
Nutritional and chemical properties of
sorghum, rapeseed, and sunflower pollens

Item Type text; Thesis-Reproduction (electronic)

Authors Shen, Li, 1968-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 19/05/2023 15:05:38

Link to Item http://hdl.handle.net/10150/278204

http://hdl.handle.net/10150/278204


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 

to order. 

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road. Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 1350769 

Nutritional and chemical properties of sorghum, rapeseed, and 
sunflower pollens 

Shen, Li, M.S. 

The University of Arizona, 1992 

U M I  
300 N. Zeeb Rd. 
Ann Aibor, MI 48106 





NUTRITIONAL AND CHEMICAL PROPERTIES OF SORGHUM, 

RAPESEED, AND SUNFLOWER POLLENS 

by 

Li Shen 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF NUTRITION AND FOOD SCIENCE 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN NUTRITIONAL SCIENCES 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 2  



2 

STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of requirements for an 
advanced degree at the University of Arizona and is deposited in the University Library 
to be made available to borrowers under rules of the Library. 

Brief quotations from this thesis are allowable without special permission, 
provided that accurate acknowledgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript in whole or in part may be 
granted by the head of the major department or the Dean of the Graduate College when 
in his or her judgment the proposed use of the material is in the interests of scholarship. 
In all other instances, however, permission must be obtained from the author. 

SIGNED: 1 

APPROVAL BY THESIS DIRECTOR 
This thesis has been approved on the date shown below: 

\J Justin O. Schmidt 
Adjunct Professor of Nutrition 

nix. 
Date 

&e.r. S", 
K. Y.4)avid Lei Date 

Professor of Nutrition 



3 

ACKNOWLEDGMENTS 

I would like to thank my major advisor, Dr. Justin O. Schmidt, for his excellent 
advice and financial support during my MS degree program. 

I am also indebted to the following people: Dr. David K. Y. Lei, Dr. Charles 
Weber, Dr. Bobby Reid, Dr. Daniel Liebler, Dr. Weiyi Wang, Dr. Peng, Yei mei, Dr. 
Peng, Yeh shan Mrs. Phyllis Mariorino, Mr. Pete Kehlhepp, Mr. Charles Shipman, 
Mr. Steve Thoenes, Mrs. Jean, Mr. Prabliudatta Mohapatra, Mr. S. Galaviz-Moreno, 
Ms Emily Miller, Dr. Steve Buchmann, and Mrs. Chris Bramley. Without their help, 
advice, excellent technical expertise and help, this study could not have been finished 
as quickly. I also appreciate Mrs. Marguerite Santucci, Mrs. Bert Quinn and Mrs. 
Vivian Rolf for their help during my masters studies in the department. 

Finally, I want to thank my parents and my grandparents for giving me the 
second life. 



4 

TABLE OF CONTENTS 

PAGE 

LIST OF TABLES 6 

LIST OF FIGURES 8 

ABSTRACT 9 

INTRODUCTION 10 

MATERIALS AND METHODS 13 

1. Morphological Analysis 

1.1 Acetolysis 13 

2. Nutritional Properties of Sorghum, Rapseed, and Sunflower Pollens: 
Behavioral Studies with Apis Mellifera — Preference and Longevity 

2.1 Method modifications . 14 
2.2 Feeding preference 19 
2.3 Longevity 23 

3. Chemical Properties of Sorghum, Rapseed, and Sunflower Pollens 

3.1 Moisture 24 
3.2 pH measurements 25 
3.3 Crude protein analysis 25 
3.4 Crude protein analysis of ethyl acetate (EtOAc) extracts, water 

extracts, and extracted residues of the three test pollens 25 
3.5 Amino acid analysis 26 
3.6 Total fatty acid (FA) analysis 27 
3.7 a-Tocopherol (a-TH) analysis 28 
3.8 p-Carotene analysis 28 
3.9 Ash analysis 29 
3.10 Mineral analysis 29 
3.11 Fiber analysis 30 
3.12 Energy analysis - Bomb calorimetry 31 



5 

TABLE OF CONTENTS (continued) 

RESULTS 33 

1. Morphological Information About Sorghum, Rapeseed, and Sunflower 
Pollens 33 

2. Nutritional Properties of Sorghum, Rapeseed,and Sunflower Pollens 

2.1 Feeding preference of the three test pollens 35 
2.2 Longevity studies of the three test pollens 35 

3. Chemical Properties of Sorghum, Rapeseed, and Sunflower Pollens 

3.1 Moisture 40 
3.2 pH measurements 40 
3.3 Crude protein levels in the dry whole pollens, 

EtOAc extracts, water extracts, and the extracted 
residues of the three test pollens 44 

3.4 Essential amino acids levels in the three test pollens 47 
3.5 Ash and mineral levels in the three test pollens 49 
3.6 Total fat and fatty acid levels in the three test pollens 51 
3.7 a-Tocopherol, trans-ft-carotene. and total carotene levels in the 

three test pollens 53 
3.8 Total dietary fiber (TDF), insoluble fiber, and soluble fiber levels 

in the three test pollens 55 
3.9 Fiber-excluded carbohydrates levels in the three test pollens 55 
3.10 Energy levels in the three test pollens 55 

DISCUSSION 59 

REFERENCES 85 



LIST OF TABLES 

6 

PAGE 

Table 1. Comparison of the Right-Left system with the Top-Bottom system 
in pollen preference studies in Apis mellifera 18 

Table 2. Comparison of initial right position versus initial left position in 
the Right-Left system in which two pollens were tested for preference 
by Apis mellifera 20 

Table 3. Morphology of sorghum, rapeseed, and sunflower pollen 
grains 34 

Table 4. Pollen feeding preference of Apis mellifera provided with sorghum 
pollen, rapeseed pollen, and sunflower pollen versus a standard 
mixture of 15 corbicular pollens 39 

Table 5. Summary of longevity studies of Apis mellifera fed sorghum pollen, 
rapeseed pollen, sunflower pollen, and no-pollen 43 

Table 6. Percent of crude protein contained in whole pollens, EtOAc extracts, 
water extracts, and the extracted residues of sorghum, rapeseed, 
andsunflowerpollens 45 

Table 7. Protein levels in H20 extracts and EtOAc and H20 extracted 
residues of sorghum, rapeseed, and sunflower pollens 46 

Table 8. Essential amino acid (EAA) levels (% of protein content ± SD) 
in sorghum, rapeseed, and sunflower pollens as compared to 
hens egg, bee requirements, and human requirements 48 

Table 9. Mineral levels in sorghum, rapeseed, and sunflower pollens 50 

Table 10. The levels of total fat and five common fatty acids (FA) ± SD 
in sorghum, rapeseed, and sunflower pollens 52 

Table 11. a-Tocopherol, trans-B-carotene. and total carotene levels in 
sorghum, rapeseed, and sunflower pollens 54 

Table 12. Gross chemical composition of sorghum, rapeseed, and sunflower 
pollens 56 



7 

LIST OF TABLES (continued) 

Table 13. Energy levels in sorghum, rapeseed, and sunflower pollens 58 

Table 14. Average percent relative consumption by Day 3 versus Day 5 
in the Right-Left system pollen preference study (saguaro-fall 
composite pollen test) 60 

Table 15. Consumption of nutrients (mg/day/bee) by honey bees fed sorghum, 
rapeseed, and sunflower pollens during longevity tests 66 

Table 16. Highest and lowest ranked foods among the 50 most commonly 
consumed foods in the American diet and the comparative 
placement of pollen among the ranking 82 



8 

LIST OF FIGURES 

PAGE 

Fig. 1. Old system for the feeding preference study: Top-Bottom system 16 

Fig. 2. New system for the feeding preference study: Right-Left system 17 

Fig. 3. New system for the longevity study 21 

Fig. 4. Acetolyzed sorghum (Poaceae-) pollen grain 36 

Fig. 5. Acetolyzed rapeseed (Cruciferae') pollen grain 37 

Fig. 6. Acetolyzed sunflower (Compositae) pollen grain 38 

Fig. 7. Cumulative percent mortality versus number of days during 
longevity test 41 

Fig. 8. Cumulative consumption versus number of days during longevity 
test 42 



9 

ABSTRACT 

The nutritional and chemical properties of three Chinese pollens, sorghum 

(Sorghum sp.). rapeseed (Brassica napus) and sunflower (Helianthus annuus'). were 

studied. All three pollens were highly preferred, with sunflower pollen the highest, by 

young honey bees (Apis melliferal. Rapeseed pollen creased honey bee's life span the 

greatest; however, sorghum and sunflower pollens also increased the longevity relative 

to the no-pollen group. All three pollens had high energy (about 5 kcal/g) and 

carbohydrate quantities (58%). The protein, fat, and fiber levels were 27%, 7%, and 

9% in rapeseed pollen, 26%, 5%, and 13% in sorghum pollen, and 15%, 5%, and 10% 

in sunflower pollen. a-Tocopherol was high in sunflower pollen (61 ng/g), lower in 

rapeseed (33 jxg/g) and sorghum pollen (15 (xg/g). K, Ca, Mg, Fe, Cu, and Mn were 

high in all three pollens. These data suggest that a pollen species which is highly 

preferred by honey bees is not necessarily the most nutritious. 



INTRODUCTION 
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Pollen is metabolically costly for plants to produce, yet is essential for 

reproduction in most species. Without pollination, the process by which pollen is 

transferred from male flower parts to female parts, fertilization cannot occur and seed 

and crop production will be severely impaired or impossible. This simple fact of life 

forms the basis of much of man's interest in pollen and pollinators such as the honey 

bee. But beyond this, pollen has held a particular fascination for man in spiritual rituals 

(Schmidt and Buchmann, 1992), and importantly, as a source of nutrition in some 

societies (Binding, 1980). Beginning around 1960, research has shown that pollen is 

beneficial when incorporated in the feed rations of a variety of animals (Stanley and 

Linskens, 1974). Schmidt et al. (1984) showed that the mean weight gain of 8-10 gram 

weaning mice, which were fed for 21 days a diet containing mesquite pollen (at 10% 

protein level) as the sole protein source, was 10.8 g/mouse. By comparison, the weight 

gains were 15.4 g/mouse for a whole egg diet and 13.1 g/mouse for a lactalbumin diet. 

The authors concluded that mesquite pollen was digested well and able to support the 

growth of mice. Pollen has been suggested to be an ideal body building food based on 

evidence from American football players (Steben and Boudreaux, 1978). Pollen 

ingestion appeared to improve ones physical stamina. Ingestion of pollen extracts has 

been demonstrated to provide health benefit in the treatment of chronic prostatitis in 

humans (Ask-Upmark, 1967; Denis, 1966; Hayashi et al., 1986) probably due, in part, 

to the high Zn content (Schmidt and Buchmann, 1992). Pollen also has an ability to 
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help protect against the adverse effects of x-rays. Mice fed a pollen-enriched diet 

suffered much less damage to their spleens and thymus glands and exhibited a much 

lower death rate after irradiated with a greater than normally lethal dose of x-rays than 

those animals fed only normal diet (Wang et al., 1984). Dietary pollen also had 

positive effects on the radiation treated cancer patients (Hernuss et al., 1975). 

It is well known to entomologists and beekeepers that pollen is, for all practical 

purposes, the sole source of proteins and lipids for honey bees (Stanley and Linskens, 

1974). The common eusocial honey bee (Apis mellifera L.), whose reproductive unit 

consists of a large biomass of many individuals, originated in Near East (Ruttner, 1975) 

and has spread throughout most of the world. Honey bees can use almost any pollen 

that is available at the time as the protein source. Pollen is crucial for the survival and 

development of this species. Honey bees are also abundant in apiaries around Tucson, 

Arizona and, thus, they were chosen as the actors in this nutritional study. 

There are two principal approaches involved to investigate the nutritional value 

of pollen in this study. The first approach is to investigate the feeding preference 

(Schmidt and Johnson, 1984; Schmidt, 1984; Schmidt, 1985) and the longevity of the 

young worker honey bees (Schmidt et al., 1987). The second approach is to analyze 

pollen for essential nutrients ~ proteins, essential amino acids, vitamins and minerals 

(Todd and Bretherick, 1942; Vivino and Palmer, 1944; Schmidt and Schmidt, 1984; 

Day et al., 1990). These previous chemical analyses reveal that pollen contains high 

concentrations of many nutrients. For example, average levels of various nutrients 

were: protein ~ 24%, lipid -5%, carbohydrate - 27%, vitamin C ~ 350 jig/g, 



carotene ~ 95 ng/g, Zn -- 78 p.g/g, iron ~ 140 |xg/g and potassium was about 5.8 mg/g 

(summarized by Schmidt and Buchmann, 1992). Chemical analysis can provide strong 

evidence that a potential food item is not particularly nutritious, or that it is theoretically 

nutritious. 

To date, although a large amount of background on nutritional information of 

pollen is available, pollen simply has not been investigated sufficiently to make 

definitive statements about many trace, but important, nutrients. The study presented 

here is the first study to combine behavioral and chemical studies to investigate Chinese 

pollens from three different plant families: sorghum (Sorghum sp.). rapeseed (Brassica 

napus). and sunflower (Helianthus annuus). 

The People Republic's of China, as many other developing countries, has 

limited dietary protein intake; but China has an abundance of pollen. Each year about 

3,000 - 5,000 tons of pollen is harvested (Wang et al, 1989). Sorghum, rapeseed, and 

sunflower pollens are particularly common in China. This study is intended to provide 

scientific evidence relating to the nutritional potential of the three common Chinese 

pollens, and to provide evidence that I hope can aid in the sensible introduction of 

pollen as a protein and/or other nutrient supplement for the Chinese population. 
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MATERIALS AND METHODS 

Materials: 

Sunflower, rapeseed and sorghum pollens were collected in 1989 and provided 

by Prof. Weiyi Wang of Hangzhou Applied Institute of Pollen Research, Hangzhou, 

P.R. China. The pollen was in the form of corbicular (bee-collected) pellets which, in 

turn, were further purified to 99+ % by hand sorting. Identifications were confirmed by 

microscopy (Fig. 4, Fig. 5 and Fig. 6 in the results section). The pollens were sealed 

in glass jars and stored at -20 °C, a temperature at which pollen maintains its fresh 

properties. The three pollens belong to taxonomically distant plant families: sorghum, 

a relative of corn and rice, to the Poaceae, in the monocot group; rapeseed to the 

Cruciferae; and sunflower belongs to the Compositae. Both rapeseed and sunflower are 

dicots. 

Methods: 

1. Morphological Analysis: 

1.1 Acetolysis: 

The acetolysis for pollen grain identification by microscopy was conducted 

according to the method of O'Rourke and Buchmann (1991). Ten milliliters of 

concentrated sulfuric acid were pipetted slowly and carefully into 90 ml of reagent grade 

acetic anhydride that was continuously stirred. About 50 mg of ground pollen was 

placed in a screw cap glass test tube and about 10 ml of the 9:1 acetic 
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anhydride:sulfuric acid mixture were added, thoroughly mixed by vortexing and then 

incubated without the screw cap in a 100 °C water bath for 20 minutes. When the 

solution turned from colorless to dark brown, it was cooled, capped and centrifuged for 

about 2 minutes. The top clear solution was decanted and the residue was rinsed with 

concentrated acetic acid once followed by a series of mixing-centrifuging-decanting, 

repeated three times. The residue part was then washed with distilled water twice. 

Finally, the resultant blackish pollen grains were stored in 70% ethanol until 

microscopic analysis. 

The pollen grains were mixed with glycerol and observed with an Olympus JM, 

bright-field/dark-field dissecting stereo-microscope Zoom 0.7-4 with a build-in light 

meter and camera adapter. The photographs were taken with an Olympus photo 

microscope using KR 135 ASA 64 film. 

2. Nutritional Properties of Sorghum, Rapeseed, and Sunflower Pollens: Behavioral 

Studies with Apis mellifera — Preference and Longevity 

2.1 Methods modifications: 

The basic principles of the preference and longevity assays are similar to those 

of Schmidt and Johnson (1984) and Schmidt et al. (1989). Some modifications of the 

arrangement of diet and sucrose solution were developed. The original 9 x 6 x 15 cm 

acrylic cage used for preference studies by Schmidt and Johnson (1984) is shown in Fig. 

1. Preference studies were used to measure which of two test diets was more attractive 

to the bees, that is, contained which of the two diets more phagostimulants. The initial 

design had only one sucrose solution bottle on the top of the cage, and the pollen diets 
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were placed vertically along one side of the cage. That arrangement was called the 

Top-Bottom system. The diet that was placed on the top position of the cage on day 1, 

would be placed on the bottom after 48 hours. However, some previously inconsistent 

data (significant difference between the average consumption of diet 1 when it was 

placed on the top on day 1 and the same diet 1 when it was placed on the bottom on day 

1) forced me to consider the influence of position on the pollen diet consumption. One 

major observed difference between the top and bottom positions was the proximity of 

the top diet to the sugar bottle, whose cap around which the bees frequently gathered. 

To test the hypothesis that the top diet tended to be consumed more than the bottom 

diet, the same test diet, saguaro pollen, was placed in both the top and bottom positions 

simultaneously. Concurrently, another test with both diets horizontally was conducted, 

which was called Right-Left system (Fig. 2). Five replicates of each system were 

conducted. The results are shown in Table 1. The ratio of average consumption of the 

top saguaro pollen diet to that of the bottom saguaro pollen diet was 3.3, a value 

significantly different (P < 0.01) from 1.0, which is the expected value for the same 

pollen. However, the ratio of the average consumption of the right saguaro pollen to 

that of the left one was 1.1. These results (Table 1) led me to design a symmetrical 

arrangement, consisting of placing the two test pollen diets horizontally — one on the 

right and the other on the left side of the cage — and two identical sucrose solution 

bottles on the top of the cage directly above the diets. In this design, on day 1, diet 1 

was on the right side, and on day 3, it as placed on the left side. This design should 

diminish, or eliminate the influence of the position preference. For a further test of 



16 

- T'tyA-

Fig. 1 Old system for the feeding preference study: 
Top-Bottom system 



Fig. 2 New system for the feeding preference study: 
Right-Left system 



Table 1. Comparison of the Right-Left system with the 
Top-Bottom system in pollen preference studies 
in Apis mellifera. 

System Number of Mean consumption in 4 days (%) 
replicates Right/top : Left/bottom Ratio 

Right-Left 5 1.54±.43 : 1.37±.63 1.1 

Top-Bottom 5 2.39±.30 : 0.73±.19 3.3* 

*Top and Bottom positions significantly different at 
p ^ 0.05 level 
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potential difference between the right versus left side on which a certain diet is placed 

intially, a known pollen pair (saguaro:fall composite (FC) pollens), whose preference 

by the honey bees differed significantly, was tested. The results are shown in Table 2. 

The percent of relative consumption was calculated according to the formula: relative 

consumption of FC pollen (%) = 100 x consumption of FC pollen / (cons, of FC pollen 

+ cons, of saguaro pollen). For the FC pollen, the percent of relative consumption was 

20.8% when it was placed on the right on day 1, while it was 20.2% when it initially 

was on the left side. The results indicated there was no significant difference between 

the sequence of placing the diet on the right side of the cage first or on the left side 

first. Therefore, based on the comparison of the Top-Bottom system, the Right-Left 

system, and the Right-First and Left-First system, a modified Right-Left system for the 

preference assay was used in this study. 

The only difference in the longevity study from that of Schmidt et al. (1989) 

was that two full sucrose solution bottles instead of one were used (Fig. 3). This was 

in order to prevent honey bees from dying unexpectedly of lack of energy, or potential 

sugar feeder catastrophe. 

2.2 Feeding preference: 

The devices involved in the studies were described detail in Section 1.1 ~ 

Methods modification. The procedures involved were similar to those of Schmidt and 

Johnson (1984). Honey bees, Apis mellifera L. were obtained from an apiary in 

Tucson, Arizona. Several frames of preemergent pupal brood (no adult bees) were 

taken from the colonies and maintained in emergence boxes in a constant dark 



Table 2. Comparison of initial right position versus initial left 
position in the Right-Left system in which two pollens were 
tested for preference by Apis mellifera 

Pollen initially Number of Mean percent consumption 
in left position replicates Saguaro : Fall composites Ratio Prob. 

Saguaro 5 79.2±2.0 : 20.8±2.0 => 3.8 ns 

Fall composites 5 79.8±7.3 : 20.2±7.3 => 3.9 ns 



Fig. 3. New System for the Longevity Study 
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environmental room at 31-35 °C and 70% relative humidity, a strictly controlled 

environment to simulate the conditions inside a bee colony. The environmental data 

were recorded continuously with a hydrothermograph. To initiate the tests, 15 grams 

of 1-3 day-old bees (about 150 bees) were placed in 9 x 6 x 15 cm acrylic plastic and 

screen cages and provided 40% sucrose solution ad libitum. Inside the cage was a piece 

of beeswax comb foundation for the bees to rest upon. During the test, the bees were 

allowed to choose between a pure test pollen and a standard mixture of bee-collected 

pollens from 15 species of spring blooming desert flowers. This standard has been 

considered as a reference in numerous tests (Schmidt and Johnson, 1984; Schmidt 1984; 

Schmidt et al., 1987). The pollen diet was made by thoroughly mixing the test pollen 

with distilled water until a moist, kneadable and stable texture was obtained. The 

amount of diet necessary for the whole study was calculated about 1.2g - 1.5g per day. 

Once formulated, the diet was stored at -4 °C for up to one week. The moisture of the 

pollen diets was crucial. Diets must be moist and soft, yet not flow or drip from the 

feeding container. Typically, 30 min of manual mixing with a spatula was necessary. 

The diet usually was made on day 1 and stored in the freezer for refreshing on day 3. 

On day 3, the diet was thawed to room temperature and, if needed, a trace of distilled 

water was added to obtain the original texture, thereby preventing experimental 

deviations due to diet inconsistency. Equal amounts of the pollen diet were weighed 

into clean plastic hollow stoppers and placed at the same horizontal level on the sides 

of the cage (as shown in Fig. 2). The tests were conducted at least in triplicate for 

each pollen. Forty eight hours after the initiation (namely, day 3), the weight of the 
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remaining pollen diet was recorded and fresh diets were provided to replace the old 

diets with the right and left orientations reversed. Ninety six hours after initiation (day 

5), the remaining weight of pollen diet was recorded again and the bees were released 

into nearby hives. All manipulations except making diet, were conducted under red 

light, a color which the bees can not see. For each pair of test-standard pollens, an 

extra pair of the same amount of the diets was made and placed in an empty cage 

without bees, along with the test group in the environmental room where the preference 

was conducted. This was called the evaporation control and was used to correct for diet 

water loss. The actual pollen diet consumption was calculated by subtracting the weight 

loss due to evaporation from the apparent consumption that had been obtained by 

subtracting diet remaining after the bees had fed from diet provided. The relative 

consumption of the test pollen was calculated as a percentage of the total (test and 

standard) consumption [(the relative consumption of test pollen % = 100 x the 

cumulative consumption of test pollen/(cumulative consumption of test pollen and 

standard pollen)]. The standard deviations of the means were used to determine if the 

mean differed significantly from 50%, the expected value if the test and the standard 

pollens are equally acceptable to the bees. 

2.3 Longevity: 

The longevities of the bees fed various diets were conducted in a manner similar 

to Schmidt et al. (1987). The tests were conducted in the same environmental room 

described in the preference studies (Section 2.2). The cages and basic procedures were 

similar to the preference studies with following modifications: 1) sixty one-day-old 
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bees were randomly placed in each cage; 2) only one test diet was available, with no 

diet for the control group; 3) every two or three (over weekends) days, the pollen 

consumption was measured, the dead bees were counted and removed; the residual diet 

was replaced with fresh diet (the diets usually were made weekly); 4) 40% percent 

sucrose solution was replaced weekly, with care being taken to insure that the sucrose 

did not drain into the cage and kill any bees (the bottles must be checked for poor air 

seal and must be initially full); 5) the pollen diet was eliminated when food consumption 

was essentially zero, normally around day 20; and 6) the bottom metal supporter was 

checked periodically and replaced with a clean one when it became necessary — 

otherwise the bees could die by getting stuck in sucrose syrup that had occasionally 

dripped and accumulated. The tests were terminated when the last bee died. Three test 

groups and one control group, with at least in four replicates for each group. This was 

necessary because longevity test usually took a long period of time: thus four replicates 

were established in case an unexpected bee escape or catastrophe caused the loss of a 

replicate. By plotting the mean of cumulative mortality versus time (days), and the 

mean of cumulative consumption versus days, the test pollens could be compared with 

the control and each of the other test pollens; thereby providing a value of the 

nutritional quality of the test pollens for bees. 

3. Chemical Properties of Sorghum, Rapeseed, and Sunflower Pollens; 

3.1 Moisture: 

Moisture was determined by established methods. Samples were dried overnight 

at 50 °C vacuum oven, then cooled in a desiccator and weighed. 
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3.2 pH measurements: 

pH measurement was performed according to the method of Schmidt and 

Johnson (1984). Two 0.5 g samples of fresh pollen were weighed, dissolved in distilled 

water, vortexed thoroughly for 2 minutes and centrifuged for 4 minutes. The top 

supernatant was measured with pH meter. 

3.3 Crude protein analysis: 

Crude protein levels of the three pollens were determined by microkjeldahl 

methods (Sallee, 1972; William, 1984). One hundred milligram samples in duplicate 

were placed in Kjeldahl flasks and digested with a sulfuric-phosphoric acid (3:1) mixture 

for approximately 4 hours, by which time a clear or bluish solution was obtained. The 

digested samples were distilled into 40% sodium hydroxide. The produced ammonia 

from the nitrogen in the pollen samples was collected in 2% boric acid, which was then 

titrated with 0.010N HC1. The conversion factor for ammonia to protein was assumed 

to be the standard 6.25 x weight of ammonia nitrogen. 

3.4 Crude protein analysis of ethyl acetate (EtOAc) extracts, water extracts, and 

extracted residues of the three test pollens: 

Extractions with ethyl acetate and water in series were conducted in a manner 

to that of Schmidt (1985). Ten gram powdered air-dried samples were extracted by 

stirring in 30 ml HPLC grade (Burdick and Jackson, Muskegon, MI) EtOAc for 24 hr. 

Since extractions were performed in the hood, parafilm seals were used to reduce loss 

of EtOAc during the extraction. The extract was vacuum filtered through a sintered 

glass funnel. The residue was extracted three successive times with 20 ml EtOAc to 
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capture remaining lipids and the filtrates were combined with original extract. The first 

and second extracts were colored, the third and fourth ones were virtually colorless. 

The combined filtered extracts were transferred to weighed round bottom flasks and 

reduced by rotary evaporation in a 50 °C water bath to a layer of thick oil. The oil was 

then twice dissolved in 10 ml acetone which was evaporated to azeotrope off the 

residual EtOAc. The final dried extracts were weighed, redissolved in acetone, 

transferred to weighed vials, and stored at -20 °C. The EtOAc extracted pollen was 

dried in the vacuuming desiccator until no EtOAc smell remained and the weight was 

recorded. In order to avoid emulsion formation, 20 ml 95% ethanol was added into the 

EtOAc extracted pollen residue, stirred for 15 min, filtered through a sintered glass 

funnel, transferred to a round bottom flask, and evaporated to dryness by rotary 

evaporation. This was repeated three times. The ethanol extracts were combined with 

the later water extracts. Then 20 ml distilled water (dH20) was added to the ethanol 

pollen residue for three extractions. The water extracts were collected the same way 

as described in EtOAc section, except centrifugation was applied before the filtering and 

the water bath was 100 °C. A measured volume of water extract was transferred to a 

weighed vial. The EtOAc and water extracted pollen residue were dried by rotary 

evaporator after treated by 95 % ethanol and acetone which was used to speed drying. 

The amount of water extract was calculated as the difference of EtOAc extracted residue 

and EtOAc and water extracted residue. 

3.5 Amino acid analysis: 

Amino acid (AA) analysis was conducted according to methods of Kerese 
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(1984). One hundred milligram samples were digested in 25 ml 6N HC1 by autoclave 

16-18 hrs at 121 "C. The resulting solution was evaporated to dryness with a rotary 

evaporator, redissolved in 10 ml ot'0. IN HC1 and filtered through Whatman No. 5 filter 

paper. The clear filtrate was analyzed on a Spectra-Physics Model 8000B High Pressure 

Liquid Chromatography (HPLC) (Lindroth and Mopper, 1979; Jones et al., 1981). a-

Amino butyric acid was the internal standard. Mobile phase solvent A was methanol 

and mobile phase solvent B was 1M sodium acetate buffer pH 6.2 plus 1 % 

tetrahydrofuran. Cys and Trp were destroyed in this acid digestion and could not be 

detected. 

3.6 Total fatty acids (FA) analysis: 

Total FA analysis was conducted according to the methods 

of Link (1972), with gas-liquid chromatography (Schmadzu GC-8) analysis by the 

methods of Ackman (1969). Total lipids from duplicate five gram samples were 

extracted in chloroform:methanol (2:1) and finally collected in chloroform in a 

separatory funnel. After evaporation to dryness, the fat extracts were saponified with 

0.5N methanolic NaOH, then converted to methyl esters by reacting with 12-14% BF3-

methanol. The resulted esters were collected in CS2. Fatty acids were detected and 

quantitated by injection onto a 5 mm x 3 m glass column, packed with 10% diethylene 

glycerol succinate (DEGS) on 80/100 chromosorb W-AW (Supelco 1-1903). The 

integrator was Spectra-Physics Model 4270. The standard solution contained 20% of 

CI6, CI8, CI8:1, CI8:2 and CI8:3. The injector temperature was 290 HC and the 

column temperature was 200 "C. Nitrogen was the carrier gas. Detection was done by 
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flame ionization (FID). An average analysis required 15 minutes. 

3.7 a-Tocopherol (a-TH) analysis: 

a-TH levels were determined according to the method of Liebler et al. (1989). 

Five milligram samples in triplicate were mixed with 1 ml water and 1 ml ethanol. The 

a-TH was extracted three times by hexane. After evaporation to dryness under a stream 

of nitrogen, the extracts were dissolved in 1 ml methanol for analysis by reverse-phase 

HPLC. Samples were separated and eluted with methanol/1 N sodium acetate, pH 4.25 

(93:7 v/v) at a flow rate of 1.5 ml/min on a Spherisorb ODS-2 5 (im, 4.6 x 250 mm 

analytical column. a-TH was detected by oxidation at a potential of +0.3 V. 

3.8 B-Carotene analysis: 

B-Carotene was determined according to the method of Peng and Peng (1992). 

Twenty milligram samples were dissolved in phosphate barbital saline (PBS). 13-

Carotene was extracted with hexane containing 0.02% BHT 4 times. After dried under 

a stream of nitrogen, the extracts were dissolved in mobile phase B (acetonitrile: 

tetrahydrofuran:methanol:l% ammonium acetate:BHT = 55:35:5:5:0.05 v/v/v/v/w) 

before analysis by HPLC. In the B-carotene detection system, a Waters 600E multi-

solvent delivery system, a Waters 715 Ultra-WISP autoinjector, and a Hewlett-Packard 

1040 M photoiode array detector with a chem station were used. The columns utilized 

were two Novapak C,8 columns (4|i, 300 x 3.9 mm Waters Associates, Milford, MA) 

and a precolumn (70 x 2.1 mm, Waters Associates) packed with CO:Pell ODS. The 

mobile phase (A) was acetonitrile:tetrahydrofuran:methanol:l% ammonium acetate:BHT 

= 85:5:5:5:0.05 v/v/v/v/w). 



3.9 Ash analysis: 

Two, 1 gram pollen samples were placed in clean, dried and weighed ceramic 

crucibles (marked with an engraved symbol to prevent label destruction). The sample-

containing crucibles were placed into a muffle furnace, and ashed at 500 "C for 10 

hours. When the furnace had cooled to at least less than 200 °C, samples were removed 

and placed immediately in a drying desiccator. Dry weights of the samples were 

recorded as soon as they cooled to room temperature. 

3.10 Mineral analysis: 

Complete mineral analyses of the three pollens were performed by American 

Analytical Laboratories in Tucson, Arizona. Samples of 0.25 g pollen were placed a 

teflon (PARR) acid digestion bomb (Rantala and Loring, 1989). Three milliliter of 

fuming 91 % nitric acid of specific gravity 1.48 were added and the sample was digested 

for 1 hour at about 150 "C and 250 psi. The digested samples were transferred to a 25 

ml, class "A" volumetric flasks and diluted to 25 ml mark with double distilled water 

(DDW). Five readings for each element were taken. If the deviation had been more 

than 10%, the analyses would have been repeated. 

Arsenic (As) and selenium (Se) were analyzed according to the method EPA 

206.3 (USEPA, 1983) atomic absorption-gaseous hydride of the acid digestion. The 

gaseous hydride is swept into an argon-hydrogen flame of an atomic absorption 

spectrophotometer with the absorption wavelength set at 193.7 nm, slit width 0.7 nm 

and the argon flow rate at 80 ml/min. The working range of the methods is 2-20 

|!g/liter. An EDL lamp was used as the light source. 
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Mercury (Hg) was analyzed according to the method EPA 245.1 (Manual Cold 

Vapor Technique, USEPA 1983). Organic mercurials present in a 100 mg sample were 

oxidized to the mercuric ion by potassium persulfate and potassium permanganate 

oxidation. A heating step was required for methyl mercuric chloride. The sample 

containing mercuric ion was preserved by acidification with nitric acid (reagent grade 

of low mercury content) to a pH = 2 or lower. The mercury was reduced to the 

elemental state and aerated (Tygon tubing is used) from a solution in a closed system. 

The mercury vapor passes through a cell (standard spectrophotometer cells, 10 cm long, 

having quartz window) in a modified mercury atomic absorption spectrophotometer. 

This flameless atomic absorption procedure is a physical method based on the absorption 

of radiation at 253.7 nm by mercury vapor. 

As, Se, and Pb were quantitated on Perkin Elmer AA. 

Sodium (Na) and potassium (K) were analyzed on Varian AA 475. The others, 

aluminum (Al), calcium (Ca) etc., were analyzed by Laman inducing coupled argon 

plasma (1CP), (Plasma 1CP-2.5). The flow rate was 0.6 ml/min. Titanium (Ti) served 

as an internal standard. 

3.11 Fiber analysis: 

Fiber level was determined according to AACC Method 32-07 (1990). 

Duplicate one gram defatted (Soxhlet extracted with ethyl acetate for 4-8 hrs) pollen 

samples were subjected to carbohydrate removal by Soxhlet extraction by 95% ethanol 

(Soxhlet for 4 hrs). These defatted and decarbohydrated samples were digested by heat 

stable a-amylase in pH 6.0 phosphate buffer in a boiling water bath for 35 min, then 
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cooled, the pH was adjusted to 7.5 ±0.1, and digested with protease at 65 °C water 

bath for 35 min. After the solution was cooled, and the pH was adjusted to 4.5, the 

samples were digested with amyloglucosidase at 60 °C for 35 min. The solutions were 

vacuum filtered through dried and weighed sintered funnel-crucibles. The filtrate was 

used later for soluble fiber analysis. The residues (for insoluble fiber analysis) were 

then washed with 70 °C deionized and distilled water (DDW). Following the warm 

water washes, the residues were washed with 10 ml 78% ethanol twice, with 10 ml 95% 

ethanol twice, and acetone once. The final residues were dried in an oven at 100 °C 

overnight. One of each pair of residues was used to determine the protein level 

(William, 1984) by microkjeldahl and the other residue was used to determine the ash 

content. The insoluble fiber was determined by subtraction of protein and ash content 

from the total amount of the final residue. Four volumes of 60 °C, 95% ethanol were 

added to the filtrate for the soluble fiber to precipitate overnight. This solution (filtrate 

and ethanol) was vacuum filtered, then the resultant residue was dried in 100°C oven 

overnight. The determination of soluble fiber content was the same as that of insoluble 

fiber content. Non-fiber carbohydrates were calculated as the residual nutrients by 

subtraction of fat, protein, fiber, and ash (RDA, 1990). 

3.12 Energy analysis ~ Bomb calorimetry: 

Gross energy level was determined by the methods described by the 

manufacturer, Parr Instrument Company in their 1968 manual. Each duplicate one 

gram sample was placed in a metal crucible, a ten centimeter long nickel alloy fuse wire 

was attached to electrodes without touching the sample so that the sample was ignited. 
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The bomb, which contained 30 atmospheres of oxygen in the combustion chamber, was 

placed in a calorimetry bucket with 2 kg deionized water. Initial and final temperatures 

were recorded. Nitric acid formation was quantitated by 0.0690 N NaOH titration. 

The remaining wire was measured to calculate how much energy was produced by 

ignition. The gross energy was calculated by subtracting the energy produced from the 

nitric acid formation and fuse burning. 
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RESULTS 

1. Morphological Information About Sorghum, Rapeseed, and Sunflower Pollens: 

Pollen grains are enclosed in a layer of pollenkitt, a blend of lipoidal and 

pigmented substances, which render pollen grains quite hydrophobic. The pollenkitt 

may impart color and/or odor to the pollen (Stanley and Linskens, 1974). A mature 

pollen grain has a double wall structure: an inner wall called the intine, and an outer 

wall called exine (Stanley and Linskens, 1974). The wall material mainly consists of 

cellulose, pectin and some polycarotenoid components which make the pollen wall very 

stable and difficult to digest. The majority of nutrients in pollen, including the protein, 

nucleic acids (with histones), fatty acids, minerals, and vitamins are contained in the 

cytoplasm surrounded by the cell wall. Some pollens, particularly, those from grass and 

wind pollinated monocot species, such as sorghum pollen, contain starch granules. The 

nutrients in pollen can be exported into solution through the germination pore and can 

then can be absorbed readily (Stanley and Linskens, 1974). The exine wall patterns 

usually differ among pollen species in size, form and the number of germination pores. 

This morphological variation contributes to the identification of different pollen types. 

The morphological information of three pollens is presented in Table 3. Sorghum 

pollen pellets are hard and dull yellow, with a moderate musky smell. Rapeseed pollen 

pellets are soft and yellowish green, with a strong green weed smell. Sunflower pollen 

pellets are hard and bright orange, with a moderately pleasant and sweet smell (Stanley 

and Linskens, 1974). 



Table 3. Morphology of sorghum, rapeseed, and sunflower pollen grains 

Pollen Plant Bloom Shape Color Odor Ornamen- Diam. Ph Pellet 
family season tation ((im) texture 

Sorghum Poaceae Late May-
June 

oval dull 
yellow 

moderate 
musky 

smooth 18 5. 2 hard 

Rapeseed Cruciferae Late May-
June 

round light 
green 

green 
weed-like 

smooth 31 5. 5 soft 

Sunflower Compositae August round bright 
orange 

sweet, 
pleasant 

high 
spine 

40 5. 1 hard 



35 

The results of acetolysis are shown in Table 3. In this study, the three kinds 

of pollen grains appear dramatically different: the sorghum pollen grain is small and 

oval in shape with diameter about 18 |im and with a pattern of alternating dark-light 

bands (Fig. 4); the rapeseed pollen grain is uniformly round with a diameter about 31 

jim (Fig. 5); and the sunflower pollen is striking in appearance with many spine-like 

things on its round 40 p.m diameter surface (Fig. 6). 

2. Nutritional Properties of Sorghum, Rapeseed, and Sunflower Pollens 

2.1 Feeding preference of the three test pollens: 

The results of preference between the acceptable standard mixture and each of 

the three test pollens are shown in Table 4. Sorghum pollen was significantly (P < 

0.05) less preferred than the standard mixture by the Apis mellifera. with an average 

percent consumptions of 32.0%. Rapeseed and sunflower pollens were both more 

significantly preferred to the standard mixture with respective average percent 

consumptions of 62% and 67%. 

2.2 Longevity studies of the three test pollens: 

The cumulative mortality curves of honey bees fed test pollens during the 

longevity studies are shown in Fig. 7. Four replicates for each test pollen, plus four 

no pollen controls, were conducted, in order to obtain reliable and reproducible results. 

All three pollens elongated the honey bees' life spans when compared with the control 

group. In the control group, all bees died by day 27. In contrast, at that time the 

cumulative mortality was only 45% in sunflower pollen group, 35% in sorghum pollen 

group, and 32% in rapeseed pollen group. The pattern of the longevity curve (percent 



Fig. 4. Acetolyzed sorghum (Poaceaet pollen grain 



Fig. 5. Acetolyzed rapeseed (Cruciferael pollen grain 



Fig. 6. Acetolyzed sunflower (Compositae) pollen grain 



Table 4. Pollen feeding preference of Apis mellifera provided with sorghum 
pollen, rapeseed pollen, and sunflower pollen versus a standard 
mixture of 15 corbicular pollens 

Test pollen Number of Mean percent consumption Conclusion of preference 
replicates of test pollen relative to standard 

Sorghum 3 32.0 ± 11.5 less preferred* 

Rapeseed 3 62.3 ± 8.0 more preferred* 

Sunflower 3 66.7 ± 12.5 more preferred* 

*Preference different P £.05 from 50%, the expected value if the two pollens 
are equally preferred. 



of cumulative mortality vs the number of days) was similar between the sorghum and 

sunflower pollen groups. The last bees of the two groups died on day 65. The 

longevity curve for the rapeseed pollen group was long and gradual. Honey bees fed 

this pollen had a significantly longer lifespan than honey bees fed sorghum pollen, 

sunflower pollen and no pollen control group. 

The results of the cumulative pollen consumption during the longevity tests are 

shown in Fig. 8. In all three pollen groups, cumulative consumption increased 

dramatically during the first 8-10 days, then decreased until about day 22, when 

ingestion ceased. The cumulative pollen consumption of sunflower pollen was 30 

mg/bee/day, a value significantly higher than that of bees on sorghum (14 mg/bee/day) 

or rapeseed pollen (20 mg/bee/day). The results of longevity and cumulative 

consumption are summarized in Table 5. 

3. Chemical Properties of Sorghum, Rapeseed, and Sunflower Pollens 

3.1 Moisture: 

Moisture levels of the three pollens are listed among the gross chemical analysis 

shown in Table 11. All had low moisture with about 3% for rapeseed pollen and 7% 

for sorghum pollen. The average moisture of the three pollens was about 5%. 

3.2 pH measurements: 

The pH of the three pollens was shown in Table 3. All three were quite 

similar. These pollens like many other species were weakly acidic. The range of pH 

was 5.1 to 5.5, with sunflower being the most acidic pollen. 
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of days during longevity test. 



Table 5. Summary of longevity studies of Apis mellifera fed sorghum pollen, 
rapeseed pollen, sunflower pollen, and no-pollen 

Test pollen Days to cumulative percent mortality Cum. consumption 
25% 50% 75% 100% (mg/bee/day) 

Control (no 
pollen) 14. 3±1 .7 18. 3±2.1 •

 

C
O

 C
M

 

0±1. 2 27 .0±1.7 0 

Sunflower 21. 5±5 .4 30. 1±4.8 39. 5±4. 7 54 .5±11.4 29. 5±3. 3 

Sorghum 25. 5±4 .8 31. 8±4.6 37. 0±4. 9 54 .3±4.7 13. 5±2. 9 

Rapeseed 25. 3±2 .3 45. 0±13.0 62. 0±7. 0 83 .0±20.2 19. 5±1. 5 
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3.3 Crude protein levels in the dry whole pollens, EtOAC extracts, water extracts, and 

the extracted residues of the three test pollens: 

The results are shown in Table 6. The Kjeldahl's procedure measures only the 

total nitrogen content of a sample. To estimate how much of the Kjeldahl's nitrogen 

was actually from protein, the pollen was extracted with ethyl acetate (EtOAc) to first 

remove any lipid soluble non-protein nitrogen, (phospholipid, flavonoids, alkaloids, and 

other natural products). Then it was extracted with water to obtain mainly water soluble 

proteins, free amino acids and amino sugars. Finally, the water insoluble proteins 

(mostly structural proteins) were left in the residue. EtOAc extracts of sunflower and 

sorghum pollens contained no measurable nitrogen, the rapeseed pollen EtoAc extracts 

contained about 1 mg nitrogen equivalent protein per gram pollen. The zero, or near 

zero, nitrogen levels in the lipid extracts of these pollens indicated the absence of 

significant levels of plant natural products, such as alkaloids, or mustard oils, in the 

pollen. Also, from amino acids analysis, excluding Trp, Cys and Pro, the percent of 

amino acids of the total crude protein was 68% for the three pollens and about 42% is 

essential amino acids (data not shown here). Thus, Kjeldahl's nitrogen in pollen can be 

safely assumed to be a valid estimate of protein/amino acid based nitrogen. This, in 

turn, justifies the use of the conversion factor of 6.25 x the weight of nitrogen as equal 

the weight of crude protein. Overall, the protein levels in the three pollens were 26.7% 

for rapeseed, 26.1% for sorghum and 15.0% for sunflower (Tables 6 and 7). 

Protein in the three pollens was partially water soluble and partially structural 

and insoluble (Table 7). The water soluble protein levels expressed as percent protein 



Table 6. Percent of crude protein contained in whole pollens, EtOAc 
extracts, water extracts, and the extracted residues of 
sorghum, rapeseed, and sunflower pollens3 

Pollen % Protein 
in pollen 

% protein in 
EtOAc ext. 

% protein in 
water ext. 

% protein 
in residue 

Combined 
proteinb 

Sorghum 26.06 0.02±.03 5.67±.07 15.21±.33 20.80 

Rapeseed 26.74 0.10±.02 3.79±.16 18.981.45 22.87 

Sunflower 15.02 0 3.03±.10 13 .88±.50 16.91 

aAll are expressed as % of dry pollen weight. 
bSum of % protein in extracts and residue. 



Table 7. Protein levels in Hz0 extracts and EtOAc and H20 extracted 
pollen residues of sorghum, rapeseed, and sunflower pollens 

Pollen 
% Protein in H20 Extracts % Protein in pollen residue 

Pollen 
As % wt Hz0 
extract 

As % of init. 
dry pollen 

As % wt 
residue 

As % of init. 
dry pollen 

Sorghum 24.7 5.7 19.1 15.2 

Rapeseed 10.6 3.8 33.2 19.0 

Sunflower 6.8 3.0 31.6 13.9 
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of pollen water extracts were: rapeseed ~ 10.6%, sorghum -- 24.7% and sunflower — 

6.8%. When expressed in terms of percent of dry pollen weight the values are: 

rapeseed - 3.8%, sorghum ~ 5.7% and sunflower ~ 3.0%. Total water insoluble 

protein levels ranged from 13.9% for sunflower pollen to 19.0% for rapeseed pollen as 

measured as percent of pollen dry weight. In terms of the percent of extracted pollen 

residue, the total water insoluble protein levels were: 33.2% for rapeseed pollen, 19.1 % 

for sorghum pollen and 31.6% for sunflower pollen. 

3.4 Essential amino acids levels in the three test pollens: 

The essential amino acid (EAA) levels (excluding Trp) in the three test pollens, 

hens egg as reference protein, and the requirements for Apis mellifera. 10 - 12 year old 

children, and human adults are shown in Table 8. 

The levels of Thr, Arg, Met, Val, Phe, and lie are comparable among the three 

test pollens. The level of Leu is slightly lower in sorghum pollen and His is 

significantly higher in sunflower pollen. When compared with hens egg, the crude 

protein levels are lower in the test pollens, while the composition of the EAA is well 

balanced and basically comparable among the three pollens, though Met and Leu are 

slightly lower in the three test pollens. 

When compared with bee requirement, all amino acids are significantly higher 

than required except lie level which just meets the requirement. These analyses indicate 

that the three pollens are generally a good protein and EAA source for the bees. When 

compared with human RDA for 10 - 12 years old children, Met is relatively low but all 

others are sufficient. When compared with human adult RDA, Met becomes sufficient 



Table 8. Essential amino acid (EAA) levels (% of protein content ± SD) in sorghum, 
rapeseed, and sunflower pollens as compared to hens egg, bee requirements, 
and human requirements3*13 

His Thr Arg Met Val Phe lie Leu Lys Phe+ Crude Total 
Tyr prot. EAA 

Sorghum 
pollen 

1.42 
(.16) 

4 
( 
.72 
.36) 

5.57 
(.41) 

1.73 
(.09) 

4.19 
(.21) 

3.49 
(.20) 

3.80 
(.16) 

5.91 
(.23) 

5. 03 
(.19) 

4.76 
(.57) 

26.04 
(0.69) 

40.63 

Rapeseed 
pollen 

1.35 
(.23) 

5 
( 
.39 
.50) 

5.87 
(.49) 

1.98 
(.08) 

4.19 
(.15) 

3.63 
(.13) 

3 .85 
(.08) 

6.13 
(.15) 

7.07 
(.08) 

5.16 
(.48) 

26.74 
(1.47) 

44. 61 

Sunflower 
pollen 

4.26 
(.02) 

4 
( 
.92 
.24) 

5.46 
(.40) 

1.86 
(.01) 

4.32 
(.06) 

3.79 
(.07) 

4.06 
(.04) 

6.32 
(.07) 

6. 05 
(.07) 

5.79 
(.24) 

15.03 
(0.08) 

46.84 

Hens eggc 2.2 4. , 7  - 5.7 6.6 - 5.4 8.6 7.0 9.3 36.8d 49.0 

Require-
of beese 

1.5 3 .0 3.0 1.5 4.0 1.5 4.0 4.5 3.0 4.5 23f 26.0 

Human RDA 
10-12 yrs9 

1.9 2 .8 - 2.2 2.5 - 2.8 4.4 4.4 2.2 28 24.1 

Human RDA 
Adult9 

1.1 0 .9 - 1.7 1.3 - 1.3 1.9 1.6 1.9 55 12.2 

Excluding tryptophan 
bArginine is essential to Apis mellifera (De Groot, 1953) 
CRDA, 1990 reference source 
dFrom Nutritive Value of American Foods in Common Units (1975) 
Requirements adapted form De Groot (1953) 
fFrom Herbert et al. (1977) 
9Adapted from RDA, 1990, for adults average of both genders 
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and all other EAA are significantly higher. Trp was destroyed by acid hydrolysis. 

Literature values showed Trp usually to be around 1.38% dry pollen (5.37% of crude 

protein, Weaver and Kuiken, 1951), a value that is much higher than the requirement 

for bees (1.0% of crude protein, De Groot, 1953), 1.1 % for 10 - 12 years old children, 

and 0.9% for human adults (RDA, 1990). Therefore, the most limiting amino acid 

would be either His or Met. Since Cys was not analyzed due to destruction by the acid 

hydrolysis (Stanley and Linskens, 1974), the amino acid score (RDA, 1990) is 0.71 for 

rapeseed pollen (His is the limiting AA), when compared with human 10 -12 years old 

children. The average of the total EAA% of crude protein of the three pollens is about 

43%, which compares favorably with the hens egg value of 49%. 

3.5 Ash and mineral levels in the three test pollens: 

The ash level was significant higher in rapeseed pollen than the other two 

pollens (Table 11). Rapeseed pollen also contained the largest quantity of minerals 

(3.6% of dry pollen weight). However, the percent of the analyzed 25 minerals in 

terms of ash amount was 25.7% in rapeseed pollen, 28.5% in sorghum pollen and 

30.0% in sunflower pollen (Table 9). The rest in the ash is assumed to be oxides 

and/or silicates 

The results of various mineral levels are shown in Table 9. Potassium (K), 

calcium (Ca), iron (Fe), and magnesium (Mg) were the four most common and abundant 

minerals in sorghum and rapeseed pollens. Sunflower pollen had a high level of K, Ca, 

Mg, and sodium (Na). Generally, rapeseed pollen contained higher amounts of most 

elements, while sunflower pollen contained the least amount. However, each pollen had 



Table 9. Mineral levels in sorghum, rapeseed, and sunflower pollens3 

Pollen K Na Mg Ca Fe Cu Zn Mn Cr 

Sorghum 6147.5 103.5 725.8 955.6 237.3 11.0 85.8 76.5 3.5 

Rapeseed 5167.4 154.0 1209.2 2056.6 385.5 13.5 33.4 24.4 4.1 

Sunflower 2610.4 171.2 953.2 1263.4 47.2 13.4 32.9 15.5 3.1 

Pollen Co B Al Ba Ag Be As % Dry wt % of Ash 

Sorghum 7.8 11.0 123.0 18.1 40.2 0.1 0.5 0.82 28.5 

Rapeseed 7.1 102.1 359.7 9.3 3.0 0.2 0.2 0.92 25.7 

Sunflower 4.5 70.8 61.2 4.5 <10.7 <0.1 0.2 0.45. 30.0 

/"Expressed as mg/kg dry pollen. Se, Mo, Ni, V, Tl, Sb, Pb, Hg, and Cd 
below the detection limits. 
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its own characteristics. Rapeseed pollen contained an almost equal amount of K to 

sorghum pollen, but had significantly higher concentrations of Ca, Mg, and Fe. 

Rapeseed pollen also had significantly higher levels of Aluminum (Al) and Boron (B). 

Sorghum pollen had the highest level of zinc (Zn), which is considered essential to the 

function of immune system. Sorghum had significantly higher level of heavy metals, 

particularly silver (Ag) and arsenic (As) than the other two pollens, probably due to the 

soil environment in which the sorghum grew. All three pollens were fairly good source 

of copper (Cu) and manganese (Mn). No poisonous heavy metals, including antimony 

(Sb), lead (Pb), mercury (Hg), and cadmium (Cd) were found in the three pollens. 

3.6 Total fat and fatty acid levels in the three test pollens: 

Pollen contains a variety types of lipids. These include glycerides (tri-, di- and 

monoglycerides), free fatty acids (FFA), phospholipids, sterols, and often substantial 

levels of hydrocarbons. Pollen usually contains low fat, about 5% (Schmidt and 

Buchmann, 1992). In this study, gross lipids ranged from 4.75% in sorghum pollen to 

7.34% in rapeseed pollen (Table 10 and Table 11). Due to limitation of the standards 

used, only 5 common fatty acids (CI6, palmitic acid; CI8, stearic acid; CI8:1, oleic 

acid; C18:2, linoleic acid; and CI 8:3, a-linolenic acid) were analyzed (Table 10). Fatty 

acids were primarily recovered in the saponified portion of lipid extracts (Stanley and 

Linskens, 1974). All three pollens had high level of a-linolenic acid, one of the 

essential fatty acids for humans. In terms of the percent fat content, sorghum pollen 

contained the highest level of a-linolenic acid (C18:3) with 57.2%, sunflower, and 

rapeseed pollens had slightly lower levels with 46.5% and 49.8% respectively. Palmitic 



Table 10. The levels of total fat and five common fatty acids (FA) ± SD in sorghum, 
rapeseed, and sunflower pollens 

Pollen % Total % of FA in total fat C18: 3 6)3 PUFA 
fat C16 C18 C18:1 C18:2o)6 C18:3o3 C18:2o>6 SFA 

Sorghum 4.75 34.95 0.96 3.92 2.95 57.22 19.40 1.78 
±1.22 ±0.53 ±0.15 ±0.28 ±0.04 ±0.10 

Rapeseed 7.34 28.85 7.56 6.25 7.56 49.78 6.58 1.75 
±1.03 ±1.73 ±3.78 ±1.05 ±0.75 ±1.44 

Sunflower 5.12 33.64 1.83 5.14 12.88 46.51 3.61 1.82 
±0.15 ±0.69 ±0.29 ±0.18 ±0.27 ±0.76 
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acid (C16) was quite high in the pollens with 35.0% for sorghum pollen, 33.7% for 

sunflower and 28.9% for rapeseed pollen, which had significantly lower levels of 

palmitic acid than the other two pollens. The level of the total of stearic, oleic, and 

linoleic acids in terms of the fat content were low in sorghum pollen with a total of only 

8%. These fatty acids were significantly higher in sunflower pollen (18%) and rapeseed 

pollen (21 %). The ratio of polyunsaturated fatty acids (PUFA) to saturated fatty acids 

(SFA) was 1.78 in sorghum pollen, 1.82 in sunflower and 1.75 in rapeseed pollen. 

Although the PUFA/SFA ratio was basically equal among the three pollens, sunflower 

pollen did contain the highest linoleic acid level: 12.9% vs 3.0% in sorghum pollen and 

7.6% in rapeseed pollen. 

3.7 a-Tocopherol, trans-fi-carotene. and total carotene levels in the three test pollens: 

In addition to major constituents and nutrients, pollen frequently contains high 

levels of micronutrients. The levels of two interesting fat soluble vitamins ~ vitamin 

E and B-carotene ~ in the three Chinese pollens are shown in Table 11. 

Vitamin E was measured as a-tocopherol (a-TH). It was significantly higher 

in sunflower pollen [60.9 ng/(g dry pollen) and 1.2 mg/(g total fat)] than in the other 

two pollens. a-TH was very low in sorghum pollen with only 14.9 jig/(g dry pollen) 

and 0.3 mg/(g total fat). In rapeseed pollen the average level was 32.9 [ig/(g dry 

pollen) and 0.4 mg/(g total fat). 

B-Carotene was measured as trans-B-carotene. Surprisingly, the dull sorghum 

pollen had the highest level of trans-B-carotene with 0.39 p.g/(g dry pollen) and 18.8 

Hg/(g total fat). The brightest pollen, sunflower, had 0.23 (ig/(g dry pollen) and 4.1 



Table 11. a-Tocopherol, trans-p-carotene, and total carotene levels in 
sorghum, rapeseed, and sunflower pollens 

Pollen a-Tocopherol trans-B-Carotene Total carotenes 
ug/g dry wt ng/q fat ug/g dry wt ng/g fat (ug/g dry wt) 

Sorghum 14.93± 4.55 314.32 0.388 18.84 1.85 

Rapeseed 32.89± 2.26 448.09 0.078 1.09 0.21 

Sunflower 60.90±13.94 1189.45 0.231 4.09 1.39 
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p,g/(g total fat). Rapeseed pollen had the lowest level of trans-fi-carotene with only 0.08 

jxg/g dry pollen and 1.1 ng/g total fat. Interestingly, all three had higher a-carotene 

level than trans-B-carotene level (data not shown here). 

3.8 Total dietary fiber (TDF), insoluble fiber, and soluble fiber levels in the three test 

pollens: 

Fiber in pollen varies both in quantity and quality among the different species 

(Table 12). Sorghum and sunflower pollens contained the same amount of insoluble 

fiber (about 8.0%), but dramatically different amounts of soluble fiber (5.3% and 2.3% 

respectively). Sorghum pollen contained the highest TDF level (13.4%), and rapeseed 

pollen contained the lowest fiber levels (9.0%) while contained an average insoluble 

fiber level (3.2%). 

3.9 Fiber-excluded carbohydrates levels in the three test pollens: 

Fiber-excluded carbohydrates are traditionally determined by subtraction of all 

other macronutrients. The results are shown in Table 12. Sunflower pollen had the 

highest level (68%). Both rapeseed and sorghum pollens contained about 53% 

carbohydrate. Much of the carbohydrate is in the form of simple sugars such as 

fructose and glucose added by the honey bees in the process of collecting the pollens 

(Schmidt and Buchmann, 1992) 

3.10 Energy levels in the three test pollens: 

All three analyzed pollens are energy rich (Table 13). Rapeseed pollen had 

the highest gross energy (GE), which was 5.5 kcal/g, probably due to relatively high 

fat content, and sunflower pollen had the lowest (4.9 kcal/g). The average energy level 



Table 12. Gross chemical composition of sorghum, rapeseed, and sunflower pollens3 

Pollen Moisture Ash Crude prot. Total fat Fiber Carbohy 
(N x 6.25) Insol. Sol. Total drates° 

Sorghum 7 . 28±. 02 2. 99±. 01 26. 04±0. 69 4. 75±1. 22 8. 02 5. 33 13 .35 52 .98 

Rapeseed 3 . 24±. 02 3. 58±. 03 26. 74±1. 47 7. 34±1. 03 6.  74 3. 22 8 .95 53 .37 

Sunflower 4 . 23±. 05 1 .  50±. 01 15. 02±0. 08 5. 12±0. 15 8. 08 2. 28 10 .36 67 .99 

aAll except moisture are calculated as % of dry pollen weight; moisture is expressed 
as % of fresh pollen weight. 
determined as non fiber carbohydrates by substraction of all other materials 
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the three test pollens was 5.1 kcal/g, which is high for plant materials, and possibly was 

due to the pollen grain wall. Pollen wall exine and intine (indigestible polymers of 

carotenoids), fibers, and some of the pollen lipids, including hydrocarbons and waxes 

that are non metabolizable but high energy containing-materials, that contribute to the 

GE. According to Atwater's formula (Atwater, 1910) for the metabolizable energy 

(ME) of the diets, rapeseed pollen still had the highest ME (3.9 kcal/g). Sorghum 

pollen had lower ME than that of sunflower pollen although it was the reverse in terms 

of GE, which might be contributed by the higher fiber content in sorghum pollen. 



Table 13. Energy levels in sorghum, rapeseed, and 
sunflower pollens. 

Pollen Gross energy Metabolizable energy 
(Kcal/g±SD) (Kcal/g) 

Sorghum 5.23±.02 3.59 

Rapeseed 5.49±.03 3.87 

Sunflower 4.92±.03 3.78 
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DISCUSSION 

The Right-Left system is the best assay for the honey bee feeding preference 

analysis. However, occasionally a large standard deviation among the replicates occurs 

which can not be eliminated nor well explained (see Table 4). The honey bees used in 

this nutritional study were from the same colony, were of the same age, live in the same 

environment, and were treated identically among the replicates. Was the pollen not 

homogenous? Based on analysis of the chemical properties of the pollens, pollen 

samples did not differ significantly among the replicates (see Table 6 to Table 13). For 

example, the respective crude protein levels (±SD) for sorghuin, rapeseed, and 

sunflower pollen were: 26.04% ± 0.69, 26.74% + 1.47, and 15.02% + 0.08. In 

order to further improve and confirm the accuracy and efficiency of the Right-Left 

system for preference study, future studies can be performed. The results shown in 

Table 14 indicate that the average percent of relative consumption for fall composite 

pollen, a pollen that was significantly less preferred than the saguaro pollen, was 

increasing during the test regardless of whether the fall composite pollen was on the 

right or the left on the first day. For instance, when fall composite pollen was first on 

the right side, the percent consumption was significantly higher on day 5 than it had 

been on day 3 (26.1 + 2.1 % vs 15.9 ± 2.0% (P <0.05, as shown in Table 14). From 

the longevity study, the cumulative consumption/bee/day increased dramatically during 

the first 8-10 days (see Fig. 8). Elongation of the period of the preference study to 10 

days would help elucidate the hypothesis that the preference consists through pollen-



Table 14. Average percent relative consumption3 by Day 3 versus Day 5 in the 
Right-Left system pollen preference study (saguaro - fall composite 
pollen test) 

Fall composite on left initially Fall composite on right initially 
Replicate number Replicate number 

I II III IV V X±SD I II III IV V X±SD * 

Day 3 13.3 19.9 11.9 29.0 16.2 18.1±6.8 18.9 13.3 15.7 16.0 15.6 15.9±2.0 a 

Day 5 19.9 42.2 24.8 25.1 17.3 25.9±9.7 27.6 26.9 23.6 28.2 24.0 26.1±2.1 b 

aAverage percent relative consumption: 
_ Consumption of Fall Composites inos-

Consumption of Fall Composites + Consumption of Saguaro * 
* Means of rows followed by different letters significantly differ at the P £.05 
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demanding period. 

Caged honey bees tend to gather around the cap of only one sugar bottle, even 

when two sucrose bottles are available. Relative to the size of the 9 x 6 x 15 cm cage, 

the distance between the middle of the sucrose bottle and either of the two test pollen 

diets is only about 4.0 cm. Therefore, the sucrose bottle that the bees gather on must 

be relatively close to one pollen diet and this could cause more consumption of that 

nearby pollen diet than the other diet. Since the sucrose bottle under which the honey 

bees tend to gather occurs randomly (personal observation), this, in turn, likely caused 

the large standard deviation among the replicates. There are several ways to eliminate 

this problem. The cage can be enlarged to make the distance from the sucrose bottle 

to the diets significant longer than twice the diameter of the sucrose bottle; the cage can 

be laid on its side (see Fig. 1, 2 or 3, the surface of 15 x 9 cm can be placed against 

the bottom of the shelf) and one sucrose bottle placed in the middle of the far end of the 

cage; if there are two holes near the bottom of the cage (9x6 cm side), simply place 

the test diets into these two holes rather than the holes close to the top side. The last 

two modifications are more convenient and economical than the first one because the 

current cages can be used. 

Entomophilous pollens generally are accepted well by Apis mellifera. Schmidt 

and Buchmann (1985) and Schmidt et al. (1989) conducted several experiments on the 

ability of honey bees to digest pollen. Their digestion efficiency was quite high, about 

89% calculated as AD [apparent digestibility = 100 x (weight of pollen consumed -

weight of feces)/weight of pollen consumed] and 83% calculated as CADN {coefficient 
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of apparent digestibility of nitrogen = 100 x [weight nitrogen in pollen consumed -

(weight nitrogen in feces - weight nitrogen in fecal uric acid)]/weight nitrogen in pollen 

consumed}. In the present experiments, sorghum pollen was probably not well digested 

and utilized. One supportive hypothesis is that the high starch content in sorghum 

pollen causes poor digestion, as was observed for Tvpha pollen (Schmidt et al., 1989). 

Much of the starch in Tvpha pollen was poorly digested by honey bees and was excreted 

in feces. The utilized starch could serve as a carbon source for microorganisms in the 

mid and hind gut, these microorganisms could, in turn, release toxins which might 

prevent the bees from continuing to ingest the pollen (Schmidt et al., 1989). That likely 

was the reason that sorghum pollen was less preferred than the otiier two pollens, both 

of which have a good smell (at least to the investigator), bright color, soft texture, and 

no starch content. 

One measure to determine if a pollen diet is deficient, adequate, or even toxic 

to the honey bees, is to measure the lifespan and consumption of honey bees on the 

single test pollen. This indicates whether the pollen is nutritious or not. According to 

Table 5, Fig. 7, and Fig. 8, we concluded that the honey bees on rapeseed pollen diet 

had significantly longer lifespan than those on the sorghum pollen diet, or sunflower 

pollen diet, or no pollen (control group). However, the pattern of the cumulative 

consumption of the three pollens was different from that of the longevity curves. Why 

did sunflower pollen, which the honey bees preferred the most, not produce the longest 

lifespan in the bees feeding on it? Why was the sunflower pollen was not so nutritious? 

Protein level of the three pollens might be the major explanation. 
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Pollen proteins are not only crucial for honey bee growth, but can be also 

important allergens that cause human hay fever. For these reasons, the analysis of 

pollen protein and amino acids from the total hydrolysate is an important aspect of the 

chemical analysis on pollen. Although inhalation allergy to pollen is very common, 

ingestion allergy relating to pollen is much less frequent (Schmidt and Buchmann, 

1992). The main reason appears to be that the allergen-causing proteins are denatured 

and digested in the stomach before they can exert their activities. 

The crude protein levels (Table 6 and Table 12) as measured by Kjeldhal 

analysis revealed that both rapeseed and sorghum pollen had high crude protein levels 

of about 26%. In contrast, sunflower pollen had a very low level, only 15% (P < 

0.05), which is well below the 20% protein level hypothesized as necessary to maintain 

honey bee growth (Kleinschmidt and Kondos 1976; Herbert et al., 1977). Thus, the 

bees fed on sunflower pollen might have attempted to make up the protein deficiency 

simply by consuming more food. This might work for a time, but ultimately could lead 

to long-term deficiency and reduced lifespan. 

The nutritive value of pollen is not directly correlated with the protein quantity; 

a qualitative factor is of greater importance (Todd and Bretherick, 1942). This 

observation appears supported by this study. In spite of the difference of the crude 

protein levels, the three test pollens had quite well balanced EAA compositions (Table 

8) and had positive effects on honey bees' longevity, hence, were all good protein 

sources. 

From Table 8, the analyzed amino acids excluding Trp, Cys and Pro, accounted 
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for as 62% of the crude protein in sorghum pollen, 69% in rapeseed pollen, and 70% 

in sunflower pollen. From literature reviews, Trp, Cys and, especially, Pro were likely 

to be quite high in pollen samples. Rayner and Langnidge (1985) showed that the 

average of the three amino acids of 23 species from colonies of various sites was 

25.6%. The total amino acid recovery was over 80%, which indicates that Kjeldahl 

measurement of crude protein can be safely used to provide a rough estimation for 

comparison among the test pollens. As shown in Table 8, the conclusion is supported. 

The total nitrogen from EtOAc, water extracts and the extracted residue should 

be equal to the total nitrogen level of the whole pollen. The lower levels in sorghum 

and rapeseed might be due to sample loss during the extraction, thus the extracts were 

overestimated (Table 7). The higher level in sunflower might be due to arbitrary 

residue calculation used to correct for the loss during the extraction; thus, the extracts 

was underestimated (Table 7). 

Of the three test pollens, rapeseed pollen possessed the highest crude protein, 

amino acid equivalent protein levels, and prolonged the lifespan of honey bees the 

greatest. This suggests a positive relationship between protein content and both 

longevity and nutrition: the higher the protein content, the longer the expected lifespan 

of the bees. However, the significant difference between protein level of sorghum and 

sunflower pollen, plus the lack of significant difference in their respective longevities, 

indicates there are likely to be other contributing factors in addition to protein level. 

Could fat quantity and/or composition be a factor? 

The percentage of lipids in pollen is typically about 5% or less; though some 
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species including members of the sunflower and cabbage families, can be relatively 

higher (Stanley and Linskens, 1974). Lipids play important roles other than as a storage 

source of energy. Esters of fatty acids in corn pollen were suggested as growth 

substances (Fukui et al., 1958; Fathipour et al., 1967 both as cited in Stanley and 

Linskens, 1974). There was a suggestion that a free fatty acid in pollen, octadeca-trans-

2.cis-9-12-trienoic acid was an attractant for the honey bees (Hopkins et al., 1969). 

Schmidt (1985) found that the most active phagostimulatory substances in saguaro 

pollen, and two pollen mixtures collected in Tucson and Summerhaven, AZ, were of 

intermediate polarity and present in lipid extracts. However, the work by Standifer 

(1966) showed that honeybees selected pollens possessing large variations in fat content, 

an indication that fat content is unlikely to be the sole reason of the pollen selection by 

the bees. In this study, there appears to be correlation between high fat content and 

increased longer longevity, though the data set is too small for drawing firm 

conclusions. An interesting speculation is that lipid is a secondary factor after protein 

in promoting longevity. That is, if the protein levels are similar, then fat content of the 

pollen could become the predominate factor. At the end of the longevity analyses, the 

cumulative consumption of fat for each pollen was: 1.0 mg/bee/day for sunflower 

pollen; 0.8 mg/bee/day for rapeseed pollen; and only 0.4 mg/bee/day for sorghum 

pollen (Table 15, derived from Table 3, 5, and raw data, where shew that sorghum 

pollen was about 65% in the diet; rapeseed pollen was 60% in the diet, and sunflower 

pollen was 70% in the diet). Rapeseed pollen did increase the lifespan of the bees the 

most while sorghum and sunflower pollens had the similar, but less significant effects 



Table 15. Consumption of nutrients (mg/day/bee) by honey bees fed sorghum, 
rapeseed, and sunflower pollens during longevity tests 

Pollen Appar. Actual Fiber ME 
consum. consum. Protein Fat Minerals inso sol CHO (cal.) 

Sorghum 13.5 9.05 2.36 .43 .077 .73 .43 4.79 32.5 

Rapeseed 19.5 12.64 3.38 .93 .116 .85 .41 6.75 48.9 

Sunflower 29.5 21.65 3.25 1.11 .097 1.75 .49 14.72 81.8 
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on the longevity. Rapeseed pollen might well cause the greatest longevity as a result 

of its high levels of both protein and fat. Since some other nutrients, such as vitamins, 

sugars, minerals and their interrelationships might also important factors for longevity, 

some of these factors could be investigated in detail in the future. 

The most important group of vitamin E compounds found in plant materials is 

the tocopherols. Tocopherols are characterized by a ring system and a long saturated 

side chain. There are four members of the tocopherol group, a-, 15-, x-, and 6-

tocopherols. The most active form of vitamin E for humans is a-tocopherol which is 

also the most widely distributed form in nature. Tocopherols are biological 

antioxidants; that is, they stop the propagation of the oxidation of unsaturated fatty acids 

by trapping peroxyl free radicals. Vitamin E is also important in mammalian 

reproductive system function. 

In this study, a-tocopherol was high in sunflower pollen (Table 11). 

Consumption of about 165 grams sunflower pollen meets the human adult dietary 

vitamin E allowance of 10 mg/day (RDA, 1990). The level of a-tocopherol was quite 

low in sorghum and rapeseed pollen. The average a-tocopherol level of 60.9 \ig/g dry 

sunflower pollen was much higher than the only other available a-tocopherol value (10.7 

jxg/g dry pollen) for a composite pollen (Vivino and Palmer, 1944). The authors used 

ether extracts of the composite pollen for the vitamin E assay (no detailed description 

or reference for the detection method was provided; but at that time, a typical assay was 

based on rodent reproductive function), while this study used hexane extraction and 

reverse-phase HPLC with 6-tocopherol as an internal standard. Several hexane 



68 

extractions could approach 100% tocopherol recovery (Liebler, 1989). Therefore, the 

large discrepancy between the old measurement and present one for o-tocopherol in the 

composite pollen could be the methodology. Alternatively, the pollens might have 

fundamental individual differences. The three Chinese pollens had relatively high 15- and 

T-tocopherol which were not quantitated. Both B- and -c-tocopherol also have vitamin 

E activities ~ therefore, generally speaking, pollen is a good source for vitamin E. 

Although sunflower pollen had the highest a-tocopherol level, honey bees fed 

this pollen in the longevity did not live longer than the bees on rapeseed pollen, a-

Tocopherol might not be the important factor on the longevity studies of honey bees 

here. Indeed, Herbert and Shimanuki (1978) reported that vitamin E was not essential 

in the honey bee diet. 

B-Carotene is a carotenoid precursor for vitamin A, which, in turn, is essential 

for vision, growth and cellular differentiation. Carotenes exist as 6-carotene, a-

carotene, and trans-B-carotene, the most active form. 

Although a-, and B-carotene are generally the commonest carotenoids and are 

located in different parts of the pollen grain (Stanley and Linskens, 1974), they are not 

the exclusive source of the all pollen pigments. Thus, bright coloration of a grain does 

not necessary imply a high carotene level. It is, however, commonly found that bee-

collected pollens have higher carotene levels than wind dispersed pollens (Stanley and 

Linskens, 1974). Vivino and Palmer (1944) found the average carotene level was 95 

jig/g dry weight of the pollens from dandelion, plum and apple, clover, goldenrod, and 

aster. Muniategui et al. (1990) determined the total carotenes (as B-carotene) in 35 bee-
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collected pollens distributed among the following families: Cistaceae 43.9%, 

Borginaceae 10.3%, Compositae 9.3%, and Fagaceae 8.6%. They found their mean 

B-carotene level was 46.7 mg/100 g lipids and 30 jxg/g dry pollen. Normally, the 

literature value for the level of provitamin A in bee-collected pollen loads was 5.0 mg% 

(Wachonina and Bodrowa, 1979 cited by Szczesna et al., 1991) to 17.6 mg% (Talpay, 

1978). Nevertheless, our measurement (Table 11) was very low, with the average of 

trans-B-carotene of 0.25 (ig/g dry pollen. And the average of the total carotene level 

was only 1.15 jig/g dry pollen. 

One reason could be the different methodologies involved. Vivino and Palmer 

(1944) used 94% diacetone-alcohol to extract the carotene part and detected the carotene 

in Skelly solve B (a hydrocarbon distillate) solution by a spectrophotometer at 590 nm 

(Berl and Peterson, 1943). This method would overestimate the carotene content since 

carotenes were not the only pigmented compounds in the pollen; in fact, flavonoids are 

the major components of the pollen pigments (Stanley and Linskens, 1974). Muniategui 

et al. (1990) extracted the total lipids by the standard method of the OICC (1972). The 

sample was dried for 12 hours, then the bound compound lipids were hydrolyzed with 

25% HC1 to increase the lipid recovery, and finally the solutions were extracted with 

by petroleum ether in a Soxhlet extractor for 4 hours at 40"C-60°C. Precautions were 

taken to protect pollen and solvents from air and light during the extractions. The lipid 

extracts were dissolved in 100:0.5:0.1 n-hexane:2-propanol:acetic acid, which served 

as the mobile phase. Then detection was at 453 nm after HPLC separation. The 

recovery of the carotene extraction was confirmed to be very high by column 
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chromatography and the identification of the HPLC carotene peak of the pollens was 

done by thin layer chromatography (TLC). The method in this study was that of Peng 

and Peng (1992) and involved the extraction of the carotene from 20 mg pollen with 

hexane plus 0.1 % BHT (to prevent photo-oxidation of the carotenes) for 60 seconds. 

Extraction was performed three times until the pollen residue was essentially colorless. 

The hexane extracts were dissolved in the mobile phase B, which consisted of 

acetonitrile:tetrahydrofuran:methanol: 1 % ammonium:0.1 %BHT (55:35:5:5:0.05 

v/v/v/v/v) and detected at 452 nm by HPLC (see the details in Methods section). 

Trans-B-carotene is a very non-polar compound, which might not dissolve well in the 

Peng and Peng's (1992) polar system, which in turn might account for the low recovery. 

Carotenoids would dissolve better in the mobile phase of Muniategui (1990) paper. 

That phase also contained 0.1 % acetic acid which was used to prevent the ionization of 

the fatty acids and possible interference with carotene peak. 

Another reason for the low levels could due to the long period of storage, 

during which photooxidation and bleaching could destroy the carotene (Stanley and 

Linskens, 1974). Arguing against this hypothesis is the fact that a-tocopherol levels 

were high even without BHT protection, and these should decrease in parallel with 

carotene if our storage conditions encouraged oxidation. The B-carotene levels obtained 

were too low among the three pollens to explain the difference of the longevities. It 

would be worthwhile to repeat the analysis of B-carotene by Muniategui (1990) system 

or some other better system. 

Carbohydrates, along with fat and protein, are considered to be macronutrients. 
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In bees, carbohydrates are also the principal dietary sources of energy. The longevity 

study of no pollen control group showed that young worker honey bees could live for 

about 20 days on just 40% sucrose solution. Honey bee foragers, older bees that collect 

pollen for consumption by brood and nurse bees and nectar for honey production, 

consume only the carbohydrates from nectar or honey for their total energy needs. 

Since carbohydrate value is usually calculated as the residual weight after subtraction 

of water, protein, fat and ash, tliis residue includes sugars, starches, and small amounts 

of other organic compounds (RDA, 1990). 

Bee-collected pollen usually contains high levels of carbohydrates, which are 

used to stick the pollen grains together to facilitate transport (Todd and Bretherick, 

1942; Schmidt and Buchmann, 1985). Todd and Bretherick (1942) analyzed 34 pollens 

derived from a large variety of families and genera plus six that were hand-collected. 

They found the average level of carbohydrates to be 25.7%; mustard (Brassica'i pollen 

contained 26.3%, sorghum pollen contained 36.6% and a compositae pollen contained 

35.0%. The average carbohydrates level of these three genera was 32.6%. But in this 

study, rapeseed pollen, which belongs to Brassica. and sorghum pollen .contained 

53.0%. Sunflower pollen, which belongs to the Compositae, contained 68.0%. The 

average of the three was 57.8%. If fiber level were added (Table 11), the value would 

be 68.7%. Therefore, the carbohydrate levels in the three Chinese pollen were all 

significantly higher than those in the paper of Todd and Bretherick (1942). The reason 

might be that Todd and Bretherick (1942) used direct measurement of reducing sugars, 

non-reducing sugars and starch while we used "carbohydrate by difference". Although 
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fructose, glucose and sucrose are the major free sugars found in pollen ethanol extracts 

(Stanley and Linskens, 1974; Schmidt and Buchmann, 1992), there usually would be 

other low molecular weight sugars and related compounds; for example, raffinose and 

stachyose are common, lactose, xylose, arabinose are possible, galactose and rhamnose 

occasionally exist, and pentose, ribose and deoxyribose are known from the breakdown 

products of nucleic acids (Stanley and Linskens, 1974). In most pollen, polysaccharides 

exist on the pollen wall as well as in the cytoplasm (mainly starch), and might comprise 

up to 50% of dry weight (Stanley and Linskens, 1974). These polysaccharides include 

callose, an amorphous colorless material that is a B-l,3-polyglucan composed of I3-D-

glucopyranose residues, pectin, cellulose, hemicellulose, lignin, sporopollenin (which 

has a C/H ratio of 1/1.0, similar to terpenes) and a large quantity of polycarotenoids, 

derived from B-carotene. Most of these materials are likely to be lost during hydrolysis 

and the other procedures. All of these additional carbohydrates and materials were 

termed as "undetermined matter" with an average of 28.6% in the paper of Todd and 

Bretherick (1942). Thus, if this figure is added to the average of the sugar levels of 

what Todd and Bretherick (1942) obtained, a value of 61.2% is obtained, which is close 

to that obtained (68.7%) in this study. Pollen loads from a study at Tamagawa 

University yielded 51.1% carbohydrates (Echigo et al., 1986), a value also close to 

what I obtained. 

Sugars are common polar phagostimulants for most animals. Schmidt (1985) 

conducted the preference study of the water extracts from jojoba, almond, creosote, and 

cottonwood pollens. The average percent of relative consumption of Beltsville Bee Diet 
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(BBD) plus 25% pollen equivalent water extracts was 94.3 ± 3.55%. BBD is highly 

nutritious and is reportedly an acceptable pollen substitute; but it does not have much 

attractive flavor. Consequently, the author concluded that the water extracts, mainly 

soluble sugar and highly polar compounds, added the extra phagostimulatory flavors 

which led to the extremely high preference. In this study, sunflower pollen, which had 

the highest carbohydrate level (Table 12), was also the most preferred pollen. 

McLellan (1977) found pollens high in nitrogen tended to be low in sugar. This 

appears to be true for sorghum and rapeseed pollen, which had significantly higher 

crude protein content than sunflower pollen (Table 12). 

Unfortunately, highly preferred food are not necessarily the most highly 

nutritious. This was confirmed for the bees in the longevity study: honey bees fed 

sunflower pollen did not live tiie longest, yet they preferred that pollen most. Protein 

level, a well balanced amino acid profile and actual intake are more crucial for honey 

bee growth and longevity. 

Mineral elements in mature pollen are present at levels necessary to facilitate 

normal pollen tube growth and egg fertilization. Minerals are assumed to be associated 

with the parts of the cell where they are required for physiological function (Stanley and 

Linskens, 1974). Mineral analyses are usually made by digesting pollen in a 

concentrated acid. By the early 1800s, pollen had been known to contain about 4% ash. 

Knight et al. (1972) reported an average level of 250 mg/kg of Mg in 60 species out of 

20 families. Mg is essential for a variety of biosynthetic process and is a known 

cofactor for variety of enzymes. There is a positive relationship between Ca and Mg 
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among the three pollens studied, as well as among the 60 pollen species analyzed by 

Knight et al. (1972). Normally, the Mg/Ca ratio is about 1 with both about 1000 ppm. 

These elements are important for nutrient digestion and absorption from the midgut of 

the bees (Nation and Robinson, 1971). In this study, both rapeseed and sunflower 

pollens had a balanced of Mg/Ca ratio; possibly this could be a contributing factor as 

to why the two pollens were more preferred than sorghum pollen. Mg level in pollen 

often reflected the soil level of Mg (McLellan, 1977). Mg is ranked the third highest 

mineral in pollen. Since the RDA for human adult is about 300 mg/day (RDA, 1990), 

rapeseed and sunflower pollens could be a potential good Mg source (Table 9). 

Calcium is a major constituent of bones and teeth. The growth of the skeleton 

requires a positive Ca balance until peak bone mass is reached; hence, its importance 

for growth in children. Insurance of a sufficient Ca intake is also important for 

reducing the risk of osteoporosis in later life (RDA, 1990). Pollen has an appreciably 

high Ca level. From the literature (Knight et al, 1972), the average Ca level was about 

0.23% of dry pollen with a range of 0.1 % to 0.5% and appears to be a good source for 

Ca supplement. In this study, rapeseed pollen contained the highest Ca level of the 

three species. This is not surprising since Cruciferae tend to accumulate this element 

(McLellan, 1977). If 580 g rapeseed pollen (Table 9) is the sole Ca source in the diet, 

it would meet the RDA for 11 - 24 year old humans (1200 mg/day, RDA, 1990). One 

possible consideration is that the bulk of the Ca is in the cell wall, a part of the pollen 

grain that makes the Ca partially inaccessible during digestion by human beings. For 

this reason, further studies are needed to determine the utilization of pollen Ca. 
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Na is the principal cation of extracellular fluid and the primary regulator of 

extracellular fluid volume, osmolarity, acid-base balance and the membrane potential of 

cells. It pairs with K, which is the principal intracellular cation. The Na-K pump is 

actively involved in nutrients transportation. This pair electrolytes is important in 

reducing the risk of hypertension (RDA, 1990). The usual K:Na ratio is about 40. K 

is also the most abundant mineral in pollen, a finding considered typical of plant 

material. 

Fe is required for proper cell activity. In addition to meat, eggs, vegetables and 

fortified cereals, pollen is an excellent iron source (Schmidt and Schmidt, 1984; Schmidt 

and Buchmann, 1992). It was ranked the highest Fe source among common 50 

American foods (Table 16), such as lettuce, beans, beef, etc. in an unpublished report 

(Schmidt and Schmidt, 1984). Only about 26 g rapeseed pollen or 42 g of sorghum 

pollen per day (Table 9) would meet the RDA level of Fe (10 mg/day) for human adults 

(RDA, 1990). 

Cu is an essential nutrient for all vertebrates. Cu deficiency can cause anemia, 

skeletal defects, and demyelination and degeneration of the nervous system. The RDA 

for Cu is 1.5-3.0 mg/day for adult, a value which can be easily fulfilled by pollen. The 

average Cu level of these Chinese pollens are 12.6 mg/kg dry pollen (Table 9). There 

are issues associated with the interaction among Cu, Zn and carbohydrates (especially 

fructose); but the nature of this interaction is not yet clear (RDA, 1990). Pollen 

contains relatively a high fructose level. For example, McLellan (1977) determined the 

mean fructose level of 7 kinds of pollen was 19% of dry pollen, with Cruciferae 22.4%. 
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It would be useful to further study the Cu-fructose interaction to determine if the two 

are related. 

Zn, a constitute of enzymes involved in a variety of major metabolic pathways, 

is an essential element for all cellular life. Zn is also an important factor involved in 

the immune system (Schmidt and Buchmann, 1992) and Zn deficiency in men can result 

in growth retardation, skin change and immunological abnormalities (RDA, 1990). In 

this study, sorghum pollen had the highest Zn level (85.8 mg/kg) of the three pollens, 

with sunflower and rapeseed pollen having similar high levels. The average Zn level 

for the three test pollens was 50.7 mg/kg (Table 9), which is profoundly high for plant 

materials. The reason appears to be that Zn is involved in enzymatic processed at the 

growing tip of the germination tube (Schmidt and Buchmann, 1992). Zn also 

contributes to the reduction of inflammation in chronic prostatitis (reviewed by Schmidt 

and Buchmann, 1992). 

Cr is required for maintaining normal glucose metabolism. It acts as a cofactor 

for insulin (Mertz, 1969). If the dietary intake of Cr is above 40 jig, the intestinal 

absorption will be only 0.5% (RDA, 1990). Despite this, the three test pollens, with 

average Cr levels of 3.6 mg/kg (Table 9) are an excellent source to meet the wide range 

of Cr RDA for human adults which is 50-200 jxg/g body weight. 

Mn is an essential element in animals, and its deficiency causes poor 

reproductive performance, growth retardation and congenital malformation. Mn is 

involved in some metallo-enzymes, such as pyruvate carboxylase and superoxide dismut-

ase. Sorghum pollen has significantly higher Mn level than the other two investigated 
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pollens. This is in contrast to the results of McLellan (1977) who showed that 

Cruciferae normally had higher Mn levels than other taxa. Sorghum pollen is a good 

source for Mn supplement; 26 g (Table 9) can meet the Mn daily requirement, 

according to RDA (1990). 

Cobalt (Co) is an integral part of vitamin B]2, a factor involved in nitrogen 

metabolism, AA synthesis, and degradation (Mathews and van Holde, 1991). The three 

test pollens also have appreciable levels of Co with a mean of 6.5 mg/kg (Table 9). 

Although vitamin B,2 can be provided by bacterial synthesis, no RDA for Co is 

available while Co deficiency does exist (RDA, 1990). 

Boron (B) appears to affect Ca and Mg absorption and may be needed for 

membrane function. Most B in pollen is normally found in the vesicle and wall 

extraction (Stanley and Linskens, 1974). Rapeseed and sunflower pollens appear to 

contain high nutritional levels of B, possible relating to their larger pollen grain size 

(Table 3). 

Aluminum (Al) is not an essential element for pollen growth and its role it 

human pathology lias been debated. It was very high in rapeseed pollen (Table 9). 

However, it has been suggested that Al is accumulated from tissues which supply 

nutrients to the developing microspores (Stanley and Linskens, 1974). 

No systematic studies of the biological functions of antimony (Sb), barium (Ba), 

or beryllium (Be) have been performed. Sorghum pollen had significant levels of Ba 

and silver (Ag) (Table 9), possibly due to the environment where it lives: dry and poor 

soil that might accumulate these minerals. 
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Selenium (Se) is an essential element. It is present at the active site of 

glutathione peroxidase (Hoekstra, 1975). Se deficiency is particularly common in 

China. The relationship between Keshan disease and low Se status provided the direct 

evidence for Se requirement. Although in this study, Se in all the pollens was less than 

5 mg/kg, it would be worthwhile to increase the concentration of sample prepared to 

obtain an actual measurement of the Se level. Se is thought to be high in pollen and the 

average literature values for Se was 0.057 mg/kg with a wide range 0.02 - 0.13 mg/kg 

(Day et al, 1990). 

Overall, sunflower pollen contained lower amount of minerals than the other 

two analyzed species. It does, however, have the highest level of Na, not a highly 

recommended nutrient in the American diet. The three pollens were good source of Cu 

and Mn. The order of mineral abundance in these three pollens is K > Ca > Mg > 

Fe > Na > Mn > Zn > Cu (Table 9), an order that agrees with Youssef et al. 

(1977). No poisonous metals, such as Sb, Pb, Hg, and Cd were detected in the three 

test pollens. Rapeseed pollen appears to be a good source for most of the minerals, 

which might be a key factor on the longevity studies. By the end of longevity, honey 

bees fed on this pollen consumed highest minerals per day (Table 15). Sorghum pollen 

would be good for particularly for Zn and Mn, and sunflower pollen would be good for 

Cu. 

The average of recovery of the 25 analyzed minerals from the total ash in the 

three pollens was only about 28% (Table 9). The 72% non-mineral ash could include 

silica (Si) and phosphorus (P). McLellan, (1977) showed that the average P level of 7 
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pollen species was 0.39% and Cruciferae contained 0.51 %. All the minerals reported 

in the free element form, actually exist mainly as their oxides or hydroxides in the ash. 

The weight of the minerals in these forms obviously would be larger. This is why total 

mineral content in the experiment was so low. Nation and Robinson (1971), indicated 

that if total mineral content (ash) in the final diet was about 3% of the dry weight, the 

requirement of minerals for bees would be met (McLellan, 1977). 

Pollen is easily contaminated with dust, thereby raising the possibility that some 

unusual, or even toxic materials can be picked up (Stanley and Linskens, 1974). If 

pollen or pollen mix is treated as a mineral supplement, it would be wise to do mineral 

analysis first. 

The effect of dietary fiber on human nutrition is a subject that is receiving 

increasing attention. Since fiber-ricii diets may increase satiety, they can reduce or 

prevent obesity. Some fiber components, including oat bran and pectin, lower plasma 

cholesterol levels, which are directly associated with the risk of atherosclerosis (RDA, 

1990; Mathews and van Holde, 1991). 

Pollen, unlike honey or royal jelly, contains fibrous substances. These 

substances are mainly undigestible polysaccharides. As discussed before, pollen 

contains callose, pectin, cellulose, and lignin, etc. Nevertheless, few studies are 

available for pollen fiber reference. Brooks (1971) determined the cellulose levels in 

the gymnosperms family Pinaceae and the angiosperm taxa Lillium and Rumex. The 

mean cellulose levels were similar between gymnosperms and angiosperms with 5.5 + 

1.6% of dry pollen. McLellan (1977), found mean of 7.2% of hemicellulose and 
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0.52% of cellulose in 7 species of pollen. The Cruciferae contained 3.8% hemicellulose 

and 0.76% cellulose. Schmidt et al. (1984) found mesquite pollen, which is considered 

to be good protein source, had about 6.98% crude fiber. Echigo et al. (1986) found 

some pollen loads from Tamagawa University that had an average of 5.3% fiber. 

Generally, pollen contains at least 5% crude fiber. In this study, all three pollens had 

appreciable amount of fiber with much of it insoluble fiber. Soluble fiber might bind 

to mineral elements, thereby interfering with mineral absorption (RDA, 1990), an effect 

that will be assumed to be more obvious in sorghum pollen. Overall, the three pollens 

are quite good sources of fiber ~ about 100 g of any one of the three pollens (Table 9) 

will meet the RDA 12 g/day recommendation. 

Pollen has a high energetic value relative to many other plant materials. One 

pound pollen is more energetic than one pound chicken (1117 kcal vs 749 kcal, in terms 

of metaboliz-able energy [ME] (Schmidt and Buchmann, 1992). The high gross energy 

(GE) is in part contributed by the energy-rich polycarotenoids, which can not be 

digested and metabolized. The three pollens, although they came from different 

families, had the similar ME with an average about 3.75 kcal/g ± 0.14 (Table 13). 

Table 12 showed that pollen contains high protein, carbohydrates, and very low fat (7 

times lower than beef and 1.22 times lower than chicken, Schmidt and Buchmann, 

1992). Thus, pollen is.a good source for high energy with low fat. 

The moisture levels in the three pollens were lower (5%) (Table 3) than many 

literature moisture levels reported (10-20%). The main reason probably was the arid 

nature of the area the plants were grown, hence drying occurred during collection and 
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storage. 

All three pollens were acidic in pH (Table 3). Sunflower had a slightly lower 

pH than the others. It was not, however, low enough to have had a strong effect on the 

feeding preference of bees. 

Combining the results from honey bee behavioral studies and chemical 

properties of the three pollens, we could conclude that the pollen, with high levels of 

protein, fat (particularly USFA), and minerals, is nutritious. The comparison of pollen 

with normal American foods was performed by Schmidt and Schmidt (1984), who 

ranked the 50 common American food and pollen in terms of various of nutrients (Table 

16). From this comparison and the results of this study, we can draw the conclusion 

that the three Chinese pollens (sorghum, rapeseed, and sunflower pollens) are protein 

source as good as the best animal product ~ hens egg. Pollen is also a potential 

supplemental mineral source. It has been estimated that the bee industry could produce 

80,000 tons of pollen per year in America (Todd and Bretherick, 1942) and 3,000 -

5000 tons of pollen are harvested yearly in China (Wang et al., 1989), production could 

be greatly expanded if a market becomes available. Pollen has the potential to be a 

nutrient supplement for human beings in the form of soft drinks, health foods, or 

supplemental pills. 

This probably is the most complete pollen nutrition study conducted to date. 

Although just begun, the results are encouraging. Despite the fact that many kinds of 

pollens are nutritious, there is the possibility that a few toxic pollens can be collected. 

Pollens such as Tvpha (Schmidt, 1987) and prickly pear (Shen and Schmidt, 



Table 16. Highest and lowest ranked foods among the 50 most 
commonly consumed foods in the American diet and the 
comparative placement of pollen among the rankings 

Ranked food Protein Fat Ca P K Na 

Highest Chicken Beef 
roast 

Skim 
milk 

Skim 
milk 

Lettuce Soups 

Just above 
pollen 

Fish Pizza Hot 
cocoa 

Lowfat 
milk 

Decaf, 
coffee 

Pork 
chops 

Pollen 
rank 

4 32 10 4 17 33 

Just below 
pollen 

Ground 
beef 

Oatmeal Oranges Lettuce Cooked 
corn 

string 
beans 

Lowest Carb. 
drinks 

Carb. 
drinks 

carb. 
drinks 

carb. 
drinks 

carb. 
drinks 

carb. 
drinks 



Table 16. cont. 

Ranked food Fe Vitamin Thiamin Ribo- Niacin Vitamin 
A flavin C 

Highest 

Just above 
pollen 

Pollen 
rank 

Pollen Raw 
tomatoes 

Fruit 
drinks 

37.5 

Lettuce 

Raw 
tomatoes 

Pollen Chicken Orange 
juice 

— Chicken Home 
fries 

1 2  1 8  

Just below 
pollen 

Lowest 

Lettuce Beer 

Beer Carb. 
drinks 

Pork 
chops 

Carb. 
drinks 

Skim 
milk 

String 
beans 

Carb. Carb. 
drinks drinks 

Pizza 

Carb. 
drinks 
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unpublished) are toxic to bees, but probably not to humans. Before choosing a pollen 

as a human supplement, a literature review and actual chemical analysis would be 

beneficial since pollen varies considerably from species to species. 

Another important aspect involved in nutrition studies is the digestibility of a 

food source, which has not been performed in this study. This needs to be done in 

detail, although the literature shows pollen's digestibility is quite high. Schmidt et al. 

(1984) found in the pollen feeding trials using the mouse model, that 79.8% of protein 

from pollen was digestible at the end of 21 days. Schmidt and Buchmann (1985) 

determined that the apparent digestibility (AD) in bees of a pollen mix from Tucson was 

80.4% at the end of 28 days. Schmidt et al. (1989) found AD of Tvpha pollen was 

80% at the end of 5 weeks, though it was less preferred by the bees than other pollens. 

The mean digestibility with 80% from literature encourages one to explore the nutritive 

value of pollen for honey bees and human beings. 

The purpose of this study has not been to recommend or not recommend pollen 

as a supplement, or even a food, for humans. Each individual person has the right to 

make his own decision, preferably based on information and logic. I hope this study 

has provided some scientific evidence to help people in making their decision. 
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