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Abstract
Cryopreservation (storage in liquid nitrogen) is a proven method for long-term ex-situ conservation of germplasm. However, 

the success of cryopreservation depends on the management of oxidative stress imposed on the plant during the cryopreservation 
procedure. In this study, the role of ascorbic acid (AA) added at the regrowth stage as an antioxidant that enhances the recovery of 
cryopreserved Kenaf seeds (cv. Ifeken) was examined.

Kenaf seeds were frozen using Plant Vitrification Solutions (PVS) 3 and 4 as the cryoprotectants. The seeds were cultured in the 
regrowth media supplemented with different concentrations of AA (0.14, 0.28, 0.43, and 0.58 mM) following cryopreservation. The 
control had no AA in the regrowth medium. Each of the treatments had a sub-control of non-cryopreserved seeds. It was a 2 x 3 fac-
torial experiment laid out in a completely randomized design with three replicates. Effects of AA on survival and germination were 
determined.

The results showed that there was no significant difference among concentrations of AA on survival and germination of seeds 
after cryopreservation. A less than 40% survival rate was observed for seeds vitrified using PVS 3. However, for PVS 4, survival in-
creased to a maximum of 63.3% with 0.28 mM AA. Germination of seeds pretreated with PVS 4 generally increased with an increase 
in AA concentration for both frozen and unfrozen controls.

This is the first report on the cryopreservation of Kenaf seeds and the results showed that AA added at the regrowth stage fairly 
improved the survival of cryopreserved Kenaf seeds compared to non-AA treatments. Further studies to evaluate other stages of 
cryopreservation with a wider range of AA concentrations are needed before AA can be recommended for use in the cryopreserva-
tion of Kenaf seeds.
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Introduction

Kenaf (Hibiscus cannabinus L.), belongs to the family Malvace-
ae and has chromosome number 2n = 36. It is a short-day annual 

herbaceous plant with major economic uses [1]. Kenaf is the most 
widely cultivated fiber plant in Nigeria after cotton [2]. The plant 
grows to an average height of 16 feet in 7 months [3] under favour-
able conditions with a stalk made up of an outer fiber and an in-
ner fiber. The outer fiber also known as bast is like a softwood tree 
fiber, while the inner fiber called the core is similar to a hardwood 
fiber [4]. 

A whole mature Kenaf when cultivated yields 15.33 to 17.78 
ton/ha dry stock [5]. Different parts of the plant are processed into 
different products after harvest. The leaves and flowers are eaten 
as vegetables while the seeds serve as a good source of oil [2]. The 
stalk is used to make rope, twine, bag, packaging material, paper, 
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and fences. It is also used as animal litter due to its ability to absorb 
urine [4]. Kenaf plants can be used to improve the environment. 
For example, it can be used for soil remediation and erosion control 
[6]. Kenaf plants can also be used industrially in paper production. 
Kenaf paper mills are more environmentally friendly and require 
less energy, production costs, and water usage when compared to 
conventional mills. It produces less pollution and good quality pa-
per that can be recycled [3,7]. 

Kenaf is mostly propagated by seeds [8]. Seeds are probably the 
best plant tissue for ex-situ conservation of plant germplasm. It is 
cost-effective, can be distributed without difficulty, and holds the 
potential to develop into a genetically novel plant [9]. The length of 
time that the seeds remain viable may be significantly influenced 
by their environment. When stored under room temperature, seeds 
lose viability faster as well as when stored at higher relative humid-
ity and lower temperatures [10,11]. Toole., et al. [10] were able to 
store Kenaf seeds effectively for 5.5 years at 8% relative humidity 
and -10°C temperature. There is a need for the best seed preserva-
tion technique that guarantees the biological characteristics of the 
seed are not significantly altered [12].

The only alternative for the long-term preservation of seed is 
cryopreservation. Cryopreservation is the process of preserving 
biological material at extremely low temperatures, often liquid ni-
trogen (-196°C), in a way that ensures the viability of the materials 
even after they have been warmed up [13]. Seeds of other crops 
such as Bletilla formosana [14] have been successfully cryopre-
served. So far, there is no cryopreservation history for Kenaf, thus 
there is a need to develop a long-term preservation method using 
cryogenic techniques to minimize the loss of seeds due to loss of 
seed viability during storage.

In theory, if a plant material can be cryopreserved successfully, 
then it can stay protected for an endless number of years due to ces-
sation in metabolic processes under LN temperature [13]. Explants 
are stored and protected against contamination in cryotubes. The 
approach has been found useful for secure and cheap long-term 
protection of genetic material of problematic species. [15]. Some 
explants, like dormant buds or orthodox seeds, exhibit natural de-
hydration processes and therefore can be cryopreserved without 
any pretreatment. Yet, one major difficulty with germplasms that 
have high quantities of cellular water and are thus not naturally 
resistant to freezing damage is explant impairment owing to oxida-
tive stress. Oxidative stress is caused by ROS resulting from abiotic 
factors such as temperature, light, desiccation, etc. So, it is neces-
sary to artificially dehydrate cells to keep them from the injury that 
results from intracellular water freezing [16].

There are two broadly classified artificial techniques for de-
hydrating cells which are freeze-induced dehydration and vitri-
fication. Vitrification is the foundation for new dehydration pro-
cedures. It is the transformation of water directly from liquid to 
glass without the formation of ice [17]. The method entails the 
treatment of samples with cryoprotective agents, dehydration 
with highly concentrated vitrification solutions, fast cooling, and 
rewarming to remove cryoprotectants, and recovery [18]. The vit-
rification technique has been used for effective cryopreservation of 
seeds of other plants [14].

Experiments have also shown that antioxidants can be used to 
alleviate the damage caused by oxidative stress. The initiation of 
intracellular oxidative stress happens before cell injury, irrespec-
tive of the cause [19]. Therefore, plants have developed a defense 
system of antioxidants against oxidative stress [20]. An antioxidant 
is a molecule or compound that slows down, stops, or reverses cel-
lular injury caused by oxidative stress [21]. There are two types 
of antioxidants which are enzymatic and non-enzymatic antioxi-
dants. AA is a non-enzymatic antioxidant. It is the most important 
intracellular protection the plant uses against oxidative stress. It 
defends the plant by scavenging O2, O2

͞, ·OH, and regenerating 
α-tocopherol from the tocopherol radical [22]. AA has been shown 
to improve the regrowth of cryopreserved meristems by alleviat-
ing the damage of cells caused by ROS-induced oxidative stress 
[9]. However, to preserve the cell there must be a balance between 
intracellular oxidation and antioxidants. Cells can be damaged by 
both excessive oxidation and antioxidation (19).

The objective of this study, therefore, is to examine the effect of 
different concentrations of AA added at the regrowth stage of the 
cryopreservation process of seeds of Kenaf, determine the best AA 
concentration for the two common vitrification procedures (PVS 
3 and PVS 4) on germination of cryopreserved Kenaf seeds, and 
generally compare the two different cryopreservation protocols for 
effective storage of Kenaf seeds.

Materials and Methods
Study location and source of explant

This study was carried out in the Biotechnology Laboratory, 
Department of Agronomy, University of Ibadan. Kenaf seeds (cv. 
Ifeken) were obtained from the Institute of Agricultural Research 
and Training (IAR and T), Ibadan, and kept in a dry paper bag and 
then transferred into a plastic container in the 3oC refrigerator till 
the time of use.
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Growth room conditions
Cultured plants were kept in the growth room with an average 

temperature of 25oC ± 1, relative humidity of 85%, photoperiod of 
16hr light/8hr darkness, and light intensity of 25µmols⁻1m⁻1 pro-
vided by cool white fluorescent bulbs. These growth room condi-
tions were maintained as the standard throughout the entire study.

In vitro culture technique
Sterilization of plant materials, equipment, and glass wares

Seeds were sterilized following a modified version of the IITA 
standard operating procedure for in vitro genebank [24]. Explants 
were kept in 70% ethanol solution for 5 min, after which it was 
transferred to 35% sodium hypochlorite solution for 20 min. It was 
then rinsed in sterile water three times before moving into 35% so-
dium hypochlorite solution for 10 min. Explants were rinsed again 
in sterile water three times and kept in a sterile container. Seeds 
were transferred from one container to the other using sterilized 
forceps.

Seed culture was carried out in the laminar airflow cabinet 
under aseptic conditions. A horizontal laminar flow cabinet (JICA 
Technical Cooperation, Matsunga Manufacturing Company Lim-
ited, Tokyo, Japan) with High-Efficiency Particulate Arrestance or 
HEPA filter was used. Paper towels wet with 70% ethanol were 
used to sterilize the cabinet surface intermittently.

Surgical instruments, glass wares, and paper towels were au-
toclaved at 121oC and 15 psi for 15 min. The scalpels and forceps 
were frequently dipped into 70% ethanol and flamed to maintain 
sterility.

Culture media compositions
The media consisted of MS [25] inorganic salts (4.43g/L), agar 

(8g/L), myo-inositol (0.1g/L), sucrose (30g/L), and distilled water.

Preparation of the regrowth culture media
The regrowth culture media was prepared by mixing MS, su-

crose, myo-inositol, and ascorbic acid (AA) in a beaker with dis-
tilled water. The water-soluble and acidic AA was added to the solu-
tion before mixing with the magnetic flea and adjusting the pH to 
5.8. The agar was then added and media melted in the microwave 
oven for 30 mins after which it was dispensed into local or Bama 
bottles and autoclaved for 15 min at 121°C and 15 psi. The control 
experiment media was prepared following the same procedure but 
without AA.

Preparation of stock solutions.
Stock solutions of plant vitrification solution 3 (PVS 3), and 

plant vitrification solution 4 (PVS 4) as well as the rinse solution 
were prepared following the procedure described by [26] Sakai., et 
al. The solutions were then adjusted to pH 5.8 before autoclaving 
for 15 mins at 121°C and 15 psi. The ascorbate stock solution of 
1mg/ml concentration was prepared by dissolving 0.3g of the salt 
in a few drops of water before making up to 300 ml with water. All 
stock solutions were kept in the refrigerator at 3°C till the time of 
use.

Preliminary experiment
Five samples of seeds were each kept in a PVS 3 solution for 

10, 20, 30, 40, 50, and 60 min prior to culturing. The control was 
cultured without treatment with the cryoprotectant. The experi-
ment had three replicates, and the optimal time for the seeds to be 
treated with cryoprotectant before exposure to LN was determined 
to be 30mins by counting the number of survivals after exposure to 
the cryoprotectant mixture. The culture medium was prepared fol-
lowing the procedure described above but without AA.

The main experiments
Cryopreservation of kenaf seeds using PVS 3 and PVS 4

The seeds were cryopreserved by modifying the vitrification 
procedure of [27] Sakai and Engelmann. Briefly, the sterilized 
seeds were placed in a 2-ml cryotube and PVS 3 solution was add-
ed. The cryovials with samples and PVS 3 were shaken and allowed 
to stand for 30 min. The cryovials were plunged into the LN for 1 
min after which they were thawed by rapidly transferring into a 
water bath of 40°C. The cryotubes were stirred while in the water 
bath for 1.5 min after which the PVS 3 solution was drained from 
the cryotubes using a micropipette and immediately replaced with 
2 ml basal culture medium supplemented with 1.2 M sucrose [28]. 
Explants were kept in this solution for 1 min after which they were 
transferred to the regrowth medium. The same procedure was re-
peated using PVS 4 solution.

The experimental layout
It was a 2 x 3 factorial experiment laid out in a completely ran-

domized design with three replicates. The treatments consisted of 
different concentrations of AA: T0 is 0 mM (control), T1 is 0.14 mM, 
T2 is 0.28 mM, T3 is 0.43 mM, and T4 is 0.58 mM. These concentra-
tions were chosen based on the literature [23]. They were added to 
the regrowth media. Each treatment consisted of 20 seed samples 
(plunged into LN) and a sub-control that consisted of 20 seed sam-
ples (not plunged into LN).
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Growth assessment
The survival based on the unchanged morphological appear-

ance of the seeds after treatments was assessed two days after 
culture. Germination was determined based on the emergence of 
plumule and or radicle seven days after culture.

Data collection and statistical analysis
Data collected were subjected to analysis of variance (ANOVA) 

using GENSTAT statistical package Discovery Edition 4 while the 
least significant difference was used to separate treatment means 
at P ≤ 0.05. The PVS 3 experiments were analyzed separately from 
the PVS 4 experiment as they were two different protocols before 
combination for comparison purposes. 

Results
Effects of ascorbic acid on the survival and germination of 
cryopreserved seeds.
Survival of kenaf seeds following cryopreservation.

There was no significant difference among AA concentrations 
regarding the survival of cryopreserved seeds (Table 1). The per-
centage survival of seeds increased with an increase in the concen-
tration of AA up to an optimal of 0.43 mM (38.3%) when pretreated 
with PVS 3 and then declined. The unfrozen PVS 3 controls all re-
covered above 50%. An increasing trend was also observed with 
PVS 4 treatment. Survival increased from 36.7% to 63.3% with an 
AA treatment of 0.28 mM. 

Germination of Kenaf seeds following cryopreservation.
Data on germination of cryopreserved Kenaf seeds pretreated 

with PVS 3 was less than 40% survival and all died soon afterward 
(data not shown). Generally, for the seeds pretreated with PVS 4, 
the addition of AA to the regrowth media had little or no signifi-
cant effect on the germination of Kenaf seeds after cryopreserva-
tion (Table 2). Exogenous AA (0.58 mM) increased the percent-
age of non-cryopreserved Kenaf seeds germination by about 10% 
compared to the control (Table 2). Among the AA treatments, the 
0.58 mM AA increased germination the most by 10-13% for cryo-
preserved seeds (Figure 1) and up to 19% for non-cryopreserved 
seeds.

Direct comparison of the effectiveness of PVS 3 and PVS 4 as 
plant vitrification solutions for cryopreservation of Kenaf 
seeds.

The percentage survival of cryopreserved Kenaf seeds pre-
treated with PVS 4 (55.3%) was more than the survival of cryopre-
served Kenaf seeds pretreated with PVS 3 (31%) as shown in table 
3. Based on these broad comparisons, it appears that PVS 4 is more 
suitable for the cryopreservation of Kenaf seeds than PVS 3. 

Ascorbic acid (mM)  PVS 3 Survival (%)  PVS 4 Survival (%)
0 (Control) 23.3 ± 3.33 36.7 ± 8.82

0.14 25.0 ± 2.89 56.7 ± 8.82
0.28 33.3 ± 8.82 63.3 ± 3.33
0.43 38.3 ± 1.67 56.7 ± 12.02
0.58 35.0 ± 5.77 63.3 ± 14.53

Table 1: Mean percentage survival in cryopreserved seeds pre-
treated with PVS 3 and PVS 4 and subjected to different concentra-

tions of AA at the Regrowth Stage.

PVS 3: LSD of AA = 0.2654; LSD of LN = 0.1679; CV = 190.4%.

PVS 4: LSD of AA = 0.3606; LSD of LN = 0.2281; CV = 146.5%.

Ascorbic acid (mM)                                       Germination (%)
    Liquid Nitrogen

    +                                                            -
0 (Control) 83.3 ± 16.67  88.9 ± 5.56

0.14 77.4 ± 12.43 81 ± 13.23
0.28 75.4 ± 16.97 83.3 ± 9.62
0.43 74.2 ± 12.94 95.8 ± 4.17
0.58 87 ± 6.68 100 ± 0.00

Table 2: Mean percentage germination in cryopreserved and non-
cryopreserved seeds pretreated with PVS4 and subjected to differ-

ent concentrations of AA at the regrowth stage.

Survival: LSD of AA = 0.3606; LSD of LN = 0.2281; CV = 146.5%; +, 
subjected to LN; -, not subjected to LN.

PVS Treatments      Survival (%)
0 (Control)           36.7

PVS 3           31.0 ± 2.50b
PVS 4           55.3 ± 4.67a

Table 3: Direct comparison of mean survival after PVS 3 and PVS 
4 treatments on cryopreserved Kenaf seeds.

LSD of PVS = 0.2265; CV = 204.2%.

Discussion
Cryopreservation induces the formation of ROS whose activities 

impose stress on the plant. This oxidative stress (OS) is the prin-
cipal cause of poor growth or death in cryopreserved plants pro-
cessed for germplasm conservation [29]. The addition of an antiox-
idant to the regrowth media following cryostorage can help greatly 
reduce the damage resulting from oxidative stress [30]. This study 
provided the first report on the cryopreservation of Kenaf seeds 
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Figure 1: (a) Cryopreserved seed with emerging radicle at day 2 after liquid nitrogen.  
(b) Cryopreserved seeds at Day 7 after liquid nitrogen. (c) Typical Kenaf plant at day 10 after cryopreservation.

(Figure 1c). The results of this study indicate that the optimal con-
centrations of AA required for the cryopreservation of Kenaf seeds 
are 0.28 or 0.43 mM depending on the cryoprotectant used. These 
results suggest that AA had a beneficial effect on the cryopreser-
vation of Kenaf (Figure 1a) using both cryopreservation protocols 
(PVS 3 and PVS 4). However, the addition of AA to the regrowth 
media generally did not significantly increase survival compared 
to the control. It also did not significantly improve the germination 
percentages following cryopreservation (Figure 1b).

The cryopreservation process involves a pretreatment phase 
(preventive stage) and a post-thaw recovery phase (Curative 
stage). Identifying the critical phase where the most stress or dam-
age occurs is critical to solving the problems of low survival or ger-
mination of germplasm following cryopreservation, especially in 
the case of Kenaf which appears to lose viability easily. Chen., et al. 
[31] reported that AA is a major antioxidant that scavenges OH• 
and H2O2. This was also established by Polle [32] who observed that 
a decrease in AA resulted in an increase in H2O2, thus, AA can be 
suitably used to increase the recovery percentages following low 
temperature-induced stress or damage. AA also stops radical chain 
reactions by disproportionation to non-toxic or non-radical prod-
ucts. It regenerates lipophilic, membrane-associated α-tocopherol 
(vitamin E) which also helps to alleviate oxidative stress [33]. 
Uchendu., et al. [34] showed that AA (0.28 mM) significantly in-
creased the recovery of cryopreserved blackberry species. Chua S. 

P. and Normah M. N. [35] also reported that AA when added at 0.28 
mM to the loading solution improved the survival of Nephelium 
ramboutan-ake after cryopreservation. Fabian., et al. [36] found 
that the addition of AA to the vitrification solution increased the 
viability of wheat egg cells after cryopreservation. Further studies 
are recommended to determine the optimum concentration of AA 
required for increased survival and germination of Kenaf seeds. 
Also, the addition of AA at all the critical stages of cryopreservation 
other than the regrowth media should be examined.

The vitrification technique is generally used for the cryopreser-
vation of tropical plant species because they do not have a natural 
tolerance to cold. It involves dehydrating the explants in a plant 
vitrification solution to optimum moisture content such that the 
remaining moisture in the cytosol is vitrified when the explant is 
immersed into LN [37,38]. This study showed that PVS 4 was more 
suitable as a cryoprotectant for the cryopreservation of Kenaf seeds 
compared to PVS 3 (Table 2). PVS 3 has a higher concentration of 
glycerol (5.43M) than PVS 4 (3.8M). Glycerol is highly viscous and 
may be toxic to plant tissues depending on the concentration and 
plant tolerance.

Vitrification results in the formation of metastable glasses rath-
er than ice crystals which can cause damage to the cell resulting 
in the death of the cell. The glasses are amorphous, non-crystal-
line, and lack organized structure, and as such, cause minimal in-
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jury to the cell [38]. A critical factor that determines the success of 
cryopreservation by vitrification is the use of the most appropri-
ate vitrification solution [39]. Also, a cryopreservation protocol is 
considered suitable for germplasm if it ensures a minimum of 40% 
survival after cryopreservation [39]. The PVS 3 gave an average 
survival of less than 40% for all cryopreserved seeds (Table 4.1) 
and the germination rate was also less than 40% with all the seeds 
dead soon afterward due to contamination (data not shown), mak-
ing it unsuitable for cryopreservation of Kenaf seeds. However, PVS 
4 gave an average survival of 55.3% which makes it more suitable 
than PVS 3.

Conclusion
This study provided the first report on the cryopreservation of 

Kenaf seeds which makes it easy to manage the problems of loss of 
viability of the seeds during storage. The results of this study indi-
cated that the survival of Kenaf seeds increased following the addi-
tion of AA into the regrowth media and that PVS 4 is more effective 
for the cryopreservation of Kenaf seeds than PVS 3. Hence, PVS 4 
is recommended for the cryopreservation of Kenaf seeds. Further 
investigations need to be carried out at the other critical stages of 
cryopreservation, including preculture, loading, unloading, etc., 
and a wider range of AA using the PVS 4 protocol to explore in-
creasing survival and germination percentages of Kenaf seeds.
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