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Abstract. Warm field temperatures can often result in poor peel color of some citrus varieties,
especially early in the harvest season. Under these conditions, Florida oranges, temples,
tangelos, andK-Early citrus fruit are allowed to be treatedwithCitrusRedNo.2 dye (CR2) to
help produce amore acceptable peel color.Unfortunately, CR2, the commercial colorant used
in Florida, has been listed as a group 2B carcinogen by the European Union (EU) and the
International Agency forResearch onCancer (IARC). Althoughnot likely dangerous at levels
used on citrus, and on a part of the fruit that is not ingested, there is a negative health
perception, and thus, a need for natural or food grade alternative colorants to replaceCR2 for
use on citrus. This research demonstrated that three out of five oil-soluble natural red/orange
colorants resulted in peel colors somewhat similar to the industry standard CR2. These three
(annatto extract, paprika extract, and paprika oleoresin) were selected for further in vivo
studies. The stability of the natural colorants along with CR2was evaluated by applying them
on test papers and then on fresh ‘Hamlin’ oranges. All natural colorants were found to be
easily oxidized and faded when applied on test papers. However, coating the colored surfaces
with carnauba wax apparently inhibited oxidation and the subsequent discoloration of the
surface. When applying the natural colorants to ‘Hamlin’ oranges before waxing, the
treatments retained the improved color after storage in the dark at 5 8C, simulating cold
storage. However, only annatto extractmaintained a stable color when subsequently stored in
a simulated market condition, at 23 8C exposed to 300 lx of standard fluorescent white light.

The color of orange peel is a significant
attribute influencing consumer product ac-
ceptance (Baldwin et al., 2014; Rodrigo et al.,
2013). In Florida, early season fruits such as
‘Parson Brown’ and ‘Hamlin’ attain full
maturity in internal quality during early fall,
but often still have green peel (Hall, 2013).
Fruit yellowing is due to chlorophyll degra-
dation (Koca et al., 2007), and orange color
development depends on accumulation of

carotenoids (Kato et al., 2004). As air tem-
peratures fall below 13 �C (55 �F), chloro-
phyll degrades to a colorless compound and
yellow/orange carotenoids increase resulting
in the fruit’s characteristic orange appearance
(Hall, 2013; Manera et al., 2013).

Fruit that are mature, but with insufficient
external color, are degreened to speed color
development. This results in the need for
degreening by exposing to using low concen-
trations (�5 ppm) of ethylene, gas which is
a natural plant hormone that stimulates the
chlorophyll degradation. Mayuoni et al.
(2011) evaluated the effects of degreening
on internal quality of ‘Navel’ oranges, ‘Star
Ruby’ grapefruit, and ‘Satsuma’ mandarins
and found no or minor effects on juice total
soluble solids content, titratable acidity, juice
aroma volatiles, and flavor; concluding that
such ethylene treatments likely do not regu-
late ripening processes or impair internal fruit
quality.

For consumer acceptance, fruit harvested
before developing sufficient peel color must

first be degreened. In Florida, this involves
exposing fruit to low concentrations (�5 ppm)
of ethylene under warm (29 �C; 85 �F)
temperature and high (�90%) relative hu-
midity (RH) (Stewart and Wheaton, 1971).
These conditions maximize chlorophyll deg-
radation, but inhibit the synthesis of the
carotenoids b-citraurin (red) and cryptoxan-
thin (orange red) that can resulting in fruit
with yellow, rather than orange peel (Hall,
2013). After degreening, poorly colored fruit
may be treated with an emulsion containing
CR2 to improve fruit peel color (Hall, 2013).
In Florida, such treatments are only allowed
on oranges, temples, tangelos, and K-Early
citrus fruit (Florida Dept. of Citrus, 2014).
While approved as safe in the United States,
CR2, has been listed by the IARC and EU as
a group 2B carcinogen (IARC, 1987) mean-
ing it is a possible carcinogen, although not
a proven risk. Therefore, to dispel potential
consumer concerns, a replacement of CR2
with natural or food grade colorants would
benefit the Florida citrus industry (Giusti and
Wrolstad, 2003; He and Giusti, 2010; Mapari
et al., 2006).

Basic requirements for potential alterna-
tives are: 1) red and orange colors that pro-
duce an acceptable orange color in treated
peel and 2) hydrophobic characteristics so the
color remains in the peel and does not transfer
to hands, containers, or packaging. In this
research, five natural colorants were evalu-
ated that are commercially available and
approved as food additives. Their basic phys-
ical and chemical properties and commercial
use in food industries are described below.

Annatto extracts: a safe and convenient
food colorant obtained from achiote (Bixa
orellana L.) that has been extensively used to
color cheese and other food commodities
(Kang et al., 2010). The principal coloring
component of annatto is the oil-soluble apoc-
arotenoid 9’-cis bixin, which is the methyl
ester of the water-soluble derivative 9’-cis
norbixin and accounts for 70% to 80% of
annatto pigment (Rao et al., 2005; Tummala
et al., 2012). Oil-soluble annatto has been
used to impart stable color shades in the red-
orange-yellow range in processed foods such
as baked goods, snack foods, and margarine
(Preston and Rickard, 1980; Scotter et al.,
1998). It was also applied to coconut burfi
and double-ka-meeta, and the results showed
that the required color shade was obtained by
using natural annatto dye (Tummala et al.,
2012). The oil-soluble component of annatto
dye (bixin) was incorporated into cakes,
biscuits, and fried rice; and the bixin loss in
these products caused by temperature, mi-
crowave, and pressure was evaluated; and the
results showed that the oil-soluble annatto
formulation can be used in fat-based prod-
ucts, such as butter, cheese, and creams,
and the color can readily be used to impart
orange-yellow color at low concentration
(Rao et al., 2005). Different annatto formula-
tions and their uses in foods have been
reviewed showing little work in its application
to fruit and vegetable products (Satyanarayana
et al., 2003).
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Paprika extracts: the dehydrated and
ground fruit of certain varieties of red pepper
(Capsicum annuum L.), is one of the most
widely used food colorants in the food in-
dustry because of its high carotenoid content
(de Guevara et al., 2002; Topuz et al., 2009).
Its red intensity is the principal characteristic
that determines the quality of paprika as
a coloring agent (Nagle et al., 1979). Paprika
is used to modify the color and flavor
of soups, sausage, cheese, snacks, salad
dressing, and confectionary products
(Nieto-Sandoval et al., 1999). The overall
quality of paprika was shown to be stable
under normal storage conditions even with-
out the addition of antioxidants (Perez-Galvez
et al., 2009). However, a 20% to 50% loss of
the initial carotenoids and thereby the color
of paprika was reported after a prolonged
exposure to heat, oxygen, and light (Topuz
et al., 2009).

b-Carotene: a strongly colored red-orange
pigment, abundant in plants and fruits, is used
as a colorant for juices and beverages
(Bauernfeind et al., 1962; Gordon and
Bauernfeind, 1982). Its color stability in both
direct light and under heated conditions was
enhanced with the addition of antioxidants,
such as ascorbic acid and rosmarinic acid, to
the beverages (Mesnier et al., 2014). b-carotene
has also been used in butter, cheese, and egg
yolk products to improve their appearance
(Gordon and Bauernfeind, 1982).

Carrot oleoresin: a hexane extraction of
dried carrot is made from a special variety of
carrot that contains about five times the
carotene levels of strains normally found in
grocery stores (Barth et al., 1995). It is an
orange-red concentrate used mainly for food
coloring (Rodriguez-Concepcion and Stange,
2013).

The use of the Commission International
de l’ Eclairage (CIE) color system provides
a thorough coverage of perceptual attributes
necessary to assess the color of food products
(Duangmal et al., 2008; Mapari et al., 2006).
For example, the color of fungal pigment
extracts was analyzed based on the CIE
L*a*b* (CIELAB) color characteristics
(Mapari et al., 2006), where L* is a measure
of lightness, a* as redness/greenness, and b*
as yellowness/grayness. The a*/b* ratio
serves as an indicator of quantitative devel-
opment of orange color (Ayers and Tomes,
1966; Bai et al., 2009). A greater a*/b* ratio
is a sign of deeper orange color. Therefore,
we used CIELAB to evaluate the qualifica-
tion of each colorant.

The application of wax before marketing
is standard practice for fresh market citrus,
regardless if color-add is applied, to protect
the fruit from water loss and to provide an
attractive gloss that increases sales (Bai and
Plotto, 2011; Hagenmaier and Baker, 1997).
For color-added fruit, wax also inhibits oxi-
dation of colorants, reducing degradation of
the colorants (Balaswamy et al., 2006). The
objectives of this research were to compare
the color characteristics and stability of
different natural colorants to find an alterna-
tive dye for color-added citrus fruits.

Materials and Methods

Colorant, solvent, and wax materials. The
following five natural food colorants were
obtained from private companies: annatto
suspension (8% bixin) by Food Ingredient
Solutions, LLC (Teterboro, NJ); paprika O/S
FANS445 and b-carotene O/S FANS446 by
WILD Flavors Inc. (Erlanger, KY); and
Durabrite� carrot oleoresin and Durabrite�

paprika oleoresin by Kalsec (Kalamazoo,
MI). They were all extracted from plants
and the exacted chemical components and
purity are proprietary. Citrus Red No. 2 (the
control) and wax (carnauba-based Stay-Fresh
2109, solids content: 24.2 ± 0.5%) were
obtained from JBT Corporation (Lakeland,
FL). Pure pine oil was purchased from 100%
Pure Essential Oils and Aromatherapy
(Mechanicsburg, PA).

Evaluation of colorants by test paper. A
total of 0.5 mL of each colorant (2 ppm in pine
oil) solution was dropped on a test paper
(white glossy, Leneta Company, Inc.Mahwah,
NJ) and casted by using a 4-mil (101.6 mm)
casting tool with a speed of 1 cm·s–1. All
papers were dried at room temperature for 3 h.
Color values were measured using a colorim-
eter (model CR-300, Minolta, Tokyo, Japan)
and colorants selected for further evaluation
that were similar to the industry standard CR2.

Test papers with selected colorants were
coated with carnauba wax by using a 2-mil
(50.8 mm) casting tool to cover the colorant
layer, and the wax cover was allowed to dry
for 2 h at room temperature. Color values
were measured on the same day, and then at
least once per day for up to 7 d at room
temperature (23 �C), under 300 lx of standard
fluorescent white light.

Table 1. The CIELABz results of CR2 and five natural colorants on test paper dried for 3 h at 23 �C under
300 lx of standard fluorescent white light.

Colorant L*z a*z b*z a*/b*z

CR2 z 76.82 b y 31.09 c 10.52 c 2.96 a
Annatto 54.30 e 45.57 a 39.44 b 1.16 b
Paprika 67.38 d 36.98 b 56.67 a 0.65 c
b-Carotene 87.83 a –1.96 d 53.14 a –0.04 e
Carrot oleoresin 88.13 a –5.09 e 57.35 a –0.01 e
Paprika oleoresin 72.76 c 30.08 c 55.61 a 0.54 d
zL* = measure of lightness; a* = redness/greenness; b* = yellowness/grayness; a*/b* = ratio that serves as
an indicator of quantitative development of orange color; CIELAB = Commission International de l’
Eclairage L*a*b*; CR2 = Citrus Red No. 2.
yMean values followed by different letters within a column indicate significant differences using Duncan
test (P < 0.05).

Fig. 1. Changes of color (L*, a*, b*, and a*/b* ratio) values of four colorants with or without wax covering
on test papers over 7 d of storage at 23 �C under 300 lx of standard fluorescent white light. (N0-Citrus
Red No. 2, non-waxed; N1-Annatto, non-waxed; N2-Paprika, non-waxed; N3-Paprika oleoresin, non-
waxed; W0- Citrus Red No. 2, waxed; W1-Annatto, waxed; W2-Paprika, waxed; W3-Paprika
oleoresin, waxed).

1354 HORTSCIENCE VOL. 50(9) SEPTEMBER 2015



201Proc. Fla. State Hort. Soc. 128: 2015.

Fruit degreening, dying and waxing. Or-
ange fruits (Citrus sinensis var. Hamlin) were
harvested from the U.S. Department of Ag-
riculture Picos Farm in Fort Pierce, FL. After
degreening by exposing the fruit to 2 mL·L–1

ethylene at 27 �C and 95% to 100% RH for
3 d, 120 ‘‘yellow’’ fruits (30 fruit/treatment ·
4 treatments), were selected for the colorant
evaluation. Similar to the test paper evalua-
tion, 0.5 mL of each colorant solution (2 ppm
in pine oil) was applied by gloved hands to
the fruit surface. For CR2 control, fruit were
dyed by following the simulated commercial
procedure (Hall, 2013). The dyed fruits were
allowed to dry at 23 �C and 40% RH for 3 h,
and then carnauba wax, 0.5 mL per fruit, was
applied to the fruits in the same manner as
with the dyes. The fruits were dried over-
night, and then an initial color measurement
was taken. Fruits were stored at 5 �C in the
dark to simulate cold storage, or at 23 �C
under 300 lx of standard fluorescent white
light for up to 14 d to simulate marketing
condition.

Color measurements. CIELAB was used
for determining the color coordinates by
using a colorimeter (model CR-300, Minolta,
Tokyo, Japan). The instrument was cali-
brated using a white tile. Color was expressed
as CIE L*, a*, b*, and a*/b* ratio, where L*
indicates lightness read from 0 (black) to 100
(white). The positive a* value indicates red
color while the negative a* value represents
green color. Similarly, positive and negative
b* values indicate yellow and blue colors,
respectively. A larger a*/b* ratio indicates
a darker orange color, and is generally
recognized as the preferred color for oranges
(Bai et al., 2009). Quantitative discoloration
(DE) over time was expressed as: DE* =
[(DL*)2 + (Da*)2 + (Db*)2]1/2. The value
indicates a total change of lightness, red/
greenness, and yellow/blueness.

Statistical analysis. Analysis of variance
(ANOVA) was carried out using SPSS soft-
ware (version 17). When the P value was less
than or equal to 0.05, the results were
considered significant. Separation of means
was performed using Duncan test.

Results and Discussion

Customers prefer fresh oranges with
a dark orange peel (Mapari et al., 2009).
Preliminary color measurements using CIE-
LAB with CR2 and five natural colorants
(annatto, paprika, b-carotene, carrot oleo-
resin, and paprika oleoresin) on test papers
are shown in Table 1. Carrot oleoresin and
b-carotene were very light with high L*
values, and showed yellow to light orange
color with negative a*, high b*, and negative
a*/b* values, which were very significantly
different from the control (industry standard,
CR2). Therefore, they were removed from
further evaluation. The other three natural
colorants (annatto, paprika, and paprika oleo-
resin) showed comparable redness with sim-
ilar or higher a* values to CR2 (Table 1).
Although their b* values were much higher
and the a*/b* values slightly lower than that

of CR2, the general colors were ‘‘dark
orange,’’ and so were chosen for further
evaluation.

Figure 1 shows the stability of CR2 and
the natural colorants over time on test papers.
CR2 exhibited the most stable color profile
on the test paper, regardless if wax was later
applied or not (Fig. 1; Table 2). However,
rapid discoloration was found after applica-
tion and storage of paprika-applied colorants,
and to a lesser extent with the Annatto
colorant, with increasing L* values over time.
Addition of wax deepened the color (lower
L* values) for all colorants and helped to
stabilize the colors. A similar pattern was
observed for a* values only in the other
direction numerically. Although all colorants
declined in a* value over time, especially for
the paprika colorants, application of wax
increased a* values for all colorants. Only
CR2 and waxed CR2 had stable b* values,

and the highest a*/b* ratio (Fig. 1). In
general, wax cover maintained higher a*,
b*, and a*/b* values, and lower L* values
(Fig. 1), thus prevented discoloration (Table 2).
Nevertheless, the natural colorants had lower
red/orange color values (Fig. 1, a*/b*) and less
stable color (Table 2) in comparison with CR2
on the paper test.

Oxygen is one of the important factors
resulting in pigment oxidation and color
deterioration and discoloration (Gill and
Mcginnis, 1995; Valles et al., 2013; Yen
et al., 1988). Color fading is thought to occur
in a two-step sequence. The first is the disso-
ciation of pigment, which is catalyzed by the
presence of oxygen (Tarr and Clingeleffer,
2005), followed by the oxidation of the disso-
ciated pigment (Yen et al., 1988). The effects
of oxygen on the discoloration of carotenoid
pigments in paprika powders were determined
by reversed-phase high-performance liquid

Table 2. Effect of wax cover on discoloration of colorants on test paper after 7 d of storage at 23 �C under
300 lx of standard fluorescent white light.

Treatment

Color change (DE*)z

CR2z Annatto Paprika Paprika oleoresin

Non-waxed 8.23 Day 33.77 Ca 72.12 Aa 62.71 Ba
Waxed 4.94 Cb 15.05 Bb 22.74 Ab 26.89 Ab
zDE* = quantitative discoloration {DE* = [(DL*)2 + (Da*)2 + (Db*)2]1/2}(where L* is a measure of
lightness, a* as redness/greenness and b* as yellowness/grayness); CR2 = Citrus Red No. 2.
yMean values followed by different uppercase letters within a row and different lowercase letters within
a column indicate significant differences using Duncan test and t test, respectively (both at P < 0.05 level).

Fig. 2. Changes of color (L*, a*, b*, and a*/b* ratio) values of four colorants on citrus fruit under the
storage conditions as 14 d at 5 �C in the dark, or 8 d at 23 �C under 300 lx of standard fluorescent white
light. [5(0)- Citrus Red No. 2, 5 �C; 5(1)-Annatto, 5 �C; 5(2)-Paprika, 5 �C; 5(3)-Paprika oleoresin,
5 �C; 23(0)- Citrus Red No. 2, 23 �C; 23(1)-Annatto, 23 �C; 23(2)-Paprika, 23 �C; 23(3)-Paprika
oleoresin, 23 �C]. All fruit were waxed after applying colorant.
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chromatography (RP-HPLC), and the results
showed that oxygen significantly increased
the overall discoloration of paprika pigments
(Morais et al., 2001). The addition of other
antioxidants, such as tocopherols, were able
to inhibit discoloration of bixin during storage
(Balaswamy et al., 2006). It was hypothesized
that carnauba wax provides a partial oxygen
barrier that protects the colorants from oxi-
dation. Indeed, discoloration of the colorants
was significantly decreased (Table 2). The
degradation of bixin and carotenoids could
be delayed in annatto and paprika respec-
tively by the inhibition of oxidation, which
is mainly due to the chemically unstable
structure of bixin and polyunsaturated fatty
acid profile of the paprika (Perez-Galvez
et al., 2009). Bixin is chemically unstable
when isolated and converts via isomeriza-
tion into trans-bixin (b-bixin) (Anderson
et al., 1997). The concentration of caroten-
oids in paprika was significantly (P < 0.05)
decreased by different dying methods, which
illustrated the instability of paprika (Topuz
et al., 2011).

It has been reported that photo-oxidation
of pigments is induced by light (Nasr et al.,
1996). In the current experiments, 300 lx of
room lighting was maintained for the treat-
ments at room temperature to hasten discol-
oration, however, further studies on the effect
of different light wavelength, would provide
more information. Such a wax coating may
inhibit photo-oxidation and subsequent dis-
coloration by partially deflecting light from
the bixin in the annatto and carotenoids in the
paprika (Donhowe and Fennema, 1993).

The L*, a*, b*, and a*/b* values of citrus
fruit without color treatment were 70.02 ±
3.52, 2.83 ± 3.49, 60.55 ± 3.41, and 0.05 ±
0.01, respectively. To evaluate the effects of
colorants on ‘Hamlin’ orange fruit, color-
treated fruits were then coated with a carnauba
wax, as is done in commercial packinghouses.
The effect of storage conditions on the stabil-
ity of colorants on the citrus fruit was studied
(Figs. 2 and 3; Table 3). During subsequent
storage, paprika and paprika oleoresin de-
veloped significantly higher L* and lower a*
and a*/b* values than CR2 and annatto after
8 d storage at 20 �C (Fig. 2). In cold (5 �C) and
dark storage, fruits treated with all three
natural colorants maintained color throughout
the entire storage time, without discoloration
(Figs. 2 and 3; Table 3). On the other hand,
after fruit were held under lighted conditions
at room temperature, fruits colored with
paprika and paprika oleoresin decolorized
rapidly with rapidly declining a* and a*/b*
values (Fig. 2) and increased DE* values
(Table 3).

The discoloration of annatto at different
temperatures has been reported to be greater
at higher temperatures (Balaswamy et al.,
2006). Several studies reported on color loss
of paprika at different temperatures (de Guevara
et al., 2002). In that study, the observed
delay in color loss of the powdered paprika
was due to the greater quantity of water
adsorbed by the paprika samples with in-
creasing RH during storage, which hinders

the access of oxygen to the paprika caroten-
oids (de Guevara et al., 2002).

Storage time is also an important factor
that affects discoloration of pigments. Dis-
coloration of annatto was significantly in-
creased by longer storage time (Rao et al.,
2002). The effect of storage time on the
discoloration of carotenoid pigments in pa-
prika was determined by RP-HPLC, and
showed that storage duration was more im-
portant than oxygen or light (Morais et al.,
2001).

In conclusion, this study investigated the
effect of five oil-soluble natural colorants on
citrus fruit peel color. Test paper and fruit
evaluation showed that annatto, paprika, and
paprika oleoresin resulted in red and orange
color when applied to both test paper and
‘Hamlin’ orange peel, and such treatments
were stable under the cold, dark conditions of
storage. Although these three colorants im-
proved the ‘Hamlin’ peel color compared
with the untreated control, only annatto was
relatively stable under all conditions, includ-
ing simulated marketing conditions (Fig. 3).

The degradation of these natural colorants is
highly associated with oxygen, temperature,
light, and storage time. Taken together, the
experiments suggest that annatto would be
the most successful replacement of CR2 for
use as a natural colorant on citrus fruit.
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