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ROYAL JELLY AS A FOOD ADDITIVE AND ITS POSSIBLE BIOSTIMULATING EFFECTS
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The experiment represents a contribution to knowledge about
metabolic changes in insects reared on an artificial diet containing
royal jelly.

The larvae of the cerambycid beetle Cerambyx cerdo, of
average mass 0.458 g, were divided into four groups. One (AD)
was placed under controf conditions on a standard substrate, whife
two other groups (RJy and RJz) (n=4) were given substrates with
added royal jelly (RJ). Group RJ: was reared on the substrate with
AJ till the end of the experiment, while group RJz was returned to
control conditions with the standard food substrate after 48 days
on the substrate with RJ. Larvae from a natural popufation coffectad
at the same Jocality and fed natural wood mass (NC) were also
included in the experiment for comparison. The experiment lasted
157 days, The mass gain within each group was measured in-
dividually approximately every 7 days, when the food substrate was
also changed. The larval mass gains were calculated relative to the
initial values of the average weights of individual groups.

The data were analyzed by statistical methods. The resufts of
the analysis showed a high degree of statistical confidence for the
differences obtained. They are graphically presented,

After the period of 151 days, all three experimental groups
and the group from the natural population were sacrificed.

The midgut protein content, proteolytic activity of midgut en-
zymes and amylase specific activity were determined biochemically.

It was concluded that the presence of royal jelly in the artificial
diet for C. cerdo accelerates the development process, increases
the number of moults and decreases the protease activity. The
presence of royal jelly in the substrate does not significantly affect
the specific activity of amylase. :

Key words: Cerambyx cerdo, royal felly, mass gain, digestive
enzymes
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INTRODUCTION

Xylophagous insects, to which the cerambycid beetle Cerambyx cerdo
belongs, develop in the wood mass of different deciduous and coniferous
trees, Regarding the trophic value, wood mass is characterized by a high
content of carbohydrates (starch, cellulose) and lignin, while the percentage
of nitrogen is quite low, in the range 0.001-0.1% of the dry mass (Mattson
1980). Since nitrogen content of an insect body ranges from 7% to 14% of
the dry mass, the content of protein in the wood mass can be a [imiting factor
for the development of xylophagous insects (Scriber and Slansky 1981; Bernays
and Chapman 1994). Besides quantity, great significance is attributed to the
quality of the proteins, i. e. the profile of amino acids (Broadway and Duffey
1988), as well as the presence of secondary metabolites, phagostimulants and
phagodeterrents (Barbosa and Krischik 1887}, and the high tanin content in
woody plants (Mattson 1980).

The specificity of wood mass is in its anatomical regionality: bark, sub-
cortical region, sapwood, heartwood. These regions differ in hardness, as well
as in the distribution of nutritive and non-nutritive components (Nikitin 1962;
Mattson 1980). During their long coevolution with woody plants, xylophagous
insects have developed a whole array of various strategles to maximize the
use of the nutritive components of the wood mass, which is reflected in the
increased amount of food consumed, extended periods of feeding, digestion
and development, differentiation of the gut through morphological, metabolical
and biochemical specialization, cannibalism, symbionates and body mass gain
(Ivanovié and Marinkovi¢ 1970; Mattson 1980; Simpson and Simpson 1990;
Terra and Ferreira 1994),

According to sparse literature data C. cerdo favorizes all species of the
Quercus genus, but can also be found on beech, ash, and wainut trees in
Russian regions{Rudnev 1957}, In natural conditicns the development lasts
3-4 years, with an unknown number of larval instars. The larvae develop at
first in the subcortical region, subsequently progressing into sapwood and
heartwood, making horizontal and vertical tunnels, The stem is degraded
gradually, which enables a succession of other xylophagous species and fungi.
The final outcome Is a dried stem, with very little technically usable wood
(Rudnev 1957).

in the laboratory, C. cerdo was reared from egg to adult on finely ground
oak wood, mixed with carrot (1:1), at a temperature of 22.59C, which produced
a shortening of the total development time by around one third compared to
the development in natural conditions. Only about 30% of the hatched larvae
completed development successfully, giving adults smaller than the ones in

nature. The number of instars varied (from 3 to 9), as well as their duration. The
development time did not depend on the number of moults (Marovié 1973).

The Morimus funereus species, a member of the same family, has a
much wider host range than C. cerdo. It attacks all deciduous and coniferous
species. The development takes place in the subcoriical region and lasts 3-4
years. The number of larval stages in natural conditions is also not known
with this species. When this cerambycid beetle wag reared on an artificial diet
for Drosophila (Roberts 1986) at a constant temperature of 23°C, a significant
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shorteining of the larval development time occurred. Already 6.5 months after
hatching, the larvae reached the critical mass required for pupation, The
number of larval instars was not constant here either, and ranged from 8 to
11 (Nenadovi¢ et al. 1989; Ivanovié et al, 1 989).

Investigations on the effects of quality and quantity of the artificial food
mentioned on the development processes in Morimus funereus showed that
significant changes in the general metabolism took place in larvae of this
species. A significant increase in the proteolytic activity of the midgut was
accompanied by body mass gain and indicated changes in protein metabolism,
A significant enelargement of the fat body with a slight change of its glycogen
content indicated that lipid metabolism was intensified, A paralltel investigation
by cytological methods of the state of activity of protocerebral neurosecretory
neurons showed that the artificial diet applied to larvae of this species caused
a significant increase in the number and activity of neurosecretory neurons,
which could indicate possible intensification of the synthesis of metabolic and
morphogenic neurohormones (Nenadovié et al. 1989; ivanovi¢ et al, 1989;
1991, anovi¢ and Jankovié-Hladni 1981),

Various properties of plants affect the individual performance of a her-
bivorous insect through the influence on consumption and utilization of food
(Slansky 1990). The quality and quantity of the food consumed affects the
rate of insect development and the number of larval moults (House 1962; Dadd
1984; Stani¢ et al, 1989; Nenadovié et al. 1889; Ivanovié et al, 1989; 1991},
Digestive enzymes have an important role in the survival of an insect under
nutritive stress. The nutritive stress changes the activities of digestive enzymes,
as well as their relative amounts {Applebaum 1885; Terra and Ferreira 1994),
which can result in metabolic disbalance and decrease of larval mass (Kiocke
and Decrease Chan 1982; Broadway and Duffey 1986), Appropriate response
of an insect to diet composition at the level of digestive enzymes is a prerequisite
for its survival (Broadway 1995).

We are witness to an increasing occurrence of forest decline, especially
oak forest. One of the many causes is insect attack, especially with the

xylophagous species. With this aspect in mind, and given the number of
Xylophagous species - their development has been very poorly investigated,
especially their digestion physiology. _

The objective of the present paper was to investigate the effect of food
richer in proteins than wood mass on the growth and development of C. cerdo,
as well as on the activitty of digestive enzymes (protease and «-amylase). The
effect of a standard substrate for Drosophila that contains about 10% of the
protein zein was investigated, as well as the effect of enriching this substrate
by adding lyophilized royal jelly.

MATERIAL AND METHODS

Incests and experimental groups

Cerambyx cerdo larvae were gathered at the beginning of November
from oak stumps at the locality Mt. Fruska Gora. Larval mass ranged from
0.368 to 0.519 g (mean=0.458 g).
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The larvae were divided intoe three experimental groups.

1. The control group of larvae (AD) was reared on a modified artificial
diet for Drosophifa (Roberts 1986) at a constant temperature of 23°C, humidity
of around 70%, in the absence of light, individually, in plastic boxes (50 cm?®
volume) for 151 days. Every 7 days they were moved to freshly prepared
substrates, Each larva was given the same amount of food during the experi-
ment (20 g). The diet composition was the following: corn grits 50 g; sugar
10 g; agar 4 g; nipagine (methyl p-oxybenzoate) 1 g, previously dissolved in
2 ml 96% ethanol; 400 ml water.

2. The secand group of larvae (RJ1) was reared under the same conditions
as the control group, with one alteration: every 7 days 0.3 g of lyophilized
royal jelly (RJ) per larva was added to the substrate for 151 days.

3. The third group of larvae (RJz) was reard under the same conditions
as group RJ1 until day 48, and then moved to the control diet until day 151.

In these three groups larval mass was measured at determined time
intervals in order to monitor the mass gain. The number of moults was also
recorded for each larva during the whole experiment,

4. The fourth group of larvae (NC) consisted of individuals gathered at
the end of March from the same habitat as the experimental larvae,

Biochemical methods

Homogenate preparation

After sacrifice, the larvae were dissected on ice and midguts were
removed, weighed and homogenized in an appropriate volume of cold distilled
water (10 mg midgut/ml) with a teflon pestle. The homogenates were kept at
-200C until used.

Enzyme assays

The total proteolytic activity was determined according to Kunitz (1947),
a-amylase activity according to Bernfeld (1955), and proteins according 1o
Lowry et al. (1951). Protease activity was expressed as OD280/OD750/h, and
amylase activity as OD550/0D750/h.

Statistical methods

Mean values and standard errors were determined for all the para- meters
investigated, while comparisons between the groups were made by analysis
of variance and Scheefe’s multiple range test (Sokal and Rohif, 1981).

RESULTS

Larval growth and developmertt

The data obtained in the present experiment showed that the presence
of royal jelly, as a high energy and active substance, allowed a greater mass
gain in insects reared on the substrate to which lyophilized royal jelly was
added (Fig. 1). In contrast to the control group (AD), that exhibited an average
mass gain of 72% on the artificial diet for Drosophila, the group that fed on.
the same substrate with a royal jelly supplement had an average mass gain
of 100% in the same period. In larvae of the RJz group that were moved to
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the Drosophila substrate after 48 days on the royal jelly diet, similar dynamics
in mass gain were observed as in group RJj up to day 48, after which it was
similar to group AD. The comparison carrid out between the groups by analysis
of variance and the muitiple range test (Scheefe’s test) showed the existence
of significant differences between all experimental groups (P<0.001).

The number of moults was monitored in parallel with the body mass
gain, and the results are shown in Fig. 2. It can be observed that the average
number of moults was highest in group RJ1 (2,00), in group RJa it was 1.50,
while in the control groupit was 1.33,

Midgut mass and midgut protein content _

Since midgut mass is correlated to larval mass, fresh midgut mass was
expressed as a percentage of the larval body mass {Fig. 3). The mass of the
midgut with its contents can be taken as a measure of midgut filling, The
analysis of variance did not show any significant differences between the
group.

Protein content of the midgut (Fig. 4) did not show statistically significant
differences between the groups either,

Digestive enzymes

When larvae were moved from natural conditions to the standard substrate
an increase in the specific proteclytic activity was observed, while the addition
of royal jelly reduced protease activity in such a way that it approached the
value of the natural control (Fig. 5). This level of acivity was maintained in the
group that was moved onto the standard substrate after 48 days.

Adding royal jelly to the substrate had no significant effect on the specific
activity of amylase (Fig. 6). The activity was neither changed in group RJ4 nor
in group RJz, with respect to larvae fed the standard Drosophila diet. Significant
differences could only be observed between the group of larvae from natural
conditions and larvae fed artificial diets. Larvae from natural conditions had a
significantly higher specific amylase activity.

DISCUSSION

The general nutritional requirements of insects and other organisms have
been reviewed in several papers (House 1962; Dadd 1985; Raubenheimer and
Simpson 1997).

Little is known about the effects of the quantity and quality of proteins
on reproductive parameters and parameters concerning the development of
insects that feed on the bark and wood mass of various deciduous and
coniferous trees (Mattson 1980). Food quantity, and especially its qualitative
composition (protein enrichment), are key factors that affect the tevelopment
time and the number of moults in M. funereus larvae (Nenadovié et al. 1989:;
Stani¢ et al. 1989; Ivanovié et -al. 1989; 1991). The resuits of the present
experiment on C. cerdo larvae also showed a significant effect of food quality
on larval growth and development (Fig. 1, Fig. 2). Both protein quality and
quantity in the diet affected the development time, adult body mass and egg
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Figure 1. Body mass gain of Cerambyx cerdo larvae in three experimental groups expressed as
a percentage of the Initial body mass. AD - the contrel group reared on the Drosophila
foed substrate; RJ: - the group of larvae from the substrate with royal jelly (RJ) added
during the whole experiment; RJz the group of larvae from the substrate with royal
jelly added until day 48, after which they were returned to control feeding conditions,

size in insects (Horie and Watanabe 1983). The nutritional quality of a protein
is a function of its amino acid composition. Nutritionally unbalanced proiein
imposes a metabolic load (Karowe and Martin 1988). In the amino acid com-
position of zein, a characteristic protein in the artifical diet for Drosophila, one
of the essential amino acids is missing - Lys. The dominant ones are Leu, Ala,
Glu (Broadway and Dyffey 1986). Protease hyperproduction under the condi-
tions of increased protein concentration in food means consumption of amino
acids for enzyme synthesis, which reduces the poll of amino acids that can
be used for growth and development. It was established in our experiment

The averaga number of mocdls

Figure 2. The average number of moults of Cerambyx cerdo larvae in three experimental groups
during the 151 day observation period. The other labels are as in Figure 1.
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Figure 3. Fresh midgut mass expressed as = percentage of the body mass of Gerarﬁbyx cerdo
larvae reared on various food substrates (AD, RJ1, and RJa - the labels are as in Flgure
1} and of larvae from natural conditions (NC).
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Figure 4. Midgut protein content of Carambyx cerdo larvae in relation to the food substrate {labels
as In Figure 3),

that C. cerdo larvae reared on the protein rich artificial diet (group AD) had
greater protease acivity than the larvae from natural conditions (NC), (Fig. 5).
There are no data about the effect of this artificial substrate on the development
of C. cerdo larvae, although it is known that rearing these larvae in laboratory
conditions on a mixture of carrot and oak wood mass vields smaller adults
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Figure 5. Specific midgut protease activity (SPA) of Cerambyx cerdo larvae of the four experimental
groups. The bars labelled by different lefters {a, b) are significantly different (Scheefe's
multiple range test, P<0,05}, Other labels are as in Figure 3.

and shortens the preadult development time (Marovi¢ 1973). M. funereus adults
reared on the Drosophila substrate during larval development are also smaller
than the adults from natural conditions (unpublished data). One possible ex-
planation could be protease hyperproduction as was also observed in M.
funereus larvae (lvanovic et al. 1989; 1991). Adding royal jelly of the substrate
means adding amino acids Lys, His, Arg, Pro etc. (a total of 18 amino acids,
out of which 8 are essential ones), which can also explain the greater mass
gain (Fig. 1), together with the increased number of mouits, i. e. faster develop-
ment (Fig. 2) of C. cerdo larvae that were fed royal jelly. Protease hyperproduc-
tion on an unsuitable diet (cat leaves) is also described in the grasshopper
Melanopius sanguinipes (Hinks et al. 1991). Adding amino acids to the diet

SAA{ ODS5S50/00750Mm }
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Figure 6. Specific amylolytic activity (SAA) of the midgut of Cerambyx cerdo larvae of the four
experimental groups. The bars labelled by different letters (a, b) are significantly different
{Scheefe’s multiple range test, P<0.05). Other labels are as in Figure 3.
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through yeast reduces trypsin activity in Ceratitis capitata, with no effect on
amylase (Lemos et al. 1992), which agrees with our data (Fig. 5, Fig. 6). This
is especially interesting, since G. capitata, as like, C. cerdo, lives on a substrate
rich in carbohydrates and poor in proteins (decaying plant material and feces
of herbivorae). In contrast to this, adding yeast to corn meal significantly
increased the activity of amylase in Tribolium confusum (Woll et al. 1986).

it is known that diet composition (Christopher and Mathavan 1985; Baker
1988) and especially sugar content, affect the activity of amylase in insects
(Milanovi¢ and Andelkovi¢ 1993). In the present experiment significant differen-
ces were observed between larvae from natural conditions and larvae reared
on various artificial substrates (Fig. 6). Thus, the presence of additional amounts
of sugar in the royal jelly did not change amylase activity. The different com-
positions of the natural substrate and the standard diet for Drosophifa could
account for the differences that occurred in amylase activity, given that the
high starch content in the artificial diet (more than 6%) caused a drop in
amyiase activity in the xylophagous cerambycid beetle M. funereus (lvanovié
1970). Enzyme synthesis and secretion is controlled by humoral fagtors (Ap-
plebaum 1985). Humoral factors can also be affected by increased food con-
sumption, namely an increase in nutrient inake (Muraleedharan and Prabhu
1981}, in such a way that humoral mechanisms and the secretagogue
mechanism (stimulative action of food ingredients) are not mutually exclusive
in the regulation of synthesis and secretion of digestive enzymes. The data
obtained with C. cerdo fresh midgut mass (Fig. 3) expressed as a percentage
of the body mass, did not show significant differences. This indirectly indicates
that the diet did not affect food consumption. The weighed protein contents
of the midgut (gut wall proteins and proteins of undigested food in the gut
lumen) did not show any statistical differences (Fig. 4). -

Besides amino acids, royal jelly contains sugars, fats, and vitamins
(Jankovi¢ 1977). Many insects require the dietary presence of pantothenic
acid, vitamin B, ascorbic acid, etc, for growth and development (House 1962).
The presence of vitamin B12 is irrelevant for some insects, since symbiotic
microorganisms in their gut lumen synthesize this vitamin (Slansky and
Rodriguez 1987). Ascorbic acid provides virus protection in some insects
(Lindroth et al. 1991). In any case, the aciton of vitamins should not be excluded
from the positive effect of royal jelly on the growth and development of C.
cerdo larvae (Fig. 1, Fig. 2).

Royal jelly, as a direct bee product, finds increasing applications in human
and animal diets, and became the subject of very broad interests and
numerous research studies (Jankovi¢ 1977), Research into diet quality is still
very motivated by the increasing pollution of the living environment, including
food, as well as by the need to elucidate the mechanisms involved in the
reversible and irreversible damage to DNA from contamination or food of
suboptimal nutritive value, Since the metabolic activity of an organism depends
on its physiological state and factors of the external environment, food quality
can be of crucial significance for the maintenance of metabolic homeostasis
under strerss conditions.
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Our results indicate a positive effect of royal jelly on the mass gain,
development time and the number of mouits. To interpret these effects additional
investigations are necessary on a larger number of metabolic parameters, with
a larger number of individuals, and the complete development cycle of C.cerdo.
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KORISCENJE MLECA KAO DODATAK HRANI | NJEGOV MOGUGI
BIOSTIMULATIVNI EFEKAT

VERA NENADOVIC, Z, PROLIC, JELICA LAZAREVIC,
LARISA AL ARID, JELISAVETA IVANOVIC

SADRZAJ

Ispitivan je uticaj vestatke hrane za Drosophila i istog supstrata kome je
dodavan mati¢in mie¢ na razviée velike hrastove striZzibube Cerambyx cerdo.
Korisceni supstrati se znatno razlikuju od drvne mase kao prircdnog supstrata,
naro&ito u pogledu kvaliteta i kvantiteta proteina i amino kiselina.

Larve strizibube C. cerdo prosetne teZine 0.458g podeliene su u Setiri
grupe od kojih je jedna AD postavljena u kontrolne uslove na standardnu
podiogu, dve druge grupe RJ1 i RJz na podlogu kojoj je dodat matiéni mieé
(MM). Grupa RJ1 fe do kraja ogleda odgajana na podiozi sa MM, a grupa RJg
je posle 48 dana ishrane obogaéene MM vracena na kontrolne uslove i do
kraja ogleda imala standardnu ishranu. Za poredenje sa laboratorijski gajenim
larvama u ogled su ukfjucene i larve iz prirodne populacije sa istog lokaliteta
NC. Ogled je trajac 151 dan. Priradtaj biomase u okviru svake grupe je meren
individuaino u odredenim vremenskim intervalima kada je menjana i podloga-
hrana. Procenat porasta mase tela larvi obradunat je u odnosu na pogetnu
vrednost proseCne teZine eksperimentalnin grupa.

Posle perioda od 151 dana sve tri ogledne grupe su Zrivovane zajedno
sa grupama larvi iz prirodne populacije koja se hranila drvnom masom.
Bichemijska analiza se odnosila na sadriaj proteina u srednjem crevu,
proteioliticku aktivnost enzima srednjeg creva i specifitnu aktivnost amilaze.

Podaci su prikazani graficki | obradeni statistiSkim metodama, pri demu
rezultati anafize pokazuju visok stepen statistitke pouzdanosti za dobijene
razlike.

Iz podataka se zakijuCuje da prisustvo mle¢a u vestatkoj ishrani larvi C.
cerdo utice na ubrzavanje procesa razvita, povecanja broja presviadenja i
smanjenja aktivnosti proteze u odnosu na kontrolnu grupu. Prisustvo mlega u
podiozi ne utiGe znacajno na specifiénu aktivnost amilaze,



