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= Availability of water in a
 food system (for chemical
reactions) > implications

for food quahty
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" Waterand Ice
= Difference structures -
Implications for food quality
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. Molecular Structure of Water
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Implications for
density of water
and ice
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> Amount of water in a food

% weight water in food /total weight of
food

Cucumber : 96% water —> bt wuﬁt\*

Egg (raw): 75% (VN Co{nﬂa
Bread: 38%
Raisins: 15%

Consider thig;
You leave ige out on the counter and it partially melts.
-} You put it back in the freezer. What will you find when
=t you next take the ice cream out of the freezer?

Ice has an ordered hexagonal
structure

Crystal lattice ||
structure of
ice
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When water freezes it increases in
_volume.

| Density of water: 1 g/ml
Density of ice: 0.92g/ml ussm»q poe led
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Ice formation has two steps The size of ice crystals depends on the
i |@ @ i rate of cooling
"W Nucleation - ZCrystal Growrh ‘ )
' = As the rate of cooling increases Q4 1&.@ Hu VJ(

|= Initiation of ice = Increase in the « # of nuclei increases
i :?n%i 3 <5:‘rzyest c:; ;hge ice 01 @dﬁw{ = Size of the crystals decrease
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5 5 You leave ice out on th ter and it is partiall
The size of the ice crystal s, Yo fuat 1l e e, Yot vl you
. find when you next take the ice cream out of the
& depends on the rate of cooling i  freezer?
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unfrozen zones, a process called freeze '
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Small ice
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hitps://www.youtube.com/watch?v=n11MWg- 'QQW/ SIWYY ."
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\ All frozen food | | Freezing
Large ice has unfrozen point
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Freeze
very stow chemical
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During freezing the extracellular water will {sw, M\ ]
freeze first, drawing water, by osmosis, out of (S‘m\? h =
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Freezing will damage the cellular
_structure of plant or animal foods

Fruits, vegetables s Water present in both intra- N g .
- » Veg ! celiular and extra-cellular W i o
raw meat: space w

= very high water S
iThawing-)
h—-———-—J

content = high
moisture content Drip loss
= 50-98%
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Frozen apple .
4 L Thawed apple
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- Thawed app!e o

Thawed apple: - Drip loss

Signs of cellular
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How do you properly freeze Freezing promotes two
3‘ app!es at home? ‘ .. opposing forces

- hto = Low temperatures
b/J(" b Hailn ejtﬂ% Okmij\b\\q\'\k \/ﬁ“’“‘(’ ,i = slow chemical

reaction rates

= slow the growth of  |[. Freeze concentration will increase |
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ﬁeezer burn occurs when ice, at the f“‘df”d M)

. surface of a frozen food, undergoes
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= Why is it inadvisable to refreeze food? = Sublimation:
Ase T et d = ice > water vapor
dE AL, 1M \{’u \* %ﬂikg} = Food dries at
i~ W \ , - surface
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_Dry or dned foods
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How is water associated with
gther food constituents?
(8]
» Bound water (emssssssd Bulk water WYL O\V“"\&L'
[ Hydrogen bonded to = Physically entrapped in
| ?o ar components of food structure
= Behaves like a solvent
= Does\not behave like a = Available for freezing
solvent and chemical reactions
. }Jnav_anable for = Supports the growth of
reezing and chemical micro-organisms
reactions
N g;a-gxgt‘: g?p,port the ?’e)“ 1\,\,\ VA ‘W ()-(aﬂ:j L3
microorganisms »
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Vicinal, Multilayer Water, Bulk
g' Water
constitutional wi :e.q.
{ e s O‘ \ macromolecules
Bound* ;
1; ® monolayer
, Muitlayer
i
Bulk 1( r‘c 08 03 08 -— )
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EI Measuring water activity (a,,)
A) B)
a,, = p(food)/p(water)
WV"‘ p (food) = partial
Q—C\W*“bn - pressure of water vapor
a?,—w‘( W &‘,\l in equilibrium with the
U} food at temperature (T)
and 1 atmosphere total
pressure

P(water)= saturation

partial pressure of water

at the same T and
weREESSUrE

Which would you expect would
have the greater vapour

pressure? ¢ 54 M
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:i Water actxv:ty

= Measure of the ability o@n food
to participate in chemical feactions and
support the growth of micro-organisms

= Better predictor of shelf life than
moisture content

= Depends on waters interaction with
other food constituents
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Continuum:
Types of bound water

]Constntuhonal water [raloled vuslelt pawolgei

= bound to interior of molecule e.g. inside the fold
of a protein —

- [Vicihal water
= bound to outer surface of molecule

= strongly interacts with hydrophilic sites by water-
ion and water-dipole associations

= Monolayer water]= constitutional + vicinal
=« [Multilayer wﬁeﬂ\,@gr (_o,\stg,r il m\-l(
» forms several layers around hydrophilic grotps
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ulk Water
bt
Capillary water
= Microbial growth is

in capillary water

= Supports chemical
reactions

Wsy owailabll

Free water

= Both microbial growth
and chemical reactions
supported

= Impacts on quality
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Water Activity and Relatlve e ol
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= Aw= p(food)/p(wate Pt wottr
= = equilibrium rejative humldlty of

food/100
- = ERH/100 wﬁw(/‘“wbe‘ﬁ .
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4' Water activity and food quality El Moisture sorption isotherms

= Graphical representation of the
relationship between water activity and

S
What is the highest |

b A‘v},s s kit 1 l _ moisture content at a constant
OW\?\ ~' ithout ing <y
tg icrabil growth? | Fature.
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L Generalized moisture isotherm - oottt | | o
: E—— ~ i 06 and dry it.
Moisture lized mo isoth as First water
Content (%): - " Y 5 Start with to be
: X) LO"’\::& dry fovt:d a:d $ o / removed
tatal weight (g) add water to 931 g i 'g'“ be the
a5 it: first 02 ulk water;
"93 a4 bound water ‘ III . then bound
forms ___| __é_i water
0.2g water/ 1g e I | gﬁ?‘mfn ° 0 02 a4 06 u':
d ht+0.2 0zt | 1 8 1
54 g | water forms wter activty
2= a1 | : 1. Bound Buk
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How to determine a moisture
3' _sorption isotherm

Different foods have different
isotherm shapes? Why?

Y ]
W 1\:*\,\,_ / % 8 = Example: Breakfast Cereal
J VAo (nont Senn = Place a cereal sample in a sealed chamber
\ o ek aufvity at a specific relative humidity and allow the
Hoisture; Y \L/ o sample to equilibrate with the relative
7 v humidity in the jar

- L«TWM = Determine the weight change of the
sample at equilibration

\,Jm*"f
Week 3 w& "

Water activity

Week 3 38

1. A sample of cereal
is put into several

Breakfast Cereal Complete

Breakfast Cereal Initial Moisture:  equiibration )
-mb 2.5 gm water/100 gm dry weight ~ chambers each aal Experlment cA
, adjusted to a ,\,‘\/\j _;( ‘{—A
. specific relative \
humidity. é@\ % Relafive Gm water/100 gm | Texture
2. The sample is humidity dry weight
allowed to i -
equilibrate in the 0.0 1.5 Crisp
chamber (as 111 25 Crisp
indicated when the 22.9 _33_\ Crisp
sample’s weight is e mTeT |45 +=Soft——
. constant). 439 6.5 Soggy
) g 3. The sample’s 53.5 8.3 Soggy
22.9 64.8 moisture content 64.8 12 Sogay % '\')b% ‘\
3 Gm water/100 grams dry weight is: determined at 755 16 o o ( ' J\S .
T equilibration. 86.5 24 Moldy
) aeG2) o, w2
WA (S -
(' e _{MI’I" Loy YO
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?‘I “Sorption Isotherm

Cereal M Sorption Isoth
P — / —
20 |
Gm : /
water/100 | 15 /
gm dry 10
weight : /
5
| o —
| 0 02 04 06 08 1
i Water Activity
Week 3 a

- Decrease water activity by:

" Dehydration: limited by quality decline_
= Add water-binding agents or humectants
e a——R

= Salt \
. Sugar \/ﬁw ' [Wiet strocturat featare do
g sugar, glycerol, and

= Glycero| " propylene glycol have in

= Propylene glyco\,J,\ J on’?
= Proper packaging
Week 3 43

Using water activity . to

I _improve shelf life

= Problem: Bakery’s cake has a shelf-life
of only three days. It becomes moldy
before it can be shipped to stores and
purchased by consumer?

= Solution: wWatey™ ety g, A h\ﬁ‘/\ .

gon.com/water hppg=3  Week 3 45

Using water activity to prevent

N = Problem: Soup base & pepper:
W “(:‘J_Q = Soup base: 3% moisture: aw = 0.28
W(’ = Addition of pepper: 3% moisture:aw =0.68 -
W’“\:-,,-_q_wmm. Why?
LW“E , ,
» Solution:  xdd ot 4o peper bate

o0l e e [ QW dhren

>4 o

it/ d n/food ohy
Dead fink Week 3 47

eéf‘\u wotr o~

b

How would a food processor ensure that the cereal
maintains its quality during routine household use?

e Pac;(é Ca \ M
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What do these two foods have

. in common?
: {Wm&v‘é .
Salted fish Aprico{ jam v
it QT e vty octiiby

T

i
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Lowd Weta” whw'\j .
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Using water activity to prevent
moisture migration v~ Hawg tugefinir
oy osture miaration 54

| = Problem: Fruit cake:

a Cake ater

= Frui(50%/water 4
= Dry cake and soggy fruit. Why? %) Owtinty

= Solution:
cedeet hovt vront panter oo g, S e
ol 00K, it ploysicall o] 22100
@Eﬁ Cownn 0, Sfeve o m\('ﬁk,( ‘
http: (/\n;f::ﬁ\w M“ /}\Leekg-'» C/O‘K& ) ;Q 46
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Dot Wertt P odol 400 vmuelt oeds~
e —(\mw\ + > VA2 be f]'\fv\/\) ‘

q Water as a beverage

Week 3 48



3' Water terminology ' Water terminology

= Potable water =Water suitable for = Spring or mineral water
drinking « Underground source of water fit for human
= Distilled water consumption at source
« Contains less than <10 ppm minerals = Its original composition cannot be modified
= Achieved through a process of evaporation - excg’:bf:' df:; daeddm"" o
and then condensation — e-lé—d’b\
!
Ozone ppleqnodiol chalevine.
for (cemj o b
Ozone is used to treat bottled Bottled water: ,@
i‘ water. Cop ot oty . §I Spring or mineral water | & &
e, s Label e

= List of ingredients (if more then one)
« E.g. Natural spring water, carbon dioxide
= Dissolved mineral sait content

Afomic oxygen 02

Orene;0g + Kills )
s 7 microorganisms = E.g. mineral salt content 479 ppm; Ca, Na, K,
, ( HCO;, SO4,, CI, NO5, As, Cu, Pb, Zn, F
Bregkdown =« Ozone or fluoride added
Atomic oxygen O %\Zﬂs « fluoride
e, —_— « Source location WAL Hap by covt S trwa
= Source Perrier, Vergeze, France
Week 3 51 Week 3 52
Bottled water, not spring or
.. Bottled Water .. mineral dd o A
= Can bottled water be manufactured = Label oo -
from municipal tap water? = list of ingredients £ :
= Demineralized treated water, ozone
\(% . » Nutritional information
= Fluoride content Gl
= 0.3 ppm
= Any treatment the water has undergone
= Reverse osmosis, ozonized
= “Aquafina... originates from public water
Week 3 53 sources...purificatiofe 54

Demineralization: Water is filtered

%l _ through i;eries of membranes g T § I ’ -

Water  Monovaleot Mukivelant Viusss  Bacteris  Suspended Sofds
fons Tons

W\C‘ b Miaofittration Y VVJ/\MW’)
= T | e awel

‘ et B o\ & Are there bacteria in bottled water?

Nanofiltration e - _-_% . \s \1\ M
o agheds Golutt - Pt it oagemim ® S padiragen,

— er(,o ool B v ] . st honmpA

Reverse Osmasis

Memurane Frogess Charactenstics



VVHy 1S Dowueu wdler
controversial?

Is it safe to reuse the bottles kg » R
that Water is sold in by ﬁ"ing 1:{0~& has “:;::P,Hﬁﬁiugu:(;;;l‘;xi{[l(‘e benetits
them with tap water? o~

\

5 hitp: news ca/lead-

wosker” M wo&\'\. botiecwatar-sales il (dead fink) =

U of T to phase out bottled water sales

Week 3

Canadian Bottled Water
The Story of Bottled Water? 3‘ ; Association: Water Usage

: " htt;:_):[[www.youtube.com[watch?v=FnC
nf-1-iRk

Annualbettled water aroduchan accounts ‘or s than tug-tenths of one percenti <0 2%)

= Heaons: of the total croundwater withdraum per year, Bottled water companies are reguired 0
= We don't need the product conduct eshaustive hycro-enlogical studes on 3l grondwater resources sed to ensure
= Cost 2000X more than tap long tem sustainabiity. e
= Plastics bottle industry-polluter
» Manufacturing
= Disposal hitp;//www.cbwa.ca/en/fag.htm#97
Week 3 59 Week 3 60

Canadian Bottled Water
Association: Water Usage

8 according to Environment Canada:

According to the Canadian Bottled

According to the Ontario Minister of the Environment:
& 1t takes as much as 1,500 kg of water to produce a kg of potato.

> The annual bottled water production in 2007 accounted for less than 0.0015
permitted water takings in Ontario > it takes up to 70,000 kg of water to produce a kg of beef.
> Approximatsly 300 fitres of water is required to produce 1 kilogram of paper.

2 97 percent of the water withdrawn by bottled water companies for bottiing is \(“.‘,/d'
1} ttied L It .3 0 v: i
actually bo and consumed. It takes 1.3 litres of water to produce one litre of \’n’d & 1t takes about 215,000 fitres of water to produce one metric ton of steel

bottled water.
il

3 7 = o It takes nearly 14 gallons (about 53 fitres) of water to grow a medium orange (4.6
= The bottled water industry uses as much water as ten (10] golf courses in Ontario, Sy &
and there are 70¢ golf courses in Ontario. ences/130 grams) and to prepare it, in a packing plant, for market.
5 It take 48.3 gallons {about 183 litres) of water to product one eight-ounce glass of
milk when you 3dd together the amounts of water needed to provide food and water
for the cows, to kesp the dairy bams clean, and to process the milk.

http://www.cbwa.ca/el htm#92
hittp://www.cbwa.ca/en/fag.htm#92
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Canadian Bottled Water

Canadian Bottled Water Association: ks
& oL Environmental Impact of Bottles & Association: Cost

« Ougr 97 of the population in Canada now has access t recycing PET beverags = s i
i & e tecrrding te AT Mielsen Reszarch, dottled water sal < for anout 25 caate per Btve, or 12
» Provindial recycling arganizstions identity ey 258 of anvahars, from 60 - §5 . cets “or a 50T ml bottle. Tre ypical puchese of ootded wezer iz in c3ze: of 24 bettles or

f= he water ccae” 2atde, Bottlec wate” citics "ot dnely Zompare the priza of 3 siwgla-sarve

B B e Yoy, Jouces b, ot Fctta verzuz a vaiaty of products purciased in aJl< o through a pipging These appes tc
Blastic containers, shoss, huggage, uphdstery industia strapping. sheet and f. TTages CoMpaBOrS e NoL [eprecentzave and Dhersicre Te. acurete. Our mamber
cepanies provide ready 12,000 drect anc adivect Canadian jad5.

Plastics are one the most valuable items in recycling today and when recycled are used to

> “The targer botties for uss with watar coclers ara typically reusable (40 to 60 tines)
before being recycled.

 Plastic water bottles account for 175 of 1% of waste in landfills.

WMM

http://www.cbwa,ca/en/fag.him#91
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= In 1904, a pharmacist
and chemist named John
J MclLaughlin, working out
of a plant in Toronto,
developed this drink,
which was marketed in
the US with the slogan:
“Down from Canada
came tales of a wonderful
beverage.”

= Whatis...
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