
INTRODUCTION
Kudzu (Pu er aria lo bata) is na tive to south ern Ja pan

and south east China. Kudzu root is a me dici nal plant
(called “Ge- gen” and in Ja pan as “Kakkon”), known in
Tra di tional Chi nese Medi cine for thou sands of years. In
these re gions, it was used mainly in the treat ment of older
peo ple and women in the peri-and post meno pausal time
[3, 6, 8, 12]. 

Re cently, Kudzu root ex tracts have been ex ten sively
stud ied in many cen ters re search, which re vealed the pres -
ence of large amounts of iso fla vones (an av er age of 1.77
to 12% dry mat ter), in clud ing daidzin (struc tur ally re lated
to genis tein, an an ti leu ke mic agent), daidzein (an anti-i -
nfla mm atory and an ti mi cro bial agent), pu er arin, and
other com pounds [1-3, 7, 9, 10]. Daidzin ac tion is caused
by its ef fect on the in hi bi tion of al de hyde de hy dro ge nase
me tabo lism [4, 5]. In vi tro stud ies have shown that
daidzin is a po tent, se lec tive and re versi ble in hibi tor of al -
de hyde de hy dro ge nase pres ent in the mi to chon dria of
hu man, guinea pig and rat [4, 5]. Hence, some re search ers
sug gest that us ing kudzu is a pos si ble way to treat al co -
holic crav ings, but the mecha nism for this is not yet

es tab lished  [3, 11, 13, 14]. Moreo ver, com pounds
iso lated from Kudzu root can af fect neu ro trans mit ters (in -
clud ing se ro tonin, GABA, and glu ta mate) [3]. Kudzu is
also used to treat os teo po ro sis, mi graine, head aches, coro -
nary in suf fi ciency, hy per ten sion, al ler gies, di ar rhea [1, 8,
11]. It has also shown a po ten tial in ani mal mod els of Alz -
heimer’s dis ease [1, 11]. There are many other ex am ples
of Pu er ar iae ra dix bene fi cial ef fects, but do not have the
char ac ter of sci en tific re ports, which high light other
authors [13]. 

In the pres ent work, pre vi ously de scribed HPLC with
a photodi ode ar ray de tec tor (HPLC-PDA) method for the
de ter mi na tion of quer cetin de riva tives (Q – quer cetin, Qc
– quer ci trin, H – hy pero side, R – ru tin, Rh – rham netin, K
– keampferol, and M – myri cetin) and de riva tives of ben -
zoic acid and cin namic acid (GA – gal lic acid, CA –
caf feic acid, ChA – chlo ro genic acid, FA – feru lic acid,
SA – sinapic acid, pCA – p-co umaric acid, hBA – p-h -
ydrox ybe nzoic ac ids) in the Kudzu root, is ap plied. The
im pact of the ex trac tion con di tions, pro ce dure (water-
 bath with ul tra sonic ex trac tion), sol vent, time and hy -
droly sis di ges tion was tested.

MATERIALS AND METHODS
Ma te ri als. The phe nolic com pounds were iso lated

from Kudzu root pur chased from the Phar ma ceu ti cal
Com pa nies (STANDARD, Lublin, Po land). Metha nol
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(HPLC grade and 99.8%), quer cetin de riva tives, gal lic,
caf feic and chlo ro genic ac ids, iso pro pa nol, tet ra hy dro fu -
ran (HPLC- grade pu rity), etha nol, gla cial ace tic acid were 
sup plied from Sigma–Ald rich (Poznań. Po land). Feru lic,
sinapic ac ids were from Fluka (USA). P- coumaric and
p-h ydrox ybe nzoic ac ids were pur chased from Pol skie
Odczyn niki Chemic zne (Po land). Hydro chlo ric acid
(35–38 %) was sup plied by Chem pur (Po land). Re dis -
tilled wa ter was used for prepa ra tion of so lu tions.

Ap pa ra tus. UV- Vis spec tra were re corded on a UV-
 Vis HELIOS á spec tro pho tome ter (Uni cam. Cam bridge.
United King dom) in 1 cm quartz cell. HPLC SHIMADZU 
(Kyoto. Ja pan) sys tem with auto sam pler SIL-20AC HT
and pho to di ode multi- wavelength de tec tor (SPD-M20A
di ode ar ray de tec tor), was ap plied. The chro ma tographic
data were re corded and proc essed by the LCso lu tion ver -
sion 1.23 SP. The ab sorp tion was meas ured both as
a s pec trum (200-800 nm) and at the wave lengths of: 254
nm (for p-h ydrox ybe nzoic and gal lic ac ids), 325 nm (for
caf feic, chlo ro genic, sinapic, feru lic and p-co umaric ac -
ids) and 360 nm for quer cetin de riva tives. 

Ex trac tion pro ce dure. The grounded dried sam ples
(1.00±0.01 g. 40 mesh) of Kudzu roots were ex tracted
three times with 10 ml of sol vent. The dif fer ent kind of
sol vents used was fol lows: wa ter and etha nol. Ex trac tion
was car ried out at room tem pera ture (22°C) by ex trac tion
in ul tra sonic water- bath. The ex trac tion times were 20, 40
and 60 min. Next ex tracts were cen tri fuged (4500 rpm. 15
min) and fil tered with fil ter pa per and then with a sy ringe
fil ter. The in flu ence of hy droly sis di ges tion was also
tested.

Chro ma tographic con di tions. A reverse- phase col umn
(Dis cov ery C-18. 150 mm × 4.6 mm. 5 μm par ti cle size;
Su pelco, USA) was used as a sta tion ary phase. For phe -
nolic ac ids, the mo bile phase was ace tic acid (2 %) (A)
and metha nol (B) at a to tal flow- rate of 1 ml/min. The
analy sis fol lowed a non lin ear gra di ent pro gram. Ini tial
con di tion were 0% phase B, 0-11 min changed to 25% B,
11-15 min to 28.75% B, 15-25 min to 36% B, 25-35 min
to 45% B, 35-38 min to 65% B and 38-41 min back to 0%
phase B, kept to 45 min. The in jec tion vol ume was 10 μL.
Elu ates were de tected at 254 nm (GA. hBA) and 325 nm
(CA, ChA, FA, SA, and pCA).

For fla vonols analy ses, mo bile phase A was a mix ture
of wa ter/iso pro pa nol (19:1) and phase B was wa ter/iso -
pro pa nol/ THF (5:4:1). The non- linear gra di ent pro gramme
analy sis for the sepa ra tion of quer cetin de riva tives: 0-2
min changed to 30.00% B, 2-13 min to 45.00% B, 13-15
min 45.00% B, 15-25 min 55.00% B, 25-27 min 55.00%
B, 27-32 min 60.00 % B, 32-35 min 65.00% B, 35-40 min
70.00% B, 40-42 min back to 20.00% B, 42-45 min
10.00% B, 45-46 back to ini tial 0.00 % B and fi nally kept
0% B for 3 min. The flow- rate of 1 ml/min and de tec tion
at 360 nm was used. The in jec tion vol ume was 20 μL. 

Peaks were iden ti fied by re ten tion time and spik ing of
ex tracts with stan dards of phe nolic ac ids or the quer cetin
de riva tives.

HPLC – Calibration curves. The phenolic acids analysed
were dissolved in a methanol/water mixture (8:2), whereas
the flavonols were dissolved in ethanol and diluted to
appropriate concentration ranges for the construction of
calibration curves. The calibration curves were based on
the analysis of 5 repeat determinations of standards at 10
concentration levels (Tables 1 and 2). The curves were
constructed by plotting peak area as a function of
concentration.

Ta ble 1. Cali bration curves for phe nolic ac ids stan dards

Phenolic 
acid

Linear model
R2

Concentra-
tion range LOD LOQ

y = ax + b
a ± Sa b ± Sb mg/L mg/L mg/L 

GA 18480±188   5412±1186 0.9990   1.50–150 0.36   1.09
ChA 28406±264 136259±69405 0.9992 25.00–300 7.98 24.04
CA 54327±430 48342±4260 0.9994 25.00–300 7.55 22.87
FA 52474±292 11271±2973 0.9997 15.00-200 4.63 14.04
SA 52692±815 78950±27412 0.9990 10.00–100 3.30 10.00
pCA 30487±269 15126±2119 0.9992 25.00–200 7.39 22.40
hBA 5024±42 18527±4387 0.9994 25.00–200 6.66 20.19

x – Con cen tra tion; y – peak area; a – slope; b – in ter cept; ± Sa – stan dard
de via tion of slope; ± Sb – stan dard de via tion of in ter cept; R2 – the
co ef fi cient of de ter mi na tion. Sx/y – stan dard de via tion of y-r esid uals.
LOD – de tec tion limit ((3.3Sx/y)/a); LOQ – quan ti fi ca tion limit
((10Sx/y)/a).

Ta ble 2. Cali bra tion curves for fla vonols (stan dards)

Fla-
vonols

Linear model
R2 Concentra-

tion range LOD LOQ
y = ax + b

a ± Sa b ± Sb mg/L mg/L mg/L 
R 22164±261 5104±734 0.9990 6.00–100 1.74 5.27
H 169792±1529 (–33514±7802) 0.9994 1.00–50  0.28 0.85
Qc 44009±734 (–80465±1317) 0.9989 5.50–100 1.82 5.51
M 21217±449 (–11759±2638) 0.9990 2.00–100 0.58 1.75
Q  30065±412   5131±973 0.9989 6.00–100 1.80 5.47
K 37672±3301 (–18017±2529) 0.9994 1.50–100 0.41 1.24
Rh 24676±651 (–3452±332) 0.9991 2.50–100 0.82 2.49

x – Con cen tra tion; y – peak area; a – slope; b – in ter cept; ±Sa – stan dard
de via tion of slope; ±Sb – stan dard de via tion of in ter cept; Sx/y – stan dard
de via tion of y-r esid uals. LOD – de tec tion limit ((3.3Sx/y)/a); LOQ –
quan ti fi ca tion limit ((10Sx/y)/a).

RESULTS
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Fig. 1. HPLC chromatogram of phenolic acids standards (1 – GA,
2 – ChA, 3 – CA, 4 - FA, 5 – SA, 6- hBA, 7 – pCA)



DISCUSSION OF RESULTS
For the quan ti ta tive analy sis the HPLC-PDA method

with cali bra tion curves was used. The sta tis ti cal pa rame -
ters for cali bra tion curves are presented in Ta ble 1 and
Ta ble 2. The mean re cov ery for every stan dard was higher 
than 98.90%±0.32 (± SD). The low est de tec tion limit was
0.28 mg/L and 0.36 mg/L for hy pero side and gal lic acid,
re spec tively, whereas the high est was 1.80 mg/L and 7.98

mg/L for quer cetin and chlo ro genic acid, re spec tively.
The quan ti fi ca tion lim its cal cu lated were 0.85–24.04
mg/L for hy pero side and chlo ro genic acid, re spec tively.

Typi cal chro ma tograms for sepa ra tion of phe nolic ac -
ids and fla vonols stan dards and for Kudzu ex tracts are
pre sented in Fig ure 1-4. Peaks on the chro ma tograms
were iden ti fied by the re ten tion times us ing the ref er ence
stan dards in the same chro ma tographic con di tions or by
spik ing the ex tracts with the ref er ence stan dards. The pu -

rity of each peak was checked by a PDA soft ware. Due to
the com plex ity of the natu ral sam ples ex tracts, lack of
stan dards and ap plied de tec tor, the pre cise iden ti fi ca tion
of the every peak on chro ma tograms was not per formed.

As we can see in Ta bles 3 and 4, etha nol was the most
ef fi cient sol vent to ex trac tion fla vonols and phe nolic ac -
ids from Kudzu root. The op ti mal ex trac tion time was 60
min. Ex trac tion was car ried out at room tem pera ture in
wa ter bath shaker with ul tra sonic. Analy sis of phe nolic
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Fig. 2. HPLC chromatogram of Kudzu root ethanolic extract (1 –
GA, 2 – ChA, 3 – CA, 4 - FA, 5 – SA, 6- hBA, 7 – pCA)

Fig. 3. HPLC chromatogram at 360 nm for quercetin derivative
standard  (1’- R, 2’ – H, 3’ – Qc, 4’ – M, 5’ – Q, 6’ – K, 7’ – Rh)

Fig. 4. HPLC chromatogram at 360 nm of Kudzu root (1’- R, 2’ –
H, 3’ – Qc, 4’ – M, 5’ – Q, 6’ – K, 7’ – Rh)

Ta ble 3. Phe nolic ac ids con tent in Kudzu root de ter mined by HPLC-PDA method

Solvent
Extraction time

[min]

CONTENT OF PHENOLIC ACIDS
average ±μ [mg/g] (p=0.05, n=3)

GA CA CA FA SA pCA pHB

H2O

20 2.28±0.01 0.14±0.01 0.91±0.08 9.15±0.26 - 2.61±0.04 28.86 ±4.05
40 2.66±0.01 0.14±0.01 0.91±0.01 9.91±1.09 - 2.97±0.19 30.44 ±0.75
60 3.58±0.01 0.23±0.02 1.05±0.03 11.01±0.72 - 4.34±0.62 35.93 ±0.40

hydrolysis
digestion 3.83±0.02 0.25±0.01 1.09±0.03 11.41±0.87 - 4.58±0.12 36.56 ±0.77

EtOH

20 2.63±0.07 0.17±0.01 1.02±0.02 9.88±0.27 2.04±0.27 3.09±0.12 24.51 ±2.90
40 2.94±0.03 0.17±0.01 1.09±0.01 10.40±0.09 2.24±0.05 3.67±0.02 32.34± 2.21
60 3.15±0.04 0.27±0.01 1.30±0.03 11.49±0.23 2.70±0.01 4.61±0.33 37.80± 2.08

hydrolysis
digestion 4.08±0.11 0.29±0.01 1.33±0.02 11.52±0.21 2.73±0.01 6.20±0.11 39.57 ±1.44

Table 4. Flavonols content in Kudzu root determined by HPLC-PDA method

Solvent Extraction time
[min]

CONTENT OF FLAVONOLS 
average ±μ [mg/g] (p=0.05. n=3)

R H Qc M Q K Rh

H2O

20 2.87±0.12 0.45±0.03 0.98±0.09 0.26 ± 0.001 2.02±0.01 0.84±0.06 0.052±0.001
40 3.89±0.18 0.47±0.01 1.01±0.06 0.26±0.001 2.03±0.02 0.90±0.05 0.069±0.002
60 5.99±0.14 0.52±0.01 1.22±0.02 0.28±0.001 2.50±0.03 1.00±0.02 0.116±0.011

hydrolysis
digestion 6.01±0.02 0.59±0.01 1.64±0.04 0.33±0.002 2.71±0.03 1.23±0.01 0.142±0.016

EtOH

20 5.06±0.12 0.85±0.03 1.08±0.01 1.38±0.11 1.97±0.01 0.95±0.01 0.52±0.01
40 5.36±0.16 0.87±0.02 1.18±0.11 1.47±0.05 2.06±0.02 0.82±0.02 0.66±0.05
60 6.01±0.01 1.37±0.01 1.22±0.01 1.90±0.08 2.52±0.05 1.77±0.03 0.73±0.03

hydrolysis
digestion 6.13±0.01 1.42±0.03 1.83±0.10 2.21±0.03 2.74±0.11 1.88±0.02 0.81±0.02



ac ids re vealed that the pre domi nant are p- hydroxybenzoic 
acid (37.80±2.08 mg/g d.m.), feru lic (11.49±0.23 mg/g
d.m.) and p- coumaric (4.61±0.33 mg/g d.m.). The high est
con cen tra tion of fla vonols ob tained for ru tin (6.01±0.01
mg/g d.m.). The con tents of the other fla vonols in kudzu
root are be tween 0.73-2.52 mg/g d.m. for Rh and Q, re -
spec tively. Af ter hy droly sis di ges tion the con cen tra tion of 
phe nolic com pounds was in creas ing (e.g. pHA 37.80±2.08
mg/g and 39.57±1.44 mg/g d.m., pCA 4.61±0.33 m/g and
6.20±0.11 mg/g d.m., R 6.01±0.01 mg/g and 6.13±0.01
mg/g d.m., be fore and af ter hy droly sis, re spec tively). The
in crease can be caused by the acidic hy droly sis, which
was used for fla vonoid gly cosides hy droly sis to agly cones 
and phe nolic acid es ters to phe nolic ac ids.

In the lit era ture there is lack of in for ma tion about con -
tent of fla vonols and phe nolic ac ids, which was de scribed
in this pub li ca tion, hence the com pari son is im pos si ble.
Daidzein, pu er arin, daidz ina, genis tein, genis tin, [2, 7, 9,
15] and iso fla vonoids are the cen tre of in ter est ing other
re search ers.

Ac knowl edg ments: This re search was sup ported by
a Grant 1113- Ch.

REFERENCES
1. Choo M.K. et al.: An ti trom botic and anti al ler gic ac tivi ties of

daidzein, a me tabo lite of pu er arin and daidzin pro duced by
hu man in tes ti nal mi cro flora. Biol. Phar ma ceut. Biul., 25:
1328, 2002.

2. Del monte P. et al.: De ter mi na tion of iso fla vones in die tary
sup ple ments con tain ing soy,Red Clo ver and kudzu: Ex trac -
tion fol lowed by ba sic or acid hy droly sis, Jour nal of Chro ma -
tog ra phy, A, 1107, 59, 2006.

3. Ke ung W.M.: Anti- dipsotropic iso fla vones: the po ten tial
therau peu tic agents for alko hol de pend ence. Med. Res Rev.,
23: 669, 2003.

4. Ke ung W.M., Klyo sow B.L., Val lee B.L.: Daidzin in hib its mi -
to chon dria al de hyde de hy dro ge nase and sup presses etanol
in take of Syr ian golden ham sters. Proc Natl Acad Sci USA,
94:1675, 1997.

5. Ke ung W.M., Valle B.L.: Daidzin and daidzein sup press
free- choice etanol in take by Syr ian golden ham sters. Proc
Natl Acad Sci USA, 90:10008, 1993.

6. Kohlműn zer S. (1985): Far makog nozja po dręc znik dla stu -
dentów far macji, Warszawa, PZWL, p. 124.

7. Kwun K.H., Kim G.J., Shin H.J.: Ul tra soni ca tion As sis tance
In creases the Ef fi ciency of Iso fla vones Ex trac tion from
Kudzu (Pu er aria lo bata Ohwi) Roots Waste. Bio tech nol ogy
and Bio proc ess En gi neer ing, 14, 345, 2009.

8. Lamer- Zarawska D., Kowal- Gierczak B., Nied worok J. (eds)
(2007). Fi totera pia i leki roślinne, Warszawa, PZWL, p. 415.

9. Lau C.S. et al.: A gli co side Fla vonid in kudzu (Pu er aria lo -
bata), Iden ti fi ca tion, Quan ti fi ca tion, and De ter mi na tion of
An ti oxi dant Ac tiv ity. Ap plied Bio chem is try and Bo tech nol -
ogy, vol. 121, 2005.

10. Lee K.T. et al.: Tec to ri genin, an iso fla vonnne of puer aria -
thun ber gi ana Benth; in duced dif fer en tia tion and apop to sis
in hu man pro mye lo cytic leu ke mia HL- 60 cells. Biol. Pharm. 
Bull., 24, 1117, 2001.

11. Lu kas S.E. et al.: An ex tract of the Chi nese herbal root kudzu
re duces al co hol drink ing by heavy drinkers in a natu ral is tic
set ting. Al co hol Clin Exp Res., 29(5):756-62, 2005.

12.  Ma rinelli M. (2006). Wielka En cyk lope dia Roślin,
Warszawa, Świat książki, p. 466.

13. Rez vani A.H. et al.: Plant de riva tives in the treat ment of
alko hol de pendenci. Phar ma col Bio chem Be hav., 75:593,
2003.

14. She beck J., Rin done J.P.: A pi lot study ex plor ing the ef fect of
kudzu Root on the drink ing hab its of pa ti ens with chronic
al co hol ism. J Al tern Com ple ment Med., 6:45-8, 2000.

15. Zhang Y. et al.: High- performance iq uid chro ma tog ra phy-
tan dem mass spec to me try for iden ti fi ca tion of iso fla vones
and de scrip tion of the bio trans for ma tion of kudzu root.
Anal Bio anal Chem., 383: 787, 2005.

Vol. 25, 3, 278–281 281

Determination of flavonols and phenolic acids in Puearia lobata (Kudzu) root by HPLC-PDA method


