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ABSTRACT

The effect of beta-lactam antibiotics on shoot induction and plantlet regeneration from cotyledonary nodes was
tested using two peanut cultivars. The culture media contained 4 mg/L 6-benzylaminopurine (BAP) as the main
growth regulator. Various concentrations (100–600 mg/L) of cefotaxime, carbenicillin, and timentin were applied
in the culture media. In all the tested media, there were no significant differences in the shoot induction as com-
pared to the control. However, little phytotoxic effect was observed at higher concentrations of these antibiotics in
the shoot elongation media. Under shoot elongation medium, shoots turned brownish and partly died at higher
concentrations where shooting rates were not affected by the treatments. In cefotaxime, timentin, and carbenicil-
lin-containing media, levels of antibiotics greater than 400, 300, and 200 mg/L, respectively resulted in the brown
coloration of plantlets. Moreover, the mean shoot number and shoot weight significantly decreased as their dosage
increased. The results indicate that maximum levels of antibiotics have an adverse effect on the growth and devel-
opment of peanuts. Also, cefotaxime (100–300 mg/L) and timentin (100–300 mg/L) will be sufficient in control-
ling Agrobacterium growth in the culture media with the least phytotoxic effect on the peanut plants.
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1 Introduction

Cultivated peanut (Arachis hypogaea L.) is an allotetraploid (2n = 4x = 40) derived from the
hybridization of two wild peanut species Arachis duranensis (A-genome) and Arachis ipaensis (B-
genome) followed by chromosome duplication [1,2]. It is the second grain legume next to soybean grown
in Africa, Asia, and the US [3]. China is the world’s greatest peanut-producing country, accounting for
approximately 36% of the total production [4]. Peanuts largely consist of protein, sucrose, and amino
acids [5,6]. In the in vitro regeneration of peanuts, cotyledonary nodes have been reported as the most
successful explant for the induction of multiple shoots through organogenesis in peanuts [7–10] and grain
legumes [11]. In the present study, we used a cotyledonary node for peanut regeneration in the tissue
culture system to produce multiple shoots. The cultured media were supplemented with different
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beta-lactam antibiotics (carbenicillin, cefotaxime, and timentin) to test the shoot regeneration and the
phytotoxic effect on the peanuts and their suppression capacity of Agrobacterium overgrowth.

These beta-lactam antibiotics are widely used in plant tissue culture that eliminates Agrobacterium due
to their ability to specifically inhibit prokaryotic cell wall synthesis and prevent bacterial growth, with little or
no definite effect upon eukaryotic plant cells [12–14]. Nevertheless, some inhibitory effects of beta-lactam
antibiotics have been reported for various plants [15–18]. In contrast, significant stimulative effects of
timentin [15,19] have been evaluated on callus induction, growth, and organogenesis for plant species.
Also, the least phytotoxic effect of timentin has been reported [14]. These reports indicated their effect is
controversial [20] and beta-lactam antibiotics may be genotype-specific. Thus, it is important to identify
the appropriate concentration with the least phytotoxic effect on peanut growth and toxicity to
Agrobacterium.

There have been reports on the effects of antibiotics on in vitro regeneration of plants including Citrus
sinensis [21], Chinese cabbage [22], carrot [23], soybean [24], rice [25], Populus euphratica [26], banana
[27], sugarcane [28], melon [29], foxtail millet [30], Anthurium andraeanum Linden ex Andre [14],
maize [31], walnut [17]. Another report showed the elimination potential of antibiotics on the growth of
bacteria and or/Agrobacterium tumefaciens in the culture medium [14,24,32]. Plant sensitivity to
antibiotics typically is species-dependent [33]. However, the possible effects of beta-lactam antibiotics on
the shoot induction, regeneration, and development via organogenesis of peanuts have not been reported
so far, even though such studies are very important for the effective recovery of transgenic peanuts
through agrobacterium infection. Thus, the present study aims to evaluate the effect of beta-lactam
antibiotics on the regeneration of peanut plants and the inhibition of Agrobacterium growth in the culture
medium.

2 Materials and Methods

2.1 Plant Material
Two peanut cultivars (N3 and JNH8) were used as the donors for the cotyledonary node (CN) explant

source. The cultivars were provided by the College of Agronomy, Jilin Agricultural University. Cotyledons
were excised from the dry seeds of peanuts and embryo axes were placed in sterilized cold water for about
12 h. Briefly, the cotyledonary surface was sterilized with 5% (w/v) sodium hypochlorite and 75% (w/v)
ethanol for 15 and 5 min, respectively followed by three rinses with sterile double distilled water. Then
air-dried on the filter paper in an aseptic condition. Finally, cultured in a jar containing Murashige and
Skoog media.

2.2 Plant Regeneration
The embryonic axes were placed on a glass jar containing solid MS (Murashige and Skoog) media with

MS salts and vitamin, sucrose three percent (w/v), pH 5.8 ± 0.3, and 4 mg/L BAP, with agar 0.8% (w/v) and
with various levels of antibiotics in a culture vessel for about 3 weeks and incubated under
25/25°C day/night, 16 h photoperiod and 130–150 µmol m−2 s−1 florescent light conditions. The effects
of antibiotics on the induction of shoots were evaluated. After approximately 3 weeks of culture, excised
cotyledonary nodes were transferred to a glass jar supplemented with a regeneration media and different
concentrations of beta-lactam antibiotics. Shoots from the elongation medium were cut out and
transferred to a rooting media containing α-naphthaleneacetic acid (1 mg/L NAA) for about one month.
Well-rooted plantlets were moved to plastic pots comprising the soil mix, sand: soil: and vermiculite
(1:1:1) [10]. The plantlets were covered under transparent plastic bags for retaining humidity and
hardened under 25/25°C day/night, 16 h photoperiod, and 130–150 µmol m−2 s−1 florescent light
conditions for 15 days. The plastic bags were withdrawn for 2 h for 4 days. The acclimatized plantlets
were moved into pots containing a mixture of sand and soil and moved to the greenhouse [10].
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2.3 Antibiotics
Three different kinds of beta-lactam antibiotics namely cefotaxime (cefo), carbenicillin (carb), and

timentin (Tim) were used in the experiment. Prior to being introduced to the culture medium, they were
dissolved in double distilled sterilized water and filter-sterilized. Working solutions of them were used
separately to the cotyledonary nodes culture media at six various levels (100, 200, 300, 400, 500,
600 mg/L).

2.4 Agrobacterium Transformation
Agrobacterium strains harboring pCAMBIA3301 were maintained on a yeast extract peptone (YEP)

agar medium (1 L) with 50 mg/L kanamycin. A single colony of EHA105 harboring pCAMBIA3301 was
grown in a YEP liquid medium supplemented with 50 mg/L kanamycin on a 200 rpm shaker at 28°C for
about 16hr. Bacterial cells at OD600 values of 0.7 were collected and resuspended in the same volume of
transformation solution (MS with vitamin, 3% sucrose, pH 5.2). 1/2 ml transformation solution was
prepared. The freshly excised CNs from three weeks-old plantlets were added into a transformation
solution with Agrobacterium cells for 60 min with moderate shaking, then were dried with sterilized filter
paper and moved to shoot elongation media (SEM). After three days of co-cultivation at 25°C in the dark
was simultaneously transferred to the fresh medium containing different concentrations of antibiotics in
the light condition for about three weeks [8]. After three weeks of shoot elongation shooting percentage,
average shoot number, shoot color, and the effect of antibiotics on the elimination of bacteria were
observed, recorded, compared, and analyzed.

2.5 Statistical Analysis
The responses of peanuts at various concentrations of beta-lactam antibiotics were tested. A completely

randomized design was applied with three replications. The experiment was repeated twice. Two way
analysis of variance (ANOVA) was performed to compare variances across the mean. Tukey’s Multiple
Range Test was used to calculate mean separations and Minitab 17 software was used for statistical analysis.

3 Results

3.1 Effect of Cefotaxime on Shoot Induction and Elongation Medium
The effects of various levels of Cef on the shoot induction and elongation medium were evaluated on

two peanut cultivars (Table 1). For shoot induction, no difference was observed between Cef-
supplemented and non-supplemented cultures (Fig. 1). Also, this antibiotic at all evaluated levels did not
delay the onset of shoot induction. The shooting rate was best and ranged between 87.5% to 89.3% for
JNH8 and 90.0% to 90.8% for N3. There were no significant differences found in shooting rate for both
cultivars at all the media treated with Cef antibiotic and non-treated cultures However, shoot numbers
(SN) and shoot weight (SW) varied between cultivars. The result showed the frequency of shoot
formation in peanuts may be cultivar dependent. Moreover, Cef has a non-detrimental effect on shoot
regeneration in both shoot induction and elongation medium tested. On the other hand, a highly
significant difference was observed in the SW and SN. Shoot number and shoot weight decreased
significantly as the concentration of Cef increased. SN ranged between 1.83 to 3.66 for N3 and 1.83 to
3.2 for JNH8. Besides, SW ranged between 0.18 to 0.53 for N3 and 0.2 to 0.64 for JNH8. As the
concentration of Cef exceed 400 mg/L, the SN and SW decreased. There were no significant differences
in average SW between non-treated and Cef 100, 200, and 300 mg/L for the cultivar N3 (Table 1). The
result indicates higher dosage of this antibiotic has a negative or phytotoxic effect on peanut plants. The
preferable shoots and SW were found on a media containing 100 to 300 mg/L Cef (Table 1). The result
showed 100 to 300 mg/L Cef has the least phytotoxic effect on the in vitro regeneration of peanuts. The
peanut survived and developed into a whole plant at 300 mg/L Cef (Fig. 4).
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The color of the shoot was found green and normal at dosages of 100 to 300 mg/L. However, the dosage
exceeds 300 mg/L some shoots turned brownish. At the concentration of 400, 500, and 600 mg/L Cef, the
percentage of brownish color for N3 was 16%, 20%, and 25%, respectively (Tables 4 and 5). A higher
percentage of green color was found for the cultivar JNH8 with low brownish color at 500 and 600 mg/L
Cef. The brownish-colored shoots partly died.

3.2 Effect of Carbenicillin on Shoot Induction and Elongation Medium
The inclusion of Carb in the culture medium has a non-detrimental effect in the induction of the shoot

(Fig. 1). The shoots regenerated at all the concentrations added for both cultivars. However, its influence is
clearly observed at the later stage of peanut growth. The induced shoots were excised and transferred to the
shoot elongation medium for three weeks. The SR, SN, and SW in control and Carb-treated media after
21 days of culture are shown in Table 2.

Table 1: Effect of different concentrations of cefotaxime on the morphological traits of peanut within each
cultivar (mean ± SE)

Cultivar Morphological data Cefotaxime concentrations (mg/L)

0 100 200 300 400 500 600

N3 SR (%) 90.6 ± 0.33a 90.0 ± 0.57a 90.8 ± 0.44a 90.5 ± 0.28a 90.3 ± 0.60a 90.5 ± 0.28a 90.16 ± 0.44a

SN 3.66 ± 0.33a 3.33 ± 0.33ab 3.16 ± 0.33ab 3.33 ± 0.33a 2.30 ± 0.16ab 2.00 ± 0.28b 1.83 ± 0.44b

SW 0.53 ± 0.04a 0.51 ± 0.02a 0.53 ± 0.02a 0.44 ± 0.01a 0.29 ± 0.04b 0.22 ± 0.01b 0.18 ± 0.02b

JNH8

SR (%) 88.6 ± 0.33a 88.3 ± 0.16a 88.0 ± 0.57a 87.5 ± 0.28a 88.0 ± 0.57a 89.3 ± 0.66a 87.8 ± 0.16a

SN 3.20 ± 1.60a 3.00 ± 0.00ab 2.83 ± 0.16ab 2.80 ± 0.20ab 2.50 ± 0.28abc 2.16 ± 0.16bc 1.83 ± 0.16c

SW 0.64 ± 0.03a 0.61 ± 0.03a 0.56 ± 0.04ab 0.47 ± 0.02bc 0.36 ± 0.00cd 0.24 ± 0.01de 0.20 ± 0.02e

Note: The cefotaxime effect on the percentage of shoot formation, the mean number of shoots, and the shoot weight of plantlets in peanut cultivars
after 21 days of culturing. The experiment was repeated at least twice with three replication. 4 mg/L BAP was added as a sole plant growth regulator.
SR = shooting rate; SN = shoot number; SW = fresh shoot weight. Means that do not share a letter are significantly different (p < 0.05, p < 0.01). The
letter comparisons are made within a row.

Figure 1: The effect of various levels of beta-lactam antibiotics on the regeneration of peanuts in shoot
induction media. 10 days old regenerated shoots. The antibiotics have a negligible effect on the
regeneration of peanuts on the induction media. C = control; Tim = timentin; Cef = cefotaxime;
Carb = carbenicillin. Scale bars = 1.06 cm
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As is presented in Table 2, there were no significant differences in SR. But the SR varied between
cultivars. Indicating the shoot formation may be genotype or cultivar-dependent. Besides, multiple shoots
formed in most of the cultured media. The SN varied from 2.16 to 3.66 for N3 and 1.83 to 3.33 for
JNH8. The maximum SNs were obtained in a media containing 100 mg/L Carb and Carb-free medium.
Analysis of the effects of Carb on the regeneration of peanut CNs indicated that there was a negative
influence on the number of shoots in the cultured media evaluated, especially when it exceeds 300 mg/L.

The average SW ranged from 0.22 to 0.53 for the cultivar N3 while it ranged from 0.22 to 0.64 for JNH8.
The SW highly decreased as the levels of this antibiotic increased, particularly it was reduced 2 to 3 fold at
600 mg/L compared with the control. The result showed that a higher concentration of antibiotic has a
phytotoxic effect on the peanut shoot which leads to a reduction in fresh SW. Relative to other
concentrations preferable SNs and shoot SW was obtained at 100 to 200 mg/L Carb (Table 2). Also, the
least phytotoxic effect was observed at these dosages.

There was a significant difference in the cultivars with respect to the mean number of shoots and fresh
SW of the plantlets using various concentrations of Carb in the media. Comparing the effectiveness of the
various levels of the antibiotic, 100 mg/L Carb was the best in forming multiple shoots with greater shoot
weight. Moreover, better green shoot color was obtained at concentrations of 100 and 200 mg/L. As the
concentration of this antibiotic exceeds 200 mg/L, the percentage of brown coloration on the plantlets
gradually increased (Tables 4 and 5) and the plantlets with brownish color partly died.

3.3 Effect of Timentin on Shoot Regeneration of Peanuts
The effect of different concentrations of timentin (Tim) on the regeneration of peanuts shoots are shown

in Table 3. The response of two peanut cultivars was tested for this antibiotic. Tim has little effect on the SN
and SW of peanuts. It has no negative effect on the induction of shoots evaluated in the shoot induction
media. Also, it has no significant effect on the SR of peanuts. The SR varied between 89.6 to 90.8 for
N3 and 88.2 to 89.7 for JNH8 cultivars. There were variations in the frequency of shoot formation
between cultivars. On the shoot elongation medium shoots regenerated normally similar to antibiotic-free
medium. But the number of shoots and SW decreased as the concentrations increased in the cultured
medium. The color of the shoots turned brownish in some culture media tested. The result showed that a
maximum concentration of Tim negatively affects peanut growth and development.

Table 2: Effect of different concentrations of carbenicillin on the morphological traits of peanut within each
cultivar (mean ± SE)

Cultivar Morphological data Carbenicillin concentrations (mg/L)

0 100 200 300 400 500 600

N3 SR (%) 90.6 ± 0.33a 90.33 ± 0.88a 90.1 ± 0.44a 90.0 ± 0.57a 89.8 ± 0.44a 90.0 ± 0.28a 90.3 ± 0.6a

SN 3.66 ± 0.03a 3.66 ± 0.16a 3.00 ± 0.28ab 2.66 ± 0.16ab 2.50 ± 0.00b 2.50 ± 0.28b 2.16 ± 0.16b

SW 0.53 ± 0.04a 0.53 ± 0.03a 0.44 ± 0.02ab 0.36 ± 0.00bc 0.28 ± 0.01cd 0.25 ± 0.0cd 0.22 ± 0.01d

JNH8

SR (%) 88.6 ± 0.33a 88.8 ± 0.72a 89.5 ± 0.76a 88.6 ± 0.33a 89.6 ± 0.33a 89.3 ± 0.88a 89.8 ± 1.5a

SN 3.16 ± 0.16ab 3.33 ± 0.16a 2.66 ± 0.20abc 2.50 ± 0.28abc 2.30 ± 0.33abc 2.16 ± 0.16bc 1.83 ± 0.16c

SW 0.64 ± 0.03a 0.60 ± 0.02ab 0.46 ± 0.02b 0.36 ± 0.03bc 0.32 ± 0.02cd 0.24 ± 0.01d 0.22 ± 0.00d

Note: The carbenicillin effect on the frequency of shoot formation, the average number of shoots, and the shoot weight of plantlets in peanut cultivars
after 21 days of culturing. The experiment was repeated at least twice with three replication. 4 mg/L BAP was added as a sole plant growth regulator.
SR = shooting rate; SN = shoot number; SW = fresh shoot weight. Means that do not share a letter are significantly different (p < 0.05, p < 0.01). The
letter comparisons are made within a row.
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The average SN and SW varied between 2 to 3.5 and 0.19 to 0.54 g for N3 and 1.6 to 3.2 and 0.23 to
0.53 g for JNH8, respectively (Table 3). The maximum SN (3.5) and SW (0.54 g) were obtained in a culture
medium containing 100 mg/L Tim. Both morpholog ical traits decreased at higher concentrations. The shoot
color difference was observed at higher concentrations. However, at concentrations of 100 to 300 mg/L Tim
better shoots and SW were found. Besides, the least phytotoxic effect was obtained at 100 and 200 mg/LTim
dosages (Table 3 and Fig. 2). The percentage of brown coloration was low at a higher concentration for the
cultivar JNH8 whereas the frequency of brown color increased at a higher concentration for N3. The result
showed that peanut response to Tim may be genotype-dependent (Tables 4 and 5).

3.4 Inhibitory Effect of Antibiotics on the Growth of Agrobacterium
The beta-lactam antibiotics used in the current study substantially eliminated bacterial overgrowth in the

culture media (Fig. 3). The plantlets were cultured for about three weeks each in both shoot induction and
elongation media containing various concentrations of antibiotics. In all the media tested, no bacterial
growth was found. The result showed Cef, Tim and Carb can reduce and/or eliminate bacterial growth.
However, their adverse effect on plantlets was found at maximum concentrations (Fig. 3).

4 Discussion

The impact of beta-lactam antibiotics on the in vitro regeneration of peanuts and their inhibitory action on
the Agrobacterium were evaluated. Different concentrations of Carb, Cef, and Tim were applied in the shoot
induction and elongation medium for two peanut cultivars. Although beta-lactam antibiotics in various plants
have been investigated from the perspective of stimulative [15,19] and non-detrimental effects on plant
regeneration [12–14,23,24], their effects on legume crops, specifically on peanut crop varieties have got
much less attention.

In the present study, no significant differences were observed between the control and antibiotic-
containing medium on the shoot induction medium. Indicating antibiotics have no detrimental effect on
the induction of shoots in peanuts. In all the media tested, green and normal shoots were regenerated.
Besides, there was no stimulative as well as no phytotoxic effect on the regenerated plantlets in the
induction medium. On the contrary, adverse effects of the antibiotics were observed on the shoot
elongation media. Under shoot elongation medium, shoots turned brownish and partly died at higher
concentrations where shooting rates were not affected by the treatments. Also, the number of shoots and
average SW decreased particularly at higher concentrations. In line with the current result, the inhibition
of antibiotics on plant growth [21,33,34] was reported. Further studies indicated that antibiotics negatively
affect the growth and development of plants [35,36].

Table 3: Effect of different concentrations of timentin on the morphological traits of peanut within each cultivar
(mean ± SE)

Cultivar Morphological data Timentin concentrations (mg/L)

0 100 200 300 400 500 600

N3 SR (%) 90.6 ± 0.33a 90.8 ± 0.72a 90.2 ± 0.92a 90.8 ± 0.44a 90.3 ± 0.44a 90.5 ± 1.32a 89.6 ± 0.4a

SN 3.66 ± 0.33a 3.50 ± 0.28ab 3.20 ± 0.16abc 3.00 ± 0.28abc 2.60 ± 0.44abc 2.16 ± 0.16bc 2.00 ± 0.28c

SW 0.53 ± 0.04a 0.54 ± 0.06a 0.45 ± 0.02ab 0.31 ± 0.02bc 0.22 ± 0.01c 0.21 ± 0.00c 0.19 ± 0.01c

JNH8

SR (%) 88.6 ± 0.33a 88.2 ± 1.20a 88.5 ± 0.76a 88.6 ± 0.9a 89.00 ± 0.28a 89.16 ± 0.92a 89.70 ± 1.2a

SN 3.16 ± 0.16a 3.20 ± 0.44a 2.80 ± 0.16ab 2.50 ± 0.28ab 2.16 ± 0.16ab 2.00 ± 0.28ab 1.60 ± 0.20b

SW 0.64 ± 0.03a 0.53 ± 0.03a 0.43 ± 0.03bc 0.33 ± 0.01cd 0.27 ± 0.02d 0.23 ± 0.01d 0.24 ± 0.00d

Note: The timentin effect on the frequency of shoot formation, the average number of shoots, and the shoot weight of plantlets in peanut cultivars after
21 days of culturing. The experiment was repeated at least twice with three replication. 4 mg/L BAP was added as a sole plant growth regulator.
SR = shooting rate; SN = shoot number; SW = fresh shoot weight. Means that do not share a letter are significantly different (p < 0.05, p <
0.01). The letter comparisons are made within a row.
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In Cef, Tim, and Carb-supplemented media, levels of antibiotics greater than 400, 300, and 200 mg/L,
respectively resulted in the brown coloration of plantlets. Which contributed to the reduction of weight in
both cultivars. As the level of Carb exceeds 400 mg/L the percentage of brown coloration increased
significantly. Among the antibiotics used, the highest phytotoxic effect was recorded for Carb at
maximum concentration. The result showed the highest concentration of this antibiotic affects the growth
and development of peanut plants. Although little brown coloration was recorded at lower concentrations
of Tim, the least phytotoxic effect was found on both peanut cultivars. However, the effects highly varied

Figure 2: The effect of various levels of beta-lactam antibiotics on in vitro regeneration, shoot phenotype,
and their phytotoxic effect on the N3 peanuts. The color of the shoots varied among the antibiotics used. The
data and photographs were taken from three weeks old plantlets that were grown in a shoot elongation
medium with different antibiotics treatments. The sensitivity of peanuts to the antibiotics was clearly
observed. The medium was supplemented with 4 mg/L BAP. Average shoot weight, shoot number, and
shooting rate were measured and recorded. Cef = cefotaxime; Tim = Timentin; Carb = carbenicillin. Scale
bars = 1.06 cm
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between cultivars as well as levels of antibiotics. The antibiotics and their dose indicate that the variations in
peanut plants showed their response to antibiotics is cultivar-dependent. Moreover, the shoot induction time
for shoot formation and elongation from cotyledonary node explant cultured on the media with 100 to
600 mg/L Cef, Carb, and Tim was the same as that of control. These beta-lactam antibiotics reduced SN
and SW 2 to 3 fold at maximum concentrations as compared to the control. And also, a very high linear
reduction in this trait with rising antibiotic levels was found for both cultivars in all the media tested
except for the control. The previous studies indicated that antibiotics can change biomass production,
branching patterns, length of shoot, internode length, root-to-shoot ratio, and fresh or dry weight [37–41].
Moreover, the comparatively low cytotoxic effect of direct exposure to antibiotic Tim on in vitro plant
tissues has been investigated [15,32,42].

Table 4: Effect of different concentrations of beta-lactam antibiotics on shoot color of peanut cultivar N3

Antibiotics Shoot color (%) Concentrations (mg/L)

100 200 300 400 500 600

Cefotaxime Green 100 100 100 84 80 75

Brown 0 0 0 16 20 25

Timentin Green 100 91.7 91.7 87.5 87.5 77

Brown 0 0 8.33 12.5 12.5 23

Carbenicillin Green 100 100 95.9 91.7 73 71

Brown 0 0 4.1 8.3 27 29
Note: The peanut’s shoot color at different antibiotics medium concentrations showed different colors. The phenotype of the peanut leaf was observed
after 21 days of shoot elongation. The number of green or brown-colored peanuts were counted and divided by the total number of cotyledonary node
cultured in the shoot elongation medium and multiplied by 100. The shoots were regenerated in all mediums. The number of CNs cultured in each jar
was four with three replication and repeated twice.

Table 5: Effect of different concentrations of beta-lactam antibiotics on shoot color of peanut cultivar JNH8

Antibiotics Shoot color (%) Concentrations (mg/L)

100 200 300 400 500 600

Cefotaxime Green 100 100 100 100 93.75 87.5

Brown 0 0 0 0 6.25 12.5

Timentin Green 100 100 100 95.4 91.7 91.7

Brown 0 0 0 4.6 8.3 8.3

Carbenicillin Green 100 100 95.9 83.4 79.2 75.0

Brown 0 0 4.1 16.6 20.8 25.0
Note: The peanut’s shoot color at different antibiotics medium concentrations showed different colors. The phenotype of the peanut leaf was observed
after 21 days of shoot elongation. The number of green or brown-colored peanuts were counted and divided by the total number of cotyledonary node
cultured in the shoot elongation medium and multiplied by 100. The shoots were regenerated in all mediums. The number of CNs cultured in each jar
was four with three replication and repeated twice.
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(a) (b)

(c) (d) (e)

Figure 4: In vitro regeneration of peanut plants via organogenesis with 300 mg/L cefotaxime. (a) Shoot
initiation from 10 days old CN. Shoot induction from three weeks old (b–c). Shoot elongation from three
weeks old (d). Rooted plantlets survive and developed green multiple shoots (e). Scale bar = 1.06 cm

Figure 3: Three weeks old elongated shoots cultured in a medium containing 500 mg/L timentin , 500 mg/L
carbenicillin and 300 mg/L cefotaxime for the cultivar N3. The plantlets were co-cultivated for three days
with Agrobacterium and transferred to antibiotic containing media. There was no bacterial growth found
in all the media tested. Scale bars = 1.06 cm
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Cephalosporin and penicillin-type antibiotics such as Cef, Carb, or Tim, which are active against gram-
negative Agrobacterium, are widely used to eliminate bacterial overgrowth after bactofection [15,43].
Although some effects on plant tissue have been reported, they control bacterial growth [12–14]. Further
studies showed antibiotics inhibit the growth of bacteria and/or Agrobacterium tumefaciens in the culture
medium [14,24,32]. Beta-lactams prevent peptidoglycan cross-linking cell wall synthesis in bacteria [44].
Besides contamination losses at plantlet regeneration stages may be reduced significantly through the use
of antibiotics [45]. Moreover, different authors used various concentrations and types of beta-lactam
antibiotics to eliminate the growth of Agrobacterium tumefaciens in Agrobacterium-mediated genetic
transformation in peanuts and other plants and used 250 mg/L Cef [8,25], 300 to 500 mg/L Tim [14]. In
the present study, various levels of Cef, Tim, and Carb were applied in the culture medium to control the
growth of Agrobacterium. The bacterial growth was not observed in the cultured media. Indicating beta-
lactam antibiotics are toxic to bacteria and control their growth. However, they inhibit the growth and
development of peanuts at maximum dosages.

5 Conclusion

This study tested the effect of beta-lactam antibiotics such as Cef, Carb and Tim on peanut regeneration
using a cotyledonary node as an explant source. The inclusion of 100–600 mg/L of these antibiotics on the
culture media have no adverse effect on the shoot induction medium. However, their phytotoxic effect were
observed at higher concentrations on the shoot elongation media. Besides, the average shoot number and
shoot weight significantly reduced as the concentration of the antibiotics increased. Cef (100–400 mg/L),
Carb (100–200 mg/L), and Tim (100–300 mg/L) have the least phytotoxic effect on peanut growth and
development. Also, Cef and Tim can be preferable beta-lactam antibiotics in controlling Agrobacterium
growth in the culture media with the least phytotoxic to plants. It is concluded that lower doses of
antibiotics have little inhibitory effect on the morphology of peanuts. This study will help to develop
healthy peanut plants in the future breeding program using Agrobacterium-mediated transformation.
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