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Abstract: In plant tissue and cell culture studies, media compositions are one of the most important factors affecting the micropropagation 

procedure's efficiency. Micropropagation studies can be conducted for commercial productions of medicinal plants, and low-cost options 

always have significance in large-scale productions. Some media component substitutes have been studied to reduce production costs. 

Agar, the media solidifier, is one of the most expensive components of media compositions. In this study, corn and wheat starches were 

used as media solidifiers at 80 and 100 g/L concentrations, and their effects on plant growth (shoot elongations, shoot, node, and root 

numbers) and biomass accumulations (shoot and root fresh and dry weights) in Lavandula officinalis and Digitalis purpurea node cultures 

were reported. The results showed that starch type and their concentrations significantly affected plant growth. Maximum multiple shoot 

number was recorded in medium supplemented with 80 g/L starch and was 61.3% higher than the control. Biomass accumulations were 

not statistically significant; however, higher biomass accumulations were detected in starch-added media than in control. Consequently, 

corn and wheat starches can be used at these concentrations as a substitute for agar to induce multiple shoot formations in L. officinalis 

and D. purpurea node cultures. 

Keywords: Lavandula officinalis; Digitalis purpurea; Starch; Micropropagation;  Biomass accumulation  

© All rights reserved. 

1 Introduction 

Plant tissue culture techniques are one of the most popular and 

efficient ways of producing a high-yield biomass production 

of high-quality medicinal plants (Moraes et al. 2021). Plant 

tissues and plantlets can be grown homogenously under 

controlled conditions in laboratories without the effects of 

external conditions. High biomass accumulation is needed, as 

plant cells are biofactories that produce plant secondary 

metabolites, which are frequently utilized in the 

pharmaceutical, food, and textile industries. In order to 

increase biomass accumulation in plant tissue cultures, media 

compositions such as concentrations of macro- and 

microelements, growth regulators, and vitamins should be 

optimized first (Nartop 2018). The concentration of agar, 

which is essential for the solidification of culture media, is 

also essential. 6-7 g/L agar is generally added to the culture 

medium to prepare semi-solid media. However, the price of 

agar is the primary parameter that determines the cost of 

production, as it is the most expensive component of culture 

medium (Tyagi et al. 2007). In order to substitute agar, 

researchers use different and low-cost solidifiers such as 

herbal flours, starches, guar gum, isabgol-husk, and sago 

powder at different concentrations (Daut et al. 2011; Gour and 

Kant 2011; Özkaynak et al. 2016). 

Digitalis purpurea L. (Scrophulariaceae) is a medicinal 

plant, and treatment with drugs based on Digitalis extracts is 

frequently used to strengthen cardiac diffusion and regulate 

heart rhythm. Digitoxin, digoxin, and lanatoside C are the 

cardiac glycosides extracted from the leaves of D. purpurea 

plants. The contents of these glycosides are affected when 

traditional agricultural methods obtain biomass production. 

Therefore, in vitro biomass production can be a better and 

more beneficial method to avoid the effects of climatic and 

soil conditions (Bourgaud et al. 2001; Roca-Perez et al. 2004). 

Lavandula officinalis L. (Lamiaceae) (lavender) is an 

aromatic and medicinal plant used for its therapeutic 

properties since ancient times. The main components of the 

aerial parts and flowers are linalool, linalyl acetate, 

https://orcid.org/0000-0003-2765-6133
https://orcid.org/0000-0002-3100-4157
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monoterpenes, sesquiterpenes, flavonoids, and terpenoids. 

The extracts obtained from the plant have a sedative effect on 

the central nervous system and trigger memory and learning. 

Essential oil of lavender is also used for its antimicrobial, 

antibacterial, antitumor, anti-inflammatory, antihistaminic, 

and antidiabetic effects (Alnamer et al. 2012; Rabiei et al. 

2014; Raisi et al. 2020). 

Because of their valuable pharmacological activities, these 

two plants are always of interest to medicinal plant producers. 

Therefore, micropropagation of these valuable medicinal 

plants offers a standard production method, independent of 

climatic and soil conditions, which are important for 

commercial production, especially for the pharmaceutical 

industry. In our study, a low-cost micropropagation method, 

depending on starches as medium solidifiers, was 

investigated; nodes obtained from in vitro-grown D. purpurea 

and L. officinalis plantlets were cultivated in WPM media 

containing agar (control – 6 g/L), wheat and corn starches (80 

and 100 g/L) to determine their physiologic effects on growth 

parameters and biomass production rates. 

2 Materials and Method 

2.1 Plant Material and Culture Conditions 

Sterile L. officinalis and D. purpurea shoots, 

micropropagated from nodal explants and grown in WPM 

medium, were transferred to media given in Table 1. Node 

cultures of each species were cultivated for four weeks at 16 

h photoperiod (4000 lux) and 24±1°C temperature to 

investigate the effects of wheat and corn starches on growth 

parameters and biomass production of L. officinalis and D. 

purpurea. 

Table 1. Media composition used for L. officinalis and D. 

purpurea micropropagation. 

Media 
Basal 

Medium 
Agar 

Wheat 

Starch 

Corn 

Starch 
Sucrose pH 

Control WPM 6 g/L - - 30 g/L 5.8 

B80 WPM - 80 g/L - 30 g/L 5.8 

B100 WPM - 
100 

g/L 
- 30 g/L 5.8 

M80 WPM - - 80 g/L 30 g/L 5.8 

M100 WPM - - 
100 

g/L 
30 g/L 5.8 

Woody plant medium (Lloyd and McCown 1980) (WPM) 

supplemented with 6 g/L agar and 30 g/L sucrose was used as 

basal medium. Other media were derived from WPM medium 

and contained different concentrations of wheat (80 and 100 

g/L) and corn (80 and 100 g/L) starches. The pH of the media 

was adjusted to 5.8. The media were autoclaved at 121°C and 

a pressure of 1.2 kg/cm2 for 15 mins before use. 

In the fourth week of cultivation, all cultures were terminated. 

After plantlets were removed from culture vessels, their 

bottom parts and roots were cleared from agar with the help 

of a napkin. In vitro-grown shoots and roots were 

distinguished from each other, and their fresh weights were 

recorded. These shoots and roots were dried for seven days at 

room temperature (24±1°C), and their dry weights were 

recorded.  

2.2 Growth Parameters 

Growth parameters were determined as shoot elongations 

(SE), node numbers (NN), root numbers (RN), shoot numbers 

(SN), multiple shoot numbers (MSN), and biomass 

accumulations were specified as shoot fresh weights (SFW), 

shoot dry weights (SDW), root fresh weights (RFW) and root 

dry weights (RDW).  

2.3 Statistical Analysis 

The study was implemented in a factorial randomized plot 

design, and each experiment was repeated thrice. Fifteen 

explants were used for each replicate. Data were analyzed 

with ANOVA, and the post hoc tests were performed using 

the Tukey test at p < 0.05. 

3 Results 

All the node explants used in this study turned into plantlets, 

and their roots started to grow in the second week of the 

culture period. In Table 2, the results were given by means of 

the growth parameters and biomass accumulation. 

SE was detected higher on L. officinalis (1.90 cm) than D. 

purpurea (1.17 cm). The highest SE was observed on L. 

officinalis at 3.21 cm in B100. The highest SE of D. purpurea 

was 1.87 in M100, which was 49.6% higher than the control. 

The interaction between plant and starch types was 

statistically significant (p=0.024), and the highest value was 

detected in L. officinalis*wheat starch interaction (2.26 cm). 

Even though there was no statistical significance, the mean 

results of SE showed that wheat starch was found more 

beneficial than corn starch (Table 2c), and the use of 100 g/L 

starch had the highest SE (Table 2d), which was 50.4% higher 

than the control.  

The highest NN was detected (9.62) on L. officinalis in the 

B100 medium, whereas the highest NN on D. purpurea was 

observed in the M80 medium (3.53) (Table 2a). The 

interaction between plant type and media was statistically 

significant (p=0.049), and the highest value was detected on 

L. officinalis*100g (8.76). The effect of starches on mean NN 

was nearly the same: 4.43 in wheat starch and 4.44 in corn 

starch (Table 2c). Similar to SE, 100 g/L starch had the 

highest value in NN (5.16), which was 52.7% higher than the 

control (3.38) (Table 2d).  
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Table 2. (a) Shoot elongation (SE), node (NN), root (RN), shoot (SN) and multiple shoot numbers (MSN) of L. officinalis 

and D. purpurea in media supplemented with wheat and corn starch at 80 g/L and 100 g/L concentrations (b) Mean values 

of plant type (c) Mean values of starch type (d) Mean values of media. 

Table 2a 

Plant  Media SE (cm) NN RN SN MSN 

Lavandula 

officinalis 

Control 1.23±0.22 5.64±1.54 1.05±0.41 1.73±0.22 16.30±3.92 

B80 2.36±0.34 6.71±0.94 1.16±0.10 2.07±0.33 48.89±14.59 

B100 3.21±0.43 9.62±0.43 1.67±0.17 2.82±0.21 26.67±1.29 

M80 1.99±0.55 6.93±1.36 2.24±0.33 2.38±0.55 21.48±7.53 

M100 1.38±0.73 7.89±0.79 3.13±0.44 1.87±0.61 17.04±4.13 

Digitalis 

purpurea 

Control 1.25±0.49 1.11±0.34 2.38±0.97 0.56±0.14 6.67±2.23 

B80 0.64±0.16 1.93±0.34 2.42±0.81 0.51±0.12 0.74±0.74 

B100 0.97±0.11 1.55±0.40 3.00±0.20 0.78±0.22 5.18±1.96 

M80 1.06±0.12 3.53±0.93 3.71±0.61 0.80±0.19 2.96±1.96 

M100 1.87±0.61 1.56±0.50 3.73±0.62 1.06±0.24 7.41±1.96 

Table 2b 

Plant Type SE (cm) NN RN SN MSN 

Lavandula officinalis 1.90 A 7.07 A 1.71 B 2.10 A 24.44 

Digitalis purpurea 1.17 B 1.80 B 2.94 B 0.71 B 4.94 

p 0.006 0.001 0.001 0.001 0.001 

Table 2c 

Starch Type SE (cm) NN RN SN MSN 

Wheat 1.60  4.43 1.94 B 1.41  17.41 

Corn 1.46 4.44  2.71 A 1.40 11.98 

p 0.553 0.976 0.031 0.950 0.090 

Table 2d 

Media SE (cm) NN RN SN MSN 

Control 1.23 3.38 B 1.71 B 1.15 11.48 

80g 1.51 4.77 AB 2.38 AB 1.44 18.52 

100g 1.85 5.16 A 2.88 A 1.63 14.07 

p 0.139 0.026 0.028 0.098 0.189 

Each value is the mean of 3 replications, each with 15 explant. Values within column followed by different letters are significantly 

different at the 0.05 level by the Tukey test. 

RN was affected significantly by plant type (p=0.001), 

starch type (p=0.031), and media (p=0.028). The highest 

RN was observed in M100 (3.73) on D. purpurea, 

whereas the highest RN on L. officinalis (3.13) was 

detected in the same medium as well (Table 2a). The mean 

RN (Table 2c) was higher for corn starch (2.71) than 

wheat starch (1.94). The results showed that corn starch 

had better effects on root growth than wheat starch. Once 

again, similar to SE and NN, 100 g/L starch concentration 

had the highest RN value (2.22), which was 30% higher 

than the control (1.71) (Table 2d).  

In SN, only plant type was statistically significant. The 

highest SN (2.82) was obtained in B100 on L. officinalis. 

The maximum SN on D. purpureawas 1.06 in M100 

(Table 2a). As such, in NN, the effects of starches on mean 

SN were nearly the same: 1.41 in wheat starch and 1.40 in 

corn starch (Table 2c). 100 mg/L starch concentration was 

the highest (1.63) and 42% higher than the control (1.15) 

(Table 2d).  

The interactions between plant type*media and plant 

type*starch type were found statistically significant for 

MSN (p=0.012 and p=0.034, respectively). The maximum 

values for MSNs were detected in L. officinalis*80g 

interaction (35.19) and L. officinalis*wheat starch 

interaction (30.62). However, in D. purpurea, corn starch 

was more beneficial than wheat starch (5.67 and 4.20, 

respectively). The mean values were higher in wheat than 

in corn starch (Table 2c). 80 g/L starch concentration 

(Table 2d) had the highest MSN and was 61.3% higher 

than the control. 
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Table 3: (a) Shoot fresh (SFW) and dry (SDW) weights, root fresh (RFW) and dry (RDW) weights of L. officinalis and D. 

purpurea in media supplemented with wheat and corn starch at 80 g/L and 100 g/L concentrations (b) Mean values of plant 

type (c) Mean values of starch type (d) Mean values of media. 

 

Table 3a 

Plant  Media SFW (g) SDW (g) RFW (g) RDW (g) 

Lavandula 

officinalis 

Control 1.14±0.30 0.18±0.04 0.52±0.21 0.03±0.01 

B80 0.76±0.04 0.16±0.02 0.17±0.06 0.03±0.01 

B100 0.71±0.02 0.13±0.01 0.31±0.15 0.04±0.01 

M80 0.83±0.19 0.16±0.04 0.58±0.09 0.09±0.01 

M100 0.80±0.08 0.14±0.01 0.61±0.05 0.11±0.01 

Digitalis purpurea 

Control 1.33±0.25 0.13±0.04 0.71±0.49 0.04±0.02 

B80 0.92±0.23 0.15±0.05 0.80±0.23 0.11±0.04 

B100 0.62±0.09 0.09±0.01 1.18±0.69 0.20±0.10 

M80 1.53±0.21 0.16±0.03 2.29±0.19 0.26±0.03 

M100 1.56±0.54 0.15±0.05 1.08±0.46 0.14±0.06 

Table 3b 

Plant Type SFW (g) SDW (g) RFW (g) RDW (g) 

Lavandula officinalis 0.90 B 0.16  0.44 B 0.05 B 

Digitalis purpurea 1.21 A 0.13 1.14 A 0.18 A 

p 0.037 0.237 0.001 0.005 

Table 3c 

Starch Type SFW (g) SDW (g) RFW (g) RDW (g) 

Wheat 0.91 0.14 0.61 0.08 

Corn 1.20  0.15 0.97 0.15 

p 0.059 0.473 0.078 0.075 

Table 3d 

Media SFW (g) SDW (g) RFW (g) RDW (g) 

Control 1.23 0.15 0.63 0.05 B 

80g 1.01 0.15 0.95 0.12 AB 

100g 0.92 0.13 0.79 0.18 A 

p 0.211 0.460 0.405 0.038 

Each value is the mean of 3 replications, each with 15 explant. Values within the column followed by different letters are 

significantly different at the 0.05 level by the Tukey test. 

 

In SFW, plant type was detected as statistically significant 

(p=0.037). The maximum SFW of L. officinalis was obtained 

in control (1.14 g), whereas 1.56 g of SFW was the maximum 

value for D. purpurea in M100 (Table 3a). In SDW, no 

statistical significance was detected amongst the parameters 

tested. The maximum SDWs for L. officinalis and D. 

purpurea were 0.18 g in control and 0.16 g in M80, 

respectively. Starch-type values were detected nearly the 

same (Table 3c). 

RFW values were only statistically significant for plant type 

(p=0.001) (Table 3b). The maximum RFWs for L. officinalis 

and D. purpurea were were 0.61 g in M100 and 2.29 g in 

M80, respectively (Table 3a). The mean RFW values were 

higher in corn starch (0.97 g) than in wheat starch (0.61 g) 

(Table 3c). The highest mean RFW (0.95 g) was detected in 

80g (Table 3d). RDW values were affected significantly by 

plant type (Table 3b) and media (p=0.005 and p=0.038, 

respectively). The maximum RDWs for L. officinalis and D. 

purpurea were 0.11 g in M100 and 0.26 g in M80, 

respectively. Corn starch had a higher biomass accumulation 

effect on mean RDW than wheat starch (0.15 g and 0.08 g, 

respectively) (Table 3b). The highest mean RDW was  

detected at 100g (0.18 g), which was 3.6 times higher than the 

control (0.05 g) (Table 3d). 

4 Discussion 

The first examinations of the starches' effects were done 

visually. Both corn and wheat starches at 80 and 100 g/L 

concentrations gave enough strength to the culture medium to 

place the node explants easily and support growth. Similarly, 

Ebile et al. (2022) reported no morphological or vitrification 

problems when banana shoots were cultivated in a medium 

supplemented with tapioca starch instead of agar. 
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SE values of L. officinalis were found to be higher in media 

supplemented with starches than in the control. In D. 

purpurea, only M100 values were higher than in the control. 

Wheat starch showed higher SEs on plantlets (Table 2c). The 

use of 100 g/L starch concentration had the highest SE. Corn 

and wheat starches have promoted elongations of shoots in 

both plant types in our study (Table 2d). Similarly, Özkaynak 

et al. (2016) reported the use of guar gum, a plant-based 

natural product, as a medium solidifier, and the results 

showed that plant height in in vitro cultures of Solanum 

tuberosum was enhanced from 5.9 cm to 7.76 cm when guar 

gum was added to MS medium at 12 g/L.  

NN values showed an accordance with SE values as expected. 

The type of starch did not affect the NN. However, 100 g/L 

concentration had the highest NN and was 52.6% higher than 

the control. The number of nodes per explant was also 

enhanced in S. tuberosum in vitro cultures when 15 g/L guar 

gum was added to the MS medium (Özkaynak et al. 2016).  

The number of roots in both plant types was higher than the 

control in starch-applied media. RNs of both plant types 

gradually increased as the starch concentration enhanced. 

RNs of corn starch-added media were higher than those of 

wheat starch-added media. This result showed that corn starch 

can be preferred in root culture studies, and 100 g/L 

concentration will benefit better root growth. 

In micropropagation studies, one of the most critical 

parameters is the multiple shoot formation rate. High numbers 

of multiple shoot formations facilitate micropropagation and 

accelerate biomass accumulations. Therefore, the component 

that triggers the multiple-shoot formation should be specified. 

In our study, MSN values were affected by plant type*media 

and plant type*starch interactions. Interestingly, L. officinalis 

was mainly affected by wheat starch, whereas corn starch was 

more effective on D. purpurea. Daud et al. (2011) reported 

that potato starch was used effectively at 40-100 g/L 

concentrations in Celosia sp. stem cultures as the jelling 

agent, and the number of shoot regenerations was detected 

between 18.90 and 26.50. In some micropropagation studies, 

starches and agar were used together in culture media. The 

results showed that using lower amounts of agar (1-2 g/L) 

when combined with starches, enhanced the number of shoot 

regenerations (Karim et al. 2003; Mohamed et al. 2009; Daud 

et al. 2011). This result may be the consequence of the 

structure of the starches; they are carbohydrates and may act 

as carbon sources in culture conditions for plant explants for 

their better growth. Hence, different starches can be used 

alone or with agar in culture media to promote the rate of 

micropropagation via enhanced multiple-shoot formations. 

Biomass accumulation is important for micropropagation 

studies, especially in producing valuable medicinal plants. 

Our study evaluated fresh and dry weights of shoots and roots. 

Although no statistical significance was detected in starch 

type and media experiments, corn starch had higher mean 

results among these four parameters. Hence, corn and wheat 

starches can be used instead of agar because of the lack of 

statistical significance between the parameters. However, 

different starches can be used to promote biomass 

accumulation. Özkaynak et al. (2016) reported that using 18 

and 20 g/L guar gum in MS medium enhanced fresh weights 

in S. tuberosum from 0.71 g to 1.68 g and 1.12 g, respectively.  

Different materials were used instead of agar for different 

plant and culture types. Jain and Babbar (2006) successfully 

used xanthan gum as a media solidifier in Calliandra tweedii 

in vitro cultures to obtain seed germination, caulogenesis and 

somatic embryogenesis. Interestingly, Deb and Pongener 

(2010) used polyurethane foam discs, chopped coconut and 

betel nut coirs and leaf litters instead of agar in order to obtain 

in vitro seed germination and plant regeneration of 

Cymbidium aloi and the best results were obtained from 

polyurethane foam. Moraes-Cerdeira et al (1995) reported 

that cotton fibers utilized for callus maintenance and shoot 

organogenesis of Agrostis and Taxus were found better than 

agar. 

5 Conclusion 

Using starches as media solidifiers is an essential low-cost 

option for micropropagation studies. The prizes of the 

starches are much lower than the agar prizes. Starches have 

been mainly used in nourishment. Therefore, they are easy to 

access. Moreover, their plant-based and non-toxic (edible) 

nature positively affects plant growth in in vitro conditions. 

They support plant explants in media as both media solidifiers 

and carbon sources. This study proved that corn and wheat 

starches did not show toxic or growth-inhibiting effects on L. 

officinalis and D. purpurea node cultures. Multiple shoot 

formations, which strongly affect the micropropagation rate, 

were promoted by 80 and 100 g starch additions. These results 

showed that more studies should be established about media 

solidifiers, which may be substituted for agar. 
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1 Introduction  

Genetic diseases in cattle can result in substantial economic 

losses. Early detection of genetic defects is crucial for 

eliminating carriers from the breeding program. Recent 

technological advancements have led to the discovery of new 

genetic diseases and their detection. The recessive and genetic 

diseases Brachyspina Syndrome (BS) and Cholesterol 

Deficiency (CD) were identified in 2006 (Agerholm vd. 

2006) and 2015 (Kipp vd. 2015) respectively. 

Autosomal recessive diseases occur when functional changes 

happen in both pairs of genes at the same location. This type 

of inherited disease does not occur in every generation. Many 

genetic diseases in cattle are the result of autosomal 

recessively inherited genes. Autosomal recessive alleles 

spread unnoticed as they cannot be identified by external 

appearance in heterozygous inheritance (Agerholm 2007). 

OMIA reports that there are 630 diseases in cattle, of which 

73 affect the Holstein breed (OMIA 2023). 

BS was documented for the first time in 2006 (Agerholm et 

al. 2006). To date, it has been found in the Netherlands 

(Agerholm and Peperkamp 2007), Italy (Testoni et al. 2008), 

Germany (Buck et al. 2010), and Canada (Agerholm et al. 

2010). BS is a rare inherited disease in Holstein cattle. The 

mutation that causes BS is located in the Fanconi anemia 

complementation group 1 (FANCI) gene (OMIA 2023). A 

deletion of 3329 bp in the FANCI on the 21st chromosome is 

the cause of the genetic disorder in cattle (Charlier et al. 

2012). Due to mutation, the FANCI gene contains a prematüre 

stop codon in exon 28, resulting from a frameshift deletion 

from exon 25 to 27 of the original 37 exons (Li et al. 2016). 

As in the first case, these two stillborn calves had long legs 

and short bodies. Various abnormalities were also observed 

in the autopsy findings examined radiographically (Testoni et 

al. 2008). Apart from these cases, dead Holstein calves with 

identical phenotype and morphological signs have been 

reported in the Netherlands (Agerholm and Peperkamp 2007), 

Germany (Buck et al. 2010), and Canada (Agerholm et al. 

2010). In Poland, in a study of 78 Holstein cattle by Ruść and 

Kamiński (2015), 8 out of 78 animals were carriers. In China, 

when 342 cattle born between 1996 and 2012 were screened 

by Li et al. (2016), 13 were found to be carriers. In 2021, a 

study was conducted on 250 Holstein cattle in Turkiye to test 
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for BS. One of the cattle was identified as a carrier (Bedir 

Dibıc, 2021).  

The genetic CD defect was first detected in a bull named 

Mauglin Storm, born in 1991 (Menzi et al. 2016). As bulls 

descended from Mauglin Storm are used in artificial 

insemination, the frequency of the mutant allele causing the 

hereditary defect of CD has increased in many countries. 

Calves with homozygous inheritance of the defect showed 

signs of hypolipidemia and hypocholesterolemia. The CD 

leads to early death due to a 1.3 kb insertion in the 5th exon 

of the apolipoprotein B (APOB) gene on the 11th 

chromosome of BTA (Bos taurus autosomal), which affects 

lipid metabolism (Schutz et al. 2016). APOB is the structural 

chylomicron protein of low (LDL) and very low (VLDL) 

density lipoproteins (Kane et al. 1980). The resulting 1.3 kb 

insertion creates a stop codon in the open reading frame 

(ORF) of APOB. As a result, the protein is much shorter than 

its 140 amino acid length. In heterozygous animals may not 

show any symptoms, but the genetic defect may become 

apparent as they age. It has been observed that animals with a 

homozygous genotype for CD cannot excrete chylomicrons 

in the intestine at an early age. This indicates a problem in the 

cholesterol absorption stream, as shown in the study by 

Schütz et al. in 2016. After checking the Mauglin Storm 

pedigree, 27 Holstein cattle were selected in Poland, of which 

9 were found to be carriers of the genetic disease CD. These 

results suggest that the mutation causing the genetic disease 

CD is also transmitted to Holstein cattle in Poland (Kamiński 

and Ruść 2016). A study was conducted in Switzerland with 

254 Holstein cattle to investigate the effect of the ABOP 

genotype on cholesterol metabolism. The study revealed that 

none of the 254 Holstein cattle had a homozygous affected 

genotype. Out of the total, 36 were found to be carriers, while 

218 had normal alleles. Of the 1,817 Russian cattle born in 

Russia between 2010 and 2017, a sample of 147 was 

randomly selected and found to carry the defect. A study was 

conducted in Turkiye in 2021 to test 250 Holstein cattle for 

carriers. Out of the 250 cattle tested, four were found to be 

carriers. The study found a low frequency of the genetic 

disease in Holstein cattle bred in Turkiye (Bedir Dibıc 2021). 

The genetic defects of BS and CD, identified in cattle 

populations in different countries, were investigated in the 

Holstein cattle population reared in Eskişehir. PCR was 

employed to investigate two genetic defects in the Holstein 

breed to ensure healthier herds in Eskişehir. 

2. Materials and Method  

The study was conducted at the Molecular Genetics 

Laboratory, which is part of the Department of Agricultural 

Biotechnology, Faculty of Agriculture, Eskişehir Osmangazi 

University. The research involved the isolation of genomic 

DNA molecules from blood samples, PCR amplification of 

regions related to inherited defects, and interpretation of 

electrophoresis band patterns generated by PCR products in 

terms of genetic defects.  

2.1 Material  

Blood samples were collected from 112 cows from 4 different 

Holstein farms in Eskişehir. The study material consisted of 

25 animals from each of the three farms, and 37 animals from 

the fourth farm. The age of the cows in the study was 

changing from 3 to 5 years old. 

Genomic DNA was isolated from the blood samples using the 

commercial kit and stored at 4°C. 

2.2 Methods 

In the study, 112 blood samples were collected from animals 

and stored in 5 mL EDTA tubes at -20°C until DNA isolation.  

DNA was isolated from the blood using commercial kits 

(PureLink DNA Isolation Kit for Genomic DNA). After 

isolating the DNA, we checked the samples using agarose gel 

electrophoresis. The genotypes for BS and CD were 

determined using PCR.  

The PCR reaction mixture (20 μl) contained 50–100 ng DNA 

template, 10X Taq polymerase buffer, 1.5 mM MgCl2, 2.5 

mM dNTPs, 0.5 U Taq DNA polymerase and 5 pmoles of 

each primer (Table) per reaction. The PCR cycle profile was 

94°C for 3 min; then 35 cycles of 94°C for 15 sec., 58°C (BS) 

and 65C (CD) for 20 sec., and 72°C for 30 sec; followed with 

10 min at 72°C. PCR products were seperated by 

electrophoresis on 2% agarose gels. Primers and PCR product 

fragments for BS, ATP8 and CD are listed in table. 

Table Primer sequences and PCR products of the BS, ATP8 and CD  

3 Results  

In the study, a PCR technique was used to determine BS and 

CD carrier animals in Eskişehir population. PCR products 

were loaded onto a 2% agarose gel to detect BS in cattle. Li 

et al. (2016) proposed the use of the ATP8 gene as a positive 

control for PCR accuracy. The PCR results indicated the 

presence of 269 bp in all healthy and affected cattle with the 

BS genetic defect. Normal animals produced a single 269 bp 

fragment, while BS carriers produced 2 fragments of 269 and 

409 bp (Fig 1). The electrophoresis band pattern revealed the 

presence of 2 heterozygous individuals for the BS among the 

studied cattle.   
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Fig 1. Electrophoretic band pattern 

for BS (M: 100 bp ladder; 

Fermentas® GeneRuler SMO241)   

 

 

 

 

 

 

Fig 2. Electrophoretic band pattern 

for CD (L: 100 bp ladder; 

Fermentas® GeneRuler SMO241) 

 

 

 

 

 

 

Menzi et al. (2016) developed and validated a PCR test using 

three primers to amplify 249 bp in healthy cattle, while 409 

bp in CD-affected animals. CD carriers produced 2 fragments 

of 249 and 436 bp (Fig 2). During the visualization process, 

we identified 11 heterozygous individuals with CD among the 

studied cattle. 

According to PCR studies carried out in Eskişehir, it was 

found that two out of the 112 Holstein cattle were affected by 

BS. Additionally, the deficiency allele for CD was present in 

eleven of them. The estimated frequency of the mutant and 

normal allele in CD and BS was 0.0491 and 0.0089, 0.9509 

and 0.9911, respectively. 

4 Conclusion  

Predicting genetic disorders in animal husbandry and 

ensuring population health through controlled breeding are 

vital concerns. Identifying heterozygous animals is crucial for 

managing genetic diseases. Pre-breeding examination is 

necessary for cattle breeding to minimize risks. Molecular 

methods can be used to detect genetic diseases in animal 

populations.  This approach will preserve the health of the 

future population and prevent any adverse impact on yield. 

After the confirmed cases in Turkiye (Meydan et al., 2023), 

the cattle population in Eskişehir underwent a special 

examination for BS and CD genetic diseases, which resulted 

in the identification of the diseases.  

The result of the study was determined that 2 and 11 Holstein 

cattle had the BS and CD mutant alleles, respectively, in the 

Eskişehir cattle population. Breeding selection should focus 

on reducing the frequency of genetic diseases in future 

populations through careful data analysis 

Knowing the frequencies of these two genetic diseases that 

directly affect the yield in the population can identify the sires 

in the future population. This will prevent a direct decrease in 

yield by providing genetic disease control. 
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Abstract: Due to increases in the soil pollution related to agricultural areas, the interests on the wild edible greens have been increasing 

nowadays. Scolymus hispanicus (=Golden thistle) is a wild edible plant which is widely and naturally spread in Türkiye. An in silico-based 

bioinformatics approach has been proposed for the evaluation of bioactive peptides from this species. In silico digestion and also bioactive 

peptides of RubisCO from S.hispanicus were studied by using BIOPEP-UWM. Protparam and Clustal Omega were also used to determine 

physicochemical parameters and sequence similarity, respectively. The AE values related to angiotensin converting enzyme and dipeptidyl 

peptidase-IV were 0.0847 and 0.1059 after in silico pepsin digestion (pH>2), respectively. While the antioxidant property obtained after 

pepsin (pH>2) digestion was found to be 0.0127, the value of 0.042 was obtained for ficin on this parameter. BIOPEP-UWM also exhibit 

important properties related to the bioactivities of the peptides such as antioxidant, dipeptidyl peptidase-IV and angiotensin converting 

enzyme inhibitions. From the results, it could be said that S. hispanicus has very important bioactive peptides which could be evaluated in 

the production of functional foods. Moreover, isolated bioactive peptides and also secondary metabolites can also be utilized in 

pharmaceutical industry. Further in vitro and in vivo studies are strongly recommended on S. hispanicus. 
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1 Introduction  

Bioinformatics tools provide important contributions to 

understanding of biological functions in living organisms in 

various levels. Due to the big data related to protein and DNA 

sequences in various database, fast, robust and unbiased 

computational tools are necessary to explain structures in life 

sciences (Baxevanis et al. 2020). It is frequently observed in 

the literature that protein and DNA sequences evaluated in 

terms of bioinformatics are converted into numerical values 

and evaluated through computer-based algorithms 

(Kandemir-Cavas, 2023; Negi et al. 2023; Iqbal and Kumar, 

2023).  

Biopeptides can be determined as short chains of amino acids 

with diverse biological functions, including roles as signaling 

molecules, hormones, and antimicrobial agents. 

Bioinformatics also plays a crucial role in the analysis of 

biopeptides, providing valuable tools and methods to find out 

the complex information embedded in peptide sequences. It 

is of great importance to obtain biopeptides in their structures 

in order to evaluate agricultural products (Du et al. 2023). 

There are bioinformatics tools used to identify, characterize, 

detail and produce the bioactive mechanisms of bioactive 

peptides belonging to proteins that are very popular in the 

food and cosmetic industries today (Nuñez et al. 2020).  

Wild food plants form an important part of many people's 

diets in a variety of local dishes (Guarrera and Savo, 2016). 

Golden thistle (Scolymus hispanicus L.), belongs to the 

Asteraceae family (Sergio, 2023). S. hispanicus is a thorny 

perennial herbaceous plant. This wild plant can be existed in 

wasteland, along the road, weedy areas and roadside ditches 

(Sergio, 2023, Polo et al. 2009). It is used as food in the 

Mediterranean countries such as Turkey, Spain, Portugal, 

https://orcid.org/0000-0003-2136-6928
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Morocco and Greece (Polo et al. 2009). Southern European 

nations are particularly interested in it due to its nutritional 

value and  health benefits (Paschoalinotto, 2023). Young 

leaves, midribs, and root bark are all regarded as vegetables. 

Golden thistle is consumed with olive oil and meat, as well as 

in the form of tea (Figure 1). 

 
Fig. 1 Scolymus hispanicus in Dokuz Eylül University Tınaztepe 

Campus, İzmir, Türkiye. 

The essential oil of S. hispanicus included 15 constituents. 

Heneicosan (19.4%), acetone with hexahydrofarnel (17.0%), 

and phytol (17.0%) are the major chemicals. The most 

common were saturated n-alkane differentiation (35.2%), 

oxygenated sesquiterpenes (25.6%), and diterpenes (17%) 

(Servi, 2019). In its chemical analysis, high α-tocopherol 

content (2.79 ± 0.07 mg/100 g) in flowers, high gallic acid 

content (187.01 ± 10.19 mg/kg) in leaves and 3 flavonoids 

and 13 phenolic acids were identified (Marmouzi et al. 2017). 

This wild herb has hypoglycemic, antioxidant and anti-

inflammatory properties (Berdja et al. 2021). Wild plants 

have been used for medical purposes since ancient times. 

Today, usage of wild edible plants has been gaining 

popularity as a healthful resource (Altiner and Sahan, 2016). 

In addition to its food properties, golden thistle also shows 

medicinal properties. The effect of the medicine called 

"Lityazol Cemil" on the kidney and bladder has been proven 

in clinical studies (Karik, 2019). Coşkun et al. (2021) 

investigated the effect of the extract obtained from the root of 

this plant in healing kidney stones, also known as calcium 

oxalate nephrolithiasis. Experimental results revealed the 

healing effect of the extract. Berdja et al. (2021) showed that 

studies showed that inclusion of S. hispanicus in a diet 

program or use as a nutritional supplement prevents metabolic 

damage by creating a hypoglycemic and hypolipidemic 

impact. It decreases oxidative stress, inflammation, and lipid 

buildup to improve glucose tolerance, hyperlipidemia, and 

hepatic steatosis (Berdja et al. 2021). Marmouzi et al. 2017 

showed that the antioxidant and antidiabetic activities of the 

plant are through the inhibition of α-glucosidase and α-

amylase. Components isolated from S. hispanicus inhibited 

NF-κB p65 expression in PHA-stimulated human PBMCs 

and subsequently showed anti-inflammatory properties in 

vitro as a result of reducing inflammatory cytokines (Kandil 

et al. 2020). S. hispanicus extract has a cytotoxic effect on 

Caco-2 cell growth, suggesting that it may have protective 

effects against colon cancer (Ahmad, 2017). Proteins in foods 

support health with their physiochemical roles as well as 

serving as nutrients (Daliri et al. 2017). Bioactive peptides are 

obtained from animal or plant-based sources (Cavas and 

Bilgin, 2021). Food-derived peptides display a number of 

biological functions in addition to their nutritional benefits, 

with effects such as antioxidative, hypoglycemic, 

hypocholesterolemic and antimicrobial (Nasri, 2017). 

Typically, bioactive peptides have 2 - 20 amino acid residues 

(Fan et al. 2014). Inhibition of the enzymes such as 

angiotensin converting enzyme (ACE) (EC 3.4.15.1) and 

dipeptidyl peptidase IV (DPP-IV) (EC 3.4.14.5) via bioactive 

peptides provides information about the function of 

biopeptides (Iwaniak et al. 2020). Bioactive peptides from 

foods are safe, effective, cost-effective, and bioavailable, 

leading to their investigation (Duffuler et al. 2022).  This 

study reports, for the first time, the results from in silico tools 

related to the ribulose-1,5-bisphosphate 

carboxylase/oxygenase (RubisCO) bioactive peptides of the 

golden thistle plant. Additionally, the aim of the study was to 

estimate the functional food potential of the bioactive 

peptides from S.hispanicus. 

2 Materials and Method  

The proteins were searched on Uniprot.org using the term 

"Scolymus hispanicus" (The UniProt Consortium, 2019) and 

then the sequence of RubisCO from S.hispanicus was 

retrieved. The uniprot ID of RubisCO from S.hispanicus is 

G0WZG7. The amino acid sequence of S. hispanicus protein 

was retrieved from Uniprot.org in FASTA format (Morgat et 

al. 2019).  

The physical and chemical characteristics of the protein from 

S. hispanicus were identified using the ProtParam tool 

(Gasteiger et al. 2005). This tool was used to calculate 

molecular weight, number, net charge, amino acid percentage 

and theoretical pI value and instability index. 

Amino acid or nucleotide sequence multiple sequence 

alignments are quickly and accurately provided using Clustal 

Omega tool (Sievers and Higgins, 2014). The sequences of 

RubisCO proteins of the plants were compared using the 

Clustal Omega tool.  

Bioactive peptides reported in S. hispanicus were searched 

using the BIOPEP-UWM tool (Minkiewicz et al. 2019). To 

analyze the values of the quantitative parameters of BIOPEP-

UWM for bioactive peptides, the following procedures were 

performed. The enzymes used in the research as follow: 

chymotrypsine (EC3.4.21.1), trypsin (EC3.4.21.4), pepsin 

(pH 1.3) (EC3.4.23.1), proteinase K (EC3.4.21.64), 

pancreatic elastase (EC3.4.21.36), prolyl oligopeptidase 

(EC3.4.21.26), V-8 protease (Glutamyl endopeptidase; pH=4 

(EC3.4.21.19), thermolysin (EC3.4.24.27), chymotrypsin C 
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(EC3.4.21.2), plasmin (EC3.4.21.7), cathepsin 

(EC3.4.21.20), clostripain (EC3.4.22.8), chymase 

(EC3.4.21.39), papain (EC3.4.22.2), ficin (EC3.4.22.3), 

leukocyte elastase (EC3.4.21.37), metridin (EC3.4.21.3), 

pancreatic elastase II (EC3.4.21.71), stem bromelain 

(EC3.4.22.32), glutamyl endopeptidase II (EC3.4.21.82), 

oligopeptidase B (EC3.4.21.83), calpain 2 (EC3.4.22.53), 

glycyl endopeptidase (EC3.4.22.25), oligopeptidase F, 

proteinase P1 (lactocepin) (EC3.4.21.96), Xaa-Pro 

dipeptidase (EC3.4.13.9), pepsin (pH>2) (EC3.4.23.1), 

coccolysin (EC3.4.24.30), subtilisin (EC3.4.21.62), 

chymosin (EC3.4.23.4), ginger protease (zingipain) 

(EC3.4.22.67) and V-8 protease (glutamyl endopeptidase); 

pH=7.8 (EC3.4.21.19). 

3 Results and Discussion 

RubisCO of S.hispanicus peptides was obtained by in silico 

proteolytic digestion with BIOPEP tools. The results were 

also compared with the common plants such as Anethum 

graveolens and Eruca sativa. The results from BIOPEP 

parameters (BE, AE, W, DHt and V) were shown in Tables 1-

5. 

The theoretical degree of hydrolysis (DHt), indicates the 

enzyme's efficiency in producing peptides from S. hispanicus. 

The highest DHt values were obtained to be 71.9149, 52.3404 

and 42.9787 by using pepsin (pH>2), pancreatic elastase and 

ficin enzymes, respectively. Although the highest values were 

observed in pepsin, pancreatic elastase and ficin, the 

minimum values were found when chymosin, ginger protease 

(zingipain) and thrombin were used. W is a measure of how 

frequently an enzyme releases fragments with a specific level 

of activity. BE refers to the activity of potentially released 

fragments by the proteolytic enzymes. According to Gasteiger 

et al. (2005), V denotes the relative activity of fragments with 

particular activity produced by the selected enzymes. The 

frequency with which the chosen enzyme releases fragments 

with a particular activity is known as the parameter AE 

(Minkiewicz et al. 2019). Using the BIOPEP-UWM tool, the 

functions of biologically active peptides such as antioxidant 

peptides, ACE inhibitor, dipeptidyl peptidase III, DPP-IV 

inhibitor can be determined in silico tools (Iwaniak et al. 

2015).  

Biological activities of S. hispanicus, E. sativa and A. 

graveolens biopeptides are shown in Tables 1-5. As a result 

of in silico analysis, regulating, activating ubiquitin-mediated 

proteolysis and stimulating activity were observed in 

biopeptides obtained from these foods. Anticoagulant 

peptides have different efficacy in preventing thrombosis. 

The incidence of cardiovascular disease can be prevented and 

decreased with the help of antithrombotic-rich diets (Cheng  

et al. 2019). The antiamnestic effect of some bioactive 

peptides may play an important role in the treatment and 

prevention of mental disorders (Garmidolova et al. 2022). 

DPP-III is involved in a number of physiological and 

pathological processes, including defense from oxidative 

stress, apoptosis, as inflammation, besides to its role in the 

protein cycle's final stages (Tomi et al. 2023). Alpha 

glucosidase inhibitors delay the absorption of glucose by 

reducing the digestion of carbohydrates and lower blood 

glucose levels without insulin being secreted (Abbasi et al. 

2022).  

Table 1 BIOPEP Bioactivity parameters related to enzymatic 

digestion (ficin (EC 3.4.22.3)) of Scolymus hispanicus. (NAN: not a 

number) 

DHt [% 42.9787] 

No Activity  AE W BE V 

1  regulating  0.0042 0.1654 0 NAN 

2  ACE 

inhibitor  

0.0678 0.1111 0.0018 0.0511 

3  antioxidative  0.0042 0.0367 0 0 

4  dipeptidyl 

peptidase IV 

inhibitor  

0.0763 0.1233 0.0001 0.4036 

5  HMG-CoA 

reductase 

inhibitor  

0.0042 1.0000 0 NAN 

6  renin 

inhibitor  

0.0042 0.1239 1.37E-

6 

1 

7  dipeptidyl 

peptidase III 

inhibitor   

0.0085 0.0669 0 NAN 

 

Table 2 BIOPEP Bioactivity parameters related to enzymatic 

digestion (pancreatic elastase (EC 3.4.21.36)) of Scolymus 

hispanicus. (NAN: not a number) 

DHt [%52.3404] 

No Activity AE W BE V 

1  Regulating 0.0042 0.1654 0 NAN 

2  dipeptidyl 

peptidase IV 

inhibitor 

0.0975 0.1576 1.83E-

5 

0.0605 

3  ACE inhibitor 0.0678 0.1127 0.0008 0.022 

4  Antithrombotic 0.0042 0.3307 0 NAN 

5  Antiamnestic 0.0042 0.3307 0 NAN 

6  activating 

ubiquitin-

mediated 

proteolysis 

0.0085 0.6693 0 NAN 

7  dipeptidyl 

peptidase III 

inhibitor 

0.0042 0.0330 0 NAN 

8  alpha-

glucosidase 

inhibitor 

0.0042 0.0708 2.49E-

7 

0.0013 

9  anti 

inflammatory 

0.0042 0.4941 0 NAN 
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The peptides that inhibit DPP-IV are therapeutic for diabetes 

type 2. Anti-diabetic peptide controls the levels of glucose in 

the blood and stops incretins from degrading by inhibiting 

DPP-IV (Lu et al. 2022). DPP-IV inhibition related bioactive 

peptides obtained from S.hispanicus RubisCO by cleavage 

with pancreatic elastase is 0.0975 (Table 1), after digestion 

with ficin it was found as 0.0763 (Table 2). As a result of in 

silico digestion by pepsin, DPP-IV value was found to be 

0.1059 (Table 3). When Pepsin (pH>2) (EC3.4.23.1) was 

used, the DPP-IV based AE values of the biopeptides obtained 

from E. sativa and A. graveolens RubisCOs were found to be 

0.0593 and 0.0750, respectively. 

Table 3 BIOPEP Bioactivity parameters related to enzymatic 

digestion (pepsin (pH>2) (EC3.4.23.1)) of Scolymus hispanicus. 

(NAN: not a number) 

DHt [% 71.9149] 

No Activity  AE W BE V 

1  regulating  0.0042 0.1654 0 NAN 

2  dipeptidyl 

peptidase IV 

inhibitor  

0.1059 0.1712 5.92E-

5 

0.1962 

3  ACE inhibitor  0.0847 0.1388 0.0045 0.1286 

4  antithrombotic  0.0042 0.3307 0 NAN 

5  antiamnestic  0.0042 0.3307 0 NAN 

6  activating 

ubiquitin-

mediated 

proteolysis  

0.0085 0.6693 0 NAN 

7  antioxidative  0.0127 0.1110 0 0 

8  stimulating  0.0042 0.1654 0 NAN 

9  dipeptidyl 

peptidase III 

inhibitor   

0.0169 0.1330 0 NAN 

10  alpha-

glucosidase 

inhibitor  

0.0085 0.1433 3.60E-

7 

0.0019 

11  anti 

inflammatory  

0.0042 0.4941 0 NAN 

Iram et al. 2022 used an in silico method to analyze bioactive 

peptides for the breakdown of sheep protein from milk via 

digestive enzymes. DPP-IV inhibitory peptides observed in 

BIOPEP-UWM, including casein, s1 casein, s2 casein, 

lactalbumin and lactoglobulin had AE values of 0.4504, 

0.4158, 0.4304, 0.4929, and 0.4611, respectively. The 

bioactive peptide capacity of tomato grain, an advantageous 

industrial waste, was researched by Kartal et al. in 2020. The 

greatest A values for possible DPP-IV inhibitory effects came 

from 11S globulin, profilin, and SNF4 and were 0.6819, 

0.6794, and 0.6676, respectively. Portuguese oyster 

(Crassostrea angulata) peptides were studied by Gomez et al. 

2019, to examine their potential bioactivities in vitro as well 

as in silico. Among the 9 enzymes used, theoretical DPP-IV 

activity was found to be high in pepsin (pH > 2), papain and 

root bromelain. The bioactive peptide numbers of these three 

enzymes were found to be 333, 290 and 280, respectively.  

Table 4 BIOPEP Bioactivity parameters related to enzymatic 

digestion (pepsin (pH>2) (EC3.4.23.1)) of Eruca sativa. (NAN: not 

a number) 

DHt [%47.0270] 

No Activity  AE  W  BE  V  

1  regulating  0.0054  0.4000  0  NAN  

2  dipeptidyl 

peptidase IV 

inhibitor  

0.0593  0.1583  3.87E-

5  

0.2014 

3  ACE 

inhibitor  

0.0404  0.1135  0.0021 0.0872 

4  antithromboti

c  

0.0027  0.3333  0  NAN  

5  antiamnestic  0.0027  0.3333  0  NAN  

6  activating 

ubiquitin-

mediated 

proteolysis  

0.0027  0.3333  0  NAN  

7  antioxidative  0.0054  0.0801  0  0  

8  stimulating  0.0027  0.1667  0  NAN  

9  dipeptidyl 

peptidase III 

inhibitor   

0.0108  0.1484  0  NAN  

10  alpha-

glucosidase 

inhibitor  

0.0054  0.1337  2.29E-

7  

0.0018 

The AE value of the ACE inhibitor of bioactive peptides 

obtained from RubisCO of S. hispanicus was 0.0678 when 

pancreatic elastase and ficin were used, while it was found as 

0.0847 when pepsin was used.  The AE value of the ACE 

inhibitor of bioactive peptides obtained from RubisCO of E. 

sativa shown in Table 4 was 0.0404 for pepsin (pH>2) 

(EC3.4.23.1), while it was 0.0500 for A. graveolens in Table 

5.  It is used to reduce blood pressure in people with 

hypertension because it eliminates the vasodilator bradykinin 

and catalyzes the transformation of the angiotensin I-

converting enzyme (ACE) into the strong vasoconstrictor 

angiotensin II (Iwaniak et al. 2015; Karami et al. 2019). 

Panjaitan et al. (2018) demonstrated that protein bioactivities 

from giant grouper eggs using the BIOPEP-UWM database. 

The values obtained using BIOPEP-UWM for amino acid 

sequence, vitellogenin ACE inhibitor, apolipoprotein A-1 

precursor, and Epinephelus coioides activity were 0.408, 

0.388, and 0.334, respectively.. Utilizing the BIOPEP-UWM 

database, Arámburo-Gálvez et al. (2022) assessed legume and 

provicillin protein sequences for forecasting of ACE-I 

inhibitory peptides. ACE-I inhibitory peptides of legume, 

provicilin and papain have been identified to have AE values 

of 0.0605-0.0442 and 0.0323-0.0287, respectively. Buffalo 

milk proteins' ability to release both familiar and new 

bioactive peptides was studied by Gu et al. in 2023. The ACE 

inhibitory values of α lactalbumin, β lactoglobulin, α s1 

casein, α s2 casein, β casein and K casein were 0.394, 0.528, 

0.556, 0.405, 0.679 and 0.447, respectively. 
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Table 5 BIOPEP Bioactivity parameters related to enzymatic 

digestion (pepsin (pH>2) (EC3.4.23.1)) of Anethum graveolens. 

(NAN: not a number) 

DHt [%48.7465] 

No Activity  AE  W  BE  V  

1  regulating  0.0056  0.4029  0  NAN  

2  dipeptidyl 

peptidase IV 

inhibitor  

0.0750  0.1929  7.96E-

5  

0.3502 

3  ACE 

inhibitor  

0.0500  0.1333  0.0024 0.1026 

4  antithromboti

c  

0.0028  0.5000  0  NAN  

5  antiamnestic  0.0028  0.5000  0  NAN  

6  activating 

ubiquitin-

mediated 

proteolysis  

0.0056  0.6747  0  NAN  

7  antioxidative  0.0056  0.0776  0  0  

8  stimulating  0.0028  0.1677  0  NAN  

9  dipeptidyl 

peptidase III 

inhibitor   

0.0111  0.1377  0  NAN  

10  alpha-

glucosidase 

inhibitor  

0.0056  0.1440  2.36E-

7  

0.0019 

Antioxidant-active peptidesregulate oxidative processes 

within the body of humans. Numerous degenerative diseases 

can start or advance because of free radicals. Illnesses and 

oxidative stress are closely related. To lessen oxidative stress, 

many antioxidants have been obtained and produced from 

natural sources (Sarmadi and Ismail, 2010). Antioxidative 

properties of biopeptides from RubisCO of S. hispanicus 

when pepsin and ficin used were also studied in the present 

study. The AE values were 0.0127 and 0.0042, respectively. 

As opposed to that, no antioxidative property was observed 

when pancreatic elastase was used. When the antioxidative 

properties of bioactive peptides obtained from RubisCO of E. 

sativa showed in Table 4 were examined, the AE value was 

0.0054 for pepsin (pH>2) (EC3.4.23.1), while it was 0.0056 

for A. graveolens (Table 5). Antioxidant peptides are also of 

great importance in foods, as they can limit oxidative damage 

and affect nutritive and beneficial. This may lessen food 

oxidative deterioration. Biopeptides, when taken in the diet as 

antioxidants, protect body cells from oxidation (Leo et al. 

2016). Panjaitan et al. 2022 investigated the antioxidant and 

Angiotensin-I converting enzyme (ACE-I) inhibitory effect 

of steam-cooked mackerel (Scomber australasicus) juice 

utilizing both in silico and in vitro analysis methods. The 

antioxidant activity was hydrolyzed utilizing proteases 

papain, pepsin, proteinase k, alkalase, bromelain and 

thermolysin 36, 23, 29, 20, 27, 41, 25, 16 and 22, respectively. 

Millan et al. 2022 studied antioxidant and antihypertensive 

activities as a result of hydrolysis with protease were 

investigated in cold Lysobacter sp. The AE values were found 

to be 0.0169, 0.0103 and 0.0033, respectively, when β-

lactoglobulin, lactoferrin, and serum albumin were studied. 

Cavas et al. 2020 studied the bioactive content of 

Lagocephalus sceleratus, known as a poisonous fish due to 

its toxins, were evaluated using an in silico-based 

biotechnological approach. The AE value of the antioxidant 

activity of L. sceleratus protein cytochrome c oxidase subunit 

1 was found to be 0.0108 using pepsin (pH = 1.3) enzymes. 

The functions of the peptides depend on their specific amino 

acid composition and sequence, as well as some hydrophobic 

amino acids that bring about the antioxidant function of the 

biopeptides (Wen et al. 2020). The percentage of the essential 

amino acids was determined to be 40.6% in the S. hispanicus 

RuBisCO (Table 6). It was found that glycine (9.6%), alanine 

(8.7%), tyrosine (8.3%), and leucine (8.3%) made up the 

majority of RuBisCO. The content of proline amino acid was 

determined to be 6.1%. Table 7 lists the net charges of the 

proteins from S. hispanicus, E. sativa, and A. graveolens 

RubisCOs were found with the values of -2, -4, and -3, 

respectively. The stability index for the proteins, which were 

found to be 28.76, 33.34, and 28.41, respectively, indicated 

that the proteins were stable. 

Using in vitro and in silico techniques, the ability of Gouda 

cheese with a modified casein content to inhibit ACE- and 

DPP-IV was investigated by Iwaniak et al (2021). The 

commonest amino acids found encompass all genetic variants 

of S1 according to the ProtParam study were 0.6-12.1% 

Glutamic acid, 7.5-10.3% Leucine, 7.9-9.1% Proline, 7.5-

8.6% Serine, and 7.0-7.5% Lysine. Ağırbaşlı and Cavas 

(2017) studied bioactive peptides of 28 Caulerpa spp. using 

in silico methods. It was discovered that the range of total 

essential amino acids in Caulerpa spp's RuBisCO findings 

was between 45 and 47%. It was found that 10.2-11.5% 

glycine, 8.6-10.9% alanine and 8.9-9.8% leucine made up the 

majority of RuBisCO. Cavas and Abeska 2020 examined the 

allergenicity of the endochitinase class 1 (Pers a 1) protein 

found in avocados using bioinformatics techniques in their 

study. According to Prot param results, the most numerous 

amino acids included in endochitinase of the allergen protein 

Persea americana plant are glycine (4.3%), alanine (11%) 

and serine (7.1%). 

Figure 2 displays the level of similarity between S. 

hispanicus, E. sativa, and A. graveolens identified through the 

Clustal Omega database. An asterisk (*), a colon (:), and a 

period (.) are used in the cluster omega results to denote 

conserved residues, comparable characteristics, and barely 

similar traits, respectively. The study contrasts the RubisCo 

bioactive peptide contents of S. hispanicus with those of A. 

graveolens, and E. sativa. One may say that RubisCO of these 

species are remarkably similar to one another. As a result of 

different enzymatic hydrolysis, the highest DHt value was 

found in S. hispanicus. DHt (%) values obtained as a result of 

hydrolysis of E. sativa and A. graveolens with pepsin were 

found to be 47.0270 and 48.7465, respectively. The AE value 

of S. hispanicus due to ACE inhibition is significantly higher 

than the other plants examined. Since ACE, antioxidant and 

DDT-IV values of E. sativa, and A. graveolens are very close 

to each other, S. hispanicus can be used as an alternative 

source. 
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Table 6 Number and percentage of amino acids found in 

Scolymus hispanicus. 

Amino acid 

composition:  

# % 

Ala (A)   20 8.70% 

Arg (R)  13 5.70% 

Asn (N)   8 3.50% 

Asp (D)   12 5.20% 

Cys (C)   4 1.70% 

Gln (Q)   6 2.60% 

Glu (E)   17 7.40% 

Gly (G)   22 9.60% 

His (H)    2 0.90% 

Ile (I)    9 3.90% 

Leu (L)   19 8.30% 

Lys (K)   14 6.10% 

Met (M)    2 0.90% 

Phe (F)   11 4.80% 

Pro (P)   14 6.10% 

Ser (S)    7 3.00% 

Thr (T)   19 8.30% 

Trp (W)    3 1.30% 

Tyr (Y)   14 6.10% 

Val (V)   14 6.10% 

Pyl (O)    0 0.00% 

Sec (U)    0 0.00% 

 (B)    0 0.00% 

 (Z)    0 0.00% 

 (X)    0 0.00% 

 

Table 7 Protein parameters of Scolymus hispanicus, Eruca 

sativa, Anethum graveolens found in RubisCO. 
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Fig. 2 Multiple sequence analysis of RubisCOs from Scolymus hispanicus, Eruca sativa and Anethum graveolens. 
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5 Conclusion  

Functional nutrition is of great importance in preventing and 

controlling autoimmune diseases that develop due to 

nutrition. From this point, it could be said that bioactive 

peptides from various plant sources are of great importance 

for development of functional foods (Tu el al. 2018; Peredo-

Lovillo et al. 2022).  

Determining the biopeptides in the structure of proteins in 

experimental environments is both time consuming and 

costly. Nowadays, accurate, precise results can be obtained in 

a short time by using bioinformatics tools for biopeptide 

analysis (Dang et al. 2022; Agyei et al. 2019). 

Due to soil contamination and also interest on wild edible 

plants, importance of S. hispanicus is being increased in 

Türkiye. The price of S.hispanicus is about 5 Euro/kg in local 

bazaars. In order to assess the bioactive peptides of the wild 

S. hispanicus plant, which grows in wastelands, and untamed 

areas, an in silico-based biotechnological technique has been 

suggested in this study. The present article reveals that S. 

hispanicus contains important bioactive peptides. In the 

nations where the plant is produced, these peptides should be 

isolated and utilized. In the pharmaceutical industry, isolated 

bioactive peptides and secondary metabolites can also be 

employed. The results revealed from the study clearly show 

that the bioactive potential of S. hispanicus peptides should 

be effectively utilised. The results of this study also support 

the plant's suitability as a functional food. Golden thistle 

bioactive peptides thus offer promise for the development of 

nutraceutical products. However, to see the full potential of 

the plant, further in vitro and in vivo experiments are 

recommended to validate in silico results. 
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Abstract: This study was conducted to create three-dimensional (3D) models of the lower jaw using computed tomography (CT) images 

of New Zealand rabbits and to reveal whether there are differences between genders. 12 New Zealand rabbits (6 female, 6 male) were used 

in the study. Computed tomography (CT) images of the animals were taken, and a three-dimensional model of the mandible was obtained 

from the two-dimensional images using the MIMICS 20.1 program. Length measurements were performed on the resulting 3D model. 
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1 Introduction  

Rabbits are considered analogous and suitable for clinical 

conditions, widely used for oral surgery and implantology 

testing. (Wang et al. 2023). The mandible of rabbits is larger 

than that of rats, and it is also an appropriate size when 

compared to other experimental animals and rodents. This 

makes surgical procedures less technically demanding, and it 

also facilitates rapid data acquisition with microcomputed 

tomography for applications performed on the mandible. 

Furthermore, this provides an experimental basis for jaw 

tissue engineering studies. Additionally, the cortical bone 

modulus and strength of rabbits are more similar to humans 

than other animals. Since it has sufficient volume, mandibular 

defects can be easily created. (Li et al. 2015; Baskin et al. 

2021; Kim et al. 2023). The fact that rabbits are cheap and 

have a physiology comparable to humans in some respects 

increases their use. One of the rabbit's most important 

advantages is that it reaches skeletal maturity shortly after 

reaching sexual maturity at 6 months. (Akbulut et al. 2014, 

Campillo et al. 2014; Selçuk and Tıpırdamaz 2020).  

Although the rabbit mandible is used as an experimental 

model in implant dentistry and cranio-maxillofacial surgery 

to evaluate specific tissue responses, tissue regeneration and 

biomaterial drug delivery in the cranio-maxillofacial region 

(Schlund et al. 2022), literature reviews on rabbit mandible 

data in healthy animals are very limited. This study was 

carried out to create three-dimensional (3D) models of the 

mandible using computed tomography (CT) images of a New 

Zealand rabbit and to reveal whether there were differences 

between genders. 

2 Materials and Method  

In the study, 12 healthy New Zealand rabbits (14 weeks old, 

2580-3160 g) with the same care and feeding conditions, were 

used. The rabbits were obtained from euthanized animals as a 

result of a scientific study conducted at Karamanoğlu 

Mehmetbey University Faculty of Health Sciences. 

The skulls of rabbits were scanned using a computerized 

tomography (Siemens, Somatom Sensation 64, Erlangen, 

Germany) device at 130 kVp, 300 mA, 330 msec and 0.5 mm 

slice thickness, and their images were obtained and saved in 

https://orcid.org/0000-0002-9915-3829
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DICOM (Digital Imaging and Communications in Medicine) 

format. Turgut et al. (2023) and Selcuk (2023) were used as 

references for the CT scan protocol. Three-dimensional 

modeling of the mandible was performed by importing CT 

images into MIMICS 20.1 (The Materialize Group, Leuven, 

Belgium). Morphometric measurements were performed on 

3D images. Morphometric measurements and measurement 

points were determined using the relevant literature and were 

given in Table 1 and Figure 1 (Akbulut et al. 2014; Remzi et 

al. 2019). The nomenclature on the mandible was based on 

Nomina Anatomica Veterinaria (2017). 

 

2.1 Statistical Analysis 

The study's morphometric data analysis was performed using 

SPSS software version 21.0. The compliance of the variables 

to a normal distribution (histogram and probability graphs) 

and analytical methods (Kolmogorov-Smirnov/Shapiro-Wilk 

tests) were examined and it was determined that the data were 

parametric. Independent Samples t-test was used to compare 

the data obtained from female and male rabbits. Each gender 

was tested separately for correlations using Pearson 

Correlation coefficient calculations. Data are expressed as 

mean ± standard error (SE). p<0.05 was considered 

statistically significant. 

 
Fig. 1 A- Right side view of the mandible; B- Craniodorsal view of the mandible 

Table 1 Mandible measurement points 

Measurement Measuring Points 

A Length between infradentale and gonion caudale 

B Length between molar teeth 

C The length between the infradentale and the alveolar aboral edge of the 3rd molar tooth 

D The length of the diastema (The length between the infradentale and the alveolar oral edge of the first 

premolar tooth) 

E Ramus mandibulae height (length between Gonion ventralis and the extreme point of processus 

condylaris) 

F The length between the plane passing parallel to the facies articularis of the processus condylare and 

the gonion ventrale 

G The length between infradentale and the extreme point of the processus condylare 

H The length between the caudal edge of the foramen mentale and the gonion caudale 

I Corona length of the mandibular tooth (The length between the tip of the mandibular incisive teeth 

and the tip of the alveolus of these teeth) 

J The length from incisor to oral border of foramen mentale 

K Width of mandibular body 

L Distance between left and right processus condylaris: measured from middle point 
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3 Results 

Length measurements of the New Zealand rabbit mandible 

were given in Table 2, and correlation values of 

morphometric data were given in Table 3. When the measured 

values were compared for males and females, it was 

determined that the length between the molar teeth (B) was 

larger in females, and the corona length of the mandibular 

tooth (I) was larger in males and was statistically significant 

(p<0.05). No difference was detected between other measured 

length values (p>0.05). 

In the correlation analysis in female rabbits, it was determined 

that A value was positively correlated with C, F, G, H and K 

values, D was positively correlated with F, G, H values, and 

H and K values were positively correlated (p<0.05). 

Additionally, it was determined that there was a strong 

positive correlation between C and D values, F and G, H 

values (p<0.01). When the values of male rabbits were 

examined, it was determined that A value showed a positive 

correlation with C, D, H values, C with J values, and J with 

D, G values (p<0.05). It was also determined that A and G 

values, C and D values had a strong positive correlation 

(p<0.01). 

Table 2 Morphometric measurement values of the mandible 

obtained from 3D reconstruction 

Measurement Female Male p 

A 62.553±1.146 61.468±0.978 0.488 

B 14.077±0.218 14.803±0.217 0.040* 

C 34.972±0.572 34.838±0.629 0.879 

D 20.953±0.422 20.470±0.514 0.484 

E 38.297±0.482 39.330±0.595 0.207 

F 40.435±0.590 41.255±0.569 0.341 

G 59.720±1.349 57.748±0.993 0.267 

H 44.512±0.862 44.655±0.398 0.883 

I 5.875±0.269 4.713±0.116 0.003* 

J 14.700±0.198 14.527±0.473 0.742 

K 10.422±0.238 10.447±0.085 0.923 

L 31.587±0.504 32.408±0.393 0.229 

*p<0.05; independent samples t test 

 
Table 3 Correlation analyses of the mandible 

 A B C D E F G H I J K L 

A 1 0.449 0.851* 0.810 0.131 0.880* 0.880* 0.916* 0.806 0.481 0.860* -0.539 

B 0.035 1 0.707 0.448 0.601 0.155 0.158 0.216 0.801 0.343 0.236 0.327 

C 0.858* 0.359 1 0.936** 0.485 0.723 0.773 0.797 0.803 0.191 0.685 -0.420 

D 0.876* 0.255 0.990** 1 0.486 0.833* 0.898* 0.882* 0.625 0.051 0.651 -0.636 

E -0.234 -0.756 -0.574 -0.521 1 0.237 0.240 0.200 0.458 -0.029 -0.127 0.189 

F 0.304 -0.520 -0.148 -0.104 0.789 1 0.982** 0.985** 0.634 0.233 0.799 -0.731 

G 0.963** -0.058 0.786 0.836* -0.161 0.370 1 0.987** 0.574 0.187 0.770 -0.781 

H 0.897* 0.168 0.687 0.658 -0.199 0.374 0.793 1 0.652 0.187 0.858* -0.769 

I 0.352 -0.183 0.057 0.006 0.461 0.660 0.199 0.615 1 0.494 0.659 -0.059 

J 0.780 0.276 0.842* 0.876* -0.366 0.094 0.846* 0.527 -0.133 1 0.126 0.295 

K 0.014 0.258 -0.165 -0.258 -0.113 0.069 -0.152 0.434 0.563 -0.446 1 -0.693 

L -0.146 0.644 -0.009 -0.148 -0.348 -0.290 -0.371 0.225 0.404 -0.358 0.780 1 

*p<0.05, **p<0.01; Gray cells in the table are data for female New Zealand rabbits. 

 

4 Discussion  

Rabbit mandible is used as an experimental model in 

interventional applications such as dentistry and implants 

(Schlund et al. 2022; Kim et al. 2023). In this study, length 

measurements were made by three-dimensional modeling of 

the mandible on CT images in a healthy New Zealand rabbit. 

In the study examining the effect of the gender factor in New 

Zealand rabbits, it was determined that the morphometric 

measurements of the mandible in male rabbits were larger 

than in female rabbits (Akbulut et al. 2014). The measured 

magnitude in male rabbits was not observed in our study. 

Akbulut et al. (2014) also found that the length between 

infradentale and gonion caudale was 66.62±3.32 mm in males 

and 66.15±2.10 mm in females (Akbulut et al. 2014). These 

values were found by Remzi et al. (2019) on mandible CT 

images of New Zealand rabbits as 62.260±0.224 mm in males 

and 66.960±0.224 mm in females. Similar results were 

obtained in our study. In Akbulut et al. (2014) study, they 

found that the length between the molar teeth was 16.55±0.44 

mm in males and 16.28±0.56 mm in females, the length 

between the infradentale and the alveolar aboral edge of the 

3rd molar was 38.24±1.31 mm in male rabbits and 
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38.01±1.36 mm in female rabbits, the length of the diastema 

was 21.97±1.02 mm in male rabbits and 21.51±0.92 mm in 

female rabbits, ramus mandibulae height was 44.86±1.79 mm 

in male rabbits and 44.82±2.11 mm in female rabbits, the 

length between the plane passing parallel to the facies 

articularis of the processus condylare and the gonion ventrale 

was 42.05±1.36 mm in male rabbits and 41.32±0.82 mm in 

female rabbits, the length between the caudal edge of the 

foramen mentale and the gonion caudale was 48.76±1.75 mm 

in male rabbits and 48.01±1.19 mm in female rabbits. In 

Remzi et al. (2019) study, these values were 15.740±0.266 

mm, 35.060±0.127 mm, 19.780±0.232 mm, 37.020±0.245 

mm, 40.000±0.289 mm, 46.100±0.216 mm in male rabbits 

and 16.260±0.266 mm, 38.160±0.127 mm, 21.960±0.232 

mm, 41.180±0.245 mm, 42.760±0.289 mm, 47.280±0.216 

mm in female rabbits, respectively. The findings of these two 

studies were consistent with the results of our study. 

Akbulut et al. (2014) stated that the length between the 

infradentale and the extreme point of the processus condylare 

was 71.00±2.96 mm in males and 70.18±3.13 mm in females, 

and the corona length of the mandibular tooth was 13.89±3.75 

mm in males and 12.97±1.81 mm in females. In our study, 

these values were found to be 57.748±0.993 mm and 

5.875±0.269 mm in males, and 59.720±1.349 mm and 

4.713±0.116 mm in females, respectively. In Remzi et al. 

(2019), it was found that the length from the incisor of the 

mental foramen to the edge of the mouth was 13.780±0.303 

mm in males and 15.960±0.303 mm in females, the width of 

the mandibular body was 10.980±0.408 mm in males and 

10.894±0.408 mm in females, the distance between the left 

and right processus condylaris was 26.740±0.662 mm in 

males and 28.260±0.662 mm in females. In our study, these 

values were 14.527±0.473 mm, 10.447±0.085 mm and 

32.408±0.393 mm in males, and 14.700±0.198 mm, 

10.422±0.238 and 31.587±0.504 mm in females, respectively. 

Upon comparing the data from two studies, while the 

measurements of the width of the mandibular body showed 

agreement, a discrepancy was observed between the length 

from the incisor of the mental foramen to the edge of the 

mouth and the distance between the left and right processus 

condylaris. The disparity in the studies was thought to have 

resulted from the age difference among the used rabbits. 

In the length measurements Salih (2016) made on the 

mandibles of adult healthy rabbits, the length between the 

infradentale and the gonion caudale in males was 

4.648±0.153 cm, the length between the caudal edge of the 

foramen mentale and the gonion caudale was 1.655±0.109 

cm, and the length from the incisor of the foramen mentale to 

the edge of the mouth was 1.201±0.017 cm. stated that the 

width of the mandibular body was 0.955±0.143 cm and the 

distance between the left and right processus condylaris was 

2.695±0.938 cm. These values in female rabbits were 

5.248±0.133 cm, 2.178±0.098 cm, 1.202±0.032 cm, 

1.068±0.140 cm, 2.968±0.079 cm, respectively. When these 

data were compared with our study, they showed 

incompatibility with the measurements of the length between 

the infradentale and gonion caudale and the distance between 

the left and right processus condylaris. It was thought that the 

current difference was due to age and breed differences. 

In a study on male New Zealand rabbit mandibles using 

ultrasound, El-Bialy et al. (2003) stated that the height of the 

ramus mandible in healthy rabbits was 29.5±1.11 mm. In our 

study, this value was found to be 39.330±0.595 mm. It was 

thought that the current difference might be due to the 

difference in the method used and the inconsistency in the 

ages of the rabbits. 

In a study in which no sexual dimorphism was performed by 

Borie et al. (2017) that used a caliper to evaluate different 

anatomical regions for implantation and oral surgery, the 

largest length of the mandible was 67.2±2 mm. In our study, 

these values were determined as 61.468±0.978 in male rabbits 

and 62.553±1.146 in female rabbits. 

In a study conducted on New Zealand rabbits over two years 

old, without specifying gender, Monfared (2013) stated that 

the length of the foramen mentale from the incisor to the edge 

of the mouth was 18.9±0.4 mm, the length between the caudal 

edge of the foramen mentale and the gonion caudale was 

53±4.3 mm, and the length between the infradentale and the 

gonion caudale was 75±5.5 mm. Our study found lower 

measurement values than reported in Monfared (2013) study, 

which we attributed to the use of younger rabbits. 

In a study on adult female New Zealand rabbits, Campillo et 

al. (2014) reported that the diastema between the incisors and 

premolars was approximately 19 mm long. In our study, this 

value was 20.470±0.514 mm in male rabbits and 

20.953±0.422 mm in female rabbits. 

When the length measurements obtained as a result of our 

study were compared, it was concluded that they could not be 

used in sex discrimination of the New Zealand rabbit due to 

the small difference in morphometric values (Akbulut et al. 

2014). 

5 Conclusion 

The use of three-dimensional anatomical models has 

increased with the development of methods such as microCT 

and MRI (Selcuk 2023). These methods, which use X-rays or 

a magnetic field, scan images of the bones, soft tissues, organs 

and vessels in the body from different angles and display them 

in sections (Dayan et al. 2019). With 3D models created from 

the images obtained, the structures of organs can be observed, 

measurements can be made, animal research models can be 

developed, and it helps the physician in the diagnosis of bone 

diseases and surgical operations (Haleem and Javaid 2019). It 

is anticipated that the 3D mandible model and measurements 

obtained in this study will be a resource for scientists working 

on experimental mandible surgery in rabbits, will guide 

researchers as reference data in creating a rabbit model, will 

assist the physician in the clinic, and will help in learning the 

anatomy of this region.  
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