








ICE CREAM DATA BASE
LOW-TEMPERATURE THERMOMECHANICAL PROPERTIES GF COMMERCIAL PRODUCTS
% Fis
Sampie Description Tp' Tm o ice Insbron Exbtrusion
°f °C  J1@dg  Pressure at -{5°C
ggg%%’e};:di“” ggg' %E :‘gis :%5 gég 1;% psi » ALL commercial ice cream products
Brever's Van, ID -32.5 -1 inherently UNSTABLE: Tg’ << Tf
Light 'n Lively Van, 1 #Wilk  -29.5 !
Doiﬁze:zdéiﬁzr; Sorbitel I -42 -1.5  Bh.@ » QUALITY ice creams --> Tq’ % -30
Larvel i Van, SBIC -3.5 -85 53.9 13.5 to -32°C (water-soluble solids
Rich's Van, gg%g -29 -4,8 :g; 3’7_ dominated by sucrose and lactose)
st ToF - S N+ --> only 1 month storege stability
Landwide Choo. 8SIC  -37.5 -3.5 564 2.5 at Tf = -187C against ice crystal
gairy gueen Van, Sgé?m vggg *gg gé? growth and shrinkage (z collapse
airy Gueen Choe. -3.5 - . -
Crowiey Van, 8§1C <265 @ 66,3 2.9 ? loss of overrun)
Crowley Van, 5B5IM -3L5 @ 72,5 1020
Crowliey Choc. S51C =31 -2.5 59.@ 7.2 « REGULAR ice creams and conventional
g’;g;‘éegve _ gr”g‘; g‘g“m :;gs g gg SSICs (Carvel, D@, Crowley’s) rela-
“Sheer Delight® mellorine tively hard-frozen at Tf = -18 C
giﬁsgur'y Suﬁc\ners Shoc.sggrdel —gg s “2? and NOT extrudable at -15°C -->
1llsbury Snooners ar. el ~36. -4, - _a°
Piiisbury Soooners — Straw. S5Mel  -36.5 -4 correlated with Tm O to -2°C and
Danncn Coffee Yoourt -33.5 @  75.0 % freezable water 2 60 wk
“Frozen Yopurt® Van, 58 -27.5 @ 68,35
BF “Soft Swirl" Van, 5814 ~31 ~4 55.9 2.7 - - - -
B "Soft Swirl'  Choc SSIM -3 A5 56,2 29 * NEW soft-from-home-freezer ICs (Lip
ton, Rich’s, Landwide - MORE mono-
BF Exoerimental Van. 55iC -26.5 -1.5  E2.@ 71 saccharides and/or low-MW polycils)
. van. SSiC €7 1.3 567 --> gsoftness and ease of extrusion
? Varn. 8510 -2B.5 -85 LG 5.1
u Van, S8IC -2 -z 56,5 correlated with lower Tqg’ (-34 to
: xan‘ gglg -gg-E -3-5 gdg 1.8 -41°¢C == poorer stability), lower
N jar. 8851 - -3.5 5& 2%~ .
p Var. SSiM 35 -4 332 11 Tm (£ -3 C), and lower % FW (< 60%)
» Van, S5iC -3.5 -% 44,8 2.9
. Van. 881 -32.5 A3 N ii » Patented GF "Soft Swirl™ deliberate-
# Eﬁgg gg%é :§§ :z'“' zgé’ ‘:,— ly formulated for optimum combina-
u van, SSIC -33 -5 1.7 tion of softness and storage stabi-
» Choc. SBIC  -33.5 -4 47.6 lity --> Tg’ > -32°C, Tn ¢ -3.5°C,
! Van, 55IC -33.5  -4.3 1.8 ” :
@ Van. 5510 335 -5 2.8 % FW << 60, and extrusion pressure
N . ] o
Van. S5IC -3 5,5 42,0 i1 at -13°C < 1.0 pai
* Van., 55IM -3.5 -3.5 1.6
# gggc Sgé?c :ggg :g 4.0 i; » GF experimental prototypes demon-
u van, S5IC -36.5 -6.5 38.6 [ ] strate ranges of properties availa-
: Van. SSIC ~37 -4.5 5.9 8.6 bie by formula variations of CHO
. Emg gg%% :§r7s :g gg 3.(3 ingredienta from polymeric SHPs to
W Van, SSIC -38.5 -4 2.2 monosaccharides and low-MW polyols
“ Chor, S5IM -38.5 -4.5 48,1 3.6 --> as Tqg’ decreases (from -26.5 to
» Choc. S5IM -38.5 -6 46,3 a6 -46.5°C --> i i1itv)
4 Van. S5IM 35 s e 46.5 C decreasing Stabl.}lgy, ,
p Cnoc, SRIC -2 -5 43,3 &5 Tm decreases (from -1.5 to -10C -->
! Chee. 8510 -33 5.5 451 2.3 increasing softness), % FW decreases
Chec. SSIC - 4@ -9.% 3.3 1.2 (from 57 to 28% --> increasing soft-
: Lhot, BRIT -4 - - 27 a7 X -
5 Var, S5i0 44,5 6.5 L ness), and extrusion pressure de-
¥ var, 55IM -46.5  -b.5 1.9 creases (from 7 to 1 psi) J

[Levine and Slade (1989b)]
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IN ICE CREAM, POLYSACCHARIDE GUMS "STABILIZE" ICE CRYSTALS, PRIMARILY
BY INCREASING VISCOSITY OF RUBBERY AQUEOUS PHASE, THEREBY INHIBITING
DIFFUSIONAL MOBILITY OF WATER AT Tf > Tg'

Rubbery Viscous
Glassy Leathery Rubbery Flow  Flow

1 107 poise—é»

Log (modulusy)

* i with stabilizers

N no stabilizers

[Schenz (1994)]
Temperature

The schematic behavior of viscosity vs. temperature for stabilized and non-stabilized ice
crearn mix, showing effect of stabilizers on ice crystal size in rubbery region and no changein Tg'.
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MOLECULAR MOBILITY IN FROZEN SUGAR SOLUTIONS --

CORRELATION BETWEEN NMR RELAXATION TIMES AND ICE RECRYSTALLIZATION RATES
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[Martin et al. (2001)] [Ablett et al. (2002)]
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Sample

Whole milk
Crecam
Skim milk (for-
tified with NFDM)
Low lactose NFDM
High heat NFDM
Low heat NFDM
Freeze-dried
raw Skim Milk
Breakstone
cottage cheese

MEAL POOD SYSTENS: FROEEN BAIRY INSREDIENTS

E TS SIS SESSCSESSRROESSSIISTIITRATIRTZS

Low-Temperature Thersal Propertiea of Dairy Ingredients

o o o - - - W MR W WP W W WP WP WP T W ww vm e e A4S . e - -

% Nonfreezable % Total Water % Solids Carbohydrate/ Tg',0C

water, gHpy0/ gH20/100¢ non-fat Protein ratio (ﬁormalized

100g sample sample peak height)
15.5 88.3 8.3 1.37 -22 (13)
1.6 57.8 5.4 1.45 -23 (7)
7.4 89.6 10.0 1.30 -27.5(9)§-22.5(15)
18.8 80.0 20.0 0.72 -20.5 (44)
18.4 80.0 20.0 1.37 -28.5(33)§-19(18)
20.7 80.0 20.0 1.37 -28(20)6-21(21)
23.2 80.0 20.0 1.37 -27(18)§-21,5(40)
0.1 75.8 22.6 0.49 -21(9)

[(q6861) @pels pue auiaeT]

Suiry ingredients ensliysed “es i6”, or dry ingeadiants a8 20 w&k soletisns
--» 9" resuite raflect NUWLTIMLE seluten, sometines HETEROGENEOWSLY

distributed in frozen matrix

Illustratea phenomenon of MULTIPLE Tg’ values, indicative of multiple agueocus

glasses in some freeze-concentrated dairy systems

Multiple Tg’ values (usually TWO) often cbaarved in real product systems
dominated by two NON-HOMOLOGOUS soluble solids, e.g. low-MW CHO + high-MW
protein --> "“quasi-coacervation" --> one Tg’ glasa with higher CHO concentra-
tion and another Tg’ glaaa with higher protein concentration

Characteristic carbohydrate (lactose)/protein asolids composition of dairy
product --?

TWO Tg’ valuea when lactose content is HIGH (e.g. skim milk, NFDMs --> Tg’ <
-26°C (due to lactose/water glass) and Tg’ = -21°C (due to protein/lactose/

water glass))

ONE Tg’ when lactose content is low (not in EXCE?S, relative to protein):
®€.g. milk, cream, LOW-LACTOSE NFDM --> Tg’ 2 -21°C, due to protein/lactose/

water glass



Low-Temperature Thermal Properties of Dairy Ingredients
% Total Water 80.0gH20/100g sample

Weg' % Unfrozen Carbohydrate/ Tg',0C

water, gHy0/ Protein ratio (Normalized
Sample 100g sample peak height)
Low lactose NFDM| 18.8 0.72 -20.5 (44)
High heat NFUM 8.4 1.37 -28.5(33)§-19(18)
Low heat NFIM 20.7 1.37 -28(20)6-21(21)
Freeze-dried 23.2 1.37 -27(18)§-21,5(40)
raw Skim Milk

Heat abuse during processing causes a Removal of lactose results in a dramatic
detrimental progressive decrease in W¢' beneficial increase in Tg'




Tg DATA AS A FUNCTION OF MOISTURE CONTENT FOR

DEHYDRATED DAIRY INGREDIENTS AT LOW MOISTURES

TABLE 1. Water contents' (m) and glass transition temperatures (T,) of dehydrated milk products stored for 24 h at various relative humidities

(RH) at 24°C.
Salt RH? Lactose Skim milk Low fat milk Low fat milk Whole milk Skim milk with
(0% fat)® (10.7% fat)® (18.6% fat)® (32.4% fat)® hydrolyzed lactose
. (0% fat)’
m* T, m* T, m* T, m* T, m* T, m* T,
(%) —(0— —(0O— —(0O— —(0—  =(O—  —=(O—
X SD X SD X SD X SD : X SD X SD
P,0O; 0 0 97 1 0 92 2 0 88 2 0 98 2 0 92 2 0 49 3
|LiCl1 11.5 2.4 64 1 3.7 58 1 4.0 62 1 4.0 63 2 4.0 62 1 1.5 26 1
CH,COOK 23.9 4.3 43 1 5.6 34 4 5.8 5.9 5.9 3.0 5 2
MgCl, 33.0 3.9 33 2 7.1 33 2 7.3 7.3 7.3 5.2 -8 5
K,CO, 44 .4 8.6 15 1 8.8 9 1 8.9 9.0 9.2 8.1 22 2
Mg(NQO,), 53.8 10.7 11.6 -2 1 122 -3 1 122 -3 1 122 -4 1 12.0 -36 1
NaNO, 66.2 1.8 16,9 -22 1 17.8 22 1 179 -27 4 17,9 -21 2 193 -54 1
NaCl 76.4 .5 16.7 -55 2 20.1 -55 1 229 -52 1 224 52 1 30.9 -73 2

'Jouppila and Roos (1993).
“Labuza et al, (13).
*percentage of fat of total solids calculated from the amount of milk fat in the fresh product.
tgrams of H,O per 100 g of SNF.

[Jouppila and Roos (1994)]
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[Roos (2002)]
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STATE DIAGRAM FOR MILK

Temperature [*C]

Temperature [°C]

Hz-27¢

[Vuataz (2002)]

Total solids [%]

Figure 8. T, lines of WM and SM according to the Gordon-Taylor equation.
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Finge 12. The state diagram of WM (lactose and water phase transitions).

70

] 10 20 30 40 50 60 70 80 90 100 90

N 92 93 94 95 96 97
Total Solids (%}

Figure 13. Detail of the dry region of the WM state diagram.
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Figure 11. Linear Ty(a,,) behaviour of milk-based powders (1st scan and 2nd scan comparison).
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REAL FOOD SYSTEMS: FROZEN STORAGE STABILITY IN DAIRY DESSERTS

Tg' Results for Frozen Pudding Products

T L I e e

Sample Tg', C
Jell-0 "Pudding Pop" - chocolate -26 & -31
Jell-0 “"Pudding Pop" - butterscotch =25.5 & 31
Jell-0 "Pudding Pop" - banana -25 & -31
Dolly Madison "Pudding Bars" - chocolate -26.5 & -29
Dolly Madison "Pudding Bars" - vanilla -27.5 & -30.5
Dolly Madison "Pudding Bars" - banana -28.5 & -31.5
Popsicle "Good 'n Puddin" - chocolate -27 & -29
Popsicle "Good 'n Puddin" - vanilla -28.5 & -30.5
Popsicle "Good 'n Puddin" - banana -27.5 & -30.5

-----------------------------------------------------------------------------

* ALL products show TWO Tg' values, like some dairy ingredients

* SIMILAR Tg' values for all products --> evidence for minor
formula differences in sugars/polymetrs tratios

* Lower Tg' characteristic of disaccharide sweeteners, upper
Tg' of proteins/sugars/water glass

* Convention: Tg' values listed in order of INTENSITY --> first
Tg' listed represents PREDOMINANT glass, second is MINOR glass

* Experience has shown that Tg' value of PREDOMINANT glass
determines freezer-storage stability

* Jell-0 "Pudding Pops" (higher MAJOR Tg') --> BETTER long-term
stability against ice crystal growth than competitors

[Levine and Slade (1989b)]
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REAL FOOD SYSTEMS: FROZEN STORAGE STABILITY IN DAIRY DESSERTS

Low-Temperature DSC Results for Commercial Frozen Whipped Toppings

Sample Tg', C Tm, C 3 FW
"Cool Whip" -31.5 2 21.5
'New Improved' "Cool Whip" -31.5 -3 26.6
'"Extra Creamy' "Cool Whip" -31.5 -2.5 33.3
"Dover Farms" -31.5 -3 25.7
Kraft "La Creme" -31.5 2 40.4
Bird's Eye "Whipped Cream" -34.5 3.5 32.0

------------------------------------------------------------------------------

% ALL products show SINGLE Tg' --> -31.5°C characteristic of
predominant soluble solid (sucrose) in aqueous phase

* Differences in Tm and % FW reflect formula differences

* ALL products contain some ice at Tf = -18°C, and ice crystals
can grow during long-term frozen storage --> "apparent"
stability increases with decreasing $ FW --> poorest stability

for "La Creme"

* ALL products also susceptible to loss of overrun during
freezer storage at Tf >> Tg'

[Levine and Slade (1989b)]



REAL FOOD SYSTEMS: STORAGE STABILITY OF FROZEN NOVELTIES

Compositions and Low-Temperature Thermal Properties of Model "Fruit Bars"

................................................... o Y

Weight % Composition

N Flavor Water  Sucrose Fructose Glucose Tg', C Tm, C $ FW
Strawberry 80.8 10.7 3.2 2.6 -36.5 -1.5 67.7
Apple 77.8 11.6 4.8 2.1 -36 -1.7 67.8

r Peach 78.9 13.0 2.7 2.2 -35.5 -1.5 68.2
Orange 80.4 15.3 1.2 1.1 -36.5 -1.3 67.7
Cherry 75.5 10.2 5.3 5.2 -38.5 -2.2 60.1

* Illustrates SENSITIVITY of thermal properties to composition of soluble
solids in model product formulas --> ratio disaccharide/monosaccharides
determines Tg’' and Tm

* Tllustrates that Tg' can be PREDICTED for simple, homogeneous product systems
from known weight-ratio in formula of sucrose (Tg’' = -32°C), fructose (Tg' =
-42°C), and glucose (Tg' = -43°C)

[Levine and Slade (1989b)1

=

* DECREASING ratio sucrose/(fructose + glucose) --> DECREASING Tg’ and Tm

* SIGNIFICANT differences in freezer-storage stability predicted between
variants with lowest (cherry) and highest (peach) Tg' values

Tg' Results for Fruit Juices

Fruit Juice Tg', °c
Orange (various samples) -36.5 to -38.5
Pineapple -37.5 5
Pear -40 -
Apple -40.5
Prune 41

ite Grape -42.5

mon (various samples) -44.5 to -41.5

* As in fresh fruits, Tg' values of juices are

determined by weight ratios of predominant low Solids (%)

-MW sugars (e.g. fructose, glucose, sucrose) Figure 5. State diagram of temperature vs percentage solids

and acids (e.g. citric, malic) present. obtained from mature dates incorporating the curve of the
rheological glass transition temperature (®) and the freezing
curve (a).

[Kasapis et al. (2000)]




[Barra et al. (2000)]

STATE DIAGRAMS FOR FRUITS - CONT'D
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Figure 7-7 State diagram for a commerciai peach jam.

-100
Table 2

Glass transition temperalures of some sugars, organic acids, and [ruits

Temperature (°C)
o
(=]

[Bai et al. (2001)]

-1 50 1 . . - — and vegetables
0 02 04 06 08 1 Solutes (T3°C)  Fruits (7,°C) Vepetables (7,°C)
Sucrose 67 Apricot 18 Raspbeniy 41 Celery 58
Solids Mass Fraction Glucose 31 Pear S Blackberry 22 Cabbuge 43
Fig. 7. The state diagram of heat pump dried apple. AB: [reczing Fl_'w.l:luw‘ 5 Apple _IS Orange 45 Carrot 57
curve, DEF: glass (ransition line, E: glass transition temperature at Citric acid 6 Strawbcrry 29 Leman 11 Potatoes 71

maximal freeze concentration. Malic acid =21 Blueherry 15 Peach 20
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MORE STATE DIAGRAMS

Temperature (°C)

Temperature / °C

Fig| 5. State diagrams of hacterial suspension (BS, closed symbois) and fermented medium (FM, open symbols). The location of the glass

0.4

0.6 08 10

Moisture content (wet basis)

Fig. 7 State diagram of freeze-dried pineapple (without anneal-
ng: O, T, and x, Ty; with annealing: *, T, and O, Tp)

[Telis and Sobral (2001)]
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FOR REAL FOOD SYSTEMS
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Fig. 7. State diagrams for FD and OD apple.

[Sa et al. (1999)]
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Fig. 5. State diagram of freeze-dried persimmon: (&) T of matrix;
() T, and (x) T, of macromolecules fraction.

[Sobral et al. (2001)]
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MORE STATE DIAGRAMS
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[Telis and Sobral (2002)]

T(°Cl

0 20 40 60 80
W[ % wiw of solids]

Figure 4. Supplemented state diagram for the system of tuna solids and
water, as constructed from calorimetric experiments on fresh and
rehydrated freeze-dried tuna. Symbols refer to the calorimetric schemes
summarized in Table 1 and calorimetric results summarized in Table 2.
The T, lines interpolate the DSC and ADSC data and are drawn using
the Gordon—Taylor equation, as described in the text. The Ty, line is only
drawn for completeness of the diagram and is not based on aclual
experiments.

He-

FOR REAL FOOD SYSTEMS

<

T

8 &8 & &

STATE DIAGRAM FOR GOLDEN DELICIOUS APPLE
fresh freeze dried and osmotic dehydrated

Molsture content, % wb

10

Figure 3 - State diagrams for E.D. apple and O.D. apple

(in 60% sucrose solution at 22 °C for 9 hours)

[Sereno et al. (1998)]

T(*C]

l:i_ﬂ
W % wiw of solids)

Figure 6. Supplemented state diagram of the pseudobinary system of
sarcoplasmic protein fraction and water, as constructed from DSC
experiments. Symbols refer to the calorimetric schemes summarized in
Table 1 and calorimetric results summarized in Table 3. The T, lines are
interpolated using the Gordon—Taylor equation as described in the text.
The Ty, line is only drawn for completeness of the diagram and is not
based on actual experiments.

[Orlien et al. (2003)]



Fig. 6.
(OD);

[Baroni et al. (2003)]
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MORE STATE DIAGRAMS FOR REAL
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FOOD SYSTEMS
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Fig. 7. State diagram of temperature vs percentage solids obtained
from tuna meat incorporating the curve of the glass transition tem-
perature (series 1) and the freezing curve (series 2).

[Rahman et al. (2003)]
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REAL FOOD SYSTEMS: STORAGE STABILITY OF FROZEN NOVELTIES

Low-Temperature Thermal Properties of Jell-O "Gelatin Pops"

------------------------------------------ P L

Flavor Tg', °C $ FW
Orange -36 69.8
Grape -36 & -32 65.8
Cherry -36 67.9
Strawberry -35.5 & -31.5 72.3
Raspberry -35.5 & -31

------------------------------------------------------------------------------

* Despite inherently UNSTABLE situation of Tg' << Tf, "Gel Pops"
shown to have EXCELLENT freezer-storage stability against ice
crystal growth, due to PATENTED combination of stabilizer system
based on GELATIN (proven ice crystal growth control functionality)
and freezing process that produces small ice crystals of VERY
UNIFORM size (--> decreased thermodynamic tendency toward ice
crystal growth via Ostwald ripening mechanism)

Low-Calorie (Dietetic), Artificially-Sweetened Frozen Desserts:
APM-Containing Model Systems

Model System Tg', C
1) 20 w% fructose -42

2) 20 w% sucrose -32

3) 0.6 ws APM in 20 wt Polydextrose N -26

4) 0.6 wg APM in 20 w% 10-DE maltodextrin -11.5

* At Tf = -18°C, system #4 would show by far the BEST freezer-storage
stability

* By replacing conventional sugars with APM/Polydextrose or other

similar sweetening/bulking systems, DIETETIC frozen desserts with
HIGHER Tg' and IMPROVED frozen stability can be produced

[Levine and Slade (1989b)]
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FROZEN STORAGE STABILITY OF NATURAL FOOD MATERIALS: FRESH FRUITS AND VEGETABLES

Tg' Values for Varietal Strawberries and Other Fresh Fruits

Sample Variety Tg', oC % FW
Strawberry Sparkleberry - center -41

Strawberry Sparkleberry - edge -39 & -33

Strawberry Sparkleberry - midway between -38.5 & -33 93.0
Strawberry Canoga - -37

Strawberry Holiday - -35.5

Strawberry Homeoye - midway -40.5 & -34.5

Strawberry Pajaro (lot 1) - between -33.5 79.9 + 0.4
Strawberry Pajaro (lot 2) - center -34.5 & -39 80.3 + 1.4
Strawberry Douglas - and -34 & -40 76.6 £ 0.8
Strawberry Benton - edge -40 & -33 78.9 £+ 0.5
Strawberry Selva - -34.5 & -39.5 81.3 &£ O
Strawberry Chandler - -39.5 & -35 84.5 + 10.9
Strawberry Parker - -41 & -34 80.3 + 2.6
Blueberry (meat) =41
. Blueberry (skin) -41 & -32

Peach -36.5

Banana -35

Apple Red Delicious -42

Apple Granny Smith -41

* Tg’ values between -32 and -42°C for various fruits --> soluble solids domi-
nated by low-MW sugars (mono- and disaccharides, mainly fructose, glucose,
sucrose)

* E.g., strawberry (sparkleberry): 89.8% water, 7.8% soluble solids (6.2%
sugars; 1.45% sucrose, 2.18% glucose, 2.59% fructose)

* MULTIPLE Tg’' values and DIFFERENT Tg' values for different locations within
single fruit --> NON-UNIFORM distribution of sugars

* Different Tg' values for different VARIETIES of single fruit (strawberry) -->
varietal differences in composition and distribution of sugars

* Due in part to Tg'’ << Tf and high % FW (about 75 - 85%), most fruits,
especially delicate STRAWBERRIES --> very poor textural stability during
frozen storage

* PREDOMINANT Tg'’ for different strawberry varieties ranges from -33.5 to -41%¢c
and freeze/thaw stability varies greatly with variety --> correlation??

% Even if fruits are deep-frozen and stored at Tf < Tg', freeze/thaw textural
stability often poor due to loss of turgor pressure caused by physical damage
to cell membranes due to ice crystal formation

* Partial remedy --> protection by infusion with HFCS (Rich’s "Freeze-Flo") -->

minimal freezable water at Tf = -18°C --> edible-from-freezer, but very sweet
products

H-Ce
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FROZEN STORAGE STABILITY OF NATURAL FOOD MATERIALS: FRESH FRUITS AND VEGETABLES
Tg' Results for Fresh and Frozen Vegetables
Sample Tg', °c |
...................................................... |
Sweet Corn - fresh-picked - endosperm -14.5 | * Tg’' varies with
Sweet Corn - blanched - 9.5 | LOCATION, as in
Sweet Corn - blanched and frozen - 9.5 | fruits --> non-
Sweet Corn - supermarket "fresh" - 8 | uniform distri-
Potato - fresh Russet Burbank - middle center -12 & -16| bution of solu-
Potato - fresh Russet Burbank - middle edge -12 | ble solids
Potato - fresh Russet Burbank - root end -11 |
Potato - fresh Russet Burbank - stem end -12 | * Tg' of sweet corn
Cauliflower - frozen - stalk -25 | varies with ex-
Cauliflower - frozen - head ? | tent of process-
Celery - fresh ? | ing, and with de-
Broccoli - frozen - stalk -26.5 ] gree of freshness
Broccoli - frozen - head -11.5 | --> Tg' increases
Spinach - frozen -17 ] with decreasing
Tomato - fresh - meat -41.5 | sugar/starch

------------------------------------------------------------ ratio (decreasing
sweetness and
eating quality)

* Some vegetables naturally high in starch (corn, potato) have Tg’' > Tf = -18%
--> EXCELLENT freezer-storage stability (YEARS)

* Other vegetables higher in sugar solids --> much more LIMITED stability

Illustration of Effect
of Blanching on Sweet BLANCHED CORN: H22 108: 128

Corn Eating Quality VI, 15.33 ug
SCAN RATE: 18.88 deg/min

e = FRESH CORN LYOPHILIZED

BLANCHED CORN
aH = 0

* DSC analysis of fresh 3
-picked corn --> char-
acteristic melting
endotherm for NATIVE

starch
[E-R3

* DSC of blanched corn ,/’f//',hy—*~r‘ﬂ
--> starch completely
GE:LATINIZED during FRESHLY PICKED CORN
freeze-processing “H = .44 calrg carn

MCAL/SEC

* Conclusion: eating
quality (texture) of
blanched/frozen corn
inferior to fresh e
-picked because
frozen corn "cooked"
TWICE before eating

TEMPERATURE (<K psc

Ha-¢£
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FOOD MODEL SYSTEMS: PROTEINS AS POLYMERIC CRYOSTABILIZERS

20% Gelatin - hydrolyzed (MW ¥ 20K)
20X Gelatin - liquid (MW ‘2 60K)
20X Gelatin - SO Bloom

20% Gelatin - 60 Bloom, calf

20X Gelatin - 175 Bloom, pig

20%x Gelatin - 225 Bloom, calf

15% Gelatin - 250 Bloom

20x Gelatin - 300 Bloom, pig

20X Lysozyme - egg white

20% alpha-Lactalbumin (Calbiochenm)
20x alpha-Lactalbumin (Sigma)
50X Gluten - wheat

50X Zein - corn

S0x alpha-Casein

50x Na Caseinate

20%x Collagen (soluble)

20x Albumin

10X Albumin - methylated

20% Globulins - egg

50% Keratin

- - -

-16.5

-15.5

-10.5

- 6.5

-37 (small)
-12.5

=10

-15

-13

-11

-10.5 & -1S5
-31.5 & -20.5

0.66

COOO0OO0O0OOC0OCDOC0O
. e

b= AN WN

BN Y R == ®

R D A U = e P D - S B - - " - - == " " = - " - e v e e . = e . -

* Common high- polyneric PROTEINS useful as food CRYOSTABILIZERS --> high Tg’

(-6.5 to -18°C, typically -10 to -15 °C) but low Wg’

(0.19 - 0.71 g UFW/g,

typically 0.3 - 0.4 g/g, in agreement with literature range for "“WBCs" of

various food proteins)

* BEST cryostabilizers (highest Tg’, > -10°C) --» high-Bloom gelatin (water

-soluble) and wheat glutem (water-compatible)

SRS s SR IR E SIS S S Tl E N I S S E IR R R E R RS I NS IR S S S S S S S S S S IR S NSNS CSIIESRECOR

Tg’ va. Bloom Strength for Gelatin:

B e T L T .

» FAIR correlation between increasing
Tg’ and increasing Bloom (gel strength)
for series of gelatins fron hydrolyzed
(non-gelling, Tg’ = -18 C) to 300-Bloom
(high-MW, Tg’ = -9.5°C)

» Data scatter due to fact that Bloom
does not correlate directly with Mw

[S1ade et al. (1989)]
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{Stade et al. (1989)]

FOOD MODEL SYSTEMS: PROTEINS AS POLYMERIC CRYOSTABILIZERS

TABLE: Tg',

Wg’, and/or "Water Binding Capacity (WBC)" Values for Proteins -
LITERATURE SURVEY

Solute Tg' Wg' "WBC" Literature
°c (g UFW/g) (g water/g) Reference
lysozyme (Sigma hen egg-white) -16.5 o
lysozyme 0.31 a
lysozyme 0.33 b
lysozyme 0.25-0.29 c
lysozyme 0.20 d
1ysozyme 0.175 e
lysozyme 0.13 i
lysozyme 0,34 n
ribonuclease 0.36-0.43 c
cytochrome ¢ 0.39 c
chymotrypsinogen A 0.29 c
chymotrypsinogen 0.34 n
chymotrypsin 0.33 n
elastin 0.3 ﬁ
elastin 0.35 ,
gelatin 0.29-0.35 c
gelatin 0.36-0.58 k
tropocollagen 0.30 P
collagen (soluble) -15 0.71 0
collagen (native 0.5 g
- collagen (native 0.38 q
collagen (native 0.55 n
alpha-lactalbumin (Sigma) -10.5 0.28 o
alpha-lactalbumin (Calbiochem) -15.5 o
bovine serum albumin -13 0.44 0
bovinc scrum albumin 0.33 a
bovine serum albumin 0.49 j
bovine serum albumin 0.32 c
bovine serum albumin 0.40 n
albumin (egg 0.26-0,37 k
albumin (egg 0.30 c
albumin eg% 0.33 n
beta-lactoglobulin 0.35 j
beta-lactoglobulin 0.25-0.32 c
lobulins (egg) -10.5 0.42 0
emoglobin 0.25-0.37 c
hemoglobin (denatured) 0.42 n
myoglobin 0.42 c
myoglobin 0.42 n
insulin 0.24 c
alpha-casein -12.5 0.61 0
kappa-casein 0.44 1
casein 0.55 i
casein 0.24-0.30
sodium caseinate -10 0.64 o
keratin 0.44 o
zein 0.45 )
gluten (wheat) - 6.5 0.39 o
whe 0.5 m
whey 0.20-0.25 k

Gekko and Satake, 1981
Hays and Fennema, 1982
Fullerton et al., 1982
Lioutas et al., 1986
Blake et al., 1983
Bone and Pethig, 1982
Hoeve, 1980

Wright, 1984

Sasaki et al., 1983

LT Hh® QU0 TR

OB B R

Scandola and Pezzin, 1980
Gosline and French, 1979
Berlin et al,, 1970
Duckworth, 1971

Rue § et al., 1974

Ber% n et al., 1973
Derbyshire, 1982

Slade, Levine, & Finley, 1988

Hz-3Ya
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THEORETICALLY CALCULATED Tg VALUES FOR PROTEINS

[Cesaro and Sussich (2001)]

FIGURE 7 Predicted glass transition temperature for food proteins based on additive contri-

bution method.®? The full circle is the estimated T, for gliadin (186°C).

[MaTvERV, /977]
Table 2. @@ Tt, Tyn. Tyes. and N, for some proteins
Protein type l T,,°C l T;, °C l Tyar °C
Milk and egg proteins
a-Casein 152 132 176
B-Casein 148 130 171
K-Casein 156 132 180
a-Lactalbumin 159 128 184
B-Lactoglobulin 146 122 169
Ovalbumin 157 161 182
Lysozyme 165 134 192
Meat and connective tissue proteins
L-Meromyosin 134 185 157
T-Meromyosin 150 283 174
Actin 157 158 182
Myoglobin from horse 149 122 172
- Collagen from bovine 197 281 230
Gelatin 207 311 243
Elastin 208 248 239
Grain and seed proteins
Glutenin from wheat 189 152 220
Gliadin from wheat 179 164 208
Zein 165 179 189
o~ 260}
7§ 240 |
N
S
§ 220L
S
O 200l 0o
e
[
B 180 7e)
2 O
3
£ 1e0
1 1 1 ] . 1 1
160 180 200 220 240 260
Experimental Tg/ °C



TO FROZEN FISH

i for

and {e protein frac-

Table 5—Apparent Tg’
tions

7 (o,

Sample type aop
Observed® Repl.® Published value
Mackerel
Whole muscle -13.3%0.5 3 none
Soluble protein fraction
without salts” 8.320.6 2 nonc
Insoluble protein fraction
without salts® -75x04 3 none
Whole muscle -11.7+0.6 3 -77 (Nesvadba, 1993)
407 (Simatos & Blond, 1993)
—159 (Levine & Slade, 1989a)
Insoiuble protein fraction
without' salts® -6.3x0.1 2 none
Beef muscle -12.0£0.3 3 —40° (Simatos et al., 1975)

APPLICATION OF CRYOSTABILIZATION TECHNOLOGY

He-3Yaz

—60 (Rasmussen, 1969)
> —5°(Levine & Slade, 1989a)

apSC procedure involved annealing samples for 1 h at —15°C. Since the annealing procedure
was not optimized for each sample type, the Tg values are probably slightly below the

comesponding Tg' values.
BNumber of replicates. Variance from mean is 1 for tripli and range for

dard deviati

dupiicates. ]
MW cut-off: 6000-8000 (See Fig. 1).

dEstimates

*Onset of ice melting as determined by differential thermal analysis.

Table 6--Comparisons of apparent Tg' values of minced mackerel
frozen and stored using varlous procedures

Sample _.Tg'(“C) _.Tg'("(:) Replicates ,”Tg' (°C) Replicates
type Annealed 30 Annealed 1h Annealed 1h
mn@ —-15°C @ —-15°C @ -15°C
priorto DSC priorto DSC during DSC
analysis* analysis® analysis®
Mackerel d -13.3+0.5° 3 -11.4+02¢ 3
Mackerel + Na' -13.2x0.3° 2 Na/ NA!

1% gelatin

agamples in DSC pans were sealed in 3-cc glass vials and placed on solidified carbon dioxide
for 4h, removed and annealed for 30 min at —15°C, loaded into the DSC at —~60°C, and
scanned from —60°C to 10°C at 5°C/min. This procedure was intended to approximate a
freezing procedure that might occur commercially.

bSame as procedure above except the annealing time was 1 h at ~15°C.

cSamples at room temperature were loaded into the DSC with an empty pan used as a
reference, cooled at 5°C/min to —80°C, held for 15 min, warmed to the annealing temperature
of —15°C, held for 1h, cooled to —60°C at 5°C/min, held for 15 min, and then scanned to 20°C
at 5°C/min (modification of method by Carrington et al., 1994).

9Analyzed in duplicate but a vaiue was not detected.

eVariance expressed as standard deviation.

fNot analyzed.

SVariance expressed as range.

[Brake and Fennema (1999, 1999a)]
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coarsely-minced, frozen mackerel: (A) fatty acid concentration (as
oleic); (B) peroxide value; (C) malonaldehyde concentration (a mea-
sure of thiobarbituric acid reactive substances). Dashed lines are
major interpolations over zones where data were not collected. Bach
point was obtained from the slope of a plot of chemical value vs time
at a specific temperature. Except for temperatures of -8 and -12.8°C
(data not shown) siope values are from data in Fig. 3 to 8.
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FOOD MODEL SYSTEMS: AMINO ACIDS AS FOOD CRYOPROTECTANTS

S EE S SIS SRS RS SIS SIS SIS SISO SsSsSSSSRSS=s=S=I=s

Low-Temperature Thermal Properties of Amino Acide and N-Acetyl Amino Acids

pH r
(of DSC Solute M
Solyte sample) MW Tg',Dc Crystal. g Hp0/g
Glycine 6.52(b)  75.07 .- yes -
Glycine 9.08(c) -58 no 1.717
OL-Alanine 6.19(b) 89.1 -50.5 yes -
DL-Alanine 1.97(d) -5%.5 (a) -
OL-Serine 10.14(c) 105.1 -51.5 no 1.882
OL-Proline 7.23(b) 115.1 - (a) -
DL-Valine 10.70(c) 117.2 -s0 (a) -
OL-Norvaline 10.09(c) 117.2 -54,5&-36.5 (a) -
OL-Threonine 6.00(b) 119.1 0.5 no 1.043
QL-Leucine (e) 131.2
OL-Norleucine 12.32(c) 131.2 -54 (a) -
OL-Isoleucine 0.50(d) 131.2 -59.5 yes(a) -
OL-Aspartic Acid 9.93(c) 133.1 -49.5 no 1.982
DL-Glutamic Acid(-Hy0) 8.37(c) 147.1 8 no 1.587
OL-Methionine 0.79(d) 149.2 -52 no 1.246
OL-Asparagine 10.09(c) 150.1 =49.5 no 1.483
OL-Ethionine 1.06(d) 163.2 -50.5 no 1.109
OL-Pnenylalanine (e) 185.2
OL-Citrulline 10.60(c) 175.2 -50 no 1.976
OL-Tyrosine (e) 18l.2
OL-Lysine HCL ' 5.52(b) 182.7 -47.5 no 1.211
OL-O0PA 0.59(d) 197.2 47 no 1,580
OL-Tryptophan (e) 204.2
OL-Histidine HCI1-Hy0 3.98(b) 209.6 -44 yes -
OL-Histidine HCleHy0 1.32(d) -52 no 1.044
OL-Arginine HCl 6.05(b) 210.7 -43.5 no 0.742
OL-Cystine (e) 240.3
Hydroxy-L-Proline 6.13(b) 131.0 -53.5 yes -
(a) | Shows eutectic melting.
(b) | As is pH in water.

(c)
(d)
(e)

Solubilized with 1 N NaOH.
Solubilized with 1 N HCI1.
Insoluble at 20% level.

[S1ade et al. (1989)]

N-Acetyl Amino Acid

Wy ! pH
gHoU/g
Glycine (f)
Alanine 0.836 1.97(a)
1.899 7.0(c)
Serine 0.817  1.8l(a)
2.109 7.0(c)
Proline 0.635  2.03(a)
(f) 7.0(c)
Hydroxy Proline 0.639  1.83(a)
1.535 7.0(c)
Threonine (g)
Lysine (g)
Arginine 0.316  2.29(b)
(f) 9.0(c)
Histidine 1,903  1.3(b)
0.368  5.22(a)
(f) 7.0(c)
valine 1.769 5.15(c)
1.622 7.0(c)
Leucine 1.691  8.02(c)
1.547 9.6(c)
Asparagine (d,e) 1.02(b)
1.477 9.0(c)
Aspartic Acid 0.359  1.78(a)
1.815 7.0(c)
2.1594 9.0(c)

Glutamic Acid 1.203  6.0(c)
1.372  8.81{(c)
2.120 9.8(c)

(a)
(b)
(e)
(d)
(e)
(f)
(g)

solubilized in water
solubilized in IN HC1
solubilized in IN NaOH
shows eutectic melting
shows solute crystallization
insoluble at 20% w/w
material not available

mw wn

* Amino acids and n-acetyl amino acids show POTENTIAL functionality as food
CRYOPROTECTANTS in protein-based and other freezer-stored product systems,

and as "MOISTURE MANAGEMENT" ingredients in INFs

* LOW NWs, comparable to polyols, mono-, and disaccharides --> very LOW Tg’
(-40 to -60°C) but very HIGH Wg’ (many in range 1.0 - 2.2 g UFW/g)

* Aqueous solubility and solute behavior very SENSITIVE to solution pH -->
potential utility as ingredients in product systems depends on compatibility

with food product pH
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REAL FOOD SYSTEMS: STORAGE STABILIZATION OF FROZEN BREAD DOUGH -
CRYOSTABILIZERS, HIGH-PROTEIN VARIETAL WHEAT FLOURS

TABLE A: Protein Compositions and Low-Temperature DSC Results for Commercial

Vital Wheat Glutens

Gluten Sample % Protein Gliadin/ Té' Wé&
("as is" Glutenin ° (g UFW/g)
basis) ratio
IGP SG-80 (lot #323001 76.6 2.53 - 8.5 0.38
IGP SG-80 (lot #234116 79.6 0.80 - 8.5 0.34
IGP SG-80 (lot #264004 78.8 0.87 - 7.5 0.11
IGP SG-80 (lot 11/813 81.3 0.66 - 8.5 0.35
IGP SG-80 (lot 12/81 71.7 0.73 - 7.5 0.07
IGP Extra Strong Prot. 74.5 0.82 - 7.5 0.31
IGP Whetpro-80 82.9 0.75 -8 0.37 !
Henkel Pro-80 74.9 0.60 - 6.5 0.20
Henkel Pro-Vim 75.0 -5
Henkel E-35 33.6 1.12 -10 0.41
JR Short Gluten 45.3 1.29 -7 0.20
Medimpex 78.3 0.92 - 7.5 0.38
Sigma Wheat Gluten 80.0 - 6.5 0.39
1 Protein content as w$ of total sample.
2 Ratio by weight of protein content soluble in 70% aqueous ethanol to protein

w

content insoluble in 70% ethanol.
Tg! of hydrated gluten sample (gluten/water, 100/100), prepared by hand-mix-
ing gluten (as is basis) with equal weight of water.

* %

Considerable VARIABILITY (including lot-to-lot) in commercial wheat glutens
Vital wheat gluten --> tygical golxmeric CRYOSTABILIZER for frozen bread
dough products: Tg' = -6.5 to -8.57C, Wg' = 0.3 - 0.4 g UFW/g

TABLE B: Low-Temperature DSC of Commercial and Hand-Washed Wheat Glutens -

Tg' Results for Gluten/Sucrose/Water Assay Test System Samples

Gluten Sample Assay Composition Ig', C
Gluten Malto- Sucrose Water
dextrin
Henkel Pro-Vim 100 0 10 100 -9
Gluten-5409 1979; 100 0 10 100 -9
Gluten-5409 (1979 100 0 100 133 -32.5 & -14
IGP 5G-80 (lot 5/81) 100 0 100 133 -16.5 & -33
0 100 100 133 . -18
IGP 5G-80 (lot 5/81 100 100 50 133 -16.5 & -29.5
IGP SG-80 (lot 5/81 100 33 0 89 -17.5 & - 8
IGP SG-80 (lot 5/81 100 100 0 100 -19.5 & - 9
IGP SG-80 (lot 5/81) 100 300 0 267 -9
10 DE Maltodextrin : - 9.5
Solubles-5409 (1981) -22.5
Solubles-IGP SG-80 (lot 5/81) -29.5 & -37.5
1 Tg' of assay test system samples (gluten/sucrose/water or gluten/10 DE mal-
t%dextrin/sﬂcrose/ther), wigh com%ositiéns as néted for individual samples.
In each case, gluten (as 1s basis) was hand-mixed with the indicated total
weight of sucrose syrup or carbohydrate syruB.
2 Hané-washed gluten Trom 1979 crop year of 5409 varietal flour.
3 Tg' of 20% aqueous solution.

[Levine and Slade (1989c)]
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REAL FOOD SYSTEMS: STORAGE STABILIZATION OF FROZEN BREAD DOUGH -

CRYOSTABILIZERS, HIGH-PROTEIN VARIETAL WHEAT FLOURS

TABLE: Low-Temperature DSC of High-Protein Varietal Hard Wheat Flours and
Bread Formula Additives - Tg’ Results for Flour/Sucrose/Water

(100/10/100) Assay Test System Samples

ORIGIN OF Tg’ IN TERMS OF CONTENT OF GLUTEN AND SOLUBLES

o

varietal Flour (crop year - source) % Protein Gliadin/ Tg’, C

("as is" Glutenin

flour ratio

basis)
PLV (1979) 18.1 -16
PLV (1980) 14.5 2.65 -19
PLV (1981) 15.1 -10.5 & -21.5
3466 (1979) 19.2 -15.5
5471 (1979) 17.8 -11.5 & -18.5
5471 (1980) 18.8 1.42 -15.5
Eagle 717 (1980 - Kansas) 13.4 -19 * DSC assay of 100/10/100
Eagle (1981) 12.8 4.55 -20.5 -
Glentea (1980) 1.5 1.08 -20 flour/sucrose/water -->
Colorado 723 (1980) 12.4 -21 MODEL system for real
B23 (1980 - North Dakota) 15.3 2.95 -20.5 & -10 bread DOUGH formula
Waldron (1980 - Dickinson) 17.2 -17.5
Eureka (1980 - Dickinson) 16.8 -20.5 & -10.5 . . .
olaf (1980 - Dickinson) 16.4 20 & -10 * High-protein varietal
olaf (1980 - Wanner) 15.3 1.10 -18 & -11.5 wheat flours --> year
otaf (1981 - Minot) 14.1 -13.5 & -24
olaf (1981 - Fargo) 12.9 21 & -12.5 -to-year (and farmer-to
Len (1980 - Wanner) 16.1 -11 -farmer) VARIABILITY in
Len (1980 - Stang) 13.6 0.96 -9.58&-23 protein content and Tg’
Coteau (1980 - Stang) 17.2 -10.5
Coteau (1980 - Steffan) 15.0 1.30 -12 & -19
Coteau (1980 - RK/S1) 17.8 -10 & -18 * MOST flours --> TWO Tg’
Coteau (1980 - RK/S3) 16.7 -10 & -19 . r '
Coteau (1980 - RR/E1) 17.0 -10 & -18.5 vaiues‘ h}gher Tg' cor-
Coteau (1980 - RR/E2) 18.4 -0 & -18 relates with gluten
Coteau (1981 - Williston) 17.3 -11.5 & -19.5 content (gluten/sucrose
Pr2360 (1981 - Williston) 16.6 -4 & -23 '
Pra360 (1981 - Fargo) 13.0 12 & -20.5 /vater glass), lower Tg
Benito (1981 - Fargo) 15.2 -12.5 & -21 with endogenous soluble
Tracey (1981 = Fargo) 11.2 -21 CHOs in flour??
5409 (1979) 20.5 -10
5409 (1980) 17.9 2.40 -12 . .
5409 (1981) 19.8 0.97 10 & -21 * Higher protein content
5409 (1982) ? -3 & -12 --> gluten Tg' predomi-
5409 (1980):0.5 DE Maltodextrin (10:1)  16.3 21 & -13 nant; lower protein -->
Pillsbury 4X (1979) 12.9 -21.5 lower Tg' (soluble CHOs)
Pillsbury 4X (1980) 14.4 -20.5 & -14.5 more intense
Pillsbury High Gluten {PHG) (1980) 13.9 -18
PHG (1981) 15.8 2.09 -2 & -22
PHG (1980):Henkel Pro-80 (3:1) 29 -1 * APPARENT correlation
PHG (1980):Henkel Pro-80 (9:1) 20 -;g.s between protein content
PHG (1980):0.5 DE Maltodextrin (9:1) 12.5 - . '
PHG (1980):Pro-80:0.5 DE (9:1:1) 18.2 20 & -14 and value of higher Tg
PHG (1980):Whetsorb (10:1) 12.6 -10.5 (gluten), but obvious

exceptions

Malted barley ? -23.5
Brigand (1978 - England) 10.0 -23.5 & -29
Bounty (1979 - England) 10.0 -22.5 & -29

| [Levine and Slade (1989c)]
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REAL FOOD SYSTEMS: CRYOSTABILIZATION OF FROZEN BREAD DOUGH -

GF’s PATENTED FREEZER-TO-OVEN, PROOFED-BEFORE-FROZEN BREAD DOUGH PRODUCTS
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Storage Study Results: -20°F Freezer, 10-DE Maltodextrin Cryostabilizer

Control Control + | » Freezer-storage instability of
Ovenapring (cc) (Pills, HG) Maltodextrinl control dough (1 1lb loaf) -->
-------------------------------------- 1 steadily-decreasing ovenspring
1 week 850 887 | and baked loaf volume (plus
3 weeks 650 600 l increasing shrinkage of proof-
5 weeks 537 662 I ed, frozen dough blank) with
8 waaka 475 750 1 increaaing frozen-satorage time
|
Baked Volume (cc) | # Cryostabilization with 10-DE
----------------- I maltodextrin --> elevated Tg’
1 waek 1900 1850 | of aqueous phase --)> greatly
3 weeks 1775 1737 | INPROVED storage stability,
5 weeks 1678 1762 | after 8 weeks at -20°F, in
8 weeks 1582 1762 | terms of more stable BLV
T S T I I S S S S S S E S I A S S SR TS S S S E S R RIS EINEEREEISRSRIISISTIESET====I=S==
BAKING PERFORMANCE - CRYOSTRABILIZERS
O 2008
Q
- Benchtop, expt '1 ~20°F
% < — - — e
o
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W 1688
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3
1480
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o 1008
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STORAGE TIMEC(days)

[Levine and Slade (1989c)]
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REAL FOOD SYSTEMS: CRYOSTABILIZATION OF FROZEN BREAD DOUGH -
GF’s PATENTED FREEZER-TO-OVEN, PROOFED-BEFORE-FROZEN BREAD DOUGH PRODUCTS
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Cryostabilization With High-Protein Varietal Wheat Flours
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* Freezer-storage instability
of frozen bread dough -->
SHARP decrease in baked loaf
volume during first month of
atorage at Tf = 0°F, due to
combination of loss in dough
volume (shrinkage at Tf >
lower Tg’ for Pills. HG flour)
uid loss of ovenspring during
baking (due to condition of

- ghuben fila srownd esir esils)

* Rete of shrinkege of proofed
(porous matrix) dough blank
in frozen storage governed
by AT = Tf - Tg’ --> increas-
es logarithmically (a la WLF)
with incressing AT sbove Tg’

# High-protein varietal flours
(containing endogencua gluten
cryostabilizer) superior to
Pillabury HG flour for freezer
-storage stability --> greater
BLV after 28 daye storage at O°F

* Tg” of HPVFa in flour model ay-
stem --> good correlation be-
tween increasing Tg’ and increa-
aing BLV after 28 days storage

* Proprietary variety 5409 --»>
especially high T’ awnd MV

* Bwtent of sherinkege of froren
dough blank after 0°F storage
decreases with increasing Tg’
of NPVF

[Levine and Slade (1989c)]
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REAL FOOD SYSTEMS: CRYOSTABILIZATION OF FROZEN BREAD DOUGH -
GF’s PATENTED FREEZER-TO-OVEN, PROOFED- BEFORE FROZEN BREAD DOUGH PRODUCTS

" - - = 0P = " = " " = - = = = - - - - e = = - - . = = -

IMPORTANCE OF SOLUBLES/GLUTEN RATIO FOR FROZEN STORAGE

= 35
-
=2
lbddk.”vo. Metio 6’ r=-084
Uitcr Solubles/Gluten: > 341
........................ W [N}
| 3
* Good correlation (r = -l 33}
~0.84) between endoge- Q
nous solubles/gluten w
ratio of flour and BLV g
after frozen storage < 3.2
¢ BLV (and storage stabi- ug
lity) INCREASES with ° 31 F
decreasing solubles/ N
gluten ratio (INCREAS- 8
ePpeatabilization) S a0 | [ :
0.2 0.3 0.4 0.5 0.6

RELATIVE RATIO OF TOTAL WATER SOLUBLES / GLUTEN

FROZEN STORRGE STABILITY AS R RELAXATION PROCESS

Plot of Log BLV vs. Flour Tg’:

r=0.78 3

. Fair linear correlation (r = 0.78)
etween HPVF Tg’ and log BLV for
series of varietal flours -->
LV increases with increasing Tg’,
nd Tg’ increases with decreasing
#olubles/gluten ratio in flour

.zl 1

* Loas of BLV after frozen storage
+-> due in part to consequences
of mechanical RELAXATION process
t&} ‘rubbery” frozen dough -->

kinstics of deterioration

3.05

LOG 3 WEEK BAKED LOAF VOLUME

L L 1 L L L L L
=25 ~23 =21 -19 =17 -15 -13 -1
Tg’ IN FLOUR MODEL SYSTEM

[Levine and Slade (1989c)]




of Y’ faw Piewr Nodel
Spsten vs. Ratio Total Water
Selubles/Gluten:

- - - -

» Tg’ HIGHLY correlated (r =

~0.95) with solubles/gluten

ratio in flour, for series

of HPVFs, therefore with Tg'
baking performance (log BLV)

®* Correlation between flour Ty’
and log BLV much BETTER than
correlation between flour
protein content and baking
pﬁrforlanco after frozen

slorage

* Potential use of Tg’ assay
ag flour SPECIFICATION, more
PREDICTIVE than protein con-
tent, for HPVFs with good
£unctionality and storage

* Uidont of aniubias/glvtan
ratio of flour on therme-
Rechanical properties of
frozen dough --> equally
~good correlations with
Tg’ measured by DSC and
T maximum loss modulus
reasured by DMA --> ther-
romechanical stability off
frozen dough INCREASES
with DECREASING flour

aviabbuaghonn subkis

[Levine and Slade (1989c)]
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REAL FOOD SYSTEMS: CRYOSTABILIZATION OF FROZEN BREAD DOUGH -
GF’s PATENTED FREEZER-TO-OVEN, PROOFED-BEFORE-FROZEN BREAD DOUGH PRODUCTS

Cryostabilization With High-Protein Varietal Wheat Flours - Molecular Origin of
Tg’ in Flour Model System

Hz- %o

r = -0.95

1 l

0.3
RELATIVE RATIO OF TOTAL WATER SOLUBLES / GLUTEN

DMA T max loss modulus

or

DSC Tg' °C

0.4 0.5

0.6

EFFECT OF SOLUBLES/GLUTEN RATIO ON THERMOMECHANICAL BEHAVIOR
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