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Abstract

The effects of carbohydrates and tannen on the development and food preferences of Uresiphita gilvata larvae
were investigated in this study. In addition, with the addition of tannin, the importance of plant-herbivore co-evolution
in the food choice of the larvae was mentioned. For this reason, thirteen different artificial diets were prepared. Each
diet contains sucrose, glucose, galactose, maltose, fructose, arabinose, mannose, or starch at the same concentration. To
investigate the effect of tannic acid, 5 % tannic acid was added to the diets each containing sucrose, starch, glucose or
maltose at the same concentration. According to the results of the study, sucrose was consumed by larvae more than
glucose and fructose. However, the maximum food consumption of U. gilvata larvae was on the diet containing
arabinose and their minimum consumption was on the diet containing mannose. Galactose is more consumed by larvae.
However, intake galactose can not converted to pupal lipid by larvae. The addition of tannin to the diet reduced the
amount of consumption of diet the dry pupal weight and lipid amount of pupae. However, the addition of tannin to the
diet increased the amount of protein and extended the development time of pupae.
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Cesitli karbonhidratlar ve tanik asidin Uresiphita gilvata (Lepidoptera: Crambidae)’nin besin tiiketimi ve
gelisme performansina etkileri

Ozet

Bu calismada, Uresiphita gilvata larvalarinin besin tercihi ve gelisiminde karbonhidratlarin ve tanennin etkisi
arastirllmistir. Ayrica, tanen ilavesiyle larvalarin besin tercihinde bitki-herbivor birlikte evrimlesmesinin dnemine
deginilmistir. Bu amagla, 13 farkli yapay diyet hazirlanmistir. Herbir diyet ayni konsantrasyonda siikroz, galaktoz,
glikoz, maltiz, fruktoz, arabinoz, mannoz ya da nisasta igermektedir. Tanenlerin etkisini incelemek igin ayni
konsantrasyonda siikroz, nisasta, glikoz veya maltoz igeren diyetlere %5 tanen ilavesi yapilmistir. Calisma sonuglarina
gore, larvalar siikrozu, glikoz ve maltozdan daha fazla tiiketmistir. Fakat, U. gilvata larvalar1 en fazla arabinoz igeren
diyeti, en az ise mannoz iceren diyeti tiiketmistir. Galaktoz igeren diyet fazla tiiketilmesine ragmen larva tarafindan
doniistiiriilememistir. Diyete tanen ilavesiyle besin tiiketim miktar1, pupa kuru agirligi, pupa lipit miktar1 azalmistir.
Fakat, pupa protein miktar1 artmis, gelisim siiresi de uzamustir.

Anahtar kelimeler: karbonhidrat, Uresiphita gilvata, tanen, bitki-bocek iliskisi, beslenme
1. Introduction

The host preference and the performance of the insect communities are determined by the host plants’ qualities
[1]. Host plants’ qualities are depended upon the plants’ protein, carbohydrate, and water contents, along with their

secondary metabolites contents [2]. Carbohydrates that contribute to the structures and functions of insect tissues are
principal classes of organic compounds for insects and other organisms. In addition to hemolymp of insects,
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carbohydrates are found in the nucleus, cytoplasm, andcell membrane of all cells [3]. They are also used as a nutritional
source and general energy source for insects especially in their later larval stages [4-5] which stored them as glycogen
and lipids. Feeding with carbohydarate-rich foods contributes to the survival of adults in diapause and the longevity of
heterotroph individuals [6]. Basically, glucose, fructose, and sucrose are indispensable carbohydrates as nutritional
components for many insect species. But, there are differences in the use of these nutritional carbohydrates among
insect species [7]. In addition, some carbohydrate compounds may play a role as a nutritional stimulant for some insect
species. Nevertheless, the same carbohydrates may be a nutritional deterrent for other insect species. The nutritional
deterrents cannot be completely hydrolyzed or absorbed by some insect individuals [3].

Also, secondary metabolites are very important factors in choosing host plants for feeding and oviposition for
insects and various plant secondary metabolites are produced for defensive purposes against herbivores in plant-
herbivore relationships. As a secondary metabolite, tannins are the most common of phenolic compounds produced by
plants [8]. They are accumulated at much lower levels in herbaceous plants than woody dicotyledons. Tannins can bind
a wide variety of natural polymeric compounds in vitro, including carbohydrates and lipids [8]. Ingested tannins in plant
foods can bind surfactants and can cause a nutritionally significant loss of essential fatty acids [8]. They also affect
herbivores by inhibiting insect enzymes. Tannins in an artificial insect diets can be caused a significant decrease in
larval performance that is consistent with decreased protein digestion. However, some insect species may have ability to
tolerate ingested tannins. The ability of insects to tolerate ingested tannins comes from a variety of biochemical and
physical adaptations in their guts, including surfactants, high pH, antioxidants, and a protective peritrophic envelope
that lines the midgut [8].

Uresiphita gilvata F. (Crambidae: Lepidoptera) is widely found in Europe, North Africa and in South Africa in
Namibia [9]. The ecological importance of this species is the distribution in the Kizilirmak delta. The Kizilirmak Delta
in the Central Black Sea region of Turkey is defined as a Ramsar Area by virtue of its natural habitats and rich
biodiversity. Besides playing an important part in both achieving ecological food chains and protecting biological
diversity, wetlands are ecosystems that make significant contributions to the economy of regions and countries [10].
The larvae of U. gilvata feed on various low-growing herbaceous plants, including Genista, Cytisus and Ulex.
Therefore, this insect species is important to maintain ecological diversity.

As pointed out above, carbohydrates may play a role as phagostimulants or deterrents in insects, they are also
energetic in their reproductive and developmental processes. Every insect species has been evolved a different
adaptation to different carbohydrates. Insect deterrent carbohydrate cannot be completely hydrolyzed or absorbed by
insect species. Tannins may decrease protein digestion in insects’ guts. Therefore, in this study, the effect of
carbohydrate varieties on food consumption and development of this species will be examined. Although there are
many woody and herbaceous plants in the habitat of the species, U. gilvata larvae are fed with herbaceous plants.
Woody plants protect themselves with secondary metabolites especially tannins. So, in this study; it can be explained
that the larvae prefer to feed on herbaceous plant rather than woody plants by adding tannic acid to the diet. Also, which
kind of carbohydrate is a deterrent effect on feeding the species can be determined?

2. Materials and methods
2.1. Insects and Experimental Chambers

U. gilvata larvae were collected from the Kizilirmak Delta in 2014 while they were feeding on their natural
host plant Sophora alopecuroides L. (Fabaceae). The collected larvae were fed on an agar based artificial diet originally
designed by Yamamoto [11] until the final instar in the laboratory. Immediately upon molting to the final instar, the
individuals were weighed in 0.0001 mg sensitive scale; then each one was placed singly into a plastic cup with a cover.
Both the culture and the experimental chambers were kept at the constant temperature at 25 +1 0C, 12h: 12h light-dark
regime and 65 = 5% RH.

2.2. The Artificial Diets

The artificial diet menu developed by Yamamoto [11] was used as the control diet and modified to obtain
experimental diets. Sucrose (3 %) was used as a carbohydrate ingredient in Yamamoto’s diet. We used one of the
carbohydrates (glucose, galactose, maltose, fructose, arabinose, mannose, starch) instead of sucrose in the same
concentration in each experimental artificial diets. One of the experimental diets was not contained any added
carbohydrate source. By adding an amount of 5 % of tannic acid of total dry weight to the artificial diet; four different
artificial diets were prepared to investigate the effects of tannic acid with sugars. Each of these artificial foods having
tannic acid contained one of different carbohydrates (sucrose, maltose, glucose or starch). Totally, thirteen experimental
artificial diets were prepared this way and were used to the last instar larvae of U. gilvata in the experiment chamber.
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2.3. Experimental Protocol

The weight of each of the last instar larva was measured at the beginning of experimental feeding. Each food
block prepared as described above was pre-weighed before being presented to the larva for each treatment. A total of
ten replicates was used for each diet treatment. Every day, any uneaten food by the larvae remaining in the larval
chamber was collected and replaced with fresh pre-weighed food block. The uneaten food left by the larva from each
feeding chamber was collected separately and dried in an oven (50 °C) and weighed after it had reached a constant dry
weight. Each larva was also weighed daily. This procedure was repeated until all of the larvae entered the pupal stage
[12].

2.4. Pupal Lipid and Protein Analyses

The total lipid amount in each pupa was calculated by modifying from Loveridge (1973) [13]. The total
amount of lipids stored in each pupae was determined with chloroform extraction by three times, 24-h changes of
chloroform [13]. At the end of the third chloroform wash they were re-dried and re-weighed to calculate lipid content.

The lipid-free pupae were analyzed for their nitrogen content using Thermo Scientific Flash 2000 series-NCS
analyzer instrument by Dumas method [14]. Dried samples weighed approximately 2.5 mg in tiny containers. Samples
introduced into the combustion reactor via the Thermo Scientific™ MAS Plus Autosampler with the oxygen determined
by the proprietary Thermo Scientific OxyTune® feature. It allows the automated evaluation of the oxygen needed for
combustion, according to the weight and nature of the sample. After combustion, the produced gases are carried by a
helium flow to a second reactor filled with copper, then swept through CO2 and H20O traps, a GC column. Finally they
are detected by a Thermal Conductivity Detector. At the end of this process, the amounts of % nitrogen were multiplied
by the constant of 6.25 to convert to the crude protein quantities [15].

2.5. Statistical Analysis

The amount of food consumption by each larva fed on each artificial diet, the pupal dry weight, protein and
lipid amounts in the pupae were analyzed statistically using the SPSS 17 version. A normality test was performed to
determine whether the variables were normally distributed. Then ANOVA and then TUKEY test were performed to
determine whether the variables differed. A Pearson correlation test was performed to determine whether there was an
association between variables.

3. Results

There was a clear effect of different carbohydrates and tannin on the food consumption and growth
performance of larvae (Figure 1). As a remarkable result; among the tannin-free diets, it was determined that the most
consumption amount was found in the larvae fed with the dietary intake of arabinose. The minimum consumption is in
the diet containing mannose (Figure 1). According to the results of the ANOVA test, differences were found between
consumption quantities of the different food types (F=222149,93, p<,001). According to the TUKEY test results, the
consumption amounts of the larvae on the artificial diets were statistically different from each other (Figure 1).
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Figure 1. Food consumption on different artificial diet (mg). *Diets with the same letter are not significantly different
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Larval diet treatment had a significant effect on pupal dry weight (ANOVA: F=6059.47, p<0.01). The highest
dry weight of pupa in diets containing no secondary metabolite was determined in the diet containing mannose. The
lowest pupae is dry weight in the galactose-containing diet (Figure 2). Although the consumption of larvae fed on
glucose-containing diets was low, it is noteworthy that the pupae dry weight was high. According to the results of
TUKEY test, dry weight of pupa in all diets, except for maltose + T; sucrose + TA and starch + TA, diet is different
from each other (Figure 2). Pearson correlation test results show that there is a weak relationship between food

consumption and pupa dry weight (R=0.376; P<0.01).
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Figure 2. Pupa dry weight on different artificial diet (mg). *Diets with the same letter are not significantly different

When the pupal protein contents were calculated, the highest value was obtained with the pupae of the larvae
fed on the artificial diet containing starch and the lowest value was measured as expected in the pupae of the larvae fed
on the artificial diet having no carbohydrate. The lowest value was determined on the artificial diet containing glucose
(Figure 3). The results of the ANOVA test show that there is a difference between the amounts of pupae protein in the

treatments (F=214.34; p<0.01).
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Figure 3. Pupa crude protein on different artificial diet. *Diets with the same letter are not significantly different

Among the tannin-free diets, the highest pupal lipid amount was determined for larvae consuming galactose
and the lowest pupae lipid amount was determined for glucose-consuming larvae. (Figure 4). A significant difference
was determined between the amounts of pupae lipids of larvae fed on different artificial diets (ANOVA: F=461.62;
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p<0.01). According to the results of the TUKEY test, the pupae lipid amounts for larvae consuming arabinose, mannose
or glucose + TA do not differ from each other. Similar results have been found for diets containing maltose + TA,
starch + TA, and fructose, maltose or starch. According to Pearson correlation test results, there is a weak negative
correlation between the amount of pupae lipid and food consumption (R=-0.233; p<0.01). There is a weak positive
correlation between the amount of pupae lipid and pupal protein amount (R=0.280; P<0.01). Similarly, it was
determined that the pupa dry weight affects the amount of pupa lipid positively (R=0.0489; p<0.01).
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Figure 4. Pupa lipid amount on different artificial diet (mg). *Diets with the same letter are not significantly different

The duration of larval development varies between artificial diets (ANOVA: F=166.09; P<0.01). Among
tannic acid free diet, it was determined that the longest larval stage length was in the larvae fed on the artificial diet
containing no carbohydrate; the shortest larval period was in the larvae fed on the artificial diet containing mannose
(Figure 5). The analyses of these data by TUKEY test showed that there was no significant difference between the
developmental stage length of the larvae fed on the artificial diets containing mannose or arabinose. Similarly, there was
no difference between the length of larval stage fed on the artificial diets containing arabinose or galactose. The
developmental stages of the larvae fed on the artificial diets containing mannose or galactose were different from each

other (Figure 5).
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Figure 5. Larval development duration on different artificial diet. *Diets with the same letter are not significantly
different
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A Pearson correlation test results show that there is a negative correlation between food consumption and
development duration (R=-0.0484; p<0.01). It was found out that as the food consumption amount decreased, the
duration of growth increased. Similarly, there was a negative correlation between pupal dry weight and development
duration (R=-0.665; p<0.01). As the duration of the larval development was prolonged, the pupae weight were
decreased.

It was determined that the amount of food consumption, pupa dry weight, and pupa lipid amount decreased
with the addition of tannic acid to artificial diet. However, the amount of pupa protein increased with the addition of
tannic acid, and the development time was prolonged.

4, Conclusions and discussion

In the literature, sucrose is indicated as a more preferred carbohydrate than glucose and fructose [16; 17; 18].
In our study, sucrose was consumed more than glucose and fructose. However, it cannot be said that glucose is more
preferred by U. gilvata larvae than fructose. Also, the fructose consumption or the arabinose consumption is higher than
the sucrose consumption by U. gilvata larvae. Therefore, the stimulatory effect of arabinose and fructose to U. gilvata
larvae may be greater than that of sucrose. Also, our results differ from the literature. Many studies have pointed out
that some carbohydrates act as a phagostimulants to insects [18; 19]. The continuation of feeding depends on the
continuation of feeding stimulants [19]. The more stimulating the effect, the more nutrient consumption will be too
much [19]. Fructose is a feeding stimulant for many insects. Jiang (2015) [20] stated that D-fructose stimulates the
gustatory receptor in antennas. Therefore, fructose has also been a feeding stimulant for U. gilvata larvae. It has been
determined that the pupal lipid ratios of the larvae fed with fructose are also high. Fructose has effects on glycogenesis
and several lipogenic enzyme systems [21]. Therefore fructose may have stimulated lipid storage in larvae.

Although arabinose is a sugar which is toxic to many insect species and can be used as an insecticide [22],
interestingly, U. gilvata larvae an more consume. Carbohydrates which have toxic effects cause changes in the insect
cuticula, dry the cuticula or block the spiracles and cause them to suffocate [23]. High concentrations of arabinose play
as lectin in members of the Solanaceae family and are not digested by insects [24], even if carbohydrates have a toxic
effect for the development of insects, sugar transport across the gut epithelium into their cells with sugar transport
molecules [25]. No toxic effect of arabinose on U. gilvata larvae was detected. The larvae may have used the arabinose
to complete their development.

Some carbohydrates could be feeding deterrents to insects [3]. The deterrent carbohydrates cannot be
hydrolyzed or absorbed in the insects’ guts. But some carbohydrates can be absorbed but not metabolized in the insects’
bodies. According to our results, galactose could be a feeding stimulant for the U. gilvata larvae, but it may not be
metabolized in their body. Because galactose is converted to galactitol [3]. This alcohol may be metabolized by U.
gilvata larvae and accumulates in the hemolymph.

Although U. gilvata larvae consumed the mannose-containing artificial diet quite low, the pupae dry weight
turned out to be the highest on the artificial diet containing this sugar. Another remarkable result is that the
developmental stage length does not differ from that of the larvae fed on the arabinose-containing artificial diet, which
had the highest amount of consumption. Mannose may be absorbed and used by U. gilvata larvae although it was
consumed in small quantity.

It is noteworthy that the consumption of the glucose-containing artificial diet by U. gilvata larvae was low, but
especially the pupae lipid content was quite high. Circulating glucose in the hemolymph is rapidly converted into
trehalose in the fat body by the enzyme trehalose-6-phosphate synthase [26]. Glucose is stored as glycogen in a
polymeric form in animal bodies. Glycogen is synthesized from UDP-glucose mainly derived from dietary
carbohydrates or amino acids. UDP-glucose can be used for the synthesis of either glycogen or trehalose, the circulating
sugar in the hemolymph. When fat body trehalose reaches a certain level, its synthesis is inhibited, and UDP-glucose is
used for glycogen synthesis. Lipids are the main fat body components, and more than 90 % of the lipids stored are
triglycerides. Triglycerides are synthesized from dietary carbohydrates, fatty acids, or proteins [26]. Therefore, the
excess amount of pupal lipids fed on the glucose-containing artificial diets may be converted to the glucose into the fat
body.

It has been determined that the consumption of U. gilvata larvae fed on the carbohydrate-free artificial diet was
in the 3rd rank following those artificial diet containing arabinose or galactose. It is remarkable that the pupal dry
weight, protein and lipid contents in pupal body were quite low, the development period length was longer on this diet.
Therefore, it can be concluded that carbohydrate is essential for the development of U. gilvata larvae.

According to our results, there is a negative correlation between the amount of consumed food and the duration
of development. Insects have the capacity to tolerate the decline in nutrient concentrations. The decrease in the nutrient
concentrations is tolerated by U. gilvata larvae, either by increasing the food consumption [27] or by changing the food
use efficiency. U. gilvata larvae may have increased the consumption of the carbohydrate-free artificial diet to provide
the needed nutrients. Low pupal dry weight, low protein and lipid content can be caused by using the protein from the
diets as an energy source through glycogenesis to meet the carbohydrate needs of the larvae [12]. Nash and Chapman
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[28] suggested that carbohydrates, especially starch, lactose, maltose, and glucose, have no effect on the development
length of the larvae. Our results differ from that of Nash and Chapman’s suggestion in this respect. The correlation
results indicating a negative relationship between the duration of development and the pupal dry weight. The larvae
would spend more energy on feeding as the duration of the development increases. This may have caused the pupal dry
weight to decrease.

When tannin was added to the artificial diets containing different carbohydrates at a concentration of 5 %, the
food consumption by the larvae was reduced compared to the artificial diet containing the same carbohydrates without
tannin. In herbivores that are not adapted to tannins as a nutritional deterrent in their foods, the adverse effects of
tannins could come out as by binding to digestive enzymes in the intestines of animals, creating lesions in the intestinal
epithelium, causing oxidative stress and the formation of semiquinone radicals, destroying microbial symbiotic
communities and exhibiting pharmacological toxic effects [29]. Therefore, the decreases in the food consumption by the
larvae when tannin added to the artificial diets are the results of the conditions mentioned in the literature [30]. The
results of this study demonstrated that the pupal dry weights and the lipid contents of the pupae fed on the artificial diets
containing tannin, have decreased. Lower results of the pupal dry weight by the addition of tannin to the artificial diet
support the study carried out with some species [13; 31; 32-33]. The emergence of semiquinone radicals when tannin
ingested in artificial diets may have increased the metabolic cost and reduced the conversion efficiency of the consumed
food to body mass [32]. Mrdakovic et al. [34] determined that high lipase activity was observed in the larvae of
Lymantria dispar as a reaction to tannin. The reason for a decrease in the pupae lipid content of U. gilvata species by
the addition of tannin to the artificial diet may cause higher lipase activities. According to our results, an increase in the
protein content of pupa was detected by the addition of tannin to the artificial diet. This result obtained from our study
supports the studies of Simpson and Raubenheimer [13]. During the plant-herbivore coevolution, encounters of
herbivores with various adverse secondary compounds may have triggered the ability to stored proteins in herbivores’
bodies [35]. The developmental lengths of the larvae were prolonged with the addition of tannin to the artificial diet
according to our results. Tannin may have also prolonged the developmental period of the larvae as it causes the
inhibition of digestive enzymes and affecting the usability and convertibility of nutrients, causing lesions in the
digestive tract. This may explain why larvae feed on herbaceous forms, despite the presence of woody forms of tannin
in the habitat. Larvae may be fed with S. alopecuroides to avoid adverse effects of tannin and to avoid competition.

In conclusion; arabinose exhibiting a toxic effect on many insects but no toxic effect for U. gilvata larvae. The
amount of galactose consumed was quite higher that it may be a nutritional stimulant for U. gilvata larvae, but galactose
may not be metabolized by U. gilvata larvae. It could be summarized that the food consumptions, dry weights and lipid
contents of pupae were decreased, but the amount of the protein in pupa was increased when the larvae fed the artificial
diets having tannin when compared with other sugar type. Therefore our results regarding with tannin can shed light on
co-evolution.
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