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Comparative Analysis of the Amino Acids and Effective Components
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Abstract

This study compared amino acids and effective components of Viola mandshurica produced in Korea with those
of Chinese plants, as part of a study on nutritional and functional materials, to aid in the development of a valuable
food. The contents of reducing sugar, free sugar, polyphenols, and soluble protein in the flowers of V. mandshurica
were higher than in other fractions, being 10,485.11 mg% 118.85 mg%q 1,259.26 mg% and 23.67 mg% respectively.
Total flavonoid content of Chinese leaves was the highest at 2,370.75 mg% followed by 1,844.43 mg% in Korean
leaves. Free amino acids were highest in Korean leaves (5,345.21 mg%9, followed by roots (4,692.24 mg%9, flowers
(3,807.87 mg%9, and leaves of China plants (3,613.81 mg%9. Arginine accounted for 55% of free amino acids
in the roots, and all plant fractions contained more valine, aspartic acid, glutamic acid, alanine, and arginine, than
other amino acids. The total content of amino acid derivatives was the highest (9,058.80 mg%9 in Korean leaves.
Especially, a-aminoadipic acid constituted over 50% of total amino acid derivatives in all plant parts of V. mandshurica.
When mineral contents were analyzed, leaves grown in China showed the highest content of 5,917.57 mg% and
the contents of K, Ca, and Mg were much greater than those of other minerals, together comprising over 95%
of total mineral content in leaves and flowers from Korea
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A} A A (A )2 A8l Z 3K (Violaceae) ol 43+ Thd
A ZEQ AWE(Viola mandshurica W. Baker) 2 &4
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A 28 19]9-= AHLE(Viola mandshurica Baker)Z}

*Corresponding author. E-mail : tree@dhu.ac.kr,
Phone : 82-53-819-1438, Fax : 82-53-819-1272

S A8 E (Viola yedoensis Makino) E.55 A}8}2]g o2} 3}
u, F2 ARIES FAE AREZTHe). ARPEE D, A
B0 ), AR, FEIACEED, dF%
(FFER), SRS 59 olHozr Eelfe A8lA
e BRI S AL Fo] glom(fiki), Bt
2 2301 WP, 88 e s S8 o]
Rom, F7 2 AR AFAZ ARE-SHaL 7]
ol Ath3,7-9). 3 oA E e 95 A
T F2 855 Ueille o2 dEA o A, -
42 TS ] 29, 95 95 5 A,
Y, 29 Y ABARE ARSI 4317] Al Fd
], 55 3 =t 7), SAF Sl og Y Fel=
o] &-ZtH10).

A3} o] F 719 EQ] Au|Ze = AlE IS 233

- 699 -



700 = A FA -5 5

ALl WgngA), A Rols Fo] HrEo] jlomH
(11), A2jeH2 &49 fdste] A, dAd87d 2 IJF
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(21)01] ue}t Sk FoE ARBHAA A8 10 goll S
£ 7Fete] mhfetar 41E21(3,000 rpm 10 min)ste] 7
%91.“3} Whatman No. 5 filter paper= &% o33l 100
mLE &3] AlgRo R AT A5 1 mLo
Somogyi E3HA19FS 1 mL H7lske] 1009 #Ze= S04
20-7F 7].::1-5} ey BiFdrciies| Somogyi Coﬂ 1 mL 378k 2e
oM WA tg, /T 5 mLE gt&s}cﬁ 520 nmol| 4]
BEE SASHATE S L T glucose= 0, 1, 5,
, 25, 50, 100 pg/mL7} E]E% 94'3}04 ng TS hHoR
Gk FS Tl
232 Shim F(22)°] 635} g °ﬂ [ﬂra]r A F=
Algdol FAAHES hexaneSZ A AL 045 um
membrane filter®} sep-pak cartridge Cis=2 A4 2 T d
38 A A3 = high performance liquid chromatography
(HPLC, Waters 600E controller, USA)S ©]-8-3}o] £41314
o} A 89] E4S 98l RI Detector(Waters 2410), carbohydrate
column(4.6x250 mm)S AHE3}M 2™, mobile phase=
acetonitrile 75 : HyO 25, column temperaturex 35C, flow
rate 1.0 mL/min®] 2702 A a1gch

T84 THA gt

873 T FEL Lowry 032 o] wie} 329
2318 AR 10 goll S/ 7k UHH, o] 3}
100 mLE 83 A5 02 mLoll EFA2FS 1 mL 3715t
o] 30CoA 10%7F WHS-A)Z T «7]9] 0.1 mL Folin-
2ol 4] 308%3F W
SA171 &, spectrophotometer(Shumadzu UV-1201, Japan)S
ARESE] 750 nmoll A F8EE ST 7844 TE
o] g} AF=-L bovine serum albumin(Sigma, USA) 2.2 0,
0.25, 0.5, 1.0, 2.5, 5.0, 10 mg/mL7} ¥ &2 Z3slo] 9]¢}
=98 o E AN 2Aste] 2stAhe] 584

duide) ghake Yo,

ciocalteu’s phenol reagentZ 3735}

=o|H = sEE gE
481470 2t 7908 Fels 389 FFE Folin
isS'H24) 0.2 S0tk A3HAA A8 10 goll S/F
2 7}ste] via, omsted 100 mLE FE3 A8 02
mLo)| ZF4 1.8 mL%} Folin-Ciocalteu’s phenol reagent 0.2
mLE A 7].6]- _“?‘_’ vortexél-Oﬂ 31;'421— /\]_Q_oﬂ 1 H]—j] 3} q—g-
Na,CO; 2384 04 mLE 7138l E33tth o 7)ol &
FE 1.4 mL 7Fetal A-2ol4 143 F<2t vhEA171
spectrophotometer*‘ AFESEA 725 nmoll A SHEE =
st th & Z2dlE 3E-2 tannic acid(Sigma, USA)E
o] &-3to] HFE =7} 0, 25, 50, 100, 250, 500 pgmL7} =%
% 33l 915k BUR PR 725 ol LS
ST AP o 2R e Zejus sekE s Tekth

o -{01'



A3} A A (Viola mandshurica)®] oFv] =2t 848 vl £4 701

EotEL0|= SEE &

Fopd 21344 A7 1 goll 80% ethanol 80 mLE- 7}
ohf gt & A4EE(3,000 rpm 10min)3te] gk
Whatman No. 5 filter paperZ S¢ o#ste] SR xol=

=74

@2 Nieva Moreno 52 (253 HEPsle Zt =
%9 0.1 mLol| 10% aluminum nitrate 0.1 mL2} 1 M
potassium acetate 0.1 mL 123 80% ethanol 4.7 mLE
7F3ted 25 Coll Al 4083 BESAIZ] F 415 nmoll A §F=E
=399 F SR xol= FHE quercetin(Sigma,
USA)S o]&3le] HEF%7}0, 10, 25, 50, 100, 250, 500
pg/mL7} H =5 Ft 99} Y3 Woz S5 A
Ao 2RY AEste] AR FEE9 SeiR o=
FS Ttk

feEloln| At B ofo|eM REAH BN

frEjob ke AEAA AR 10 goll EFFS 7hate]
vk, oJZste] 100 mLE G838 $ 045 um filer= 23}
of BAARE ARESIAH FEFE AERE BAE
column(Lithium high resolution peek)©| F2t& ofjw|=2F
A 5-49 7] (Pharmacia Chrom 20, Sweden)E AH&-3}o]
A8k

2513 B4

F71d e 54 Eeieeol msken, dxd AR
1 goll 65%<] HNOs 6 mL2} 30% H,0, 1 mLE 7}3F U2
microwave digestion system(Ethos-1600, USA)S A}-8-3}¢]
AEE AA T, Ealisted 045 im filter2 231 T) o) S
A 58N Z 3} inductively coupled plasma(ICP) optical
emission spectrometers(IRIS Interpid II XSP, Thermo, USA)
£ olgsle] AslAgel Fold Fo1a FEe RS
w, £ Table 19] JERATH

Table 1. Operational parameters used for the determination of
delments by ICP-OES

Apparatus Conditions (wavellae}flrgr:imi?l mm)
RF Power 1150 kW Al(398.152)
Gas Argon 99.99% Co(228.616)
Spray chamber Cyclonic C‘f(324~754)
Plasma gas flow rate 13.5 Ljmin Ingggg
Nebulizer gas flow 0.5 Ljmin at 20.1 psi pressure Ni(231.604)
Auxiliary gas flow 0.5 Ljmin Zn(213.856)
Sample uptake 1.8 mL/min Ca(184.006)
Integration time 30 sec lisgggig‘g
Relax pump time 5 sec Mg(285.213)
Pump tubing Tygon orange Na(330.237)
Replicates 3 Se(196.090)

SEIPSES

Tl A AP Ak G o] 3} ite, Q) a8al S
AF 21842 Qo] dukAdEo] gk E4 A 3HE Table 290
YERN AT &43tE d3FS 793 23 Yol 74.48%,
Ba) 70.39%, =24k 9 69.17% 18]1 ZollXE 69.07%
E UERSITE ek a2 B oA 7.00% % 7HE wol
gRatgom, & 6.83%, T34 A 5.60% 183l Y
350% % EAEATE ZAME Lol 421%2 7 Bk,
e 3.33%, =34 9 250% 12]al A 1.86% 3.0,
Z3| R Fak oA 7.82%, e 7.07%, U 6.79%, X
395%% T2t o] U1 e 2R 28| ol E=9)Th

k2T IUHGE-S 493 Hwang 5(27) Az
¥ By Zul o] 193%9} 6.6%°|%a, Z3|H o]
109%, 5.0%, Z18)3. ZA S 6.1%9} 29%S T3t
o, 3lol| = 242t 2 12.0%, Z3)% 6.8%, AW
62%°.% Hilste] 919 A¥e} vlasiH 2shAA e
o] A EFo] i x BElRte gRoy 1 99
AN Qo] F-opd e Aude s vt 1y
U B eah o] oA 1.9%9} 5.7%0], 23]
42%% 3.1% 18]a ZAES 247} 29%% 0.1%E e
U= Hwang 5(27)9] Z¥}¢} vlustH zpsjA|d Hel o]
Zehi A n 220 Z23]39 o] dFom wWol g
fratot

Table 2. Proximate composition of Viola mandshurica flowers,
roots and leaves

Composition Korea China
(%) Flowers Roots Leaves Leaves
Moisture 1594£088" 1221£039 1337:036 1491034
Crude protein  683+009 700027 350018  560+0.18
Crude fat 421£016 333008 186+002 2500.11
Crude ash 3954000 7.07£001 679+005  7.82£0.00
Carbohydrate ~ 69.07+1.13 7039075 7448061 6917063

The results are mean + SD of triplicate determinations.
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g % ralg
AR o] H-od S dd ) frEld S e A
© Table 3¢ YERY ATt S92 $(10,485.11 mg%) >
FIAF Q342257 mg%) > He)(2,894.42 mg%) > U
(1,816.86 mg%)°] = o= Fro] 1} Brejrt of 3u)~57
v o] @o] FH AoR FRIFIALh

39 ke 24(118.85 mg%) > 2(78.06 mg%) > W
2](58.98 mg%) > T4t 2(12.24 mg%)S] 2 F glucose,
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9% o7, ZolX= ¢F 95% ol’do] glucose?] AOZE 4]
H Ak Ee]o A= glucose 80%, sucrose 20% 2 7} QH
t} sucrose o] oF 108 ~178) o)A ®o] $HF-3FATh
Maltose= Eol| ATt 3.65 mg% s I At} T
TN AR JRT= Tl A AF-E Slo] oF 1.8u)
ol Bokou FEd T oA AFE AsAH
o] F=AF dBET of euff o]} =Stk

Table 3. Contents of reducing sugar and free sugar of Viola
mandshurica flowers, roots and leaves

Composition Korea China
(mgfo-dry) Flowers Roots Leaves Leaves
Rz(lill;ing 10,485.11 £ 247" 289442 £22.47 181686 +4.49 342257 £ 11.67
Glucose 113.95 46.12 43 12.18
Fe  Sucrose 125 1286 074 006
SUZAT Maltose 3.65
Total 118.85 58.98 75.06 1224

The results are mean + SD of triplicate determinations.

28R A o] B 9 stk vjdt A= FLal)
a]oﬂ_ 1,850 mg%2] -4328)¥, Aoll= 1,687.10 mg%
+ A729)¢} BlaLshd Fujoll A AP H 28R e
T A} FARSE DS ke, Helet T
b Qe BT Helet dH o Sl FheFo] Eokth 18
My} T Belof= 9,710 mg% S} 6,960 mg% 2] 2]
3+ e, dolA= 2,750 mg% 5,410 mg% )™ (30),
8 e}t dollAe 247} 2129 mg%e} 136.5 mg%hs
Hretthe RaGnet vlwsha ApskAg o] 2o e

lﬂ

rol

ol 84wy Zejds sge
S-S =43 A= Table 49 UERAITE 28 125926
mghE 7P Be A 9ids dieit, Heos
! 662.74 mg%, T2t 9 549.04 mg% oW, Hel=
347.00 mg%E roted o] 849 Aol 198 ~355
oy o) weol FHiE ez BAHAH

Table 4. Contents of soluble protein and total polyphenol
compound content of Viola mandshurica flowers, roots and leaves

Composition Korea China
(mg7e-dry) Flower Root Leaf Leaf
1,259.26 000" 34700+642 66274794 54904+ 891
2366672887 27178 £192 1,117.78 £2143 128444 +1540
1,57689£2739 7689760 1,84443+15.19 2370.75+20.10

Soluble protein
Total Polyphenols
Total flavonoids

"The results are mean £ SD of triplicate determinations.
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ZEo|ds ¥ S0l siEE shEf
ARG o] F-od EEuE s9E s AT A
Lo ME 2,366.67 mg% = Be] 2] 277.78 mg% R} ¢ 8.5
vl 2o Zdss daelgen, 224 doxe
1,284.44 mg%, 91-& 1,117.78 mg%s F-H3ATHTable 4).
ZelEwole e A 9237075 mg%) > U
(1,844.43 mg%) > 2(1,576.89 mg%) > ?4(76 89 mg%)2]
o2 oA AFE AR BT F54F el o

o ia}y_ oj=7t FHirE o= :@}?_1 = Aok

Kim 5(32)2 3218} 848 Yehfs k82180 Zyg)
HEy} Zeihwo|E e s S43 A, 3
Zo¥s gt o= o] 247} 1,476 mg%} 720
mg%S FHEIAAL, Qake) E)HEL 397 mg%, 18]
ZelH o= 591 mg%etal Raskgi) B3k EF <}
HHE, AT-2 5] ARl 2,727~5,844 mg% ] Z]
HE57 36~575 mg% ] ETHEEO|EE TH3IATE B
1(33)9} vl B w 2eiRge] Zejuls g vk
a1, FepRicolE gheke A3kAY vt g Rt W
RO} QIETHE oF 138 o) E9rom, Sl o] Fe)
O] EE Lee 5(33)9] AHAIFETE Bo] FrHE AL

Table 5. Contents of the free amino acids in Viola mandshurica
flowers, roots and leaves

Free amino acids Korea China
(mg%-dry) Flowers Roots Leaves Leaves
Threonine 21875 152.70 256.72 136.46

Methionine 84.50 32.84 19.25 tr

Isoleucine 24131 99.78 258.92 257.88

?msirgi?ci d Leucine 318.93 127.26 386.19 155.13
Phenylalanine ~ 179.81 108.51 206.60 113.52

Valine 357.58 116.56 485.90 45727

Lysine 46.38 164.83 29122 36.54
Total essential amino acid ~ 1,447.26 802.48 1,904.80  1,156.80
Aspartic acid ~ 443.86 256.68 648.18  1,110.74

Serine 189.23 138.35 343.12 132.30

Glutamic acid ~ 911.14 379.82 72132 516.13

Glycine 7.56 3720 84.77 58.60

Non-essential Alanine 346.57 187.34 474.94 39725

amino acid  Cygeine tr” tr tr tr

Tyrosine 15329 138.17 21040 97.83

Histidine 56.70 99.29 93.82 17.35

Arginine 21130 2,65291 857.86 126.81

Proline 40.96 tr tr tr

Total non-essential amino acid 2,360.61 ~ 3,889.76 344041  2457.01
Total amino acids 380787  4,69224 534521  3,613.81

1
)t @ trace.



A8} A A (Viola mandshurica)® oFv| A2} -84

2 UERTE v SliiE AEA A T s =29
gteFol & 1,110 mg%, AlaA 72 mg%, &5t 410 mg%etal
A3 LeeS} Lee(34)9] Bt} vlusl|gts wf #}8}A7g <]
ZEHE o] 2 AeZ EAHAL

Felofo| A I ofo| At R=A| EEF

At A g o] H9E FrEjohu Ak B4 At 9l
Z olm|iAb FHeFo] 534521 mg%E 7Y weken, A4
obm] =22 1,904.80 mg%, H1 B4 obv| =)t 344041 mg%
© 2 o|F arginine¥} glutamic acid®] o] Bl A =9kth
(Table 5). =4 9] frEjoln=it & 2 3,613.81
mg% = aspartic acid®] o] AA| fElotu]ial = oF
30% ©]AC 2 1,110.74 mg% S 3tk Bl e
4 olm Al 802.48 mg%, BT obw|i=it 3,.889.76
mg% 2.2 F frEjob| =itk 469224 mg% ©|oH, olF
arginine S 2,65291 mg%-S ko] Helol) e frelof
m Ak 56%S AASFATE 2o fElotu| it B
ol :=Ab 1,44726 mg%oloH, H|FE ol ike
2,360.61 mg% = % 3,.807.87 mg%< Fhrale Ao el
HJar, H|Z4 oln| At F glutamic acid7} 911.14 mg% &
H WA B2 s YeRSlth AeiAge] BE F9le
A Frejolueste] g 2 2449 Apol= Qo) T2 3
B} SFsfsol a3} glom Hu ARQl fejojr e
2ol 21-8-3l= Ao F L3 aspartic acid®} glutamic acid,
&glo]| #43}= arginine, valine ¥ leucine 123 Tkl
3= alanine?] o] Bl A &tk T3 BE H-9
oA cysteine> V| 3192 H, prolineS 2o ATh
40.96 mg%7t ¥ A2 A EUTK35,36).

opH|:=gt Y] 24 B RS 9(9,058.80 mg%)

Table 6. Contents of amino acid derivatives in Viola mandshurica
flowers, roots and leaves

Amino acid derivatives Korea China
(mg%-dry) Flowers Roots Leaves Leaves
Phosphoserine - 6.31 694.55 502.11
Sarcosine - 8.37 - 27.03
a-aminoadipic acid 422565 315125  7,12423  1,12758
[B-alanine 123.00 9.26 108.85 47.84
[B-aminoisobutyric acid - 6.89 729
y-aminoisobutyric acid 336.33 412.99 776.84 38747
DL-5-hydroxylysine 22 8.93 2023 38.79
Cystathionine 1141 23.09 7.90 83.07
Ornithine 68.01 25.08 13327 10.84
Anserine 131.37 54.68 185.64
Carnosine 38.64 - - 5207
Total 495663 3770685  9,058.80  2,276.80

A 703

M
M

> 3£(4,956.63 mg%) > 5¢](3,706.85 mg%) > =4k
(2,276.80 mg%)2] =02 A& FAHTE oF 4u)] =2
o=t FEAE T3t HATHTable 6). AsEA7G 9] B
-2 A a-aminoadipic acid®} y-aminoisobutyric acid®] F
o] =gkom, 53] Eol|A q-aminoadipic acid= ©}7] =4k
FEA F oF 85% o)Al 4225.65 mg%hS THratoH,
Qo M= 7,124.23 mghE DA °F 80%S x}A| 5 Th

2 A949E WEH ) el feotv|eit ol
1,476.98 mg% 2} 2,710.66 mg%©]1™H ofv| =it F A= 2
7} 441.53 mg%2 305.84 mg%S -3t Kang 5(37)
o] By o} HlwshAH 2SR o] FoH ofu| =4t ol
=T X3 Kim 5(38)2 WYY A9 frejohv =ik
B3 Ay, 27MS SRl 7158k wh o] B
&2 A A nitrogen balanceS FFAZ = Ut
leucine(29.57 mg%), isoleucine(31.69 mg%), valine(54.55
mg%) 5% Bol st 1A X7 a3t ok
Rusied 2 Ay ZAgox 2k A leucine
(127.26~386.19 mg%)} isoleucine(99.78 ~258.91 mg%) —L
2] 3L valine(116.56~485.90 mg%)<] o] HAGH T}
uj-- ol HE S]] a3 opniedte] Tt SHrE AoE
UERs T

o ke

o1 g

AstA A o] Fod 771d S 783 A Table
790 GERIATE 4 A S5 o) FU1FA gkl
5917.57 mg% = 7}3 B F712 S gaslen, o)F
K9] &Fo] 429333 mghz AAL] 70% ©]73-2 A5}
o} 92 500688 mg%E KO| 3,174.00 mg% 3.0, 2ol A
T 331805 mg% = Ko] 2371.33 mg%S SHhratsit B
= ASAH H9 F 18 F 0] 2,510.55 mg%h =
7P wekout g B9k 22 Caol 1,007.20 mg% =
AA 77149 °F 40%E5 A st AR BE F
oA A At =4 A7 Ao &332 K,
Ca, Mg 59 3hdo] ZA 77149 88% oldelnom 53]
AT 3] K&} Ca, Mg7}t A 7714 3 5 95% o=
2ASFATE L Th O E Feot Al 5= Ml A Bo] $HH
Ao FA A

EAGAYe IF FEAEY FU1A RS B4
Hwang 5(27)9] 52 (8652 mg%), 2F%:(4,773.1 mg%),
7z B (1,547.6 mg%), A 83,1092 mg%) 52 2
o} HlwaPd ARBIAA Qe T2 Ao okeHY £7)14
Shgo] Eokom, A5 rels ik reRte =%
o} A ETE BdTh 3 Lee 5(39)2] A %9
-2 1,756.58 mg%o|™ ] A= 2,116.06 mg% 12|l
L 2,596.12 mg%2] T8-S st oo} vl
st F-91d A3k o] 714 gheko] A xR T B
Ao 2 FRI=AT
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> 9q 0 =) o 510 =10
Table 7. Mineral contents of Viola mandshurica flowers, roots and S 84 AN opulgkbE O et e, =
leaves el A | st grej et ZoMs f-8-3 784
— Ko i P29 U HASuE SR AZRENE 5 Odd
(mg%-dry) Flowers Roots Leaves Leaves 7164 AlE Aol o]82 4= e SheRgAIQl o=z
Al 6123+033" 112214125 8836+041 23453+ 180 At
Co 0.05 £0.00 0.15 £0.00 0.08 £0.00 0.10 £0.00
Cu 1.08 £0.00 2.10£0.02 1.37£0.01 1.86 £ 0.01
. ZtAle| 2
Li 0.13 £0.00 022 £0.01 026 £0.04 0.50 £0.00 = =
Mn 1402+008 1142+0.11 25.64 £0.09 12.70 £ 0.05 e LAl o1 AL Y .
= g 2] 3 & AL A EIA Lol 8
Ni 1.32£0.01 0.71 £0.00 0.56 £0.00 0.34 £0.00 ‘LHI;;:’; }JJ;; °© ;i]]‘: 94] - ]2 :ﬂ ‘i-;i_}:ﬁ (iﬁjoi‘ ‘]/] E?o_;
SRS AL ATAE = o] o Z A,
Zn 614001  741+001 10204001  439+001 L FEARALAATAE) S A S T A
Ca 44627 £2.76 1,00720 = 1.83 93340242 416.73 +4.39
+ + + +
Fe 5209+024 11461031 10292090 265.53 £0.23 EL_T’_—E—E._‘I
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