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EXECUTIVE SUMMARY

While tofu is held in high regard as a highly nutritious food source, its byproduct okara (also
known as soy pulp) has proven to be a difficult coproduct stream from which to extract
significant value despite its fiber, protein, and nutrient content. Since the time of the earliest
production of tofu or soymilk, the great majority of all okara use is for livestock feed or
fertilizer. Today, we recognize the value of this byproduct stream, but because of fresh okara’s
high water content, it is a perfect environment for microorganism growth, putrefying rapidly,
and typically resulting in landfill disposal.

This project focused on unlocking the nutrient content of okara, for traditional and sourdough
bread, via fermentation with the tempeh culture Rhizopus oligosporus, taking advantage of
fresh okara’s high moisture content by using the culture’s metabolism of oils, protein, and
carbohydrates into higher nutritional value compounds.

Results demonstrated that fresh okara can be reliably fermented, with a subsequent
improvement in its nutrition profile. However, okara moisture content and the presence of
competing spoilage microorganisms greatly impacts fermentation efficiency. As an ingredient
in both traditional and sourdough bread, okara is not usable at sufficiently significant levels to



deliver a meaningful nutrition benefit, due to its negative impact on product taste and texture.
Interestingly, fermented okara at a 5 percent level in traditional bread demonstrated a

potential benefit as a clean label bread or dough improver, which is a potential future research
area.

The final goal of this project focused on the development of non-human food value-added
applications of okara on behalf of project partner MinnTofu. Unfortunately, the most
promising opportunities for okara were in lower value applications such as waste to energy,
specifically anaerobic digestion, and composting, as utilization can occur without necessarily
needing to reduce the moisture content of wet okara.



BACKGROUND

First mentioned in a Chinese document called the Qing yi lu over a millennium ago, tofu is one
of the most important domestic and international value-added food products derived from
soybeans (Shurtleff and Aoyagi 2013). In the manufacture of tofu, soybeans are soaked,
ground, pressed, and separated into two process streams: soymilk, which is coagulated into
tofu, and a high moisture soy pulp byproduct known as okara. While many hold tofu in high
regard as a nutritious food source, fresh okara has proven to be a difficult coproduct stream
from which to extract significant value despite its fiber, protein, and nutrient content.

With sales in the United States of over $350 million in 2019, okara production spiked due to the
significant increase in sales in 2020 as consumers demanded more plant-based foods in light of
the COVID-19 induced meatpacking plant shutdowns (Bloomberg 2020). Tofu producers
generate approximately 1.1 kilograms of fresh, wet okara from every kilogram of soybeans
processed, with a dry matter content of approximately 26% protein, 12% oil, and 52% complex
carbohydrates such as hemicellulose, pectin, and cellulose. Since the time of the earliest
production of tofu or soymilk, the majority of all okara use is for livestock fodder, with a portion
being used as an organic fertilizer.

Because of the high-water content of fresh okara, it is an ideal environment for microorganism
growth and thus putrefies rapidly, typically resulting in landfill disposal if the manufacturer is
located far from a livestock feedlot or rapid drying of the okara is not feasible. Fermentation of
fresh okara, however, may be a way to take advantage of its high moisture content by using the
metabolism of oils, protein, and carbohydrates by specific microorganisms into higher
nutritional value compounds such as isoflavones. Previous Minnesota Soybean Research and
Promotion Council (MSR&PC)-funded research from the Northern Crops Institute (NCI),
outlined in the 2019 project report “Improve Profitability for Soymilk Processors by Methods
that Add Value to Okara Produced from Soymilk Processing,” used this strategy to convert fresh
okara into an ingredient to mitigate high fat and high-calorie human food products such as beef
and baked cookies (Xu 2019).

GOALS AND OBIJECTIVES

To further the prior research, AURI and NCI researchers sourced fresh okara from MinnTofu (a
Twin Cities-local wholesale tofu manufacturer) for further evaluation and determination of the
nutritional and sensorial benefits of okara fermentation in baking applications. Additionally,
Back When Foods (an AURI collaborator with expertise in traditional sourdough applications)
conducted a comparison demonstration with traditional sourdough fermentation of okara
bakery products. Finally, AURI used its industry network to connect MinnTofu with regional
opportunities for its core tofu business and identified opportunities to enhance profitability by
supporting efforts to transform the okara waste stream into a value-added revenue generator.



Goal 1: Okara processing for value-added baking uses
Objective 1: MinnTofu okara processed by NCI using fermentation to flour process

Objective 2: MinnTofu okara processed by Back When Foods in sourdough fermentation

Goal 2: Baked product assessment
Objective 1:  NCI prepared breads evaluated at NCl and in AURI’s Food Product Evaluation and
Sensory Laboratory

Objective 2: Back When Foods reported evaluation of okara sourdough opportunity

Goal 3: MinnTofu business development for advancing regional soy foods
Objective 1: Okara value-added opportunity assessment

Objective 2: Business development through connection to regional resources for scale-up and
enhancement of product marketability

Objective 3:  Business to business connections to MN soybean suppliers and product buyers

METHODS AND DATA

Goal 1, Objectives 1 and 2: Okara processing for value-added baking uses

MinnTofu provided fresh okara to NCI for fermentation by the microorganism Rhizopus
oligosporus, a widely used starter culture for traditional tempeh. MinnTofu in Spring Lake Park,
Minnesota produced the fresh okara according to the process outlined in Figure 1, and quickly
transported it to NCI, located in Fargo, North Dakota.
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Figure 1. MinnTofu Process Flow Diagram. MinnTofu is a Spring Lake Park, MN-based wholesale tofu
manufacturer. Note that okara is produced as a byproduct of grinding and pressing soaked soybeans in Step 2.

Following receipt of the fresh okara, NCl separated it into two product streams:
1. Okara flour was prepared by drying at 60 degrees Celsius and 40% relative humidity for
15 hours, followed by exposure at 110 — 120 degrees Celsius in a Lincoln Impingement



oven for 3 hours. The dried okara was then ground into fine flour for further use in
baking applications.

2. Fermented okara flour was prepared by first fermenting with Rhizopus oligosporus
according to the process outlined by Xu in the previous research project “Improve
Profitability for Soymilk Processors by Methods that Add Value to Okara Produced from
Soymilk Processing” (2019). Following fermentation, NCI dried the okara at 110 — 120
degrees Celsius in a Lincoln Impingement oven for 4 hours. In the final step, NCI ground
the dried, fermented okara into fine flour for further use in baking applications.

Goal 2, Objective 1: NCI prepared breads evaluated at NCl and in AURI’s Food Product
Evaluation and Sensory Laboratory

NCI prepared bread samples in January 2021, following a 2x3 experimental design with a
control, using the variables and formulation outlined in Tables 1 and 2.

Table 1. Experimental Design for NCI Baking Applications Study.

Bread Type Whole Wheat % Okara % Fermented Okara %
Control 100 0 0

Okara 95, 90, 85 5,10, 15 0
Fermented Okara 95, 90, 85 0 5,10, 15

Table 2. NCI Bread formulation. This formulation is representative of basic whole wheat bread, with the flour
composition varying according to Table 1.

Ingredients Baker's Percent | Weight Percent
Whole wheat flour

Okara Flour 100 47
Fermented Okara Flour

Vital wheat gluten 5 2.3
Yeast 3 1.4
Salt 2 0.9
Light brown sugar 10 4.7
Granulated sugar 5 2.3
Dependox 0.4 0.2
Veg oil 3 1.4
Honey 4 1.9
Water 80.5 37.8

Appendix 1 contains the complete procedure.

NCI conducted quantitative bread quality analysis, measuring the following attributes:



e Baked Weight

e Loaf Volume

e Crumb Firmness

e Crumb Color

e Bread cellular structure

AURI and NCl individually conducted sensory analyses of the bread variables with trained
sensory evaluators. Appendix 1, Okara Baking Report compiles NCI sensory analyses. Appendix

2, Okara Breads Sensory Evaluations includes AURI sensory analyses.

Goal 2, Objective 2: Back When Foods reported evaluation of okara sourdough opportunity

The sourdough process of making bread products is one of the oldest biotechnological
processes in cereal food production. Generally, sourdough bread is prepared from a
combination of flour and water and fermented using lactic acid bacteria as a means of
leavening. The result is typically a pleasant and sour-tasting end product, which has gained
popularity as a means to improve the quality and flavor of wheat breads (Chavan and Chavan
2011).

In this project, Back When Foods, Inc. added previously unfermented okara flour to its Type 1
Sourdough French Bread process, whereby fermentation begins by using a “starter” from a
previous fermentation. This method requires a 6-hour fermentation cycle before baking at 450
degrees Fahrenheit and uses only the flour blends outlined in Table 3 with distilled water,
Himalayan salt, and Type 1 culture as ingredients.

Table 3. Experimental Design for Back When Foods Type 1 Sourdough French Bread Baking Study.

Bread Type Bread Flour % Okara %
Control 100 0
Okara 95, 90, 85 5,10, 15

A full description of the Back When Foods, Inc. test protocol and results are in Appendix 3,
Okara Flour as an Inclusion to Type 1 Sourdough French Bread.

Goal 3: MinnTofu business development for advancing regional soy foods

Using AURI’s scientific and business development expertise, coupled with extensive regional
networking capabilities, AURI assessed tofu production efficiency improvements and value-
added okara opportunities for MinnTofu. Results of these assessments are included in the next
section of this project report.



RESULTS & DISCUSSION

Goal 1, Objectives 1 and 2: Okara processing for value-added baking uses

Unfermented okara: Approximately 170 pounds were dried and ground into flour for use in a
baked whole grain bread experimental design.

Key learning: Okara must dry quickly to avoid the onset of spoilage.

Fermented okara: Approximately 30 pounds were produced, dried, and ground into flour for
use in a baked whole grain bread experimental design.

Key learning: Upon receipt at NCI, wet okara (approximately 80% moisture) showed signs of
spoilage. As a result, the team saw a significant reduction in fermentation efficiency. While
project partners obtained enough fermented okara flour to complete the baked whole grain
bread experimental design, they undertook additional studies to better understand the root
cause and impact on fermentation efficiency:

1. Qualitative Shelf-Life Study: NCI conducted a qualitative shelf-life study on raw, wet okara
from MinnTofu. Results indicated that raw, wet, uncooked okara from MinnTofu exhibits
noticeable spoilage microorganism growth within the first 24-48 hours of ambient storage.
Refrigeration will delay this growth curve, but product spoilage will be obvious within 72
hours of production if one does not take mitigation steps.

2. Fermentation Efficiency Study: With the decrease in fermentation efficiency observed by
NCI (which was noticeably different from the fermentation efficiency observed when using
okara generated from the NCI process outlined in the previous research project “Improve
Profitability for Soymilk Processors by Methods that Add Value to Okara Produced from
Soymilk Processing” (2019)), NCI conducted a trial to mimic MinnTofu’s process conditions
in the NCI lab. The purpose of this study was to evaluate the fermentation efficiency of
MinnTofu-processed okara versus NCl-processed okara without the transport lag time from
the MinnTofu facility in Spring Lake Park, MN, to the NCl lab in Fargo, ND, that allowed for
the growth of competing spoilage microorganisms.

Note that the primary processing differences involve (1) a cook of the bean mash before
okara and soymilk separation (effectively pasteurizing the okara), which is present in the
NCI process but absent in the MinnTofu process; and (2) a soymilk/okara separation press
at NCI (resulting in 70% moisture okara) versus a centrifugation process at MinnTofu
(resulting in 80% moisture okara). See Figure 1 process schematic repeated here.
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Figure 1. MinnTofu Process Flow Diagram. In the NCI tofu process, the batch cook (step 3) comes before the
grind/press separation of soymilk and okara (step 2). Additionally, separation of the soymilk and okara (step 2) is
done with a press at NCI, versus a centrifugation process at MinnTofu. This results in 70% moisture okara from NCI
versus 80% moisture okara from MinnTofu.

Results of the fermentation efficiency study indicated a significant correlation to the okara pre-
fermentation moisture content and microorganism load. Figure 2 summarizes these results.
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Figure 2. Okara Fermentation Efficiency Dependence on Moisture Content and Initial Microorganism Load. Note
the source of (a) was from previous NCI research (Xu 2019), while samples (b) — (e) were produced in the current
study at NCI. Okara samples (a), (b), and (c) were inoculated with Rhizopus oligosporus immediately upon
creation, while okara samples (d) and (e) were held in refrigerated storage for 24 and 48 hours, respectively,
before inoculation.

Okara fermentation efficiency is dependent on moisture content. The high moisture content
of MinnTofu okara (approximately 80%, Figures 2c, 2d, and 2e) relative to NCl-produced okara
(at 70% moisture, Figures 2a and 2b) reduces fermentation efficiency substantially. In Figures
2a and 2b, the culture has completely matured within 4 days when the starting okara moisture
was at 70%, regardless of reduction of the okara microorganism load through a pasteurizing
treatment. In contrast, Figure 2c demonstrates incomplete growth after 7 days with a starting
moisture of 80%.



Okara fermentation efficiency is dependent on the starting microorganism load.
Microorganisms present in unpasteurized okara compete with the tempeh culture Rhizopus
oligosporus after inoculation. Figure 2 illustrates this through:

Color of fermentation products. Figure 2a represents previous research completed by
NCI (Xu 2019). Contrast the white fermentation products created when pasteurized
okara (low initial microorganism load) was inoculated with Rhizopus oligosporus to the
gray and multicolor fermentation products created when unpasteurized okara (high
initial microorganism load) was the substrate inoculated (Figures 2a — 2e).

Speed of fermentation. Fermentation time to reach culture maturity doubled when
using unpasteurized okara (Figure 2b, 4 days) versus pasteurized okara (Figure 2a, 2
days).

Unknown microorganism growth if delayed inoculation occurs. When inoculation of
unpasteurized okara is delayed, unknown microorganisms propagate and compete with
Rhizopus oligosporus. Note the multicolor fermentation products in Figures 2d (24-hour
inoculation delay) and 2e (48-hour inoculation delay) versus the monotone
fermentation products in Figures 2b and 2c (with no inoculation delay).

Nutritional impact of fermentation. Chemical analysis of both fermented and unfermented
okara determined the nutritional impact and value add of okara fermentation. A literature
review of published research prioritized the selection of appropriate chemical analyses. The
results of these analyses are in Table 4.

Table 4. Chemical analysis results comparing key nutritional attributes of unfermented versus fermented okara

flour.
Analysis Units Unfermented Okara | Fermented Okara
Daidzein Parts per million 54.3 428
Daidzin Parts per million 61.5 17.3
Genistein Parts per million 81 682
Isoflavones | Genistin Parts per million 95.6 349
Glycitein Parts per million 10.8 67.6
Glycitin Parts per million 14.9 <10
Total as Glucosides | Parts per million 407 1950
Vitamin B12 mcg/100g <0.1000 1.066
Antioxidant .
. micromoles TE/100 g 2800 3300
Activity
. Total % 46.4% 52.8%
Dietary
. Soluble % 13.0% 7.8%
Fiber
Insoluble % 33.4% 45.0%
GABA micrograms/g <5.00 (ND) <5.00 (ND)




Soy Isoflavones and dietary fiber. Previous research completed by NCI (Xu 2019) indicated an
increase in soy isoflavones and conversion of fiber from insoluble to soluble upon fermentation
with Rhizopus oligosporus. Past reports indicate soy isoflavones have estrogenic,
anticarcinogenic, antiosteoporotic, anti-hypertensive, and other positive biological effects
(Kuligowski et al. 2017). Dietary fiber intake is associated with reduced body mass index, body
weight, and body fat. There are indications soluble fiber helps reduce low-density lipoprotein
(LDL cholesterol), while insoluble fiber aids in digestive health and prevents constipation. The
Food and Drug Administration’s Recommended Daily Value for total dietary fiber is 14 grams
per 1,000 calories consumed but does not make a recommendation as to the appropriate ratio
of soluble to insoluble fiber.

Key Learning (Isoflavones): Fermentation increased the total isoflavone content, while also
converting glucoside isoflavones (daidzin, genistin, and glycitin) into aglycone isoflavones
(daidzein, genistein, and glycitein). Figure 3 summarizes these data.
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Figure 3. Fermentation Impact on Okara Isoflavones. Isoflavones are characterized as glucosides (a) and
aglycones (b).

Humans absorb isoflavone aglycones faster than their glucosides, thus indicating an
improvement in the amount and speed of absorption (Izumi et al., 2000).

Key Learning (Dietary Fiber): Interestingly, total dietary fiber increased upon fermentation,
likely due to the presence of the Rhizopus organism itself, reported in research to contain 5%
crude fiber (Che Omar & Suan Li, 1993). The conversion of insoluble fiber to soluble fiber upon
fermentation, as reported in the MSR&PC study titled Improve Profitability for Soymilk
Processors by Methods that Add Value to Okara Produced from Soymilk Processing (2020), was
not consistent with this research. This fiber conversion is an interesting phenomenon, the
mechanism of which requires additional research beyond the scope of this project.
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Vitamin Bi, and Gamma aminobutyric acid (GABA). Vitamin B12 and GABA levels significantly
increase in fermented soy products (Jayachandran & Xu 2019). GABA is an amino acid that acts
as a neurotransmitter and has hypotensive effects, while Vitamin B1; is vital for DNA synthesis
and healthy blood cells. According to the National Institutes of Health, Office of Dietary
Supplements, Vitamin B1z is only found naturally in animal products, thus a non-animal-derived
source is especially important for individuals following vegetarian and vegan diets.

Key Learning (Vitamin B12): Fermentation increased (by at least a factor of 10) the content of
Vitamin B12 in okara. According to the National Institutes of Health, Office of Dietary
Supplements, the Recommended Daily Intake of Vitamin B1, for an adult is 2.4 micrograms —
meaning that fermented soy okara could contribute a meaningful amount of Vitamin B1, to the
human diet.

Key Learning (GABA): Despite research indicating the formation of GABA upon fermentation in
soy foods ((Jayachandran & Xu, 2019), the presence of GABA in soy okara, whether fermented
or not, was below the detectable limit. Thus, this study would conclude that the conditions of
fermentation were unable to form detectable amounts of the amino acid GABA.

Antioxidant activity. Oxidative stress in the body occurs because of an imbalance between free
radicals and the antioxidant mechanism, resulting in a variety of diseases including diabetes,
cancer, etc. (Jayachandran & Xu, 2019) — thus a measure of the antioxidant activity of
fermented okara versus unfermented okara is crucial to understanding the benefits of
fermentation.

Key Learning (Antioxidant Activity): Fermentation increased the antioxidant capacity of okara
by 18%. In comparison with published values also using the 2,2’-Diphenyl-1-Picrylhydrazyl
(DPPH) method described by Plank et al (2012), the absolute values of antioxidant activity for
both fermented and unfermented okara fall within the range of data reported for red wine.
This indicates that the 18% increase in antioxidant capacity seen when fermenting okara may
not be statistically significant, though more data points would be required to reach a
statistically valid conclusion.

A ranking of the antioxidant activity of okara (whether fermented or unfermented) versus
published common foods data demonstrates it is in line with ready-to-eat cereal, red wine, and
pomegranate juice, significantly above blueberry juice, green tea, and carrot juice, and
significantly below cocoa powder, pomegranate concentrate, pomegranate by-product/pulp,
and pomegranate arils (Figure 4).
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Figure 4. Antioxidant Activities of Common Foods as Compared to Okara. Common food antioxidant activities
reported by Plank et al., 2012 using the 2,2'-Diphenyl-1-Picrylhydrazyl (DPPH) method. Error bars represent a 95%
confidence interval around the dataset means.

Goal 2, Objective 1: NCI prepared breads evaluated at NCl and in AURI’s Food Product
Evaluation and Sensory Laboratory

Bread quality analysis and sensory results indicate a noticeable impact on the performance of
breads formulated with okara and fermented okara, respectively, relative to the control. See
bread variable comparisons in Figures 5 and 6. Full results are available in Appendix 1, Okara

Baking Report (NCI), and Appendix 2, Okara Breads Sensory Evaluations (AURI). Key learnings
are outlined below.

T
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Figure 5. Baked Bread Loaf Comparison at Varying Levels of Okara Flour Replacement.
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Figure 6. Baked Bread Loaf Comparison at Varying Levels of Fermented Okara Flour Replacement.

Bread Quality Analysis. Loaf volume decreased (up to 41%) and crumb firmness/bread
hardness increased (up to 120%) with increasing unfermented okara in the formulation. Loaf
volume increased slightly, by 4.6%, at the 5% inclusion rate of fermented okara, then decreased
with increasing amounts of fermented okara. Crumb firmness/bread hardness dropped
significantly (up to 48%) at low levels of fermented okara, with this softening effect
disappearing at the highest inclusion rate of fermented okara.

Sensory Evaluation of Bread. Sensory evaluation results align with the baked product
performance attributes outlined above, relative to the whole grain control.

The inclusion of okara flour resulted in tougher, denser, tighter crumb structure bread that
wicks moisture from the mouth, with a notably bitter flavor and aftertaste concentrated in the
darker baked crust. These effects increased linearly with the okara inclusion rate, producing an
unpleasant experience at rates higher than 5%.

The inclusion of fermented okara flour demonstrated similar appearance effects, though the
texture was notably softer and more cohesive upon chewing. These effects seemed to
decrease with an increase in the fermented okara inclusion rate. Bifurcation of bread flavor
between slightly sweet on the interior and unpleasantly bitter in the crust occurred.

Overall, these results suggest that replacement of wheat by okara is tolerable up to 5%,
whether fermented or not. Further, fermented okara improved the performance and sensory
characteristics of bread at the 5% level, indicating the potential for fermented okara to act as a
“clean label bread texture improver,” though further research is necessary to validate these
findings and identify the mechanism of this improvement activity.

Goal 2, Objective 2: Back When Foods reported evaluation of okara sourdough opportunity

Back When Foods, Inc. prepared and evaluated Type 1 Sourdough French Bread using
unfermented okara flour produced at NCl according to the method previously described. Full
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results are available in Appendix 3, Okara Flour as an Inclusion to Type 1 Sourdough French
Bread (Back When Foods, Inc.).

In summary, the baked performance of okara sourdough bread produced at Back When Foods,
Inc. was very similar to that seen in whole wheat bread baked at NCI.

Bread Quality Analysis. Loaf volume correlated inversely to okara content: as the percentage
of okara in the bread increased, the baked volume of the bread decreased, to approximately
20% of the control at the highest level of okara replacement (see Figure 7).

‘< AN
Figure 7. Baked Sourdough Bread Loaf Comparison at Varying Levels of Okara Flour Replacement. Note that the
0% okara flour control sample is not shown.

Sensory Evaluation of Bread. Sensory evaluation indicated that increasing levels of okara in the
sourdough bread resulted in a moister, “gummy,” undesirable texture, with a strong acetic
acid/vinegar flavor profile. Additionally, crust color darkened noticeably as the level of okara in
the bread increased.

In the words of owner and chief baker of Back When Foods, Inc., Brian LaPlante, “We would not
choose to add a bread containing okara flour to our product line. The flavor and quality of the
final product are not beneficial. The okara flour creates a flavor that is not complementary to
our flavor profiles.”
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Goal 3: MinnTofu business development for advancing regional soy foods

The U.S. Department of Agriculture (USDA)
estimates that 30 to 40 percent of food in the
United States goes to waste (Lemke 2020).
According to ReFED, a national nonprofit
dedicated to ending food loss and waste across
the U.S. food system, further analysis reveals
that, in Minnesota, 28% of this total waste is
attributable to manufacturing, highlighted in
Figure 8 (ReFED 2021).

Retail, 7%

Manufacturing, 28%

In response, the U.S. Environmental Protection
Agency developed a Food Recovery Hierarchy

(Figure 9), which prioritizes actions Figure 8. Food Loss and Waste by Sector in

organizations can take to prevent and divert Minnesota — 2019. Data from the ReFED Food
wasted food. Each tier of the hierarchy focuses waste monitor (2021). Total estimated Minnesota
on different management strategies for dealing food waste in 2019: 997,000 tons.
with wasted food. The top levels of the hierarchy
SEPA  Food Recovery Hierarchy are the most impactful ways to prevent and divert
wasted food because they create the most
Si Reducti . . .
i Aies 1 Vb e ol guomein benefits for the environment, society, and the
Donate extra foofieloegol:ll:;g;yszepokﬂ:ensand shelters economy' The hiera rChy places a higher value On
Feed Animals preventing food waste and loss or on repurposing
Divert food scraps to animal food . .
o those products for food use than on diverting the
Prmewgﬁgﬂumrmm_lnd 4 . .
(o b waste materials to animal feed or energy
el generation (Lemke 2020).
soil amendment
Landfill/
Incineration . . . .
e In conjunction with the Food Recovery Hierarchy,

AURI assessed multiple scenarios to manage the
okara byproduct. Currently, MinnTofu disposes of
Figure 9. Food Recovery Hierarchy from the up to one ton per week of raw, wet okara in the
U.S. Environmental Protection Agency. local landfill.
https://www.epa.gov/sustainable-management-

food/food-recovery-hierarchy

Scenario 1: Source Reduction of Okara

MinnTofu’s process currently produces 80% moisture okara, at a rate of up to one ton per
week. By comparison, the NCI pilot-scale process produces okara at 70% moisture. This
indicated that MinnTofu could potentially improve the efficiency of their process by extracting
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more soymilk from their soybeans, thereby increasing their tofu output and reducing their
okara output (by weight). AURI conducted a process test with the AURI Waseca, MN facility to
determine the value of a dewatering screw press after generating the okara, to extract this
additional soymilk, on April 6, 2021.

Key Learning: In summary, the texture of wet okara (similar to mashed potatoes) did not allow
for successful testing on the Vincent Dewatering Screw Press. This technology operates on the
principle of “squeezing” liquid out of organic material by pressing the organic material against a
screen, operating in a continuous fashion, whereby the liquid would be expressed through the
screen and the organic material would remain on the interior side of the screen, conveyed
away by the screw (see Figures 10 and 11). In this case, wet okara was pushed directly through
the screen, and the screw press was unable to achieve sufficient pressure to extract additional
liguid from the solid soy material.

i <

T N e e
Figure 10. Screen Assembly for Screw Dewatering Figure 11. Dewatering Press in Operation —
Press. A screw mechanism operating inside this Pineapple Juice. Note the liquid flowing through
screen assembly pushes organic material against the the screen. Photo courtesy of
screen to dewater. Photo courtesy of https://vincentcorp.com/content/operating-hints-
https://vincentcorp.com/content/operating-hints-cp- cp-6-thru-cp-12-presses

6-thru-cp-12-presses

As a result of this unsuccessful trial, AURI determined that the current MinnTofu centrifuge

process cannot extract more soymilk from soybeans and that a source reduction of okara by-
product was not achievable.

Scenario 2: Repurpose Okara as Human Food

Given the remaining nutrient quality of okara post-tofu processing, this project intended to
identify new human food applications, particularly in baking. As previously demonstrated,
okara is readily fermentable using the standard tempeh starter culture Rhizopus oligosporus,
resulting in an ingredient with an enhanced micronutrient profile from its starting point.
However, this project also demonstrated limitations of okara use in human food, namely:
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1. The moisture content of raw, wet okara limits its ingredient potential without significant
additional processing (primarily, application of thermal energy to pasteurize and reduce
its water content).

2. When prepared appropriately, the use of okara as an ingredient is limited by the
sensorial attributes it imparts to the final product, demonstrated in both this and
previous research (Xu 2019).

As such, the team suggests that, unless there is a willingness to invest in substantial drying
capacity to stabilize okara, the producer should consider a soybean-forward product line such
as tempeh, whereby the okara is the fermentable substrate. As a matter of fact, in a
FoodNavigator-USA article from June 15, 2021, Greenleaf Foods president Dan Curtin stated,
“there’s tremendous growth in tempeh...it's probably the most versatile superfood product out
there” (Watson 2021).

While defining and validating tempeh production from MinnTofu okara was outside the scope
of this project, the previous research by Xu (2019) described a process whereby fresh okara is
easily and efficiently fermented into tempeh using Rhizopus oligosporus inoculation following a
soybean cook at 84°C / 183°F (effectively pasteurizing the resulting okara) and subsequent
soymilk/byproduct separation, producing “clean” okara at approximately 70% moisture. To
apply the described tempeh process, MinnTofu would need to invest in two unit operations:

1. Adrying process that simultaneously (a) reduces okara moisture from 80% to a
maximum of 70% and (b) effectively pasteurizes the raw okara to eliminate competitive
microorganisms in preparation for inoculation of the tempeh culture Rhizopus
oligosporus.

2. Anincubation process that produces conditions to grow the tempeh culture effectively
and efficiently.

Scenario 3: Repurpose Okara as Animal Food

While the protein content of raw, wet okara (26% by weight) indicates high value as an animal
feed, particularly livestock feed, the economic analysis indicates considerations beyond simply
the crude protein and digestible nutrients content as an indicator of value.

The feed market typically makes comparisons for new opportunities against the following
commodities:

1. Corn: energy source for livestock and poultry diets

2. Soybean Meal (SBM): protein source for livestock and poultry diets

3. Alfalfa Hay: protein and energy source for ruminant animals (dairy, beef cattle)

With that background, AURI completed a feed value estimate for okara versus these primary
commodities, outlined in Table 5.
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Table 5. Feed value estimate for okara. Commodity prices listed are estimates only, thus this comparison is
purely for directional purposes. Note that corn pricing is listed on a per bushel basis - using a standard weight of
56 pounds per bushel of corn, the commodity pricing of $4.50/bu is equivalent to $160.71/ton.

$4.50/bu. Corn,
$375/ton SBM &

$175/ton Alfalfa hay

Okara “As-Is” $26.84 per ton
with 81% moisture

Okara if dried to $217.43 per ton
10% moisture

According to this analysis, based solely on its feed value, the okara producer could expect to sell
raw, wet okara at $26.84 per ton or dried okara at $217.43 per ton. However, the feed value of
okara does not tell the entire economic story.

In the case of wet okara, freight adds a significant cost that reduces its feed value. Assuming a
cost of $4.00 per loaded mile for a 24-ton truck, the freight cost to ship raw, wet okara just 50
miles reduces its feed value by approximately $8.00 per ton, to $18.84 per ton. In the specific
case of MinnTofu, the rapid growth of spoilage microorganisms outlined previously limits
animal feed usage opportunities for raw, wet okara to geographically adjacent feedlots for
maximum value. Note that this analysis does not consider on-site storage costs for raw, wet
okara, nor does it consider the potential cost discount for “old” okara suffering from extreme
spoilage because of storage time to fill a 24-ton truck.

While dried okara value generates significantly more value for the okara producer (by
concentrating the protein content and eliminating the potential for spoilage), it’s important to
consider the cost to dry okara from approximately 80% moisture to 10% moisture at $217.43
per dry ton of okara. This analysis assumes a natural gas fuel cost of $4.00 per million BTUs,
with a resulting cost to dry okara of $31.50 per dry ton, reducing the feed value of dried okara
to $185.93 per dry ton. This value is before adding in additional costs of labor, facility
overhead, and capital to install the drying technology itself.

In conclusion, while there is value as a feed source, topline economic analysis indicates that the
full okara feed value is likely in line with (and potentially lower than) existing commodity
sources, presenting no significant benefit. Comprehensive economic analysis of all
considerations is recommended before any capital investments are made to service the feed
market.
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Scenario 4: Repurpose Okara as feedstock for Anaerobic Digestion (Waste to Energy)

Anaerobic digestion is a process through which bacteria break down organic matter in the
absence of oxygen, in a sealed vessel called a bioreactor. These reactors contain complex
microbial communities that break down (or digest) the organic matter and produce resultant
biogas, which is usable as an energy source like natural gas, and digestate (the solid and liquid
material end-products), which can be used in many different applications as a coproduct
revenue stream (EPA 2021).

As anaerobic digestion is a complex fermentation process regulated by a bacteria consortium, it
is sensitive to the type and composition of organic matter, or substrate, used as the reactor
input. Specific substrates are utilized by specific types of bacteria, thus the proportions of
organic waste used in the reactor input determine the process rate and efficiency (Yulin et al.
2011). Reactor conditions also impact process rate and efficiency, as specific types of bacteria
thrive under different temperature conditions — for instance, mesophilic bacteria at 11 — 45°C
(52 — 113°F) and thermophilic bacteria at 46 — 75°C (115 — 167°F).

As a source of organic matter for anaerobic digestion, Yulin et al. found 93% of okara input into
their theoretical bioreactor fermented to methane biogas, or biomethane, under mesophilic
conditions (2011), indicating that the nutrient content of wet okara is an excellent substrate for
anaerobic digestion. Additionally, AURI posits that one could consider the starch content of
wet okara to be “rocket fuel” as it pertains to biomethane production under thermophilic
conditions, with the appropriate bacteria consortium.

In summary, the potential of wet okara from MinnTofu as a substrate for anaerobic digestion
suggests further research is necessary to determine both its biomethane potential and the risk
that okara spoilage microorganisms present to the digester bacteria. To minimize transport
costs, the team recommends exploring the economic potential of regional or Twin Cities-based
anaerobic digester projects.

Scenario 5: Repurpose Okara as Compost or Fertilizer

While exploring the potential of raw, wet okara as compost or fertilizer, AURI interviewed
former client Mississippi Topsoil in addition to conducting literature research.

In comparison to cow manure, poultry manure, and sewage sludge composts, okara compost—
treated soil had the most readily decomposable carbon fraction as determined by carbon
dioxide evolution. Additionally, the microbial biomass of okara—treated soil, used as an
indicator of soil quality and nutrient availability to plants, contained a higher amount of
accumulated biomass carbon than the other composts (Miyittah and Inubushi 2003). Taken
together, these results suggest that an okara compost is suitable for stabilizing and supplying
carbon and increasing the humus content of soils.
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However, Mississippi Topsoil, a business dedicated to sustainably creating superior soil
products based in Cold Spring, MN, highlighted a familiar economic consideration for the use of
okara as a compost — its high moisture content would require transportation of a significant
amount of water (bound in the okara) to its composting facility. Additionally, due to the
consistency and “compressibility” of wet okara, it would likely present challenges related to
poor ventilation of the compost matrix, requiring significant management to overcome. As
such, Mississippi Topsoil would not be interested in such a composting material for their
business, but this does not discount the potential of okara as a material for a MinnTofu-
adjacent compost site.

Fertilizer represents an alternative use for okara as a soil amendment. All commercial fertilizer
products are characterized by the proportion of nitrogen (N), phosphorus (P), and potassium
(K), known as the N-P-K ratio (or simply, NPK). A fertilizer’s NPK reflects the percentage by
weight of each nutrient in the fertilizer, thus allowing for comparisons based on the basic
nutrients each commercial fertilizer formulation provides. According to AURI, okara, on a dry
basis (0% moisture), has an NPK ratio of approximately 3-1-2, with a value of $39.84 per dry
ton. On a wet basis (80% moisture), the NPK ratio for okara is approximately 0.6-0.2-0.3, with a
value of $7.19 per ton. In comparison to commercially available home garden fertilizers, which
typically have an NPK ratio of 10-10-10 at a cost to the end consumer of approximately $700
per dry ton, okara may represent a value to the home gardener. Practically speaking, however,
the lower NPK ratio of okara (and in the case of wet okara, significantly lower) requires a higher
application rate than commercial fertilizer. This is likely to impact the ability of water and other
nutrients to reach the root system of garden plants; therefore, the ideal okara fertilizer
application (if not used as an ingredient in a commercial fertilizer) is for home garden soil
amendment to till in during the fall following harvest.

Note that this analysis, once again, identifies the greatest value from okara in its dry form,
indicating that the fertilizer value of okara must be reduced by the capital and operating cost of
drying. Using the same drying cost analysis as outlined for okara’s feed value, the fuel cost to
dry okara from 80% moisture to 0% moisture is $54.50 per dry ton — which exceeds its fertilizer
value. Wet okara, while eliminating the cost of drying, offers little value as a fertilizer; hence,
the recommendation of usage as a till-in fall soil amendment added post-harvest.

SUMMARY & OUTREACH

While tofu is held in high regard as a nutritious food source, fresh, wet okara has proven to be a
difficult coproduct stream from which to extract significant value despite its fiber, protein, and
nutrient content. Since the time of the earliest production of tofu or soymilk, the majority of all
okara use is as livestock feed, fertilizer, or as “food for the poorer classes” (Shurtleff and Aoyagi
2013). Today, we recognize the value of this byproduct stream, but because of fresh okara’s
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high water content, it is a perfect environment for microorganism growth, putrefying rapidly,
and typically resulting in landfill disposal.

This project focused on unlocking okara’s nutrient content for human food through
fermentation with the traditional tempeh culture Rhizopus oligosporus, taking advantage of
wet okara’s high moisture content by using the culture’s metabolism of oils, protein, and
carbohydrates into higher nutritional value compounds. The fermented okara was then dried,
ground into flour, and compared in leavened bread baking applications with unfermented
okara.

Results demonstrated that fresh okara can be reliably fermented, with a subsequent
improvement in its nutrition profile. However, okara moisture content and the presence of
competing spoilage microorganisms significantly impacts fermentation efficiency. Future work
should focus on optimizing the fermentation process by reducing the moisture content and
decreasing the spoilage microorganism load in the fresh okara substrate.

As an ingredient in both traditional and Type 1 sourdough bread, neither fermented nor
unfermented okara is usable at sufficiently significant levels to deliver a meaningful nutrition
benefit, due to the negative impact of okara on product taste and texture. Thus, this study
concluded one should hold okara inclusion as a bread ingredient to 5 percent of the total flour
or less. Interestingly, the inclusion of fermented okara at the 5 percent level in traditional
bread demonstrated a potential benefit as a clean label bread or dough improver, that could be
explored in future research.

The final goal of this project focused on the development of non-human food value-added
applications of okara using AURI’s scientific and business development expertise on behalf of
project partner MinnTofu. Unfortunately, AURI found that the most promising opportunities
for the okara byproduct stream were in lower value applications such as waste to energy,
specifically anaerobic digestion, and composting as they are applicable without necessarily
needing to reduce fresh okara’s high moisture content. However, all applications would see an
increase in value if a cost-effective drying approach could be defined.

Following completion of the research, AURI used its AURI Connects Webinar Wednesday
platform to disseminate results on August 11, 2021, incorporating all project partners.
Promotion of the webinar event, “Value-Added Opportunities for Tofu Okara,” included social
media and AURI’s email list of over 5,000 subscribers and past webinar attendees including
government, industry, entrepreneurs, researchers, businesses, Research & Promotion Council.
The event attracted 59 registrants of which there were 29 engaged and passionate unique
viewers during the live session. A lively panel question and answer session necessitated
extending the webinar 20 minutes past the originally scheduled ending time. A recording of the
webinar is available on AURI’s website at https://auri.org/events/value-added-opportunities-
for-tofu-okara-webinar/, and the slides presented are included as an attachment in Appendix 4.

21


https://auri.org/events/value-added-opportunities-for-tofu-okara-webinar/
https://auri.org/events/value-added-opportunities-for-tofu-okara-webinar/

REFERENCES

10.

Shurtleff, W. and Aoyagi, A. (2013). History of Tofu and Tofu Products (965 CE TO 2013).
Soyinfo Center. www.soyinfocenter.com/pdf/163/Tofu.pdf

Bloomberg. “Tofu goes mainstream in America thanks to big meat’s Covid crisis.” Then
Indian Express, 13 June 2020, indianexpress.com/article/lifestyle/food-wine/tofu-
mainstream-america-thanks-to-big-meats-covid-crisis-6456664/

Xu, Minwei. 2019 MSRPC-funded study, “Improve Profitability for Soymilk Processors by
Methods that Add Value to Okara Produced from Soymilk Processing”

Chavan, Rupesh S. and Chavan, Shraddha R. “Sourdough Technology—A Traditional Way
for Wholesome Foods: A Review.” Comprehensive Reviews in Food Science and Food
Safety. Volume 10, Issue 3, 2011, pp. 169-182.

Maciej Kuligowski, Katarzyna Pawtowska, Iwona Jasifiska-Kuligowska & Jacek Nowak
(2017) Isoflavone composition, polyphenols content and antioxidative activity of
soybean seeds during tempeh fermentation, CyTA - Journal of Food, 15:1, 27-33, DOI:
10.1080/19476337.2016.1197316
www.tandfonline.com/doi/full/10.1080/19476337.2016.1197316

Muthukumaran Jayachandran, Baojun Xu. An insight into the health benefits of
fermented soy products. Food Chemistry 271 (2019) 362—-371

Izumi, T.; Piskula, M. K.; Osawa, S.; Obata, A.; Tobe, K.; Saito, M.; Kataoka, S.; Kubota, Y.;
Kikuchi, M. Soy Isoflavone Aglycones Are Absorbed Faster and in Higher Amounts than
Their Glucosides in Humans. J. Nutr. 2000, 130 (7), 1695-1699.
doi.org/10.1093/jn/130.7.1695.

“Office of Dietary Supplements - Vitamin B12.” NIH Office of Dietary Supplements, U.S.
Department of Health and Human Services, ods.od.nih.gov/factsheets/VitaminB12-
HealthProfessional/.

Che Omar, I.; Suan Li, L. Fungal Isolation and the Production of Its Biomass in a Palm Qil
Medium. Pertanika J. Sci. Technol. 1993, 1 (2), 209-224.

D.W. Plank, J. Szpylka, H. Sapirstein, D. Woollard, C.M. Zapf, V. Lee, Chen C.Y,, Liu R.H.,
R. Tsao, A. Disterloh, S. Baugh. Determination of antioxidant activity in foods and
beverages by reaction with 2,2’-diphenyl-1-picrylhydrazyl (DPPH): Collaborative study
First Action 2012.04. Journal of AOAC International, 95 (2012), pp. 1562-1569

22


http://www.soyinfocenter.com/pdf/163/Tofu.pdf
https://indianexpress.com/article/lifestyle/food-wine/tofu-mainstream-america-thanks-to-big-meats-covid-crisis-6456664/
https://indianexpress.com/article/lifestyle/food-wine/tofu-mainstream-america-thanks-to-big-meats-covid-crisis-6456664/
http://www.tandfonline.com/doi/full/10.1080/19476337.2016.1197316
https://doi.org/10.1093/jn/130.7.1695

11.

12.

13.

14.

15.

16.

17.

Vincent Corporation Screw Press Applications Report:
https://vincentcorp.com/content/okara/

Lemke, Dan. “More Food Recovery Opportunities, Less Food Waste.” Ag Innovation
News, 2 July 2020, auri.org/ag-innovation-news/jul-sep-2020/more-food-recovery-

opportunities/.

“Food waste monitor.” ReFED, insights-engine.refed.com/food-waste-
monitor?break by=sector, Accessed on July 23, 2021.

Watson, Elaine. “Lightlife President Predicts More Segmentation in Plant-Based Meat,
Defends 'Real Food' Stance: ‘It Was Not a PR Stunt. We Wanted to Start a
Conversation...".” FoodNavigator-USA, 15 June 2021, www.foodnavigator-
usa.com/Article/2021/06/15/Lightlife-president-predicts-more-segmentation-in-plant-
based-meat-defends-real-food-stance-lt-was-not-a-PR-stunt.

Michael Miyittah & Kazuyuki Inubushi (2003). Decomposition and CO2-C evolution of
okara, sewage sludge, cow and poultry manure composts in soils, Soil Science and Plant
Nutrition, 49:1, 61-68, DOI: 10.1080/00380768.2003.10409980.
www.tandfonline.com/doi/pdf/10.1080/00380768.2003.10409980

“How Does Anaerobic Digestion Work?” Environmental Protection Agency,
www.epa.gov/agstar/how-does-anaerobic-digestion-work, Accessed on Aug 5, 2021.

Yulin Zhou, Zhenya Zhang, Tomoko Nakamoto, Yuan Li, Yingnan Yang, Motoo Utsumi,
Norio Sugiura. Influence of substrate-to-inoculum ratio on the batch anaerobic digestion
of bean curd refuse-okara under mesophilic conditions. Biomass and Bioenergy, Volume
35, Issue 7, 2011, Pages 3251-3256, ISSN 0961-9534,
https://doi.org/10.1016/j.biombioe.2011.04.002.

23


https://vincentcorp.com/content/okara/
https://auri.org/ag-innovation-news/jul-sep-2020/more-food-recovery-opportunities/
https://auri.org/ag-innovation-news/jul-sep-2020/more-food-recovery-opportunities/
https://insights-engine.refed.com/food-waste-monitor?break_by=sector
https://insights-engine.refed.com/food-waste-monitor?break_by=sector
file:///C:/Users/bphilipp/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/2TDOL4SV/www.foodnavigator-usa.com/Article/2021/06/15/Lightlife-president-predicts-more-segmentation-in-plant-based-meat-defends-real-food-stance-It-was-not-a-PR-stunt
file:///C:/Users/bphilipp/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/2TDOL4SV/www.foodnavigator-usa.com/Article/2021/06/15/Lightlife-president-predicts-more-segmentation-in-plant-based-meat-defends-real-food-stance-It-was-not-a-PR-stunt
file:///C:/Users/bphilipp/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/2TDOL4SV/www.foodnavigator-usa.com/Article/2021/06/15/Lightlife-president-predicts-more-segmentation-in-plant-based-meat-defends-real-food-stance-It-was-not-a-PR-stunt
http://www.tandfonline.com/doi/pdf/10.1080/00380768.2003.10409980
https://www.epa.gov/agstar/how-does-anaerobic-digestion-work
https://doi.org/10.1016/j.biombioe.2011.04.002

Appendix 1: Okara Baking Report (authored by NCI)

Please see PDF Attachments to view this file.

Appendix 2: Okara Breads Sensory Evaluations (authored by AURI)
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Appendix 3: Okara Flour as an Inclusion to Type 1 Sourdough French Bread
(authored by Back When Foods, Inc.)
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AURI - OKARA Baking Report

Northern Crops Institute

January 2020
I.  Analytical Data:
Flour Data
Moisture (%) | Protein_as is (%

100% Okara Flour 11.67 29.89 5
100% Fermented Okara Flour 5.45 28.03 %
Whole Wheat Flour 8.38 14.92 Z
5% QOkara 9.80 15.66

10% Okara 9.97 16.42

15% Okara 10.18 17.17 o
5% Fermented Okara 8.60 15.58 g
10% Fermented Okara 8.61 16.23 §
15% Fermented Okara 8.37 16.89 S

Methods:

Moisture AACC 44-15

Protein AACC 46-30






a. Farinographs:

Sample: WW Flour
Method BACC 300g C2 Speed: £3.0 1/ min
Evaluation BACCC2 Measuring time: 25:00 MIMCSS
Mixer 00 g
Sample weight 2.7 g Defaul moisture content 14.0
Muoisture content: a4 % Defaukt consistency: 500 FE
WA (given): 768 k! Min. consistency rmnge: 48D FE
Additional liguid 0o % Max. consstency mAnge: 520 FE
Diamping: 1.00
Remarks:
80D 700 ¢ 1400
B5.0 |- 130.0
[
700 60.0 I 20.0
350 |- 1100
500 |- 100.0
&0 50 ZF maow
) Sk -
= 200 & 800 S
E 500 [0 B 7005
B 00 B- 600
i th
an0 250 & ! 50.0
200 = 400
15.0 | 300
30D wo - 200
| 1
30 0.0
200 ==l oo L oo
00:00 03:00 10200 1300 20:00 25:00
Time [mrmcss)
— Premixing — Dwsing tempemtue — Mean value
— Mean (smoothed) — Mimimum — Min. (smoothed)
— Maximum — Max. [smoothed) — Mimer tempersture
— Stock temperatue — Spesd
Evaluation:
Point LIkt Valug Description
T [mimrss [24:5% Measuring time
OT = [76.8 Ciosing tempemture
DoOT MITCSS g 22 Dievelopment time
C FE [0 Consistency
WZ 76.5 W ater added
WAL T6.7 W ater absorption com. for default consistency
W AM T0.6 W ater absormption com. for default mosture content
51 MITCSS 0430 Beginning of sabiliy
52 MITCSS: 17:58 End of stabiity
S MITCSS 13:08 Stabily
MTI |FE 19 Tokerance index (MT1)
FQIN i 182 Farinogaph guality number
O FE |38 Cirop-off
TED |mmcss 18:12 Time to breakdown






Sample: 5L Okam
Method AACC 300g C2 Speed: 63.0 1/ min
Ewaluation AACCC2 Measuring time: 25:00 IS5
Mixer: 300 g
Sample weight 286.0 g Defaul moisture comtent 14.0
Muoisture content: 98 % Defaukl consistency: 00 FE
WA (given): 798 % Min. consistency rmnge: 480 FE
Additional liguid 0o % Max consistency mnge: 320 FE
Diarnping: 1.00
Remarks:
800 =1 a2 0.0 I 140.0
63.0 - 130.0
[
700 60.0 ! ‘:'ZEI.I]
/0 0.0
500 |- 100.0
_600 45.0 ':_“i %00 F
L, - 400 § 800 =
& 500 — 350 B 7005
5 W 30.0 EI £0.0 i
@ 0
400 230 = I 30.0
200 - 400
150 | 30.0
200 1m0 = 200
| 1
5.0 0.0
OOT !
200 o0 - oo
00:00 03:00 1000 1300 20:00 2500
Time [mrmcss]
— Premixng — Dwosing tempeatun — Mean value
— Mean (smoothed) — Minimum — Min. {smoaothed)
— Maximum — Max. (smoothed) — Mixer tempersture
— Stock temperature — Speed
Evaluation:
Pomt |  Uni Value Diescription
T [mirrss [4:53 Measuring time
DT ['c [26:.8 Ciosing temperaturs
ooT MITCSS 08 30 Development time
C FE 430 Consstency
WZ 79.3 W ater added
WAL T9.6 W ater absormption com. for default consistency
WWAM 74.3 W ater absormption com. for default mosture content
51 MITCSS 0o 28 Beginning of stabiliy
52 MITCSS 16:19 End of stabiity
5 MITCSS 1052 Stability
MTI |FE 124 Tolermnce index (MTI1)
FOM mim 170 Farinograph guality number
O FE & Dirop-off
TED |mimrss 17-00 Time o breakdown






Sample: 107 Okam
Method: BACC 300g C2 Speed: £3.0 1/ min
Evaluation: BACCC2 Measuring time: 25:00 MIMCSS
Mixer 00 g
Sample weight 2887 g Defaul moisture content 14.0
Muoisture content: 10.0 % Defaukt consistency: 500 FE
WA (given): 793 k! Min. consistency rmnge: 48D FE
Additional liguid: 0o % Max. consstency mAnge: 520 FE
Diamping: 1.00
Remarks:
80D 700 ¢ 1400
B5.0 |- 130.0
200 8.0 |- 1200
550 | 11000
500 |- 100.0
_ 600 50 ZF maow
i a | E
= 400 5 80O =
gm 30 8- w0
5 00 B- 600
400 250 2 sop™
200 L 400
15.0 | 300
30D wo - 200
|
30 | 100
200 ooT oo L oo
00:00 03:00 10200 1300 20:00 25:00
Time [mrmcss)
— Premixing — Dwsing tempemtue — Mean value
— Mean (smoothed) — Mimimum Min. (smoothed)
— Maximum — Max. [smoothed) Miwer tempersture
— Stock temperatue — Spesd
Evaluation:
Pont |  Uni Valug Description
T [mimrss [25:00 Measuring time
OT = [27.5 Ciosing tempemture
DoOT MITCSS 11:03 Dievelopment time
C FE 17 Consistency
WZ [78.2 W ater added
WA % [79.6 W ater absorption com. for default consistency
W AM % [75.2 W ater absormption com. for default mosture content
51 MITCSS 0600 Beginning of sabiliy
52 MITCSS 17-25 End of stability
S MITCSS 11:23 Stabily
MTI [FE |22 Tolermnce index (MTI)
FQN i 196 Farincgraph guality number
o FE 32 Cirpoff






Sample: 15% Okara

Method AACC 300g C2 Spesd: 63.0 1/ min
Ewaluation AACCC2 Measuring time: 35:00 ITITLS5
Mixer 300 g
Sample weight 2873 g Defaul moisture comtent . 14.0
Muoisture content: 10.2 % Default consistency: 00 FE
WA (given): 79.0 % Min. consistency range: 480 FE
Additional liguid 0o % Max consistency mnge: 320 FE
Diarmnping: 1.00
Remarks:
800 700 ¢ 1400
650 | 1300
[
700 60.0 ! 20.0
/0 = 1100
500 |- 1000
_ &0 s FL wmaow
Wbl —t -
i, 200 2 800 =
3 S 350 8- T00 o
5 00 8- 800
| 7]
a00 230 = I 30.0
200 - 400
150 | 300
200 100 = 200
| A
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00:00 0500 10:00 15:00 20:00 25:00 3000 35:00
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— Premidng — Dwosing temperatune — Mean value
— Mean (smoothed) — Minimum — Min. (smoothed)
— Maximum — Max. (smoothed) — Mier tempersture
— Stock temperature — Speed
Evaluation:
Pomt |  Unik Value Diescription
T |mmss 134:39 Measuring time
DT = X Dinsing temperature
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C FE 516 Consistency
WZ 79.0 W ater added
WAL 734 ¥ ater absormption com. for default consistency
WWAM To.2 W ater absormption com. for default mosture content
51 TS5 651 Beginning of sabiliy
52 MITCSS [28:41 End of stabiity
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FCM mim [306 Farinograph quality number
D FE 1 Dirop-off






Sample:

5% Fermented Okar=

Method AACC 300gC2 Speed: 3.0 1/ min
Ewaluation BACCC2 Measuring time: 21:00 AT S5
Mir 300 g
Sample weight 2823 q Defaul moisture comtent 14.0
Muoisture content: 86 % Defauk consistency: 00 FE
WA (given): 80.5 % Min. consistency range: 480 FE
Additional liguid 0o P Max consstency mnge: 520 FE
Diarmnping: 1.00
Remarks:
800 700 ¢ 1400
650 | 1300
[
700 60.0 ! 20.0
330 = 1100
500 |- 100.0
_ 500 507l smanw
i} — =
= s00 & 800 S
35:':' - ] 350 B 7005
B ] 30.0 £ sa.ui
bl 0 I
400 230 & I 30.0
200 - 400
150 | 30.0
300 100 = 200
| 1
5.0 0.0
oDT !
200 —! oo L oo
00:00 03500 10:00 13:00 20:00
Time [mm:ss]
— Premixng — Dwsing tempemtumne — Mean value
— Me=an (smoothed) — Minimum — Min. {smoothed)
— Maximum — Max. [smoothed) — Mixer tempersture
— Stock temperatue — Speed
Evaluation:
Paint Linik Value Description
T [mmrss [20:59 Measuring time
OT = [77.2 Ciosing tempemturs
ooT MITCSS 0736 Diewelopment time
C FE o168 Consstency
WZ |B0.4 W ater added
WAL | ERE W ater absormption com. for default consistency
WAM 74.9 W ater absorption com. for default mosture content
51 MNTSS 0440 Beginning of stabiliky
52 MITCSS 13:08 End of stabiity
S MITCSS 0823 Stabiliy
MTI [FE 35 Tokerance index (MTI)
FOM mim 133 Fannogmaph guality number
O FE 28 Dirospoff






Sample: 10r% Fermented Okara

Method AACC 300g C2 Speed: 3.0 1/'min
Ewaluation AACCC2 Measuring time: 21:00 ITIT S5
Miwer: 300 g
Sample weight 2823 g Defaul moisture comtent 14.0
Muoisture content: 36 % Defauk consistency: 500 FE
WA (given): e % Min. consistency range: 48D FE
Additional liguid 0o % Max consstency mnge: 320 FE
Darnping: 1.00
Remarks:
800 =1 J00 - 1400
€50 | 130.0
[
To0 60.0 : 20.0
330 - 1100
50.0 - 100.0
— &00 0P smow
i w E
= C v 400 5 BDO =
g 30 350 ‘gl 7005
|
= q 300 - 600
- J--—|_ @ | [Fr]
a00 230 < I 30.0
200 [~ 400
150 | 30.0
00 wo |- 200
| 1
3.0 0.0
ooT |
200 o0 - oo
00:00 03:00 10:00 15:00 20:00
Time [mrnss]
— Premixing — Dwosing tempe=tue — Mean value
— Mean (smoothed) — Minimum — Min. {smoathed)
— Maximum — Max [smoothed) — Mier temperature
— Stock temperatue — Speed
Evaluation:
Pomt |  Uni Value Description
i [mimss [20:53 Measurng time
OT = [27.2 Diosing temperaturs
ooT MITCSS 11:30 Dievelopment time
C FE 518 Consstency
WZ |B1.3 W ater added
WAL | R3] W ater absorption com. for default consistency
WAM [76.4 W ater absorption com. for default moisture conbent
51 MITCSS 0034 Beginning of stability
52 MITCSS: 1312 End of stabiity
5 MITCSS 539 Stabily
MTI [FE 37 Tokemnce index (MTI)
FOM mim 162 Farnnogmaph guality number
D FE 51 Cinop-aff






Sample: 15% Fermented Okara
Method AACC 300g C2 Speed: 3.0 1/'min
Ewaluation BACCC2 Measuring time: 25:00 AT S5
Mixer 300 g
Sample weight 2817 g Default moisture comtent 14.0
Moisture content: a4 % Defauk consistency: 0D FE
WA (given): 835 % Min. consistency range: 48D FE
Additional liguid 0o ks Max consstency mnge: 320 FE
Damnping: 1.00
Remarks:
800 =1 oo 0.0 I 140.0
630 [ 1300
[
700 B0.0 ! ‘:'ZEI.I]
3B/0 0.0
500 | 1000
_ 600 0P wow
i wl £
= @ i 400 § BOO =
3.5:':' : s0 8L 7003
B . y w0 - e00
i th
a00 230 & I 30.0
200 [~ 400
150 | 300
300 100 - 200
| 1
5.0 0.0
ooT !
200 oo - oo
00:00 03:00 1000 1300 20:00 25300
Time [mmss]
— Premixng — Dosing tempemtue — Mean value
— Mizan (smoothed) — Minimum — Min. {smoathed)
— Maximrum — Max. (smoothed) — Mizer temperzture
— Stock temperatue — Speed
Evaluation:
Pomt |  Uni Value Description
il [mimrss [25:00 Measurng time
DT = [27.5 Diosing tempemturs
DOT MITCSS 0945 Dievelopment time
L FE 203 Consstency
WZ B34 W ater added
WAL la2.5 W ater absormption com. for default consistency
WAM [77.4 W ater absormption com. for default mosture content
51 MITCSS 0o 30 Beginning of stability
52 MITCSS: 10:50 End of stabiity
S LSS o 20 Stabily
MTI [FE 139 Tokemnce index (MTI)
FOIN mim 109 Farinogmaph guality number
O FE 32 Dirop-off






II.  Bread Baking
a. Mixing Procedure:

Dough Mixing (Hobart Mixer, A120T 12qt mixer with McDuffy Bowl)
1. Add dry ingredients, honey and oil to bowl. Add water

2. Mixing: Speed 1 for 1 min. Change to speed 2 and mix to optimum development. See mix
times in table below.

3. Divide: 320g +/- 1g dough pieces and round

4. Bench Rest: Rest 10 min (covered).

Sheet/Moulding:
a. Moulder Roller Setting: Top: 2.0 & Bottom: 1.5
b. Pressure Board Setting: 2.6cm

Place into greased loaf pans.

Put loaf pans in proofer set to 95F and 85% RH.

Proof to height. 1.5cm above pan rim.

. Bake at 400F for 23 minutes.

0. After baking, remove the baked loaves from the baking pans & cool.

o1

= 000N

b. Bread Formulas
100% Whole Wheat Flour — No Time Dough Method

Ingredients Baker's % Gram
Whole wheat flour 100 500
Vital wheat gluten 5 25
Yeast 3 15
Salt 2 10
Light brown sugar 10 50
Granulated sugar 5 25
Dependox 0.4 2
Veg oil 3 15
Honey 4 20
Water 80.5 402.5






Okara Flour Formulas - No Time Dough Method

5% Okara Flour 10% Okara Flour 15% Okara Flour
Ingredients Baker's % | Gram Baker's Gram Baker's Gram
% %
Whole wheat flour 100 475 100 450 100 425
Okara Flour 5 25 10 50 15 75
Vital wheat gluten 5 25 5 25 5 25
Yeast 3 15 3 15 3 15
Salt 2 10 2 10 2 10
Light brown sugar 10 50 10 50 10 50
Granulated sugar 5 25 5 25 5 25
Dependox 0.4 2 0.4 2 0.4 2
Veg oil 3 15 3 15 3 15
Honey 4 20 4 20 4 20
Water 83.6 418 83.6 418 83.4 417
Fermented Okara Flour Formulas — No Time Dough Method
5% Fermented 10% Fermented Okara | 15% Fermented Okara
Okara
Ingredients Baker's % | Gram | Baker's % Gram Baker's % Gram
Whole wheat flour 100 475 100 450 100 425
Fermented Okara 5 25 10 50 15 75
Vital wheat gluten 5 25 5 25 5 25
Yeast 3 15 3 15 3 15
Salt 2 10 2 10 2 10
Light brown sugar 10 50 10 50 10 50
Granulated sugar 5 25 5 25 5 25
Dependox 0.4 2 0.4 2 0.4 2
Veg oil 3 15 3 15 3 15
Honey 4 20 4 20 4 20
Water 84.8 424 86.4 432 87.7 438.5






C.

Dough and Mixing Data:

100% Whole Wheat Control

100% Whole Wheat Control

Rep 1 Rep 2

Water Temperature (F) 66.7 60.7
Mixing Time (Minutes) | Low 1 1

High 4.5 5
Dough Temperature (F) 78.5 73.6
Proof Time (Minutes) 62 80
Oven Temperature (F) 400 400
Bake Time (Minutes) 23 23

5% Okara Flour 10% Okara Flour 15% Okara Flour
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2
Water Temperature (F) 67 61.6 67.2 62.1 67.1 67.1
Mixing Time Low 1 1 1 1 1 1
(Minutes) High 4 4.5 4.5 4.75 4.5 5
Dough Temperature (F) 78.8 77.1 78.7 77.9 77.9 78.6
180 - never | 180 - never | 180 - never | 180 - never
reached reached reached reached
Proof Time (Minutes) 101 113 height height height height
Oven Temperature (F) 400 400 400 400 400 400
Bake Time (Minutes) 23 23 23 23 23 23
5% Fermented Okara 10% Fermented Okara 15% Fermented Okara
Flour Flour Flour
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2
Water Temperature (F) 68.1 57.1 63.8 58.8 64.3 60.4
Mixing Time Low 1 1 1 1 1 1
(Minutes) High 5 4.5 5 5 5 5
Dough Temperature (F) 79.1 77.1 78.8 77.4 78.9 78.6
Proof Time (Minutes) 69 74 70 79 81 77
Oven Temperature (F) 400 400 400 400 400 400
Bake Time (Minutes) 23 23 23 23 23 23






III. Bread Data
a. Bread Quality Analysis
100% Whole 5% Okara 10% Okara | 15% Okara 5% 10% Fermented 15%
Wheat Flour Flour Flour Fermented Okara Flour Fermented
Control Okara Okara Flour
Flour
Baked Weight (g) Rep 1 279.3 278.9 273.0 274.1 275.7 279.9 281.1
Rep 2 281.5 281.2 274.5 276.7 280.8 280.0 281.0
Loaf Volume (mL) Rep 1 1143.24 1105.00 947.02 723.76 1272.56 1144.93 983.54
Rep 2 1272.26 1077.67 934.17 694.43 1254.14 1224.74 940.20
Ave 1207.8 1091.3 940.6 709.1 1263.4 1184.8 961.9
%
Chan -9.6% -22.1% -41.3% 4.6% -1.9% -20.4%
ge
Crumb Firmness (g) | Rep 1 541.2 495.6 526.5 897.6 216.2 295.0 420.8
Rep 2 342.2 548.5 673.1 1046.0 241.0 267.2 472.8
Ave 441.7 522.1 599.8 971.8 228.6 281.1 446.8
%
Chan 18.2% 35.8% 120.0% -48.2% -36.4% 1.2%
ge
Crumb L* Rep 1 60.20 58.16 57.86 58.50 65.42 63.88 62.43
Color a* 6.67 7.11 6.93 6.77 5.95 6.06 6.14
b* 21.09 22.03 22.36 22.81 21.85 22.55 23.44
L* Rep 2 59.90 58.22 58.40 59.10 65.40 65.80 62.87
a* 7.13 7.16 7.07 6.82 6.12 5.76 6.13
b* 21.78 22.10 22.71 23.08 22.37 22.77 23.34






b. Sensory Comments

100% Whole 5% Okara 10% Okara Flour | 15% Okara Flour | 5% Fermented | 10% Fermented 15%
Wheat Flour Okara Flour Okara Flour Fermented
Control Okara Flour

sweet, good quite firm, Dry, firm, breaks more cells, tough a bit bitter, bitter | about same too dense, not
bite thru bigger cells, up in mouth. Not | crust (hard to pull | lingers, fluffier, bitterness as 5%, | as sweet as
doesn't pull a fan. apart), too firm, not | not as sweet as not as sweet as control, strong
apart easy, elastic, too dry control control bitter flavor
sweet
dry nutty, slightly Astringent/alcohol | off flavors, bad nuttiness, a fishy | "dirty smell", Crumbly
sweet, firm astringent smell, losing taste, firm, no aftertaste, fluffy flufty texture, little
smell. Flat sweetness, nuttiness, no bread, odd sour resistance to
taste unpleasant sweetness flavor bite, strange
mouthfeel,
fishy/sour
aftertaste
Dry Improved Improved texture | improved texture Slight aftertaste, | Slight aftertaste, | Slight aftertaste,
texture from from control. from control. almost bitter almost bitter almost bitter -
control Clean taste Clean taste. increasing as

Preferred this bread
the most. Good
volume and texture.

fermented
okara levels
increase






C.

C-Cell Bread Data

100% Whole 5% Okara 15% Okara 5% Fermented | 10% Fermented | 15% Fermented
Wheat Control Flour 10% Okara Flour Flour Okara Flour Okara Flour Okara Flour

Sample Repl | Rep2 | Rep1 | Rep2 | Repl Rep2 | Repl | Rep2 | Repl | Rep2 | Rep1 | Rep2 | Repl Rep 2
Slice Area / px 333429 | 347603 | 328099 | 275203 | 291688 | 252309 | 228605 | 212874 | 365223 | 350917 | 323226 | 338038 | 277960 | 264782
Height (avg) /
px 615 610 605 533 538 475 455 440 681 651 611 640 509 526
Breadth / px 626 687 643 649 642 640 586 582 619 620 600 628 648 617
Slice Brightness 87.5 73.8 83.6 72.1 83 70.8 86.6 74.7 97.2 86.7 93.8 85.6 91.2 81.7
Number of Cells 3838 3180 3358 3223 3210 2743 3348 2860 3476 3256 2709 2839 2823 2816
Wall Thickness /
px 3.24 3.46 3.39 3.21 3.36 3.34 3.13 3.17 3.53 3.49 3.66 3.64 3.49 3.38
Cell Diameter /
px 14.84 17.63 16.51 13.49 15.64 14.97 11.78 12.72 18.75 17.91 18.78 20.09 17.26 16.77
Non-Uniformity 14.302 | 1.404 1.339 1.443 6.402 8.171 3.342 2.112 1.421 1.522 2.004 1.02 1.443 1.729
Average Cell
Elongation 1.12 1.11 1.06 1.13 1.12 1.21 1.12 1.1 1.08 1.1 1.02 1.11 1.08 1.14
Cell Angle to
Vertical / ° -3.5 12.7 -39 -70.9 70.6 -77.4 85.4 -71.4 -14.2 -184 56.9 -35.6 -89.9 -17.6






IV. Pictures
a. Repl

100% Whole Wheat Control

5% Okara Flour






15% Okara Flour

Okara Flour — All Loaves

10% Okara Flour

5% Fermented Okara Flour






10% Fermented Okara

15% Fermented Okara






Fermented Okara Flour — All Loaves

5% Fermented ~10% Fermented
Okara Flour - Okara Flour

b. Rep 2
100% Whole Wheat Control

5% QOkara Flour






10% Okara Flour

15% Okara Flour

Okara Flour — All Loaves

10% Okara Flour ~ 15% OkaraF






5% Fermented Okara Flour

10% Fermented Okara

15% Fermented Okara Flour






Fermented Okara Flour — All Loaves

D0% Whole Wheat 5% Fermented 10% Fermented
_ Okara Flour Okara Flour






