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ABSTRACT

Labisia pumila is well known as the queen of herb in Malaysia due to its phytoestrogenic activity that
is beneficial to women health. Since the raw material supply is limited, this study aimed to identify
feasible propagation methods for future planting stock production of this herb. Two vegetative
propagation techniques were investigated in this study, namely tissue culture and leaf cuttings. In
tissue culture method, a combination of MS media with 0.5 mg L™ NAA gave fast response in shoot
development of L. pumila var. alata compared to other treatment media. The in vitro leaves explant
were able to produce 4.33 = 0.39 shoots per explants after being cultured for 16 weeks. The
established plantlets from tissue culture were acclimatised in four different potting media, namely sand
(100%), cocopeat (100%), jiffy (100%) and sand:cocopeat 50:50). Jiffy (100%) was found to be the
best potting media during the acclimatisation of the plantlets compared to other treatment. While for
leaf cuttings, the shoot development on rooted cuttings were observed only after 19 to 30 weeks of
cutting period. The leaf cuttings can produce about 1.50 + 0.65 shoots per cutting in 30 weeks interval.
The growth performance of the plants from tissue culture and leaf cuttings were further evaluated at
nursery stage. The results showed that tissue culture plants have more leaves (7.80 + 0.22) compared
to leaf cuttings (4.98 + 0.18). Meanwhile, plants from leaf cuttings have better plant size over tissue
culture plants in terms of leaf length, leaf width and collar region. However, the different leaf number
and plant size did not reflect the total biomass of the plants. The ANOVA results showed no
significant difference in fresh and dry weight of the plants from both sources of propagation where
tissue culture plant recorded 2.55g + 0.15 fresh weight and 0.41g £ 0.03 dry weight while leaf cuttings
plant recorded 2.87g = 0.14 fresh weight and 0.48g + 0.05 dry weight. The total phenolic content
(TPC) was also evaluated in this study. Both tissue culture and leaf cutting plant did not show
significant value of TPC with 326.21+13.37 (Gallic acid equivalent) and 320.78+17.19 mg GAE 1009
! respectively. The analysis showed that tissue culture method was more preferable since it was able to
produce fast and higher number of shoots compared to leaf cuttings.
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INTRODUCTION

Labisia pumila or locally known as kacip fatimah is listed as one of the high-value herbal products
that has bright future in the herbal industry. It is well recognised in containing phytoestrogen that is
essential for women health care. Traditionally, it has been used in the form of water decoction for
confinement mother. The advancement of biotechnology in Malaysia has discovered the benefit of L.
pumila in various fields of applications, particularly in pharmaceutical and cosmeceutical purpose. Its
positive effects include regulating body weight (Fazliana et al. 2009), preventing photoaging (Hyun-
kyung et al. 2010) and possessing anti-bacterial and anti-fungal activities (Karimi et al. 2011; Ali and
Khan 2011).

As the application of L. pumila is continuously being explored, many new products will be invented,;
consequently this increases the demand of raw material supply. It has been reported that 50% of the
raw materials used by the local herbal industry came from forests (Zurinawati 2004). Over time, our
herbal industry will face insufficient supply of local raw materials to feed the growing industry.
Hence, mass propagation of L. pumila in commercial scale is relevant to be conducted to avoid such
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problem. This herbal plant is naturally propagated through seeds which have slow growth rate in its
own habitat. The quality and quantity of the plant available in the natural habitat is also uncertain
(Mohd Setafarazi et al. 2001). As the demand on this herbal plant keep increasing by the herbal
industry, a feasible propagation method of L. pumila should be explored. In this study, two vegetative
propagation methods namely micropropagation and leaf cutting were evaluated on L. pumila var. alata
based on their growth performances, total biomass and total phenolic contents.

MATERIAL AND METHODS
Micropropagation of L. pumila var. alata

In vitro leaves of L. pumila var. alata obtained from culture initiation stage were used as the explants
in this study. The leaves explants were cultured in eight treatments of Murashige and Skoog (MS)
medium containing 0.5 mg L NAA, 0.1 mg L BAP + 0.5 mg L™ NAA, 1.0 mg L BAP + 0.5 mg L™
NAA, 0.5 mg L™ BAP + 0.5 mg L™ NAA, 0.5 mg L BAP, 0.5 mg L™ BAP + 0.1 mg L™ NAA and
0.5 mg L BAP + 1.0 mg L™ NAA. MS medium without any plant growth regulator was set as
control. Four leaf exlants were cultured in each treatment and replicate thrice. Cultures were incubated
at 23 + 2 °C with 16-h photoperiod.

Acclimatisation of tissue culture plantlets

The established plantlets produced were transferred into greenhouse for acclimatisation process. Four
different potting media consisting of sand (100%), cocopeat (100%), jiffy (100%), and sand:cocopeat
(50:50) were used during the acclimatisation . All of the plantlets were acclimatised in the glass
chamber for two months (8 weeks). The growth performances of plantlets such as shoot height,
number of leaf/explant, leaf length and leaf width were evaluated before and after the acclimatisation
process.

Post acclimatisation process

After the acclimatisation process, the L. pumila var. alata were shifted to nursery. The growing
medium was replaced with top soil: compost: sand in the ratio of 2:3:1.

Leaf cuttings of L. pumila var. alata

Matured leaf of L. pumila var. alata was used in this study. The leaves were cut into three different
parts i.e. upper, middle and lower (Figure 1). The cuttings were treated immediately with Seradix 1
(0.1% IBA) before being inserted into the rooting medium. The cuttings were propagated in a mist
propagation chamber for 12 weeks. A total of 180 cuttings were produced in a Completely
Randomized Design (CRD) within three replicates. The observation on rooted cuttings was made
during 3 to 12 weeks of cuttings.

Acclimatisation of rooted cuttings

After 12 weeks, the rooted cuttings
(Figure 2) were transferred into
growing medium consisting of top
soil: leaf compost: sand (2:3:1).
The rooted  cuttings  were
acclimatized in an open mist
propagation chamber for three
weeks before being transferred to
the nursery. The production of
shoot was recorded during week 13
to week 30 after cuttings.
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Figure 1. Determination of upper, middle and lower part of leaf cuttings

Figure 2. Rooted cuttings from different leaf part

Growth monitoring and data collection

A total of 60 ramets propagated through tissue culture and leaf cuttings were raised and maintained at
FRIM’s nursery. A known composition of fertilizer (Floramas) (NPKMgSCa, 20:15:10:1:3:2 + 1%
trace elements) was applied to the plants in two weeks interval. The plant growth parameters were
measured based on stem height, number of leaf, leaf length, leaf width and collar region. The data
were collected once per month starting from acclimatisation stage until harvesting stage (9 months
old). For total biomass (fresh and dry weights), the assessment was conducted during harvesting stage.
The plants were randomly harvested and cleaned from remaining soils before weight. After fresh
weight was recorded, the sample was dried in oven dryer (MEMMERT) for 48 hours. The dry weight
was recorded when the balance gave constant reading.

The percentage of dry weight was calculated based on:-
Dry weight (%) = Dry weight (g) x 100
Fresh weight (g)

The percentage of moisture content was calculated by:-

Moisture (%) = [Fresh weight (g) - Dry weight (g)] x 100
Dry weight ()

Assessment of total phenolic content
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After 9 months of planting, the leaves samples were randomly harvested for total phenolic content
analysis. Leaves were selected for the analysis because it contains high total phenolic content as
compared to the other part of the plant (Karimi et al. 2011). The quantification of TPC were analysed
by using Folin Ciocelteau (FC) reagent following the method by Singleton & Rossi (1965) with slight
modifications (Vimala et al. 2003) The absorbance was measured at 725 nm by using UV
Spectgophotometer with the unit of Gallic acid equivalent mg per 100g dry weight (GAE-TPC mg
100g™).

Statistical analysis

Analysis of variance was used to analyse the variance between the treatments in both propagation
techniques by using SPSS software version 22.

RESULTS AND DISCUSSION
Effects of plant growth regulator on shoot initiation

Among the eight treatment media, leaf explants of L. pumila var. alata gave response to MS + 0.5 mg
L' NAA, MS + 0.1 mg L™ BAP + 0.5 mg L NAA and MS + 0.5 mg L' BAP + 1.0 mg L™ NAA
during 16 weeks of culture. The analysis of variance showed the eight treatment media gave
significant difference at p < 0.05 on the mean number of shoots produced. The highest shoot formation
was observed in the MS + 0.5 mg L™ NAA with 4.33 + 0.39 shoots per explants. The shoot formation
was also observed in MS + 0.1 mg L™ BAP + 0.5 mg L™ NAA with 4.17 + 0.63 shoots per explant and
MS + 0.5 mg L™ BAP + 1.0 mg L™ NAA with 2.42 + 0.26 shoots per explant. Meanwhile, leaf explant
of L. pumila var. alata cultured in MS (control), MS + 1.0 mg L™ BAP + 0.5 mg L™ NAA, MS + 0.5
mg L™ BAP + 0.5 mg L NAA, MS + 0.5 mg L™ BAP and MS + 0.5 mg L* BAP + 0.1 mg L™ NAA
did not show any response during the 16 weeks culture period.

The multiplication of explant culture began with the formation of adventitious root (Figure 3(a))
followed by shoot induction (Figure 3 (b)). The first adventitious root formation was observed after
22.00 + 0.93 days of culture in MS + 0.5 mg L™ NAA. The adventitious root formation in MS + 0.1
mg L* BAP + 0.5 mg L™ NAA and MS + 0.5 mg L™ BAP + 1.0 mg L™ NAA were observed only after
29.25 + 0.86 and 45.17 + 1.05 days respectively. Shoot induction was observed after 65.7 + 0.62 days
of culture in MS + 0.5 mg L™* NAA and later 79.00 + 0.92 days in MS + 0.1 mg L* BAP + 0.5 mg L™
NAA and 84.75 + 0.86 days in MS + 0.5 mg L™ BAP + 1.0 mg L™ NAA.

Based on the media optimisation, L. pumila var. alata favored MS media with low concentration of
BAP and high concentration of NAA for regeneration. This finding was similar with Victor (2005)
where the low concentration of BAP (0.1 mg L™ ) with high concentration of NAA (0.9 mg L™ ) had
stimulates extensive explants enlargement in Nicotiana tobacum (tobacco). Meanwhile, no
regeneration was observed in MS media containing high concentration of BAP with low concentration
of NAA. It was also observed that no regeneration occurred in equal concentration of BAP and NAA.
According to Trigiano and Gray (2004), high concentration of cytokinin usually inhibits the root
development as occurred in MS + 1.0 mg L™* BAP + 0.5 mg L™ NAA, MS + 0.5 mg L™ BAP and MS
+0.5mg L? BAP + 0.1 mg L™ NAA.

After 16 weeks of growing in culture medium, the growth data of established shoot in MS + 0.5 mg L™
NAA, MS + 0.1 mg L™ BAP + 0.5 mg L™ NAA and MS + 0.5 mg L™ BAP + 1.0 mg L™ NAA were
recorded as shown in Table 2. Four variables were evaluated such as shoot height, number of leaf
produced per explants, leaf length and leaf width in each shoot. Of all the variables tested, the highest
mean of shoot growth was obtained in MS + 0.5 mg L™ NAA followed by MS + 0.1 mg L™ BAP + 0.5
mg L™ NAA and MS + 0.5 mg L™ BAP + 1.0 mg L™ NAA. Fast shoot induction occurred in MS + 0.5
mg L™ NAA which was one of the factors that led to the highest growth performance of the shoots
compared to other treatments. In this experiment, it can be concluded that treatment media with MS +
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0.5 mg L NAA, MS + 0.1 mg L™ BAP + 0.5 mg L™ NAA and MS + 0.5 mg L"* BAP + 1.0 mg L™
NAA were found to be ideal for the shoot multiplication of L. pumila var. alata whilst MS + 0.5 mg L
! NAA gave the fastest and highest shoot production.

Table 1. Response of L. pumila var alata to different concentration of BAP and NAA

Treatment Mean no. of shoots per Time to first Time to first shoots
explants adventitious root induction (day)
formation (day)

MS (control) 0 0 0

MS + 0.5 mg L™ NAA 4.33a+0.40 22.00a+0.93 65.75a+0.62
MS + 0.1 mg L™ BAP 4.17b40.63 29.25b+0.86 79.00b+0.93
+0.5mg L NAA

MS + 1.0 mg L™ BAP 0 0 0
+0.5mg L NAA

MS + 0.5 mg L™ BAP 0 0 0

+0.5mg L NAA
MS + 0.5 mg L™ BAP
MS + 0.5 mg L™ BAP
+0.1 mg L NAA
MS + 0.5 mg L™ BAP 2.42b+0.26 45.17¢+1.05 84.75c+0.86
+1.0mg L NAA

0 0 0
0 0 0

Means with the same letters are not significantly different at 0.05 level of confidence

Table 2. Growth performance of L. pumila var. alata after 16 weeks of culture in three treatment
media

Treatment Shoot height (cm) No. of leaf per Leaf length (cm) Leaf width (cm)
explant

MS+05mg L™ 3.10a+0.14 3.10a+0.10 1.40ax0.07 1.09a+0.04
NAA

MS +0.1mg L™ 2.63b+0.07 2.69b+0.11 1.33a+0.04 0.88b+0.03
BAP +0.5mg L™

NAA

MS +0.5mg L™ 1.97¢+0.06 2.47¢+0.19 1.08b+0.04 0.74c+0.12
BAP + 1.0 mg L™

NAA

Means with the same letters are not significantly different at 0.05 level of confidence
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1cm

Figure 3. (a) Adventitious root formation in MS + 0.5 mg L™ NAA; (b) Shoot induction in MS + 0.5
mg L™ NAA at 10 weeks of culture; (c) Vigorous shoot of L. pumila var. alata taken out from MS +
0.5 mg L™ NAA after 16 weeks of culture.
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Table 3. Effects of different potting media on the growth of L. pumila var. alata

Potting media Stem No. of leaf Leaf length  Leaf width  No. of root Root length
height (cm) (cm) (cm)
(cm)

Cocopeat 3.22°+0.22 3.30°+0.36 1.86°+0.19 1.15°+0.09 0.90°+0.28 0.91°+0.30
(100%)

?1""0”0% %) 3.73*+0.33 5.72°+050 2.74°+0.23 1.62°+0.08 1.63°+0.30 1.72°+0.58
Jiffy 3.95°+0.29 6.75°+0.49 3.72°+026 2.00°+0.16 3.33°+0.58 1.86"+0.38
(100%)

Sand:cocopeat 4.07°+0.25 4.35°+0.44 2.26°+0.19 1.28°+008 1.71°+0.46 4.62*°+0.50
(50:50)

The root performance of superior clone L. pumila var. alata plantlets were also evaluated after two
months of acclimatisation. Plantlets grown in jiffy (100%) produced the highest number of primary
root with the mean of 3.33 + 0.58. While the root performance of plantlets in sand:cocopeat (50:50)
and sand (100%) were not much different with 1.71 + 0.46 and 1.64 + 0.31 respectively. Plantlets
grown in cocopeat (100%) potting medium showed poor rooting performance compared to others with
only 0.90 £ 0.28 primary roots per plantlets. For the root length variables, the performance was shown
by the total number of primary roots produced. The faster and greater number of roots produced will
reflect the root length of the plantlets as shown in Table 3. The rooting performance of superior clone
L. pumila var. alata plantlets in four different media were in ascending order of cocopeat (100%) <
sand (100%) < sand:cocopeat (50:50) < jiffy (100%).

Based on the results obtained, jiffy (100%) was the most suitable potting media for L. pumila var.
alata plantlets. Muhammad Fuad et al. (2015) also obtained similar results during the acclimatisation
of tongkat ali. Jiffy (100%) consists of sphagnum peat and coir fiber offer quicker rooting due to the
air pruning that stimulates fibrous root development within the plug. The crop cycle can be shortened
up to 25% to produce stronger and more compacts plants.

Effects of different leaf cuttings part on the percentage of rooted cuttings and shoot production

The number of rooted cuttings was measured during week 3 to week 12 of cutting period (Figure 4).
Root development of superior clone L. pumila var. alata in this study can only be observed at week 3
of cutting period. This finding was also supported by Rozihawati et al. (2005); Aminah et al. (2008);
Farah Fazwa et al. (2013) and Syafigah Nabilah et al. (2014). Based on Figure 3, the lower part of leaf
cuttings rooted early compared to upper and middle part. However, the use of different leaf cutting
part has no significant effect on rooting percentage of the cuttings based on analysis of variance
(ANOVA) (Table 4). The lower part produced the highest rooting percentage (90%) followed by
middle part (84%) and upper part (81%). The total number of primary root was measured at week 12
of cutting period. The three different parts of leaf cuttings produced around 2.76 to 2.86 primary roots.

After 12 weeks of cutting period, the rooted leaf cuttings were transferred to growing medium to
enhance shoot production. The first shoot emergence was observed at cuttings of lower part in week
19 (Figure 5). The middle part of leaf cuttings started to produce shoot at week 20 while upper part at
week 24. Most of the rooted cuttings in three different parts successfully produced shoot at week 30.
The high accumulation of endogenous auxin in the lower part of the leaf cuttings could be the factor of
early rooting production in this study as the natural auxin flow in stem tissue is in a biseptal direction
(apex to base) (Hartmann and Kester 1968).
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Figure 4. Number of rooted cuttings in different leaf cuttings part during the 12 weeks of observation

Table 4. Percentage of rooted cuttings and total number of primary root production in different leaf
cuttings part

Source of Levels Rooting (%) Total number of
variation primary root
Leaf part Upper 90.12° 2.76°
Middle 83.84° 2.80°
Lower 80.92° 2.86°

Means with the same letters are not significantly different at 0.05 level of confidence
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Figure 5. Observation on shoot production of three different cutting parts
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Plant growth performance

The ANOVA has been conducted for the growth performances of superior clone L. pumila var. pumila
at nine months of age. The analysis shows there is significant difference in the growth performances of
plants produced from tissue culture and leaf cuttings except for stem height variable. The mean and
standard errors (SE) of growth performance data were presented in Table 5.

Growth performances of the plants after nine months indicated that plant produced through tissue
culture have greater leaf number compared to leaf cuttings plants. However, the latter propagation
method has larger size of plant in terms of leaf length, leaf width and collar region. While, the shoot
length of plants from both propagation method does not show any significant value with 5.13 + 0.21
cm for tissue culture plants and 5.15 + 0.21 cm for leaf cuttings plants.

Each shoot of tissue culture plants able to produce 7.80 + 0.22 leaves number while leaf cutting plants
only produced 4.98 + 0.18 leaves number. On the other hand, the size of tissue culture plants (leaf
length: 7.31 £ 0.39 cm; leaf width: 3.45 £ 0.11 cm) was observed smaller compared to leaf cuttings
plants (leaf length: 8.56 + 0.37 cm; leaf width: 4.10 + 0.16 cm). Similar to leaf size, the collar region
of in vitro plants was also smaller than leaf cuttings plants with 3.08 £ 0.13 mm and 3.31 + 0.11 mm
respectively.

The addition of plant growth hormones during in vitro propagation possibly influenced the vigorous
leaf production and size of tissue culture plants. This finding is similar with Nehra et al. (1992), where
the influence of plant growth hormones on callus regenerants of strawberry caused shorter petiole
length and smaller leaf size but more leaves and runners under greenhouse condition. Furthermore, the
tissue culture plants need gradual process of acclimatisation after ex vitro transplantation to adapt with
the new environment and grow normally (Pospisilova et al., 1999).

Table 5. Growth performances of L. pumila var. alata from different source of propagation method at
nine months of age

Source of Stem height No. of leaf Leaf length Leaf width  Collar region
propagation (cm) (cm) (cm) (mm)
Tissue 5.13+0.21*  7.80+0.22°  7.31#0.39°  3.45#+0.11°  3.08+0.13"
culture

Leaf cuttings 5.15+0.21° 4.98+0.18" 8.56+0.37° 4.10+0.16° 3.31+0.11%
Means with the same letter are not significantly different at 0.05 level of confidence

Total biomass

The ANOVA test showed no significant difference between the fresh weight, dry weight, percentage
of dry weight and percentage of moisture contents of L. pumila var. alata produced from tissue culture
and leaf cuttings. Means of all the variables tested were recorded in Table 6.

In previous discussion, the growth performance of leaf cutting plants was observed greater than tissue
culture plants in terms of leaf size and collar region. However, the difference in size of the plants did
not influence the biomass and moisture content of the plant produced either through tissue culture or
leaf cuttings. From the analysis, the percentage of dry weight in L. pumila var. alata was in the range
of 15.97 £0 .89 % to 16.44 +0 .90 % while the moisture content was 83.55 + 0.90 % to 84.02 + 0.89
%. In other study, Anee et al. (2014) has reported the moisture content in leaf of selected clones from
L. pumila var. alata was in the range of 73.78 £ 5.13 to 79.91 + 0.67 whereas L. pumila var. pumila in
the range of 72.03 £ 0.76 t077.74 £ 0.85. In large scale plantation of L. pumila, it is estimated that
4,000 to 5,000 kg of fresh weight can be obtained from 45,000 plants planted in one hectre field
whereas about 800 to 1,000 kg of dry weight gain after drying process.
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Table 6. Biomass and moisture content of plants from different source of propagation method at nine
month age

Source of Fresh weight  Dry weight Dry weight Moisture
propagation (9) (9) (%) content (%)
Tissue culture 2.55+0.15° 0.41+0.03° 15.9740.89°  84.02+0.89°

Leaf cuttings 2.87+0.14° 0.48+0.05° 16.44+0.90°  83.55+0.90°

Means with the same letter are not significantly different at 0.05 level of confidence

Total phenolic content

The total phenolic contents of plants sourced from tissue culture and leaf cuttings were also estimated
at the age of nine months. The ANOVA test showed no significant difference between the total
phenolic contents of the plants in both propagation methods as shown in Figure 6.

At nine months of age, the total phenolic content in tissue culture plants was about 326.21 + 13.37 mg
GAE 100g™ and leaf cuttings plants yield about 320.78 + 17.19 mg GAE 100g™. In comparison with
Farah Fazwa et al. (2012), the screening of total phenolic contents in L. pumila var. alata collected
from five populations was in the range of 971.42 + 59.53 to 2680.80 + 25.17 mg GAE 50g™. Since it is
collected from wild, the exact age of the plants is unknown. Age can be one of the factors that
influence the difference yield of total phenolic contents in these two studies. Achakzai et al (2009)
also reported that aged plant parts usually contained greater level of secondary metabolites.

Different standard used by different investigators also may give different reading of the total phenolic
contents. For example, Norhaiza et al. (2009) recorded the values of total phenolic contents in L.
pumila were between 2.53 to 2.22 mg per g of fresh weight. Whereas Mohd Hafiz et al. (2011)
recorded the amount of total phenolic contents in L. pumila ranging from 0.23 to 1.01 mg GAE per g
dry weight.
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Figure 6. Total phenolic contents of Clone KF08 source from tissue culture and leaf cuttings at nine
months of age.
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CONCLUSIONS

The current results suggested that tissue culture is the feasible propagation method for multiplication
of L. pumila var. alata in large scale. The process of plantlets establishment through tissue culture (24
weeks) was more rapid than leaf cuttings (30 weeks) and the number of shoots produced in tissue
culture (4.33) technique was higher compared to leaf cuttings (1.50). The results from this study can
be the baseline and reference for the mass production of L. pumila species in future.
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