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ABSTRACT

Ceylon cinnamon bark extracts were evaluated under constant
conditions against Rhizopertha dominica adults and the effective lethal
concentrations (LC50 and LC35) of each extract were calculated. Effects of LC50
and LC95 on both reduction of progeny (%) and weight loss (%) were inve
stigated. Also the persistent effect of LC95 of the tested extracts was done waekly
on both adult mortality (%) and grain viability (%). Resuits showed that percent
adult mortality increased with increase of the concentration and exposure time.
Chloroform extract was the most effective than other extracts, since its lethal
effective concentration (LC50) reached a minimum value of 1.8 mi/Kg, while the
acetone extract was the least effective which its LC30 was 3.57 mli/Kg. All tested
extracts significantly reduced adult progeny (%) and weight loss (%) compared to
control. Tested extracts persisted effective on aduit mortality (%) for two months
and droppid suddenly thereafter for all extracts. Tested extracts slightly affected
germination (%) of wheat treated with LC95 value either initially or at end of the
storage compared to control. Cinnamon extracts could be used as wheat
protectant for wheat from R. dominica attack.

INTRODUCTION

The annual worldwide post harvest losses caused by insect
damage, microbial deterioration and other factors are a serious problem.
Insect infestation of stored grains and their products is a problem all over
the world, since it reduces crop yields, pollutes stored products, damages
seed germs and reduces quality of the stored products. Chemical control
of insects in storage has been given rise toxic residues, increasing costs
of application, environmental pollution, and hazards from handling (Ahmed
et al., 1981). These problems created worldwide interest to search for
alternative strategies such as botanical insecticides as safe, effective
insecticides and easily biodegradable. Some indigenous plants have been
used for keeping human beings, food materials and woolens from insect
attack (Golob and Webley, 1980; Ahmed et al., 1981; Malik and Naqvi,
1984; Chander and Ahamed, 1987; Patel and Valand, 1994; Tiwari, 1994;
Jacob and Sheila 1995; EL-Lakwah et al1997; Al- Moagel and Addel-
Baki, 2000; Umotok, 2000, Abdel- Latif, 2004). Rhizopertha dominica is a
serious primary pest of stored cereal grains, since it causes severe
damage by their adult and larval stages. This work evaluates the
biological effects of Ceylon Cinnamon, Cinnamomum zeylanicum bark
extracts against R. dominica.
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MATERIALS AND METHODS

1. Test insect: The lesser grain borer, R. dominica (F.) was the test
insect. The adult insects were reared in glass jars on wheat grains (Giza
168 variety) under constant conditions of 28+1 °C and 65+ 5% R.H. for
several generations at Stored Grain Pests Division, Plant Protection
Research Institute, ARC, Egypt. In all tests, adults of 1- 2 weeks old were
used. Wheat samples were disinfested by freezing at -18 °C for 3 weeks

and then conditioned for other two weeks to equilibrate their moisture
content.

2. Source of the cinnamon and the extraction method: Cinnamon, C.
zeylanicum (Family: Lauraceae) bark was purchased from a local
supermarket, grounded into a fine powder by an electrical home mill for
ten minutes, sieved for obtaining a very fine powder. About two hundred
grams of ground material were placed with 400 ml from one of the three
different organic solvents (Petroleum ether, chloroform or acetone)
separately in a large glass flask and left for two days with continuous
mixing as described by Su (1985) and Afifi (1989). The extract was filtered
and concentrated by evaporating the solvent at 30- 40 °C under reduced
pressure by a rotary evaporator. The obtained extract was in the form of a
crude oily gum and considered of 100% concentration.

3. Bioassay: Primary tests made to determine toxicity of different
concentrations of each extract on R. dominica adults by direct mixing with
wheat grains. Toxicity of each extract was determined by adding one ml of
each stock crude extract to 10 ml of the same solvent of its extraction.
Grains (10 g) were mixed with each extract at concentrations of (1.0, 2.0,
3.0, 5.0 and 6.0 mi/kg); (1.0, 2.0, 3.0, and 6.0 mi/kg); (1.0, 4.0, 6.0, 7.0
and 8.0 ml/kg) of the three extracts respectively, then shaked in glass
vials and left to dry. Twenty five adults of 1- 2 weeks old R.dominica was
introduced into each vial covered with muslin and held by a rubber band.
Each concentration was replicated three times and all replicates were kept
at constant conditions of 28+ 1°C and 65+ 5 R.H. The same number of
untreated wheat served as control. Adult mortality counts were recorded
after 1, 3, 5, 7, and 14 days and its corresponding percentages were
calculated and corrected with Abbott's formula (1925). Mortality (%) was
computed three days after treatment according to Finney (1952) for
determining the lethal effective concentrations (LC50 and LC9S5) and
toxicity slope for each extract.

4. Weight loss (%) and progeny as affected by extract treatment:
Three replicates (each with10 gm wheat) were treated with LC50
or LC95 of each extract, infested with 25 R.dominica adults for two weeks,
and placed under the same previous conditions until adult emergence.
Two similar groups with untreated wheat, each of three replicates were
made: one group left without insect infestation for assessing moisture
content and considered as initial dry weight, while the other group was
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infested with 25 adults as untreated control and both kept under the same
previous conditions. One month later, vials were examined for progeny
number, separated and counted at regular intervals of two days until
ceased. Reduction (%) of adult emergence was calcuiated compared to
control of the two Iethal effective concentrations of the tested extracts as
follows:
Progeny in control- progeny in Treatment
Reduction (%) = : x100
Progeny in control

Replicates were reweighed again after no adult emergence (and
after subtracting its contained moisture content) and considered as final
dry weight, to calculate the weight loss (%) on the dry weight basis
compared to uninfested sample according to Khare and Johari (1984) as
follows:

Initial dry weight - final dry weight
Weight loss(%)= x 100
Initial dry weight

4. Persistent effect: Thirty replicates (of ten gm each) were treated with
LCO5 value of each extract and stored under 28+1 °C and 655 % R.H.
Other thirty similar untreated replicates were made for comparison. Every
week, three replicates wera withdrawn from each of the diiferent extracts
and control, each replicate was infested with 25 adults of R.dominica,
newly emerged (1-2 weeks old). Adult mortality (%) was determined three
days later and corrected with Abbott's equation (1925). Effects of tested
extracts at the maximum lethal concentration (LC95) on the wheat viability
(% germination) were also screened as follows: 25 treated grains were
planted on a moistened cotton pad within Petri dish of 15.0 cm diameter
according to Anonymous, (1965). Four replicates were made for each
extract beside untreated ones. Germination count was made one week
later and its percentage was determined. Data analyzed statistically using
ANOVA and means separated by Duncan multiple range tests (Duncan,
1951) using a computer software.

RESULTS AND DISCUSSION

The following results clarify effects of the different crude extracts
(petroleum ether, chloroform and acetone) of cinnamon bark on
R.dominica adults.

Data of Table 1 indicated that adult mortality (%) values increased
with the increase of concentration and time of exposure. After three days
from treatment, adult mortality (%) ranged from 30- 95, 25- 90, and 20- 95
for petroleum ether, chloroform and acetone extracts respectively. After
five days, the corresponding values were 39- 100, 49- 100 and 38- 100,
with complete mortality after 2 weeks at the most concentrations of each
extract.

475



Ahni:z2, Salwa M. S. et al.

Table 1. Effect of cinnamon bark extracts on adult mortality (%) of
Rhizopertha dominica (F.)

Extract [concentration Adult mortality (%) after the indicated days .
s milkg 1 3 5 7| 14
Pewoleum 1.0 0.0 30.0£2.6 | 39.0+2.1 | 45.0+0.0 | 72.0+4.0 |
Ether 2.0 0.0 40.0£0.0 | 52.0+5.3 | 59.0+#2.1 | 79.0+0.0 |

3.0 0.0 50.0#2.5 | 57.0+0.0 | 71.0+#3.8 | 100.0
5.0 27.0#3.5 | 80.0+1.5 [ 98.0+1.2 | 100.0 100.0
| 6.0 32.0+4.2 | 95.0+2.9 100.0 100.0 100.0
Chloroform 1.0 0.0 25.0+1.5 |1 49.0+3.1 | 73.0%4.2 | 89.0+0.6
2.0 8.0+0.0 | 53.0+4.6 | 71.0+£1.0 | 89.020.0 | 96.0:2.0
3.0 | 14.0+1.0 1 75.0£0.0 | 98.0+1.2 | 100.0 100.0
[ 6.0 | 19.0+0.6 . 90.0£0.0 [ 100.0 100.0 100.0 |
Acetone | 1.8 0.0+ |20.0+0.5]38.0+0.0 | 47.0+2.0 | 78.0+0.0 |
| 4.0 0.0 40.0+1.5 | 57.0=4.6 | 65.0=0.0 | 98.0+0.0 !
L 6.0 0.0 50.0£3.5 | 63.0+3.5 | 89.0£1.7 | 100.0 |
| 7.0 | 17.0£1.5] 75.0£2.5 | 82.0+0.0 | 28.0¢2.0! 100.0 !
8.0 | 21.0£0.0 | 95.0+0.0 1000 | 100.0 | 100.0 |

Results of Table 2 indicated the calculated values of LC50, LC80,
LC95 and relative potency (RP) of the tested extracts. It is clear from this
table that, chloroform extract was the most effective because its lethal
concentration (LC50) was of a minimum value (1.8 mi/kg), while the
acetone extract was the least effective( LC50=3.57 ml/kg) after three days
of treatment. Values of the lethal concentration (LC35) raenged from 8.0-
18.0 mi/kg for chloroform and acetone extracts respectively. Relative
potency based on LC50 of the least effective exiract (acetone) showed
that chloroform extract has a double effect than the acetone one (Table2).

Table 2: Calculated LC50, LC90 and LC95 values and relative
potency (RP) of the cinnamon bark extracts against R.
dominica adults.

— LC50 lI LC90 | LC95 | Slope | Relative |
(ml/Kg) | (miiKa) | (ml/kg) | value | potency (RP)*
|_Chioroform | 1.80 564 | 800 | 253 | 1.98
| Petroleum ether | 2.17 7.56 8.90 261 | 1.65
| Acetone | 357 16.2 19.00 T 1 - 949

*Relative potency (RP) was based on LC50 of the acetone extract.

These results showed that R. dominica adults were more sensitive
to chloroform extract compared to cther two extracts. Data of Table 3
indicated the outcome biological effects of the two calculated
concentrations (LC50 and LC95 ) of the tested extracts on both adult
progeny of R. dominica emerged and the resultant weight loss(%).
Significant differences were found among the extracts. Results of LC95
completely prevented adult emergence compared to control. The results
showed significant differences between (petroleum ether and acetone)
and chloroform extracts on the aduit emergence. Tested extracts could be
arranged ascendingly according to effect of its LC50 value on adult
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progeny reduction as follows: acetone (75.0 %), petroleum ether (76.4 %),
and chloroform (92.3%) compared to control (0.0).

The effects of LC50 and LC95 values on the dry weight loss (%) and
its reduction (%) showed significant variations which acetone and pet.
ether extracts were the least effective while the chloroform extract was the
most effective in reducing weight loss (%). LC50 value resuited in2.31,
6.88 and 12.8 of the dry weight loss (%) in treatments with chloroform,
acetone and pet. ether extracts respectively compared to control (31.4 %).
Treatment with LC95 value was more effective and ascertained that
chloroform extract was the most effective and produced the lowest weight
loss {1.69 %) while pet.ether extract was the least effective ( 2.7 % ):
Chioroform extract was the most effective in reducing weight loss (%) to
92.6 %.

Table 3: Adult progeny of R. dominica and weight loss (%) as
affected by cinnamon bark extracts at LC50 and LC95 level.

< ! Progeny |Red. of aduiti Dry weight i R.Ed' of
Extract cOnc::;I:rgat!Oﬂ ﬂurgbez Progeny (%); gss{"/g) ' we'?,?:) Ioss}
[ a.LC50 effects ]
Chicroform LCS50 (1.8) | 7.051.0c  923+14a | 23+05c 19262163
Petroleum Ether] LC50 (2.17) | 17.0+3.1b | 76 424 25 12.8£1.2b [59.3+3.9b |
Acetone | LC50(3.57) [18.0¢1.2b | 75.0¢1.6b | 6.027 0c 78 1%3.8ab
Controi | 0.0 72.0t44a| 0.0c 31.4:26a [ 0.0c |
b.LC35 effects 1
Chioroform | 'LC95(8.0) | 0.0b 100.0a | 1.7:0.2b [94.620 7Aa
Petroleum Ether] LC95 (8.9) | 0.0b 100.0a 2.7+0.2b 191.3+0.7a |
Acelone | LCS5(19.0) | 0.0b | 10003 | 2.6+0.03b [91.8+0.7a |
Control | 0.0 |72.0+4.4a | 00b | 314:06a 0.0b

* Data analyzed statistically by ANOVA test and means separated by Duncan's
multiple test for L50 and LC95 separately, ™ Vertical means with same letters are
not significantly different,

The residual effect of tested extracts was Dio-assayed weekly
against R. dominica adults exposed to wheat grains treated with LC95
value of the different extracts separately was shown in Table 4. Extracts
lasted effective until 8 weeks, which gave more 90 % adult mortality and
then dropped suddenly from 96.0 to 99.0 % (Pet. Ether), 97.0- 64.0 %
(chloroform) and from 95.0- 58.0 % (acetone) after ten weeks.

Data of Table 5, showed effect of LC95 on percent germination
initially after treatment and at end of storage period. Initially after
treatment germination differed significantly and ranged from 80.0-88.0 %
for acetone and chloroform extracts respectively compared to control
(95.0 %). With end of storage period after ten weeks, percent germination
ranged from 74.0- 820 % for acetone and chloroform extracts
respectively. Significant reduction (%) of germination was slightly
observed with the end of storage period. Thus, treatment of wheat grains
showed a little effect on viability of grains especially with the end of
storage.
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Table 4: Adult mortality (%) of R .dominica exposed to wheat grains
treated with cinnamon bark extracts (at LC95) after di{’erent
storage periods

Period after Petroleum Ether Chloroform Acetone i

treatment (weeks) Extract extract extract i
Initial 96.0£2.3 97.0+1.2 95.0£1.7
1 97.0+0.0 85.0+0.0 95.0+0.0
2 95.0+0.5 95.0+0.6 96.0+0.6
3 96.0+0.6 96.0+0.0 94.0£0.6
4 {One month) 95.0£1.0 95.0+£2.5 96.0+2.0
5 94.0£1.0 94.0£1.0 95.01.0
6 95.0=2.5 | 95.0£0.6 95.0+0.0
v 7 | 95.0:0.4 94.0+2.5 93.0+1.2
" 8 (Two months) 94.3+0.9 92.0+1.5 | 900+1.0
9 75.0£2.5 ! 83.0+4.0 | #1025
10 | 59.3£2.6 | 64.0+0.0 { 958.0+3.1

Table 5: Germination (%) of wheat grains treated with LC95 of
cinnamon bark extracts initially and after ten weeks of storage.

- : End of storage period |

Extracts |COncentration iigal panod (Ten weeks) |

milkg Germination| Reduction |Germination| Reduction !

(%) (%) (%) (%) |

Petroleum 8.9 82.0£3.1¢ | 13.7x13a | 79.0¢15b | 17.7+1.4b |

Ether i
Chloroform 8.0 88.0+2.3b | 7.4+1.9b | 82.0£0.6b | 14.6+0.2b
Acetone | 19.0 80.0+2.3c | 15.7+0.4a | 74.0+2.1c | 22.9+2.2a

Control | 0.0 | 95.0&1.2a 0.0¢c 96.0+0.6a 0.0c

*Data were statistically analyzed by ANOVA test and means separated by Duncan's
multiple range test, ** Vertical means with same letter are not significantly different.

The present study showed that the chloroform extract of cinnamon
bark was the most effective than the other extracts since it affects aduit
mortality (%) as well as it showed a higher reduction at its LC50 and LC95
on both adult emergence and weight loss (%). Also, the persistent effect
of chloroform extract lasted and remained effective tested for more than
two months. These results agree with those mentioned by EL-Lakwah
et.al., (2004) which mentioned that toxicity of cinnamon extracts might due
to its chemical constituents of terpenoids, glycosides or similar substances
which posses many interactive effects, that are finally lethal to insects.
Cinnamon bark powder is used for flavoring food products and with
medicinal properties as well as preferred as hot public drink all over the
world (Su, 1985), so its use for wheat protection is considered safe but
regards about its cost is unknown especially under the large scale
application. Such extracts can be used to protect small stocks of wheat
from R.dominica infestation at the peasant level.
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