract with water = — — I Fresh ginseng extract with 0. 1M glucose

2 r % --~- ! Fresh ginseng extract with water

E ! ES

s | £ 18-

T~ =

¥ 160+ 3

= r./rr”’_—d-_‘ £

g =

£ 140 S

3 —o —0 —o =

Lo &

2120 2

S| =

= (907

| i

S 60r o - o B e ] K

= _ @ =

50 ol
L L
Ry R
2 4 6 8 10 12 14 16 2 4 6 8 10 12 11 16
Browning reaction time (hr) Browning reaction time (hr)

Fig. 7. Variations of the amounts of water Fig. 8. Variations of the amounts of ether
soluble extracts from the browning soluble extracts of the browning
mixtures of fresh ginseng extracts, mixtures of fresh ginseng extracts,
with the same amount of 0.1M argin- with the same amount of 0.1M ar-
ine, 0. 1M glucose, and water,with bro- ginine, 0. 1M glucose, and water,with
wning reaction time at 100, browning reaction time at 100C.

7t 23 b d e, A3, K& WILEE s S shA SRR Rkl BEFE
7HE S Gk B el Wl Fof & o KB OKEN il 0. 1M arginineFR T 27
B WEUL RO A S Eideh e KIS {{;hk%/l kel Fotsl Ao «asch,

5) JEEFTHE WES & RE(L AR« Mal KK FEEFSE wEe &
BAE SR Fig. 99 b KEL KGN M 0. 1MglucoseFE - H7ter &
Bt KRICEK s FEe Eak8 ¥7hs Bt RICKS EETE MES 525717 A9
doel., 22 v 0. IM argininefskeol 2 E B RICK-2 Bk Kitel & =84
A= e (Fig. 3 #33), =3 EFEHE WE §EE dAsA F7h=sdet.

Burton® ™3 Siefker® ol 2|slwl WL KILHEKANA Wl Rigel A= =tel
o f el A wkwg AR (LGEold 51 Bel man Ead kil 4ol AR
i st e & Kirigaya$ 2ol o|slw FEY EREs ESES A =2 5
7b Sl ek Jbet

LiE2l 5SS 2l 3o £ o) KB KEH WMl 0. IM argininefEiol A7 K
IHE ol = BRIl 2R ol whel JENME BHEe /b EHLE of KIEHEAA B

o]

RS PR polymerizatione]l folu &5 - LA EL EREC St HAE
ez FAc

6) KiEESl B4k D=l d WMBERS HES AIEY F dv OswwaldR EERES ©
watel B WO DR BB 3 RAER BE( REwel Teluwel e By (R



Vol. 5, No. 1 (1981} ol AbA Boo| sbalz) g

d 17

= X X

(=] —-@—- ' F ginseng extract wit

il r o Urlt;‘j arginine .

[ —— : Fresh ginseng extract with ~—@—  Fresh ginseng extract with

g ’ 0.1IM glucusi " _ '?‘_.thBrgmine N
=il X ; ex t t t .y [ T €5 trac ¥

%‘, 21+ - I‘;’;;aes:) ginsekg extract wi 3 80 O.Eh/‘l;gmz::g extract wi

= [— b --73-- ! Fresh ginseng extract with

ﬂ = S water

fl [

ER 7 70

- I3}

2 2

= 13| = 60f

pro=tt :

é E 50"00—0———-0— ------------------------- a

=l

. |

2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
Browning reaction time (hrs) Browning reaction time {(hrs)

Fig. 9. Variations of non-dialyzable mate- Fig. 10. Variations of viscoity of the bro-
rials of the browning mixtures of wning mixture of fresh ginseng
fresh ginseng extracts, with  the extract, with the same amount of
same amount of (.1M arginine,(.1 0.1M arginine, 0. 1M glucose, and
M glucose, and water, with brown- water, with browning reaction time
ing reaction time at 100C. at 100TC.

fr @ #)-& 248 R Fig. 109 Eob, KB KREE Mm% 0. 1M arginineFK-¢ 3 7}
T Wk RITHS KB 0. IM glucose®BH & H 1 BE(LRIDKS BEEohe 9
&3hA Fgrovt KITHKel MARRIS 7t =& WEEe] Fohek Mgl Sk 4belel=
obF FHBAMEC! st

Maillard® # &B(LRICEAN A BWELRIT] FA " et 2 REHKS EsL F7bs
Ak @G UE BRA 4 KE KEKE mHYe] BElk HEKE] BE7 JWF 3
ibale] FhES] Wslst A Aoeg asgdel, olol AHS HBRE BELE KITK o
Aol AE KEN Ml ®BEl KCKS WEd A FE agslcl

3. k¥ KBt MMl fedt RS Rt W Amt £8

1) BEE o4y BELREKS BEEES AR FE 490nmdl 4 2] absorbance®
spectrophotometer® & A ahq o=, =g 24 shib-god 2} 90% ethanol fibieall of ) 4
E F—% wygez WEEE S A4stdet. 2 Aok 274 Table 2, Table 3, Table
4 oF Zel,

KE KTl 0. IM glucoseBE S A 7MY BOMAKEH 1212 FHE2] 4 4
et BUGH-S b3 A gbel e A xel Fobi 5% Aglet. 1 odbdel 0. 1M arginine



18 HRIE - 2R® aned o) 4beha|

BRel Mot RICHKS ®REEE dA8A S8 des & & Ao 28y ki
RIG# & 90% ethanolZ A & =l = WOEER A2 wmlisl x 22 THT HHK
RS e Aot weld KB KEtEmAtES e 2 BEt RIEKRS BEREE K&
el W% H5E &+ Agrt.

22l 1+ 90% ethanol2 Y &= 4 2Fe| WEEFRMNS BEIRIE ERp ol Ml
RE ATHEME-S BEERE 4 gloh.

Table 2. Variations of color and absorbarice of water extracts and 9% EtOH extracts

obtained from the Maillard browning reaction mixture* of fresh ginseng extracts
with the same amount of water.

Reaction time

. 1
(hrs) 0 0.5 1 2 3 8 6
very very . , .
Color of browning pale- pale- light light light light light

11 1} 1l
reaction* mix. yellow  yelow yellow  yellow yeflow  yellow  yelflow

Absorbance of
browning reaction mix,

0.060 0.082 0.092 0.102 0.135 0.168 0.182

ver ver ver ver
Color of 90% EtOH color- color- ery Y Y Y
pale pale pale pale
extracts less less
vellow yellow  yellow  yellow

pale
vellow

Absorbance of 90%

0.011 0.012 0.014 0.017 0.020 0.025 0.040
EtOH extracts

* The browning reaction was carried out at 100°C.

Table 3. Variations of color and absorbance of water extracts and 90% EtOH extracts
obtained from the Maillard type browning reaction* mixture of fresh ginseng
extracts with the same amount of 0.1M glucose soln.

Reaction time

(hrs) 0 0.5 1 2 4 8 16

very very
light light
yellow yellow

Color of browning pale pale
reaction mixture vellow  yellow

light light light
vellow  yellow  yellow

Absorbance of
browning reaction mix.

0.062 0.084 0.092 0.098 0.130 0.139 0.142

Color of 90% EtOH color- color- ve;'y very ve;'y ve;‘_\' pale
extracts less less bale pale paie pale vellow
vellow yellow vellow vellow
. 0,
Absorbance of 90% 0.010  0.012 0.014 0.016 0.020 002 0.036

EtOH extracts

* The browning reaction was carried out at 100C.
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Table 4. Variations of color and absorbance of Water extracts and 30% EtOH extracts
obtained from the Maillard type browning reaction® mixture of fresh ginseng
extracts with the same amount of 0.1M arginine soln.
Reaction time 0 0.5 1 9 4 8 16
(hrs)
Color of browning light reddish dee'p dee.p brownish deeg
. . ) orange reddish  reddish brownish
reaction mixture yellow brown black
brown  brown black
Absorbance of brown- 0.120  0.720 0.980 1.200 1.363 1.680  2.400
ing reaction mix.
Color of 90% EtOH color- color- Viiy ve;y ve;‘y pale pale
extracts less less pate pale pae yellow  yellow
yellow  yellow yellow
(/)
Absorbance of 90% 0012 0.014 0.018 0.020 0.025 0320  0.048
EtOH extracts
* The browning reaction was carried out at 100°C.
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Fig. 11. Variations of the absorbance and

the reactivity with DPPH of the
browning mixture of fresh ginseng
extract, with the same amount of
water, with browning reaction t me
at 100C.

Fig. 12. Variations of the absorbance and

the reactivity with DPPH of the
browning mixture of freshginseng
extract, with same amount of 0.1
M glucose, with browning reaction

time at 100T.
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Fig. 16. Variations of the absorbance (490
nm) and the antioxidant activity of
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KE Kt S 100CH A 0.5~ 2 B8R mskel BOUfiukel 4 - 90% ethanol 4
el A= FiEELEE el T7HE 4+ glol ok nAEREe) T o) "elabel RUSHK S B
HWs e Mgt Rl A M3 S48 o + dadet,

Anderson® "2 B LRl SEEHE (260°F hot air)xl #E| MMETEE T R
s A 2o BEYcl 2eldoby $&Ea ook o]l B ARl B2 A S o
R oA AR FREFS stEE b e dbslel SR RUG-E vl ekEkA &3l s
o] L PiEg(L P2 4 %ol gl dFeletm dHEn et

gl @E O T 2slw KE Yol in vives) in vitrool A FiEE(L {FAel o
detm wamstw dcoh, =ebd A EReA AFEg KE KGN RS BoEs ofvl
(b fpe] Bol H.gu ohol mARERIS g et (0.5~ 285D Maillard B &1L KL
2122w wlebar dbwiel | KB Riifpel R G Fol EobAY BRVMLE A<
stz sl o] o5 HMEELIEM S 2tAnbg 2 sA % Ao ofxlst stz Aet,

o)oll Etd KBKEME sl 0. 1M glucose BHKR-E #7113 WEILKICK 222
0.1M arginine®# -2 A7 WMEIRKIEKES KEE A2 SristAd e HL 2719
B EALRIEHKS 90%ethanol fithell 4 % 4 Aabat HIEBLIFA S & + A b

o] FHE-L Maillard® % kel dbB BEAKIEK RIS ofv] B2 REE A%
S Ao A9 0.IM Ey 2 Bk)ol s e el A2 RISl elv] A
B PiEE(L 1S AR h R Ee] ST ek slebt RaE e FReE EA s
e L

olef 3 5B E S EEs 4 =l KBKEM HHMA 0. IM glucose B 0. IM arginine B
< Hrhat B KBRS PURILIER 94 BEaFEr e REMLRUE 20 4ls
= PR S o] FIBAEIER A Abade] g Wo g Ats R,

g KB KEERMESA 0. 1M glucoseEikS 3 713t WEILIIEKRS RILH  ofr
=S AT YaEAHe SFo2 Maillard® BMEILEIG = F5F %3l HEE

dd-eg olvl EREY ubel o, e ok KIEEIH ofvl Abcbal HURRIEIEA
S vhebd HERFSR S vhelU LT BEALRE S W Akt el e LIFRICl o3t HE
g ggma] Hoa KE Mol 0. IM glucoselEH S H otk MELUIIE N4 T
Wl 2l e vlekslgl o v Maillard® =4 bbb W EILEUT ] AW Ho KT
Aol o3 IMBEILIER] #tho) etk Ao stac

N E 8]

KB KEM B arginine =3 glucose® ol 7b=l BES (0.001~0.5M) 2 7}
3k o hnEATRE (S0~100°), PNEREERS (0~ 16hr)oll =& Maillard® 8 LTS F 3247
= BERE BESD KB KEHE #BHEPA 0. 1M arginine £+ 0. IM glucose® # 713}«
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BERE 24q 38 REES BEE, KEtambg, Lmly, FEREEDE,
pH, HESo HEAE ) b2 Bt ¥ HBEFERS Bashd obgak 3 g7hx
RS Aot

1. K8 KastE mithol <= BEHE arginined 73 RIEK-S MBRIEA =Het
WEEE A FA 2 29 glucosedin RICHEK-& ®|EBES F7t7 sldt,

2. KE KstEhti®ol 0. IM glucose® 7+ RILH =13t 0. 1M arginined 7} KIC
ol A KRSt mili%, EEASEHESTY a8 F7h ddeth,

=% pHE 0. M arginine® 7} KIGHK A A ko) S721god BEEe HAsA F
7l |4 pHe ohd 2b4s & Adolgd o, glucosed 7t RIGHA A v BLZ 3ol o
o o}

3. kB Kt s 2 0. 1M arginine =& 0. IM glucosedin RIGHKA A BEE
o Frbob 2 getkel Fibatelel & obF HEAIQ Bl AUsct. 22l 0.1IM ar-
ginineliR hn SIS HE N A INEIE #13AS] 90% ethanol Miti#p-& WEES A AsA  F7t
= RIn#Ae] 90% ethanol fhititp st A &) 53 HIBIEA & ‘*ﬁhﬂ o=, =3 HWE
Bl Fobsl viokgt KE KEM MK ¥ 0. IM glucose® M Bk RICHES 90
% ethanol it = 4 &t HIMILIEA S e ok,
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