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Abstract

Mayhaw samples (Elite 2001, Texas Star 2000 and 1999) were harvested over a three-year period and analyzed for anthocyanin

concentration, colour density, polymeric colour, and % polymeric compounds. Anthocyanins were separated by HPLC. All mayhaw

samples from the three year period contained about 50% of cyanidin-3-glucoside, 10–21% cyanidin-3-galactoside, and less than 32%

unidentified anthocyanins. The highest concentration of anthocyanins was detected in the Texas Star 1999 sample (about 7 mg/100

g) whereas Texas 2000 and Elite 2001 had 3.3 and 2.3 mg/100 g of anthocyanins, respectively. Colour density was lower in the Elite

samples than the Texas. The polymeric anthocyanins and polymeric colour decreased in the Elite 2001 > Texas Star 2000 > Texas

Star 1999 and the decrease was tentatively ascribed to sample age.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Mayhaw (Cretaegus opaca) is cultivated in low wet

areas and swamps from North Carolina to Florida
and west of Arkansas to Texas in the United States.

Mayhaw grows like a small tree and bears fruit that

look like small crabapples. The fruit, known as ‘‘the

grape of the South’’, is a small pome (8–19 mm diam-

eter), yellow to bright red, fragrant, acid and juicy,

resembling cranberries in appearance and crabapples

in taste. The fruit is not eaten raw but made into jams,

jellies, sauces, and wine of which there are several
commercial manufacturers in the southeastern United

States. While jellies, jams, sauces, desserts, food for

wildlife, and wines have been investigated, the oppor-
0308-8146/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.foodchem.2004.06.037

* Corresponding author. Tel.: +1 225 578 3883; fax: +1 225 578

5300.

E-mail address: jlosso@lsu.edu (J.N. Losso).
tunity exists for a greatly expanded market based upon

knowledge of the chemistry of mayhaw fruit

chemistry.

Anthocyanins impart the red colour to grape skins.
The health-enhancing properties ascribed to anthocya-

nins are associated with their ability to act as antioxi-

dants and radical scavengers in biological systems

(Bagchi, Sen, Bagchi, & Atalay, 2004; Kay, Mazza, Ho-

lub, & Wang, 2004; Meyers, Watkins, Pritts, & Liu,

2003; Wang & Mazza, 2002) Epidemiological and exper-

imental evidence suggest a link between the consump-

tion of diets rich in fruits and vegetables and a
decreased risk of chronic angiogenic diseases, such as

cardiovascular diseases, arthritis, chronic inflammation,

and cancers (Middleton, Kandaswami, & Theoharides,

2000; Prior, 2003). Identification of anthocyanins in

mayhaw is of interest because of the chemical properties,

health effects, and the potential economic development

they may provide in the southern regions and to con-

sumers of mayhaw products.
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Table 1

Characteristics of Mayhaw total anthocyanins

Sample ID Anthocyanin concentration (mg/100 g) Colour density Polymeric colour % Polymeric anthocyanins

Texas Star 1999 6.87 ± 0.52 3.15 ± 0.10 0.39 ± 0.03 12.4 ± 0.24

Texas Star 2000 3.30 ± 0.22 2.34 ± 0.20 1.13 ± 0.00 48.3 ± 0.33

Elite 2001 2.29 ± 0.14 2.62 ± 0.12 1.37 ± 0.11 52.3 ± 1.22

Fig. 1. HPLC profile of anthocyanins from Texas Star 1999 mayhaw. Anthocyanins were isolated as described under Section 2 and major peaks, for

which standards, were available were identified as cyanidin-3-glucoside (peak at 10.283 min) and cyanidin-3-galactoside (peak at 8.365 min).

Fig. 2. HPLC profile of anthocyanins from Texas Star 2000 mayhaw. Anthocyanins were isolated as described under Section 2 and major peaks for

which standards were available, were identified as cyanidin-3-glucoside (peak at 10.53 min) and cyanidin-3-galactoside (peak at 8.56 min).
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Fig. 3. HPLC profile of anthocyanins from Elite 2001 mayhaw. Anthocyanins were isolated as described under Section 2 and major peaks, for which

standards were available, were identified as cyanidin-3-glucoside (peak at 10.45 min) and cyanidin-3-galactoside (peak at 8.52 min).
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Fig. 4. MALDI-MS of mayhaw anthocyanins in the region of m/z 200–500, showing the peak at 449 Da associated with cyanidin-3-glucoside and

cyanidin-3-galactoside.
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2. Materials and methods

2.1. Materials

Mayhaw (C. opaca) samples (Elite 2001, Texas Star

2000 and 1999) were obtained from Vidar, TX. C18

Sep-Pak cartridges were from Waters (Milford, MA).

All other chemicals were of analytical grade.
2.2. Methods

2.2.1. Preparation of Mayhaw anthocyanins

Mayhaw fruits were ground in liquid nitrogen. Five

grams of ground samples were extracted with 10 ml of
100% acetone, sonicated for 5 min, and separated by

centrifugation at 4000g for 20 min. The extraction was

repeated twice by using 10 ml of 70% acetone, followed

by centrifugation. The acetone fractions were combined

and partitioned with 75 ml of chloroform. The aqueous

layer was separated by centrifugation and the residual

acetone was removed by rotary evaporation. A fraction

was taken up and used for subsequent analyses.
500 540 580
0

10

20

30

40

50

60

70

80

90

100

Mass (

%
 In

te
n

si
ty

520.2557

521.2574

522.2672

518.2398

542.2376
519.2418

595.077558.2108521.4365
543.2390 596.08

Fig. 5. MALDI-MS of mayhaw anthocyanins, in the region of m/z 500–700, s
2.2.2. Characterization of Mayhaw anthocyanins

Total anthocyanin concentration was determined by

the pH-differential method (Giusti & Wrolstad, 2000).

All measurements were performed in triplicate and

were repeated at least three times. Two buffer systems

were used: 0.025 M potassium chloride buffer at pH
1.0 and 0.4 M sodium acetate buffer at pH 4.5. Two

hundred microlitres of the anthocyanin sample were

mixed with 1.8 ml of either potassium chloride or so-

dium acetate buffer and the absorbance of the solution

was read at 510 and 700 nm using the following

formula:

A ¼ ðA510 nm � A700 nmÞpH1:0 � ðA510 nm � A700 nmÞpH4:5:

Color density of the sample treated with water was

determined by the relation:

½ðA420 nm � A700 nmÞ þ ðAk vis-max � A700 nmÞ� �DF;

where DF is the dilution factor.
Polymeric colour of sample treated with bisulfite was

calculated as:

½ðA420 nm � A700 nmÞ þ ðAk vis-max � A700 nmÞ� �DF:
620 660 700
0

6.2E+

m/z)

633.0804
1

63 634.0839

howing the peaks associated with anthocyanin dimers and salt adducts.
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The percent polymeric colour was determined as:

ðpolymeric colour=colour densityÞ � 100:
2.2.3. HPLC analysis of Mayhaw anthocyanins

HPLC separations of mayhaw anthocyanins were

performed at Oregon State University in Professor

Wrolstad�s laboratory. Mayhaw anthocyanins were sep-

arated by reverse-phase HPLC using an HP 1090 with

autosampler and a Prodigy Prodigy C18 reversed-phase

column (Phenomenex, Torrance, CA) containing a C18

ODS-3 (4 mm · 3.0 mm i.d.) guard column and running

at 30 �C. Flow rate was at 1 ml/min; injection volume
was 50 ll; and a diode array detector was used. Solvent

A consisted of a mixture of 5% acetonitrile, 10% glacial

acetic acid, and 1% phosphoric acid (made from 85%

concentrate) in water (v/v/v) and solvent B was acetonit-

rile. The separation was as follows: 0–5 min: 100% A; 5–

20 min: 100–80% A; 20–25 min: 80–60% A.

2.2.4. Identification of Mayhaw anthocyanins by MALDI

The molecular mass of mayhaw anthocyanins from

C18-Sep-Pak cartridge desorption were analyzed by

MALDI-TOF-MS using a Voyager-DE STR. Mayhaw
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Fig. 6. MALDI-MS of mayhaw anthocyanins, in the region of m/z 700–831, s
anthocyanins in methanol were mixed 1:1 with the ma-

trix solution (10 mg/ml of 3-indoleacrylic acid in metha-

nol). MALDI was performed at 2 Hz with a nitrogen

laser (337 nm) with an intensity setting of about 1800.

Acceleration voltage was 20 kV with a grid ratio of

0.68 and delay time of 200 ns. One hundred laser shots
were averaged per spectrum. The low mass gate was

turned on and set for 190 Da. External mass calibration

was provided by the [M + H]+ ions of ferulic acid.
3. Results and discussion

3.1. Characteristics of Mayhaw anthocyanins

Monomeric concentrations of mayhaw anthocyanins

are presented in Table 1. The monomeric concentration

increased with storage from 2.29 mg/100 in samples har-

vested in 2001 to 6.87 in samples harvested in 1999,

probably as a result of anthocyanin polymerization.

Anthocyanin colour density increased with storage and

less colour was observed in 2001 samples (colour den-
sity = 2.62) than in 1999 samples (3.15). In contrast, less

polymeric colour was observed in the Texas Star of 1999
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howing the peaks associated with anthocyanin dimers and salt adducts.
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than in Texas Star of 2000, than in Elite 2001. Compar-

ison of the mayhaw anthocyanins over the 3-year period

suggests that peroxidase, an enzyme present in mayhaw

and many other grapes, may play an important role in

anthocyanin degradation and polymeric colour and

anthocyanin loss over time (Lopez-Serrano & Barcelo,
1999).

3.2. HPLC characterization of Mayhaw anthocyanins

Figs. 1–3, show the chromatograms of mayhaw sam-

ples Texas Star 1999, Texas Star 2000, and Elite 2001.

A total of 15 peaks appeared in Texas Star 1999; 13

peaks appeared in Texas Star 2000, and nine peaks ap-
peared in Elite 2001, showing that aging was associated

with a higher number of compounds in the samples. In

the three different samples, major peaks identified were

associated with acylated anthocyanins, usually found in
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Fig. 7. MALDI-MS of mayhaw anthocyanins, in the region of m/z 800–1

adducts.
grapes, in terms of their retention time and UV–Vis

characteristics. Cyanidin-3-glucoside and cyanidin-3-

galactoside were the major anthocyanins and ac-

counted for about 71% of the total anthocyanins.

Cyanidin-3-glucoside alone accounted for about 50%

of the anthocyanins and eluted after 10.45, 10.53 and
10.28 min in Elite 2001, Texas Star 2000, and Texas

Star 1999, respectively. Cyanidin-3-galactoside eluted

after 8.52, 8.56 and 8.36 min in Elite 2001, Texas Star

2000, and Texas Star 1999. The unidentified anthocya-

nins accounted for 30% of the total anthocyanins. The

relative amounts of these anthocyanins decreased with

time during storage from 1999 to 2001 (Figs. 1–3).

The decrease in the number of HPLC peaks of mayhaw
from 1999 to 2001 may be associated with the increase

in anthocyanin polymerization, as indicated by the

characteristics of the anthocyanins, as described in

Table 1.
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3.3. MALDI-TOF-MS of mayhaw anthocyanins

MALDI-TOF-MS profile of mayhaw anthocyanins

are shown in Figs. 4–7. The monomeric unit for con-

densed tannins is either catechin or epigallocatechin with

a molecular size of 288. Majors peaks resolved by HPLC
were identified, atm/z of 449, as cyanidin-3-glucoside and

cyanidin-3-galactoside. Other minor peaks were identi-

fied at m/z 595, 758 and 786 and were tentatively associ-

ated with cyanidin-3-glucoside coumarate, delphinidin

3-glucoside-coumarate-5-glucoside, and petunidin 3-

glucoside-coumarate-5-glucoside, respectively (Wang &

Sporns, 1999). Peaks were also observed as a combina-

tion of the trimers (m/z = 864) and salts ([M + K],
[M + Na], [M + Li], or [M + K + Na + Li]) or glucosides

to give the peak at m/z 1039 (Fig. 6). The MALDI profile

of mayhaw anthocyanins indicated the presence of a mix-

ture of dimers and trimers. Given the number of peaks

associated with anthocyanins from HPLC separation, a

variety of anthocyanin-glucoside combinations could be

imagined in mayhaw (Figs. 1–3) (Wang & Sporns,

1999). RecentlyMazza, Cacace, and Kay (2004) reported
the advantages of techniques such as capillary electro-

phoresis and LC-MS for the separation of anthocyanins

and the use of NMR for structural identification. These

techniques will further our understanding of the proper-

ties of anthocyanins. In conclusion, fresh mayhaw juice

contained less colour and more polymeric anthocyanins

than stored juice. Storage was associated with an increase

in anthocyanin concentration, and a decrease in poly-
meric colour and percent polymeric anthocyanins.
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