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The tyrosinase inhibitory activity of ethanolic extract of kenaf (Hibiscus cannabinus L.) leaf was evaluated
before and after subjecting it to far-infrared (FIR) irradiation. The main component of the extract was
analyzed as kaempferitrin (kaempferol-3,7-O-a-dirhamnoside). Prior to FIR irradiation, no inhibitory
activity of the extract was detected in a tyrosinase assay. However, after FIR irradiation for 1 h at
60 �C, significant tyrosinase inhibitory activity (IC50 = 3500 ppm) was observed in it. In HPLC analysis,
derhamnosylation products (kaempferol, afzelin, and a-rhamnoisorobin) were detected. The inhibitory
activity may be due to the existence of derhamnosylation products. This study demonstrated that FIR
irradiation can be used as a convenient tool for deglycosylation of flavonoid glycoside.

� 2010 Elsevier Ltd. All rights reserved.
Melanin, which is the major pigment of skin, plays an important of FIR treatments for enhancing the activity levels and number of

role in protecting the skin against the harmful effects of UV-irradi-
ation. However, an increase in the levels of epidermal melanin syn-
thesis and its uneven distribution can cause esthetic problems1

such as freckles, melasma, and aging spots. Melanin synthesis is
controlled by a cascade of enzymatic reactions. Tyrosinase,2 which
is the rate-limiting enzyme in the melanin synthesis, converts
tyrosine to DOPA and oxidizes DOPA to dopaquinone. Therefore,
the inhibition of tyrosinase to treat pigmentation disorders has
been a recent subject of many studies. Recent research efforts on
investigating tyrosinase inhibitors have been focused on natural
extracts. Kenaf (Hibiscus cannabinus L.) is a member of the malva-
ceae family and has been prescribed in traditional folk medicine
in Africa and India. It exhibited a broad spectrum of biological
activities such as hepatoprotective activity,3 anti-oxidative activ-
ity,4 and haematinic activity.5 Recently, an immunomodulatory ef-
fect of kenaf extract has been elucidated.6 However, the
depigmenting activity of kenaf extract has not been evaluated. In
the present study, the tyrosinase inhibitory effect of kenaf leaf ex-
tract was investigated before and after subjecting the extract to
infrared (FIR) irradiation. Several Letters have shown the potential
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antioxidants in order to increase the content of functional compo-
nents in food products.7 FIR irradiation involves electromagnetic
waves with wavelengths ranging from 4 to 15 lM. It has been
hypothesized that FIR treatment during extraction of polyphenols
from plant cells stimulates exudation of chemical components in
cells without destroying the cells by radiant heat and breaks cova-
lent bonds of polymerized polyphenols, resulting in the release of
active, natural antioxidants with a low molecular weight. The pur-
pose of this study was to evaluate not only the changes in anti-
tyrosinase activity but also the chemical transformation of kenaf
extract exposed to FIR (Scheme 1).

FIR treatment was applied to the powder of kenaf leaf for 1 h
at 60 �C in an FIR radiation chamber emitting wavelengths of
3–10,000 lM. After FIR treatment, kenaf leaf powder was extracted
with EtOH.8 Prepared samples were evaluated for mushroom
tyrosinase activity.9 The results are listed in Table 1.

Tyrosinase inhibitory activities were tested in a range from
100 ppm to 10,000 ppm. Kenaf leaf extract exhibited no inhibitory
activity at tested concentrations (IC50 >10,000 ppm). However, the
FIR-treated kenaf leaf extract exhibited inhibitory activity in a
dose-dependent manner (IC50 = 3500 ppm). These results indicated
that FIR irradiation onto kenaf leaf extract could change the
composition of its contents and the changes resulted in tyrosinase
inhibitory activities. The changes of contents are shown in Figure 1.
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Figure 1. HPLC profiles of (A) kenaf leaf extra
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Scheme 1. Reagent and conditions: (a) FIR irradiation, 1 h, 60 �C.

Table 1
Anti-tyrosinase activities of kenaf leaf extract and FIR-treated kenaf leaf extract

Compounds Concentration
(ppm)

Inhibition of
tyrosinase
activity (%)

IC50
a

Kenaf leaf extract 100 3.9 (±2.9) >10,000 ppm
1000 10.2 (±4.6)
5000 17.7 (±1.4)

10,000 30.1 (±3.8)
FIR-treated kenaf leaf extract 100 16.2 (±3.9) 3500 ppm

1000 36.9 (±4.2)
5000 58.8 (±0.9)

10,000 68.9 (±3.5)
Arbutin 2300 50.0 (±2.1) 2300 ppm

a Values were determined from logarithmic concentration–inhibition curves and
are given as means of three experiments.
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We purified and identified the compounds present in the kenaf
leaf extract and the FIR-treated kenaf leaf extract. The HPLC profile
of the kenaf leaf extract gives compound 1 as the major component
(Fig. 1A). The kenaf leaf extract was further purified by MPLC for
structure analysis. In order to determine the structure of compound
1, acid hydrolysis, NMR, and MS analyzes were conducted. On the
basis of the analysis data, compound 110 was identified as kaempfer-
ol-3,7-O-a-dirhamnoside (kaempferitrin). After the FIR treatment,
the kaempferitrin content significantly decreased; however, com-
pounds 2, 3, and 4 were found (Fig. 1B). Compound 2, 3, and 4 were
identified as kaempferol11 (40,5,7-trihydroxyflavonol), afzelin12 (keamp-
erol 3-O-a-L-rhamnopyranoside), anda-rhamnoisorobin13 (keamperol
7-O-a-L-rhamnopyranoside), respectively. Contents of compounds
2, 3, and 4 were significantly increased by the FIR treatment (Table 2).
ct and (B) FIR-treated kenaf leaf extract.



Table 2
Contents of compounds 1, 2, 3, and 4 in kenaf leaf
extract

Compounds Contents (mg/g)

Non-FIR FIR

1 (kaempferitrin) 29.3 3.1
2 (kaempferol) — 15.2
3 (afzelin) — 2.4
4 (a-rhamnoisorobin) — 5.7

—: not detected.

Table 3
Anti-tyrosinase activities of compounds 2, 3, and 4

Compounds IC50
a

1 (kaempferitrin) >400 lM
2 (kaempferol) 171.4 lM
3 (afzelin) >400 lM
4 (a-rhamnoisorobin) >400 lM (39.1%)b

a Values were determined from the logarithmic
concentration–inhibition curves and are given as the
mean values of the results of three experiments.

b Inhibitory activity (% of control) at 400 lM.
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From HPLC results, we hypothesize that tyrosinase inhibitory
activity may have originated from kaempferol11b (major product)
and other minor products (afzelin 3 and a-rhamnoisorobin 4) after
the FIR treatment of kenaf leaf extract. In order to confirm our
hypothesis, anti-tyrosinase activities of deglycosylation products
(compounds 2, 3, and 4) were evaluated. The results are summa-
rized in Table 3. Specifically, compound 2 (kaempferol) exhibited
inhibitory activities with IC50 values of 171.4 lM. However, com-
pound 3 showed no inhibitory activity. The weak inhibitory activ-
ity was shown in compound 4 (a-rhamnoisorobin). Compound 4
showed 39.1% inhibition of tyrosinase at 400 lM concentration.

All these data suggested that treatment with FIR irradiation
might serve as not only an efficient deglycosylation technique
but also a potent tool for enhancing the biological activities of nat-
ural extracts.

In conclusion, the present investigation reported for the first
time deglycosylation of kaempferol glycoside by FIR irradiation.
FIR-treated kenaf leaf extract was more active than kenaf leaf ex-
tract against tyrosinase because derhamnosylation of kaempferi-
trin occurred to give kaempferol and other minor products
(afzelin and a-rhamnoisorobin). Further studies on deglycosylation
of other natural glycosides are underway in our laboratory.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bmcl.2010.09.082.
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