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Abstract
Honey bee colony feeding trials were conducted to determine whether differential effects of
carbohydrate feeding (sucrose syrup (SS) vs. high fructose corn syrup, or HFCS) could be
measured between colonies fed exclusively on these syrups. In one experiment, there was a
significant difference in mean wax production between the treatment groups and a significant
interaction between time and treatment for the colonies confined in a flight arena. On average, the
colonies supplied with SS built 7916.7 cm² ± 1015.25 cm² honeycomb, while the colonies
supplied with HFCS built 4571.63 cm² ± 786.45 cm2. The mean mass of bees supplied with
HFCS was 4.65 kg (± 0.97 kg), while those supplied with sucrose had a mean of 8.27 kg (± 1.26).
There was no significant difference between treatment groups in terms of brood rearing.
Differences in brood production were complicated due to possible nutritional deficiencies
experienced by both treatment groups. In the second experiment, colonies supplemented with SS
through the winter months at a remote field site exhibited increased spring brood production
when compared to colonies fed with HFCS. The differences in adult bee populations were
significant, having an overall average of 10.0 ± 1.3 frames of bees fed the sucrose syrup between
November 2008 and April 2009, compared to 7.5 ± 1.6 frames of bees fed exclusively on HFCS.
For commercial queen beekeepers, feeding the right supplementary carbohydrates could be
especially important, given the findings of this study.
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Introduction
Honeybees are facing a myriad of challenges
today from interacting stressors, including
diseases, parasitic mites, and pesticides, as
well as substandard diets, all of which affect
their ability to stay healthy (Alaux et al.
2010). Besides these challenges, commercial
bee operations (beekeepers who maintain over
1,000 beehives) encounter significant stress
from a variety of management practices,
including repeated long-distance trucking of
colonies to pollinate crops, feeding bees
inadequate or insufficient amounts of food,
and the questionable ability of modern crop
monocultures to provide adequate nutritional
diversity for bees. Bees require both proteins
and carbohydrates to survive, and proper
nutrition is essential to help bees cope with
these many pressures. Their protein comes
from pollen produced by flowers, which is
collected, modified, and stored in the colony
as bee bread; it is critical for bee health,
development, and survival. Bees also consume
large amounts of carbohydrates such as honey,
sugar syrup, or flower nectar (Winston 1987),
and depend on the products of carbohydrate
metabolism to fuel foraging flights (Neukirch
1982; Beenakkers et al. 1984; Kunieda et al.
2006). Carbohydrates also fuel cellular
respiration and physical activities such as
thermoregulation and locomotion (Chapman
1982).
Floral nectars are the major source of natural
carbohydrates for bees, containing among
other things, sugars, amino acids, vitamins,
organic acids, metal ions, alkaloids, proteins,
and oils (Bogdanov et al. 2004; Carter and
Thornburg 2004; Park and Thornburg 2009;).
The ratio of nectar sugars may depend not
only on the anatomy of the plant (Doner 1977)
but also on the structures that secrete and
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conduct sugars (Nicolson and Thornburg
2005). Percival (1965) reported that certain
families of plants consistently contained
hexose-rich (Brassicaecae and Asteracease) or
sucrose-rich
(Laminaceae
and
Rannunculaceae) nectars; sucrose and variable
levels of other oligosaccharides are the main
sugar components in nectar (Maurizio 1976;
Doner 1977; Shuel 1992; De la Barrera and
Nobel 2004). Additional sugars found in
nectar are non-nutritive because bees are
unable to break them down and toxic upon
ingestion, especially under laboratory
conditions (feeding caged bees). To ensure
that a balance of nutrition is obtained, bees
require a diversity of plant sources on which
to forage.
In order for bees to process and store the
carbohydrates (as honey), they first must
break
down
the
disaccharides
into
monosaccharides,
because
only
monosaccharides can pass through the midgut
wall into the bee’s hemolymph for later use by
cells (Crailsheim 1988). Therefore, all the
complex sugars bees ingest must be
enzymatically transformed in order to become
bioavailable to them (Hausmann et al. 2005).
Results from sequencing the genome of the
honey bee (Honey Bee Genome Sequencing
Consortium 2006) have identified genes that
encode carbohydrate-metabolizing enzymes.
Other researchers have identified proteins
from the food and salivary glands related to
the metabolism of carbohydrates and energy
production (Santos et al. 2005; Fujita et al.
2010). For example, the enzyme invertase
converts sucrose into glucose and fructose
(White et al. 1963; Simpson et al. 1968;
Winston 1987; Kubo et al. 1996; Ohashi et al.
1996, 1997, 1999; Kunieda et al. 2006). Bees
not only convert the sugars in the nectar, but
add microorganisms and reduce the water
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content to prevent fermentation. The final
product, honey, is stable and normally
contains the following proportions: fructose
(38.2%), glucose (31.3%), sucrose (1.3%),
maltose (7.1%), water (17.2%), other
components (3.1%) (White 1980).
High Fructose Corn Syrup vs. Sucrose
Commercial bee colonies are moved into
many different locations for pollination, and
some areas may not have sufficient forage. In
this situation, bees depend on the beekeeper to
provide them with food. Because large
numbers of colonies (sometimes over 20,000)
can be temporarily held in a single location,
there is a growing reliance on mass-feeding
bees carbohydrates and proteins. Though
honey has long been considered to be the
“ideal bee feed” (Bailey 1966), researchers
and beekeepers have recognized that sucrose
may be a better sugar supplement (Herbert
1992). In some situations, especially in noncommercial operations, providing additional
frames of sealed honey to a carbohydratedeficient colony might be the least laborintensive method, but this practice can also
increase the risk of spreading American
foulbrood disease, a spore-forming bacterial
disease commonly found in honey. By feeding
sugar syrup, spreading this disease is avoided
(Goodwin 1997; Sammataro and Avitabile
2011). However, in commercial operations,
there are certain disadvantages to feeding
large quantities of sucrose syrup (SS), such as
making the syrup, which requires a significant
labor input (Goodwin 1997), and the tendency
of sucrose to crystallize and ferment, making
long-term storage difficult. During dearth
time, such as winter, feeding serves as
complete substitutes for natural forage, and
high fructose corn syrup (HFCS) is commonly
used.
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HFCS is produced by multi-step enzyme
hydrolysis
of
corn
starch
into
a
glucose/fructose mixture (Long 1986;
Hanover and White 1993) that was developed
in the late 1960s (Schorin 2005). The original
method used acids to convert the corn starch;
the acids commonly used were sodium
hydroxide (NaOH) and hydrochloric acid
(HCl) (LeBlanc et al. 2009). Newer processes
include using chemicals and genetically
modified bacteria, such as α-amylase,
glucoamylase, and others (LeBlanc et al.,
2009). HFCS is processed into three common
formulations called HFCS-90, HFCS-55, and
HFCS-42, which are named for the percentage
of the sugar fraction that is fructose (Long
1986). The remainder of the sugar fraction is
glucose and some traces of unnamed
oligosaccharides.
These
water-based
formulations range from 71–77% dissolved
solids. With the enzyme-processing of corn
starch optimized (Linko et al. 1977), HFCS
has become a widely-available and cheap
carbohydrate source (Hanover and White
1993) and a common sweetening agent for
human consumption. Currently, HFCS is
being scrutinized because of reports that
human diets high in HFCS are related to
serious health issues, such as the development
of obesity, diabetes, and hypertension
(Bocarsly et al. 2010; Ferder et al. 2010; Nseir
et al. 2010). As a result of negative press, the
industry is changing its name from High
Fructose Corn Syrup to just Corn Sugar
(Nestle 2010; Parker-Post 2010).
HFCS became available as a cheap source of
bee feed starting in the 1970s (Barker and
Lehner 1974, 1978). Due to the ease of
handling HFCS over mixing sucrose solutions
and often cheaper pricing, the use of HFCS
for bee feed increased (Herbert 1992).
Because the sugar profile of HFCS is very
similar to that of honey (Bogdanov et al.
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2008) and the use of HFCS in apiculture is so
widespread, it is unfortunately sometimes
used as a honey adulterant, so much so that
there has been a significant amount of work
for developing techniques to detect HFCS in
honey (Abdel-Aal et al. 1993; Megherbi et al.
2009). Questions about the safety HFCS as
bee food were raised soon after it became
available, because beekeepers reported mixed
results from feeding it (Bailey 1966;
Johansson and Johansson 1976; Anon 1996;
Sanford 1997). In addition, researchers found
decreased longevity in worker bees
maintained in the laboratory on HFCS as
compared to honey (Barker and Lehner 1978)
or to SS (Weiss 2009). More recently, the
news of alarming bee mortality called Colony
Collapse Disorder or CCD (vanEngelsdorp et
al. 2007, 2010) suggested there might be
deleterious effects of HFCS feeding. Reports
of bees not feeding or dying after being fed
were mentioned by some beekeepers (Oliver
2007). HFCS can cause other problems, such
as the formation of toxins as a result of heat,
the chemical properties of fructose, and the
low pH of HFCS (Kim et al. 1995; LeBlanc et
al. 2009). These conditions can promote the
hydration product and known bee toxin,
hydroxymethylfurfural (HMF), which readily
forms during high heat storage conditions.
Samples of bee feed from various commercial
beekeeping operations, where the syrup was
stored in outside tanks, have confirmed this
hypothesis (Weiss 2009; Ruiz-Matute et al.
2010). Non-commercial beekeepers rarely use
HFCS and therefore are not usually affected.
As a result of these mixed results, new
investigations of HFCS as a bee feed were
needed. The purpose of this research was to
determine if feeding HFCS was detrimental to
bees in the long term. Colony-level trials were
performed in order to establish whether earlier
work on the decreased longevity of individual
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worker bees fed on HFCS in caged-bee
experiments (Weiss 2009) would manifest as
a decrease in colony productivity, measured in
differences in adult bee and brood
populations. Studies using caged bees are
limited and may reveal health effects caused
by stresses that bees would not normally
experience in the hive. Testing this syrup in
field experiments would yield more useful
information. In the first experiment, colonies
were fed exclusively on HFCS or SS in a
controlled environment (flight arena); in the
second trial, overwintering colonies were fed
in order to determine which source of
carbohydrate was best for bees.
Materials and Methods
Experiment One: Colony-founding
Swarm colonies were produced after the
protocol by Mattila and Seeley (2007). Ten
colonies were established with mated queens
from a commercial queen breeder (Palo
Cedro, CA) at the Carl Hayden Bee Research
Center, Tucson, AZ, apiary. The queen
viability (egg laying) was monitored for 4
week. During this period, adjustments were
made to equalize colony strength by
redistributing frames of stored honey and
brood. The bees were treated for mites using
acaricide
strips
(Apistan,
file://localhost/htt/::medivetpharmaceuticals.w
ebs.com:apistan.htm). On June 19, 2008, all
queens were individually caged within their
colonies, and in the following pre-dawn hours,
each colony was shaken from its frames,
weighed, and transferred to a screened swarm
box with its queen. The swarm box used was
an empty nucleus (nuc) hive body with a mesh
bottom, used to collect swarms. These shaken
bees were held for 3 days in a dark room and
supplied with a 50% sucrose solution, after
which they were transferred onto 5 frames of
undrawn plastic foundation (Rite Cell, Mann
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Lake Ltd., http://www.mannlakeltd.com/) and
placed in new nucleus hive equipment.
After 3 days, 10 of the 5-frame nucs went into
an enclosed flight arena (modified Quonset
style greenhouse) at the University of Arizona
Agricultural Research Center, adjacent to the
Carl Hayden Bee Research Center. The 10
nucs in the arena were randomly divided into
two groups of 5 for feeding treatments. All
colonies were fitted with top feeders and
randomly assigned a treatment of either
commercial bee feed HFCS or SS. Corn
Sweet HFCS55 was used as the HFCS feed
(no HMF formation was found), and sucrose
mixed first with hot tap water (hot enough to
dissolve the sugar crystals) then cooled,was
the SS feed. The syrup solids were then
equalized (both solutions, 50% solids v/v) and
nucs were continually supplied on a weekly
basis. MegaBee® (Castle Dome Solutions,
http://www.castledomesolutions.com/) patties,
which contain no natural pollen, were fed ad
libitum as a protein supplement. Thereafter,
the brood area, new wax areas, and adult bee
populations were measured, using a 1 inchsquare metal grid, every 12 days to ensure
measurement of a unique brood patch. Colony
mass (including bee biomass, wax, and food
storage) was monitored every 12 days using a
portable platform postal scale (Acculab,
Bradford, MA). Frames of bees, honey, and
pollen were recorded until mid-August.
Measurements were analyzed using repeated
measures ANOVA; where Mauchly’s test of
sphericity was significant, the GreenhouseGeisser correction to the degrees of freedom
was used.
Experiment Two: Overwintering
Ten
deep
Langstroth
colonies
of
approximately equal strength and headed by
sister queens of the same generation were
moved from the Carl Hayden Bee Research
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Center apiary to the Desert Grasslands Station
in the Santa Rita Experimental Range (Green
Valley, AZ) in November 2008. The goal was
to determine the change between the two
syrup treatments over the 6 months by
measuring brood, bee populations, pollen, and
honey frames (indications of colony strength).
The average temperature during this period
(November through April) was 14.5° C (range
11.1° to 18.3° C), with a total precipitation of
92.964 mm. Weather data were obtained from
the
University
of
Arizona
(http://ag.arizona.edu/SRER/index.html) and
the USDA Southwest Watershed Resource
Center, Tucson, AZ. Few flowers bloom
during this time, so there is limited forage
until April; bee populations generally do not
expand until after May.
The colonies were standardized with 3 frames
each of stored honey and 3 frames of empty
drawn comb; the rest of the frames were
undrawn plastic (RiteCell). The colonies were
each fitted with a hive-top feeder and
provided a randomly assigned treatment of
either HFCS or SS for 1 month. In an effort to
compare HFCS and SS as carbohydrate
sources for winter and spring, colonies were
heavily supplemented with carbohydrates and
patties ad libitum in November. The syrup and
patties were consumed between the weekly
spring feeding. Pollen patties were made of
local bee-collected pollen mixed with syrup to
form the patty. Pollen was used because
natural pollen could also be collected by bees
and pollen was more acceptable than the
MegaBee patties. In December, all feeding
stopped and the hive-top feeders were
removed. In February, the colonies were again
fitted with hive-top feeders, provided with
pollen patties, and fed the same syrup
treatments (in equal volumes) as previously.
Spring adult population, brood, and food
storage were recorded as before. Capped
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brood areas were measured seven times using
a 1-inch square grid; measurements were
made once at the time of initial colony
placement and thereafter approximately twice
per month, with at least 12 days between
measurement events to ensure that unique
patches of capped brood were counted each
time. Frames of bees, honey, and bee bread
were also recorded. Data were analyzed as in
the colony-founding experiment.
Results
Experiment One: Colony-founding
Within two weeks of colony installation inside
the foraging arena, two of the colonies
assigned to the sucrose treatment failed (bees
absconding) and were removed from the
study. Three colonies assigned SS and 5
colonies assigned HFCS remained in the
study, and all data for the colony-founding
experiment refers to these bees maintained in
the arena. There was a significant difference
in mean wax production between the
treatment groups (F1,6 = 6.850, p = 0.040) and
a significant interaction between time and
treatment (F1,6 = 6.266, p = 0.042) (Table 1).
On average, the colonies supplied with HFCS
built 4571.63 cm² ± 786.45 cm² of honeycomb
while the colonies supplied with SS built
7916.74cm² ± 1015.25 cm2 (Table 1). The
difference in food storage (syrup stored in the
comb), measured as colony mass, was highly
suggestive though not significantly different
(F1,6 = 5.476, p = 0.058). The mean mass of
colonies (total weight) supplied with HFCS
was 4.65 kg (± 0.95 kg), while those supplied
with SS had a mean of 8.27 kg (± 1.26). There
was no significant difference between
treatment groups in terms of brood rearing
(F1,6 = 1.250, p = 0.306). After 6 brood cycles
(126 days) within the foraging arena, general
failure was recognized in all colonies and the
study was terminated. This failure included an
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almost complete lack of brood rearing and
severely diminished adult populations despite
prolific egg-laying by the queens; samples
were sent for disease identification, but all
came back negative.
Experiment Two: Overwintering
Brood rearing was different between colonies
that over-wintered on HFCS and colonies that
over-wintered on SS (F1, 8 = 5.693, p = 0.044).
The interaction between time (sample period)
and winter feed treatment was not significant
(F1, 8 = 1.442, p = 0.27). The mean amount of
brood produced in the spring by colonies
feeding on HFCS was 1889.03 cm2 ± 467.2
cm², while mean brood production for
colonies feeding on SS was 3045.16cm² ±
528.7 cm². There was no significant difference
between treatments in terms of frames of
pollen (F1, 8 = 1.237, p = 0.298) or honey (F1,8
= 0.017, p = 0.899). However, the adult bee
populations differed (F1, 8 = 5.011, p = 0.056),
with an overall average of 10.0 ± 1.3 frames
of bees fed SS between November 2008 and
April 2009, compared to 7.5 ± 0.16 frames of
bees fed HFCS.
Discussion
SS has long been recognized by beekeepers as
having a stimulatory effect, such as an
increase in egg-laying and pollen-gathering
activities (Barker 1971), as well as increased
hygienic behavior (M. Spivak, Department of
Entomology, University of Minnesota,
personal communication). Free and SpencerBooth (1961) observed bees switching their
foraging strategy after sucrose feeding; they
noted a decrease in the number of nectar
foraging bees and an increase in pollen
foraging bees to support colony brood rearing.
However, HFCS has become more widely
used to feed colonies because of it lower
expense and ease of handling; it is usually
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delivered by tanker trucks already mixed and
ready to feed. The most common form of the
syrup purchased by beekeepers is HFCS-55,
which is popular because crystallization is
avoided and the level of dissolved solids, as
well as low pH and high osmotic pressure,
resists
fermentation
and
bacterial
contamination (Schorin 2005). Supplemental
feeding is especially important when bees are
moved into orchards before there is sufficient
bloom or during inclement weather. Extra
feeding is needed at other times, such as
during package bee installation on undrawn
comb, to supplement winter stores, to
stimulate early spring brood rearing, to
encourage colony expansion for future colony
divisions, and during queen rearing and
production operations (Herbert 1992).
In the findings of the present study, HFCS and
SS both supported colony establishment and
neither caused an acute toxic effect in the
field, although SS appeared to have more
stimulatory effects on colony establishment
activities. From previous work, it was found
that HFCS syrup, and the honey that bees
store when fed it, contains other
oligosaccharides such as fructosyl-fructoses
and fructosyl-glucoses, as well as other
components (Dufault et al. 2009; RuizMatatue 2010). These additional components
may contribute to the high mortality in caged
bees (Weiss 2009), as well as the lower
attraction to bees in the field studies. These
ingredients may be toxic or they could be
more difficult for bees to metabolize and
digest, and could thus interfere with their
ability to produce wax or brood food. Further
testing is needed.
Current information on the effect of HFCS on
honey bees, however, is limited. Early
research reported that bees ate the syrup with
no problems (Barker and Lehner 1978;
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Rinderer and Baxter 1980), and others found
that it was toxic to bees (Bailey 1966;
Jachimowicz and El Sherbiny 1975;
Johansson and Johansson 1977). Barker and
Lehner (1978) fed bees various sugars, and
found that bees survived better, produced the
same amount of wax per bee, and capped
more honeycomb cells on sucrose than HFCS,
honey, or grape syrup (which is high in
fructose). They also found that bees lived
longer when supplied with SS. From the
caged bee experiments in the present study, it
was found that day-old bees lived
significantly longer on SS than those fed on
HFCS. In addition, there was a tendency for
the groups provided with SS to maintain a
slightly higher head protein level at day 4 than
those maintained on various dilutions of
HFCS (Weiss 2009). In the study in the flight
arena, it was observed that after
approximately six weeks, the number of
capped brood cells diminished in all colonies,
in spite of prolific egg-laying by all queens.
Bees that are denied access to the outdoor
environment do not thrive, and it was
hypothesized that the protein source could
have been insufficient, or that the beneficial
microbes needed for the bees to process food
were missing in the restricted arena (or a
combination of both). Other factors could also
be responsible.
The field tests done by Severson and Erikson
(1984), who fed HFCS as a supplementary
feed for colonies overwintered in Wisconsin,
found a slight increase in spring brood
production from colonies provided with SS as
compared to HFCS-42 and HFCS-55. The
colonies did not significantly differ in spring
cluster size, worker dry weights, or seasonlong honey production. They concluded that
overall, HFCS did not hinder productivity of
the colonies over the long term and was an
acceptable supplementary feed. However, no
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other field test information is available. The
survival of the colonies in the present study in
the overwintering experiment was not greatly
affected by either of the feeds, and the spring
adult populations and food storage did not
significantly
differ.
However,
brood
production was significantly greater for
colonies provided with SS. Today,
commercial beekeepers use supplemental
syrup not only to prevent starvation, but also
to encourage colony expansion in times of
dearth or for spring build-up. Increased brood
rearing means an increase in pollination
efficiency, since pollen foragers are more
efficient pollinators than nectar foragers
(Goodwin 1997) and pollen is essential for
rearing brood. It also means that the
beekeepers will be paid more for colonies that
are more populous (Mussen 2010).
While HFCS is an acceptable bee feed, a
cautionary note should be mentioned here.
HFCS was sampled from several commercial
beekeepers that stored their syrup in outdoor
tanks, and these samples were found to
contain high amounts of HMF (Weiss 2009;
Ruiz-Matute et al. 2010). When HFCS is
stored for a long time, especially where the
syrup can be easily overheated, HMF will
form (LeBlanc et al. 2009). The presence of
HMF is known to cause dark coloring to
honey, and is toxic to honey bees (Kim et al.
1995; LeBlanc et al. 2009). If HFCS is going
to be used by commercial bee operations, it
must be stored in a temperature-controlled
facility and not mixed with old, unused syrup
or with water. Currently, many commercial
operations are now mixing HFCS with
sucrose to prevent the formation of HMF and
mitigate the effects of HFCS alone.
The second observation that was made is that
bees raised more brood on, and were more
attracted to, SS. This is an important factor for

Journal of Insect Science | www.insectscience.org	
 

Sammataro and Weiss
commercial beekeepers that are feeding bees
in the later winter months and want large bee
populations in time for the spring pollination
season. Today, thousands of colonies are fed
HFCS, especially in staging areas before
almond bloom in California, when no other
natural forage is available. Beekeepers feed
their colonies to build up bee populations in
the few months before bees are moved into
the orchards for pollination. When bees are
leased for their pollination services, the
stronger, more populous colonies are worth
more money. For example, a colony of bees
with at least six frames of bees and brood can
collect 1.5× more pollen than a four-frame
colony; an eight-framer collects 2× more
(Mussen 2010). Almond growers want to rent
colonies having either an eight-frame average
or, in some cases, an eight-frame minimum
bee population. An eight-framer is worth an
average of $144 each (Traynor 1980; Mussen
2010). Growers require one to two colonies
per acre (0.4046 hectares) of orchard. If HFCS
is used as the sole carbohydrate source during
these times, the decrease in brood production
could translate into a proportionately lower
bee population overall. So, for commercial
operations, while HFCS did no harm,
beekeepers feeding SS on a large scale may
have a significantly higher overall return in
larger bee populations.
Acknowledgments
We wish to thank Project Apis mellifera
(PAm) and the Foundation for the Preservation
of Honey Bees for their financial support. We
also wish to thank Bruce Eckholm for help
with the statistics, and Jennifer Finely and
other staff members at the Carl Hayden Honey
Bee Center for their assistance and support.
Ann Harman and Drs. Dewey Caron, Gloria
deGrandi-Hoffman, Mark Carroll, and Russell

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 01 Dec 2021
Terms of Use: https://complete.bioone.org/terms-of-use

	
  	
  	
  	
  	
  	
  	
  8

Journal of Insect Science: Vol. 13 | Article 19
Vreeland, as well as anonymous reviewers, all
made helpful suggestions.
References
Abdel-Aal E-SM, Ziena HM, Youssef MM.
1993. Adulteration of honey with highfructose corn syrup: Detection by different
methods. Food Chemistry 48: 209-212.
Alaux C, Ducloz F, Crauser D and Le Conte
Y. 2010. Diet effects on honeybee
immunocompetence Biology Letters 6: 562565. DOI: 10.1098/rsbl.2009.0986
Anon. 1996. Beware of off-Spec corn syrup
for bee feeding. American Bee Journal 136:
782-783.
Bailey L. 1966. The effect of acid-hydrolyzed
sucrose on honeybees. Journal of Apicultural
Research 5: 127-136.
Barker R, Lehner Y. 1974. Acceptance and
sustenance value of naturally occurring sugars
fed to newly emerged adult workers of honey
bees (Apis mellifera L.). Journal of
Experimental Zoology 187: 277-285.
Barker RJ. 1971. Shouldn't a minimum food
supply be specified for bee colonies rented for
pollination? Gleanings in Bee Culture 99:
299-315.
Barker RJ, Lehner Y. 1978. Laboratory
comparison of high fructose corn syrup, grape
syrup, honey, and sucrose syrup as
maintenance food for caged honey bees.
Apidologie 9: 111-116.
Barker RJ, Lehner Y. 1973. Acceptance and
sustentative values of honey, the sugars of
honey and sucrose fed to caged honey bee
workers. American Bee Journal 113: 370-371.

Journal of Insect Science | www.insectscience.org	
 

Sammataro and Weiss
Bocarsly ME, Powell ES, Avena NM, Hoebel
BG. 2010. High-fructose corn syrup causes
characteristics of obesity in rats: Increased
body weight, body fat and triglyceride levels.
Pharmacology Biochemistry and Behavior
97(1): 101-106. DOI:
10.1016/j.pbb.2010.02.012.
Bogdanov S, Jurendic T, Sieber R, Gallmann
P. 2008. Honey for Nutrition and Health: A
Review. Journal of the American College of
Nutrition 27: 677-689.
Bogdanov S, Ruoff K, Persano Oddo L. 2004.
Physico-chemical methods for the
characterization of unifloral honeys: a review.
Apidologie 35: S4–S17. DOI:
10.1051/apido:2004047
Chapman RF. 1982. The Insects: Structure
and Function. Harvard University Press.
Crailsheim K. 1988. Intestinal transport of
sugars in the honeybee (Apis mellifera L.)
Journal of Insect Physiology 34: 839-845.
De la Barrera E, Nobel PS. 2004. Nectar:
properties, floral aspects, and speculations on
origin. Trends in Plant Science 9: 65-69.
Doner LA. 1977. The sugars of honey—a
review. Journal of the Science of Food and
Agriculture 28(5): 443-456. DOI:
10.1002/jsfa.2740280508
Dufault R, LeBlanc B, Schnoll R, Cornett C,
Schweitzer L, Walling D, Hightower J,
Patrick L, Lukiw WJ. 2009. Mercury from
chlor-alkali plants: measured concentrations
in food product sugar. Environmental Health
8:2. DOI:10.1186/1476-069X-8-2.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 01 Dec 2021
Terms of Use: https://complete.bioone.org/terms-of-use

	
  	
  	
  	
  	
  	
  	
  9

Journal of Insect Science: Vol. 13 | Article 19
Ferder L, Ferder MD, Inserra F. 2010. The
role of high-fructose corn syrup in metabolic
syndrome and hypertension. Current
Hypertension Reports 12: 105-112.
Free JB, Spencerbooth Y. 1961. Effect of
feeding sugar syrup to honey-bee colonies.
Journal of Agricultural Science 57: 147-151.
Fujita T, Kozuka-Hata H, Uno Y, Mishikori
K, Morioda M, Oyana M, Kubo T. 2010.
Functional analysis of the honeybee (Apis
mellifera L.) salivary system using
proteomics. Biochemical and Biophysical
Research Communications 397:740-744.
Goodwin RM. 1997. Feeding sugar syrup to
honey bee colonies to improve pollination: a
review. Bee World 78: 56-62.
Hanover LM, White JS. 1993. Manufacturing,
composition, and applications of fructose.
American Journal of Clinical Nutrition 58:
S724-S732.
Hausmann C, Wackers FL, Dorn S. 2005.
Sugar convertibility in the parasitoid Cotesia
glomerata (Hymenoptera : Braconidae).
Archives of Insect Biochemistry and
Physiology 60: 223-229.
Haydak MH. 1970. Honey Bee Nutrition.
Annual Review of Entomology 15: 143-156.
Herbert EW. 1992. Honey bee nutrition. In:
Graham JM, Editor. The hive and the honey
bee. pp. 197-233. Dadant and Sons.
Honey Bee Genome Sequencing Consortium.
2006. Insights into social insects from the
genome of the honeybee Apis mellifera.
Nature 443: 931-949.
DOI:10.1038/nature05260

Journal of Insect Science | www.insectscience.org	
 

Sammataro and Weiss
Hrassnigg N, Brodschneider R, Fleischmann
P, Crailsheim K. 2003. Worker bees (Apis
mellifera L.) are able to utilize starch as fuel
for flight while drones are not. 38th
Beekeeping Congress, Ljubljana, Slovenia.
Jachimowicz T, El Sherbiny G. 1975. Zur
problematik der verwendung von invertzucker
fur die bienenfutterung [Problems of invert
sugar as food for honey bees]. Apidologie 6:
121-143.
Johansson TSK, Johansson MP. 1976 and
1977. Feeding sugar to bees. Bee World 57:
137-143; 58(1): 11-18; 58(2): 49-52.
Kim BS, Nahmgoong B, Shin DB, Jeong MC,
Kim QW. 1995. Quality change of high
fructose corn syrups during storage. Han’guk
Nonghwa Hakhoechi (Agriculture chemistry
and biotechnology) 38: 232-238.
Kunieda T, Fujiyuki T, Kucharski R, Foret S,
Ament SA, Toth AL, Ohashi K, Takeuchi H,
Kamikouchi A, Kage E, Morioka M, Beye M,
Kubo T, Robinson GE, Maleszka R. 2006.
Carbohydrate metabolism genes and pathways
in insects: insights from the honey bee
genome. Insect Molecular Biology 15(5): 563576.
LeBlanc BW, Eggleston G, Sammataro D,
Cornett C, Dufault R, Deeby T, St Cyr E.
2009. Formation of hydroxymethylfurfural in
domestic high-fructose corn syrup and its
toxicity to the honey bee (Apis mellifera).
Journal of Agriculture and Food Chemistry
57: 7369-7376.
Linko YY, Pohjola L, Linko P. 1977.
Entrapped glucose isomerase for high fructose
syrup production. Process Biochemistry 12:
14-17.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 01 Dec 2021
Terms of Use: https://complete.bioone.org/terms-of-use

	
  	
  	
  	
  	
  	
  	
  10

Journal of Insect Science: Vol. 13 | Article 19

Sammataro and Weiss

Lo CY, Li, SM, Wang Y, Tan D, Pan MH,
Sang SM, Ho CT. 2008. Reactive dicarbonyl
compounds and 5-(hydroxymethyl)-2-furfural
in carbonated beverages containing high
fructose corn syrup. Food Chemistry 107:
1099-1105.

Nicolson SW, Thornburg RW. 2007. Nectar
Chemistry. In: Nicolson SW, Nepi M, Pacini
E, Editors. Nectaries and Nectar. pp. 215-263.
Springer.

Long JE 1986. High fructose corn syrup.
Cereal Foods World 31: 862-865.

Nseirm W, Nassar F, Assy N. 2010. Soft
drinks consumption and nonalcoholic fatty
liver disease. World Journal of
Gastroenterology 16: 2579-2588.

Mattila HR, Seeley TD. 2007. Genetic
diversity in honey bee colonies enhances
productivity and fitness. Science 317: 362364.
Maurizio A. 1976. How bees make honey. In:
Crane E, Editor. Honey. Bee Research
Association.

Ohashi K, Natori S, Kubo T. 1997. Change in
the mode of gene expression of the
hypopharyngeal gland cells with an agedependent role change of the worker
honeybee Apis mellifera L. European Journal
of Biochemistry 249: 797-802.

Megherbi M, Herbreteau B, Faure R, Salvador
A. 2009. Polysaccharides as a marker for
detection of corn sugar syrup addition in
honey. Journal of Agriculture and Food
Chemistry 57: 2105-2111.

Ohashi K, Natori S, Kubo T. 1999. Expression
of amylase and glucose oxidase in the
hypopharyngeal gland with an agedependent
role change of the worker honeybee (Apis
mellifera L.). European Journal of
Biochemistry 265: 127-133.

Mussen E. 2010. How much does it cost to
keep commercial honey bee colonies going in
Califorina? In: U.C. Apiaries newsletter.
University of California. Available online:
http://entomology.ucdavis.edu/files/147982.pd
f

Ohashi K, Sawata M, Takeuchi H, Natori S,
Kubo T. 1996. Molecular cloning of cDNA
and analysis of expression of the gene for αglucosidase from the hypopharyngeal gland of
the honeybee. Biochemical and Biophysical
Research Communications 221: 380-385.

Nestle M. 2010. Sorry, Corn Refiners: The
Name ‘Corn Sugar’ is already taken. The
Atlantic. Available online:
http://www.theatlantic.com/food/archive/2010
/09/sorry-corn-refiners-the-name-corn-sugaris-already-taken/63269/

Parker-Post T. 2010. A New Name for High
Fructose Corn Syrup. The New York Times.
Available online:
http://well.blogs.nytimes.com/2010/09/14/anew-name-for-high-fructose-corn-syrup/

Neukirch A. 1982. Dependence of the life
span of the honeybee (Apis mellifica) upon
flight performance and energy consumption.
Journal of Comparative Physiology 146: 3540.

Journal of Insect Science | www.insectscience.org	
 

Percival MS. 1965. Floral Biology. Pergamon
Press.
Rinderer TE, Baxter JR. 1980. Honeybee
hoarding of high fructose corn syrup and cane

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 01 Dec 2021
Terms of Use: https://complete.bioone.org/terms-of-use

	
  	
  	
  	
  	
  	
  	
  11

Journal of Insect Science: Vol. 13 | Article 19

Sammataro and Weiss

sugar syrup. American Bee Journal 120: 817818.

Traynor J. 1980. Almond pollination
handbook. Kovak Books.

Ruiz-Matute A, Weiss M, Sammataro D,
Finley J, Luz Sanz M. 2010. Carbohydrate
composition of High-Fructose Corn Syrups
(HFCS) used for bee feeding: effect on honey
composition. Journal of Agriculture and Food
Chemistry 58: 7317-7322.

vanEngelsdorp D, Hayes J Jr, Underwood
RM, Pettis JS. 2010. A survey of honey bee
colony losses in the United States, fall 2008 to
spring 2009. Journal of Apicultural Research
49: 7-14.

Sammataro D, Avitabile A. 2011. The
Beekeeper's Handbook, fourth edition. Cornell
University Press.
Sanford MT. 1997. Off-spec corn syrup in
Canada: a risk to honey bees. Apiculture
Information and Issues 15: 2.
Santos KS, dos Santos LD, Mendes MA, de
Souza BM, Malaspina O, Palma MS. 2005.
Profiling the proteome complement of the
secretion from hypopharyngeal glad of
Africanized nurse-honey bees (Apis mellifera
L.). Insect Biochemistry and Molecular
Biology 35: 85-91.
Schorin MD. 2005. High Fructose Corn
Syrups, Part 1: Composition, Consumption,
and Metabolism. Nutrition Today 40: 248252.
Severson DW, Erickson EH. 1984. Honey bee
(Hymenoptera: Apidae) colony performance
in relation to supplemental carbohydrates.
Journal of Economic Entomology 77: 14731478.
Shuel RW. 1992. The production of nectar
and pollen. In: Graham JM, Editor. The hive
and the honey bee. pp. 401-425. Dadant and
Sons.

Journal of Insect Science | www.insectscience.org	
 

vanEngelsdorp D, Underwood RM, Caron D,
Hayes J Jr. 2007. An estimate of managed
colony losses in the winter of 2006 - 2007: A
Report Commissioned by the Apiary
Inspectors of America. American Bee Journal
147: 599-603.
Vásquez A, Olofsson TC, Sammataro D.
2009. A scientific note on the lactic acid
bacterial flora discovered in the honey
stomach of Swedish 1 honeybees – a
continuing study on honeybees in the USA.
Apidologie 40: 26-28.
Weiss M. 2009. Supplemental Carbohydrates
in Apiculture: Effects upon Honey Bee (Apis
mellifera) Health and Productivity. M.S.
thesis, Department of Entomology, University
of Arizona, Tucson.
White JW Jr. 1980. Honey Composition and
Properties. In:, Agricultural Handbook #335:
Beekeeping in the United States. pp. 56-67.
US Government Printing Office.
Zakaria A, Shakaff AYM, Masnan MJ,
Ahmad MN, Adom AH, Jaafar NJ, Ghani SA,
Abdullah AH, Aziz AHA, Kamarudin LM,
Subari N, Fikri NA. 2011. A biomimetic
sensor for the classification of honeys of
different floral origin and the detection of
adulteration. Sensors 11(8): 7799-7822.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 01 Dec 2021
Terms of Use: https://complete.bioone.org/terms-of-use

	
  	
  	
  	
  	
  	
  	
  12

Journal of Insect Science: Vol. 13 | Article 19

Sammataro and Weiss

Table 1. Wax production, colony mass, and brood production in the Flight Arena and in the overwintering colonies at Santa
Rita. SS = sucrose syrup, HF = high fructose corn syrup.

*Mean wax production (in2) of colonies was measured every 12 days; all nuclei (nucs) were maintained exclusively on either 50%
SS or HF diluted to 50% dissolved solids. (Repeated measures ANOVA, between subject treatment effects: F 1,6 = 6.850, p =
0.040; within subjects time x treatment interaction: F1.1, 6.5 = 6.266, p = 0.042).
**Average mass (kg) of colonies maintained in the flight arena and fed exclusively on either 50% SS or HF. Weight of the nucs
was conducted every 12 days. (Repeated measures ANOVA, between subject treatment effects: F1, 6 = 5.476, p = 0.058).
***Brood production of colonies in the flight arena and maintained exclusively on either 50% SS or HF. By Day 36, the brood
production was beginning to decline and the experiment was terminated. (Repeated measures ANOVA, between subject
treatment effects: F1, 6 = 1.250, p = 0.306).
++Mean spring brood production (in.2 of capped brood) of colonies overwintered on SS or HF. (Repeated measures ANOVA,
between subject treatment effects: F1, 8 = 5.693, p = 0.044).
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