FOOD30010: Carbohydrate Study Questions

Fructose
* NB: for fructose, C1 and C6 (at each ends) are primary alcohol (CH2OH) — i.e. NO primary aldehyde

1. Know how to draw the Fisher Projection and Haworth structure of: Glucose, mannose, galactose and

- furanose is formed from the reaction of C2-ketone with C5-OH *fructofuranose form is more stable

fructose.

- pyranose is formed from the reaction of C2-ketone with C6-OH
The cyclisation of keto-sugar (fructose) involves the creation between a ketone and an alcohol, thus forming
weak hemiketal bond.
Fructofuranose is much sweeter than fructopyranose when out from the oven. The sugar favours
fructofuranose form more in lower temperatures, thus the cake’s taste is increased significantly after being
cooled.

- In the Fischer projection, we can see that the monosaccharides contain aldehyde group (CHO) on one
end, Hydrogen atoms (H) and hydroxyl groups (OH) in the middle section, and a primary alcohol group
(CH2OH) on the other end.

- NB: for D-aldo sugars family, the hydroxy (OH) group next to the primary alcohol (at the bottom) is
positioned on the right.
Reaction between sugars to build larger units

- alcohol can react with hemiacetal or hemiketal of sugars to form strong glycosidic bond by a dehydration
reaction

- the glycosidic linkage formed can either be alpha- or beta- linkages
2. Be able to give example pair of sugars to illustrate the following:

- the configuration of a glycosidic linkage is fixed

i)

Structural isomers
• compounds with the same molecular formula but with atoms arranged differently
• many isomers can be formed when there are chiral carbons along the chain

Glucose

- pyranose is formed from the reaction of C1-aldehyde with C5-OH *glucopyranose form is more stable

• D-glucose and D-fructose; and all other sugars L-glucose, D-mannose, D-galactose and D-

- furanose is formed from the reaction of C1-aldehyde with C4-OH

fructose (all are C6H12O6)

The cyclisation of aldo-sugar (glucose) involves the reaction between an aldehyde (CHO) and an alcohol

STEREOISOMERS: isomers that have th e same sequence of bonded atoms but differ only in the 3D

(OH), thus forming weak hemiacetal bond. Since the hemiacetal bond is very weak, it reforms the linear

orientation of the atoms in space.

chain structure when it breaks.

ii)

Epimers
• distereoisomeric monosaccharides that have opposite configurations of a hydroxy group at
only one position
• NB: cannot be the OH next to the primary alcohol CH2OH since this OH position determines
whether it is a D- or L-aldo sugar.
• D-glucose and D-mannose; D-glucose and D-galactose

iii) Enantiomers
• compounds that are non-superimposable mirror image of each
other. They have same atom and group positions but bonds
are projected into the opposite space from each other, e.g.
D-glucose bonds are projecting to the front but L-glucose
bonds are projecting to the back.
• D-glucose and L-glucose; D-mannose and L-mannose
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• NB: for D-enantiomers, OH is on the right; for L-enantiomers, OH is on the left; therefore even

Non-reducing sugar’s C1 is locked in a glycosidic bond. It cannot be reduced.

though they have very similar chemical properties, they have different optical rotations in
polarised light and bends the light differently

αGlcAp[1-3]GalNAcp

i)
ii)
iii)
iv)
v)
vi)

Sugars: Glucuronic acid ; N-Acetylgalactosamine
Sugar configurations: alpha
Reducing: GalNAcp
Non-reducing: GlcAp
Glycosidic Linkage: C1 GlcAp to C3 GalNAcp
Anomeric linkage: alpha (down)

αGlcAp[1-3]GalNH2p

i)
ii)
iii)
iv)
v)
vi)

Sugars: Glucuronic acid ; Galactosamine
Sugar configurations: alpha
Reducing: GalNH2p
Non-reducing: GlcAp
Glycosidic Linkage: C1 GlcAp to C3 GalNH2p
Anomeric linkage: alpha (down)

iv) Conformers
• a pair of monosaccharide that differs only in their ring conformation
• pyranose (6C) and furanose (5C), e.g. glucose and fructose in Haworth projection
• NB: pyran structures are 6 atom ring structures and as each C atom is tetrahedral in shape,
the ring structure will not be flat. Pyran structures can form chair or boat conformations.
v) Anomers
• a pair of monosaccharide that differs only in the position of the C1-OH in the ring form
• α-D-Glucose or β-D-Glucose
• NB: α-OH pointing down, β-OH pointing up (“αD βU”)
• NB: C1 is the anomeric carbon

ßGlcp[1-4]Glcp

i) Sugars: D-glucopyranose ; D-glucopyaranose
ii) Sugar configurations: beta
iii) Reducing: Glcp
iv) Non-reducing: Glcp
v) Glycosidic Linkage: C1 Glcp to C4 Glcp
vi) Anomeric linkage: beta (up)
SUCROSE (α-D-glucopyrannosyl-(1→2)β-D-fructofuranoside)
i) Sugars: D-glucopyranose ; D-fructofruanose
ii) Sugar configurations: alpha ; beta

αGlcp[1-4]ßFruf

ßGalp[1-4]Glcp

iii)
iv)
v)
vi)

Reducing: NONE
Non-reducing: Glcp ; Fruf [NB: Both are non-reducing sugars since the rings cannot open]
Glycosidic Linkage: C1 Glcp to C2 Fruf
Anomeric linkage: alpha (down)

LACTOSE (β-D-galactopyrannosyl-(1→4)-D-glucopyranose)
i) Sugars: D-galactopyranose ; D-glucopyranose
ii) Sugar configurations: beta
iii) Reducing: Glcp
iv) Non-reducing: Galp
v) Glycosidic Linkage: C1 Galp to C4 Glcp
vi) Anomeric linkage: beta (up)
MALTOSE (α-D-glucopyrannosyl-(1→4)-D-glucopyranose)

αGlcp[1-4]Glcp

iv) Non-reducing: Glcp
v) Glycosidic Linkage: C1 Glcp to C4 Glcp
vi) Anomeric linkage: alpha (down)

3. Be able to name sugars from their chemical symbols, eg. αGlcAp[1-3]GalNAcp
i)

Name the 2 sugars

ii)

The sugars configurations

i) Sugars: D-glucopyranose ; D-glucopyranose
ii) Sugar configurations: alpha
iii) Reducing: Glcp

iii) The reducing sugar
αGlcp[1-6]Glcp

iv) The non-reducing sugar
v) Carbon atoms linkage of the glycosidic bond

ISOMALTOSE (α-D-glucopyrannosyl-(1→6)-D-glucopyranose)
i) Sugars: D-glucopyranose ; D-glucopyranose
ii) Sugar configurations: alpha
iii) Reducing: Glcp
iv) Non-reducing: Glcp
v) Glycosidic Linkage: C1 Glcp to C6 Glcp
vi) Anomeric linkage: alpha (down)

vi) Anomeric linkage of the glycosidic bond
NB: reducing sugar’s C1 is FREE. Thus it can be reduced and be linked by glycosidic bond.
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ßGalp[1-4]Glcp

CELLOBIOSE (β-D-galactopyrannosyl-(1→4)-D-glucopyranose)
i) Sugars: D-galactopyranose ; D-glucopyranose
ii) Sugar configurations: beta
iii) Reducing: Glcp

i)
ii)
iii)
iv)
v)
vi)

iv) Non-reducing: Galp
v) Glycosidic Linkage: C1 Galp to C4 Glcp
vi) Anomeric linkage: beta (up)

ISOMALTOSE
i) Sugars: D-glucopyranose ; D-glucopyranose
ii) Sugar configurations: alpha

4. From a sugar chemical structure, be able to identify the:
i)

Two sugars

ii)

The reducing sugar

Sugars: D-mannopyranose ; D-glucopyranose
Sugar configurations: alpha; alpha
Reducing: Glcp
Non-reducing: Manp
Glycosidic Linkage: C1 to C4
Anomeric linkage: alpha (down)

iii)
iv)
v)
vi)

iii) The non-reducing sugar
iv) Carbon atoms linkage of the glycosidic bond
v) Anomeric linkage of the glycosidic bond

Reducing: Glcp
Non-reducing: Glcp
Glycosidic Linkage: C1 Glcp to C6 Glcp
Anomeric linkage: alpha (down)

(α-D-glucopyrannosyl-(1→6)-D-glucopyranose)

NB:
Reducing sugar (one of the ring can open at C1):

- Maltose: from malt sugar (enzymatic degradation product from starch), mild sweetness
- Corn syrup is a mix of Glc, maltose and maltose based oligosaccharides
- Isomaltose: digested fragment from amylopectin, its alpha[1-6] bond is a sigma bond and is quite flexible
to do bond rotations

- Lactose: more resistant than sucrose to acid hydrolysis, hydrolysis gives equal D-Glc and D-Gal amounts

NB: [OH in pyranose ring structure left to right, i.e. C4, C3, C2]
* also OH positions in linear chain: down = right; up = left

-

Non-reducing sugar (rings canNOT open):

- Sucrose: from cane sugar (table sugar), easily hydrolysed due to bond strain of glycosidic linkage,
hydrolysis gives equal D-Glc and D-Fru amounts; highly soluble over wide temperature range suitable for
cooking (as it is highly soluble due to lots of OH hydroxy groups to interact with water) and food
preservations (since it restricts free water, it prevents bacterial growth)

glucose is down - up - down
galactose is up - up - down
mannose is up - down - down
[no CH2OH at C6, CH2OH at C1] fructose is down - down - up (also down - down - up in furanose
form, but with CH2OH at both C1 and C6 positions — in furanose form, count C1 from the top left)

- can also come from beet sugar (sucrose rich with traces of oligosaccharides raffinose Gal-Glc-Fru
and stachyose Gal-Gal-Glc-Fru)

- produce inverted sugar (equal mix of Fur and Glc)
- * we compare the sugar’s sweetness to Sucrose (100);
- fructose is the sweetest since it comes from sugary saps from various palm trees— palmyra, date,
coconut; makes golden syrup, high fructose corn syrup (equal mix of Fur and Glc)

5. What are the oxidation and reduction products of monosaccharides?

"

LACTOSE
i) Sugars: D-galactopyranose ; D-glucopyranose
ii) Sugar configurations: beta; beta
iii) Reducing: Glcp
iv) Non-reducing: Galp
v) Glycosidic Linkage: C1 to C4

- In the reduction reaction, the monosaccharide gains hydrogen (H) atoms, electron (e-).
• this reduction reaction takes place when reducing agent such as sodium borohydride NaBH4 is
present. It reduces the aldehydes and ketone groups.
• the reduction products of monosaccharides are alcohol groups. Whether it is a primary alcohol or a
secondary alcohol will depend on its position along the chain. For aldo-sugars, it is reduced at the

vi) Anomeric linkage: beta (up)

ends of the chain, so a primary alcohol group is formed. For keto-sugars, it reduces the keto group
positioned at Carbon 2, thus it forms a secondary alcohol group.

ßGalp[1-4]Glcp; β-D-galactopyrannosyl-(1→4)-D-glucopyranose

• D-glucose is converted into D-glucitol (D-sorbitol), as CHO is reduced to CH2OH at Carbon 1.
• D-fructose is converted into D-glucitol and D-mannitol, as C=O is reduced to H-C-OH and HO-C-H at
Carbon 2 for D-glucitol and D-mannitol respectively.
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6. Know the biochemical actions of the following industrial production enzymes: α-amylase, β-amylase,
γ-amylase (amyloglucosidase), glucose isomerase, and sucrase. What are their biochemical actions
(substrates and products)? What commercial products were they used to produce?
The enzymatic hydrolysis of starch yields several commercially important products. It is important to have these
industrial production enzymes as they lower the activation energy to allow conversions to happen.
NB: components of starch — the polysaccharides amylose and amylopectin.
- amylose: large polymer, NOT branched, homo-polysaccharide of α-1,4 linked Glc
- amylopectin: very large, highly branched homo-polysaccharide with α-1,4 linked Glc chain and α-1-6,
linked branch Glc in α-1,4 linkage
Where is it found:
- widely distributed in animals and plants

- In the oxidation reaction, the monosaccharide gains oxygen (O) atoms and loses electron, H atom.
• this oxidation reaction takes place when a strong oxidising agent such as HNO3 and O2, which can
oxidised the alcohol groups. The oxidation reaction results in a series of changes from alcohol group
to ketone [via enzyme glucose oxidase] to carboxylic acid group. During this process when it
generates the ketone intermediate, it generates hydrogen peroxide H2O2. Another enzyme

α-amylase

Peroxidase can then be used to break H2O2 into water, whilst releasing electron (e-).
• the oxidation products of monosaccharides are carboxylic acid groups. In D-glucopyranose, the
oxidation reaction occurs at C1 or C6 position. D-glucopyranose is oxidised into the sugar acid

Biochemical action:
- an endoenzyme (cleaves the glycosidic linkages in the middle of
the polysaccharides)
- hydrolyses internal α-[1-4] glucosidic bonds in a random fashion
along the chain
- requires at least 2 to 3 Glc units for enzyme to bind. The longer the
sugars, the stronger the binding of the enzyme to the substrate, i.e.
better binding aﬃnities. However, this limits to 8 Glc units.
- Substrate: polysaccharide; Products: oligosaccharides, little
monosaccharide
e.g.:
1. As α-amylase hydrolyses amylopectin (highly branched starch/
polysaccharide) to oligosaccharides (2-6 Glc units), this leads to a
rapid decrease in viscosity, and little monosaccharide formation.
2. Although amylose (NOT branched starch/polysaccharide) can be
completely hydrolysed to maltose, there usually is some
maltotroise formed intially, which would hydrolyse more slowly.

glucuronic acid (GlcAp).
• chromogens (organic compound) are used to detect the presence of oxidation reaction as the
electron released from oxidation reaction are able to turn the colourless reduced chromogen into an
oxidised coloured chromogen. Examples of chromogen used are guaiacol and 2,2-azino-bis(3ethylbenzethiazoline-6-sulfonate). Chromogen compounds are used in the strips for Diabetics so that
when they place a drop of blood on the strip, it changes colour. The intensity of the colour correlates

Commercial products produced:
1. Corn syrup
(produced by α-amylase hydrolysis of corn starch. Corn syrup
contains a mixture of maltose, isomaltose and maltose
oligosaccharides).

to the concentration of sugar in the plasma.
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Where is it found:
- only in bacteria, fungi and higher plants
- NOT in animals

β-amylase

Where is it found:
- cloned in bacteria and other microorganism species

Biochemical action:
- an exoenzyme (enzyme that acts on the ENDS of the NRE nonreducing end)
- removes successive maltose units (αGlcp[1-4]Glcp) from the nonreducing end of the glucosidic chains — liberates disaccharides
- action is stopped at the branch point where the α-1,6-glucosidic
linkage cannot be broken by β-amylase
- Substrate: starch polysaccharide amylose and amylopectin;
Products: disaccharide maltose (Galp, Glcp)

glucose isomerase

Commercial products produced:
1. high fructose corn syrups (mix of Fru and Glu)

e.g.:
important in the baking, brewing, and distilling industries where
starch is converted into fermentable maltose

sucrase

Where is it found:
- brush border of small intestines
Biochemical action:
- cleaves onto non-reducing α-1,2 bond of sucrose, gets equal
mixture of Glc and Fru
- Substrate: sucrose; Products: glucose and fructose

- yeast can only ferment maltose, sucrose, fructose and glucose
- monosaccharides are fermented into alcohol and gases (CO2)
- high alcohol yield and high CO2 yield
- yeast canNOT ferment dextrin or oligosaccharides containing more

Commercial products produced:
1. inverted sugar
(sucrose obtained from cane sugar)

than 2 hexose units (nothing larger than disaccharides)
Commercial products produced:
1. fermentable maltose

γ-amylase
(amyloglucosidase
or glucoamylase)

Biochemical action:
- using immobilised enzyme technology, up to 60% conversion is
achievable (42-55% Fru achievable)
- Substrate: glucose; Products: fructose
- converts/isomerises Glc —> Fru

Where is it found:
- only in bacteria and moulds
- membrane bound disaccharidases in the intestinal cells that helps
to cleave maltose into individual Glc sugars after actions of αamylase on starch

7. Define Degree of Polymerisation (DP). How DP is experimentally determined? Two polymers have a
DP of A=30 and B=300, respectively. What does this information says about the polymers?
The degree of polymerisation (DP) is used to characterised hydrolysis products, using the ratio of number of
sugar units per polymeric molecules. It is experimentally determined through specific chemical reaction to
determine the number of reducing sugars, therefore the number of oligomers. Then later, another chemical

Biochemical action:
- an exoenzyme (enzyme that acts on the ENDS of the NRE nonreducing end)
- cleaves individual sugar units — liberates monosaccharides Glc
from the non-reducing end of the amylose or amylopectin chain
- i.e. starch is COMPLETELY degraded into Glc
- Substrate: starch polysaccharide amylose and amylopectin;
Products: monosaccharide glucose Glcp

reaction to determine hexoses after strong acid hydrolysis (via strong acid and heat), therefore the number of
monosaccharide units are calculated.

- High DP = large (average) polymer size ; Low DP = small (average) polymer size
Polymer A with DP of 30 indicates that it has a small (average) polymer size and have an average of 30 sugar
units. Polymer B with DP of 300 indicates that it has a large (average) polymer size and have an average of
300 sugar units.

Commercial products produced:
1. glucose rich corn syrups
(produced by hydrolysis of corn starch; a mixture of Glc and maltose
oligosaccharides)
- high in individual sugar Glc

[Irrelevant to this question] — polymer B
would be much more viscous (more
sticky, hard to stir) than polymer A
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8. Explain why a solution of glucose (at 25 0C) has ~35% α-pyranose and ~65% β-pyranose form similar
to a solution of galactose, while a solution of mannose (at 25 0C) has the reversed proportion (~65%
α-pyranose and ~35% β-pyranose form)?

- Depending on the OH positioning on Carbon 1 and Carbon 2 in the pyranose ring structure, there will be
different levels of repulsions that may cause huge strains. Both Carbon 1 and Carbon 2’s OH group has a
dipole moment (uneven distribution of electrons in C-H bond).

- Therefore, when both hydroxy groups at C1 and C2 are pointing towards the same direction, there will be
stronger dipole repulsions between these two groups. Thus this is a less stable and less energetically
favoured conformation. The monosaccharide prefers a more stable form whereby the hydroxy group at C1
and C2 are as far away from each other as possible. This means that one OH group will need to point up
and the other OH group will need to point downwards.
For Glucose (OH group at C4 pointing down) and Galactose (C4 epimer of glucose — OH group pointing up),
their preferred conformation is the beta-conformation, which takes up 65% in their corresponding solutions.
There is only 35% of alpha-conformation in the solution since there is the strong dipole repulsions of hydroxy
groups at C1 and C2 present, so it is unfavourable.
For Mannose (C2 epimer of glucose — OH group pointing up), their preferred conformation is the alpha
conformation instead. Mannose has the reversed proportion of ~65% α-pyranose and ~35% β-pyranose
form, since their beta-conformation is the one that has the stronger dipole repulsions of hydroxy groups
present.

both alpha-D-glucose are converted into beta-D-glucose when strong
acid or strong base are added, which causes the mutarotation.
- Strong base: reaction with the hydroxy OH group at C1
- Strong acid: reaction with the ring Oxygen atom
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