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Abstract. The effects of volatile hydrocarbons on the flavor
properties of mango (Mangifera indica L.) were investigated. A
fractional factorial design in an incomplete block representing
seven hydrocarbon flavor volatiles (a-pinene, p-pinene, caryophyllene, limonene, myrcene, p-cymene, and terpinolene), at
three concentrations each, identified 108 treatments. Mango
homogenate was processed in a rotary evaporator to reduce
volatile concentration. Volatile composition of homogenate
before and after processing was analyzed. Treatments were
prepared by adding food-grade volatile compounds to 250 ml
processed homogenate to achieve preselected concentra
tions. Treatments were evaluated for eleven flavor properties
using descriptive analysis. Total volatile concentration was
successfully lowered in processed mango samples (Pr<0.05),
significantly decreasing scores for sweet, peachy, sweet pota
to, and banana while increasing rating for sour, bitter, and or
ange peel when compared with unprocessed homogenate
(Pr<0.05). Perception of pine/turpentine, grassy, and biting
were unaffected by processing. Regression analysis indicated
that the volatiles studied did not affect peachy flavor, but con
tributed to intensities for pine/turpentine, grassy, and orange
peel. This study demonstrated that mango flavor properties re
sulted from the interaction of volatile compounds. In addition,
results indicated that varying the concentrations of a finite
number of volatiles can result in diverse flavor perceptions.
Mango (Mangifera indica L.), an economically important
fruit in the tropical and subtropical regions where it is culti
vated (Ackerman and Torline, 1984; Gholap et al, 1986; Adedeji et al., 1992), is gaining popularity as a specialty fruit in
the U.S. and temperate countries of Europe (Engel and
Tressl, 1983; MacLeod and Pieris, 1984; Mitcham and Mc
Donald, 1992; Anonymous, 1994). Its popularity has been at
tributed to its unique aroma and flavor (Engel and Tressl,
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1983; Ackerman and Torline, 1984; MacLeod and Snyder,
1985; Gholap et al., 1986; Marin and Cano, 1992) which vary
markedly among the different cultivars known (Lakshminarayana, 1980).
Volatile compounds contributing to mango flavor have

been extensively studied. Flavor diversity in fresh mangoes
has been attributed to the considerable variation in volatile
composition among different cultivars. Using various proce
dures for the isolation and identification of flavor volatiles,
over 150 compounds have been identified (MacLeod and de
Troconis, 1982; Engel and Tressl, 1983; Ackerman and Torline, 1984; MacLeod and Pieris, 1984; Idstein and Shreier,
1985; MacLeod and Snyder, 1985; Sakho et al., 1985; Bartley

and Schwede, 1987; Adedeji et al., 1992; Koulibaly et al., 1992;
Malundo et al., 1997), not all of which are expected to be sig
nificant to characteristic mango flavor (Powers, 1981; Kays,
1991). Bartley and Schewede (1987) suggested that a gas
chromatogram from a headspace sampling procedure will
more closely reflect the true flavor profile of mango than one
generated through other methods.
Using a rapid headspace method which involved minimal

sample manipulation, Malundo etal. (1997) identified 13 vol
atile compounds in the headspace of Tommy Atkins'. Consis
tent with earlier investigations, 9 of the headspace volatiles
identified were classified as terpene hydrocarbons-3-carene,
a-pinene, (i-pinene, myrcene, limonene, p-cymene, terpi
nolene, a-copaene, and caryophyllene. Previous studies have
designated these terpenes as major volatile components in
mango cultivars (Gholap and Bandyopadhyay, 1977; Kouliba
ly et al., 1992; MacLeod and de Troconis, 1982; Engel and
Tressl, 1983; MacLeod and Pieris, 1984; MacLeod and Sny
der, 1985; Bartley and Schwede, 1987). Investigators have de
scribed the characteristic odors of individual volatiles
independent of each other (Gholap and Bandyopadhyay,
1977; MacLeod and de Troconis, 1982; MacLeod and Pieris,
1984; MacLeod and Snyder, 1985); however, the effects of vol
atile interaction on mango flavor have not been studied. The
simultaneous sensing of two or more flavor compounds at any

given concentration will more likely result in a sensation that

may not reflect or be indicative of the characteristic odor/fla
vor of each individual component (Powers, 1981). This study
was conducted to determine the effects of volatile hydrocar
bon composition and interaction on the flavor properties of
mango.

Materials and Methods
Experimental design

A fractional factorial design in an incomplete block was
generated using the OPTEX procedure of the Statistical Anal
ysis System (SAS, 1990). The design included 7 variables at 3
levels each. The variables studied were a-pinene (8.64, 4.44,
0.24 ppm), p-pinene (1.02, 0.52, 0.02 ppm), caryophyllene
(2.08, 1.08, 0.08 ppm), limonene (1.24, 0.64, 0.04 ppm),
myrcene (8.87, 4.57, 0.27 ppm), p-cymene (1.0, 0.5, 0 ppm),
and terpinolene (1.64, 0.84, 0.04 ppm). The selection of vari
ables was limited to the headspace terpenes identified by
Proc. Fla. State Hort. Soc. 109: 1996.

Malundo et al. (1997) and the availability of the volatiles in
food-grade form. Variable levels chosen approximated con
centrations determined in cultivars studied. To observe the
effects of at least two-way interactions, 108 design points or
treatments were identified. One replication was conducted.

unstructured line scales. This modified method was used pre
viously in the descriptive analysis of muffins (Holt et al.,
1992a), tortillas (Holt et al., 1992b), whipped topping (Ab
dullah et al., 1993b), and coffee whiteners (Abdullah et al.,
1993a; Malundo and Resurreccion, 1993; Malundo et al.,
1994).

Sample preparation

Tommy Atkins' mangoes were used in this study. All
fruits were purchased from a commercial distributor based in
Homestead FL. Excess fruits were bought and only fully ripe
mangoes, in good condition, and harvested at the morpho

logically mature stage as described by Medlicott et al. (1988)
were used.

Approximately 35 L of mango homogenate was prepared
by blending pulp in 600 g batches which were later combined.
A 4 L sample was drawn from the composite homogenate and
combined with 4 L deionized water. This diluted homogenate
was labeled Control A and analyzed for volatile composition
using procedures developed by Malundo et al. (1997). It was
stored at -20±2°C until used. All samples evaluated in this
study were diluted because previous studies indicated that fla
vor release in mango homogenate was enhanced by the addi
tion of water up to 50% (Wilson et al., 1990; Malundo et al.,
1995, 1997).
The remaining homogenate was processed into a bland
mango base, labeled Control B, for the experimental treat
ments. The bulk of the volatile fraction was removed by evap
orating for 2 hrs, from approximately 6 L batches, using a 10L capacity pilot plant rotary evaporator (Model R-151, Buchi
Rotavapor, Laboratoriums-Technik, Switzerland). The evapo
rator was operated using a water bath temperature of 40±3°C,
a vacuum pressure of at least 20 psi. Concentrated homoge
nate was reconstituted with deionized water to its original to

tal soluble solids content (°Brix) which was measured prior to
placing into the flask. The homogenate was held frozen in ca
6 L portions at -20±2°C before and after processing. All bat
ches were combined after processing. The volume of the com
posite sample was measured and an equal amount of deion
ized water was added. A 20 L sample of Control B was thawed
and analyzed for volatile composition using procedures devel
oped by Malundo et al. (1997). Control A and Control B were
stored at -20±2°C until use.
The experimental treatments were prepared by combin
ing bland mango base (Control B) with any combination of

the following volatiles: (ls)-(-)-a-pinene, (ls)-(-)-(3-pinene,
(R)- (+)-limonene, terpinolene, caryophyllene, myrcene, and
p-cymene. All chemicals were purchased from the Aldrich

Chemical Company based in Milwaukee WI. These were
placed in 250 ml mango base according to the concentrations

Panel. Eleven judges, familiar with the sensory technique
used, participated in the evaluations. They had previously
been trained to evaluate mango flavor for another study
(Malundo et al., 1995). Judges each received an honorarium
of $10 for every hour of training or evaluation they attended.
Participation in all the sessions necessary to complete the
study was required.

Training. The panelists were given additional training in
evaluating the flavor of the experimental samples. They were
trained by the principal investigator in 2 1-hr sessions to eval
uate the samples according to the flavor descriptors estab
lished previously by Malundo et al. (1995). The descriptors
used are listed in Table 1.

Panelists were calibrated using reference standards estab
lished for Spectrum Analysis® (Meligaard et al., 1991). Inten
sities of standards, based on a 15-point category scale, were
adapted to the 150-mm unstructured line scale by multiplying
by a factor of 10. Based on Spectrum® references, panelists
also rated two mango standards, labeled Standard A and Stan
dard B, for all flavor descriptors listed in Table 1. The mango
standards were used by panelists as calibration aids during
evaluations in place of the warm-up sample used in previous
studies (Rutledge and Hudson, 1990; St. Angelo et al., 1992;
Malundo and Resurreccion, 1993; Malundo et al., 1994).
These were 50% mango homogenate other than the experi
mental samples, and were selected by the principal investiga
tor from among test samples to represent homogenate with
intensities for flavor properties on the extreme ends of the ex
pected range. Sufficient volumes of Standard A and B to last
the duration of the whole investigation were prepared. These
were stored at -20±2°C until needed. The intensity ratings as
signed to all reference standards during training are listed in

Table 2. A standard for good performance was also set during

Table 1. Flavor descriptors used to evaluate mango samples.
Descriptor

Definition

Tastes

Sweet

Taste stimulated by sugars like sucrose, fructose,

Sour

Taste stimulated by acids such as citric and malic

Bitter

Taste stimulated by substances such as caffeine

and glucose

dictated by the experimental design. After the addition of vol

Aromatics

atile compounds, deionized water was added to bring the to

Peachy

Aromatic associated with ripe peach

Pine/turpentine

Aromatic

tal volume of the treatment to 251 ml. The volume (|LlL) of the
compounds added were calculated after considering the pu
rity of the sample, and based on the initial volatile composi
tion of the mango base and a final volume of 251 ml.

Sensory evaluation

Method. Flavor properties of the samples were evaluated
using a method modified from the Spectrum® technique for

for the Spectrum® method but rated samples using 150-mm
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to

both

pine

tar

and

LLII LJcIlllIlt;

Sweet potato
Banana

Aromatic associated with boiled sweet potato
Aromatic associated with ripe banana

Grassy

Aromatic associated with newly cut grass

Orange peel

Aromatic associated with orange rind

Chemical feeling factors
Astringent

The

shrinking

or

puckering

of the

tongue

surface caused by substances such as tannin and
alum

descriptive analysis (Meilgaard et al., 1991). The procedure
calibrated panelists based on reference standards established

common

t"i i rT\pn f"i vi £^

Biting

The stinging sensation felt on the tongue after
drinking carbonated drinks such as soda
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Table 2. Intensity ratings for flavor descriptors assigned to all reference stan
dards during training. Standards included mango homogenate diluted
50% with water (Standards A and B) selected to represent flavor proper
ties on the extreme ends of the expected range.
Mango

Mango

homogenate

homogenate

Standard A

Standard B

Descriptors

Sweet

55'

Sour

17

Bitter

Peachy

24
31

5

22

38

31

9

54

Sweet potato

31

24

Banana

42

29

Grassy

17

58

Pine/turpentine

9

28

Astringent

16

27

Biting

21

39

Orange peel

Other standards

2% sugar
10% sugar

0.08%
0.15%
0.08%
0.15%

acid
acid
caffeine
caffeine

Orange Crush

21

concentrations as independent variables. PROC STEPWISE
(backward elimination) was used to determine whether a re
duced model could be used in place of the full second order
polynomial to predict the flavor ratings. The criterion for the
inclusion of a parameter estimate was a significance level of
0.15. When PROC STEPWISE indicated that a reduced mod
el was sufficient, an F-statistic was calculated to ascertain the
adequacy of the reduced model in replacing the full model.

103
51

Results and Discussion

103

51
103

20

'Ratings based on 150-mm unstructured line.

Panel performance

In descriptive analysis, evaluations of outliers could seri
ously affect the estimation of sensory parameters (Smith,
1988). Cluster analysis was used to detect the outliers among
the trained panelists (Powers, 1988). Three individuals were
considered to be consistent outliers. Therefore, the evalua
tions of only 8 of the 11 trained judges were used in subse
quent analysis.

Effects of processing on flavor properties of mango homogenate

training. Panelists were considered to be performing well
when the ratings came within ±10 mm from the mean.
Evaluations. All treatments were evaluated in 27 sessions
conducted within a 7-day period. Four sessions were conduct
ed per day, 2 in the morning and 2 in the afternoon, except
for 1 day in which only 1 evaluation was held in the afternoon.
The 108 treatments were randomized and grouped into

blocks of 4 or 5 samples. Treatments in one block were rated
in one session together with 1 control, either A or B. Each
control was evaluated at least once in the morning and once
in the afternoon.

Following sample preparation procedures described pre
viously, treatments were prepared 1 hr before evaluation and
coded with 3-digit random numbers. Twenty-five ml portions
were then placed in 2-oz. plastic souffle cups which were im
mediately capped. Malundo et al. (1997) determined that the
flavor profile of 50% mango homogenate generated through
headspace analysis did not change significantly when the sam
ples were left at room temperature in covered containers for
up to 2 hours.

Panelists rated samples individually in partitioned sensory

booths under red light. Samples were served monadically to
each panelist in random order. Using 150-mm unstructured

line scales in scoresheets provided, panelists were requested
to rate samples relative to intensity ratings of standards estab
lished during training (Table 2). They were served the stan
dards, and unsalted crackers and water to clear their palates
in between samples. Panelists used covered cups for the ex
pectoration of all samples.
Statistical analysis

The data was analyzed using the Statistical Analysis System

(SAS, 1990). Performance of individual panelists was evaluat
ed using cluster analysis (PROC VARCLUS). Volatile compo
sition and flavor properties of mango homogenate before
and after processing were compared using t-tests (PROC
TTEST). Volatile compounds which affected the response of
the descriptive variables were identified through regression
analysis. A full second order polynomial was fitted to the de
scriptive data with mean scores as response variables (Schutz,
1983; O'Mahony, 1995; Malundo et al., 1995) and volatile
266

The volatile composition and flavor properties of the two
controls used in this study, A and B (mango homogenate be
fore and after processing), are compared in Table 3. Process
ing the mango homogenate with the rotary evaporator greatly
reduced the concentrations of the headspace volatiles ana
lyzed to produce a bland homogenate to serve as a base for
added volatile compounds. A decrease in the intensities of
some aromatics (i.e., peachy, sweet potato, banana) was also
observed. The reduction in total volatile concentration may
have contributed to this decrease. However, processing could

Table 3. Comparing the volatile concentration and flavor properties of

mango homogenate controls used in study: Control A, unprocessed

homogenate diluted 50% with water; Control B, homogenate diluted
50% with water with some volatile content removed by evaporation.

Variable

Mango homogenate

Mango homogenate

Control A (ppm)

Control B (ppm)

Volatile
0.24

oc-pinene

0.42

(3-pinene

0.17

0.02

caryophyllene

0.08

limonene

1.21
0.62

myrcene

4.05

0.27

p-cymene

0.12

0.00

terpinolene

1.02

0.04

37.69

3.84

0.31

0.00

sweet

50a

40b

sour

16b

20a

3-carene
a-copaene

0.04

Descriptive'

bitter

peachy

8b

10a

34a

32b

pine/turpentine

12a

12a

sweet potato

30a

25b

banana

36a

30b

grassy

18a

20a

orange peel

10b

12a

astringent

17b

19a

biting

19a

20a

'Ratings based on 150-mm unstructured line. Means within a row not fol
lowed by the same letter are significantly different (ot=0.05).
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have also (1) changed the chemical structure of some flavor
components, thus, disrupting the normal interactions be
tween flavor compounds and receptor sites (Lindsay, 1988);
or (2) resulted in the low-temperature evaporation, under
vacuum, of other flavor compounds which were not analyzed
because these could not be detected using procedures estab
lished by Malundo et al. (1997).
Other changes in the flavor properties of mango homogenate resulting from processing could also be attributed to the
relatively unstable nature of sugars especially in the acidic me
dium. Heating may have resulted in polymerization (deMan,
1990) which limited the availability of sugar molecules for in
teraction with sweet taste receptor sites (Lindsay, 1988). Poly
merization may have also contributed to the reduction of the
intensities for peachy and banana since Malundo et al. (1995)

demonstrated that perception of these flavor notes positively
correlated with sugar concentration. Processing may have led
to the fragmentation of sugars into acids such as levulinic, for
mic, lactic, pyruvic, and acetic (Whistler and Daniel, 1988),
thus, resulting in a significant increase in sour taste and astringency (Malundo et al., 1995). The processing conditions
were mild, however, compared to citrus juices, for example,
which do not show evidence of changes in acidity, sugar con
tent or Brix-acid ratio.

Increase in bitterness after processing was probably due to
the presence of phenol polymers developed through enzy
matic browning (Richardson and Hyslop, 1988; Kays, 1991).
Extensive browning was observed in the mango base.
Note that processing did not significantly affect descrip
tive ratings for pine/turpentine, grassy, and biting despite re
duction in total volatile concentration. Flavor compounds
other than those studied probably contributed to the percep
tion of these flavor notes and were not affected by the condi
tions of processing.

Effects of volatile compounds on mango flavor

Results of regression analysis are summarized in Table 4.
The response of the descriptive variable peachy cannot be re
lated to varying concentrations of the flavor volatiles studied.
Peachy flavor in mangoes has been attributed to the presence
of lactones (Wilson et al., 1990) which was not a class of com
pounds evaluated in this study and, thus, the peachy descrip
tor is not included in the table.

PROC STEPWISE and calculated F statistics determined
that a second order polynomial was not necessary to explain

the response of the remaining flavor properties evaluated. Re
duced second order polynomials were adequate. Except for
the descriptive terms sweet and sour, at least two of the seven
volatiles studied contributed to variations in descriptive re
sponses.

Significance of parameter estimates determined that
some, but not all, of the volatiles studied affected the re
sponse of the flavor terms sweet, sour, bitter, sweet potato, ba
nana, astringent, and biting. However, K2 values of models
generated for these descriptors indicated that contributions
of significant compounds towards explaining variations in the
responses were very minimal. In a previous study (Malundo et

al., 1995), we demonstrated that sugars and acids were prima
ry flavor compounds responsible for mango taste and suggest
ed that these taste components were important potentiators
of the aromatics by interacting with other critical flavor com
pounds. Data presented in Table 3 further suggest that the
volatiles studied in this investigation are not always critical to
the flavor properties evaluated.

All volatile hydrocarbons included in the experimental
design significantly contributed to intensities of pine/turpen
tine, grassy, and orange peel (Table 4). R- values of models
generated for these descriptors were highest in this study.
Note, however, that reduction of these volatiles in mango homogenate did not significantly affect perceptions of pine/tur
pentine and grassy (Table 3). Therefore, these compounds
were probably only flavor potentiators of the critical com
pounds actually responsible for turpentine and grassy flavor
notes.

Conclusions. This study was designed to determine the ef

fects of 7 hydrocarbon flavor volatiles on the flavor properties
of mango. The volatiles were oc-pinene, (3-pinene, caryophyllene, limonene, myrcene, p-cymene, and terpinolene. Results
of the investigation appeared to be consistent with current lit
erature. However, the experimental design was limited in that
out of the 2,187 possible design points in full factorial design,
only 108 were studied.
Regression analysis indicated that the volatiles evaluated
could not explain much of the variations in the flavor of the
experimental treatments. However, to conclude that these
volatiles were totally unimportant in the perception of mango
flavor is premature at this point. Results from other studies in
dicated that, quantitatively and qualitatively, the volatiles
studied were major flavor compounds in some mango cultivars (Gholap and Bandyopadhyay, 1977; Koulibaly et al.,

Table 4. Results of regression analyses conducted to model the responses of flavor properties to varying levels of a-pinene(x,), p-pinene(x.,), caryophyllene(x.(), limonene(x4), myrcene (xj, p-cymene (x(i), and terpinolene (x7) in mango homogenate.

Flavor property
Sweet

Sour
Bitter

Pine/turpentine

Variables entered in model'
x,

v

-

X4
x2

xr,> x- x.,'-'

x.

x2, x,

x.,, x.,

X

V

V ~

V *

Sweet potato

X.

x7, x7"

Banana

x.

X,

x7, x./ , x.,'-', x.,x7, x.x7

Grassy

x.i

X,

X,

xs

x.,, x,,

Orange peel
Astringent
Biting

X,

X,

X,,

x(i, x7,

x2

x.x(r

X,

^c

^c

v^

^c ^i

VV

\f

VV

\r

'v ^^

VV

v^ ^^

VV

^^

v

V
V*^V~V"VV
VV
VV
VV
VV
V
X.,, Xr>, V
*^/:) ■J^'79 ^^| ' *»o > ^^1* ? -^1^^*M *»i*»T5 yVij^V,»j ^X.,j^^..-j ^V(|^^»^ ^V. x.,, x4x., x,x7, xrx7

X:> xl xr>

xs

^c

V

x(:-', x,xri, x,x7

F-statisticv

R-

1.20x

0.10

0.51*

0.04

1.30*

0.12

1.63*

0.39

1.15*

0.04

0.42*

0.20

0.89*

0.45

0.58*

0.57

0.94*

0.22

1.09*

0.21

'All linear terms were significant at a=0.15; squared terms and interactions significant at a=0.15 were included only if corresponding linear terms were signif
icant.

^Calculated to determine whether reduced model can replace second order polynomial.
"Significant at a=0.05
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1992; MacLeod and de Troconis, 1982; Engel and Tressl,
1983; MacLeod and Pieris, 1984; MacLeod and Snyder, 1985;
Bartley and Schwede, 1987). More detailed studies into the ef
fects of volatile compounds on the overall flavor perception
of mangoes are recommended.

Despite limitations in the experimental design, this study
is important because it demonstrates that mango flavor re
sults from the interaction of more than one volatile com
pound with each other and with sugars and acids. It also
shows that creating diverse flavor sensations from a finite
number of flavor volatiles is feasible by simply manipulating
volatile concentrations. Therefore, from the 150 volatile com
pounds isolated from mango, it is probable that only a few are
critical to characteristic mango flavor.
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