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Abstract
The pineapple (Smooth Cayenne) in Côte d'Ivoire is subject to many production problems whose causes are mainly of agronomic
order. The revitalization of this sector requires that the smooth Cayenne be cleaned and improved. Biotechnology through its
various methods has been used as a working tool. Among them, callogenesis and somatic embryogenesis were adopted in the
present study. The calli induction and proliferation as well as somatic embryos formation were evaluated on the basal medium of
Murashige and Skoog (MS) supplemented with Gamborg vitamins (vitamins B 5), 30 g/l of sucrose and solidified with 6 g/l of agar.
This medium was supplemented with the polyamines glycine, glutamine and casein hydrolyzate, alone or in combination with
different concentrations of growth regulators such as picloram (PIC), acid 2,4-dichlorophenoxyacetic (2,4-D), kinetin (KIN) and
benzylaminopurine (BAP). The results revealed that the medium MIC 7BAP (3.0 mg/l picloram, 2.0 mg/l glycine, 1,000 mg/l
glutamine and 0.05 mg/l BAP) was the best for callus induction while the medium MIE 1 (MIE, 3.0 mg/l picloram, 2.0 mg/l
glycine, 1,000 mg/l glutamine and 100 mg/l casein hydrolyzate in combination with 0.05 mg/l BAP) media was identified as the
most embryogenic cells induction medium (77 cells). Callogenesis and embryogenesis in smooth Cayenne were favored by the
combination of amino acids in presence of growth regulators.
Keywords: pineapple, callus, somatic embryos, amino acids, plant growth regulator
1. Introduction
Pineapple is a tropical plant, native to South America. It is
mainly known for its edible fruit, which is in fact a
fructification. It is popular for its strong flavor and its high
nutrients content. Pineapple is very important for the economy
of many developing countries. Thus, it is of considerable
economic and social importance because it supports a
substantial part of the farmers and is also an important source
of foreign exchange. Côte d'Ivoire is the 3rd African pineapple
producer after Nigeria and Kenya. It produces on average 188
000 tons of pineapples per year, of which 150 000 tons are
exported to Europe [1]. In Côte d’Ivoire, pineapple accounts
for 1.2 % of exports and generates nearly 34 billion FCFA
revenue per year [1]. It contributes 1.6 % to agricultural gross
domestic product and 0.6 % to national gross domestic
product [2, 3]. In Côte d'Ivoire, the Smooth Cayenne variety is
the most cultivated because of its adaptation to the
pedoclimatic conditions of the country and especially its
potential for yield and appreciation on the international
market. The country has long been the largest supplier of
pineapple in the European Union (97 % of the market) but this
dominant position is now occupied by Costa Rica. The quasihegemony of the Smooth Cayenne culture in Côte d'Ivoire has

led, after several decades of intensive cultivation and without
fallow, a degeneration of the plant material with enormous
phytosanitary risks. This situation led to a significant 70 %
reduction in pineapple production in Côte d'Ivoire, which
varied from 213 620 to 73 000 tons between 1999 and 2008
[4]
. The use of phytosanitary products, mainly ethephon, to
counter the problems of declining production, has also led to
the accumulation of chemical residues in pineapple [5]. Thus,
Côte d'Ivoire pineapple have a high residue limit (MRL) and a
high acidity in the fruit. This situation has led to the
depreciation of pineapple from Côte d'Ivoire on the
international market in favor of the Mary Dillard 2 (MD2),
variety from Costa Rica. In addition, the importation of
suckers by farmers is also expensive and cannot meet the
market requirements [6]. Addressing the problems faced by the
cultivation of Smooth Cayenne, interspecific hybridization has
been recommended for varietal improvement. But it has had
little success because pineapple is a monocotyledonous, selfincompatible, highly heterozygous plant; which makes it
difficult to conventional breeding [7]. Given its economic
importance, the decline in production and the depreciation of
the pineapple of Côte d'Ivoire, breeding program is essential
for the crop improvement [3]. Biotechnology covering many
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fields like tissue culture concepts and genetic engineering to
the applications seems to be an ideal tool for crop
improvement. Among in vitro culture techniques, callogenesis
is an important step because callus is the ideal starting
material for others in vitro cultures such cell suspensions,
somatic embryogenesis and organogenesis [8]. In pineapple,
several culture media have been developed to initiate callus.
Among them, MS medium [9] including vitamins B5 [10] and
supplemented with picloram or 2.4-D allow callus formation
at a high frequency [11, 12]. Compounds other than auxins also
play an important role in the production of pineapple calli.
These include glycine and glutamine [13, 14, 15, 16], and
cytokinins such as BAP or kinetin in combination or not with
auxins [17, 12]. These results showed that responses to
callogenesis in pineapple differs according to the type of
amino acid and the hormonal regime [18]. Therefore, the
objective of this study is to develop an efficient protocol of
call genesis for the induction of somatic embryogenesis in
pineapple. The induction of somatic embryos will contribute
to the regeneration of healthy pineapple plants free of
pesticide residues in view of the renewal of the orchard and
hence the revival of the pineapple crop in Côte d'Ivoire.

2. Materials and methods
2.1 Plant material, preparation and disinfection of
explants
Pineapple (Ananas comosus L. var. Smooth Cayenne, cv. CI
16) suckers were used as plant material in this study. They
were harvested from the plantations of CNRA's production
station in Anguédédou (Dabou Road, Côte d'Ivoire, West
Africa). The Smooth Cayenne was chosen for this study
because it is the main cultivated variety on a large scale in
Côte d'Ivoire. Suckers from 12-month-old pineapple were
transported in coolers to the laboratory to be washed
extensively under tap water. The adult leaves were excised by
a knife and the root portion of the suckers were removed
(Figure 1A-C). The apical buds were reduced to small size (2
cm) and washed with tap water and then with distilled water.
Under a hood with laminar flow, the buds were soaked in 70
% alcohol for 20 s and then in sodium hypochlorite (3.6 %)
for 30 min. They were then rinsed four times in sterile
distilled water. After rinsing, the bud was stripped of the
remaining 2 or 3 rows of leaves using a blade mounted on
scalpel, and the explants thus obtained were cultured on the
shoot initiation medium (Figure 1D).

Fig 1: Explants obtained from pineapple suckers
A: suckers collected from field; B-C: terminal bud; D: terminal bud reduced to 2 cm in length;

2.2 Initiation of shoots culture
The sterilized explants were placed in Pyrex test tubes (21 x
150 mm) containing 10 ml of initiation medium for shoot
induction (MIP). This medium is composed of MS [9] basic
medium supplemented with 30 g/l sucrose, 0.01 mg/l kinetin
(KIN), 0.2 g/l glutamine, 2.0 g/l activated charcoal and

solidified with 2.5 g/l phytagel. After one month of culture in
a controlled culture room, young shoots were obtained (Figure
2). Shoot leaves were cut into segments of 5 mm in length and
used as explants for callus induction. All the explants were
transferred for callus induction on various growth regulators
and amino acids concentrations.

Fig 2: Induction of in vitro pineapple shoot
A: terminal bud on initiation medium in a Pyrex test tube; B: four-week-old pineapple shoot
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2.3 Callus induction
Callus was induced from sections of leaf base (5 x 7 mm) of in
vitro pineapple shoot. Five explants were placed in jars
containing 10 ml of MS [9] basic medium with vitamins B5
(MSB5). This medium was supplied with 30 g/l sucrose, 2.4dichlorophenoxyacetic acid (2.4-D) or picloram (4-amino3,5,6-trichloropicolinic acid), 6-benzylaminopurine (BAP) or
kinetin (KIN), and combined or not with glutamine, glycine
and casein hydrolyzate (amino acids) to obtain callus
induction medium. Three types of callus culture medium were
realized according growth regulators and amino acids

combination. All the media were solidified with 6.0 g/l agaragar and 0.75 g/l MgCl2.
2.3.1 Effect of growth regulators and amino acids
2.3.1.1 Effect of amino acids in the presence of picloram
and or without BAP
Callus induction media (MIC) were composed of medium
MSB5 containing 3 mg/l picloram (medium M1)
supplemented with the three amino acids and combined or not
with 0.05 mg/l BAP. These culture media are designated as
follows in table 1.

Table 1: Effect of amino acids on callus induction in the presence of picloram and or without BAP
Components/Medium
Picloram (mg/l)
BAP (mg/l)
Glycine (mg/l)
Glutamine (g/l)
Casein hydrolyzate (mg/l)

Culture media
MIC1 MIC2 MIC3 MIC4 MIC5 MIC6 MIC7 MIC1B MIC2B MIC3B MIC4B MIC5B MIC6B MIC7B
3
3
3
3
3
3
3
3
3
3
3
3
3
3
0.05
0.05
0.05
0.05
0.05
0.05
0.05
2
2
2
2
2
2
2
2
1
1
1
1
1
1
100
100 100
100
100
100

2.3.1.2 Effect of amino acids in presence of 2,4-D and or
without kinetin
Callus induction media (MIC') consists of MSB5 medium to

which are added 3.0 mg/l 2.4-D (M2 medium), the amino
acids and combined or not with 0.2 mg/l kinetin and then
designated as follows in table 2.

Table 2: Effect of amino acids on callus induction in the presence of 2, 4-D and or without kinetin
Culture media
MIC’1 MIC’2 MIC’3 MIC’4 MIC’5 MIC’6 MIC’7 MIC’1K MIC’2K MIC’3K MIC’4K MIC’5K MIC’6K MIC’7K
2.4-D (mg/l)
3
3
3
3
3
3
3
3
3
3
3
3
3
3
Kin (mg/l)
0.2
0.2
0.2
0.2
0.2
0.2
0.2
Glycine (mg/l)
2
2
2
2
2
2
2
2
Glutamine (g/l)
1
1
1
1
1
1
Casein hydrolyzate (mg/l)
100
100
100
100
100
100
Components/Medium

2.3.1.3 Effect of amino acids in presence of picloram and
kinetin
Callus induction medium (MIC+) was composed of MSB5

medium containing 3.0 mg/l picloram (M1 medium), 0.2 mg/l
kinetin and to which amino acids were supplemented then
arranged as follows in table 3.

Table 3: Effect of amino acids on callus induction in presence of picloram and kinetin
Components /Medium
Picloram (mg/l)
Kinetin (mg/l)
Glycine (mg/l)
Glutamine (g/l)
Casein hydrolyzate (mg/l)

MIC+1K
3
0.2
-

MIC+2K
3
0.2
2
-

2.4 Establishment of embryogenic culture
Primary calli obtained from best cultures media according to
the PCA analysis, were chopped with a scalpel according to
Yapo et al. [12] and transferred on embryos induction media.
Approximately, 1,000 mg of healthy, friable and necrosis-free
calli were placed in jars containing 10 ml of embryos
induction medium (MIE) during 4 weeks. The calli were then
transferred twice successively onto a new MIE each month.
MIE medium was MS basic medium containing vitamin B 5
(MSB5) with double KNO3 and half NH4NO3 (MSB5 - ½
[NH4NO3] + [KNO3]) and supplemented with sucrose 30 g/l
sucrose, 6.0 g/l agar-agar, cytokinin (BAP or kinetin), and
combined or not with glutamine, glycine and casein
hydrolyzate which are amino acids. Six somatic induction

MIC+3K
3
0.2
1
-

Culture media
MIC+4K
MIC+5K
3
3
0.2
0.2
2
1
100
-

MIC+6K
3
0.2
2
100

MIC+7K
3
0.2
2
1
100

embryogenic medium were realized and was ranged as
follows in table 4.
Table 4: Somatic induction embryogenic medium (MIE) components
Culture media
MIE1 MIE2 MIE3 MIE4 MIE5 MIE6
Picloram (mg/l)
3
BAP (mg/l)
0.05 2.4-D (mg/l)
3
3
3
3
3
Kinetin (mg/l)
0.2 0.2 0.2
Glycine (mg/l)
2
2
2
2
Glutamine (g/l)
1
1
1
1
Casein hydrolyzate (mg/l) 100
100
100 100
Components /Medium
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After three months on MIE medium with monthly subculture,
sample of calli were harvested and observed under an optical
microscope (Nikon TMS ®) to investigate callus embryogenic
structures which clusters of rounded cells with regular
contours, thick-walled and dense cytoplasm [19, 20]. These
embryogenic structures were then counted using a Colony
counter (COMECTA SA).
2.5 Culture conditions
The pH of shoot initiation medium was adjusted to 5.8 while
that of callus induction medium and somatic embryos
induction medium were adjusted to 5.5. All culture media
were autoclaved during 30 min at 121 °C under one bar of
pressure. Cultures were performed in a controlled culture
room with a 16 h/8 h photoperiod and a light flow of 2000 lux
provided by white fluorescent tubes, at 25  2 °C. The effect
of amino acids in combination of plant growth regulators was
evaluated through the initiation rate (IR), water content (WC),
fresh weight (FW), dry weight (DW), texture and the color of
the callus after each experiment.
2.6 Statistical analysis
For all experiments undertaken, 30 explants per treatment
were used and the experimental design was randomized.
Statistical analyzes were carried out by using the Linear

Model ANOVA/MANOVA of STATISTICA version 7.1
software. The treatment were discriminated by multiple mean
comparison of after variance analysis followed by Newman–
Keuls test [21]. A probability of p < 0.05 was considered as
significant. To normalize the data, all percentage values were
subjected to arcsin x1/2 transformation before statistical
analysis. Principal component analysis (PCA) was performed
to identify the contribution of parameters in pineapple callus
induction.
3. Results
3.1 Callus induction
3.1.1 Effect of amino acids in presence of picloram
The callus initiation was significantly affected (p < 0.) by the
amino acids in the presence of picloram. All the studied media
are therefore favorable to the initiation of the pineapple calli.
The MIC6 medium (containing glycine and casein) with mean
dry weight calli of 28.84 mg, is the most callogenic because of
its high solids content (Table 5). However, some amino acids
used alone (MIC2 medium) or in combination with other
amino acids (MIC7 medium), act negatively on the dry weight
of the callus compared to the MIC1 medium (control) which
does not contain any amino acids. The calli obtained on these
media are compact and aren't ideal for somatic embryos
induction.

Table 5: Effect of amino acids alone or in combination in presence of picloram on pineapple callus induction after four weeks on MIC media
Parameters
Initiation rate (%±s)
Fresh weight (mg±s)
Dry weight (mg±s)
Water content (%±s)
Texture
Color

Culture media
MIC1
MIC2
MIC3
MIC4
MIC5
MIC6
MIC7
66.67 ± 9.62a 61.11 ± 14.72a 77.78 ± 15.55a 72.22 ± 14.67a 61.11 ± 11.11a 77.78 ± 14.47a 55.55 ± 15.51a
44.08 ± 0.32a 18.00 ± 0.37c 15.66 ± 0.33c 15.66 ± 0.11c
5.25 ± 0.13d 33.14 ± 0.31b 31.66 ± 0.22b
22.33 ± 0.37b 2.75 ± 0.19d
15.23 ± 0.14c 12.01 ± 0.17c
4.58 ± 0.11d 28.84 ± 0.42a
3.28 ± 0.27d
49.12 ± 4.08b 84,76 ± 0.22a
2.75 ± 0.42d
4.67 ± 0.19cd 12.49 ± 0.46cd 13.40 ± 0.43c 89.66 ± 0.11a
Compact
Compact
Compact
Compact
Compact
Compact
Compact
whitish
whitish
Yellow
Yellow
whitish
Brownish
Yellow

MIC (Callus induction medium containing amino acids in
combination with 3.0 mg/l picloram) ; M1 (MSB5 + 3.0 mg/l
picloram) ; MIC1 (M1) ; MIC2 (M1 + 2.0 mg/l glycine); MIC3
(M1 + 1,000 mg/l glutamine); MIC4 (M1 + 100 mg/l casein
hydrolyzate); MIC5 (M1+ 2.0 mg/l glycine + 1,000 mg/l
glutamine); MIC6 (M1+ 2.0 mg/l glycine + 100 mg/l casein
hydrolyzate); MIC7 (M1+ 2.0 mg/l glycine + 1,000 mg/l
glutamine + 100 mg/l casein hydrolyzate). ±S: Standard
deviation; Average values were calculated from three
repetitions per condition of medium; in the line values
followed of a same letter are not statistically different (test of
Newman-Keuls at 5 %).
3.1.2 Effect of amino acids in presence of picloram and
BAP
Table 6 shows that the combination BAP-amino acids
significantly influence the fresh weight and dry weight of calli
(p < 0.001). MIC7BAP produces the highest mean dry weight
(56.62 mg). All the calli obtained on the various media have a

very high water content ranging from 24.59 to 91.76 %.
However, they are all friable. Calli from the MIC1BAP,
MIC2BAP, MIC3 BAP media are yellow-green in color. The
MIC4BAP and MIC6BAP media have greenish calli. And,
those formed on the MIC5BAP and MIC7BAP media are
yellowish. The data from Tables 5 and 6 show that all the calli
obtained on the media without BAP are compact whereas
those, which come from the media provided with BAP, are
friable. From this analysis, the contribution of BAP improves
the callus texture. Moreover, the comparison of the dry weight
values of the call of the two groups of media reveals that the
media with make it possible to obtain call whose quantity of
dry matter is higher than the media without BAP. The addition
of BAP therefore increases the dry matter of the calluses.
However, it should be noted that the addition of BAP to the
amino acid-free MIC1 medium decreases the dry weight of the
calli (6.29 mg) compared with that of the MIC 1 medium
without BAP (22.33 mg). These calli are friable and then are
ideal for the induction of somatic embryos.
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Table 6: Effect of picloram in combination with BAP and amino acids on pineapple callus induction after four weeks on MICBAP media
Parameters
Initiation rate (%±s)
Fresh weight (mg±s)
Dry weight (mg±s)
Water content (%±s)
Texture
Color

MIC1BAP
77.78 ± 5.55a
76.58 ± 0.93a
6.29 ± 0.17bc
91.76 ± 0.32a
Friable
Yellow-green

MIC2BAP
77.78 ± 9.22a
80.46 ± 0.37a
9.61 ± 0.13c
88.46 ± 1.16a
Friable
Yellow-green

Culture media
MIC3BAP
MIC4BAP
83.33 ± 9.62a 83.33 ± 9.62a
29,83 ± 0.25c 81,73 ± 0.23a
14.22 ± 0.32c
30.0 ± 0.24b
54.72 ± 7.91c 63.11 ± 1.39c
Friable
Friable
Yellow-green
Brown

MIC Callus induction medium () was composed to picloram
(3.0 mg/l) in combination with BAP (0.05 mg/l) and three
types of amino acids (MICBAP). M1 (MSB 5 + 3.0 mg/l
picloram) ; MIC1BAP (M1 + 0.05 mg/l BAP); MIC2BAP (M1
+ 2.0 mg/l glycine); MIC3BAP (M1 + 1,000 mg/l glutamine);
MIC4BAP (M1 + 100 mg/l casein hydrolyzate); MIC5BAP
(M1+ 2.0 mg/l glycine + 1,000 mg/l glutamine); MIC6BAP
(M1+ 2.0 mg/l glycine + 100 mg/l casein hydrolyzate);
MIC7BAP (M1+ 2.0 mg/l glycine + 1,000 mg/l glutamine +
100 mg/l casein hydrolyzate). ±S: Standard deviation;
Average values were calculated from three repetitions per
condition of medium; in the line values followed of a same
letter are not statistically different (test of Newman-Keuls at 5
%).

MIC5BAP
77.78 ± 5.55a
42,98 ± 0.24b
32.39 ± 0.27b
24.59 ± 2.20d
Friable
Yellow

MIC6BAP
66.67 ± 9.62a
29,89 ± 0.29c
7.97 ± 0.19b
74.20 ± 2.62b
Friable
greenish

MIC7BAP
88.87 ± 5.52a
76,98 ± 0.39a
56,62 ± 0.43a
27.03 ± 3.22d
Friable
Yellow

3.1.3 Effect of amino acids in presence of 3 mg/l 2,4-D
Amino acids influenced very significantly (p < 0.001) fresh
weight and dry weight of callus in presence of 2.4-D alone.
MIC'6 medium has the highest dry weight (53.83 mg). The
MIC'5 medium induced the lowest dry weight (1.38 mg)
(Table 7). Calli obtained on these different media are compact
and brown. The culture media tested in this study are
favorable to the initiation of callus in pineapple. MIC'6 seems
to be the most callogenesis medium because of its possess the
high dry matter of callus. However, addition of some amino
acids reduced the callus dry weight compared to the control
medium MIC'1 and most of calli have a compact structure.
These calli would not suitable for the somatic embryos
induction. Only friable calli were used for the induction of
somatic embryos.

Table 7: Effect of amino acids in presence of 2,4-D on pineapple callus induction after four weeks on MIC' media
Parameters
Initiation rate (%±s)
Fresh weight (mg±s)
Dry weight (mg±s)
Water content (%±s)
Texture
Color

MIC’1
40.37 ± 6.12a
18.75 ± 0.32c
11.25 ± 0.25bc
39.85 ± 1.28c
Compact
Brown

MIC’2
41.37 ± 9.12a
12.75 ± 0.27d
2.19 ± 0.16de
82.76± 0.37b
Compact
Brown

Culture media
MIC’3
MIC’4
57.61 ± 10.62a 45.22 ± 11.64a
53.67 ± 0.13a 12.75 ± 0.91d
49.53 ± 0.94a 10.66 ± 0.85c
7.71 ± 0.73f 16.05 ± 4.67e
Friable
Compact
Brown
Brown

MIC' (Callus induction medium containing amino acids in
combination with 3.0 mg/l 2,4-D); M2 (MSB5 + 3.0 mg/l 2,4D) ; MIC’1 (M2); MIC'2 (M2 + 2.0 mg/l glycine); MIC'3 (M2 +
1,000 mg/l glutamine); MIC'4 (M2 + 100 mg/l casein
hydrolyzate); MIC'5 (M2 + 2.0 mg/l glycine + 1,000 mg/l
glutamine); MIC'6 (M2 + 2.0 mg/l glycine + 100 mg/l casein
hydrolyzate); MIC'7 (M2 +2.0 mg/l glycine + 1,000 mg/l
glutamine + 100 mg/l casein hydrolyzate). ±S: Standard
deviation; Average values were calculated from three
repetitions per condition of medium; in the line values
followed of a same letter are not statistically different (test of
Newman-Keuls at 5 %).
3.1.4 Effect of amino acids in presence of 2,4-D and kinetin
The results of Table 8 show a very significant difference
between the different media for the dry weight of callus (p <
0.001). The MIC'6KIN medium allowed the highest dry
weight calli (54.91 mg). The MIC'1Kin and MIC'2KIN media
induced the lowest dry weight calli, 5.47 and 8.82 mg,

MIC’5
41.13 ± 7.23a
2.04 ± 0.18e
1.38 ± 0.11e
31.78 ± 1.41d
Compact
Whitish

MIC’6
MIC’7
57.35 ± 10.47a 39.65 ± 12.03a
55.37 ± 0.003a 31.42 ± 0.003b
53.83 ± 0.39a 3.15 ± 0.14f
2.78 ± 1.35e 89.96 ± 0.14a
friable
Compact
Brown
Brown

respectively. The calli produced on these culture media are
mostly compact. Calli from the MIC'1KIN media; MIC'2KIN;
MIC'5KIN and MIC'7KIN are yellowish, whereas those from
the MIC'3KIN and MIC'6KIN media are yellowish green. A
slight browning of the calli on the MIC'4KIN medium is
observed. The calli induced on these media have a very high
water content ranging from 23.94 to 92.41%. The calli
obtained on the media without kinetin are almost all compact,
contrary to those induced on media provided with kinetin,
which are mostly friable. We therefore deduce that kinetin's
intake improved the callus texture. Thus, data from both tables
(7 and 8) show that kinetin's intake improved the amount of
dry matter in some media, but decreased it in other media such
as the control (MIC'1 = 11.25 mg and MIC'1KIN = 5.47 mg)
and the MIC'6 (49.53 mg) and MIC'6KIN (47.83 mg). The
induction of callus in the presence of kinetin gave
predominantly friable calli interesting for the induction of
somatic embryos.
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Table 8: Effect of 2,4-D in combination with KIN and amino acids on pineapple callus induction after four weeks on MIC'KIN media
Parameters
Initiation rate (%±s)
Fresh weight (mg±s)
Dry weight (mg±s)
Water content (%±s)
Texture
Color

MIC’1Kin
57.93 ± 3.95a
72.00 ± 0.38b
5.47 ± 0.17f
92.41 ± 0.06a
Compact
Yellow

MIC’2 Kin
57.26 ± 5.62a
78.16 ± 0.23a
8.82 ± 0.91e
88.71 ± 0.06b
Friable
Yellow

Culture media
MIC’3 Kin MIC’4 Kin MIC’5 Kin
61.18 ± 4.23a 62.56 ± 7.23a 56.25 ± 3.24a
70.33 ± 0.46b 76.91 ± 0.21a 43.58 ± 0.77d
47.83 ± 0.11d 27.79 ± 0.12c 33.08 ± 0.44b
31.99 ± 1.08d 63.91 ± 1.08c 23.94 ± 1.08e
Friable
Friable
Friable
Yellow-green
Brown
Yellow

MIC (Callus induction medium) was composed to 2.4-D (3
mg/l) in combination with KIN (0.2 mg/l) and three types of
amino acids (MIC'KIN) ; M2 (MSB5 + 3.0 mg/l 2,4-D) ;
MIC'1KIN (M2 + 0.2 mg/l kinetin); MIC'2KIN (M2 + 2.0 mg/l
glycine); MIC'3KIN (M2 + 1,000 mg/l glutamine); MIC'4KIN
(M2 + 100 mg/l casein hydrolyzate); MIC'5KIN (M2 + 2.0
mg/l glycine + 1,000 mg/l glutamine); MIC'6KIN (M2 + 2.0
mg/l glycine + 100 mg/l casein hydrolyzate); MIC'7KIN (M2
+ 2.0 mg/l glycine + 1,000 mg/l glutamine + 100 mg/l casein
hydrolyzate). ±S: Standard deviation; Average values were
calculated from three repetitions per condition of medium; in
the line values followed of a same letter are not statistically
different (test of Newman-Keuls at 5 %).

MIC’6 Kin MIC’7 Kin
62.93 ± 7.32a 59.74 ± 4.12a
58.11 ± 0.29c 76.83 ± 0.87a
54.91 ± 0.61a 52.11 ± 0.19a
5.51 ± 0.42f 32.10 ± 0.73d
Friable
Friable
Yellow-green
Yellow

3.1.5 Effect of amino acids in presence of picloram and
kinetin
Analysis of the variances shows that the KIN-amino acid
combination significantly influenced all the parameters
studied (p < 0.001). However, not all culture media allowed
the induction of calluses. The induced calluses are small.
Except for MIC+6KIN and MIC+7KIN media that did not
induce callus. The fresh weights of other calli induced on
other media were very low (0.003 to 0.007 mg). The dry
weight of the calli obtained varied from 0.0008 to 0.003 mg.
The MIC+3KIN medium yielded the highest dry weight
(0.0033 mg). All calli obtained on these media are compact
and whitish in color (Table 9). The calli obtained on these
media are compact and aren't ideal for somatic embryos
induction.

Table 9: Effect of picloram in combination with KIN and amino acids on pineapple callus induction after four weeks on MIC +KIN media
Culture media
Parameters
MIC+1KIN
MIC+2KIN
MIC+3KIN
MIC+4KIN
MIC+5KIN
MIC+6KIN MIC+7KIN
Initiation rate (%±s)
7.67 ± 0.14c
3.87 ± 0.05d
23.33 ± 0.51a
13.00 ± 0.42b
4.17 ± 0.07d
0 ± 0e
0 ± 0e
Fresh weigh (mg±s) 0.003 ± 0.001c 0.003 ± 0.002c 0.007 ± 0.001a 0.003 ± 0.001c 0.005 ± 0.001b
0 ± 0d
0 ± 0d
Dry weight (mg±s) 0.0008 ± 0.001c 0.0011 ± 0.001b 0.0033 ± 0.002a 0.0013 ± 0.001b 0.0007 ± 0.001c
0 ± 0d
0 ± 0d
Water content (%±s) 72.47 ± 1.35b
59.34 ± 3.01c
53.89 ± 2.84d
61.11 ± 2.24c
86.12 ± 0.63a
0 ± 0c
0 ± 0a
Texture
Compact
Compact
Compact
Compact
Compact
Compact
Compact
Color
Whitish
Whitish
Whitish
Whitish
Whitish
Whitish
Whitish

MIC+ (Callus induction medium) was composed to picloram
(3.0 mg/l) in combination with KIN (0.2 mg/l) and three types
of amino acids (MIC+KIN). M1 (MSB5 + 3.0 mg/l picloram) ;
MIC+1KIN (M1 + 0.2 mg/l kinetin) ; MIC+2KIN (M1 + 2.0
mg/l glycine + 0.2 mg/l kinetin) ; MIC+3KIN (M1 + 1,000
mg/l glutamine + 0.2 mg/l kinetin); MIC+4KIN (M1 + 100
mg/l casein hydrolyzate + 0.2 mg/l kinetin) ; MIC+5KIN (M1
+ 2.0 mg/l glycine + 1,000 mg/l glutamine + 0.2 mg/l
kinetin) ; MIC+6KIN (M1 + 2.0 mg/l glycine + 100 mg/l
casein hydrolyzate + 0.2 mg/l kinetin) ; MIC+7KIN (M1 + 2.0
mg/l glycine + 1000 g/l glutamine + 100 mg/l casein
hydrolyzate + 0.2 mg/l kinetin). ±S: Standard deviation;
Average values were calculated from three repetitions per
condition of medium; in the line values followed of a same
letter are not statistically different (test of Newman-Keuls at 5
%).
3.1.6 Principal component analysis
The results showed that fifteen culture media make it possible
to obtain friable calli. Thus, to better perceive the effect of
different media on callogenesis, a principal component
analysis (PCA) was carried out. Three parameters, such as
fresh weight (FW), dry weight (DW) and water content (WC)
were better characteristic of callus induction and quality, were

retained. PCA has shown that axis 1 and 2 express a
variability of 64.09 and 35.25 %, respectively. By considering
selected parameters and distribution of the fifteen culture
media as a function of the axes, four groups of media were
obtained. Thus, group G1 (MIC'3, MIC'6, MIC'3KIN,
MIC'6KIN, MIC'7KIN and MIC7BAP) is related to dry weight,
G2 (MIC4BAP and MIC'4KIN) to fresh weight, G3
(MIC1BAP, MIC2BAP and MIC'2KIN) to water content and
G4 (MIC3BAP; MIC6BAP; MIC5BAP and MIC'5KIN) to no
parameters (Figure 3). However, the media in G1 that give the
most friable callus, therefore of good quality and likely to be
used for somatic embryogenesis, are related to the dry weight
of calli. This result clearly showed that MIC'3KIN (3.0 mg/l
2,4-D + 1,000 mg/l glutamine + 2.0 mg/l kinetin); MIC7BAP
(3.0 mg/l picloram + 2.0 mg/l glycine + 1,000 mg/l glutamine
+ 100 mg/l casein hydrolyzate + 0.05 mg/l BAP) and
MIC'7KIN (3.0 mg/l 2,4-D + 2.0 mg/l glycine + 1,000 mg/l
glutamine + 100 mg/l casein hydrolyzate + 2.0 mg/l kinetin)
media are the most favorable to induce calli in pineapple. All
these high quality calli from the G1 media are likely to be
used for somatic embryogenesis. Thus, the DW parameter best
characterize callogenesis in pineapple. Therefore, MIC7BAP
medium which has a significantly higher calli dry weight
seems to be more conducive to the induction of pineapple
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calli. Picloram (auxin) and BAP (cytokinin) are the best plant
growth regulators to induce callus from pineapple, in
combination with glutamine, glycine and casein hydrolyzate.
The presence of these amino acids is essential to induce high

quality of callus in pineapple. Thus, the culture media (G1)
which produced the dry weight calli were retained for somatic
embryogenesis.

Fig 3: Distribution of callogenesis parameters and media culture in the plane formed by the factorial axes 1 and 2 of the correlation circle

MIC (Callus induction medium) ; DW (Dry weight); FW
(Fresh weight); WC (Water content); G (Group); MIC'3 (3.0
mg/l 2,4-D + 1,000 g/l glutamine) ; MIC'6 (3.0 mg/l 2,4-D +
2.0 mg/l glycine + 100 mg/l casein hydrolyzate) ;
MIC'3KIN (3.0 mg/l 2,4-D + 1,000 g/l glutamine + 0.2 mg/l
kinetin); MIC'6KIN (3.0 mg/l 2,4-D + 2.0 mg/l glycine + 100
mg/l casein hydrolyzate + 0.2 mg/l kinetin) ; MIC'7KIN (3.0
mg/l 2,4-D + 2.0 mg/l glycine + 1,000 g/l glutamine + 100
mg/l casein hydrolyzate + 0.2 mg/l kinetin) ; MIC7BAP (3.0
mg/l picloram + 2.0 mg/l glycine + 1,000 g/l glutamine + 100
mg/l casein hydrolyzate + 0.05 mg/l BAP) ; MIC4BAP (3.0
mg/l picloram + 100 mg/l casein hydrolyzate + 0.05 mg/l
BAP); MIC'4KIN (3.0 mg/l 2,4-D + 100 mg/l casein + 0.2
mg/l kinetin) ; MIC1BAP (3.0 mg/l picloram + 0.05 mg/l
BAP) ; MIC2BAP (3.0 mg/l picloram + 2.0 mg/l glycine +
0.05 mg/l BAP) ; MIC’2Kin (3.0 mg/l 2,4-D + 2.0 mg/l glycine
+ 0.2 mg/l kinetin); MIC3BAP (3.0 mg/l picloram + 1,000 g/l
glutamine + 0.05 mg/l BAP) ; MIC6BAP (3.0 mg/l picloram +
2.0 mg/l glycine + 100 mg/l casein hydrolyzate + 0.05 mg/l
BAP) ; MIC5BAP (3.0 mg/l picloram + 2.0 mg/l glycine +
1,000 g/l glutamine + 0.05 mg/l BAP); MIC’5Kin (3.0 mg/l
2,4-D + 2.0 mg/l glycine + 1,000 g/l glutamine + 0.2 mg/l
kinetin)
3.2 Somatic embryogenesis
Effect of culture media on somatic embryos induction
Statistical analysis (Table 10) revealed that all culture media
allowed the induction of embryogenic cells (Figure 4).
However, the composition of these media did not influence (p

= 0.26) the induction rate of embryogenic cells (ECIR) but
rather that of embryogenic cells number (ECN) induced (p <
0.0001). MIE1 and MIE5 media induced the largest ECNs
respectively 77 and 70.33 cells. MIE3 (5 cells) and MIE6 (1.33
cells) gave the lowest NCEs. Analysis of these results showed
that MIE1 (MIE + 3.0 mg/l picloram + 2.0 mg/l glycine +
1,000 mg/l glutamine + 100 mg/l casein hydrolyzate + 0.05
mg/l BAP) induced a greater NCE (77 cells) compared to that
(1.33 cells) of MIE6 medium (MIE + 3.0 mg/l 2,4-D + 2.0
mg/l glycine + 1,000 mg/l glutamine + 100 mg/l casein
hydrolyzate + 0.2 mg/l kinetin). Since these two media differ
in their hormonal regimen, the hormonal combination used
significantly influenced ECN. Thus, the picloram-BAP
combination induced the largest number of embryogenic cells
(77 cells) compared to the results obtained with the 2,4Dkinetin combination (1.33 cells). The analysis of variances and
the composition of MIE3 (MIE + 3.0 mg/l 2,4-D + 2.0 mg/l
glycine + 100 mg/l casein hydrolyzate) and MIE 5 (MIE + 3.0
mg/l 2,4-D + 2.0 mg/l glycine + 1,000 mg/l glutamine + 100
mg/l casein hydrolyzate + 0.2 mg/l kinetin) media revealed
that the addition of cytokinin (kinetin) significantly stimulated
the ability of calli to induce embryogenic cells on the MIE 5
medium. However, analysis of the results obtained with MIE2
(MIE + 3.0 mg/l 2,4-D + 1,000 mg/l glutamine) and MIE4
(MIE + 3.0 mg/l 2,4-D + 1,000 mg/l glutamine + 0.2 mg/l
kinetin), respectively 23.67 and 5 cells, showed that the
addition of kinetin to the MIE2 medium inhibited the
formation of embryogenic cells.

Table 10: Effect of culture media on somatic embryos induction
Parameters
ECIR (% ± s)
ECN (number ± s)

MIE1
63.64 ± 9.40a
77.00 ± 2.52a

Culture media
MIE2
MIE3
54.42 ± 9.51a 35.58 ± 4.65a
23.67 ± 2.73b 24.67 ± 0.88b

MIE4
35.58 ± 9.81a
5.00 ± 1.15c

MIE5
54.82 ± 9.41a
70.33 ± 4.91a

MIE6
54.42 ± 9.41a
1.33 ± 0.33c
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ECIR (embryogenic cells induction rate) ; ECN (embryogenic
cells number) ; MIE (MSB5 – ½ [NH4NO3] + [KNO3]) ; MIE1
(MIE + 2.0 mg/l glycine + 1,000 mg/l glutamine + 100 mg/l
casein hydrolyzate + 0.05 mg/l BAP) ; MIE2 (MIE + 3.0 mg/l
2,4-D + 1,000 mg/l glutamine) ; MIE3 (MIE + 3.0 mg/l 2,4-D
+ 2.0 mg/l glycine + 100 mg/l casein hydrolyzate) ; MIE 4
(MIE + 1,000 mg/l glutamine + 0.2 mg/l kinetin) ; MIE 5 (MIE

+ 2.0 mg/l glycine + 100 mg/l casein hydrolyzate + 0.2 mg/l
kinetin) ; MIE6 (MIE + 2.0 mg/l glycine + 1,000 mg/l
glutamine +100 mg/l casein hydrolyzate + 0.2 mg/l kinetin).
±S: Standard deviation; Average values were calculated from
three repetitions per condition of medium; in the line values
followed of a same letter are not statistically different (test of
Newman-Keuls at 5 %).

Fig 4: Somatic embryogenic cells observed on calli from somatic embryogenesis induction medium (MIE) Gx400 Embryogenic cells (ce). A :
MIE2 ; B : MIE1 ; C : MIE4 ; D : MIE3 ; E : MIE6 ; F : MIE5

4. Discussion
All the media tested in this work, allowed callus formation.
Excepted the glycine-casein supplemented medium and the
control (medium without any amino acid), the addition of
amino acids (alone or in combination) to the culture medium
resulted in a decrease in the fresh and dry weights of callus.
Amino acids inhibit the formation of callus. This inhibition is
due to competition between auxin and amino acids to occupy
binding sites [22, 23]. Zenk et al. [11] reported similar competition
between glycine and glutamine. Indeed, glutamine is an
important source of nitrogen which has already shown its
positive effects on the production of organic matter in
Bromeliaceae [24, 25]. However, its combination with glycine
reduces the use of NH4+ by inactivating localized glutamate
synthase in chloroplasts and cytoplasm. According to MorotGaudry et al. [26], the importance of glutamine is due to the
fact that it is the precursor of all other amino acids. It would
provide nitrogen for the biosynthesis of amino acids. This
author noted that L-glutamate and L-glutamine are the first
amino acids synthesized after integration of the ammonium
ion to the carbon skeleton. By transamination, their nitrogen is
then transferred to other carbon substrates (α-keto acid) to
form new amino acids (aspartate, α -alanine, glycine...) which
are precursors of all other amino acids. The synthesis of Lglutamate and L-glutamine is catalyzed by glutamate synthase
(GOGAT) and glutamine synthetase (GS) in the presence of
NADPH and ATP. Inactivation of these enzymes by glycine
prevents the use of NH4+ for the synthesis of amino acids.
However, the addition of arginine or ammonium ions (NH 4+)

would compensate this inactivation. Thus, glycine would
inhibit the action of glutamine. This would explain the low dry
weight of callus obtained on the glycine-glutamine-casein and
glycine-glutamine supplemented-media. The high dry weight
of callus on glycine-casein medium could be explained by a
synergistic action between these molecules.
For media with BAP, the control medium (without amino
acid) produced callus with a lower dry matter. On the other
hand, addition of amino acids (alone or in combination) to
these culture media (casein-BAP, glycine-glutamine-BAP and
glycine-glutamine-casein-BAP) improved the dry weight of
the calli. Thus, the association BAP-amino acids would allow
a gain of dry matter of callus. Indeed, according to Gendy et
al. [27], in some species, the addition of small amounts of
cytokinin to the medium containing auxin may increase the
percentage of callus formation. This increase in the amount of
dry matter is mainly due to the role of cytokinin which
actively stimulating cell division [28]. Various media tested in
this work exhibited friable calluses with color varying from
the yellowish to the greenish. These results have already been
reported in Abies alba Mill [29]. These authors also observed
browning of callus after addition of casein. BAP would cause
greening of callus and improve their texture by transforming it
from compact to friable. According to Seddiki and Chesnoy
[30]
, BAP causes stimulation of chlorophyllogenesis and
differentiation of plastids. It would therefore involve in
photosynthesis. In contrary to the callus color observed in the
present work with the cytokinin BAP, Chatibi et al. [31]
reported that the addition of this plant growth regulator
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induced the formation of whitish callus in pistachio.
Therefore, the type of explant and the hormonal combination
might influence the callus color. The BAP-amino acid
interaction which improved the dry weight could be explained
by the fact that the BAP acted in synergy with the amino acids
for the production of dry matter. Indeed, according to Zenk et
al. [11], this synergy allowed the release of nitrogen in amino
acids and which would be available to the cells metabolism.
The results reported in this work are in agreement with those
of Chatibi et al. [31] and Merkle [32]. These authors observed a
high level of callus on media containing amino acids and BAP
respectively in Pistacia vera and Liquidambar styraciflum. It
should be noted that the absence of a significant difference in
the initiation rate of callus on different media is due to the fact
that organic supplements such as amino acids (Glycine,
Glutamine) and casein hydrolyzate influence formation and
growth of callus in some herbaceous plants [33] including
pineapple.
Concerning the inhibition observed on media without kinetin
in presence of 2,4-D, Yemet et al. [22] showed that in the
presence of picloram, amino acids inhibit callus formation due
to competition between amino acids. This competition is very
accentuated in the presence of 2,4-D. Indeed, 2,4-D is much
more ready to occupy the binding sites. The results obtained in
this work confirm those of Fotso et al. [34] in Tylophora indica,
2,4-D at very high concentrations induced tissue necrosis [35]
and thus, browning of all most of callus observed on those
culture media.
The increasing of dry matter observed in several culture media
containing kinetin in presence of 2,4-D, could be explained by
the fact that the addition of small quantities of cytokinin to the
auxin-supplemented medium can improve the percentage of
callus formation [34]. This result suggests a synergistic and/or
complementary effect of auxins and cytokinins on
callogenesis. This complementary effect on callogenesis has
already been demonstrated in other woody species such as
Quercus suber, Mangifera indica and Citrus spp [35, 36, 37].
However, 2,4-D concentrations reduces kinetin potentiality at
higher levels as reported by Houndonougbo [38]. This
mechanism of inhibition was briefly mentioned by Nielsen et
al. [39]. These authors suggested that a receptor and two
models of binding or binding sites allow the action of
cytokinin in the cell. The receptor-active hormone complex is
the only site used by endogenous hormones. High
concentrations of exogenous hormones compete with
endogenous hormones for occupancy of active sites or change
the conformation (structure) of the receptor site and thus
reduce the total number of functional complexes. This would
differently influence nutrients uptake from culture medium.
The analysis of the variances revealed that the culture media
using picloram as auxin produced callus of best qualities that
those using 2,4-D. This result confirms the statement made by
Evans et al. [40], who asserts that a high concentration of auxin
and a low concentration of cytokinins would promote
abundant callus proliferation. Indeed, callogenesis carried out
on culture media containing 3 mg/l of picloram and 0.05 mg/l
of BAP is predisposed to a better callogenesis than that carried
out on media with 3 mg/l of 2.4-D and 0.2 mg/l of kinetin.
However, media with 2,4-D have induced low dry weight calli
but have a very high friability index which, according to Yapo

et al. [12], could be very interesting for somatic embryogenesis.
Indeed, according to Trolinder and Goodin [41], embryo
production from tissue culture begins with their ability to
differentiate into friable calli. This characteristic would
therefore be an indicator of a good aptitude for somatic
embryogenesis. The very low performance of amino acids in
the presence of picloram and kinetin observed during
callogenesis was reported by Yapo et al. [12]. This hormonal
combination would induce a low expression of the explant.
According to somatic embryogenesis, only friable calli
induced somatic embryos. These results were observed by
Firoozabady and Moy [15]. They claim that there are five types
of embryogenic tissue, including friable cell clusters.
According to them, somatic embryos are initiated in the
presence of high concentrations of auxins such as picloram,
dicamba and 2,4-D. This explains the relatively high induction
rate of embryogenic cells (ECIR) observed on all culture
media containing either picloram or 2,4-D in this study.
However, these results indicate that the MIE1 medium
containing the hormonal combination picloram/BAP induced
the greatest NCE compared to that of the MIE5 medium
containing the combination 2,4-D/kinetin. This indicates that
picloram and BAP have a strong synergy action for the
induction of embryogenic cells relative to that of the 2.4D/kinetin interaction. Indeed, according to Yapo et al. [12],
picloram has more significant effect on somatic embryo
induction than 2.4-D. Also, Staden et al. [42] noted that this
difference in action would be due to the cytokinin/auxin ratio
(kinetin/2,4-D) which would not be qualitative and ideal for
optimal callus expression. This difference in expression
between MIE1 (MIE + 2.0 mg/l glycine + 1,000 mg/l
glutamine + 100 mg/l casein hydrolyzate + 0.05 mg/l BAP)
and MIE5 (MIE + 2.0 mg/l glycine + 100 mg/l casein
hydrolyzate + 0.2 mg/l kinetin) would also be correlated with
the difference in amino acids (source of nitrogen) that
constitute them. Thom et al. [43] and Yapo et al. [12] have shown
that the addition of amino acids to the culture medium
immediately provides the cells with an available nitrogen
source that would be rapidly used by these cells to stimulate
embryogenesis. According to these authors, nitrogen is used
selectively as nitrate for embryos induction. Thus, the high
levels of nitrate would have a significant effect on
embryogenic cells induction. The high number of
embryogenic cells observed on the MIE1 medium would
therefore be due to a low NH +4/NO-3 ratio. Nitrogen in nitrate
form therefore appears to be indispensable for somatic
embryos induction [12]. The low number of embryogenic cells
observed in MIE3 relative to the MIE5 medium, shows that the
addition of kinetin to the culture medium stimulated
embryogenic cell induction. Indeed, according to Arnold et al.
[44]
, phytohormones induce the differentiation of calli in
polarized cells that lead to somatic embryogenesis. However,
the decrease in the number of embryogenic cells observed
after addition of kinetin to the MIE2 medium (MIE + 3.0 mg/l
2,4-D + 1,000 mg/l glutamine) shows that the action of kinetin
during the embryogenic cells induction would depend on the
amino acid combination of the culture medium. The
sensitivity of the callus to a phytohormone is affected by the
presence of nitrogen in the culture medium [45, 46]. At the end
of this work, it is remembered that the induction of
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embryogenic cells in pineapple would be under an interaction
control of phytohormones and a low NH+4/NO-3 ratio. MIE1
(MIE + 2.0 mg/l glycine + 1,000 mg/l glutamine + 100 mg/l
casein hydrolyzate + 0.05 mg/l BAP) and MIE5 (MIE + 2.0
mg/l glycine + 100 mg/l casein hydrolyzate + 0.2 mg/l
kinetin) are the most embryogenic.

12.

13.
5. Conclusion
The main objective of this work was to determine an optimum
medium inducing callogenesis and subsequent somatic
embryogenesis, for varietal improvement of pineapple through
the production of healthy pineapple releases free pesticide
residues. A protocol was therefore developed to determine the
combinations of 6-benzylaminopurine and kinetin and amino
acids (glycine, glutamine, casein hydrolyzate) necessary to
induce friable callus suitable to initiate somatic embryos in
pineapples. At the end of this study on callogenesis and
somatic embryogenesis in pineapple (Ananas comosus),
MIC7BAP (glycine-glutamine-casein-BAP) medium has a
higher callogenic potential than other culture media. It
provides friable and high dry weight calli. MIE 1 (MIE + 2.0
mg/l glycine + 1,000 mg/l glutamine + 100 mg/l casein
hydrolyzate + 0.05 mg/l BAP) and MIE5 (MIE + 2.0 mg/l
glycine + 100 mg/l casein hydrolyzate + 0.2 mg/l kinetin) are
the most embryogenic. It results from this comparison that the
association of amino acids is beneficial for the initiation of
pineapple calli. Callogenesis and somatic embryogenesis in
pineapple (Ananas comosus) vary according to the organic
compound and are strongly influenced by cytokinins such as
6-benzylaminopurine and kinetin.
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