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Keyword ABSTRACT

S Fruits LMO The quality of javanese turmeric as one of the most widely use herb in Indonesian

° Javanes_e turmeriF traditional medicine, is often ignored and unoptimized. Therefore, research on Javanese

< Local microorganism | y;rmeric cultivation become critical to be performed.One of crucial aspect is sufficiency

° Secondary of water and nutrients to increase rhizome productivity during vegetative period.
metabolite e . . . . .

= Snails LMO Therefore, fertilization plays an important role in increasing soil macronutrients content

and ultimately enhance Javanese turmeric’s quality.The aim of this research is to
determine the potential of addition local microorganism (LMO) solution as an organic
fertilizer on rhizome production and bioactive content of Javanese Turmeric .

The research on LMO application for Javanese turmeric plantation was conducted at
Soho Center of Excellence in Herbal Research (SCEHR). LMO was made by utilizing local
waste of snail and fruits collected from around plantation area. Three different groups

) of treatment were applied, one group as a control and two groups were treated by
:‘clies"e':d Zf&;jftlfms additional LMO along vegetative period. The measured parameters were weight of
Accepted 24 August 2018 rhizome, curcuminoid and xanthorrhizol levels. The results showed that LMO addition
to the regular fertilization able to increase Javanese turmeric productivity and shorten
both vegetative and generative period of time while maintain its quality. It can be
concluded that LMO application is also good approach for both field, Javanese turmeric
agriculture and natural medicine.

INTRODUCTION
Factors that affect the quality of traditional medicine include the quality of the
*Corresponding author ingredients utilized in the production of said medicine, as well as the quality of the
Lucky Lia Faiza dosage form. Therefore, the assurance and rising of quality of traditional herbal drugs
SOHO Global Health, go hand in hand with that of the ingredients. One herb that is often used in Indonesian

Z'shsasnéa:”:r' Nagrak, Sukabumi | ¢ 1.2 ditional medicine is Javanese turmeric (Curcuma xanthorrhiza Roxb), in Indonesia it is
, Indonesia

lucky. lia@sohoglobalhealth.co commo? called as'TemuIawak. Javanese tu.rm.erlc is known to possess many benfeflts as
m an antiinflammation (Jacob 2007), antioxidant (Kumar et al. 2007), anticancer
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(Thangapazham et al. 2008), antimicrobial (Goel 2008),
hepatoprotective (Farombi 2007), and
antihyperlipidemic (Arafa 2005), among others. These
attributes are connected to the active marker
compounds found in Javanese turmeric, curcuminoids
and xanthorrhizol (Sidik and Sumiwi 2008). These
secondary metabolic products are often used as
indicators of the Javanese turmeric’s quality, because
the effect of active markers level on its potency is
significant.

Javanese turmeric is a perennial plant that takes
approximately 9-12 months to harvest. Optimal growth
conditions are 100-600 m above sea level with soil that
has good drainage, medium solum, a texture ranging
from clay to sandy loam and a loose consistency. The
relatively long harvest time makes the cultivation of
Javanese turmeric unattractive notion to many,
especially when compounded with the fact that the
quality of the resulting plant is rarely up to
expectations. Low concentrations of curcuminoids and
xanthorrhizol often become a stumbling block in
upkeeping Javanese turmeric quality, as well as a
crucial question in relation to optimal harvesting
methods that yield the best results (Rahardjo 2010).

Javanese turmeric takes a long time to harvest
because it has two periods of growth, a vegetative
phase and a generative phase. The former is growth of
the shoot, rhizomes, and other primary metabolites,
and hence requires nutritional support; a lot of effort
goes into enriching soil with nutrition by fertilization.
Fertilization, such as composting vyields a faster
vegetative growth in terms of stem height and
diameter, as well as the length, width, and number of
leaves, compared to most other methods (Rivai, 2017).
Another method would be to use microorganisms to
increase macronutrients in the soil. Some types of
microorganisms can increase the concentration of
phosphorus in soil, which is the most essential
macronutrient for plant growth after nitrogen
(Gyaneshwar et al. 2002).

On the other hand, the generative phase is when the
plant is out of the vegetative phase and begin to focus
on secondary metabolic growth, and this is the period
in  which curcuminoids and xanthorrhizol are
developed. Many factors, including physiological
variables such as organ growth, pollination, or chemical
or mechanical damage to the plant affect this
development. Other possible factors are pests and

diseases, temperature, climate, and contamination
(Figueiredo et al. 2008).

The use of local microorganisms (LMO) has many
applications in the vegetative phase of growth. LMO is
a fluid made from several natural sources, containing
various nutrient elements and microbes that can break
down organic material (Suhastyo et al. 2013). Thus
LMO can be expected to mend soil conditions and
optimize vegetative growth for productivity of the
plant. Therefore, it can also maximize formation of
secondary metabolites to increase curcuminoid and
xanthorrhizol concentrations. It would be even better if
the addition of LMO can shorten the long harvesting
time by increasing the rate of secondary metabolite
formation despite still being in the vegetative phase,
making the cultivation of Javanese turmeric much more
feasible.

This method is expected to impart benefits on
farming as a complement to fertilization. The use of
LMO is acceptable within the principles of organic
farming as it only involves organic material and does
not leave chemical residue in the soil.

METHODS

The study was conducted between November 2014
and August 2015 at the Soho Center of Excellence in
Herbal Research (SCEHR) in Sukabumi, Indonesia, 600
m above sea level. The Javanese turmeric seed used
was of the Cursina 2 variety and planted in 70 x 50 cm
square holes, approximately 50-100 g of seeds per
hole. Manure was used as an initial nutrition provider
with a dose of 1 kg/hole.

Two LMO types were utilized for this study: LMO
made from snails (SLMO) and LMO made from rotten
fruits (FLMO). They were formulated by chopping up
the material (1 kg of snails or fruit) and mixing them
with 5 liters rice washing water/fish water that had
been added with 250 g molasses/sugar. Each mixture
was stirred 2-3 times every day and was prepared for
17-20 days. The resulted mixture are then called a LMO
stock solutions.

LMO was applied during the Javanese turmeric
vegetative phase by spraying a diluted solution (LMO
stock solution in water with 1:10 v/v ratio). Three
groups of treatment were assigned, the plants given
only manure as the control, the plants given manure
plus Fruit Local Micro Organism (FLMO) during the
vegetative phase, and the plants given manure plus
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Snail Local Micro Organism (SLMO)
vegetative phase.

The experiment was carried out with simploThe aim
is to determine whether the addition of LMO has an
effect as a complementary nutrient for the growth of
Javanese turmeric and as stimulant for Javanese
turmeric bioactive metabolite formation.

Observations were made on the 7th, 8th, and 9th
months after planting, measuring the productivity
(weight) of rhizomes and concentrations of bioactive
chemicals in the rhizomes, i.e. xanthorrhizol and
curcuminoids. This is to determine the optimal planting
period of Javanese turmeric with the additions of
nutrients like LMO during planting period, in order to
attain a shorter planting period. Analysis of
curcuminoid and xanthorrhizol concentrations was
done with high performance liquid chromatography
(HPLC).

Assay of curcuminoid was determined using C18,
250x4.6 mm, 5 um column. Mobile phase was made by
acetronitrile: H;PO, 0.1% (60:40). Target compound
was detected using 425 nm wavelength at retention
time £7.2 minutes for Bis-demetoxycurcumin, retention
time 7.8 minutes for demetoxycurcumin and
retention time 8.4 minutes for curcumin.

Assay of xanthorrhizol was determined by
injecting the sample which dissolved in ethanol to HPLC
system using C18, 150x4.6 mm, 5 um column. Mobile
phase was made by methanol:water (80:20) and
280nm wavelength was used as detector to show
target compound at retention time 9.6 minutes.

during the

RESULTS AND DISCUSSION

Adding local microorganisms is a means for
increasing nutrient content during the growth of the
Javanese turmeric plant. The long planting period and
the addition of LMO during the vegetative phase
showed an effect on productivity of rhizomes. The
single addition of manure during the initial planting
phase vyielded least productivity compared to the
groups with LMO, as seen in Fig. 1. Javanese turmeric
given manure + LMO has larger rhizomes and have
higher productivity at 7 months after planting (m.a.p.)
than the control Javanese turmeric at 9 m.a.p.

The materials used in LMO also have different
effects. The two types of LMO, fruit and snail, have
different productivity patterns from month to month.
FLMO generated a higher increase in productivity than
SLMO, giving wet rhizomes as large as 1,220 g/plant

Qe

and dry rhizomes as large as 230 g/plant at 9 m.a.p. But
SLMO gave better results than fruit at 7 m.a.p. and 8
m.a.p.

Rhizome productivity is a target of every Javanese
turmeric cultivation as it is the main part of the plant to
be utilized, especially since it has long planting period
which means farmers can only grow it once a year.
Generally, rhizome productivity is influenced by growth
quality during the vegetative phase; soil conditions and
nutrients are significant in ensuring maximal growth
and formation of primary metabolites that has a direct
relationship with rhizome productivity. Macronutrients
required for rhizome growth are nitrogen, potassium,
calcium, magnesium, phosphorus, and sulphur, while
micronutrients required for plant growth are iron, zinc,
manganese, copper, and chlorine (Grusak, 2001).
Sufficiency of these nutrients is important to the
resulting quality of rhizomes, which in turn is often
based on the concentration of marker compounds in it
because of the correlation between concentration and
potency.

Fertilization is mandatory to increase soil nutrient,
but that alone does not guarantee quality vyield,
particularly with regards to active compound
concentration in rhizomes. Even though LMO was only
applied during the vegetative phase, it has an effect not
only on Javanese turmeric productivity but also on the
concentrations of curcuminoids and xanthorrhizol in
rhizomes, as recorded in Table 1.

In table 1 shown that curcuminoid concentration is
increase with plant age from all treatment group. LMO
also gives a positive influence on curcuminoid
concentration, although manure + SLMO yielded better
than manure + FLMO. The highest concentration of
curcuminoids was 1.93% — attained with manure +
SLMO fertilizer at 9 m.a.p. — albeit not being too far
from the control results, 1.92%.

Unlike curcuminoids,xanthorrhizol in the
experimental groups displayed a distinct pattern of
growth from the control group. With manure only,
xanthorrhizol concentration increased with age, but
with LMO, it peaked at 7 m.a.p. and then declined with
age. The highest concentration of xanthorrhizol was
4.17%, in manure + SLMO at 7 m.a.p.

The addition of LMO on top of regular fertilizer is
proven to be crucial and makes a significant difference
for both productivity and its bioactive concentration.
From a productivity standpoint, LMO can increase
rhizome weight; at 9 m.a.p. the control group has
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Figure 1. Productivity of wet (A) and dry (B) javanese turmeric rhizomes according to cultivation methods of age.

smaller rhizomes than the treatment group of manure
+ SLMO and manure + FLMO groups at 7 m.a.p. This
result indicate that adding LMO to the plant during
Javanese turmeric vegetative period worthy of
consideration. Application of LMO can make plantation
period shorter while keeping its productivity at an
optimal level.

Aside from rhizome productivity, bioactive
compounds in those rhizomes is a parameter for
considering and determining simplicial quality. The
formation of these compounds generally occurs in the
generative phase of growth when the Javanese
turmeric has formed its primary metabolites. The
formation of secondary metabolites is influenced by
age, condition, and environment in which the plant is
grown. These factors will affect biochemical

mechanisms in said formation. From medical point of
view, curcuminoid and xanthorrizol concentration in
Javanese turmeric is even more crucial than the
rhizome weight. Higher bioactive content enable
Javanese turmeric to broaden its health benefit as
natural medicine. It is well know that curcuminoids
and xanthorrhizol have antiinflammation (Devaraj et al.
2010), antioxidant (Aftab and Vieira, 2010), and
antimicrobial towards H. pylori (De et al. 2009).
Xanthorrhizol can also be an oral antimicrobial (Hwang
et al. 2000), anti-Candida (Rukayadi et al. 2006), and in
combination with curcumin can halt the growth of
MDA-MB- 231 cells that induce breast cancer (Cheah et
al. 2009). These wide benefits can only be reached with
a high quality of Javanese turmeric that has an
adequate amount of curcuminoid and xanthorrizol up
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Table 1. The effect of manure and LMO and plant age on concentrations of curcuminoid and xanthorrhizol in

rhizomes.
Age of plant Bioactive etz
Manure Manure + Snail Manure + Fruit
LMO LMO

7 Curcuminoid 0.96% 1.55% 1.06%
Xanthorrhizol 3.26% 4.17% 3.70%

8 Curcuminoid 1.21% 1.75% 1.11%
Xanthorrhizol 3.32% 3.65% 3.03%

9 Curcuminoid 1.92% 1.93% 1.44%
Xanthorrhizol 3.45% 3.51% 2.37%

to certain level of standard. The cultivation become
one of its most important factor to obtain that.

The addition of LMO resulted in an increase in
curcuminoid concentration that rises with age.
Interestingly, concentration at 7 m.a.p. in LMO-treated
plants is significantly different than in those with
manure only. This warrants further research in the use
of LMO for the cultivation of Javanese turmeric.
Xanthorrhizol concentration showed a distinct pattern
from that of curcuminoids with a decrease with age,
the highest value being observed at 7 m.a.p., in LMO-
treated plants. These results was in line with our
hypothesis that LMO not only able to enhance Javanese
turmeric vegetative growth but could be also able to
maximize the formation of secondary metabolites -
curcuminoid and xanthorrhizol concentrations.

The materials used in creating the LMO solution also
has an effect on the results. SLMO generally gives
better results than FLMO. This can be a basis for
further study with regards to the ingredients that go
into making LMO solutions. Macro- and micronutrient
contents is the primary factor in influencing yield.
According to Suhastyo et al. (2013), nutrients found in
SLMO are, among others, Mg, Cu, Zn, Mn, and Fe.
Calcium is the macronutrient tied with plant cell
activity in stimulus response and signal transduction.
Phosphorus is needed for increasing plant growth in
dehydrated conditions when Javanese turmeric is
growing in dry condition. These elements in LMO will
have a positive impact on Javanese turmeric growth in
both vegetative and generative phases.

CONCLUSION

The higher the curcuminoid and xanthorrhizol
content indicate the higher the quality. LMO addition
to the regular fertilization able to increase Javanese

turmeric productivity and shortened both vegetative
and generative period of time while maintaining its
quality. Taking all these into account suggest that LMO
application is a good approach for both field, Javanese
turmeric agriculture and natural medicine. However,
although LMO usage can be one way to increase
concentrations, further study is needed in relation to
dosage or organic materials that can be used in making
solutions.
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