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ABSTRACT
Date palm accumulates a wide range of secondary metabolites high in nutritional and therapeutic value. In the present study, date palm 
(Phoenix dactylifera L., cv. Shaishi) shoot-tip-induced callus was used to establish cell suspension cultures in Murashige and Skoog (MS) 
liquid medium containing 1.5 mg L-1 2-isopentenyladenine (2iP) and 10 mg L-1 naphthaleneacetic acid (NAA). To study the growth kinetics, 
cultures were maintained for 12 weeks during which weekly measurements were carried out to determine the biomass accumulation 
based on packed cell volume (%), fresh weight and dry weight (g). In addition, weekly determination of polyphenols (catechin, caffeic acid, 
kaempferol, and apigenin) was carried out using high performance liquid chromatography (HPLC). The 11-week-old culture was found 
highest in the production of biomass (62.9 g L-1 fresh weight and 7.6 g L-1 dry weight) and polyphenols (catechin-155.9 µg L-1, caffeic acid-
162.7 µg L-1, kaempferol-89.7 µg L-1, and apigenin-242.7 µg L-1) from the cell suspension cultures. This is the first report on the production 
of polyphenols from the cell suspension culture of date palm. This study facilitates further development of large-scale production of 
polyphenols and the utilization of bioreactors.

Index terms: Biomass; growth curve; packed cell volume.

RESUMO
A tamareira acumula ampla variedade de metabolitos secundários com alto valor nutricional e terapêutico. No presente estudo, calos de 
tamareira (Phoenix dactylifera L., cv. Shaishi) induzidos a partir de ápices caulinares foram utilizados para estabelecer culturas de suspensão 
celular em meio líquido Murashige e Skoog (MS) contendo 1,5 mg L-1 de 2-isopenteniladenina (2iP) e 10 mg L-1 de ácido naftaleno acético 
(ANA).  Para estudar a cinética de crescimento, as culturas foram mantidas por 12 semanas e medições semanais foram realizadas para 
determinar a acumulação de biomassa com base no volume de células empacotadas, peso fresco e peso seco.  Além disso, a determinação 
dos polifenóis (catequina, ácido cafeico, kaempferol e apigenina) foi realizada semanalmente usando cromatografia líquida de alta 
performance (HPLC). A cultura de 11 semanas foi encontrada mais alta na produção de biomassa (62,9 g L-1 de peso fresco e 7,6 g L-1 de 
peso seco) e polifenóis (155,9 µg L-1 de catequina, 162,7 µg L-1 de ácido cafeico, 89,7 µg L-1 de kaempferol e 242,7 µg L-1 de apigenina) das 
culturas de suspensão celular. Este é o primeiro relato sobre a produção de polifenóis em suspensão celular de tamareira. Este estudo 
facilita a produção em larga escala de polifenóis e o uso de biorreatores.

Termos para indexação: Biomassa; curva de crescimento; volume de células empacotadas.

INTRODUCTION
Plant secondary metabolites (PSM) are a diverse 

group of organic compounds that are produced by plants. 
Nearly 100,000 such compounds have been isolated from 
higher plants (Verpoorte et al., 1999; Afendi et al., 2012). 
PSM possess diverse biological activities and applications 
in the field of pharmaceuticals, insecticides, dyes, flavors, 
and fragrance industries (Gandhi; Mahajan; Bedi, 2015; 
Grzegorczyk-Karolak; Kuz’ma; Wysokin’ska, 2016). 
Although secondary metabolism offers attractive targets for 
plant breeding, the enormous biosynthetic potential of plant 
cells remains unexploited (Gandhi; Mahajan; Bedi, 2015). 

Date palm, Phoenix dactylifera L., a monocotyledonous 
angiosperm diploid species (2n = 36) belongs to the 
Arecaceae (Palmae) family (Al-Khayri; Jain; Johnson, 
2015). It is the oldest and most economically-important fruit 
tree species in the hot arid regions of the world (Johnson; 
Al-Khayri; Jain, 2013). Dates represent a high-energy source 
besides being rich in dietary fibers (Biglari; Al Karkhi; 
Easa, 2008; El Hadrami; Al-Khayri, 2012). In addition to 
the macromolecules and other essential micronutrients, 
phytochemicals like flavonoids, carotenoids, phenolic acids, 
sterols, procyanidins, and anthocyanins are present in date 
fruits (Al-Harthi et al., 2015; Farag et al., 2016; Cagno et 
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al., 2017; Kamal-Eldin; Ghnimi, 2018). Phenolics account 
for most of the antioxidant properties of dates (Louaileche; 
Hammiche; Hamoudi, 2015; Al-Khayri et al., 2018). 
Polyphenols such as catechin, caffeic acid, kaempferol, and 
apigenin are present in date fruits (El Hadrami; Daayf; El 
Hadrami, 2011; Hamad et al., 2015). These polyphenols 
are the best-known antioxidants used to treat cancer, 
diabetics, cardiovascular and neurodegenerative diseases 
(Zaveri, 2006; Shukla; Gupta, 2010; Calderon-Montaño et 
al., 2011; Rajendra et al., 2011; Kim; Choi, 2013).

Plant cell suspension cultures have been 
demonstrated to be the best prolific source of somatic 
embryos in date palm (Al-Khayri, 2001; Zouine; El 
Hadrami, 2007; Othmani et al., 2009; Al-Khayri; Naik, 
2017). Moreover, plant cell suspension cultures have 
been utilized as an alternative source for the production 
of high-value bioactive compounds in some plant species 
(Siva et al., 2012; Satdive et al., 2015). Variation in the 
growth condition influences the primary and secondary 
metabolism of plants, and these conditions induce many 
changes in the external and internal features of the dates 
(Hamad et al., 2015; Naik; Al-Khayri, 2016). However, 
limited research has been carried out on the production 
of bioactive compounds from date palm in vitro cultures. 
Recently, there has been interest in the in vitro production 
of secondary metabolites from date palm cell suspension 
cultures. Taha et al. (2010) enhanced production of 
phenolic and peroxide compounds in lyophilized cell 
suspension cultures, obtained from shoot tip and the 
primordial leaf derived callus cultures of Egyptian date 
palm cultivars. Furthermore, Taha, Bekheet and El-Bahr 
(2012) studied the cell growth parameters, phenolic and 
peroxidase compounds production using a bioreactor.  So 
far, no work has been done on the determination of specific 
polyphenols from date palm cell culture. Hence, the 
present investigation was undertaken to evaluate the date 
palm cell growth curve in relation to optimum production 
of biomass and specific polyphenol compounds (catechin, 
caffeic acid, kaempferol, and apigenin).

MATERIAL AND METHODS

Plant material and explant preparation 

Explant preparation and callus induction were 
carried out following previously published reports (Al-
Khayri, 2010; 2012). Shaishi, a commercial cultivar readily 
available in the Al-Hassa region, was used in this study. The 
3-4-year-old offshoots were removed from mother trees and 
the outer leaves removed, exposing the shoot tip regions 

which were excised and immediately placed in a chilled 
antioxidant solution (ascorbic acid and citric acid, 150 mg 
L-1 each), to prevent oxidation-induced browning. The shoot 
tip region, about 8 cm long, was surface sterilized in 70% 
ethanol for 1 min followed by 15 min in 1.6% (w/v) sodium 
hypochlorite solution (30% v/v Clorox, commercial bleach) 
containing 3 drops of Tween-20 per 100 mL solution. After 
3 rinses in sterilized distilled water, the tissue surrounding 
the shoot tip was removed until the shoot tip terminal 
was exposed. The shoot tips, size 1.5 cm3, were excised 
and sectioned longitudinally into 6-8 sections and used as 
explants for culture initiation.

Culture initiation and callus induction 

Shoot-tip explants were inoculated on the culture 
initiation medium-modified Murashige and Skoog (MS, 
1962) salts supplemented with (per L) 170 mg NaH2PO4, 
125 mg myo-inositol, 200 mg glutamine, 1 mg nicotinic 
acid, 1 mg pyridoxine-HCl, 5 mg thiamine, 30 g sucrose. 
In addition, the culture medium was supplemented with 
hormones, agar and activated charcoal according to the 
culture stages (Table 1).  The pH was adjusted to 5.8 with 
1 N NaOH and 1 N HCl, dispensed in 175 mL-culture 
jars (20 mL per vessel), covered with polyethylene caps 
and autoclaved at 121 °C and 1.1 kg cm-2 for 15 min. 
After 12 weeks, the resultant callus was isolated from the 
explant and transferred to callus proliferation medium 
(Table 1). After an additional 12 weeks on the proliferation 
medium, friable callus was separated and cultured on 
callus maintenance medium (Table 1). All cultures were 
incubated in darkness at 25 ± 2 °C for 12 weeks during 
which they were subcultured to a fresh medium at 4-weeks 
intervals. These callus maintenance cultures served as the 
callus source for establishing cell suspension cultures.

Cell suspension culture 

Cell suspension cultures were initiated by inoculating 
0.5 g scalpel-macerated callus in 50 mL liquid medium per 
250-mL flask containing 50,000 cells mL-1 (Al-Khayri, 
2012) and capped with double layers of aluminum foil. The 
medium consisted of modified MS salts- similar to culture 
initiation medium. Hormones were added to the medium as 
indicated in Table 1, pH was adjusted to 5.8 and autoclaved. 
The cell suspension cultures were incubated on a rotary 
shaker set at 150 rpm under a 16 h photoperiod of cool-
white fluorescent light (40 µmol m-2 s-1) and 25 ± 2 °C. After 
every 2-weeks interval, cell cultures were measured equally 
and transferred into two flasks. To these cell suspension 
cultures fresh medium was added and brought to a final 
volume of 50 mL. 
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Cell line selection 

Two cell lines were selected from the established cell 
suspension cultures based on the rate of cell proliferation 
by visual screening. Both cell lines were maintained by 
continuous subculturing every 4 weeks. At the end of 12 
weeks the cell cultures were filtered through Whatman No.1 
filter paper (150 mm, England) fitted to a Buchner funnel 
(80 mm, Italy) with the help of a vacuum pump and the cells 
were oven-dried at 60 °C for 24 h. Dried tissue samples 
were ground to fine powder by using a pestle and mortar, 
stored in a vial (4 °C, 1 month) and subsequently analyzed 
for their polyphenol contents.

Kinetics of cell growth 

Kinetics of cell growth in the cell suspension 
cultures were studied from one of the cell lines producing 
optimum polyphenol content. The cells, weighing 0.5 g 
were cultured to 250-mL flasks containing 50 mL of cell 
suspension medium. Culture conditions were the same as 
described in the cell suspension culture stage.

Packed cell volume (PCV; %) method was used to 
monitor the cell growth. To determine the PCV, 10 mL of 
cell suspension was placed in a sterile graduated centrifuge 
tube (15 mL) and centrifuged at 6000 rpm for 5 min. The 
packed cell volume recorded as percentage cell mass of 
the total centrifuged volume. The PCV were recorded at 
weekly intervals up to 12 weeks and their values plotted 
in relation to time, and growth curve reflecting various 
phases of cell growth.

To determine the fresh weight (g), the cell 
suspension cultures were filtered, using the procedure 
mentioned in the cell line selection. For dry weight, the 
cells were oven dried at 60 °C for 24 h and the dry weight 
recorded. These dried tissue samples were ground to fine 
powder by using a pestle and mortar, stored in a vial (4 °C, 
1 month) and subsequently analyzed for their metabolite 
contents.

Extraction and determination of polyphenols

Extraction was carried out using 100 mg powdered 
cell suspension samples in a 15-mL centrifuge tube as 
described by Naik and Al-Khayri (2017) with some 
modifications. An amount of 10 mL of 80% methanol 
was added and incubated at 60 °C under a water bath for 
2 h with intermittent shaking. The extract was centrifuged 
at 6000 rpm for 20 min. The supernatant sample was 
filtered through 0.45 µm polyvinylidene fluoride (PVDF) 
membrane filter (Merck Millipore, Ireland) and collected 
in a 125-mL round-bottom flask. This filtrate was dried 
at 50 °C with the rotation speed 250 rpm under reduced 
pressure in a rotary evaporator (OSB-2100 Eyela, Japan). 
The dried extracts were dissolved in 1 mL of 80% 
methanol. Dissolved samples were filtered through a 0.45 
µm PVDF membrane filter (Merck Millipore, Ireland). 
The filtrates were collected in 2 mL high performance 
liquid chromatography (HPLC) sample vials and used for 
polyphenol analysis using HPLC system. 

Chromatographic analysis of polyphenols was 
carried out by the HPLC system (Shimadzu Prominence 
Liquid chromatography, Japan), equipped with 20AT 
pump, CTO-20A column oven, SPD-20A UV visible 
absorbance detector, auto injector 20AT, with CMB-20A 
data module. The HPLC column Zorbax SB C18 (5 µm, 
4.6 mm × 150 mm), at a column temperature of 25 °C was 
used. The mobile phases were 0.5% acetic acid in Millipore 
water (solvent A), methanol (solvent B) and acetonitrile 
(solvent C). This mobile phase was filtered through a 0.45 
µm PVDF membrane filter (Merck Millipore, Ireland.), 
then deaerated ultrasonically (25 °C, 30 min, Daihan 
Labtech, Korea) prior to use. The run time was 19 min 
at 1 mL min-1 flow rate and 25 µL injection volume. The 
gradient of HPLC solvents was as follows: 0-4 min, 80-
70% A:10-20% B:10% C; 4-19 min, 70-45% A:20-40% 
B:10-15% C. The detection wavelength was set at 280 nm 
for 0-10 min and 272 nm for 10-19 min. The standards: 

Culture stage
Hormones, agar and activated charcoal additives

2,4-D (mg L-1) 2ip (mg L-1) NAA (mg L-1) Agar (g L-1) Activated charcoal (g L-1)
Culture initiation 100 3 - 8 1.5

Callus proliferation - 30 10 8 1.5
Callus maintenance - 1.5 10 8 -

Cell suspension - 1.5 10 - -

Table 1: Consecutive culture stages and their corresponding hormonal, agar and activated charcoal additives 
supplemented to modified MS medium used for date palm in vitro culture stages.

2,4-D: 2,4-dichlorophenoxyacetic acid; 2-iP: 2-isopentenyladenine; NAA: 1-Naphthaleneacetic acid.
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catechin, caffeic acid, and kaempferol except apigenin 
(Sigma-Aldrich, USA) were dissolved in methanol; 
apigenin was dissolved in solution containing 1:1 methanol 
and acetonitrile, then all the standards were diluted with 
the mobile phase before injecting in HPLC system. The 
concentration ranges of 1, 2, 5, 10, 30, and 40 µg mL-1 
were used to develop a calibration curve. Solutions of pure 
know compounds catechin, caffeic acid, kaempferol, and 
apigenin were chromatographed as external standards. The 
polyphenols in cell suspension extracts were identified 
by comparing their retention times with those of pure 
standards. Based on the calibration curves of the individual 
standards the quantitative data of the sample extracts were 
calculated. The results were expressed as µg g-1 of each 
polyphenol. 

Statistical analysis 

The experiments were performed in triplicate. 
Results were analyzed by SPSS (IBM SPSS, Statistics 
Version 21) statistical software package. The analysis of 
variance (ANOVA) was determined and the mean values 
were compared according to Duncan’s multiple range tests 
at P ≤ 0.05 levels.

RESULTS AND DISCUSSION

Establishment of callus and suspension culture 

Shoot-tip (Figure 1a) explants showed enlargement 
in the culture initiation medium within 4 weeks of culture 
(Figure 1b), the enlargement continued up to 12 weeks of 
culture. The callus cultures turned creamy yellow in callus 
proliferation medium (Figure 1c) within 4 weeks. After 
completing 12 weeks of culture the friable creamy callus 
maintained in the callus maintaining medium (Figure 
1d). Taha et al. (2010) and Taha, Bekheet and El-Bahr 
(2012) reported the similar type of callus formation from 
the shoot tip explant. In the MS liquid medium (Figure 
1e) cells grew and multiplied faster. The establishment of 
date palm cell suspension cultures is an ideal tool for the 
efficient production of polyphenols. Our results of callus 
induction and suspension cultures were corroborated with 
the findings of Al-Khayri (2012). 

Cell line selection 

Initiation of cell cultures begins with the choice 
of a parent plant with high content of the desired product 
for callus induction to obtain high-yielding cell lines. 

Figure 1: Stages of date palm cv. Shaishi cell suspension culture. a Shoot tip explants on culture initiation medium; 
b Expansion of explant after 4-wk; c Callus formation in the proliferation medium; d Callus in the maintaining 
medium; e Cell suspension culture.
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Results revealed that cell line 2 was superior to cell line 1 
(Table 2) when compared to all the polyphenols quantified 
(catechin-7.5 µg g-1 DW, caffeic acid-36.7 µg g-1 DW, 
kaempferol-1.4 µg g-1 DW, and apigenin-7.2 µg g-1 DW). 
These results have pragmatic inferences for cell suspension 
culture aimed at increasing the levels of polyphenols in 
date cultivars. Secondary metabolite accumulation is 
genotypic dependent in plants which leads to variation in 
the metabolites accumulation among cultivars (Murthy et 
al., 2014; Hamad et al., 2015).

Kinetics of cell growth 

There are various methods to measure the in vitro 
cell growth including dry weight, fresh weight, packed 
cell volume, cell or colony counting (Dixon, 1985; Naik; 
Murthy, 2010; Al-Khayri, 2012). In the present experiments, 
date palm cv. Shaishi cell suspension cultures were 
harvested at different time intervals to measure the PCV. 
The PCV was significantly affected by culture duration. 
As the number of weeks increased the percentage of PCV 
also increased (Figure 2a). The growth curve reflected lag, 
exponential, stationary and death phases of cell growth. The 
PCV value was found optimum in 11-week-old cultures 
(11%). The PCV values showed significantly different at 
weekly intervals and the results were corroborated with an 
earlier report where the cv. Barhee was used (Al-Khayri et 
al., 2012). The accumulation of biomass [FW and DW of 
the cells] from 1-11 weeks of suspension culture showed 
an increasing pattern and declined at 12 weesk of culture 
(Figure 2b, c). The optimum value of FW-62.9 g L-1 and 
DW-7.6 g L-1 was observed at 11-week-old suspension 
culture which was the stationary phase of the culture. 
Researchers reported the maximum FW in the 4-week-
old cell suspension culture of Indian ginseng, Withania 
somnifera, (Praveen; Murthy, 2010) and Niger seed, 
Guizotia abyssinica, (Naik; Murthy, 2010). This difference 
is because of the plant nature, date palm is a tree species 
and needs more days to culture when compared to herbs 
and shrubs. In the Indian leadwort, Plumbago rosea, 

Table 2: Polyphenols content in the two cell lines of 
date palm cell suspension culture.

Values represent the mean ± SE.

Cell 
lines

Catechin 
µg g-1 DW

Caffeic acid 
µg g-1 DW

Kaempferol 
µg g-1 DW

Apigenin 
µg g-1 DW

1 5.3±1.9 23.9±3.0 1.1±0.1 1.2±0.1
2 7.5±1.5 36.7±8.2 1.4±0.0 7.2±0.6

embryogenic cell suspension culture the FW and DW also 
reached their maximum at the stationary phase of growth 
(Silja; Gisha; Satheeshkumar, 2014). Recently, the similar 
pattern of growth curve was observed with respect to FW 
and DW in the common hazel, Corylus avellana, cell 
suspension cultures (Gallego et al., 2015). In another report 
the cell suspension culture of babchi, Psoralea corylifolia, 
grown relatively fast and reached optimum biomass in 15 
days as cells reached into early stationary phase (Satdive et 
al., 2015). In Orostachys cartilaginous cell culture, biomass 
accumulation reached the maximum in 25 days, thereafter 
the decline phase started (Piao et al., 2017).

Figure 2: Growth curve of the date palm cv. Shaishi cell 
suspension culture showing a PCV (%), b fresh weight, 
and c dry weight in relation to time. Standard error is 
represented as bar in the graph. Mean values following 
the same letter in the graph is not significantly different, 
according to Duncan’s multiple range (p ≤ 0.05) test.
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Determination of polyphenols 

The calibration curves of standards (Figure 3a, b, 
c, d) and HPLC chromatogram of standards (Figure 4a) 
were used to determine the polyphenol content of the 
cell suspension extract (Figure 4b). Results indicated 
that polyphenols are accumulating in the cell suspension 
culture of date palm cv. Shaishi at various quantities 
with respect to their stages of growth. The highest 
significant amount of polyphenols was accumulated in 
1 week of culture (catechin-151.5 µg g-1 DW, caffeic 
acid-60.2 µg g-1 DW, kaempferol-29.0 µg g-1 DW, 
and apigenin-75.9 µg g-1 DW), and as the number of 
weeks increased polyphenol accumulation decreased 
(Table 3). Reduction in the growth has been directly 
associated with an increase in the accumulation of 
phenolic compounds (Taha; Bekheet; El-Bahr, 2012). 
Time course accumulation of polyphenols was highest 
in the initial phase of growth, but productivity was much 

Figure 3: Calibration curve of the HPLC standards. a catechin, b caffeic acid, c kaempferol, d apigenin.

less at these time intervals, when compared to their 
optimum level of polyphenol production at 11 weeks 
(stationary phase) of culture. At the exponential phase 
(3-9 weeks) of culture the production of polyphenols 
was moderate. At the death phase (12 weeks) of culture 
the accumulation of polyphenols and their productivity 
was lower. The productivity of catechin (155.9 µg L-1), 
caffeic acid (162.7 µg L-1), kaempferol (89.7 µg L-1), 
and apigenin (242.7 µg L-1) from the cell suspension 
cultures at stationary phase i.e. 11 weeks of cultures 
was very high when compared to the other stages 
of culture (Table 3). Praveen and Murthy (2010) in 
Withania somnifera cell suspension culture reported that 
withanolide A, accumulation followed the similar trend 
of the biomass accumulation. In the cell suspension 
culture of wormwood, Artemisia absinthium, peak 
values of total phenolics (day 30) and total flavonoids 
(day 33) were observed in the early stationary phase 
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of the growth curve (Ali; Abbasi; Ihsan-ul-haq, 2013). 
Karwasara and Dixit (2013) recorded the optimum 
level of camptothecin production at the onset of 
stationary phase in the cell suspension culture of 
ghanera, Nothapodytes nimmoniana. In secondary 
metabolite production from the cell suspension culture 
of Corylus avellana reported by Satdive et al. (2015), 
the phytoestrogen production started on day 5 and 
the contents increased constantly. When the cultures 

reached at stationary phase the production of daizein 
and genistein was optimum, thus indicating that biomass 
production and secondary metabolites productions are 
correlated. Zimare, Kakade and Malpathak (2017) also 
in cow plant, Gymnema sylvestre, cell suspension culture 
explained the similar pattern of biomass and gymnemic 
acid accumulation. In our future work various parameters 
will be tested to optimize the production of biomass and 
polyphenols in the date cell suspension culture.

Figure 4: a HPLC chromatogram of standards; b HPLC chromatogram of methanolic extract of date palm cv. 
Shaishi cell suspension culture.
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CONCLUSIONS
In the present study cell suspension cultures of 

date palm cultivar Shaishi were successfully established 
by selection of a high yielding cell line. The complete 
kinetic growth study reflects the 11 weeks culture 
(stationary phase) was found to be suitable for the 
optimum biomass production. The optimum content 
of catechin, caffeic acid, kaempferol, and apigenin 
from the cell suspension culture were accumulated at 
the lag phase of culture, but the productivity of the 
polyphenols was found maximum in the stationary phase. 
This study is useful to obtain maximum production of 
polyphenols from the cell suspension culture of date 
palm. It is suggested further experiments for optimizing 
the conditions of cell suspension culture media for the 
successful large-scale production of useful polyphenols 
from the of date palm and scale-up process.
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