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1. Introduction
Honey bees, Apis mellifera, depend mainly on nectar 
and pollen as sources of nutrients. Nectar provides the 
bees with carbohydrates while pollen supplies them with 
the remaining dietary requirements such as proteins, 
lipids, vitamins, and minerals (1). Lack of pollens in 
the field is a critical problem for beekeepers in Saudi 
Arabia, especially in the central region due to the elevated 
temperature and drought conditions during the summer. 
Supplying bee colonies with an alternative artificial source 
of protein (pollen substitutes) is essential to boost colony 
survival and development (2). Various studies have been 
performed to develop an ideal protein diet for honey 
bees with positive impacts on honey bee physiology, and 
considering the hemolymph of honey bee workers is an 
accurate method to evaluate the efficacy of different types 
of diets (3). Some criteria such as food consumption rate, 
brood rearing activity, and quality of honey bees were used 
as indicators for the quality of the artificial diets presented 
to honey bee colonies during periods of pollen shortage. 
The adequacy of pollen or pollen substitutes is normally 
evaluated by determining the quantity of diet consumed 
or by measuring brood production (4). Herbert et al. (5) 

compared pollen substitutes with varying quantities of 
protein using caged colonies. They demonstrated that 
20%–23% protein is ideal for normal growth of honey bee 
workers.

Shortage of pollen can cause abnormal development of 
the brood, a decrease in the length of workers’ life, and low 
honey production (6). Omar (7) concluded that feeding 
honey bee colonies with different pollen substitutes or 
supplements was not sufficient for the requirements of 
larvae older than 3 days. On the other hand, the body 
protein can be influenced by a combination of factors 
including quantity of pollen, protein content, and level of 
essential amino acids in pollen protein (8). Mostafa (9) 
found that when honey bee colonies were fed on pollen 
substitutes under isolation conditions, the fresh weight and 
dry matter of newly emerged bees were less than those of 
control colonies (reared under free flight conditions with 
natural feeding). Food source can impact the percentages 
of glycogen, lipids, and protein of honey bees (10), as 
well as hemolymph composition. Glinski and Klimont 
(11) reported that the total hemocyte count, differential 
hemocyte count, and total solid content are indicators for 
the hemolymph functional efficiency. However, the highest 
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number of hemocytes occurred in the hemolymph of bees 
that received improved pollen substitute lacking L-amino 
acids (12). Cremonez et al. (13) found that the protein 
values reflected the quantity and usability of protein in 
the diets, and not the consumption, which was similar 
for all protein diets used. Successful pollen substitutes 
should contain valid and cheap materials as well as a high 
protein percentage, and should have high palatability and 
attractiveness to honey bees.

Therefore, the aim of the present study was to develop 
pollen substitutes with high efficacy to boost physiological 
and productive characteristics of honey bees.

2. Materials and methods
This investigation was carried out at the apiary of the Plant 
Protection Department, College of Food and Agriculture 
Sciences, King Saud University, Riyadh Region, Saudi 
Arabia.
2.1. Experimental colonies 
Hybrids of Carniolan honey bees were used in the 
experiments. The study was performed inside an isolator 
(3.5 × 6.5 × 4 m) covered with muslin net (16 × 16 mesh). 
Fifteen colonies were introduced into the isolator and 
painted with different colors to facilitate the orientation of 
honey bee workers. Each colony contained 5 empty combs. 
Each colony was then provided with 1000 g of young 
worker bees, and sister queens (aged less than 1 year). The 
colonies were divided into 5 groups (3 colonies per group), 
and besides these groups 3 colonies were kept outside the 
isolator under free flight conditions to serve as a control 
group and were provided with 2 bee bread combs. The 
experiment was carried out over 6 consecutive weeks.
2.2. Proteinaceous diets
Five proteinaceous diets were compared to select the best 
one to serve as an alternative to pollens or bee bread (the 
natural protein source for honey bees). These 5 diets were 
made of 7 raw materials and the total protein percentages 
of these materials are shown in Table 1. These raw materials 
were selected because they were rich in protein content 
according to the Kjeldahl method (14) of determination 
of protein and were available in the study region. The 5 
diets were then made by mixing different amounts of the 
raw materials as shown in Table 2. The main component 
in each diet was soybean meal in diet 1 (traditional pollen 
substitute), mesquite pod powder in diet 2 (described by 
Odoul et al. (15) as a rich source of carbohydrates and 
proteins for humans and animals), date paste in diet 3 (a 
very common and cheap source of carbohydrates in Saudi 
Arabia), Feedbee® (16) in diet 4, and corn gluten in diet 5 
(a very rich protein source). 

Each group of colonies was provided with a specific 
diet throughout the experiment. Each colony was provided 
with 100 g of the diet in a perforated polyethylene bag 

above the middle comb every 6 days. Supplementary 
feeding with sugar syrup (250 mL, 1:1, w/v) was presented 
to each colony every 3 days to stimulate honey bee activity. 
The colonies were also provided with a water source.
2.3. Measurements
2.3.1. Food consumption amount
The food consumption amount was calculated as the 
difference between the fresh weight of the diet and the 
weight 6 days after providing it to the colony (g/colony). 
The calculations were repeated every 6 days for each diet 
type. The total consumption for each diet during the 
experimental period (42 days) was also calculated.
2.3.2. Brood rearing activity
The number of sealed brood cells was counted after 2 
generations (42 days) for each colony. 
2.3.3. Honey bee quality
Three samples of fully grown larvae and newly emerged 
bee workers were taken after 2 generations from each 
colony. Fresh weight (g), dry weight (g), water content 
(%), and total protein (%) were determined according to 
Hanna and Azab (17). The fresh samples were dried in 
an oven at 65 °C for 36 h until they reached a constant 
weight. The water content in worker larvae and adult bees’ 
bodies was calculated by subtracting the dry weight from 
the fresh weight. Three dry samples of larvae and honey 
bee workers were ground into a fine powder. One hundred 
milligrams of powdered material was then used for total 
nitrogen determination using the Kjeldahl method and the 
total nitrogen was multiplied by a constant factor of 5.6 to 
obtain the total protein content (18). 
2.3.4. Hematological studies
To test the suitability of pollen substitutes for honey bee 
feeding, 3 hemolymph samples were collected from 3 fully 

Table 1. Total protein % in 7 materials used for making the 
proteinaceous diets (n = 3).

Materials Total protein %

Soybean meal (Glycine max) 39.88 ± 0.13 c 

Brewer’s dried yeast 40.57 ± 0.19 b 

Skimmed milk powder 29.87 ± 0.13 d 

Corn gluten 55.94 ± 0.07 a 

Date paste (Phoenix dactylifera) 24.55 ± 0.26 f 

Flour of mesquite pods (Prosopis juliflora) 16.58 ± 0.27 g 

Feedbee® 28.82 ± 0.19 e 
                
Means followed by the same letter do not differ significantly at 
the 5% level of probability.
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grown larvae (6 days old) from each colony by puncturing 
the larval cuticle with a fine hypodermic needle. The 
total soluble solids percentage (TSS%) in the hemolymph 
sample was then determined using a hand refractometer 
(Euromex Brix, USA). Three readings of TSS% per 
treatment were taken. The total hemocyte count (THC) per 
mm3 of 3 samples from the hemolymph was determined 
using a Neubauer hemocytometer. The total number of 
hemocytes per mm3 of hemolymph was calculated using 

the following formula (19): THC a
C

b4000# #= ,
where:
THC: the number of hemocytes per mm3 of 

hemolymph, 
a: the number of hemocytes in 100 large squares, 
b: the hemolymph dilution,
C: the number of small squares in 100 large squares.
Hemolymph pools of 20–100 individuals were 

sampled from different experimental colonies and 
were continuously held in an ice bath. A few crystals 
of phenylthiourea were added to each pool to prevent 
melanization. The hemolymph pools were stored at –20 °C. 
The Lowry method (20) was used to determine the protein 

concentration of hemolymph spectrophotometrically at 
500 nm using standard curve determination. 
2.4. Statistical analysis
The experimental design used was a random complete 
block design. Three replicates (colonies) were used per 
treatment (5 treatments or diets) and control group. 
Means ± standard deviation (SD) were calculated for 
studied parameters. Analysis of variance (ANOVA) was 
then performed and means were compared using Duncan’s 
multiple range tests at a 5% level of probability (21).

3. Results
3.1. Food composition
The tested diets were consumed in different amounts 
(Table 3). The greatest amount of diet consumption was 
recorded during the second feeding period (days 7–12), 
but the amount of food consumption of all diets decreased 
gradually through other feeding periods. The highest 
consumption was with diet 3 (date paste) with 213.2 g/
colony in 42 days, followed by Feedbee, mesquite, corn 
gluten, and soybean meal with differences of 39.6, 89.1, 
117.5, and 125.8 g/colony in 42 days, respectively, from 

Table 2. Composition of the diets used in the experiments.

Materials
Composition of the diets, g/kg

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Soybean meal (Glycine max) 252

Mesquite pods powder (Prosopis juliflora) 258

Date paste (Phoenix dactylifera) 274

Feedbee®* 379

Corn gluten 424

Dried skim milk 84 86 91

Brewer’s yeast 84 86 91

Sugar powder 378 386 411 381

Fresh mixed pollen pellets 42 43 46 42

Multivitamins and minerals (Centrum)** 4 5

Coriander oil 9 9

Sucrose solution (2:1) 606

Honey 17 17 18 15 17

Water 143 112 55 136

Total 1000 1000 1000 1000 1000

*Commercial substitute tested by Saffari (16). 
**Produced by Pfizer (formerly Wyeth). 
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diet 3. Significant differences were detected among the 
diets, but diet 3 had the highest consumption mean and 
differed significantly from the other diets.
3.2. Brood rearing activities
The results showed that the highest total number of 
sealed brood cells (1066.7 cells/colony) was recorded in 
the control group under free flying conditions. The mean 
number of sealed brood cells in colonies fed with Feedbee 
was 1.57-, 1.86-, and 4.48-fold of those fed with diet 2, diet 
3, and diet 5, respectively (Table 4). The colonies fed with 
diet 1 (soybean meal) under isolation conditions were not 
able to rear the brood until the emergence of the adults 
(Figure). The queens of this treatment continued to lay 
eggs during the 7 weeks of investigation, but there were 
no sealed brood cells during the period of the experiment. 

3.3. Physical and chemical analysis of honey bees
Fresh and dry weight, water content (%), and total protein 
percentage of fully grown larvae and newly emerged 
honey bee workers fed with different proteinaceous diets 
under isolation conditions are shown in Table 5. The 
results show that the fresh weight and dry matter content 
of fully grown larvae (6 days old) were lower in the tested 
individuals fed with all examined diets than the control 
larvae reared under natural conditions. The fresh weight 
and dry weight of fully grown larvae reared under natural 
conditions were 132.7 and 31.9 mg/larva. However, the 
fresh weight and dry weight of honey bee larvae fed with 
diet 4 (Feedbee) was recorded as 123.6 and 29.5 mg/larva. 
The results showed that diet 2 (mesquite), diet 3 (date 
paste), and diet 5 (corn gluten) had lower values than the 

Table 3. Food consumption by honey bee colonies fed with 5 diets (g/colony in 6 days) under isolation conditions (n = 3).

Diets
Mean of food consumption (g/colony in 6 days) Total g/colony 

in 42 days Order
1–6 7–12 13–18 19–24 25–30 31–36 37–42 

Diet 1 
(soybean meal) 29.36 ± 1.18 f 27.40 ± 1.82 fg 14.77 ± 1.46 kl 7.13 ± 1.12 no 4.73 ± 0.67 op 2.70 ± 0.62 p 1.33 ± 1.00 p 87.4 ± 9.61 D 5

Diet 2
(mesquite) 33.67 ± 1.68 de 31.07 ± 2.38 ef 16.73 ± 0.96 jk 14.13 ± 0.83 kl 11.73 ± 0.56 lm 9.53 ± 0.27 mn 7.20 ± 0.30 no 124.1 ± 7.81 C 3

Diet 3
(date paste) 37.86 ± 1.62 bc 58.83 ± 3.06 a 33.87 ± 1.26 de 29.43 ± 0.98 f 22.33 ± 0.63 hi 16.80 ± 0.68 ik 14.10 ± 0.80 kl 213.2 ± 2.40 A 1

Diet 4
(Feedbee®) 27.47 ± 1.79 fg 40.70 ± 1.95 b 29.03 ± 1.36 f 24.37 ± 0.55 gh 19.90 ± 1.45 ij 17.47 ± 0.75 jk 14.67 ± 1.67 kl 173.6 ± 13.62 B 2

Diet 5
(corn gluten) 14.13 ± 1.66 kl 36.53 ± 1.72 cd 17.17 ± 0.43 jk 12.10 ± 1.15 lm 9.43 ± 1.09 mn 4.47 ± 0.14 op 1.83 ± 0.17 p 95.7 ± 3.73 D 4

      
Means followed by the same letter do not differ significantly at the 5% level of probability.

Table 4. Effect of tested proteinaceous diets on number of sealed brood cells (cells/
colony) under isolation condition after feeding period of 42 days (n = 3).

Treatments Number of sealed brood cells
(n/cell) Order

Diet 1 (soybean meal) 0.00 ± 0.00* 6

Diet 2 (mesquite)  111 ± 3.0 cd 3

Diet 3 (date paste) 94 ± 5.0 d 4

Diet 4 (Feedbee®) 174.7 ± 8.0 b 2

Diet 5 (corn gluten) 39.0 ± 3.0 e 5

Control 1066.7 ± 62.9 a 1

Means followed by the same letter do not differ significantly at the 5% level of probability
*No sealed brood was recorded.
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abovementioned two diets with significant differences. On 
the other hand, the fresh weight and dry matter content 
of the adults were lower in the individuals reared on the 
tested diets compared with the control. The fresh weight of 
the newly emerged bees reared under natural conditions 

was recorded as 111.8 mg/adult. The fresh weight of honey 
bee workers fed with diets 4, 2, 3, and 5 were consequently 
lower than the adult weight of the control by 15.3, 15.9, 
22.0, and 29.0 mg/adult, respectively. Similar results 
were obtained when the dry matter of all tested diets was 

 

 

(1) Diet 2 (m esquite)  

(2) Diet 3 (date past)  

(3) Diet 4 (Feedbee  ® ) 

(4) Diet 5 (corn gluten)  

(5) Control (Free flight condition)

(2) (1)

(4) (3)

(5)
Figure. Brood rearing areas after administration of proteinaceous diets to honey bee colonies under isolated 
condition.

Table 5. Fresh, dry weight, water content (%), and total protein percentage of fully grown larvae and newly emerged honey bee workers 
fed with different proteinaceous diets under isolation conditions (n = 3).

Treatment 
Six-day-old larvae Newly emerged adults

Fresh weight
(mg)

Dry weight
(mg)

Water
content (%)

Total protein 
(%)

Fresh weight
(mg)

Dry weight
(mg)

Water
content (%)

Total protein
(%)

Diet 2 (mesquite) 124.7 ± 2.0 bc 28.0 ± 1.3 d 77.55 31.62 ± 0.31 c 95.9 ± 2.8 c 14.7 ± 0.8 cde 84.63 51.22 ± 0.39 c

Diet 3 (date paste) 113.2 ± 2.8 de 28.1 ± 1.1 cd 75.18 28.35 ± 0.28 d 89.8 ± 2.0 d 14.0 ± 0.7 e 84.43 48.55 ± 0.46 d

Diet 4 (Feedbee®) 123.6 ± 1.9 c 29.5 ± 1.0 bc 76.13 34.67 ± 0.35 b 96.5 ± 1.5 bc 15.0 ± 0.8 bcd 84.41 53.66 ± 0.29 b

Diet 5 (corn gluten) 112.4 ± 2.4 e 26.4 ± 1.3 e 76.51 23.89 ± 0.50 e 82.8 ± 1.9 e 14.2 ± 0.5 de 82.87 44.08 ± 0.43 e

Control 132.7 ± 2.9 a 31.9 ± 1.2 a 75.93 38.05 ± 0.38 a 111.8 ± 2.0 a 16.9 ± 1.7 a 84.88 55.92 ± 0.27 a

Means followed by the same letter do not differ significantly at the 5% level of probability.
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compared with the control. The differences were 1.9, 2.2, 
2.7, and 2.9 for diets 4, 2, 5, and 3, respectively, compared 
with the control.

The protein contents of fully grown larvae and newly 
emerged adult bees were directly influenced by the types of 
diet provided to the bee colonies. The protein percentage 
of larval dry matter (6 days old) was recorded as 38.05% 
for the control. This percentage was reduced significantly 
in all treated colonies that depended on artificial diets for 
6 weeks, which was recorded as 34.67%, 31.62%, 28.35%, 
and 23.89% in respect to diets 4, 2, 3, and 5, respectively. 
The protein percentage determined in the newly emerged 
honey bee workers of the control was recorded as 55.92%. 
The protein percentage was reduced significantly by 
feeding honey bee colonies artificial diets under isolation 
conditions. The highest percentage (53.66%) was obtained 
when honey bee colonies were fed with diet 4 (Feedbee), 
followed by diet 2 (mesquite) with a mean of 51.22%. 
Diet 3 (date paste) and diet 5 (corn gluten) showed the 
lowest effects on the total protein percentage of the newly 
emerged adults.
3.4. Hematological studies
The effects of some proteinaceous diets on TSS%), THC, 
and total protein concentration (mg/100 mL) in 6-day-
old larval hemolymph are shown in Table 6. The results 
revealed that the highest total protein concentration 
(2080 mg/100 mL) was estimated in larval hemolymph 
collected from honey bee colonies outside the isolator 
(control group). Larvae fed on diet 4 (Feedbee) contained 
2034 mg/100 mL, followed by diet 2 (mesquite) with 1974 
mg/100 mL, while the remaining treatments exhibited less 
effect on the protein concentrations.

4. Discussion
4.1. Food consumption 
The results showed that diet 1 (soybean meal) had a lower 
rank of consumption than the other diets, while diet 3 (date 

paste) had the highest consumption amount. This finding 
reflects the fact that honey bee workers prefer diets with 
high sucrose content, which serves as a phagostimulant 
and thus increases honey bees’ response towards this patty 
(9). The addition of 5% pollen grains and coriander oil in 
small amounts (0.3%) likely increased the palatability of 
the diets and positively increased the consumption rate for 
diets 2 and 3. The results of Feedbee consumption amount 
were in line with a previous study (16), in which honey 
bees consumed a greater amount of Feedbee than natural 
pollen.
4.2. Brood rearing activity
The activity of honey bee colonies to rear a brood is highly 
dependent on the contribution of a suitable protein in food, 
as well as on its quality, to activate their hypopharyngeal 
glands (9). The highest brood rearing activity was recorded 
in honey bee colonies fed on bee bread (the natural protein 
source for honey bees). On the other hand, the lowest 
results were recorded in honey bee colonies fed on pollen 
substitutes. These results were in line with a previous study 
(9), which reported that bee bread is the best source of 
protein for honey bee workers. It has also been reported 
that brood rearing activity of honey bee colonies with 
few pollen foragers was reduced by placing them under a 
mesh tent, and finally the colonies stopped brood rearing 
(22). As a consequence, natural pollens are very important 
for brood rearing activity. There were highly significant 
differences between tested proteinaceous diets and brood 
rearing activity. Herbert et al. (5) found that brood rearing 
activity was only possible when using proteinaceous diets 
containing suitable proteins. That could explain why diet 5 
(corn gluten) did not give the highest brood cell number. 
On the other hand, diet 2 (mesquite pod powder), which 
contains only 16.58% protein, encouraged brood rearing in 
honey bees more than the other diets. These results are in 
agreement with a previous study (15) that described how the 
protein content of mesquite pods was useful for honey bees.

Table 6. Effect of feeding colonies with some proteinaceous diets on TSS%, THC, and total protein concentration 
(mg/100 mL) in hemolymph of 6-day-old larvae (n = 3).

Diets THC TSS% Protein concentration
(mg/100 mL) Order

Diet 2 (mesquite) 3580 ± 55.69 c 14.83 ± 0.11 c 1974.51 ± 10.55 c 3

Diet 3 (date paste) 3156 ± 42.35 d 14.07 ± 0.03 d 1862.35 ± 21.56 d 4

Diet 4 (Feedbee) 3792 ± 48.00 b 15.19 ± 0.04 b 2034.12 ± 14.31 b 2

Diet 5 (corn gluten) 2936 ± 27.45 e 13.21 ± 0.05 e 1783.14 ± 3.92 e 5

Control 4184 ± 46.65 a 15.8 1 ± 0.12 a 2080.00 ± 5.30 a 1
    
Means followed by the same letter within the column do not differ significantly at the 5% level of probability.
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4.3. Physical and chemical analysis of honey bees
In the present study, the highest protein level of the 
hemolymph was recorded in bees fed on pollens. This 
result is in agreement with previous studies (23,24). 
Colonies fed on Feedbee had the highest hemolymph 
protein content, followed by mesquite pod powder. This 
result was in line with a previous study (7) that clarified 
that protein content in the hemolymph increased when the 
dietary protein content was increased. This reflects how 
bees gained benefits from diets 2 and 4. 

According to another study (23), the protein content 
of newly emerged bees can be influenced by the quality 
of the proteinaceous diet. It was clear in the present study 
that the highest body protein contents were recorded in 
the control colonies. Adult bees from broods reared under 
protein shortage conditions (fed on pollen substitutes) had 
less protein content. The highest workers’ body protein 
content was recorded in colonies fed with diet 4, while the 
lowest was recorded in colonies fed with diet 5. This result 
is in agreement with those obtained by previous studies 
(25,26). It was concluded that high protein content in the 
surrogate feeding was not enough to compensate honey 
bees for natural pollen absence. It should also be absorbed 
and have satisfactory physiological results for honey bees. 

The highest protein percentage and dry weight was 
recorded in larvae taken from control colonies (fed on bee 
bread), while the lowest values were recorded in colonies 
fed on the other pollen substitutes. These results were in 
accordance with Wille and Imdorf (27), who reported that 
low dry weight and nitrogen contents may result from 
having no or little access to pollen after honey bee workers’ 
emergence. Neither corn gluten nor date paste achieved 
the benefits required for larval quality. However, both 
Feedbee and mesquites pod powder achieved the main 
objective for larval quality. Colonies fed on Feedbee had 
the best results among the other substitutes in regard to 
dry matter and protein percentage of emerged adult bees. 
This reflects the high utilization of the protein content of 
diets 2 and 4 for honey bees.
4.4. Hematological studies
Natural protein food is an important factor in the 
functioning of the hemolymph cellular system of bees. 
According to the results obtained in the present study, 
the hemolymph of bees fed with pollen substitutes had a 
low THC in all the treatments when compared with the 
control group (bees fed on bee bread). Similar results were 
obtained by Szymas and Jedruszuk (28), who found that 
pollen substitutes caused a decrease in THC. The pollen 
substitute in their study, which had an ingredient makeup 
very similar to the surrogate pollen investigated in this 
study, and especially diet 3 (mesquite pod powder), turned 
out to be a very valuable food comparable to natural 
pollen. The lack of suitable protein in the 5 diets caused 

major disturbances in the structure and functioning of 
the hemolymph cellular system. However, the number of 
hemocytes in bee hemolymph increased with the increased 
nutritional value of substitute protein in diets 4, 3, and 2. 

According to a study (28), the determination of TSS% 
and protein concentration in the hemolymph of fully grown 
larvae of honey bees can be used as an accurate method to 
evaluate the efficiency of protein diets. In line with another 
study (29), the results of the total soluble solids obtained 
by colonies fed on Feedbee were the nearest to that of bee 
bread. There were significant differences between diets 2 
and 3. These reflect the impact of mesquite pod powder as 
a good source of protein for bee hemolymph as described 
by Oduol et al. (15). 

Considerable variations in total protein percentage 
in the hemolymph of bees fed on different diets were 
found. The protein percentages of larval hemolymph were 
high when bees were fed on Feedbee. This result was in 
agreement with Gregory (30), who reported that bees fed 
on Feedbee supplement had higher hemolymph protein 
levels than bees fed on a Bee-Pro diet. Results of De Jong et 
al. (29) were in line with the present study. They indicated 
the important role of mesquite pod flour protein content 
for honey bees and recorded that it gave nearly the same 
protein titers in hemolymph as did the bee-collected 
pollen.

Providing honey bee colonies with protein is very 
important, especially when no natural protein sources 
(pollens) are available for them. Using diet 4 (containing 
mainly the commercial product Feedbee) was found to 
enhance brood rearing activity and some physiological 
characteristics of honey bees. Although diet 4 was not 
consumed rapidly by the bees, it had the highest brood 
rearing activity compared to the other tested diets. A 
soybean diet was not good in regard to the investigated 
parameters, and this diet is not recommended. However, 
due to the high expense and nonavailability of Feedbee in 
the markets of Saudi Arabia, beekeepers are advised to use 
diets 2 and 3 (mesquite pod flour and date paste) when 
no or few natural pollen sources are available for their bee 
colonies. 
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