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Prunus africana (Kanda stick) is a valuable medicinal tree classified as priority species for
domestication in Cameroon. To measure the ability for developing axillary buds and multiple shoots in
relation with the origin and state of explants, some biochemical parameters were assessed in eight
types of single-node cuttings. These cuttings were treated with different concentrations of kinetin (kin)
indole butyric acid (IBA) and thidiazuron (TDZ) and cultured in Murashige and Skoog (MS) medium. The
glutelin content (1.13 ± 0.201 g/mg FW) was higher compared to those of total albumin, globulin and
prolamin and most representative at mature vegetative apical stage (MVA). The highest (15.60 ± 1.966
g/mg FW) and lower (2.82 ± 0.072 g/mg FW) amount of phenol compound was observed in the mature
dormant stages and immature vegetative distal stage (IVD), respectively. Regarding the peroxidases,
-1
highest activity (0.453 ± 0.055 OD/mg/ FW.5 min ) was obtained in mature dormant apical stage. Apart
from IVA state, there was no reactive explant cultured in vitro. The high percentage of budding and
proliferation of budding (100%) and rooting (100%) were achieved with 12 µM Kin and 24 µM IBA,
respectively. In the presence of 24 µM TDZ, multiple shoot was induced with a maximum of 5
shoots/explants. Micropropagation success of P. africana is influenced by cytokinin, physiological and
biochemical status of single node cutting.
Key words: Biochemical profile, Prunus africana, budding, multiple shoots, rooting.
INTRODUCTION
Prunus africana (Hook.f.) Kalman commonly known as
Pygeum, is a large tree which grows in the afromontane
forests between 1500 and 3000 m asl (Betti and Ambara,
2013). It is mainly used for the healing properties of its

bark extracts, against benign prostatic hyperplasia (Kadu
et al., 2012). Global demand of P. africana’s bark is estimated at more than 4000 t per year for a value of finished
goods estimated at U.S. $220 million (Cunningham et al.,
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2002) and one of the main sources of supply to satisfy
this demand consists of Cameroon natural populations
(Nsawir and Ingram, 2007).
Unfortunately, much of this exploitation has been
irresponsible with entire trees being girdled of their bark
and left to die or, in other cases, felled to facilitate easier
access to their bark (Betti, 2008). This massive
exploitation leads to classify it as an endangered species
in Cameroon (Cunningham, 2005). A decrease has
therefore been noted in its population over the time in
terms of tree density, area of occupation, and habitat
quality due to the actual level of exploitation (Amougou et
al., 2010). Thus, without the renewal of this culture,
extinction may occur during the next decade. The key
challenge is therefore to develop different methods of
propagation that are both appropriate to the species and
easily applicable to local communities.
Propagation by seeds is the main form of regeneration
of P. africana. This propagation is the easiest and
cheapest way usually used to regenerate trees. However,
this method of propagation faces two major constraints
that hinder access to seeds of P. africana: the low
aptitude to germinate and the rapid loss of their vigor and
viability during storage. To date, the best germination
percentage obtained after 06 months of storage at 4°C is
37% (Avana, 2006). Vegetative propagation via cuttings
using auxins in rooting media has been also done
(Tchoundjeu et al., 2002).
Biotechnologies across in vitro micro propagation might
be an alternative to produce seeds and planting stock
material for plantation. Meanwhile, the success of micro
propagation is dependent on the nature, origin,
physiological and biochemical state of plant material
(Yildiz and Er, 2002). Generally, young cuttings during
dormant phase are more reactive than old cuttings in
vegetative phase (Auge, 1989). These events are
accompanied with some biochemical variations such as
the protein and phenol level. Storage proteins are a
source of reduced nitrogen, carbon, and amino acids for
growing tissues.
Peroxidases are implicated in cell differentiation by
cross linking low weight phenolic compounds in the cell
wall (Almagro et al., 2009), thus allowing or restricting a
cell growth. These phenol components are products of
phenol-propanoid pathway. Phenols plays a major role in
root process but their effect is under control of the
biochemical endogenous level in cuttings. They are the
main substrate of peroxidases and their preferential
oxidation by peroxidase prevents peroxidase-catalysed
oxidation of auxin.
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The present investigation was carried out to determine
physiological and biochemical status of single-node
cutting in relation with their ability to budding and develop
axillary buds. In addition, the effect of cytokinin on
budding and development of multiple shoots and their
rooting with auxin was assessed.

MATERIALS AND METHODS
Study site and harvesting of plant material
This study was conducted from January 2013 to July 2014 both at
the Institute of Medical Research and Medicinal Plants Studies in
Yaounde, Cameroon (IMPM), in the Centre region with latitude 3°
51’ N and longitude 11° 25’ E., approximately 813 m asl., average
rainfall 1692 mm (Segalen, 1967) and at Alabama A&M University
in Alabama State, USA (latitude 34.7846° N and longitude 86.5700°
W). The plant materials were cuttings (approximately 2 cm length)
of P. africana at eight growth stages: mature cutting at dormant
stage (Apical and Distal part: MDA, MDD); mature cutting at
vegetative stage (Apical and Distal part: MVA, MVD); immature
cutting at dormant stage (Apical and Distal part: IDA, IDD);
immature cutting at vegetative stage (Apical and Distal part: IVA,
IVD). Mature cuttings were harvested on 10 years old trees at
Odza, Yaounde while immature cuttings were harvested from
seedlings of one month old obtained in the Alabama A&M
University nursery.

Enzyme preparation and reserve protein assay
Proteins were extracted according to the modified Voigt et al.
(1993) method. To avoid an irreversible denaturation of storage
proteins by oxidation products of polyphenols during extraction, the
acetone dry powder (AcDP) was extracted each time at 4°C
successively with 10 mM Tris-HCl (pH 7.5, 2 mM EDTA), 0.5 M
NaCl (containing 2 mM EDTA and 10 mM Tris-HCl pH 7.5), 70%
(v/v) ethanol and 0.1 N NaOH, to obtain the albumin, globulin,
prolamin and glutelin fractions, respectively, and centrifuging at
6000 rpm for 30 min. All these solvents contained 5 mM sodium
ascorbate. Protein concentrations were determined according to
Bradford (1976) using bovine serum albumin as the standard and
the absorbance was measured at 595 nm.

Enzyme preparation and peroxidase assay
Proteins were extracted according to the modified Voigt et al.
(1993) method. Cuttings were ground in mortar with 10 ml of Tris
Hcl buffer 50 mM, pH 7 added 0.25 M mannitol and 1 mM MgCl 2.
The homogenate was centrifuged at 4°C for 30 min at 6000 g and
the supernatant was taken off. The pellet was re-suspended in Tris
Hcl buffer and recentrifuged under the same conditions as before,
and the new supernatant was added to the first. Peroxidase activity
was determined according to Thorpe and Gaspar (1978) by
monitoring the formation of guaïacol at 420 nm. Five 5 ml of
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Figure 1. Variations of reserve proteins (albumin, prolamin, globulin, glutelin) in different cutting growth
stages of P. africana. Values having the same letter(s) in the same column are not signiﬁcantly different
according to Duncan. Test at P< 0.05. Values were means ± standard deviation.

reaction mixture (1 V of 0.2% H2O2; 2 V of 1% guaïacol; 5 V of 1/15
M phosphate buffer pH 6) was added to 10 µl of extract.
Phenol extraction and assay
Phenols were extracted by homogenizing 1 g of grounded cuttings
in 5 ml methanol (80%). The homogenate was then centrifuged for
20 min at 6000 g and the supernatant was collected. The pellet was
re-suspended in 3 ml methanol (80%) and re-centrifuged under the
same conditions as before and the new supernatant was added to
the first. The quantity of phenol was determined as described by
Bray and Thorpe (1954) using Folin-Ciocalteu reagent. The reaction
mixture was incubated at 40°C for 20 min and absorbance read at
725 nm. Total phenol content was expressed as µg/mg of fresh
weight.

hypochlorite for 15 min, followed by 3 times rinsing in sterile
deionised water, and germinated on Wet Filter Papers in Petri
dishes containing 5 ml of deionized water for seedling development.
After 10 days, single node cuttings were cultured in MS
supplemented with 100 mg l/L glutamine, 30 g/L sucrose, 3 g /L of
gellan gum with kinetin and Thidiazuron (TDZ) at 4, 12 and 24 µM
respectively. The cultures were subcultured every 10 days in the
same media and kept in the same environment as described above.
The number of shoots per explants was evaluated.
Statistical analyses
Experiments were replicated three times. The data were subjected
to tests of analysis of variance. After rejecting null hypothesis of
equal means using ANOVA Duncan-test, was used for comparing
treatment group means at P = 0.05. Statistical software used was
SPSS 17.0 for Windows. Values were means ± standard deviation.

Preparation of cuttings and development of axillary bud
The cuttings (1 to 1.5 cm long) were washed under running tap
water for 15 min, and then surface sterilized with 15% (v/v) bleach
for 20 min and gently agitated once or twice. Hereafter, they were
washed three times in sterilized deionised water. The explants were
cultured in MS medium (Murashige and Skoog, 1962)
supplemented with 100 mg l/L glutamine, 30 g/L sucrose, 3 g /L of
gellan gum and different concentrations of kinetin (kin) at 4, 12 and
24 µM. The pH was adjusted to 5.7 with 0.1 N NaOH (1 N) or HCl
(0.1 N) followed by autoclaving for 20 min at 115°C. All
preparations were kept in a culture room at 25°C under a 16 h
photoperiod with 40 mol m-2 s-1. After appearance of 3 leaves, the
cuttings were subcultured in the same media as described above
and supplemented with different growth regulators IBA (4, 12 and
24 µM) for root development.
Preparation of material and multiple shoot production
Seeds were surface sterilized by immersion in 5% (v/v) sodium

RESULTS
Biochemical changes of cutting at growing stages
The biochemical studies were conducted on cuttings at
different stages during growth process; mature cuttings at
Dormant stage (MDA, MDD); Mature cuttings at
Vegetative stage (MVA, MVD); Immature cuttings at
Dormant stage (IDA, IDD); Immature cuttings at
Vegetative stage (IVA, IVD). Results reveal that all the
reserve proteins were represented in each developmental
stage but with a differential expression. The maximum
amount of glutelin (1.13 ± 0.201 µg/mg FW) and albumin
(0.178 ± 0.004 µg/mg FW) were observed at mature
vegetative apical stage and mature dormant distal phase,
respectively (Figure 1). Regarding globulin content,
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Figure 2. Variation of total phenol in different cutting growth stages of P. Africana. Values having the same letter(s) in the
same column are not signiﬁcantly different according to Duncan. Test at P< 0.05. Values were means ± standard
deviation.

Figure 3. Variation of peroxidase activities in different cutting growth stages of P. Africana. Values having
the same letter(s) in the same column are not signiﬁcantly different according to Duncan Test at P< 0.05.
Values were means ± standard deviation.

difference was noticed only at the Mature and Immature
stages. In addition, for any growing stage, there was not
significative difference of prolamin content. The initial
level of phenol (5.88 ± 0.06 µg/mg FW) at IVA increase
with time during growing stages to reach a maximal value

(15.6 ± 1.96) at MDA (Figure 2). Peroxidase activity of
the single-node cutting exhibited a low initial value (0.01
± 0.001 DO/g PF/5 min) in IVD, and generally increased
gradually, reaching a maximum level (0.45 ± 0.05 DO/g
PF/5 min) in MDA (Figure 3).
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Figure 4. Different stages of microcutting in P. africana. a) Budding and
proliferation of leave from axillary bud day 10 in Kin. b) Plantlet with a
developped callus at the basal part day 20 in Kin. c) Plantlet with short and
thicking roots in IBA. d) Plantlet with well developped root system in IBA.

Budding and development of axillary buds or multiple
shoot
Three concentrations of Kin and TDZ (4, 12 and 24 µM)
were tested and compared to the control (without
phytohormons) for the induction of budding. Among those
concentrations, the control had the minimum budding rate
(0%) while the maximum budding response (100%) was
seen with 12 and 24 µM of Kin after 10 days of culture
(Figure 4a). Proliferation of axillary buds gave the well
developed plantlets at 4 µM with callus formation at the
base 10 days after sub culturing in the same medium
(Figure 4b). Well-developed shoots, 2 to 4 cm in length,
formed the first roots at the base of their stem 10 days
after transferring in MS medium supplemented with
different concentrations of IBA (4, 12, 24 µM). Within 3
weeks, plantlets with short and thickness roots were
observed with 24 µM of IBA (Figure 4c). IBA 12 µM gave
(100%) the maximum rooting (Figure 4d, Figure 5).
Single-node cuttings were harvested on 1 month old
seedling (Figure 6a and b) and cultured in MS medium
supplemented with TDZ and Kin at the same
concentration (0, 4, 12 and 24 µM). After the budding
(Figure 6c) with a highest rate (100%) at 12 and 24 µM

TDZ, proliferation of multiple shoots was observed with a
maximum time dependent 2, 3 and 5 shoots per explants
(Figure 6d, 6e and 6f) and Table 1.

DISCUSSION
Storage proteins in trees have been examined at
cytological, biochemical and molecular levels (De Castro
and Marraccini, 2006). The external factors, such as
temperature and short days, have been emphasized as
key signals in inducing storage proteins accumulation in
trees (Martre et al., 2003). In the present study, reserved
proteins are present in all the mature or immature stage
of cuttings. However, their expression is differential
among the different categories of reserved proteins (Rate
of glutelin higher compare to those of albumin, prolamin
and globulin) and different stages of cutting. Accumulation of proteins with an increasing of total nitrogen
content could enhance growth and development of organ
from P. africana cuttings cultured in MS medium. Unfortunately only cuttings of IVA stage were reactive showing
that many other factors influenced the growth of explants.
In this experiment, the increasing of initial level of
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Figure 5. Percentage of cutting rooting of P. africana in different concentration of IBA.

Table 1. Budding and multiple shoots percentage and shoot numbers.

Media
Control without growth regulator
Kin 4 µM
Kin 12 µM
Kin 24 µM
TDZ 4 µM
TDZ 12 µM
TDZ 24 µM

Budding
0
50
100
100
100
100
100

phenols which are the main substrate of peroxidase had
a negative effect on in vitro cutting development. In fact,
phenolic compounds were released from cut surface to
the culture medium and were probably responsible of the
phytotoxic effect. The oxidized products not only may
contribute to failure of the explant development, but also
may lead to the death of explants (Liu and al., 2015).
Some factors including type of explant, light exposure,
age and vigour of the donor plants, source of explant,
genotype, size of explant affect the controlling of explants
browning (Thomas and Ravindra, 1999). Time of the year
at explant collection is also another important factor
influences the explants browning. It is possible to
alleviate the browning of explant with the selection of
growing stage (Thomas and Ravindra, 1999) which is IVA
in this study that presented the minimum phenolic

Multiple shoots Number of shoots
0
0
25
50
50
100
100

0
1
2
2
3
4
5

compounds.
Different methods developed in this work showed that
P. africana might be multiply with success from singlenode cuttings of young plants. The successful percentage
of different steps was assessed depending on the nature
and concentration of phytohormons used. We observed a
positive action of low concentration of Kin on budding and
development of axillary bud. Similar results were
obtained by Enjalric (1983) and Fotso et al. (2007) in
Hevea brasiliensis and Ricinodendron heudelotii,
respectively. AIB was used for rooting of cutting with
100% of maximal effect at 24 µM. Shiembo (1994)
obtained the same results in R. heudelotii multiplied ex
vitro into a propagation system. Maximum rate has been
observed with 2 and 4 mg/L of IBA for rooting of Prunus
laurocerasus L. (Sulusoglu and Cavusoglu, 2010). On the
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Figure 6. Multiple shoots from 14 days old seedling of P. africana. a and b) Germinated seed derived-seedling. c)
Budding of axillary bud; d,e,f) Proliferation of 2, 3 and 5 multiples shoots after 7, 10 and 14 days old, respectively.

other hand, propagation of many woody plants such as
Psidium guajava (Yasseen et al., 1995), Cola anomala
and Cola nitida (Fotso et al., 2002) is limited by the
difficulties of rooting. When using TDZ and Kin at high
concentration, there had a development of multiple
shoots from one axillary bud. These phytohormons have
created probably at the level of buds, an antagonist effect
of apical dominance of main axillary bud on lateral buds
which enter in competition with the principal bud. In
contrary, low concentration of Kin treatment promote the
budding of principal axillary buds without reducing its
dominance which maintain in a dormant state, lateral
buds
In conclusion, chemical profile of explants varies from
different growing stages and influences its reaction.
However, acquired results showed that tissues culture of
P. africana via micro cutting is promising and could be
useful alternative technique for more rapid clonal
multiplication of this endangered species. For this reason,
acclimatization of plantlets are required.
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