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Abstract

Lactic acid ((-oxipropion acid; CH3-CHOH-COOH) is a homologe of oxipropion acid and is classed among acyclic oxicarbonic acids. The source of the lactic acid producing is a process the lactal acid fermentation of sugar solution. In nature, as well as in honey, lactic acid is present in two forms d  (-) and l (+). In honey there is an average 200 mg/kg of lactic acid. This acid is of great importance for apiculture for its nutritious values and for frequent use of this acid against Varroa destructor.
The aim of the work is to present lactic acid possibilietes, as well as the means for invertion of sacharosa in honey bee nutrition, through the process of sugar acid hydrolysis. One of the aims is its function as salutary medicine in the fight against honey bee`s pest Varoe

The experiment was conducted through two parts. One part consisted of observation in food consumption intensity, mortality of bees and longevity of the same. Laboratory cages was were colonized with 150-200 bees. Experimental part of experiment was carried out on the bee colony. In that part of experiment they observated the influence of invert syrups on the devlopment of bee societes in the means of brood surface, honey and pollen. Development of varoe trough the register of its presence in drone`s brood, was also observed.
Invert sugar syrup, with lactic acid compared with honey as a control group and sugar syrup as a experimental group, has shown good results in specimen part of the experiment, in the summer laboratory conditions. Reason for that lies in subsquently sugar syrup neutralization with NaOh, because of extremly low pH (3-3,5) value.  The result of these extremly low ph values is the high mortality of bees (splitting of digestive tract).
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Introduction

Lactic acid (CH3-CHOH-COOH) is found in nature as a product of lactic-acid fermentation of various sugars. It is also found in human and animal muscles. It is optically active and is found in the form d (+) and l (-). It is a homologue of oxypropionic acid and belongs to acyclic oxycarbonic acids. The most important method of obtaining lactic acid is the process of lactic-acid fermentation of solutions of various sugars. Lactic acid was first isolated by Schelle from sour milk in 1780 (Rikovski, 1974). This acid has a wide use in textile, leather, and non-alcoholic industries, and since recently in beekeeping too. 

Bee honey, as the main carbohydrate bee food, contains sugars, some proteins, fats, enzymes, organic acids, minerals, etc. Of sugars (carbohydrates) there is a largest amount of the monosaccharides glucose and fructose, as well as the disaccharide sucrose. Polysaccharides (complex sugars) are found in smaller quantities. All these sugars are degraded in honey into more simple sugars by the enzyme invertase, while small quantities of fats in honey are broken down by lipase. There are also plenty of organic acids in honey, mostly malic acid and citric acid (Belcic et al., 1991), while other acids are found in smaller quantities (formic, lactic, oxalic acids, etc.). Lactic acid is found in nectar in the quantity of 200 mg/kg (Imdorf et al., 1990). In beekeeping practice there are two important factors which might endanger beekeeping industry in the future. One of them is certainly nutrition of bees throughout the whole beekeeping season. Namely, climatic changes in Bosnia and Herzegovina have adversely affected development of bee colonies over the last few years (drought, hail, frosting of certain types of honey bearing plants, etc.). 

Two ways of preparing artificial bee food are in common use today:
By means of acid hydrolysis of sugar,

By means of enzymatic hydrolysis of sugar (enzyme invertase).

The other limiting factor is an increased invasion of the bee pest Varroa mite (Varroa destructor), which causes more and more damage to our beehives. There is an increased use of biological and chemical methods of controlling Varroa mite in Europe today. One organic acid used in Varroa control is lactic acid. Namely, during honey harvest period, lactic acid used as varroacide is effective against 75% of Varroa mites, because it has not proved to be deadly to Varroa in the bee brood (Imdorf, 1989). When there is no honey harvest (late autumn), lactic acid destroys as much as 90% of the Varroa with two treatments (Assman-Wertmüller et al., 1989; 1990). Given that lactic acid is used 3 – 5 times a year in order to control the Varroa most effectively, the level of this acid in honey increases from an average of 200 mg/kg to a very high 1,000 – 1,5000 mg/kg. However, after 7 – 8 weeks the quantity of lactic acid in honey is back in normal (Stoya et al., 1988).  

Materials and methods

During preparation of sugar syrup for supplementary feeding of bees we used lactic acid, which served as a means for inverting sucrose into glucose and fructose. The experiment was conducted in laboratory conditions, where bees were placed in mini cages each having a capacity of 150-250 bees. The bees were young and of the same age. The experiment covered winter, spring and summer bees. Only the winter bees were fed in the following manner: first on sugar syrup, in which no neutralisation of residual lactic acid with NaOH had taken place, and then on syrup in which residual lactic acid was neutralised. The spring and summer bees were fed only on neutralised acid sugar syrup. Apart from acid sugar syrup, the bees were also fed on honey (control group) and sugar syrup (water-sugar ratio 1:1 – experimental group). The following features were observed during the experiment:
Food intake speed, 

Lifespan,

Bee mortality dynamics. 

The experiment was conducted on productive bee colonies, where we observed the effect of different foods given to bees on production of honey, pollen and bee brood. The bee colonies were given supplementary food containing 0.5 l of honey and sugar acid syrup every other night over a period of 3 weeks. At the beginning of supplementary feeding we determined the initial state in the beehive in terms of the surface of pollen, brood-nest and honey. These results were compared with the results at the end of the supplementary feeding. The results were processed statistically by means of variant analysis.

Results and discussion 

Table 1. Intake speed of various types of food per day (grams per a bee) in winter, without acid neutralisation 

Type of food
Winter bees
Spring bees
Summer bees
Average

Honey
0.0286
0.0401
0.0364
0.0350

Sugar syrup
0.0307
0.1656
0.1820
0.1261

Acid sugar syrup (lacticacid)
0.0305
0.0838
0.0590
0.0578

The obtained results indicate that in all three seasons the consumption of artificial food is higher and faster than the consumption of bees’ natural food – honey. In winter the speed of consumption of different types of food was a bit lower as compared to spring and summer, which can be explained by a lower activity of winter bees and a somewhat bigger number of bees in the cage at the beginning of the experiment. In addition, bees consumed honey, unlike non-inverted sugar syrup, on average the least often throughout all three seasons 

Table 2. Intake speed of various types of food per day (grams per a bee) in winter, with acid neutralisation 

Type of food
Winter bees
Spring bees
Summer bees
Average

Honey
0.0286
0.0401
0.0364
0.0350

Sugar syrup
0.0307
0.1656
0.1820
0.1261

Acid sugar syrup (lacticacid)
0.0197
0.0838
0.0590
0.0542

Given that acid sugar syrup contains acid residues, wherefore pH value of the syrup is very low (3-3.5), we neutralised them with NaOH, which increased pH value to 5.5-6. By doing so we attempted to reduce the adverse effect of this bee food on the bee’s digestive system. Table 2 shows that in winter acid syrup was consumed less after neutralisation. Namely, the bees managed to satisfy their needs even with smaller quantity of this syrup because their digestive system remained unharmed. Thus food was fully digested, unlike by bees that were fed on syrup without neutralisation of acid residues.

The bees’ lifespan was observed by counting dead bees in laboratory cages on a daily basis. In winter, when residual lactic acid was not neutralised, mortality of bees was so high that statistical processing of the results could not be fully attained. 

Table 3. Average lifespan of the melliferous bee fed on different types of food (in days)

Type of food
Winter bees
Spring bees
Summer bees
Average

Honey
45.9
21.6
21.8
29.76

Sugar syrup
36.4
14.4
17.2
22.66

Acid sugar syrup (lactic acid)
13.7
11.5
12.8
12.66

The lifespan of the melliferous bee depends on the season and sex of the bee. In all three seasons the longest lifespan was reached by the bees fed on honey – on average 29.76 days, whereas those that were fed on acid sugar syrup lived shortest – on average 12.66 days. The bees fed on sugar syrup lived to the average age of 22.66 days. These lifespan values indicate a substantial statistical difference. This difference was caused by acid residues in the syrup during winter, which led to a very low syrup pH. This caused tearing of the bees’ digestive system and significantly shorter lifespan, especially in winter bees. A bigger physiological exhaustion of the spring and summer bees fed on non-inverted bee food (sugar syrup) resulted in shortened lifespan too. 

The highest daily mortality rate in winter bees was found in those bees that were fed on acid sugar syrup – on average 65 bees a day in the period between the 15th and 17th day of their stay in the cage. The lowest daily mortality rate in bees was found in those bees that were fed on sugar syrup – on average 44 bees a day in the period between the 52nd and 55th day of their stay in the cage. In the period between the 57th and 60th day of their stay in the cage, the average daily mortality rate of bees fed on honey was 49 bees a day. The daily mortality rate of spring bees fed on acid sugar syrup was relatively high on the first day of their stay in the cage (on average 22 bees a day), whereas the highest mortality rate was noted in the period between the 12th and 16th day of their stay in the cage (on average 36 bees a day). Given that the structure of bees in the beehive is changed in April and May (spring bees replace winter bees), which leads to stress in bees, we can conclude that this is the main cause of a relatively high mortality rate on the first day of this period. The control bee group fed on honey had a maximum average daily mortality rate between the 15th and 16th day (on average 12 bees a day). Mortality rate was also very high on the first day among this group too (on average 14 bees a day). In summer the highest daily mortality rate was noted in bees fed on acid sugar syrup between the 9th and the 16th day – on average 22 bees, whereas the lowest mortality rate was noted in those fed on honey between the 12th and 16th day – on average 13 bees a day. However, despite this relatively early occurrence of high mortality of bees fed on honey, they lived longer than those fed on acid sugar syrup with a gradual decrease in number of bees in the cage. The highest number of dead bees fed on sugar syrup was noted between the 14th and the 20th day, with an average daily mortality rate of 10 bees a day.

Table 4.  Influence of various types of supplementary food given to bee colonies on surface of pollen, honey and brood-nest 

Type of food
S U R F A C E (in dm2)


Pollen
Honey
Bee brood


Start
End
Start
End
Start
End 

Honey
7.9
75.3
49.4
225.8
45.2
47.4

Sugar syrup
9
39.1
26.3
79.8
41.5
56.9

Acid sugar syrup (lactic acid)
8.4
89.5
37.4
129.8
41.4
42.4

Σ-total
25.3
203.9
113.1
435.4
128.1
146.7

Average
8.4
67.9
37.7
145.1
42.7
48.9


On the basis of the initial state of the surface of pollen, honey and bee brood in productive bee colonies, we obtained results on influence of various types of supplementary food for bee colonies on production of these bee products, as shown in Table 4. The highest increase of the initial state of pollen surface was noted in bee colonies fed on acid sugar syrup (+81.1dm2), and the lowest increase was noted in bee colonies fed on sugar syrup (+30dm2). The supplementary food was given to bee colonies in April, at the time of intensive development of Apis mellifera carnica, wherefore pollen surface values were very low at the beginning of supplementary feeding. On the basis of the obtained results one can conclude that pollen yields are influenced by the type of the bee food given, as well as by some other factors such as climate with regards to bee work and pollen production, and protein composition of pollen. According to Toddy et al., (1942) the protein levels in pollen are variable and range between 7.02% (pine) and 35.5 (palm tree). Apart from the quantity of proteins in pollen, their amino-acid composition is important too (Auclair et al., 1948). According to McCaughey et al. (1980) there is a significant correlation between the development of lactic gland and quantity of essential amino acids in pollen. Pollen yields are also influenced by the quantity of broods, which is in inverse correlation with the quantity of pollen in the beehive. Namely, it was determined that there is no statistically significant difference between the quantity of pollen in the beehives fed on honey and those fed on sugar syrup, although this difference is highly noticeable if observing the pollen surface. This can be explained by the fact that the group of beehives which were fed on sugar syrup had the greatest brood surface of all other groups in the experiment (+15.4 dm2). In addition, the consumption and the total quantity of pollen are influenced by the strength of the bee colony. According to Eischeny et al. (1983) worker bees in weaker colonies consume more pollen and raise more broods per bee than worker bees in stronger colonies. The results showing that the highest pollen yields were obtained by the group of bees that were fed on acid sugar syrup (lactic acid) speak in favour of the necessity of use of inverted syrups as a supplementary bee food. 
The bee colonies fed on honey were the most productive in terms of honey production (+176.4 dm2) unlike those fed on sugar syrup (+53.5 dm2). The total quantity of honey was composed of winter supplies of honey which had not been used and a relatively small amount of ripe and unripe fruit honey. On the basis of the results of the conducted variant analysis, one can conclude that various types of bee food given during the period of spring stimulative supplementary feeding have different effects on productivity of bee colonies. The bee food which was subjected to the process of inverting complex sugars in it had a stimulative effect on bee colonies in terms of nectar harvest. According to Ivanov et al., (1995) the highest level of honey production was achieved by the bee colonies that were fed on inverted syrups, except for the invert syrup (citric acid). In addition, one part of bees are released from inverting complex sugars into simple sugars, which has a significant impact on the structure of excursionist bees, which collect nectar from nature. The bee colonies fed on non-inverted bee food (sugar syrup) collected less nectar because they had to spend quite a lot of energy and time on digestion of the consumed food.    

The largest increase in bee brood surface was noted in bees fed on sugar syrup (+15.4 dm2), whereas the smallest increase in pollen surface was noted in bee colonies fed on acid sugar syrup (+1 dm2). According to Ivanov et al., (1995), enzymatic and acid sugar syrups have positive effect on the increase in bee brood surface. On the basis of results of the conducted variant analysis, one can conclude that there is no statistically significant difference between average values of the surface of bee brood of the bee colonies fed on different foods. Bee brood surface is influenced by a number of factors, the most important of which are pollen quantity and intake, and climatic and genetic factors. Given that the used forms of bee food are of carbohydrate origin, the bee brood surface would be bigger if vitamin and mineral mixtures were added to artificial bee food (Mladenovic et al., 1999). 

In this experiment we observed the effect of lactic acid on the bee pest Varroa destructor. After the conducted supplementary feeding on honey and acid sugar syrup, we opened the capped drone brood and noted the presence of Varroa mites in it. However, the obtained results could not be statistically processed, because less than 10 Varroa mites were found in the total of 600 uncapped drone broods, which can be explained by the early phase of the Varroa development (the first half of April). Namely, at the beginning of beekeeping season the number of Varroa mites is relatively small and their number increases if there is a drone brood. Apart from drone broods, the Varroa also infests worker bee broods. However, at the beginning only a small number of worker bee broods are infested, and the number reaches its maximum towards the end of the beekeeping season, when there are no more drone broods. If the number of Varroa is compared with the number of bees, then the latter is falling in autumn, whereas the number of Varroa is rising. This creates a basis for further scientific researches aimed at timely eradication of Varroa in beehives. 

Conclusion

On the basis of the results of this experiment, we can conclude the following:

Lactic acid can be used both as a varroacide and as a means for inverting the complex sugar sucrose into simple sugars glucose and fructose. 

Artificial bee food is consumed by bees in larger quantities than natural food during all three seasons (winter, spring and summer),

The winter bees fed on honey lived longest (on average 45.9 days), whereas the spring bees fed on acid sugar syrup lived shortest (on average 11.5 days). 

The winter bees, hatched in autumn, showed to have the highest daily mortality rate if fed on acid sugar syrup (on average 65 bees a day),

All examined forms of bee food, especially those in which process of inversion of complex sugars had taken place, have positive effect on the pollen surface,

All three forms of supplementary bee food, especially honey, have significant impact on honey production,

Supplementary feeding on sugar syrup and honey had a positive effect on increase in the surface of bee brood in beehives, whereas supplementary feeding on acid sugar syrup led to an insignificant increase in the bee brood surface,

The use of lactic acid in varroa control through food could be taken into consideration, but only during the late summer and early autumn treatment. Until then, Varroa should be controlled with biological and technological methods.

In preparation of artificial bee food (in the form of syrup and solid food), one should primarily use enzymes (invertase). Acids such as tartaric, melic and lactic acids are used only in case of need, but with obligatory neutralisation of acid residues. Otherwise, the lifespan of the melliferous bee is significantly shortened. This diminishes the economic benefit we derive from them, which is the reason why we keep them.
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