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  ABSTRACT 

  The objective of this study was to determine the ef-
fects of different oils (butter, fish, and oxidized fish) on 
sensory characteristics of a savory [chile-lime (CL)] low-
fat yogurt using descriptive (unstructured line scales, 
5 attributes) and affective (hedonic) sensory testing 
methods. Yogurts were each manufactured at low 
[1.1–1.2% total fat; 0.43% added oil (wt/wt)] or high 
[1.6% total fat; 1% added oil (wt/wt)] levels of fish oil, 
with high levels of fish oil targeted to deliver 145 mg of 
docosahexaenoic acid + eicosapentaenoic acid/170 g of 
yogurt. In a preliminary study, untrained panelists (n = 
31), using triangle tests, did not discriminate between 
low levels of fish and butter oils in unflavored yogurts 
but could discern yogurt with oxidized fish oil, even 
at the low level. Trained panelists (n = 12) described 
lower lime and acid flavor characteristics in CL-flavored 
yogurts containing 1% oxidized fish oil compared with 
yogurts containing low levels of oxidized fish oil and low 
or high levels of butter and fish oils. Oxidized flavor 
was higher in CL-flavored yogurts with oxidized fish oil 
(low and high) and with the high level of fish oil. Con-
sumer ratings (n = 100; 9-point hedonic scale; 9 = “like 
extremely) of overall acceptability and flavor accept-
ability were bimodally distributed, with overall means 
between 4 and 5 (“neither like nor dislike”) for CL-
flavored yogurt with butter or fish oils (high level). The 
upper 50% of responses for yogurt with butter or fish 
oil were 6.51 and 6.31, respectively, for overall accept-
ability (“like slightly”), and 7.02 and 6.56, respectively, 
for flavor acceptability. A large segment of consumers 
may be interested in incorporating heart-healthy n-3 
lipids in their diets through frequent consumption of a 
savory yogurt enriched with n-3 fatty acids. 
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INTRODUCTION

  The US Food and Drug Administration has deter-
mined that sufficient scientific evidence supports the 
finding that n-3 FA can help maintain heart health, 
allowing foods and dietary supplements containing 
eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) to carry a qualified health claim that the 
product “may be beneficial in reducing coronary heart 
disease” (FDA, 2004). Increased n-3 FA consumption 
can help lower blood pressure, reduce blood triglycer-
ide levels, and aid in the secondary prevention of car-
diovascular disease (Jacobson, 2006). Most of the US 
population does not consume the recommended levels 
of these n-3 FA (200 to 1,428 mg/d; Simopoulos et al., 
1999; WHO, 2003; USDA, 2010; AHA, 2011), which are 
naturally found in fish and fish products, and continues 
to search for ways to incorporate these healthy fats in 
their diets. Foods fortified with n-3 FA provide alter-
natives for people with dietary restrictions or adverse 
reactions to fish products. 

  The international popularity of yogurt and the 
health-promoting properties associated with probiotics, 
minerals (e.g., calcium), vitamins, and milk proteins es-
tablish yogurt as an excellent vehicle for delivery of n-3 
FA to consumers. Research investigating the addition of 
FA to yogurt from fish or algae oil sources (Chee et al., 
2005; Kolanowski and Laufenberg, 2006; Kolanowski 
and Weißbrodt, 2007) and the increasing number of 
new n-3–enriched dairy products on the market (US 
and international) exemplify the interest of industry 
and consumers. Challenges faced when enriching yogurt 
with n-3 FA include sufficient fortification to help con-
sumers receive the recommended levels needed for the 
potential health benefits, prevention of oxidative deg-
radation of these highly susceptible n-3 FA–rich lipids, 
and prevention of off-flavors and odors associated with 
n-3 FA sources (usually algae or fish oil). Commercially 
available yogurt products enriched with n-3 FA–rich 
lipids typically contain low amounts of these lipids per 
serving (20–60 mg; Rognlien, 2010), thus limiting the 
risk of off-flavors or odors but requiring consumption 
of 4 or more servings to achieve the targeted daily in-
take (250+ mg). Based on sensory evaluation of fish 
oil-enriched (1% wt/wt) milk and drinking yogurts 
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by 9 trained panelists, Nielsen et al. (2009) concluded 
that yogurt provided a much better base to mask fishy 
flavors and odors and oxidation than did milk. Fish 
oil–enriched milk underwent oxidation more quickly 
than yogurt, possibly during emulsification, due to the 
higher oxygen content in milk. The authors suggested 
that the low pH in yogurt might have contributed to 
repulsion of metal ions that catalyze oxidation, and 
proteins that stabilize the matrix may have retarded 
the oxidative degradation of fish oils.

Fat content and flavoring system influence the per-
ception of fish oil in dairy-based systems. Kolanowski 
and Weißbrodt (2007) reported that 2 and 3 g of fish 
oil/kg of yogurt was within the upper tolerable level of 
fish oil addition in unflavored and strawberry-flavored 
yogurt, respectively, but no direct indication of EPA 
or DHA concentration was reported. Other dairy 
products such as spreadable fresh cheeses (unflavored 
and garlic), butter (unflavored), or processed cheeses 
(unflavored, garlic and vanillin flavored), which were 
fortified with levels up to 60 g of fish oil/kg of prod-
uct, received overall sensory quality scores >4.5 on a 
6-point scale. Increased levels of fat and flavorings help 
mask fish taste in dairy products fortified with fish oil 
(Kolanowski and Weißbrodt, 2007). Chee et al. (2005) 
suggested that fishy flavor in n-3 FA added to straw-
berry yogurt from an algae source was masked by the 
strawberry fruit base.

Consumers motivated by health trends may make dif-
ferent choices than other population segments. Health-
conscious consumers like drinking yogurts with vastly 
different characteristics than consumers motivated by 
price, convenience, mood, or familiarity, as reported by 
Pohjanheimo and Sandell (2009). Thicker yogurt and 
more sour and genuine yogurt flavors were perceived as 
more pleasant by those who were motivated by health. 
Further, this group was willing to consume yogurts 
with lower levels of sweetness. Pohjanheimo and Sand-
ell (2009) encouraged the development of yogurts and 
advertising campaigns that connect product attributes 
to consumer desires. A recent new product trend in 
exotic flavors, such as chile-lime, provides innovation 
opportunities for yogurt products with applications as 
a food complement or for direct consumption (Anthony, 
2009). Strained, or Greek, yogurt products, which are 
thicker, and savory flavors, such as cucumber, are gain-
ing popularity (Anonymous, 2010). Citrus and spice 
flavors are popular flavorings for many ethnic foods 
and commonly used in fish-based dishes, as evidenced 
in cookbooks and recipe websites, suggesting these fla-
vors may assist in masking or complementing flavor or 
aroma notes common to n-3 FA–rich lipids sources.

This project investigated the effects of enriching a 
savory yogurt product with fresh and oxidized fish oils, 

compared with butter oil, on sensory characteristics 
and acceptability.

MATERIALS AND METHODS

Yogurt Manufacture

Preparation of Milk and Oil Sources. Raw 
milk obtained from the Virginia Tech dairy farm was 
heated (60°C) and separated into skim and cream using 
a pilot-scale cream separator (Elecrem model 3, 6,400 
rpm, Bonanza Industries Inc., Calgary, Canada) in the 
dairy pilot plant (Food Science and Technology Depart-
ment, Virginia Tech, Blacksburg). Clarified butter oil 
was prepared by manufacturing butter from fresh (<1 
d) cream, and then melting and separating into oil and 
aqueous phases. The oil phase was collected and used 
as butter oil for the duration of the study. Oxidized 
fish oil was prepared by exposing approximately 1 L of 
fresh fish oil (DenOmega, Gamle Fredrikstad, Norway) 
to air and fluorescent light, to induce auto- and pho-
tooxidation, at room temperature (22 ± 3°C) for 7 d 
until a strong oxidized odor was detected. All oils (but-
ter, fish, and oxidized fish) were flushed with nitrogen 
and stored at −15°C in the dark throughout the study 
(<3 mo) to protect against any additional oxidation. 
Peroxide values of fish oils, determined by the titration 
method (AOAC, 1997; method 965.33) were 0 mEq/
kg for fresh fish oil and 3.9 mEq/kg for oxidized fish 
oil. These levels compare with low levels of oxidation 
reported in the literature, although the oxidized aroma 
of the oil was quite strong. Antioxidants (mixed to-
copherols, lecithin, ascorbyl palmitate, and rosemary 
extract) were listed for the fish oil by the manufacturer 
and probably limited the oxidative degradation from 
light and air exposure.

Yogurt Formulation and Fermentation. Yogurt 
was formulated using the ingredients and levels listed 
in Table 1. The targeted yogurt fat content for all 
products was low fat, with 2 different total fat levels. 
Yogurt at the low level of oil addition had 1.1 to 1.2% 
total fat, and yogurt at the high oil addition level had a 
total fat content of 1.6% (Rognlien, 2010). Ingredients 
were mixed together with an immersion hand blender 
(Kitchen Aid, St. Joseph, MI), heated (54°C), and then 
homogenized in 2 stages (3.4/17.2 MPa) using a labo-
ratory homogenizer (model 15MR, APV Gaulin Inc., 
Everett, MA). The yogurt mix was vat pasteurized 
at 85°C for 30 min and cooled to 40°C. Yogurt was 
fermented with Streptococcus thermophilus and Lacto-
bacillus bulgaricus cultures (Ultra gro UG-55, Cargill, 
Minneapolis, MN) at 40.9°C to a titratable acidity of 
0.019 to 0.020 (final pH of 4.1–4.2). Postfermentation, 
yogurt was stored at 4°C for the duration of testing. All 
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sensory testing was completed within 1 to 2 wk follow-
ing processing. Three replications of each formulation 
were prepared over the course of the study.

Yogurt Analysis

Characterization of yogurt composition was com-
pleted on all products based on dairy standard methods 
(Wehr and Frank, 2004). Physical, compositional, and 
chemical measurements were completed on all treat-
ments within 4 d of manufacture.

Lipids were extracted from freeze-dried yogurts 
(Freezone 18, LabConco, Kansas City, MO) with a 
modified Soxhlet extraction using methylene chloride 
(Strugnell, 1991). An internal standard (C23:0 methyl 
ester) for calculation of percentage fatty acid from the 
gas chromatograph was added to approximately 25 μg 
of extracted fish or butter oils; oils were then esteri-
fied as described by Maxwell and Marmer (1983). To 
esterify samples, isooctane (1 mL) was added to oils 
containing the internal standard along with 200 μL of 
2 N potassium hydroxide in methanol. Samples were 
vortexed and centrifuged (300 × g for 10 minutes at 
21°C) and the lower layer discarded. Aqueous saturated 
ammonium acetate (0.5 mL) was added, the sample 
was mixed again, centrifuged, and the lower layer dis-
carded; this process was repeated with 0.5 mL of deion-
ized water. Finally, a small amount of sodium sulfate 
was added; the mixture sat undisturbed for 5 min, and 
then was centrifuged and the top layer analyzed by GC. 
One microliter of sample was injected.

A modified method for fatty acid composition by cap-
illary column gas-liquid chromatography (Maxwell and 
Marmer, 1983) was used to determine fatty acid methyl 

ester profiles and calculate levels of DHA and EPA 
in the final products. A CG-17A gas chromatograph 
(Shimadzu, Kyoto, Japan) equipped with an SP-2560 
[non-bonded poly(bis-cyanopropyl siloxane); Supelco, 
Sigma-Aldrich, St. Louis, MO] capillary column (100 
m × 0.25 mm × 0.2 μm), split (1:20) injection, helium 
carrier gas, and a linear flow velocity of 35 cm/min 
was used to separate the fatty acids. An oven program, 
initial temperature of 130°C, increased to 240° at 2°C/
min, and held for 10 min with a total run time of 65 
min, was used with injector and detector port tempera-
tures set to 270°C. A quadrupole mass spectrometer 
(QP5050A, Shimadzu) with Gas Chromatography Mass 
Spectroscopy Real Time Analysis software (version 1.1, 
Shimadzu), in conjunction with the National Institute 
of Standards and Technology 2005 Mass Spectral Data-
base, was used to identify chromatographic peaks.

Sensory Analysis

All sensory studies were approved by the Virginia 
Tech Institutional Review Board and followed appro-
priate protocols as described in Meilgaard et al. (2007). 
All sensory testing took place in the Food Science and 
Technology Department sensory laboratory at Virginia 
Tech in individual sensory booths. Information and 
data were collected using touch computer screens and 
sensory software (Sensory Information Management 
System 2000, Version 6, Morristown, NJ). Snacks were 
used as an incentive for participation in the sensory 
studies.

A preliminary experiment was conducted to deter-
mine if panelists could detect fresh and oxidized fish 
oils in unflavored yogurt (Table 1). Yogurt samples 

Table 1. Formulations (average %, wt/wt) for n-3 fortified yogurt1 evaluated in 2 different sensory studies 

Ingredient

Preliminary work

Study 1: Descriptive 
rating trained  
panel1 (n = 6)

Study 2: Hedonic 
rating consumer  
panel (n = 2)

Triangle  
discrimination 
(flavor) (n = 4)

Triangle  
discrimination 
(oil) (n = 3)

Cream (~40% fat)2 2.37 1.34 1.04 1.04
NDM 3.29 3.29 3.29 3.29
Skim milk 92 92 94 94
Sucrose 1.60 1.60 1.60 1.60
Stabilizer3 0.50 0.50 0.50 0.50
Oil, low level4 NA5 NA 0.43 NA
Oil, high level4 0.50 0.51 1.00 1.00
Chile-lime flavor6 Varied None 0.11 0.12
Lime flavor6 Varied None 0.06 0.05
1Three replications for each study; n = number of treatments tested.
2Fat adjusted during manufacture, as needed, if cream had less than 40% fat during separation.3Germantown 
Crown (Danisco, Copenhagen, Denmark).
4Oils: butter, fish (DenOmega, Gamle Fredrikstad, Norway), or oxidized fish; low (0.43% wt/wt) or high (1% 
wt/wt).
5NA = not applicable.
6Gold Coast Ingredients Inc. (Commerce, CA).



Journal of Dairy Science Vol. 95 No. 4, 2012

FLAVOR OF N-3–ENRICHED YOGURT 1693

(approximately 28 g each), divided into portion cups 
(model P100, Solo Cup Company, Urbana, IL) and 
sealed with lids, were identified by random 3-digit 
codes and presented at 4°C in a balanced order in a 
randomized complete block design. Water and unsalted 
crackers were available during a 1-min rest period be-
tween sample sets to refresh the palate. Thirty-one pan-
elists completed 3 sets of triangle tests in 1 session to 
determine if the addition of fish oil or oxidized fish oil 
was detectable in unflavored yogurt. Statistical analysis 
was performed using the significance parameters of α 
= 0.05, β = 0.30, estimate of proportion of discrimina-
tors (pd) = 30% (Meilgaard et al., 2007). Differences 
(P < 0.05) in 0.5% (wt/wt) addition of oxidized fish 
oil compared with both butter and fresh fish oil in un-
flavored yogurt were observed (Table 2). Although not 
statistically different (P = 0.0589), very discriminating 
individuals may perceive the addition of 0.5% (wt/wt) 
fish oil in unflavored yogurt compared with unflavored 
yogurt with butter oil.

In another preliminary experiment, chile-lime (CL)-
flavored yogurts, with varied levels of flavoring added, 
were manufactured with 0.5% fat added: butter oil 
(control), fish oil, or oxidized fish oil (Table 1). Flavor-
ing comparisons using triangle tests (n = 32 panelists), 
as described previously, included (1) unflavored versus 
0.09% CL flavor; (2) 0.09% CL flavor versus 0.09% 
CL + 0.065% lime flavor; (3) 0.09% CL flavor versus 
0.09% CL + 0.085% lime flavor; and (4) 0.11% CL 
flavor versus 0.09% CL+0.085% lime flavor. Although 
untrained panelists (n = 32) could significantly (P < 
0.05) distinguish between CL-flavored (with and with-
out additional lime flavoring) and unflavored yogurt, 
differences were not found when comparing increases 
in CL flavoring alone (Table 2), providing guidance 
as to the levels of CL flavoring in a dairy-based sys-
tem. Results of the triangle tests for flavor indicated 
that untrained panelists could distinguish changes at 
relatively low flavor concentrations in a yogurt base. 
This information was used to establish flavoring levels 

used in the product preparation for the descriptive and 
consumer studies.

A brief survey, including demographic and general 
interest questions about n-3 FA and flavoring additions 
to dairy foods and yogurt, was completed by panelists 
in the 2 preliminary studies. Many participants in the 
preliminary panel (50%) reported that they supple-
mented their diet with n-3 FA through foods or supple-
ments; 73% of panelists also indicated they would con-
sume an n-3 FA–fortified dairy product 1 to 3 d/wk or 
more often, indicating that consumers are searching for 
novel and easy ways to incorporate n-3–rich lipids into 
their diets. Yogurt would provide a good food vehicle 
for delivering these lipids into the US diet. About half 
(51%) of respondents were “likely” or “highly likely” to 
consume a savory (i.e., full-flavored, not sweet) yogurt 
product. Fruits (40%), grains (18%), and meats (16%) 
were identified as the best food companions for the CL-
flavored yogurt tasted.

Discrimination results were used to identify poten-
tial panelists who could discriminate between changes 
in yogurts with different levels and variations of CL 
flavoring and types of lipid. Panelists with 4 or more 
correct responses to the 7 triangle tests on flavorings 
and oils were invited to participate in training for study 
1. A more complete survey was developed, based on 
preliminary results, for use in the consumer study.

Chile-lime–flavored (0.11% CL + 0.60% lime flavor) 
yogurts with 2 lipid levels were manufactured following 
previously described methods using the formulations 
shown in Table 1.

Twelve panelists (4 males, 8 females) with prior sen-
sory experience in yogurt and oxidation of dairy prod-
ucts were selected to participate in further training, 
based on performance on the triangle tests (preliminary 
work) and willingness to participate. Panelists under-

Table 2. Discriminating flavor [chile-lime (CL, % by weight), lime, none] and oils (butter, fish, oxidized fish) 
in low-fat yogurt (4°C) using triangle tests with untrained panelists1 

Comparison P-value Significant

Flavor comparison (n = 32 panelists; 0.50% wt/wt butter oil, 1.3% fat)
 Unflavored vs. CL flavor (0.09%) 0.0007 Yes
 CL flavor (0.09%) vs. CL (0.09%) + lime flavor (0.065%) 0.0377 Yes
 CL (0.09%) + lime flavor (0.065%) vs. CL (0.09%) + lime flavor (0.085%) 0.0064 Yes
 CL (0.09%) + lime flavor (0.085%) vs. CL flavor (0.11%) 0.2427 No

Oil comparison (n = 31 panelists; 0.51% wt/wt source oil, 1.1% fat)   
 Butter oil vs. fish oil 0.0589 No
 Fish oil vs. oxidized fish oil 0.0111 Yes
 Butter oil vs. oxidized fish oil 0.0004 Yes
1Statistical parameters for defining sensitivity in triangle tests were α = 0.05, β = 0.30, pd = 30% (Meilgaard 
et al., 2007), where pd = estimate of proportion of discriminators. 
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went training for 5 predetermined attributes (lime, 
sweet, heat, acid, and oxidized) in six 1-h sessions. 
Reference standards were used to introduce panelists 
to each attribute of interest (Table 3). The goals of 
training were (1) to develop terminology related to the 
product attributes of interest; and (2) to learn the scal-
ing method (Meilgaard et al., 2007), using 4 levels of 
each attribute in different matrices (water, low-fat milk, 
and plain low-fat yogurt). Products (approximately 28 
g), portioned into 1-oz cups (~25 mL) and sealed with 
lids, were identified by 3-digit codes and presented at 
4°C in a balanced order in a randomized complete block 
design. Training was validated by testing panelists on 
2 separate days with identically prepared samples per 
session, and then comparing the results (numerical 
translations measured from 15-cm line scales, with 0 
and 15 representing “none” and “extreme,” respec-
tively) of individual panelists using a statistical t-test. 
A few panelists required refinement for the oxidized 
attribute as determined by the validation testing; this 
was achieved with additional practice.

The trained panel assessed CL-flavored yogurts (n = 
6 treatments) with high and low levels of butter, fish, 
and oxidized fish oils for 5 attributes (lime, sweet, heat, 
acid, oxidized) using 15-cm unstructured line scales, 
following the same protocols established during train-
ing. Statistical analysis on the 3 replications was com-
pleted with JMP Statistical Software (SAS Institute 
Inc., Cary, NC). Results from all replications of the 
line scales were tabulated and an ANOVA table with 
Tukey’s honestly significant difference (HSD) compared 
for the 6 formulations for each attribute. For the trained 
sensory panel, a 2-way ANOVA was conducted using 
the following model:

Yij = μ + Li + Sj + LSij + εij,

where Yij is the ijth observation; μ is the general mean; 
Li (oil level; low or high) and Sj (oil source; butter oil, 
fish oil, or oxidized fish oil) are the main effects; LSij is 
their interaction; and εij is the random error.

Two formulations of CL-flavored (0.12% CL + 0.05% 
lime flavor) yogurts (endpoint pH of 4.3) were manufac-
tured, as described previously (Table 1), for determin-
ing overall and flavor acceptance of the products using 
a consumer sensory panel. Formulations consisted of 
1% (wt/wt) clarified butter oil or fresh fish oil.

Demographics and responses to questions pertain-
ing to product use, general awareness, and interest 
in dietary sources of dairy, fish, and n-3 food sources 
were collected from 186 students, faculty, staff, and lo-
cal community members in and around Virginia Tech 
using an electronically delivered survey (www.survey.
vt.edu). One hundred of these subjects were selected 
to participate in the consumer sensory study based on 
willingness to participate, having no allergies or health 
conditions prohibiting participation, and being regular 
consumers of yogurt (consume 1 to 3 times per month 
or more). This subgroup of consumers was 66% female, 
mostly (66%) aged 18 to 25 yr, and mostly (84%) Cau-
casian/white. Panelists ranged from 18 to >70 yr of age 
and had diverse backgrounds; most had limited experi-
ence participating in sensory panels.

The consumer sensory panel (n = 100) determined 
overall acceptance and flavor acceptance of CL flavor-
ing in yogurt using a 9-point hedonic scale (1 = “dislike 
extremely,” 9 = “like extremely”). Yogurt (28 g) was 
portioned into 1-oz cups and sealed with lids, identi-
fied by 3-digit codes representing each product, and 
presented at 4°C in a balanced order. Panelists were 
given 2 sets of CL-flavored yogurt samples; each set 
consisted of one butter oil–enriched and one fish oil–en-
riched sample. The first set was used for evaluation of 
overall acceptance and flavor acceptance was evaluated 
in the second set.

Data analysis was completed using Excel (Microsoft 
Corp., Redmond, WA) to tabulate results of surveys 
and questions, and then calculate and report percent-
ages. Hedonic rating scores were averaged and com-

Table 3. Reference standards for training of a descriptive panel for chile-lime flavored yogurt with butter oil, fresh fish oil, and oxidized fish oil 

Sensory  
attribute Source Sample preparation

Lime Organic Lime Flavor (Gold Coast 
Ingredients Inc., Commerce, CA)

Four levels (0.05–0.12%) in 3 food matrices (filtered water, low-fat milk, plain low-fat 
yogurt). Low and high levels in yogurt were standards for anchors on 15-cm line scale.

Sweet Sucrose Sucrose (4 levels; 0.77–2.44%) in 3 matrices (filtered water, low-fat milk, plain low-fat 
yogurt). Low and high levels in yogurt were standards for anchors on 15-cm line scale.

Heat Natural Chile Flavor Concentrate 
(Gold Coast Ingredients Inc.)

Four levels (0.40–0.11%) in 2 matrices (low-fat milk, plain low-fat yogurt). Low 
and high levels in yogurt were standards for anchors on 15-cm line scale.

Acid Citric acid (New England 
Cheesemaking Supply 
Co., Ashfield, MA)

Four levels (0.012–0.033%) in 3 food matrices (filtered water, low-fat milk, plain low-fat 
yogurt). Low and high levels in yogurt were standards for anchors on 15-cm line scale.

Oxidized Oxidized canola oil Four levels (0.42–1.02%) in 3 food matrices (fresh vegetable oil, low-fat milk, plain low-
fat yogurt). Low and high levels in yogurt were standards for anchors on 15-cm line scale.
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pared using a statistical t-test. Statistical evaluation 
used JMP (SAS Institute Inc.) models with a preset α 
of 0.05 for determining significant differences.

RESULTS AND DISCUSSION

The addition of fish oil to yogurt as a source of n-3 
FA is of concern because of potential “fishy” flavor notes 
from the source oil, yet our goal was to add a sufficient 
level of oil to provide a significant contribution of n-3 
FA into the daily diet while minimizing fishy notes. In 
preliminary testing, panelists (n = 31) could not dif-
ferentiate between yogurt with butter oil (0.5% wt/wt) 
and fish oil (0.5% wt/wt) in unflavored yogurts (Table 
2). This level of fortification was calculated to supply 
187 mg of DHA + EPA per 170-g serving of yogurt, 
based on the fish oil source used in this study. Carlson 
et al. (2010) reported that deodorized fish oil blended 
with butter oil (25%:75%, respectively) was not detect-
able, based on triangle tests (n = 30) in a 0.4% fat 
unflavored yogurt, whereas flax oil was noticeable even 
at 20:80 (flax:butter oil) blend (Carlson et al., 2010). 

They also reported the sensory threshold for oxidized 
fish oil in unflavored yogurt was >0.2% (wt/wt).

Study 1: Effects of Oxidized and Fresh  
Fish Oil on Sensory Characteristics

Yogurts produced for the descriptive study were simi-
lar in gross composition, differing only between low and 
high fat composition, as intended (data not shown). 
Significant differences (P < 0.05) in EPA and DHA 
concentrations between low and high levels of oil for-
tification were expected and observed. The proportion 
of fish oil and butter oil in the different products in-
fluenced fatty acid composition, as expected (data not 
shown). Calculations from analysis of fatty acid methyl 
esters showed that fish oil and oxidized fish oil yogurts 
were fortified with greater than the recommended daily 
values per serving of yogurt, even at low levels of fish 
oil addition (Table 4).

Significant differences in oxidized, lime, and acid 
sensory attributes were found in yogurt with different 
levels and different types of oil (Table 5). Lime and acid 

Table 4. Mean concentrations of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in source oils 
(butter, fish, oxidized fish) and chile-lime flavored oil-supplemented yogurt products at 2 fat levels1,2 

Item
EPA 

(mg/g of oil)
DHA 

(mg/g of oil)
EPA + DHA  
(mg/g of oil)

EPA + DHA  
(wt %)

DHA + EPA  
delivered  

(mg/170-g 
serving)

Source oil      
 Fish oil3 99.55 ± 6.25a 99.74 ± 4.88a 199.3a 23.29a NA
 Oxidized fish oil 105.5 ± 7.53a 105.6 ± 6.60a 211.1a 23.35a NA
 Butter oil NA4 NA NA   
Yogurt      
 Butter oil-low5 NA NA NA   
 Butter oil-high5 NA NA NA   
 Fish oil-low 38.15 ± 2.95c 37.32 ± 2.66d 75.48d 10.58d 150
 Fish oil-high 65.92 ± 0.87b 65.26 ± 0.54b 131.2b 16.99b 357
 Oxidized fish oil-low 50.68 ± 2.61c 50.17 ± 2.47c 100.9c 13.77c 200
 Oxidized fish oil-high 69.18 ± 4.01b 68.67 ± 3.77b 137.9b 17.54b 375
a–dMeans with different superscripts within columns are significantly different (P < 0.05).
1Mean values of triplicate analyses ± SD.
2EPA and DHA were calculated based on tricosanoic acid internal standard.
3DenOmega (Gamle Fredrikstad, Norway).
4NA = not available.
5Low = 0.43% wt/wt; high = 1% wt/wt.

Table 5. Effects (P-values) of oil source (butter, fish, or oxidized fish) and oil level (0.43 or 1%) on flavor 
attributes of chile-lime flavored yogurt products evaluated by a trained panel (n = 12; 3 replications) 

Attribute
All  

formulations
Oil  

source
Oil  
level

Interaction  
(source × level)

Acid 0.0220 0.0113 0.8671 0.1194
Heat 0.2902 0.6676 0.1396 0.2037
Lime 0.0017 0.0310 0.1264 0.0056
Oxidized <0.0001 <0.0001 0.0003 0.0193
Sweetness 0.4840 0.5443 0.4337 0.2681
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flavors were perceived as significantly (P < 0.05) lower 
in yogurt with a high level of oxidized fish oil compared 
with other formulations; this could be attributed to the 
oil source and not the oil levels (Table 5). The trained 
sensory panel (n = 12) found no significant differences 
in flavor attribute intensity between levels of butter oil, 
suggesting that a small difference in milkfat (≤1% wt/
wt) does not affect flavoring systems in yogurt.

Oxidized oils typically contain higher levels of vola-
tile aldehydes, ketones, and other low molecular weight 
compounds that may mask or interfere with the per-
ception of lime flavor. Oxidized flavor characteristics 
were higher, as anticipated, in the high-oxidized fish 
oil yogurt formulation and significantly different (P < 
0.05) from yogurts with low levels of oxidized fish oil 
and high levels of fresh fish oil formulations (Figure 1). 
Yogurts with low amounts of fresh fish oil and both but-
ter oil formulations had significantly (P < 0.05) lower 
oxidized flavor than the other formulations. A high 
level (1%) of fresh fish oil fortification in a CL-flavored 
yogurt product could be distinguished from a low level 
(0.43%) of fish oil by a trained sensory panel, perhaps 
because the “fishy” character of the oil became evident 
and was captured in the “oxidation” characteristic. At 
low levels (0.43%) of fish oil in a CL-flavored yogurt 
product, the perception of oxidized flavor could not be 
distinguished from formulations made using butter oil 
at 0.43 or 1%.

Study 2: Consumer Acceptance  

The tested population was representative of a nu-
tritionally motivated consumer population, based on 
a preliminary screening survey. Almost half of the re-
spondents (47%) reported having general food and nu-
trition knowledge, such as a high school or college level 
introductory food and nutrition class, and only 12% 
reported having very limited knowledge. When asked 
about dairy and n-3 FA health benefits, 87% reported 
they were generally or very aware of the potential 
health benefits associated with regular consumption of 
milk or dairy products, and 64% were generally or very 
aware of the benefits of the consumption of n-3 FA. 
Most respondents (65%) reported that they attempted 
to supplement the levels of n-3 FA in their diet natu-
rally, with fortified foods or supplements, in contrast to 
35% that claimed they did not attempt to increase the 
n-3 FA intake in their diets. Additional survey ques-
tions, completed after the yogurt samples were tasted, 
indicated that 38% of the panelists were “unlikely” or 
“highly unlikely” to consume our CL-flavored yogurt on 
a regular basis, whereas 39% were “likely” or “highly 
likely” to consume it on a regular basis; the remaining 
respondents were “unsure.” The most frequently sug-
gested food complements for the CL-flavored yogurt 
sampled were fruit (35%) and grain (28%), given 

Figure 1. Mean levels of attributes in chile-lime flavored yogurt products by formulation (various oil sources at 0.43 or 1%) as determined 
by a trained sensory panel (n = 12) using a 15-cm line scale (0 = none; 15 = extreme); n = 3 replications. *P < 0.05; **P < 0.01.
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choices of nothing (i.e., eat it alone), beverage, meat, 
fruit, vegetable, grain, and other.

Both overall acceptability and flavor acceptability 
scores for the CL-flavored yogurt with butter oil and 
fish oil were bimodally distributed, with means of 4.85 
and 4.68, respectively (P < 0.05; Figure 2). The top 50% 
of participant responses were 5 (neither like nor dislike) 
or higher, and mean values for overall acceptability were 
6.51 and 6.31 for CL-flavored yogurt with butter and 
fish oil, respectively. Flavor acceptability scores were 
7.02 and 6.51, respectively. The low overall acceptability 
of the products by the remaining 50% of the population 

may be attributed primarily to unfamiliarity with or 
lack of acceptance of CL flavors or with the lack of 
sweetness in the product. Consumers were not made 
aware of the flavor system or lack of sweetener in the 
yogurt to avoid a preconceived bias against savory fla-
vor applications or fear of new foods (food neophobia); 
panelists may have been surprised by the unanticipated 
spicy or slight burning sensation of the CL flavoring 
and the lack of sweetness in the yogurt. Fruit flavors, 
especially strawberry, are very well accepted in yogurt, 
whereas consumers are less familiar with savory flavors 
in yogurt. Fish oil in the yogurt did decrease the flavor 

Figure 2. Bimodal distribution of hedonic ratings (9-point scale, 1 = “dislike extremely,” 5 = “neither like nor dislike,” 9 = “like extremely”; 
n = 100) for overall and flavor acceptability of chile-lime flavored yogurt (1.6% total fat) made with butter oil (overall acceptability mean = 
4.85; flavor acceptability mean = 5.40) and fish oil (overall = 4.68; flavor = 4.82). Overall acceptability means for upper 50% are 6.51 and 6.31 
for butter oil- and fish oil-enriched yogurts, respectively. Flavor acceptability means for upper 50% are 7.02 and 6.51, respectively.
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acceptability of the product (P = 0.0017), based on 
the mean flavor acceptability scores (butter oil-based 
yogurt: 5.40; fish oil-based yogurt: 4.82).

Comments from the consumer panel also helped 
explain the bimodal distribution. The chile flavor and 
aftertaste were unappealing (n = 27) and the yogurt 
was too bitter or sour (n = 51) for some. However, the 
texture (n = 41) and level of sweetness (n = 12) were 
frequently noted and seemed to be liked by some. The 
yogurt texture of the pilot-scale product was slightly 
grainy, possibly because of the low pH (4.1–4.2), which 
may have affected overall acceptability. A spicy burning 
sensation may be surprising, and possibly unpleasant, if 
a sweet fruit flavor was expected in yogurt, and might 
be seen as a defect. The burning sensation associated 
with chile peppers is not universally accepted. Panelists 
who responded with high hedonic ratings often noted 
the aroma and refreshing spicy or citrus flavors and 
some noted the heat sensation on the palate.

These studies suggest that fortification of a savory 
yogurt with 1% fish oil could be acceptable to a portion 
of the general population and have a potential market 
among health- and nutrition-conscious consumers. Oxi-
dized fish oil added to yogurts, even at low levels of oxi-
dation, was detectable by both trained and untrained 
panelists. This information is beneficial to manufactur-
ers interested in fish oil fortification of yogurt because 
consumers may be able to detect products that have 
oxidized during processing or storage. Consuming oxi-
dized lipids could be a safety hazard because they do 
not provide benefit to the body, and consumption can 
be toxic to animals (Kolanowski and Laufenberg, 2006; 
Venugopal, 2009). However, fish oil–enriched yogurt 
is highly stable to oxidation, possibly because of the 
antioxidant activity of peptides released during fermen-
tation (Farvin et al., 2010).

CONCLUSIONS

Delivering sufficient heart-healthy n-3 FA to achieve 
the suggested daily intake (145 mg of EPA + DHA) 
may be accomplished in a single serving (170 g) of 
savory-flavored yogurt, providing an alternative and 
easily incorporated dietary source for these valuable 
fatty acids. Innovation of unsweetened, savory flavoring 
in combination with the powerful health functionality 
of n-3 FA and dairy components is of interest to a large 
segment of the health- or nutrition-aware population. A 
potential market exists for this population.
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