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Emulsions are discrete particles dispersed in a Emulsions are stabilized by

‘fgiit‘”“c’us phase L emulsifiers

= O/W (oil in water emu!s;on) =« W/O (water in cil emulsion)

= Discrete particle= dispersed = Discrete particle = dispersed
phase = oil phase = water

» Continuous phase is water = Continuous phase is oil

Emulsifier

water

: o
® @

oil water

Paper discusses the role of a polysaccharide as an
emulsifying agent
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\ ”(Q ldﬂ Following reaction occurs:
V 9 - il
? R-C-H + 2Cu?* + 40H  —» R-C-OH+ Cu,0) +2H,0
Aldose

el

et
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@\N\wy"- . When the aldehyde and alcohol groups are on
=L the same molecules cyclic hemiacetals form
m\m _*wvﬁwj koW
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3 I _Carbohydrates

= Polyhydroxy aldehydes (aldoses)

L Overview

ik‘ I Monosaccharidewa'!‘\d‘disaccharide chemistry

Aldoses and ketoses
Hemiacetal formation
Tautomers
Invert sugar
Crystaliization
Candy-making
s Caramelization
II. Important sweet products
. SUCIOSE
Honey
Maple syrup

TIL How is sweetness perceived? VOJ-’? v ow Mm uwe
Low & high intensity sweeteners
pvd
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i _Aldose or ketose?

HCe0 CH,OH
» Reducing sugars e.g. glucose, dextrose Aldose A ton C@ te0 é:.k_&-(qg-(
= Polyhydroxy ketones (ketoses) A wocw 4o-C #
« Fructose ywast Covtvoveris W ron u-(:‘.-ON
= Substances which may be hydrolyzed to Q'( - C-on
polyhydroxy aldehydes and polyhydroxy w \)V\\JSGCCO“‘ ¢ Mg OH CHyOH
ketones £y :
= e.g. starches, cellulose, plant gums, dietary fibre
s All natural sugars exist in the D conformation
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3' Aldoses are reducing sugars

= Sugar + alkaline cupric tartrate:

o o
1]

Blue Red

= Under the conditions of this test both glucose

and fructose are reducing sugars

= Alkaline conditions results in the conversion of
fructose to glucose
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=« Furanose:

5 mem 9,

Furan

= 5- membered heterocyclic ring
s4C, 10

Y96 w PYFanose:( e Covmww 5
= 6- membered heterocyclic ring O

= 5C, 10 Pyran

Week 4 Carbohydrates 1

Aldehydes and alcohols react

ﬁ‘ to form hemiacetal

i OH
R-C-H + ROH = H-?-DR'
adehyde  [ychvery] R

qu hemiacetal
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Glucose can form cyclic hemiacetals in both
=L pyranose and furanose form Pl

H=geg CH,OH CH,OH
H——0H H H
HO——H OH\' L j Oss
2 oH c=0& oM G
H——oH | S, n
OH OH !
H: oH OH OH
CH, OH Pyranose
Cg Gscose
H-C=0 CH,OH CH,OH
|
H OH  HOCH oy H HOCH H W
o
HO. H e % (’:=o = \(}f é\ﬂ'7
OH 7 g
ﬁ oH éﬂ (l)H
a -
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Hemiacetal formation is an

i _example of tautomerism
. Tautomerization:

= Rapid interconversion of isomers
Ring-chain tautomerism in sugars:

= the aldehyde group (CHO) in a sugar chain molecule
reacting with one of the hydroxy groups (OH) in the same
molecule to give it a cyclic form

= Keto-enol tautomerism in sugars:
7 = formal migration of a hydrogen atom or proton,
/ accompanied by a switch of a single bond and adjacent
= Glucose e C1- ole> fructose (Enolization: browni ions-
g‘\ Igrotegslgcm s C2 en (Enolization: browning reactions

double bond
» Products = tautomers

OJ\,\L N
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%l - Tautomerization of glucose

Formation of anomeric isomers is an
ﬁ | _example of tautomerism

= When a sugar forms a ring structure an
asymmetric carbon is formed Corbov W4 4
- This Is the anomeric carbon V9%~ ¥
= The terms a and B refer to the
orientation of the hydroxyl group about
the anomeric carbon

et
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When monosaccharides are dissolved

i‘ _in water five structures are possible

Alpha- Beta- -
Q!UCOSE CH;OH anm glucose ulpha-pyranose» eta-pyranose
0 N 4 H 0 OH 7
s H , H &
Aldehyd
&Y or v CHAIN] pishse
HO OH CHaOH / i £
H OO ™ [ H OH /
H Q e hS
gH H\CH alpha-furanose beta-furanose
5 e e P e I
HO ()‘Ped T\""S
H OH S\N\W
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k2 Sorhe tautomeric forms of[ lucosd are

Mutarotation is observed when glucose is
i _ dissolved in water ot vmolbritenet 1 ‘*‘f'\"“
= Different tautomers
form and eventually
reach equilibrium
During the process of
equilibrium if polarized
light is passed through
the mixture the angle of
the plane of the light
will change until

equilibrium is 5 V‘GU' 0.& \:%\,:X

established
Week 4 Carbohydrates I
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Tautomeric forms of(fructose\in

equilbrated aqueous solution at room
i . temperature "‘*"‘AﬁY\f_w,A
‘A B by

) Oy Pl a-D- e Y !
Z/: - \ fructofuranose \\\" QM
< N A%
g\- /,“:i\ b “JO—( ‘M \.
/ -
VAT - = [efp e eestiee
t’)‘e/\\o B-D- \ \"D‘/ wgon fry fructopyranose
fructopyranose g
R e
" bo
L e Y fructofuranose

more abundant than others at in

equlibrium [Why these |
\ TN “[Aldehydo-D-glucose | |tautomers? 5
e N\f ; /’M“‘“«\ .Q ' j
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(0.14%) 4C, 10 " %)
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Below are some important

gl Disaccharides
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3I Sucrose

s a-D-glucose
u B-D-fructose -
» 1,2’ linkage H?TH:' . .
= Glucose> Fructose | /4 \y
= Fructose is turned ¢
180 degrees,
inverting it
H OH

JesT l Msi .

Week 4 Carbohydrates 1 Ww 5
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-D-glucose
= 1,4’ linkage QMJ(OM HOCH
.,—“

« Isomaltose N
s 1,6’ hnkage Hv\C‘H H/‘ <OH H/ouﬁ/-\
8\,::».79"' 3 M wat (mk ’W
ogomivan | uoneet el

werte)
Lt &0

:I Lactose

s B-galactose
= B -glucose HOCH, HOCH,
(&1 S G
= 1,4 linkage o L \ Hi -
I“ v 0 G W *\
H\OH  H/u oH ¥ H§‘
T
H OH H OH
\
Ungpvalemk %
Linlc
Tataie conrs®, hathay  veses o
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garbohydrate jeopardy

Question
Malto an(;ctosé are
examples of

= Whatis...
Sucrose is not.

firy d/\;‘ \ Q\M.OA)&{ /N Cuy,
el |$00V0~‘-":;;:‘S Cawwt’("'fm‘l’b*k

\
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?\M\q?w’k e
The crystallinity of sugar
effec:ts the propertles of food

= CrYSta”me%
@ arrangerhent of molecules

= Amorphous

= No regu!ar arrangement of molecules

00O OCo0LQ0
oooo CQ?CO
00000 Q0000
OOOO Week 4 OO OO 31

Reducing disaccharides

| = A disaccharide will have reducing
properties if at least one sugar can

convert to chain form, exposing a free

‘ aldehyde group
[Wha
1dissatcharide? CH,OH

HO Y
H
oH H o
- ]

Q H (o]} Ln)
; 2‘7‘W Week 4 Carbohydrates 1
Sy’

Sucrose can be hydrolyzed to a mixture of
gl 1:1 glucose and fructose
= Sucrose > glucose + fructose
Invertase

B o
= Optical rotatnon

+66.5° -28.2°
Invert sugars lnrﬂ—»r‘\’ *L"*
T fdety ] k3
g

SWHONT,
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ji True or false:

= The purer a solution of a sugar the

easier it will be to recover the sugar in
crystallin orm
l \\_; 2, .

Truwe |
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Which will crystallize more readily from

solution given the same molar
i _ concentration? " :| True Ol’ false
\H)M*iyv\bf& (n swtvost =

- %?M\N cont* o?-?/v‘ v = Sucrose, in solution, will crystallize out
= B) fructose T pore ol '8 ¢ wﬁuvaitwb\ more slowly in the W
A oot % C) glucose compared to pure sucrose. lm?wﬂ_j
& = D) there is no difference between them '
i Low Yue
e
Nz = Hint: Think tautomers
MM\ ) Week 4 Carbohydrates [ 3 Week 4 Carbohydrates 1 34

Crystallization of sucrose effects
;l the type of candy produced. ﬁi Hard Candy Chemistry

a Which is crystalline?
s Which is
amorphous?

» http://www.voutube.com/watch?v=VY8
qOhN6KWA
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k drvn Glawohn >cndew” &-EWWO{

ard boiled candy oloured compounds form by heating
i sucrose: a process called caramelization <£olowWY”
e —————
T Methodology -RD,\\/W
Ingredlentz: W » Eioah e spermsessolifioh = A step-wise reaction produced by the feating
= Sucrose (149-166°C) of a sugar (e.g. sucrose)
= Water = sucrose melts and water S\M& Reactions: removal of water and
= Glucose SYI’UP/QWV\ S“M Comi";a:‘es 0("‘“"?“" polymerization
b Tt { - = Results in the production of brown-coloured
\MOS“A"WQ > dl oo ® ESA‘:ntorphous . compounds of heterogeneous structure
-.Lf&a\ = What is the purpose of @ Reactions: degradation:
\/f ! glucose syrup? WA —GUCYISR = Flavor compounds g viaolunlar "“"”"’%W W}’w
\E W v HL st

( o
G’\’ﬂ 0’4 (gﬁ’w 40 WMCM drates 1 ‘7‘({“"‘?} W\ﬂ;‘fj\)&‘? Week 4 Carbohydrates 1 - 38

(‘A anelt o’
‘F(WW"' Isosacchrosan:

_| Caramelization . | 2 ether linkages
i____ , o M\M‘,Tu@\—ww\wea@‘ k er linkag

= Heat sucrose in the absence of water 2 (Mkaﬁék,

= At 200°C reaction consists of three distinct
stages:
= STAGE 1:
= 35 min heating 4.5% loss (by weight)
n C12H22011 - Hzo -> C12H20010 (Isosachrosan) W .

w\&%& b(w NB structure incomplete



3 I Caramelization

= Stage 2
= After an additional 55 min (total 35 + 55) of
‘ heating:
| = Dimerization of sucrose and elimination of water:
| = Weight loss of ~9%

TS \§
= 2C1oH2011 ~ 4H;0 = CoqH3e048 oﬂh\%n\'\' VV‘-o‘\e ' ‘-}
= Brown pigment =(Caramelal wN% \
e "

= Water-soluble bev*’fdl

« Heterogeneous chemical structure

Week 4 Carbohydrates I 41

i : Caramelization

= Stage 4 (not commercially important):

= Additional heating results in the
formation of dark brown pigment high

molecular weight pigment

Week 4 Carbohydrates 1 43

3‘I Caramel Colours

( = Widely used in the
food industry

= Dark brown to black
liquids or solids

= Water-soluble

» First used to color
beer

Mﬁ(’wx;gw—babvw
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-+, Caramel Colour and Safety

s Caramel Colour
s Industrial process heats sucrose in the presence of
ammonia = contaminants:
= 2-methylimidazole
= 4-methylimidazole
= Animal carcinogen at very high doses
. w\} = 1000 cans of pop/day

M 91\\ oA '_,CSlPI-raised concerns about safety of caramel
N =" colours

Mm . M http://'www.cspinet.org/reports/chemcuisine.htm#c

A~

aramei

4 Caramelization

= Stage 3:
= After an additional 55 minutes (35 + 55+55):

= Sucrose trimerization and elimination of
water:

= Weight loss ~14%
= 3C15H2:011 — 8H0 >C36Hs5002s5

= Brown pigment MMM
= Water-soluble, heterogeneous

Week 4 Carbohydrates | 42

?l Caramelization

N oo, fond:indfo.etuk/colour/caramel him
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gl Caramelization
: —oakem o SweiR

. Degradatior)éproduct% flavour
compounds
= Diacetyl : butter scotch
= Hydroxyacetylfuran: sweet aroma
= Maitol: taste of freshly baked bread
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EI II. Important Sweet Products

= Sucrose
= Honey -
= Maple Syrup

Week 4 Carbohydrates I 48



- What are these?

Week 4 Carbohydrates I 49

How is sugar cane processing

T‘ into sucrose?

= Sugar cane is crushed between rollers,
releasing the juice

rolle

Sugar cane

\ i /
Cane Juice &V‘LNSQN
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How is sugar cane processed

;i How is sucrose processed?

Sugar cane ettt <t weaol
= crushed between rollers
= juice formation
s crushed cane sprayed with water
= removes the juice (16% sucrose)
=  juice is made slightiy(b y addmg calcium

hydroxide (Why?) we o‘
= mixture is heated to dena ure and coagulate L(,Jh “T O\M
proteins ‘V\
= Scum forms, removed by filtration oUJ
Week 4 Carbohydrates 1 50 \ _‘
md' ¢ _gnnw\nvwvd ) SWCrUSE SGhmcue ¢ Quctase
stol e \ e b ( w
&“ ol Qo Aot ¥ oé' hw(
How Is sugar cane processed &w
?I _into sucrose?
= Cane Juice

|+ Ca(OH), (Why?)
|+ heat > scum (coagulated protein)
|+ fitter

« Debris-free, protein-free cane juice
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How is sugar processed into

into sucrose? sucrose?
| , — M@,.J\ dwonct”
Jutge A Raw sugar — Sugar solution 3
. ; Conc te juice \/occu Q/ i
. | pressure ‘,\ | +H,0
ey ot T, QU008 o ! Iﬁ;k-b____c? Qi €0r K04 + 140 c,ow“\’ﬂ !
Raw Mother liquor Weskr tfo vl ,\A p\en) |Granulated sugar is Sugar solution
sugar | concentrate juice Priastank bQ > bleached to make it g i
(brown)— Sugar crystalizaton +—-} e IS white. @
sucrose seiatad (Dw\ww w m(' Ma’
Concentrate juice (_ V‘"
s enalstn - \W"’WW‘W - SUCROSE < Decoloured Sl: ar solution Lo*‘ch P PAPIN
- Blackstrap molasses | 44 " g pelewr j
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How is sugar beet processed

" ‘ into sucrose?

= Sugar beet processing:
= Similar to sugar cane

» Instead of rollers the beet is sliced and
extracted with warm water = juice

Uy st &\W\M‘”"J
by

Or why don't vegans eat honey?



:l Nectar Honey

= Nectar = sweet substance secreted by
flowers to attract pollinators (contains
sucrose)

= Nectar collected by bees

= Bees regurgitate the “processsed” nectar and
—7 deposit it in honey comb (beeswax)
= Bees dry the honey by flapping of wings to
prevent mold growth (18% water content)

A A\ W e
T e
_ oW

l_{zww DAWRY
I Honeydew Honey

» Processed by honeybees =zrimsmemes

= Not nectar but secretions from insects
(e.g. aphids) sucking on plants

= Honeydew honey is darker than nectar
honey and more expensive

= Add caramel colour to nectar honey =
fraudulent honeydew honey %

= How do you check for authenticity?
Week 4 Carbohydrates 1 53

How would you test for

TI _authenticity?

= Gas chromatography Us@s a marker
= No detectable DFA in of caramel colour.
honeydew honey

= No detectable DFA in
nectar honey

Week 4 Carbohydrates [ 61

ﬁl Maple Syrup

= Collection of sap is best when the
temperature is 7°C during the day an

below freezing at night \~v\ex~ s g

= Taphole is drilled into the tree and a
spout attached

Week 4 Carbohydrates [ 63

Ry 6w$€ Dv"M

= Enzymes in bees digestive tract invert sucrose M Sl

> izowr Wz(ﬂ*

EI Honey-Composition

= 30% glucose

= 39% fructose

= 18% water

= Other minor components:

= Sucrose, protein, fatty acids (wax), pollen,
minerals

= Honey can be classified by the plant
source of the nectar
= E.g. buckwheat, clover
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Difructose anhydrides (DFA) can be
«£ Used as quality markers

HO-— 6 0, o
5 Ho K oH ¥
5 «  Caramel
3 1 7 ¢ ¥
colour
DFA T ta-D-fruc 1D contains
N DFA
Ho o (DX
oH
o
o
DEA % seD-fruct 122 p '
Soutce: Montihia and othets, 2006, Faod Research International 33(7):501-805,
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Sap Jof maple tree is evaporated to a
concentrated solution
= Sap of maple tree is 3% wt % solids

= Predominant component of sap = sucrose

= Sap also contains other carbohydrates, organic
acids, ash, protein , lignin-like material

= Characteristic flavour and colour are formed
during evaporation
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| Collecting the sap

\’jM
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Evaporating the sap to make
i, syrup

= Water is evaporated

from sap
= Final sap is

solids
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ITI. How is sweetness

gl perceived?

* Maple Syrup Colour and Flavor

= What reactions
occur to create the
characteristic maple
syrup flavour and
color?

Cmmmnﬁ-zed';u\/\ s
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E’ - Sweeteners

= Taste receptors on tongue Sugar Relative Sweetness
fructose 175
= Structural features all small molecule e Oﬂléladw”d
sweeteners similar - theory on glucose 60 E e
structure of active sites i.e. glucopho;e = ]1::?02236 1 6 - f sweetener
= E.g. sugars, artificial sweeteners \QJ Ll maltose 46-52 |
3 et raffinose 23 J
M@v\tﬁ_ tlu‘éu\’ Artificial Sweeteners
Sucralose 60,000 | oo -
m ‘ | | High-intensity
Aspartame 19,000 ¢
T Acesultune 20,000 ; Sweemner *ﬁb wie A Lo’f'
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Consnder the following: sucrose and
CM = invert sugar. Which is sweeter?
cuevost

= A) Invert sugar is considerably sweeter.

= B) Both invert sugar and sucrose are
similar in sweetness.

= C) Sucrose is considerably sweeter.

Hint: Slide 67: Assume
relative sweetness is additive

= What are the economic implications of
the answer to this question?
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Active site-sweet taste
receptor 0}

’%‘”‘"‘ X (7)-bindi
\ \AQ SQN\ 3.14A Y"M ) sxteyhydl;lo[;r};iblc

5.25A 4
SWEET ‘E as = roa 9?” 3
SOMPTUND | .g ;‘ “ 5;1
t.l\

(Jf &M CM\Q 9ey)

sttt | Sweet taste receptors

= Located on the tongue
» 1960-2001

= Determination of glucophore

= structural similarities between sweet
compounds

AH, B, X theory for the active site of the receptor

= 2001

= Protein structure of the sweet taste
receptor was identified
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al Binding sites on receptor

.[K_:HJ hydrogen bond donor
= OH, COOH, NH;"*, -NH-, C-H
= Present on sugars

=\ B{ hydrogen bond acceptor
= -OH, -C=0, NO,, -SO,
= Present on sugars



Sweet Taste Receptors
e Db

= T1R2_T1R3 heterodimer L(7
« G protein coupled receptor (GPCR) .
= Seven transmembranes domain
« Large extracellular domain =Venus fiytrap domain which
contains active site for the ligand
= One active site that corresponds to AH, B, X theory
= Additional active sites which explains the sweetness of compounds
that structurally do not fit the AH, B, X theory
= E.g. sweet proteins that do not have a glucophore

s ReH{FYIR
= Temussl, P, The of sweel taste: not exactly a piece of cake, Joumal of Molecolar Recogrition 2006:19:188-19%,
resotthgima iy
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Fomrati b

Artificial Sweeteners _

W\k’ ot - , ;
e
r@/M ~_b’\¢/) Week 4 Carbohydrates T

Artificial Sweeteners: AH, B, v/¢

Artificial Sweeteners:
’S‘ucralose& i e a«)tm ;:

Tooll ool chlarrt (2 B,
Brols wp ' (onge (At dhest i)




