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Introduction

Increasing the consumption of whole grain 
foods is highly recommended. It is 
accepted across the world as a 
preventative strategy for reducing the 
risks associated with chronic diseases, 
including cardiovascular disease, type II 
diabetes, obesity, as well as some cancers.
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Diets around the world are low in whole grain 
intake, and chronic health burdens continue to 
increase. This presents an opportunity for food 
manufacturers to help address this issue by 
producing tasty and appealing whole grain foods. 

This information pack aims to support food 
manufacturers across South East Asia (SEA), by 
providing guidelines on how to produce whole 
grain foods using Australian wheat. The guidelines 
provided are based on the research undertaken by 
AEGIC, focusing on three wheat grades — 
Australian Hard (AH2), Australian Premium White 
(APW) and Australian Standard White (ASW).

The information pack:

• provides clear definitions for whole grain 
product claims;

• identifies a suitable wheat source to 
produce whole grain foods;

• addresses the challenges and opportunities 
of whole grain food production; and 

• provides guidelines on how to produce 
specific whole grain products. 

The purpose of this information pack and product 
sheets is to encourage food manufacturers to 
produce whole grain foods. This will support 
efforts to increase whole grain consumption, 
therefore reducing the health risks associated 
with low whole grain consumption. 
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Bread

• Whole grain addition of AH2 at 50% of total 
flour, using a coarse particle size is the 
recommended starting point. This is 
particularly recommended for consumers 
who are not used to whole grain products.

• Higher whole grain addition rates of 75% 
and 100% are also achievable but will be 
dependent on your target market. 

 Click here to read the Bread product sheet

Instant noodles

• APW at 25% whole grain addition with a 
fine particle size is recommended. 

• 25% whole grain allows food manufacturers 
to claim the presence of whole grain on the 
front of pack. 

 Click here to read the Instant noodles product 
sheet

Crackers

• APW and ASW at 50% whole grain addition 
are both recommended with a coarse 
particle size. 

• A higher addition rate of 60% is also 
achievable but will depend on target 
market preferences. 

 Click here to read the Crackers product sheet

Coconut and pandan waffles

• AH2 and APW at 100% whole grain addition 
with a fine particle size are both 
recommended. 

• Each wheat grade results in a different 
mouthfeel texture, therefore the choice of 
wheat grade will be dependent on your 
target market. 

 Click here to read the Coconut and pandan waffles 
product sheet

Chocolate oat cookies 

•  ASW at 100% whole grain addition produces 
an acceptable cookie. 

• Use of either coarse or ultrafine particle 
size is acceptable, but this will be 
dependent on your target market. 

 Click here to read the Chocolate oat cookies 
product sheet

Youtiao/cakwe

•  APW at 15% whole grain addition with a 
fine particle size is recommended. 

 Click here to read the Youtiao/cakwe product sheet

Dried noodles 

• APW at 25% whole grain addition with an 
ultrafine particle size is recommended.  

• A higher addition rate of 30% is also 
acceptable as mouthfeel differences 
between the two are marginal. 

 Click here to read the Dried noodles product sheet

Key recommendations
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Whole grain food 
definition
The whole grain food definition provides food 
manufacturers with a benchmark when creating 
whole grain foods. This definition also allows 
consistency between food manufacturers, as well 
as assistance in quantifying whole grain in 
each product. 

Requirements for whole grain food

The definition of whole grain food outlined by the 
Whole Grain Initiative is as follows: 

“A whole-grain food shall contain at least 
50% whole-grain ingredients based on 
dry weight”  
(Whole Grain Initiative, 2021)

At a minimum addition of 50%, food 
manufacturers have an opportunity to optimise 
their products at a level that is suitable for their 
target markets. This will ensure that the 
associated health benefits of whole grain 
are present. 

However, food manufacturers must ensure that 
the whole grain ingredient used in the food 
product still meets the definition of whole grain 
as a food ingredient1. 

1 See Appendix 1 for definition of whole grain as a food ingredient. 

Requirements for a front of pack claim 

The Whole Grain Initiative also outlines in the 
whole grain food definition the requirements for a 
front of pack claim as follows:

“Foods containing a minimum of 25% 
whole grain ingredients based on dry 
weight, may make a front-of-pack claim on 
the presence of whole grain but cannot be 
designated ‘whole grain’ in the 
product name” 
(Whole Grain Initiative, 2021)

At this lower addition rate, producing foods that 
have the front of pack claim can be used to 
encourage and assist consumers with identifying 
and increasing their whole grain intake. 
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Wheat source for whole 
grain products

The selection of wheat source to produce whole 
grain food is important. An environment that 
provides clean grain, good colour and mild flavour 
will ensure that the wheat is suitable for whole 
grain food production. These characteristics are 
features of Australian wheat.

The dry harvest conditions in Australia provides 
an advantage for whole grain products, where less 
microbial growth on the kernel exterior will occur. 
This is an important food safety factor to consider 
when producing whole grain foods. 

Colour and flavour are important factors for 
consideration. The characteristics of Australian 
wheat, with its light coloured seed coat (white 
wheat, Figure 1) and milder flavour, make it more 
suited for use in SEA (Grafenauer et al., 2020). 
Bitter flavours are associated with darker coloured 
red wheat from other destinations. Refer to 
Appendix 2 for AEGIC research conducted on red 
versus white wheat in bread production. 

The cleanliness, colour and flavour traits of 
Australian wheat make this source highly suitable 
for use in SEA whole grain food production. FIGURE 1. White wheat (top); Red wheat (bottom)
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Challenges of whole grain 
food production

The production of whole grain food presents 
various challenges. However, with ongoing 
research and advances in technology, there is an 
opportunity to overcome such barriers. 

Shelf life 

Whole grain flour has a shorter shelf life than 
refined flour. Because all components of the wheat 
grain are present, there is a higher chance for 
rancidity to occur. This is mainly due to the 
susceptibility of the oil from the germ to lipase 
enzymes present in the bran, resulting in decreased 
shelf-life (Doblado-Maldonado et al., 2012).

To increase the shelf life of whole grain flour, 
there are some measures that can be undertaken. 
These include: 

• Storage of whole grain flour at a cooler 
temperature, where shelf-life can be 
approximately doubled for every decrease 
in storage temperature of 10°C (Salman and 
Copeland, 2007). 

• Whole grain concentrates, which are 
prepared blends of the bran and germ in 
the original kernel proportions to help 
reduce storage volumes. These are 
commonly used in Australia.

• Producing whole grain foods using a shorter 
supply chain.

• On-site milling for whole grain requirements 
on an “as needed” basis. 

• Heat-stabilised whole grain concentrate. 

Consumer barriers 

The acceptability of whole grain products by 
consumers is another challenge for food 
manufacturers. Consumption of whole grain 
products is relatively low in some countries due to 
pre-conceived consumer perceptions associated 
with taste and texture (Schaffer-Lequart et al., 2017). 

Traditional foods made with whole grains that are 
tasty and convenient for consumers could 
increase consumer acceptance. Addressing 
consumers’ sensory needs, as well as continual 
exposure to whole grain products, is a way in 
which acceptance of whole grain foods can be 
achieved (Schaffer-Lequart et al., 2017). 

By addressing the known sensory barriers 
associated with whole grain products, food 
manufacturers can work towards helping increase 
whole grain intake. 
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Opportunities for whole 
grain food production 

Health benefits

The health benefits of consuming whole grain 
products include reduced risk of chronic diseases 
and premature mortality (Aune et al., 2016). With 
the current burden of chronic diseases, food 
manufacturers have an opportunity to address 
these issues with the production of whole grain 
food options. Increasing the availability of whole 
grain foods is one strategy to tackle this 
growing burden. 

Health-conscious market 

The growing demand by consumers for healthier 
dietary alternatives is also continuing to expand 
across SEA. As consumers become more health-
conscious, there is an opportunity for food 
manufacturers to expand and supply this growing 
market with new whole grain foods.

Economic benefits 

The production and consumption of whole grain 
foods can lead to beneficial economic savings. 

Australian research found that healthcare cost 
savings greater than $1.4 billion could be achieved 
within Australia with the consumption of the 
recommended three servings of whole grain per 
day, or 48g daily intake (Abdullah et al., 2021). 
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Production of whole 
grain foods

The production of whole grain foods requires 
various processing factors to be considered. 
Understanding what end-product quality traits are 
required for target markets will also influence the 
production of whole grain foods. Factors to be 
considered include:

1. Wheat grades 
Different wheat grades possess different 
quality characteristics that should be 
considered to suit the end-product.

2. Particle size 
Particle size of the added whole grain flour 
can impact the texture and mouthfeel of 
various products. 

One particle size that may suit a particular 
product may not be suitable for another. 
For example, a larger particle size can be 
used in bread products with minimal 
impact on the final end-product quality. 
However, this same particle size cannot be 
used in instant noodles, as it impacts the 
mouthfeel of the end-product.

3. Addition rates 
Addition rates can influence the processing 
of products. For example, more water 
would be required at higher whole grain 
addition rates.

End-product quality such as the texture of 
the foods can also be affected at different 
addition rates.

Adjustment of the formulation for the 
desired whole grain addition rate must still 
retain all components of the grain in its 
relative amounts as found in the grain.

Guidelines of addition rates for whole 
grain products

Addition rates for whole grain foods, calculated on 
a dry matter basis for each product, are presented 
in Table 1.

TABlE 1. Addition rates for whole grain foods

Claimed whole grain flour 
(%)

Refined flour addition 
(%)

Whole grain flour addition 
(%)

15 84.8 15.2

25 74.7 25.3

35 64.5 35.5

50 46.1 53.9

60 34.9 65.9

75 19.2 80.8
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Product sheets

The following section provides a guide to 
produce whole grain bread, instant 
noodles, and crackers, coconut and pandan 
waffles, chocolate oat cookies, youtiao/
cakwe and dried noodles. For further 
details on the research undertaken to 
develop each product, please refer to 
Appendix 3. 
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Bread
product sheet

AH2 at 50% whole grain Formulation

Ingredients Bakers' percent (%)

Refined flour 46.1

Whole grain flour* 53.9

Yeast 3

Salt 2

Oil 2

Improver 1

Gluten 1

Water +/- 66

* Whole grain flour was made with the refined flour combined
with the whole grain concentrate according to the original
proportions of the wheat.

Procedure 

The procedure used to produce the whole grain 
bread was a rapid dough formulation. This process 
is recommended for whole grain sandwich or 
toast bread.

1. Weigh up all the ingredients as per the
formulation table above.

2. Using a dough mixer, mix dough until fully
developed. Aim for a finished dough
temperature of 30°C.

3. Once the dough is developed, remove from
the mixing bowl, and leave to rest for
5 minutes.

4. Divide the dough into 780g for sandwich
loaves, or any scale weight desired. Rest
the dough for a further 10 minutes.

5. Mould the dough using a moulder to form
desired shape.

6. Proof for 70 minutes at 38°C and 85%
relative humidity.

7. Bake at 230°C for 28 minutes.
Note: Oven temperature and time will vary
depending on the oven used.

8. De-pan bread immediately and allow it to
cool before slicing and packaging as desired.

AH2 is the recommended wheat grade to 
produce whole grain breads. The best bread 
can be achieved at 50% whole grain with 
good volume and crumb structure. 50% 
whole grain bread were made according to 
the ICC Whole Grain Initiative definition of 
whole grain in food. Information on the 
formulation and results of other addition 
rates for bread can be found in the 
technical section on page 34. 
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 » The improver used should be suited for whole grain bread production to 
achieve best results. A higher level of dried gluten addition may be required 
to accommodate some bread improvers.

 » Adequate hydration for whole grain bread loaves is required. As the bran 
and germ will continue to absorb water over time, there is a need for the 
initial hydration level to be sufficient.

Nutritional information

Serve size: 94g 

 Per 100g Per serve Daily intake %

Energy (kJ) 920kJ 865kJ 10%

Energy (Cal) 220Cal 207Cal 10%

Protein 7.6g 7.1g 14%

Fat 2.2g 2.1g 3%

   Saturated 0.5g 0.5g 2%

   Trans <0.1g  

Carbohydrate 39.4g 37.0g 12%

Sugar 1.6g 1.5g 2%

Total Dietary Fibre 4.8g 4.5g 15%

Sodium 400mg 376mg 16%

Ingredients: 
whole grain flour, refined flour, water, yeast, salt, oil, improver, gluten.

Bread
product sheet

Key points
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Instant 
noodles
product sheet

APW at 25% whole grain 

APW is the recommended wheat grade to 
produce whole grain instant noodles. The 
best instant noodles can be achieved at 
25% whole grain, which allows for a front 
of pack claim. 25% whole grain instant 
noodles were made according to the ICC 
Whole Grain Initiative definition of whole 
grain in food. Information on the 
formulation and results of other addition 
rates for instant noodles can be found in 
the technical section on page 37.

Formulation

Ingredients Bakers' percent (%)

Refined flour 74.7

Whole grain flour* 25.3

NaCl 1.0

Na2CO3 0.2

Water Variable — based on 32% flour 
moisture basis

Palm oil Variable — depending on deep fryer

* Whole grain flour was made with the refined flour combined
with the whole grain concentrate according to the original
proportions of the wheat.

Procedure

Temperature and timings listed in the procedure 
may require adjustments to suit your equipment.

1. Weigh up all the ingredients as per the
formulation table above.

2. Using a mixer, mix all ingredients until an
even crumb is formed.

3. Using noodle rolls, compress the
noodle sheet.

4. Reduce the noodle sheet further through
decreasing roll gaps until the noodle sheet
is between 1.25–1.30mm.
Note: Noodle thickness will depend on your
specified target market.

5. Steam the noodles for approximately
4 minutes at 90% steaming rate.

6. Rinse noodles.

7. Cut noodles to target weight and fry in
baskets.

8. Fry in palm oil at 150°C for 45 seconds.

9. Cool before in packing.

INFORMATION PACK FOR FOOD MANUFACTURERS 13

Return to 
Key recommendations



 » The particle size used for whole grain instant noodles is recommended to be 
at 200 microns or less. Using larger particle sizes greater than 500 microns 
are not ideal due to the undesirable appearance and mouthfeel.

Nutritional information

Serve size: 485g 

 Per 100g Per serve Daily intake %

Energy (kJ) 365kJ 1770kJ 20%

Energy (Cal) 87Cal 423Cal 21%

Protein 2.1g 10.2g 20%

Fat 3.8g 18.4g 26%

   Saturated 1.5g 7.3g 30%

Carbohydrate 10.7g 51.9g 17%

Sugar 0.6g 2.9g 3%

Total Dietary Fibre 0.8g 3.9g 13%

Sodium 301mg 1460mg 63%

Ingredients: 
refined flour, whole grain flour, water, salt, palm oil.

Instant 
noodles
product sheet

Key points
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Crackers
product sheet

APW and ASW at 50% whole grain Formulation

Ingredients Bakers' percent (%)

Refined flour 45.7

Whole grain flour* 54.3

Salt 1.4

Shortening 10

Baking powder 1

Water 35

* Whole grain flour was made with the refined flour combined
with the whole grain concentrate according to the original
proportions of the wheat.

Procedure 

1. Weigh up all the ingredients as per the
formulation table above.

2. Combine all the ingredients in an
appropriate mixer until large dough pieces
are formed.

3. Sheet the dough until the desired thickness
of approximately 2mm.

4. Using your desired cutter, cut dough sheet
and dock the surface of each cracker.

5. Bake at 230°C for 7 minutes.
Note: Baking temperature and time will
vary depending on the oven.

APW and ASW are the recommended 
wheat grades to produce whole grain 
crackers. 50% whole grain crackers were 
made according to the ICC Whole Grain 
Initiative definition of whole grain in food. 
Information on the formulation and 
results of other addition rates for 
crackers can be found in the technical 
section on page 41.
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 » The elasticity of the whole grain cracker dough decreases with higher 
addition rates, resulting in a thinner cracker compared to a cracker made 
with refined flour.

Nutritional information

Serve size: 20g 

 Per 100g Per serve Daily intake %

Energy (kJ) 1690kJ 338kJ 4%

Energy (Cal) 404Cal 81Cal 4%

Protein 12.2g 2.4g 5%

Fat 8.3g 1.7g 2%

   Saturated 3.9g 0.8g 3%

Carbohydrate 62g 12.4g 4%

Sugar 1.3g 0.3g 0%

Total Dietary Fibre 6.8g 1.4g 5%

Sodium 468mg 94mg 4%

Ingredients: 
whole grain flour, refined flour, water, shortening, salt, baking powder.

Crackers
product sheet

Key points
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Coconut and 
pandan waffles
product sheet

AH2 and APW at 100% whole grain Formulation 

Ingredients Weight (g) 

Whole grain flour* 48

Brown rice flour 48

Tapioca starch 48

Baking powder 5

Egg 1 large egg 

Caster sugar 75

Coconut milk 200

Unsalted butter 29

Pandan extract 1.5

* Whole grain flour was made with the refined flour combined 
with the whole grain concentrate according to the original 
proportions of the wheat. 

Procedure 

Timings listed in the procedure may require 
adjustments to suit your equipment. 

1. Weigh all the ingredients as per the 
formulation table above. 

2. Sift the whole grain flour, brown rice flour, 
tapioca starch and baking powder together 
until thoroughly combined. 

3. In a mixer, whisk the eggs and caster sugar 
until combined. Add the coconut milk, 
unsalted butter and pandan extract to the 
egg mixture. 

4. Combine the sifted dry ingredients with the 
wet ingredients and mix until the batter 
is smooth. 

5. Leave the batter to stand for 15 minutes 
before cooking.

6. Pour batter into waffle maker, cook for 
3 minutes until golden brown. 

Return to 
Key recommendations

AH2 and APW are the recommended 
wheat grades to produce whole grain 
coconut and pandan waffles. The best 
waffles can be achieved using 100% 
whole grain wheat flour and brown rice 
flour, where the flavour and texture of the 
waffles are not affected by the whole 
grain addition. The whole grain waffles 
were made according to the ICC Whole 
Grain Initiative definition of whole grain in 
food. Information on the formulation and 
results for the waffles can be found in the 
technical report on page 44. 
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Key points 

 »  The particle size of the brown rice flour should be milled to a fine particle 
size, matching that of the whole grain flour to prevent a gritty 
mouthfeel texture. 

Nutritional information 

Serve size: 80g 

Per 100g Per serve Daily intake %

Energy (kJ) 1203kJ 962kJ 11%

Energy (Cal) 287Cal 230Cal 11%

Protein 15.3g 12.2g 24%

Fat 13.1g 10.5g 15%

   Saturated 9.2g 7.4g 31%

Carbohydrate 38.2g 30.6g 10%

Sugar 16.3g 13.0g 14%

Total Dietary Fibre 1.4g 1.1g 4%

Sodium 147mg 118mg 5%

Ingredients:  
coconut milk, caster sugar, egg, whole grain flour, brown rice flour, tapioca starch, unsalted 
butter, baking powder, pandan extract.

Coconut and 
pandan waffles
product sheet
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Chocolate oat 
cookies
product sheet

ASW at 100% whole grain

 

Return to 
Key recommendations

ASW is the recommended wheat grade to 
produce whole grain chocolate oat 
cookies. Cookies can be made using 100% 
whole grain flour. The whole grain 
chocolate oat cookies were made 
according to the ICC Whole Grain Initiative 
definition of whole grain in food. 
Information on the formulation and results 
for chocolate oat cookies can be found in 
the technical report on page 47. 

Formulation 

Ingredients Weight (g)

Whole grain flour* 120

Rolled oats 80

Caster sugar 50

Light brown sugar 70

Unsalted butter 115

Salt 2.5

Egg 1 large egg 

Vanilla extract 3

Baking soda 3

Baking powder 3.5

Cocoa powder 15

* Whole grain flour was made with the refined flour combined 
with the whole grain concentrate according to the original 
proportions of the wheat. 

Procedure 

Settings are based on a Hobart mixer and may need 
adjustments to suit your equipment.

1. Weigh all ingredients as per table above. 

2. Combine the salt, caster sugar, light brown 
sugar, and unsalted butter in a mixing bowl 
with a paddle attachment. 

3. Cream the butter and sugar mixture for 
1 minute on low speed (speed 1), followed 
by 1 minute on medium speed (speed 2). 

4. Add egg and vanilla extract to creamed 
mixture and mix for 1 minute on medium 
speed (speed 2). 

5. Add remaining dry ingredients to the mixing 
bowl. Mix for 30 seconds on low speed 
(speed 1), or until ingredients are 
incorporated.  

6. Divide and sheet dough according to desired 
weight and thickness.

7. Bake at 180°C for 15 minutes.  
Note: Baking temperature and time will vary 
depending on the oven. 
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Key points 

 » The particle size of the whole grain flour and whole oats can be adjusted to 
suit the chosen target market. 

Nutritional information 

Serve size: 20g 

Per 100g Per serve Daily intake %

Energy (kJ) 1788kJ 358kJ 4%

Energy (Cal) 427Cal 85Cal 4%

Protein 16.4g 3.3g 7%

Fat 22.3g 4.5g 6%

   Saturated 13.7g 2.7g 11%

Carbohydrate 47.8g 9.6g 3%

Sugar 24.3g 4.9g 5%

Total Dietary Fibre 5.4g 1.1g 4%

Sodium 453mg 91mg 4%

Ingredients:  
whole grain flour, unsalted butter, rolled oats, light brown sugar, egg, caster sugar, cocoa 
powder, baking powder, baking soda, vanilla extract, salt.

Chocolate oat 
cookies
product sheet
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Youtiao/
cakwe
product sheet

APW at 15% whole grain 

APW is the recommended wheat grade to 
produce whole grain youtiao. The whole 
grain youtiao were made according to the 
ICC Whole Grain Initiative definition of 
whole grain in food. Information on the 
formulation and results for youtiao can be 
found in the technical report on page 50.

Return to 
Key recommendations

Formulation 

Ingredients Bakers' percent (%) 

Refined flour 84.4

Whole grain flour* 15.6

Youtiao raising agent^ 2

Salt 1.7

Water +/- 68

Palm oil Variable – depending on deep fryer 

* Whole grain flour was made with the refined flour combined
with the whole grain concentrate according to the original
proportions of the wheat.

^ Commercial youtiao raising agent was used (‘Angel’ Youtiao 
raising agent). 

Procedure 

Settings are based on a Hobart mixer and may need 
adjustments to suit your equipment. 

1. Weigh all ingredients as per table above.

2. Combine all the dry ingredients and mix for
1 minute on low speed (speed 1).

3. Add water to dry ingredients and mix for
4 minutes on low speed (speed 1). Scrape
down bowl after the first minute.

4. Leave dough to rest in a covered bowl for
30 minutes.

5. Knock back dough and fold until a smooth
dough ball is achieved.

6. Leave dough to rest in a covered bowl at 25°C
for 2 hours.

7. Roll dough into a rectangle about 3mm thick.

8. Cut into desired strip length and stack one
strip on top of another. Indent the middle
with a chopstick or similar utensil so strips
stick together.

9. Gently pinch ends and stretch to desired
youtiao length.

10. Fry in palm oil for 1 minute and 45 seconds at
200°C. Drain off excess oil.
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Key points 

 » Whole grain addition greater than 15% results in a dense product with a 
doughy texture.  

Nutritional information 

Serve size: 1 stick (48g) 

Per 100g Per serve Daily Intake %

Energy (kJ) 854kJ 410kJ 5%

Energy (Cal) 204Cal 98Cal 5%

Protein 5.8g 2.8g 6%

Fat 7.0g 3.4g 5%

   Saturated 2.5g 1.2g 5%

Carbohydrate 39.6g 19.0g 6%

Sugar 0.6g 0.3g 0%

Total Dietary Fibre 4.2g 2.0g 7%

Sodium 383mg 184mg 8%

Ingredients:  
refined flour, water, whole grain flour, youtiao raising agent, salt, palm oil. 

Youtiao/cakwe
product sheet
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Dried noodles
product sheet

APW at 25% whole grain Formulation 

Ingredients Bakers' percent (%)

Refined flour 74.7

Whole grain flour* 25.3

NaCl 1

Water Variable – based on 32% flour 
moisture basis

* Whole grain flour was made with the refined flour combined
with the whole grain concentrate according to the original
proportions of the wheat.

Procedure 

Noodle method: 
Equipment settings listed in the procedure may 
require adjustments to suit your equipment. 

1. Weigh all the ingredients as per the
formulation table above.

2. Using a mixer, mix all the ingredients until
an even crumb is formed.

3. Using noodle rolls, compress the noodle
sheet.

4. Reduce the noodle sheet further through
decreasing roll gaps until the noodle sheet
is between 1.20–1.30mm. Cut noodles to
desired width.
Note: Noodle thickness will depend on your
specified target market.

Drying method: 
Dry noodles according to the following three-stage 
process: 

1. 1 hour at 22°C.

2. 1 hour at 31°C and 90% relative humidity.

3. 4 hours at 40°C and 70% relative humidity.

Cut noodles to desired length and package as 
desired. 

APW is the recommended wheat grade to 
produce whole grain dried noodles. The 
whole grain dried noodles were made 
according to the ICC Whole Grain Initiative 
definition of whole grain in food. 
Information on the formulation and results 
for dried noodles can be found in the 
technical report on page 52. 

Return to 
Key recommendations
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Key points 

 » Using a larger whole grain concentrate particle size e.g., greater than 
500 microns are not ideal due to the undesirable appearance and mouthfeel. 

Nutritional information 

Based on dried noodles (not cooked):

Serve size: 90g 

Per 100g Per serve Daily intake %

Energy (kJ) 1200kJ 1080kJ 12%

Energy (Cal) 287Cal 258Cal 13%

Protein 8.3g 7.5g 15%

Fat 1.2g 1.1g 2%

   Saturated 0.3g 0.3g 1%

Carbohydrate 54.8g 49.3g 16%

Sugar 0.3g 0.3g 0%

Total Dietary Fibre 3.7g 3.3g 11%

Sodium 324mg 292mg 13%

Ingredients:  
refined flour, whole grain flour, water, salt. 

Dried noodles
product sheet
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Appendix 1:  
Whole grain as a food 
ingredient definition

“Whole grains shall consist of the intact, ground, cracked, flaked or otherwise 
processed kernel after the removal of inedible parts such as the hull and husk. 
All anatomical components, including the endosperm, germ, and bran must be 
present in the same relative proportions as in the intact kernel.”

(Whole Grain Initiative, 2021)
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Appendix 2:  
Red versus white wheat 
for bread production
Executive summary

Bread was prepared using Australian white and 
North American red wheat. The following 
combinations were baked:

1. White wheat flour blended with 22% white 
wheat bran.

2. White wheat flour blended with 22% red 
wheat bran.

3. Red wheat flour blended with 22% white 
wheat bran.

4. Red wheat flour blended with 22% red 
wheat bran

A trained sensory panel, all identified as 
bitterness tasters, evaluated each flour and bran 
combination as bread. The baking and sensory 
evaluations were completed in triplicate.

The bran of the red wheat was more bitter and 
less sweet than the bran of white wheat. It is 
noted that whilst this difference was subtle, it 
was nevertheless significant at the 95% 
confidence level.

This study was completed using a key red wheat 
baking wheat class. AEGIC plans to repeat this 
study with other significant red wheat classes.

Background

The seed coat of wheat can be described as either 
red or white. Red seed coats have a dark colour 
and white seed coats tend to be light brown 
(Figure 2).

In the early development of Australian wheat, 
breeders selected white wheat types. The early 
adoption of white wheat lead to a requirement 
that all Australian wheat released for milling 
classes was required to have a white seed coat. 
The white seed coat is associated with higher 
milling yields and better noodle colour and 
colour stability. 

Virtually all wheat exported from other origins 
including Canada, USA, Russia, Ukraine and 
Argentina, is red wheat. The exception is USA Soft 
White which is a soft grained biscuit wheat from 
the Pacific North West. 

FIGURE 2. The white and red wheats used in this 
study. Australian white wheat (L) North American red 
wheat (R).
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India is the only other significant producer of 
white wheat. This is no coincidence, as India was 
the source of Australia’s early genetic material 
which started our white wheat positioning. India 
has also made a very purposeful decision to 
produce white wheat, addressed below.

The bran colour of wheat is controlled by three 
genes. At each gene location it is possible to have 
either a red or white variant of the gene referred 
to as an allele. Red alleles are dominant over 
white. A wheat with red alleles at all three gene 
locations will be very dark in colour. A red wheat 
with a single red allele will be a light red colour. 

When making whole grain products there is a 
significant difference in final product colour made 
from red and white wheat. For whole grain bread 
this difference is obvious. The question arises, are 
there any other differences we should be 
aware of?

Work completed in the US and Canada has 
compared bread produced with red and white 
wheat and concluded that whole grain bread 
produced from red wheat has a more 
bitter flavour.

Chang and Chambers (1992) compared whole 
grain bread made from Hard Red Winter (HRW) 
varieties and Hard White Winter (HRW) lines using 
a trained sensory panel. The study provided 
detailed descriptions of flavour characteristics and 
concluded that the bread produced from HWW 
was less bitter. However, this study included one 
HWW sample that appeared to be contaminated 
with a petroleum based machine oil, which may 
have interfered with the findings.

In 1995 McGuire published a comparison of bread 
made from HRW and HWW. In the introduction an 
anonymous reference to work completed in 1991 
at Kansas State University identified red wheat as 
producing bread considered to be more bitter 
than white wheat. The McGuire study found some 
panellists commented on bitterness of bread 
made from red wheat and considered white 
wheats to have a sweet characteristic.

Watts et al (2011) compared Canadian Western 
Red Spring varieties and white wheat varieties, 
grown at the same location, for white and 
wholegrain bread flavour. The study found that 
white wheat breads tended to be sweeter with 
less “wheaty” and bitter aftertastes. Red wheat 
breads tended to be less sweet, more “wheaty” 
and bitter, with bitter and sour aftertastes.

In all these studies small laboratory production 
methods were used for bread making and only 
the Watts et al (2011) study appeared to mask the 
colour of the samples, when comparing the 
breads. When assessing products for taste 
differences it is considered good practice to 
ensure that colour or texture does not influence 
the result.

There is further literature, however it is apparent 
that no one had sought to substitute the bran 
from red and white wheats to determine if this 
was responsible for the flavour impact in bread. 
This study sought to determine if the bran 
component of red wheats is responsible for higher 
levels of bitterness in whole wheat bread.
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Materials and methods

Wheat samples and milling
A white wheat sample, representing a grist used 
for production of baking flour was supplied by an 
Australian flour mill. The red wheat sample was 
prepared from a blend of two samples of a North 
American high protein wheat grade, taken from 
commercial cargoes (Indonesia and New Zealand) 
brought into Australia with AEGIC’s quarantine 
permit (Figure 2). 

Both samples were Buhler milled to straight run 
extraction. The bran from both samples was 
collected and further milled so that 100% passed 
through an 850µ sieve and remained over a 
250µ sieve.

Based on the flour extraction rates it was deemed 
that a blend of 78% flour and 22% bran would 
constitute a whole grain flour.

Bread baking
The following baking combinations were prepared 
for bread baking:

1. White wheat flour blended with 22% white 
wheat bran.

2. White wheat flour blended with 22% red 
wheat bran.

3. Red wheat flour blended with 22% white 
wheat bran.

4. Red wheat flour blended with 22% red 
wheat bran.

A rapid dough bread making method was used for 
all samples. Three kilogram doughs were prepared 
in an Eberhardt spiral mixer. Flour was dry 
blended with 2% salt, 1% commercial bread 
improver, 1% dry gluten, 2% canola oil and 3% 
compressed yeast. Water was adjusted to optimise 
dough consistency otherwise all ingredients were 
consistent. All doughs were mixed for 10min 
before dividing into three 780g dough pieces. 
These were rounded and rested for 8min. Each 
dough piece was moulded through a Supertex 
dough moulder and four pieced before tinning in 
a square sandwich loaf strap of three. They were 
proofed at 38°C/85% RH for one hour before 
baking at 23o°C for 29min. Immediately after 
baking two loaves were double bagged and frozen 
and a third loaf was assessed for 
bread characteristics.

Baking was completed in triplicate. This included 
the total baking process from dough formation 
to baking.

Panel training
The 10 people selected for the panel were 
considered sensitive to bitterness. This was 
evaluated using the PTC test. This test required 
participants to place a paper soaked with 
Phenylthiourea-Phenylthiocarbamide (PTC) on 
their tongue. Panellist were asked to rate the 
intensity of taste. The ten panellists were all 
sensitive to the PTC with two considered highly 
sensitive. This sensitivity is genetically controlled 
and has a high correlation with the ability to taste 
other bitter substances. Across the population 
around 70% are sensitive to PTC, with about 30% 
considered insensitive.

The 10 people selected for the panel received 
training and assessment for the identification of 
sweetness, sourness and bitterness in bread. 
For each flavour they were provided aqueous 
solutions and bread with different flavour levels 
which they were required to rank.

For sweetness, solutions were provided with the 
following concentration of sucrose in water: 0, 
0.05%, 0.1%, 0.15% and 0.2%. Bread was made 
with 0, 3 and 6% sucrose. 
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Citric acid solutions were used for sourness with 
concentrations of: 0, 0.02%, 0.03% and 0.04%. 
Bread was produced with 0, 2 and 4% vinegar 
(a 10% acetic acid solution). For the bread 
production the yeast level was increased to 
account for the vinegar to produce a similar 
loaf volume.

Bitterness solutions were made with instant coffee 
and water at concentrations of: 0, 0.076%, 0.15%, 
0.23%. Bread was made using: 0, 0.2% and 
O.4% coffee.

Bread panels
The loaves of bread were removed from the 
freezer approximately three hours before slicing. 

A slice was placed in a zip lock bag and each 
sample was given a random three digit number.

Panellists evaluated four samples at once.

The panellists received their samples and 
evaluated them under red light. They were 
encouraged to eat most of the slice. They were 
asked to record their response to sweetness, 
sourness and bitterness on a 15cm line when the 
bread was still in their mouth and 15 seconds 
after swallowing.
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Results

Panel training/assessment
All panellists correctly ordered the sweetness 
solutions and associated bread, and the bitterness 
solutions and associated bread. All panellist 
ranked the sourness solutions correctly but only 
6 out of 10 had the associated bread sourness in 
the correct order. As sourness was considered less 
important than sweetness and bitterness, no 
further training or testing was provided and 
sourness was not included for the red and white 
wheat samples.

Bread 
Bread from each treatment (Figure 3) was 
considered reasonably consistent across the 
treatments apart from crumb colour (Table 2).

Sensory

Analysis of variance (ANOVA) performed using 
Excel, was used to analyse the data sets.

For each of the flour/bran combinations, and for 
each of the attributes there was no evidence of 
difference between the replicate panels. 

TABlE 2. Crumb colour of bread made from the four combinations of red and white flour and bran. 

Flour Bran

Minolta colour

l* a* b*

White White 73.51 4.02 19.32

White Red 65.82 5.67 15.98

Red White 71.67 4.07 18.71

Red Red 65.06 5.88 15.37

Note: A higher L* value indicates a brighter crumb. A higher a* value indicates a redder colour and higher b* value a yellower colour

FIGURE 3. Bread made from the four combinations of red and white flour and bran.

a: White flour white bran 
b: White flour red bran 
c: Red flour white bran 
d: Red flour red bran

(a) (b)

(c) (d)
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Sweetness

There was positive evidence that the combinations 
were different.

There was no evidence that the flour makes a 
difference (Table 4).

There was positive evidence of a difference in 
sweetness of the red and white bran. With white 
bran considered sweeter than red bran (P<0.05) 
(Table 4).

Bitterness

For red bran in red flour, there was evidence that 
the trials are different (i.e. the repeatability across 
trials was poor).

There was no evidence that the flour makes a 
difference (Table 4).

There was positive evidence of a difference in 
bitterness of the red and white bran. With red 
bran considered significantly more bitter than 
white bran (P<0.05) (Table 4).

Aftertaste

There was positive evidence that the combinations 
were different.

There was no evidence that the flour makes a 
difference (Table 4).

There was positive evidence of a difference in 
aftertaste of the red and white bran. Red bran had 
a more pronounced after taste than white wheat 
bran (P<0.05) (Table 4). This appeared to be 
consistent with the bitterness of the red bran.

Conclusion

Ten panellists all identified as bitterness tasters 
identified in bread that the bran of red wheat is 
more bitter and less sweet than the bran of white 
wheat. It is noted that whilst this difference is 
subtle, it was nevertheless significant at the 95% 
confidence level.
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TABlE 3. Cell structure of bread made from the four combinations of red and white flour and bran.

Flour Bran

Cell structure

Slice area (mm2) Number of cells Wall thickness (mm) Cell diameter (mm)

White White 11,094 7176 0.44 2.11

White Red 10,602 6153 0.46 2.45

Red White 10,820 6608 0.46 2.20

Red Red 10,345 6368 0.45 2.17

TABlE 4. Sensory evaluation of bread made from the four combinations of red and white flour and bran. 

Flour Bran Sweetness (%) Bitterness (%) Aftertaste (%)

Red White 16a 8c 5e

Red Red 9b 18d 14f

White White 17a 7c 6e

White Red 8b 20d 15 f

Note: Numbers within a column followed by the same letter and not significantly different P = 0.05.
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Appendix 3:  
Technical report
Production of whole grain flour used in 
AEGIC’s research

The whole grain flour used for each grade was 
made using the recombination method. All milled 
components of the wheat — endosperm, bran and 
pollard — were reconstituted based on the 
corresponding proportions present in the 
intact wheat. 

Pollard in bread 

As pollard is often excluded from bread flour by 
commercial mills, a preliminary trial to observe 
the impact of the addition of pollard in bread at 
0%, 50% and 100% was conducted. Results 
indicated that there are only minor changes to the 
volume and cell structure with the increased 
pollard addition (Figure 4). Due to the minor 
changes observed, it was considered appropriate 
that the pollard be included when producing the 
whole grain products for this research.
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Whole grain for products

Whole grain and refined grain vary both physically 
and nutritionally. To produce an acceptable whole 
grain product, an understanding of the 
characteristic differences between refined and 
whole grain is required. 

Some of the key differences in relation to the 
production of whole grain foods — protein and 
water absorption content — are highlighted in 
Table 5.

FIGURE 4. External and internal crumb of bread with pollard.  
Left to right: 0% pollard, 50% pollard, 100% pollard.

TABlE 5. Protein and water absorptions of refined and 100% whole grain for AH2, APW and ASW.

Refined grain 100% Whole grain 

AH2 APW ASW AH2 APW ASW

Protein (%) 10.3 9.7 9.5 11.5 10.9 10.6

Water absorption (%) 63.0 62.4 63.2 70.5 70.2 70.8
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The trial included AH2 with whole grain 
concentrate at a coarse particle size approximately 
>500µm. This was added at addition rates of 50%, 
75% and 100% (Figure 5).

TABlE 6. Formulations for bread at various whole grain addition levels

Ingredients 

Bakers percent

0% 50% 75% 100%

Refined flour 100 46.1 19.2 -

Whole grain flour - 53.9 80.8 100

Yeast 2.5 3 3 3

Salt 2 2 2 2

Oil 2 2 2 2

Improver 1 1 1 1

Gluten - 1 2 4

Water +/- 59.3 +/- 64 +/- 66 +/- 68.5

FIGURE 5. Summary of bread trial

AH2

50% 75% 100%

>500µm

Formulation 
The formulations in Table 6 were used to produce 
bread at various whole grain addition levels. 

Ingredient functionality 
The functionality of each ingredient to produce 
whole grain bread is summarised in Table 7.

Specialist ingredients 

Whole grain improver

The selection of an improver suitable for whole 
grain bread is important. This will help ensure 
that the dough properties of the bread are 
optimal, resulting in a good quality product. AEGIC 
used a selection of enzymes to make an improver 
optimised to produce whole grain breads using 
the rapid production method (Table 8). 

Bread
technical report
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• Fungamyl — is an α-amylase which is 
added to supplement the native α-amylase 
found in flour. This will help produce a 
bread with improved volume and crust 
colour, as well as an even and fine 
crumb structure. 

• Pentopan — is a xylanase which acts as a 
dough conditioner. 

• Lipopan Elite — is a phospholipase that 
provides dough strengthening properties. 

• Celluclast — is a cellulase which breaks 
down the cellulose component found in 
bran, allowing the release of water. Through 
this action, a better gluten network can be 
formed through the released water. 

Results
Various bread assessment quality parameters 
were determined for each bread loaf (Table 9 and 
Table 10).

Summary
The production of bread loaves with AH2 produces 
a good quality loaf for consumption. As whole 
grain addition is increased, there is a need for 
higher hydration and longer mixing times. The 
quality of the loaf also begins to decrease at 
higher whole grain addition rates, where the 
volume, firmness and brightness are decreased.

TABlE 7. Functionality of ingredients for whole grain bread 

Ingredient Functionality 

Flour Provides the loaf structure and texture.

Salt Provides gluten strengthening properties. Controls the rate of fermentation. Provides flavour. 

Gluten The role of gluten addition for whole grain breads is key to achieving a good loaf volume with a 
soft crumb. The addition of whole grain results in a dilution of the present gluten levels. The 
addition or gluten can help ensure that a strong gluten network is formed to carry the extra 
whole grain. 

Canola oil Adds flavour and produces a tender and moist crumb. 

Improver Improves the gluten structure and promotes gas production by the yeast.

Yeast Produces carbon dioxide allowing expansion of loaf volume.

A slightly higher yeast amount than refined bread is needed for whole grain breads, so that an 
optimum proof rate can be achieved. 

Water Hydrates the flour protein and dissolves other dry ingredients. Hydration of the flour protein 
is important for gluten formation.

TABlE 8. AEGIC whole grain bread improver

Ingredient Parts per milion (ppm)

Flour -

Fungamyl* 10

Pentopan* 40

Lipopan Elite* 10

Celluclast* 30

Ascorbic acid 100

* Enzymes sourced from Novozymes

TABlE 9. Processing and bread assessment parameter results

Parameters

AH2

0% 50% 75% 100%

Bakery water (%) 61.0 64.0 66.0 68.5

Mix time (mins) 3.42 4.58 5.23 5.55

Volume (cc) 3713 3800 3538 3463

Texture Analysis Force (g) 162.70 152.50 162.77 173.39

Total bread score /100 83.8 82.4 79.8 77.9
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FIGURE 6. External view L–R: 0%, 50%, 75%, 100%

FIGURE 7. Internal view L–R: 0%, 50%, 75%, 100%

TABlE 10. Minolta colour readings for internal bread crumb

Colour readings

AH2

0% 50% 75% 100%

L* 79.03 70.91 69.09 66.33

a* -0.62 2.62 3.56 4.31

b* 18.58 19.40 20.39 20.92

Bread
technical report

It is recommended that the 50% addition rate be 
used as a starting point for production of whole 
grain breads. The higher addition rates of 75% and 
100% are also achievable, but these additions will 
be dependent on your target market.
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All three wheat grades — AH2, APW and ASW were 
trialed using bran particle size around 200µm. 
Addition rates of 15%, 25% and 35% were used 
(Figure 8). 

FIGURE 8. Summary of instant noodle trial

TABlE 11. Formulations for instant noodles at various whole grain addition levels

Ingredients 

Bakers percent

0% 15% 25% 35%

Refined flour 100 84.8 74.7 64.5

Whole grain flour - 15.2 25.3 35.5

NaCl 1 1 1 1

Na2CO3 0.2 0.2 0.2 0.2

Water Variable — based on 32% flour moisture basis

Palm oil Variable — depending on deep fryer

AH2, APW, ASW 

15% 25% 35%

200µm

The selection of the single particle size was based 
on previous work where a particle size of >500µm 
was not suitable due to the gritty mouthfeel 
texture. When samples were re-tested at 200µm, 
this particle size did not significantly decrease the 
quality of the instant noodle.

The lower addition levels were also reduced from 
the previous work of 50% and 100% whole grain 
to aid in the processing of a better-quality whole 
grain instant noodle. 

At the lower whole grain addition levels of 25% 
and 35% a front of pack claim can be included. 

Formulation
The following formulations highlights the 
production of instant noodles at various whole 
grain addition levels (Table 11). 

Instant 
noodles
technical report
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Ingredient functionality
The functionality of each ingredient to produce 
whole grain instant noodles is summarised in 
Table 12.

Results

Colour 

The colour of the noodle blocks for both raw 
(Table 13) and cooked noodles (Table 14) shows a 
decrease in noodle brightness as the addition rate 
of whole grain increases.

Total oil content 

The total oil content was measured for each 
noodle block at 0% and 25% whole grain addition. 
Initial findings indicated that oil absorption is high 
at thinner noodle widths (0.95mm to 1.05mm). 
A subsequent trial was conducted using 1.25mm 
to 1.30mm noodle thickness resulting in lower oil 
absorption (Table 15). It is important that noodle 
thickness be considered when creating whole 
grain instant noodles to achieve a lower oil 
content in the noodle block.

TABlE 12. Functionality of ingredients for whole grain instant noodles 

Ingredient Functionality

Flour Provides dough strength and extensibility. 

NaCl Strengthens and tightens the gluten improving the dough sheeting properties. (Gulia et al., 2014)

Na2CO3 Alkaline salt that effects the quality of the noodle, creating a softer texture. 
(Gulia et al., 2014)

Water Hydrates the flour allowing gluten formation to occur. 

TABlE 13. Minolta colour readings for raw noodle blocks

AH2 APW ASW

0% 15% 25% 35% 0% 15% 25% 35% 0% 15% 25% 35%

L* 71.00 64.46 61.80 59.03 69.08 65.34 62.65 58.86 68.87 63.55 60.21 59.07

a* 1.13 4.84 5.84 7.41 1.24 5.29 6.41 7.74 1.51 5.76 7.37 8.03

b* 26.44 25.67 25.41 26.43 26.91 27.72 26.72 26.87 27.89 27.49 27.59 27.17

TABlE 14. Minolta colour readings for cooked noodle blocks after 3 minutes

AH2 APW ASW

0% 15% 25% 35% 0% 15% 25% 35% 0% 15% 25% 35%

L* 71.19 66.45 61.23 60.66 70.98 65.75 64.73 61.70 70.32 62.37 61.61 58.50

a* 2.30 6.31 7.67 8.46 2.26 6.44 7.76 8.72 2.38 7.24 8.58 9.67

b* 25.78 25.40 24.43 24.16 26.45 26.34 25.61 24.89 27.18 25.70 25.53 24.85

Instant 
noodles
technical report
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Oil content for the wheat grades AH2 and ASW 
remain unchanged with the thicker noodles. APW 
had a slight increase in oil content with whole 
grain addition. However, the oil content of APW 
whole grain is comparable to the other grades AH2 
and ASW (Table 15). This indicates that the 
addition of whole grain did not have a significant 
impact on the oil absorption. 

Sensory evaluation 

Initial sensory panels to determine suitable whole 
grain addition rates were conducted. Sensory 
findings from the 15%, 25% and 35% whole grain 
addition trial indicated that the 25% whole grain 
addition had the greatest firmness and elasticity. 
Therefore, 25% whole grain addition was selected 
to determine the suitable wheat grade, as this 
would also allow food manufacturers to make a 
front of pack claim.

To determine the wheat grade that was the most 
suitable for whole grain instant noodles, a sensory 
panel was conducted with trained panelists using 
25% whole grain addition noodles. The parameters 
firmness and elasticity were measured after 
3.5 minutes cooking time. APW had the highest 
degree of firmness and elasticity followed by AH2 
and ASW (Table 16).

Summary 
The production of whole grain instant noodles at 
25% addition results in a product with good 
firmness and elasticity. At this addition rate the 
brightness of the noodles is decreased, which is 
to be expected when whole grain is added. With 
the addition of whole grain, the total oil content 
of the instant noodles is not significantly 
impacted when compared with the refined 
instant noodles. 

TABlE 15. Oil content of noodles at different noodle thickness 

Oil content

AH2 APW ASW

0% 25% 0% 25% 0% 25%

Oil content (%) 0.95mm — 1.05mm 24.6 26.5 24.9 26.4 26.6 27.8

Oil content (%) 1.25mm — 1.30mm 23.1 23.1 21.9 23.9 23.1 23.2

TABlE 16. Firmness and elasticity of whole grain instant noodles at 25% addition

AH2 APW ASW

Firmness (%) 54 61 38

Elasticity (%) 44 56 28
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AH2

APW

ASW

FIGURE 9. Noodle blocks pictured from left to right are at 0% and 25% whole 
grain as calculated on dry weight basis. 

Instant noodles
technical report
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All three wheat grades — AH2, APW and ASW were 
trialed using bran particle size approximately 
>500 µm. This was added at addition rates of 50% 
and 60% (Figure 10). 

TABlE 17. Formulations for crackers at various whole grain addition levels

Ingredients

Bakers percent

0% 50% 60%

Refined flour 100 45.7 34.9

Whole grain flour - 54.3 65.1

Salt 1.4 1.4 1.4

Shortening 10 10 10

Baking powder 1 1 1

Water 35 35 36

FIGURE 10. Summary of whole grain crackers trial

AH2, APW, ASW 

50% 60%

>500µm

Formulation
The following formulations in Table 17 highlights 
the production of crackers at various whole grain 
addition levels.

Crackers
technical report
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Ingredient functionality
The functionality of each ingredient to produce 
whole grain crackers is summarised in Table 18.

Results 
The hardness and fracturability of the crackers 
were measured by a Texture Analyser using the 
three-point bend test. 

With the increase in whole grain addition, there is 
an observed decrease in hardness of the crackers. 
ASW also fractured easier than AH2 and APW 
(Table 19). 

Checking of the crackers can occur. A higher degree 
of checking was found in the AH2 and APW 
samples. As the crackers were baked at a 
laboratory scale, environmental conditions were 
kept consistent to minimize the impact of checking. 
With the addition of whole grain, we also observe 
fewer blisters on the surface of the crackers. 

Sensory evaluation 

To determine the preferred whole grain addition 
for each wheat grade, AEGIC conducted sensory 
evaluation with 14 panelists involving a paired 
preference test. 

Choices were primarily based on the overall 
mouthfeel and texture of the crackers. Crisper 
texture was the main reason for preference 
selection (Figure 11). 

Findings from the paired preference were then 
used to determine which wheat grade and 
addition rate was most preferable using a ranking 
preference test. The panelists ranked three coded 
samples which were AH2 60%, APW 50% and 
ASW 50%. 

In the ranking preference test, panelists found it 
more difficult to distinguish between the selection 
of their top two choices. APW and ASW at 50% 
whole grain dry weight basis were the most 
preferred amongst panelists. The main 
determining factor for the choices were based on 
the texture and mouthfeel of the cracker. 

Summary 
The crisp texture of the cracker was the main 
determining factor in the sensory evaluation for 
the crackers where panelists determined that the 
50% whole grain crackers for APW and ASW were 
the most preferred based on this characteristic. 

TABlE 19. Hardness and fracturability of crackers

AH2 APW ASW

0% 50% 60% 0% 50% 60% 0% 50% 60%

Hardness (g) 883.52 866.01 732.30 929.85 856.38 811.76 763.43 792.82 740.29

Fracturability (mm) 2.48 2.18 2.50 2.54 2.55 2.67 1.89 1.97 1.90

Crackers
technical report

TABlE 18. Functionality of ingredients for whole grain crackers

Ingredient Functionality

Flour Provides the cracker structure. 

Salt Strengthens gluten as well as flavour enhancer. 

Shortening Contributes to the tenderness and crisp mouthfeel (Pizzinatto, 1979). 

Baking powder Leavening agent that releases carbon dioxide providing rise to the cracker (The Bicarbonate 
Experts, 2021). 

Water Hydrates the flour proteins allowing gluten formation to occur. 
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FIGURE 11. Paired preference results
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FIGURE 12. Crackers pictured from left to right are at 0%, 50% and 60% whole grain as 
calculated on dry weight basis.
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AH2 and APW were trialed using fine whole grain 
concentrate around 200µm. This was added at an 
addition rate of 100% (Figure 13). 

Initial trials using ASW resulted in a lighter and 
softer internal texture than waffles made with AH2 
and APW, making ASW unsuitable for this product. 
Therefore, the trial focused on wheat grades AH2 
and APW.  

Formulation 
The formulation in Table 20 was used to produce 
coconut and pandan waffles at 100% whole grain 
addition. 100% whole grain produced an 
acceptable product, therefore lower addition rates 
were not tested. 

Ingredient functionality 
The functionality of each ingredient to produce 
whole grain coconut and pandan waffles is 
summarised in Table 21. 

Results 

Sensory evaluation 

The whole grain waffles for each grade were given 
to panelists to compare to a control sample with 
no whole grain. The panelists were asked to 
describe observations they had about the waffles 
(Table 22). 

Panelists were then asked to rank which whole 
grain waffle had the chewiest internal texture. 
APW with 100% whole grain was ranked as the 
chewiest, and AH2 with 100% whole grain was 
ranked as the least chewy.

Summary 
The use of AH2 and APW at 100% whole grain 
addition produced acceptable waffles, where no 
obvious whole grain flavours could be detected by 
the panelists. As each wheat grade produced 
different mouthfeel textures, it is important that 
the wheat grade chosen is suitable for the 
target market. 

Coconut and 
pandan waffles
technical report

TABlE 20. Formulation for coconut and pandan 
waffles at 100% whole grain addition

Ingredients Weight (g) 

Whole grain flour 48

Brown rice flour* 48

Tapioca starch 48

Baking powder 5

Egg 1 large egg 

Caster sugar 75

Coconut milk 200

Unsalted butter 29

Pandan extract 1.5

* Brown rice flour was used to increase whole grain content.

AH2, APW

100%

200µm

FIGURE 13. Summary of coconut and pandan 
waffles trial
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TABlE 21. Functionality of ingredients for whole grain coconut and pandan waffles

Ingredient Functionality

Wheat flour Provides the waffle structure. 

Rice flour Used to provide the crisp external texture.  

Tapioca starch Provides chewy texture. 

Baking powder Leavening agent that gives rise to the waffle batter. 

Egg Acts as a leavening agent and aids with the structure. 

Caster sugar Provides sweetness. 

Coconut milk Hydrates all the ingredients and adds flavour.  

Unsalted butter Provides flavour and helps with the crisp texture.  

Pandan extract Adds flavour, colour, and aroma. 

TABlE 22. Panelists sensory descriptions

AH2 APW

0% whole grain
100% whole grain + 

brown rice flour 0% whole grain
100% whole grain + 

brown rice flour

External Crisp outside Crisp outside Crisp outside Crisp outside 

Internal Chewy/bouncy texture Lighter, slightly chewy 
texture

Chewy texture Chewy/compact texture 

FIGURE 14. AH2 0% whole grain

FIGURE 15. 100% AH2 whole grain + brown rice flour
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FIGURE 16. APW 0% whole grain

FIGURE 17. 100% APW whole grain + brown rice flour

Coconut and 
pandan waffles
technical report
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ASW was the chosen wheat grade for the trials 
due to its lower protein level out of the three 
grades studied. Two whole grain concentrate 
particle sizes were compared. These included 
coarse at approximately >500µm and ultrafine at 
~50µm. These were added at an addition rate of 
100% for both particle sizes (Figure 18). 

Formulation 
The formulation in Table 23 was used to produce 
chocolate oat cookies at 100% whole grain 
addition. 100% whole grain addition produced an 
acceptable product, therefore further testing of 
other addition rates was not included in the trial.

Ingredient functionality 
The functionality of each ingredient to produce 
whole grain coconut and pandan waffles is 
summarised in Table 24. 

FIGURE 18. Summary of chocolate oat cookie trial

Chocolate oat 
cookies
technical report

TABlE 23. Formulation for chocolate oat cookies at 
100% whole grain addition

Ingredients Weight (g)

Whole grain flour 120

Rolled oats* 80

Caster sugar 50

Light brown sugar 70

Unsalted butter 115

Salt 2.5

Egg 1 large egg

Vanilla extract 3

Baking soda 3

Baking powder 3.5

Cocoa powder 15

* Rolled oats were processed into a finer particle size of 
approximately 300 microns.

ASW

100%

>500µm
~50µm

TABlE 24. Functionality of ingredients for whole grain chocolate oat cookies

Ingredient Functionality

Wheat flour Provides structure for the cookies.  

Rolled oats Optional additional textural component depending on the chosen particle size used. 

Caster sugar Acts as a tenderiser and adds flavour and colour to the dough.   

Light brown sugar Retains moisture and acts as a tenderiser. 

Unsalted butter Adds flavour and aids in producing a tender eating product. Prevents excessive gluten development.  

Salt Provides flavour. 

Egg Aids with structure, colour, and flavour. 

Vanilla extract Provides flavour. 

Baking soda Leavening agent producing carbon dioxide gas. Adjusts dough pH (BAKERpedia, 2022). 

Baking powder Leavening agent producing carbon dioxide gas. 

Cocoa powder Provides flavour. 
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Results 
The height and spread of six cookies were 
measured after baking. The spread ratio was 
determined as the average height divided by the 
average spread. 

As whole grain concentrate particle size 
decreases, there is an observed decrease in the 
cookie spread (Table 25). 

Sensory evaluation 

The panelists were given a cookie for each whole 
grain concentrate particle size, and a control with 
no whole grain. Panelists were asked to describe 
observations they had about the cookies 
(Table 26). 

Summary 
ASW at 100% whole grain addition produced an 
acceptable cookie. Each whole grain concentrate 
particle size produced a different mouthfeel 
texture, where both were found to be acceptable. 
As the different particle sizes results in different 
mouthfeel textures, it is important that the 
appropriate particle size is selected to suit the 
target market. In addition, the impact the different 
particles sizes have on the cookie spread should 
also be considered. 

The addition of the rolled oats is also a good 
option where its particle size can also be modified 
to achieve the desired texture. Inclusion of rolled 
oats to change the cookie texture would also be 
beneficial from a health perspective, as it can add 
to the whole grain claim. 

TABlE 25. Average height and spread of cookies

Parameter 0% 100% coarse 100% ultrafine

Height (mm) 102 107 117

Spread (mm) 415 414 368

Spread ratio 4.08 3.86 3.14

TABlE 26. Panelists sensory descriptions of cookies

Samples Observations

0% whole grain Crisp outside with crumbly interior.  

100% whole grain coarse Coarse mouthfeel with crumbly texture. 

100% whole grain ultrafine Smoother mouthfeel, softer texture. 

Chocolate oat 
cookies
technical report
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FIGURE 19. Cookie comparison of different whole grain particle sizes 

Control – 0% WG

100% WG coarse flour 

100% WG ultrafine flour 
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APW was the chosen wheat grade as AH2 and ASW 
used in initial trials did not produce acceptable 
whole grain youtiao.  Particle size of 200µm was 
selected out of three sizes; 500µm, 200µm, and 
50µ m. Particle size >500µm was not suitable due 
to the gritty mouthfeel texture. In addition, the 
ultrafine particle size ~50µm produced a youtiao 
with minimal expansion, resulting in a closed 
structure that had a dense and doughy texture. 
This was added at an addition rate of 10% and 
15% (Figure 20).

Formulation
The following formulations in Table 27 highlights 
the production of youtiao at various whole grain 
addition levels.  

Ingredient functionality 
The functionality of each ingredient to produce 
whole grain youtiao is summarised in Table 28.  

Results

Sensory evaluation 

The whole grain youtiao for each addition rate 
were given to panelists to compare to a control 
sample which did not contain any whole grain. 
Panelists were asked to describe observations for 
each youtiao which is summarised in Table 29. 

FIGURE 20. Summary of youtiao trial

Youtiao/cakwe
technical report

APW

200µm

10% 15%

TABlE 27. Formulations for youtiao at various whole grain addition levels

Ingredients 

Bakers' percent (%)

0% 10% 15%

Refined flour 100 89.6 84.4

Whole grain flour - 10.4 15.6

Youtiao raising agent 2 2 2

Salt 1.7 1.7 1.7

Water +/- 65.7 +/- 66.7 +/- 68.1

Palm oil Variable – depending on deep fryer 

TABlE 28. Functionality of ingredients for whole grain youtiao

Ingredient Functionality 

Wheat flour Provides the structure for the youtiao.   

Youtiao raising agent Leavening agent to create an open internal structure and crisp texture. 

Salt Adds flavour and increases dough strength. 

Water Hydrates the flour proteins allowing gluten formation to occur.  
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Summary 
APW at 15% whole grain produced an acceptable 
product. Although the exterior of the 15% whole 
grain was not as crispy as the 10% whole grain, 
panelists still found the 15% whole grain to 
be acceptable.  

 

FIGURE 21. Top view L–R: 0%, 10% 
whole grain, 15% whole grain

FIGURE 22. Internal view L–R: 0%, 10% whole grain, 15% whole grain 

TABlE 29. Panelists sensory descriptions of youtiao

0% 10% 15%

External Crisp texture Crisp texture Slightly less crisp texture than 
10%

Internal Open and hollow structure. 
Chewy texture.

Open and hollow structure. 
Chewy texture.

Open and hollow structure. 
Chewy texture.
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APW was the selected wheat grade based on 
initial noodle work, using a whole grain 
concentrate particle size around 50µm. Addition 
rates of 25% and 30% were used (Figure 23). 

Formulation 
The following formulations in Table 30 highlights 
the production of dried noodles at various whole 
grain addition levels. 

Ingredient functionality 
The functionality of each ingredient to produce 
whole grain dried noodles is summarised in 
Table 31. 

Results

Colour 

The colour of the raw noodle sheet was collected 
at 30 minutes and at 24 hours after production 
(Table 32). Colour readings were also collected for 
the dried noodle. Cooked noodle colour was 
measured after optimal cooking time for each 
addition level (Table 33). As the addition rate of 
whole grain increases, there is a decrease in the 
noodle brightness (Table 32 and Table 33).  

Texture analysis 

The firmness of cooked dried noodles was 
measured using the “Triple Ring Cutting System” 
probe on the Texture Analyser. The noodles were 
cooked to their optimum cooking time of 8.5 
minutes, 9.5 minutes, and 11 minutes for 0%, 25% 
whole grain and 30% whole grain respectively. 
With the increase in whole grain addition, there is 
an observed decrease in the firmness of the 
noodle (Table 34). 

Dried noodles
technical report

TABlE 30. Formulations for dried noodles at various whole grain addition levels

Ingredients 

Bakers' percent (%)

0% 25% 30%

Refined flour 100 74.7 69.6

Whole grain flour - 25.3 30.4

NaCl 1 1 1

Water Variable – based on 32% flour moisture basis 

APW

~50µm

25% 30%

FIGURE 23. Summary of dried noodle trial

TABlE 31. Functionality of ingredients for whole grain dried noodles

Ingredient Functionality 

Flour Provides dough strength and extensibility. 

NaCl Strengthens and tightens gluten network. (Wang et al., 2018)

Water Hydrates the flour allowing gluten formation to occur. 
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Sensory evaluation

To determine the preferred whole grain addition 
rate, AEGIC conducted a paired preference test. 

Findings from the paired preference test showed 
that 25% whole grain addition was the most 
preferred when compared to 30%. However, 
comments from panelists indicated that both 
whole grain levels were acceptable, with the 25% 
whole grain dried noodle having slightly better 
firmness and elasticity than 30%. 

Summary 
The production of whole grain dried noodles using 
APW at 25% and 30% addition rates resulted in 
noodles with good firmness and elasticity, where 
the differences between the two were marginal. 
Therefore, the use of either whole grain addition 
level will produce acceptable dried noodles. 

FIGURE 24. Dried noodle comparison L–R: 0%, 25% 
whole grain, 30% whole grain

TABlE 32. Minolta colour readings for raw noodle sheet at 30 minutes and 24 hours after production

30 minutes 24 hours 

0% 25% 30% 0% 25% 30%

L* 84.54 75.35 74.13 78.37 63.05 61.40

a* 1.38 5.84 6.22 3.24 10.50 10.81

b* 26.00 23.65 23.64 28.61 25.41 25.18

TABlE 33. Minolta colour readings for dried and cooked noodles

Dried noodle Cooked noodle  

0% 25% 30% 0% 25% 30%

L* 85.09 76.35 75.35 74.16 65.13 64.35

a* 1.77 5.29 5.57 1.40 5.42 5.80

b* 21.50 18.64 18.42 19.10 18.95 19.10

TABlE 34. Texture analysis results of cooked dried 
noodles

Sample Firmness (kg) 

0% whole grain 3.77

25% whole grain 3.51

30% whole grain 3.28
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Glossary of terms
Australian Hard (AH2) Australian Hard consists of white, hard grained wheat varieties selected for their superior 

milling and dough qualities. This versatile hard wheat is clean, dry and sound. It mills to high 
extraction rates with good flour colour. The flour has strong dough properties with good water 
absorption. AH is ideal for a range of baked products, including pan and hearth breads, Middle 
Eastern style flat breads, yellow alkaline noodles, white noodles, and steamed breads (AEGIC, 
2021).

Australian Premium White 
(APW)

The Australian Premium White class is made up of white, hard grained wheat varieties with 
good milling properties. APW has balanced dough properties and good colour characteristics. 
APW is used to produce a wide variety of breads including Middle Eastern flat and pocket 
breads such as baladi, tanoor, barbari, taftoon and chapatti. It is also suitable for a range of 
Asian noodles and is widely used for good quality instant noodles (AEGIC, 2021).

Australian Standard White 
(ASW)

The Australian Standard White class consists of hard, white grained wheat varieties. ASW is 
sound and clean, with good milling and flour colour characteristics. ASW is excellent value for 
either straight milling or blending purposes. ASW is used for a range of baked products 
including Middle Eastern, Iranian, and Indian style breads such as lavash, naan and chapatti. It is 
also suitable for steamed bread products and instant noodles. It can be used to produce 
noodles of softer texture (AEGIC, 2021).

Checking Small hairline cracks or fractures that develop which can result in breakage when the product 
is exposed to minimal force (Bartolo, 2021).

Fracturability The tendency of a material to fracture, crumble, crack, shatter or upon the application of a 
relatively small amount of force or impact (Stable Micro Systems, 2021).

Recombination Separated milled fractions of the grain during the milling process are combined back into their 
original grain proportions (Jones et al., 2015).

Reconstituted Restoring the separated milled fractions of the same grain back into the initial proportions by 
the food manufacturer (Jones et al., 2015).
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