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Abstract: Goji (Lycium barbarum L.) plant is considered from the richest nutrient plant on earth. It has been
used for centuries in traditional Chinese medicine. The aim of this investigation was to study the effect of type
and strength of gelling agents; gerlite and hydrogel on micropropagation of goji shoots derived from In vitro
cultures. The highest shoot proliferation was obtained on MS medium with 0.5 g/l Gerlite + 6 g/l Hydrogel + 1.0
mg/1 benzyl adenine. At this concentration, hydrogel as a gerlite alternative was more effective in increasing
shoot number, shoot length, leaf number and chlorophyll degree. While, leaf N, P and K concentration was
significantly higher at 2.0 g/l Gerlite + 16 g/l Hydrogel + 1.0 mg/l BA than the other treatments. Use of 2.0 g/1
Gerlite + 4.0 g/l Hydrogel + 0.5 mg/l IBA was superior in rooted plantlets due to significant increase in number
of leaf, root length and chlorophyll (SPAD value). Plantlets were successfully transferred to small pots filled

with mixture of sand and peatmoss.
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INTRODUCTION

Goji (Lycium barbarum L.) or wolfberry is a fruit
bearing woody shrub. This fruit has gained early attention
for its important nutritional and medicinal properties.
Interestingly, goji berry  contains  bioactive
polysaccharides [1, 2]. It has a neuro-protective role for
nerve cells [3], an anticancer effect [4] and a protective
effect against oxidative stress and inflammation [5, 6].
Lycium root bark contains alkaloid (kukoamine) and
coumarin (scopoletin) that has hypotensive and some
medicinal properties [7, 8]. Micropropagation is an
important technique for safe conservation of valuable
genotypes [9]. Few researches investigated In vitro
culture of L. barbarum. Some of them had reported
plantlet regeneration by adventitious organogenesis as
well as somatic embryogenesis using leaf explants
[10, 11, 12]. Meanwhile, Taha [13] propagated goji by
In vitro cultures using nodal explants.

Gelling agent is a crucial for tissue -culture
possessing. Agar and gelrite are the famous solidifying
materials usually used in tissue culture labs but still

considered the major cost. Otherwise, the suitability of
starch as a gelling agent was studied previously in many
scientific researches due to its accessibility and low cost
and proven effectiveness [14, 15]. Tapioca starch proved
to give a good result for banana micropropagation [16].
In addition, a mixture of corn starch and gelrite as gelling
agent enhanced growth and proliferation of In vitro
culture of some apple and raspberry cultivars, as
compared to agar medium [17, 18]. However, these
materials haven’t the transparency which is needed for
culturing and checking up contamination processes.
Hydrogel has a transparency property and could be
used as a gelling agent. Hydrogel treatments increased all
growth parameters compared with the control treatment
which had 100% of agar. However, the highest number of
leaves, root/explants and shoot length was achieved in
medium with 50% agar + 50% hydrogel. On the other hand
using of sucrose at 20 g/l with 50% agar + 50% hydrogel
enhanced the shoot chlorophyll content, number of
leaves, shoot length, number of root and root length.
Moreover, we found that 0.2 g or 0.5 g improved plant
performance during acclimatization stage [19].
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So that, the aim of the present research was to
investigate the effect of hydrogel as a gelling agent on all
stages of goji (L. barbarum) micropropagation.

MATERIALS AND METHODS

This study was carried out in Biotechnology and
Micropropagation Lab., Pomology Department and Tissue
Culture Technique Lab, Central Laboratories Network,
National Research Centre, Giza, Egypt.

Plant Material and Establishment of Explants:
Shoots derived from previous In vitro culture [13] of goji
(Lycium barbarum L.), were cultured individually on
Murashige and Skoog [20] as a basal medium
supplemented with 1.0 mg/l BAP, 30 g\l sucrose and 7 g\l
Difco Bacto agar for multiplication stage. The pH of the
media was adjusted to 5.7 and autoclaved at 121°C and
151 b/ In* for 15 minutes. The culture explants were
incubated under 16 h of artificial light (Fluorescent light at
30 uM/ sec) and 8 h of darkness at average temperature of
22 + 2°C. Thus, the following experiments were carried
out.

Effect of Gelling Agent Strength on Multiplication of
Goji Shoots: Hydrogel is a hydropolymer (Barbary)
usually used as a soil improver registered in France
(9010133). Its components were hydropolymer (42%),
source: acrylamide + total Nitrogen (6.5%), source:
ammonium nitrate and potassium nitrate + P,O; (4.8%),
source: phosphoric acid + K,O (8.2%), source: potassium
nitrate.

Initial experiment had been established to determine
the suitable concentration of hydrogel that could be used
for In vitro culture at 2, 4, 8 g/l (unpublished data). It was
found that there is a need for increasing these
concentrations and trying to include gerlite as a gelling
agent with hydrogell. So that, different gelling agent
strengths (0.5, 1, 2 and 4 g/I Gerlite) and (4,6, 8 and 16 g
hydrogel) were tested to find out the best strength that
encourage the multiplication and mineral content rate of
goji (Lycium barbarum L.).

Effect of Gelling Agent Combination on Goji Root:
The culture rooting medium consisted of MS basal salts,
sucrose (30 g/l) + indole-3-butyric acid (IBA) (0.5 mg/1) +
2 g/l gerlite supplemented with various concentrations of
Hydrogel (0, 4, 6 and 8 g/l). Medium pH was adjusted to
5.8. Cultures, consisting of 3 replicates per treatment were
incubated at 25+2°C under 16 hphotoperiod. Thenumber
of leaves, plant length, leaf chlorophyll content and root
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parameters were noted 6 weeks after culture. The effect
of treatments applied on root initiation and elongation
was also examined.

Chemical Leaf Characteristics

Leaf Mineral Content: Total nitrogen content was
estimated by modified Kjeldahl's methods Motsara and
Roy [21]. The percentages of phosphorus and potassium
in the acid digested samples of goji dry shoots were
determined; Phosphorus was determined calorimetrically
by NH4-Metavanidate method and Potassium was
flame-photometrically estimated [21].

Determination of Leaf Chlorophyll Content: Chlorophyll
was measured by chlorophyll meter (Minolta- SPAD-502,
Japan); the data were expressed as SPAD units [22].

Statistical Design: Treatments were arranged in
complete randomized design, each treatment was
replicated three times, each replicate involved three jars,
and each contained three plants developed In vitro.
Means were compared according to the method described
by [23].

RESULTS

Effect of Gelling Agent Type and Strength on
Multiplication Stage: Table (1) and Figure (1) shows the
effect of gerlite and hydrogel on goji (Lycium barbarum
L.), growth at multiplication stage. It is obvious that
gerlite mixture with hydrogel was significantly more
superior to using gerlite alone; it increased growth
parameters. Using mixture of 0.5 g/l Gerlite + 6 g/l
Hydrogel + 1 mg/l BA was more effective in increasing
shoot number, shoot length, leaf number and chlorophyll
degree followed by 1.0 g/l Gerlite + 4.0 g/l Hydrogel + 1.0
mg/l BA as compared with other treatments. Meanwhile,
increasing the concentration of gerlite alone or mixture
with hydrogel caused decreasing the growth parameter
and increasing the callus induction as the effect of stress
on explant culture.

Effect of Gelling Agent Type and Strength on Mineral
Content: It is clear from data in Table 2 that leaf N, P and
K  concentration was significantly  higher at
2.0g/1Gerlite+16g/1 Hydrogel+1.0 mg/l BA than the other
treatments, followed by 1.0g/1Gerlite+16g/1 Hydrogel+1.0
mg/l BA. However, the residual effect stress of all
treatments ~ significantly produced the highest Na
concentration compared with low concentration in
control.
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Table 1: Effect of gelling agent strength on development and growth of Goji (Lycium barbarum L.) In vitro plants

Treatment Shoot number Shoot length Leaf number Color degree Callus induction
2g/1 Gerlite+1mg/IBA (control) 31.00 2.90 8.50 5.00 1.00
0.5g/1Gerlite+6g/1 Hydrogel+1mg/IBA 52.50 3.75 12.50 4.25 1.00
1.0g/1Gerlite+4g/l Hydrogel+1mg/IBA 51.00 3.30 10.50 3.85 1.00
4g/1 Gerlite +1mg/IBA 30.50 2.25 7.50 3.25 2.00
2.0g/1Gerlite+8g/1 Hydrogel+1mg/IBA 19.50 1.90 6.50 2.75 3.00
1.0g/1Gerlite+16g/l Hydrogel+1mg/IBA 22.33 2.00 5.34 2.17 3.27
2.0g/1Gerlite+16g/l Hydrogel+1mg/IBA 19.00 1.74 5.00 2.03 3.70
LSD 5.0% 4.88 0.15 1.12 0.38 0.15

Table 2: Effect of gelling agents type and strength on mineral content of goji (Lycium barbarum L.), In vitro shoots

Treatment N (ppm) P (ppm) K (ppm) Na (ppm)
2g/1 Gerlite (control) 350.00 39.00 300.00 25.00
0.5g/1Gerlite+6g/l Hydrogel 310.00 33.00 280.00 30.00
1.0g/1Gerlite+4g/1 Hydrogel 290.00 30.00 201.00 31.00
4g/1 Gerlite 390.00 42.00 305.00 42.00
2.0g/1Gerlite+8g/1 Hydrogel 420.00 48.00 350.00 50.00
1.0g/1Gerlite+16g/l Hydrogel 510.00 53.00 390.00 45.00
2.0g/1Gerlite+16g/l Hydrogel 630.00 61.00 400.00 52.00
LSD 5% 21.44 4.75 11.33 7.29

Fig. 1: Effect of gelling agent type and strength on development and growth of goji (Lycium barbarum L.), In vitro
shoots
A: 2g/l Gerlite +1mg/l BA (control), B: 0.5g/1Gerlite+6g/l Hydrogel+1mg/l BA, C: 1.0 g/l Gerlite+4g/1
Hydrogel+1mg/l BA, D: 4g/1 Gerlite +1mg/l BA, E: 2.0g/1Gerlite+8g/1 Hydrogel+1mg/l BA, F:1.0g/1Gerlite+16g/1
Hydrogel+1mg/l BA, G: 2.0g/IGerlite+16g/l Hydrogel+1mg/l BA

Effect of Gelling Agent Combination on Root: Data in +0.5mg/1 IBA, followed by 2.0 g/1 Gerlite+6.0 g/l Hydrogel
Table (3) recorded that explants showed significant +0.5mg/l IBA. Moreover, Table (3) explains that increase
increase in number of leaf, root length and chlorophyll in hydrogel concentration was more stressful for all root
(SPAD value) with 2.0 g/l Gerlite+4.0 g/l Hydrogel parameters of goji (Lycium barbarum L.) plants.
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Table 3: Effect of gelling agents type and strength on rooting stage of Goji (Lycium barbarum L.), plantlets

Treatment Number of leaf Shoot length (cm) Root length (cm) Chlorophyll (SPAD value)
2g/1 Gerlite (control) 49.00 8.50 4.50 10.40
2g/1 Gerlite +4g/1 Hydrogel 55.00 9.00 5.50 13.30
2g/1 Gerlite +6g/1 Hydrogel 53.00 9.80 5.27 11.07
2g/1 Gerlite +8g/1 Hydrogel 33.00 8.00 3.00 8.30
LSD 5.0% 2.20 0.72 0.85 0.84

Fig. 2: Effect of gelling agents type and strength on /n vitro rooting of Goji (Lycium barbarum L.) plants
A: 2g/1 Gerlite +0.5mg/1 IBA (control), B: 2g/1 Gerlite+4g/1 Hydrogel +0.5mg/1 IBA, C: 2g/1 Gerlite+6g/l Hydrogel
+0.5mg/1 IBA, D: 2g/1 Gerlite+8g/l Hydrogel +0.5mg/l IBA

Fig. 3: Acclimatized plants

Acclimatization Stage: Rooted plantlets were cultured in
a mixture of sand: perlite: peat moss (2:1:1). Pots were
covered with plastic bags to keep moisture. (Fig. 3).
After one week, gradual removal of plastic bags was
applied. After a month, successful acclimatized plants
were transferred to bigger pots with a mixture of sand:
peat moss (1:1) and fertilized twice per week with NPK
fertilizer (20:20:20) at 0.5 g/I.

DISCUSSION

In fact, many researches assured that gelling agent
type can influence the growth and development of tissue
cultured plants [24, 25]. Similarly, our results indicated the
effect of the type of gelling agents on goji /n vitro culture.
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In addition, concentration of the gelling agents affects the
plant In vitro growth. Mbanaso et al. [17] stated that
using 6 and 7% (w/v) cassava starch was adequate to
support Musa shoot tip explants, also, cassava starch at
7% enhanced banana survival percentage in tissue culture
and produced consistent results in terms of shoots and
roots growth. Gelrite proved to be more superior
compared with agar and the concentration of 3.5 g/l gave
the highest shoot, leaf and root number for polyembryoid
converted oil palms [25].

Interestingly, it was found that many gelling agents
contain minerals that could affect plant growth [26].
Our results assured that the more concentration of gelling
agent are used the more mineral content in goji shoots are
determined.
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CONCLUSION

Using mixture of 0.5g/1Gerlite+6g/l Hydrogel+1mg/1
BA had best effect on goji (Lycium barbarum L.) by
increasing shoot number, shoot length,leaf number and
chlorophyll degree. Due to N, P, K concentration in
leaves, treatment of 2.0g/1Gerlite+16g/1 Hydrogel+1.0 mg/1
BA had superiority than the other treatments but 2.0 g/l
Gerlite+4.0 g/l Hydrogel +0.5mg/l IBA had significant
increase in number of leaf, root length and chlorophyll
(SPAD value).

REFERENCES

1. Potterat, O., 2010. Goji (Lycium barbarum and
L. chinense): phytochemistry, pharmacology and
safety in the perspective of traditional uses and
recent popularity. Planta Med., 76: 7-19. DOLI:
10.1055/s-0029-1186218.

2. Seeram, N.P., 2008. Berry fruits for cancer prevention:
current status and future prospects. J. Agr. Food
Chem., 56: 630-635. DOI: 10.1021/jf072504n.

3. Yu,M.S,SXK.Y.Leung, S.W. Lai, C.M. Che, S.Y. Zee,
K.F. So, W.H. Yuen and R.C.C. Chang, 2005.
Neuroprotective effects of anti-aging oriental
medicine Lycium barbarum against [-amyloid
peptide neurotoxicity. Exp. Gerontol., 40: 716-727.
DOI:10.1016/j.exger.2005.06.010.

4. Chao, J.C., S.W. Chiang, C.C. Wang, Y.H. Tsai and
M.S. Wu, 2006. Hot water-extracted Lycium
barbarum  and  Rehmanniaglutinosa  inhibit
proliferation and induce apoptosis of hepatocellular
carcinoma cells. World Journal of Gastroenterology:
WIG, 12(28): 4478. doi: 10.3748/wjg.v12.i128.4478.

5. Liu, H., Y. Fan, W. Wang, N. Liu, H. Zhang, Z. Zhu
and A. Liu, 2012. Polysaccharides from Lycium
barbarum leaves: Isolation, characterization and
splenocyte proliferation activity. Int. J. Biol.
Macromol., 51: 417-422. DOI:
10.1016/j.ijbiomac.2012.05.025.

6. Xiao, J., E.C. Liong, Y.P. Ching, R.C.C. Chang,
K.F. So, M.L. Fung and G.L. Tipoe, 2012.
Lycium barbarum polysaccharides protect mice liver
from carbon tetrachloride-induced  oxidative
stress and necroinflammation. J. Ethnopharmacol.,
139: 462-470. DOI: 10.1016/j.jep.2011.11.033.

7. Funayama, S., G.R. Zhang and S. Nozoe, 1995.
Kukoamine B, a spermine alkaloid from
Lyciumchinense. Phytochemistry, 38(6): 1529-1531.

18

8.

10.

11.

12.

13.

14.

15.

16.

Cai, Y., Q. Luo, M. Sun and H. Corke, 2004.
Antioxidant activity and phenolic compounds of
112 traditional Chinese medicinal plants associated
with anticancer. Life Sci., 74: 2157-2184. DOI:
10.1016/5.1£5.2003.09.047.

Hassan, M.M., R.A. Taha and I.A. Ibrahim, 2016.
In vitro Conservation of date palm embryos under
Slow-Growth Conditions with osmotic agent and
Abscisic Acid. International Journal of Pharm. Tech.
Research, 9(10): 173-183.
https://www.sphinxsai.com/2016/ph_vol9 nol0/1/
(173-183) VON10PT.pdf.

Hu, Z., G.Q. Guo, D.L. Zhao, L.H. Li and G.C. Zheng,
2001. Shoot regeneration from cultured leaf
explants of  Lycium barbarum and
Agrobacterium-mediated transformation. Russ J.
Plant Physl., 48: 529-535.
https://doi.org/10.1023/A:1016791027554.

Hu, Z., Y. Hu, HH. Gao and G.C. Zheng, 2002.
High-efficiency transformation of Lycium barbarum
mediated by Agrobacterium tumefaciens and
transgenic  plant regeneration via  somatic
embryogenesis. Plant Cell Rep., 21: 233-237.
https://doi.org/10.1007/s00299-002-0462-z.

Hu, Z., Y.R. Wu, W. Li and H.H. Gao, 2006. Factors
affecting Agrobacterium tumefaciens— mediated
genetic transformation of Lycium barbarum L.
In vitro Cell Dev-P1 42: 461-466.
https://www jstor.org/stable/pdf/20461603.pdf.

Taha, R.A., 2022. Micropropagation protocol for Goji
plant (Lycium barbarum L.). Asian Journal of Plant
Sciences, in Press.

Nkere, C.K., I.C. Umezurumba and E.N.A. Mbanaso,
2009. In-vitro ginger multiplication: screening of
starch from different cassava varieties as gelling
agent in medium. Plant Sci. Res., 2(2): 20-22.
Ibrahim, K.M., M.A. Kazal and K.I. Rasheed, 2005.
Alternative gelling agents for potato tissue culture
applications. Majalah  Al-Istitsmary Al-Zara’y,
3: 80-83. https://www.scribd.com/
document/178954829/alternative-gelling-agents-for-
potato-tissue-culture-pdf.

Kuria, P., P. Demo, A.B. Nyende and E.M. Kahangi,
2008. Cassava starch as an alternative cheap gelling
agent for the In vitro  micro-propagation of
potato (Solanumtuberosum L.). Afr. J. Biotechnol.,
7: 301-307. https://www.ajol.info/
index.php/ajb/article/ view/58410.



17.

18.

19.

20.

21.

Europ. J. Biol. Sci., 14 (1): 14-19, 2022

Mbanaso, E.N.A., 2008. Effect of multiple subcultures
on Musa shoots derived from cassava starch-gelled
multiplication medium during micropropagation.
Afr. J. Biotechnol., 7: 4491-4494.
https://www.ajol.info/index.php/ajb/article/view/596
26.

Zimmermann, R.H., S.V. Bhardwaj and .M. Fordham,
1995. Use of starch-gelled medium for tissue
culture of some fruit crops. Plant Cell Tiss Org.
Cul., 43: 207-213. https://doi.org/10.1007/BF00039946.
Hassan, S.A.M., A. Waly, A. Bakry and B.M.F. El-
Karamany, 2018. In vitro study on the effect of
hydrogel on rooting and acclimatization of pine
apple (4nanas comosus cv. Smooth cayenne).
Bioscience Research, 15(3): 2358-2363.
https://www.isisn.org/BR15(3)2018/2358-2363-
15(3)2018BR18-260.pdf.

Murashige, T. and F. Skoog, 1962. A revised
medium for rapid growth and bioassays with
tobacco tissue culture. Physiol. Plantarum., 15: 473-
497. https://doi.org/10.1111/j.1399-3054.1962.tb08052x
Motsara, M.R. and R.N. Roy, 2008. Guide to
laboratory establishment for plant nutrient analysis
(Vol. 19). Rome: Food and Agriculture Organization
of the United Nations. https://jardindemaud.fr/pdf/
MotsaraMRetal.pdf.

19

22.

23.

24.

25.

26.

Markwell, J., J.C. Osterman and J.L. Mitchell, 1995.
Calibration of the Minolta SPAD-502 leaf chlorophyll
meter. Photosynthesis Research, 46(3): 467-472.
https://doi.org/10.1007/BF00032301.

Snedecor, W.B. and G.W. Cochran, 1989. Statistical
Methods, 8" edn. Iowa State Univ. Press, Ames. DOI:
10.1021/jf072504n.

Al-Mayahi, A.M.W. and A.H. Ali, 2021. Effects of
different types of gelling agents on organogenesis
and some physicochemical properties of date palm
buds, Showathy cv. Folia Oecologica, 48 (1): 110-117.
https://doi.org/10.2478/foecol-2021-0012.
Palanyandy, S.R., S. Gantait and U.R. Sinniah, 2020.

Effects of some gelling agents and their
concentrations on conversion of oil palm
polyembryoids into plantlets. J. Genet Eng.

Biotechnol., 18: 5 https://doi.org/10.1186/s43141-019-
0018-z.

Joshi, N., 2009. In vitro growth and
multiplication in Nicotiana tabacum L. — influence of
gelling agent and carbon source. International
Journal of Plant Developmental Biology, 3(1): 29-33.
http://www.globalsciencebooks.info/Online/GSBOn
line/images/0906/IJPDB_3(1)/IJPDB_3(1)29-330.pdf.

shoot



