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Abstract The callus growth kinetics allows identifying the appropriate moment for callus
pealing and monitoring the accumulation of primary and secondary metabolites. The physic
nut (Jatropha curcas L.) is a plant species used for biofuel production due to its high oil
content; however, this plant presents a great amount of bioactive compounds which can be
useful for industry. The aim of this research was to establish a calli growth curve and to
evaluate the fatty acid profile of crude oil extracted from callus. The callus growth kinetics
presented a sigmoid standard curve with six distinct phases: lag, exponential, linear, deceler-
ation, stationary, and decline. Total soluble sugars were higher at the inoculation day. Reducing
sugars were higher at the inoculation day and at the 80th day. The highest percentage of
ethereal extract (oil content) was obtained at the 120th day of culture, reaching 18 % of crude
oil from the callus. The calli produced medium-chain and long-chain fatty acids (from 10 to 18
carbon atoms). The palmitic acid was the fatty acid with the highest proportion in oil (55.4 %).
The lipid profile obtained in callus oil was different from the seed oil profile.
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Introduction

The physic nut (Jatropha curcas L.) is a perennial plant that belongs to Euphorbiaceae
family and currently is in domestication process [1, 2]. It presents high oil content,
drought tolerance, and easy cultivation, and its oil is used for biofuel production.
Moreover, this plant is an important candidate for the development of new products
such as biopesticides, anthelmintics, molluscicides, and fungicides. The main base for
these products are the phorbol esters, which have molluscicidal [3–5], insecticidal [6],
and fungicidal activities [5]. Such properties have been demonstrated in lab-scale exper-
iments. On the other hand, the compound responsible for the anthelmintic activity
remains unknown. However, other compounds were also identified for molluscicidal
activity, such as curcusone D and jatropholone B [4].

Several compounds present in the physic nut have a great potential to be used for the
development of new pharmaceutical drugs. Noteworthy, for cancer disease, some compounds
already identified which present antitumor activities, as the jatrophone [7], curcacycline A [8],
curcin [9] jatrophine, jatropham, and curcain [10]. Moreover, this species presents also
antimicrobial activities, as well as for some fungi [5]. Curcin at 5 μg mL−1 inhibited hyphal
growth and spore formation in Pyricularia oryzae, Pestalotia funereal, Rhizoctonia solani, and
Sclerotinia sclerotiorum [11]. The seed oil can be applied to treat eczema and skin diseases and
to soothe rheumatic pain [12].

The plant tissue culture is an important tool that allows the production of primary
and secondary metabolites in environmental controlled conditions, independent of
climatic conditions. Diverse approaches for metabolites production involving plant
tissue culture can be performed, such as calli culture, cell suspension culture, hairy
root, and multiple shoots. Moreover, the culture in bioreactors can promote a higher
production of biomass than the conventional culture using flasks [13]. Calli induced
from endosperm of physic nut can be used to produce curcin [14]. However, the
knowledge of the metabolite production and its biosynthesis in physic nut calli is
insufficient. Nevertheless, the production of oils from callus can be an interesting
strategy to study the biosynthesis of fatty acids and other metabolites including
industrial applications.

The aim of this research was to establish calli growth kinetics and to evaluate the fatty acid
profile of crude oil extracted from callus.

Material and Methods

Plant Material and Culture Conditions

Seeds of a toxic variety of physic nut (J. curcas L.) were purchased from Carol
Company, Dourados City, Mato Grosso do Sul State, Brazil. In order to establish the
seedlings (explant donors) in vitro, seeds were decoated and immersed in 70 %
ethanol for 1 min and immersed in 2.5 % sodium hypochlorite for 10 min (all
solutions were agitated manually in laminar flow cabinet during seed immersion),
and after the disinfection, the seeds were washed four times with distilled and
autoclaved water. The seeds were sowed on MS medium [15] with 30 g L−1 sucrose
and solidified with 6 g L−1 agar (VetecTM). The pH was adjusted to 5.8 [16]. All
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explants were maintained in a growth chamber under light (photoperiod of 16 h), at a
temperature of 25±2 °C and under a light intensity of 40 μM m−2 s−1 produced by
white fluorescent lamps.

Callus Kinetics Growth

In order to induce calli formation, hypocotyl explants were excised from seedlings, and
after 15 days, they germinated with approximately 1.0-cm length. The inoculation of
explants was carried out on MS medium containing 3 % sucrose, 0.7 % agar, pH adjusted
to 5.8, and supplemented with 0.5 mg L−1 2,4-D (2,4-dichlorophenoxyacetic acid) [17].
The hypocotyl weight was discounted from the calli weight. There was no subculture
during the experimental period. Fresh weight, dry weight, total soluble sugars, reducing
sugars, total protein, and amino acids were analyzed each 10 days after the inoculation of
the explants, until the 180th day.

Biochemical Analysis

In order to prepare the analysis, three samples containing 500 mg calli were homogenized in a
grail with 5 mL 0.1 M potassium phosphate buffer (pH 7.5). The total protein content and
amino acids were determined using the methodology described by Bradford [18] and Stein and
Moore [19], respectively. The levels of soluble sugars were determined using the method
described by Yemm and Willis [20]. The reducing sugars were determined using the method-
ology described by Miller [21]. In order to determine the ethereal extract from callus tissue, the
callus oil was extracted using petroleum ether (55–60 °C) in a soxhlet extractor for 5 h at 30.2
±1 °C of condensation temperature. The condenser has 30-cm length.

Analysis of Fatty Acid Composition

The methyl esters were prepared from the total lipids (crude oil from callus tissues) by
the method of AOAC [22]. These fatty acid methyl esters were analyzed by a gas
chromatography coupled with a mass spectrometry detector (GC-MS, Varian brand),
model 3800 CP/Saturn 2000 equipped with the CP-Sil CB 8 column (30 M×
0.25 mm). The initial temperature was 60 °C with an elevation rate of 3 °C min−1 until
250 °C. The split was 1/200. The scanning range was from 30 to 500 m/z. The electron
impact mode (EI) was set up at 70 eV. The identification was carried out in comparison
with the NIST 98 MS Library (Varian [23]) in addition to the specific literature [24]. The
linear retention index and the theoretical retention confirmed the identifications. A
standard fatty acid methyl ester mixture was run, and the retention times were used to
identify the sample peaks. Fatty acid levels were estimated as area percent of total peak
area of methyl esters.

Statistical Analysis

The experimental design was a completely randomized design with three replicates; 10 test
tubes were used per replicate. The data was submitted in a normality analysis for Lilliefors test
and submitted to the analysis of variance (ANOVA) followed by regression analysis. All
statistical analyses were done following the procedures of the software SOC [25].
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Results and Discussion

Calli Growth Kinetics

The calli originated in this experiment had a compact appearance, and no visual changes in its
appearance were observed until the end of the experiment. The growth curve determined by
the observed points (i.e., the curve plotted using points obtained by measurements), for the dry
and fresh calli presented a sigmoid standard curve with six distinct phases: lag, exponential,
linear, deceleration, stationary, and decline (Fig. 1a). The lag phase occurred until 10 days after
the experiment installation, and during this period, no morphogenic event was visually
verified. The exponential phase began at the 10th day and finished at the 60th day. During
this period, calli induced from hypocotyls began to proliferate. The linear phase occurred
between the 60th and the 100th days. During this period, an intense cellular proliferation was
observed resulting in a fast growth of calli. The deceleration phase occurred after the 100th day
and finished at the 120th day, when the higher yield of callus biomass was obtained, an
average of 93.9 g. The stationary phase was verified from the 120th day until the 130th day,
followed by a decline phase that began at the 130th day (Fig. 1a). The most suitable
mathematical model to describe the data was the logistic model, used to estimate both fresh
and dry calli growth kinetics. Both the models presented a determination coefficient of 0.98
(Fig. 1a).

The calli growth kinetics is important to decide the management of calli culture, mainly to
decide when these calli must be pealed and to determine when a great amount of secondary
metabolites will be produced. According to Smith [26], in the deceleration phase (in our study,
it occurred between the 100th and the 120th days), it is recommended the calli pealing for
another new culture medium due to nutrient reduction, loss of water from culture medium, and
toxic substances accumulation. The ideal period for extraction of secondary metabolites is the
stationary phase (in our study, it occurred between the 120th and the 140th days), when the
production of the primary metabolites practically ceases and the accumulation of secondary
metabolites is beginning. However, studies of different secondary metabolites must be carried
out to establish their kinetics and to evaluate the factors involved in their production. The dry
calli growth kinetics is important for the management involving industrial applications,
whereas dry biomass is more stable than the fresh biomass; moreover, it is necessary to know
the dry biomass yield because it is used in industrial process. The largest yield of dry calli
biomass had an average of 6.2 g at the 120th day of culture, representing 6.6 % of the original
fresh biomass of callus.

Total Protein and Amino Acids

In order to adjust the regression equations for total protein content from callus tissue, two
models were adjusted to explain different situations from different periods of kinetics. The best
model to describe the data from the installation of the experiment to the 79th day was the
exponential model, and from the 80th to the 180th, the quadratic model was the best one. The
determination coefficient was 0.92 referring to all curve points (Fig. 1b).

During the lag phase (until the 10th day), the total protein accumulation was extremely low
and its increment was negligible, but increased considerably at exponential phase until the 80th
day, in which occurred the largest production of total proteins in callus tissue and resulted in
0.15 μg g−1 calli fresh weight, which corresponded to linear phase, characterized by active
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cellular growth. After the 80th day, the total protein accumulation started to decrease progres-
sively in successive phases (deceleration, stationary, and decline). The lower value obtained by
total protein was observed at the 160th day and continued stable until the end of the
experiment (Fig. 1b).

Fig. 1 Callus growth kinetics originated from hypocotyls of physic nut (Jatropha curcas L.) cultivated on MS
medium supplemented with 0.5 mg L−1 2,4-dichlorophenoxyacetic acid (2,4-D) until 180 days of in vitro culture.
a Dry and fresh weight of callus, b Total protein content from callus tissues, and c amino acid content from callus
tissues.
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The increment in protein content suggests changes in cellular metabolism, mainly due to the
necessity of specific proteins to perform different biological functions; also, many enzymes
(proteins) must be produced to accompany the cellular growth and its maintenance; moreover,
many of these proteins play structural roles in the cells. When the callus becomes mature (i.e.
the primary growth is almost complete), next to the deceleration phase, the protein content start
to decrease, mainly because some proteins can be used as energy source, whereas the carbon
source (i.e., sucrose) of the culture medium can be almost exhausted at this point.

In order to adjust the equations for the kinetics of total amino acid content from callus
tissue, two models were adjusted to explain the different periods. The cubic model presented
the best adjustment from the installation of the experiment to the 89th day, while the multiple
multiplicative factor model presented the best adjustment from the 90th day to the 180th day.
The determination coefficient was 0.89 referring to all curve points (Fig. 1c).

During the lag phase and the beginning of exponential phase (until the 20th day), there was
a great increment in total amino acid content from callus tissue (Fig. 1c). This great and fast
amino acids accumulation can be associated with the efficient use of the nitrogen sources
presents in culture medium. From the 20th day to the 60th day, there was a relative stability
which corresponds to the exponential phase, and it is hypothesized that the amino acids have
been used in biosynthesis of proteins, whereas in this phase, there was an increment in protein
accumulation in callus tissue (Fig. 1b). There was an increase in amino acids content from the
60th day to the 90th day. Almost at the end of linear phase, the amino acid content began to
decrease until the end of the experiment (Fig. 1c). The decrease of amino acid content
coincided with the beginning of deceleration phase and followed decreasing in successive
phases, and it is hypothesized that the amino acids have been used as nitrogen source, similarly
to what happened with proteins, due to shortage of the nitrogen source of culture medium.

The lowest value for total amino acids was 0.91 μg g−1 of calli fresh weight and occurred at
the beginning period of the culture, and this reflect the nutritional status of the explant
(hypocotyls). Different results were obtained in Byrsonima intermedia, in which the initial
explants (i.e., leaf explants) at the start of culture presented the highest content of amino acids,
what was possibly caused by the nutrition state of the explant before the excision [27].

Total Soluble Sugars and Reducing Sugars

The most suitable mathematical model to describe the data for the total soluble sugar kinetics
was the linear model. The determination coefficient was 0.87 (Fig. 2a). Total soluble sugars
were higher at the installation of the experiment and decreased linearly until the end of the
experiment. Similar results were found in Bertholletia excelsa and in Garcinia brasilisiensis in
which the total soluble sugars were higher on the inoculation day and decreased during the
growth kinetics [28,29]. Higher sugar contents at the inoculation day can be associated to the
energetic reserves of the explant and were consumed to supply the energetic necessity of all
metabolic processes of the calli. This result suggests a difficulty of the callus uptakes the
sucrose presents in culture medium.

In order to adjust the regression equations for the kinetics of consumption of reducing
sugars for callus tissue growth, two models were adjusted to explain different situations in
different periods. The best model adjusted from the installation of the experiment to the 79th
day was the rational model, and from the 80th day to the 180th day, the best one was the
multiple multiplicative factor model. The determination coefficient was 0.99 referring to all
curve points (Fig. 2b). Reducing sugars were higher at the inoculation day and at the 80th day

Appl Biochem Biotechnol (2015) 176:892–902 897



(i.e. corresponding to linear phase) and then decreased until the end of the experiment
(Fig. 2b). Reducing sugars are the first sugars consumed in the cellular metabolism due its
higher reactivity than the non-reducing sugars [30]. The higher level of reducing sugars at the
initial phase of the culture can be associated to the nutritional status of the initial explant (i.e.,
hypocotyl), and the second peak with higher level of reducing sugars that occurred at 80th day

Fig. 2 Callus growth kinetics originated from hypocotyls of physic nut (Jatropha curcas L.) cultivated on MS
medium supplemented with 0.5 mg L−1 2,4-dichlorophenoxyacetic acid (2,4-D) until 180 days of in vitro culture.
a Total soluble sugars, b reducing sugars from callus tissues, and c ethereal extract (crude oil) from callus tissues
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can be attributed to the glucose and fructose uptake originated from cleavage of sucrose
presents in culture medium. The cleavage of sucrose in monosaccharides could have occurred
due to instability in the culture medium influenced by putative pH changes or by explant
exudation of putative compounds which could promote the sucrose cleavage.

Ethereal Extract

The highest percentage of ethereal extract (oil content) was obtained at the 120th day of
culture, reaching 18 % of crude oil from the callus. For this characteristic, two mathematical
models were proposed: one explaining the crude oil accumulation inside the callus tissues and
the other explaining the oil consumption by the callus tissue. For oil accumulation, a quadratic
model was adjusted and for the oil consumption a rational model was adjusted (Fig. 2c). An oil
exudation could also be observed from callus tissues to the culture medium, suggesting that the
amount of oil produced can be higher than 18 %. It is already known that oil plants need also
fatty acids as carbon sources, as observed in Cocos nucifera embryos cultivated in vitro on
lauric acid, wherein the lauric acid stimulated the plantlet growth and its development [31].
The oil yield in the calli was lower than the amount produced in seeds, whereas the oil content
of seed kernel from 11 counties varied from 51.3 to 61.2 % [32]. Nevertheless, in vitro, it is
possible to produce oil throughout the year, while the physic nut plants produce seeds once a
year. In order to produce fatty acids from callus tissues, the calli must be harvest around the
120th day of in vitro culture.

Fatty Acid Composition

The calli produced medium-chain and long-chain fatty acids (from 10 to 18 carbon atoms)
(Table 1). The medium-chain fatty acids were saturated (i.e., capric acid and lauric acid) while
the long-chain fatty acids, produced in higher amounts (93.76 %), were saturated and
unsaturated. The percentage of the unsaturated and saturated fatty acids was of 9.92 and
90.08 %, respectively. The oleic, stearic, and linoleic acids (C18) represented 13.77 % of the
oil. The palmitic acid was the fatty acid with the highest proportion in oil (55.4 %), followed
by pentadecanoic acid (11.63 %) and myristic acid (11.25 %) (Table 1). The palmitic acid was
also the fatty acid found in higher concentration in calli of melon induced by different tissues
such as hypocotyls, cotyledons, roots, leaves, and stems [33].

The lipid profile obtained in callus oil was different from the seed oil profile (Table 1).
There are many differences in the oil produced in callus, such as the presence of fatty acids
(capric, lauric, pentadecenoic, and pentadecylic) that are not present in seed oil. The callus oil
had myristic acid, palmitic acid, and oleic acid in larger proportions than seed oil. The seed oil
presents higher proportions of stearic acid and linoleic acid than callus oil (Table 1). These
differences in lipid profile of callus and seed oil are probably due to differences in the gene
expression of cells of different tissues (calli and embryos), which results in changes in the
metabolism of these cells and tissues.

Similar results were found for the lipid profile obtained from cell suspension of physic nut
which was different from the seed oil profile; however, there was a great variation on the lipid
profile among different populations of physic nut, as well as qualitatively and quantitatively in
these cell suspensions, being difficult to establish a profile for oil produced from cell
suspension [34]. Consequently, it is possible that calli obtained from different populations of
physic nut could present different lipid profile or other metabolites. In this case, appropriate
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genotypes must be selected according to the desired metabolite. However, the callus growth
kinetics in the present study can be useful to carry out these researches.

Conclusions

The callus growth kinetics presented a sigmoid standard curve with six distinct phases: lag (0–
10th days), exponential (10–60th days), linear (60–100th days), deceleration (100–120th
days), stationary (120–130th days), and decline (after the 130th day). The highest percentage
of ethereal extract (oil content) was obtained at the 120th day of culture, reaching 18 % of
crude oil from the callus. The calli produced medium-chain and long-chain fatty acids (from
10 to 18 carbon atoms).The lipid profile obtained in callus oil was different from the seed oil
profile. The palmitic acid was the fatty acid with the highest proportion in oil (55.4 %). The
callus oils presented some fatty acids (i.e., capric, lauric, pentadecenoic, and pentadecylic) that
are not present in seed oil. The callus oil had myristic acid, palmitic acid, and oleic acid in
larger proportions than seed oil.

Table 1 Determination of the fatty acid composition of crude oil of physic nut (Jatropha curcas L.) callus after
110 days of in vitro growth by gas chromatography-mass spectrometry (GC-MS). Extraction was performed by
the Soxhlet Method using petroleum ether (ethereal extract)

Structure Formula Fatty acid Systematic name mg L−1 wt%

Callus
oil

Callus
oil

Seed
oila

C10:0 C10H20O2 Capric acid Decanoica cid 9.178 2.52 –

C12:0 C12H24O2 Lauric acid Dodecanoic acid 13.358 3.72 –

C14:0 C14H28O2 Myristic acid Tetradecanoic acid 47.031 11.25 0.15–
1.18

C15:1 C15H28O2 Pentadecenoic
acid

cis-10-Pentadecenoic
acid

21.856 1.71 –

C15:0 C15H30O2 Pentadecylic acid Pentadecanoic acid 27.003 11.63 –

C16:0 C16H30O2 Palmitic acid Hexadecanoic acid 232.651 55.40 10.5–
13.0

C18:1 C18H34O2 Oleic acid (9Z)-Octadec-9-enoic
acid

31.204 7.43 2.27–
2.80

C18:0 C18H36O2 Stearic acid Octadecanoic acid 23.345 5.56 41.5–
48.8

C18:2 C18H32O2 Linoleic acid (9Z,12Z)-9,12-
Octadecadienoic acid

2.864 0.78 34.6–
44.4

C18:3 C18H30O2 α-Linolenic acid (9Z,12Z,15Z)-9,12,15-
Octadecatrienoic acid

– – 0.11–
0.21

C20:1 C20H38O2 cis-11-Eicosenoic
acid

(Z)-Eicos-11-enoic acid – – 0.12–
0.19

C20:2 C20H36O2 cis-11,14-Eicosenoic
acid

(2E,4E)-2,4-Icosadienoic
acid

– – 0.1–
0.13

Total 408.490 100

a Values found for seed oil content among four provenances of Jatropha curcas from Mexico [35]
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