oy

Bibliot
du Canada

l’ National Library
of Canada
. Canadian Theses Service

Ottawa, Canada
K1A ON4

ot

CANADIAN THESES

.7 NOTICE

The quality of this microfiche is heavily dependent ypon the
quality of the original thesis submitted for microfilming. Every
effort has been made 1o ensure the highest quality of reproduc-
tion possible.

_If pages are missing, contact the university which granted the
degrée.

Some pages may have indistinct print especially if the original

pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

Previously copyrighted materials&l articles, published
tests, etc.) are not filmed.

Reproduction in full or in part of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, c. C-30.

T._s(ns' DISSERTATION
HA8 BEEN MICROFILMED
EXACTLY AS RECEIVED

(O

NL-339(r.86/06)

natlonalé

! 11
Services des théses canadiennes

-

AVIS

La qualité de cette microfiche dépend grandement de Ia qualité
de la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de. reproduction.

{
S'il manque des pages, veuillez communiquer avec I'univer-
sité qui a conféré le grade.

Vs i
La qualité d'impression de certaines pages peéul laisser a

désirer, surlout si les pages originales ont é1é¢ dactylographiées . -

4 I'aide d'un ruban usé ou si I'université nous a fait parvenir
une photocopie de qualité inférieure.

Les documents qui font déja«l‘bbjet d'un droit d'auteur (articles
de revue, examens publiés, etc.) ne sont pas microfiimés

La reproduction, méme partielle, de ce microfitm est soumise
a la Loi capadienne sur le droit d'auteur, SRC 1970, c. C-30. 4

LA THESE A ETE
MICROFILMEE TELLE QUE
“NOUS L'AVONS REGUE

- br=
.

V' Canadi



’
- ‘4

THE UNIVERSITY OF ALBERTA
-

-
2

£

OLI1GOSACCHARIDES IN HONEY ; THEIR ORIGIN AND_ANALYSIS_
by

'<;§L) Nicholas Hansen Low
‘;\. v ¢ ‘

| | A THESIS |
SUBMITTED TO THE FACULTY OF GR%DUATE‘STUDIES AND PESBARCH
IN %ARTIAL FULFILﬁENTJOF THE REQUIREMENTS FOR THE DEGREE
‘ OF Déctor of Philosophy '
, " :

< Food Chemistry

Department of Food Science

’

EDMONTON, ALBERTA

Fall 1986



Permission has been granted

to the National Library of.
to microfilm this

Canada
thesis and to lend  or sell
copies of the film.

"The author (copyright owner)
has reserved other
publication 'rights, and
neither .the thesis nor
extensive..extracts from it
may be printed or otherwise
reproduced without his/her
written

M ¢

permission..

kS

L'autorisatjion a &t8 accord@e:
a. la Biblioth&gue nationale

. du Canada de micrgofilmer

cette th2se et de pr&ter .ou

de vendre des exemplaires du

film, oo

L'auﬁeur (tttulaktre du droit
d'auteur) se ré&serve les
autres droits de publication;
ni la thé&se ni de longs
extraits .de celle-ci ne
doivent @&tre imprim&s ou
autrement reproduits sans son
autorisation &crite. 4

ISBN 9-315-32482-1 o



¢ . THE UNIVERSITY OF ALBERTA

, RELEASE FORM

NAME OF AUTHOR
‘ Nicholas Hansen Low
TITLE OF THESIS
OLIGOSACCHARIDES IN HONEY, THEIR ORIGIN AND ANALYSIS
_PEGREE FOR WHICH THESIS WAS PRESENTED Doctor of Phxlpophy
YEAR THIS DEGREE ‘GRANTED Fall' 1986
Perm{ssion. i; héreby granted to THE UNIVERSITY OF
ALBERTA LIBRARY to reproduce single copies of this thesis
and to lend or sell such/copies for private, scholériy or
scientific research purposes only. |
«The author reserves other publication. righés, ‘and
neither the ’Lhesis noir. extensive extracts from it may be
printed or otherwisé regroduced without the aﬁthor's written
permission. , ‘
(SIGNED)  +vvves Q“\\Q\‘kw,
PERMANENT ADDRESS: ,
Qg0 ... Qleanawa | Crosedn

N()\‘\\\ . .\.\l.c\n(ou\se(?

DI ) e o s o 00 c...oooo..ocooocooo;.o'l...

.o .PI," N (ol e C(\l\(w\m

.Ool.....o'.oo.oo. .oooo.lo.o.lnntoo.oltooo

¢ DATED Ud‘\""t‘@

19 Qb



o THE UNIVERSITY OF ALBERTA

FACULTY OF dhADUATE STUDIES AND RESEARCH

s .

~.The undersigned certify that they have read, and

recommend to the Faculty ‘of Graduate studies and Research,

[ 4

for ag@eptance, a thesis entitled oucosacgmmss IN HONEY,

THEIR ORIGIN AND ANALYSIS submitted by Nicholas Hansen Low

in partial fulfilment of the requirements for the degree of

Doctor of Philosophy in Food Chemistry.

Date.

Supervxsor

;%/;;;"._:::::::::::::::::::

® 6 0 8 6 ¢ 00 08 s 7 0 SO B G e s s 0 e as e oo efoee st el o

OJoner v \Ube ‘ ' \

L



¢ L, ' »

SR - S A‘STRAC‘!‘( ' |

The origxn of the minor carbohydratca in honey has been
the subject of much speculation. It was our goal to trace
the orxgin of these carbohydrates. SN ' .

In order to. dctermxne the or1f1n of the minor carbo-
hydrates in honey, new methodology‘for the separatxon and
analysis of - honey was required. By employ1ng high
performanca liéuid_ ;hromatography (HPLC), capillary gas
chromatography  (GC) and ‘carbon-thirteen nuclear magnetic’
resonance spectroséﬁpy (‘3C-nmr),'these minor carbohydrates\
couﬂh be 1dent1f1ed and quant1tated.

HPLC afforded a rapid bulk separat1on of the minor
ol1gosacchar1de fraction (=3%) from the major monosaccharzde
fraction (®95%). This' type of “separation has numerous
advantages over the p:eQ?bus laborious charcoal-celite
column chromatography mathpd. Reducing the re%ultiné oligo-
saccharide fraction with sodium borohydride greatly
simplified the analysis of the carbohydrates® in the
fraction. The use of capillary GC afforded the separation of
twelve derivatized disaccharides and seven derivatized tri-
saccharides commonly fqund in aoney. In additioncl by
comparison to standards, these carbohydrates could be
quhtitated. The use of 13c-nmr is relativaly new in the

field of quantitation and identification of complex

mixtures. The appearanée of a "finger-pri " region in the
v - . ii? :

nmr, together with the use of an int standard and a

relaxing agent, allowed the disaccharides present in -the



. .
‘ oligogacdharid!, ftacthon of honey to be' identified ad\\
| qguantitated. A gomparison of this mothod with the capillary
GC method indicated a fairly ;easonable correlation. '

The separation of the enzymes commonly found in honey
leaq to the discovery of tﬁe_eniyme p-glucosidase, wvhich had
not previously been identified .in this material. The optimum
values for pH and Eempera;ure, together with Km snd Vmax
were determined for this eniyme-in honey.

Uniflor;I honeys were collected and analyzed for
botanical -origin by pollen analysis.. Moéifications
’(acgtolysiq' and proper dilution) of the accepted pollen
analysis method allowed for easier identification of the
“botanicalborigins oéyzﬁlse honeys; five of the *six honeys

. . ) -
were determined to be unifloral.

Nectar from the floral source of eacg of these honeys
was collected and analyzed by’capillary GC. Results from the
analysis demonstrated the presence of fructose, glucose aﬁd
sucrose only.

Analysis of the six hoaeys indicated the presence of a
variety of oligosaccharides. By incubatin% the enzymes found
in honey (from ;he honeybee) and a typicai nectar solution,
the same oligosaccharide profile was apparent. ']

Th;ese results leéd'us to tk;e belief that the minor
oligosaqcharides in honey originate by transglucosylation .
‘action of the enzymes in the honeybee (and in honey) with

the carbohydrates present.
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1.‘INTRODUCTION TO HONEY 19

A

¢
* 1.1 Historical Aspec§g )
. . .

In the long history of humans, honey was used for
‘thousands of years before cane or beet sugar. In early
history, humans were virtually dependent on honey for
sﬁzztaess. Cane sugar became & direct competitor, and
1argeiy a successor, as the t;pde‘routeéfbefween the East
and Europe were established (Baxa and Bruhns, 1967) . //

. Honey 1is made by bees, and the ‘raw materlal for
practically all the world's supply. of honey 15 the nectar
produced in the nectaries of flowers. A smaller -amount
arises from plants which have nectar;;s elsewhére (extra-
floral nectaries). Nectar produced by many piants may be
regarded as a bait to entice the insect to visit them,
thereby collecting pollen in addition to nectar. Nectar 1is,
however, produced by some plants (dandelion, buttercup)
which require no pollinating agent. Bees are by far the mos’k*
important pollinating insects, therefore the production of
honey is a by—proauqt of the survival of plant species by
insect pollination. |

Genefally, only the social bees that establish
permanent colonies store honey in sufficien&?buantities to
be of economic importance. These social bees are termed
honeybees (Apis), and the tropical stingless Dbees,

me11p0n1ns. There are four species of Apls, of which Apis

mell Ifera, commonly known as the honeybee or h1ve bee, is



2
!

responsible for the production of the bulk of- the world's
honey. The other species of Apls are: Apls dbrsgta, Apis
cerana and Apis florea. Tpese bees are also responsible for
honey production of econoemic importance. |
.1.2 Uses of Honey

The major portion of the world production of honey
(90%), is consumed as table'honey, the remainder (1%&) is
used as an ingredient in other products.

The use of honey in baking is universél} there are
specialties made with honey, some of which. have ancient
oriéins. The Egyptians fed honey cakes to sacred animals. In
Rome,- libum was a sacrificial honey cake. "Wafers made with
honey"” were familiar to the ancient Israelites; this is how
they described the manna the§ found in the desert after
their flight from Egypt (Willson and Crane, 1975).

The present industrial uses of honey in baking {nclude
breads made with honey, honey buns, fruit cake, doughnuts,
cookies, etc. Graham crackerg' are thin biscuits“\qué o@”
coarse floyur and honey, named after Sylvester 3Srahém
(17é£-1851), an A&erican health food promotd&r. Honey in
‘bread, to the amount‘of.G%, in addition to enhancing the
flavour and giving a deeper colour to the crust, also adds
to its keeping gualities (Smith and Johnson, 1952).

Due to the relative inexpensiveness and ease of use of
cane- sugar, honey has an inconspicuous role in the

confectionery field. However, a few products, made



exclusively with honey, such as halvah (Turkey) and pasteli

(Greece), remain. - ’ ‘f' .

[}

Honey has a variety of minor uses such &! a sptayed on
gweetening agent for breakfast cereals, swee::ner in baby
foods, uses in ‘prepared meats (hams baked in honey),
sweetener, in yoghurt, sprayed coating for coffee beans
during roasting, and a fermented product (mead or honey
vine) (Willson ahd’Craﬁe, 1975). )

In addifion to food uses, honey is also used as a
sweetening agent in tobacco proces\Tng, as a component of
many commerc1a11y -manufactured pharmaceutical products, and
in the cosmetics industry.

In the pharmaceutical industry, honey has found a wide
range of uses, from a palatable sweetening agent in general
pharmaceuticals '(cough mixtureé, 'etc.), to treating burns
(Osaulko, 1954; Phillips, 1933). Bulman (1955) reported
honey's successful use as a surgical dressing for open
wounds and septic infections. Other researchers (Albanese,
1952; Martensen-Larsen, ,1954) found that the rapid utiliza-
téyn of fructose, and the increased rate of metabolism of

alcohol in th§ presencp of fructose, led to the ‘'use of honey

for sobering drunken p&tients.

1.3 Honey Production
The world production of honey was estimated at 912,653
metric tonnes (Anon., 1984a).. The production of honey in

Canada and Alberta in 1984 was 44,135 and. 12,545 metric

~ 3

,



v
tonnes, respectively (Anon., 1984b). The Alberﬁa, and
Canadian honey production in 1984 represented-a record high.’
According to government teports (Anon., 1985), total
honey production in Alberta for 1985 will show a sharp
decline to approximately 8,392 metric tonﬁes. This
represents a decrease of about one-third when compared to.
the 1984 level, and is the second lowest crop inv;he last 10
-years;‘ .
The main reason for this dramatic decline is the
reduced field {n most of the érovince from unfavourable
weather conditions during éhe honey flbw. In the éeace River
region, where many of Alberta's commercial honey producers
are located, yield is estimated at about 55 kg (121 pounds)
~per colony, compared to a five-yeér average yield of 71.8 kg
(158 pounds) per colony from 1980 to 1984. .
Alberta remains the largest honey producing province in_

Canada, and accounts “for approximately one-third of the

e’
1

total production in the country.

The major export markets for Canadian honey include the
United $tates, the European Economic Community, Japan,y
Sweden and the Caribbean. Developments affecting thé expo;;
production of honey in 1984 included the high production of
honey in Chinav(125,605 metric tonnes) and the inadequate

United ~States production (93,000 meﬁric tonnes). In
addition, Canadian honeys must compete in both price and
quality with honey from China, Argentina, Brazil and Mexico,

the major honey producers and exporters (Anon., 1984a).
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\
‘1.4 Honey Composition : \\t

Honey\as produced by the bees has its origin in a thin,
sdeet liquid called nsétar. By enzymafic hydrolysis of
sucrose in neclar) the bee increases the Pttéinable density
of the final product, and raises the Lfficiency of the
process in terms of caloric density. In addition, the
resistance of the stored ﬁroduct to spoilage by miéro-
organiéms is greatly increased due to the higher osmotic
pressure attained. |

Determining the compésition of honey has gbeen the
;ubject of .numerous aéalytical studies (White et al., 1952,
1958a, 1961b, 1962; White, 1961a, 1964, 1967; White and
Riethof, 1959a; Whi£e ane Hob;n, 1959b). {Tﬁe (%verage
composition of 490\§amp1es/of honey from the United States
is shown in %able 1.:\(White et al., 1962).

The two major carbohydr;kes in honey are fructose and
glucése. In nearly all hon;} types fructose predominates
(Wwhite et al., (1962); these two carbohyérates together
account for 85-9 of honey carbohydrates. ‘More complex
sugars (oligosacchafides) composed of two or more molecules
of glucose ‘and fridctose constitute the remainder. These more
complex carbohydrates, together with methods for their
analysis, will be dealt with in detail in another section of
this introduction; |

The flavour of honey is due in part to the slight

tartness or acidity. The major aci& found in honey is

gluconic acid. It has been shown that it is produced by the



Table 1.1 Average composition of United States honey,

including ranges of values.

N\

Component " Average Range
«

Moisture 3 2 13.}-22.9
Fructose 38.2 27;éfl4.3
Glucose _ ;1N1 22.0-40.7
Sucrose 1.3‘ | 0.2-7.6
Higher Sugars ' 1.5 0.1-8.5
Free Acid (as gluconic) , 0.43 0.13-0.92
Lactone (as gluconolagtone) 0.14 0.0-0.37
Total acid (as gluconic) 0.57 0.17-1,17
Ash . . 0.169 0.020-1,028
Nitrogen 0.041 0.000-0.133
pH 3,91 . 3.42-6.10

-Diastase Value 20.8 ' 2.1-61.2
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action of glucose oxidase upon gluiggpf’(Stinson et al.,
1960; Maeda et al., 1962). In addition, the follgwing acids
have been unequivocally shown to be present in honey
(stinson et al., 1960): acetic,. butyric, lactic,ﬂ5pyro-
glutamic, / c}tric, malic and succinic. Oxa%ic (von
Philipsborn, 1952), maleic (Goldschmidt‘and Burkert, 1955)
‘and formic (Farnsteiner, 1908) acids have also.been found in
honey. Except for giuconic acid, the sources of the various
honey acids are unknown. Many of the acids present are also
present as intermediates in the Krebs cycle, and they may
also be present in the nectar.

1A addition to the complex oligosaecharides in honey,
.some of the most interesting component; are enzymes. The
| "enzymes in honey will be introduced and discussed in another
section of this thesis.

Excellent reviews on all aspects of honey, including
production, processing, constituents and analysis are
available (Crane, 1979; Siddiqui, 1970; White, 1961la, 1962,
1978).

1.5 Sugars in Honey

| The Canadian Food and Drug Act Regulations indicate
that honey should be derived from the nectar of flowers and
other sweet exudations of plants by the work of bees. Honey
should not contain more than 20% moisture, 8% sucrose, and
0.25% ash. In addition honey should not contain less than

60% invert sugar (50:50, glucose/fructose).
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All definitions of honey deal with' two chemically and

physically distinct commodities: nectar honey and h
honey. A comparison hetween the above shows that ha
honey is lower in D-fructose and D-glucose and higher 1
oligosaccharides, acidic components, ash, and nitrog:

nectar honey (White et al., 1962). The trivia

&

systematic names for the minor 'suga}s (disacé B¢ iddgn
trisaccharides), and their reduced products'l v
Tables 1.2 and 1.3, respectively. )

One distinct featurev_éf honeydew honey is the
trisaccharide melezitose, which has been identified in the
exudate manna of Douglas fir, European larch and scrub pine
(Hudson and Sherwood, 1918, 1920).

Foraging bees carry nectar in their honey sac, mix it
with enzyme-rich secretions from their hypopharyngeal
glands, canry.it to the hive, and pass it over to the house
bees. The house bees, in turn, transmit the sweet 1liquid
among . themselves, carrying out the process of ripening by
mixing with glandular secretions and by removing water
(Crane, 1979). The process of ripening is continued and the
raw material loses approximately 50% of its water content;
further ripening occurs in the cells of the comb, in the dry.
air that constitutes the ventilation system of the hive.
When a moisture content of approximately 20% is reached, the
cells which conta}n honey are capped by the bees (Park,

1933; Reinhardt, 1939).

Honey, therefore, consists of a concentrated solution

& 5
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Table 1.2 Trivial and systematic names of honoy“

oligosaccharides.

Trivial Name Systematic Name

Disaccharides

Cellobiose 0-8-D-Glucopyranosyl-(1+4)-
D-glucopyranose

Gentiobiose O0-8-D-Glucopyranosyl-(1+6)-
D-glucopyranose

Isomaltose | 0-a-D-Glucopyranosyl-(1+6)-
D-glucopyranose

Kojibiose O-a-D-Glucopyranosyl-(1-+2)-
D-glucopyranose

Ytaminaribiose 0-f-D-Glucopyranosyl-(123)-
D-glucopyranose

Leucrose 0-a-D-Glucopyranosyl-(1+5)-

' D-fructopyranose |

Maltose O-a-D-Glucopyranosyl-{(1+4)-
D-glucopyranose

Maltulose O-a-D-Glucopyranosyl-(1+4)-
D-fructose

Nigérose O-a-D-Glucopyranosyl-(1+3)-
D-glucopyranose

Palatinose 0-a-D-Glucopyranosyl-(1+6)-
D-fructose

Sucrose a-D-Glucopyranosyl
p-D-fructofuranoside

a,f-Trehalose (Naotrehalose) a-D-Glucopyranosyl
p-D-glucopyranoside

a,a-Trehalose a-D-Glucopyranosyl
a-D-glucopyrancside

Turanose O-a-D-Gluc‘pyranosyl—

(1+3)-D-fructose

e

T v
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-D~glucopyranosyl

10
. ,
Table 1.2 (cont.) )
Trivial Name Sys;omatic Name
©
- Trisaccharides
Erlose O-a-D-Glucopyranosyl-(1+4)-
a-D-glucopyranosyl
B-D-fructofuranoside
Isomaltotriose O-a-D-Glucopyranosyl-(1-+6)-
, O-a-D-glucopyranosyl-(1+6)-
D-glucopyranose ‘
Isopanose o-a—D-Glucopyr::osyl-(144)-
O-a-D-glucopycr¥nosyl-(1-+6)-
D-glucopyranose
1-Kestose O-a-D-Glucopyranosyl-(1+2)-
B-D-fructofuranosyl-(1-2)
B-D-fructofuranoside
Maltotriose O-a-D-Glucopyranosyl-(1-4)-
O-a-D-glucopyranosyl-(1+4)-
D-glucopyranose
Panose O-a-D-Glycopyranosyl-(146)-
‘ O-a-D-glucopyranosyl-(1+4)-
D-glucopyranose
Theanderose O-a<D-Glucopyranosy1:(1*6)-
a
8

-D-fructofuranoside

’
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Table 1.3 Trivial and syltcgatic names of reduced honey

eligosaccharides.

Trivial Name

Systematic Name

re

Disaccharides

Collobiitoi

Gentiobiitol

-

Isomaltitol

|
B

-

Kojibiitol
Laminaribiitol

Leucritol

Maltitol

4

Maltulitol

"Nigeritol

Palatinitol

Turanitol

O-B-D-Glucopyranosyl-(1+4)-
D-glucitol

0-p-DsGlucopyranosyl-(1-+6)-
D-glucitol

O-a-D-Glucopyranosyl-(1+6)-
D-glucitol

0-a-D-Glucopyranosyl-(1+3)-
D-glucitol

0-$-D-Glucopyranosyl-(1+3)-
D-glucitol .

O-a-D-Glucopyranosyl-(1+5)-
D-glucitol, and
O-a-D-Glucopyranosyl-(1%5)-
D-mannitol

O-a-D-Glucopyranosyl-(1-+4)-
D-glucitol '

O-a-D-Glucopyranosyl-(1+4)-
D-glucitol, and
O-a-D-Glucopyranosyl-(1+4)-
D-mannitol

0O-a-D-Glucopyranosyl-(1-+2)-
D-glucitol ,
O-a-D-Glucopyranosyl-(1+6)-
D-glucitol, and
0-a-D-Glucopyranosyl-(1+6)-
D-mannitol

O0-a-D-Glucopyranosyl-
(1+3)-D-glucitol, and
O-a-D-Glucopyranosyl-(1-+3)-
D-mannitol




‘Table 1.3 (cont.)

L

12

Trivial Name

Systematic Name

Trisaccharidds

Isomaltotriitol
Isopanitol .
L

Maltotriitol

Panitol

O-a-D-Glucopyranosyl-(1+§)-
O-a-Deglucopyranosyl-(1-6)-
D-glucitol . ’

-a-D-Glucopyranosyl-(1+4)-
0- -D-glucopyranosyl-(l*é)-

"D-glucitol,

0-a-D-Glucopyranosyl=(1-+4)-
O-a-D-glucopyranosyl~-(1+4)-
D-glucitol

0-a-D-Glucopyranosyl-(1+6)-
O-a-Djglucitol ’
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of two onosaccharldes, D- glucose a#@ D-fructose, and the
¢omb1:§§§on of these constitutes approx1mately 95% of the
honey solids. Carbohydrate analysis of honey dates back to
1892, when 500 commerclal samples of honey were analyzed
(Wiley, 1é92). The method employed was low and high tempera-
ture LpoIarization and reducing sugar analysis, This
anaiytical me thod was used, with certain modifications, gy
.several researchers - for the qﬁantitation of levulose
(fructose) and dextrgse (glucose) in honey (Qiley} 1896;
‘Brodhe, 1908:; Lothrop aﬁdiHolmes, 1931; Eckéft and Allinger,
1939; Elegood and Fischer, 1940). . These methods of
determinatioé were used until a critical study of sugar
analysis was made by White et al. (1952). |
| Following the development of carbon-celite column
chromatogfaphy (Whistler and Durso, 1950), a;d the
;pplication of this method to sugar analysis of honey (Whité“n
et al., 1954), a new procedure f;r the "analysis of honey
emerged and was called the selective-adsorption method. This
new method provided a more accurate determination of glucose
and fructose and revealed, the presence of other honey
sugars, the reducing disaccharides and higher oligosaccha-
rides. Honey, at this time, had been considered a mixture of
glucose, fractose and sucfo;e, gnd methods using polarimetry
and reducing sugar analysis were unknowingly'interfered,with
by a number of other sugars, both reducing and non-reducing.
The.selective agggiption method consists of a chércoal-

v -

celite (1:1) column, upon which 0.8-1.0 g of honey 1is
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] ) Y !‘,ﬂ? \ . .
subjected to adsorption, followed by elution under pressure

with aqueous solutions of increasing ethanol content.
Monosaccharides are eluted with 1% ethanol, disaccharides
with 7% and higher oligosacqharidés‘with SOX'aqueous ethanol
(Wwhite, 1957, 1959, 1960). o .

Thg presence of maltose in honey wai suggested by Elser
(1924) on the basis of its characteristic osazone formation.

Liggett (1941) separated 8 honey -ugars by distillation of

the corresponding propionate esters and obtai:4 a
o~

8
t e

crystalline material from the disaccharide fractio- ws h
Vhad a melting point close to that of authentic maitose .Jta-~
propionate. Van Voorst (1941) fermented several honey
samples with a maltase-free yeast and found thatiall sugars,
except maltose, were removed. Hurd et al. (1944) indicated
that.maltose is a component of all honeys.

White and Hoban (1959b) used a combination of selective
adsorption chromatography, preparative baper chromatography
and étearic acid-treated charcoal column chromatography to
confirm thé presencev of sucrose and maltose. This latter
method had previously been used by Hoban and White (1958) to
resolve dissaccharide pairs (turanose-sucrose; isomaltose-
gentiobiose; maltulose-nigerose; melibiose-lactose) which
could not be separated by paper chromatography.

By the wuse of paper chromaéography, Kgup (1957)
demonstrated the presence of as many as 15 components in
carbon-celite/ separated honey. Aso et al. (1958, 1960)

detected 22 components, 15 of which wdre classified as
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ketoses, following»carbon-celite column chromatography and
paper chromatography. Other investigators, iqcluding Gold-
schmidt and Burkert (1955), Pourtallier (1964), Flechtmann
et al. (1963) and Cu ylo (1962), used paper chromatography
to indicate honey oligosaccharides.

Hoban and White (1958) used carbon-celite chroma-
togréphy to isolate 2.6 g of disaécharides from honey. This
fraction was further purified using stearic acid-treated
charcoal column chromatography to obtain five pu{;fied
sugars. These sugars were converted to their ?orresponding
octaacetates and the infrared spectrum of each sugar and ils
acetate was then ‘combared with the spectra of known
disaccharides and their acetates. Characteristic differences
"in the 650-1500 cm-' IR absorption region (White et al.,
1958b) allowed the identification of isomaltose, maltulose,
turanose, maltose and nigerose. The identification of these
carbohydrates was confirmed by paper electrophoresis with
standards (White et al., ™958b).

Wat4§abe and Aso (1959, 1960) confirmed the presence of
nigerose,: maltose and isomal£ose in honey, and also
identified kojibiose. Using successive elutions of $>
charcoal-celite column with seven solvents of increasing-
ethanol content (2.5-30%), partial fractionation of
disaccharides occurred. The first fraction was réchromato-
graphed on a charcoal-celite column containing pH 10 borate
buffer; this effected the separation of two sugars, which

vere acetylated. The octaacetates would not crystallize
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until they were further purified by magnesol-celite column
chromatography (McNeeley et al., 1945). The same methodology
was used ‘' separate the octaacetates of nigerose and
maltose. Mwﬁiing points and specific rotat%ons of the octa-

acetates were compared with literature values for authenti-

cation. The authors also indicated the presence ;f leucrose
[O-a-D—glucopyranosyl—(1*5)-D-fra‘topyranose], however, the
only evidence was the appsérance of one spot on a paper
chromatogram when mixed wigh an authentic sample.

Large scale fractionation of honey was accoﬁplished by
siddiqui and Furgala (1967, 1968a,b) on a carbon-celite
colpmg. Typical reaction conditions volved the use of 2000
gigf/honey mixed with equal volumesﬁik charcoal and celite
(1300 mL). Water (12 L) was tﬁen added, the mixture was
stirred for 2 h and allowed to -settle, and the clear
supernatant-was decanted. Thirteen 12 liter extractions were
required to remgve the bulk of the monosaccharides. The
charcoal residue was then washed successibeiy with 50%
agueous ethanol (5, 5, 8, 4 and ¢ liters), yielding material
of 27.5, 24.0, 20.9, 6.5 g afg negligible amounts,
respectively (total oligoéaccharide fraction 73 g). Lipid
and acidic components were removed by cen£rifugation and
extraction (water:meth;ndl/chloroform, 500:1250/625 mL). The
water-methanol phase was then stirred with Rexyn 201 (CO;3?,
500 mL) and the slurry was used in a cblumn and eluted with
water (5 L) to remove neutral sugars. The\Qeutral sugar

, v
fraction wa% then placed on a carbon-celite column and

»
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eluted using a stepwise aqueous ethanol gradient (0-30%).
ﬁ}urther purification was accomplished using paper chroma-
tograﬁhy, electrophoresis and thin-layer chromatography.
Following acetylation, the fractionation procedﬁres resulted
in the characterization of at least 24 oiigosaccharides. The
oligosaécharides maitpse, kojibiosé, isomaltose, nigerose,
a,B-trehalose, geptiobiose, laminaribiose, melezitose and
maltotriose were identified as crystalline B-octa4 and
hexde;aaceta!.l'l Sucrose, turanose, l1-kestose and panose
were identified as the crystalline sugars, maltulose as the
phenylosazone, and ' isomaltotriose as its crystalline .
g-hendecabenzoate. Erlose and théanderose were identified by
the isolation and characterization 'Bf the disaccharides
produced when hydrolyzed with - an enzyme or -~ ®,
Isomaltulose and 1-O-a-D-glucopyranoSyl—D—fructose were
tentatively identified by'co-chromatography with standards.
In addition, the \j&ijﬁﬁ;_yglso identified two new
trisaccharides in honey, <centose and 0-f-D-glucopyranosyl-
(1*6)-O-a—D—glucopyranosyl—(1*4)-D-§lucopyranose..

In the initial honey sample, the oligosacchafide
fraction accounted for~3.65%. The approximate proportions of
these sugars in the oligosaccharide fraction were: maltose
(29.4%): kojibiose (8.2%); turanose (4.7%); isomaltose
(4.4%); sucrose (3.9%); -nigerose (1.7%); a,f-trehalose
(1.1%); gentiobiose (0.4%); laminaribiose (0.09%); erlose

(4.5%); theanderose (2.7%); panose (2.5%); maltotriose

©(1.9%); 1-kestose (0.9%); isomaltotriose (0.6%); melezitose



(0.3%); other tri-, tetra-, and pentasaccharides (0.45%).
This extensive analysis revealed features of honey
composition which were at Qariance with other researchers,
vAso et al. (1958, 1960) detected leucrose in their sample of
‘honey by paper electrophoresis, hdwever its presence was not
confirmed Sy Siddiquf’and Furgala (1967, 1968). In addition,
the former workers failed to detect trehalose, vhereas
siddiqui and Furgala isolated it. This work also clérified:
the confusion arising from the reports of raffinose in honey
(Goldschmidt a‘ﬁ'cT\,Burker’t, 1955: Flechtmann et al., 1963;
Pourtallier, 1964; Keup, 1957; Curylo, 1962) when it was
shown that the trisaccharide theanderose had identical
béhaviour to raffinose on paper chromatography and towards
ketdse spray reageﬁts.
. The carbohydrates present in honey have been the
subject of review by three authors (stddiqui, 1970; White,

1975, 1978; Doner, 1977).



‘ 2. GENERAL KXPERIME“TAL

The carbohydrates used as standards were provided by
Sigma Chemical Co. (melezitose, maltotriose, isomaltotriose,
palatinose, isomaltose, turanose, nigerose, trehalose,
gentiobiose); Koch-Light Ltd. (kojibiose); Fisher Scientific
Ltd.{l‘qcrose, maltose); Aldrich Chemical Co. (cellobiose);
or wete’generous gifts from-Dr. S. Chiba (erlose, isopanose,
1-kestose, ‘ theanderose) and Dr. J.R. siddiqui
(neotrehalose).

Honey was supplied by Dr. D. Nelson (quverlodge,
Alberta), alfalfa, alsike, canola, red clover, sweet clerr
and trefoil honey; Dr. Manzour-ul-Hag (Dept. of Entomology,
Faisalabad, Pakistan), Apis cerana, Apls dorsata and Apis
florea honey. ’ '

The compounds p-nitrophenyi-a-D-glucopyranoside and
p-nitrophenyl-B-D—glucopyranoside were supplied by Sigma
Chemical Co.

Acetonitrile waé HPLC grade (Terochem Laboratories
Ltd.); reverse osmosis Milli-Q water filtered through 0.45"
um Mi}lipore filter system was also used for HPLC analysis.

All other chemicals employed were reagent grade or better.

19



3, DETERMINATION OF HONEY ORIGIﬁ‘
Melissopalynology, the pollen analysis of honey, is the
method most commonly used for determining its geographical
and floral origin (Maurizio, 1975; Sawyer, “1975). Although
this method can be reliably used by experts with the
necessary expérience'and judgement, incorrect identification
- and categorgzation may lead to rejection of honey for import

»

and/or lover prices for the product "(Howells, 1969).

3.1 Determining the Geographical Origin of Honey by Amino

Acid Analysis |

Other methods that could be more widely used for
characterizing honey have been sought. One of these methods
is the amino acid content of honey, which was proposed by
Tillmans and Kiesgen 1in 1927, Paper chromatography was
initially used (Baumgarten and Mockesch, 1956) and later
electrophoresis (Maslowski and Mostowska, 1963). Curti and
Riganti (1966) were the first to use an automatic amino acid
analyzer, utilizing ion-exchange chromatography, for the
analysis of free amino acids in honey.

' The most comprehensive investigation of honey amino
acids was performed by Hahn (1970) and Bergner and Hahn
(1972). In these experiments twenty-five honeys, fourteen
honeydews,'thirteen hbneys from sugar feeding experiments, 
and three nectars were tested. The authors’ considered that
the amino acid content of honey was quantitatively too

variable to be used to characterize honey.

20
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The sources of amino acids in honey have been
investigated, and three possible origins have been
recognized: nectar or honeydew, pollen, and the bees.

Pollen has been found to contain on the average 1,500
mg amino acids per'100 g, and proline is usually the major
amino acid (Lotti and Anelli, 1970). Even though this
concentration is ten times the amino acid concentration in
honey (Koumaine, 1960), thé large number of pollen grains in
honey (2,000/10,000 g) represents only a very small gquantity
of pollen,‘ which is equivalent to approximately 0.04 g
pollen per 100 g honey, or about 0+6 mg amino acid per 100 g
honey (Maurizio, 1951). Honey contains 50-300 mg amino acid
per 100 g. Althoﬁgh these are approximate figures, it seems
reasonable that pollen does not contribute significantly to
the guantities of amino acids in honey.

It has also been found (Maslowski and Mostowska, 1963)
that amino acids are present in honey when the bees are fed
a gsfe sucrose solution. The amino aéids could only have
oriéiaabed from the bees, and this was confirmed in later
experiments by Hahn (1970) and Rogers and Davies (1972),

It was concluded that bees, nectar and honeydew ar; the
major sources of amino acids in honey. "The characterization
of amino acid content in honey'was therefore based on the
assumption that the amino acid patterns of honeys are all
generally similar (due to the influence of the bees), but
that the variation would be due to the types of nectar or

honeydew from which the honey- is made.
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Davies (1975) applied the method of amino acid analysis
of 98 samples of honey, and 8 ;amples of non-honey sugar
products. The procedure involved approximately 10 g of honey
to which a standard was added (norleucine) and the mixture
was diluted to 25 ml with sodium citrate buffer (pH 2.2).
Then 1.0 ml of this solution was chromatographed on the ion-
exchange analyser using a gradient of sodium citrate buffers
(pH 3.25-6.50). His results indicated that honeys from
different geographical regions may be noted. It was found
that Australian honey has a higher proline content, Canadian
honey has low aspartic acid and high lysine and histidine,
- and U,S. clover honey has higher aspartic and glutamic acid.

In q978 Bosi and Battaglini used gas chromatography to
determine the free and'protein amino acids of 28 unifloral
(by pollen analysis) honeys. The authors found that the
amino acid spectra can vary greatly, according to the
botanical and geographical origin (two unifloral samples
from the same geographical area had a wide variety of amino
acid concentrations). They concluded that, while the
variability found for many amino acids, particularly free
amino acids, shows that there are great differences between
horeys, it also suggests that numerous factofs are involved
in determining each spectrum. Theypefore, it is not possible
to use amino.acid spectra to characterize honeys.

It is also important to note that the amino acid
spectrum of a honey sample may be different from that of the

nectar or honeydew from which it is derived because the
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amino acid may react differently with the sugars that are
present in the nectar or in the honeysac of the ' bee
(Maillard reaction). This reaction may have the effect of
reducing the differences between the free amino acids of
honeys from different sources.

Gilbert et al. (1981) used amino acid analysis to
determine the geographical origin of 45 honey samples. The
authors suggested that, by ésing a multivariate statistical
,anal;Eis‘ of their data, honey from Canada may be
distinguished from Argentina‘and'zurope. However, honey from
Argentina and Europe could not pe distinguished within the
95% confidence interval. ‘

3.2 Determining the Geogf&phical Origin of Honey by Pollen
‘gnalysis (Melissopalynology)

Although methods,. such as amino acid analysis, have
been sought for the characterization of honey) the method of
choice is still pollen analysis. The world-wide: standards
for honey (pollen) analysis proposed Dby the Codex
Alimentarius Commission (1983) were accepted by the joint
FAO/WHO Food Standards Program. These regulations represent
the standard methods for honey and pollen analysis world-
wide. They are accepted as the standard to determine the
geographical and botanical origin of honey. These inter-
nationally accepted regulations for pollen analysis are
based on the microscopical analysis of honey from which the

pollen has not been completely removed by filtration.



.

24

Ptopa‘aion of a sample for botanical origin consists
of weighing approximately 10 g honey and dissolving it in 20
mL  hot("ywater. The solution is then centrifuged at
2,500-3,000 rpm for 10rmin, and the supernatant is decanted
or drawn off. The sediment ﬁay then be resuspended in 10 mL
distilled wvater and centrifuged (2,500-3,000 rpm) for 5 min,
The entire sediment is placed on a microscope slide, spread
over an area of 20x20 mm and allowed to dry. The sediment is
then mounted with glycerine gelatine and analysed;
identifiqation is made by reference to the literature and

) . . TN
comparative preparations. \

During the removal of nectar from a £lower2/bées com;\‘
into close contact with the anthers. Many pollen grai
stick to the hairs on the bee's body during these viﬁ?Z:'::-\
flowers, and these grains can énter directly into thq‘ynripe
honey lying in open cells in the hive. Some of the\ripe
pollen on the anthers falls into the nectar, is sucked up
withN:o the bee's honey sac and also gets into the
ripening h®ney in the cells of the comb. Just as -.the floral
origin of honey is characterized by the pollen grains found
in 1it, honé}aew as a source of honey may be characterized by
the appearance of minute green algal cells and spores from
the surface flora of the plants.

Pollen grains can also get into the raw material?‘of

honey, and therefore into honey itself in indirect ways.

\,
A

Pollen grains suspended in the\ air may fall on to the

exposed surface of nectar, or on to sticky honeydew lying on
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?
leaves, and needles of conilers. The pollen grains of wind-

pollinated plaﬁtg aro‘introducod in this manner. Pollen may
‘aluo enter directly into hqney during its processing by the
beekeeper (Maurizio, 1975). |

The identification of pollen gfains is based on size,
shape, type and number of apertures and sculpturing. In
honey the ;wollcn condition of the grain is important, since
many of the details are only Qisible in this state.

Polleﬁ grains, the male reproduétive cells of higher
plants, as a rule appear as single cells, but they are ofteﬂ
found in groups. On the pollen grain two perpendicular axes
are present, the polar axis (P) and the equatoriél axis (E)
(see Figure 3.1). The contents of a pollen grain are mostly
enclosed within a double wall. The wall is made up of two

‘l'\
of sporopollenin (Zetsche, 1932). The inner layer, or

layers; the outer layer, is called the exine and is composed
intine, is made up of cellulose and is very similar to an
ordinary plant cell wall. Sporopollenin is extremely
resistant to chemical attack, especially to acetolysis. It
can be affected by oxidants, but it requires extremely
strong oxidants and vigourgus cond%}ions (H2S04/H;0, or 40%
chromic acid or ozone). In 1968 Brooks and Shaw suggested
that sporopollenin was a complex polymer of carotenoid
esters and carotenoids.

Sbcropollenin is widespread in the plant kingdom,
hdwever, it is only in higher plants (angiosperms and gymno-

sperms) that it is built into the complex wall structures.
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‘The exine of pollen grains is further divided into an outer

v
'

sculptured exine or ektaxine and an inner sculptured nexine'
o; ‘ehdexine' iErdtman,O 1966) (see Figure 3.2). The sexine
commonly takes the form of a set of radially-directed rods,
supporting a roof . This roof may" be complete, .Parfially
dissolved o’r entirely absent. According \to Reitsma (1970)
this roof is te med a tectum, a rod which supports a tectum
or an{ part o{ it, a colunlglla,‘and a rod which is not
supporting anything, a baculum;

In some plant species the exine forms a completely
closed 1ayef around the contents of the pollen grain,
however, most pollen grains possess openings in or thin
parts §£ the exine, through which the pollen tubes generally
emerge. These missing or thin parts of the exine are termed
aperture; there ‘are two types ,of aperture, named pori
(pores) and colpi (furfdws). Coipi are believed to be more
primitive than porf and may be distinguished from the Ja&ter

by being long and boat shaped with pointed ends. Pori are

normally isodiametric holes; they can be slightly elong;ted
vith rounded ends. Grains; with pori are labelled porate and
those Qith colpi are colpate; with both pori and colpi
combined in the same aperture, colporate. . *

As only one aperture is used for the polien tube, the
excess in'nﬁmgér found on some grains suggests that ghey
ﬁust have an addftional function. Héslop—Harrison (1971)
found that the thick in£ine region under the aperture has a

store of easily leached proteins which may function in the

-
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[ 3
A .
EKTEXINE Columella~ 3 SEXINE
ENDEXINE ] NEXINE
| intine
— —

Figure 3.2 Termino;ég;\for pollen grain exine. (Moore and
- Webb, 1978). A. Aslgefined by Faegri and Iversen (1974); B.

As defined by Reitsma (1970).
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A
recognition reaction between pollen grain and stigma.
" Wodehouse  (1935) “suggested that .the apertures were
requlatory devices, controlling the movement of water into
and out of the grain: In his experiments dehydration caused
an infolding of the intine at the colpus, resulting in its
margins coming close togéther. It appears from the work of
these two authors that these apertures coulo and probably do
have more than one function.

As a result, number, position,-formation, and size of
the apertures constitute characteristics for determining the
pollen. |

Following the characterization of the pollen grains on

'rﬁhe basis of their apertures, they can be identified
conclusively by  observation of the‘ sculpturing (fine
structure) S} the exine. As has been previously mentioned,
the sexine has been described as being composed of radially
directed rods which sit on the nexine and are labelled
columellae (1f they support the tectum) and bacula (if .they
do not support anyth1ng and are cyllndr1cal 1n shape). In
certaln cases the rods are free at thelr“heads, but are non-
cyllndncal in shape. They a’called gemmate (short and

globular), clavate. (club shaped), pllate (swollen heads) and

echinate (sharply poiotedj; a grain w1th free rods' 1is

descrfibed a intectate (Figure 3.3). ;

In other pollen grains the sexine elements which sit on
the nexine do not resemble rrods. In these cases they may
appear as small hemispherical warts (verrucae), tiny flakes

“ -
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Figure 3.3 Diagrams of sculpturing types visible 1in a
surface view of a pollen grain. In the sculpturing types
shown all raised areas\iie light, all lower areas or holes

are dark. (Moore and Webb, 1978)‘
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Figure 3.3 (cont.) Diagrams of sculpturing types visible in
a surface view of a pollen grain. In the sculpturing types
shown all raised areas are light, all lower areas or holes

are dark. (Moore and Webb, 1978)
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(scabrae), or aslsmall grains (granules)., When the he;ds of
the columellae are soined by a complete tectum, then the
grain is described as tectate. Intectate and téétate
represent the two extremes and there are grains which have
only a partial tectum; these grains are referred to as
semitectate (Fiqure :3.3). . (Moore - aﬁd Webb, 1978).
Descriptions of Epe various sculpturing types are given in-
Tabl; 3.1, |

With the information non size of the pollen grain,
nuniber of apertures and types, surface sculpturing, and
finally the number of specific pollen types in the honey,
both floral origin and geographical location can be
identified, keeping in mind that the results must bé checked
against reference slides to ensure that pisﬁakes in
identification don't occur.

It should be“noted that'in‘the study of pollen grains,
the complexity of their structure and patterning has
necessitated a formidable terminology. = In addition,
structures have been assigned different names by various
investigators. This can be seen even in the naming of the
layers of tﬁe exine (Figure 3.2). There a;e in the
literature at the present time two major works for pollen
grain analyéis (Faegri and Iversen, 1974; Erdtman, 1963)
which incorporate different tefminologies. Reitsma (1970)
has attembted to unify these terminologies, and his
iﬁcorporation of the two terminologies will be used for this

thesis.



\ | 33

Table 3.1 Descriptions of.sculpturing types (Moore and Webb,

1978).

Sculpturing

Type Description

Péilate With surface completely smooth.

Perforate With surface pitted (holes dark at high .

- focus). Pits < 1 um,

Foveolate With surface pitted (holes dark at high
focus). Pits > 1 um. g

Scabrate ‘With projecting elements isodiametric, no
dimensions greater than 1 um (appear white,
at high focus).

' .

Verrucate Wwith width of projecting elements as great
as ‘height (appear white at high focus).

Gemmate With width of projecting elements same as
height, but elements constricted at bases’
(appear white at high focus).

Clavate With height of projecting elements greater
than width, bases constricted (appear white
at high focus).

Pilate With height of projecting lements greater

: than width, apical parts of elements '
@ svollen (appear white at high focus).

Baculate Wwith height of elements greater than width,
bases not constricted (appear white at high
focus).

Echinate ® With projecting elements pointed.



Rugulate

Striate

Reticulate

34
\

With projecting elements- elongated

sideways, length 2 x breadth and

irreqularly distributed (white at high
focus). : '

With projecting elements elongated sideways
and arranged * parallel to one another,

With projecting elements arranged in a

network pattern (net appears white at high:
focus)s




35

There are three principal methods of pollen analysis
used in honey control:

e Determination of the absolute pollen content (Hammer

| et al., 1948; Maurizio, 1949; Demianowicz and
Demianowicz, 1957) (see Table 3.1).

e Absolute pollen frequency. Large fluctuations occur
in absolute pollen content, in addition to the
percenéage of certain pollen species in honey. These
differences are caused by differences in the
intensity of nectar coming into the colony and by
secondary contamination (Demianowicz and Jablonski,
1966) .

e Pollen spectrum. The pollen analysis of Thoney
provides qualitative information about the forage
plants at the collectgon site, and is dependent upon
soil type and season;i flowering pattern (Pritsch,
1958) .

Melissopalynology has been performed by various
researchers. In 1979 Feller-Demalsy and Lamontagne et al.
analyzed 206 honey samples from the beekeeping areas of
Quebec. They based their results on the absolute pollen
frequency (which is the most widely used method for melisso-
palynology), and found that four forms of pollen were of
major‘importance in the honey composition. They also found
geographical indicators so that the honey from Quebec could
be divided into six large zones. This division was based on

certain plant spec1es being indigenous to a certa1n region
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of the province (for example, Lotus cornliculatus being
present only in the western portion of the province). In
this case.not only can the floral origin of fhe’honey be
characterized but an indication of the geographical origin
is given as well.

"In 1981 Murrell and Szabo used the pollen frequency
method to characterize pollen collected by packaged bees at
Beaverlodge, Alberta. They found that, alﬁhough bees visited
and collected pollen from a number of sources, the major
proportion of the pollen came from just a few sources. The
authors used standard O.A.C. (Official Analytical Chemists)
pollen'traps and monitored (by weekly sampliﬁg, and cleaning
of the traps) the pollen composition. They found that
different pollens predominated depending on the time of
year. From mid-June to August melilotus pollen was present;
red clover pollen from mid-July; alsike pollen inf mid-June;
and rapeseed pollen was present from th; second week of June
to the third week in August. The relative importance of a
pollen source would depend on a number of factors,
'luding' colony preference, environmental effects on each
plant species, weather effects on the flxght of the forag1ng
bees and, in the case of cultivated crops, the acreage of
the crop near the apiary. Their study was carried out fo?
. two years and the authors found the same predominating
pollen types for both years. However, colonies showed
different preferences for numbers and types of ipollen

collected; for example, in 1977 one colony collected only



Ligul Iflorae pollen, while the other colonies were
.collecting six other taxa.

Lieux (1972) .used melissopalynological techniques to
study 54 Louisiana horeys. The purpose of this study was to
determine the major plants foraged by bees, and to study
honeys in regard to their geographical and botanical origin.

Other researchers have also applied microscopical
analysis of the pollen grains in honey to determine its
botanical origin. These include: Barth (1970a,b, 1971);

. Battaglini and Ricciardelli D'Albore (1971, 1972); Chaubal
and Deodikar (1965); Ferrazzi (1974); Hammer (1974); Hammer
et al. (1948); Kubisova-Kropacova and Nedbalova (1976); and
\Louveaux (1968). Louveaux et al. (1979) produced an
excellent review on the wuse of melissopalynology for
botanical identification of honey.

When characterizing a honey fo? its botanical origin,
certain rules must be followed (Louveaux et al., 1970). The
analysis may be either orienting or *omplete. In the former,
the analysis is limited to the identification of the most
frequenitly occurring particles and to searching for
significant characteristic elements in. the nsediment. The
latter involves identification of glg/ pollen grains and
other microscopic constituentg in the sediment.

Three degrees of accuraey are distinguished when
counting microscopic elements in the sediment. First,

estimate; this is accomplished By counting 100 pollen grains

and the honeydew elements corresponding to 100 grains.
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Second, determining the frequency class; this is based o;
counting 200-300 pollen grains and @he corresponding

honeydew elements. If the pollgn spectrum contains only a

few grains, then 200 grains are sufficient, however, 300

grains must be counted if the spectrum is rich in species,

Lastly, counts expressed in percentages; presentation of
frequencies as percentages is allowed only if 1,200 pollen

grains have been counted.

In expressing the results of pollen analysis one must
also adhere to certain guideaines. If the frequency of
pollen grains is estimated, then the following terms apply:
"very frequent" for pollen grains which constitute mor; than
45% of the total; ‘"frequent' for grains wh%cb constitute
16-45% of the total; "rare" for grains which cknstitute
3-15% of the total; "sporadic" for grains which constitute
less than 3%.

If the frequency classes have been determined, the
following terms are used: "predominant pollen™ constitutes
more- than 45% of the pollen grains counted;' "secondary
pollen™ (16-45%); "important minor pollen"™ (3-15%); “"minor
pollen" (less than 3%). .

In addition another important fact must be considered
in the determination of the botanical origin of honey. The
pollen grains of some flowers are over-represented; in those
cases the percentage of pollen found in the sediment is
greater than the percentage wf the corresponding nectar in

the honey. In other cases this trend may be reversed, they
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are underrepresented,

I1f a honey sediment is rich in an overrepresented
pollen (Myésotls, forget-me-not; Castanea satl/va), then a
second supplementary count is.made excluding this pollen.
Only honeys contzihing 90% of these over-represented pollens
can be considered unifloral.

The following important pollens are known to be under-
represented and, if the frequencies of these pollens is as
high as the rcentages listed in parenthesis, the honey is
mainly frdé/p:hat source. Llavandula splca x L. latifollia
(10-20%), Salvia (20-30%), Robina (30%), Tilia (20-30%) and

Medicago (30%).
[}

3.3 Pollen |Analysis Experimental

Pollen/ slides for botanical origin Q’terminations were
prepared /by modifying the method of Erdtman .(1969). This
epproach differs -substantially from the Codex Alimentarius
standard megpod (1983). The reasoning behind the use of this
method will be discussed in the results and discussion
section of this chapter.

Our modification of Erdtman's (1969) method involved
eight steps, omitting his first step (treatment with 10%
NaOH and boiling) and replacing it wi‘dilution of 5 g
honey in 100 mL warm (30°C) reverse osmosis Milli-Q purified
water. This solution was then centrifuged for 5 min at 4,500
rpm (Method A). The resulting superﬁatant w;s decanted and

re-centrifuged at 10,000 rpm to ensure that all the pollen
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had sedimented. ([The precipitate may then ’unlurrod
quantitatively ts a '5 mL centrifuge tube and’cchtritugcd
(Method A); no further pollen was apparent.] The supernatant
was decanted and the centrifugate washed (stirring
thoroughly) with 10 mL acetic acid and centrifuged (Method
A). The supernatant was decanted and an acetolysis reaction
performed (1 mL conc. H;SO4/9 mL acetic anhydride). The
reaction involved the addition of 10 mL of the acetolysis
mixture to the centrifuge tupe, stirring thoroughly, ‘ind

placing the tube in a water lRath (100°C) for 325 min. The

tube was then allowed to c (slightly) and centrifuged’
(Method A). The supernata y decanted and the sediment
washed with 10 mL acetic , stirred thoroughly, and

centrifuged (Method A). Suéernatant liquid was decanted ana
the p;ecipitate resuspended in 10 mL distilled water 95
wgich several drops of 10% NaOH had been added (at this
point a polﬁen stain, such as safranin-O, may be added
[omitéed in our work]; this stains the pollen grains pink),
and centrifu;ed (Method A)., After the supernatant had beer
reﬁoved, the brecip&tate was washed and centrifuged (Method
A) with ethyl alcohol and with -t-butyl alcohol.™ The
resulting centrifugate was suspended in approximately 0.5 mL
t-butyl alcohol and transferred to an Eppendorf miqro-
centrifuge tube containing a few drops of silicon oil. The
t*butyl alcohol was allowed to evaporate (in a dust- and

pollen-free environment) and a drop of this suspension was

placed on a microscope slide. Following positioning of a

~ .
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coverslip and sealin§ wit‘.j paraffin wax, the pollen could
then be viewed ‘for identification. |

Pollenifrequency measurements weré.made using a Dialux
laboratory microscoée (Leitz wthlar Ltd.) at a‘magnifica--
tion of 630x. Photomicrography of the pollen grains was

ccomplished using a MPS ‘55 Photoautomat (Wild Heerbrugg
Ltd.) equipped with aﬁ MPS 51 Shuttéfpi%ce. éhe-film used
was Panatomic 32X (Kodak) for black and white,.and Kodabrome
64 for colour. ‘ |

. Dete;minatibn of the boténical origjin of the honey was
accomplished using the fregquency method; as was presented
eJElier, 200-300 or more pollen grains were counted. If the
result;‘indicated that a specific pollen type contitutés
more than 45% of the total, it was classed as "very
frequent” and may be térmed of unifloral origin (Louveaux et

“al., 1970).

-

Scanning electron microscopy sample preparation:

i S

A portion of the pfeviqﬁgly preparéd pollen was further.

centrifuged in acetone (Method.’A). Following d&canting of
\ -

Jthe acetone, the pollen was mixed with a Tfew drops of

»~ 4
acetone and transferred to folded Whatman number 1 filter

paper. This filter paper was kept in a small vial or micro-
tube with acetone to ensure that the pdllen wogl%knot dry
out. The pollen was then submitted to criticaﬁ?poih‘t drying
in a Polaron Jumbo critical point dryer. SEM stubs were

prébared by gluing glass coverslips to them with silver

conductive paint and allowing them to dry in a dessicator

?
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overnight.

"pollen glue" was prepared by dissolving a small amount
of "Scotch" brand tape in ; small vial of chloroform (Adam
and Morton, 1972). A drbp of the resulting glue was placed
on the previously prepared stub and the chloroform was
allowed to evaporate, leaving behind a sticky residue. Tne
pollen was attached to the stub by contacting the stub to’
the pollen on the filter paper containing the pollen. The
pollen stub was dried overnight in a dessicator and coated
with a thin layer of gold in a sputter coater for 2 min. The
samples were then photog;aphed with a Cambridge Stereoscan
250 scanning eleétron microscope. P
’f§.4 Poilen\hnalysis Results and Discussion
“;ggfﬁés been previonsly mentioned, the pollen frequency
'_mefhdd'appeafs to be the method of choice for determining
the EIOral orlg1n of honey (Townsend et al. ,1979; Sawyer,
1975 Louveaux et al 1970) and this was the method used 1in
the 1dent1f1cat10n of the six honeys tested.

’“ . Although greal care was taken to attempt to ensure that
the honey collected would be unlfloral (i.e. using packaged
bees, new supers for honey storage, and placing the colonies

in cultivating fields of wunifloral sources which were
4

flowering), the bees still would not completely cooperate.

L

By uSing+*the pollen frequency method, the results of thé six
honeys- are reported in Table 3.2.

The six honeys collected and used in our experiments



(Lotus ebrniculatus) frequent

L s
Table 3.2 Honey pollen analysis.
Number of
Pollen/
Pollen Total
Classi- Pollen
Honey ’ fication Unifloral Counted
Alfalfa very
(Med icago sat iva) frequent + 225/277
Canola ' very
(Brassica) frequent + 270/317
O
Red Cloyer very
ATrifolium pratense) frequent + 202/253
. g
&
Sweet Clover
(Mel ilotus alba) ; frequent + 107/260
- .
' -
Alsike o . ’
(Trifolium hybridum) frequent - 100/250
5 ) -~ _' ?“Z“ﬂx
“Trefoil e very ,
+ 197/280
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were } e o pollen analysis using the determination of

frequencies method (Louveaux et al., 1970). As has been
previously introduced, botanical origin of a honey may be
specified when‘eepredominant pollen'(ehat is a pollen which
constitutes more than 45% of the total, "very freguent") is

-~

present. For the si‘xé'.

?3: .an this study five can be
considered of unifloral o?1gﬁn. It should be noted that
sweet clover (Medicago) has a frequency classification of
only "frequent", however, this pollen }s an example of an
underrepresented pollen In this case, as the pollen is

ptesent at greater than 30%, it is considered,unifloral and

the .botanical origin can be represented.

During preparation of polien from honey, some major
problems “arose. Using the accepted 'procedures for ‘pollen
isolation, that is: 10 g honey in 20 mL water (<40°C) and
centrifugation fof 10 min and decanting, which may be
followed by addition of water and recentrifugation for 5
min,' very little pollen was isolated. Initially, _it ‘was
surmised that the honeye collected contained minute levels
of pollen, however upon centrifugation at 10,000 Epm for 20
min a significant pollen sedimentat{on resulted. Research
conducted by Brush. and Brush (1972) 1listed the specific
gravity of fourteen pollen grains, ranging from 0.8-1.55.
These authors indicated that the diameter of pollen grains
(18-73 um) and the specific gravity of the pollen grains
play_? significant role .in their distribution in sediment

layers. For our purposes, when we use a 10 g sample of
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honey, which is composed of approximetely 85% carbohydrates,
a density gradient is introduced in the centrifuge tube. An
assumption is made that of the 10 g of honey (assuming 15%
wategg 8.5 g is fructose and glucose (>90% of honey_ carbo-
hydrates are these two monosaccharides; White et al., 1962).

The density of a 36% invert sugar solution is approximately
1.155 at 20°C (CRC Handbook, 1983). This would indicate that
pollen grains with specific gravities lower than this value
codld_be difficult to-precipitate. To avoid this problem we
diluted 5 g honey in 100 m’ vwater; this gives a 3% sclution
of carbohydrates w1th a spec1f1c grav1tyﬂc£ approximately
1.0. By centrifuging at 3 500 4,000 rpm for 5-10 min, a
sediment was collected. Oecantlng the supernatant and
recentrifugation at 10,000 rpm for 20 min yielded no further

v
sedimentatlon of pollen. *

ey
". Following sed1mentat10n of the pc&len grains, t*e
sediment was placed onda microscope slide and allowed to drx
before mounting with glycerine or silicon o0i} (Louveaux et\
al., 1970). 1t was recommended to Us (Schwager, 1985,
persponal communication) that acetolysis of the sediment be
performed. This is the recommended procedure for all other
forms of pollen analysis (Erdtman, 1963). This procedure was
used by Lieux (1972) in his melissopalynological Study’of 54
_Louisiana honeys. We found that, if -acetolysis was not
.performed, the absolute identification 6f the pollen grains
’waé difficult and erroneous identifications could occur. To

illuskrate this point, unacetolyzed and acetolyzed pollen
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grains of Salix, Trifolilum pratégse and Bfasslca are shown
in Figures 3.4-3.6, respectively. The pollen morphology of
_each of these grains and the grains of the honeys studied
are shown in Table 3.3.

When acetolysis 1is not performed upon the pollen
graiins, it is quite obvious that difficulties in the
identification of the pollen can occur. From the untreated
pollen grains no clear representation ‘of the apertures
(furrows and/ér pores) could be seen. When the acetolyzed
péllen grain was viewed_(all grains are at the same magni-
fication), the apeftures and sculpturing became more
apparent (see Figures 3.6a and 3.6b).

Proteins and carbohydrates constitute part ofEi)he
actual pollen grain. In addition these components are bound
to the surface of the grain. The principle behind the
viewing of a pollen gfain' unéer a microscspe is the
refraction of 1light from tﬁe surface of the grain. 1f
proteins and carbohydrates mask the surface of the grain, no
differentiation in refraction of light can occur and ‘thé
surface shows no sculpturing. By submitting the grain to
acetolysis, carbohydrates and proteins are removed and the
sculpturing of the surface of the grain 1is revealed.
Acetolysis also makes the grain trapslucent and dyes the
grain for easier viewing (Erdtman, 1960; Moore and Webb,
1978) .

By implementing these  two modifications in the

prepayation of pollen for énalysié,'representative pollen

' »



Table 3.3 Morphology of pollen grains.
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Pollen grains of

Morphology

Trifol lum pratense

),

-

Trifol ium hybridum

Lotus corniculatus

Mel ilotus alba

Brassica

Salix

»

tricolporate, coarsely per-
reticulate heterobrochate, Amb semi-
angular margo present; endopore
visible, large colpus membrane with
granules; costae colpi present;
subproloate.

tricolporate; per-reticulate; coarse
heterobrochate; subprolate margo;
colpus constricted just at the

equator.. .

" tricolporate; subSpheroidaI;

subprolate; colpus not split; colpus
edge jagged; pore indistinct;
psilate. f

Y
A

tricolporate; psilate or scabrate-
varrucate; columellae are fine to
invisible.

tricolporate; reticulate; grains are
rectangular obtuse in an equatorial
view; lumina in the center of a
mesocolpium is slightly smaller in
.diameter than those towards the
apolcolpigi

tricolpate; reticulate; no margo
present.

tricolpate; per-reticulate; thin
walled when -~ mpared to Brassica;

has a ps%tq.. margo.

\

-see Appendix 1 for a glossary of‘:;Pys used in

"melissopalynology.
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Figure 3.3 Acetylated and unacetylated pollen grains of

Salix. a. Acetylated; b. unacetylated. (magnification 630x).



Figure 3.4 Acetylated and unacetylated pollen grains of
Trifolium pratense. a. Acetylated; b. unacetylated.

(magnification §30x).
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Figure 3.5 Acetylated and unacetylated pollen grains of
Brassica. a. Acetylated; b. unacetylated. (magnification

630x).
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sedimentation is assured, in addition to reduction in the
number of false identifications. These f;ctors are extremely
important when exporting honeys and in the fact that .clover
honey is considered to be of better quality and therefore of
greater value than canola honey. "

- Examination of pollen grains with an optical microscope
? n yield imperfect images due to opaqueness of the grain
and its highly refractive properties. In addition, the depth
of focus of an optical microscope is limited. Scanning
electron microscopy (SEM) provides a considerable depth of
focus and yields an extremely good representation of the
surface structure of the pollen grain. Scanning electron
micrographs of representative pollen grains for each of the
six honeys can be seen in Figures 3.7;3.9. SEM has been
applied (van Laere et al., 1969) to the identification of

the floral source of honey, however this methodology is

expensive and time consuming.



Figure 3.7 Electron micrographs"of

Lotus corniculatus; b. Melilotus alba.

pollen

grains

of:
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Figure 3.8 Electron micrographs ‘of pollen

Trifol ium pratense; b. Tr'ifol fum hybr idum.
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Figure 3.9 Electron micrographs of pollen grains of: a.

Brassica; b. Medicago sativa.



/ 4. NECTAR CARBOHYDRATE ANALYSIS —\

4.1 Introduction N 2
.

o ’

The presence of sweet exwdations :E/xarious flowers and

their importance to bees has been known for many centuries

(Ariscofie, fourth century B.C.).
Initially, theAliquid found in the nectary was referred
to as®honey" (Muller, 1883), however, Knuth (1906)"d§ed the

term "nectar" for ‘this floral 'Product. This term. is now

C e

accepted as the correct representatzon for the sweet llqu1d
produced by the nectaries of fldwers.

There is considerable diversity in the 1ocati%& and
structure of the nectary. Floral nectaries may occur orn the

receptacle of the flcwer, at the base or apex of the ovary,
x ‘.' ‘
on the sepals, on petals, on stamens, Or on combinations of

the above. Extra-floral necta?ies{gab also' be present and

,these may be fana on the leaves, stipules, stalk, and in
* £

other areas. *

3

,paspary (18&8&§observed that this liguid contained in

the nectary was sweet,. therefore recognizing the sugar’

' content 'of the nectar. . ! }’ﬂh

Studies +on ' the carbohydrate composition of nectars

~nm
bt N

'in;tiated with Bonnier (1878) and ywere pepformed b} many
researchers (von Planta, 1886 Beutugr, 1930) kaes (1952,
*1953) performed an extenszve stuydy cn the comp051tlon of

nectar of eighty floral sp cies, by applying paper chromato-

/

graphic technxques and compar1sons to standards. Fructose,

2 3
o 7 55
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?

glucose, sucrose, maltose, melibiose a agfinose were

identified by this methodology. Per (1961) , applied
these same techniqﬁes to the carbohydrate identification of
nectar of 900 floral species. In her wdrk.shehconcluded'that
fructose, glucose and sucrose are .the main carbohydrates
found in nectar. In some dicotyledons other oligosacchafideé
were also f?blated, but only in plants with "completely
broken down" nectars. She defined those nectars as those

which are fructose-glucose dominant. In these nectars

maltose, raffinose, melibiose and an unknown oligosaccharide

were found. Studies on a variety of nectars by other

i

re§earchers emplo?ing paper chromatographic technigues
(Mauritzio, 1959, 1962£ Bailey et al., 1954; Luttge, 1961;
Zimmermann, 1953, 1954; Stockhouse, 1975;° Hainsworth and
Wolf, 1976) found fructose, glucose and sucrose. )

Furgala et all (1958) analyzed nectar from four
'wdiffereht clovers by paper .chromatography and identified
fructose, glucdse; sucrose and maltole.

Watt et al. (1974) 5€termined the carbohydrates present
in nectar ky paper chromatognaphy. Tﬁe authors identified
tructose, g{ycose, galactose, sucrose and raffinose in their
nectar sampies. ;n éddipion, mannosg‘ﬁnd an unknown oligo-
saccharide were present in a few of the nectars studied.

' Jeffrey ét al.’ (196?) ana}yzeﬁ',the carbohydrates
present ' in both the floral and 'ggﬁr?floral exudates of

orchid species. By chromatographing' on borate-impregnated
4 .

silica gel G plates and by cémparison with standards,
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fructose, glucose, sucrose, maltose, gentiobiose, stachyose,
raffinose, melibiose, lactose, melezibiose and aﬁnumber'ofv
unidentified oligosaccharides were found. The authors
indicated that the sensitivity of‘this method ()1 ug) allows
for the qualitative detection of all important saccharides.
Elias and Gelband (1975) applied thiﬁ-lazfr chroma-
tography to the analysis of nectar from the trumpet creeper.
This woody vine contains five disﬁinct nectary systems (one
floral nectar and fouF extrafloral) and the, nectar from each
was studied. The ratios of fructose, glucose and sucrose
varied between the floral and extrafloral nectaries Sut
these were the only carbohydrates 1solated and ?éent1f1ed -
Kleinschmidt et al. (1968) applied gas-liquid chroma-
togragpy (SE-30, 5 ft x /¢ inch) to the identification of
carboh&drates in alfalfa nectar. Following col}ection‘of the

nectar, the water was removed and the resulting syrup

silylated (Sweeley~et al. 1963) Thiffmethod was extremely

L~'

ﬂsen51t1ve (detecting ug quantltles of carbohydrate) andva,ﬁ
B-fructose, a,B D-glucose and sucrose were the only carbo-
hydrates found.- Baskin and Bliss (1969) applieéhgas-liquid
chfomatogfaphy to the analysis of orchid nectar (30
species). Follpwing preparation of the TMS-ethers, the
authors identified fructose, glu¢osé, sucrose, maltose,
cellobiose, gentiobiose, raffinose and lactose by comparison
of retention times of thé samples with standards.

Brewer et al. (1974) applied th1n layer and gas- lquId

chromatography to ~the analysis of carbohydraies in
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pistillate flowers. THe authors indicated that the nectar
collected was high in soluble solids.(58-92%); The major
carbohydrate components were identified as fructose (39%),
' glucose (48%)“and sucrose (11%), and traces of othér-cq;bo—
hydrates were preseﬁt but unidentified. |

Finch (1974¢) identified fructose, glucose, and sucrose
as their trimethyl silyl ethers.bylgas-liquid chromatography
of a variety of floral nectars. Two other peaks weregpresent
in a few of the nectars, but not identified.

Butler et al. (1972) applied gas-liquid chromatography
for the identification of the TMS-carbohydfate derivatives
of cotton nectar. Fructose, glucose and sucrose were the
only carﬁohydrates present. \ |

van Handel et al. (1972). used specific Quantitative
assays for frucﬁose, glucose and sucrose. The methodology
involved treatment of a nectar sample with anthrone;
fructose and any component containing a fructose moiety
reacts with anthrone, whereas glucogse and other aldehydic
sugars do not (van Handel, 1967). Sucrose can then ;be*‘
deterhined by treatment with 1 drop of 30% KOH at 100°9‘£or
10 min, which destroys the anthronevsensitivity of a;? the
reducing sugars, including frgej“fgagtose. Sucrose remains
intact wunder these conditionsi‘gn'cf’ may be quantitated by
subsequent reaction with anihrone. (van Handel, 1968).
Fructose concentration was then determined by the differgncé
in optical density before and afté% pqtassium hydroxide R

treatment. Glucose in the nectar was determined by glucose
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oxidase. From the above treatments the rotallcarbohydrate
value could be determined. When a duplicate nectar sample
{ was treated with reduc1ng copper reagent, the values agreed
| (;2%) with the sum of fructose and glucose prev1ously
'éetermined. The agthors suggested that this indicates that
ne-other major carbohydrates are present in nectar.

Nectar analysis studies have also been carried‘out by
Kartashova and Novidava~(1964}, Yakovleva (1969), Zauralov
and Yakovlewn}(1971) Kapyla (1978) and Macior (1978). Baker
and Baker fﬁ982 va983a ,b) have reviewed the analysis of

_nectar carbohydrates extensively.

Baker and Baker (1979, 1982, 1983a,b) have contributed
extensively to the identiﬁiéation of carbohydrates _in
neetar; These authors ineroduced a terminology to correlate
the cérbohydrate contents'in nectar. By their definition a

.

perfectly balanced nectar would contain equal guantities o@ o
fructose, glucgee and sucréose, and would have a sucrose/
hexcse ratio of 0.5. Nectars with a sucrose/hexose ratio of
more than 0. ‘999 are labelled "sucrose dominated"; those with
ratlos petween 0.5- and 0.999 are "su;r;;e rich"; nectars
with ratios between 0 1 and 0 499 are "hexose rich"; and
thosegwith ratios of less than 0.1 are "hexose dominated”.
?Baker'ané Baker (1982, 1983a,b) indicated that their
paper chromatographic studies support the claims that

maltose, melibiose, melezitose, and raffinose may be found

in nectar.



., 60
Nectar is generally derived from the phloem sap
(Gunning and Steer, 1975); this viscous liquid has undergone
a number of modifications while passing from the ‘seive
elements to the secretory cells. The major éompgnent of the
phloem saé is sucrose, however small quantities of poly-
saccharides, amino acids, vitamins, lipids and inorganic
ions are also presént (Zeigler and Zeigler, 1962; Zimmermann
‘and Brown, 1977; Fahn, 1979). During the process of ‘nectar
secretion, varying amounts of these c¢ompounds aré removed,
‘resulting in the less concentrated amounts found in nectar
(Gunning and Steer, 1975; Simpson and Neff, 1983) .

Zimmermann and Brown (1977) have shown that fructose
and glucosé, the two common carbohydrates found in nectar,
are not found in phloem sap. The results of gas chromato-
graphic studies (Zimmermann, 1977) of phloem have shown that
sucrose accounts for >95-100% of the translocation (phloem)
sugars; minor oligosaccharides such as raffinose and
stachyose comprise the\remainder. Baker and Baker (1983b)
acknowledged that fructose and glucose in nectar may arise
from sucrose hydro{ysis, but also postulaﬁed that fructose
and glucose are secreted from the nectary independently.

of the majority of the nectars studied, few contain
only sucrose; in addition very few contain only glucose, and @y
no nectars studied contain only fructose (Baker and Baker,
1983b). Nectars containing only sucrose and fructose are

known in a few instances (Pg;q’lh%ﬂ 196; gosworth and

: .- ?‘;v‘ .
Wolf, 1976; Macior; 1978), vhe:&gg, - Sug glucose
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nectars (no fructose) and glucose and fructose nectars (no
sucrose) o® "moderately frequently (Bakef and Baker,
1983b) . '

7 It ié generally accepted that the major carbohydrates.
found in nectar are fructose, glucose‘ and sucrose. Quite
often, however, dther sugars have been pfesented in the
literature as being found in nectar. These include lactose
and.arabinose'(Gottsberger et al., 1973; Watt et él., 1974),
mannose (Watt et al., 1974; Crane, 1977), <cellobiose,
gentiobiose and lactose (Bas%in and Bliss, 1969), stachyose

" and mannotriose (Jeffréy et al., 1970), trehalose (Percival,
1965), maltose and melibiose (Percival, 1961; Jeffrey et
al., 1970), melezitose (Mauritzio, 1959, 1962; Percival,
1961), and " raffinose (Baker and Baker, 1983a,b and
references therein).

The presence of invertase in floral nectar has‘ been
established (Beutler, 1935; Frey-Wyssling, 1954), and in
other nectar species (ﬁatile, 1956)./ZimJEr?ann (1953, 1954)
suagested the presence of transglucosidase and trans-

2frhctosi6ase enzymes in some nectars. The preéence of these
’énzymes in nectar could account for fructose, glucose and
some of the‘oligosaccharides isolatedifrom nectar.

There are'a varietsz: factors influencing the amount

and composition of nect roduced. Both internal (genetic)

¥

and external factors have been shown to affect both nectar
_ -
. - . . ‘_.9_ , . . . . “ .
secretion and concentration (Shugl, 1955; Percival, -196
Y . o . . ;: '. . ﬁ . '7 .- v ’
Corbes#, 1978)., External factors «yinclude - sunlight, y a¥
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temperature, soil conditions, humidity, altitude and the

time of day the nectar is collected (Shuel, 1955).

4.2 Nectar Carbohydrate Analysis Experimental

Neéﬁaét from the floral nectaries of some flowering
cultivars (canola, trefoil;fclfalfa, alsike, red clover, and
sweet clover) were collecf;d (between 10‘1i a.m.) using 10
uL capillary tﬁbes cbnnécted to a water aspirator vacuum
apparatus. Approximately 30 uL of nectar could be collected
from 200 flowers. Thé: nectar was partitioned (CHCl,;/H;0,
1:1, v/v) and the aqueous phase was passed throuéh a Cis
sep-pak (Waters). Evaporation on a Buchii rotavapour R was
followed by the addition of 2 mL of reverse osmosis Milli-Q
purified water (HPLC-grade water). 'This solution was
filfered through a Swinney-25 syringe adapter using a 0.45
um nylon-66 membrane filter (25 mm diameter, Rainin Instr.
Co.). The filtefed solution was analysed by high performance
liquid chromatography (HPLC).

The HPLC system consisted OE a Whatman Partisil PXS PAC
10425 column (250 mm x 4.60 mm) equipped with a guard column
(60 mm x 4.60 mm) packed with Whatman CO: Péll PAC media
(30-38 um). The columns Qere in se;ies with a Whatman
differential refractometer (Waters model R401) ﬁ?intained at
25.5°C by means of a circulating water bath. Th; sample was
introduced by means of a Rheodyne (model 7120) e&uipped with

-
a 50 uL injection loop. Elution was afforded with a mobile

phase consisting of acetonitrile-water-1% ammonium hydroxide



63

(80/20/f, v/v/v) at a flow rate of 1.0 mL/min (Beckman model
110A pump). A permanent copy of the analysis was obtained
using a chart recorder (Terochem Labogatories) set at a
chart speed of 20 cm/hr.

For sweet clover the flowers weré so small that the
nectaries could not 'be penetrated without a significant
amount of plant material being included. To colle:t the
nectar in this case, 300 flowers were collected and 10 mL of
WPLC-grade water was added, and the mixture shaken .gently
for 2 min, Following centrifugation at 2000 rpm for 3 min,
the supernatant waé removed and passed through a C,,
sep-pak. The remainder of the analysis was identical to that
used,pré&iously.

' 0"Evaporation (Buchi Rotayppour‘R) to dryness of 1 mL of
wtl?“e‘HPLC nectar sample (in a 10 mL pear-shaped flask B14/20)
~was followed by co-evaporation with toluene. To this dried
sgmple (approx. 0.5 @g) was added 1.5 mL of tri-sil 2
(Pierce Sciemtific Co.; 1.5 meg/mL) through a rubber septum.

The resulting solution was stirred at 60°C for 30 min, then

d

the temperature was raised to 80°C for a further 30 min. Gas -

chromatographic (Varian 3700) analysis of 1.0 uL of this
sappie was accomplished using a DB5 capillary colump (30 m x
0".25 um; J&W ,Séientific Co.) with a splitter ratfxgbf 30:1.
The Fa;rier gas was 99.999% pure helium with a %?%; rate of
0.27 m/sec. Elution was carried out using ®a %temperature
p:oggéﬁ of 210°C/10 min, 2 C° min/295°C. fﬁg injector port

and detector (FID) temperatures were maintained.at 300°C.



413 Nectar Carbohydrate Analysis Results and Discussion

Nectars 6f the six floral sources ,(caﬁola, trefoil,
alfalfa, alsikeﬂ‘sweet clover and red clover) representing
the six honeys’fcollected were subjected to carbohydrate
analysis, employing both high performance 1liquid chroma-
tography (HPLC) and gés.chromatodraphy (GC).

Table 4.1 shows the carbohydrates present in each of
the nectars Snalfied (in dﬁplicate) and their corresponding
concentrations. In addition, the nectars from various canola
species were analyzed by HPLC, and the results from these
analyses are shown in Table 4.2. |

The data in Table 4.1 indicate that fructose is the
major carbohydrate iﬁ each nectar studied, wifh' the
exception of canola. In addition, each nectar contains the
carbohydrate sucrose, except for canola. No other carbo-
hydrates were found by this HPLC methodology. It should be
ment ifoned, however, that refractive index detection is not
extremely\sensitive. The results do indicate that reproduci-
bfiity of results is excellent.

The nectars collected from the different canola species
indicate a variance in the absolute concentration of
fructose and glucose among species. However, in each case
tested no sucrose ‘was detected by this’ methodo;ogy. The
detection limits for glucose, fructose and sucrose were
approximately 28 ppm, 25 ppm and 42 ppm, respectively.

The nectars for each of the canola species were

collected at various times (morning, afternoon, early and



Table 4.1 Nectar carbohydrate analysis.

65

Sugars in mg/3 uL

Floryl
source Fructose Glutose Sucrose
. Alfalfa 0.53 0:35 0.14
: 0.51 0.38 0.15
Alsike 0.27 0.21 0.13
0.26 0.20 0.13
Canola 0.25 0.31 -
0.27 0. p-
Red Clover 0.35 0.30 0.10
0.35 0.32 0.12
Sweet Clover 0.29 0.22 0.20
0.27 0.21 0.21
‘Trefoil 0.24 0.14 0% 20
» 0.28 0.16 0.18
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Table 4.2 Sugars in nectar from rapeseed cultivars.

Sugar in mg/3 uL

Cultivar Fructose Glucose *
1/
Altex 0.43 ) 0.58
0.39 0.48
0.54 0.70
1.00 1.13
Andor : 0.70 ©0.83
0.31 . 0.38
Candle 1.05 : 1.14
1.1 0.87
1.16 0.87
1. 11 0.78
Reagent 0.78 0.79
0.58 0.73
0.72 0.83
1.21 1.42
Tobin 0.79 0.86
0.76 0.87
0.62 0.77
0.74 0.78
Weston 0.46 0.71
0.80 1.00
0.97 1,22
1.00 1.19

(variations 1in t?é results may be explained_ by nectar

collection at various times)
' »o

L]
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late evening) and the variances in the absolute concentra-
tions of fructose and glucose can be explained by the
different collection times and by the fact that diff;Tent \,
flowers produée different levels of these carbohydrates, in
addition to the other factors which influence nectar
secretion. Shuel (1955), Percival (1965) and Corbet (1978)
have.shown tha; for most species optimum nectar secretion
occurs between 10-11 a:m.'and between 2-3 ﬁ.m. Furthermore,
optimum soil temperature, humidity and amount of sunlight
will result(jp a more concentrated nectar liquid.

The fructose/glucose ratio within each canobla species
is relatively consistent regardless of the time of nectar
collection. Baker and Baker (1982, 1983a,b) indicated“that
the fructose/glucose/sucrose ratio in nectar is controlled
by internal (genetic) factors rather than by external
factors.

One of the main objectives of this work was to
establish how and where the minor carbohydrates of honey are
formed. As has been introduced, a number of researchers have
indicated that nectar ‘contains carbohydrates of higher
complexity in addition to fructose, glucose and sucrose. Iv///
should also be mentioned that other researchers have found
only the carbohydrates fructose, glucose and sucrose in
nectar. As -high performadce.liquid chromatography is limited

both in resolution and sensitivity, an alternate method of

carbghydrate analysis was used.
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- % ° 2
Anhydrous nectar froff-each of the floral sources wvas
treated with tri-sil 2 (Pierce Scientific Co.) to form their
corresponding O-triﬁethyliilyl derivatives. Gas-liquid chro-
matography of these volatile carbohydrates indicated that

only fructose, glucose, and sucrose were present in five of

the six nectars analyzed. Alsike nectar had tw6 very small .

ely. These values

. ’
charide maltose.

peak: at 36.53 and 36.57 m r e
compare with the retention time of'the‘dis
Spiking of the nectar sample with maltose indicated that the
other- caryphyggate present could be maltose. Detection
levels for?disa@charides wefe 10 ppb, and for trisaceharides
40 §bb. These 'vaSues indicate that the main components

“-(>§9.BX) oqiéﬂe nectars analyzed were fructose, glucose, and
sﬂ;ro@g.,ﬁﬁrevcomplex carbohydrates appearing in the honeys
'arising f{qﬁ‘these bofanical origins result from secretions
or ;odificatiqns;bx-hoheybeesﬁ

. L i ¥

/‘—\‘ " . b
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" . 5. CARBOHYD&TE ANALYSIS BY HPLC ‘

5

P

5 1 Introductlon .

v \

N

A w1de range of chromatographxc tephn1ques exist for

-t
f papex chromatography (pC), th1n layer

the 1dent1f1cat1dz and quant%tat1on of carbohydrates. The

earlxer methods

chromatography (TLC) gnd column chromatography have fo% the

i

most part been replaced by 1nstrumental methods such as gas

chromatography {GC) and high performance - 11qu1d chroma-

[

’tqgraphy (HPLC).’~These instrumentaﬁ methods®, ln ‘general,
provide rap1d (analysis with greater specificity and
precisioh. Recently, HPLC has replaced GC as =»the most
commonly used technlque fgr carbohydrate analysis. However,
although ‘Cidoes offer advahtages over GC for carbohydrate
analysis, both techniqﬁes are far from ideal. Thus, GC,
Osinggthe-flamg”ionization d#tector, ‘™ far more sensitive
‘than’ hPLC with refractive .index. detection " (Folkes and
Taylor,'1982;. However, GC analysis requires the formation

of a yolatile derivative of the carbohydrate,. whilg HPLC

_analysis requires no such modification. N

In attempts to increase the sensitivity o;,oarbohydrate

_analys;s by . HPQ@, a number of dlfferent detection - systems

haves been employed Convent1ona1 refractometers require

3 . -

~column loadlngs of apprommately 40 ug ‘(Folkes ‘and Taylor,

@
g982) for- prec1se quantification. In most food products this
L

~,°/ - h -3 .

—

;v<é¢s“mot,a ser1ous problem ap#carbohydrates are often present'
» . -

f
-~ as the major components %Pd levels of 1nd1v;dual sugars ‘as |

. T ‘ - M J o . . ,



-z . o '

70

A :
low as 0.5% can be determined (Folkes and Taylor, 1982).
However, i§ trace analysis of carbohydrates is. required,

refractive index detection can be a liability.

3 , i
Refractive index 1is a bulk physical property and

anything which alters this parameter results in a detector

esponse. This may lead to problems if 1nterfer1ng anteri’bs

‘ .
are eluted at similar retention times to de51redpkarﬁ!£-”l
e

? -

hydrates. In addition, the refractive index changes
dranfaticalfy with temperature, pressure, composition and

" ! levels of dissolved air. In order to minimize thesé

» : .

problems, the detector . should  be thermostatically
contro}led,v solvent delivery systems pulse free and all
solvents degassed before use. As each solvent system used

will have a different refrqgtuve index, the use of ‘gredient
systems %or ;?hf%zps 1&ﬂd§ his detettti is severef’

restricted.‘Iq aldition, if the temperature "of the system

: €
changes, the equilibrium between -solvent components absorbed
. onto the staticnary phase and remaining in the mobile phase

m¥y be altered. Refractive index detectors basea on inter-

1 3 h 3

ference ,effects have been marketédn-and have increased

r

sensitivity, yielding good results with column loads of "1-5
N .
ug (Berglund and Thente, 1983)., ‘ . [

Attempts have been made to increase the sen51tiv1ty o]
, > . 3
HPLC determinationS' of carbohydrates By u51ng differentn 3

detectdrs mhese 1nc1ude ultrav1olet, madss, electrochemicaiﬂ‘kq

\

”
detectors.,Réwigwson’Xhe applicabtlity and problems with
4

" flame’ ionization (Wells and Lester, 1979) and polarxnetric-t

-7
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these detectors Can be found in various articles (Macrae,

“1985 Edwards and Haak, 1983).

-

[

Another method. used to increase the sensitivity in HPLC
for carbohj@%ate determination is the use of postcolumn
labeling. 1he initial methods of postcolumn labeling of
carbohydrates involved colour reacéions with chromogenic
reagents in strong mineral acid, (Martinsgon and Saﬁueison,
1970). Examples of tﬁese‘colouf reactions include carbo-
detdte reaction with resorcinel (Smithy et al.; 1978);
orciasl (Simatwpang; 1979) and anthrone (Kfamer' et 57A

1978). Other postcolumn labelllng me%yods have been used

" including oxidative methods (Larsson and Samuelson, 1976)

%

[ 3

Y ,
Qggt al., 1968), high efficiency electrodes [for the

fluor*s (Mopper et al.; 1980; Kato and Kinoshita, §980),

B
lutidine formation (Samuelson and Stromberg, ~1966; Carlsson

#measurement of' oxidizable compounds] (Bakerwe€t al., 1983c;

Watanabe and Inoue, 1983;.Rocklin and Pohl, 1983), and using

the reducing pover _of ;arbohydrates (Mopper ahd Gindler,

19734 _Mopper gnd Degens, 1973) . h

In add1t1on other selective methods may be used

-

'(Honda, 1984) Precolumn derivatization may also be employed

to increase the sensitivity in carbohydrate detection.
Dgﬁdva;ives ‘.which fluoresce include dansylhydrazones,
dansylaﬁides and( 1-(N-Z—pyridylamino)deoxyalaigpls (Henda,
1984). Those derivatives which can be detected byﬁabserﬂ!iep_

chromatography are presented in that secfioh. Pl

\sz‘ : . Q')\
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Recent}y, nuclear magnetic resonance sbeEtrOSCOpy q‘s
been used as.an on-line detector for HPLC (Dorn, 1984). In
adlition, improvement in the vacuum nebdlizing interface
allo@ed direct coupling of HPLC and mass spectrometry-
(Alborn and Stenhagen, 1985; Liu et al., 1985).

The eeparation of carbohydrates by HPLC has been
performed using a number of éifferent stationary phases. A
euccessful separation 'of ‘carbohydrates by Hpﬁé was
aétomplished by Cetning-@ervard'and Filiatre (1976) using'a

. . X ) ) .'f-.
gel filtration column. jfhese authors were able to separate

mono-, di- and trisa

r} . ¥
whepe the ular weid
T

t of each component differs signi-
ficantly, adghn?té/ separation can be obtained using gel

., . _
Hdes. For simple sugar mixtures

f1ltrat10n‘(5ephadex end Bio- -Gel) columns.  Problems arise
wher this techn1que is ag8r1ed to carbohydrates of sxmfkar
molecular we1ghts, and very long analysis times are required
using gel fitratioﬁ\\Rch technigues (Macrae, 1985). This,
mé‘hoa is used to“determine molegular,weight'brofiles of
polysaccharrﬂeﬁ (Macrae, 1982). C _ o

a

Ion- exchange resins have beeh appxled to carbohydrate
separations since the’early 1970" \_(Hobbs‘ and Lawrence,
1972). In some cases s}ong cation-excdhangers are employed,
often ka‘the caiciumlor lithium form. In qﬁese cases the
'mechanlsm is ,one of partition rather than 1ion-exchange
'(Hobbs andJIDawrence, 1972) Carbohydrates may also be

complexed with borate ions and separated on anlon exchange

columns’ (Floridi, 1971). Ion-exchange techniques suffer from
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a number of disadvantages, including long analysii times
(the anion-exchange separat1on of a few carbohydrate- borate
"complexés required as long as 20 days; Khym and 2111 1952),

acid hydrolys1s of olzgosacchar1des (an1on—exchange resins)

and the need to operate columns at elevated temperatures.
Recent advances in ion-exchange materials have allowed

higher flow. rates to be.used, which results in shorter

analysis times. An advantage of ion-e hange i:hromatography.

x - , )
i the pse of ‘water as the mobile phase, which avoids the
*

use of toxic - sqlventﬁsu(:h as acetonitrile!
- L ]

Adsorptmn chromatogzaphy has™been applied where sa‘ca :

> [ ]
gel has been used both’ dlfectly and fte‘t modification of

the phase or the carb/ohydrate. i&jca a,,nd Rouchouse (1976)

K]

use a polgr mobile phase of ethyl formate/met&nol/water

(6:2:1, v/v/v) to separate.fructose, sorbitol, ,sucrose and

4 - .
lactose. Other researchers have employed precolumn deriva- ' -

tksatmn, such as the fo'rmatxon of nltrobenzoates (Nachtmann
and (Budna, 1977),, p- n1trobenzylox1mes (Lawson and Russell
1980.)' and many others (Honda, 1984).;,'1‘}115.der1vatlsat10n
reduces the/polanty ?,i the carbohydrates and allows” for the
" separation w1th less polar mobile phases. In addition, the
derivatives now absorb stongly in the ultraviolet geg;on,

[ ¢
thus allowing for detection.at much lowét levels. The more

commonly 'encounter&d use of adsorption ch omatpgraphy is -

) e .

vhen this techmque is used in conjunctiorss with amine .

mod1f1ers (e.qg. tetraethylenepentamlne (TEPA) ). Aitzetmuller

(1978) was the first to use this technigue and it has been :

1
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‘ds‘ed by meny researchers sinvce that publication’ (Aitzet-
muller, 1980; M’tzetmuller et al., 1979).

‘The most .\ndely apphed system tor ‘the HPLC analysis of
carbohydrates is partitio chrbmatography. A variety of,
phases have been prepared'? including cyano, amino and hybrid

phases of these’ two ‘types ~(Rabel et al., 1976)4‘90& amino

or aminocyano phases are compat1ble vuth4 ge of
polar sohents, )’weven., almost all pubhsh 'employ

‘aqueou$ acet‘itrge (Macra ). Aqu’eo,us v

used but have been show eld inferior resolution,

presumably reélated to t that these alcohols .can
) i, - - .
hydrogen—bona with the statgh y phase- aming groups. If the
' s B 2 ' .
.v ‘aratibn of monosaccharides lis desired, then elution with
A 3 i . Y

15-20% water/acetonitrile 1is, recommended, whereas higher

Y T . s R ‘
If complex mixtures of monosaccharides,and higher oligomers
. . . LY .

, require analysis, *then gradie‘rg,, systems would aid; in the

oligomgrs. require 40-50% water/aceton'?i];/e (Macrae, 1985).

separation, howevet, when using refractive index detection,

A .

thxs type‘&f separatmn is precluded
Although‘ the main use of partltlon chromatography is

ﬁa’sed on the use of.pplar-bon,ded phases, there is an

*

alternative method using 'reverse-phase chromatography. This
B o .
methodology has been ma1n1y restricted im its use to

_separatmg carb&drates w1th dxfferent monesacchande units
L]

“(Palla, 1981; Macrae, 1985). This methodology ,has' been -
‘applied te monosaccharide separations and disaccharide

separations, but the.-resolutions are inferior to those

L
TN
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achieved usingvpoiar-bonded,éhases (Mactae, 1985)2w§e€§rse—

phase columns do have an advantage in that these phases are
L I : K

not fouled by polar molecules.

Honda '(1984) has reviewed the l'itera“tu're (1975 1983)(
fqr separation., ﬁf simple oligosaccharides by HPLC In many
of thele papers good seﬁ%ratléi was achieved for maltool1go—J
saccharides and fruptooligosacchar1des. It was obvious from

the literature that separatiom by C of more Lomplex

mixtures of disac‘charides, like "thog ‘éound in honey for

q*!nyle, has not been performéd (H é, 1984; ﬂikolov' et

al., 1985a,b). R

F
o P X . ®

§.2 HPLC in Food Carbohydrate Analysis '
¥ 2
High performance - liquid ehromatograghy ‘s beeﬁ

’ .
extensively applied to the determinat}on of carbohydrates in

¥ - * .
foods. These determinations include the .ﬁualitative and’
' Y , .
quantitative determination of monosaccharides ‘iﬁainly

-

fructose and glucose) and disaccharides (mainly sucrwse) in
fruiés (Wade‘and Morris, 1982; Reyes et al., 1982), ce;eals
(iygmung, 1982; 1Iverson aﬁd%gnueno, 1981), adégétables
(Martin-vi}lla et al. 1982), coffee (Trugo and Macrae,
4'1982) and fruit juice (Shaw and Wilson, 1983). Mapy other

applications of HPLC analysis of carboﬁydrates to food are -
. i
known and have been extensively reviewed (Macrae, 1982,

1985; Honda, '1984). IR w
.l' i Q’ . .
Carbohydrate analysis by HPLC has- found many uses in

A, °

food due”to rapid analysis times, ease in the preparatién of
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‘sambles‘a\jection of undefivatized samples in most cases,.
and ease of automated analysis ('Honda, 19&‘3\)4."
et d
‘The firsg use of HPLC amino columns fcr,' carbohydrate
(mainly monosacchahde) analysis was by Lmden and Lawhead
(1975) and Palmer (1975). TRe use of thesev ty’es of columns
has‘en exten ed to ol1gosacchmdes, mainly sucrose,
lactosed‘ raffi’nose and maltooligosaccharidés (Verhaar- and
Rﬂster, 1’9814“"Baust et I., 1983; Linden and Lawhead, 1975).
Recently, these types of col\mns, employrsng stat‘onary

B gy

Wy
phases of amino-propyl, c;ané, and com’f:xné‘tmns of amipno and

76
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e

cyano. havé been used to at@gmpt the separation of more

complex mixtures of carbohydrates similar to those found in
honey.' , . | . o g
Gherna'..‘t al. (1982) applied HPLC, using a micro-
bondapak NH; column with dcetonitrile/water as the mobile
phase, to determme thé major luga‘rs contained in Algerian
honey. The authors rmdmateg the separatmh .of fructose,
gl!.xcose, sucrose and maltose was .possible .using their
cond1t1ons. In add;tlon, separation bf lactose\an/d rafflnose
was p0551ble, but they were not found in the honreys tested.

"2 Nikolov et al. (1984) attempted the Jgaranon of honey

dlsacchandes usmg am1ne modified 5111ca columns (Waters

micro.

indicated that ‘s_' x - disaccharides could be detected and
&

«

1dent’if1ed The chromatograms shown, however, were extremely

!

broad, with con51derab1e overlappmg “©f peaks and shoulders

which were 1dent1f1~ed as peaks. The authors proposed that
. . . o

rl

ak-NH: , .Du'Pont" Zorpax-NH;). The authch'
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ebis methodology could be used to detect adulteration of
honey by the addition ot’high fructose corn sygup.

Moriyasu et al; (1984) applied HPLC to the separation
of sugar anomers at lJL temperatures using a Nugleosil amine
column. T 'xeattempted to separate a number of sugar anomers
f(includiﬂiggtﬁz;se: mal;ose, lactose, fucose and mannofN) at
temperatureb ggng1ng from . 5 C to -45° C Opt1mum separatxoa?.

occurredJQEEGiw 25 c us&ng the mobile phase acetone-water-

F I 2 % .

acetxc ac*ﬁ (100°1 i1, v/v/v).
¥ (1985a) applied HPLC for the separation

ccharidegs using two commercially prepacked

amznbprqv" pnded silica columns (Supelcosil LC-NH; and

‘ ’ .

3
[

of

d‘

¢8rba11§$§) They found that the elution among gluco-
®

v&lan98114§luc33e dlsacchar1des proceed in" a pattern of

- ]
(1*3) “linked d;e’pcharldes, then (1-+4)-, \i mixture of (1+2)-

’alﬁ 11¢1)- ' and Jfinally §176)-linked disaccharides. 1In

addxtldqp,{hbse~worke s found that -the replacement of a

glucosyl residue’ by galactose resulted im longer retention

times, wiile substitution by a fructose residue gave shorter

retention timee From an analysis of the retention times anq
chromatograms presented for the standard carbohydrates, the
peaks were broad and severe overlapping occurred for both
columns. Even the application of different mob11e phases did
not greatly improve the separat1qn. For example, cellobiose,
sophorose, a,ﬁ-trehalose} lactﬁlose, a,&-trehalose, koji-
biose, lactose, f,f-trehalose and turanose were virtually

unresolvable using a Supelcosil.LC-NH; column with a pobile



phase of 75% acetonitrile/water.

" Nikolov et al. (198%,) extended thi§ work to the
éeparation of(thirteen triséccharides. They found that the
Eépl epent,é} a glwcose unit by either fructose or xylose
yielded’ shorter retention times, while replacement by
galactose ga;e longer retentioh  times. daeasonable
iepaéations’of (1+3)- from (1+6)-linked trisaccharides was
possible usiﬁg their methodology.' As was the case with
disaccharides, broad peaks and severe overlapping occurred.
The authors indicated that gas chromatography was advisable
for separation of carbghydrates of similar structure.

Cai and Zhu (198£2 used a microbond#pak column for the
separation of glucose, Yalactose, sucrose, maltose and
isomaltose in various food saﬁples. Using a mobile system of
acetonitr;le/watéf, the authors were able to qualxtate the
presenée of these carbohydrateg in honey, beets, grape§ and
wort. | .

‘¢ Blanken et al. (1985) anaiyzed 65 neutral oligo-
saccharides by HPLC, using an amine-godified silica column
(Lichrosorb=NH;). They found thaz éhromatogr&phtc behaviour
could be 1linked to spscific structur;)' fettures of the-

4

oligosaccharides. General observation indicated that the
3

retention time increased with the number of sugar residues.

The presence of N-acetylglucosagine, or a fucose residue

. \
shortened the retention time and a dramat}c increase in

retention time was noted if the oligosaccharide contained a

(1+6)-limkage. By using an elution system of acetonitrile/
. 1]

43

’
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water containing 15 mM potassium phesphate (pH‘&.Z),
¢'r-

followed by a linear gradient of increasing buffer, maltose,
isomaltose, cellobiose, gentiobiose, mellibioae and lactose
could be sepal.pid.

Applications g% other stationary phases. for carbo-
hydrate analysis by HPLC have been developed recently.

Porsch (1985) reacted Separon SI% silica (reverse- phasel’
‘media) with-hydrochloric acid and octadecyitrich;oroszlane
in ‘ﬁbﬁling Foluene ‘ltﬁ pyridine. »This ‘'vas followed by
reaction of the product with y-aminopropyltriethoxysilane to -
"yigld a reverse-phase with chemiaally-boumd primary amino
groups. This stationary phase was then empl the HPLC
separ'a{ion of statch hydrolates using wat’he mobile
phase; -DP (dextrose vpblymer) fﬁg were sepa}ateé by this
methodology. Revefsa-phase chromatography media for .the
separation of oligosaccharides are known (Honda, 1984). One
of the shgitqomings of.these types of media I's the prpsenée‘
of a- and f-anomers in the chromatograms, which complicates
the sp;cnra (Cheetham et al., 1981). By doping (with
chemically-bound prxmary -amino groups) the surface of the
reverse-phase s111ca, the statxonary phase has a suff1a1ent

\yt\ effect on the rate of anomerfization so that no

11tt1ngipccurs.
Hull and Turco (1985) analyzed ma t?coflqosaccharxdes
from corn syrup B&,HPLC us1ng a silicafgel modified with
1,4-d1am1nobutane (DAB). They. employed a technxq e that had

been introduced by Ackermann and Kothe (197§) fér the
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analysis of monosaccharides. This involved the reaction of
the neutral oligosaccharide with dansyl hydrazine to yieid
the corresponding sugar @ansyl hydrazone as a mixture of
isomers. These derivatives were then separated using aceto-
nitrile/water/DAB as the elution solvent. Dextran polymers
(DP) of 2-7 could be separated. -

Bonn. (1985) applied a series-connected system of
different ion-exchange eolumn§ for the HPLC separation of
monosacéharides, oligosacch&ridés, sugar degradation
products and alcohols. Four st;tionary phases were employed
in this study: a Ca-loaded §u1phonated polystyrene-divinyl-
benzene resin (I); Ca-loaded cation-exchange resin (II);
H-loaded ion-exchange resi;T(III); and a Ag-loaded'cation-
exchange resin (IV). Any two of the above stationary phase
columns ‘could be coupled w'it!\ Ja pre-{:oslumy for separation
purposes. The elution solvent was water and. a refractive
index deteqtor was used. The samp??® to be separated was
obtained b} hydrothermal treatment of poplar :%od (Bonn et
~al., 1983). Optiﬁal separation was afforded yan stationary
g;ases I and IV were employed. With these columns in series
DP from 1-7 cowld bel separated in ;ddit%on to qfﬁer
components. A N

Koizumi et al. (¥985) investigated the‘separation.o§~

(1%2)-, (1+43)-, (1+4}- and Aqu)-linked'homogenous Diélﬁ;bgﬁ
oligosaccharides and -pp}ysaccﬁéride§ by HPLE on ‘a 3 X
chemically-modified :aminé&icbfh;n. The saccharide ‘sémpres
were prepaged by the partial hydrolysis or partial

L 4
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: acotblysxs of the following: cyclosopharose;’ curdiah,
amylola, collulose, and luteose. Acetonitrile/water vas vaed
as the eluent and effeckive resolution of these saccharxde
samplas up to a DP of 33 was afforded. , . '\

Kennedy et él. (1985) analysed the oligosaccharides inl
the extracts of soybean saed meal by employing HPLC using“. 3
Waters Dextropak Ci reverse-phase column. Thg/mzzhodiid
involved adalysis of extgacts after an initial treatment of
ultraéiltration with a ZS:DOO molecular weight cut-off

- filter. By gmployxng water as the eluent, the 'oligo-

- acchat:d‘c _sucrose, raffinose and stachyose could be
separated a*

Iwata’et al. (1984) prepared an aqueous column of plaxn.
5111ca gef\(AQUaS1l) for the separat1on of neutral oligo-
ﬂlnccharxdas. Tbas type of ‘column was prepared by packing an
HPLC columm, v1th Nucleo:’i 50-5 silica gel 1n a normal
slurry method Me;hanol was .then passed through at a flow
ratd of 12 mL/min for 20 min, £ollowed by chloroform-
methanol-ethanol-water (62:16:16:6) at thé same flow aate
for 30 min The authors indicated that these tyxpes of
columns have several advantages over reverse-phase cé?umns,
tnclud1ng lower operating pressgres, high solub1l1ty of
samples,v avoidance of e:t;smgly toxic elution . solvents

B t,}lc“,Y* ! v ?1

F@QGSCetonxtr11e) ‘and; the -lot%} cost of columns. Ih the1r»

\

" expgrxment ‘Ivata et af (f984) separated sucrose,'maltose'

‘e and lactose standards and a series of malto-oligosaccharide

standards with the mobile phase ethyl acetate-methanol-water

-



(12:3:1). ‘ |
-

Cheetham fnd Teng‘f1984) attgﬁﬁéod the separation of
malté-oligosacéhatides "~ (DP 1-13) and isomalto-oligo-
saccharides by’féverse-phase high performd@%e liquid chroma-
tography. They added cationic; anionic and non-ionic
surfactants, tetramethyl urea and organxc solvents to the
mbbile phase to. reﬂuce the analysis time and sharpen the
Qeaks. The addition of the neutral, inorganic salts allowed
the separation of oligosaccharides which wgre poorly
resolved by waterL alone. The authors suggested that the
" solvophobic mechanism is in operation during these
separations in addition to hydrogen bonding.

Asakawa (1985) modifieq\ a radial#pak silica -gel
cartridge with 0.02X% 1,4-diaminobutane for the HPLC
separation of malto-gligosaccharides. This.methodolog§ was
applied for the analysis of enzymatic digest of amylos#.

* Ohtsuki et al. (1984) determined the reducing sugars in
kiwi- fruit"u;;ng Dianion (CA08S) and Shodex /(5-801)
stationary phases. By post-column labelling with/f2-cyano-
acetqmiée,‘glucose, galactose and fructose weré identi}ied.

[}

] L ]
. -

5.3 HPLC Experimental

*.5.3. 3 Honeg collection

- New honéy shpers together with packaged bees were
. ' ' !
introduced in six flowering cultivating fi%®lds. These fields

, .}
were alfalfa, alsike, canola, red clover, sweet clover and .



83

trefo?l..The honey collectedtbg-these bees was collected and
frozen until analysis. - , Y. |
5.3.2 Analytical carbohydrzte determination
Approx. 350 mg of hohey‘ was dissolved in 5 mL of
reverse o8mosis Milli-Q purified water (HPLC-grade water).
k r,his solution was f?ﬁnsferred to a.10 mL wolumetric flask
‘,/jnd the volume made up’ with HﬁLC-g:ade water, A'portion o?
thié solution was' filtered ;hrough a Swinney-25 syringe
adapter using a 045 um nylon-sé membrane filter (25 mm
é}hmeter). The filtered solution was subjected to analysis‘
by HPLC'employing a Whatman Partisil PXS PAC'10/25 column
(280 mh x 4.60 mm)-equipped with a gquard column (60 mm x
4.60 mm) packed with Whatman éo: Pell PAC media (30-38 um).
The columns were in series with a Whatman ’ifferential
refractometér,(model RE01) maintaine& at 25.5°C by means of
a circulating watér bath. The sample was introduced by means
of a‘Rhesdyne (ﬁodel 7f20) equipped with a .50 uL ihsection
loop. Elution was_afforded with a mobile phase consi;ting of-
acetonitrile-water-1% ammonium hydroxide (80:20:1, v/v/v) at
a flow rate of 1.5 mL/min (Beckman model 110A pufip). A
permanent copy of the analysis was obtained using a chart
recorder set at /§ chart speed of 20 cm/hr. Under these
conditions the elution order of monosacchar1des was fructose
‘followed by glucose, with retention times of 6.6£0.1 min and
9.5+0.1 ﬂén, reiFectdvely. This methodology was used tof

determine the fructose/glucose ratio for tr®foil, sweet
{ \

|
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cldver, red clover, alsike, alfalfa, and canola honey. Each
analysis was done in ;riplitate and compared to standard
curves. o S .
' . ‘ - - ..

For the disaccharide and trisaccharide standards, 1-5

mg of each standard was dissolved in 100 uL of HPLC-grade

- 14
water and the analysis was carried ou} as previously
mentioned. |
’

/
#

5.3.3 HPLC separatxon of honey monosaccharides o

To approx. 10 g of honey was added HPLC- grade ‘water to
a total volume of 3p mL. This solution was then passed
through a Swinney-25 syringe adapter usiné a 0.45 'gm
nylon-66 membrane filer (25 mm diameter). A 6.0 mL aliquot
of this solution was injected (Rheodyne model 7120; 5 mL
injecéor lqop) onto a Whatman Partisil M 2@/50 preparative

HPLC column (50 cm x 18 mm) equipped with a guard column

‘ (140 mm x 11 mm) packed with CO: Pell PAC media (30-38 um) .

T

[

hgr Sty

This system was in series with a Whatman differential
refractometer (model R401) maintained at 25.5°C by, a

. - —_——
circulating water bath. Elution of the monosaccharide

fraction was accomplished with acerenitrile-water (80:20;
viv) as the mobile phase at a flow rate of 7.0 mL/min
(Beckman ﬁedel 110£~pump). Approx. 850 mL of this mobile
phase was required. The mobile phase was then changed to
acetonitrile-water ( 0; v:v) to elute the oligosaccharide
fraction (450 mL of Splution was c011;:ted) ThlS procedure

\
vas‘re?eated four- t1mes, for a total of f1ve passes for each

7
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honey. Evaporati;g/éf the combined oligosaccharide ﬁractions
using a BuchiJrotovap'ur R with water aspiration yie~lded.
approx. 430 mg of a slightly coloured syrup.
. ’ - . 4 ’

5.3.4 Acetonitrile rgcovery : ' P

As HPLG-grade acetonltrxle is. quxte expensive (approx.
. $15/L)," .all HPLC waste solvent used vas recycled. The
" solvent \wes Tdistilled ‘(boxlig fractxon‘ 74-?6°C ‘fer

azeotrope, at.a preseuge of 706 torr) By measurement of the
refraqtiveffndbx fA@be-Refractémeter, Carl Zeiss, G.D.R.) of
the distillate, fhe acetenitrile-water_percentages could be ’
calculated as follows: .

Let x be the weight in g of acetonitrjle.

Lethk be tﬁe weight in g of water. - \\}

| r ='(1/d)(n'-15/1n’+2) ’

r = specific refractivity of the compound

L
o
[}

refractive index

Q,
0

? L

densi;y = we1ght/volume ' *

2

r for acetonitrile = 0.2695 (at 22 C)
r for water = 0.2057 (at 22°C) .

25 mL of azeotrope is weigﬁhé wt; and d = wt/25 mL

then, -

o

a) x+y = wt
b) 0.2695x + 0,2057y. = wt x r (of azeotrope)
. P ¥
and solve the simultanebus'equations.
The above  procedure resulted in +approx. 80%

acetonitrile recovery. -

~N
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5.4 HPLC nosults and Dilcussion

. *®

Monosaccharide analysis was 1n1t1ally peiformed on the
six honexs to detetmxne the fructose }o_glucose ratio for
.each honey. These values are shown in Table 5. 1 using an
analytical HPLC column thh acetonxtr1le-vater 1% ammonq j um
hydroxide as the mobile phase. T hxstPLC method for fructose
and glucose détermination was not the ROAC.(Qfficial Methods
of Analysis, 1984) method for honey. The acsepted method
ihgplvés the‘prep;};tion.of an adsorptiohxco{umh, followed

by fractionation &nd titration of the appropriate fraction.

The official method was labourious and time consuming,

whereas this HPLC method involved a simple dilution followed
by filtrati?n and analysis} As shown in Table 5.1, the
reproduéibility ofi results was high (relative standard
dev1atxon after ten injgctioﬁs of standard fructose and
glucose . solutzons was 1.0% and 0 5%, respect1vely) and the
analysis time was short (less than 14 m1n). In addition,

baseline separation ®f/ these two monosaccharides was

attainable, which greatly reduced the errors, involved in

qdantitatibn.

In order to qualitate and guantitate the minor sugars
present in honey, methodology Qas required for the bulk
separation of honey into mqnosaccharide (appto;(. 95% of ‘the

total soluble solids in honey) and oligosaccharide (approx.

'3-10x "of the total soluble solids in hodey) ffactions.

Although a method (Siddiqui and Furgala, 1967) for this bulk

separation was known, a rapid and less cumbersome method was



\\\‘ ) . . J

Table 5.1 Monosaccharides 'in honey, determined by HPLC.

Y 2ol
Honey _ Fructose (%) Glucose (X%)
Alsike 43.0 45.2
. 42.8 45.8
42.8 45.0
- .
Alfalfa 44.9 38.2
. d 43.6 37.5
, 40.1 36.3
Canola 50-. 0 50.0
49.5 49.1
49.5 49,2
Ay
4
Sweet Clover 44,2 44,2
. 44.5 44.5
44.0 43.8
S
Red Clover ' 40.3 35.9
i \ °41,2 36.8
39.8 ' 137.0

Trefoil LJ \  48.2 : 41.3

47.5 42,1 :
47.5 , a2k —
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required. Initihlly,‘an HPLC silica gel preparative coluﬁn

[ 4
(Whatman, Partisil M20 10/50) with an amiq. modifier (tetra-’

ethylenepenthmine, TEPA) vas used. .}ollowing numerous
'attempts for this separation employxng a variety of mobilei
phases and flow rates, th1s method was abandoned " Although
for analytical columns these seperations vorked well, for
preparatory co;umns the sepa:etxons could not be achieved.

In 23984 Whasman introduced a preparative HPLC column.
(Whatman Part1sxl PAC Magnum 20/50) for carbohydrates. The
application ~af th1s column to the seperatlon of honey
afforded an excellent separation of mono- and oligo-
‘sacchar1des. Typically, 10 g of honey was dxluted with wag‘r
tq a total volume of 30 mL and then filtered. This sample
was passed through the column as 5 mL aliquots and eluted
with acetonitrile-water. Most of the monosaccharideé vere
remeved aftez; 1.75 h (apprqxifnaj:gly BOO-mL). The mobile"
'phaee vas Eyen changed to a higher water content end 450 mL
of eluent collected. By repeating this procedure, the entire
sample couid be processed, yielding approx;mately 430 mg ofA
essent1ally monosaccharide-free - honey' carbohydrates.
Analysis of the pooled ol1gosacchar1de fraction by HPLl
}ndicated that approx1mately 7% vas glucose, with no:
fructose present. .

This procedure was applied to .each of the six honeys
(canola, trefoil, alfalfa, alsike,'red clovee, sweet clover)
collected. The oligosacchatiée fractions for each individual

‘honey vere combined, evaporated and dried under vacuum.
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Duplicates for each of the aforementioned honeys were also

prcpared
Brons and 011eman (1983) indicated that irrev;rsible

bindxng of carbohydrates to the Qtationary phase of HPLC.

[} r

columns occurred. To determine if this was a problem with

thé prepafative HPLC column in our laboratory, standard
solutions of glucose, sucrose and maltose we}Q applied and
~ eluted under our reaction conditi&ns. Followingfevaporation,
‘drying and addition of a known volume of HPLC-grade water,
these standards were analysed by HPLC.;Recoveries were 94.6%
(gld‘Bsc{i 98:2%'(sucrose)_qnd $7.4% (mflgose), indicating
that irreversible bindimy to the column was negligible.
Analysis of standard oligosaccharides' usiﬁg HPLC
(Whatman Part1;1i PXS 10/26 /PAC) under a variety of
conditions was attempted. Under opt1mum conditions, 1hw
‘values £9r varioug disacchar?de standards are giveq i% Table
5. é The disaccharides tested (and those Eound in honey), had
different 1f\¥ntxon times and might have been separated by
HPLC.-Unfortunately, peak widths at the cé%centrat1ons of
the minor sugars in honey vere approx1matel% half the peak
heights.?” This resulted in severe broadening o. the peaks,
whichfin turn leads t6 overlapping. Although_}dentifications
of peaks ‘was pbssible, quantitation was not. °
i-Standard - trisaccharides were also run under- optimum
HPLC conditions, and the resulgi\are shown-in Table 5.3. In
the b&#e Qf'&risaccharides,{the peak width to‘peik height

ratio was poorer, resulting in much broades peaks. When

7
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Tqblo.s.z Retention times of disaccharides.*

A L

r

ﬁiljcchatide . mm . min

¢

s8crose
]
Turancse 48.0 34.4
[ J
Nigerose 53.5 16.05
. &
. .
Maltose ' 55.5 16.65 -
Rojibiose 60.0 ' 18.0
,
irehalose o 61.0 18.3
Isomaltose | 70.5 o 21.2° .
\ < . >
\) )
[ ]
Gentiobiose 7.0 22.5

Whatman Partisil PXS 10/25 PAC 250 mm x 4.60 mm; refractive
index detection (16X); acetonitrile/water/1% ammonium
hydroxide (80/20/1); flow rate 1.5 mL/min.
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Tabie’S;S Retention times of Erisacc?aridcs.

Trisaccharide mm , ‘min .
: I
Melezitose , 91,7 27.5
Maltotriose ‘ - 103.0 30.9
J
| ?
1-Kestose 104.3 31.3
Er®ose : 106.0 . 31.8
Isomaltotriose 112.3 33.7

) J

— A.
Whatman Partisil PXS 10/25 PAC 250 mm x 4.60 mm; refractive
index detection (8X); acetonitrile/water/1% . ammonium
hydroxide (80/20/1); flow rate 1.5 mL/min.

rd
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standard solutions of tritacéhuriéﬁs vere subjected to HPLC
* analysis, very broad peaks occurred, ané both qua}intivc
and. quantitative analyso! woré ditticulg— under these
conditions. te

When the oligosaccharide fraction of honey va; analyzed
under these conditions, a broad peak vas observed (similar
to a WV puk'),’virtﬁ a number .of ridges which could be
attributed to vg;ious di- and trisaccharides but which could
not be identified witheut error and could not be quantitated
due to broadness of the peaks. o “_ ' :

the: atiempts vere ma&e to dnalyze the oligosaccharide
fraqtion of honey by HPLC. Thcse,iacluded acetylatibn'ot the
fraction, followed by HPLC analysis on both a PAC 10 column
and on a reverse-phase column under a variety of conditions,
but with no success. In addition, acetylation of the oligo-
saccharide fraction and column chromatography on 'a silica
gel coiumn (Merck, QC-?), elution with cﬁloroform to chloro-
form/methanol, followed By HPLC analysis of each fraction
wvas also unsuccessful. An attempt was alsoamade‘to use a
reverse-phase syst%m (Whatman Partisil 10 CCS/C8) employing
Mater and water-methanol as the eluting solvents, again with
no success.

In many of these attewpts to seﬁdrate the numerous
oligosaccharides in the samble, standards were used to
determine if the methodology was applicable.v Reasonable
~separation's for standards were possible gin many cases,

hovever, vhen the sample was used og wh”") combination of

-



. .
LI fo ] st v
. 9
.
. v
.

standards vas u.ud.' severe overlapping occurred.

At this itn* alternative ntﬁods were lnvu\:'iqntod for
the separation and quntitati:an of the oli.goucch;i”du
puu‘nt in the monosaccharide-free fraction ZArom the
preparative HPLC separation. This separation provided rud}
accos'l"to s concontnt’cd n.np‘lc of the minor sugars present

in honey. .

« . 4



6. CARDONYDRATE ANALYSIS BY GAS CNROMATOGRAPNY

6.1 Introduction

The quantitative detection of carbohydrites is a‘n
thnnt step in the invntigation and identification of
sugars. One of the oldest and most reliable methods, duc to
sensitivity and speed of oxccutién, i's the co‘lorimtric
method (Dutton, 1973). Analytical methods which are based on
‘the detection of the reducing group, thomcharactetistic
property of aldoses and ketoses, have been reviev‘cd by
Binkley and Binkley (1970). These methods usually do not
discriminate <one sugar from aﬁother, therefore other methods
have been employed for the identification and q!?ntitation
of carbohydrates. | | .

The first report on the use of gas chromatography for
carbohydutu wvas by Mclnnes et al. (1958). Since that time
there have been many dovelopuents, mcluding mprovements in
technique, equipment, detection and _application. These

’ improvements have been documented in a pumber of reviews on
gas chtomtogr,aphf (Kircher, 1962; Bishop, 1962, 1964;

-

Dutton, 1973, 1974).

~

Most carbohydrates are not sufficiently volatile to be
used for gas chromatography. As 2 result, the carbohydrate

Pl M
isg’converted, into a morey, volatile compound. Useful

derivatives for this purpose include trimethylsilyl ethers,
acetates, tritluqroaqeta‘tes, trifluoroacetic acid anhy-
drides, visoprop‘ylidene acetals, methyl ethers and butane

- -
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In 1963 “Sveeley and covorkers publi.hod‘_vhng is
considered a classic paper on the use o trimcthyl;ily}__,_;
derivatives of carbohydrates in gqas chro-aloqraphy: ;ho

}discovcry that trinothylsilyl dorivativcs are rcadily formed |

and that the resulting cu;johydrato dcrivativo is volatile

‘t,voluuoniud _ﬁ‘upnntion and @ 2js of carbohydrate

nixtures. chcral reviews on these volati izihq sgents and
their uses have been published (SVQeley etial., 1966; Wells
et al . 1964; Sweeley, 1965; Sloneker, 1968; Ettre ahd
Zlatkis, 1967; Clamp et al., 1971; Hoiligag.‘\971; Rollqu”\.
" and Drew, 3971§\Brobst, 1972; Duiton, 1974; Polkes, 198%5). '
Although Sweeley's work revolutionized the study of
carbohydrates by gas chrqm‘iography, other resbarchcrs als -
recognized the importance of trxmethylsxlyl derxvas}y(///::
1956, Schwarz et al. used tr1methylchlorosxlane/pytidxne and
glucos§ at 100°C to prepare the completely trimethylsily-
llated derivative. Chang snd Hass (1958) extended this
reaction to ﬁrepnr§ sily}atedb sucrose. With ‘thié method,
Hedgley “pd Overend (1960) étepared the trimethylsilyl
ethers of maltose and injected this compouné onto a 180 cm x
0.8 mm glass column with a stationary phase of celite/
silicon elasto-er‘(or‘kpiezon M, 20-50% w/w). Using hydrogen ,

as the carrier gas and isothermal conditions, the authors

found that the separition was°poor and that multiple peaks

occurred.
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-Conversion of carbohydrates into their O-trimethylsilyl
derivatives is commonly achieved by reacting hexamethyl-
disilazane (HMDS) [1) and chlorotrimethylsilane (TMCS) [Zi
- in pyridine:

N
o

3 ROH + (CH)3SiNHSi(CHs), + (CH;)38iCl =

[1] . Qzl '

.
3 ROSi(CH,)3 + NH,Cl

A typical procedure consists of treating 10 mg of carbo-
hydrate in 1 mL of dry pyridiné with 0.2 mL of hexamethyl-
"disilazane and 0.1 mL of chlorotrimethylsilane (Sweeley,
963). The reaction is normally complete at room_temperature}
within 5 min,<howeYer other carbohydrates, such as malto;e
(Bhatti and Clamp, 1968) and ketoses-(Semen;a et al., 1967),
;equife longer reaction times and/or higher temperatures.

- Trimethylsilylation is gdversely affected by moisture.
When dealing with carbohydrates, trace amounts of moiQtGre
are vi}tually always present (Bentleyxand Botlock, 1967).
Reséﬁrqhers have shown (Sane and Cathey, 1970; Brobst and
Lott, f966; Marinelli and Whitney, 19665 1967) that, if tri-
methyl#ilylation is catalyzed by trifluorocacetic acid in
place 1of chlorotrimethylsilane, moderate proportions of
water %ay be tolerated, Bentley and Botlock (1967) have
indicaqed that 4if the reaction mixture is diluted with
N,N-diﬁethYlformamide then small amounts of water did not
adversﬁly affect the reaction. Willet (1967) suggested that

a preﬁolumn packed with molecular sieves be used when
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'analyzing agueous samples. Alternatively, an aqueous
solution may be injecteé onto the column, followed by a
mixture of N,O-bistrimethylsilyl acetamide, trimethylsilyl~
amine and hexamethyldisilazane (Esposito, 1968).

A powerful trimethylsilylating reagent, ‘which is
extremely useful for hydroxyl groups, is N-trimethylsilyl-_
imidazole. It is tolerant to m01sture, and has been found to
-react completely with p-glucose 1 50% aqueous solut1qh
‘(?ierce, 1968), therefore it E;;Ji;:\:;éd\iith confxdgnce
‘When dealing with aqﬁeo%s solutions or syrups which are
difficult to dry completely (van Ling et al., 1967; van
Ling, 1969).

Other sxlylatlng reagents may be used to prepare tri-
methylsilyl derivatives of carbohydrates. Tﬁ\\‘ include
N,O-bis(trimethylsilyl)trifluorocacetamide, N-tfime hylsilyl-
diethylamine, énd the mixtures N,O-bis(trimethylsilyl)-
acetamide/chlorotrimethylsilane and N,O-bis(trimethylsilyl)-
acetamide/N-trimethylsilylimidazole/chlorotrimethxlsilane.
The latter two mixtures are recommended for hindered
hydroxyl groups (Pierce, 1973). Eveﬁ though 'the above
reagents may be used—fqﬁ preparing trimethylsilyl ethers of
carbohydrates, the metﬁod of choice continues to be N-tri-
methylsilylimidazole (%}klta and Wells, 1963; Miettinen et
al., 1965). Excellent reviews on methods and reagents for
silylating organic compounds can be found (Pierce, 1968,
1973).

Pyridine is the solvent most commonly used for tri-

methylsilylation, however, for some compounds which are
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sﬁS;ingly soluble, N,N-dimethylforﬁamide or dimethy14
sulf‘oxide should be uséd. It has been claxmed by some
regsearchers (Zinkel et alf, 1968; Shyluk et al. 1967;
" Rowland and Ri?gelman, 1967) that pyridine may inhibit the
fﬁrmation of trimethylsilyl ethers, and that acetone,
petroleum ether or carbon disulfide be used instead. The
main problem w1th the use of pyrzdlne is the "tailing" that
occurs upon 1nject10n. This may be a problem when dealing
with compounds of short retention times. This problem can be
minimized by extractlng with' chloJZférm and wash1ng with
dilute hydrochloric acid (Partrxdge and Weiss, 1970), or by
evaporatxng to drynes& and dxluting with cyclohexane (br
some other suitable solveﬁt&_ and washing with dilute
hydrochloric acid (Bahl, 1970).

In. most cases, coﬁplete trimethylsilylation of thg/'
carbohydrate is desired. With the O-frimerhylsilyl deriva-
tives, steric hindrance does not arise; with larger éroups;
such as trlcyclohéfyls11yl it may ' be 1;E}y significant
(Barker et al., 1963). 0 | »

In their original paper, Sweeley et al. (1963)
silylated th‘only monosaccharides, but di-, tri- and tetra-
saccharides. This work indicated that this methodology could
be used for the identificatiXQ)and characterization of mo%e
complex carbohydrates. As was the case with Hedgley and
Overend (1960), multiple peaks, broad peaks, and severe
overlapping were observed.

Davison and Young (1969) determined the common free

sugars found in plants by gas chromatography. They



vimplimented.the he;hodoLogy of Sweeley et al. t1963) for the
identification of frhctose, glucosé, sucrose, raffinose*and
stachyose. By preparing thé trimethylsilyl ethers of these
compounds (HMDS/TMCS/pyridine), using a glass coiied column
(3 ft x '/4 in; liquid phase‘of 3% SE-54 on B80+100 mesh
‘Gas:Chrém P). Temperature prpgr;mmed eluéioﬁ gave}retengion
times of 5.4 min (fructose) to 23.5 min (stachyose).<The
peaks were very broad and no &ultiple peaks were apparent;
Kimura et al. (1969) .used the silylation ’met%od of
Sweeley et &l. (1963) to prepare the trimethylsilyl deriva-
ntives of fructose, glucose, inositol, sucrose, melibiose and
raffinose. Several stationary phases were used, including
SE-30 (bola;), ov-1 (nonbolar), OV-17 (medium poiarity). The
best results were obtained by using a 2 m x 3 mm stainless
steel column packed with '1.5% SE-30 on Shimalite W (60-80
mesh) and a temperature program (150°C/10 min followed by 60
C°/min to 280°C). Although the authors were able to
quantitate the carbcdhydrates present, broadness of'peakg and

4

some overlapping occurred. . ’”\\

. N
§§rtival (1967) prepared the trimethylsilyl ethers/

(Swee ey et al., 1 1963) of ce\tobiose, laminaribiose and
other legs common disacéharides. Included in this work was

the reduction (using potassium borohydride) to the alditol

of the corresponding disaccharide. The column used was 1.2 m

0

x 4 mm and, although various stationary phases were tried,
the best results were obtained with SE-30 and Apiezon K. No
chromatograms were shown, but the retention times of the

various disaccharides were given. The tabular results
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indicated tHat there were nug‘}ou.voverlappiné peaks.

Bhatti et al. * (1970) prapated the trimethylsilyl ethers
(Sweeley et al., 1963) of b1olog1cally important mono-, di-,
tri- and tetrasaccharides. Separatgpns were observed using a
100 em x 0.32 cm glass column with a stationary phase of
3-3.8% SB-BO (or UC-W98) on Diatoport S and isothermal
conditions. As nith-other reports, multiple peaks for the
carbohydrates were observed, and severe onerlapping of many

of the di-, tri- and\tetrasaccharxdes oecurred -

Haverkamp et al. (1971) summarxzeq the preparat1on of
trimethylsilyl derivatives of tudhtyfth;ee disaccharides.
?he stationary phases used in the xﬁeparation were OV-1-
(nonpolar), ov-17 (medium-polar) and OV-25 \(polar). The
optimal separation of disaccharide TMS ethers was obtained
‘on 3% OV-17 as the stationary phése. Comparison of iné»gg
values for the disaccharides indicated that overlapping of
peokS‘occurred. In addition, 'multiple peaks for the same
.disaccharide were observed. The authors indicated ;hat their
method could be advantageous to analyze equilibrium mixtures

of anpmeric forms. However, for'the preparative separation
of d saccharides by GC, reduction to “the corresponding
alditols would greatly d1m1n1sh the number of components in
the mixture (Haverkamp et af\, 1971). -
~ Gas chromatography of disaccharides up to this time
indicated that clear separation ~of these substances as
components of a mixture would require much higher resolution

than that which can be attained with normal packed columns.

Larson et al. (1974) observed that, due to temperature
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limitations and 1long retention times for disaccharlée
analysis, Jliquid phaaes of high polarity are generally
unsuitable, In add1t1on, liquxd phases of lower polarity do
not prov1de an adequate separatxon. Szafranek et al. (1974)
used open tubular glass capillary columns coated thh a
nonpolar statxonaty phase to separate mixtures of mono~
sacchar1§e detivatives. Adam and Jennings (r975) applied

L3

capillary chromatography (45 m «x ‘0.25. mm; OV-101) to

T—————

€eparate the trxmethil\lfyl —oxime derivatives of eight

—_—

disaccharides. Even though the oiimes\of the corresponding.
disaccharides were prepared, twalve peaks occurred on the
spectrum, with only ona overlappxng peak. fThe redUcihg
disaccharides gave rise to two peaks, one large and one
.small. the authors suggested that these ptobably represent
the syn- and anti-forms of the oximel This work represented
a significant improvement in the separation of disacchafides
and in the time necessary to,analyze a sample. d

Toba and Adach1.(1977) investigated the separation of
ten disaccharides, including two ketodisaccharides, as therg
sugar oxime trimethylsilyl ethers. Due to the complexity of
the separation of disaccharides from each other, and as most
reducing disaccharides give multiple peaks in gas‘chromato-
_grams, because of the ’presance of tautomeric forms of
reducing sugars (Sweeley et al., 1963), the authors prapared
the oximes of the corresponding disaccharides. They used a
conventional column (2 m x 3 mm; SE~52) and found that poor
resolution and multiple peaks were obsep;ed. The authors

indicated that, although the analysis of disaccharides using
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their oxime trimethylsilyl ethets vas unsuccesstul this-
"'method could provide a convenient means ‘to study inter-
conversions of isomdric forms of sugar oximqs.

Coduti and Bush (1977) used gas chromaﬁography and mass
spcctrometry to analyze trxmethylsxlyl derivatives of
dzaaccharides of glycoprotein origin. No spectrum of the

-

separation was shown, but it appears from the tabular,
. results :hé: sone overlapping was observed, although single
peaks were~ observed for each deri"tive. Identification of.
the aisaccharides was accomplished by their cnrresbonding
_fragmentation patterns, rather than by retentxon times. Bush
(1979) continued this work andf1dent1£1ed the'd1sacch&r1des
-apd disaccharide methylglycos?ﬁes released upon partial acid
:53?bly§is of glycoprotein. The carbohydrates were
derivatized ’.Swéeley et al., 1963) and were analyzéd as
previously m!n:ibned | ) ' '
Thompgwh et. al. (1978) determined disaccharides in
eces by ‘isothermal (270°C) gas chromatography of the
pd4rmethylated derivativgs. They were able to separate four
o the eiéht disaccharides (gttempted. Overlapping of
arl{Ftose and B-cellobiose as well as f-lactose and
f-maltose occurred. The authors found that the use of OV-17
as the stationary phase was optimal? use of SE-30 produced
numerous overlappedvpeaks. In addition to retention times,
mass spectrometry was used to aid in identification. This
work was attempted so that a rapid screéhlng method for the
detection of patients suspected of having a carbohydrate

intolerance -secondary to intestinal disaccharide deficiency.
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| Bush (1979) prepared the Crimethylsilyl derivativés of
disaccharides from™ the pertial acid hydrolysis 'and
methanolysiq of: glycoprotéins. The compoéit;on of the
Eicovered'disacchariéeb vas determined by further hydroly}is
to the trimethylsilyl monosaccharides and identification by
gas chromatography-mass spectrometry (GC=MS) .

| .Nikdlov and ,13;-111& (1983) published Mhe relative
retention times of ' seyenteen trimethylsilyl disaccharides
(cellobiose, gentiobiose, isoﬁaitose,‘ kojibiose, lactose,
lactulose, laminaribose, maltose, maltulose, 'melibiose,
nigerose, palatinose, sophorose, sucrose, a,a-trehalose,
turanose and xylobiose) on a fused-silica capillary column
(30-;\ x 0.26 mm) with SE-54 as the statiqnafy‘phase. By
conducting the separation isothermally (240%C), overlapping
occurred for lactulose:f-xylobiose; sucrose:a-lactose;
nigerose:turanoég; a,a-trehalpse:f-kojibiose; laminaribose:
B-sophorose; and a—kojibioéa:galatinose. The disaccharides
were allowed to achieve mﬁtafotation equilibrium by stirring
in pyridine-0.2 M 2-hydroxyp}ridine for 15 h at 40°C. This "~
work representéd‘é significant breakthrough in the qualita-
tive identification " and quantitative determination of
structurally similar disaccharides.

Trimethylsilylation of disaccharides {and oligosaccha-
rides) is not tﬂe only method of derivatization d%or volati-
lization, however, it has become the method of choice. The
derivatives <ormed are %ore’volatile, leading to shorter
retention times, and célumnsi can be operated at lower

temperatures with less baseline noise. In addition,
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) TMS-carbohydr;to derivatives genérally result\\tn’ sharper
peaks than corresponding methylated\br acetylated carbo-
hydrates (Laker, 1979). .
Other methods have been used Yfor the derivatizition of
diaaccharides for gas thromatographic identification, and

§goncrai reviews are available (Dutton, 1973, 1974).

6.2 Gas Chromatographic Analysis of Food Carbohydrates
) A survey of the literature indicates a preéominance of
the yse of trimethyls}lyl defiva;iVes for food carbohydrate
analysis/ However, both,}cztateg'and trifluorocacetates have
been used. Sawardeker ‘et a&l. (1965) reported the gquanti-
tative«¢’ ‘aetermxnatxon of monosaccharides as their
correspond1ng alditol acetates. Selvendrun (1979) determxned
the aldoses of vegetable fibre, also as their alditol
acetates. Englyst et al. (1982) employed the alditol
acetates for ﬁhe determination of gugarQ of nonstarch poly-
saccharides in foods.

Bittner et al. (1980) introduced an improved procedure
for acetylation, using N-metﬂflinidazole as a catalyst in
place of pyridine. This resulted in shorter reaction times
and lower temperatures for the reaction. Adam (1981)
employed this technique to obtain th; acetates of reduced
monosaccharides, ‘

Preparation of trifluoroacetates (TFA) for carbo-
hydrates was introduced by Vilkas et al. (1966). Tamur$ and
fmanari (1967) indicated that the trifluoroacetate

derivatives of carbohydrates were more volatile than the



108

~ . ,

)

corresponding trimethylsilyl derivativeg. Anderle and Kovac
(1970) dcscribcé a rapid preparation fot TFA derivatives - -
\11x pyridine as &

J TFA derivaties was

lactose was réported and.appLM

derivatives of carbohydrates:d

= :"(7

~

analysis due to the loss of the défiQative; during
chromatography (Folkes, 1985).

" In 1968, Coyle et al. reduced the carbohydrates of corn
syrup to alditols and prepared the trimethylsilyl ethers for
gas chromatographic identification. Capillary column gas
chromatography was employed by ‘bemaimay and Lebouteiller
i1978; and by Sennello (1971) to gquantitate fructose and.
glucgse in gyrup ‘as 'their corresponding trimethylsilyl
oximes. ’

Alexander and Garbutt (1965) determined glucose in high
DE (dextgose extract) syrups and sugars using trimethylsilyl
derivatives. Brobst and Lott (1966) determined the carbo-
hydrates of corn syrup and candy as their trimethyisilyl
derivatives ~with a precision of 1.7-3.4% for glucosé to
maltotetrose. Beadle (1969) extended their metkod up to
maltoheptaose for the analysi; of starch hydrolysates.
Trimethylsilyl glucose oligomers in low DE syrup have been
analyzed by gas chromatography (Folkes and Brookes, 1984),
and maltose and isomaltose were algo analyzed in a similar

manner. The detection of the TMS derivatives of carbo-

hydrates in potatoes was reported by Kimura et al. (1969).
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Davison and Young (1969) used TMs'dcrivativoi to determine
glucose, fructose and sucrose in tomatoes, potaeoes apples,
cabbages énd carrots. The olxgosaccharides o? soybean meal
vere determined by Delente and Ladenburg (1972) as their ™S
derivatives. Demaimay and chouteiller-l(1978) used both
packed and capillary columns in the analysis of milk, apple"
juice, jam and chbcolaue’candyitor carbohydrates as their
T™S oximes.

Yasui and Takenaka (1979a) determined the amount -of
fructose, glucose, sucrose, rgftinose, and stachyose ih
various foodv products by preparing ‘%peir corresponding
trimethylsilyl deriggtives. They carried out gewgsgature
programs on a variety of stationary phases (SE-30, OV-17,
QF-1, OV-225) with capillary gas chromatography. fhis work -
wvas extended (Yasui et al., 19795) to chewing gum, apple
juice, biscuits, and crackerS. The trimethylsilyl deriva-
tives of the oligosaccharid;; could be separated by their
methodology and quantitation of the carbohydrates pwcsenf .
vas accomplished. Recoveries of added sucrose ;angéq from
95.8-100.5%. >

Iverson. and Bueno (1981) aéplibd TMS carbohydrate
derivatives in the analysis of a wide range of foods,
inéluding chocolate confections, ice cream, canned foods,
and honey. Li and Schymann (1981) determined the TMS
derivatives of sugars in breakfast cereals. Similar
conditions were eamployed by Hoi (1983) for cane sugar
products, Daniels et al. (1982) for chewing gum and sorbitol

mint, and Li et al. (1983) for yogurt carbohydrates. Further
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examples of the use of éal chromatography for the idcnt£¥
tication of éarbohydrat’ derivatives (mainly TMS) can be
found in the reviews of Fblkes (1985), Dickes and Nicholas'
(1976) and Birch (1973). |

The use of gas chromatography for the analysis of
carbohydratu in honey has been studied by vcry ’atov

researchers. C ]
Pourtallier (1968) and Yoshiro et al. (1969) used gas

thomatography to determine Fructose and élucose in ‘honey.
Battaglini and Bosi (1972) were able to identify fructose,
glﬁcosé and sucrose in honey using a 1.80 m x 3 mm giasb

column (OV-17) with temperature programming. In addition,
L

two other broad peaks were apparent, but not identitird'
)

Sarra ‘and Durio (1974) 5130 1dent1£1ed fructose,. glucose and

-

sucrose in’ honey samples by gas thomatography. Glass

capillary gas chromatography coupled with mass spectrometry

has been used to detect honey sugars. Vervack et al. (1978)

applied capillary GC to the analysis of a variety of foods, .
including honey. Glucose, sucrose and maltose ° were
identified.
6.3 Gas Chromatography Experimental

To 5 mL of reverse osmosis Milli Q purxtxed water
(HPLC grade H;0) was added 1 mg' of oligosaccharide (2. 9x10~6
moles [disaccharides); 1.98x10°¢ moles [trisaccharides]). T
this solution was added an excess (50-200 meq) «.of sodium
borohydride.” The reaction mixture was stirred at room

temperature for 1 h, then'cooled in an ice-water bath and
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noutralizod by dtbpmisc addition of 10; glacial acetic acid.
‘ Phe reaction mixture vas then ppssed through a Dowex 50 WX 8
ion exchange resin (80 mm x 8 mm) and eluted wvell with
HPLC-qrudo HsO0 (this column could be re-used for four more
'lanplcl) The eluent vas _then evaporated In vacuo (lucpi-
rotavapour R) and co-evaporated vith n’thanol ($ = S5 mL).
Tho reaction flask containing the colourless syrup vas
fitted with a rubber septum, | mL-of tri-sil Z (Pierce
Scientific Co;)((}.s neq/mL) was added and the resulting
slightly yellow solution was heated at 60°C for 30 min“hé
temperature vas then raised to 80°C and the reaction mixture
itirred for 30 min. . o

é;s capillary chromat?graphy was carried out on a
varian (model 3700) qas chromatograph with a DBS capillary
column (30 m x 0.25 um; J and W séfbntific Co.). Typically,
1.0 uL of sample was injected with a splitter rat§~o£.30:1.
The carrier gas vas 99.999% pure helium with a flc+ rape -of
0.27 m/sec. Por disaccharides, a témperature program of
210°C/10 min, “followed by ay ingrease of 2.C°/min to 290°C
vas used., Trisaccharides were eluted using isothermal
conditions (295°C). The injector port and detector teﬁpera-
tures were maintained at 300°C. |

Bach of the following reducing oligosacchdrides ‘was
derxvatxzed and analyzed in the preceding manner : maltoﬁe,
maltulose, nigerose, palatinose, 1somaltose, turanose,
- céllobiose, géBtiobiqhe, kojibiose, laminaribiose, iso-
panose, panose, maltotriose, and isomaltotriose. In addi-

tion, the following .non-reducing oligosaccharides were
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silylated and analyzed as previously mentioned! sucrose,

trehalose, neotrehalose, 1-kestose, erlose, and theanderose.
The nopésaccharidi-ftoo portions of the nine honoyd‘.
montioncd-'in' the HPLC section were also aubjcctcé to
reduction and nuyla:ion. Typically, 20 mg of nononccha'-
ride-free D’Gnoy (1.1% x 1074 soles, based on o molecular
wveight of 180 g/mole) was dissolved in 50 mL of HPLC-grade
H;0. The ;emainder of the conditions for reduction and
silylation vem.the same” as ‘those previously psed for the
standards, except f;r employing a 100 mm x 10 mm column of
Dowex 50 WX'B8, co-evaporation with lo‘x 10 ml of methanol,

~

and 18 mL of tri-sil Z was uséd for‘silylation.
6.3.1 Synthesis of panose (Wolfrom and Koijumi, 1967) .

To 5 g (0.0139 moles) of maltose monohydride
(prevausly dried over P,;0; under reduced pressure for 24 hr
at 190?C) in a 250 mL round bottom flask (B24/40) was added
dry pfridine (30 mL). This solution was distilled at
atmospheric pressure (with the addition‘ of more dry
pyridine) until a steady boiling point of 112-114°C was
attained for the distillate. To this sblution was added 4 !
(0.0143 mbles) of triphenylmethyl chloride (trityl
chloride), and the reactian flask wvas stoppered, stirred gnd
‘\héated at 40°C for 64 h. A further 15 mL of dry pyridine v;l
 added and the flask was cooled to 0°C, then 22 mL (0.233
moles) of acetic anhydride was ad and the reaction vessel

was stoppered ihd stirred at room temperature for 72 h. The

resulting solution was poured into a 1 L beaker containin§
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300 :mL of ;ce and | water; this emulsion was stirted
vigourously for 18 h. The precipitate was‘ collected by
-vacuuﬁ filtration and -:dried over P;0s under' reduced
pressure. This solid was placed on a sil}ca gel column
(Merck CC-7, 2.5 x 50 cm) and the desired product was eluted
(following the 'firsé/ 350 mL) using benzene/ethyl acetate
(3:2, v/v) as Qhe gluent. The solvent was removed in vacuo
and Lpe’reshlting solid was recrystallized from chloroform
(m.p. ~161-163°C; literatuFe'm;p. 164-164.5°C  [WSlfrom and
Koijumj;‘1967]). The resulting white crystalline solid (1.3
9, 11%) [O-(2,3,4-tri—o-acetyl-6—0~trityl-a—D-Glucosyl)-
(1+4)-tetra-O-acetyl-f-D-glucopyranose (compound 11, Figure
6.4)j\waskdried under reduced pressure over P,Os at 80°C for

48 h.
Silver perchlorate (0.72 g{ 0.0055 moles) was dissolved
~in 12 mL of absolute nitromethane and 0.7 g (QJQOIZS moles)
of anhydrous calcium sulfate was added to the solution. The
solution was allowed to stand at room temperature for 15
min, and then the ‘previously dried compound II (1.3 g;
0.0015 moles) was addéd.'This.yéllow clear solution was then
cooled to OJE and 0.67 g (0:00179moles) of \3,4,6-tfi-0-
‘acetyl-2-0-nitro-f-D-glucopyranosyl chloride (111, figure
6.4) was added and the mixtur; vigourously stirred. The
reaction mixture was allowed to warm to room temperature,
the colour of the solﬁtioﬁ was orange; at this point silver
| chloride and trityl p&l‘hlorate, precipitate. The solution
was allowed to sti; at room temperathre for 30 min, then was

filtered. The nitromethane solution was diluted with

— T —
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chloroform and dff@% over sodium bisulfite and, following
filtration, was evaporated under reduced pressure. The
resulting syrup was diggolved in 98% ethanol and
hydrogenated for é h at 35 psi, employing a catalyst of 10%
palladium on’charcoal (3% mg). Filtration and concentratihn
gave a syrup, whiéh was deaﬁylatedﬂ with 0.05 M sodium
methoxide in methanol for 18 h at 4°C. The resulting
solution was pla.ed on a celite-charcoal (1:1, w/w) cBlumn
(2.5 x 40 cm) and eluted using wate § . aising the ethanol
content to 10% when the desired comp .n¢ <as eluted. Concen-
tration of the desired fraction in vacuo gave a slightly
yellow syrup. This syrup was recrystallized using ethanol/
ether diffusion, ,yielding an' off-white powder (m.p.

219-220°C dec.; 1lit. m.p. 221°C [(wWolfrom and Koijumi, -
1967]). Elemental analysis calculated for C,gH320,6: C,
42.86; H, 6.39, Found: C, 42.41; H, 6:56.,

6.3.2 Synthesis of mal}ulose (Hicks et al., 1983)

In a 100 mL beaker were added 1.0 g (2.78 x 1073 moles)
of maltése and 85 mL of HPLC-grade H,0. To this solution was
added 0.18 g (2.91 x 1073 moles) of boric acid. This
solution was then titrated with trieéﬁylamine to a pH of
11.0. The.resulting solution was transferred to a 100 mL
volumetric f&ask and made up to volume with HPLC—gFade H,0.
This mixture was transferred to a 250 mL round bottom flask
fitted with a rubber septum and the flask was immersed in a
766C water bath and heateg for 3 h. The solution was cooled

and chromatographed on a 80 cm x 2.5 cm column of 50 mL
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IRf120 (H*), 45 mL XAD-4, and 35 mL of A-561 resins, The
efgluent was Ccollected, evaporéted In .vaguo, and
re-evaporated with 3 x,30 mL of absolute methanol. The
residue (1.8 g) ;as dissolved in water (10 mL) and placed in
a water bath at 45°C. Acetone (62 mL) was slowly added to
the water/carbohydrate mixture, and the entire solution was
kept at 45°C for 1 h. The solution was allowed to cool to
Fﬁom temperature; crystallization occurred over a period of
five days. The off-white powder ‘was re—érystallized' from
‘water-acetone. The white crystals (56 mg) were isolated by-
filtration and dried over P;0s under vacuuﬁ for 48 h (m.p.
109-110°C; literature m.p. 116-119°C [Hicks et al., 1983]).
Elemental analysis calculated for Ci2H22011-'/z H,0: C,

41,03; H, 6.48. Found: C, 41.14; H, 6.41.

6.4 Gas Chromatography Results and Discussion L

Reducing sugars differ from most other organié
compounds in; one characteristic property. When a pure
reducing sudar is dissolved in a solvent, the solution
obtained can contain up to six compounds, whereas ‘most
orgénic compounds contain only one. The six compounds in
solution include the two pyranoses, two furanoses, and the
acyclic carbonyl form and its hydraté (Angyal, 1984).

The carbohydrates found in honey are of 'glucose and
fructose origin, that is they are composed of multiple
glucose units or glucose-fructose wunits (Siddiqui and

Furgala, 1970).
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Glucose can exist in four tautomeric forms (Figure Szl)
at 25°C in H;0: P-furanoside (0.14%), acyclic aldehyde

(0.0026%), B-pyranoside ?62%) and a-pytanoéﬁde (38%)
(Angyal, 1984). Fructose at 25°C in H,0 cannalso exist in
four tautomeric forms (Figure 6.2): a-pyranoside (trace),
p-pyranoside (75%), a-furanoside “4x), and fp-furanoside
(21%) (Angyal, 1976). From this data it becomes obvious that
a sensitiv;;;nalytical method, such as capillary.éas chroma-
tography, could g?eld multiple peaks for the same compound.
When dealing with complex’;arbohydrate mixtures like those
found in honey, the presence of multiple peaks represents a
significant problem{‘.P oréer to relieve this problem, é?é
oligosaccharide fraétion ~obtained by HPLC separation was
reduced with”sodium borohydride. This resulted in greatly
reducing thevnumber of tautomers representing each carbo-
hydrate. There are at least twelve disaccharides in honey
(siddiqui, 1970), only two of which are_non-feducing sUgars.
Assuming tﬁree detectable peaks for each of the ten
remaining disaccharides yields ;xminimum of thirty-two peaks

v .‘-\ 3 3 ! .
possible ‘in a“sensig'ie analytical system. This complexity

‘could obviously lead to severe difficulties in qualitative

and quantitative anélysié. Reducing the carbohydrateé
alleviates most of these difficulties, however, reduction of
a fructose moiety yields two products, glucitol and
mannitol. Therefore, if a mixture of glucose and fructose

was - reduced with sodium borohydride, glucos&\ would be

y
converted to gqlucitol, fructose would be converted to an

" equimolar mixture of glucitol and mannitol. Quantitation of
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Figure 6.1 Tautomers of D-glucose in_solution.
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this reduction would yield a higher than eipectéd glucitol
peak and a lower than expécted mannitol peak. In the. honey
system, this problem arises. For example, the fructose-
containing diséccharides pres;nt, maltulose, palatinose and
‘turanase, when reduced, would not only yield two ﬁpeéks
(wvhich could cause peak ovetlapping problems) but would
iﬁterfere with duantitation of maltose, isomaltose and
nigerose, respectively. .

An initial attempt was made to separate reduged and
silylated standard carbohydrates using capillary \gas
chromatography employing an intermediate polarity stationary
phase 30 m column (DB 1701; J and W Scientific Co.).
Preparation of the’standards involved reduction with 5 mg of
éodium borohydride of 1 mg of each of the following .carbo-
hydrates: maltose, maltulose, turanose, nigerose,‘
palatinose, kojibiose, laminaribiose, isomaltose, gentio-
biose, cellobiose, maltotfioseh isomaltotriose, panose, and
isopanose. The reaction'mixture was quenched and the various
impurities present removed. The resulting reduced compounds
were silylated using tri-sil Z (Pierce Scientific Co{) and
the standards were then subjected to capillary gas chromato-
graphic analysis. A -

Althdugh separation of the disaccharide and trisaccha-
ride series was' possible using éhe intermediate polafity
stationary phase, only limited resolution of the carbo-
hydrates within each series was possible. Employing a

variety of isothermal and temperature programming conditions

did little to improve the separation of the Stﬁh§ards.
. R
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Separation of the standard reduced and silylated carbo-
hydrates was then attémpted‘op a non-polar ftationary phase.
Employing a temperature program consisting of 210°C/12 min
and 2 C°/min to 290°C gave complete separation of the ten
reduced and silylated disaccharide standards, Operation of
this column at 'isothermal ?tempera'urqg of 295°C gave.
complete separation of the four ;;duéed and silylated
trisaccharide standards. ‘

Preparation of a standard oligosacehariée for GC
analyéis is shown in Figure 6.3, using the disaccharide
maltose as an example;

.To ensure that this methodology could be wused to
quantitate as well as qualitate the carbahydrates present in
honey, standard curves for sucrose, trehalose and reduced
maltose were prepared, yielding linear relationships for the
concentrations tested. In‘;ddition, a standard disaccharide
mixture (conSisfing of the reduéed moieties of cellobiose,

laminaribiose, nigerose, turanose, maltulose, maltose,

kojibiose, gentiobiose, palatinose, isomaltose, in addition

to the non-reduced sucrose, trehalose and neo.> -alose) was
prepared at three different concentrations an- ~sults
yielded linear relationshipsvfor the concentg ced.
A standard trisaccharide mixture (co‘ the
reduced moieties of 1isomaltotriose, ‘maltot ose,

isopanose, in addition to the non-reduced erlose, melezitose
and 1-kestose) was prepared - at three different
concentrations and was also found to be linear in the ranges

studied.
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Typical retention times lor these rogbcod (vhere
applicable) and silylated disaccharides are shown in Table
6.1. The reduced (where applicable) and silylated tri-
sacgsharide retention ﬁimes are shown in Table 6.2.

A vast majority of the oligosaccharides present in
honey are not commercially availabii, therefore many of the
standards used for GC analysis were obtained gratis from
various researchers. A few of the oligosaccharides analyzed
were prepared in our laboratory. Maltulose was prepared
‘according to the methodology of Hicks et al. (1983) by
treating maltose with boric acid and triethylamine or sodium
hydroxide.the trisaccharide panose was prepared employing
the methodology of Wolfrom and Koizumi (1967) (Figure 6.4).

As was mentioned previously, and as can be seen from
Table 6.1, reduction of the three fructose-containing
reducing disaccharides results in two peaks. It is obvious
therefore that upon quantitation these thrée disaccharides,
in addition to the three with which they coincide, must be
accounted for, Maltulose, palatinose and turanose were each
reduced at three different concentrations and analyzed by
capillary gas chromatégraphy. The ratios of the areas of the
two compounds derjved from each of these reductions
indicated that for maltulose the ratio of O-a-D-gluco-
pyranosyl-(1*4);D-glucitol/O-a-nglucopyranOSyl-(1*4)-
D-mannitol was approximately 121, For palatinose,
O-a-D-glucopyranosyl-(1+6)-glucitol/O-a-D-glucopyranosyl-
(1+6)-mannitol was approximately 1:1. For turanose, 0-a-D-

glucopyranosyl-(1+2)-glucitol /0-a-D-glucopyranosyl-(1+2)-
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Table 6.1 GC retention times for reduced (where applicable)
O0-t™S disaccharides.

k4
Retention
Disaccharide Time (min)
Q»~ .
’ .
Sucrose 34.55
Trehalose ’ ’ . 37.61
Neotrehalose . 39.51
Cellobiose o © 40.03
>,
Laminaribiese 40,56
Nigerose ) 41.37
Maltulose ! 41,85
- 42,23
Turanose 41,37
41,85
Maltose. 42.23
Kojibiose 42.70
-7
Gentiobiose ' _ - 43.73
Palatinose 44 .63
45,12
Isomaltose ‘ 45,12

(temp. program 210°C/12 min; 2 €%/min to 290°C)
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Table 6.2 GC retention times for reduced- (vhere applicable)
O-TMS trisaccharides.

Retention

Trisaccharide Time (min)

.

r-
I-Kestose A S 20.12
I1sopanose 20.52

/
Erlose 21.89
Melezitose 23.60
."] - .
Maltotriose 33.56
Panose 41.20
«

l1somaltotriose 44.59
N

. (isothermal conditions, 295°C) -
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Figure 6.4 Chemical syntiesis of panose and an isomeric

trisaccharide (Wolfrom and Koizumi, 1967).
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~ hannitol was approximately 1:2. Knowing this information,
saltulose, maltose, nigerose, turanose, palatinose and
'1;omaltosg can be quantitafed successfully employing these
' cgperimental conditions. Another problem arises however, as
the two peaks for maltulose overlab vith maltose (as
pxpoctcd) and with one of the turanottwbonkl. Kttolpts vere
made to dhry the programming conditions bo.all;;iate this‘
problem, but these were unsuccesstul. Siddiqui (1970) showed
that the amount of maltulose pre;enx in honey (0.004%) is
extremely lov and “therefore in our calculations it was
askumed to be zero. By using both the temperature program
gnd the isothgrmal conditiqns of capiliaQy gas chromator-
graphy, the disaccharides and trisaccharides in honey can be
both identified and quantitated. \
Monosaccharide-free fractions from nine different
honeys wvere subj;cted to reduction, sil;lation and capillary
GC analysis. Figures 6,5-6.13 contain the data obtained from
these analyses. In each case the ratios‘of thekidentifiéd
oligosaccharides- are given withk respecé to ‘Maltose. The
reason for tiis approach was that in most cases maltose
repreSenEéd ;ﬁe ‘major olfgosacchar;de present (Siddiqui,
1970). In actual 'fact the reduced (where applicable) oligq-
saccharides were analyzed; theip”/corresponding non-reduced
triyial namqe was used in the 'bar graph. )
The nine honeys analyzed represented the collection of
four different species of honeybees. These included six
honeys from Apls melllifera (alfalfa, alsike, canola, sweet

clover, red clover, trefoil) and one honey each from Apls
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Figure 6.10 Oligosabcharides identified in trefoil honey.
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dorsata, Apls cerana, and Apls florea.

The major oligosaccharide found in six of! the nihe
hon?ys analyzed was maltose. In two other honeys (alfalta
and Apis cerana), sucrose was the major oligosaccharide,
whereasvin sveet clover honey turanose w;s the major oligo-
saccharide. Comparison of our results with those of Siddiqui
(1970) indicates a good correlation with the types of oligo-
saccharides present, however the percentages of oligosaccha-
rides present in the honeys we analyzed differ from his
values., The variations between our results and those of
Siddiqui (1970) and the variations within the honeys that we
analyzed can be’ explained by the enzyme concentration and
activity within each honey, among other factors. In each of
the nine honeys tested we also identified the oligosaccha-
ride palatinose. Palat}nése was not found by siddiqui

(1970), however it is present in fairly high concgntration

in each of the nine honeys we tested. In addition, some
minor peaks which occurred at identical retention times in
each of the honeys analyzed were not identified as no
standard with an identical retention time " under these
experimental conditions was. found. One of these minor peaks ’
could be the oligosaccharide leucrose which Siddiqui (1970)
found in honey. _

Identification of the oligosaccharides present was
based on coﬁparison of the rétention times of standards with
those of the honeys analyzed. Spiking of the honey sample
with each of the standards was also used for idehtification.

A typical GC spectrum of the reduced (where applicable)
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disaccharides found in honey is shown in Figure 6.14,

Typically, 20 mg of monosaccharide-free honey (1.17 x
10" moles; based on a molecuiar weight of 180 g/mole) was
used for GC analysis.~ Assuming 6 hydroxyl groups per
molecule or 6 equivalents, then 20 mg of honey requires 6.67
x 10°% equivalents of silylating reagent. In a typical
reaction, 18 mL of tri-sil 2 was used, or 0.027 moles,
therefore a 40-fold excess of silylating reageﬂt,was added
to ensure complete silylation.:

To ensure that the minor peaks present in each of the
honey samples were not due to partially-silylated oligo-
sacéhariées, more silylating reagent was added and the
solution re-heated. Upon analysis, the same minor peaks were
present. This indicates that these peaks are not a result of
partial silylation, but are due to actual compounds present
in the sample.

During the exper?mental work-up of the reducti@ we
were also aware that losses may occur when the oligosaccha-
ride fraction was desalted on Dowex ion exchange resin,.
Recovery studies employing , sucrose, maltose, turanose, Gﬁaghl
palatinose indicated tha( no irreversible binding i&'
occurring as the recoveries were all >98%. As fructose-
cbngaining oligosaccharides are also acid labile (Angyal,
1984), sucrose was subjected to the reduction conditions and
wvork-up; analysis by HPLC indicated thfi no hydrolysis of

e

sucrose occurred.
-

From this information-we feel that we have an excellent

method for the identification and quantitation of the minor



138

v
\
1
] 12
2
Q.
4 9
, 10
3 73 4
n
S
28min 41min
1- sucrose . 8- maltose/maltulose
2- trehalose 9- kojibiose )
3- neotrehalose = | 10- gentiobiose
4-cellobiose : 11- palatinose
5- laminaribiose 12- isomaltose/palatinase

6- turanose/nigerose

7- maltulose/turanose

Figure 6.14 Typical GC spectrum of the reduced (where
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carbohydrates present in honey.

Q
o
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7. CARBOHYDRATE ANALYSIS BY '"*C NUCLEAR MAGNETIC RESONANCE '

7.1 Introduction ,

The basic principles of nuclear magnetic resonance
(nmr) result from the fact that all nuclei have a charge. In
some nuclei this chargé "spins" on the nuclear axis,
generating a magnetic dipole along the axis. The anqt.;lar

momentum of this spinning charge is described by the spin "

number (I). Sp umbers can have the values 0, '/a, 1, etc.

(1=0 denote -spin). The intrinsic magnitude of tPis
generated mag dipole is expressed in terms of a‘nuclear
magnetic moment (Rathbone, 1985).

Each protgn and neutron has its own dpin; the spin
number (I) is a resultant of all these spins. If the sum of
the protons and the neutrons is even, thdn'the resultant
spin number is zero or an integer, If the sum is odd, then

“whe resultant spin number is a half-integral. If the numbers
of protons and neutrons are both even, then the spin ndmber
is zéfé (therefore no spin) (Silverstein et al., 1974).

Nuclei with a spin number of one-half‘?i.e. 'H.and '3c)
,hé@% a uniform spherical charge distribution. This allows
these nuclei to be easily measured by nmr. Nuclei- vith a
spin number of one or greater have a nonspherital charge
distribution which resul%s in an electrical quadrapole
moment, affecting relaxation time and coupling to
nqéghbouring nuclei.

The spin number (1) determines the number of

orientations a nucleus may assume in an external unifozm

a -
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magnetic field. These~or1entat1ons are expressed by 21+,
t%erefore, if I='/,, the nucleus has two p0551b1e'or1enta-
tions, either aligned\with or against the applied magnetic
field. These. two orientations desccibe different energy
states for the nucleus. As the nucleus itself is spinning,
the resulting motion i's acthally 2 rotation (precession)
‘about the imposed magnetic field. In a given, applied
magnetic field different nuclei precess with different
. frequencies. In addition, different_nuclei will precess at
different frequencies in a difterent field. With the proper
" frequency of electromagnetic radiation (from a radio-
frequency unit), the energy may be absorbed by the spinning
precessing nucleus, exciting it to the next highest energy
level. Measurement of this change in ene;gj state for each
nucleus in the sample provides the basic information for .-
nuclear magnetic resonance spectroscopy.

The exact frequency at which a nucleus will resonate 1is
determined by the ;;fectfvé magnetic field at that nucleus.
This magnet1c field is the result o£> many factors. ‘The
displacement of this frequency fromgthe hypothetical value"r
is referred to as th& screening constant. 'The shielding
effects of the surrounding electron clouds in addition te
the electronegativity of a nearby atom generally.have th;ﬁ
greatest influence on this displ en® In nuclei having
postulated p or d orbitals (C, N, Eﬁﬁmdistortions from ideal
geometry cause large shifts. |

The above is a rather simplistic approach to nuclear

magnetic resonance spectroscopy. General aspects -of high-
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resolution nmr have been investigated by many researchers,
such as Silverstein et al. (1974), Harris (1983), and
Fukushima an? Roeder (1981).

The nmr spectrum consists of a plot of intensity of
absorption versus the frequency of radiation. Basically,
there are two methods to obtain an nmr spectrum:’the oldest,
the continuous-wave  (CW) frequency sweep, and the field
sweep method. In the frequency sweep method the magnetic
field is kept constant while the nuclei in the sample are
excited into resonance by application of radio frequency. In
the field sweepumethodkbthe radio frequency is held constant
while the magnetic field is varied to excite the nuclei into
resonance. This methodology is useful when dealing with

Eoncentrated samples (0.1 to 0.6 M). Generally it is only

"”appllcable to 'H as other nuclei have lower relative sensi-

;}ivities, although this problem may be alleviated by
‘repeated scanning. The other major problem with this
technidﬂé is that the normal scanning time in CW-nmr is at
least 250 sec, therefore fhe acquisition times for spectra
éreu'loha \(Rathbone, 1985; Silverstein, 1974; Abraham and
Loftus, 1981),

The most widely used nmr methodology 1is Fourier-
transférm (FT) nmr spectroscopy, which has significantly

shortened the time required to perform an nmr eXperiment.

1’3‘

This technique, involves the simultaneous excxtatzon of all
the nuclei in the sample by the applzcatxdh of a short
~

(10-60 usec), powerful (several kW) pulse of radio fiequency

power. Following application of the pulse, the spectrometer
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réceiver is switched on (1-10 sec) while the re-emission of
absorbed energy is recorded as a free-induction decay (FID)
signal. The FID signai consists of a detector response
versus time, This signal is converted by Fourier transforma-
tion into a plot of signal intensity versus frequency. A
specirum obtained in this manner is virtually identical to
;heycw-hmr methad except that the acquisition time is much
faster (Hall, 1980; Rathbone, 1985).

Measurable parameters of an nm} spectruym include the
following (Hall, 1980): - h

(1) Chemical shift - the position of the center of
the ‘resonance signal with reference to a selected,
internal or external standard. Chemical shifts are
normally present in dimensionless units (ppm).

(2) Integral - the relat{ye area of each separate
resonance. These‘areas are groportional to the relative
number of nuclei' resonating at each particular
fredhency (problems arise when dealing with different\\\

sy T, galués). ‘

(3) Spin~lattice relaxation times (T, values) -

v time cgastaits_for the transfer of absorbed energy from
qﬁF;M' tﬁl resonating nuclei to the lattice (surrounding
’ envirenment). ’ )
o~ (4) Spf;ispin relaxation times (T, values) - time

‘constants for loss of phasé coﬁerence of the resonating
nuclei through. directqggpin—spin interaction between

different nuclei without energy transfer to the lat-

tice. Spin-spin relaxation determines signal linewidth.

$
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The first nmr observations of '3C nuclei were by
Lauterbur (1957) and Holm (1957). Early experiments were
hindered by poor resolution and the requirements that the

sample to be analyzed be highly soluble and of low molecular

breakthrough of wide-band proton
decoupling | and. various instrumental and technical
aevelopments, 13c-nmr spectrsscopy was advanced to: the
status of a practical analytical research tool (Levy and

Neison,.1972).

: 3
7.1.1 Bc-nmr ‘and carbohydrates : *
Carbon-thirteen nmr spectroscopy has been applied to
the structural determination of a number of monosaccharides
and their der1vat1ves (Coxon, 1980) This technique has also
been applied to ol1gosacchar1des (Dorman and Roberts, 197W;
Allerhand et‘al., 1971; Allerhand and- Doddrell, 1971) and
pblysaccharides (Dorman and Roberts, 1971). \ |
Dorman and Roberts (13971) uséd.‘3c for the structural
analysis of a number of common digaccharides (1-2 M aqueous

solutions) by the continuous-wave technique. The 3¢

chem1cal shifts of these compounds were referenced to carbon’

disulfide. Using these conditions, the authors found that
interpretatioh of the spectra of the equilibrated anomers
was complicated by peak overléps. As an example,
a,B-cellobiose - displayed only 12 resonances, out of a
possible 24. From this  work, a number of structural

. assignments were made that have since been reassigned by
. A ‘

1

/
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more definitive methods (Coxon, 1980).

With the introductian of the pulse-Fourier transform
ltechnique, " 13c gpectra of single anomers or partially _
equilibrated anomers of carbohydrates could be obtained in a
short time. This technique (FT -nmr) was used in the study of
a number of disaccharides (Voelter et al., 1971- Voelter et
al., 1973; Usui et al., 1973; Jennings and smith, 1973;
Colson et al., 1974). In addition to the defermination of
anomeric r1rios, this technology was appliéd to the
positions of the linkages of® di- and trisaccharides (Coxon,
1980). o

Nuclepr magnetxc resonance”apectroscopy has been used

extens1vel§ as a method for the structural determ1natlon of
carbohydrate molecules. It allows the elucidation of both .
the static and dynam1c stru&éures of carbohydrates. A number \
of reviews have been written on the studydgf carbohydrates |
in solution and in the solid state (Rathbone, 1985;
Vliegenthart et al., 1983; Bock and Pedersen, 1983; Bock and '
Thegersen, 1982; Gorin, 1981; Hall, 1980; Barker and Walker,
1980; Jennings and Smith, 1980; Coxon, 1980; Smith and
Saito, 1980; Perlin, 1976; Durette and Horton; 1971).
' Applications of 'H and '3C nmr for anaiysis of carbo-
hydrates in foods are faw. However, namr has been used by
va}ious researchers in the food industry, and an excellent
review has been published by Weisser (1975). |

Kainosho  (1976) used high resolution '3c-nmr
spectroscopy to detect sucrose in an intact seed of_Aucuba

Japoni (aoki).
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 Mathur-De Vré (1979) applied 'H- and '3c-nmr
spectroscopy to study polymer-solvent interactions. The 3¢
linewidth measurements, in addition to the bound-water
relaxation times, reveal important information on the
flexibility of polymer chains. This methodology has .been
applied to the rheological properties of gels (Child and
Pryce, 1972) and wheat starch pastes (Callaghan et al.,
{983). Structural studies employing the 'H nmr relaxation
times for starch-water systems have also been invéstigated
(Labuzd and Busk, 1979; Lechert et al., 1980; Nakdzawa et
al., 1980; Schwier and Lecheft, 1982). Water binding
capacities of a number of food products have‘been reported
(Hennig, 1977; Hennig and Lechert, 1977) using wide-line 'H-
and zﬁ-nmr spectroscopy. Application of this methodology has
been used to determine the moisture content of a variety of
foodstuffs (Brosio énd ‘Di Nola, 1982). Doornbose et al.
(1981), Altena et al. (1981) .and Roper et al. (1983) applied
'H and '3C nmr to the identification of Amadori- and Heyns-
rearrangement products formed ‘during the processing of
foods. These products ari;e from the reactions between amino
acids (or proteins) and carbohydrates and are related to
flavour -and colour formation. . //
Introduction of the minispec pc 10/20 (Bruker) (and the
newer models, the minispec 100/120), which is an automated
nmr analyser for analytical laboratory use, has introduced

nmr analysis into all types of laboratories.
This automated hmr spectrometer has been used to

determine the total fat content of chocolate, the fat
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content of dried sausage samples, cheese, margarine, butter
énd cocoa products. It may also be used to dgtermine the
vater content of various foods and‘foodstuffs, including the
moisture in o0il seeds, glucose, tobacco, and sugar beets,
The 0oil content of oilseeds may also be determined. As nmr
is a non-destructive technique and an automated analyzer can
prov1de consistent accurate results and rapid analgsxs times
(minutes or secondg), thls type of equipment is ga1n1ng in
popularity (Brukerﬁmin1spec application notes). ¢
There are & number of reasons‘hy 'H- and Wic-nmr are
not used more. extensively' for ca;bohydrate analysis in
foods. Even’ though the areas under the peaks in an nmr
spectrum are proportional to the number\xof protons or
carbons (under appropriate conditidns)’preséﬁg in the s3mple
(Shaw, 1976), accuracies of approximately 5% are possible.
Wwhen this technique is compared to other ﬁethods (gas-liquid
chromatography, high performance 1iqdid chromatography,
etc.) of higher sensitivity and lower éqst, nmr spectroscopy
would be used orly when its unique selectivity could be °
applied. The sensitivities of 'H- and '3C-nmr specéroScopy
are also significant. The most abundant isotope of carbon,
atomjc weight 12, has no nuclear spin and'therefore is not
observable by nmr. The natural abundance of 3¢ is only
1.1%, compared to 14gs ¢or 'H. The magnetogyric ratio of Y3¢
nuclei is approximately '/. that of 'H. The sensitivity of a
nucleus in an nmr experiment is proportional to the cubed

magnetogyric ratio, therefore 'H nuclei will give rise to a

signal 64 times larger than '3C nuclei. The .result of both
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the lower magnétogyric ratio and 1.1% natural abundance of
13c produces a reduction in the sensitivity of aperoximately
6000 relative to a 'H-nmr experiment (Levy and %flson,
1972).

It has been recognized that '3C-nmr spectroscopy could
be used for the quantitalive analysis of carbohydrates
(Coxon, 1980} Rathbone, 1985). Problems associated with the
use of '3C-nmr are well docymented and include relaxation
times (T, and T,), the nuclear, Overhauser effect, viscosity
effects, temperature effects, solubility, digital
resolution/ and the sensitivity of the 3¢ nuclei. Wehrli
and Wirthlin (1976) indicated that these problems are less
severe in the 13C—nm; quantitation of carbohydrates_than for
other o:ga?fé? molecules, however measurements of 3c-nmr
signal inigé;ations arq prope to error (Wehrli and Wirthlin,
1976). Levy' and Nelson (1972) concluded that no direct
gorrelation exists between the integrated peak areas and the
number of carbop nuclei. They indicated that this is due to
long spin relaxation times and variable nuclear Overhauser
effects (nOe).

Coxon (1980) calculated the T, values for a number of
the carbon nuclei in carbohydrates and found that T, in most
instances is less than 1 sec. I 'rder for the carbon nuclei
to relax so that another pu'lg may be applied, it |is
necessary to wait a period of at least 5T, (or 5-6 sec).
This makes the acquisition time necessary to obtain a 3¢

spectrum lengthy and expensive. In addition, the nOe for the

carbon nuclei vary and these factors introduce errors into
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the .quantitation measurements (Berry et al., 1977;
Czarniecki and Thornton, 1977).

Bock and Pedersen (1983) found that, if '3C-nmr samples
were measured under zitable conditions gand if the peak
areas of similar carbon atcms (carrying the same numbcr of
protons) were comparéd, the accuracy of gquantitative methods
was increased. _ .

Rathbone (1985) indicated that, in order to obtain
reliable '3C-nmr signal integration, it was essent&al to
achieve good signal/noise ratio. This may be accomplished by
using concentrated solutions or by multiplying the FID
signal by a sensitivity-enhancing factor. In addition, the
author found that a sufficiently high resolution (25 points
per signai) was necessary to define the lines in a spectrum.

Cerbulis et al. Y1978) noted that quantitative '3C-nmr
requires comparisohs of resonances having different nOe's,
In an attempt to prove the structure of f-lactosylurea, the
gated-decoupling techniqdz was employed. The technique
éequire§ the turning off of the frequency auring long
periods (&30 sec, or 5-7 times T,) betwecn data acquisitions
in order to remove the nOe effect.

Carbon-thirteen nmr Spectroscopy also has a number of
advantages over 'H-cmr and other carbohydrate analysis
methods. The range of chemical shifts ‘fog“3c nuclei 1is
approximately 250 ppm, compared to only 10 ppm for 'H. The
natural abundance of '3¢ is only 1.1%, therefore coupiing
between two '3C nuclei is not usually a problem. In 'H nmr,

'H-'H coupling occurs (both short and long range coupling)
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in addition to 'H-'3C coupling which results in splitting of
the nmr signals and complexes the spectrum. The preparation
of a sample for '3C-nmr is non-destructive and reqlires no
derivatization. However, the most importaht aspect of
'3C;nmt spectroscopy of carbohydrates is the "fingerprint":
region for the anomeric carbons (ﬁ90-110 ppm). In this
région oligosaccharides which differ only in the position of
attachment (atl-+1, al1-+2, etc.) may be unequivocally identi-
fied (Coxon, 1980). In addition, disaccharides which are
attached to the same position but differ anomerically Sa1*1,
B1+1) can also be identified. _

Blunt and Munro (1976) applied '3C-nmr spectroscopy for
the q.;litative and quantitative determination of carbé-
hydrates extracted from Yarious tissues of Plnus radlata.
They used a relaxation delay of >4T, to determine fructose,
glucose and sucrose levels in these tissues, with standard
deviations of 3-8%. The authors compared the values obtained
py nmr to those obtained by GC and found good ‘correlation.

Recently, Tamate and Bradbury (1985) applied V3c-nmr
spectroscopy for the analysis of carbohydrates in tropical
root crops. They quantitated the amounts of frqctose,
glucose, sucrose, maltose and raffinose by measurement of
the ratios of peak heigh;s with those of an internal
gtandard. The authors used a relaxation delay time of 2 sec
and analyzed their results by comparison to standard curves.
Comparison of the results obtained by nmr to those obtained

~

by HPLC showed deviations of 3-30%.
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7.2 Nuclear Magnetic Resonance Experimental

standards (3-17 mg) were reduced with sodium boto-
hydride (50 eq) in water (5 mL) at room temperature for 2 h.
The solution was cooled in an ice water bath and neutralized
by opwise addition of glacial acetic acid. This solution
asA;esalted by passing through a column (80 mm x 8 mm) of
Dowex 50 WX 8 ion exchange resin. The column was f‘rther
wvashed with two bed volumes of HPLC-grade H;0. The combined
wvashings were evaporated /n vacuo and co-evaporated (4 x 5
mL) with methanol. The colourless oil was dissolved in 500
4L  of deuterated dimethyl sulfoxide (DMSO-d6) and
transferred quantitatively to a 5 mm thin-walled nmr tube.
To this solution was added 11.33 ‘'mg of methyl p-D-ribo- -
furanoside (internal standard), and 2 mg of chromium acetyl-
acetonate (relaxing agent). Carbon-thirteen nmr analysis was
carried out on a Bruker WH 400 nmr spectrometer with a
superconducting magnet. Accumulation times varied from 20
min to 6 h. Standard operating conditions ,weteﬁ SF
(spectrometer frequency) = 100.5743849; SY (synthesizer
frequency) = 74.8900000; O1 (carrier frequency) = 560C0.00;
SW (sweep width) = 29411.765; FW (filter width) = 29000; AQ
(acquisition time) = 0.5571; H,/pt = 1.795; Pw (pulse angle)
= 4.0; RD (relaxation delay) = 0; 02 (dgcoupl{ng frequency)
= 8300; temperature = 291;K; GS (gain set) = 116. These
standard operating conditions were used for all of the
compounds analyzed.

Honey (&300 mg) was also reduced with sodium

borohydride (50 eq) and the work-up was the same as that
> n
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used for the standards. The resulting colyourldll amploru
taken up in 500 uL of warmed (<40°C) DMSO-d6 and transtorrod

to a 5 mm thin-walled nmr tube, 3 mg of chﬁgxiu

acetonate was added, and the nmr spectrum was
approximately 10 h (60,000 scans), under the standard condi-
tions listed above.
7.2.1 Preparation of O-methyl-g-D-ribofuranoside

To é g (0.0133 moles) of D-ribose in 75 mL of reagent
grade methanol was added 1.0 mL of distilled acetyl;chléride

(0.0141 moles). The r;sulting si:ghtly yellow solution was

stirred at room temperature for 4 h and was mon by
thin-layer chromatography (Merck, Kieselgel 60 F254 lates;
SSE as the solvgnt'[upper phase of EtOAc:n-PrOH:H,0, 4:1:2))
to ensure the greatest yield of the desired faster moving
product. The reaction was quenched by adding S mL of Dowex
1X2 (OH") ion éxchange resin and stirred until neutral by pH
paper. The resin was filtered and the solution removed [n
vacuo (Buchi rotavapour R). The resulting yellowish oil was
dissolved in the minimum amount of water and placed on a
Dowex 1X2 (OH-) ion exchange resin column (2 x 20 cm) and
the minor products were removed by elution with water. The
major product, O-methyl-g-D-ribofuranoside, was eluted with
3% MeOH/H,0. Evapsration of the solvent followed by crystal-
lization from EtOH/H,0, yielded 1.57 g (72%) of vwhite
needle-like crystals, m.p. 77-79°C (literature 76+78°C).
Elemental analyiis calculated for CgH,;05: C, 43.90; H,
7.37. Found: C, 43.65; H, 7.42.
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7.3 Nuclear Magnetic Resonsnce Rosulti and Discuni.\b

Sucrose and trehalose vere used as standards in the
initial investigation for the use of "3c-nmr spectroscopy
for Quantitative analysis. ﬁ:laxation delay times of 6 sec
were used and concentrations ranging from 3-50 mg of each
compound were subjected to snalysis. The solvent initially
used was D,0; as it has no carbéns, the computer must be
programmed to set a reference standard. Using these
techniques, errors in the standard curves of 10-15X were
guite common.

Investigation of the literature on 13C-nmr suggested
the use of paramagnetic relaxing agents (Lamar, 1971- Wehrli
and Wirthlin, 1976, Williams and Flem1ng,;1980) Chromium
acetylacetonate wvas used in our experxmencyn(The Cr ion iq“
this compound has unpaired electrons ihxﬂg c;lui‘ ﬁ*’c\
nuclei to relax efficiently (W1111ams %nd‘¥leﬁiig% i980)¥

This addition results in a3 number;‘oﬁ* affpetgi

: k
atf ¥

detrimental loss of the nOe wiqg r&sulc 1ﬂﬂnp emhaabemeht

the '3¢ nuclei signal (maximum enha emeﬁt of 2, 98) and }he?

elaxatxpn time (T;)

he * 1nvé§Se «}t Ts,

relaxing agent reduces the spin-s
Line widths are proportional

therefore, if T, is short, then th&*)x%e widths . broa&en The
yu. w7 ’

)]
beneficial effects also involve A,‘lbss bf the nOe; ' this

will allow the quantitation o£¥;6he' 13C ‘nuclei in: the
- ] K

spectrum. As has previously beengf:;:ﬁoned, the‘ﬁaximum'nOe

is 2.98, however different ¥c€ nuclei experience

different nOe's, therefore, if éﬁ P4 s vary, then accurate

quantitation is difficult to imppp} e. The addition of the

; b .
'& T, A B h ». ‘\
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relaxation agent causes spin-lattice relaxation (T,) to be
more efficient, and it shortens the spin-lattice relaxation
time, resulting in shorter T,'s and therefore enables
pulsing more frequently. If no relaxing agent were used, it
would be necessary to wait 5-6 T,'s (or to employ the gating
technique for Quantitation) or approximately 30 sec betveen
pulses. Each.‘pulse requires 0.65 sec, therefore it |is
possible to acquire >40x the number of scans in ;n
exper{ment vith j relaxing agent, As Coxon (1980) indicated,
an experiment with a paramagnetic relaxing agent requires 9x
as many scans as one without to obtain the same signal-to-
noise ratip (2.982). Though this enhancement is lost by thé!!
addition of the relaxing agent, the signal-to-noise can be
made  up by the incqeasig number of scans possib&e (due to T,
being shorter). Employing this methodology allows the
quantitative measurements of 3¢ nuclei in the sample. The’
problem with line-width broadening can' be minimized if the
concentration of';elaxing agent is controlled (i.e. not an
exéess). ‘
Complete c-nmr data on glucobioses and glucotrioses
as well aé fructose-containing éi— and trisaccharides are
known (Bock and Ped@rsen, 1983; Usui et al.,-1973). While
reviewing this data, overlaps for the a and f anomers of
various disaccharides were observed. To alleviate this
ambiguity in the identification and quantitation of the
various carbohydrates in honey, the samples to be tested

wvere reduced With sodium borohydride. For example, if

maltose was analyzed by '3C-nmr, three peaks would be
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present’ in ‘the 90-110 ppm region [C1'(100 8¥\;‘E:}(93 1),
cig(97.1)], whereas reduca% maltose has only ogt peak in
thls region [C1'(100 8)] ’
An internal standard wasxifgn used in our measurem?nts.

- The compound methyl GJD-r1bofuran051de was'used since, among

L'e . ¢ .

-~other things, the anomeric carbon is structurally similaf to
the anomerigscarbons of interest in honey éEPat is, a carbon
covalent%y bonded to, two electronegative oxygen atoms and
one hydrogen atom). Inaddition the anomeric carbon of this
compound can be used for an internal reference. Finally, the
ratio of the anomeric tarbon area of the reference compound
with those of the standa“rds ’c.an be used fQ@ quantitative
analysis.

Known}conaentrations of trehalose, sucrose, and theirW
mixtures wére analyzed by .‘3C-nmr (400' MHz) employing

“chromium ,acetylacetonéte in) deutetated dimethyl sulfoxide:

N

(DMSO-dQY. Analyzing the area of the anomeric carbon (for
sucrose fhe C1' catbon was used) versus concentration gave a

Sy N : s . o
linear reaftlonsh1p for &£he concentrations studied (5-45 mg;
o H

Figures 7.1 and 7.2) In addition, the’ linear relationship

L

. was still apparent when thesijago standards were mixed. Fodr

\

'dlffq;eqm éoncentratlons of maltose were reduced by sodium

rom

borohydr1de and analyzed S{ 3¢ nmrj again fhe area of the

anomer1c carbon (C1’) vers%sfconcentrat1on was also 11near“

~

“for the concentrations studled (4-50 mg). A

Analy51s of) £1ve identical samples of reduced
/ :
cellob1ose under '-the same conditions produced a standard

deviation of 0.44%. Reduced maltose was also analyzed at

LR " Q
~

[ ',
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various acduisition‘timeé (from 500 to 60,000 scaﬁs); the
result of this experiment is shown in Figqure 7.3. As can be
seen, a linear relationghip -is appérent. The resulfs of,
these éxperiments lead to the conclusion that '3Cc-nmr
analysis employing a relaxing agent and using DMSO-d6 would
‘allow for reproducible'quahtifative determination of oligo-
saccharides. _
Thirteen reduced (where applicable) disaccharides of
known concentration, :with the addition of a known
concentration of stahdaré, were analyzed by '3C-nmr on a
Bruker 400 MHz nmrw spectrometer. Table 7.1 contains the
chemical shift(s) of the ;nomeric. carbon(s) for each
disaccharide. As was the case in the GC analysis of
fructose—éontainingyteducing aisaccharides, two peaks were
observed by‘ 13c-nmr for these compounds. However, unlike
capillary gas chromatography, each of the ~glucitol and
mannitol peaks can be identified and quantitéteé -Ss‘ no
overlapping occurs. The standard deviation.assoéiéfed‘with
each of the chemical shifts .is 0,02 ppm.ipqéeak can be
identified if a separation of 0.08 ppm f;xists,. however,
accurate quanﬁitation requiréy'a sepa;ation offo.é ppm. For
each of thg reduceq §£an‘ards, a separation of at 1ea§t 0.1
ppm exists, except«'ﬁo‘rw cellobiose and gentiobiose, whose
anomeric- carbons h:;e chémical shifts of 103.59 and 103.61
ppm, respectively. This dées not pose a pgoblem Eor their

L

detection in honey sinde cellobiose was not’ found by

capillary gas chromatography. A comparison of ratios of the

internal standard to the anomeric carbon(s) for each

-
1
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Table 7.1 Assignments of the 13c resonance of the anomeric

carbon(s) of disaccharides (reduced where applicable) found

in honey.
\
Chemical
- ' Shift
Disaccharide ' (ppm)
Cellobiose v ' 103.59
ST
;- gentiobiose 103.61
" ' \
~ Isomaltose J 98.62
Kojibiose 99.20
Laminaribiose 104.30
Maltose. . 'Y ' - 100.77
Maltulose : . 100.79
' : ' 99.56
. :-;? . '
Neotrehalose ' 103.56
- 100.68:
Nigerose . » 99.59
_Palatinose - 98.70
. . 98.61
Sucrose , 103.87
. : 91.64
Trehalose : 92.93
Turanose : ' 100.32
— 99.57

' gtandard deviation for all measurements was $0.02



187

70000

60000 -

. 50000 1 , /5
40000 - ’ /

Number of Scans
~

30000 - o/

g i

20000 A 1

10000 o "

0 — T ]
Oe+0 e+ 2e+! — T+l

Anomeric Ares for Reduced Maltose

. A“?«ﬁ"“”
Figure 7.3 '3C-nmr analysis .of reduced maltose at various
acquisition times. : S
- ‘ . 3 ) .
- . . » \



a : 158

.
’ .

<E§§tandard will allow the quantitation of each of these

disaccharides present in honey. When maltulose, palatinose,
and 'turanose were reduced. and analyzed by ”3c-ﬁmr, the
ratios ?Y the gluci;ol/mannitol peaks were apprqximately
131, 1:1 and 1:2,»respectively. These results agree with
those‘ obtained when these reduced carbohydrates were
analyzed by capillary gas chrbmatography.

seven reduced (where applicable) trisaccharides of
known copcentrgtion (together with known concentrations of
internal standard and chromium acetylacetonate) were
anaiyzed by 13c-nmr (400 MHz). These results are shown in
Table 7.2.

Limitations of this methodology are realized when
comparing reduced maltotriose and E;auced maltose (these
limitations also apply vhen dealing'_with non-reduced
maltotripse and maltose) as the positions of linkage ofAthe
monosaccharide wunits are Vall a1;4, therefore no cleér
distinction can be made with regards to tpe concentration of
each carbohydrate. From the gas-liquid chromatographic
information éf the carbohydrates present in the honey

' samples analyzed, >99% of the total carbohydrates in the
quarated fraction are dlsacchar1des, hence the contribution

of tr1sacc§51qes and oligosaccharides can be assumed to be

"e§1igib1£3.¥1n addition, due to the increasedi
véight of F;;isaccharides (and larger ol1go§acji
vell as the vay, theseﬁtarbohydrg;es rotate, a ¥
tration of Eﬁvse compounds is requ1red in o}de”b

‘3C -nmr spectrum.m, *3 !’ﬂlf
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Table 7.2 Assignments of the '3C resonance of the anomeric

carbon(s) of trisaccharides (reduced where applicable) found

in honey.
.rﬁ,' ,
‘ .4 . Chemical
v . Shift
Trisacchavid! - (ppm)
Erlose . ot 103,91
- 100.75
91,65
Isomaltotriose | ' 98,50
98.55
Isopanose L : : 98.60
96.55
1-Kestose 103..85
: ) 91,67
Maltotriose 100.69
: ‘ 100.67
/
. .

Melezitose . 103.93
. 100.43
91,63
Panose : ) 98.5%

98.60

3
4 B

' standard deviation for all measurements was. +0.02

,'\
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This procedure was applied to the high performance

liquid chromatographically separated samples of alfalfa apd
gweet clover  honey. PFollowing drying (vacuum pump), these
samples (2300 mg) were reduced (sodium boroNydride) and
.analyzed by 3c-nmr. A typical spectrum is shown in Figure
7.4. The analyzed data, together with that obtained by gas-
' iiquid chromatography, are shown in Tables 7.3 and 7.4. The
'major disaccharides 'found by GC were also identified by
13c-nmr. In alfalfa honey the rétios determined by each
method agree quite cloéely, except for that obtained for
kojibiose, where twice the concentration was found by
13c-nmr when compared to that determined by GC. In addition,
the concentration °§ sucrose differed by =20%. For swveet
clover honey, the values for turanose (230%) and gentiobiose
(a50%) did not agree with the GC data. Repetition of the
analysid¥ by 13c-nmr did not impéove these results. No
apparent reasons for the anomalies in the results for these
two honeys are known. The data, aside from these’églpgs: are
in quite close agreement.

The '3C-nmr method as applied to the identification of
minor honey carbohydrates (disaccharides) has advantages
over other technigues in that the*@ﬁ%thod is relaﬁively
r;pid, non-destructive, and allows gi%gthe complete identi-
ficption and quantitation of ige‘§disaccharides present.
Honey represents an extremely cgmplicated case for 3c-nmr
analysis in the number of ol1gosacchar1des present and their
virtually 1dent1ca1 structures. - Itlls‘our oplglon“iﬂié in
other food products where the number and complexity of

L

9
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Table 7.3 Comparison of disaccharide ratios in alfalfa
honé&, determined by '3C-nmr with comparison to gas chroma-

tographic determination.

Disactharide .‘3C-nmr Gas Chromatégraphx
"Maltose ‘1.0 , 1.0
Palatinose ) .36 .39
Turanose ' .41 .46
Kojibiose . .58 .25
Sucrose 3.2 3.9
Neotrehalose ' .11 .10
Nigerose - | .10 ) .12
Gentiobiose .13 .15

Isomaltose ~.096 L1
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Table/7.4 Comparison of disaccharide ratios in sweetai}over

honey4 determined by 13c-nmr with comparison to gas chromaw

tographic determination.

Disaccharide 13c-nmr Gas Chromatography
Maltose 1.0 1.0
Palatinose .68 .77
Turanose .96 1.23
Kojibio;e o .58. .64 2
Sucrose .29 .26
Neotrehalose .19 . .22
Nigerose .19 S 21
Gentiobiose .f9/ .36
Isomaltose .16 .19
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carbohydrates present are fewer and simpler, ré)gpctivi 0
| '

that this type of methodology could be very useful. )
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8. THE ENIYMES IN HONEY

8.1 Introduction .

The theory that enzymes were present in honey vas
tested early in the twentieth century., Marpmann ,(1903)
reported that alcoholic ‘fermenting and proteolytic enzymes
vere present in honey. Gothe (1914) noted that honey did not
c€ntain lactase, lipase and proteases. Hig work indicated
tha%- ghe initial enzyme tests perfbrmed on honey were
subject to error as the reagents may have reacted with the

sugars and acids present in honey.

Inxtxally, the interest in the enzymes in honey

'; centered around the need to distinguish between natural and

art1£1;1al honeys (Crane, 1977). The enzyme system diastase
6a- And B- amylase) is recommended by the Codex Alxmentqrxus

Commxttee~"(1983) as a standard for honey quality. Other

’ . .
tesearchergé (Duisberg and Hadern, 1966; Hadorn and Zurcher,

1966; Sigenthaler, 1977) recommend using a-glucosidase
act1v1tx as a measure of hOney quality.

The major enzymes present in honey include both a- and
Q-amylase (diastase), a-glucosidase I and "Il (invertase,
sucrase or saccharase), a®§ gluccse oxidase. Minor enzyme
activities 'presenf include catalase, phosphorylase, and
phosphatase. ‘ '

Lampitt et al. (1930) studied the ' effects of
temperature and pH on diastase activity in honey.‘They found

that the pH and temperature  optima for a-amylase were

5.0-5.3 and 22-30°C and for f-amylase,’ 5.3 and 45-50°C. Mhny

165
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§ ; /
~ authors haveﬂgtudied the effects of both temperature and pH

'on d1astat1c act1v1ty,‘i honey (Crane, 1979 and references

1
thereln) Schepart and Subers (1966) attempted the isolation

-of aﬂ?lases fromﬁhonZ? and although they were able to reach

.a-ZOfooid'purificat'on of-¢~amylase,‘attempts to further

purify fhe enzyme were unsuccessful due’to its instability.

. —1It is not read1ly apparent why diastase act1vmty should

’4§e~found in honey\as starch is not thp primary carbohydrate

source for this insect. Gothe (1914) postulated that the

enzyme originated from the ‘bees but also .indicated that

pollen could be the source of this enzyme aotivity.‘bhillips

- .
(1927) found ‘that bees could not utilize raw or ‘cooked
0, | . |
starch or dextrins. Lotmar(1935) fed bees solutions of 8%
’ . : ' . o \
starch dextrin/8% sucrose, 5% starch and 8% sucrose. She

found that bees survived lonqer on the starch/dextrin

solution, however, appregqable \differences 'in the death
Y

rates did not occur far any solution. Vansell and Freeborn

(1929) proposed that pollen was the source of d1asFése in .
honey. Thelr work was based on the rg}atlonshxp between
poilen content and _diastase act1v1ty In a .number of
Cal1forn1a honeys ‘studied they gpund that both diastase
act1v1ty and absolute pollen\counts were - low. Lothrop and
Parne (1931) stud{ed a number ' of honeys from d1ff&rent

floral soéurces (therefore d1£ferent Sellen) and found a wide

'vat1a€§on in- dlastase act1v;ty. Phey 1nd1cated that these

varzat1ons gport Vaﬁsell and" Freeborn s hypothesis.

rg

Bartelsf-and Fa th (1933) attempted to correl!te ab&olute'

pollen contenf wath d1aska§e actrylty and found/that pollen‘

A

4 ’ L
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content (rega;dless of flbral origin) was independent of
diastase activity. These authors suggested that high
temperatures and low humidity resulted in low diastase

.activities in the honeys tested by ansell and ?reeborn.
Fiehe (1932) postulated that nectet was the major
source of diastase. Wexshaar ‘1933f’ran » a{kese ectxvrty
experiments on nectar, pollen, ané’peegbni found that
.5-2.5% and 0.25-0.76% of the act1v1ty resulted from the
nectar and pollen, respectively, and that the remainder was
due tb the bees. Gorbach (1942) .found that - the pH optima for
plant diastase, and bee diastase were slightly d;ffei%nt»and
that the pH optimnm in honey resempled that of the bees. It
is widely accepted (Rinau%o et al., 1973; Crane, 1979;

White, 1978) Jhat the diastase in honeyeoriginates with the
el . i s ¥y ' -
e ¢ o '

# The presence of glucose ‘oxidase in honey was first
.noted by Cocker .(1951), based@ on the lfact that, .4#ollowing

nep"tralizati_on, the honey became acidic after storage. White

et al. (1958) attributed this pH Increase to the hygrolysis'

0% lactones present 'inp*aoney. Further. work by White et al-.
'(1962 1963) onclbsively‘ p‘rcved the presence of glucose

oxzdase in honey and its ab1l1ty td' produce gluCQnolactone

hydrogen peromde aided -in ®he xxplanah

(‘*hen gluconict ac1d) and hydrogen perox1de <Th presence tof
w@fw tHe anti--

. ,% ¢
bactenal effect (1nh1b1n,e) of honey‘ G}ucohg a&%s thg

orgamc acid produced by this enzyme (Stmson et'l ﬂw?
* .
and is re?ponsxble for a port1on of the taste ,9£ ‘ho’hey

)

PP

(tartness) in addition to honey's " stabi ltty tOwards

P LA
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micfoorganisms (Crane, 1979). Schepartz. and Suberé (1964)
have ﬁhown that the source of this enzyme is also the bee.
> :

" 8.2 lavertase in Honey,

The enzyme responsible for the major chemical chanées
which occur when the bee converts nectar “into honey is
invertase. Invert;se (sucrase, saccharase, ﬁ-fructosi@éSe;
g-glucos;dase) is .an enzyme which is found' in a ,@reat
variety of organisms. The invertase in one organism may be
’q&ite éiffer;nt from that found in another. Tﬁe_hyérolysis

of sucrose to fructose aﬁh gluco;e is the major reaction:
pérfogmed by this enzyme, 'however, the enzyme may be 'an
a-D-glucopyrhnoside glucohydro;ase (E§H~3.2.1.20),‘or a
ﬁ—D-frﬁctofuranoside fructohydrolase (EC 3 v2.1.26). The
invertase preséqt in honey bees is an a-D- glucopyran051de
glﬁcoHYdrolase (White'and“Mahefﬂ‘1953), commonly referred to
as a-élucosidase.

Neléon_and Cohn (1924)\were the -first go work on the
idvertase enzyme from honey. The; used alcohol Qr7
precipitate the enzyme from honey. Folléwiﬁg dialysis, the
honey invertase was aésorbed on alumfha, éluttd, and-
diaiyzed. The authors compgred ;he-relative reaction fates
betweeq honey aﬁd yeast invertase. They found that honey

invertase showed .a different rééct%pm rate towards bucrose,‘
than did yeast invertase. Neléon and Sottery’ (1924) .
indicated that honey invertyse was actzvat ' by D-gtucose.
wh11e‘yeast invertase waé‘not.-ln add1t1on,3they found that
'whereas yeast

Ww

hqney 1nvertase would not hydroly& raffmoseﬁ’
‘ P : ’ ' ¥
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.invertase would. :Papadakis (1929) studied the effects of
honey invertase on the hydrolysis of sucrose in”the presence
.of aAvariety of othet carbohydrates. The author found thtt
sucrose hydrolysis was not activated by anf of the carbo-
Hydrates studied. Other researchers (Ammon, 1949; Gorbach,

'<1942) also studied- the effects of pH and other carbohydrates
on honey invertase, oq
8.3 Isolatfoﬁ and Bropertidés of Honey IqJErtase ,

,Maher (,1953a) confirmed that t'invertase

s
enzyme in hBhey is a glucoinvertase (this was reported first
;§§"7§“rbdfﬁi 1942) by chromatographic studies. They based

thYs conclusion on the inactivity of the honey enzyme

- . -

'towards raffinose and its moderate act}vity. towards

e

. . . ¥
melezitose, ™hereas strong activity towards maltose and

&

sucrose was observed. The authors also found that the enzyme
was inhibited by glucose and that .a glucdse unit was
transferred to sucroge, yxeldlng a tr1sacchar1de (erlose).

” In addition, the hydrolys1s of maltose by honey invertase
yielded th only glucose but a ser1gs of glucooligp-
saccharides. o )

The ]kirst " successful separation of thef invertage
‘enzymes it honey was perférmed by White and Kushnir (1&25).
They used dlalySIS, ion exchange and gel filtration chroina-

thography An add1t1on to starch-gel electrophoreszs to purify
the enzymes. The a-glucosidase present showed a single/bend

w1th an approx1mate molecular we1ght of 51,000 daltong.

/
' .

\ . v . \

™
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Once the a-glucosidase from honey was ‘separated and

, purified, further work o.n‘the enzyme's physical and chemical
characteristics' could be. pe'rformed. Huber' (1975) and Huber
and Mathison (1975) isolated a-glucosidase from the head,
thorax and abdomen of adult honeybees (the\‘ species was not

spec1f1ed) The a-glucosidase was isolated «using

N

fract1onat10n w1th ammon.\ sulfate, followed by dialysis.
Hydnﬁxylapatzte, ion exchange and gel filtration c}ﬁoma—
%graphy we;e also employed. The final step involved passing

the en2y e‘sorutxon over a column of bound ‘amimphenyl ﬂ-

D-glucopyrd\%s"de. Follqwmg these separatwns‘, the authors

found thqt the abdoweh ‘f the bee contamed the" majoq

\

.portlon of the a- gluc‘sldasa, isolaged; ‘only mxnor amounts -
Vere found in the head and thorax r;egmna The molec&laxf“’
weight of the a-glucosidase isolatel wés 93,000 daltons by .
SDS gel electropnoresis. The Km's for -sucrose- and tdr

p-nitrophenyl-a-D- glucopyranos1de hydrolysis- wete 4 mM ad

0.5 mM, respectxvely '

- Huber (1975) noted that a significant portion of the

P

R d—glucos1ﬂase (almpst 50% in the abdomen) was soluble even
X
at 80% saturated ammonium sulfate. Gontarslu (1957) kad

suggested that two types of sucrase, were present in
L4

honeybees. This. observationYewas based on"studies, which“

1nd1cated that sucrase in honey and the pharyngeal glands °
& .
\ 8,
dlffered from that of the intestaaes. R1edel -and Smp.son

(1961) have shown that the mouth parts and heads of,drones '

.

and queens. do not: contain sucrase, .whereas the worker rbee

heads do. Queens and drones do not produce honey' ‘«-'and

\ P

&
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tlﬁrefore the enzyme necessary for this production could be
:b'sent. However, all bees require a digestive or mqtfl,’btélic
. ] “
sucrase in order to utilize sucrose as an energy. source,
'rakenaka and Echigo (1976, 1978) isolated a-glucosidase

from honey by ammomum sulfate pg&c‘ngx ation (60% solution)

and dlalysxs, followed by DEA o) WO and Sephadex G-100
-3 '»l}e a-glucosidase in

pSients, a-glucosidase I

(x2) &hromatography ‘They foy
‘honeygas tractzonated into t

and II1. The q r we1ghts of these two components were

73,000 and

-

‘,daltons, respectively._ The pH and
- temperature o for these tAwo’lenzymes we.re found to ber
6.0 and 40°C féi" éa_c’h. The Ku;'s.s:(sucrose) for a-glucosidase
I agd II were fqQund to be 4.4 mM and 4.6 mM, respectively.
These enzymes wei‘e also shown to be glycoproteins and
contained 15-20% carboh,y“ > |

‘,'fakewaki et al: (f9£\ pur).fled a- gluc051dase 1" and 11" °

+
from honeybees. 'I*y homogenated 500 g. of frozen honeybees

»

‘us.'.mg ‘the heid/thorax\ regxon and the abdomen region
“@separately Ammonwm sulfate prec1p1tat1on (95% saturatwn)v
.and dlalysxs, CM—cellulose, and _Sephadex 6-100 chroma-
'togra;phy were used to pdrify a-glucosidasF I. LDEAE-

celluloseWCM cellulose and Sephadex G-100 chromatography

| 4

. wes'used tp separate a- gluc051dase I1. The lgcatxons of the
| a?é' ucosidases in _the -honeybee were determined; the

head/thorax contained 22% a-glucosidase I and 46%

-

a-glucosidase 11, while the abdomen: contained 78%

a-glucosidase I and 54% a-glucosidase I1I. The ‘molf'c':ular

. [ 4 K} Vo ;
weights of a-glucosidase I and II @etemiﬁéﬁfby; SDS qe@t

. a F
- - . ~
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electrophoresis were 98,000 and’ 776,000 daltons,
respectively. The pH optimum ,(ggu‘crosq) of both a—glhcosiqase
I and I1 was 5.0, but 'a-“glucosidasle I‘ was .gtaﬁfgﬁ?over a wide.
pH- unge,'whil'e a-glucogidase I1 was’ sensitiﬁ-?o pH. :!‘, )

The origi% of- saccharase in honéy was‘.~ confir;‘é "'.:?yi
Rinayde et *al. (1973). The .possible sources of “honey

~

hese included nectar, pollen and

saccharase were studied;
'y A,

the' honeybee, The aut i‘ found that honey and bee':‘gland

saccharase activities

’

temperature of 40°C, wh&teas-gpollen and nectar saccharases

re optimal at a pH of 5.9 and
had respective PpH gptima of 4.4' and 4.7, and t;emperature
optima of 55°C and'45°'c. They "aiso fodr;d_ ‘t:hat honey
' 'a%'lucosidase is competitively 7irAx,h'1‘ed by €ructose, while
pollen and l/\ecta‘r éa‘scharases vare unaffected. In addition, ‘
trPeatment of sacchair'ésgs. from -honey and’ hoheybees with a
‘series of amino acid modifiers indicaw#d that both enzymes

-

behaved similarly. The authors cgc_lude'd thdat honey

El

saccharase is of insect origin and that it is transmitted to

 honey by the beé.- @ _—

>
. -

v &

8.4 Tgansgi’ucosylat{on ActiQn of Hone}' Invertase

'As it name ‘iinplieq, agbfg;gcopyran%sige qluc;‘c:hydrolase
" (a-glucosidase) is a hydrolysis enzyme. It can also function
in the transfer of a glucose unit, to another carbohydrate
moiety," tht:ls acting as a lecot’%nsferase. .This type of,
reaction 1s referred to as tra'hsgiucosyli_tion'. Under normal
conditions .(w#ter not the limiting 'reagent.),‘ a-glucosidase

~ fransfers the‘g-n-glucose unit f‘rom"' hydrolysis to .vater,

&

L4
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yielding D-glucose. HoweVer,\“{Mpt‘er is limiting, then this
'6-1'glucose unit can be transferredrto any acceptor molecule

!
in the aolu'fnon, such as fructose, glucose, sucrose or amy

«“ ¢
3

.eli osaccharicl
{wtute and Maher ( 53a) were the first to observe this

tﬁnsglucosylatlon reaction by honey a-glucosidase. In their
S

ué

~ stﬁdy a horey enzyme concentrate (prepared by precipitation
with ethanol followed by d1a1?S1s) gnd “ju:;ro.se ,.,-a“n »
incubated at 75“25‘C in acetate® buffer of .pH 5.7 for 2 h.
® Folloning chrom*graphy' on charcoal-celtte 1nto, a_ mond-,
di- and trisaccharide fraction, the di- and trisaccharide
frac*ns ’were - subjected to  paper - ’chromatographic
arationv. The authors used co-chro_matography uith’
standards to identify two carbohydra?es in these fractionsr" :
Maltose and erlose were the carbohydrates identified in ‘this
manner, whtch concluswely proved that adD-glucose unit was
transferred to sucrose (to form erlose) and glucosec(to form .
‘maltose). The only other explanatxon for these resu}ts is
the presence of the carbohydrate“eflose in honey (®hich may
.st111 be present followzng enzw precipitation of\honey by
‘ ethanol and d1alys1s) and the presence of.fructosidase in
oney, “which will :yield maltose from hydrolysis of erlose. ‘
.':'he .'fact7 that - ra;finose was not hydrolyzed‘ by the honey
enzyme‘concentrate and thexfact that care was take to remove,
all ‘the carbohyd‘rates _upon dialysis would rule out these
po_ssxbrhtxesf : T e |
Nelson and Cohn (1924) also observed the tran.sgluc «
sylatxon propertxes of honey invertase, a\ltfc«ugh they failed

*,
o
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1
to recognize this activity. When studying the rate of
sucrose inyersion by honey i?wertase, they .reported that'
after an initial increase in the geaction rate to a maximum
,Q§*10:151 inversion, the velocity;gradua%&y-fell during the
‘:iﬁimaipder.of the reaction, This was later explained to be V
" due to the formation of the 'trisaccharide*’rlve in the .
‘ﬁ!ﬁﬁ% “offqﬁb:oiimately 11% of the total sugars (White and

-

¢4

>,

Ly

) L, L .
‘V;Maher, 1953b). Prlose has a specific rotation nearly double

d€bat of Sucrose, therefore the presence of erlose wéqld lead

. erroneously high values for sucrose concentration 3nd

k.

!,-}ead.to eprors in the velocity calculations for sucrose -

.. inversion by honey invertase.

l'ﬁ ot ;h§te and Maher (1953b);"$xtended their work in the
}tfa' }glu'cosylation activity \f honey invertase by incubating
Sucrose pnd a Woney enzyme concentrate under the (same

‘;’fsoqgjtibn .as thdir previous paper (White and Maher, 1953a)) .

h:.fqlgpu;ﬁg_isolékion by colump and paper chromptd¥bhy, a

-fyigld of 11% (based on the original weighf*of crose) of

the trisaccharide erlose was obtained.

| huber apd Mathisoh'(197§3 isélated a-gluéosidase from -
the abdemens of honeybees and fbﬁnd that it had transgluco-

sylation activity. Théy used a highly purified‘a-glucosidase\
"with sucrose (0.2 M) énd incubated (temperature, pH apd time
were not reported).‘Separatidn”pf the products by thin-layer
chromatography indicated a band corresponding to ®rigaccha-

rides. isolation and characterization of these products was

not performed, however, ‘the authors Hypo!besize that the

product arises from the transfer of a-D-glucose to sucrose.

.
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Takenaka Band Echigo (1978) wused 100 mL of their
_Apurified@ honey enzyme solution with sucrose (50 q) in an
i acetaQ;' buffer (pH é.O)‘ and incubated at 30°C., Paper

chromatograéhy of the’roaction soL‘;ién showed six bands,
three of which had mobilities similar to that of §ri- and
tgtrasaccharides. The trisaccharide wvas shown to be erlgfe.
and one of the tetrasaccharides was tentatively identifiqd
as O-arD—glucopyranosyl-(1*4)-O-a-D-gIUCOpyranosyl-(1»6)-
o-a-D-glucopyranosyl-(1*2)-ﬁ-D—fructofuranbside. The third
band wa# not identified as only a minute, amount was
isolated..The major products isolated were fructose, glucése"’
and sucrose: however, the other oligoéacchériéeS‘ either
originated by chemical reactions or bx_tranSgaucaéylation.
‘This ;ork represented an extension of tieir'earlier research f
(Takenaka and Echigo, 1976) on the trénsglucosylation
activity of honey a-glucosidase, , ‘ : |
ono et al. (1981) incubated .honey a-glucosidase (0.5
IUX and sucrose (2.4 P at 30°C for 60 h. The\sucrou
smlut%on was then g;aé;ionated By paper chromatography, and
the trisaccharide erlose wgi isalated from theapaperzgqpps.'
The author;lindicated that the major sugars pfesent in}the
reaction mixture were fructose, glucose and sucro;; (299%)
and that approximately 1% of the‘total.carbohyarate in the'
enzyme-sucfose‘react;on'was the trisaccharide erlose. |
Recently, Deifel et al. (198%) found that hgneybeeﬁ fed
with sucrose prbduced honey containing maltose, erlose,
@ 1ltotriose and isomaltosyl-sulrose. They alao incubated

Y
honey saccharase with sucrose and found the above-mentioged

o“
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oldgosaccharides along with glucose and fructose. The
‘."hcr. indicated that these carbohydrates are £ormed by the
transaﬂucosylatxon action of honeybee saccharase.

The trensqlucosylatxon properties of a-glucosidase are
not restricted only to honeybee a-glucosié'se. A few}
“representative examples of the general activity of this
enzyme wii} be presented. “ | ] |

Chiba et al. (1265) incubated ,a-glucos}dase from
buckwheat and sucrose at pH 5.0 and 30°C. The oligo-

saccharides maltose, kojibiose, nigerose and isomaltose were

detected by a combination of and gas chromatography

In addition, Chiba egfal (1984) "1solated three t;}saccha-
rides from the mcubatxon of buckwheaf a- glucos1dase‘ and
maltose/sucrose. These trisaccharides vere’ 1deH?TEfE3 as” \;
maltotriose, erlose and theaederOSe. g

8.5 Honey Enzymes Experimental .

The honey sample (1500 g) was -diluted with 1,.L of
purifieg Millipore RO (reversed osmosis) Jwater and dialyzeg
(Spectrogor membrane tubin§, 73 mm) overnight (10 h) at #4°C
against cold, running tap]) water. Te ensure that all tPe)
q,rbohydrates had been r moved, the enzyme solﬁr1on was
tested thh Benedict' s so%ue1on | (an orange precipitatet .
indiéq;es the presence oi reducing carbohydrates). The
\"dielyzed“enzype.soiution (2.5 LY‘was then treated slowly
with enzyme-grade ammonium sulfat to 75% saturation, and

the solution was allowed to stand at 4°C for ‘10 h.' T

1 ]

resuiting precipitate was collected by centrxfugatzon e

- //
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(18,890 g for 25 min at 4°C). The precipitate vas dissq%&,d
in a minimum quantity of HPLC-grade water and dialyicd
(Spectropor membrane tubing, 23 mm) for 8 h, changing the
purified water every 30 min. The dialyzed eniyﬁe oolutf&ﬁi
vas applied to a DE-52 fWthman) ion exchange column (2.5 x
30 cm) equilibrated witP 0.01 M phosphate buffer (pH 7.5).
Elution was carried out wFth the same buffer by a linear
gradient of NaCll(0-0.4fM)r the flovw rate was 27 mL/h, end
detection was with a UV |monitor at 280 nm. The activd®:
fractions, as :gétermined | y reaction with p-nitrophenyl-
a—Dlglucopyra@gse [a-PNPG) (Sigenthaler, 1977; Takewakai et
al., 1980), were pooled and concentrated to 3 mL with aﬁ\
Amicon filtering ¢ystem 4molecular we%ght butoff at 10,000
daltons). This ‘enzyme solution was then applied to ';
Sephadex G-100 .column (2.5 «x bO ¢m) which had beep
.equilibrated with O\O/rM phosphat‘ buffef (p( 6.8). The
protein was eluted with the same buffer and showed two major
fractions. The two fractxons (a- 5lucosxdase 1 ané‘115 were
separately applied to another Sephadex G-100 column. (2.5 x
80 o) equilibrated with 0.01 M phosphatesbﬁffer (pH 6. é)
and eluted with the same buffer. The pur1£1cat1on procedUres

are summarized 1n Table 8.1,

L ) ‘o ') 4
8.5.1 a-Glucos)dase Qr B-glucosidase analysis 6

A honey sample,(z g) was dissolved in approx1mately 10
mL of 0.1 M phosphate buffer of the appropriate pH (6.0 for

a-glucosidase; 4.3 for B-glucosidése), tréﬂsfgrred to 25 mL

volumetric élask "and made up to ?pvith more of the
' \ ‘ . o
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Table 8.1 Purification of honey transglucosylati '
, . hd 1
Total Speci
Volume Total Protein - Activ Purifj-
Step . (mL) Units (mg) = ('un ) cati
N o /
L 1}
Crude 50 8320 800 10.6 o
L]
‘¢ DE:52 100 4010 223 18.0 1.7
: .
] f - rd
PN . . | <
Sephadex ) 50 2987 60 49.8 4.8 ..
G-%0 '
[ 2 R .o
".sephadex
G-100 -
a-gluco- ;
sidase I 30 120 . 2 |60 5.8
. - .
a-gluco- T
sidase II 30 ot 1100 - 15 73 6.9
.«and. ’ L“:‘E“.?:\i’{"s;. - :‘_}’.}'?; - .;.,‘ ; )
x. . .* A
B-gluco-
sidase 600 40
' 1 unit will convert 1 -umole of a-PNPG (or f-PNPG) to
' R . (
p-nitropfenol. T
B PR i e B
£ - \ \"—?gi; ', . "a e | m"":g [ ] “'
.. . « ,;,-.-"\I' E
A .l A 4 - - >
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bufter. o (9 ,
To two 25 mL, glass screw-top vials was added 5 mL ‘of
0.002 M substrate (a-PNPG or B-PNPG) in the same phosphate
buffer. as, the honéy. The” vials were allowed to equilibrate
in a water bath of the desired temperature (40°C for
a-glucosidase; 60°C for ﬂ-glucosidas?) for 5 min before 0.5
mL of‘fhe honey solution was added to one vial (sample, and
0.5 mL of 3.0 M, pH 10.5 Tris buffet and 0.5 mL of the honey
solution were added to the second vial (blank). These
mixtures were rapidly shaken and incubated fof 20 min in the
wvater bath before 0.5 mL of 3.0 M, pH 10.5 Tris buffer vas
‘added to the sample vial. (When the 0.1 M phqsphate buffer
was used for the dilution of hopey and B-PNPG was lowver than
PH 3.0, it was necessary to add 1.0 mL of the Tris buffer ¢0 
the blank, and sample v1als o .achieve a basic enough pH ﬂor

proper colour development. In order to ctompare results, uhis

extra dilution was taken into account before the resblts '

!
! /

were reported.) . . K

The absofbhnéei of the blank and samble vialé vere
técordgd at 400 nm using a Bausch andﬁLoﬁB’Specttonic.21
spectrophbtometer. Abéorbances were: ‘reportg¢‘. as the

';fdszerence between sample and blank teadzngs.

‘\@pth a- glucosxdaée and, B-glucosidase analyses vere‘

carried out 1n4tr1p11cate.‘ . !
‘ ,
8.5.2 Dialysis tuﬁiug preparation
Dialysis tubing was washed in wvater, 0.01 M gthylene*t;‘

diaminetetraacetic acid, disoaium salt (EDTA); arf in water -
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-

9gain‘before use,

8.5.3 Protein determination
‘ Protein conbentrhtion‘wa$ determined by the method of
Bradford (1976), using Bio-Rad Protein Assay, employing

C .
Bovine Serum Albumin as -the protein standard.

18.5.& Transglucosylation reactions

The crude enzyme/exi;act following the DE-52 treatment
was used for the transglucosylation reaction.

To fructose (2 g), glucose 2 g) and sucrose (1 g) was
added 17 mL of purified Mill{bo}e reQerse osmosis purified
water (=30% carbohydrate solution). To this solu;ion was
added 1 mL (=40 units of a-glucosidase) of the crude’ enzyme
mixture. The resulting solution 'was filtered ~usiné a
sterilization filter unit (Millipore; 0.20 um) and placed on
a shaker for 48 h at 21°C. The solution was then heated at
80°C for 10 min to destroy all enzyme activity and was then
subjected to HPLC sepqrat}on to remove the monosaccharides
present. The resulting.oligosacéharide.fraction (23'm§) was
evaporated and treated with tri-sil Z (2 mL) and aqalyzed by

gas?iiquid chromatography. -

\ Similar reactions were'befformed using only sucrdse_(;
g) in 6 mL, glucose (2 g) in f mL, or fructose (g g) in 6
mL, each Qith 1 mL of the crude enzyme solution, Follo;ing
HPLC separation of the oligosaccharides, the fractions weré

‘silylated (tri-sil Z) and analyzed by gas chromatography.

. K : o
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8.6 Honey Enzymes Results and Discussion
The minor‘carbohydrates that: are present in honey have
———been—xsolated and characterzaed (Szdd1qu1, 1970) Glucose-‘

glucose disaccharides are found in honey with al+2, al=3,

a1~4 al1+6, 1*B1 B1-3, and "B146 linkages. ‘q!ﬁltzon,

b )

glucose-fructose d1sacchar1des and a variety of trlsaccha-
rides and olagosacchat1des may be explained by the trans-
glucpsylatxon actxvxty of the enzymes present in %oqubees
and which are transfenred o. honey.

\ / '
_J As has been pre01ously mentioned and shown, the honeys

tested contalned a var1ety of d1saccharrdes and tr1saccha-
———fldes (see the gas chromatography\ and nuclear magnet;c
resonance sé%tions' of this thesis). Also, the nectars
responsible for f%ese honeys weée found to be. free from
carbohydrétes'other than fructose,‘glucose and sucrose (see
the nectar section of this thesis). It was our hypothesis
thatlthese complex carbohydrates must‘geve been formed from
the intersction of the enzymes located in the honey sac of
the bee (and later in honey) and the carbohydrates found in
.. nectar. In order to establlsh the veracity "of those
Hassuﬂptlons, the enzymes responsible for these. . transforma-
tions _were isofated< from honey using th;._techn1ques of.
Ta;enaka and Echigo (1978). In our isolation Qe used a honey
;hich was very enzyme-active (not a unifloral honey, but
mainly of clover origin as indicated by,gollen analysis).
Purification of the honey enzymes of interest (a-glucosidase

1, I1) was approximately 6-fold for a-glucosidase I and

A
7-fold for a-glucosidase I1I/f-glucosidase fracgﬁons.
. . . ,

T —————
-~
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Incubation of a typical nectar solutioh (Baker and
. Baker, 1983) copdisting of fructose’ glucose and sucrose
with a crude/mixture of the enzymes. for. 48':h‘ at room
témpérature yielded both di- .and tpﬁi%cchqtides. Following
're;oval'of the monosaccharides by HPLC,rthe oligosaccharideé
wvere reduced, silylatgd\ and énaly;éd "by GC. Ffoh, the
chromatogramh the disactharides sugfpse,,.‘ﬁeotrehalqsé,
turanose, maltbse,  kojibiose, gentiobiose and isomaltose
vere ideﬁtified}:énd‘the trisaccharide eflose was found.
Glucose was iﬁéubatedA(4§ H, room temp.) with a crude
'mixturg ;f ,;he enzympes, £olIo:eq"by thé same work-up
procedure and GC analys;s. Maltose, gentiobiose,. nigerose,
‘;}somaltése ané kdjibiose were’the disaccharides identified;
no'trisaccharides were appareﬁt. -

- Fructose was also, incubated (48 h, room tewp.) with the
crude - énzymeh solution. > Following . work?fé, éample
preparation, and GC analy;is[ no carbohydrate products were
found. . ' -

The results of these experiments “demonstrate the
ability of the enzymeQ’Presen}’in honey to gorm:mq;e complex
carbohydrates ‘from the carbohydrates ndrmglly found .¢
nectar..That these enzyﬁes are transglucosylation enzymes is.
readily apparent’by the lack of any oliaséaccharides present
in the fructose/énzyme experiment.

L,

Following the gas chromatographic analysis of the nine
honeys, it was' noted thé}_\at least three beta-linked
-, ¢ \ ¥ .
disaccharides were prese#t {n each honey tested. The

existence of B-qlucosidase activity in honey was discovered
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hy substituting B-PNPG for a-PNPG  in the testing of honey
for a-glucosxdase activity (SigEnthaler, 1977), '

' The fact that an eniymg was "’ causing the hydrolyd1s of
p-PNPG was confirmed by heatxng the honex solution - in’
boiling vater fo §1ve m1nutes to destroy the enzyme
act1v1ty, thpn f1nd1ng that hydroly51s of B- PNPG did not
occur with the boxled ,honey. ’ ' .

‘To detetm1ne some of the enzyme charactetxstxcs, the
factors of pH and temperature for Sigenthaler s (1977)’
twenty minute tesf ‘were opt1m1zed u51ng a simplex. opt1m1-
zation techn1§ue.($havers et al., 1979). The results are
shown in Table 8.2. sting this procédur?, the pH §nd

'ﬁemperature 'optima'; for p-glucosidase ih honey were
es?éblishgd> between 4.0 and 4.3, and S8 Fnd - 60°C
fespeétivé‘y, for our exper1menta1 conditions. Holdiﬁg ghe
femperature at 60°C, f- glqcos1Qase aétivity varied as shown

+ in F1gure 8. 4

stng g\e opt1mum cond1t1ons of pH 4.3, and temperatute

. 60°C, the-s1x honey samples previously analyzed were shown
lo_havé ﬂ-glucqsidése activi;ies varying fro£;0.07é'to 0.21
(Table.e.i) absorbance units at 400 nm using our tegting
procedure. In add1txon, honey samples £from -three bther\
2’94ybee species were tested for f- gluc051dase activity and
these results are also shown in™Table 8.3. All n1ne honey‘
samples tested had f-glucosidase activity. This implies that
this enzyme is added by the bee or may be preéent‘in the

nectar from which the honey is derived. If this enzymé is

added by the bee, its purpose is unknown since the nectar
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" Table 8.2 f-Glucosidase activity of a honey sample tor{owing

Simplex Optimization procedure and varying temperature and‘

pH. - "~

\ . )
- Temperature Absorbance
pH' . (°C) (at 400 nm)

. a
v "

6.0 40 . 0.043:0.001°?
7.5 60 0.025¢0.014
413 6Q 0.177£0.025"
2.8 40 %  0.069£0.002
4.8 45 0.093$0.005
6.3 y 65 ~0.06520.004
5.4 59 0.115£0.006
5.0 . 74 0.035£0.005
4.8 52 0.136£0.002
3.7 53 ©0.141£0.002
3.1 60 0.035:0.017
4.4 54. 0.131:0.003 -
5.0 o 61 0.159£0.009°
4.9 67 0.137£0.003
4.6 «ij 58 0.150£0.005 .
4.6 : 63 0.131£0.014
4.0 . 58 0.1740.003
4.0 . 43 0.147£0.010

' Values of pH and temperature are given in the order that

the SimpleTEZptimization dete(mined.

? Standard viation.

)
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Table 8.3 f-Glucosidase actiyjt}ii\o{\ninq honeys.

—tk

Canola -

R;d Clover

Swget Clover
Trefoil

. Apls cerana

Apls dor'saté

Apis florea

0.154}0(3?6

E;Agg;olooa
o.zbs;o.ooi
0.310£0.002
0.211£0.005 .
0.110£0.006
0.073£0.00%

0.171£0,008

‘..

¥y

)

n N o
Absprbane® N
Honey , (a:P4ooﬁm) .
!‘ .
Altalfa . '0.183:0.010'
hlik' Hv'._*

' Standard deviation.

~
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sources contain almost exclusively the monosaccharides
fruetoge and gluﬁbse, in addition to the di'saccharide
sucrose (see Chapter 4 of this theshs), vhich contain; an
:ﬁ-l&n;ed glucose. The 'preéence of -ﬁ-g;ucosidase in honey .

cosf explain the'presen;; of the three'beta-linked carbo-

hydrates identified in ‘our hon : neotrehalosge,

s

laminarﬁuose and gentiobmse .

Althouqh 1t is difficult to compare the act1v1t1e
different enzymes analyzed in different manners, it appears
that there is considgrgble ﬂ-glucésidase activity in hconey
cdmpared to. the closely related g-glucosidase activity
' measured in‘a similar analysis. The absorbances at 400 nm
tor'q-PNéc and'B-PNPG for sweet clerrGhoney were 0.256 and
0.210, réspectively.'

To determine the possibility that other sugars may be
interfering with the determination of f-glucosidase
activitg, a honey sample was dialyzed and the f-glucosidase
analysis performed before and after dialysis. The results
were an absorbance of 0¢140:d:620 for the dialyzed sample
and 0.140+0.008 for the undialyzed sample, indicating, as
Slgenthaler (1977) had shown for a- glucosxdase, that proper
dxlutxon of- the honey sample removes 1nterfer1ng effects of
the sugars present, X i

In addition to determining the "pH and temperature
optima for B-glucosidase,‘xm and'Vmax were also determined.
Employing nine dffferent-concentrations (0.0001 M -~ 0.04 Q)
of B-PNPG at the pH and temperaturé optimé, the values for

Km and Vmax were experimentally determined (Wilkinson, 1961)
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-to be 12.9:2;8 and 0,.52410.046 mM, respectively.
' ‘During the | separation and purification ot honey
a-glucosidase 1 and 11, it ‘was found that honey
" a-glucosidase II and f-glucosidase were co-chromatographed
under our separation conditions. Varioui dttempts ver; made
o isolate ;honey B-glucosidase; these included selective
precipitation with ammonium sulfate, ioh_exéhang@ éhroma-
tography (PE-52 and hydrouylapatit;), gel filtration chroma-
to§¥aphy 4§ephadei G-100 and G-200), and chromatofocusing.
The 1isolation of B-élucogidase was also attempted by
ﬁerp;}ing an affinity column, which enabled B4glucosidaée to
be removed from a-glucosidase II, however, f-glucosidase

could not be eluted from the affinity column.



9. CONCLUSIONS R

In this work an attomﬁt has been made for an in depth
spproach to determine the origin 9! oligooaécharidos ,?“
honey. ) @v
Unifloral hoaoyﬂgveréﬁproducod by using packaged bees
and placing the colonies in cultivated fields. Identitfying
the botanical origin of honey by the traditionally-accepted
method of pollen analysis expesed a tev serious flaws in
this methodology. Proper dilution’of the honey and the use
of the acetolysis procedure iacilitated.ﬁdentitication of
the pollen. a ..

Representatives of the floral varieties from which Epe
honey 'oriéinated vere collected. Following nectar
extraction, derivatizgtion (silyiatioﬁ) of the carbohydrates
present in the nectar converted them to more volatile
compounds _which: v;re analyzed by capillary | gas
ch&matography. The re_sults showed that, for the six floral
sources analyzed, the nectars w?re virtually free of all
oligosacchagides except sucrose.

Methods were required for the identification and
quahtificatioh of the o;jgosaccharides in honey. The use of
high performance liquid éhromatography for the fractionation
of ﬁoney yielded an. oligosaccharide fraction that was
practically free of monosaccﬁar'deé.‘ Reduction of this
fraction with sodqium borohydride \and derivatization with
tri-sil 2 prepared the oligpsaccga ides for capi&\?ry gaé
chromatography. The development of this relatively rapid

methodology resulted in the identification and quagtitation

$ - ‘.'.
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of all but one of the oligqucchnﬂdn proﬁously‘( found
kstddiqui. 1970) in honey using more laborious methods.

In addition to c}pilliry gas chréutoqh&lc amlysis
of the monosaccharide-free and reduced fraction, carbon-
thir}oon.nuclcar@maqnotic resonance wvas pcrtormod.-?hg’uoo
of this technique on . the Peduced oligosaccharides in
conjunctioh with the addit{oq of a }olixing agent resulted
in identification of the oliqosacchﬂridq; in honey and the
ability to quantitate these carbohydrates. A comparison of
the tvo methods provided information on the usefulness of
1V3C-nuu' analysis for idgntitication and quantitation in the
éxtremely complex problem of the analysis of honey
oligosaccharides.

Inyestigations into the gnz}mes in honey have shown the
prese of B-glucosidase, which was not seéen by other

eselsg:ers.‘ The preseﬁée of this enzyme in honéy may
explain the beta-linked\oligosaqcharides identified in this

) /
wvork and by others (Siddiqui and Furgala,. 1970).
by (siddiqdi and Furg

Incubation of & typical nectar secretion with partially
purified honey enzymes. produced 1t3umbeé of oLigoBaccharides_
wvhich were also identified in honey.

From the aBoye'data then, it seems that the presence of
minor.oligoéaccharides in hgg:y is due to-trahsglucosylation

activity of the enzymes added by the bee,

‘,‘ 4’0 :

<
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'10. PUTURE RESEARCH IN NOWSY |

It vould b; interesting and very uioful to compare the
)AOQ‘ o!ticfal‘;noth&d for"hohcx' carbohydrato anulylil
(carbon-celite chromatography) with our high performance
1iquid chromatographic method. The HPLC method is very rapid
and precis and voﬁld likely correlate well with the
accepted method and could (even should?) replace it.

Incubation of a typical necter ;Alution vith §ndi-

viduﬁlly purified a-glucosidase I and II would be another

project that could yield some intercltiﬁg results. It would

be of interest to see if the oligosaccharides produced by

each of these eniymes vare the same. In conjunction with:

this, incubatijon at various .times, pH's, .temperatures, and
using a variety of solvents to yield specif!é products
(oligosaccharides) could be economically important (i.e.
could replace difficult chemical synthesis).

Finally, completing the isolation of ﬁ-giucosidase

/yould.be an interesting project.
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12. APPENDIX 1 -- GLOSSARY OF MEL1SSOPALYNOLOGY \

Amb: the outline of a grain when the polar axis is directed -

téwards the observer.

~ Colpus (pi; colpi): a furrow or elongated aperture which
gerves as an exit for the pollen tube, the ratio of
length to breadth of which is >2.

Columellae: small, rod-like elements, radially directed and
forming the inner layer of the sexine. They are
attached at their bases ‘to the nexine and at skheir
heads to the tectum (when present).

Costa colpi (pl. casflae colpi): a thigkening of the endexine

\~\\<\§;rrounding the cglpus or furrow. .
Endopdre: the ihngr pore formed by separation of the

ektexine and éﬁdéxine in the area of the aperture.

Heterobrochate: alfeticulate sculpturing$£ype in which the

brochi are uniform in-size. iiﬁ

Lumen (pl. lumina): a gap or space‘between the waﬁ!é of a .
reticulate, striate or rugulate sculpture.

Margo: the area surrounding the colpus, the sculpturing of
which is different from the rest of the grain, where
the ektexine is thicker or thinner than in the rest of
the grain.

Mesocolpium: area between the poles and the colpi.

Porus (pl. pori): a circular or slighgly elliptic aperture

with a length/breadth ratio smaller than 2.

Tricolporate: with three colpi, each with a pore.

\ o
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13. APPENDIX 2 -- HPLC STANDARD CURVE FOR FRUCTOSE
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14. APPENDIX 3 -- HPLC STANDARD CURVE FO% GLUCOSE
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15. APPENDIX 4 -- GC STANDARD CURVE FOR TREHALOSE
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16. APPENDIX 5 -- GC STANDARD CURVE FOR SUCROSE
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17. APPENDIX 6 -- GC STANDARD CURVE FOR REDUCED MALTOSE
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