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Abstract. This study aims at putting forward the synergy of secondary compounds on total food 

consumption, the amount of pupal lipid and protein, weight of pupae, and development time in the last 

instar of Hyphantria cunea. A non-choice feeding experiment was applied with a total of 14 foods; one of 

them was the control food, 9 of them were prepared by adding different concentrations of tannic acid, 
gallic acid and p-coumaric acid (1, 3, 5% of dry weight) to the control food, 3 foods with 2 combinations 

prepared by adding 3% concentration tannic acid, gallic acid and p-coumaric acid, and 1 food with three 

combinations.The total food consumption of the foods with double combinations was different when 

compared to control food. The pupal weights of the larvae which were fed with food containing two 

combinations (tannic acid+ p-coumaric acid) and the ones fed with food containing three combinations 

(tannic acid + gallic acid + p-coumaric acid) were different from the ones in the control group. The pupal 

protein content in food containing triple combinations was lower than the control food. The pupal lipid 

content in food containing triple combinations was more than the control food. It was found that the 

development time increased as the tannic acid concentration of the food increased; on the contrary, the 

development time decreased as the gallic acid concentration of the food containing gallic acid increased. 

Keywords: Hyphantria cunea, secondary compounds, tannic acid, gallic acid, p-coumaric acid 

Introduction 

Secondary plant compounds serve different ecological functions such as allelopathy, 

herbivore deterrence, attraction of pollinators, predation of organisms on herbivores, 

and antifungal effect (Chou and Kuo, 1986; Harborne, 1977; Baas, 1989; Dicke and 

Sabelis, 1989). Through the observations deduced from the feeding behaviours of 

herbivore insects, it is known that these compounds perform the function of being 

deterrent to the herbivores or being toxic against them (Fraenkel, 1959; Ehrlich and 

Raven, 1964). 

Phenolic compounds, which are a group of secondary compounds, are aromatic 

compounds containing one or more hydroxyl groups. There are more than 8000 known 

phenolic compounds in nature and 14 groups are categorized depending on the 

arrangements of these compounds; a small group of these compounds functions in 

plant-herbivore interactions (Strack, 1997). The physiological roles of phenolic 

compounds vary depending on their chemical structure and physicochemical 

environment (such as PH, redox potential, oxidase concentration, oxidants and 

antioxidants) (Larson, 1995; Metadiewa et al., 1999; Sugihara et al., 1999; Galati et al.,  

2002; Sakihama et al., 2002; Hagerman et al., 2003). 
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Tannins which are accumulated against herbivorous animals in many plant species 

and especially in trees (Bernays et al., 1989; Peters and Constabel, 2002) show their 

biological effects through protein binding. It is shown that they have affected a great 

number of herbivores ranging from insects to mammals (Bernays et al., 1989). Gallic 

acid is a phenolic whose molecular weight is small. Gallic acid is derived from 

chrosmic acid by means of shikimic acid. It is known that gallic acid has antioxidant, 

antibacterial, anti-inflammatory and chemical protective properties (Kang et al., 2008; 

Kim et al., 2006; Giftson et al., 2009). p-Coumaric acid is an intermediate in 

biosynthesis of lignin and has a broad distribution in angiosperm plants (Berenbaum, 

1982). p-Coumaric acid is of great importance because of its protective chemical and 

antioxidant properties (Torres and Rosazza, 2001). 

This research aims at studying the synergistic effect of secondary compounds on H. 

cunea.  For this purpose, 3 phenolic compounds (tannic acid, gallic acid and p-coumaric 

acid) with different molecular weights have been used and the synergistic effect of these 

phenolics on the nutrition and growth of the last instar has been studied. 

Materials and methods 

Collection of the larvae 

H. cunea larvae were collected during the field research from hazelnut gardens on 

the coast within the Çarşamba border in Samsun in July, 2011. 

 

Feeding experiment 

10 different data were collected from the last instar larvae with an aim to be 

associated with a number of earlier publications in literature (Telang et al., 2001; Lee et 

al., 2002; Henriksson et al., 2003; Lee et al., 2004). For each food group, 10 larvae were 

put in plastic cases (sized 5cmx10cmx2cm) one by one. The larvae in the cases were put 

in an incubator adjusted to 27 
0
C heat and 70% humidity within a period of 16 h light - 

8 h dark. Each molting was noted and the data obtained from the last instar to pupae 

were evaluated. In feeding experiments, each day after weighed in 0,001 gr sensitive 

scale a new food, it was given and after the remaining food was dried in the incubator, 

and their dry weight was calculated. Moreover, each day the changes in the weight and 

their feces were noted and these measurements were followed until the larvae became 

pupae. 

 

Secondary compounds 

The first factor in choosing the secondary compounds is whether these compounds 

react with each other when they are included within food in double and triple 

combinations. As three of the secondary compounds have an acidic property- though the 

reaction was a weak possibility- tannic acid, gallic acid and p-coumaric acid were mixed 

in double and triple combinations in aqueous media at room temperature with a 

proportion of 1:1. However, no chemical reaction or change was observed. The other 

reason for choosing these 3 secondary compounds (tannic acid (C76H52O46), gallic acid 

(C7H6O5), p-coumaric acid (C9H8O3)) is that they have different molecular weights. 
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Content of artificial foods 

In this research, artificial foods with different contents were prepared with the aim of 

determining the effects of different secondary compounds and their different 

combinations on the nutrition and the growth of H. cunea. The artificial food which was 

developed by Yamamoto (1969) to feed the larvae was modified (only the protein and 

carbohydrate amounts were changed) and used as the control food and foods were 

prepared by using the secondary compounds such as tannic acid (TA) (Sigma, 16201), 

gallic acid (GA) (Sigma, G 7384) and p-coumaric acid (PCA) (Sigma, C 9008) suitable 

for the purpose of this research. By adding an amount of 1, 3 and 5% of tannic acid, 

gallic acid and p-coumaric acid of total dry weight to artificial food, 9 foods were 

prepared and by adding an amount of 3% of tannic acid, gallic acid and p-coumaric acid 

of dry weight to artificial food, 3 foods with double combination, a food with triple 

combination (TA+GA+PCA) and a control food were prepared. Therefore, 14 foods 

were prepared. These foods are shown in Table 1.  

 
Table 1. Food types and contents 

Food types Food contents 
A Control Food (CF) 
B CF + %1 T.A. 
C CF + %3 T.A. 
D CF + %5 T.A. 
E CF + %1 G.A. 
F CF + %3 G.A. 
G CF + %5 G.A. 
H CF + %1 P.C.A. 
K CF + %3 P.C.A. 
L CF + %5 P.C.A. 
M CF + %3 T.A. + %3 G.A. 
N CF +  % 3 T.A. + % 3 P.C.A. 
P CF + %3 G.A. + %3 P.C.A. 
R CF + % 3 T.A. + %3 G.A. + %3 P.C.A. 

 

 

The content of Yamamoto’s artificial food is wheat germ (Sigma, W-0125), casein as 

the protein (Sigma, C 6554), (30g/kg (modified amount)); saccharose as the 

carbohydrate (Sigma, S 1888), (30g/kg (modified amount)), torula yeast (Sigma, Y 

4625), vitamin mixture (Sigma, V-1007), salt mixture (Sigma, W 1374), cholesterol 

(Sigma, C 2044), sorbic acid (Sigma, S 1626), methyl paraben (Sigma, H 3647), linseed 

oil (Sigma, L 3026), agar and water. 

 

Statistical analyses 

In this research, whether there was a difference between the data of total food 

consumption, pupal weight, the amount of pupal lipid and protein, and the development 

time was determined by ANOVA (Dunnet test). For these tests, SPSS 17 version from a 

minicomputer was used. 
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Results 

In accordance with the feeding experiment carried out on H. cunea larvae and with 

14 artificial foods, 13 of these were prepared by adding secondary compounds at 

different rates and 1 as control group, the consumption amount of larvae, protein and 

lipid amounts of pupae, pupal weight and development time  were explained under each 

heading. The data obtained from the Dunnet test is shown in Table 2. 

 

Total food consumption 

When compared to control food, total food consumption was statistically different in 

larvae that were fed in the other food groups. Compared with the control group, when 3 

different concentrations of tannic acid, gallic acid and p-coumaric acid were considered, 

it is certain that there was a difference in the effect of 3 secondary compounds on the 

total food consumption. It was found that in comparison to the control group, as the 

secondary compound concentration increased in the food containing both tannic and p-

coumaric acid (except for H food), there was a decrease in the total food consumption. 

On the contrary, as the secondary compound concentrations increased in food 

containing gallic acid, the total food consumption also increased. 

The lowest total food consumption was found in the larvae fed by food containing 

5% of tannic acid. When compared to the control group, the groups that had the 

maximum total food consumption contained food that had 1, 3 and 5 % gallic acid. The 

total food consumptions of the larvae fed on double (M, N, P foods) and triple (R food) 

combinations were different when compared to control food (A). The total food 

consumption in M food was much more than the control food. However, the total food 

consumption in N food was less than that of the control group. The total food 

consumption in the larvae that were fed with P food increased when compared to 

control group. Moreover, it should be pointed out that there was no statistically, 

significant difference between the larvae feeding on R food and the control food. 

 

Pupal weight 

The pupal weight of the larvae feeding on the food containing 1, 3 and 5% 

concentration of TA and GA and on the food containing 5% of PCA were statistically 

different from the control group. In comparison to the control food, when tannic acid 

(except for 3% of TA) and p-coumaric acid concentrations in foods increased, the pupal 

weight decreased. On the contrary, when the gallic acid concentrations increased, the 

pupal weight also increased. 

The lowest pupal weight was found in the larvae feeding on N food. The highest 

pupal weight was obtained from the larvae feeding on G food. N food among the food 

containing double combinations and the R food containing triple combinations were 

statistically different from those in the control food. The pupal weight of the larvae 

feeding on N food among the double combinations was lower than larvae feeding on 

control food. Similarly, the pupal weight of the larvae feeding on R food was lower than 

those in the control food. 

 

Pupal protein content 

There was no statistical difference between the control food and the pupal protein 

content of the larvae feeding on H and P foods. When the secondary compounds which 
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were added to the foods containing both tannic and p-coumaric acid increased, the pupal 

weight decreased. On the contrary, when the gallic acid concentration increased, the 

pupal weight also increased. 

 
Table 2. The development time, total food consumption, pupal weight, the amount of pupal 

protein and lipid of H.cunea in the no-choice feeding experiment. 

 
Food 

types 

Total food 

consumption  

(mg) 

Pupal weight  

(mg) 

Amount of pupal 

protein  

(mg) 

Amount of pupal 

lipid  

(mg) 

Development time 

(day) 

 
A 

223,8±2,4 25,1±1,0 7,3±0,2 8,9±0,3 3,2±0,1 

A
V

A
R

A
G

E
±

S
T

A
N

D
A

R
D

 E
R

R
O

R
 

B 
210,1±1,4 20,2±0,6 6,0±0,2 7,7±0,3 3,3±0,2 

C 200,6±1,8 20,3±0,7 5,7±0,1 6,2±0,1 4,2±0,1 

D 182,0±1,7 16,4±0,5 5,3±0,1 4,7±0,2 4,8±0,3 

E 294,4±1,9 33,8±0,7 8,2±0,2 9,4±0,3 3,3±0,2 

F 306,5±1,8 35,0±0,5 11,0±0,1 12,9±0,3 3,2±0,1 

G 321,5±1,8 36,1±0,6 11,6±0,1 12,1±0,3 3,1±0,1 

H 243,0±3,1 25,5±0,6 7,5±0,2 6,8±0,2 3,2±0,1 

K 213,0±3,1 23,4±0,4 6,4±0,2 6,0±0,2 3,1±0,1 

L 197,0±1,7 20,2±0,3 5,7±0,1 5,4±0,1 3,1±0,1 

M 236,0±6,2 25,9±0,7 8,3±0,1 9,5±0,2 4,1±0,2 

N 206,6±1,8 15,4±0,6 5,9±0,1 5,3±0,2 3,6±0,2 

P 274,7±1,3 26,2±0,3 7,7±0,1 7,4±0,2 3,3±0,2 

R 220,0±2,2 20,6±0,8 6,1±0,6 6,2±0,1 4,1±0,2 

A
N

O
V

A
 

df 139 139 139 139 139 

F 278.5 114.2 204.9 105.3 11.0 

P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

 

 

Dunnet 

test 

B < 0,05 

C < 0.001 

D < 0.001 

E < 0.001 

F < 0.001 

G < 0.001 

H < 0.001 

K < 0,05 

L < 0.001 

M < 0,05 

N < 0.001 

P < 0.001 

B  <0,001 

C < 0.001 

D < 0.001 

E < 0.001 

F < 0.001 

G < 0.001 

L < 0.001 

N < 0.001 

R < 0.001 

 

A < 0,05 

B < 0.001 

C < 0.001 

D < 0.001 

E < 0.001 

F < 0.001 

K < 0,05 

L < 0.001 

M < 0,05 

N < 0.001 

R < 0.001 

 

B < 0,05 

C < 0.001 

D < 0.001 

F < 0.001 

G < 0.001 

K < 0,001 

L < 0.001 

N < 0.001 

P < 0.001 

R < 0.001 

 

C < 0.001 

D  < 0.001 

M < 0,05 

R < 0.05 

 

Statistically significant means according to Dunnet’s Multiple Range Test (p<0.05) 
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When compared to control food, the minimum pupal protein content was obtained 

from the larvae feeding on the food (D) containing 5% of TA. The highest pupal protein 

content was obtained from the larvae feeding on the food (G) containing 5% of GA. 

Control food was lower than the foods (E, F and G) containing 1, 3 and 5% of GA, but 

higher than the foods (B, C and D) containing 1, 3 and 5% of TA. The pupal protein 

content of the larvae feeding on control food (except for H food) was more than the 

larvae feeding on K and L foods. It was found that of all the pupal protein content 

obtained from the larvae feeding on the foods containing double combinations, only the 

pupal protein content of the larvae feeding on N food was lower than the control food. 

The pupal protein content in R food was lower than the control food. However, it is 

significant that there was no statistical difference in the larvae feeding on H and P foods 

when compared to the control group. 

 

Pupal lipid content 

The pupal lipid content of the larvae feeding on the control food was statistically 

different from other groups. There was no statistical difference in the pupal lipid content 

of the larvae feeding on the food (M) containing TA+GA and the food (E) containing 

1% of GA when compared to the control food. Compared to control food, as the 

secondary compounds which were added to the foods containing both tannic and p-

coumaric acid increased, the pupal lipid content decreased. On the contrary, when the 

gallic acid concentration in foods containing gallic acid (except for the food containing 

5% of GA) increased, the pupal lipid content also increased. 

The minimum pupal lipid content was found in the larvae feeding on the food 

containing 5% of TA. When compared to the control group, the group that had the 

maximum pupal and lipid content was obtained from the larvae feeding on the food (F) 

containing 3% of GA. It was found that lipid contents obtained from the pupae which 

fed on the foods containing 1, 3 and 5% of GA (except for M food) were more than the 

other groups. The pupal lipid content in R food was more than the control food. When 

compared to the control food, there was not any statistical difference in the larvae 

feeding on E and M foods. 

 

Development time 

It was found that the development time of the larvae feeding on the control food was 

different from those feeding on C, D, M and R foods, but there was no statistical 

difference from the larvae feeding on the others foods. When tannic acid concentration 

increased, the development time was prolonged. On the contrary, when the gallic acid 

concentration in food containing gallic acid increased, the development time shortened. 

The shortest development time was observed in the larvae feeding on K, L and G foods. 

The longest development time was observed in the larvae feeding on D food. 

Discussion 

When three different concentrations of tannic acid, gallic acid and p-coumaric acid 

(1, 3 and 5%) are taken into consideration, it can be seen that these three secondary 

compounds had different effects on the total food consumption of H. cunea larvae. 

When the secondary compounds in the foods (except for H food) containing both tannic 

and p-coumaric acid increased, the total food consumption of the larvae decreased. On 
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the contrary, when the gallic acid concentration increased, the total food consumption of 

the larvae also increased. 

Even though tannic acid, gallic acid and p-coumaric acid are three phenolic 

compounds, each of them had a different effect on H. cunea. Therefore, the result 

supports the statement in literature, which is, the chemical structure of phenolic 

compounds and the physiological roles vary with the phenolic in relation to the 

physicochemical environment (for example, pH, redox potential, oxidase 

concentrations, oxidants and antioxidants) (Larson, 1995; Metadiewa et al., 1999; 

Sugihara et al., 1999; Galati et al., 2002; Sakihama et al., 2002; Hagerman et al., 2003). 

In this research, it was found that as the tannic acid concentration in the food increased, 

the total food consumption decreased. This result is opposite to the fact that the effects 

of the low levels of tannin on choosing foods and consumption amounts are hyperbole 

(Klocke and Chan, 1982). 

Obtaining the minimum total food consumption from the larvae feeding on the food 

(D) containing 5% of tannic acid resemble the results of the previous research in 

literature (Simpson and Raubenheimer, 2001; Hemming and Lindroth, 1995; Hemming 

and Lindroth, 2000). The reason for the decrease in total food consumption can result 

from the deterrent property of tannic acid on feeding. 

The highest total food consumption (1, 3 and 5%) were the artificial foods (E, F and 

G foods) containing gallic acid. It is pointed out that free amino acids and trehalose 

concentration of basic blood glucose of the insects have an importance in feedback 

mechanism (Simpson and Raubenheimer, 1993; Simpson and Simpson, 1992; Friedman 

et al., 1991; Thompson and Redak, 2000). Therefore, the results may show that the 

gallic acid affected these two mechanisms. 

The total food consumption of the larvae feeding on M food (CF+ 3% of TA+ 3% of 

GA) was much more than the control group. While the total food consumption obtained 

from the larvae feeding on C food was less than the control group, it is significant that 

two secondary compounds (tannic acid and gallic acid) in M food with synergistic effect 

were much more than the control group. Similarly, while the total food consumption of 

the larvae feeding on P food (CF+ 3% of GA+ 3% of PCA) increased, it is significant 

that the total amount decreased in the larvae feeding on K food (CF+ 3% of PCA) in 

comparison to the control group. The total food consumption in N food (CF+ 3% of 

TA+ 3% of PCA) decreased when compared to the control group. The total food 

consumption in the larvae feeding on C and K food was less than the control group. It is 

an important result that there was no difference between the larvae feeding on R food 

and the control group. The results that were found in the larvae feeding on M, P and R 

foods in particular may mean that the synergistic effect is different. 

The pupal lipid contents in B, C and D foods decreased when compared to the 

control group. These foods all contained tannic acid (1, 3 and 5% in order). Simpson 

and Raubenheimer (2001) have found in their study with Locusta migratoria that tannic 

acid has not prevented the carbohydrates in the foods from turning into fats in the body.  

It is significant that the pupal lipid content of the larvae fed on M food was not 

different from the control group. However, while the pupal lipid content of the larvae 

feeding on C food decreased, the pupal lipid content of those feeding on F food 

increased. The similarity of the larvae feeding on M food that contains two secondary 

compounds shows the difference of the synergistic effects. On the other hand, the 

decrease in the pupal lipid content in the larvae feeding on R food that contains three 

secondary compounds and the difference from the results obtained from M food can 
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show how triple synergistic effect can change. The foods containing the highest amount 

of pupal lipid content when compared to the control group were F (CF+ 3% of GA) and 

G (CF+ 5% of GA) foods. There was no difference between the larvae feeding on E 

food (CF + 1% of GA) and the control group. This result may mean that gallic acid can 

show its effects in higher concentrations. 

The lipids used during the adult period were derived from the lipids stored during the 

pre-adult phases (Giron and Casas, 2003). When the concentration increased in the larvae 

feeding on the foods that contained only tannic acid (1, 3 and 5%) and p-coumaric acid (1, 

3 and 5%) concentration, the decrease in the lipid content could be a disadvantage for H. 

cunea and the highest lipid content of the larvae feeding on the foods with gallic acid 

could be an advantage. 

The two highest amounts of pupal protein content (F and G foods) when compared to 

the control group were found in the larvae feeding on the foods that contained gallic acid. 

While there was no difference between the control group and the larvae feeding on P food 

(synergy), it is significant that the lipid content in the larvae feeding on F food was high. 

The low amount of pupal protein content in triple combinations (R food) when compared 

to the control group may mean that the negative effect of tannic acid and p-coumaric acid 

in the food transcended the positive effect of gallic acid. The stored proteins carried from 

the larval period to the adult period can play an important role especially due to the 

limited nitrogen consumption of adult herbivore insects (Hahn, 2005). Therefore, the 

gallic acid in the foods can be an advantage in stored protein. In this study, when tannic 

acid and p-coumaric acid concentrations in the foods (except for H food) increased, pupal 

protein content decreased. However, it was pointed out that the protein content of L. 

migratoria was higher than those feeding on foods without tannic acid (Simpson and 

Raubenheimer, 2001). In the single, double and triple combinations of tannic acid (except 

for TA+GA combination), all the groups have a low amount of pupal protein content. In 

this study, the reason for the pupal protein content to be low in the food groups containing 

tannic acid when compared to the other secondary compounds can result from the tannic 

acid having a more negative effect. 

Simpson and Raubenheimer (2001) have pointed out when the amount of tannic acid 

increases in the grasshoppers feeding on foods with tannic acid, the weight decreases in L. 

migratoria. Similarly in this study, when the tannic acid concentration increased (except 

for C food), the pupal weight decreased. This result is similar to the statement that both in 

insects and vertebrates, the negative effects of tannins can be related to the high tannin 

concentration (Aerts et al., 1999). The lowest pupal weight was found in the larvae 

feeding on N (CF +3 % of TA + 3% of PCA) food. Even though there was no difference 

between the larvae feeding on K food (CF+ 3% of PCA) when compared to the control 

group, the lowest amount in the larvae feeding on N food can show the synergistic effect. 

The previous research pointed out that the differences in the secondary compounds 

content change the food choice and performance of Malacosoma disstria larvae in a 

definite way (Hemming and Lindroth, 1995; Hemming and Lindroth, 2000). The highest 

amounts of pupal weight were found in the larvae feeding on E, F and G foods. The low 

weight of the pupae can affect the fecundity of the adult females (Honek, 1993). The 

higher amount of weight of the larvae feeding on foods containing gallic acid (E, F and G 

foods) can affect fecundity positively. 

The longest development time was observed in the larvae feeding on C and D foods. 

Simpson and Raubenheimer (2001) have found that the larval periods extend when tannic 

acid is added to the food in L. migratoria. The extension of development time, the chance 
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of facing the natural enemies during feeding or searching for food (Bernays, 1997) or the 

increase of predator/parasitism risk with a longer development and feeding time (Moran 

and Hamilton, 1980; Loader and Damman, 1991; Benrey and Denno, 1997) are also 

available for this species. One of the significant results of this study is that the 

development time of the larvae fed on M and R foods also lengthened out. It can be said 

that tannic acid in both foods had a stronger effect on the synergistic effect than gallic 

acid and p-coumaric acid. Ehrlich and Raven (1964) expressed that during the co-

evolution process, following the spread and speciation of insects, new defense substances 

emerge on the parts of plants and then defenses against insects evolve. Even though some 

of the herbivore insects are adapted to newly produced defensive compounds sooner or 

later (Bernays, 1998); in this study the negative effect of tannic acid on the development 

time of H. cunea larvae is obvious. 

Conclusions 

It can be said that H. cunea larvae, a polyphagous insect, have a great ecological 

tolerance to feeding and secondary compounds. Having a great ecological tolerance to 

secondary compounds may mean that it is hard to struggle with H. cunea during 

population explosion. 

In this research, the reaction of H. cunea to different secondary compounds was 

determined and it was observed that the larvae were resistant to concentrations of the 

secondary compounds and could reach the pupal period. Even though it is believed that 

plant phenolics play an important role in chemical defense against herbivores, some 

specific physiological effects of them can be changed on insects (Harborne, 1991; 

Appel, 1993). It can be said that H. cunea larvae are physiologically resistant to 

secondary compounds. Moreover, the results obtained from the larvae fed on double 

and triple combinations of secondary compounds used in this research show that the 

synergistic effect is different. Further research with other species will make the 

significance of the synergistic effect become clearer. 
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