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SIRMAH P, MBURU F, JAYCH K, DUMARCAY S & GERARDIN P. 2011. Potential antioxidant compounds
from different parts of Prosopis juliflora. Research was carried out to explore antioxidant properties of
Prosopis juliflora extractives and their additional utilisation value. Results showed that P. juliflora contained
important amounts of flavanols, constituting of 4’-O-methyl-gallocatechin, (+)-catechins and (-)-mesquitol.
Their amounts are different and highly dependent on the wood sample location in the tree. Reasons for these
differences are not yet fully understood and need further investigation. Heartwood contained (-)-mesquitol as
the main secondary metabolite responsible for the strong antioxidant properties of crude extracts obtained
with solvents of different polarities. (-)-Mesquitol was also the main component of gums exuding from the
stem. Crude bark extractives showed lower antioxidant properties which were attributed to the presence of
4’-O-methyl-gallocatechin. The lower antioxidant activity may be attributed to the presence of some inactive
components in bark extractives which reduced overall activity of the extract. Extractives of P, juliflora could
therefore be of interest as source of natural antioxidants for applications in food, cosmetic or pharmaceutical
industries.

Keywords: Flavanols, catechin, (-)-mesquitol extractives, metabolite, bark extractives

SIRMAH P, MBURU F, IAYCH K, DUMARCAY S & GERARDIN P. 2011. Sebatian antioksidan yang berpotensi
daripada bahagian Prosopis juliflora yang berbeza. Kajian dijalankan untuk meninjau ciri antioksidan ekstraktif
Prosopis juliflora serta kegunaannya yang lain. Keputusan menunjukkan bahawa P. juliflora mengandungi
jumlah flavanol yang penting yang terdiri daripada 4’-O-metil-galokatekin, (+)-katekin and (-)-mesquitol.
Jumlah ketiga-tiga komponen adalah berbeza dan bergantung pada lokasi sampel di pokok. Namun sebab
perbezaan ini berlaku belum difahami sepenuhnya dan perlu dikaji lebih lanjut. Kayu teras mengandungi
(-)-mesquitol sebagai metabolit sekunder utama yang bertanggungjawab untuk ciri antioksidan yang kuat
pada ekstrak mentah yang diperoleh daripada pelarut berlainan polariti. (-)-Mesquitol juga merupakan
komponen utama damar daripada batang pokok. Ekstratif kulit kayu mentah menunjukkan ciri antioksidan
yang lebih rendah yang dikaitkan dengan kehadiran 4’-O-metil-galokatekin. Aktiviti antioksidan yang lebih
rendah mungkin disebabkan oleh kehadiran komponen tak aktif dalam ekstraktif kulit kayu yang menurunkan
aktiviti keseluruhan ekstrak. Oleh itu, ekstraktif P. juliflora mungkin dapat dijadikan sumber antioksidan
semula jadi bagi penggunaan dalam industri makanan, kosmetik dan farmaseutikal.

INTRODUCTION

Flavane derivatives are versatile natural products
found in fruits, vegetables, flowers, barks and
wood. They possess protective effects against
oxidation reactions involving free radicals and
reactive oxygen species (ROS) generated in
numerous oxidative processes (Whiteside et
al. 2004, Raza & John 2007). Flavonoids also
protect plants from ultraviolet induced injury
and contribute to diversity in wood colorations
(Tanaka et al. 2008). In addition, flavonoids also
possess anti-inflammatory, antiallergic, antiviral

and anticarcinogenic properties. Flavonoids in
wood have an important effect on its durability
(Wang et al. 2004). It has been hypothesised
that flavonoids protect heartwood against fungal
colonisation by a dual mechanism involving
fungicidal and antioxidant activities (Schultz &
Nicholas 2000, Pongtip et al. 2007). The radical
scavenging activity is particularly important
because both white-rot and brown-rot fungi
are believed to use radicals to disrupt cell walls
(Pietarinen et al. 2006). In woody tree species,
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flavonoids accumulate in bark, leaves and
heartwood, while lesser amounts are found in
sapwood and seeds. Gallocatechin, catechin and
many condensed tannins present in extractives
of bark and heartwood of many wood species
have strong biological activities such as enzyme
inhibition, antioxidant and antifungal activities
(Mihara et al. 2005, Wu et al. 2005, Khairullina
et al. 2006).

In another study we described isolation and
characterisation of (-)-mesquitol as the major
secondary metabolite of acetonic heartwood
extractive of Prosopis juliflora (Sirmah et al. 2009).
This flavonoid which was present in high yield
and purity exhibited strong antioxidant activity
similar to those of (+)-catechin and butylated
hydroxytoluene (BHT) chosen as reference
antioxidants. Due to the growing interest in
the development and use of chemicals from
natural origin as antioxidants for food, cosmetic
and pharmaceutical industries, we investigated
antioxidant properties of P. juliflora extractives
obtained from different parts of the tree using
a wide range of solvents in order to explore
their additional utilisation value. The chemical
composition of these extractives were then
characterised and molecules responsible for
antioxidant properties, identified.

MATERIALS AND METHODS

Plant material preparation and solvent
extraction

Heartwood and bark of P. juliflora was collected
from Baringo Forest (0° 20' N, 35° 57' E), Kenya.
The voucher specimen was kept at the department
of Forestry and Wood Science, Moi University.
Air-dried samples were separately ground to
fine powder, passed through a 115-mesh sieve
and dried at 60 °C to constant weight. Individual
extraction was performed with dichloromethane,
acetone, toluene/ethanol (2/1, v/v) or water
using an accelerated solvent extractor (Dionex
ASE 200) in 33-ml cell size on 8 g of sawdust at
100 °C under a pressure of 100 bars (3 static
cycles of 5 min each). After extraction the solvent
was evaporated under reduced pressure and the

- crude extract dried under vacuum in a desiccator
over PoOg. The percentage of extractives was
evaluated according to the formula:

Extract % = Me o 100
mS

© Forest Research Institute Malaysia
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where m, is the weight of extracts after solvent
evaporation and my is the dry mass of the sawdust
before extraction.

Antioxidant activity by methyl linoleate
oxidation inhibition

Oxidation of methyl linoleate (2 ml of a 0.4 M
solution in 1-butanol) was performed in a closed
borosilicate glass reactor containing 1 mlofa 9 x 103
M solution of 2,2’-azobis[2- methylpropionitrile]
(AIBN) in butan-1-ol as initiator. The double
shell reactor was thermostated at 60 °C by an
external heating bath. Oxygen (150 Torr) was
bubbled by a gas-tight oscillating pump. A small
condenser was inserted on the reactor in the gas
circulation to ensure condensation of the solvent.
Oxygen uptake was monitored continuously with
a pressure transducer (Viatron model 104) in the
presence of 1 ml of a 104 M, solution in butan-1-
ol of P, juliflora extractives, or not for the control.
The volumes of the liquid and gas phases were 4
and 100 ml respectively.

1H-NMR analysis

IH-NMR spectra of the crude extracts were
recorded in methanol-D4 on a Britker DRX
400 MHz spectrometer. Chemical shifts were
expressed in ppm and calculated relative to
TMS.

GC-MS analysis

Prosopis juliflora extracts were analysed as
trimethylsilyl derivatives using the following
procedure. In a screw-capped vial, an individual
sample of approximately 1 mg of dry extract,
(+)-catechin or (-)-epicatechin was dissolved in
0.5 ml of anhydrous acetonitrile and 0.4 ml
of N, O-bis-(trimethylsilyl) trifluoroacetamide
containing 1% trimethylchlorosilane (BSTFA/1%
TMCS) was added. The solution was sonicated
for about 1 min and heated at 60 °C for
60 min. After evaporation of the solvent in
a stream of dry nitrogen, the residue was
diluted in 1 ml of anhydrous acetonitrile.
GC-MS analysis was performed on a Clarus®
500 GC gas chromatograph coupled to a Clarus®
500 MS quadrupole mass spectrometer. Gas
chromatography was carried out on a 5%
diphenyl/95% dimethyl polysiloxane fused-
silica capillary column (Elite-bms, 30 m x
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0.25 mm, 0.25 mm film thickness, Perkin
Elmer Inc, USA). The gas chromatograph was
equipped with an electronically controlled split/
splitless injection port. The injection (injection
volume of 1 pl) was performed at 250 °C in the
split mode (split flow of 20 ml min'). Helium
was used as carrier gas, with a constant flow of
1.2 ml min'!. The oven temperature program
was as follows: 200 °C constant for 4 min, 200 to
330 °C ata rate of 5 °C min'! and then constant at
330 °C for 10 min. Ionisation was achieved under
the electron impact mode (ionisation energy of
70 eV). The source and transfer line temperatures
were 250 and 330 °C respectively. Detection was
carried out in scan mode: m/z (i.e. molecular
mass/charge) 35 to 700 amu. The detector was
switched off in the initial 2 min (solvent delay).

GC/MS spectrum of the penta-TMS derivative
of (-)-mesquitol: retention time = 26.05 min, m/z
(%): 650 (M*, 1.6), 383 (5.8), 370 (6.1), 369
(12.9), 368 (39.7), 357 (1.3), 356 (2.8), 355 (8.7),
281 (1.3), 280 (2.2), 268 (4.5), 267 (19.5), 249
(1.9),179 (4.7), 147 (3.8), 133 (2.2), 75 (5.3), 74
(7.4), 45 (6.7), 73 (100).

GC/MS spectrum of the penta-TMS derivative
of 4’-OMe-gallocatechin: retention time =
26.89 min, m/z (%): 680 (M*, 4.65), 665 (3.1),
592 (3.1), 591 (4.0), 590 (9.7), 400 (17.5), 399
(35.9), 398 (97.1), 385 (2.3), 384 (3.5), 383 (16.1),
370 (2.9), 369 (5.7), 368 (29.3), 355 (26.5), 297
(16.2), 267 (7.9), 147 (5.2), 133 (2.6), 73 (100).

GC/MS spectrum of the penta-TMS derivative
of (+)-catechin: retention time = 26.86 min,
m/z (%): 650 (M*, 1.6), 383 (2.0), 370 (6.2),
369 (15.3), 368 (47.8), 357 (2.6), 356 (5.5), 355
(17.8),281 (2.0), 280 (3.3), 268 (1.4), 267 (6.1),

12 -

10 A

Extract (%)
o

Sirmah P et al.

249 (2.1),179 (9.1), 147 (4.2), 133 (1.6), 75 (5.1),
74 (7.5), 73 (100), 45 (6.1).

Acetylation of extractives

To investigate the structure of the flavanols
present in bark, the dark brown crude bark
acetone extractives were acetylated in acetic
anhydride/anhydrous pyridine (1/2v/v), under
inert air (Ny) and at 0 °C for 6 hours, followed
by ethyl acetate extraction in an ice packed
separating funnel. The organic phase was
washed with 10 to 20 ml of 2 N HySO, followed
by a saturated solution of NaHCOg and finally
water. The resulting organic phase was dried
in anhydrous MgSO,, filtered and the filtrate
evaporated under reduced pressure to yield a
light brown solid. Column chromatography of
this product over silica gel using EtOAc/hexane
(2/1 v/v) as eluent led to a compound labelled
as CXj (1.5%, Rf 0.55, silica gel, EtOAc). IH.NMR
and GC-MS analysis was carried out on compound
CX as well as other crude extractives.

RESULTS AND DISCUSSION
Quantity of extractives

The quantities of extractives contained in bark
and heartwood of P. juliflora are reported in
Figure 1. Contrary to what was generally observed,
quantities of extractives present in bark of
P. juliflora for a given solvent were slightly lower
than those of heartwood. Quantity of extractives
increased with increasing solvent polarity to
reach quite high values of 9% of initial dry mass
for the bark and 11% for the heartwood.

O Dichloromethane
Acetone

B Toluene/ethanol
W Water

Bark

Figure 1

© Forest Research Institute Malaysia
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Quantities of Prosopis juliflora extractives obtained from different solvents
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Antioxidant properties of extractives

Antioxidant properties of the different P.
juliflora extractives, estimated using methyl
linoleate oxidation inhibition, are shown in
Figure 2. Heartwood extractives (Figure 2a)
had higher antioxidant properties compared
with bark extractives (Figure 2b). Antioxidant
properties were strongly correlated with the
nature of extracting solvent. Extractives obtained
with dichloromethane gave lower antioxidant
properties, while those obtained with toluene/
ethanol mixture or acetone were more effective,
suggesting a quite similar chemical composition.
Hydrophilic extractives showed intermediate
behaviour. This could be attributed to the
presence of different families of extracts which
may or may not have antioxidant properties,
therefore, limiting overall antioxidant properties.
Regardless of the solvent used, all heartwood

90 -
80 4
70
60 A
50 4
40

(@)

Oxygen uptake (Torr)

Sirmah P et al.

extractives were able to slow down the oxidation
of methyl linoleate. Spectroscopic studies showed
that (-)-mesquitol was the main component of
acetone heartwood extractives (Sirmah et al.
2009). Antioxidant properties, estimated using
methyl linoleate oxidation inhibition test, showed
that (-)-mesquitol presented strong antioxidant
properties similar to those of (+)-catechin and
BHT.

Spectroscopic analysis of P. juliflora
extractives

To check the presence of (-)-mesquitol in different
heartwood extractives and in the bark extractives,
'H-NMR spectra of the crude extracts were
recorded (Figures 3 and 4).

Results indicated quite similar signals ascribable
to (-)-mesquitol as the main components. The
signal at 2.8 ppm was characteristic of the ABX

0 0.5 1 1.5

2 2.5 3 3.5

Time (hours)

90 4
= 801
e 70 1
© 60
©
*g'_ 50 1
= 40 1
(O]
30
x
O 20+
10 1
0 . : . : :
0 0.5 1 1.5 2 2.5 S 35
Time (hours)
~~~~~~~~~ Control sweoccscce Dichloromethane - - - - Water
ssewwww Toluene/ethanol o« « « « Acetone — (+)- Catechin
Figure 2  Antioxidant properties of P, juliflora (a) heartwood and (b) bark extractives

estimated using methyl linoleate oxidation inhibition
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Dichloromethane
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Chemical shift
Figure 3 'H-NMR spectra of different P, juliflora heartwood crude extractives

system corresponding to two hydrogen atoms at
the C4 position of the (C) ring of the flavanol
structure, while the two signals at approximately
4.0 and 4.8 ppm were characteristic of hydrogen
at Cg and Cy positions respectively. The large
coupling constant observed between Hy and Hg
(J=6.75Hz) indicated that the 3’, 4-dihydroxyphenyl
group at the Gy position was in ¢rans position of
the hydroxyl group at the Cg position. This
value concurs with values that were observed
for (+)-catechin. Aromatic protons of (B) ring
appeared as a singlet at approximately 6.80 ppm
and two doublets with a typical benzenic ortho

© Forest Research Institute Malaysia
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coupling constant (J = 8.0 Hz) at 6.70 and
6.67 ppm, while those of (A) ring appeared
as two doublets, also with a typical benzenic
ortho coupling constant (J = 8.2 Hz) at 6.38
and 6.42 ppm. Spectrum of acetone extractives
indicated the presence of (-)-mesquitol as the sole
compound without any noticeable impurities.
This product was also present as the main
component in dichloromethane and toluene/
ethanol extracts. Spectrum of water extractives
was more complex indicating the presence of
several components in addition to mesquitol.
These can be associated with the presence of
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Figure 4

fats or more probably to terpenic compounds
resulting from hydrolysis of glycosidic bonds
of saponins during hot water extraction. The
presence of these compounds without any
antioxidant properties explained the lower
activity of heartwood water extractives.
Contrary to heartwood, !H-NMR analysis of the
crude bark extractives indicated the presence of
several products belonging to different families.
Dichloromethane, acetone and toluene/ethanol
extractives present signals ascribable to flavonoids,
fats and/or terpenes. Surprisingly, chemical

© Forest Research Institute Malaysia 192

TH-NMR spectra of different P. juliflora bark crude extractives

shifts of signals attributed to proton of flavonoids
are quite different from those observed for
(-)-mesquitol. Indeed, signals that appeared at 2.40
and 2.75 ppm corresponded to the two hydrogen
atoms at the C,4 position of the (C) ring of the
flavanol, while signals at 3.9 and 4.5 ppm were
characteristic of hydrogen at Cg and C, positions
respectively. Aromatic protons of (A) and (B)
rings appeared as three singlets at 5.8, 5.9 and
6.4 ppm. Spectrum of water extractives indicated
the presence of important amounts of sugar units
mixed with small amount of flavonoids.
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GC-MS chromatograms of the TMS derivatives
of bark acetone extractives and reference
flavanol such as (+)-catechin, (-)-epicatechin
and (-)-mesquitol are shown in Figure 5.
Bark extractives presented a main product at
26.89 min with a shoulder at 26.82 min and
some minor products at 26.07 and 27.41 min.
Comparative to bark extractives, (-)-mesquitol
identified in heartwood extractives appeared at
26.05 min and could therefore correspond to
one of the minor products of bark. (+)-Catechin
showed a retention time similar to that of the
flavanol contained in bark, while (-)-epicatechin
appeared at 26.60 min. However, even if the
main component detected in bark presented
similar retention time to that of (+)-catechin,

Sirmah P et al.

MS spectra of the two products produced
different characteristic peaks. The MS spectrum
of (+)-catechin indicated a molecular peak at
m/z 650 and characteristic peaks at m/z 355
and 368 similar to typical flavanols fragments
as reported in the literature (Soleas et al.
1997), while unknown compounds contained
in bark produced peaks at m/z 680 and 398.
This difference of 30 units of mass can be
attributed to the presence of a methoxy group.
To identify flavanol structure contained in
bark, acetonic fraction was reacted with acetic
anhydride and the resulting mixture purified
by column chromatography over silica gel.
IH-NMR spectrum of the main acetylation
product is shown in Figure 6.

Bark acetone extractives 20.81
(+)-catechin 26.60
(-)-epicatechin 27.4007 58
S A -
B : 26.89
ark acetone extractives 26.8
27.41
24.55 sl
s S L /L
26.86
(+)-catechin
27.55
26.05
(-)-mesquitol
26.54
. A
2474 25.24 25.74 26.24 26.74 27.24 27.74 28

Figure 5 Partial GC-MS chromatograms of different extractives of P. juliflora and
reference flavanols in a mix ratio

I [

|
J) /

e WM,WV,7_M,JLJQ,,,*J_MJLJ

L.,,J_MiJLJUng/ \AM L,,,_

. T |

ppm 7.0
Figure 6
extractives from P. juliflora
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Analysis of acetylation product CX; (Figure
6) indicated the presence of a typical ABX
flavanol structure, i.e. two doublets of doublets
at 2.6 and 2.8 ppm characteristic of the two
hydrogen atoms at C4, while signals at 5.0 and
5.15 ppm were characteristic of hydrogen atoms
at C2 and C3 position respectively. The large
coupling constant observed between Hy and Hj
(J = 6.75 Hz) indicated a trans relation between
the two hydrogen atoms. Signals between 1.8 and
2.3 ppm were attributed to CHg groups of acetyl
groups. Integration of these signals indicated
the presence of five acetyl groups. Signal at
3.7 ppm was ascribable to CHg of methoxy
group. Examination of aromatic signals indicated
the presence of three different singlets at
5.7, 5.8 and 6.9 ppm. The singlets at 5.7 and
5.8 ppm, integrating both for one hydrogen,
were attributed to the two C6 and C8 aromatic
protons of (A) ring by analogy with the signals
observed for (+)-catcechin which appeared at
the same chemical shift. The singlet at 6.9 ppm,
integrating for two hydrogens, was attributed to
the two symmetrical hydrogen atoms present in
the (B) ring. According to these observations and
the bibliographic data (De Mello et al. 1996),
the unknown flavanol contained in bark was
identified as 4’-O-methylgallocatechin (Figure
7). Lower purity of bark, due to the presence
of several products presenting not always
antioxidant properties extractives, explains
the weaker antioxidant properties recorded.
Additional analyses (P Sirmah, personal
observation) performed on gums exuding
from stem indicated that these stem gums were
also mainly constituted of (-)-mesquitol. This
result suggests that (-)-mesquitol accumulated

Sirmah P et al.

in heartwood act as phytoalexin in response to
exterior aggression.

CONCLUSIONS

Prosopis juliflora contained important amounts of
flavanols, which differed in structure according
to their location in the tree. Reasons for these
differences are not yet fully understood and need
further investigations. Heartwood contained
important amounts of (-)-mesquitol responsible
for the strong antioxidant properties of crude
extracts obtained with solvents of different
polarities such as dichloromethane, acetone,
toluene/ethanol or water. (-)-Mesquitol was the
main secondary metabolite of the extractives
obtained with all organic solvents. However, its
purity in water extractives was less important.
Contrary to heartwood, crude bark extractives
presented lower antioxidant properties, which
were attributed to the presence of another
flavanol identified as 4’-O-methyl-gallocatechin.
The lower antioxidant activity may be attributed
to the presence of different components in bark
extractives which reduced overall activity of the
extract. Extractives of P. juliflora could therefore
be of valuable interest as a source of natural
antioxidants for applications in food, cosmetic
or pharmaceutical industries.
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Figure 7  Structure of the different flavanols isolated in P. juliflora extractives

© Forest Research Institute Malaysia

194

This content downloaded from 41.89.105.17 on Sat, 23 Nov 2019 13:46:34 UTC
All use subject to https://about.jstor.org/terms



Journal of Tropical Forest Science 23(2): 187-195 (2011)

REFERENCES

DE MELLO JP, PETEREIT F & NAHRSTEDT A. 1996. Flavan-3-ols
and prodelphinidins from Stryphnodendron adstingens.
Phytochemistry 41: 807-813.

FENGEL & WEGENER. 1984. Constituent of Bark in Wood
Chemistry, Ultrastructure, Reactions. Walter de Gruyter,
Berlin.

KHAIRULLINA VR, GARIFULLINA GG, GERCHIKOV A,
OSTROUKHOVA LA & BABKIN VA. 2006. Quantitative
antioxidant activity of the ethyl acetate extract of
Larix sibirica bark and its individual components.
Chemistry of Natural Compounds 42: 160-163.

MiHARA R, BARRY KM, MOHAMMED CL & MITSUNAGA T. 2005.
Comparison of antifungal and antioxidant activities
of Acacia mangium and A. auriculiformis heartwood
extracts. Chemical Ecology 31: 789-804.

PIETARINEN SP, WILLFOR SM, VIKSTROM FA & HorLmBOM BR.
2006. Aspen knots, a rich source of flavonoids. Journal
of Wood Chemistry and Technology 26: 245-258.

PoNGTIP S, CHARLOTTE U, CARLSEN B, MOGENS LA, WANDEE
G & LerrF HS. 2007. Antioxidative effects of leaves
from Azadirachta species of different provenences.
Food Chemistry 104: 1539-1549.

Raza H & JoHN A. 2007. In vitro protection of reactive oxygen
species induced degradation of lipids, proteins and
2-deoxyribose by tea catechins. Food and Chemical
Toxicology 45: 1814-1820.

© Forest Research Institute Malaysia

195

Sirmah P et al.

ScHuLTZz TP & NicHOLAS DD. 2000. Naturally durable
heartwood: evidence for a proposed dual defensive
function of the extractives. Phytochemistry 54:
47-52.

SIRMAH P, DUMARCAY S, MassON E & GERARDIN P. 2009.
Unusual amount of (-)-mesquitol from the heartwood
of Prosopis juliflora. Natural Product Research 23:
183-189.

SoLEas GJ, DiamanDIs EP, KARUMANCHIRI A & GOLDBERG
DM. 1997. A multiresidue derivatization gas
chromatographic assay for fifteen phenolic constituents
with mass selective detection analytical chemistry.
Analytical Chemistry 69: 4405-4409.

TANAKA Y, SAsAKI N & OHMIVA A. 2008. Biosynthesis of plant
pigments: anthocyanins, betalains and carotenoids.
The Plant Journal 54: 733-749.

WAaNG S, Wu J, CHENG S, Lo G, CHANG H, SHYUR L & CHANG S.
2004. Antioxidant activity of extracts from Calocedrus
formosana leaf, bark, and heartwood. Wood Science
50: 422-426.

WHITESIDE MA, HEIMBURGER DC & JOHANNING GL. 2004.
Micronutrients and cancer therapy. Nutrition Reviews
62: 142-147.

Wu JH, TuNG YT, WANG SY, SHYUR LF, Kuo YH & CHANG ST.
2005. Phenolic antioxidants from the heartwood
of Acacia confusa. Journal of Agricultural and Food
Chemistry 53: 5917-5921.

This content downloaded from 41.89.105.17 on Sat, 23 Nov 2019 13:46:34 UTC
All use subject to https://about.jstor.org/terms



	Contents
	p. 187
	p. 188
	p. 189
	p. 190
	p. 191
	p. 192
	p. 193
	p. 194
	p. 195

	Issue Table of Contents
	Journal of Tropical Forest Science, Vol. 23, No. 2 (April 2011) pp. 107-228
	Front Matter
	GUEST EDITORIAL: PROFESSIONALISM AND CONTINUING PROFESSIONAL EDUCATION IN FORESTRY [pp. 107-109]
	EFFECTS OF ARTIFICIAL NITROGEN AND PHOSPHORUS DEPOSITIONS ON SOIL RESPIRATION IN TWO PLANTATIONS IN SOUTHERN CHINA [pp. 110-116]
	EFFECTS OF NARROWING GENETIC BASE AND ABIOTIC STRESS ON LEAF SPOTTING IN GREVILLEA ROBUSTA [pp. 117-124]
	ALLOMETRIC EQUATION FOR PREDICTING ABOVEGROUND BIOMASS OF THREE TREE SPECIES [pp. 125-132]
	NUTRIENT LIMITATION OF TREE SEEDLING GROWTH IN THREE SOIL TYPES FOUND IN SABAH [pp. 133-142]
	PHENOLOGY OF GONYSTYLUS BANCANUS IN PAHANG, PENINSULAR MALAYSIA [pp. 143-151]
	ARTIFICIAL FLOWERING IN TRIPLOCHITON SCLEROXYLON [pp. 152-158]
	ASSESSMENT OF CHAIN-OF-CUSTODY CERTIFICATION COSTS FOR SAWNWOOD MANUFACTURERS IN PENINSULAR MALAYSIA [pp. 159-165]
	RELATIONSHIP BETWEEN MECHANICAL PROPERTIES AND SELECTED ANATOMICAL FEATURES OF NTHOLO ("PSEUDOLACHNOSTYLIS MAPROUNAEFOLIA") [pp. 166-176]
	SURVIVAL, GROWTH AND BIOMASS OF ACACIA AURICULIFORMIS AND SCHIMA SUPERBA SEEDLINGS IN DIFFERENT FOREST RESTORATION PHASES IN NAN'AO ISLAND, SOUTH CHINA [pp. 177-186]
	POTENTIAL ANTIOXIDANT COMPOUNDS FROM DIFFERENT PARTS OF PROSOPIS JULIFLORA [pp. 187-195]
	COMPARISON OF TERMITE ASSEMBLAGES ALONG A LANDUSE GRADIENT ON PEAT AREAS IN SARAWAK, MALAYSIA [pp. 196-203]
	NUTRITIONAL REQUIREMENTS FOR IN VITRO SEED GERMINATION OF 12 TERRESTRIAL, LITHOPHYTIC AND EPIPHYTIC ORCHIDS [pp. 204-212]
	REPRODUCTIVE BIOLOGY OF THE ENDANGERED AND ENDEMIC PALM JOHANNESTEIJSMANNIA LANCEOLATA (ARECACEAE) [pp. 213-221]
	FIBRE MORPHOLOGY AND PHYSICAL PROPERTIES OF 10-YEAR-OLD SENTANG (AZADIRACHTA EXCELSA) PLANTED FROM ROOTED CUTTINGS AND SEEDLINGS [pp. 222-227]
	Back Matter



