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Ninety-five consumers in seven grocery stores tasted unidentified peeled sections of three mandarins (a tangerine, a 
satsuma, and a clementine), and provided demographic and purchase information. Forty-four percent of the respondents 
preferred tangerines, 34 percent satsumas, and 22 percent clementines. The probability of preferring each of type of 
mandarin was estimated from internal quality analysis of paired samples, as well as from demographic and purchase 
responses. Model simulations were used to recommend harvest standards for satsumas based on Brix-to-acid ratios.
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In just a decade, U.S. per-capita consumption of 
mandarins increased by almost 16 percent, from an 
average of 0.93 kg in 1996 to 1.07 kg in 2005. Over 
the same period, while U.S. production of man-
darins decreased three percent, imports increased 
376 percent; the total U.S. market supply in 2005 
was 355,000 metric tons, up 24 percent from 1996 
(Economic Research Service 2007). Increased 
consumption and availability of popular mandarin 
varieties (clementines and tangerines) have led 
to increasing interest in novel mandarin varieties 
and the reemergence of once-popular types such 
as satsumas, which are becoming re-established 
throughout the U.S., most notably in California, 
Texas, Louisiana, and Alabama. 

Currently, most of the whole satsumas distributed 
through grocery stores in the U.S. are produced in 
California. However, satsuma production along the 
Gulf Coast is beginning to expand after a 50-year 
hiatus because the region offers an ideal climate 
for producing satsumas (Ebel et al. 2004). Rapid 
increases in production have quickly saturated lo-
cal markets, so Gulf Coast satsuma producers now 

need to expand into new markets. But in order for 
the fledgling Gulf Coast industry to be able to com-
pete with the larger domestic and foreign suppliers 
of clementines and tangerines, Gulf Coast satsuma 
growers must better understand consumer prefer-
ences for mandarin attributes in order to market 
their products more effectively. 

Consumer acceptance of most food products is 
determined primarily by flavor, texture, and appear-
ance (Moskowitz and Krieger 1995). Appearance 
of mandarins has been examined by Campbell et 
al. (2004, 2006), who evaluated consumer prefer-
ences for skin color, fruit size, seeds, blemishes, 
and packaging in two studies of consumers who 
purchased their citrus fruit in retail grocery chain 
stores. However, little is known about consumer 
preferences for flavor attributes of mandarins. The 
current study segments consumers based on their 
combined perceptions of flavor and texture in satsu-
mas, tangerines, and clementines, and relates those 
preferences to two readily-measured internal quality 
attributes that are known to influence flavor percep-
tions: soluble solids (“Brix”) and titratable acidity 
(“acids”). Brix and acids are major contributors to 
perceived internal fruit quality, and the ratio of Brix 
to acid is a criterion used by regulatory bodies in the 
citrus industry to establish minimum harvest-quality 
standards (Fellers 1991; Poole and Gray 2002; Ting 
and Rouseff 1986). For example, Louisiana requires 
that satsumas reach a 10:1 Brix-to-acid ratio before 
they can be marketed (Ebel et al. 2004).

Originally our intent was to use the results of 
this study to recommend optimal harvest times for 
satsumas and to construct consumer profiles of the 
satsuma-preferring segment in order to position 
them competitively with tangerines and clemen-
tines. However, it is possible that these three types 
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of mandarins could avoid competition altogether 
by staggering their harvests based on consumer 
preferences for changing ratios.

Materials and Methods

Fruit Samples

A revealing test of the future success of a new 
product is to allow a sample of potential consum-
ers to compare the new product to its closest com-
petitors (Saguy and Moskowitz 1999). To this end, 
Alabama-grown satsumas were tested against two 
mandarin competitors popular in the marketplace: 
clementines and tangerines. The satsuma variety 
chosen for sensory evaluation was “Owari,” the 
most common variety currently produced along 
the Gulf Coast. Satsumas used in the study were 
harvested from the Gulf Coast Research and Ex-
tension Center in Fairhope, Alabama one week 
prior to the start of the sensory evaluation. After 
harvest, fruit were stored at 4oC until the day before 
testing, at which point they were brought to room 
temperature. 

The clementines and tangerines were purchased 
from local grocery stores the day before testing and 
kept at room temperature. The clementines were a 
product of Spain, while the tangerines were from 
Florida. The specific varieties of clementine and 
tangerine available for the test were not known due 
to the lack of variety information on the package, 
but they were considered to be representative of 
the quality typically available to consumers during 
the testing period. All the fruit chosen for tasting 
were visually inspected to eliminate any that were 
blemished.

Sensory Evaluation

Since only three products were to be evaluated, 
a treatments-by-subjects design was used (Stone 
and Sidel 2004). Samples were served using a 
balanced-block design in order to minimize the ef-
fect of time-order bias. Sensory evaluations were 
administered during the week prior to Christmas 
in several grocery store chains located in various 
demographic areas in and around Montgomery and 
Birmingham, Alabama. 

Store patrons passing the survey table were asked 
if they would like to participate in a sensory-evalua-

tion survey. Those agreeing to participate were first 
familiarized with the testing procedure, and then 
were shown one section of each of the three types of 
fruit and asked to taste each section. Since product 
name and external characteristics can bias sensory 
evaluations (Wansink 2003), consumers were told 
only that the taste samples were from mandarins of 
the quality available in a grocery store. Each product 
was identified only by a three-digit number assigned 
randomly to each fruit prior to the testing session. 
After a product sample was evaluated, respondents 
sipped water to cleanse their taste receptors before 
evaluating the next product sample. Upon finishing 
the three samples, respondents were asked to iden-
tify which mandarin they preferred and, based on 
this response, were assigned either to the satsuma, 
clementine, or tangerine market segment. A single 
fruit yielded enough peeled sections for as many as 
five respondents plus the matching samples needed 
for laboratory testing. Excessively small or large 
sections were eliminated from the evaluation, in 
order to standardize the volume of fruit tasted.

 Consumer preference for flavor depends on past 
purchase experience and is related to socioeconomic 
attributes of the respondents (Baldwin 2002). For 
example, in a study of apples by Richards (2000), 
the preferred type and variety of apple were related 
to past purchase behavior including rate of con-
sumption and purchasing habits. Therefore, in our 
study, consumers were also asked to complete a set 
of questions relating to demographic characteristics 
(age, gender, race, education, household size, family 
structure, and income), and purchasing behavior 
(citrus consumption rate, location of purchases, and 
special purchase occasions). 

Internal Quality Measurements

In order to get an objective measure of fruit quality, 
each whole fruit used in the study was divided in 
half. One half was further pulled apart and sections 
of approximately equal size were used in the sen-
sory evaluation, while the other half was saved for 
subsequent laboratory analysis of its soluble solids 
(Brix) and titratable acidity (acids). Each sample 
saved for analysis was assigned the same three-digit 
code as its tasted counterpart, so that consumers’ 
preferences and internal fruit characteristics could 
later be matched. 

Each fruit half was juiced using a Hamilton 
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Beach Type CJ09 HealthSmart Juice Extractor 
and filtered through cheesecloth. A drop of juice 
was applied to a Leica Microsystems Model 10494 
hand-held, temperature-compensated refractometer 
to determine Brix content. Acid content was mea-
sured by titrating 10 ml of juice to a pH of 8.1 with 
0.1 N KOH solution using a Metrohm Titrino model 
751 GPD automated titrimeter and a Metrohm 
sample changer and associated Titrino Worcell 4.4 
computer software from Brinkmann Corp. After 
determining the Brix and acid measurements, the 
ratio for each fruit sample was calculated simply as 
the quotient of the two.

Theoretical Model

A fundamental assumption of choice theory is 
that market behavior such as product choice is 
generated by the maximization of preferences, 
and these preferences can be influenced by many 
factors including habit, experience, attitude, and 
demographics (McFadden 1986). Since prefer-
ences are contingent on a consumer’s satisfaction 
with a product or product attribute, we can derive 
a specific utility for each consumer given product 
and consumer determinants. 

In order to measure the effect of the demographic 
and socio-economic variables on the probability of 
choosing a particular mandarin variety, a multino-
mial logit (MNL) model was specified and marginal 
effects calculated. This MNL model incorporates 
random utility theory, which assumes that each 
choice has a utility associated with it and that the 
consumer’s preferred choice represents the maxi-
mum utility of all choices considered (Greene 2002, 
p.719). In our case, each mandarin variety (satsuma, 
clementine, and tangerine) has a separate utility, US, 
UC, and UT, made up of both fruit quality and re-
spondent characteristics, with the respondent’s final 
choice representing the variety with the maximum 
utility. US > UC implies satsuma is preferred to cle-
mentine. The MNL model can be written as:

(1) Pr( )
'

'
Y j e

e
i

x

x
i

j

j i

k i
= =

=∑
β

β
1  

,

where j = 1, 2, or 3 represents variety choice and the 
xi are relevant explanatory variables to be included 
in the model, such as demographic and purchase-

behavior variables, along with the internal quality 
measures of Brix, acid, and Brix-to-acid ratio.

Brix, acid, and their ratio are predominantly used 
as industry standards to measure ripeness and as 
an indicator of acceptance (Fellers, Carter, and de 
Jager 1988; Ebel et al. 2004). However, it should be 
noted that these may not be the only variables that 
influence a respondent’s choice. Other factors such 
as color, texture, seediness, bitterness, and inherited 
or acquired sensory dispositions—not to mention 
the complex volatile organic compounds that char-
acterize flavors and aromas—may all play a role in 
the taste experience, and thereby influence choices. 
To a greater or lesser extent these were controlled 
or randomized in the study, or were difficult if not 
impossible to measure. The absence of relevant 
variables in the model does not compromise its 
use in prediction, but it does warrant caution in the 
interpretation of coefficients.

Data Analysis

Respondents were grouped into market segments 
based on which type of mandarin was represented 
by the taste sample they said they preferred. Con-
sumer characteristics for each segment then were 
evaluated using a MNL model estimated with LIM-
DEP (Greene 1995). The MNL model was used to 
determine the probability of choosing a mandarin 
type based on internal quality measures and respon-
dent characteristics such as demographics and pur-
chasing behavior. Since one goal of the study was 
to construct a general profile of the consumers who 
prefer each type of mandarin, model coefficients 
with p-values up to 0.11 were considered.

Simulation

An extension of the MNL model was also used to 
simulate the probability of choosing each of the 
three mandarin types based on varying Brix, acid, 
and Brix-to-acid ratios, ceteris paribus. To predict 
these probabilities over a wide range of values, the 
relation between acid levels and ratio for each type 
of mandarin was first estimated with an exponen-
tial regression using the data from the samples of 
the three mandarin types that were tasted (n = 95 
samples per fruit). Then, for each integer value of 
ratio from seven to 25, the acid value was predicted 
from the regression and the Brix value was simply 
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calculated as the product of the acid and ratio. For 
each of the 19 integer ratios of interest, the nine 
corresponding internal quality values were inserted 
into the MNL model and the new probabilities were 
predicted for each of the three mandarin segments, 
holding the other 18 variables in the MNL model 
constant at their mean values (Liao 1994).

Results and Discussion

Internal Quality of Fruit Samples

Even though the study was conducted over just a 
few days in mid-December, the fruit samples never-
theless provided a wide range of flavor sensations, 
helping to make subsequent analyses more gener-
alizable. For example, the range of the ratio of Brix 
to acid varied by as much as 65 percent above the 
mean and 48 percent below (Table 1).

The average Brix-to-acid ratio observed during 
the study period (Table 1) was significantly different 
among the three mandarins (p < 0.05). This ratio 
is the factor that most influences our perception of 
the sweetness or tartness of citrus: a higher ratio is 
associated with a sweeter flavor, while a lower ratio 
is associated with a tarter flavor (Ting and Rouseff 
1986). While Brix primarily measures the sugar 
content of a sample, Brix alone can be a misleading 
measure of sweetness. For instance, the tangerine 
samples had the highest average Brix (10.9 percent), 
but they also had the highest average acid (0.83 
percent), which, in this combination, gave them the 
lowest average ratio and therefore made them the 
most tart of the samples. A comparison of the means 
in Table 1 showed that the clementine samples had 
the sweetest average ratios (17.1), followed by the 
satsumas (16.0) and the tangerines (13.5).

Segment Demographics

Ninety-five usable sensory-evaluation surveys 
were collected during the surveying process. After 
segmenting consumers by their stated preferences, 
results showed that 44 percent of respondents pre-
ferred the tangerine, 34 percent the satsuma, and 22 
percent the clementine (Table 2). 

There were few significant differences in demo-
graphics among segments (Table 2). Certain stores 
had disproportionate representations of segments. 
For example, Store 1, with higher-average-income 

respondents, had significantly more consumers in 
the satsuma segment than in the tangerine segment, 
while Store 5, with lower-average-income respon-
dents, had significantly more representation in the 
tangerine segment than in the other two. Members 
of the satsuma segment also had significantly higher 
education and income levels compared to the tan-
gerine segment. 

Multinomial Logit Modeling

Table 3 presents a series of progressively more in-
clusive sets of independent variables that improved 
the fit of the model, using several criteria to measure 
performance. By the McKelvey-Zavoina pseudo-
R2 criterion, the three basic sources of improve-
ments to fit—stores, demographics, and internal 
quality—contributed nine percent, 17 percent, 
and 20 percent respectively, which combined to 
approximate that of the full model (45 percent). 
Demographics alone did well in predicting satsuma 
and tangerine membership, but only the full model 
assigned clementine members with any accuracy. 
Of the internal-quality sub-models, most predicted 
well for tangerine segment membership but poorly 
for the other two segments.

The full 27-variable multinomial logit model 
was capable of a relatively high degree of accu-
racy in predicting segment membership, placing 
respondents in the correct segment 79 percent, 71 
percent, and 88 percent of the time for the satsuma, 
clementine, and tangerine segments, respectively. 
Respondents assigned by the model to an incorrect 
segment were about equally distributed to the other 
two segments.

Table 4 shows the sign, magnitude, significance, 
and elasticity of each of the marginal probabilities 
from the full model of segment membership. Within 
the satsuma segment there were seven variables 
that met our subjective criterion for the chance of 
making a Type-I error (p < 0.11). These included 
the ratio for the satsuma sample tasted, purchase 
frequency, location of purchase, Christmas purchas-
ing, age, gender, and education. 

In interpreting marginal probabilities, if the vari-
able is continuous the coefficient approximates the 
change in the probability of being in the segment 
given a one-unit change in the explanatory vari-
able, holding the other variables constant (Liao 
1994, p. 20). For example, a one-year increase 
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in the average years of education in the overall 
sample from 14.2 to 15.2 years would result in an 
11.7 percent increase in the probability of being in 
the satsuma segment. Purchase frequency and age 
were other continuous variables that increased the 
probability of being in the satsuma segment. The 
continuous demographic variables with the largest 
proportional impact on segment membership—as 
measured by their elasticities—were education and 
age. One-percent increases in education or age were 
associated with 5.5 percent or 3.5 percent increases 
in the probability of being in the satsuma segment, 
respectively.

In discussing the marginal probabilities in the 
case of discrete variables (e.g. eliciting a yes or 
no answer), the coefficient is interpreted as the 
approximate change in the probability of being in 
the segment if the relation applies to the respon-
dent (Liao 1994, p. 18). For example, respondents 
who answered yes to the question about whether 
they purchased mandarins for Christmas were 39 
percent less likely to be in the satsuma segment. If 
the respondent mostly bought sweet citrus fruits at 
the grocery store (rather than at roadside stands or 
farmers markets) or was female, these substantially 
increased the probability of being in the satsuma 
segment, by about 43 percent and 32 percent, re-
spectively. 

There were no significant variables associated 
with the clementine segment. This result may have 
been due to the small size of the sample or to the 
wide variability in responses. Nevertheless, the lack 
of significant marginal effects did not appreciably 
limit the predictive accuracy of the MNL model 
associated with this segment.

The tangerine segment also had seven variables 
significant at the 0.11-level, including satsuma acid 
and ratio, purchase location, Christmas purchasing, 
age, gender, and education. As with the satsuma 
segment, education and age had the largest im-
pacts on segment membership, but in the case of 
the tangerine segment they were negative impacts. 
A one-percent increase in education was associ-
ated with a 2.5-percent decrease in the probability 
of membership in the tangerine segment (inferred 
from the elasticity value), or a 12-percent decrease 
for every additional year of education above the 
average (inferred from the coefficient value). A one-
percent increase in age led to a 1.8-percent decrease 
in probability of membership in the segment, or 

a three-percent decrease per year of increased 
age above the average. Female respondents and 
respondents buying their sweet citrus at a grocery 
store were 34 percent and 46 percent less likely 
to be in the tangerine segment, respectively, while 
respondents purchasing sweet citrus for Christmas 
were 48 percent more likely to be in the tangerine 
segment. 

Simulations of Changes in Flavor

Variables of special interest to this study were the 
internal quality factors affecting the sweetness or 
tartness of mandarins and their subsequent effects 
on membership in the various segments. Brix and 
acid levels of all mandarins—and the specific flavor 
sensations associated with their ratios—change with 
harvest date and postharvest handling techniques, 
and show considerable variation from fruit to fruit, 
tree to tree, grove to grove, and year to year (Ebel 
et al. 2004). Furthermore, Brix and acid levels are 
not independent: Brix rises as the harvest season 
progresses, while acid declines, and their combined 
effect on the mandarins of interest in this study is 
a rise in the average Brix-to-acid ratio during the 
fall months in the northern hemisphere (Ebel et al. 
2004). The probabilistic effects of small changes in 
Brix, holding acid constant, and vice versa can be 
evaluated from their elasticities in Table 4, which in-
dicate that segment probabilities are comparatively 
sensitive to some of these changes. But to evaluate 
the effect of ratios formed from combinations of 
Brix and acid changing simultaneously, a simulation 
approach is required (Liao 1994).

To estimate the effects of Brix and acid and their 
ratios on the probabilities of segment membership, 
realistic values for the Brix and acid variables were 
estimated using internal quality data from the labo-
ratory samples of all three mandarins and following 
the method described above. The multinomial logit 
model was used to predict new probabilities of seg-
ment membership over a range of integer values 
for Brix-to-acid ratios (Figure 1). Essentially, this 
scenario asks the question: “If all three fruits were 
available with the same Brix-to-acid ratio, what 
would be the probability of a representative con-
sumer preferring a given mandarin type (an estimate 
of market share), assuming all other variables were 
held constant?” Figure 1 shows that in a head-to-
head comparison, satsumas are the most preferred 
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mandarin at ratios up to about 15, after which tan-
gerines have the most preferred flavor. Clementines 
do not show any appreciable market share in this 
simulation, but do rise steadily in popularity to 13 
percent as ratio increases to the highest simulated 
sweetness level of 25.

Obviously, the actual market relationship is even 
more complex than was simulated by holding all 
other variables constant and varying only Brix, acid, 
and ratio for the three mandarins. For one thing, 
during the typical fall/winter retail season, all three 
types are not available with identical ratios at the 
same time—satsumas usually appear in the market 
first (with lower ratios), followed by tangerines and 
then clementines (at the highest ratios). Because 
our survey was only a snapshot taken relatively 
late in the season, and because we did not have 
internal quality data throughout the whole season 
for the tangerines and clementines available in our 
sample stores, we could not simulate the effects of 
varying them all simultaneously over time using the 
different flavor ratios that consumers actually expe-
rienced throughout the season. Nevertheless, there 

was sufficient variability in the individual samples 
taken during our snapshot to simulate within a wide 
range of values. Furthermore, the simulation model 
provides a platform for evaluating a multitude of 
alternative scenarios other than the one we illustrate 
here. For example, if tangerines were only available 
at a ratio of 13.5, and clementines were only avail-
able at a ratio of 17.1 (their respective averages 
in our sample), but satsumas could be delivered at 
a variety of ratios, then an alternative simulation 
revealed that satsumas would be preferred when 
their ratios fell between nine and 14.

Conclusions and Marketing Implications

In the larger scope of commercial mandarin produc-
tion and marketing, the results of this study pro-
vide some support for state- or industry-mandated 
quality standards in determining the timing of the 
harvest season for various mandarins. At least one 
of our original objectives is satisfied in that a quality 
standard for satsumas is suggested by the current 
evidence: marketing satsumas at ratios over 15 puts 

Figure 1. Predicted Changes in the Probability of Being in the Clementine, Satsuma, or Tangerine 
Segment (Given Identical Brix/Acid Ratios, Holding All Other Variables Constant at Their Means).
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them at a disadvantage relative to tangerines and 
clementines. This suggests that in addition to qual-
ity standards imposed early in the season, such as 
Louisiana’s lower limit of 10:1 (a “too-tart” rule) 
there should also be an upper limit of 15:1 imposed 
later in the harvest season (a “too-sweet” rule).

Simulations can also be used to estimate the 
market shares for satsumas, tangerines, and clem-
entines as the harvest season progresses. At the time 
of our study, the sample market share proportions 
were 4:3:2 for tangerines, satsumas, and clemen-
tines respectively. Questions about whether these 
proportions would differ at other times and whether 
they would respond to strategic management ef-
forts can be addressed with further simulations. For 
example, for the Owari variety of satsumas in the 
Gulf Coast region, the harvest window for the ten-
to-15 range of ratios is from about mid-November 
through December—the same time that tangerines 
and clementines are coming onto the market. 
Moreover, the Christmas season appears to have a 
significant negative effect on satsuma market share 
and a positive effect on tangerine shares. In order to 
achieve a more cooperative marketing environment, 
the simulation results suggest that if satsumas could 
be harvested earlier (for example, by introducing 
earlier-maturing varieties) and brought up to the 15:
1 ratio faster (for example, by postharvest technolo-
gies) they could be in and out of the marketplace 
before tangerines reach their optimal flavor ratios 
of 15 to 19, which could in turn be followed by 
clementines at ratios from 19 to 25. This sort of 
non-competitive marketing strategy is probably 
beyond all but the largest brands and distributors, 
but at least it does suggest that these mandarins 
need not be viewed strictly as competitors in today’s 
dynamic marketplace.
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