ABSTRACT
LAWRENCE, STEPHANIE ELIZABETH. Cross-Cultural Preference Mapping of Soymilk.
(Under the direction of MaryAnne Drake.)

Soymilk consumption has increased tremendously in the last 15 years, but the advent
of other plant based milks has increased competition. The objective of this study was to
determine and compare drivers of liking for unflavored soymilk with different U.S. consumer
groups. A category survey of 26 commercial soymilks was conducted. A highly trained
panel (n=7) documented appearance, mouthfeel and flavor attributes of the soymilks. Twelve
representative soymilks were then selected for evaluation by consumers from three
age/cultural categories (n=75 each category; Caucasian/African American females 18-30y;
Asian females 18-30 y; Caucasian/African American females 40-64 y). Consumers evaluated
overall liking and liking and intensity of specific attributes. Results were evaluated by
analysis of variance, followed by internal and external preference mapping. Age had no
effect on overall liking, while ethnicity did (Caucasian/African American vs. Asian)(p<0.05).
Caucasians/African Americans differentiated soymilks more than Asians and assigned a
wider range of liking scores than Asians (2.1-7.2 vs. 4.0-6.1).Three consumer clusters were
identified. Cluster 1 (n=71) was comprised of more Asians than Clusters 2 and 3 (p<0.05),
while Clusters 2 and 3 had more Caucasians and African Americans ages 40-64 y. Cluster 3
also had more Caucasians and African Americans ages 18-30 y than Cluster 1. Sweet taste
with vanilla/vanillin and sweet aromatic flavors and higher viscosity were preferred by most
consumers and differences between consumer clusters were primarily in drivers of dislike.
Drivers of dislike were not identified for Cluster 1 consumers while Clusters 2 and 3

consumers (n=84, n=80) disliked beany, green/grassy and meaty/brothy flavors and



astringency. Cluster 3 (n=80) consumers scored all soymilks higher in liking (p<0.05) than
Cluster 2 consumers, and were willing to overlook disliked attributes with the addition of
sweet taste, whereas the Cluster 2 consumers were not. These findings can be utilized to
produce soymilks with attributes that are well liked by target consumers and to tailor

attributes to reach different segments of the population that have not yet been accommodated.



© Copyright 2015 Stephanie Lawrence

All Rights Reserved



Cross-Cultural Preference Mapping of Soymilk

by
Stephanie Elizabeth Lawrence

A thesis submitted to the Graduate Faculty of
North Carolina State University
in partial fulfillment of the
requirements for the degree of
Master of Science

Food Science

Raleigh, North Carolina

2015

APPROVED BY:

Dr. MaryAnne Drake Dr. Timothy Sanders
Committee Chair

Dr. Tyre Lanier



BIOGRAPHY
Stephanie Lawrence was born in Rochester, New York, USA on the 18" of June,
1982 to David Eugene Lawrence and Ronna Marie Osadchuk. She received a Bachelor of
Science degree in Food Management from the Rochester Institute of Technology in 2005. In
2013 Stephanie pursued a Master of Science degree in Food Science under the direction of

Dr. MaryAnne Drake at North Carolina State University.



ACKNOWLEDGMENTS

The author would like to thank David Lawrence, Kimberly Lawrence and Ronna
Lawrence-Frye for all of their love and support. Additional thanks to Sarah LeGault, Michael
LeGault, Michelle Lawrence and Alexander Frye for all of their love and assistance.

The author would also like to thank her fabulous lab members (past and present) for
their help, brainstorming, teamwork, patience, friendship, willingness to take on adventures,
exceptional listening skills, and sense of humor. She would also like to thank Dr. Kannapon
Lopetcharat for all of his advice on statistics, and her committee members, Dr. Tyre Lanier
and Dr. Timothy Sanders for their help, advice, direction, and for serving on her graduate
committee.

Finally, she would like to thank Dr. MaryAnne Drake for her hard work, immense
amount of patience, encouragement, prodding, advice, support, and the opportunity to study

under such a well-known sensory goddess.



TABLE OF CONTENTS

LIST OF TABLES. ... e e e e vi
LIST OF FIGURES . ... e e e e eeeens vii
CHAPTER 1: Literature REVIEW.......ouiti e 1
SOYMITK INTrOTUCTION. ... e e 1
Soybean NUtrient ComMPOSITION. ... ...t e e e 2
Soybean Production @and ProCeSSING.........ouieriitiit et 5
Sensory Properties of Soybeans, Soybean Oil and Soy Protein.....................oooeeenn 7
Nutritional Benefits of Soybeans and SOy Protein..........cccocvviiiiiiienenc e 11

Antinutritional Components of Soybeans..................ccoiiiiiecicce e eeaenn 15

Sensory Properties of Soy Protein and SoymilK. ..., 19
Cross Cultural Studies on SOYMIlK. ... e 20
RETEIENCES. ..o e 22
CHAPTER 2: Cross-Cultural Preference Mapping of Soymilk............................... 41
AB S T R A C T .. e e 42
INTRODUCTION. ... e e e 44
MATERIALS AND METHODS. ... e 46
RESULTS AND DISCUSSION. ..o e 50
CONCLUSION. e e 61
ACKNOWLEDGEMENT S, ..o e, 61
REFERENCES. ... e e 62
APPEN DI CES. ..o e 82



Appendix A: Additional tablesof Chapter 2.

.83



LIST OF TABLES

CHAPTER 1
Table 1. Percentage of protein and oil in soybeans of the top 4 soybean producing
(0100 1 T PP 36
Table 2. Products made from soybean oil, lecithin, flours, concentrates and
10 oL 37
CHAPTER 2
Table 1. Sensory attributes for SOymilks. ..., 67
Table 2. Means of soymilk attributes..............coooiiiiiiii 68
Table 3. Color and whiteness measurement of soymilks.........................oo 69
Table 4. Mean soymilk liking scores across all consumers (n=235)................... 70
Table 5. Soymilk flavor preferences and usage of clusters....................ceevii. 71
Table 6. Overall liking means foreach cluster.................coooiiiiiiiiiiiieene, 72
APPENDICES
Appendix A
Table 1. Internal Preference Mapping Comment Tallies on Likes and Dislikes....84

Vi



CHAPTER 1
Figure 1.

Figure 2.

Figure 3.
CHAPTER 2

Figure 1.

Figure 2.
Figure 3.
Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

LIST OF FIGURES

Products of soybean processing...........o.ooveiiiieiiiiiiiiiien e 38

Lipoxygenase catalized oxygenation of linoleic acid to produce 13-
hydroperoxy-cis-9,trans-11octadecadienoic acid............................... 39

The process for making soymilK. ... 40

Principal component (PC) analysis biplot of trained panel sensory
attributes

OF SOYMIIKS. ... 73
Mean soymilk liking scores across all consumers sorted by ethnicity.....74
Internal preference mapping of soymilks.......................ooll. 75

Mean soymilk liking scores by consumer clusters............................. 76

External preference map of all clusters, differences in shading indicate

the percent probability that a product or attribute is liked.................. 77
External preference map of Cluster 1, differences in shading indicate the
percent probability that a product or attribute is liked...................... 78
External preference map of Cluster 2, differences in shading indicate the
percent probability that a product or attribute is liked...................... 79
External preference map of Cluster 3, differences in shading indicate the
percent probability that a product or attribute is liked...................... 80
Partial least squares regression biplot of soymilks by cluster............... 81

vii



CHAPTER 1

Literature Review

Soymilk Introduction

Soymilk, a beverage made by soaking and grinding soybeans in water then filtering,
is a widely consumed beverage often positioned in Western markets as a substitute for more
traditional Western beverages such as dairy milk. To make soymilk, a 1:10 ratio on a dry
weight basis of soybeans to water is necessary, though soymilk can be made with as little as
8 parts water (Kuo and others 2013). The soybeans must be soaked, drained, then ground to
a soybean slurry. Once a soybean slurry is obtained, it must be cooked to inactivate anti-
nutritional enzymes, then be filtered to remove residue before it can be considered soymilk
(Min and others 2006). Soymilk is lactose and cholesterol free, and has been shown to
reduce or prevent incidences of various cancers, diabetes, high blood pressure, kidney
disease and osteoporosis. However, consumers may not be willing to sacrifice sensory
components for potential health benefits (Day N’Kouka and others 2004; Villegas and others
2009). Great efforts have been made to improve and conserve the quality and sensory
attributes of soymilk, but a common problem for Western consumers in the acceptance of
soymilk is that its sensory profile does not match that of the product that it is substituting
(dairy milk) (Day N’Kouka and others 2004; Villegas and others 2009). Soy protein flavors
are significantly different from flavors found in dairy proteins (Russell and others 2006).
Factors that affect the flavor and sensory characteristics of soymilk should be addressed to

better understand how to improve consumer acceptance.



Soybean Nutrient Composition

The soybean, also known as the soya or soja bean, is a legume from a plant that is native to
Eastern Asia, the wild form of which is still found in China and Korea (Singh 2010; Kuo and
others 2013). The soybean has been of great importance as a food in China and Japan for
centuries (Kuo and others 2013). In the United States, over 800 varieties of soybeans with
varying characteristics have been tested by the Department of Agriculture. Soybeans were
originally grown as a forage crop (Page 1924). The soybean is known for its high protein
content (up to 46%) and fat content (up to 24%, Page 1924; Singh 2010). The nutritional
composition of the soybean is roughly 41.0% protein, 20.0% fat, 5.3% ash, 2.7-3.9% crude
fiber and 25% carbohydrate (Kellor 1971; Mustakes 1971; Krishna and others 2003).
Soybeans contain all the essential amino acids (Singh 2010). In Asia, soybeans are used to
make foods such as soy sauce, soymilk, soy paste, tempeh, miso, tofu, etc., but in Western
countries soybeans are most often processed to soybean meal (from which soy protein
originates) and seed oil (Liu 1997; Singh 2010). Due to their high protein and fat content,
soybeans, especially in Western countries, are now grown worldwide specifically for their
high protein and oil content (Singh 2010; Medic and others 2014). In 2011/2012 over half of
the soybeans grown (54%) in the U.S. were crushed for use by the domestic oil industry
(USDA 2015).

The composition of the soybean varies depending on the geographical region where it
is grown. For example, while the soybeans in the United States have the highest quality
protein (the highest concentration of total essential amino acids), Chinese and Brazilian
varieties have higher protein content than U.S. soybeans, varying from 42.14%-44.9% for

Chinese varieties, 35.5%-39.3% protein for Brazilian varieties and 34.8%-37.1% for U.S.



varieties (Thakur and Hurburgh 2007; Karr-Lilienthal and others 2004), and Argentinian
cultivars (varying between 32.6%-33.3% protein) have the lowest amount of protein (Thakur
and Hurburgh 2007; Grieshop and Fahey 2001) ( Table 1). Fiber content in the soybean is
consistent, and does not vary depending on geographical location. Amount of oil, however,
does vary, and Chinese soybeans have the lowest amount of oil (Karr-Lilienthal and others
2004; Grieshop and Fahey 2001). On average, U.S. cultivars average approximately 41.3%
protein and 19.1% oil, while Japanese and South Korean soybeans average 44.5% protein
and 18.1% oil (Medic and others 2014). The variation seen between the soybeans of
different geographical regions is due to the different genetic backgrounds of the soybeans.

Not only is variability in composition seen between different countries, but it is also
seen in different regions within countries. In the United States, consistent state and regional
differences amongst soybean composition are found. In Northern and Western regions of the
U.S. (North and South Dakota, Minnesota, lowa and Wisconsin) soybeans with a greater
amount of oil (0.2-0.5%) are found (Medic and others 2014). In addition to their greater
amount of oil, soybeans from this region in the United States have less protein (1.5-2.0%)
than southern states such as Texas, Arkansas, Louisiana, Mississippi, Tennessee, Kentucky,
Alabama, Georgia, and North and South Carolina (Medic and others 2014). Generally
warmer climates produce soybeans that have less linoleic and linolenic acids, but contain
higher amounts of oleic acid (Medic and others 2014). This is important to note because
linoleic and linolenic acids are more susceptible to oxidation by lipoxygenase (LOX) than
oleic acid (Sessa 1979).

A positive correlation exists between growing temperature and oil content, such that

the warmer the climate, the greater the amount of oil, and the lower the amount of sucrose



(Medic and others 2014). Total protein content of soybeans is not affected by temperature.
With the increase in temperature, a 3.5x increase of methionine is also observed (Medic and
others 2014). Isoflavones (soybean phytoestrogens) are very sensitive to growing
temperature, and so as growing temperature increases from 25°C to 38°C isoflavones
decrease 13.6-18.2 times (Medic and others 2014).

Soil moisture plays an important role in the size, amount, and nutritional
characteristics of the soybean. If there is a water deficit at the beginning of the soybean
growing season then fewer soybeans will be produced. Consequently, if there is a water
deficit at the middle or end of the soybean growing season, the soybeans will be small in
size. With a deficit in water during soybean growth, there is a decrease in the amount of
protein in the soybeans (Medic and others 2014).

Linoleic acid is the fatty acid that is most plentiful in commodity soybeans, followed
by oleic, palmitic, linolenic and stearic acids (Medic and others 2014; Penalvo and others
2004). Linoleic and linolenic acids are essential fatty acids that cannot be produced by
mammals, so they must be acquired through diet. Since most fatty acids in soybean and soy
products are unsaturated, they are more vulnerable to oxidation (Penalvo and others 2004).
Due to high linolenic acid (three double bonds) content, soybean oil can be unstable and have
a tendency to oxidize and develop off flavors. To decrease the number of unsaturated double
bonds, soybean oil is often hydrogenated, thereby increasing stability and decreasing the
likelihood of oxidation and development of off-flavors (Medic and others 2014).

Carbohydrates (most of which are found in the seed coat) account for approximately
35% of the dry seed weight of soybeans. The seed coat dry weight is comprised of 86%

carbohydrates. About half of the carbohydrates found in soybeans are soluble sugars such as



sucrose, raffinose and stachyose, while the other half is in the form of cell-wall
polysaccharides (cellulose and pectin) (Medic and others 2014). Raffinose and stachyose are
oligosaccharides that are extensively found in beans, and due to their inability for humans to
digest them, intestinal bacteria turn them into carbon dioxide, methane and hydrogen (the
primary constituents of intestinal gas), which cause flatulence (Naczk and others 1997; Price

and others 1988).

Soybean Production and Processing

World production of soybeans reached 263.7 million metric tons in 2010/2011, and
there has been an increase in production (more than double that of 1992/1993) due to the
increase in demand and crop yield for food and fuel needs (Medic and others 2014). The
United States is the largest soybean producer in the world, producing 34% of the world’s
soybeans (Medic and others 2014), and has been the leader in soybean production for more
than 60 years (Wilcox, 2004). Following the United States in soybean production is Brazil
(29%), Argentina (19%) and China (6%)(Medic and others 2014; Singh 2010, Wilcox 2004).

Currently soybeans are crushed and put through an extraction process with organic
solvents (usually hexane) (Rosenthal and others 1996; Singh 2010) in order to make oil and
defatted flakes. The defatted soybean flakes are further processed to produce soy flours,
which contain 56-59% protein, soy protein concentrates (SPC), which contain 65-72%
protein, and soy protein isolate (SPI), which contains 90-92% soy protein (Cowan and others
1973; Soy Protein Council 1987) (Figure 1). Mechanical oil expellers are used less than
solvent extraction since more oil is left in the defatted flakes when mechanical expellers are

used. Due to the flammability of hexane, other solvents have been explored, such as ethanol,



isopropanol and CO; (Liu 1997; Singh 2010). Of the explored hexane alternatives for solvent
extraction, CO2 shows the most potential due to the fact that it is plentiful, non-reactive,
inexpensive, non-toxic, and not detrimental to the environment (Singh 2010). About 55% of
the oil is used as a cooking or salad oil, a quarter is used as baking and frying fats, about 4%
is used as an ingredient in margarines, 11% as a substrate for biodiesel production and 7%
for other food and industrial uses (Singh 2010; Medic and others 2014). Other uses for
soybean oil include the making of soap, shampoo, detergents, paints, resins, ink, candles,
crayons, electrical insulation, plastic and waterproof cement (Scott and Aldrich 1993; Liu
1997). Soy lecithin, which is the phospholipid fraction of soybean oil, is further made into
products that include anti-foaming agents, viscosity modification agents, pharmaceuticals,
dispersing agents and protective coatings (Liu 1997).

Defatted flakes are made when soybeans are cracked and conditioned and pressed
through rollers to produce flakes that are approximately 0.01-0.0015 inches thick that then go
through solvent extraction to remove oil (Proctor 1997). Defatted flakes can then be ground
to soybean meal, which provides a high quality source of protein for animal feed in addition
to being used to produce texturized vegetable protein, soy concentrates and soy isolates
(Singh 2010; Medic and others 2014). The texturized vegetable protein, soy concentrates
and soy isolates are often used as a value-added food ingredient in meats and meat
substitutes, baked goods, whipped toppings, infant formulas, protein drinks, etc. (Liu 1997;
Singh 2010; Medic and others 2014) (Table 2).

The majority of soymilk manufacturers use U.S. grade No. 2 yellow soybeans to
make soymilk. Yellow soybeans are the most widely available, but green and black varieties

exist, as well (Soyfoods Association of North America 2015b). This could be due to several



factors, however, research has shown that many Westerners dislike beany/grassy soymilk
flavor, and a comparison of soymilk produced from black soybeans versus from yellow
soybeans has shown that it is more difficult to remove soy odors in black soybeans than it is
to remove the odors in yellow soybeans (Zhang and others 2012). De-hulling (removal of the
outer seed coat or hull) of soybeans is necessary. The de-hulling is performed by a heat
treatment, which breaks the bond between the hulls and the cotyledons. The soybean is then
cracked open, and the hulls are separated from the cotyledon, usually by air aspiration. The
de-hulling of the soybeans results in less beany flavor, a whiter soymilk, better protein
recovery, and reduced oligosaccharides (Chen 1989).

To ensure consistency in soymilk quality and to aid soymilk manufacturers in
reducing variability in the product, some Asian countries have implemented national
standards for soymilk. The national standard of protein for soymilk in mainland China is
2.0%, while in Taiwan it is 2.6%, in Japan 3.8%, in Singapore and Thailand 2.0% and in
France 3.6% (Liu and Chang 2012). As of 2012, no federal standards for soymilks have been
implemented in the United States, however, the Soyfoods Association of America voluntarily
created a standard for soymilk composition and labeling in the United States. Due to the
creation of standards by the Soyfoods Association of America, the current protein standard

for soymilk in the United States is 3.0% (Liu and Chang 2012).

Sensory Properties of Soybeans, Soybean Oil and Soy Protein
Soymilk is a water extract of soybeans, obtained by soaking soybeans then wet
grinding and filtering. Yu-Ying Li, a Chinese man who was living in Paris, was given the

first patent (British) for soymilk production in 1910. Vitasoy, established in Hong Kong in



1940 by K.S. Lo, is one of the most successful commercial soymilk production companies.
Vitasoy is now produced by the Hong Kong Soya Bean Product Co. Ltd, and it is not
marketed as a milk substitute, but as a soymilk soft drink (Chen 1989). Popularity of Vitasoy
was evident in that it surpassed Coca Cola to be the best selling soft drink in Hong Kong in
1974. Soymilk consumption in Taiwan has also been high, and President Enterprises
Corporation in Taiwan produces several flavors of soymilk (of which egg, milk and
strawberry are the most popular) to cater to the high amount of consumption (Chen 1989).
Culturally created flavor preferences are developed by association of flavors from the
mothers’ diet, which is passed to the baby by way of amniotic fluid, and again from breast
milk. Early flavor experiences are developed further through foods consumed as an infant
and into childhood (Mennella and Beauchamp 1991, 1993, 1999, 2002, 2005). Fondness of
soymilk can be seen in people of Asian origin who were accustomed to drinking soy as the
main “milk-type” beverage, whereas people from Western societies who grew up drinking
cow milk developed a preference for the flavor of cow milk (Keast and Lau 2006).
Traditionally, Japanese consumption of soymilk wasn’t very high due to their
aversion to its beany flavor, which has been reduced with modern food processing
technology. Chinese accept the beany flavor of soymilk, but Westerners (Wansink 2003;
Wright and others 2001; Keast and Lau 2006), Japanese (Endo and others 2004; Mizutani
and Hashimoto 2004), Indians (Dahuja and Madaan 2003; Deshpande and others 2008) and
others do not have a tolerance for beany flavor (Chen 1989). A study that looked at the
flavor profiles of soymilks across different cultures revealed that Australian soymilks were
characterized by milky, astringent and salty attributes, whereas Asian soymilks were

characterized by beany, cooked beans, sweet and pandan attributes (Keast and Lau 2006).



Further analysis revealed that Australian soymilks had on average 50 mg/ 100 mL of salt to
soymilk, while the Asian soymilks added on average 5 mg or less salt per 100 mL of
soymilk. Conversely, Asian soymilks contained an average of 7.5 mg/100 mL of sucrose to
soymilk while the Australian soymilks had an average of 1.3 g/ 100 mL of sucrose to
soymilk, and it is for this reason that Asian soymilks are sweeter than Australian soymilks
(Keast and Lau 2006). In Australia where cow milk is the dominant form of milk consumed,
Australians have developed a predilection for milk beverages that most closely reflect cow
milk (Keast and Lau 2006).

Though soymilk is available in a variety of flavors, plain and vanilla are the most
popular flavors in the United States (Chambers and others 2006). Since Americans have
been shown to prefer the taste of bland soymilks, efforts have been made to control off
flavors such as beany, rancid, grassy and painty (Torres-Penaranda and others 1998; Villegas
and others 2009; Nelson and others 1976). One way to control off flavors is to inactivate
lipoxygenase (LOX), an enzyme naturally present in soybeans. Beany off-flavors are rapidly
produced when the lipoxygenase in soybeans is exposed to moisture and temperatures below
its inactivation (Nelson and others 1976; Macleod and Ames 1988). Soybean lipoxygenases
catalyze the oxidation of fatty acids with cis, cis-1, 4-pentadiene structure (usually linoleic
and a-lineoleic acids) to hydroperoxides, which then form beany or “painty” flavors during
their decomposition (Chen 1989, Medic and others 2014) (Figure 2). Singlet oxygen
develops into linoleic acid, which is allegedly responsible for hexanal which is the beany
flavor that is unacceptable to Westerners (Macleod and Ames 1988; Tran and others 1992;
Torres-Penaranda and Reitmeier 2001; Day N’Kouka and others 2004; Gerde and White

2008). While hexanal accounts for approximately 25% of total volatiles contributing to



beany flavor, hexanol, 2-pentylfuran and pentanal have also been identified as major
contributors to beany flavor (Min and others 2006; Wang and others 1998; Takahashi and
others 1979; Wilkens and Lin 1970).

The original process of making soymilk involved soaking then grinding the soybeans
in water, before filtering and then heating, but this resulted in a high painty (linseed oil) odor
and flavor. With the soaking and blanching of soybeans in 0.5% sodium bicarbonate,
grinding, heating to 93°C, homogenizing, neutralizing, pasteurizing and then re-
homogenizing, a bland flavored soymilk can be created with a 99% recovery of protein and
90% recovery of total solids (Figure 3). The blanching step inactivates lipoxygenase,
minimizing off-flavors (Nelson and others 1976; Medic and others 2014). In addition to
inactivation by heat treatment, lipoxygenase (LOX) can also be inactivated by adjusting the
pH to <3.0 or >10.0 (Chen 1989). LOX inactivation has been shown to result in complete
disappearance of hexanal (a possible source of off aromas), along with reduction in
bitterness, astringency and beany flavor (Torres-Penaranda and Reitmeier 2001). In order to
eradicate off-flavors, western agronomists have developed some lipoxygenase-free cultivars
(Gerde and White 2008). While sensory characteristics of soymilk have improved with the
use of lipoxygenase-free cultivars, other soy-containing foods such as meat, bread and
beverage products did not have improvement in sensory characteristics due to auto-oxidation
of oil, and it is for this reason that lipoxygenase-free cultivars are not widely used (Murphy

2008; Gerde and White 2008).
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Nutritional Benefits of Soybeans and Soy Products

Relative to alternative protein sources, soymilk is comparatively inexpensive (Lozano and
others 2007; Singh 2010). Soymilk contains 7 grams of protein per 8 ounce serving
(Soyfoods Association of North America 2015a) and dairy milk contains 8 grams of protein
per 8 ounce serving (CDC 2012). In addition to cost, the quality of protein reflected in its
digestibility is important, and roughly 92-100% of soy protein can be digested by humans
(Riaz 1999). Soybeans are the only plant that contains all essential amino acids and complete
protein (Johnson and others 1992; Liu 1997). There have been several discoveries on
soymilk benefits to human health, and with the 1999 FDA-approved claim of the health
benefits of soy protein, consumption of soymilk in the United States has increased (FDA
1999; Zhang and others 2012). Research has shown that soybean phytoestrogens contribute
to the amelioration of menopausal hot flashes, vaginal dryness, osteoporosis, and other post-
menopausal issues (Holt 1998; Connie 1999). Other health benefits provided by consuming
soymilk is the lowering of atherogenic lipid fraction (a reduction in the formation of fatty
plasma in arteries) in blood. Soymilk significantly reduces plasma total cholesterol and low-
density lipoprotein cholesterol in healthy men and women (Onuegbu and others 2011).
Additionally, previous studies on hyperlipidemic men demonstrated a steady decrease of
blood lipid profile from soy protein consumption (Weidner and others 2008; Wong and
others 1998). Other research has shown that the consumption of approximately 479 of soy
protein per day results in the lowering of total blood circulating cholesterol by 9.3%,
reduction of low-density lipoprotein cholesterol by 12.3%, and a reduction in triacylglyerol

by 10.5% (Anderson and others 1995).
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Nitric oxide (produced by inducible nitric oxide synthase), is considered to be a
mediator of inflammation, as it allows for the destruction or growth inhibition of infected
bacteria, tumor cells, parasites and fungi (Schmidt and Walter 1994). The production of too
much nitric oxide has also been associated with the development of diseases such as cancer,
diabetes, cardiovascular disease and renal disease (Beckman and Koppenol 1996; Cooke and
Dzau 1994). Nitric oxide production of lipopolysaccharide-treated cells was reduced by 83%
with soymilk extract or 60-68% with fermented soymilk extract at a concentration of 500
ug/mL (Liao and others 2010). Prostaglandin E> is produced at inflammation sites by
cycloxygenase 2, and is what is responsible for pain, stiffness and swelling associated with
inflammation (Liao and others 2010). Prostaglandin E> sways tumor expansion and represses
the immune response to malignant cells. Inflammatory diseases such as rheumatoid arthritis
and pulmonary fibrosis, which are caused by the production of too many inflammatory
mediators, can be restrained or stopped altogether if the excessive production of these
mediators is halted. Soymilk reduces prostaglandin E> production in lipopolysaccharide-
induced cells (Liao and others 2010). Inflammatory mediators such as nitric oxide,
prostaglandin E», interleukin-6 and interleukin-1p are suppressed by the addition of soymilk
and/or fermented soymilk to lactic acid bacteria and bifidobacteria (Liao and others 2010),
thus regular consumption of soymilk or fermented soymilk may decrease risk of
cardiovascular diseases and chronic inflammatory diseases.

In addition to soymilk’s ability to reduce inflammation, it has also been shown to be
an effective skin lightener. For aesthetic reasons there are several skin lighteners available
on the market, which include retinoids, hydroquinones, melanocyte-cycotoxic agents, and

tyrosinase inhibitors, but their results can be dissatisfying, as they can cause skin irritation
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and be lacking in effectiveness (Jimbow and Jimbow 1998; Amer and Maged 2009). Fresh
soymilk (soymilk that has not been heat denatured or pasteurized) contains the proteinase
inhibitors Kunitz trypsin inhibitor (also known as Soybean Trypsin Inhibitor (STI)) and
Bowman-Birk protease inhibitor (BBI), which prevent protease-activated receptor 2 (PAR-2)
from activating (Paine and others 2001). PAR-2 is a kind of transmembrane G-protein
coupled receptor that is expressed in keratinocyes (not in melanocytes) and it plays a role in
regulating skin pigmentation through melanocyte-keratinocyte activity (Ebanks and others
2009). PAR-2 works by either increasing or decreasing melanosome transfer, thus modifying
skin pigmentation. The proteinase inhibitors in soymilk lower keratinocyte phagocytosis by
inhibiting PAR-2, and as such are able to reversibly lighten skin (Paine and others 2001). It
is for this reason that Soybean Trypsin Inhibitor (STI) is currently used in cosmeceutical
moisturizers, facial and body care products for its skin-lightening effects (Draelos 2007;
Parvez and others 2006).

The ability to depigment is also carried over in hair, as well. Fresh (not heat-treated)
soymilk, if applied to skin daily, can lighten hair color and decrease rate of hair growth along
with decreasing the dimensions of the hair shaft (Seiberg and others 2001). Tyrosinase and
Tyrosinase related protein-1 (TRP-1) levels are decreased and duration of their expression
during the hair cycle is shortened with soymilk treatment (Seiberg and others 2001). The
amount and duration of tyrosinase and TRP-1 correlate with the amount and duration of
melanogenesis (Seiberg and others 2001). Since the levels of tyrosinase and TRP-1 are
decreased and the duration of their expression is shortened by treatment with soymilk, there
is a reduced level and shortened duration of melanogenesis, creating lighter hair color.

Reduced length and thickness of hair shafts were noted from soymilk-treated hair, and length
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of time before hair regrowth was also augmented from the topical use of fresh soymilk
(Seiberg and others 2001). Total reversibility of the effects of soymilk on hair was noted
post treatment (Seiberg and others 2001).

Studies have also been conducted on the effects of soymilk on prevention of bone
loss. Currently, estrogen or hormone replacement therapy is used to treat osteoporosis, but
when used long-term, these increase the risk of breast and uterine cancer (Scharbo-Dehaan
1996). For this reason, soy protein and soy isoflavones (phytoestrogen originating from
plants, Kuo and others 2013) have become an interest (Lydeking-Olsen and others 2004).
The soy isoflavones selectively bind to estrogen receptors (Kuiper and others 1996; Kuiper
and others 1997) and produce the same end products that are associated with reduced bone
turnover (Williams and others 1998; Rassi and others 2001; Cho and others 2002; Chen and
others 2002). Soymilk with isoflavones stops bone loss in the lumbar spine, and works even
better than progesterone therapy, which just slows bone loss (Lydeking-Olsen and others
2004). Soy has a helpful effect on bone, and soymilk-based diets have even shown to
increase calcium absorption (Arjmandi and others 1998a), and prevent femoral and vertebral
bone loss in rats (Arjmandi and others 1996; Arjmandi and others 1998b). Studies by
Lydeking-Olsen and others (2004) demonstrated that soy protein itself had a calcium sparing
effect, and that the addition of at least 15g protein/day of soy foods to a diet could have a
sparing effect on calcium loss (with an emphasis on sparing effect for cortical bone) for
postmenopausal women.

Isoflavones, which are soy phytoestrogens with hormone-like effects, have piqued
interest recently due to their antioxidant effects, ability to aid in prevention of cardiovascular

diseases, osteoporosis, cancers, type 2 diabetes and menopausal symptoms (Anderson and
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Garner 1997; Holt 1998; Greenberg and Newton 1998; Setchell 1998; Setchell and Cassidy
1999; Messina and Hughes 2003; Prakash and others 2007; Banerjee and others 2008). Due
to the importance that isoflavones play on relaying health benefits to the people that consume
soy, studies have been conducted to look at soymilk preparation methods that yield higher
amounts of isoflavones in the end product. A study by Kuo and others (2013) examined the
physicochemical differences between blended soymilks, filtered soymilks and media milled
soymilks. Filtered soymilks represent the soymilks that are commercially available, and have
received a heat treatment. A media mill is obtained from a stirred ball mill, used in paint and
pharmaceutical industries, and can create nano/submicrometer particles. Results of produced
soymilks show that aglycones, which have the most biological effect, were highest in the
media-milled soymilk (more than twice the amount found in filtered soymilk). There was a
total isoflavone loss across all soymilks of 10-13% after heating. Among the blended,
media-milled and filtered soymilks, filtered soymilk had the greatest loss of aglycones

(approximately 65%) (Kuo and others 2013).

Antinutritional Components of Soybeans
Food producers are now trying to incorporate more soy into the human diet in order
for people to be able to receive the health benefits associated with soybeans (Medic and
others 2014). While soy products are becoming more widely used, over 15 proteins in
soybeans have been identified that cause allergies and allergenic responses in humans (Medic
and others 2014). Storage proteins, of which glycinin and B-conglycinin are the major ones
found in soybeans, account for approximately 65-80% of total seed protein (Medic and others

2014). The allergenic responses, however, are caused by the lower abundance proteins,
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several of which are antimetabolic and can cause gastric reactions and atopic eczema
(Herman 2005). Some of the proteins that have been found to cause allergies include Gly m
Bd 30K (Ogawa and others 1993; Ogawa and others 2000), proteins Gly m 1A and Gly m IB,
which are found in the hull of the seed (Gonzalez and others 1992), the a-subunit of f3-
conglycinin (Ogawa and others 1995), lectins and soybean trypsin inhibitors (Medic and
others 2014). Lectins are hemagglutinins, which inhibit animal growth through the
prevention of nutrient absorption. Allergens from soybeans are of concern because soy
products are becoming increasingly consumed by a wider population (Leiner 1994), and
because between 4-6% of children have food allergies. Soy-based baby formula usage has
increased for babies who are allergic to dairy milk or for whom breast milk is not accessible
(Friedman and Brandon 2001). There are some soybean cultivars with fewer allergens, such
as Kunitz, which has no Kunitz trypsin inhibitor, and Kyu-kei 305, which has no 28 K
protein, a- and B-subunit of B-conglycinin (Fukushima 2001; Bernard and others 2001).
Antinutritional properties of soybeans include the trypsin inhibitor, hemagglutinins,
urease and flatulence (Singh 2010). The trypsin inhibitors, hemagglutinins (lectins) and
urease all prevent nutrient absorption and inhibit growth (Wiriyaumpaiwong and others
2006). Although the Bowman-Birk trypsin inhibitor is thought to guard against cancer (Danji
2000; Messina 2002), it is also shown to be responsible for growth inhibition, hyperplasia,
reduced digestibility of proteins and pancreatic hypertrophy (Yanatori and Fujita 1976;
Medic and others 2014). The protease inhibitors (Bowman-Birk trypsin-chymotrypsin
inhibitor and Kunitz trypsin inhibitor) make up approximately 6% (and up to 25%) of

soybean protein (Singh 2010; Medic and others 2014). Protease inhibitors function by
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inhibiting pancreatic enzymes in animals that have one stomach, causing diminished
digestibility of proteins and pancreatic hypertrophy (Medic and others 2014).

Heating and its effects on soymilk and soymilk nutritional content has been
investigated (Van Buren and others 1964). Heat is necessary to inactivate harmful enzymes
such as trypsin inhibitors (Liener 1958; Singh 2010), although even post heat treatment 10-
20% of the trypsin inhibitors remain (Friedman and Brandon 2001). During heating of
soymilk, urease was more quickly inactivated than trypsin inhibitor, but when dry beans were
steamed, the trypsin inhibitor was inactivated more quickly than urease (Van Buren and
others 1964). Since urease inactivates more quickly than trypsin inhibitor, the presence of
urease in soymilk is a sign of insufficient heat treatment (Van Buren and others 1964). The
lack of urease, however, does not indicate that the soymilk has been properly and sufficiently
heated. Heat can also cause adverse chemical changes, which may give way to the damage
of amino acids and vitamins (Poliseli-Scopel and others 2013).

In addition to affecting nutritional properties of soymilk, heat processing affects the
odors and flavors in soymilk. Lozano and others (2007) showed that intensities of overall
aroma, sulfur flavor, diacetyl, potato and roasted flavors increased as processing temperature
increased. Furthermore, heat may cause browning reactions to take place and lead to the
development of cooked flavor (Kwok and Niranjan 1995).

Heating also affects color and color changes in soymilk. Color plays an important
role in soymilk acceptance. Studies have shown that cultures that have a preference for cow
milk tend to create soymilk to mimic the color of cow’s milk (Keast and Lau 2006). The
primary compounds responsible for color in soymilk are polyphenols and carotenoids (Taira

and others 1985; Katayama and Tajima, 2003), though color can also be affected by protein
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aggregates, lipid content and droplet size concentration (Chantrapornchai and others 1998;
Chanamai and McClements, 2001). UHT heating yields a more yellow and saturated color
compared to soymilk produced with less heat (90°C for 10 minutes) (Lozano and others
2007). The yellowness in soymilks can be a result of Maillard reactions caused from heat
treatment, which also produce a more yellow soymilk (Macleod and Ames 1988). Color
saturation of soymilk has been concluded to be directly influenced by amount of process time
(Kwok and others 1999), because the biggest increase in saturation was observed with longer
contact with heat (143 °C/59 s) as opposed to shorter contact with higher temperatures (154
°C/29 s) (Lozano and others 2007).

Examination of storage effects on soymilk color, pH, flavor and lipoxygenase activity
has also been conducted. Lozano and others (2007) documented a decrease in overall aroma,
sulfur and potato flavor with increased storage time. Achouri and others (2007) established
that as storage time increased, total volatile recovery decreased, with the greatest decline
(88% volatile loss) occurring in the first few months. Storage time did not have a significant
impact on pH (p < 0.05), however color of soymilk darkened as storage time increased
(Achouri and others 2007). As storage time of soymilk increased, lipoxygenase activity
decreased, which can yield a soymilk with less beany flavor and ultimately greater
acceptance in western countries (Achouri and others 2007).

While flavor masking technology is also a viable option to control off flavors, many
processing methods have been explored to optimize sensory characteristics of soymilk. Cold
extraction and soaking with potash produces soymilks with high sensory panel scores,
compared to other methods of making soymilk, such as hot extraction, soaking and

blanching, soaking with sodium bicarbonate or delayed filtration (Tunde-Akintunde and
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others 2009). Compared to room-temperature grinding to produce soymilk, the hot and cold
grinding methods produced soymilk with significantly fewer off-flavors. Combing both hot
grinding and two-phase UHT (ultra high temperature), most off-flavors can be reduced to the
point of below detection threshold (Zhang and others 2012). Although hot grinding can
inactivate 99% of lipoxygenase activity compared to cold-grinding, it produces soymilk with

a lower amount of protein and solids than other grinding methods (Zhang and others 2012).

Sensory Properties of Soy Protein and Soymilk

Many studies have been conducted to examine flavors found in cheese and dairy
products such as Heisserer and Chambers (1993), Drake and others (2001), Drake and others
(2003) and Retiveau and others (2005), fewer studies have been conducted to examine
flavors found in soy proteins and soymilks. A study by Russell and others (2006)
demonstrated significant differences between the sensory properties of soy proteins and dairy
proteins. Some studies using sensory descriptive analysis have been carried out to examine
and characterize the sensory properties of soy protein and soymilk. Lexicon development is
often employed to find terms to apply to products to differentiate and describe them. Since
there is a wide variety of soymilks on the market, including shelf stable, refrigerated and
powdered forms, there is a need to characterize their sensory properties in order to set them
apart from each other and describe them.

A study in 2007 by Lozano and others used terms such as sweet aromatic,
cereal/grain, sulfur, flour paste and metallic to describe soymilks, while a study by Chambers
and others (2006) had other terms including almond, banana, milky, molasses, nona-lactone,

brown, butter rum, cardboard, fruity, green/peapod, nutty, overall grain, oats, wheat,
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processed, rancid, raw, starch-like, sweet aromatics and vanilla/vanillin. Various studies
have been conducted to address the wide variety of the soymilks on the market, so soymilk
lexicon development has also been established from studies by Day N’Kouka and others
(2004) and Torres-Penaranda and Reitmeier (2001).

Many studies discuss the “beany” aroma and flavor of soymilk, which is purportedly
caused by the lipoxygenase enzyme. The beany flavor is sometimes described as “green” or
“raw soy” (Day N’Kouka and others 2004), and is the sensory attribute to which many
Westerners have an aversion. It is this particular attribute that production companies try to

eliminate in soymilk to reach a wider consumer base.

Cross Cultural Studies on Soymilk

Studies have been conducted with more than 35 different soymilks to look for
differences and similarities in nutritional content and physicochemical properties as they
relate to sensory characteristics. Eighty percent of commercial soymilks assessed had a
viscosity of 3.0-7.5 cP. The variation in the viscosities was likely due to the addition of
gums or thickening agents, which were found in 92% of soymilks (Liu and others 2013).
Consumers in Spain and Brazil preferred higher viscosities and sweeter soymilks (Villegas
and others 2009; Terhaag and others 2013). It is important to look at cross-cultural
preferences of products in order to formulate products specifically targeted to reach a global
audience. As soymilk sales and popularity has continued to rise, researching cross-cultural
preferences of soymilk has become an even greater necessity. Unfortunately, research on
cross-cultural studies and drivers of liking for soymilks is extremely limited. A cross-

cultural study on liking of soy-based snack foods was conducted to examine preferences of a
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group of consumers living in India versus the preferences of a group of U.S. surrogates
(Neely and others 2010). Significant liking differences were noted amongst the U.S. group,
whereas there were no significant differences in liking of the soy-based snack products in the
Indian consumer group (Neely and others 2010). Jones and others (2008) observed
differences in New Zealand and U.S. consumer views and opinions of soy and dairy
products. While only very small differences in knowledge and opinions of soy and dairy
products existed between the two groups, New Zealanders, who typically consume more
dairy and less soy than their American counterparts, preferred dairy protein, while American
consumers had no preference between soy and dairy protein (Jones and others 2008). More
research needs to be conducted to specifically examine cross-cultural preferences and drivers
of liking for soymilk. The objective of this thesis was to conduct a cross-cultural study to
examine the drivers of soymilk liking for Asian women and for Caucasian and African

American women.
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TABLES

Table 1. Percentage of protein and oil in soybeans of the top 4 soybean producing countries

United
States

Argentina

Protein (%) 34.8-41.58** 35.5-40.86**  32.6-33.3*  42.14-44.9*

Oil (%) 15.1-18.7**  136-18.66** 14.1-19.1*  12.9-17.25*

*ranges are from 2 differentstudies
**ranges are from 3 different studies

Thakur and Hurburgh 2007; Karr-Lilienthal et al. 2004; Grieshop and Fahey 2001

36



Table 2. Products made from soybean oil, lecithin, flours, concentrates and isolates

Products Made from Soybean QOil

Products Made from Soybean
Lecithin

Products Made from Soy Flours, Concentrates
and Isolates

Salad oil

Anti-foaming agents

Packaging Films

Shortening and Margarine

Dispersing agents

Adhesives

Paints

Viscosity modification

Fermentation aids

Resins

Pharmaceuticals

Water-based paints

Ink

Protective Coatings

Particle boards

Candles

Crayons

Soap

Shampoos

Detergents

Electrical Insulation

Lubricants

Linoleum backing

Pesticide carriers

Fungicides

Plastics

Waterproof Cement

Putty

Soyfoods Association of North America 2015b; Liu 1997; Scott and Aldrich 1993
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FIGURES

oil

Oil

Lecithin

Soybean

Defatted Soy Flakes

Soy Protein Council 1987; Cowan et al. 1973

Figure 1. Products of Soybean Processing

Soy flours
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HO
Linoleic Acid

Lipoxygenase

13-hydroperoxy-cis-9,trans-11-octadecadienoic acid

Taken from Liu 1997

Figure 2. Lipoxygenase catalized oxygenation of linoleic acid to produce 13-
hydroperoxy-cis-9,trans-11octadecadienoic acid
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Figure 3. The process for making soymilk
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ABSTRACT

Soymilk consumption has increased tremendously in the last 15 years, but the advent
of other plant based milks has increased competition. The objective of this study was to
determine and compare drivers of liking for unflavored soymilk with different U.S. consumer
groups. A category survey of 26 commercial soymilks was conducted. A highly trained
panel (n=7) documented appearance, mouthfeel and flavor attributes of the soymilks. Twelve
representative soymilks were then selected for evaluation by consumers from three
age/cultural categories (n=75 each category; Caucasian/African American females 18-30 y;
Asian females 18-30 y; Caucasian/African American females 40-64 y). Consumers evaluated
overall liking and liking and intensity of specific attributes. Results were evaluated by
analysis of variance, followed by internal and external preference mapping. Age had no
effect on overall liking, while ethnicity did (Caucasian/African American vs Asian)(p<0.05).
Caucasians/African Americans differentiated soymilks more than Asians and assigned a
wider range of liking scores than Asians (2.1-7.2 vs. 4.0-6.1).Three consumer clusters were
identified. Cluster 1 (n=71) was comprised of more Asians than Clusters 2 and 3 (p<0.05),
while Clusters 2 and 3 had more Caucasians and African Americans ages 40-64 y. Cluster 3
also had more Caucasians and African Americans ages 18-30 y than Cluster 1. Sweet taste
with vanilla/vanillin and sweet aromatic flavors and higher viscosity were preferred by most
consumers and differences between consumer clusters were primarily in drivers of dislike.
Drivers of dislike were not identified for Cluster 1 consumers while Clusters 2 and 3
consumers (n=84, n=80) disliked beany, green/grassy and meaty/brothy flavors and
astringency. Cluster 3 (n=80) consumers scored all soymilks higher in liking (p<0.05) than

Cluster 2 consumers, and were willing to overlook disliked attributes with the addition of
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sweet taste, whereas the Cluster 2 consumers were not. These findings can be utilized to
produce soymilks with attributes that are well liked by target consumers and to tailor
attributes to reach different segments of the population that have not yet been accommodated.
KEYWORDS:

Soymilk, descriptive analysis, acceptance testing, cross-cultural, preference mapping
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INTRODUCTION

Soymilk, a water extract of soybeans obtained by soaking soybeans then wet grinding
and filtering, has seen a remarkable increase in sales over the last few decades. Sales of
soymilk increased from $500 million in 2001 to $622 million in 2003 (Savitry and Prakash,
2004) and then grew at a rate of 61% from 2003 to 2008 (Suppavorasatit and others 2013)
with $1 billion in sales (Soyfoods Association of North America 2015). Increases in demand
can be for several reasons, including the health benefits of soy protein and the use of soymilk
as a lactose-free alternative to dairy milk. Studies on soymilk have demonstrated health
benefits of soy isoflavones (phytoestrogens) for reduction or prevention of various cancers,
diabetes, high blood pressure, kidney disease and osteoporosis (Messina and Hughes, 2003;
Prakash and others 2007; Banerjee and others 2008; Villegas and others 2009) as well as
health benefits of soy protein for its reduction of blood lipid profile (Weidner and others
2008; Wong and others 1998), lowering of cholesterol (Anderson and others 1995), and
prevention of bone loss (Lydeking-Olsen and others 2004). While soymilk sales have
dramatically increased from previous years, it is still purchased by less than 13% of
households in the United States (Dharmasena and Capps, 2014). Determination of what
sensory attributes drive consumer liking of soymilk among different consumer groups can
help to clarify consumer desires and identify improvements to reach a wider consumer
audience.

The analytical sensory properties of soymilks and soy protein have been documented
(Russell and others 2006; Chambers and others 2006; Day N’ Kouka and others 2004;
Torres-Penaranda and Reitmeier 2001). Russell and others (2006) evaluated sensory profiles

of whey proteins and soy proteins. Distinct flavors were associated with each protein. Soy
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proteins were characterized by cereal, roasted, malty and flour paste flavors. Day N’ Kouka
and others (2004) identified 31 sensory terms to describe soymilks, including vanilla, cooked
grain, green, nutty, starchy and bran. Keast and Lau (2006) examined flavor characteristics of
Australian soymilks and Asian soymilks. Australian soymilks were characterized by milky
flavor, astringency and salty taste, while the Asian soymilks were characterized by beany,
cooked bean, pandan flavors, and sweet taste.

Consumer liking of soymilks has also been investigated in studies by Nti and Larweh
(2003), Hinze and others (2004), Villegas and others (2009), Palacios and others (2010) and
Terhaag and others (2013). Nti and Larweh (2003) conducted a consumer acceptance test in
Ghana to determine the most desirable flavors for soymilk. They reported that the addition of
any flavor (vanilla, banana, coffee or chocolate) improved the overall acceptability of the
soymilks. Hinze and others (2004) evaluated knowledge and acceptability of soymilk by
adults in low versus high socio-economic regions in Cape Town, South Africa. They
concluded that adults living in the high socio-economic region had more knowledge about
soymilk, but there was no difference in acceptability or frequency of use between the low and
the high socio-economic classes. Villegas and others (2009) conducted a study in Spain on
acceptability of vanilla milk versus vanilla soymilk and the influence of consumer
demographics, habits, and sensory properties. The vanilla milks were more acceptable than
the vanilla soymilks, and higher liking was attributed to increased vanilla flavor, sweet taste,
and higher viscosity than the soymilks. Consumer demographics and habits had no impact on
beverage preference. Terhaag and others (2013) applied internal preference mapping of

soymilks in a study on consumers in Brazil, and related the soymilks to their
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physicochemical characteristics. The most desirable characteristics of soymilk were darker
color, higher viscosity, higher protein content and higher vanilla flavor.

Palacios and others (2010) conducted a consumer acceptance test with U.S. children
ages 8-16 y with unflavored and chocolate flavored lactose-free dairy milk versus unflavored
and chocolate flavored soymilk. The study included Caucasian, African American, and
Hispanic children. Lactose-free dairy milk was liked more than soymilk in both flavor
categories by children. Ethnicity did not impact liking. To our knowledge no study has
addressed preference mapping of soymilks with different U.S. consumer groups. The
objective of this study was to determine the sensory attributes that drive liking of unflavored
soymilks among different U.S. consumer groups. Descriptive analysis of soymilks followed
by consumer acceptance testing with Asian and Caucasian/African American U.S. consumers

was conducted.

MATERIALS AND METHODS
Experimental Overview
Sensory properties of twenty six commercial plain (unflavored) soymilks were evaluated by
descriptive analysis. Instrumental color measurements were also conducted. Subsequently, a
consumer acceptance test was conducted with selected soymilks with 235 consumers
representing Caucasian/African American females age 18-30 y, Caucasian/African American
females 40-64 y, and Asian females age 18-30y.
Soymilks
Forty five commercial soymilks (flavored and unflavored) were obtained from local

supermarkets and specialty stores in Raleigh, NC for trained panel lexicon development and
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calibration. Twenty six unflavored soymilks were selected based on availability and market
share. The 26 profiled soymilks included shelf stable (n=12) and refrigerated (n=14), both
regular (n=24) and light (n=2) original flavor soymilks, 19 of which were sweetened, and 7
of which were unsweetened. Soymilks were stored at 4°C until evaluation. Selected soymilks
(n=26) were purchased in triplicate on different occasions (ca 3 weeks apart) and subjected to
analytical sensory and instrumental evaluations to ensure that representative evaluations were
conducted.

Color Measurement

Soymilks were gently mixed and approximately 8 mm of each was dispensed into 60 mm x
15 mm disposable, sterile, polystyrene petri dishes (Corning Incorporated, Corning, NY,
USA). Sample preparation was conducted with overhead lights off to avoid any light
oxidation of the samples. A Konica Minolta Chroma Meter model CR-410 was used to
measure the L*, a*, b* values (Liu and Chang 2013). Measurements were taken in triplicate.
Whiteness was calculated using the formula L*-3b* (Rawdkuen and others 2004; Park 2005;
Digre and others 2011; Park and others 2013).

Descriptive Analysis

The descriptive panel was comprised of eight trained panelists, all female, ages 22-45 y and
were all employed by North Carolina State University. Each panelist had a minimum of 65 h
of prior descriptive analysis training on food flavor and mouthfeel/texture attributes using the
Spectrum™ method (Meilgaard and others 2007). Supplementary training (approximately 75
30 min sessions) was devoted to soymilk lexicon development/refinement, and calibration.
The lexicon was adapted from the lexicon of Day N’ Kouka and others (2004). Additional

attributes were added (Table 1). During the development and refinement of the terms,
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panelists conversed and assigned definitions and references for each attribute. An array of
commercial soymilks and other foods were used for lexicon development and refinement.
Analysis of variance of results from practice sessions was used to determine that the panel
and panelists could generate reproducible data and differentiate soymilk sensory properties.
Soymilks were evaluated at room temperature (20°C). Soymilks were gently shaken
and 85 mL was dispensed into coded 118 ml plastic soufflé cups and lidded. Sample
preparation was conducted with overhead lights off to avoid any light oxidation of the
samples. At the beginning of each evaluation session, panelists were calibrated with a
commercial warm up sample that panelists had previously characterized. Panelists then
evaluated no more than 5 soymilks per session to prevent fatigue. Panelists expectorated
samples. Between samples, panelists rinsed with spring water and or unsalted crackers. A 2
min wait time between samples was enforced. The order of presentation of samples was
randomized to account for presentation and carryover effects. Opacity and viscosity were
evaluated in separate sessions from flavor to prevent interactions. Each beverage was
evaluated in separate sessions in triplicate by each panelist. Data were collected on paper
ballots or with Compusense five v5.6 (Compusense, Guelph, Ontario, Canada).
Consumer Acceptance Testing
Twelve representative soymilks were selected for consumer testing based on market share
and examination of descriptive sensory analysis principal component biplots. A target
number of 225 consumers were recruited from the database of more than 7,500 maintained
by the NCSU Sensory Service Center (Raleigh, NC). Consumers were recruited with an
online screener using SSI Web (Sawtooth Software Version 8.3.2, Orem, UT). All

consumers drank soymilk at least once per week, and were consumers of original flavor
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soymilk. Additional recruitment criteria included consumers from three age/ethnicity
categories: Caucasian/African American females 18-30 y, Asian females 18-30 y, and
Causasian/African American females 40-64 y. Participants were recruited for two days of
testing and received a $35 gift card at the end of both days of testing.

The test was conducted across two days, with consumers evaluating 6 soymilks per
day. Soymilks were served at 4°C. The samples were presented monadically with a balanced
partial presentation of samples randomized across consumers for both days. Approximately
120 mL of soymilk was poured into 207 mL plastic tumblers labeled with three-digit codes.
Consumers were instructed to cleanse their palate by rinsing with deionized water and taking
a bite of unsalted cracker during an enforced 2 minute rest between each sample.
Compusense Five version 5.6 (Compusense, Guelph, Canada) was used for data collection.

Consumers were asked to first evaluate appearance, aroma and color liking before
tasting the soymilks. Consumers then evaluated overall liking, flavor, sweetness, thickness
and aftertaste liking using a 9-point hedonic scale where 1= dislike extremely and 9= like
extremely. Just-about-right (JAR) questions were asked for color, flavor, sweetness and
thickness using a 5-point scale where 1 and 2= too little, 3= just about right, 4 and 5= too
much. Purchase intent was asked on a 5-point scale where 1 and 2= would not buy, 3=
might/might not buy, 4 and 5= would buy. Consumers were also allowed an option to write
in comments for specific likes or dislikes.

Statistical Analysis
Statistical analyses were conducted using XLStat (version 2014.6.04, Addinsoft; Paris,
France). Descriptive analysis data were analyzed by analysis of variance (ANOVA) followed

by principal component analysis using the correlation matrix. A 3-way analysis of variance
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(ANOVA) was performed on consumer liking data with ethnicity, age group and soymilk
treatments as variables to determine interactions. Just-about-right scores were analyzed with
chi-square analysis. Purchase intent was analyzed by Kruskal-Wallis with Dunn’s post hoc
non-parametric test.

Cluster analysis was performed on consumer liking scores prior to preference
mapping using agglomerative hierarchical clustering (AHC) and k-means clustering.
Panelists with similar responses were placed into groups. A 2-way ANOVA with means
separation (Fishers least significant difference) was performed on consumer liking data with
cluster and soymilk treatments as variables to determine interactions. Internal and external
preference mapping were subsequently conducted on 9 soymilks instead of 12, as no distinct
differences (p>0.05) in the overall liking means were observed for the other 3 soymilks. This
result implied that what contributed to the drivers of liking of each cluster was characterized
with the remaining 9 soymilks. Internal preference mapping was then conducted on soymilks
with cluster liking scores. External preference mapping was conducted on descriptive
analysis means and consumer liking scores for each cluster using external preference
mapping and partial least squares regression. All statistical analyses were performed at a 95%
confidence interval.

RESULTS AND DISCUSSION

Twenty four sensory attributes were identified and defined for soymilks. The
developed lexicon contained overall aroma intensity, 16 aromatics, 4 basic tastes, viscosity,
opacity and 1 chemical feeling attribute (Table 1). The lexicon for soymilk contained some
descriptors and references previously defined by Day N’ Kouka and others (2004), but many

attributes were unique. The greatest additions to the lexicon (16 terms) were aromatic
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descriptors. Aromatic terms used from Day N’ Kouka and others (2004) included
green/grassy, potato, vanilla, nutty and malty. In the current study, the terms “nutty” and
“malty” were merged for clarification based on panelist discussions during training sessions.
Although the term “beany” was omitted from Day N’ Kouka and others (2004) for its
perceived ambiguity, it has often been used to describe soy products by others (Civille and
Lyon 1996; Torres-Penaranda and others 1998; Carrao-Panizzi and others 1999; Torres-
Penaranda and Reitmeier 2001; Vara-Ubol and others 2004; Chambers and others 2006;
Keast and Lau 2006; Lozano and others 2007) and also was added to the current lexicon by
panelists.

The lexicon was developed from the 45 evaluated soymilks, which included some
flavored soymilks, fortified soymilks, and specialty store brands. Our objective was focused
on original flavor, non-fortified soymilks. For this reason, some attributes identified in the
lexicon were not present in the 26 evaluated soymilks. The seven aromatics and two basic
tastes not present in the 26 evaluated soymilks were identified in at least one commercial
soymilk during the initial lexicon training and calibration sessions. The terms not present in
the 26 evaluated soymilks are likely unique to specialty brands (malty/nutty, hay, carrots,
vitamin, molasses, potato, salty and umami) or perhaps loss of shelf life (fermented,
fatty/oxidized). Many of those terms were also used to describe soy products in other studies
such as malty or nutty (Day N’Kouka and others 2004; Keast and Lau 2006; Russell and
others 2006), hay (Keast and Lau 2006), molasses (Chambers and others 2006), potato (Day
N’Kouka and others 2004), oxidized or rancid (Hwang and Hong 2013; Chambers and others
2006; Day N’Kouka 2004), salty (Chambers and others 2006; Keast and Lau 2006) and

umami (Hwang and Hong 2013).
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The 26 soymilks were differentiated by the identified lexicon. All soymilks had
varying intensities (p<0.05) of overall aroma impact, beany flavor, sweet taste and
astringency (Table 2). Meaty/brothy flavor and bitter taste were found almost exclusively in
shelf stable soymilks (Table 2, Figure 1). This could be due to the higher heat treatment
received by shelf stable soymilks compared to refrigerated soymilks. Most refrigerated
soymilks were characterized by sweet aromatic and fruity flavors (Table 2, Figure 1).
Diacetyl flavor was present exclusively in one brand of soymilks (Table 2). These flavors
(sweet aromatic, vanilla/vanillin, diacetyl) are likely due to specific flavoring
systems/masking agents used by the various suppliers. The light soymilks were lowest in
opacity (Table 2).

Principal component (PC) analysis of the trained panel data explained 51% of the
variability on PCs 1 and 2 (Figure 1). Principal component 1 (31%) was comprised of
vanilla/vanillin, which was positively loaded on PC 1, and beany, green/grassy,
meaty/brothy, astringency and bitter taste, which were all negatively loaded on PC 1.
Principal component 2 (20%) was comprised of sweet aromatic and cereal/oatmeal flavors,
which were positively loaded on PC 2, and overall aroma impact and diacetyl flavor, which
were negatively loaded on PC 2. Sweet aromatic was the predominant aromatic in soymilks
431, 280, 426, 142, 130, 689, 808 and 585. Chambers and others (2006) also reported that
sweet aromatic flavor was present in all ready-to-drink soymilks that they profiled, and in
higher intensities than most other attributes. Although most sweet aromatic flavor is likely
due to flavoring/masking systems, Russell and others (2006) also reported low intensities of
sweet aromatic flavor in rehydrated soy protein concentrates and isolates. Soymilks 603, 309,

716, 748, 832, 351, 764 and 108 (6/8 of which were shelf stable) displayed meaty/brothy
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flavor (a flavor previously reported in soy sauces by Cherdchu and others (2013)). Soymilks
561 and 084, different soymilks of the same brand, were characterized by diacetyl and
vanilla/vanillin flavors, and were also the only soymilks with no detectable cereal/oatmeal
flavor. Beany flavor was present in all soymilks, but in varying intensities (x =1.0-3.8),
which is corroborated by the findings of Chambers and others (2006), who also reported
beany flavor in all of the non-powdered forms of soymilks that they profiled.

Opacity of the soymilks was measured on a 0 to 15 point product-specific scale, and
ranged between 9.5-14.7 (Table 2). The light soymilks 130 and 084 had the lowest opacity
with 9.5 and 10.5 values, respectively. Color measurement of the soymilks was also
conducted and reported in CIELAB format (Table 3). Whiteness of the soymilks ranged from
11.86-41.46, with soymilk 084 having the lowest value for whiteness, and soymilks 748 and
309 having the highest value for whiteness (Table 3). Based on market share and analytical
sensory properties, representative soymilks 084, 130 (light soymilks), 561, 955, 459, 832,
585, 748, 716, 309, 603 and 426 (3 shelf stable, 9 refrigerated, 3 unsweetened, 9 sweetened)
were selected for consumer testing.

Consumer Acceptance Testing

A total of 235 consumers participated in the acceptance test. Soymilks were
differentiated by consumers in appearance and flavor/texture attributes (Table 4). Soymilks
585 and 561 (shelf stable sweetened and refrigerated sweetened, respectively) received the
highest overall liking scores, along with the highest flavor, sweetness and aftertaste liking
scores (Table 4). Soymilk 585 scored higher than 561 in thickness liking (Table 4). Soymilk
084 (light, refrigerated sweetened) also received high scores for overall liking, flavor,

sweetness, thickness and aftertaste liking relative to other soymilks (Table 4), indicating that
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consumers preferred soymilks characterized by vanilla/vanillin, diacetyl and sweet taste.
Conversely, soymilks 309 and 748 were the least liked by all consumers (Table 4). These
soymilks were characterized by beany, green/grassy, and meaty/brothy flavors, bitter taste
and astringency (Table 2, Figure 1).

Soymilks 309,426,585,603 and 748 received the highest JAR (Just About Right)
scores for color, and soymilks 084, 130 and 561 were penalized for being too dark (Table 4).
Instrumental whiteness of soymilk was not an important attribute, as correlation analysis
revealed an insignificant correlation (r>=0.048, p>0.05) between instrumentally measured
whiteness of soymilk and color liking scores. Additionally, the overall liking scores of
soymilk indicated that soymilk preference was determined not by color, but by the
flavor/taste of the soymilk, as 561 and 084 were among the lowest scored soymilks in terms
of color liking, but were among the top 3 most liked soymilks (Table 4). The color of
soymilks was diverse, as confirmed by I* a* b* values, and varied from a pale yellow/tan to a
dark yellow/tan. Future work should address determination of the ideal color/shade of
soymilks for consumers.

Soymilks 084, 561 and 585 scored the highest in flavor JAR, and were also the most
highly liked soymilks by all consumers, indicating that flavor was a very important attribute
to the consumers (Table 4). Soymilks 309, 459 and 748 were all penalized for not having
enough flavor. The highest JAR scores for sweetness were given to soymilks 084, 130, 426,
561 and 585 (Table 4). Soymilks 309, 459 and 748 were penalized for not being sweet
enough. The soymilks with the best thickness JAR scores were soymilks 084, 426, 561, 585
and 603 (Table 4). Soymilks 130, 603 and 748 were penalized for not being thick enough.

The fact that soymilk 603 scored at parity with the other soymilks for highest JAR score but
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was also penalized for not being thick enough shows that there was a split opinion on this
soymilk by consumers, which can also be seen in Table 6 among cluster liking by soymilk.

A 3-way analysis of variance (ANOVA) was performed on consumer liking data with
ethnicity, age group and soymilk treatments to determine interactions. Age had no impact on
soymilk liking (p>0.05), but there were ethnicity effects (p<0.05). Asians scored soymilks
differently (p<0.05) than Caucasians/African Americans (Figure 2), with the exception of
soymilk 603. The mean liking scores for Caucasians and African Americans ranged from
2.0-7.2, while the mean liking scores for Asians ranged from 4.0-6.1. The tendency for
Asians to use a smaller range of the hedonic scale than Westerners has been documented in
studies by Yeh and others (1998), Prescott and others (2002) and Yao and others (2003). Of
the consumers that participated in the consumer acceptance test, 21.7% were not U.S.
citizens, though approximately three fourths of those (74.5%) had been living in the United
States for at least 6 months, which is the time after acculturation would have occurred. Yeh
and others (1998) determined that Asians are less likely to use extreme ends of the hedonic
scale, regardless of residency in the U.S. or duration of stay.

Consumer segmentation was conducted on overall liking scores to examine specific
consumer preferences and drivers of liking for soymilk. Three clusters were identified.
Cluster analyses were verified by evaluating soymilk attributes and liking of each soymilk by
clusters. Cluster 1 (C1) was comprised of more Asians than Cluster 2 (C2) and Cluster 3 (C3)
(p<0.05), while Clusters 2 and 3 had more Caucasians and African Americans 40-64 y than
Cluster 1 (p<0.05). Cluster 3 also had more Caucasians and African Americans 18-30 y than
Cluster 1 (p<0.05). Soymilk usage questions were analyzed by cluster and also revealed

differences in usage of soymilk and preferences of flavor (Table 5). All consumers drank
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soymilk at least once a week and 25.0% of C2 consumers used soymilk as an added
ingredient to smoothies, indicating more diversity in their use and consumption of plant
milks. All clusters consumed the same amount of shelf stable, refrigerated, sweetened and
unsweetened soymilk relative to each other (p>0.05), but clusters 2 and 3 also consumed
more vanilla and chocolate flavored soymilk than C1 consumers, who preferred original
flavor (p<0.05)(Table 5).

The soymilk by cluster interaction indicated that consumers in different clusters liked
soymilks differently and further verified the clusters (Figure 4, Table 6). Soymilk 309 was
scored higher by C1 than by C2 or C3 (Figure 4, Table 6). Soymilk 309 was characterized by
higher overall aroma impact, beany, meaty/brothy and green/grassy flavors, bitter taste,
astringency, lower viscosity and low sweet taste intensity (Figure 1, Table 2). Soymilks 459
and 748 were scored higher by C1 and C3 than by C2 (Figure 4, Table 6). Soymilks 459 and
748 were characterized respectively by cereal/oatmeal and beany flavors, bitter taste and
astringency, and cereal/oatmeal, beany, green/grassy and meaty/brothy flavors, lower
viscosity, bitter taste, astringency and low sweet taste (Figure 1, Table 2). This indicates that
C1 and C3 consumers were much more accepting of unsweetened soymilks with high
cereal/oatmeal and beany flavors than C2 consumers. C1 consumers were more accepting of
soymilk 309 than C3 consumers, but scored 459 and 748 the same as C3 consumers,
indicating that C1 consumers were more tolerant of soymilks with high overall aroma than
C3 consumers. Soymilk 603 was scored much higher by C3 than by C1 or C2 (Figure 4,
Table 6). Soymilk 603 was characterized by higher overall aroma impact, beany and
meaty/brothy flavors, bitter taste, high sweet taste and astringency. This indicates that C3

consumers were more tolerant of attributes that they generally disliked as long as the soymilk
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was sweetened. There were some soymilks that C1 consumers liked more than other clusters
and some soymilks that C3 consumers liked more than other clusters, but there was not a
single soymilk that C2 consumers liked more than the other two clusters, indicating that C2
consumers were more selective in the soymilks that they liked compared to the other two
clusters (Figure 4).

Internal Preference Mapping

Internal preference mapping was conducted on the consumer data to clarify likes or
dislikes for specific soymilks (Figure 3). The variability explained by the first two factors
was 59% (Figure 3). The best liked characteristics of the most liked soymilks (soymilks 561
and 585) were the flavor, sweetness and viscosity. “Nothing” was selected as what was
disliked most for these samples by 23.4% (sample 561) and 31.5% (sample 585) of
consumers, confirming their high acceptability. Samples 309 and 459 were the least liked by
consumers and the most undesirable characteristics for both samples were the flavor (62.1%,
63.4%), the lack of sweetness (29.8%, 27.2%), and the aftertaste (17.4%, 15.3%). Samples
426 and 459 were the most viscous soymilks (Table 2), and viscosity was the most liked
attribute for both of these soymilks (35.7%, 36.2%), indicating a consumer preference
towards more viscous soymilks.

Soymilks 748 and 309 were among the top rated soymilks in color liking (Table 4),
and color was their most liked attribute (33.6% and 34.9% respectively), with those
consumers commenting specifically on how much they liked the “white” color of the
soymilks. While instrumental whiteness measurements indicate that soymilks 748 and 309
were not white in color as instrumentally measured, they had higher whiteness values than

the rest of the soymilks, and so they might have appeared white relative to other soymilks.
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Additionally, these soymilks had the lowest b* value, showing that these soymilks were less
yellow in color than the other soymilks. This indicates that consumers have a preference
towards soymilks that are lighter and less yellow in color. This coincides with the findings of
Terhaag and others (2013) who also found that consumers did not appreciate darker colored
soymilks. Cluster 2 (C2) and Cluster 3 (C3) consumer responses were highly loaded on the
positive axis of PC1, indicating their distaste for samples 309, 459, 603 and 748 (Figure 3).
Cluster 1 (C1) also showed more concentrated responses towards samples 561, 585, 084 and
130, but these consumers were more spread out across the graph near all other soymilks,
demonstrating that C1 consumers found most soymilks more appealing than C2 and C3
consumers (Figure 3).
External Preference Mapping and Partial Least Squares Regression

External preference mapping and partial least squares regression (PLS) were
conducted on the consumer data. On the external preference maps (Figures 5-8), soymilks
loading highly on the F1 axis were characterized by vanilla/vanillin flavor. Soymilks loading
negatively on the F1 axis were characterized by beany, green/grassy and meaty/brothy
flavors, and bitter taste and astringency. Soymilks loading positively on the F2 axis were
characterized by sweet aromatic and cereal/oatmeal flavors, while the soymilks loading
negatively on the F2 axis were characterized by high overall aroma and diacetyl flavor.
Preference mapping of the clusters (Figure 5) confirmed the attributes that drove liking and
disliking for each cluster. Cluster 1 (C1; n=71) consumers liked vanilla/vanillin, diacetyl,
sweet taste and higher viscosity (Figure 6). There were no distinct drivers of dislike for C1
consumers, who preferred moderate flavors. Cluster 1 consumers preferred soymilks that

were not too beany, not too meaty/brothy, not too green/grassy, not too cereal/oatmeal, not
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too bitter, and not too astringent (Figure 6). Cluster 2 (C2; n=84) consumers also liked
vanilla/vanillin, diacetyl, sweet taste and higher viscosity (Figure 7). Drivers of dislike for
C2 were high overall aroma impact, beany, cereal/oatmeal, green/grassy, meaty/brothy, bitter
taste and astringency (Figure 7). Cluster 3 (C3; n=80) consumers liked vanilla/vanillin,
diacetyl, sweet taste and higher viscosity (Figure 8). Drivers of dislike for C3 were identical
to C2 consumers: high overall aroma impact, beany, cereal/oatmeal, green/grassy,
meaty/brothy, bitter taste and astringency (Figure 8). What differentiated C2 consumers from
C3 consumers is that C3 consumers were passionate about soymilk and sweetness was a big
driver of liking for them. C2 consumers, while they also liked soymilk, were consumers of
other plant milks as well, sweet taste was a driver of liking, but not as critically so as it was
for C3 consumers, and C2 consumers on a whole preferred flavored soymilks.

Partial least squares regression of the clusters (Figure 9) confirmed the conclusions
drawn from the external preference maps. Universal drivers of liking were vanilla/vanillin
and diacetyl flavors, sweet taste and higher viscosity. For all three clusters the top scoring
soymilks were 585, 561 and 084, which reinforces the findings that universal drivers of
liking for unflavored soymilks are vanilla/vanillin, diacetyl, sweet taste and higher viscosity.
Clusters were differentiated mainly by their dislikes. While C1lconsumers preferred original
flavor soymilk and disliked high intensities of beany, meaty/brothy, green/grassy,
cereal/oatmeal, bitter taste, and astringency, the differences between C2 and C3 consumers
were a bit more obscure. Primary differences between C2 and C3 consumers were the usage
and the extent to which they disliked certain attributes. C2 consumers were very selective in
the soymilks that they liked and disliked, scoring all of the original flavored soymilks that

they tasted between a 1.6 and a 6.6 (Table 6). C2 consumers preferred flavored soymilks,
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used soymilk as an “ingredient” in other foods such as smoothies, and were consumers of
other plant milks, as well (Table 5). C3 consumers were passionate about soymilk, giving an
average score of 7.7 to their favorite soymilk (Table 6). While the attribute dislikes for C3
were the same as those for C2 (beany, meaty/brothy, green/grassy, cereal/oatmeal, bitter taste
and astringency), sweet taste was such a driver of liking for C3 (Figure 9) that disliked
attributes could be overlooked (soymilk 603, Table 6). Findings from this study coincide
with studies by Wansink (2003) and Wright and others (2001), who have also found that
consumers dislike beany flavor. Sweet taste was found to be a driver of liking for soymilks in
studies of Spanish consumers by Villegas and others (2009) and Brazilian consumers by
Terhaag and others (2013). Additionally, just as vanilla was shown to be an appreciated
attribute in this study, Villegas and others (2009) and Nti and Larweh (2003) also found that
vanilla flavor in soymilk was a desirable attribute for consumers in Spain and Ghana. This is
the only study to our knowledge that examines soymilk drivers of like and dislike across
cultures with Caucasian and African American U.S. consumers and Asian consumers.

While some soymilks were well liked by the consumers on a whole, there were many
soymilks that were disliked. Knowing what attributes of soymilk that consumers like and
what drives dislike of soymilk can help product developers create a product that is well-liked.
The results from this study indicate that consumers like soymilks that are characterized by
vanilla/vanillin and sweet aromatic flavor, sweet taste and higher viscosity. Clusters of
consumers were differentiated by what they disliked. A soymilk to target Cluster 1
consumers would be mild in flavor, avoiding high overall aroma, high beany, meaty/brothy,
cereal/oatmeal and green/grassy flavors, and avoiding high bitter taste and astringency. An

original flavor soymilk to target Cluster 2 consumers, who prefer flavored soymilks, would
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have vanilla/vanillin and sweet aromatic flavor, sweet taste and higher viscosity, and no
beany, meaty/brothy, green/grassy or cereal/oatmeal flavors, would be void of bitter taste and
astringency. Cluster 3 consumers, who are passionate about soymilk and driven by sweet
taste, also would like a soymilk with vanilla/vanillin and sweet aromatic flavors, sweet taste
and higher viscosity and no beany, meaty/brothy, green/grassy or cereal/oatmeal flavors, and
would be void of bitter taste and astringency.
CONCLUSION

Age had no effect on U.S. consumer liking of soymilk, but ethnicity did have an
effect. Asians did not use the full range of the hedonic scale, and all overall liking scores
were centered around the middle of the scale, while Caucasian and African American U.S.
consumers used a much wider range of the hedonic scale. Color was not a key driver for
consumer liking but color differences in color liking were documented and may be an area of
future work. Universal drivers of liking were vanilla/vanillin and sweet aromatic flavor,
sweet taste and a higher viscosity with differences among consumers for sweet taste intensity
and tolerance for beany and cereal flavors and bitter taste. These findings can aid product
developers to create a soymilk that is appealing to a wide population, and also to reach
segments of the population that have not yet been accommodated.
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TABLES

Table 1. Sensory attributes for soymilks

Terms

Definition

References

Overall Aroma Intensity
Vanilla /vanillin®
Diacetyl

Beany

Sweet Aromatic

Fruity
Cereal/Oatmeal

Fatty/Oxidized
Green/Grassy*
Meaty/brothy
Hay
Fermented
Carrots
Vitamin
Potato*
Molasses
Malty/nutty*

Sweet?
Salty*
Umami

Bitter!
Astringent!
Viscosity

Opacity

The overall orthonasal impact of the sample

Aromatics associated with vanilla extract and artificial vanilla
Aromatics associated with diacetyl, characteristically buttery
Aromatic characteristic of raw and cooked bean & bean products

Aromatics of sweet solutions or very sweet foods that are not
vanilla/vanillin

Aromatics associated with different fruits

Sweet aromatic reminiscent of cooked oatmeal, flour paste and
grains

Aromatic commonly associated with oxidized fats and oils
Aromatics associated with fresh cut grass

Aromatics associated with canned chicken or beef
Aromatics associated with dried grass or hay

Sour aromatics of fermented foods

Aroma of carrots

Flavor of vitamin-rich foods

Flavor and aftertaste of boiled potato

Dark top notes that are characteristic of molasses

Sweet fermented aromatic associated with dried sprouted grains,
aromatic associated with roasted nuts and coffee beans

Fundamental taste sensation elicited by sugars
Fundamental taste sensation elicited by salts

Fundamental taste sensation elicited by monosodium glutamate
(msg)

Fundamental taste sensation elicited by caffeine, quinine

Drying/puckering sensation of any of the mouth surfaces

Amount of force required to slurp 1 tsp liquid from a spoon over the

lips
Visual term denoting the degree of opacity

Pure vanilla extract diluted to a ratio of 1:8 with spring water, 4-Hydroxy-3-methoxybenzaldehyde
Diacetyl, 20ppm on filter paper in a sniff jar
Arrowhead Mills soy beans, Kroger butter beans

Sweetened condensed milk, y-octa or nonalactone, shredded coconut

Propyl hexanoate and related esters/pyrazines, fresh pineapple, Welch's white grape pear juice

Cooked plain oatmeal

2,4 decadienal, 20 ppm on filter paper in sniff jar, canola oil aged 14 days at 60°C

Hexanal, fresh cut grass

Canned chicken, canned Vienna Sausages

Kaytee natural Timothy hay, Dried grass (Pennisetum clandistenum)

Belgian ale, yogurt

Fresh cut carrots, canned carrots

Crushed unflavored multivitamin tablet

20 ppm methional, unpeeled white potato cubes boiled until soft, dehydrated instant potato flakes
Grandma's brand molasses

Methylbutanal, 20 ppm on filter paper in a sniff jar, Grape Nuts cereal, 20g in 500 ml water,
dihydromethylcyclopentapyrazine, roasted pecans or cashews

2% Sucrose solution = 2
0.35% NaCl solution = 2
0.5% Monosodium glutamate solution = 3

0.05% Caffeine solution = 2
Strong black tea, 0.05% alum solution=5
Fat free milk vs. whole milk vs. cream Water=1, heavy cream=3, sweetened condensed milk=12

Water=0, Whole fat fluid milk=12

Terms were adapted from Day N Kouka and others (2004).
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Table 2. Means of soymilk attributes

Overall Sweet Vanilla/ Cereal/ Green/  Meaty/
Sample Aroma  Aromatic  Vanillin  Diacetyl Beany Oatmeal Fruity Grassy Brothy Sweet Bitter  Astringent Viscosity Opacity
Refrigerated, sweetened
561 34 ND 2.8 16 19 ND ND ND ND 2.8 ND 1.8 2.0 13.2
017 25 19 1.0 ND 2.2 2.3 ND 0.8 ND 24 ND 2.6 1.9 133
955 3.8 24 19 ND 1.7 1.3 ND ND ND 29 ND 2.1 1.8 12.7
142 3.0 21 1.3 ND 16 19 1.6 ND ND 3.2 ND 2.8 1.9 13.8
426 29 19 0.9 ND 25 2.7 0.8 ND ND 33 ND 25 25 14.4
689 2.9 2.2 14 ND 15 2.0 ND ND ND 29 ND 1.9 2.0 135
716 3.8 14 11 ND 3.8 1.7 ND 1.0 15 6.8 ND 3.2 1.7 13.3
323 33 3.0 13 ND 1.0 15 ND ND ND 3.2 ND 2.7 15 12.6
808 2.2 1.6 11 ND 2.1 2.1 ND ND ND 2.7 ND 2.3 18 12.9
Light, refrigerated sweetened
130 2.8 23 1.2 ND 1.7 23 14 ND ND 2.8 ND 2.8 18 9.5
084 3.2 ND 19 16 2.0 ND ND ND ND 2.6 ND 2.1 18 10.5
Refrigerated, unsweetened
459 25 12 0.9 ND 25 23 ND ND ND 1.0 0.6 33 23 14.7
309 3.6 11 ND ND 3.7 18 ND 0.7 1.0 1.0 0.6 3.2 1.6 145
280 2.1 14 0.7 ND 18 2.7 ND ND ND 1.3 ND 25 1.7 144
Shelf stable, sweetened
351 3.7 11 0.8 ND 3.0 2.3 ND ND 16 6.0 0.7 2.3 1.7 12.7
603 3.6 ND ND ND 34 15 ND ND 3.2 4.7 0.7 3.2 1.6 13.3
832 3.2 13 0.5 ND 2.7 2.2 ND 0.7 1.8 3.0 0.7 33 2.2 14.6
764 3.0 0.6 ND ND 3.0 28 ND ND 1.9 21 ND 2.9 19 147
108 3.2 13 13 ND 25 1.7 ND ND 19 2.6 0.6 2.1 1.7 14.3
296 2.8 0.5 1.3 ND 2.0 1.9 21 ND ND 33 ND 21 1.9 13.8
924 29 1.9 0.9 ND 1.9 1.8 1.9 ND 0.9 29 ND 24 1.8 13.7
585 2.3 2.1 2.3 ND 11 14 ND ND ND 45 ND 2.2 18 13.9
059 21 11 ND ND 2.0 15 ND 0.9 ND 2.8 ND 23 1.7 14.2
Shelf stable, unsweetened
748 3.0 0.7 ND ND 3.0 24 0.8 0.7 15 1.2 1.3 35 1.6 14.6
277 2.6 13 13 1.0 2.0 1.9 ND ND ND 15 ND 2.6 1.8 14.3
431 25 19 1.2 ND 1.6 2.0 21 ND ND 1.0 0.6 2.8 1.7 13.9
LSD 0.21 0.23 0.22 0.10 0.21 0.22 0.14 0.11 0.18 0.18 0.12 0.17 0.07 0.44

LSD - least significant difference, means within a column that differ by LSD are different (P < 0.05).

ND= Not Detected

Flavor attributes were scored using a 0 to 15 point universal intensity scale (Drake and Civille, 2003; Meilgaard and others 2007).
Viscosity and Opacity were scored using a 0 to 15 point product specific scale.
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Table 3. Color and whiteness measurement of soymilks

Soymilk L* a* b* Whiteness
561 77.08 | -1.26 | 17.58 24.34

017 77.70 -0.33 13.73 36.51

955 78.81 -0.61 17.26 27.03

142 76.64 0.20 14.98 31.70

426 76.86 -1.53 16.82 26.40

689 75.71 1.71 13.93 33.92

716 74.73 -0.64 12.44 37.41

323 75.45 0.49 14.05 33.30

808 74.53 -1.26 15.69 217.46

130 69.65 2.32 15.28 23.81

084 70.36 -0.15 19.50 11.86

459 78.17 0.00 14.44 34.85

309 77.58 -0.80 12.04 41.46

280 76.07 -0.45 14.61 32.24

351 74.35 0.55 13.73 33.16

603 4.7 0.39 13.31 34.77

832 75.25 -0.17 15.46 28.87

764 67.14 1.45 13.84 25.62

108 74.66 1.31 16.35 25.61

296 71.37 0.24 18.35 16.32

924 74.45 -0.90 16.32 25.49

585 74.77 -0.64 18.47 19.36

59 76.49 -0.79 16.65 26.54

748 73.55 1.44 12.39 36.38

277 76.42 0.45 15.29 30.55

431 73.29 -0.28 16.70 23.19

LSD 0.118 | 0.053 | 0.054 0.277

L* measures lightness, L*=0 indicates darkest black, L*=100 indicates brightest white

a*measures green/red, negative values indicate green color, positive values indicate red color, a*=0 indicates neutral gray

b* measures blue/yellow, negative values indicate blue color, positive values indicate yellow color, a*=0 indicates neutral gray
Whiteness (L*-3b*) is on a 0-100 scale, where 100 indicates the whitest white

LSD - least significant difference, means within a column that differ by LSD are different (P < 0.05)
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Table 4. Mean soymilk liking scores across all consumers (n=235)

Soymilk Code 084 130 309 426 459 561 585 603 748
Aroma Liking 5.9cde 5.6ef 4.9hi 5.7de 5.7def 6.1bc 6.0cd 5.1gh 5.4fg
Overall Appearance Liking 5.7¢g 5.7¢g 6.3cde 6.4bcd 6.3bcde 6.0f 6.6ab 6.1ef 6.5bc
Color Liking 5.5g 5.7f 6.4bcd 6.3bcde 6.4bc 5.7f 6.3bcd 6.1de 6.5ab
Too Light 3.8%b 9.4%ab 9.4%ab 4.3%b 2.6%b 2.6%b 5.5%b 6.0%b 19.1%a
Color JAR | Just About Right 50.2%d | 58.3%bcd 78.7%a 70.6%abc 77.4%a 57.4%cd | 74.5%ab | 72.8%abc | 72.3%abc
Too Dark 46.0%a | 32.3%abc | 11.9%de | 25.1%bcd | 20.0%cde | 40.0%ab | 20.0%cde | 21.3%cd 8.5%e
Overall Liking 6.3bc 5.7d 2.7j 5.2e 3.4i 6.6ab 6.8a 4.8f 3.8h
Flavor Liking 6.3bc 5.7d 2.7j 5.2e 3.5i 6.6ab 6.9a 4.8f 3.9h
Sweetness Liking 6.3abc 5.9cde 2.9i 5.7e 3.5h 6.6a 6.5a 5.0f 3.7h
Thickness Liking 6.5bc 5.9ef 5.2h 6.2cde 5.5gh 6.6b 7.0a 6.0def 5.5gh
Not Enough
Flavor JAR Flavor 21.3%b 31.5%b 60.0%a 24.3%b 60.4%a 17.4%bc 6.8%cC 22.1%b 59.1%a
Just About Right 63.4%ab | 51.1%bc 17.0%e 46.4%bc 21.7%e 72.8%a 74.5%a 42.6%cd 26.4%de
Too Much Flavor | 15.3%bc | 17.4%bc | 23.0%abc | 29.4%ab 17.9%bc 9.8%c 18.7%bc 35.3%a 14.5%c
Not Sweet
Sweet Enough 21.7%b 31.5%b 87.7%a 26.0%b 81.7%a 16.6%b 5.1%c 22.1%b 78.3%a
Taste JAR | Just About Right 63.0%ab | 59.1%ab 11.5%c 60.4%ab 17.4%c 69.8%a 62.1%ab 49.4%b 21.7%c
Too Sweet 15.3%bc 9.4%c 0.9%d 13.6%c 0.9%d 13.6%c 32.8%a 28.5%ab 0.0%d
Thickness Not Thick Enough | 15.7%bc 31.5%a 34.5%a 7.7%c 16.2%bc | 10.6%bc 9.8%bc 21.3%ab 36.2%a
AR Just About Right | 76.6%abc | 65.1%c 62.6%cC 73.2%abc | 70.2%bc | 81.3%ab 86.0%a 74.9%abc 63.0%c
Too Thick 7.7%abc 3.4%c 3.0%c 19.1%a 13.6%ab | 8.1%abc 4.3%bc 3.8%bc 0.9%c
Aftertaste Liking 5.8bc 5.5cd 3.3h 4.9ef 3.9¢g 6.0ab 6.1a 4.6f 4.2g

*Data represents n=235 consumers
*Different letters in a row indicate significant differences (p<0.05)
*Aroma Liking, Overall Appearance Liking, Color Liking, Overall liking, Flavor Liking, Sweetness Liking, Thickness Liking and Aftertaste Liking were scored on a 9 pt scale where 1 = dislike
extremely and 9 = like extremely
*Purchase intent was scored on a 5 pt scale where 5 = definitely would buy it; 3 = might or might not buy it; and 1 = definitely would not buy it
*All JAR questions were rated using 5 pt scales where 1 = much too little, 3 = just right, and 5 = much too much.
* For all JAR questions the percentage of consumers that selected these options is presented
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Table 5. Soymilk Flavor Preferences and Usage of Clusters

Question Response C1 Cc2 C3
Soymilk 86.3%ab | 76.1%b | 90.5%a
Almond milk 8.2%ab | 19.3%a 6.8%b
Of the plant based milks that | Coconut milk 0.0%a 3.4%a 2.7%a
ou consume, which do you | Plant milk blend 1.4%a 0.0%a 0.0%a
y , y
consume THE MOST? Rice milk 1.4%a | 1.2%a | 0.0%a
Flax milk 0.0%a 0.0%a 0.0%a
Other 2.7%a 0.0%a 0.0%a
Every day 21.9%a | 21.6%a | 23.0%a
A few times a week 56.2%a | 59.1%a | 60.8%a
How often do you drink Once a week 21.9%a | 19.3%a | 16.2%a
soymilk? Once a month 0.0%a 0.0%a 0.0%a
f h
Once every few months or 0.0%a 0.0%a 0.0%a
less
Over cereal 28.8%a | 22.7%a | 32.4%a
How d ¢ In a glass 60.4%a | 51.1%a | 47.3%a
ow O you MOSt oTten - Fpup—— 9.6%b | 25.0%a | 16.2%ab
consume soymilk?
In a recipe 0.0%a 1.2%a 1.4%a
Other 1.4%a 0.0%a 2.7%a
When you purchase soymilk, | Shelf Stable 12.3%a | 19.3%a 8.1%a
do you usually purchase shelf 87 79% 80.7% 91.9%
stable or refrigerated soymilk? | Refrigerated /708 1768 =768
When you purchase soymilk, | Sweetened 52.1%a | 47.7%a | 60.8%a
do you usually purchase 47 9% 55 39 39,29
sweetened or unsweetened? | Unsweetened =708 5763 -£768
Original (plain) 100.0%a | 100.0%a | 100.0%a
Which flavors of soymilk do 7y 7y, - 61.6%b | 81.8%a | 73.0%ab
you consume? (CHECK ALL 35.6‘Vb 60.27 51.4<y .
THAT APPLY) Chocolate .6% .2%a A%a
Other 6.8%a 6.8%a 6.8%a
Original (plain) 44.7%a | 19.0%b | 26.7%ab
Which is your preferred flavor | Vanilla 44.7%a | 57.2%a | 51.1%a
of sweetened soymilk? Chocolate 10.6%a | 23.8%a | 22.2%a
Other 0.0%a 0.0%a 0.0%a
Which is your preferred flavor | Original (Plain) 85.7%a | 54.3%b | 75.9%ab
of unsweetened soymilk? Vanilla 14.3%b | 45.7%a | 24.1%ab

Numbers in columns represent the percentage of consumers in each cluster that chose that option
Check all that apply questions may equal more than 100%

Highlighted rows are to point out differences

Letters in a row that are different signify significant differences (p<0.05)




Table 6. Overall liking means for each cluster

Sample Cl C2 C3
084 5.4c 6.3b 7.0a
130 4.9c 5.5b 6.5a
309 4.1a 1.6¢c 2.6b
426 5.1b 4.1c 6.6a
459 4.0a 2.6b 3.9a
561 5.8¢c 6.6b 7.2a
585 6.2b 6.5b 7.7a
603 3.6b 3.5b 5.9a
748 4.3a 3.0b 4.0a

Overall liking was scored on a 9-point hedonic scale where 1=dislike extremely and 9= like extremely
Means in a row with different letters are statistically different (p<0.05)
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Figure 1. Principal component (PC) analysis biplot of trained panel sensory attributes
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Means not sharing a common superscript are different (P < 0.05)
Statistical lettering applied between demographics for each soymilk

Figure 2. Mean soymilk liking scores across all consumers sorted by ethnicity
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Figure 3. Internal preference mapping of soymilks
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Means not sharing a common superscript are different (P < 0.05)
Statistical lettering applied between clusters for each soymilk, lettering does not apply within clusters.

Figure 4. Mean soymilk liking scores by consumer clusters
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Appendix A

Additional Tables of Chapter 2
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Table 1. Internal Preference Mapping Comment Tallies on Likes and Dislikes

Most Liked % Least Liked %
Soymilk | Attribute Responses | Attribute Responses
Flavor 49.4 Flavor 25.5
084 Viscosity 33.2 Color 23.4
Sweetness 25.1 Sweetness 21.3
Flavor 43.4 Flavor 34.0
130 Viscosity 31.5 Viscosity 26.0
Sweetness 22.1 Sweetness 18.7
Color 34.9 Flavor 62.1
309 Aroma 27.7 Sweetness 29.8
"Nothing" 24.7 Aftertaste 17.4
Viscosity 35.7 Flavor 43.4
426 Flavor 27.7 Sweetness 21.3
Sweetness 25.1 "Nothing" 16.7
Viscosity 36.2 Flavor 63.4
459 Color 34.5 Sweetness 27.2
"Nothing" 15.7 Aftertaste 15.3
Flavor 55.7 "Nothing" 23.4
561 Sweetness 31.1 Color 20.2
Viscosity 25.1 Sweetness 18.3
Flavor 52.3 "Nothing" 31.5
585 Viscosity 34,5 Sweetness 28.5
Sweetness 30.2 Flavor 12.8
Viscosity 34.5 Flavor 46.8
603 Flavor 28.5 Sweetness 29.8
Color 26.8 Aftertaste 17.9
Color 33.6 Flavor 51.5
748 Viscosity 33.6 Sweetness 34.9
Flavor 24.3 Viscosity 18.3

% Responses indicates the percentage of consumers that specified that attribute as something they liked or disliked for the selected soymilk
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