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INTRODUCTION

Plant tissue culture is a technique of iso-
lating plant parts such as protoplasts, cells, tis-
sues, and organs which are then grown in arti-
ficial media in an aseptic environment. Tissue 
culture techniques can be used for propagation, 
plant breeding, and secondary metabolite pro-
duction (Osman et al., 2012). Tissue culture 

techniques in growing explants can be done 
with several techniques, namely meristem 
culture, anther culture, embryo culture, proto-
plast culture, chloroplast culture, pollen cul-
ture, and callus culture (Olusegun et al., 2012).

Callus culture is a tissue culture tech-
nique using explants in the form of callus. 
A callus is an irregular proliferation of cell 
mass that has not been differentiated (Ikeuchi 
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Abstract. Tomatoes (Lycopersicon esculentum Mill.) are a source 
of carotenoids they are easy to find. These compounds function as 
precursors of vitamin A, antioxidant, and prevent cancer. The ex-
traction of carotenoid compounds for commercial products usually 
uses fresh plants, which are less efficient and require a lot of raw 
materials. The supply of these raw materials can be done through 
tissue culture. The frequency of subculture or supply of nutrients in 
tissue culture is very influential on the content of callus carotenoids 
produced. This study aimed to determine the effect of subculture fre-
quency on growth, development and callus carotenoid content and 
to find out the right frequency of subculture to produce callus with 
optimal growth, development and carotenoid content. This study 
was a single Completely Randomized Design (CRD) with four treat-
ments of subculture frequency and five replications. The data ob-
tained were analyzed by ANOVA at the 95% test level followed by 
DMRT in case a significant different was found The results showed 
subculture frequency affected growth, development and carotenoid 
content of callus Lycopersicon esculentum. Mill. The most optimal 
treatment to induce growth and production of carotenoids in this 
study was treatment of thrice subculture while the most optimal treat-
ment in inducing development was the twice subculture treatment.
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et al., 2013). The use of callus culture is to 
propagate theplants and produce secondary 
metabolic compounds (Baldi & Dixit, 2008) 
including saponins (Ikhtimami, 2012), arte-
misinin (Purnamaningsih & Ashrina, 2011), 
menthol, anethole, and estragole (Setyorini, 
2018) as well as antioxidant compounds such 
as vitamin C and carotenoid (Noviati, 2014).

Carotenoids are found in brightly color-
ed fruits such as tomatoes. Carotenoids play 
a role as a precursor of vitamin A, an anti-
oxidant compound that can counteract free 
radicals so that it can be potentially developed 
in the health field (Ravi et al., 2010). Product-
ion of carotenoid compounds is usually 
conducted by extracting directly from 
fresh plant parts (Maleta et al., 2018). This 
method is less efficient as it requires a 
long time and a lot of biomass to get the 
fruit ready for extraction, while improper 
storage of tomatoes can reduce carotenoid 
levels (Javanmardi & Kubota, 2006). To 
overcome the problem of carotenoid sources 
in fruits, effective and efficient methods 
can be used to produce these compounds.

The growth, development and product-
ion of carotenoid compounds can be done by 
in vitro culture methods. One of the stages of 
in vitro culture is a subculture which is the 
transfer of cells, tissues or organs from old 
media to new media, whether the media is 
the same or has a different composition from 
the original media, with the aim of gaining 
new growth or developmental power from the 
inoculum (Olusegun et al., 2012). Subcultures 
are stopped when undesirable morphological 
changes occur, characterized by browning, 
losing the ability to regenerate shoots and 
produce plants that are different from parent 
plants (Krishna et al., 2016).

The frequency of subcultures performed 
is adjusted by the type of plant used. Re-
commended subculture at most 3-6 times 

(Hegazi et al., 2014). The callus of Talinum 
paniculatum Gaertn. without subcultured 
has less biomass but has higher saponin 
levels compared to the treatment of the 
2-week subculture period (Ikhtimami, 2012), 
subculture once every 4-6 weeks in the con-
joined orange callus ha not reduced the 
ability of callus proliferation (Wulansari et 
al., 2015). This research used explants from 
hypocotyl tomato sprouts, because according 
to Naghmouchi et al. (2008) the young plant 
parts more easily grows into a callus. Juve-
nile tissue has a high rate of cell division, thus 
young tissue is a good explant material. There 
is limited information about the influence of 
the number of subcultures on in vitro tomato 
culture. Therefore the aim of the research was 
to study the effect of subculture frequency 
on growth, development, and production 
of the highest carotenoids on tomato callus.

MATERIALS AND METHODS

Plant Materials
The research was conducted at the Plant 

Tissue Culture Laboratory, Department of 
Biology, Faculty of Science and Mathematics, 
Universitas Diponegoro from June-September 
2019. Plant material used was tomato seeds 
of ‘Panah Merah’ production germinated 
aseptically grown on sterile cotton media. This 
starting material was incubated at laboratory 
temperature (25°C), under light of 500 lux.

Preparation of Explants and Callus Induct-
ion

Hypocotyl of tomatoes (Lycopersicon 
esculentum Mill.) sprout was used as explant 
which was taken from aseptic tomato sprouts 
aged seven days. The hypocotyl was cut into 
1 cm long then weighed and planted in MS 
media with the addition of 1 ppm NAA and 1 
ppm BAP (Ulva et al, 2019).
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Subculture Treatment
Subculture was carried out after 

the callus reached 20 days old and continued 
with the next subculture every 10 days 
by transferring the callus to new media. 
The 50 days old calluses from each treatment 
were then taken for analysis.

The study design used was a single 
Completely Randomized Design (CRD) with 
four treatments, based on subculture frequen-
cy as follows:
P0: Treatment without subculture
P1: Subcultured once
P2: Subcultured twice
P3: Subcultured three times
The parameters observed were callus 
initiation time, fresh weight, callus carotenoid 
content, color, texture, and callus development

Statistical Analysis
The experiments were carried out 

in five replications. The mean values with 
standard deviation (SD) were shown in the 

table and figures in the next section. The 
results were derived from statistical analysis 
using analysis of variance (ANOVA). Levels 
of significance were indicated by Duncan 
multiple range test at P<0.05.

RESULTS AND DISCUSSION

Callus Initiation
The results from the effect of subculture 

frequency on growth and development 
of tomato (Lycopersicon esculentum Mill.) 
Permata F1 varieties hypocotyl callus are 
shown in Table 1. Callus initiation indicates 
the first response of explant to medium. The 
cells of the explants attached to the surface 
of the medium will absorb the nutrients in-
side and are used to grow.  The process of de-
differentiation could be formed with auxin 
and cytokinin in the right concentration ratio 
(Rivai et al., 2014; Sugiyarto & Kuswandi, 
2014).

Table 1. Mean initiation time and the fresh weight of callus

Treatment Callus Initiation Time (DAP) Fresh weight (g)
P0 6 3.22b

P1 6.7 4.09b

P2 6.7 5.12b

P3 6 9.21a

The numbers followed by the same letters in the same column show no significant 
difference based on Duncan's test at the 95% significance level. DAP (Day After Planting

The results of callus initiation in this 
study ranged from days 6-8. All parts of the 
explant enlarged and wrinkled at 7 days after 
initiation. Primary callus was emerged from 
each side of cuttings, followed by the middle 
part of the explant after 10 days of incubation. 
When the appearance of callus is calculated in 
units of days after planting (DAP). The time 
of callus emergence in this study was relative-
ly similar among treatment, because callus 
initiation occurred before the subculture treat-

ment was imposed on planted explants. Callus 
initiation is characterized by swelling in parts 
that have direct contact with the media such as 
the hypocotyl tip and the wound site, this in-
dicates that the explant responds to the media 
and absorbs the nutrients provided. 

The hypocotyl is easier to be induced 
into callus when the growth requirements 
have been available. Besides nutrients from 
MS media, hormones are one of the trig-
gers for callus induction. Here, the growth 
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regulators used were 1 ppm NAA combined 
by 1 ppm BAP. It showed suitable to induce 
the callogenesis of tomato sprout. According 
to Sari et al. (2014) callus induction caused by 
cuts or explant slices in response to hormones 
both exogenously and endogenously. More-
over, Mohajer et al. (2012) reported that plant 
growth regulator combination of auxin and 
cytokinin were needed for callus formation.

The Fresh Weight of Callus
Callus growth was marked by their 

weight. It showed that the concentration 
of 1 ppm NAA with 1 ppm of BAP was the 
optimal concentration in the formation callus 
of tomato sprout. As stated by Shah & 
George (2019), the combination of auxin and 
cytokinin produces a better callus induction 
and biomass than adding only one growth 
regulator. The highest fresh weight was found 
in the subculture treatment three times (9.21 
g) and the lowest weight was found in the 
treatment without subculture with a mean 
weight of 3.22 g (Table 1).

The increase in fresh weight was direct-
ly proportional to the number of subculture 

treatments performed. The average final cal-
lus weight was then analyzed using variance 
(ANOVA) and produced significantly differ-
ent data with a significance value of 0.002 
(P <0.05). It means that the frequency of 
subculture treatment significantly affected 
the growth of tomato callus. The data was 
further analyzed using the Duncan test to find 
out the most optimal treatment. Duncan's test 
results showed that the subculture treatment 3 
times was optimal in increasing the growth of 
tomato callus.

Weight gain is a characteristic of 
growth, so measurements of initial weight 
and final weight can represent tomato callus 
growth variables. This research showed that 
subculture influences callus growth, where 
the subculture provides nutrition for callus 
on a regular basis. According to Karyanti et 
al. (2014) callus growth rate is influenced by 
the process of absorption of nutrients from 
the balanced medium with a regular supply of 
nutrients so that the media does not run out of 
nutrients. Therefore, to accelerate cell growth, 
it is necessary to do subculture at two or four 
weeks time intervals.

Figure 1. Percentage of increasement in fresh weight of callus
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These results indicated that subcul-
tures support cell division, cell enlargement 
and cell differentiation through nutrients and 
hormones provided for callus. According 
to Grzyb et al. (2017), growth and morpho-
genesis in vitro are influenced by interactions 
and ratios between growth regulators which 
are added in the media, and hormones which 
are produced endogenously by cultured cells.

According to Majda & Robert (2018), 
auxin can change the activity of enzymes that 
play a role in the synthesis of cell wall compo-
nents and rearrange them in an intact cell wall 
matrix so that it will affect cell weight. Auxin 
can encourage cell elongation followed by cell 
enlargement and increasing the fresh weight. 
The increase in fresh weight was mainly due 
to the increased absorption of water by these 
cells. Whereas cytokinins are hormones that 
get involved in cell division.This is supported 
by Lipavská et al. (2011) which stated that in 
the G2 phase of cell division, cytokinins in-
duce cyclin-dependent protein kinase (CDKs) 
which play a role in gene transcription at 

the stage of DNA replication. Furthermore, 
cytokines got involve in the activation of the 
enzyme phosphatase to reduce phosphate. 
Low phosphate can inhibit the protein CDKs 
toward the mitosis phase (M) cell division, 
thus cytokinins can accelerate the G2 phase in 
cell division. Sitinjak et al. (2016) stated that 
both auxin and cytokinins will be synergized 
in the cell divisions, ratio of them can drive the 
morphogenesis of explant. If the availability 
of cytokinins in the culture medium is very 
limited, cell division in the cultured tissue will 
be inhibited.

Carotenoid Content 
Carotenoids are secondary metabo-

lite compounds synthesized by plants. These 
compound can usually be found in almost all 
organs of plants such as leaves, stems, tubers, 
flowers, and fruits. Carotenoids are color pig-
ments in plants and accumulate in plastids. In 
this study, carotenoid compounds were ex-
tracted from callus derived from hypocotyl 
explants.

Treatment Carotenoid contents (mg/L)
P0 113.32a

P1 126.75a

P2 124.32a

P3 132.34a

Table 2. The carotenoid content in callus by different subculture frequency

Figure 2. The increasement of carotenoid content from sub-
culture treatments to the control
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Based on the analysis of variance in the 
frequency of subcultures, there was no signific-
ant effect on the carotenoid content of the 
hypocotyl callus Lycopersicon esculentum 
Mill. The data shows that even though there 
is an increasement in carotenoid production in 
the callus, the number is not significant. The 
highest percentage increase in carotenoid pro-
duction compared to control was found in the 
P3 by 16.79% followed by P2 (14.26%) and 
P1 (11.85%).

The results of this study indicated that 
there is a possibility that carotenoid produc-
tion will continue to increase in the next sub-
culture. Because the carotenoid production 
still increased after the 3rd subculture. Data on 
increased carotenoid content showed that the 
frequency subcultures (once, twice, and three 
times) were greater than control (without sub-
culture). The carotenoid content which was 
almost the same in each treatment shows that 
the callus still in an exponential growth phase. 
In this phase, the callus was still in the stage of 
cell division and enlargement as evidenced by 
an increase in callus cell volume and micro-
scopic cells (Figure 3.) so that carotenoid syn-
thesis was not optimal. The callus consists 
of parenchyma cells that have a high rate of 
cell division (Figure 4). It was seen from the 
big nuclei in cells. According to Orbán et al. 

(2008), secondary metabolites generally in-
crease at the end of the exponential phase to 
the stationary growth phase. This opinion is 
assumed due to an increase in vacuoles and 
cell plastids. 

Besides that, the increase in carotenoid 
content which was not significant to the sub-
culture treatment is thought to be caused 
by another factor that more influential than 
nutritional addition. It suspected that the light 
intensity is this factor. Here, light from the 
lamp (500 lux) was unable to stimulate an 
increase in the carotenoid content in tomato 
callus. Norshazila et al. (2017) reported that 
light and increment of MS salt concentration 
will trigger some carotenoids content (β–
carotene, zeaxanthin, and α-carotene accu-
mulation), PEG in light condition will only 
accumulate β–carotene of sweet potatoes 
callus. This PEG (Polyethylene glycol) is 
a chemical substance commonly used for 
drought tests on culture medium.

The qualitative data observed included 
callus color, callus texture and callus develop-
ment marked by the appearance of roots and 
shoots. The results of this study were obtained 
through visual observation from the begin-
ning of planting until the callus was 50 days 
old (Table 3).

Figure 3. Cell of callus are still dividing
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Texture of Callus
Callus texture is one indicator to assess 

the quality of a callus. Maemunah et al. (2019) 
stated the callus with crumb texture (friable) 
of cells easily separated into single cells in 
suspension culture. Callus texture produced 
based the subculture frequency treatment 
(Table 2). The callus texture based on all 
treatment wasin compact type, meaning 
that the frequency of the subculture did not 
affect the callus texture of the hypocotyl 
explant of tomatoes. The callus crumbs of the 
bonds between cells appeared tenuous, easily 
separated and if taken with tweezers, the
callus broke easily and was attached to the 
tweezers. Asmono & Sari (2016) asserted 
that the watery friable texture on potato callus 
caused by auxin that increases the elasticity 
of cell walls. However, the compact callus 
has a texture that visually looks solid, difficult 
to separate, and has a hard structure. More-
over, variation in callus induction on different 
concentrations of growth regulators depends 
on the morphogenetic response which varies 
according to spatial and temporal cell 
distributions, and on physiological and 
developmental stages. Even there were the 
nodules in compact callus of Tagetes erecta 
from 2,4 D effect in medium Benítez-García 
et al. (2014) and Ming et al. (2019).

According to Benítez-García et al. 

(2014) and Maemunah et al. (2019), the 
formation of compact textured callus is driven 
by the presence of endogenous auxin 
hormones that are produced internally by
explants that have grown to form callus as 
well as giving growth regulators from the
medium. The added PGR can cause changes 
in plant physiology and biochemistry through 
the regulation of enzymes. Growth hormone 
plays a role in binding protein membranes 
that have the potential for enzyme activity. 
The results of this binding activate enzymes 
and change the substrate into several new 
products. The new product formed causes a 
series of secondary reactions, one of which is 
the formation of roots, shoots and, secondary 
metabolites.

Callus Color
The growth indicator of explants in

vitro culture in the form of callus color illust-
rates the visual appearance of the callus so 
that it can be seen the morphology of cells 
that are actively dividing or have died. Callus 
tissue resulting from an explant usually brings 
up different colors. Color in cells or tissues 
shows the development of pigments and plas-
tids in the living cells. The color of the callus 
indicates the pigment content.

The color of the callus produced based 
on the subculture frequency treatment (Fig-

Treatment Color Texture Development

Root
(strand)

Shoot
(piece)

Without subculture Yellow greenish Non friable 1 -

Once Subculture yellowish white Non friable 2 -

Twice Subculture yellowish green Non friable 10 1

Thrice Subculture Yellow greenish Non friable 8 1

Table 3. Color, texture, and development of callus Lycopersicon esculentum Mill. based on the 
treatment of subculture frequency after 50 days Callus
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ure 4). The treatment without subculture pro-
duced a greenish-yellow callus, the treatment 
ofsubculture once produced a yellowish-white 
callus, the subculture twice produced a 
yellowish-green callus, and the subculture 
treatment thrice produced a greenish-yellow 
callus. The color of the yellowish green callus 
shows the callus in good condition. Accord-
ing to Hariyati et al. (2016) that callus color 
was one indicator of callus quality. The green 

callus shows the formation of chlorophyll. 
Sugiyarto & Kuswandi (2014) and Sari et al. 
(2019), stated that the green color of callus 
is a result of the cytokinins (BAP) influence 
in the formation of chlorophyll. Callus tissue 
produced from an explant usually brings dif-
ferent colors. Callus color differences can be 
caused by several things including pigmen-
tation, light intensity, and explant sources 
from different plant parts (Sari et al., 2014).

Figure 4. Color of callus Lycopersicon esculentum on 50-day old.
Remarks 1: Treatment without subculture, 2: once subculture, 3: 
twice subculture  4: thrice subculture

The resulting callus color in this study 
looked uneven so that the callus color visual-
ization was taken from the dominant color of 
the callus and followed by additional colors 
that appear. During the initial development, 
the white callus then turned yellowish and 
at the end of the observation, the green color 
appeared in certain parts. According to Isah 
(2019), the formation of green parts in the cal-
lus is the beginning of morphogenesis, this is 
in line with the formation of shoots. Nurcha-
yati et al. (2018) previously reported that the 
combination of BAP 6x10-6 M with NAA 10-5 

M produces compact green Datura metel L. 
callus with meristemoid tissue on part of the 
surface.

Callus Development
Callus development is a parameter used 

to observe the effect of subculture frequency 
on the possibility of cell differentiation in cal-
lus into recognizable organs. The organs ob-
served were root and shoot. The existence of 
roots for callus growth plays a very important 
role because the roots can optimize the absorp-
tion of nutrients in the planting medium. The 
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emergence of shoots marks a multiplication 
process in the planted callus.

The results of root development in cal-
lus presented in Table 3 and Figure 4. Almost 
all treatments in callus are able to produce 
root growth, but the number of roots that
appear is different in each treatment. Treat-
ment without subculture produced short roots 
with an average of one root observed. It might 
due to the low nutrient content that unable 
to support  the callus to grow roots in large 
numbers. Subculture treatment once produced 
short roots with an average of 2 number of 
roots appeared. This amount was more than the 
treatment without subculture but less than the 
twice and thrice subculture treatment. Twice 
and thrice subculture treatment resulted in an 
average of 10 and 8 roots respectively. This 
is due to the callus received an adequate sup-
ply of nutrients. Based on these data, the fre-
quency treatment of subcultures significantly 
influenced development (morphogenesis).

The results of the twice subculture treat-
ment showed a higher number of roots com-
pared to the thrice subculture treatment. This 

could be due to a shorter incubation period of 
the thrice subculture treatment than the twice 
subculture. The shorter incubation period 
causes the callus unable to absorb nutrients 
optimally due to the need for re-adaptation 
after subculture treatment.

The formation of roots is stimulated by 
the auxin hormone. A hormone that is given 
periodically through subcultures stimulates 
root growth and development. According to 
Nick & Opatrný (2014), Yusnita et al. (2018) 
the active auxins used for root formation are 
Naphthalene Acetic Acid (NAA) and Indol 
Butyric Acid (IBA), both of which form roots 
when used at low concentrations. The type 
of root system produced also depends on the 
growth regulator used. Phenoxy acids at 2,4-D 
and 2,4,5-T produce a large, thick and sturdy 
root system. The IBA hormone produces a 
strong fibrous root system. Rafiq et al. (2007) 
reported that maximum root induction and 
proliferation was found in Stevia rebaudiana 
culture by supplemented with 0.5 mg/L NAA 
into the medium.

Figure 5. Roots formation in tomato callus. a) without subculture, 
b) once subculture, c) twice subculture, d) thrice sub-
culture.
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The shoot is a part of the plant obtained 
from vegetative growth, which grows in or-
der to generate the offspring on a plant. The 
formation of shoots shows the success of the 
regeneration of inoculated explants on tissue 
culture media. Callus resulting from hypo-
cotyl explants of tomatoes can differentiate 
to form buds. However, in this study, not all 
callus were able to differentiate into shoots 
which due to subculture treatment. Data on 
the emergence of shoots on callus from toma-
to hypocotyl explants presented in Table 3.

The shoots appear only in callus on twice 
and thrice subculture treatment (Table 3). This 
shows the subculture frequency affected the 
development (morphogenesis) of cells from 
the callus into shoots. The growth of shoots 

is driven by hormones available in the media. 
According to Sitinjak et al. (2016) and Muliati 
(2017), the use of BAP at the right concen-
tration is very effective in stimulating callus 
and shoot multiplication because the addition 
of BAP into in vitro propagation media plays 
an active role in organogenesis naturally. The 
BAP growth regulator is one of the cytoki-
nin groups that can stimulate and induce cal-
lus, but the type and concentration of growth 
regulator depend on the type of plant. The 
similar research by Kumlay & Ercisli (2015) 
and Rizal et al. (2017), reported that the 
addition of different BAP concentrations to 
the media would affect the induction of shoots 
in vitro.

Figure 6. Shoots formation after subculture treatments

The shoots shown in the picture (Figure 
6) are bright green shoots and are found in the 
frequency subculture treatment of twice and 
thrice. The number of shoots that appeared 
in each treatment was one. The emergence of 
shoots indicates the beginning of the organo-
genesis phase. The growth of shoots can be 
stimulated by the hormone cytokinin which 
is added to the media. Research Karyanti et 
al. (2014) reported the addition of BA 1 mg/L 

in callus Jatropha curcas L. which was 10 
weeks old produced 100% callus sprouts on 
solid media within 4 weeks after subculture. 
Furthermore, in the study of Karlianda et al. 
(2010) and Wahyuni et al. (2020) stated that 
the combination treatment of 0.1 mg/L NAA 
+ 2.5 mg/L BAP was the best treatment that 
produced the highest number of shoots com-
pared to other treatments in the agarwood cal-
lus subculture (Aquilaria malaccensis Lamk).
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