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Influence of post-fire successional gradients in Pinus 
brutia forests on ground beetle community changes 

 
Burçin Yenisey Kaynaş 
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Received 15 August, 2014; Accepted 26 September, 2014 

 
Fire is a common disturbance factor in Mediterranean ecosystems. It is a very spectacular ecological 
force because it destroys ecosystems in a very short time. Insect groups are commonly used as 
indicators to evaluate habitat changes after disturbances. In this study, the successional changes were 
evaluated by the composition of ground beetles communities in East Mediterranean pine forests. 
Ground beetle fauna was investigated using pit-fall traps at 17 sampling sites in Pinus brutia forests 
burned in different times. Plant species richness, vegetation and surface characteristics were measured 
as microhabitat variables in the study sites and the relationships between ground beetle abundance 
and microhabitat variables were estimated with Pearson Correlation Analysis. As a result, it was 
determined that recolonization of ground beetle communities did not occur in early successional 
stages. In the sites burned 9, 16 and 26 years ago, that represent middle and late successional stages, 
the abundance and species richness of Carabidae were higher and then decrease again in mature pine 
forest. The relationships between microhabitat parameters and Carabidae abundance were estimated 
and changes of ground beetle communities depending on microhabitat structure were not determined. 
 
Key words: Carabidae, disturbance, Mediterranean, succession, fire. 

 
 
INTRODUCTION 
 
Fire is a common feature of Mediterranean landscapes 
(Bilgili and Sağlam, 2003). Vegetation composition and 
structure in Mediterranean type ecosystems are strongly 
shaped by the fire regime (Díaz-Delgado et al., 2002; 
Radea and Arianoutsou, 2000; Trabaud, 2000). Post fire 
regeneration of vegetation in every level of biological 
organisation hierarchies and life-hisory traits has been 
studied intensively (Thanos et al., 1989; Ne’eman et al., 
1992; Spanos et al., 2000). 

Changes of forest habitat structure and vegetation after 
disturbance make lead changes in the structure and 
dynamics of faunal communities.  The  effects  of  fire  on 

faunal communities and changes of faunal community 
dynamics after fire concentrated on more affects 
especially to insects and small mammals (Prodonet al., 
1987; Haim and Izhaki, 2000; Kaynaş and Gurkan, 2008). 
Effects of fire on insects and other arthropods can 
operate through a variety of mechanisms at different 
temporal scales (Andersen and Müller, 2000). Direct 
effects of fires include mortality, forced emigration 
(Whelan, 1995), or immigration of pyrophilous insects 
that are favored by fire (Wikars, 2002; Wikars and 
Schimmel, 2001). Indirect effects of fire mostly depend on 
vegetational  changes.  Following  fire,  changes  of  plant 

 
E-mail: bykaynas@mehmetakif.edu.tr, Tel: +902482133052. 
Author(s) agree that this article remain permanently open access under the terms of the Creative 
Commons Attribution License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


Kaynas         835 
 
 
 

Table 1. Locations and altitutes of sampling sites. 
 
Successional age Replication sites Locations Altitudes (m) 

3 
1 36° 59' 24'' N, 28° 20' 05'' E 217 
2 36° 59' 30'' N, 28° 20' 05'' E 175 
3 36° 59' 33'' N, 28° 19' 23'' E 105 

    

6 
1 36° 50' 17'' N, 28° 18' 02'' E 55 
2 36° 50' 08'' N, 28° 18' 08'' E 35 
3 36° 49' 53'' N, 28° 18' 30'' E 35 

    

9 
1 36° 55' 43'' N, 28° 12' 14'' E 105 
2 36° 55' 42'' N, 28° 12' 12'' E 80 
3 36° 53' 44'' N, 28° 11' 49'' E 35 

    

16 
1 36° 58' 50'' N, 28° 18' 53'' E 185 
2 36° 58' 57'' N, 28° 18' 46'' E 140 
3 36° 59' 05'' N, 28° 18' 25'' E 125 

    

26 
1 36° 49' 58'' N, 28° 20' 25'' E 180 
2 36° 49' 51'' N, 28° 20' 00'' E 150 
3 36° 49' 20'' N, 28° 19' 05'' E 90 

    

50< 
1 36° 50' 54'' N, 28° 17' 42'' E 55 
2 36° 54' 24'' N, 28° 10' 36'' E 35 

 
 
 
species composition, plant diversity (Lawton, 1983; 
Siemann, 1998; Siemann et al., 1999) and plant 
architecture (Southwood et al., 1979; Lawton, 1983) 
influence the diversity and richness of insect 
communities. In Mediterranean ecosystems, the changes 
of plant architecture and vegetation structure should be 
more important on insect community change (Kaynaş 
and Gürkan, 2008), because re-establishment of the pre-
fire plant communities is rapid (Trabaud, 1994) and there 
is no real succession in the sense of replacement of 
species or communities (Keeley, 1986; Trabaud, 2000). 

Carabid beetles are among the best studied taxa 
regarding microhabitat changes. They are used as 
indicator group for the evaluation of the effects of habitat 
fragmentation (Magura et al., 2004), different types of 
disturbance (Latty et al., 2006; Ribera et al., 2001), 
forestry applications (Heliola et al., 2001), and 
classification of landscapes (Rykken et al., 1997). They 
are appropriate subjects for such studies because they 
are diverse and abundant, taxonomically well-known and 
sensitive to habitat changes (Niemalä et al., 1993, 1992, 
1988). 

In this research we aimed to study the changes of 
Carabid communities during post-fire successions and 
microhabitat features which influence the Carabid 
communities in this period. 
 
 
MATERIALS AND METHODS 
 
The study was conducted in several Pinus brutia Ten. 1815  forests  

with many areas affected by fire in different degree (as a result of 
being burned in different years). These forests are located at 
Marmaris district (36°50’ N, 28°17’ E) and its surrounding areas, 
which is situated on the Mediterranean coast of southwestern 
Turkey. This area has a typical Mediterranean climate with a hot 
and dry summer. The total precipitation is 1211.7 mm year-1 

(between 1975 and 2006), with a dry period that lasts for 5 months, 
between May and September. Monthly mean temperatures range 
from 10.6°C in January to 28.3°C in July. The vegetation on the 
area is mostly represented by Pinus brutia forests; other major 
vegetation types are Maquis, Phrygana and Liquidambar orientalis 
Mill.1768 forests. 

For the samplings, the areas were selected in order to cover the 
major range of successional gradient of forest recuperation after the 
effects of a fire, by choosing areas burned with natural fires 3, 6, 9, 
16 and 26 years ago and areas that has not been affected by fire 
for a longer period (>50 years). The samplings were made in three 
replication sites for every successional stage and two for unburned 
areas. The dominant vegetation types of all sites was P. brutia 
forest and all the samplings stretches from an altitude of 0 to 250 m 
(Table 1). 

Ground beetles were sampled during a three-days period in 
March, May, June and August of 2005, using pit-fall traps. The 
traps consisted of plastic jars with a diameter of about 7 cm buried 
in the soil up to the brink and half filled with 30% ethylene alcohol. 
Sixteen pitfall traps were placed at each site in a 4x4 grid with 10 m 
intervals between each trap. 

Microhabitat structure of the sites was analyzed with the point 
quadrats technique (Sutherland, 2006). For each trap locations, 
nine points were selected, one of these was center and remaining 
eight were situated in four different directions around the trap 
(Figure 1). In every point, the plant species were identified, the 
height of plant at this point was measured and surface 
characteristics were recorded. 

After emptying, each individual was mounting and equipped with 
cardboard label identifying its trap number, site name and  sampling  
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Figure 1. Sampling design for microhabitat attribures in each trap 
locations 
 
 
 
time before preserving in wooden drawers. They were identified to 
species level in Entomology Laboratory at Hacettepe University.  

Species richness and abundance of successional sites were 
estimated by calculating arithmetic average of number of species 
and individuals of replication sites respectively.  

The habitat structure of the study sites was evaluated from 
vegetation and surface characteristics. The parameters about 
vegetation were: Plant species richness, mean height of vegetation, 
stratification and cover of vegetation, and were calculated for every 
replication sites.  

The overlap ration of plants at one sampling point can be used 
expression of vertical stratification in a habitat. In a point of forest 
habitat, a subshrub, a shrub and a tree can be found together in the 
same point vertically and stratification increase with increasing 
number of plants in a sampling point. Vegetation stratification was 
calculated by total number of counted plants to sampling points (9) 
for each trap location. Vegetation cover is expression of cover area 
of plants on surface and it was estimated by dividing numbers of 
points which were occupied any plants (not empty points) to total 
sampling points.  

Surface characteristics were analyzed at the same trap locations. 
Surface structure was evaluated in terms of soil, stone, rock, leaf, 
branch and needle. Surface complexity was estimated by 
calculating the mean of component numbers at a measure point. 

The number of variables to be analyzed was reduced by applying 
a principal component analysis (PCA) on all the variables that 
resulted highly correlated. After all of these variables were reduced 
with Principal Component Analysis, calculating scores and 
abundance of Carabidae of all sites was done with Pearson 
Correlation Analysis (SPSS Statistics 17.0). 
 
 
RESULTS 
 
A total of 29 individuals belonging to 10 species of 
ground beetles were captured in 4080 trap/nights. With 
respect to changes of Carabid communities depending 
on successional gradient, we see that abundance and 
species richness of ground beetle communities was very 
low in early successional stages and they progressively 
increase towards middle and late successional stages.  In  

 
 
 
 
unburned forest these values decrease again. The sites 
burned 3 and 6 years ago were represented by a very 
small number of species and individuals. The sites 
burned 9, 16 and 26 years ago have relatively higher 
species richness and abundance compared the other 
sites (Figure 2). The species with the highest rate of 
capture was Leistus rufomarginatus (Duftschmid, 1812). 
Carabus graecus morio (Mannerheim, 1830) and 
Ditomus calydonius (Rossi, 1790) were also common.  
While C. graecus morio did not display any change 
depending on successional gradient, D. calydonius was 
captured only in middle and late successional stages. 
The other species were captured in very small numbers 
and generally appears in only one of the sampled 
successional stages (Table 2). 

Principal component analysis displayed that the 
cumulative percentage of variance for the three axes was 
80.3%. The first axes was highly correlated with 
characters peculiar to late successional stages such as 
total plant species richness, habitat stratification, cover 
and height of vegetation and needle cover. Second axes 
were relevant with two variables cover leaf and branch, 
third one was rock cover. Because correlation coefficients 
between total Carabid abundance and obtained three 
axes were very low (Pearson correlation coefficients; 1. 
Axes: 0,121; 2. Axes: -0,110; 3. Axes: 0,018), no 
significant relationship was found between microhabitat 
variables and Carabid abundance.  
 
 
DISCUSSION 
 
In Mediterranean region, plant communities which have 
been shaped with fire for thousands of years are resilient, 
with different regeneration strategies (Keeley, 1986). 
Although ground beetles were stated as resilient for 
prairie habitats (Cook and Holt, 2006), an early 
regeneration of ground beetle communities seems not to 
be the case in this study for P. brutia forests.  In early 
stages of succession, ground beetle communities were 
represented by very few individuals and species. This 
result may be due to species still have to colonize in 
significant numbers. The retardation in colonization may 
occur for ground beetles communities at recently opened 
areas (Niemelä et al., 1993; Saint-Germain et al., 2005). 
In stressed climatic conditions like Mediterranean 
ecosystems, open habitats can limit colonization and 
activation of ground beetles. Greater temperature 
fluctuations and reduced humidity levels may disturb the 
invertebrate community (Pearce and Venier, 2006). 
Vegetation cover may have an important role in 
protecting Carabidae from direct insulation and 
desiccation and a decrease in vegetation and litter cover 
have a negative impact on surface moisture (Barone and 
Frank, 2003). A suitable humidity condition, provided by 
vegetation cover, is important for ground beetles in 
habitat preference (Thiele,  1977).  The  reduction  in  the  
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Figure 2. Mean species richness (open bar) and abundance (solid bar) of ground beetless 
in successional stages after fire. 

 
 
 

Table 2. Total number of individuals of Carabid beetles at successional stages after fire. 
 

Species 
Years after fire 

3 6 9 16 26 >50 
Bembidion tetracolum   1    
Calathus melanocephalus      1 
Calosoma reticulatum    2   
Carabus graecus morio  2 3  1 1 
Cymindis lineata   1    
Ditomus calydonius    2 2  
Leistus ferrugineus     1  
Leistus rufomarginatus 2   2 4 1 
Ocydromus sp.   1    
Pterostichus sp.   1 1   

 
 
 
amount of tree leaf litter may have contributed to the 
reduced abundance of taxa that requires shelter, 
moisture, and food provided by tree leaf litter (Blanche et 
al., 2001). 

Mediterranean ecosystems is known resilient to fire and 
re-establishment of the pre-fire communities is very rapid 
(Trabaud, 1994). Even if there is no change in species 
composition of plant community with time after fire, 
vegetation characteristics such as height, cover display to 
change with successional gradient in post-fire areas 
(Tavşanoğlu and Gürkan, 2014). In this study, no 
relationship was determined between habitat variables 
and Carabid abundance. Similarly Chapman (2014) 
stated that level of heterogeneity in habitat structure did 
not have a great influence in Carabid communities. To 
make a certain interpretation like this is impossible 
because remarkable low number of individuals  belong  to 

Carabid communities for this study. Although a clear 
association was not detected in here, the importance of 
habitat structure in Carabid community structure was 
revealed in many studies. 

The increase in habitat heterogeneity with successional 
age depends on vegetation height (Kruess and 
Tscharntke, 2002) and heterogeneity of vegetation was a 
better predictor of Carabidae species richness than plant 
species diversity (Brose, 2003). The importance of 
habitat heterogeneity was displayed in some studies 
(Sroka and Finch, 2006). Complex habitats, respect of 
floristic and physical features, create a preferable 
microclimate for ground beetles (Larsen et al., 2003; 
Lassau et al., 2005). In addition Shelef and Groner 
(2011) stated that beetle behavior is affected by shrub 
structure and beetles use shrub shading for their 
thermoregulation. In this respect the middle aged sites  in  
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successional gradient had a higher shrub cover and 
could be more suitable habitats for ground beetles. 
However, mature forest unburned for very long time had 
complex habitat attributes and display low abundance 
and species richness value in comparison to middle and 
late successional stages. In studies carried out in the 
same ecosystems, Kaynaş and Gürkan (2007) stated the 
negative impact of closed canopy structure of vegetation 
on some insect groups. Middle and late successional 
stages had heterogenous environments depend on 
increase vegetation height and lack of closed canopy 
closure constitutes favorable habitats for ground beetles.  

In conclusion, despite such a tendency with 
successional gradient in communites of Carabidae, low 
number of species and the lack of correlation between 
Carabid correlation and habitat variables obstructed to 
make certain evaluations. In Mediterranean ecosystems, 
there is limited knowledge about subjects of interactions 
between fire and insects, and adaptations of insect 
communities to fire-induced habitat alterations. Long-term 
studies are needed for comprehensive and accurate 
evaluations.  
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The current study compares intranasal and oral midazolam for effect on sedation for patients requiring 
dental procedure. Eighty subjects between the ages of 5 and 12 years were received randomly either 
intranasal (0.2 mg/kg) or oral (0.5 mg/kg) midazolam. The observer assessed the children for sedation 
level at the following time points: Immediately before the drug was administered, and 20 and 30 min 
after drug administration. There were significant differences in sedation level among the both groups at 
the time of parental separation and at the time of induction. 39 (97.5%) and 40 (100%) of the forty 
patients who received oral midazolam were calm, drowsy or asleep at 20 and 30 min after drug 
administration, respectively. For patients who received intranasal midazolam, 32 (80%) and 33 (82.5%) 
of the forty patients were either calm or drowsy at 20 and 30 min after drug administration, respectively.  
None of the patients from the intranasal group was rated as ‘asleep’. Oral midazolam was found to be 
statistically more effective in providing a better sedation level at the time of parental separation and at 
the time of induction than intranasal administration. Our findings indicate a tendency for oral 
midazolam to be more effective as a premedication in children before general anesthesia.  
 
Key words: Preoperative, midazolam, sedation, anesthesia, pediatrics.  

 
 
INTRODUCTION  
 
The pre-anesthetic management in pediatric patients 
undergoing extensive dental treatment may be a 
challenge, particularly during parental separation and 
induction of anesthesia. The use of sedative 
premedication may help reduce the anxiety and 
minimizing psychological trauma related to anesthesia 
and surgery (Beeby and Hughes, 1980; Rosenbaum et 
al., 2009). MDZ is a potent, short-acting benzodiazepine 
sedative hypnotic, which has been used as a 
premedication for general anesthesia and  routinely  used 

in pediatric dentistry for dental procedures (Hartgraves 
Hartgraves and Primosch, 1994). 

Midazolam has been used as a preoperative sedative 
agent via the intramuscular (Taylor et al., 1986), 
intranasal (Hartgraves and Primosch, 1994), oral 
(Hartgraves and Primosch, 1994; Cox et al., 2006), and 
rectal (Saint-Maurice et al., 1986) routes. The different 
routes of administration of midazolam (intranasal, oral, 
and rectal) for sedative premedication have been 
previously studied (Baldwa et al., 2012;  Chhibber  et  al.,  
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Table 1. Demographic data for the subjects. 
 
Group Oral Intranasal 
Age year mean (±SD) 7.12(1.713) 7.22(1.702) 
Sex (M/F) 20/20 22/18 
Weight kg mean (±SD) 26.75(5.633) 26.8(5.667) 
Mean duration of anesthesia (min) 10 11 

 
 
 

Table 2. Sedation score following oral and intranasal midazolam at 20 min after premedication 
administration. 
 

Group Agitated Alert Calm Drowsy Asleep 
Oral midazolam (N=40)  0 1 7 32 0 
Intranasal midazolam (N=40)   1 7 7 25 0 

 
 
 
2011; Griffith et al., 1998; Lejus et al., 1997; Malinovsky 
et al., 1995). Studies by Kogan et al. (2002) and Yildirim 
et al. (2006) compared the intranasal and oral routes of 
administration of midazolam. The authors concluded that 
nasal midazolam induced sedation similar to that 
following oral administration of midazolam with a shorter 
delay of onset. Another study by Lee-Kim et al. (2004) 
demonstrated that the oral route of administration has 
higher level of sedative action and longer working time 
than intranasal.  

The purpose of this study is to compare the 
effectiveness of oral and intranasal midazolam in 
achieving sedation in children prior to dental surgery.  
 
 
MATERERIALS AND METHODS 
 
This study’s experimental protocol was approved by the local 
medical committee of King Hussein Medical Centre in Amman, 
Jordan. Informed consent was obtained from all parents of 
participating subjects. Eighty subjects between the ages of 5 and 
12 years presenting for dental extraction under general anesthesia 
at King Hussein Medical Centre were included in this study 
between June 2013 and April 2014. All participants were in good 
health (ASA I). The demographic data for the children included in 
the study are shown in Table 1. The subjects were assigned 
randomly to receive either 0.5 mg/kg of oral midazolam or 0.2 
mg/kg intranasal midazolam. Doses of 0.5 mg/kg for oral and 0.2 
mg/kg for intranasal administration were chosen within the dose-
exposure range found in preliminary studies (Acworth et al., 2001; 
Malinovsky et al., 1995). Half of the 80 patients received oral 
midazolam via a needleless syringe to the back of the mouth, 
whereas the other patients received intranasal midazolam as drops 
from a needleless syringe into the nostril. 

Following drug administration, the child remained with the parent 
away from the treatment room for 20 min. The patient was then 
separated from the parent and transferred to the operatory. Vital 
signs were monitored continuously. Each patient was evaluated by 
observers for sedation level with assessments recorded 
immediately before the drug administration and at 20 and 30 min 
after drug administration. 

 Patient sedation was evaluated  by  observer  using  a  five-point  

sedation scale: 
 

1. Agitated, that is, clinging to parent and / or crying.  
2. Alert, that is, a wake but not clinging to parent.  
3. Calm, that is, sitting or lying comfortably with eyes spontaneously 
open.  
4. Drowsy, that is, sitting or lying, comfortably with eyes closed but 
responding to minor stimulation.  
5. Asleep, that is, eyes closed and not responding to minor 
stimulation. 
 
The scale was devised by Wilton et al. (1988) to evaluate level of 
sedation of preschool children before anesthesia for surgery. 

All children received a standardized GA by the same 
anesthesiologist. The anesthesiologist used mask induction with 
sevoflurane, oxygen and nitrous oxide. Thereafter, 2 g/kg of 
fentanyl and 0.5 mg/kg of atracurium were injected to facilitate 
tracheal intubation. Sevoflurane was the inhalational anesthetic 
used for maintenance of anesthesia. Patients’ electrocardiogram, 
arterial blood pressure, pulse oximetry, were monitored as part of 
standard GA procedure following surgery, the patient was taken to 
the  post anesthesia care unit (PACU), where the patient was 
monitored continuously for 1 h. The means for weight and age were 
analyzed using a paired t test. 

Findings for sedation levels were analyzed for statistically 
significant differences between the groups at 20 and 30 min after 
midazolam administration using the Mann-Whitney U test. Mann-
Whitney U test at the 95% significance level was used to compare 
the effectiveness of the two routes of midazolam administration. P < 
0.05 was considered significant. The independent variable in the 
study was drug administration route (oral or intranasal). The 
dependent variable in the assessment of the effectiveness of each 
route was the sedation level. 
 
 
RESULTS  
 
Both groups were comparable with respect to age, 
weight, and duration of anesthesia as shown in Table 1. 
The children’s reaction to being separated from their 
parent(s) 20 min after receiving premedication is 
displayed in Table 2. Changes in sedation levels 
following oral and intranasal  midazolam  at  30 min  after  
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Table 3. Change at 30 min.  
 

Group Agitated Alert Calm Drowsy Asleep 
Oral midazolam(N=40) 0 0 7 32 1 
Intranasal midazolam(N=40)   1 6 8 25 0 

 
 
 

Table 4. Vital signs values across procedure.  
 

Parameters Oral Intranasal 
HR(beat/minute)           90-128 92-120 
SBP(mm hg)                   70-120 80-120 
DBP(mm hg)                    50-70 50-80 
Oxygen saturation           95-98 95-98 

 
 
 
premedication administration are shown in Table 3. 

A significant difference was observed during the 20 and 
30-minute time-period between the 2 regimens: 
Intranasal midazolam showed more children agitated and 
alert, while oral midazolam presented more children quiet 
or asleep. 

For patients who received intranasal midazolam, 32 (80 
%) of the forty patients were calm, drowsy or asleep and 
8 (20%) were rated as agitated, alert at 20 min, However, 
no significant changes in sedation scores were noted at 
30 min as the number of agitated or alert participants 
decreased from 8 to 7 (17.5 %) while the number of calm 
and drowsy participants increased from 32 to 33 (82.5%). 
None of the patients from the intranasal group were rated 
as asleep. 

For patients who received oral midazolam, 39 (97.5%) 
of the forty patients were calm, drowsy or asleep and one 
patient (2.5%) was rated as alert at 20 min, and none of 
the children in the oral midazolam group was rated as 
agitated or alert at 30 min. This difference was 
statistically significant between the group that received 
the oral midazolam and the group that received intranasal 
midazolam at the time of parental separation, z = −1.997 
(p = 0.046), and at the time of induction, z = −2.386 (p = 
0.017).  

During the premedication time, none of the patients in 
the study had an incidence of bradycardia, hypotension 
or desaturation episodes. During the procedure time, 
blood pressure and pulse oximetry values for all subjects 
were in the normal range as shown in Table 4. 

All children in the both groups recovered spontaneous 
ventilation. The time taken for discharge from recovery 
room was 28 to 50 min which was similar in both groups.  
 
 
DISCUSSION 
 
Several studies have suggested that midazolam is an 
effective premedication for children when administered 
intramuscularly (Taylor et al., 1986), rectally (Saint-
Maurice et al., 1986), intranasal (Hartgraves and 

Primosch, 1994), or orally (Hartgraves and Primosch, 
1994; Cox et al., 2006).  

Studies by Kogan et al. (2002) and Yildirim et al. (2006) 
found that both intranasal and oral midazolam produces 
good levels of sedation and anxiolysis, but no significant 
difference in the effects of sedation was observed 
between the oral midazolam group and the intranasal 
midazolam group. 

A study by Lee-Kim et al. (2004) demonstrated no 
statistical difference for overall behavior between the oral 
midazolam group and the intranasal midazolam group 
however intranasal subjects showed more movement and 
less sleep toward the end of the dental procedures, and 
faster onset time but shorter working time than oral 
midazolam group. 

When assessing the level of sedation, both routs were 
effective but the difference in sedation level between the 
2 routes of administration was significant at the time of 
parental separation and at the time of anesthesia. 

The improvement and success in pediatric sedation 
over time for patients receiving oral midazolam may have 
been affected by the method of drug administration and 
the amount of drug absorption. Unlike oral administration, 
where its effect last for longer time, too rapid an 
administration via the intranasal route could result in loss 
of the premedication into the oral cavity. The result is less 
drug absorption into the nasal mucosa and, therefore, a 
lower blood level of the drug and a decrease in sedation 
with time progression. 

The results of the present study must be interpreted in 
light of the small number of participants enrolled. Further 
investigation with a greater number of patients might yield 
more meaningful results. 

The dental anesthesiologist noted that the intranasal 
route of midazolam administration could produce a 
burning sensation when the liquid is administered. 
Furthermore, the drug can have a noxious taste when 
administered via the intranasal route and more can be 
lost through the oronasal pathway, rendering the 
intranasal midazolam less effective. 

Time points should be appropriate to achieve onset 
time of premedication. Further investigation with a greater 
number of time points to determine the minimum time 
interval between oral midazolam or intranasal midazolam 
premedication and separation from parents to ensure a 
smooth separation should be conducted. 
 
 
Conclusion 
 
Oral   midazolam    could    be    more    effective    as    a  



 
 
 
 
premedication than the intranasal route was noted in the 
present study. When used before general anesthesia, the 
oral route allowed for a better sedation level at the time of 
parental seperation and anesthesia than the intranasal 
route. 
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This objectives of this study were evaluated nutritive values of Bang Chang’s Cayenne pepper 
(Capsicum annuum var. acuminatum) and investigates its biological characteristics on health 
promotion, such as, antioxidant activities. The research was conducted by collecting sample, 
separating dried edible parts, which were determined nutritive values, including proximal analysis of 
water content, crude protein, crude fat, dietary fiber, total ash content, carbohydrate, total calories, β-
carotene, vitamins E and C. The nutritive data show higher nutritive values of Bang Chang’s Cayenne 
pepper than other Cayenne pepper. Moreover, β-carotene and vitamin E contents of Bang Chang’s 
Cayenne pepper were higher than other Cayenne pepper. In conclusion, Bang Chang’s Cayenne pepper 
was quite more good nutritive values than other Cayenne peppers with preferable antioxidant activities 
and non-toxic effect on Vero cell. 
 
Key words: Bang Chang’s Cayenne pepper, Capsicum annuum var. acuminatum, nutritive value, antioxidant 
activity, cytotoxicity. 

 
 
INTRODUCTION 
 
Capsicum annuum in Solanaceae genus is a non-
pungent pepper, which is important ingredients in many 
traditional dishes as decorative vegetables due to their 
colors (such as green red and yellow) and unique taste. 
Peppers are found to be sources of bioactive compounds 
such as vitamin C, vitamin E, provitamin A, carotenoids, 
phenolics and flavonoids (Materska and Perucka, 2005) 
with antioxidant activities, which promote reduction of 
harmful oxidative stress. These compounds could also 
prevent many diseases that related with free radical 
oxidation such as cardiovascular disease, cancer and  

neurological disorders (Shetty and Wahlqvist, 2004). 
According to various appearances of sweet peppers, 
relationship between different color sweet peppers and 
antioxidant activities is of interesting topic. The sweet 
peppers with difference colors may compose of diverse 
pigment generators. Carotenoids (including capsanthin, 
capsorubin and capsanthin) and flavonoids are main 
pigment compounds in red pepper (Luke, 2000; Sun et 
al., 2007), while the color of green pepper is from 
chlorophyll and the carotenoids typical of the chloroplast 
(Marin et al., 2004). Likewise, yellow sweet pepper
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consists of α- and β-carotene, zeaxanthin, lutein and β-  
cryptoxanthin as color generators (Luke, 2000). 

Bang Chang’s Cayenne pepper (C. annuum var. 
acuminatum) or Bang Chang cultivar is originated from 
Bang Chang sub-district, Amphawa district, 
SamutSongkhram province, Thailand and had special 
characteristic for cooking, such as attractive red color or 
vermillion, aromatic odor after dried, appropriate to 
cooking and dressing to Thai cuisine.  

The aim of this research was to investigate nutritive 
values, the total phenolic content (TPC) and antioxidant 
activities from dried pepper extracted in different solvent 
systems including hexane and ethanol. This research 
would provide information on the relationship between 
sweet peppers extracted with different solvent systems 
and their antioxidant activities, which could be useful for 
further investigation on isolation of anti-oxidative agents 
from Bang Chang’s Cayenne peppers.  
 
 
MATERIALS AND METHODS 
 
Sample collection and preparation 
 
The basis data of Bang Chang’s Cayenne peppers, such as, 
cultivated area, last annual yield of production and local expert’s 
interview, were supported by Samut Songkram agricultural 
extension office. The pepper harvest was done during March to 
April, 2014 which started to sundry during 2 to 3 days. For other, 
Cayenne peppers were purchased from local market of Bangkok 
area, which were the “mixture” of common Cayenne pepper 
cultivars in Thailand including “Phrik-Mun”, “Phrik Chi-Fah”, “Phrik-
Jinda” cultivars. All samples were dried in constant weigh and 
selected edible parts were ground prior to evaluation of nutritive 
values and biological assays. All assays were carried out in 
triplicate and the results were described as mean values and 
standard deviation.  
 
 
Evaluation of the nutritive values 
 
Proximate analysis 
 
The proximate analysis was carried out according to the methods to 
be described, or based on the official methods of analysis of AOAC 
International, 16th ed (AOAC, 1995). The fresh samples were used 
for the water content determination. The remaining samples were 
dried at 105°C for 3 h, ground, and then stored in air-tight 
containers in a cool, dry place for other analyses. 
 
 
Water content determination 
 
Three to five grams (3 to 5 g) of each sample was dried at 105°C 
for 3 h. The dried sample was then weighed. The water content was 
calculated as the percentage on the wet weight basis. 
 
 
Determination of crude protein 
 
Crude protein was determined by Kjeldahl method (AOAC, 1995), 
using Buchi Digestion Unit (B-435) and Distillation Unit (B-323) 
(Buchi, Switzerland). Dried sample (0.2 g) was digested with 20 ml 
of  conc.H2SO4,  using  3 g  of  the  selenium   and   copper   sulfate  
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mixture as the catalyst. The digestion was continued for half an 
hour after the digestion mixture turned clear green. Then 60 ml of 
32% sodium hydroxide solution was added, and the mixture was 
distilled for 3 min. The distillate was collected in a flask containing 
60 ml of 2% boric acid solution, with methylene blue and methyl red 
as the indicators. The distillate was then titrated with 0.1 N H2SO4 
solution; the end point was purple. Crude protein was calculated as 
the percentage on the wet weight basis (N × 6.25). 
 
 
Determination of crude fat 
 
One gram (1 g) of the dried sample was extracted with 25 ml of 
petroleum ether in a Goldfisch apparatus (Labconco, U.S.A.) for 3 
to 4 h. The petroleum ether extract was evaporated to dryness at 
105°C. The residue was weighed and then calculated as the 
percentage of crude fat on the wet weight basis. 
 
 
Determination of dietary fiber 
 
Insoluble dietary fiber content was determined according to the 
AOAC official method 991.42 (AOAC, 1995). Amyloglucosidase 
(conc.) in the amount of 0.1 ml was used instead of 0.3 ml of the 
normal strength enzyme. Soluble dietary fiber content was 
determined according to the AOAC official method by modified as in 
insoluble dietary fiber determination. The sum of both values was 
recorded as the total dietary fiber content of each sample. 
 
 
Determination of total ash content 
 
One gram (1 g) of each sample was ignited in a muffle furnace at 
525°C until ash was obtained. The residue was weighed and 
expressed as total ash on the wet weight basis. 
 
 
Determination of carbohydrate 
 
The carbohydrate content was obtained by difference, subtracting 
the water content, crude protein, crude fat, total dietary fiber, and 
total ash contents from 100% w/w. 
 
 
Determination of β-carotene, vitamins E and C  
 
a) Measure β-carotene was applied from the method of Munzuroglu 
et al. (2003). Sample (50 g) was mashed in a homogenizer and 2 g 
homogenate paste per sample was taken for extraction of β-
carotene. To the above homogenates, 4 ml of ethanol were added, 
vortexed and the mixture centrifuged (Mistral 2000) at 2000 rpm 
for 3 min at 4°C. The supernatant was also filtered through a 
Whatman No.1 paper, and to the filtrate 0.15 ml n-hexane was 
added and mixed. β-Carotene was extracted twice in the hexane 
phase and the collected extract was dried under a stream of liquid 
nitrogen. Dried extract was solubilized in 0.2 ml methanol for high-
performance liquid chromatography (HPLC). Injections were made 
in duplicate for each sample. The quantification utilized absorption 
spectra of 436 nm for β-carotene. HPLC separations were 
accomplished at room temperature with a Perkin-Elmer liquid 
chromatograph system (Series 1100), consisting of a sample 
injection valve (Cotati 7125) with a 20 ml sample loop, an ultraviolet 
(UV) spectrophotometric detector (Cecil 68174), integrator (HP 
3395) and a Techsphere ODS-2 packed (5 mm particle and 80 A˚ 
pore size) column (250_4.6 i.d.) with a methanol: acetonitrile: 
chloroform (47:42:11, v/v) mobile phase at 1 ml/min flow rate.   
b) Measure vitamin E was applied from the  method  of  Qian  et  al.  
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(1998). An initial extraction procedure was developed as follows: 
Sample was ground in a warring blender and screened through an 
80 mesh sieve. One gram (1 g) of the sample was precisely 
weighed and transferred to a 10-ml screw-capped extraction tube. 
4ml of n-hexane was added to the tube and the tube was flushed 
with a steam of N2 to protect vitamins from air exposure before 
capping. The mixture was shaken on a vortex mixer for 0.5 min, 
rested for 5 min, and shaken another half minute. After 
centrifugation at 4000 rpm for 5 min, 1 ml of supernatant was 
transferred to a 1.5-ml vial and evaporated under nitrogen to 
remove the solvent. The residue was re-dissolved in 0.3 ml n-
butanol before being injected into the HPLC system. 

Chromatographic separations were performed on a 150 × 3.9 
mm Novapak C column (Waters). Methanol was used as mobile 
phase at a flow-rate of 1.5 ml/min and a pressure of 1000 p.s.i. (1 
p.s.i. = 6894.76 Pa) All injections were 50 ml loop injections on a 
M710B autosampler (Waters). A Model M510 Waters pump and a 
Model M490 Waters variable Wavelength UV-visible detector set at 
290 nm were used. All quantitation was by peak area using a 
Waters M740 integrator. Based on the established chromatographic 
conditions, repeated injections of 0.1, 0.5, 1, 5 and 10 mg of the 
standard vitamin E was made duplicated onto the HPLC system. 
The retention time for vitamins E was 4.1 min. A Shimadzu MPS-
2000 universal spectrophotometric scanner was used to determine 
the spectrograms of vitamin E in n-butanol. 
c) Measure vitamin C was applied from the method of Sanchez-
Moreno et al. (2003). Total vitamin C (ascorbic acid plus 
dehydroascorbic acid) were determined by HPLC. The procedure 
employed to determine total vitamin C was the reduction of 
dehydroascorbic acid to ascorbic acid, using DL-dithiothreitol as 
reductant reagent. A volume of 50 ml of each orange juice was 
homogenized with 40 ml of an extraction solution (3% 
metaphosphoric acid plus 8% acetic acid). The resulting mixture 
was centrifuged, filtered, and adjusted to 100 ml with distilled water. 
Samples were filtered through a 0.45 μm membrane filter, and 
duplicates of 20 μl for each extract were analyzed by HPLC. 
Results were expressed as milligrams of ascorbic acid per 100 ml. 
An aliquot of the mixture was taken to react with 2.0 ml of a solution 
20 mg/ml DL-dithiothreitol for 2 h at room temperature and in 
darkness. During this time the reduction of dehydroascorbic acid to 
ascorbic acid has been placed. Samples were filtered through a 
0.45-μm membrane filter, and duplicates of 20 μl for each extract 
were analyzed by HPLC. Results were expressed as milligrams of 
total vitamin C per 100 ml. A Hewlett-Packard model 1050 
quaternary solvent delivery controller pump was used for analysis. 
Samples was introduced onto the column via a manual injector 
(Rheodyne) equipped with a sample loop (20 μl). Separation of 
ascorbic acid was performed by HPLC using a reversed-phase C18 
Hypersil ODS (5 μm) stainless steel column (250 × 4.6 i.d. mm) 
(Technochroma). The solvent system used was an isocratic 
gradient of a 0.01% solution of H2SO4, adjusted to pH 2.5 to 2.6. 
The flow rate was fixed at 1.0 ml/min. A Hewlett-Packard 1040A 
UV-visible photodiode array detector was set at 245 nm; 
chromatographic data and UV-visible spectra were collected, 
stored, and integrated using a Hewlett-Packard Chem Station and 
related software. Identification of the ascorbic acid was carried out 
by HPLC by comparing the retention time and UV-visible absorption 
spectrum with those of the standard previously referred to. 
Calibration curves were built with a minimum of four concentration 
levels of ascorbic acid standard. 
 
 
Test of biological activities 
 
The pepper samples were dried by hot air and ground. Bring 100 g 
of ground dried pepper for continuous extraction, then, extract with 
hexane  and  ethanol  using  Soxhlet  apparatus.   Finally,   get   the  

 
 
 
 
solvent evaporated through rotary evaporation apparatus under 
vacuum. 
 
 
Total phenolic content (TPC) 
 
Measurement using Folin-Ciocalteu reagent (Singleton et al., 1999) 
was done by comparing it with standard solvent, that is, gallic acid 
at 1 to 0.125 mg/ml concentration; then, calculating TPC of gallic 
acid in mg/g of the extracts. 
 
 
Antioxidant activity measurement 
 
a) 2,2-Diphenylpicrylhydrazyl (DPPH) radical scavenging assay to 
measure the decreasing light absorbance of DPPH radical (Yen 
and Duh, 1994) using negative control by DPPH radical (6 × 10-5 
M), promptly measure at nm and positive control using vitamin C. 
b) 2, 2-Azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) 
cation radical scavenging assay similar to the 1st method but using 
ABTS radical instead (Re et al., 1999) and also using Trolox 
(soluble vitamin E) as standard substance to create standard graph 
(0.5 to 5.0 mg/ml concentration). The antioxidant activity of the 
Bang Chang’s Cayenne peppers would be shown in Trolox 
equivalent antioxidant capacity (TEAC)/gm of the pepper extracts. 
c) Oxygen radical absorbance capacity (ORAC) to measure ability 
of extract to scavenge oxygen radical (Prior et al., 2003) and the 
fluorescent signal generated by fluorescene sodium salt (Sigma-
aldrich, Inc.) was measured by FLUOstar OPTIMA microplate 
reader (BMG) for 1 h. The antioxidant activity of the Bang Chang’s 
Cayenne peppers would be also shown in TEAC/gm of the pepper 
extracts. 
 
 
Cytotoxic activity screening test 
 
Test for cytotoxic activity on primate cell line (Vero cell) using green 
fluorescent protein (GFP)-based assay (Hunt et al., 1999) by 
ellipticine as a positive control and 0.5% dimethyl sulfoxide (DMSO) 
as a negative control. 
 
 
RESULTS 
 
Nutritional value of Bang Chang’s Cayenne peppers 
 
It was found that there were higher nutritive values of 
Bang Chang’s Cayenne pepper than other Cayenne 
pepper including β-carotene, vitamins E and C as shown 
in Table 1. Both samples were lack of vitamin C 
contained that may be affected by sundried preparation. 
 
 
Biological properties of Bang Chang’s Cayenne 
peppers 
 
As a result, it was found that Bang Chang’s Cayenne 
pepper extracted with ethanol exhibited the higher TPC 
and antioxidant activities than hexane extract (TPC of 
256.4 ± 18.9 mg GAE/100 g, DPPH values of 1751.8 ± 
119.1 μmole TEAC/100 g, ABTS+· values of 2663.2 ± 
79.0 μmole TEAC/100 g and ORAC values of 4166.3 ± 
103.8 μmole TEAC/100 g), followed  (Table  2).  The  test  
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Table 1. Nutritive values of Bang Chang’s Cayenne pepper and other Cayenne peppers*. 
 

Variable Bang Chang’sCayenne pepper OtherCayenne peppers** 
Water (%w/w) 98.5 97.3 
Crude protein (%w/w) 3.2 2.7 
Crude fat (%w/w) 1.3 0.8 
Total ash (%w/w) 1.6 1.1 
Dietary fiber (%w/w) 3.8 3.2 
Carbohydrate (%w/w) 9.1 6.8 
Total calories (Kcal/100 g) 103 101 
β-carotene (μg/100 g) 1,418 1.235 
Vitamin E (mg/100 g) 48.68 32.86 
Vitamin C (mg/100 g) - - 

 

*Data are expressed as means of triplicate; ** The “mixture” of common Cayenne pepper cultivars in Thailand including 
“Phrik-Mun”, “Phrik Chi-Fah”, “Phrik-Jinda” cultivars. 

 
 
 

Table 2. Total phenolic content (TPC) and free radical scavenging activities of hexane and ethanol extracts from Bang Chang’s Cayenne pepper*. 
 

Study/References TPC DPPH· ABTS+· ORAC β-Carotene bleaching  
test (60 min) Fe2+ chelating activity 

C. annum on this study        

Bang Chang cultivar: Hexane 1.1 ± 0.11 61.0 ± 2.62 45.4 ± 2.42 198.6 ± 7.82 - - 
Ethanol 256.4 ± 18.91 1751.8 ± 119.12 2663.2 ± 79.02 4166.3 ± 103.82 - - 

        
C. annum (Loizzo et al., 2013)        

Roggiano cultivar  Hexane - 55.1 ±1.93 52.1 ± 1.92 - 178.0 l    3 189.1 l    3 
Ethanol - 186.4 ± 3.43 181.4 ± 3.42 - 155.6 l    3 131.4 ± 2.83 

        

Senise cultivar                      Hexane - 52.1 ± 1.93 21.4 ± 1.52 - 298.6 ± 3.93 90.4 ± 3.83 
Ethanol - 81.4 ± 3.43 12.6 ± 1.12 - 63.6 ± 1.83 153.7 ± 4.43 

        
C. annum: (Hernández et al., 2010)        

Extractable and hydrolysable 
polyphenols 

Arbol cultivar  - - 38.5 ± 0.44 - - 82.3 ± 1.34 
Chipotle cultivar        - - 44.4 ± 0.64 - - 80.6 ±1.24 
Guajillo cultivar       - - 26.6 ± 1.04 - - 63.9 ± 0.94 
Morita cultivar         - - 35.0 ± 0.54 - - 73.9 ± 0.94 

 
1mg GAE/100 g DW; 2μmole TEAC/100 g DW; 350% of inhibitory concentration (IC50); 4μ0% e TEAC/g of polyphenols. GAE = Gallic acid equivalent, TEAC = Trolox equivalent antioxidant 
capacity, DW = dried weight. 
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Table 3. Cytotoxic effect of Bang Chang’s Cayenne pepper extracts to Vero cells. 
 

Extract Final conc. (µg/ml) % Growth Cytotoxicity 

Hexane 

50.0 75.60 Non-cytotoxic 
25.0 85.11 Non-cytotoxic 
12.5 92.24 Non-cytotoxic 
6.25 97.16 Non-cytotoxic 

3.125 98.11 Non-cytotoxic 
1.5625 99.79 Non-cytotoxic 
0.7813 99.31 Non-cytotoxic 

    

Ethanol 

50.0 90.13 Non-cytotoxic 
25.0 93.79 Non-cytotoxic 
12.5 94.04 Non-cytotoxic 
6.25 96.82 Non-cytotoxic 

3.125 100.00 Non-cytotoxic 
1.5625 100.00 Non-cytotoxic 
0.7813 100.00 Non-cytotoxic 

 
 
 

 

   
 

 
 
Figure 1. Fresh Bang Chang’s Cayenne pepper (left) and after dried (right). 

 
 
 
for the cytotoxic activity on cell showed that hexane and 
ethanol extract yielded no toxic on Vero cell at the 
concentration of 50 μg/ml (Table 3). The antioxidant 
activity values from all methods were related to amount of 
phenolic content. 
 
 
DISCUSSION 
 
These results corresponded to the previous research 
(Sun et al., 2007), which found that methanol could 
extract higher quantity of flavonoids such as quercetin 
and luteolin from red pepper (Sun et al., 2007). Our 
ethanol extract had higher polarity, however, its polarity 
closed to methanol, thus ethanol extract may contain high 
amount of phenolic compounds that correlated to TPC as 
well. Additionally, red pepper was also reported to 
contain higher quantity of flavonoids than green pepper 
(Materska and Perucka, 2005) and when compared to 

our study, Bang Chang’s Cayenne pepper had attractive 
red color (Figure 1), which may also contain high amount 
of flavonoids. On the previous studies, Loizzo et al (2014) 
were evaluated antioxidant activities of C. annum (two 
cultivars) by wide range methods (Table 2) including 
DPPH., ABTS+., β-carotene bleaching test and Fe2+ 
chelating activity test. Ethanol extract of Bang Chang’s 
Cayenne pepper was possessed ABTS+· radical 
scavenging values higher than all extracts (Table 2) from 
previous study (Loizzo et al., 2014; Hernández et al., 
2010). It may also have higher antioxidant activity than 
Cayenne peppers on previous studies according to 
DPPH. radical scavenging assay, however, incomparable 
for DPPH. radical scavenging assay, because of different 
on reported value (between μmole TEAC/100 g DW and 

50% of inhibitory concentration, IC50). Moreover, 
antioxidant activities of Cayenne peppers were preferable 
on other antioxidant assay also (Loizzo et al., 2014; 
Hernández et  al.,  2010)  and  different  on  temperatures  



 
 
 
 
and assays may affect antioxidant values (Yazdizadeh et 
al., 2013). 

These results suggested that TPC and antioxidative 
agents might possess hydrophilic properties more than 
lipophilic properties, and were corresponded to the 
previous research, which reported that flavonoids are 
commonly extracted with methanol or ethanol solvent 
systems (Bae et al., 2012). Bang Chang’s Cayenne 
pepper contained higher nutritive values rather than other 
Cayenne pepper, because amount of fleshy pulp was 
thicker than other Cayenne pepper when compared in the 
same weight and ease to ground for cooking as spices. 
Polyphenolic compounds may have the major bioactive 
components in Bang Chang’s Cayenne pepper, which 
are responsible for antioxidation and antiproliferation. 
Natural antioxidants have been proved to inhibit tumor 
growth selectively, because of different redox status 
between normal cells and cancer cell (Nair et al., 2007). 
In case of this study, both of extracts lack cytotoxicity 
against a noncancerous cell line, Vero cells and this 
results was corresponded to previous study, which was 
reported to lack of cytotoxicity on C. annum against Vero 
cell line and an adenocarcinoma cervical cancer, HeLa 
cell line study (Berrington and Lall, 2012). However, C. 
annum was exhibited cytotoxicity against hepatocellular 
cancer cell, Hep-G2 cell line and the cytotoxicity of 
pepper was depended on red color peppers with small 
size and capsaicin content (Popovich et al., 2014). 
 
 
Conclusion 
 
The nutritional values of Bang Chang’s Cayenne pepper 
were higher than other Cayenne pepper and may contain 
antioxidant substances with non-toxic property. These 
pepper provided the highest antioxidant activity in 
hydrophilic extract because of higher TPC and 
antioxidant activity in ethanol extract, which is suggesting 
that bioactive compounds are well soluble in hydrophilic 
solvent. This research will be useful for further 
investigation on isolation of anti-oxidative agents from 
Bang Chang’s Cayenne pepper. 
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Geologic disaster of rainfall-induced rock collapse and debris flow is an essential part of research in 
the field of geotechnical engineering. Based on the discrete element method, the article derived the 
constitutive model of particles bond-damage fracture-move. A two-dimensional slope model of rock 
mass collapse was established to simulate slide of rock mass collapse and dynamic evolution process 
of debris flow. The change of mechanics parameters of six monitoring points were tracked and 
analyzed. The results showed that, nonlinear motion of microscopic particles was obvious during the 
process of bond-damage fracture-move. Based on the geological conditions of rock mass collapse and 
debris flow on Greenland in Denmark, a three-dimensional slope model was established. The results 
showed displacements and velocities of measuring points both displayed linear relationship with slope 
when slope increased from 1.0 to 2.0; while non-linear capacity was strong under the slope with a 
degree above 2.0. The research will be the foundation for nonlinear movement of debris flow and this 
kind of disaster induced by different factors. 
 
Key words: Discrete element method, rock mass collapse, microscopic failure, debris flow, numerical 
simulation. 

 
 
INTRODUCTION 
 
Slope sliding and debris flow is a typical geological 
disaster whose forming mechanism is influenced by 
many factors. As movements of geological disasters 
induced by rainfall are complex, some technical problems 
have not been broken through on dynamic problems. 
Researches on dynamics of debris flow are currently hot 
and difficult problems for academia. 

In order to explore the physical mechanism of debris 
flow, scholars at home and abroad have done much 
research on theoretical exploration and practical 
application (Iverson, 1997; Kane and Ponten, 2012;  Neal 

et al., 2013). As a kind of special fluid, debris flow 
possesses of tremendously complex features. Scholars 
mainly establish dynamic model of debris flow basing on 
the theory of SH and their researches on processes of 
debris flow always focus on numerical simulation (Tang, 
1994; Yu, 1996; Ma et al., 2008). The United States 
Geological Survey (USGS) set up the institutions on 
debris flow and their statistical model has been applied. 
Many scholars in the domestic such as Du (1987), Wu 
(1990), Kang (2004) and so on, have made pioneering 
research on formation mechanism of debris flow in  China 
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and accumulated valuable observation data. 

Gravity is the main driving force of rainfall inducing rock 
collapse and debris flow. The dynamic mechanism of 
liquid is very complicated that contains many forms of 
motion, such as collision, friction, sliding and rotation 
between particles. An important approach to studying its 
movement is numerical calculation. Discrete element 
method has been utilized in many researches for slope 
stability (Federicoa and Michaele, 2007; Lei and Wang, 
2006). It also has a big superiority in solving the 
formation and evolution process of debris flow and has 
solved the difficult problem on movement evolution of 
discontinuous medium. Sitharam and Vinod (2010) 
attained the degree of impact of other factors on dynamic 
shear modulus and damping ratio of particle materials 
through Discrete Element Method (DEM). Mohsin et al. 
(2013) established a one-dimensional model by using 
Hydrologic Engineering Center River Analysis System 
(HEC-RAS) and studied debris flow in view of dam break. 
Wang and Fulvio (2011) analyzed the influence of factors 
on rock collapse by DEM. The parametric inversion 
analysis on the rolling motion was completed by Jiang et 
al. (2008) through DEM. Li et al. (2009) analyzed stability 
of rock slope by DEM. Tang and Xu (2007) studied 
problems on geotechnical multi-scale by coupling the 
discrete element and shell finite element. Zhou et al. 
(2010) realized the two dimensional discrete-continuous 
coupling analysis for problems on geotechnical 
engineering deformation by Particle Flow Code (PFC) 
and Fast Lagrangian Analysis of Continua (FLAC) Socket 
I/O interface; numerical examples showed the 
effectiveness of the method on coupling analysis. Fan et 
al. (2010) simulated dynamic process of entrainment 
along the way, they found that the entrainment action 
could increase the motion volume of debris flow and the 
debris flow would be more destructive and harmful. 
Based on the Bingham theological theory, Zhang et al. 
(2012) built a model of debris flow, simulated the gully 
bed evolution and carried out the bed erosion-deposition 
processes. Nicholas et al. (2014) analyzed seven debris 
flows initiated in proglacial gullies. The high slopes and 
elevations of debris flow-producing proglacial areas 
reflect positive slope-elevation trends for the Mount 
Rainier volcano. 

Rock collapse is a key cause secondary disaster. Such 
as sediment deposition, debris flow erosion, impact and 
stacking problems. Erosion and the impact of disasters is 
one of the main causes of the disaster along the way. 
Sediment deposition is one of the main causes of the 
local lake. Because of the above reasons, the paper 
studied rock collapse and sediment deposition. Research 
on effects of microscopic mechanic parameters on the 
macroscopic characteristics in process of rock mass 
collapse and debris flow is less. Based on the discrete 
element method, the article derived the constitutive 
model of particles connect-damage fracture-move. A 
slope model  was  established  to  simulate  slide  of  rock 

 
 
 
 
mass collapse and dynamic process of debris flow. The  
article also analyzed mechanism characteristics of rock 
collapse and evolution of debris flow under different 
slopes. 
 
 
THE CONSTITUTIVE MODEL OF PARTICLES BOND-
DAMAGE FRACTURE-MOVE 
 
There are two kinds of connected models on discrete 
element. One is contact connection model which is equal 
to the rigid ring joint at contact points; there is a pair of 
springs with a constant normal stiffness and the 
tangential stiffness which can only transmit force. It 
cannot transmit bending moment; otherwise it will break 
when the force is greater than the connection strength. 
The other is parallel connection model which is equal to 
the flexible rubber connection on the contact surface and 
has rigidity connection itself. It will fracture when the force 
is greater than the connection strength. However, it 
cannot describe the particle damage stage. The paper 
deduced the constitutive model of damage of the particle. 
Microscopic parameter of contact connection model 
consists of normal connection strength and tangential 
connection strength. Zhao et al. (2013) have derived 
constitutive model of particles bond-damage fracture 
before. The paper would derive the equation of 
movement after the particles being damaged. 

Assume that A and B are two adjacent particles of rock 
mass and the connection damage mechanical behavior is 
described by normal connection strength; tangential 
connection strength; normal connection stiffness; 
tangential connection stiffness and connection radius. 
The unit normal vector in of particle - particle interface is 
represented as: 
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In the formula, 
 ][ A

ix  and 
 ][B

ix  are the center vector of 
particles A and B, respectively; center distance d 
between particles is: 
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Contact relative displacement nU  is represented as: 
 

 
 

[ ] [ ]

[ ]
( )

）（ boundary  -particle
 particle -particle







−

−+
=

dR
dRR

U
b

BA
n   

           (3) 
 

In the formula,  
[ ]AR  and  

[ ]BR  are the  radius  of  particles  



 
 
 
 
A and B, respectively. The contact point of two particles 
is determined by the following expression: 
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Total contact force is decomposed into tangential 
component and normal component along the contact 
surface: 
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In the formula, 
 n

iF  is normal component and 
 s

iF  is 

tangential component;  nF  is normal force scalar and 
 sF  is tangential force scalar. 

 iF  and 
 3M  are initialized 

to zero when the connection is formed later, elastic force 
and torque increment in the contact caused by the 
displacement increment and rotational increment will be 
stacked in the current value. Within one time step  t∆ , 
the elastic force increment is: 
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In the formula,  
nk  is normal connection stiffness and  

sk  

is tangential connection stiffness;  nUΔ  and  sU∆  are 
normal relative displacement increment and tangential 
relative displacement increment respectively between two 
contacting particles within one time step  tΔ . 
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In the formula,  ][ j

ix Φ  and  ][ j

i
Φω  are instantaneous speed and 

instantaneous rotational speed of particles  jΦ  
respectively. The  jΦ  can be determined by the following 
formula: 
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Within one time step  tΔ , the elastic torque increment is: 
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In the formula,  A  is contacting connection area;  J  is 
polar moment of inertia of contact surface;  I  is moment 
of inertia of contact surface relative to the contact point 
along the  s

iθ∆  -axis direction. Parameters above can be 
determined by the following formula: 
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Through the force and torque between particles A and B, 
calculating the maximum tensile stress and maximum 
shear stress of connection: 
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In the above equation, when the inequality is equal, 
namely, the maximum tensile stress  maxσ  is equal to 
normal strength  cσ . The maximum shear stress  maxτ  is 

equal to shear strength cτ . 
Under the rainfall condition at time  t , the value of  t

cσ  
and  

t
cτ  are defined as: 
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In the formula,  0ψ  is the original value of  cσ  and 
 cτ . 

 tξ  
is the relative change rate after rainfall. This data is 
weakened due to rainfall parameters. 

When the maximum tensile stress and maximum shear 
stress exceed the normal strength and shear strength, 

namely, 
 cσσ ≥max  and  cττ ≥max , bond damage will 

happen. Normal damage and shear damage variable are 
defined as: 
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In the formula, 
 n

tU  and 
 s

tU  are normal displacement and 
shear displacement of the particles respectively at t 
moment. The damage variable is 0 when the relative 
displacement reaches threshold displacement, and its 
value will become 1 when the relative displacement 

reaches  nU . The normal stiffness  nk  and tangential 

stiffness  sk  at damage stage are calculated by the 
following formula: 
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When the maximum tensile stress and maximum shear 
stress is smaller than normal strength and shear strength, 
the connecting force and torque among particles will be 
applied to the connecting particles A and B respectively. 
The expression is: 
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In the formula, 
 [ ]A

iF  and  
[ ]B

iF  are the force of particles A 

and B; 
 [ ]AM 3  and 

 [ ]BM 3  are the torque of particles A and 
B. 

When shear stress is stronger than yield stress, the 
particle begins to flow and stress would reduce. Its 
translational motion and rolling movement mainly 
depends on the force and bending moment. The velocity 
and direction of the particle are controlled by the integral 
calculation from Newton's law. The resultant force and 
translational motion satisfy the following equation: 
 
 ( )iii gxmF -=  ,                                                        (17) 
 
where,  �m  is quality,  ix  is accelerated velocity, and  ig  
is acceleration vector of volume force.  iF  is resultant 
force on the particle that can be expressed as the 
following: 
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where, 
 n

iF  is normal component, 
 s

iF  is tangential 

component,  
nF   is  scalar  normal  component  of  force,  

 
 
 
 

and  sF  is scalar tangential component of force; 
 in  and 

 it  are unit normal component and unit tangential 
component, respectively. 

Resultant moment and rotation movement are satisfied 
in the following relation: 

 
 33 = ωIM  ,                                                                (19) 
 

where,  I  is inertia moment;  ω is vector of angular 
acceleration. 

The acceleration of the particle at time t can be 
obtained by central difference method: 
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Translational velocity and angular velocity at time 

 ( )2/Δ+ tt  can be achieved by substituting Equation (4) 
into Equations (1) and (3), respectively: 
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The center position of the particle at time  ( )2/Δ+ tt  
can be obtained by Equation (21): 
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The parameters such as translational velocity (
 )Δ+( tt

ix ) 

and rotational velocity (
 )( tt

iw ∆+

), particle’s position 

(
 )Δ+( tt

ix ), force (
 )( tt

iF ∆+

) and moment (
 )(

3
ttM ∆+

) on 
particles at next moment can be achieved by loop 
iteration process of the method. 

Based on constitutive model of particles, the author 
wrote a c++ program to establish user-defined 
constitutive model. Dynamic link library (DLL) file was 
output and called in the main particle discrete element 
program. 

 
 

DYNAMIC SIMULATIONS 
 
2D simulations 
 
In order to study the geological disasters of the rock 
collapse and debris flow  induced  by  rainfall,  a  2D  rock  
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Figure 1. The model of rock collapse (a) Two dimensional model (b) Plan of the area (1:25000). 

 
 
 

Table 1. Geotechnical parameters. 
 

                          Model  
Variables 

Initial value of 
2D Model 

Initial value of 
3D Model 

Relative change rate of 
parameters after rain 

Normal stiffness / (N/m) 3e7 4.5e7 -14.07 
Tangential stiffness / (N/m) 3e7 4.3e7 -14.07 
Normal intensity /(N) 2.5e7 3.1e7 -21.13 
Tangential intensity /(N) 2.5e7 3.2e7 -21.13 
Density/(kg/m3) 2600 2600 +10.00 
Coefficient of friction 0.6 0.6 -11.00 

 
 
 
model was established. Laoshan area in Nanjing has a 
high incidence of debris flow under rainfall that will clog 
roads and other construction facilities. Figure 1b shows 
the plan of the partial area of Laoshan area in Nanjing. 
The authors have done experiments detection. The test 
results contrasting 2D numerical results were shown in 
Figure 5. 

The 2D numerical model is 110 m long and 30 m high. 
According to the initial void ratio with 0.1, particle 
generates randomly in the slope area and its radius 
changes within 4~6 cm. The contact mechanics 
parameters of microscopic particles have greater 
influence on the macroscopic mechanical properties. The 
mechanics parameters shown in Table 1 have been 
analyzed by author (Zhao et al., 2013), wherein the 
relative change rate of each index after rain refers to 
literature (Li et al., 2009). In the initial state, the 2D model 
was stable. After fully rainfall, the parameters of rock 
were weakened. The initial damage data of stiffness was 
0.1407. This value was substituted into Equation (14), the 
rainfall stiffness value were calculated. The change rate 
of intensity was 0.2113. Then the data of tξ was 

substituted into Equation (12), the rainfall intensity could 
be calculated. The overall strength of rock mass was 
induced by initial damage weakening, which resulted in 
the late rock collapse and debris flow. 

The weakening of parameters in the damage process 
of rock mass follows the constitutive equation. Rock 
collapse model was shown in Figure 1a. Six different 
monitoring points on the slope surface and internal points 
were set to monitor and track motion of particles, the 
stress and deformation, respectively. There were three 
sections to monitor the total discharge of debris flow. Frist 
section is at the toe. Every five meters were set two 
sections in its base. 

The top of the model slope is seen as the origin of 
coordinates, the vertical downward is negative and the 
horizontal position to the right is positive. Due to rainfall 
infiltration, index of shear strength of rock mass 
significantly became lower. The instability of rock mass 
would be damaged under the action of gravity, and 
change of vertical position was negative. 

Figure 2 presents curves of vertical location versus 
time with monitoring points. There  are  many  differences  
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Figure 2. Curves of vertical location versus time with different monitoring points. 

 
 
 
among them with rock collapse-damage fracture-debris 
flow. The processes of rock collapse and debris flow 
were shown in Figure 3. Taking the movement of Point 1 
as an example, before turning inflection Point 1, the 
bonding force between the particle and adjacent particles 
were strong. With the process of collapse, the particle 
collided with other particles and the bedrock, and then 
damage and fractures where generated at inflection Point 
1. Then the evolutionary phase came. The results 
showed that not all particles of rock mass were damaged 
and fractured; those unbroken particles mainly depended 
on their weight and moved along with others. Often this 
part of rock mass is large, and would have great impact 
on the downstream. 

Figure 3(a)-(e) present three stages of slope failure and 
evolution: (1) slope with overall stability; (2) initiation and 
perforation of sliding surface of slope; (3) evolution of 
debris flow. When time is before 0.8 h and the calculation 
step is 2.7 × 104, slope is at the stable stage. Loose 
blocks which attached on the slope, dropped to the slope 
toe under the action of weight, while some particles 
dropped a little farther away from the slope toe (Figure 3 
(a)). When time reached 1.5 h, the slope was at the early 
stage of sliding and connection between particles turned 
from damaging to fracturing gradually. Micro sliding 
surface first appeared at Point 3, with large angular 
velocity and speed horizontally along the slope surface 
which weakened integral strength of the slope. When 
time reached 3.5 h, debris flow moved with a good 
liquidity. 

Due to the particles at monitoring Point 3 was located 
outside of the rock cliffs and the lower was impending, 

they fell early under the influence of weight (Figure 4). 
When time is 1.5 h, the monitoring point presents the 
large angular velocity and horizontal velocity. The 
characteristics of nonlinear motion of slope slide and 
debris flow is obvious. The main reason is that at early 
collapse of rock mass, the particles which were 
connected by the coherence force first collapsed and 
then collided with adjacent rock in the whereabouts 
particles, and then the path changed. According to 
different rotation directions of particles in the process of 
movement, the clockwise rotation is positive, 
counterclockwise rotation is negative. In the early stage 
of debris flow, nonlinear motion was also obvious. 
However, the motion tended to be stable in later evolution 
of debris flow. This is because the broken grain went into 
the hole among large particles, the overall porosity 
reduced, and then the overall viscosity increased. 

The comparison was shown in Figure 5 between the 
simulation and the experiment. From Figure 5(a), the 
three section total discharge simulation results agree with 
the experimental results. Before 2 h, the three section 
numerical simulation results agreed with experimental 
results. Then total discharge and impact pressure results 
were slightly larger than the experimental values in 
Section 1. Debris flow total discharge results slightly 
smaller than the experimental values in Section 2. 
Although, there were some fluctuations, but the overall 
were regularity. Figure 5(b) presents that in Section 1, 1.9 
h occurred at the peak impact pressure 2915KN, then the 
intensity values produce small fluctuations. It was 
suggested that the time rate of change of flow rate 
reaches  a  maximum   debris   flow.   In   the   other   two  
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Figure 3. 2D simulation of rock collapse and debris flow. (a) Early rock collapse (b) Stage of 
rock collapse (c) Early evolution of debris flow (d) Middle evolution of debris flow (e) Stable 
accumulation of debris flow. 
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Figure 4. Curves of velocities of monitoring points versus time (a) Angular velocity (b) Horizontal velocity. 
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Figure 5. The comparison between the simulate and real landslide test (a) total discharge (b) impact pressure. 
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Figure 6. 3D DEM of rock collapse (a) Rock mass collapse of Greenland (b) Rock mass collapse of 3D rock model. 

 
 
 
sections, the peak impact pressure was clearly lagging 
behind, but overall were slight fluctuations up and down 
in the experimental. 
 
 
3D simulation studies 
 
In order to study the geological disasters of the rock 
mass collapse and debris flow induced by rainfall, and 
compared  with  debris  flow  of  Greenland   in   Denmark 

(Costard et al., 2002), four kinds of 3D models were 
established. They are 60 m wide and 150 m high. The 
slopes of bedrock are 1.0, 1.5, 2.0 and 2.5, respectively 
(Figure 6). According to the initial void ratio with 0.1, 
particle generated randomly in the slope area and its 
radius changes within 2~8 cm. The mechanics 
parameters were also shown in Table 1. In the initial 
state, the 3D model was stable. The particles within the 
boundary two XY displacements is constrained in the Z 
direction,   and    is    allowed    to    occur    displacement  
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Figure 7. 3D simulation of rock collapse and debris flows (a) Stage of slope slide (b) Stage of 
debris flow (c) Accumulation of numerical simulation (d) Accumulation of Greenland. 

 
 
 

 
 
Figure 8. Curves of angular velocity of monitoring points versus 
time. 

movement in the XY plane. After fully rainfall, the 
parameters of rock were weakened. The initial damage 
data of stiffness was 0.1407. A weakening of the 
parameters at this time was 0.2113. The overall strength 
of rock mass was induced by initial damage weakening, 
which resulted in the late rock collapse and debris flow. 

Two monitoring points in the slope were set to monitor 
and track displacement and velocity. The processes of 
rock mass collapse and debris flow were shown in Figure 
7. There are also three stages: (1) slope with overall 
sliding; (2) stage of breaking and rolling; (3) evolution of 
debris flow. By comparison, the deposition form of 
numerical simulation agrees with Greenland’s form. 
Figure 7 presents that integrity of the slope is strong at 
the beginning of the slope slide and the whole rolling of 
the slope body occurred on the surface of the bedrock. 
Figure 8 shows the curves of angular velocity of 
monitoring points versus time. The angular velocity in 
clockwise is positive and in counterclockwise is negative. 
In early slide, the angular velocity is about 0.2 rad/s.  
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Figure 9. Curves of number of crushing particles versus time under different slope. 
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Figure 10. Curves of work of gravitation and viscous friction versus time, respectively. 

 
 
 
However, individual rock rolled obviously, such as at 5.2 
h, peak value of roll angular velocity of point 1was 
approximately 1.0 rad/s. 

Figure 9 presents that within less than 4 h, number of 
crushing particle has nothing to do with slope because 
the aggregate particles are damaged by particle collision 
force in the prophase of evolution. However, as time went 
on, energy for decline was released, so the number of 
crushing particles and slope increased the linear after 4.2 
h. 

The rock rolled along colliding downstream, the slope 
body itself would be broken and generated about 81 
particles, which is shown on the curve at 4 h in Figure 9. 
The whole strength of the slope body decreased as well 
as the cohesive strength. The curve of work of 
gravitational force in 4~8 h (Figure 10) shows that partial 
block separated and increment of gravity power was 
obvious. Later in the process of debris flow, it continued 
to flow along the bedrock, glutinousness and viscosity 
increased; the angular velocity of rock  mass  is  close  to  
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Figure 11. Contours of accumulation body of numerical simulation and of Greenland. 

 
 
 
zero (Figure 8). The curves of work of friction that 
produced by the viscous force are flat (Figure 10) in this 
phase. Then, debris flow reached the bottom of the 
bedrock with the advancement of upstream particles 
layered erosion accumulation was generated by front-end 
particles (Figure 11). 

Figure 11 presents the contrast between contours of 
accumulation body by the numerical simulation and 
Greenland when the slope is 2.5. The numerical 0 and 10 
m contours in front of accumulation area were slightly 
smaller than that of Greenland. The main reason is that in 
simulation, the established rock particles are sphere 
particles, the porosity of accumulated particles are large; 
while the density of actual rock mass is great after 
medium-sized particles filled the voids among large 
particles in the process of debris flow resulting in flat 
deposits. Taken together the contours of accumulation 
body by simulation fit in geological disasters of 
Greenland, so the rationality of the model has been 
verified. 

Figure 12 presents the increase of slope, displacement 
and the speed of monitoring points along the slope 
present nonlinear trend for increasing. When the slope 
increases from 1.0 to 2.0, the curves of displacement 
increase by linear ratio. When the slope increases from 
2.0 to 2.5, displacement and velocity increase 
significantly. Under the same slope, nonlinear motion of 
displacement and the speed of monitoring points are 
obvious. The reason is that the collision among particles 
and crushing changed their trajectory and orientation 
which would affect the displacement and velocity 
components.  The   above   explain   that   the    nonlinear 

characteristic of microscopic particles is closely combined 
with macroscopic changing process of rock mass. 
 
 
DISCUSSION 
 
After a rainfall, there is rock collapse and the occurrence 
and debris flow evolution of geological disasters. 
Research on this problem has great superiority by 
discrete element method. This method can be used to 
study micro body particle movement. Real time tracking 
effect is good. However, there are still problems and 
needs improvement. 
In the debris flow motion process, further research needs 
associated with slurry. In Figure 5, the two-dimensional 
simulation results and experimental results of node 
factors exist differences in slurry. 

Numerical simulation of the discrete element method 
can achieve large-size 3D slope model at the same time 
need to generate a lot of particles. However, the 
calculation takes more computing time is currently 
drawbacks. How to achieve ultra-performance parallel 
computing is one of the ways to expand its field of 
application. 
 
 
Conclusions 
 
Based on the discrete element method, the article 
derived the constitutive model of particles connect-
damage fracture-move and simulated rock mass collapse 
and dynamic process of debris flow. The article  analyzed  
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Figure 12. Curves of dynamic parameter of monitoring points versus time (a) Displacement of monitoring points (b) Velocity of 
monitoring points. 

 
 
 
influence of slope of bed rock on parameters of rock 
mass collapse and debris flow. The article also analyzed 
the characteristic of nonlinear motion of different 
monitoring points. The main results are as follows: 
 
(1) The process of rock mass collapse and debris flow is 
complex kinetic processes, and presents progressive 
dynamic evolution process from continuum to 
discontinuous. The experiments of the model have 
practical significance on engineering to describe the 
nonlinear motion kinetic characteristics of the whole 
process of slope, 
(2) There are three stages of rock mass collapse and 
debris flow with different kinetic characteristics. In the 
evolution of debris flow, slope on cliffs is easy to slide, 
with great energy and obvious nonlinear movement, 
(3) Rainfall is one of the main factors that induce 
geological disasters. The numerical results agree well 
with the experimental results. Tracking the evolution of 
the dynamic parameters of rock particles can 
compensate experiment deficiencies. 
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