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ABSTRACT

The Aloe vera L. is an important plant to be cultivated due toira content and useful as antiinflamatory,
antidiabetic and antichollesterol. The researchedino enhance the growth, and anloin productioAloé vera through
elicitation which has been conducted in the Agtimd Faculty Laboratory of Sarjanawiyata Tamansilmaersity and
Integrated Research and Testing Laboratory of GalMjada University. The experiment was arranged Witmpletely
Randomized Design (CRD) factorial with three regions. The first factor was sucrose dosages stimgiof four levels,
namely 0; 1.5; 3.0 and 4.5 % media. The secornbrfacas yeast extract dosages consisting of forgi¢enamely 0; 100;
200 and 300 ppm media. Growth age, viability, e@fa, fresh weight and dry weight of plantlets wasasured 2 months
after cultivation. Concentration of aloin was arsalg with TLC methods. Variance analysis of all datae tested by
using anova analysisx 5 % and followed by Duncan’s Multiple Range Testsi@nifican level of 5% of there was
significantly different in variance. Analysis of relation was colculated between dry weight andnafroduction of
planlets. The results showed that there were idti@rs of sucrose and yeast extract dosage souartteealry weight, aloin
concentration and production, and there were neractions on growth age, viability, leaf area anesh weight of
plantlets. The combination of without yeast extrastl 4.5% sucrose gave the highest plantlet drghteiThe highest
aloin concentration was obtained in no yeast eki@ad sucrose treatment and in no yeast extranbioed with 4.5%
sucrose . The highest aloin production in the pdantere obtained in no yeast extract and 4.5%osecadded in the
medium induction, it was capable of enhancing Ifdé the aloin concentration compared with givercrsge 3.0%
dosage. There were low correlation between fresghwand dry weight, aloin concentration and alpinduction. There

was a high correlation between aloin concentradioth production of plantlets.
KEYWORDS: Aloin, Elicitation, Growth, Sucrose, Yeast Extract
INTRODUCTION

The metabolism process which can induce a secondatgbolites pathway when it is added by compousids
called elicitation. Compounds which stimulate thegess of plant elicitation are called elicitor&ieTelicitation could also
be used to enhance the secondary metabolites systifeplant and could play an important role ingdyinthetic pathway
to enhance the production of commercial importamhgound. Elicitors are classified as physical cgnoltal, biotic or
abiotic, and complex or defined depending on tbagin and molecular structure. Biotic elicitoreanolecules of either

pathogen or host origin that can induce defengeoreses (Murthy et al. 2008; Angelostaal. 2010).
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Aloe vera plant is intensively used as a basal elementépamation of medicine, cosmetic and food supplement
The Aloe plant produced aloe gel for herbal makestarce. Aloe gel is a clear gel substance pradiligeparechymatis
cells, in the central part of the leaf. The maingtduents of the gel aloe are antraquinones imetuthe hydroxyathracene
derivates, aloin A, aloin B, barbaloin, isobarbalaind aloe emodin. Th&loe vera produces the secondary metabolites
such as aloin, saponin, lignin, lectin and gluconzan The aloin and saponin compounds have potefaialthe
pharmaceutical industry as antibiotic, antivirahtibacterial, antifungal, anti-inflammatory, antdbetic, antiallergy,
antileuchemic, anticancer and antineoplastic agaimme diseases (Naggstial. 2010; Acurero, 20..; Lambeet al, 2011;
Hazrati et al. 2012). The most important secondary metabolisesidt only for the medicine, cosmetic, and food
supplement properties but also has the physiologiain (Acurero, 2008). Among the most activergmunds which are
produced by plant are alkaloid, essential oils;dt®id, glucosinolates and phenolic in (Sawalhd,0

Recently the various tissue culture techniquesuaesl to enhance the yield of secondary metabddigesigger
stress response like using elicitors. Enhancingcohdary metabolism can be done to add precurggrabsformation,
and environment change are the focus of the studgrihancement of secondary metabolites in (Shatnah 2011;
Linden, 2012). Therefore, it in nesessary to deaesh activity of enhancing the growth and aloingamtration ofAloe

vera explant through elicitation.
MATERIALS AND METHODS

The materials of research afdoe vera seedling as explant material. The research wadumted at the tissue
culture laboratory oh the Faculty of Agriculturegrgnawiyata Tamansiswa University and the Integt&®Research and
Testing Laboratory of Gadjah Mada University, frowpril — July 2013. The research was arranged inaatd¥ial
Completely Randomized Design (CRD), with three iogpions. The first factor was yeast extract dosagmnsisting of
four levels namely 0, 100, 200 and 300 ppedia; the second factor was sucrose dosages, nameb, 30, 45 % media.
Four explants were plantlet in each bottle conthiMorashige and Skoog media at %2 temperature and 16 houres
radiation. Observation was done every day for thetaminated media. Contaminated media were cleanddexplants
replanted on new media. After two month incubatjgantlet were examination for its growth composearg. growth age,

viability, leaf area, fresh and dry weight of plabtand aloin con

Laboratory apparatus sterilization, preparing Mbarge and Skoog Media two times of 1200 ml, statlon and
transfer explants on the culture media. Three éoif each treatment were planted four explantse@iation was done
every day for the contaminated media. Contaminatedia were cleaned and explants replanted on neliam&fter two
months incubation, plantlet were examined for isagh components i.e bud growth age, viabilityf laaea, fresh and dry

weight of plantlet, aloin concentration and praiitin of plantlets.

Analysis of aloin in Thin Layer Chromatography: keaf was dry weighted 5 mg, extracted with 2 metifanol
and centrifuged. Ethanol phase was discarded, & ethanol was added into the residue and cenadughe latter steps
were repeated three times. Filtrate was evaporaiddhen 500 pl of ethanol was added. A small difajpe mixture was
placed on the silica plate using a microsyringel also the standard aloin was placed alongsidéhé.plate was placed in
a chamber saturated mobile phase, and the sohanailowed to rise until it almost reached thedbthe plate. The plate
was removed from the chamber and was air driedinAdensity was determined using TLC scanne#, ataximum 340

nm.
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The data was analyzed in Analisys of Variance fedld by Duncan’s Multiple Range Test at theb % if there
was significantly different among treatments. Caiefit of correlation analysis was applied to calted the relationship
between variables.

RESULTS AND DISCUSSIONS

The results showed there were no interaction effeetween sucrose and yeast extract dosages ogrbwth
age, viability, leaf area and fresh weight of plain¢Tabel 1). There were interactions betweenaaeciand yeast extract

dosages on dry weight, concentration and producti@ioin (Tables 2, 3 and 4).
Bud Growth Age, Viability, Leaf Area and Fresh Weidt of Plantlets

Yeast extract had no significant effect on the dhowariabless, whereas sucrose did influence the afabud
growth age. Explants planted in media with sucrb$e% to 4.5 % resulted in fast growth of bud id26days, while
explants planted in media without sucrose in &l@ils. Media with sucrose 4.5 % resulted in tlyhdst leaves area of
13.49 crf, as reported by (Hartanabal. 2010) that increased inductions microtuBgnura pseudochinea, so reported by
(Khoroussachet al. 2011) that increased growth callliaxus brevifolia. Yeast extract had no significant effect on leaf
width The highest area of leaf 11.14%was obtained if 300 mgl yeast extract was used, while no yeast extrat06r
mg.L™ of yeast extract gave the shortest leaf. Yeasaextesulted in lower fresh weight, but the highessh weight was

obtained when 300 mgiof yeast extract was added 9.20 g.

Table 1: Bud Growth Age, Viability, Leaf Area and Fresh Weight of Plantlet

Variables
Treatment | Level | Bud Growth Age N Leaf Area Fresh Weight
(day) Viability (%) | pandet (cnf) Plantlet (g)
0 8.00 a 64.58 b 861 b 8.19 b
Sukrosa
Dosage 15 6.41 b 7291 a 7.78 b 8.51 b
(%) 3.0 6.28 b 75.00 a 1151 b 10.90 a
4.5 6.42 b 75.00 a 13.49 a 10.62 a
Yeast 0 825 p 58.33 q 9.06 q 8.50 q
Extract 100 741 p 70.81 p 9.34 q 8.50 ¢
Dosage 200 7.50 p 77.80 p 9.31 q 8.90 g
(ppm) 300 7.16 p 71.25 p 11.14 p 9.20 p
Interaction () (-) (-) ()

Means within the same column followed by the sastieds are not significantly different using
Duncan’s Multiple range Test 0.05 probability leWg) there are no interactions.

The media with sucrose 3.0 and 4.5 % gave in thle fiesh weight of 10.90 and 10.62 g, respectividigre over
media with yeast extract 200 and 300 ppm showghl Yiiability 77.80 % and 71.25%, whereas media witbrose 1.5 to
4.5 % showed high viability 72.91, 75.00 and 720@onsignificantly, media no sucrose gave the leiasility of 64.583
%. This result is simillar with (Broecklingt al. 2005) reported that Methyl Jasmonit and UV ligbuld increase the
growth of Mediago truncatula, as reported by (Hasanl@bal. 2008) as well that the addition of 3 mg* Picloram and

Jasmonit Acid could increase the callus growtBitybrum marianum.
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Dry Weight of Plantlet

The highest plantlet dry weight of 2.82 g was aledi when no yeast extract given was combined withose of
4.5 % (Table 2). This case.shows the addition.8¥%#sucrose elicitor act as an energy source tedsccell proliferation,
thereby increasing dry weight plantlets. LikewiséMoraiset al. 2012) also found that the addition of sucrosetd.6.0
% increased the growth of brasil ginsefgrax glomerata) explants. The best growth was obtained when 4.5 %of

sucrose was added to the medium in (4).

Table 2: Dry Weight of Plantlet (gram)

Extract Yeast Sucrose Dosage (%) Means
Dosage (ppm) 0 15 3.0 4.5
0 253d| 2.67c| 274K 282 @ 2.69
100 259d| 2.70b 2.73h 272 b 2.70
200 252d| 258d 271h 254 2.58
300 248e| 273Q 273b 272|b 2.65
Means 2.52 2.67 2.75 2.68 (+)

Means within the same column and row followed kg shme letter are not significantly different usilygncan’s
Multiple Range Test at the5%, (+) there are interactions.

Reff in ( Moraiset al. 2012) stated that the addition of sucrose 1.5 &vegnaximal growth of quince callus
(Cydonia oblonga Mill), moreover found the best growth of gardemth@cimun basilicum) on the addition of sucrose 20
g.L’%. The similar result also found, best growthMdlissa officinale callus obtained on the addition of sucrose 30'g.L
while in reported thaThymus vulgaris callus grew best on sucrose dosage of 3.0'%Reff in (Kaswasarat al. 2010)
reported that dry cell weight increased at theteliconcentration of 24.6 g, so as in (Li et al. 2011), found that cell dry
weight increase up to 1.34 fold when Water Ext@ell Polysacharide was added to the medium at 20 fng

Aloin Concentration and Production of Plantlets

The higher aloin concentration in plantlets of B6ppm and 513.73 ppm was obtained if neither yessact
nor sucrose was applied and with sucrose 4.5% €Tapl Treatment combination 200 mg.least extract and 3.0 %
sucrose, so that 300 ppm yeast extract and 1us¥se, gave the lowest aloin concentration of 2&@nd 173.34 ppm,
respectively. This result was similar to (RamawatMrillon, 1999), reff (Carloni, 2013) statementattstress will
stimulate mRNA synthesis, producing enzyme whichs vilvolved in producing secondary metabolites. Soo#
(Rudrappaet al. 2006) by using biotic elicitor such as dry cefingler of microbial enhancing level peroxide enzyme.
Peroxide enzyme is a multi-function enzyme, whilalso involved in the secondary metabolite symhéscording to
(shidu, 2010), the formulation of culture mediunfiiences the multiplication, growth and the prodéuttof secondary
metabolites. It was supported by (Dabal. 2011) that stress increased the production obxige enzyme which
stimulates the production of secondary metabolifde®e media with was sucrose 4.5% dosage of elidtpable of

enhancing 1.39 fold the aloin concentration compavith given sucrose 3.0 % dosage

Table 3: Aloin Concentration of Plantlet (ppm)

Extract Yeast Sucrose Dosage (%) Means
Dosage (ppm) 0 15 3.0 45
0 566.67 a 230.22g 370.41d 513.73a 372,68
100 282.91f 345,58 ¢ 442.13|c 261.36f 332]99
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Table 3: Contd.,

200 419.95¢ 289.821 160.26h  340.57e  302(65
300 228.52 g 173.34h  364.02[d 49090 b 314,19
Means 374.51 259.74 329.2( 490.09 (+))

Means within the same column and row followed kg shme letter are not significantly different usilygncan’s
Multiple Range Test at the5%, (+) there are interactions

Reff (Kaswasarat al. 2010) reported that yeast extract, salicyclicaascorbic acid, and eugenol could induce
and enhance the synthesis of glycyrrhizin. Thetamdbf 53.62 gL' elicitor could increase the production of glycymini

5.22 times higher in comparison to the controlunelt

The highest aloin production of plantlets of 0.6 was obtained if sucrose 4.5 % was applied in néBable
4). The media with sucrose 4.5% dosage of eligapable of enhancing 1.20 fold the aloin producttompared with
given sucrose 3.0 % dosage. Treatment combinatib890 to 300 mg.Lt yeast extract with 1.5 to 3.0 % sucrose, gave
lower aloin production of 0.53 mg. This result isigar to (Ramawat & Merillon, 1999; Anonymous, ZDIKhorousschi
et al.,, 2011; Sharret al., 2011; Gagoeet al. 2014), reff (Carloni, 2013) statement that streglé stimulate mRNA
synthesis, producing enzyme which was involvedrodpcing secondary metabolites. So as of (Rudrapph 2006) by
using biotic elicitor such as dry cell powder ofcnobial enhancing level peroxide enzyme. Peroxitleyme is a multi-
function enzyme, which is also involved in the gatary metabolite synthesis. According to (Shidu,l®Q the
formulation of culture medium influences the mdltgation, growth and the production of secondarytahelites. It was

supported by (Daet al. 2011) that stress increased the production afqige enzyme which stimulates the production of
secondary metabolites.

Table 4: Aloin Production of Plantlet (mg)

Extract Yeast Sucrose Dosage (%) Means
Dosage (ppm) 0 1.5 3.0 4.5
0 0.53d| 0.53e 055¢ 0.66Ja 0.55%
100 0.55c| 0.57c¢ 0.58b 0.57[c 0.57
200 0.56c| 053d 053¢ 0.59b 0.55%
300 0.57c| 053d 053¢ 0.58b 0.56
Means 0.55 0.54 0.54 0.59 (+)

Means within the same and row column followed ke shme letter are not significantly different usiligncan’s

Multiple Range Test at the5%, (+) there are interactions.

As also reported by (Jeomtyal. 2013) that the addition of microb&grobacterium rhizogenesis could increase
biosynthesis secondary metabolite, while in (Rezel. 2011) reported that 50 mg'Lof salicyclic acid increased
phenolic compound and taxol contentTiaxus baccata callus. The work of (Lambest al. 2011) affirmed that methyl
jasmonate increased the production of saponind & (Liet al. 2011) also reported that the addition of WPS 20 Inly
in the media could increase diosgenin content 208h This result is in accordance with (Acurer@®08) report that
combination of growth substance 1 mg. 2.4. D and 5 mg. £ BA or 0.5 mg. [* 2.4.D and 0,1 mg. L. cinetina increased
aloin production up to 45 pggn callus ofAloe vera L., while in (Riedelet al., 2012) stated that the increase of phenolic

acid inVitis viticola callus was due to addition of elicitors such asmanit Acid, Salicyclic Acid, Ethepon and Shikimic
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Acid.
Correlation of Fresh Weight, Dry Weight, Concentraion and Production Aloin Plantlet

A low coeficient correlation negatif - 0.240 wadstbetween fresh weight and aloin concentrationthat low
coeficient correlation negatif — 0.068 betweenHregight and production plantlet. A low coefitieorrelation positif
0.276 was exist between dry weight and aloin prddocplantlet, coeficient correlation higher 0.8%ftween

concentration and production aloin planlets (T&be

Table 5: Correlation of Fresh Weight, Dry Weight, Goncentration and Production Aloin

Cemelziion Fresh Weight | Dry Weight | Aloin Concentrt | Aloin Production
Between
. 0.284 -0.240 - 0.068

Fresh weight (g) ! 0.287 0.370 0.802

. 0.284 -0.245 0.276
Dry weight () 0.287 1 0.361 0.300
Aloin Concentrt -0.240 -0.245 1 0.839**
(ppm) 0. 370 0.361 0.000
Aloin Production - 0.068 0.276 0.839** 1
(mQ) 0.802 0.300 0.000
*Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

CONCLUSIONS

* There were interaction effect between yeast exttashige and sucrose on dry weight and aloin coratent in

the plantlets. There were no interaction effecbod growth age, viability, area leaf and fresh \kejgantlet.

«  The combination of 300 mglyeast extract with 4, 5 %icrose gave the highest plantlet dry weight while highest
aloin concentration was obtained if no yeast extreithout sucrose, or no yeast extract combined wi5%
sucrose respectively. The highest aloin productiothe plantlet were obtained if no yeast extrawd &, 5 %
sucrose added in the medium. The provision wasosact.5% dosage of elicitor capable of enhanci@g fold

aloin concentration and 1.20 fold the aloin prd@irccompared with given sucrose 3.0 % dosage.

* A low correlation coefficient of 0.276 was existtlveen dry weight and aloin production plantlet, faxent

correlation higher 0.839 between plantlet concéioineand production aloin plantlet.
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