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• Quinoa varieties were mixed with hard red wheat and tested for volume and texture in 5% increments up to 25% 
quinoa in pan breads. 

• Quinoa varieties were mixed with hard red wheat and tested for volume and texture in 15% increments up to 45% 
quinoa in hearth breads. The hearth breads were tested using a recipe from Jeffrey Hamelman (Hamelman, 2004). 

• Quinoa varieties were mixed with soft white wheat and tested for viscosity and spreadability (reported here as 
pancake diameter) in 20% increments up to 100% quinoa in pancake batters and cooked pancakes, respectively. 

• Quinoa varieties were mixed with soft white wheat and assessed for consumer acceptance in pancakes at 40% and 
80% quinoa. The consumer panel consisted of 105 individuals and quinoa products were compared to a wheat 
control. 

• Flour properties of spreadability and viscosity, pan bread baking quality, flour moisture, and solvent retention were 
determined according to AACC Approved Methods 10-80.01, 10-10.03, 44-01.01, and 54-40.02, respectively. Crude 
protein was determined for wheat flours using a Perten NIR IM 9500 and for quinoa flours using a LECO 528.

• Split plot ANOVAs and Tukey HSD test were run to identify differences.

Table 1: ANOVA Summary Table
Source DF MS F P

Cooked Pancakes Diameter
Rep*Variety 2 0.36 9.17 0.0085
Rep*Ratio 10 0.23 5.74 0.01

Variety*Ratio 4 0.19 4.77 0.029

Pancake Batter Viscosity
Rep*Variety 2 3.48 5.5 0.031

Variety*Ratio 4 2.64 4.18 0.041

Pan Bread
Volume Ratio 5 51547.7 32.95 <0.0001

Springiness Rep*Ratio 10 0.43 6.99 0.0037

Hearth Bread

Volume
Rep 2 12082.3 7.62 0.023

Variety 1 38801 24.48 0.0026
Ratio 3 108701 68.58 <0.0001

Hardness
Rep 2 3310807 27.26 0.001

Variety 1 1297712 10.69 0.017
Ratio 3 1017142 8.38 0.015

Springiness Ratio 3 2.03 5.93 0.03
Resilience Variety*Ratio 3 0.01 6.12 0.03
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Table 2: Tukey HSD Summary Table
Source Grouping
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Picture Caption: (Left) Slices of hearth bread with two wheat controls at the top, breads including Antique White in 
the center, and breads containing Tricolor along the bottom. The percentage of quinoa increases as you move from 
left to right (15, 30, 45). (Central) Slices of pan bread with loaves including Antique White on the top and loaves 
containing Tricolor on the bottom. (Right) Wheat, 40% and 80% quinoa pancake samples for the consumer panel.

Picture Caption: (Left) Sample preparation for the 
consumer panel. (Top Right) Transplanted quinoa. 
(Bottom Right) Tricolor and Antique White quinoa 
seed drying in the oven.

Table 2: Tukey HSD groupings are used to 
indicate whether quinoa varieties or ratios 
are significantly different. Groups with the 
same letters are not significantly different 
from one another. When lettering starts over 
it is indicative of a new test.

Figure 1: Data represents the mean opinion of consumers on a hedonistic scale from 1-9 where 1 is extreme dislike, 9 is 
extreme like, and 5 is neither like nor dislike. Letters on the top of each column were taken from Tukey HSD groupings and 
indicate whether pancake samples are significantly different from one another.

Table 1: ANOVAs were run for traits related to food products. The product type is listed on the far left, followed by the 
trait being measured and then the sources of variation that were significant.

• Quinoa flour had higher retention of sodium carbonate than soft white wheat (ANOVA, F1 = 315.20, p< 0.0001).
• We found the volume of pan breads to be negatively effected by increased percentages of quinoa flour (ANOVA, F5 = 

32.95, p< 0.0001). Significant increments varied and can be seen in table 2.
• We found crude protein levels of 9.9%, 11.1%, 12.4%, and 9.3% in the Tricolor, Antique White, hard red wheat blend 

and soft white wheat blends, respectively. 
• We found the volume of hearth breads was effected both negatively and positively by increased percentages of quinoa 

flour (ANOVA, F3 = 68.58, p< 0.0001). A post-hoc analysis revealed that the hearth bread volume was larger at 15% 
quinoa in both varieties in comparison to the all wheat loaves, the 30% quinoa loaves were in the same grouping as the 
100% wheat loaves for volume, and the 45% were significantly smaller in volume than the wheat loaves. 

• The ANOVA found a significant difference in hearth bread volume between quinoa varieties; however the following 
Tukey HSD did not find a significant difference in means (Tables 1 and 2). The same discrepancy between the ANOVA 
and HSD test occurred regarding the effect of quinoa variety on the hardness texture of hearth breads. 

• The 40% antique white pancake and the 100% wheat pancake were best liked by consumers and were not considered 
significantly different from one another in flavor, texture, or overall liking (Figure 1). 

• Consumers found differences in flavor, texture and overall liking of pancakes made with Antique White and Tricolor.
• Consumers found differences in flavor and overall liking between the 40% and 80% tricolor pancakes.

Quinoa (Chenopodium quinoa Willd.) is a pseudocereal that is native to the Andes and has been grown for 
consumption there for at least 5,000 years. Over the past two decades, quinoa has rapidly gained popularity in North 
America due to its reputation as a highly nutritious crop and consumer interest in its novelty. Quinoa is widely 
accepted as a source of complete protein-meaning it contains appropriate quantities of all nine essential amino acids 
needed by humans. Quinoa nutrition has a wide range values depending on the variety being used and how it is 
prepared. Nutrient content reported for 100g edible portions by a review in 2016 showed the following ranges: 
protein (9.1-15.7g), total fat (4.0-7.6g), and dietary fiber (8.8-14.1g) (Nowak et al., 2016). Most milling facilities make 
refined flour by filtering out fibers of whichever whole seed is being used. Researchers studying quinoa flour as a 
gluten free product have filtered out larger particle sizes to reduce the fiber; this also results in a large decrease in 
protein content (Caperuto et al., 2001). Grinding seeds into flour is a popular way to increase digestibility through 
increased enzyme access to surface area (Blasel et al., 2006), and to increase versatility of food products the seed can 
be used in.  More information is needed on the nutrition, flour and baking properties of quinoa grown in the US.
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1. Determine the viability of whole grain quinoa flour in baked and cooked products 
2. Identify differences in the chemical and physical properties of two popular US grown quinoa varieties.
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• High levels of sodium carbonate retention in the quinoa flours are indicative of increased starch damage. 
• Increases in volume of hearth breads with 15% quinoa in comparison to all wheat loaves could be due to the high 

protein content of the refined wheat flour. The strength of the gluten matrix in the all wheat loaves may have lessened 
expansion.

• More work needs to be done to develop a method of testing hearth breads with less variation between repetitions so 
the effects of flour types can be analyzed more clearly.

• While there were not clear differences in varieties in the bread loaves, consumers had a preference for Antique White 
flavor and texture over Tricolor in pancakes.

• Further work should be done to assess the impact of different varieties of quinoa on food products.
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