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The present study attempts to investigate the effect of some artificial diets on essential
amino acids of worker bees of Apis mellifera L. There were no great changes in different
essential amino acids contents between control bees and those fed on artificial diets.

The results obtained from treated groups were quite positive as the concentration level
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of different essential amino acids in treated forager bees were according to the
requirements of the forager bees under natural conditions. Thus the tested diets may be
served to honeybee colonies during “Dearth”.

INTRODUCTION

The period when no food source (bee flora) is
available for honeybees for their nutritional requirements,
growth of colonies and development of broods is termed as
dearth. Apis mellifera L. was introduced in India from west
where the seasonal changes are well defined and the bees
have well adapted biological cycle. But this biological
cycle was disrupted when the ‘Italian bees’ were imported
to India, especially to the northern plains of India. In
temperate and subtemperate climates honeybees are
confined to the hives for a few months during severe
winters due to low temperature and non-floral availability.
On the other hand in tropical and subtropical areas
summers are very harsh to honeybees [1]. Generally, no
floral source is available to bees from June to August,
whereas some subsistence sources may be availed by bees
during September and October. As a result yet instead of
reproduction and egg laying, the bee colonies stop or
greatly reduce ‘Brood rearing’ during harsh periods of
Pollen and Nectar Dearth resulting in colonies getting
weak just before flows and consequently effects the
production of bee products and pollination activity.
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Food shortage causes quick dwindling and even
perishing of bee colonies [2] [3] [4]. In this reference a
beekeeper needs a judicious feeding. The raw materials to
strengthen colony stores are provided by artificial diet
(pollen and nectar substitute). A colony may be short of
reserves because of poor flow or when the colonies are
used for pollination for longer periods. Under these
conditions artificial feeding to poor bee colonies becomes
quite essential to keep up their proper growth. Stimulative
feeding is a normal practice, which enhances brood rearing
and colonies enter the season with good strength. It is seen
that in Apis mellifera fat bodies are greatly developed
which are able to sustain ‘brood rearing’ during the harsh
period of pollen and nectar dearth, but still these reserve
are insufficient enough for effective and efficient brood
rearing process [5]. So pollen along with nectar holds a
great significance as the ‘Honey bee diet’, both for its
larvae and adults. Pollen and nectar jointly are a rich
source of protein, fat and carbohydrates along with
essential vitamins. Pollen and nectar dearth is a disastrous
factor for bee colonies as the colony strength greatly
dwindles. The reason for this fluctuation is that the old
deprecate bees gradually dies with a constant rate but the
new eggs are not reared significantly to maintain the
colony strength with no further chances of propagation.
Artificial feeding has therefore, to be provided to keep
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brood rearing activity continuing and for maintaining
colony strength as well as regular and continuous
production of bee products. A number of research articles
have described the successful rearing of insects on artificial
diets but the success in rearing Hymenopterans has been
quite limited [6]. The above-mentioned work is quite
encouraging and has forced us to work out on artificial
diets which could not only fulfill the basic requirements of
the bees as the natural feed does but economically
affordable also for Indian beekeepers during the conditions
of pollen and nectar dearth.

MATERIAL AND METHODS

Bee Rearing in Laboratory, Description of Diet
Formulations Used and Method of Analysing The
Effects of Different Artificial Diets on Bee Colonies

The bees were reared in Zoology Deptt of Govt
PG College, Bisalpur using standard Langstroth cages with
wax sheet foundation frame under controlled conditions.
The initial bee colonies were obtained from a nearby
Apiary being run by Mr. Rajesh Gangwar (Expert of
Apiculture). They were acclimatized for five days in the
cages before experimental tests under laboratory
conditions. The cages were observed everyday regularly.
The temperature and relative humidity maintained were
25-30°C (+ 2 °C) and 60-65 R.H., respectively. Each
experimental cage was started with five frames having
about 200 bees per frame i.e. 1000 bees per cage and each
cage was introduced with mated queen bee. The feeding of
experimental bees was stopped 5 hours before the
commencement of the experiments.

The experimental bee colonies were fed on
different types of protein rich and nutritive pollen and
nectar substitutes (artificial diets) as shown in Table -1.
50% sugar syrup ad libitum was used as control diet (Diet-
1). Gram flour, black pulse, whole egg, soya flour and
partly skimmed milk powder (Amul Spray manufactured
by M/s. Kaira District Co. Op. Anand-388001, India,
containing important vitamins and minerals) were used as
diet-2, diet-3, diet-4, diet-5 and diet-6, respectively
alongwith 50% sugar syrup in 1:1 ratio (table-1). Each diet
(excluding control) was added broad-spectrum antibiotic,
Gentamycin (M/s. Fulford India Limited, Hyderabad,
India) and multivitamin and multimineral capsule
(Becadexamin, M/s. GalaxoSmithkline Pharmaceuticals
Limited, Banglore, India). The capsule was used to
withstand the needs of vitamins and minerals. Each capsule
contained following vitamins and minerals.

Vitamins

Vitamin A (as concentrate oil form IP) - 5000 U
Vitamin D; (calciferol I1P)- 400 1U

Vitamin E (tocopheryl acetate IP)- 15 mg
Vitamin B; IP- 5 mg

Vitamin B, IP-5 mg

Nicotinamide-45 mg

N e

o s

3. D-Panthenol IP-5 mg
4. Vitamin Bg IP-2 mg
5. Vitamin C IP-75 mg

6. Folic acid IP- 1000 ug
7. Vitamin By, IP-5 pug

Dibasic calcium phosphate-70 mg

Copper sulphate- 0.1mg
3. Mangnese sulphate monohydrate 0.01 mg
Zinc monohydrate- 28.7 mg
Potassium iodide- 0.025 mg
Magnesium oxide- 0.15 mg

5.0% (w/w) of honey was essentially mixed to

each diet to make the diets easily acceptable. The diets
were provided to bee colonies through comb cells of
frames. The observations were continuously made up to
10 days. The experiment was laid in a randomized block
design, which consisted of six treatments replicated
thrice including control. Three honeybee colonies reared
in standard Langstroth cages having 8-frame capacity
for each treatment were placed in test area at
appropriate distance. The artificial diets as mentioned in
table 1 were provided to the colonies thrice a week.

Minerals
1.
2.

Estimation of Amino Acids

The amino acids contents were analyzed only in
forager bees because most of the proteins in flying insects
are due to presence of the flight muscles, of which 1/3 is
mitochondrial protein [7]. Only foragers use their flight
muscles for vital activities like foraging. However, the bees
less than 20 days remain inside the hive and they perform a
few vital role of wings for hive work. Samples of 30
forager bees were collected randomly from each of the four
replicates of control and treated bee colonies (fed on
artificial diet). The individuals were randomly selected for
analysis from control and treated colonies. After the
removal of gut contents, they were dried to constant weight
under vacuum at 40 °C and their amino acid contents were
determined. Duplicate analysis on foragers bees for
nitrogen were performed by a micro-kjeldal method [8]
and amino acids were analysed by a single-column buffer
system after acid hydrolysis. The nitrogen analysis enabled
the amino acid analyses to be expressed as gram per 16
gram of nitrogen. A Technicon amino acid auto analyzer
(114-AAA, Technicon Instruments Limited, U.K.) was
used to separate the amino acids with a modified buffer
system in single columns [9] [10]. 9% cross-linking:
average particle size 24pum was used as cationic resin [10].
The colour reagent was 2,4,6-trinitrobenzene sulphonic
acid. The pumping rate was adjusted to 0.9 ml/min. Each
chromatogram took about 10 hours to complete. The
control and treated dry honeybees from different colonies
were ground separately as finely as possible and
individually placed in a two-necked 1-litre round bottom
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flask. About 800 ml. of oxygen-free 6N HCI was added
and boiled under a reflux condenser for 20 hours under a
stream of nitrogen, cooled in a stream of nitrogen, and 20
ml of norleucine standard was added (norleucine standard:
0.2624 gram norleucine in 500 ml 0.1 N HCI). These
analyzing samples were washed into a flask individually,
made up to 1 litre and filtered (Whatman No. 54). About
25 ml of filtrate was collected and evaporated to dryness
on a rotary evaporator at 40°C; 2.5 ml N HCI was added to
dissolve the residue, and it was made up to 25 ml. A
portion was stored in a deep-freezer until analyzed. Amino
acid analysis was performed on 1 ml of solution supplied
on the top of the appropriate ion-exchange column. The
effluent was pumped from the column through the heating
coil to develop the colour, which was recorded as peaks on
a logarithmic chart. The peaks were integrated by
triangulation. The accuracy of the analytical technique was
examined by analyzing 12 samples from standard mixture
containing known amounts of each of the amino acids
determined [10]. Norleucine was used as an internal
standard. In no case the standard error of the mean colour
factor for any amino acid was greater than + 0.02. The test
of significance was calculated by adopting Fisher’s ‘t” test
at p<0.05*, p<0.01** and p< 0.001***,

RESULT

Table 2 represents the essential amino acid
analyses of forager honeybees fed on different artificial
diets. An analysis of variance (ANOVA) of these
observations indicated that there were no great changes in
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different essential amino acids contents between control
bees and those fed on artificial diets. The results obtained
from treated groups were quite positive as the
concentration level of different essential amino acids in
treated forager bees were according to the requirements of
the forager bees (table 3.). The amino acids showing
significant alterations over control forager bees were
leucine (-10.38%%), threonine (+16.66%*) and valine (-
11.66%%*) for diet-2, histidine (+17.39%%*), phenyl alanine
(-15.15%%*) and threonine (+27.77%**) for diet-3, histidine
(+8.69%%*), phenyl alanine (+15.15%%*), threonine
(+30.55%**) and valine (+13.33%%*) for diet-4, arginine
(+16.66%*), isoleucine (18.00%%*), lysine (11.54%%),
methionine (+11.54%*) and threonine (+11.11%%*) for
diet-5 and histidine (+13.04%%*), lysine (+17.30),
mathionine (+16.66%*) and threonine (+19.44%%*) for diet
six. From these observations, it becomes clear that all the
artificial diets (diet-2 to diet-6) provided all the essential
amino acids and thus good growth and development of
experimental colonies took place. Therefore, all the diets
may be used as nectar and pollen substitutes during the
period of dearth. The foragers were morphogenetically
observed quite perfect with normal wing expansion and
flapping strength. These observations indicate the proper
development of flight muscles in foragers, which are very
essential for foraging activity. The total essential amino
acid contents in forager bees fed on diet-4 and diet-6 were
significantly higher (P < 0.05*) as compared to control
group fed on plane sugar syrup.

Table 1. Combination of Control and Artificial Diets Fed to Experimental Groups of Forager Apis mellifera L.

(C[;Is:;})l) 50% Sugar syrup
Diet-2 Gram flour + 50% sugar syrup in ratio 1: 1 by weight + Gentamycin (0.1ml/100g feed) as antibiotic +
Multivitamin and multimineral capsule (1 capsule / Kg feed).
. Ground Black pulse and sugar syrup in ratio 1: 1 + Gentamycin (0.1 ml/100g feed-Ranbaxy) as antibiotic
Diet-3 L s
+ Multivitamin and multimineral capsule (1 capsule / Kg feed).
Diet-4 Whole Egg + 50% sugar syrup in ratio 1: 1 and + 1% Sodium bicarbonate (w/w as preservative) +
Gentamycin (0.1 ml/100g feed) as antibiotic + Multivitamin capsule (1 capsule / Kg feed).
Diet-5 Partly skimmed milk powder (Amul spray) with 50% sugar syrup in ratio 1: 1 by weight + Gentamycin
(0.1 ml/100g feed) as antibiotic + Multivitamin capsule (1 capsule / Kg feed).
. Soya flour + 50% sugar syrup in ratio 1: 1+ Gentamycin (0.1 ml/100g feed) as antibiotic + Multivitamin
Diet-6
capsule (1 capsule / Kg feed).

Table 2. Essential Amino Acid contents in Forager bees fed on artificial diets.

Sl. | Essential Amino Acids | Diet-1 (Control) Diet-2 Diet-3 Diet-4 Diet-5 Diet-6

1 Arginine 42+0.72 44 +£0.34 45+0.39 43+041 | 49+£058* | 45+0.71
(--) (+4.76) (+7.14) (+2.38) (+16.66) (+7.14)

5 Histidine 2.3+0.13 2.1 £0.09 | 2.7+£0.19* 25+0.15* | 24+0.23 | 2.6+0.31*
(---) (-8.69) (+17.39) (+8.69) (+4.34) (+13.04)

3 Isoleucine 5.0 £ 0.67 49+0.84 5.1+0.79 5.4+0.61 59+046* | 5.3+0.44
(---) (-2.00) (+2.00) (+8.00) (+18.00) (+6.00)

4 Leucine 7.7+1.44 6.9+051* | 7.9+0.36 8.1+0.52 84+0.75 | 83+0.98
(---) (-10.38) (+2.59) (+5.19) (+9.00) (+7.79)
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5 Lysine 5.2+0.81 54+058 | 57+016 | 55+077 | 5820.65% | 6.1+0.47*
() (+3.85) (+9.61) (+5.76) (+11.54) | (+17.30)

6 Methionine 1.8+0.07 15£029 | 1.7+043 | 19+004 | 21+037* | 2.1+0.12*
() (-16.66) (-5.56) (+5.56) (+16.66) | (+16.66)

; Phenylalaning 33+068 35+044 | 28+071* | 3.8+023% | 3.1+045 | 3.7£043
() (+6.06) (-15.15) (+15.15) (-6.06) (+12.12)

o Threonine 3.6+0.28 42%097% | 462030 | 4720.19% | 4020.21* | 43+0.79%
() (+16.66) (+27.77) (+30.55) (+11.11) | (+19.44)

o Valine 6.0+0.98 53+091* | 62+043 | 68+084* | 55+018 | 65+087
() (-11.66) (+3.33) (+13.33) (-8.33) (+8.33)

Total 39.1+3.93 382%544 | 412+161 | 43.0£3.00 | 421+2.11 | 43.4£6.21

() (-2.30) (+5.37) (+9.97)* (+7.67) | (+10.99)*

Each value is the mean of four replicates.
Values are expressed as mean £ S. E.
Significance at *P < 0.05, ** P < 0.01.

Values in parentheses indicate percent increase / decrease over control.

Table 3. Comparison of the Essential Amino Acid contents (g/16gN) in various pollen supplements, pollen, broods,

worker bees and foragers.
L7 14]; 2 [42]; ° [23]; “ [14]; °[15]; * 2% [16]

. . Honeybee Foragers Foragers

S| JEssential | Roval | Soyabean | Cagel | WO | e | groog | Requirment | (Field (Lab

s Conditions)® | Conditions)°
1 | Arginine 51 7.7 3.4 6.2 5.3 3.0 4.5 4.2 4.2
2 | Histidine 2.2 2.3 2.7 2.4 2.5 15 1.0 2.3 2.3
3 | Isoleucine 5.3 5.3 5.7 5.8 5.1 4.0 4.0 4.7 5.0
4 | Leucine 7.7 8.0 8.7 9.0 7.1 45 3.2 7.5 7.7
5 | Lysine 6.7 6.6 6.9 7.5 6.4 3.0 3.4 4.6 5.2
6 | Methionine 1.9 1.4 2.8 3.3 1.9 15 3.0 1.3 1.8
7 | Phenylalanine | 4.1 51 4.8 4.8 4.1 25 2.2 3.2 3.3
8 | Threonine 4.0 3.9 3.9 4.7 4.1 3.0 3.0 3.6 3.6
9 | Valine 6.7 5.3 6.6 6.8 5.8 4.0 5.8 5.9 6.0
Total 43.7 45.6 45.5 50.5 42.3 27.0 30.1 37.3 39.1

DISCUSSION AND CONCLUSION

Amino acids are one of the most important
constituents of all living bodies. These are the
fundamental units of all kinds of proteins found in
living beings. The concentration and kinds of a-amino
acids present in an animal body reflect on the basic
requirement of the protein contents of that animal in the
form of its diet [17]. The understanding about the
essential amino acid requirements, their types and their
level in honey bees with respect to the effect of the
artificial diets on their level may help in developing an
ideal diet for bees required at the time of dearth and to
sustain the bee colonies and regular honey production
[16,18]. When the amino acid contents of adult
honeybee were compared with those of various pollen
substitute and pollen (Table 3), the amounts of only
lysine and phenylalanine were found to be much
different among essential amino acids, indicating that
these pollens are almost ideal food substances for

worker honeybees and brood development of Apis
mellifera L [19-21]. The results obtained in present
study support their use as an ideal diet for honey bees.
Thus, soybean flour, casein (skimmed milk), whole
eggs, gram flour and black pulse should be almost
perfect protein and minerals sources for worker
honeybees and larvae development. However, in casein
the amount of lysine as compared to arginine is high,
and this may seriously reduce the availability of the
arginine, as these amino acids compete for absorption at
the same active site [22].

Therefore, lots of care is needed in any study of
protein metabolism when casein is taken as a major
source of amino acids The results obtained from this
study are quite useful in reference to know the dietary
need of the bees and the variations in diet required to
maintain the proper growth of bee colonies at the time
of nectar and pollen dearth.

Research Article




Sushil Kumar / Acta Biomedica Scientia. 2016;3(1):58-62.

ACKNOWLEDGEMENT

I am grateful to Dr Virendra Kumar, Dr LS Gautam, Dr. Himshikha Yadav and Mr Rajesh Gangwar for their practical

and technical help.

CONFLICT OF INTEREST:

The authors declare that they have no conflict of interest.

REFERENCES

1. Gupta AK and Kumar S. (2003). Status of Apiculture in India. J. Nat. Conservators, 15(1), 269-278.

2. Gilliam, M. (1997). Identification and roles of non-pathogenic microflora associated with honey bees. FEMS Microbiology
Letters, 155(1), 1-10.

3. Herbert, EW Jr., Shimanuki H. (1978). Chemical composition and nutritive value of bee collected and bee stored pollen.
Apidologie, 9, 33-40.

4. Herbert, EW Jr., Vanderslice, JT, Higgs, DJ. (1985). Effect of dietary vitamin C levels on the rate of brood production of
free flying and confined colonies of honey bees. Apidologie, 16, 385-394.

5. Atwal, A. S. and Sharma, OP. (1968). The introduction of Apis mellifera L. queen into Apis indica F. colonies and the
associated behaviour of the two species. Indian Bee J, 30, 41-56.

6. Shuel, Rwand Dixon, SE. (1986). An artificial diet for laboratory rearing of honeybees. J. Apic. Res, 25(1), 35-43

7. Bartelink, AKM and De Kort, PAD. (1973). Synthesis of mitochondrial protein in the flight muscles of the Colorado
beetle. Biochem. J, 136, 795-802.

8. Yuen SH and Pollard AG. (1953). Determination of nitrogen in soil and plant materials; use of boric acid in micro-kjeldal
method. J. Sci. Fd. Agric, 4, 490-496.

9. Thomson, AR and Miles BJ. (1964). lon exchange chromatography of amino acids: improvement in single column system.
Nature, Lond, 203, 483-484.

10. Waring, JJ and Bolton W. (1967). 2, 4, 6-trinitrobenzene sulphonic acid as a colour reagent for amino acids analyses. Proc.
5th colloquium in amino acid analysis. Technichon Mongor, 2, 30-34.

11. Rembold H and Hanser G. (1964). Uber den Weisenzellen der Honigbiene. V1. Nachweis des determinierenden Prinzip im
Futtersaft der Koniginnen aminicido rollenjellini. Hoppe-Seyler’s Z. physiol. Chem, 111, 2151-2154.

12. Kuiken, K.A. and Lyman, C. M. (1949). Essential amino acid composition of soybean meals prepared from twenty strains
of soya beans. J. Biol. Chem, 177, 29-36.

13. Cole WH. (1950). Co-operative determination of amino acid contents and the nutritive value of six selected protein food
sources. Rutger univ., New Brunswick, N. J., quoted by Weaver and Kuiken (1951).

14. Groot, A. P. De. (1953). Protein and amino acid requirements of the honeybee. Physiologie comp. Oesol, 3, 197-285.

15. Weaver N and Kuiken KA. (1951). Quantitative analysis of essential amino acid of royal jelly and some pollens. J. Econ.
Ent, 44(5), 635-638.

16. Kumar S. and Gupta AK. (2003). Evaluation of amino acid contents in adult worker bee and broods of Apis mellifera L.
Nature Conservators, 15(2), 465-474.

17. Gabrys J, Konecki J, Krol W, Scheller S, Shani J. (1986). Free amino acids in bee hive product (propolis) as identified and
quantified by gas-liquid chromatography. Pharmacol Res. Commun, 18(6), 513-8.

18. Roulston, TH; Cane, JH. (2000). Pollen nutritional content and digestibility for animals. Plant Systematics and Evolution
222,187-209.

19. Bitondi, MMG and Simdes, ZLP. (1996). The relationship between level of pollen in the diet, vitellogenin and juvenile
hormone titres in Africanized Apis mellifera workers. Journal of Apicultural Research, 35, 27-36.

20. Cremonez TM, De Jong D, Bitondi MG. (1998). Quantification of haemolymph proteins as a fast method for testing
protein diets for honey bees (Hymenoptera: Apidae). Journal of Economic Entomology, 91, 1284-1289.

21. Szymas B, Jedruszuk, A. (2003). The influence of different diets on haemocytes of adult worker honey bees, Apis
mellifera. Apidologie, 34, 97-102.

22. Lewis D. and D’Mello, JFP. (1967). Growth and dietary amino acid balance. Growth and development of mammals, ed. G.

A. Lodge and G. E. Lamming, London: Butterworth, 345-367.

Research Article



