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The pawpaw (Asimina triloba) is a native tree fruit with potential as a high-value niche crop for farmers in
fresh-market and processing ventures. With a flavor resembling a combination of banana, mango, and pineapple,
this fruit could compete with exported specialty fruits in the United States such as mango and papaya. The study
objective was to develop a descriptive language for frozen pawpaw fruit puree, thereby assisting growers in the
selection of superior varieties for fresh-market and processing ventures. Panelists generated 13 visual, 17 flavor,
and 12 texture puree descriptors. Using these descriptors with fruit collected from Southeast Ohio (SEO) wild
patches and two varieties (1-23 and 10-35), panelists identified both sour and bitter tastes in SEO puree com-
pared to puree from either variety. The varieties also displayed positive characteristics of stronger melon and fresh
flavors compared to SEO puree. Additional language descriptors for pawpaw puree may be needed.
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With the demise of the tobacco-quota support system, many limited resource
farmers in Kentucky and the southeastern United States are adjusting to tobacco’s
shrinking economic role (Gale, 1999). As farmers in Kentucky look for new high-
value crop opportunities, interest has grown in the North American pawpaw
(Asimina triloba [L.] Dunal) fruit for fresh-market and processing ventures (Layne,
1996; Pomper & Layne, 2005). With a unique tropical-like flavor, the pawpaw fruit
could compete in the marketplace with other high-value specialty fruits, such as
mango and papaya, that are currently exported to the United States. Most paw-
paw fruit currently sold are collected from wild patches in the forest. However,
in a number of states, including Alabama, California, Kentucky, Maryland,
Michigan, Missouri, North Carolina, Ohio, and West Virginia, small private
orchards, usually less than 1 hectare in size, have been planted and are coming
into production. There are also pawpaw plantings in Italy (Bellini, Nin, & Cocchi,
2003), China, Israel, Japan, Romania, Belgium, and Portugal. In the U.S., pawpaw
fruit and products are mainly sold at farmers markets, directly to restaurants, and
via entrepreneurs on the Internet. Pawpaw fruit were sold in 2005 at the Farmers
Market in Lexington, Kentucky, for $6.50 per kilogram. Local delicacies made
from the fruit include pawpaw ice cream, compote, jam, and wine.
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Figure 1: Pawpaw cluster with ripe fruit.
SOURCE: Photograph by D. R. Layne

The pawpaw fruit is a 3- to 6-inch-long edible fruit, with a shape that varies
from oval to oblong (see Figure 1; Kral, 1960). It contains two rows of almond-size
seeds surrounded by orange-colored flesh, and the skin ranges from green to yel-
low in color when ripe (McGrath & Karahadian, 1994a). Pawpaws are indigenous
to North America and can be found growing in 26 states, from Georgia to Maine
and west to Missouri (Callaway, 1993; Kral, 1960). A fully ripe, fresh pawpaw fruit
has been described as having a strong aroma with an intense sweet flavor that
resembles a combination of banana, mango, and pineapple. However, flavor and
aroma varies among pawpaw varieties, with some fruit displaying complex flavor
profiles that have not been described. Pawpaw fruit ripening is characterized by
an increase in soluble solids concentration (up to 20%), flesh softening, increased
volatile production, and, in some genotypes, a decline in green color intensity
(McGrath & Karahadian, 1994a). The volatile profile during ripening consists pri-
marily of ethyl and methyl esters (McGrath & Karahadian, 1994b; Shiota, 1991).
Within 3 days after harvest, ethylene and respiratory climacteric peaks are clearly
evident as pawpaw fruit rapidly soften (Archbold & Pomper, 2003).

Color change is generally not a reliable indicator of pawpaw fruit ripeness.
Although a decline in green color intensity during pawpaw ripening has been
reported by McGrath and Karahadian (1994a), Archbold and Pomper (2003) have
found that it is not consistent among genotypes, occurs later in ripening if at all,
and is not easy to identify visually. A common practice to determine maturity is to
touch each fruit to determine whether it is ready to harvest; ripe, softening paw-
paw fruit yield to slight pressure, as ripe peaches do, and can be picked easily
with a gentle tug. Thus, fruit are harvested when they have already begun ripen-
ing and have lost some firmness. McGrath and Karahadian (1994a) and Layne
(1996) indicated a 2- to 3-day shelf life, although fruit that are just beginning to
soften have a 5- to 7-day shelf life (Archbold & Pomper, 2003) at room tempera-
ture. However, pawpaw fruit can be stored for 1 month at 4°C (39.2°F), with little
change in fruit firmness; fruit then ripens on removal to ambient temperature.
Because fruit is nonuniform in size and shape, packing in an effort to prevent
bruising for shipping presents some unique challenges, making processing of fruit
attractive to growers.

The pawpaw fruit pulp or puree can be incorporated into a variety of food for-
mulations (Jones & Layne, 1997; Templeton, Marlette, Pomper, & Jones, 2003). The
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TABLE 1: Nutritional Content of the Pawpaw Fruit

Units Pawpaw Banana Apple Orange
Composition
Food energy cal. 80 92 59 47
Protein g 1.20 1.03 0.19 0.94
Total fat g 1.20 0.48 0.36 0.12
Carbohydrate g 18.80 23.40 15.25 11.75
Dietary fiber g 2.6 2.4 2.7 2.4
Vitamins
Vitamin A RE 8.6 8.0 5.0 21.0
Vitamin A U 87 81 53 205
Vitamin C mg 18.3 9.1 5.7 53.2
Thiamin mg 0.010 0.045 0.017 0.087
Riboflavin mg 0.090 0.100 0.014 0.040
Niacin mg 1.100 0.540 0.077 0.282
Minerals
Potassium mg 345 396 115 181
Calcium mg 63 6 7 40
Phosphorus mg 47 20 7 14
Magnesium mg 113 29 5 10
Iron mg 7.00 0.31 0.18 0.10
Zinc mg 0.90 0.16 0.04 0.07
Copper mg 0.500 0.104 0.041 0.045
Manganese mg 2.600 0.152 0.045 0.025
Essential amino acids
Histidine mg 21 81 3 18
Isoleucine mg 70 33 8 25
Leucine mg 81 71 12 23
Lysine mg 60 48 12 47
Methionine mg 15 11 2 20
Cystine mg 4 17 3 10
Phenylalanine mg 51 38 5 31
Tyrosine mg 25 24 4 16
Threonine mg 46 34 7 15
Tryptophan mg 9 12 2 9
Valine mg 58 47 9 40

NOTE: This table was adapted from data from Peterson, Cherry, and Simmons (1982). Mean value per
100 grams of an edible portion. Pawpaw analysis was done on pulp with skin, although the skin is not
considered edible. Probably much of the dietary fiber, and possibly some of the fat, would be thrown
away with the skin. Figures in boldface represent the highest value for each component. Retinol equiv-
alents (RE) are used in the most recent National Research Council Recommended Dietary Allowances
table (1989). International units (IU) are still seen on many labels.

fruit has the potential to function as a carbohydrate-based fat replacement in baked
products (Duffrin, Holben, & Bremner, 2001; Wiese & Duffrin, 2003). The intense,
tropical-fruit-like flavor makes it a potential source of natural fruit flavor (McGrath
& Karahadian, 1994b). The fruit’s high nutritional quality also makes it an excellent
contribution to a balanced diet. Peterson, Cherry, and Simmons (1982) reported
that pawpaw and banana are similar in dietary fiber content and overall nutritive
composition (see Table 1). In addition, pawpaw has 32% saturated, 40% monoun-
saturated, and 28% polyunsaturated fatty acids as compared to banana, which has
52% saturated, 15% monounsaturated, and 34% polyunsaturated fatty acids,
although both are very low in total fat content (Peterson et al., 1982). Pawpaw also
has high levels of potassium, calcium, and iron, making it an excellent food source.
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There are more than 40 named varieties of pawpaw fruit (Jones, Peterson,
Turner, Pomper, & Layne, 1999). Each variety produces various amounts of fruit,
and the sensory qualities of the fruit can vary greatly in flavor, texture, and
appearance. The difference in the production and quality of the fruit among the
named varieties is so great that individuals interested in planting pawpaw trees
for fruit production are challenged with the decision of what varieties to plant. It
is not known which varieties would be best suited for either fresh-market or pro-
cessing ventures (Pomper & Layne, 2005).

Information concerning the preference of consumers for flavors offered by dif-
ferent varieties or the use of pawpaw fruit pulp in products is limited. Templeton,
Marlette, Pomper, and Jones (2003) reported that consumer acceptance of pawpaw
products varied by age and whether they had already previously consumed paw-
paw. In a study conducted by these authors with 105 attendees of the 2nd Annual
Pawpaw Field Day at Kentucky State University (KSU) in Frankfort, in the fall of
1999, a range of pawpaw products was tested. In the study, 56% of tasters were
male, 76% were older than 40 years of age, and 72% of tasters had eaten pawpaw
previously. Ratings by persons unfamiliar with pawpaw flavor were significantly
lower only for a pawpaw custard. Tasters aged 40 years or younger gave signifi-
cantly higher ratings for pawpaw ice cream and significantly lower ratings for
pawpaw custard and a pawpaw /grape-juice drink. The sex of an individual can
sometimes influence flavor preferences (Lyman, 1989). However, Templeton et al.
(2003) did not find a significant difference between male and female tasters in fla-
vor ratings of pawpaw products.

Wiese and Duffrin (2003) investigated the sensory properties of plain cake
using pawpaw fruit puree as a partial replacement for fat in the food formulation.
The influence on the color, texture, and tenderness appeared to influence the pref-
erence ratings for the category of overall acceptability. Participants preferred the
no-pawpaw-pulp control and 25% samples compared to 50% and 75% of the fat
replacement with pawpaw fruit puree. The 50% and 75% replacement of fat with
pawpaw fruit puree in the cake samples resulted in a reduced preference for the
categories of color, texture, tenderness, and overall acceptability. In examining a
muffin formulation, Duffrin et al. (2001) also found that some fat is required in a
food formulation, along with pawpaw fruit puree, for a desirable product. The
custard-like texture of the pawpaw fruit, its nutrient composition, and acceptance
by tasters make it an excellent candidate as at least a partial fat-reducing agent in
baked goods.

Given the highly perishable nature of the pawpaw fruit, it is realistic to assume
that the pawpaw fruit puree incorporated into food formulations has the greatest
potential for reaching consumer markets (Cosby, 2001). Creation of language to
describe characteristics of pawpaw fruit puree is central to effective communica-
tion within a developing pawpaw industry (Cliff, Wall, Edwards, & King, 2000).
The development of a standard descriptive language is useful in establishing a
common sensory understanding of the product (Zannoni, 1997). For example, a
wine aroma wheel has been constructed to clarify and improve the proposed list
of standardized wine aroma terminology (Noble et al., 1987). The development of
a language to describe characteristics of pawpaw fruit flavor would assist grow-
ers in the selection of varieties that would be best suited for fresh-market or pro-
cessing ventures. The objective of this study was to develop a descriptive
language for pawpaw fruit puree.
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METHOD

Preparation of Pawpaw Fruit Puree

Puree was obtained from the fruit of two varieties, 10-35 and 1-23, developed
by the PawPaw Foundation (PPF) in cooperation with the University of Maryland
and KSU (Pomper, Layne, Peterson, & Wolfe, 2003). These two PPF selections
were chosen because of the constantly high quality of the fruit of these varieties
and the fact that clones of these pawpaw selections should be commercially avail-
able to growers as new varieties in the next several years. The variety 10-35 is an
open-pollinated seedling of tree 49 in the Blandy Experimental Farm collection
(Boyce, Virginia). The Blandy Experimental Farm collection contains numerous
wild seedlings and portions of the Zimmerman collection, donated posthumously,
that were assembled by Orland E. White and staff members from 1926 to 1955. The
variety 1-23 is an open-pollinated seedling of “Taylor” (a popular commercially
available pawpaw variety). Ripe fruit from the two PPF varieties were harvested
in September at the KSU Research Farm in Frankfort, Kentucky and transported
to The Ohio University in Athens for processing. Additional fruit were collected
from wild pawpaw trees in patches in Southeast Ohio (SEO). The pawpaw fruit-
puree samples used in developing a descriptive language were prepared by
removing the seed and skin, homogenizing the pulp for 1 minute in a food proces-
sor, and placing puree in Ziplock bags. The puree was then immediately frozen in
a —15°C freezer and was stored for 6 to 12 months in the freezer prior to use. At
KSU, frozen fruit puree maintains good flavor for about 2 years of storage at —15°C
and will still make excellent ice cream after being stored for this amount of time.

Development of Descriptive Language

To generate descriptive language, a 15-member panel was constructed of vol-
unteer students from The Ohio University who had been enrolled in an experi-
mental foods course and had no prior experience in descriptive analysis of food
products. The panelists received information, both verbally and in writing, about
the expectation of their participation in the study and were asked to sign a con-
sent form. Panelists were instructed to refrain from eating, coffee drinking, or
smoking 1 hour prior to each session. No compensation was issued to study par-
ticipants, and participation was completely voluntary.

Panelists (14 female, 1 male) ranged from 20 to 24 years in age, were all
Caucasian, and received a 9-hour review session on sensory evaluation and
descriptive analysis. Subsequently, the panel participated in 10 sessions during a
10-week period from March to June 2003. Descriptive statistics, analysis of vari-
ance (ANOVA), and post hoc analysis (Tukey’s honestly significant difference)
were completed using the Statistical Package for the Social Sciences (SPSS 10.0;
SPSS Science, Chicago); p < .05 was considered significant.

Session 1. The 15 members of the panel participated in 9 hours of review of basic
sensory evaluation techniques (Meilgaard, Civille, & Carr, 1999). This review was
designed and facilitated by the panel leader. The 15-member panel had prior course
preparation and training in foods, including 30-plus hours in food evaluation.
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TABLE 2: Intensity Scale Used by Panelists to Rate the Basic Tastes of Sweet, Sour, Bitter,
or Salty Detected in Each Sample of Pawpaw Puree

Rating Intensity of Basic Taste

None

Slightly sweet, sour, bitter, or salty
Mildly sweet, sour, bitter, or salty
Moderately sweet, sour, bitter, or salty
Sweet, sour, bitter, or salty

Very sweet, sour, bitter, or salty
Extremely sweet, sour, bitter, or salty

NO O~ WD =

Session 2. Panelists were introduced to basic tastes (sweet, sour, bitter, and salty)
using reference sample preparations (Civille & Lyon, 1996). Panelists discussed the
basic taste and evaluated and discussed the intensity of taste in reference samples.

Session 3. The panelists were presented with the three pawpaw fruit-puree
samples each assigned a random three-digit code. Panelists were asked to rate the
intensity of the basic tastes of sweet, sour, bitter, or salty detected in each sample
using the intensity scale found in Table 2. The qualities and intensities of the basic
tastes were then discussed with regard to their appropriateness in describing the
taste found in pawpaw fruit puree.

Session 4. Panelists were presented with the three pawpaw fruit-puree samples
and were asked to brainstorm visual, flavor, and texture descriptors. These terms
were compiled and used in subsequent session testing and discussion.

Session 5. Panelists were given verbal instruction and written information on
the basics of sensory evaluation of flavor and terminology, definitions, references,
and examples for fruit flavor descriptors (Civille & Lyon, 1996).

Session 6 and 7. Panelists were introduced to fruit-flavor descriptors using ref-
erence sample preparations (Civille & Lyon, 1996). The panelists were then pre-
sented with the three pawpaw fruit-puree samples each assigned a random
three-digit code. Panelists were asked to evaluate each sample and indicate
whether there was any detection of the flavor, viscosity (thin-thick), surface
(smooth-pulpy), and body (watery-dense) and a color-intensity scale using the
scales found in Table 3. These data were compiled and utilized in subsequent ses-
sion testing and discussion.

Session 8. The group leader compiled the results of previous sessions and orga-
nized terms into visual, flavor, and texture terminology. In addition, descriptors
were compiled from the literature (Civille & Lyon, 1996; Lyman, 1989; Meilgaard
et al., 1999; Peterson et al., 1982). The list of organized terms was then distributed
to individuals with food sensory evaluation and horticultural backgrounds, who
were asked to comment on the existing terminology.

Session 9. The compiled results, organized terms, and input from individuals
who were considered pawpaw experts were discussed among the panelists. A set
of descriptive language was developed and used for subsequent testing.
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TABLE 3: Intensity Scales Used by Panelists to Evaluate Each Pawpaw Puree Sample for
Flavor, Viscosity, Surface, and Body and Color Intensity

Rating Flavor Viscosity Surface Body Color

1 None Extremely thin ~ Extremely smooth  Extremely watery Yellow

2 Very weak Very thin Very smooth Very watery Golden yellow
3 Weak Thin Smooth Watery Yellow-orange
4 Somewhat weak Somewhat thin  Somewhat smooth Somewhat watery Orange

5 Somewhat strong Somewhat thick Somewhat pulpy =~ Somewhat dense Orange-red

6 Strong Thick Pulpy Dense Brown

7 Very strong Very thick Very pulpy Very dense —

8 Extremely strong Extremely thick Extremely pulpy Extremely dense —

TABLE 4: Summary of Descriptive Language for Pawpaw Fruit Puree

Term Descriptors Example
Apple Aromatic characteristic of different Raw Golden
apple varieties Delicious apple
Banana Aromatic characteristic of ripe bananas Ripe banana slice
Mango Aromatic characteristic of ripe mango Ripe mango slice
Melon A fruit-like aromatic associated with fruits, such Freshly cut cantaloupe
as cantaloupes, watermelon, and so forth
Citrus Aromatic associated with general impression Orange slice
of citrus fruits
Estery Ripe fruit character associated with esters, Fruit cocktail
typically sweet aromatic
Fresh Qualitative term denoting new or not stored. Fresh fruits
Synonym is raw.
Raw Aromatic associated with unprocessed “Fresh” fruits
and/or uncooked product
Top note The first impression; first volatiles Fruit essence (specific)

perceived (generally not used alone;
e.g., floral top-notes)

NOTE: Aroma and flavor lexicon for sensory evaluation from Civille and Lyon (1996).

Session 10. Descriptive language was tested on the three pawpaw fruit-puree
samples. The samples were removed from the freezer and thawed between 20 to
30 minutes before evaluation. Panelists were presented with the three pawpaw
samples each identified with a random three-digit code. Panelists were asked to
rate the intensity of the visual, flavor, and texture terms for each sample.

RESULTS

Panelists were introduced to fruit-flavor descriptors using reference sample
preparations (Civille & Lyon, 1996). A list of flavors believed most relevant for
describing the pawpaw fruit-puree samples was constructed (see Table 4).

A list of terms from previous sessions and from the literature was organized
into categories with terms describing specific attributes or defects. This list was
distributed to individuals (enthusiasts and professional horticulturists) who were
long-time consumers of pawpaw to solicit feedback for additional terms.
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TABLE 5: Taste Scores for Three Samples from Session 3

Variety 10-35 1-23 SEO
Taste Mean + STD Mean + STD Mean + STD
Sweet 3711, 45+1.6, 26117,
Sour 26+1.8, 26+1.8, 35+17,
Bitter 33+18, 22412, 49420,
Salty 1.1£0.3¢ 1.2+0.6, 1.6+£1.1,

NOTE: Taste intensity for sweet, sour, bitter, or salty rated on a scale ranging from 1 (none) and 7
(extremely intense). Also, within a row, unlike subscript letters indicate a significant difference (p < .05)
compared with the other the means using Tukey’s honestly significant difference test. ns = indicates no
significant difference.

Additional terms generated included green, sulfur, and cherimoya. Pawpaw is a rel-
ative of the cherimoya (Annona cherimoya) and resembles the cherimoya in flavor
and aroma (Peterson et al., 1982), however; this term was not selected as a descrip-
tor because of general lack of availability and familiarity with the cherimoya fruit.
Terms considered “off-notes” were not detected in any of the three samples but
were included because of the possibility of detection. Pawpaw fruit puree descrip-
tors for flavor, texture, and appearance were constructed into a “pawpaw fruit
puree sensory wheel” (see Figure 2).

All of the descriptors were identified in the samples and maintained as attrib-
utes of pawpaw fruit puree. Sweet, sour, bitter, and salty tastes were detected by
the panelists in each of the three fruit puree samples (10-35, 1-23, and SEO).
ANOVA indicated that there were significant differences for the sweet, sour, bitter
descriptor main effects (p value < .05) among the samples (see Table 5). Sweet
(1-23 > SEO) and sour (SEO > 10-35 and 1-23) tastes were detected differently
between the PPF varieties and the SEO sample. Bitter taste was detected most
strongly in the SEO sample (SEO > 10-35 and 1-23). Salty was not detected in any
of the samples, however; salty was included as a descriptor because of the possi-
bility of a slight detection.

For the flavor descriptors that were developed by the panel (see Table 6), the
ANOVA indicated that the only significant differences for the descriptors in the
samples were the melon and fresh descriptor main effects (p value < .05; see Table 6).
The PPF varieties” samples displayed higher “melon” and “fresh” flavor descriptors
than the SEO sample (10-35 and 1-23 > SEO). No other flavor descriptors were
detected differently in the samples. For texture, the ANOVA indicated that there
were significant differences for the viscosity, surface, and body descriptor main
effects (p value < .05) among the samples (see Table 6). All viscosity, surface, and
body texture descriptors were higher in the PPF varieties than in the SEO sample
(10-35 and 1-23 > SEO). For appearance, the ANOVA indicated that there were sig-
nificant differences for the viscosity, surface, body, color, and intensity descriptor
main effects (p value < .05) among the samples (see Table 6). All viscosity, surface,
and body appearance descriptors were higher in the PPF varieties than in the SEO
sample (10-35 and 1-23 > SEO). Color and intensity were highest in the SEO sample,
with the PPF selection 10-35 displaying an intermediate intensity and the selection
1-23 showing the poorest color and intensity (SEO > 10-35 > 1-23).
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PAWPAW FRUIT PUREE SENSORY WHEEL

S o &
S a2 £ 5 5
S s £ a4 g 9
% 2 © A B
) N
> Y
%
(sOUe Ny,
® uin,
4) s,
1oy dO_L
u
enoH/pall?Jongle
usaln Appearance
inyns
Off-notes
pupedU’
)
o
RS
A
S &0 4 3
°J & o < Z
o g 2 () = 3
S D c %) =
Q Q = 3 le}
7 3 & I} o)
T <0 S =
@ = ®

Figure 2: Summary wheel of descriptive language for characterizing the flavor, texture, and
appearance of pawpaw fruit puree.

DISCUSSION

As early as 1917, Langworthy and Holmes pointed out that the pawpaw fruit
was little known outside of regions where it is found in the wild, but the nutri-
tional value of the fruit and its distinctive flavor made it worthy of further study.
The pawpaw fruit is highly perishable, with a limited shelf life of 2 to 3 days at
room temperature. Therefore, development of a frozen pawpaw-puree market
would reduce labor inputs for postharvest handling of the fruit and lengthen the
marketing period for producers of pawpaw. Jones and Layne (1997) noted that
most dessert recipes requiring banana could have equal part substitution with
pawpaw puree and be very acceptable.

Flavor varies among pawpaw varieties, with some fruit displaying complex fla-
vor profiles. Creation of language to describe characteristics of the fruit puree is
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TABLE 6: Mean Sensory Scores for Three Samples From Session 10

Variety 10-35 1-23 SEO
Flavor
Apple 39+1.4, 3.5+13, 3.1+£1.6,
Banana 4.4+1.8, 4.3+£1.8, 3.1+14,
Mango 4625 50%£1.3, 3.6+1.2,
Melon 51+2.0, 51+1.8, 3.1+£1.6,
Citrus 3.7+1.4, 27+£13, 35+1.8,
Estery 44+13, 4.4+1.7, 3.8+1.6,
Fresh 48+1.3, 45+1.1, 3.4+1.5)
Raw 45+1.6, 45+15 35+21
Texture
Viscosity 59+0.9, 53+1.1, 24+0.9,
Surface 5.0+1.4, 43+1.2, 3.1+1.8,
Body 5.6+0.9, 54+1.0, 32+1.1,
Appearance
Viscosity 6.9+1.0, 6.2+0.9, 28+ 1.0,
Surface 57+1.0, 4.7+1.2, 2.1+£0.8,
Body 6.3+1.1, 55+ 1.3, 29+1.0,
Color 2.7+0.5, 1.9+0.1; 43+1.0,
Intensity 4.0£0.8, 2.8+1.0, 4.9+0.6,

NOTE: Sample flavor intensity scale was rated on a scale of 1 (none) to 8 (extremely strong). Sample
viscosity was rated on a scale of 1 (extremely thin) to 8 (extremely dense). Sample surface was rated
on a scale of 1 (extremely smooth) to 8 (extremely pulpy). Sample body was rated on a scale of
1 (extremely watery) to 8 (extremely dense). For appearance of the sample, color was also evaluated
on a scale of 1 (yellow) to 6 (brown). Also, within a row, unlike subscript letters indicate a significant
difference (p < 0.05) compared with the other the means using Tukey’s honestly significant difference
test. ns = indicates no significant difference.

central to effective communication within a developing pawpaw industry and in
assisting growers in the selection of varieties that would be best suited for fresh-
market or processing ventures. In the past, it has been generally considered that
fruit from poor-quality pawpaw genotypes can have a mushy texture, lack sweet-
ness, and have an overly strong flavor with turpentine or bittersweet aftertaste;
many wild pawpaws have poor eating quality (Pomper & Layne, 2005). Fruit from
superior genotypes that are the result of selection processes (e.g., 1-23 and 10-35)
have a firm texture, a delicate blend of flavors, and no bitter aftertaste. The results
of this study support these general observations, with the SEO puree from wild
pawpaw selections having a sour and bitter flavor compared to the puree from
1-23 and 10-35 varieties selected for consistently high quality fruit, displaying a
sweeter flavor without bitterness. The most important flavor differences in puree
that were observed between the PPF varieties and the wild collected fruit or SEO
fruit were the stronger melon and fresh flavors of the PPF varieties compared to
the SEO puree. In informal taste tests at the KSU Research Farm during field days,
many participants have commented that they enjoy the melon flavor; these par-
ticipants also have noted the variation in the melon flavor in various commercially
available pawpaw cultivars. It would be interesting in future panels to examine
whether trained panelists could identify various levels of melon flavor in addi-
tional varieties. Overall, the observations of the current panel confirm previous
suggestions on the importance of building a commercial processing industry
based on orchards producing fruit from superior varieties, such as the PPF vari-
eties with sweet, nonbitter, and melon flavor profiles.
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There are a number of factors in this study that may have impacted the obser-
vations of the panelists. Age and sex of the panelists could have influenced the
development of descriptors for pawpaw puree. The panelists in this current study
ranged from 20 to 24 years in age. Templeton et al. (2003) reported that consumer
acceptance of pawpaw products varied by age and whether they had already pre-
viously consumed pawpaw. It is possible that younger tasters preferred sweeter
pawpaw products such as the ice cream. The majority of the panel members in this
study were female (14 female, 1 male). However, Templeton and colleagues did
not find a significant difference between male and female tasters in flavor ratings
of pawpaw products.

This current study does not provide the definitive descriptive language for
pawpaw puree but instead represents a starting point for future descriptive stud-
ies with additional pawpaw varieties that are currently available for production.
Because taste and aroma are components of flavor, it is possible that deep sniffing
and then tasting could be measured separately as indices of flavor. The best sen-
sory components of various cultivars could be combined by blending the puree of
the preferred pawpaw cultivars. Additional descriptors may need to be added to
the sensory wheel to describe pawpaw varieties that were not included in this
study (see Figure 2). Additional descriptors, such as further refinement of the
melon flavors of some cultivars, could be developed. Watermelon, cantaloupe,
honeydew, and the like could be recognized as separate tastes and aromas by pan-
elists. Pineapple and other flavors and aromas could be explored in further devel-
opment of the descriptive language of pawpaw puree. The wine aroma wheel
constructed by Noble et al. (1987) includes additional descriptors that may be of
value for further refinement of pawpaw-puree descriptors.

With the demise of the tobacco-quota support system, many limited resource
farmers in Kentucky and the southeastern United States are interested in high-
value crops such as pawpaw as alternatives to tobacco production (Gale, 1999). To
develop markets for a fruit such as pawpaw, consumer preferences for flavor, tex-
ture, and appearance will need to be identified, and then through the process of
education and marketing, the positive characteristics of pawpaw puree will need
to be disseminated to potential consumers. The development of descriptive lan-
guage for pawpaw and identifying desirable flavor profiles of cultivars will assist
growers in the selection of varieties that would be best suited for fresh-market or
processing ventures. Careful selection of cultivars that produce puree that is
desired by consumers will hopefully support the development of a pawpaw
industry that is profitable for small family farmers, puree processors and distrib-
utors, food retailers, and restaurants.

CONCLUSION

To develop pawpaw as a fruit cash crop, the ultimate goal is to identify supe-
rior pawpaw varieties with regard to fruit production and quality. The panel ses-
sions, including testing and round-table discussion, generated the first report of
the development of a consensus of descriptive language for the common storage
form of pawpaw, a frozen fruit puree. The observations of the panel support the
suggestion that SEO puree from wild pawpaw selections have sour and bitter fla-
vors compared to the puree from 1-23 and 10-35. The positive characteristics
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detected by panelists for the PPF varieties likely reflect the fact that these varieties
were selected in breeding efforts for consistently high-quality fruit and a sweeter
flavor without bitterness, whereas fruit from wild patches can display a range of
appealing and unappealing flavors. The PPF varieties also had stronger melon
and fresh flavors than the SEO puree. The development of this language to
describe characteristics of pawpaw fruit flavor should be viewed as a starting
point in describing commercially available varieties. However, the descriptive
language developed could already be useful in examining differences among
other commercial pawpaw varieties and will assist growers in the selection of
varieties that would be best suited for fresh-market or processing ventures.
Additional descriptors added to the language developed for the puree in this
study should be helpful in examining flavor differences among other pawpaw
varieties and possibly other fruits.
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