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FLOUR FUNCTIONALITY REQUIREMENTS
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PRODUCT CATEGORIES ILLUSTRATE FORMULA DESIGN

THE SAME FLOUR CAN BE USED TO MAKE VERY DIFFERENT PRODUCTS BY

CONTROLLING SUGAR LEVEL, WATER LEVEL, AND WATER TEMPERATURE
OR

DIFFERENT FLOURS CAN BE USED TO MAKE THE SAME PRODUCT BY

CONTROLLING SUGAR LEVEL, WATER LEVEL, AND WATER TEMPERATURE

Oreo High sugar Hot water temperature Low water level
HMG Medium sugar Hotter water temperature "
Ritz Low sugar Hotter water temperature "’

Premium No/low sugar Medium water temperature Low water level
Maria Med/low sugar Hottest water temperature K

CAl Med sugar Cold water temperature
Chewy* High sugar Cold water temperature ”

Cake* High sugar Cold water temperature High water level

Wafers Nollow sugar Cold water temperature High water level

* Benefit from “bleached flour”, chlorinated to pH 4.6 fpsr 2007



HOW TO DESCRIBE THE FUNCTIONALITY OF
SUGAR AND WATER IN THE FORMULA

THE INDIVIDUAL LEVELS OF SUGARS AND WATER ARE NOT

PREDICTIVE, BECAUSE THE SUGARS DISSOLVE IN THE WATER
AT VARYING RATES TO VARYING EXTENTS AT EACH TIME POINT
IN THE PROCESS, DEPENDING ON SOLUBILITY, PARTICLE SIZE,
INITIAL WATER TEMPERATURE, AND OVEN/PRODUCT PROFILE.

TS  =Total Solvent => Controls CREEP
= Total Syrup = Sum of Sugars + Water

% S = Solvent Concentration => Controls COLLAPSE,

via gluten development and starch gelatinization/pasting

= Concentration of Syrup Made by Sugars + Water
= Sugars / (Sum of Sugars + Water)
= Sugars/TS

S/W = Sugar/Water Ratio (alternative for concentration)
= Ratio of Sugars to Water



PRODUCT CATEGORIES ILLUSTRATE FORMULA DESIGN

THE SAME FLOUR CAN BE USED TO MAKE VERY DIFFERENT PRODUCTS BY

CONTROLLING SUGAR LEVEL, WATER LEVEL, AND WATER TEMPERATURE
OR

DIFFERENT FLOURS CAN BE USED TO MAKE THE SAME PRODUCT BY

CONTROLLING SUGAR LEVEL, WATER LEVEL, AND WATER TEMPERATURE

ALL low water level

Rotary mold cookie High sugar Hot water temperature  74-80 %S
AACC 10-50D High sugar Room temperature water

Graham cracker * Medium sugar Hotter water temperature 62-66 %S
Rich snack cracker Low sugar Hotter water temperature ~ 25 %S
Lean cracker No/low sugar Medium water temperature ~ 0 %S
AACC 10-53 Medium sugar Room temperature water ~ 67 %S
Wire-cut cookie Medium sugar Cold water temperature

* Cookie/Cracker Dilemma
FPSC 2007



Test Baking Research  Rationale
18 min Mixograph 50 w%

3.38 g water .
3.38 g sucrose
=

Effect of sucrose on
¢ . o
gluten during mixing

<

E \

— 754 4.07 g water ¢

€ 2.44 g sucrose

)

%. 6.5 + KINETIC effect 11111

o Do NOT confuse

> rheological kinetic

Q 55+ behavior observed

% for mixograph, RVA,

3 4.46 g water alveograph, farinograph

Q 457 . 1.78 g sucrose with

5 3 min ENERGETIC effect as in

P 5.55 g water EXCESS SOLVENT
3.5+

Je) CB O g sucrose 0 for SRC

2 4.97 g water/1 g sucrose |

£ 25 ' : , .

= 0 10 20 30 40 50

Sucrose weight % in Constant Volume (5.5 ml solution) with 5 g Climax Flour

One Sugar Type: Different Concentrations
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TOO MUCH SUGAR IN A FORMULA
MAKES A FLOUR LOOK “WEAK”

Standard alveogram for Ohio SRW flour
SOLVENT - standard 2.5% NaCl solution

Alveograph

. P = 23
MN\Mx‘mHHH_Hh L = 112
e W = 93

| | | ( 11 ] 1

f..................................................-
- SOLVENT - 50 wt % sucrose/water -
- =
n P = 23 :
: L = 15 g«
u W =14 =
= ]
m ¢ + + i - ]
= ]
....................................................:

Because gluten cannot develop, there is no effect of protease
SOLVENT - 50 wt % sucrose/water + protease (.00154% fwb)

I ] | I ] ] q

CAUTION ! Do NOT
21 | compare SRC I

P
L= 12 I to rheology for |
l W sucrose solvent !!
1 4 4 s Do EE S —7m7l

nu
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GELATINIZATION PEAK TEMPERATURE °C
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Test Baking Research Rationale -
74-80%

Effect of sucrose on Sugar Snap Cookie
Wire-cut Cookie~ 67%

DSC Starc_h_ du"ng bf‘kmg_ Graham cracker 62-66%

Do NOT confuse
kinetic behavior
observed for DSC with |
limited solvent and
elevated temperature
with

&
&
QO
L
O

ENERGETIC effect as in

EXCESS SOLVENT for
SRC (room temperature)
I I E I s il
0 10 20 30 40 50
SUCROSE CONCENTRATION w%
0 10 50 100

WHEAT STARCH : SUCROSE : WATER 100 : X : 100
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DSC SHOWS GELATINIZATION OF STARCH
HEAT, NO SHEAR, ~50% FLOUR

10

JUBILEE NORMAL WILD TYPE STARCH
LEONA 3 GENE WAXY TYPE STARCH

Wild type _ —
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SUCROSE 50% w/w

Lower mobility than water

Heat Flow (Endo up)

Wild type
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Temperature (C)



RVA SHOWS PASTING OF STARCH
HEAT, SIGNIFICANT SHEAR, ~ 12% FLOUR

25  Temperature (C =0
3500 p “) ss 95 50 .
JUBILEE NORMAL WILD TYPE STARCH
LEONA 3 GENE WAXY TYPE STARCH
S000
" WAXY TYPE
2500 SUCROSE 50% w/w n
. Lower mobility than water * Absence of
= L " lipid-amylose
M 2000 A crystallization
=
C 1500 - :
el :
= WILD TYPE
1000 4
WILD TYPE
500 e
e WAXY TYPE
I:I I

0 20 40 ] a0 100 120
Time (min)



B.D-]
RAW COOKIE/CRACKER FLOUR
100% NATIVE AMYLOPECTIN -
100% NATIVE AMYLOSE-LIPID o
DIAGNOSTIC I
DSC PROFILES
SHOW EFFECT OF SUGAR ool

CONCENTRATION %S ON
STARCH GELATINIZATION
DURING BAKING

BAKED LEAN CRACKER
40% NATIVE AMYLOPECTIN
120% NATIVE AMYLOSE-LIPID

Heat Flow (D :
n i

BAKED ROTARY MOLD COOKIE =
100% NATIVE AMYLOPECTIN o
100% NATIVE AMYLOSE-LIPID 3

VERY HIGH %S PREVENTS STARCH I
GELATINIZATION DURING OPTIMUM
BAKING TIME

é\mL

50  Temperature 100 C
FPsc 2007



DEFINE CRACKER vs COOKIE BY ~ 30 %S

Effect of sucrose on
gluten during mixing

Mixograph

0
18 min P AL
, L
I
!
| .—-”"’H
- |
= I
E CRACKER : i
= 7.5 . O
S LOW level sugar
@ |
£ %S < 30 wt % . COOKlE
© 65T  Hotwater . HIGH level sugar
4 Sugar dissolves COMPLETELY . %S > 30 wt %
2 during MIXING -
0O 5.5 - Cold or hot water
5 ==> NO effect of sugar particle size . Sugar PARTIALLY
g dissolved during MIXING
o 457 O u COMPLETELY dissolved
-fu . during BAKING
a ]
o 35 / » ==>LARGE effect of
£ 0 m particle size increases
“EJ ) 5? ) . ® with increasing %S
= T 10 20 30 40 50

o

Sucrose weight % in Constant Volume (5.5 ml solution) with 5 g Climax Flour .



DEFINE CRACKER vs COOKIE BY ~ 30 %S
Effect of sucrose on ?
DSC starch during baking !

COOKIE

HIGH level sugar
%S > 30 wt %
Cold or hot water

»l. CRACKER

LOW level sugar

%S < 30 wt %

Hot water

Sugar dissolves COMPLETELY
during MIXING

]
—=

o
=

Sugar only PARTIALLY dissolves
during MIXING

COMPLETELY dissolves
during BAKING

60 |- _ _ ==> LARGE effect of particle size
==> NO effect of sugar particle size increases with increaTing %S
so L L[ 1 1 e
0 10 20 30 40 50
SUCROSE CONCENTRATION w%
0 10 50 100

GELATINIZATION PEAK TEMPERATURE °C

WHEAT STARCH : SUCROSE : WATER 100 : X :100
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GLASS TRANSITION IN COOKIES AND CRACKERS

EFFECT OF MOISTURE CONTENT [FAT-FREE BASIS] AND FINAL COMPOSITION OF MATRIX
ON Tg AND OBSERVED CRITICAL RH FOR PRODUCT QUALITY & SHELFLIFE PREDICTION

CRITICAL RH INCREASES WITH INCREASE IN HIGH MW STARCH / LOW MW SUGARS RATIO

WATER IS A SOFTENING AGENT FOR BAKED PRODUCT TEXTURE:
PRODUCT HARDNESS DECREASES WITH INCREASING MOISTURE CONTENT

THREE-POINT-BEND TESTING AT ROOM TEMPERATURE (% GELATINIZED STARCH IN FAT-FREE DRY SOLIDS)

1000.0
CRITICAL RH = WHEN

MOISTURE CONTENT
DEPRESSES Tg DOWN
TO ~20C ABOVE

ROOM TEMP 100.0

MODULUS
(dyne/cm2x10¢)

10.0

SOGGINESS = WHEN

MOISTURE CONTENT

DEPRESSES Tg

DOWN TO ROOM TEMP 1.0

01

-

[AMEMIYA & MENJIVAR, AACC (1992)]

ROTARY-MOLDED
COOKIE (0%)

FAT-FREE MOISTURE (%)

LEAN CRACKER {70%)

rd

RICH
CRACKER

- Gow)
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EFFECT OF FAT CONTENT ON COOKIE TEXTURE

IN CONTRAST TO WATER,

FAT IS A TENDERIZING AGENT FOR BAKED PRODUCT TEXTURE
BUT FAT HAS NO EFFECT ON CRITICAL RH OR CRITICAL MOISTURE CONTENT:

PRODUCT HARDNESS DECREASES WITH INCREASING FAT CONTENT,
BUT FAT DOES NOT AFFECT Tg OR THE WATER CONTENT AT WHICH DRAMATIC SOFTENING OCCURS

10.00
[Amemiya and Menjivar, AACC (1992)]
1.00
MAX. LOAD
(Kg)
BAKER'S % FAT
O 0%
A 10%
0.10 o 20% o
gaw  T~Tn—g
A 40%
(% gelatinized starch < 5% in all samples)
0'010 5 10 15 20

FAT-FREE MOISTURE (%) FPsc 2007



% TOTAL MOISTURE

PRODUCT RELATIVE HUMIDITY VALUES FOR

HIGH QUALITY COOKIES WITH EXTENDED SHELFLIFE
DEPEND ON FORMULATION %S & TS AND MOISTURE LOSS DURING BAKING

100

80

60

40

20

o

RVP OF COMMON FOODS AT ROOM TEMPERATURE
AND TYPICAL STEADY-STATE MOISTURE CONTENTS

RVP

milk
()
8. fresh meat
op) o
Lo —
o Q
— @)
3 3
< bread dough
o < 2
'z = 0 baked bread
o) Q 8 .
9 S o jam
@) O
g ° g 0 raisin
o =
= — (&)
S S o % O%read flour
o S i - dry pasta
8 0 = I 4]
8 o—_
| | . | L {
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OVEN PROFILES AND BAKING REACTIONS

? Ll GEOMETRY / BLISTERS / BUBBLES DRYING
D:: pH UP NaHCO3 -------- > Na2CO3 BROWNING REACTIONS
3 g MOISTURE LOSS WITHOUT BROWNING COLOR / ANTIOXIDANTS / pH DOWN
3 W ACRYLAMIDE
o=
= CATALYTIC PHOSPHATES
DOUGH INHIBITORY MBS
STEAM
] SODA
BISCUIT
SODA + ACID —
ABC*
* When properly '5'.:-' .
used for biscuit — S .
baking, ALL of 'E / \ HCOOKIES
of the ammonium o ! RACKER ;
bicarbonate should E / C C //<
be completely = ' ~
volatilized before w ~
browning reactions = /
are initiated ! E . ~
> (/ o~ ol
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OVEN PROFILES AND BISCUIT CATEGORY BAKING

ANIMAL CRACKER
BAKED AS A
CRACKER

ACRYLAMIDE
70 ppb

CRACKER
BAKING
MECHANISM

CRACKER
_ " ONLY -
/ BLISTERS, ™\

: BROWN
[
e

OVEN TEMPERATURE

COOKIES
BROWNING

- _—‘-"-.\
BUBBLES
/ //<

\ \
\
\
\
/
!

ANIMAL CRACKER

BAKED AS A
\ COOKIE
S N

. ACRYLAMIDE

w

ZONES: 1 2

BAKING
TIME

0

|

2
3
4
5
6
7
8

——
.
N
Illiiiiiiilll
1

430 ppb

COOKIE
BAKING
MECHANISM
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CRACKER BAKING PERFORMANCE
THE PROCESS IS A PRIMARY CRITICAL FACTOR !

Cutter Length

CONSTANT &

OPTIMUM
Flour SRC & Alveo
Water temperature
Water level
Sugar level
~25%S 33TS

STACK HEIGHT IS

DIRECTLY RELATED

TO SNAP-BACK

= % CONTROLLEDBY
)  UNIAXIAL PULL

<o & SRR ON DOUGH SHEET

==  CAUSING EXTENSION
Sy OF GLUTENINS

& B aaseryeT 3

ONLY VARIABLE
IS MACHINING/

SHEETING ROLL st g v L
GAP SETTINGS : B

FPSC 2007



Experimental design: ONLY sugar & water levels varied, from ~ 10-53 Wire-Cut to ~ 10-50D Sugar-Snap

TOTAL = 63

Sucrose conc w/w  63.5% 72.3% 63.5% 72.3%
Dough firmness 240 308 firmest 94 softest 156



2 X 2 FACTORIAL DESIGN
% SUGAR CONCENTRATION vs TOTAL SOLVENT

3 S/W =174 S/W = 2.61 4
LS . SW% = 635 SW% =723 , .
S - 527 TSWT = 83 TSWT = 83 S - 60
LFRA = 94 Model for Sugar Snap |FRA =156

1 S/W =174 S/W = 261 2
W < 23 SW% = 63.5 SW% = 723 . 1746
s-40  TSWT = 63 TSWT = 63 s - 4554
LFRA =240 Model for ere-Cut LFRA = 308

‘ LFRA increases 3 4 1 2 BUT Diameferincreases 1 2 3 4
Dough firmness does NOT predict product diameter !

b 0 38 0 37 I -
J
moisture 0 length i width
2 0
o 2 1
0 1
1 2 0
1 30 : 30 1
5 height 10 5 height 10 5 height 10
SRC lactic acid predicts _
All networks retain expansion volume snap-back and height Creep is related more to
and moisture content during baking. creation/retention. SRC sucrose & Na carbonate.

FPSC 2007



MOISTURE LOSS DURING BAKING AND BAKED PRODUCT GEOMETRY
DEPEND ON % SUGAR CONCENTRATION & TOTAL SOLVENT
AND DETERMINE PACKING EFFICIENCY & SHELFLIFE

73.5 %SUC " uc FORMULA
32 ¥§ ADD CRYSTALLINE SUCROSE
= TO MIXING BOWL

PERFECT SIGNIFICANT
SYMMETRY > ROUND > SNAP-BACK

sh 3.55 cm sh 5.50 cm HEIGHT OF 4

\
: 8.57% FINAL BAKED MOISTURE CONTENT

EXTENT OF SUGAR DISSOLUTION
DURING MIXING OF STANDARD CONTROL

Control
fits here

& USE PREDISSOLVED SUCROSE TO IDENTIFY

100 % ALL 75 % 50 % 25 % 0 %
656‘VSUC
r‘.?h g EE ::m : 8 cm '53‘1 2 <::rn 'ih 5’9@ cm E.h E Ea cm

PREDISSOLVED



COLLAPSE AND SURFACE CRACK

0.5 1.0 1.5 2.0

Comparison of cookies with different levels of sodium bicarbonate
(Ib per flour cwt) using a constant level of acid in the formula to
generate corresponding extents of vertical expansion during baking,
In order to demonstrate that the cause of cookie surface crack is
COLLAPSE, not sugar recrystallization nor surface drying.

FPSC 2007



EFFECT OF SUGAR TYPE: AACC 10-50D
SUGAR SNAP COOKIE BAKING ==> VERY HIGH %S *

185
i i FRUCTOSE

77 mm

Perfect Symmetry

—>

No gluten development
during mixing

85 mm
& 77 mm

Small width

Starch gelatinzation/

pasting during baking Cutter

Diameter
60 mm

Asymmetry L <<W GLUCOSE * H20 XYLOSE
—>

65 mMm

Gluten development
during mixing

— "Snap-back" 67 mm
4Amm
*Very high %S
(sugar concentration)
to exaggerate
sugar functionality " 2007



Starch Gelatinization Temperature (C)

on starch during baking

100

90+

80+

70

60

Effect of sugar type
at constant concentration

(Water %

DSC

Xylose

Fructose

Glucose

Sucrose

Water alone compared to 50 ¥ (wt/wt) sugar
solutions as gelatinization media

Peak Time (min)

on gluten during mixing

Co
1

N
t

»

Iwater  Xylose

Mixograph

Fructose

Glucose

Sucrose

Water alone compared to 50% (wt/wt) sugar solutions
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EFFECT OF SUGAR PARTICLE SIZE:

AACC 10-50D SUGAR SNAP COOKIE BAKING ==> VERY HIGH %S *

Same flour, same formula, same process .....
Sucrose ONLY === same solubility in water .....
So baking performance is ONLY effect of sugar particle size .....

Larger particle size delays sugar dissolution during mixing AND EVEN during baking !'!!
- Greater starch gelatinization/pasting =9 smaller cookie size

BUT sugar snap formula =P %S great enough to prevent gluten development during mixing
- Danger = learn about sugar functionality, NOT flour functionality with 10-50D

MEDIUM EXTRA FINE BAKER'S SPECIAL

* Very high %S (sugar concentration) to exaggerate Sugar functionality FPSC 2007



Sugar content ( % by weight )

EQUILIBRIUM EXTENT OF SUGAR DISSOLUTION = SOLUBILITY
DEPENDS ONLY ON TEMPERATURE AND SUGAR TYPE

100 +

Fructose Glucose Anhydrous

80 " BUT RATE

OF SUGAR DISSOLUTION
DEPENDS ON SOLUBILITY

AND PARTICLE SIZE

sSucrose

60 -

PARTICLE SIZE
Glucose H20 IN THIS EXPERIMENT
40

1

S>F >>G&X

20

0 - .I | 1 |
0 25 50 75 100

Temperature ( °C ) FPsc 2007



LINK FUNCTIONAL COMPONENTS
[ WHC ~ SRC water TO FLOUR SPECIFICATIONS?

g H,O/gdry
Component ] ]
Moisture

[2.8] Gluten»\/\/\> Protein

[10] Pentosans

Ash
Starch Acid viscosity
[ 0.3-0.45] Native N
1.5-10 .
[ I Damaged Traditional
[>10] Gelatinized/ L Al N
pasted veograp
Waxy W
Chlorinated
B UT Protein [ 2.8 ] Gluten vs Nongluten [ negligible]
Gliadins vs Glutenins rye gene translocation ?
Film-formers, NOT networks Network-formers

Pentosans # Ash

FPSC 2007



INTERPRETATION OF TRADITIONAL ALVEOGRAM

Visualize a triangle for rationale in following slides:
the greater the Pmax, the greater the L at Pmax, so we are looking for effects
beyond that simple result of the geometry of the alveogram shape.

70 -
Ohio SRW Wheat

4 “Gold Standard"
kY Biscuit Flour

35 +/- 5§
+/- 15
100 +/- 10
\—YJ\'Y\J

Quality Consistency
4., SRC: WRC < 51%

nmnan
O
o

35 -

A
oy
)
-
d .
ol .
I
IJ
I
-
"y
a
-




WHAT DO WE LOOK FOR IN THE ALVEOGRAM ?

LOCATE CONTRIBUTIONS DURING BUBBLE EXPANSION FROM FLOUR FUNCTIONAL COMPONENTS

SRC SUCROSE

&
X
&O SRC SODIUM CARBONATE ]
~ > Slope less negative than due to
& & L %) _ _
70 - & & ??_ % increase in bubble surface area ==>
O & N\ SRCLACTIC ACID stronger, more orientable glutenins
Q
&
Y N
LW 35 SA VOLVME
nd
Q GLIADINS . .
FILM-FORMERS, Pmax has no functional meaning !!
NOT NETWORKS It is just the coincidence of two
P independent simultaneous processes:
- 1) yield stress resistance
J W= area ‘! to initial expansion
J 2) bubble is expanding
0< L 2100 at a constant VOLUME
rate, so surface area
TIME OF BUBBLE EXPANSION => BUBBLE VOLUME increases as shown

l1sec=55mmofL and 1 mm of L =5.0505 cc of air
FPSC 2007




W AT STANDARD L VALUE vs Pmax
STANDARD BUBBLE VOLUME CALCULATED AT STANDARD L VALUE
FORL =100 BUBBLE VOLUME ~ 505cc

| | I | | | |
Greater W at constant bubble volume ==>stronger in general, STRONG

- STRONG

& 6@

-SUPER SOFT

W@L=100

BUT using W@L=std value, we learn that

B greater W/ P RATIO (points above slope line) \\W/EAK
WEAK indicates that gluten strength is greater than HARD
& SOFT family behavior for set of flours. &
|

| ] | | | |

Pmax




ROLE OF PEN ENZYME IN FLOUR FUNCTIONALITY

EFFECT OF PEN WATER COMPENSATION
[S1ade and Levine (1993h)]

OHIO SRW-BASED FLOUR

CONTROL ALVEOGRAM P
L
W
[ 1) ¥

ADD PEN ENZYME

A s s = S w— .

—_—

OMIT 15% WATER,

=0

NO PEN ENZYME

= 82
72
161

P
L
W

3 ey v

oo

OMIT 15% WATER, ADD PEN ENZYME

|

28 X

116 SO
83 %

NOT A
0% STRONG
96 FLOUR
35 %

Pure pentosanase
has no protease
activity, so gluten
Is still the same as
before enzyme
treatment !

31
129
107

FPsc 2007



MODIFICATION OF FLOUR FUNCTIONALITY
BY ADDITION OF ENZYMES TO A COOKIE DOUGH

HISTRA = a-AMYLASE PEN = PENTOSANASE (water accessible AXase)
EFFECT OF ENZYMES ON STACK HEIGHT OF

MODEL WIRE-CUT (AACC 10-53) COOKIES

L
w
L
Oy

EAST-COAST PRODUCT
STACK HEIGHT (em)
s
thg
A
,9.
Isg,
WEST~COAST PRODUCT
STACK HEIGHT (em)
[S1ade and Levine (1993h)]

W
o
w
o

|
POSSIBLE ACTIONS - PNW SW CLUB-BASED FLOUR + PEN & HISTRA

REPLACE PNW SWC BY INTERMOUNTAIN SW



HOW CAN THE TRADITIONAL ALVEOGRAM CAUSE CONFUSION
FOR RUNNING A MILL AND SATISFYING CUSTOMERS ?

VERY DIFFERENT BISCUIT FLOURS CAN BE MILLED FROM VARYING WHEAT BLENDS,

BUT THEY CAN HAVE THE SAME ALVEO Pmax AND SRC H20 (or AWRC) VALUES ......

% 25R26  Pmax SRCH20 SRCLA PGLUTEN SRCNaC Ppamst SRCSuc  PwAPENT
in SRW
Blend
10 36 53 80 9 70 12 o8 15
15 36 53 85 12 70 12 93 12
20 36 53 90 15 65 9 93 12
25 36 53 95 18 65 9 88 9

SO, THE SAME ALVEOGRAPH Pmax VALUE CAN BE MEASURED FOR 4 FLOURS
WITH VERY DIFFERENT PERFORMANCE FOR
PROCESSIBILITY, PRODUCT QUALITY, BREAKAGE, AND SHELFLIFE !

FPSC 2007



EFFECT OF PENTOSANASE (WA-AXase) ON FLOUR FUNCTIONALITY

IN A SNACK CRACKER DOUGH --- “TRUE” RHEOLOGY
RHEOMETRICS MECHANICAL SPECTROMETER STRESS-STRAIN PROFILES

ADD PEN ENZYME

¥ & DECREASE WATER LEVEL
~——— LOWYIELD STRESS

T HIGH ELASTIC RECOVERY
. CONTROL DOUGH

_ f—‘——'HIGH YIELD STRESS

s MEDIUM ELASTIC RECOVERY

ADD PEN ENZYME

\ LOW YIELD STRESS
~ ¢ MEDIUM ELASTIC RECOVERY

"~ CONCEPTUAL BASISFOR |
' TRANSFORMATION FROM |
)I TRADITIONAL ALVEOGRAM I
- w: I  TO STRESS-STRAIN
/T ww ALVEOGRAPHY PROFILES |

] o m mm mm omm o o - —

CA

T VeIl
ot
: FPSC 2007



If we had analog alveograms to digitize, or better digital alveograms than the AlveoLink
provides, we could transform the P vs L profiles to Equivalent Work vs Volume

A NEW WAY TO LOOK AT ALVEOGRAMS

TRADITIONAL Pvs L NEW APPROACH EXPANSION WORK vs VOLUME
10 o 1as 00 ysw 13970 pJ
L 74 Ew 31 pJd/cc 4 C)
A) W 386
— P E . - ==
'_ o
2 ®
;-
(1]
% 0 0 ° [ V 400
80
o L
36000
a o0 YSw 5370 pJ
—~ p 73 Ew 37 pd/cc
2 B) I\;v 231
5 z == D)
— P 2
()] =
0 o
0 L 80 0 Vv 400

A and B) Traditional alveograph P vs. L curves for two samples of hard wheat flour
with significantly different pentosan contents but equal gluten contents;

C and D) the conversion to corresponding plots of equivalent expansion work vs. bubble volume
for the respective alveograph data in parts A and B.

Separate parameters analogous to yield stress, in units of WJ, and to elasticity, in units of pJ/cc,
are obtained from the intercept and slope, respectively, of the notional stress-strain curves in parts C and D. 07



AACC 56-11 SRC 4 STANDARD DIAGNOSTIC SOLVENTS

USED AT 5X EXCESS TO
AVOID KINETIC EFFECTS

Reference o
(all components to varying extents) ——> CAN NOT
COMPARE TO
exg RHEOLOGICAL

% METHODS

50% Sucrose
< 89%

I EFFECT OF MILLING
Gl utenins EXTRACTION RATE!

()
—
©
-
&)
(@)
(@)
@®©
x
]

67% Ohio SRW Higher extraction rate Pentosans
Chlorinated —==> 86% Ont SWW
or RyeGT increase 126% Can HRS &
SRC Na C .
SRG Suc 5% Sodium
decrease Carbonate
SRC L Ac < 64%
Flour Performance Damaged starch Flour Conformance

64% Ohio SRW

attern of SRC values
P 123% Can patent durum

appropriate for end-use

lot-to-lot variation
in SRC values ..., .,



Interpretation of the Results

Flour Performance
- related to pattern of SRC values for different end-use applications

SRC (%)
Water Lactic acid Sodium carbonate Sucrose
(glutenins) (damaged starch) (pentosans)

Good cookie flour <51% > 87% <64% < 89%

+0.5% +1% +0.5% +1%
Good flour for sponge
and dough system <57% >100% <72% < 96%

Flour Conformance
- related to variation of SRC values from lot to lot

FPsC 2007



WHEN FLOUR IS MILLED FROM AN UNIDENTIFIED BLEND OF
WHEAT VARIETIES, THERE IS NO RELATIONSHIP BETWEEN
PROTEIN CONTENT AND FLOUR PERFORMANCE.

EVEN FOR A SINGLE WHEAT, MILLED TO DIFFERENT EXTENTS OF EXTRACTION,
THERE IS NO RELATIONSHIP BETWEEN PROTEIN CONTENT AND FLOUR PERFORMANCE.

1400

Flour Protein Quality - Not Quantity

The relation between loat volume and flour protein for each variety '200
was linear within the limits of protein encountered, approximately 8.5—18%.
Regression lines for loaf volume versus protein content for any variety were
similar for four crop years, indicating that the bread-baking quality of each
variety was essentially the same in different years. Again, the level and slope of
the regression lines for loaf volume on protein content for the varieties differed

S 1000

significantly, indicating differences between varieties in protein quality.

AT A GIVEN PROTEIN CONTENT,
FLOUR PERFORMANCE CANNOT
BE PREDICTED FROM WHEAT
TYPE, WHEN COMPARING HRW

TO HRS WHEAT FLOURS.

Loaf volume-protein content regression lines for hard red winter (HR W) and hard red spring
(HRS) wheat varieties. Each variety regression line represents many samples harvested throughout

the Great Plains during several crop years.

LOAF VOLUME

800

600

FINNEY. K. F..and BARMORE, M. A. 1948.
Loaf volume and protein content of hard
winter and spring wheats. Cereal Chem.
25:291-312.
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4 SUPPLEMENTAL DIAGNOSTIC SOLVENTS

Glutenins

Lactic Acid

55% Ethanol '

Gliadins

NOT networks,
SO escape into
supernatant

Note ethanol
deswells all

other flour .
polymers !! Gluten Glutenin

Macropolymer

FPSC 2007



FLOUR FUNCTIONALITY =
PATTERN OF SRC VALUES

120

BAKING PERFORMANCE =
PATTERN OF FORMULA,

PROCESS, AND PRODUCT

o _E"S':un QD_PaSW (geometry, topography, color, pH, texture, shelflife)
0 4 = % g_ % 20 -
1::' Water LA MNagCOg Sucose 1;:' Wiater LA MapClOs Sucrose
Whitehird Bleached pastry
a0 an [Chlorinated to pH 457
o N Except when starch pasting
z iIs PREDOMINANT feature of
> ‘ 7 baking performance !
’ Wiater LA MNazCOz Sucose ’ Wigter LA MazClz Suecrose Chlorlnated and Waxy StarCheS
SRC PATTERNS Predict BAKING PATTERNS
SRC Sample Baking AACC 10-53 Wirecut
Lactic Sodium Wt.loss Length Width Height
Water _ Sucrose
Acid carbonate (%) (cm) (cm) (cm)
51.3 79.7 66.1 88.3 Biscuit 14.9 33.9 33.9 3.5
50.4 71.3 65.9 90.7 Pastry 14.3 33.4 33.5 3.7
51.0 85.2 70.1 94.8 Whitebird 13.7 32.0 31.8 4.0
52.8 63.9 70.4 87.0 Bleached pH 4.6 Pastry 11.6 28.3 28.3 5.3




COOKIE vs CRACKER BAKING --

THAT’S THE DIFFERENCE !

Sladel@optonline.net
Levineharry@optonline.net
Kweon.1l1l@osu.edu

Diane.Gannon@Xkraft.com
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