Czech J. Food Sci.

Vol. 28, 2010, No. 2: 117–126

Analysis and Characterisation of Anthocyanins
in Mulberry Fruit
Chuanguang Qin, Yang Li, Weining Niu, Yan Ding, Ruijie Zhang
and Xiaoya Shang
Faculty of Life Science, Northwestern Polytechnical University, Shaanxi, P. R. China

Abstract
Qin C., Li Y., Niu W., Ding Y., Zhang R., Shang X. (2010): Analysis and characterisation of anthocyanins in mulberry fruit. Czech J. Food Sci., 28: 117–126.
The fruit of mulberry (Morus alba L., Moraceae) has been used as medicinal food in China for a long history. The
pigment from the fruit extract is a kind of natural colourant for food processing and has potential medical and commercial values. This study focuses on the analysis and characterisation of anthocyanins from mulberry pigment. The
fresh mulberry fruits were extracted with the solvent of 95% alcohol/0.1% HC l (1:1, ratio) at room temperature for
4 h in the dark. After the isolation using C-18 column, the pigment was identified with UV-Visible Spectroscopy,
HPLC-PAD, LC-MS, and 1HNMR. The results showed that the abundant anthocyanins in mulberry pigment are cyanidin 3-O-rutinoside (60%) and cyanidin 3-O-glucoside (38%). The minor anthocyanins (totally 2%) are pelargonidin
3-O-glucoside and pelargonidin 3-O-rutinoside.
Keywords: anthocyanin; mulberry fruit; spectroscopy characteristics; stability

Anthocyanins are glycosylated polyhydroxy and
polymethoxy derivates of 2-phenylbenzopyrylium
(flavylium) salt, which are natural pigments widely
distributed in nature, accounting for the colours
of innumerable edible fruits (Qin 1997; Tian et
al. 2001; Lee 2002; Moyer et al. 2002; Kuskoski
et al. 2003; Andersen et al. 2004; Longo et al.
2005; Longo & Vasapollo 2005, 2006; Dugo et
al. 2006; McGhie et al. 2006), vegetables, flowers and other plants (Qin et al. 1997; Phippen
& Simon 1998; Slimestad & Solheim 2002;
Abdel-Aal et al. 2006; Mori et al. 2006). They
differ from other natural flavonoids by the range
of colours that can be derived from them and by

their ability to form resonance structures through
pH variation (Konga et al. 2003; Stintzing &
Carle 2004; Torskangerpoll & Andersen
2005). Anthocyanins have been extracted from
various plant sources and residual materials, notably from grape skins, to produce authorised food
colourants, nutraceuticals, and drugs (Galvanoa
et al. 2004; Jayaprakasam et al. 2005). The average
intake of anthocyanins has been estimated at up
to 180–215 mg/day, which is higher than that for
other flavonoids such as flavonols. During the last
two decades, there has been an increasing interest
in phenolic phytochemicals due to their protection against cardiovascular diseases and certain
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forms of cancer (Katsube et al. 2003; Cooke et al. not utilised efficiently, because most of mulberry
2005; Chen et al. 2006). Like other polyphenols, fruits are abandoned when mulberry tree was used
anthocyanins are potent antioxidants (Stintzing to collect leaves for silkworm food. Therefore, it
et al. 2002; Kahkonen & Heinonen 2003; Awika is necessary to strengthen the research into the
et al. 2004; Tsai et al. 2005). This function is related mulberry fruit pigment and to promote the into their antiatherosclerotic, anticarcinogenic, and dustrialisation of mulberry fruit products. This
anti-inflammatory properties (McDougall et al. study focuses on the composition and analysis
2005; Mattivi et al. 2006).
of anthocyanins in the fruit of mulberry (Morus
Mulberry fruit changes the colour from green alba L., Moraceae).
to black purple through red with maturity. Some
varieties introduced from mid Asia have white
fruits. Mulberry has been used as medicine since
Materials and Methods
ancient times. Mulberry fruit contains anthocyanins (Yang & Tsai 1994), sugars, organic acids,
Chemicals. HPLC grade solvents, such as methafree amino acids, vitamins, micronutrients, and nol, acetonitrile, propan-2-ol, chloroform et al.,
other components. Mulberry fruit is consumed were purchased from Fisher Scientific (Morris
fresh and as mulberry juice. Canned fruit jam and Plains, USA). Trifluoroacetic acid (TFA) and tetmulberry wines have been developed. Mulberry rahydrofuran (THF) of HPLC grade were purfruit has also been used as important medici- chased from Tedia Co. Inc. (Fairfield, USA). The
nal materials in China (Nomura 1999; Liu et al. other chemicals of analytical grade quality, such as
2001). Recently, comprehensive studies on nutri- ethanol, methanol, glycine, citric acid, Na 2HPO 4,
tion components and cultivation technology of sodium hydroxide, and concentrated hydrochloric
mulberry fruit have been conducted (Alizai et acid (HCl), were purchased from Shanghai Chemial. 1996; Maskan & Gogus 1998; Asano et al. cal Reagent Co. (Shangai, CHina). Distilled water
2001; Elmaci & Altug 2002). Some researches was used throughout the procedure. Buffer solunow focus on the bioactive components of mul- tions: the solvents used for the buffer solutions
berry. The absorption and purification of mulberry were (A) 0.2M HCl, (B) 0.2M glycine, (C) 0.1M
red pigment have been done with resin (Dugo et citric acid, (D) 0.2M Na2HPO4, (E) 0.2M NaOH. The
al. 2001). It has been found that mulberry fruit following solvent proportions were used for pH 1.0:
extract has an anti-oxidative property (Tsai et al. A-H2O, 50.0:50.0; pH 3.0: A-B-H 2O, 25.0:5.7:69.3;
2005) and antiradical capacity (Suh et al. 2004). pH 5.0: C-D-H2O, 9.7:10.3:80.0; pH 7.0: C-D-H 2O,
On the other hand, the safety of synthetic colour- 3.5:16.5:80.0; pH 9.0: B-E-H2O, 25.6:4.4:70; pH 11.0:
ants was questioned in the past years. The interest B-E-H 2O, 25.0:23.0:52.0. The accurate pH values
in natural pigments has significantly increased were measured with a Sartorius PH-10 pH-meter
as a consequence of both the legislative action equipped with a Sartorius PY-P10 pH electrode
and consumer awareness of the use of safe addi- (Sartorius AG, Goettingen, Germany).
tives in food industry. Mulberry fruit is a kind of
Sample preparation. Ripe fruits of mulberry
Figures and Captions
natural pigment resource. However, the fruits are (Morus alba L., Moraceae) (Figure 1) were sampled
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in Zhouzhi county, Shaanxi Province, China. After
sampling, the fruits were immediately transported
to laboratory, put in plastic bags, and stored below
4°C in a refrigerator. Their size was about 1–2 cm
in the length and their colour was purplish black.
After the stems were taken away, mulberry fruits
were first washed carefully under running tap water,
dried, and mashed with a DS21 tissue triturator
(Shanghai, China). Then, the homogenised fruit
sample was weighed and immediately transferred
into a beaker for further processing.
Pigment extraction. Pretreated and well homogenised sample of 100 g was weighed in a 1-liter
beaker and 500 ml of the extraction solvent was
added immediately. The extraction solvents were
added in the ratio of 1:5 (w/v). The samples were
stirred with a glass rod every 5 min to ensure a
well mixed extraction. After the extraction in the
dark at room temperature for 4 h, the extract was
centrifuged (5000 r/min) at 4°C for 20 min in a
Optima L-100XP (Beckman Co., Windermere,
USA). Then the supernatant was separated and
filtered. This pigment solution was used for further
purification and analysis.
Anthocyanin purification. A C18 Sep-Pak cartridge (Waters Associates, Milford, USA) was activated for 30 min with distilled water and HPLC
grade methanol, respectively. The pigment solution was loaded onto the column. After successive
washing with 5-fold volume of distilled water
(acidified with 0.1% HCl) and ethyl acetate, anthocyanins were eluted with methanol containing
0.1% HCl. The anthocyanin solution was collected
and condensed at 40°C using a N-1000V-W rotary
evaporator (Eyela Co., Tokyo, Japan) under vacuum. For the spectroscopy and element analysis, a
part of the condensed anthocyanin solution was
dried for spectroscopy analysis with a CVE-2000
centrifugal evaporator under vacuum (Eyela Co.,
Tokyo, Japan).
Acid hydrolysis of anthocyanins. First, 5 ml of
2N HCl was added to 1 ml of the purified anthocyanin solution (3 mg/ml) in a screw-cap test tube,
flushed with nitrogen, and capped. The pigments
were hydrolysed at 100°C for 1.5 h; then, the solution was immediately cooled in an ice bath (Longo
& Vasapollo 2005). The hydrolysate was purified using a 500 mg sorbent weight C-18 Sep-Pak
cartridge (Waters) as previously described.
HPLC-PAD analysis and preparation. Highperformance liquid chromatography (HPLC) was
performed on a Waters RP C18 column (250 ×
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4.6 mm i.d., 5 µm C18, Waters Assoc., Milford,
USA) using a Waters 2696 separation module
equipped with a 996 photodiode array detector.
A gradient mobile phase was used for elution: A
– water containing 0.1% TFA (trifluoroacetic acid);
B – acetonitrile containing 0.1% TFA. The elution
profile was 0–60 min: 0 min, 10% B; 0–2 min, 10%
B; 2–35 min, 10–90% B; 35–40 min, 90–100% B;
40–60 min, 100% B. The flow rate was 1.0 ml per
minute.
Spectroscopy characteristics. UV-Visible absorption spectra of anthocyanins were recorded
from 200–800 nm in steps of 2 nm using a U-3310
double-beam scanning UV-Visible spectrophotometer (Hitachi High-technologies Co., Tokyo,
Japan) and an on-line photodiode array detector
(Waters Assoc., Milford, USA). The mass spectra
were obtained using a Micromass triple quadrupole ion-tunnel mass spectrometer equipped
with a Zspray ESI source (Micromass UK Ltd.,
Manchester, UK). Approximately 100 µl of the
eluate from HPLC (conditions were similar as with
HPLC analysis above) was delivered to the ESI
source by a micro splitter valve for ESI/MS and
MS/MS analysis. Standard cyanidin 3-rutinoside
was used to tune the instrument. For the precursor
ion scan, the instrument was tuned to maximum
abundance of the daughter ion (m/z 287) and molecular cation (m/z 595) signals (approximately in
equal abundance). For the product ion scan, the
precursor ion (m/z 595) was attenuated to 50%. The
quadruple instrument was operated at the following settings: capillary voltage 3.0 kV; cone voltage
35 V; RF lense 1 50 V; desolvation gas temperature
500°C at a flow of 17 l/min; source temperature
105°C; collision gas (argon) pressure, 7 psi; collision energy was set at 18 eV. The relative amount
of each anthocyanin was reported as the mean of
three replicates. The detection limits (S/N > 3) of
approximately 1 femtomol were obtained during
LC/MS/MS analysis.
1
HNMR spectral data were recorded on a Bruker
Advance 400 instrument operating at 400 MHz in
CD3OD/CF3OD (9:1) with TMS (tetramethylsilane)
as internal standard. The sample temperature was
stabilised at 25°C.
Stability tests. The dry anthocyanin sample was
weighed and dissolved in buffer (pH = 3) as stock
solution (0.1 mg/ml). For the stability tests, the effects of the concentration, pH-value, temperature,
and light were studied with a U-3310 double-beam
scanning UV-Visible Spectrophotometer (Hitachi
119
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High-technologies Co., Tokyo, Japan). 6 × 10 µl of
anthocyanin stock solution was diluted 10 times
with different buffers (pH = 1, 3, 5, 7, 9, 11) for
pH stability. 1 ml of anthocyanin stock solution
was diluted at different times with buffer (pH = 3)
and UV-Visible spectra were measured. The diluted anthocyanin solution (50 µg/m, pH = 3) was
divided and stored in small glass bottles for the
test. Some samples were stored at 40°C to 100°C
in water bath for testing the temperature effect.
Other samples were exposed to the direct sunlight
at room temperature for 28 days for testing the
light effect.
Loss rate = Absorbance value of the pigment
solution after the treatment/Absorbance value
of the pigment solution before the treatment
× 100% = (Absorbance value of the pigment
solution before the treatment – Absorbance
value of the pigment solution after the treatment)/Absorbance value of the pigment solution before the treatment × 100%
Results and discussion
HPLC-PAD analysis of anthocyanin
from mulberry fruit pigment
The aqueous concentrate of the acidified ethanolic extract of mulberry was purified using C18
Sep-Pak cartridge column chromatography. The
anthocyanins in the purified extract were separated and analysed on a Waters RP C18 column
using HPLC with a Waters 2696 separation module equipped with a 996 photodiode array detector. The HPLC-PAD chromatogram at 520 nm
(Figure 2a) shows that the mulberry fruit pigment consists of four different anthocyanins and
abounds in two kinds of them, at the retention
times of 9.6 min (peak 1, 38%) and 9.9 min (peak 2
60%), respectively. Peak 3 at a retention time of
10.4 min makes only 0.5% and peak 4 at a retention time of 10.7 min makes only 1.5%. After acid
hydrolysis, the HPLC-PAD profile indicated that all
the four anthocyanins produce only two different
aglycones, peak 5 and peak 6 at retention times of
12.5 min and 13.9 min, respectively (Figure 2b).
The UV-Visible absorptions of peaks 1, 2, 3, 4,
5, and 6, recorded with a 996 photodiode array
detector, are listed in Figure 3. Compared with
the standard anthocyanins (Figure 3e, h) from
the reference (Longo & Vasapollo 2006), the
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Fig. 1. Imagines of the ripe mulberry fruits: (a) The fruits of mulberry (Morus alba
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Moraceae) in the tree; (b) Collected fruits of mulberry (Morus alba L., Moraceae).
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Figure 2. HPLC-PAD chromatogram files recorded at
purified extract of mulberry fruit; (b) the purified extract of mulberry fruit after a
520 nm corresponding to: (a) the purified extract of
hydrolysis.
mulberry fruit; (b) the purified extract of mulberry fruit
after acid hydrolysis

UV-Visible absorption characteristics of primary
anthocyanins (1 and 2) from mulberry fruit pigment and their aglycone 5 from acid hydrolysis
correspond to those of cyanidin 3-O-rutinoside,
and those of the minor anthocyanins (3 and 4) and
their aglycone 6 from acid hydrolysis correspond
to those of pelargonidin 3-O-rutinoside. The result
indicated that anthocyanins from mulberry fruit
pigment probably contain two kinds of aglycone
structure unit, cyanidin and pelargonidin.
Spectroscopy characteristics of anthocyanins
from mulberry fruit pigment
The data of the mass spectra from HPLC-PAD-MS
indicated that the molecular structure of anthocyanins from mulberry fruit pigment matched with
cyanidin 3-O-rutinoside, cyanidin 3-O-glucoside,
pelargonidin 3-O-glucoside, and pelargonidin
3-O-rutinoside (structures see Figure. 4). Peak
1 was identified as cyanidin 3-O-glucoside (1):
MS m/z 449.17 for M + = C 21H 21O +11 (cacul. 449.1)
287.16 for M +-glucosyl = C 15H11O6+ (cacul. 287.1);
Peak 2 was identified as cyanidin 3-O-rutinoside
(2): MS m/z 595.23 for M + = C 27H 31OO +15 (cacul.
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595.1), 449.20 for M+-deoxyglucosyl = C21H 21O +11
(cacul. 449.1), 287.18 for M+-rutinosyl = C15H11O6+
(cacul. 287.1); Peak 3 was identified as pelargonidin 3-O-glucoside (3): 433.18 for M + = C 21H 21O +10
(cacul. 433.1), 271.33 for M +-glucosyl = C 15H11O5+
(cacul. 271.1). Peak 4 was identified as pelargonidin 3-O-rutinoside (4): MS m/z 579.25 for M +
= C 27H 30O +14 (cacul. 579.1), 433.20 for M +-deoxyglucosyl = C 21H 21O +10 271.18 for M +-rutinosyl =
C15H11O5+ (cacul. 271.1). After acid hydrolysis, two
kinds of aglycones (5 and 6) were found. Peak 5
was identified as cyanidin (5). MS m/z 287.20 for
C 15H 16O 6+ (cacul. 287.1); Peak 6 was identified as
pelargonidin (6): MS m/z 271.15 for C 15 H 11 O 5+
(cacul. 271.1).
Among the four anthocyanins detected in mulberry fruit pigment, the two major anthocyanins
and their aglycone from acid hydrolysis (compounds 1, 2 and 5, Figure 2) were isolated by preparative HPLC and their identity and structures
were confirmed on the basis of 1 HNMR spectroscopic data. The chemical shifts (δ) obtained
from the 1 HNMR analysis of anthocyanins 1, 2
and 5 were reported as the following: 1 H NMR
spectroscopic data of compound 1 [δ in CD 3OD/
CF 3OD (9:1)]: H-4 (9.05, s), H-6 (6.68, d, J = 2.2),
H-8 (6.89, brs), H-2’ (7.95, d, J = 2.4), H-5’ (7.03,
d, J = 8.8), H-6’ (8.15, dd, J = 2.3, 8.5), H-1” (5.32,
d, J = 7.5), H-2”, H-3”, H-4”, H-5” (3.20-3.55, m);
1
H NMR spectroscopic data of compound 2 [δ in
CD 3 OD/CF 3 OD (9:1)]: H-4 (8.90, s), H-6 (6.70,
d, J = 2.0), H-8 (6.87, brs), H-2’ (7.92, d, J = 2.4),
H-5’ (7.05, d, J = 8.8), H-6’ (8.15, dd, J = 2.3, 8.5),
H-1” (5.30, d, J = 7.4), H-1’” (4.72, brs), H-2”, H-3”,
H-4”, H-5”, H-2’”, H-3’”, H-4’”, H-5’” (3.10-3.85, m),
H-6’ (2.85, dd, J = 2.4, 8.6); 1H NMR spectroscopic
data of compound 5 [δ in CD 3OD/CF 3OD (9:1)]:
H-4 (8.98, s), H-6 (6.68, d, J = 2.0), H-8 (6.87, brs),
H-2’ (7.90, d, J = 2.3), H-5’ (7.05, d, J = 8.6), H-6’
(8.23, dd, J = 2.4, 8.7). The signals in the downfield
of the spectra between δ 6.68 and 9.05 ppm were
clearly attributable to the aromatic protons (A and
B rings) of the aglycone molecule as previously
reported (Longo & Vasapollo 2005) for these
compounds. The signal doublets at around δ 5.32
corresponded to the protons on the anomeric
carbon from the glucose residues, confirming that
they were in position C-3 as also indicated by the
Abs 440/Abs λmax ratio values ranging from 29% to
32%. The β-configuration of this moiety was confirmed from the magnitude (J = 7.6 Hz) of the J1’”2’”
coupling constant in the 1HNMR spectra (Longo
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& Vasapollo 2005). The spectrum of compound 2
presented a doublet at δ 5.30 (d, J = 7.4 Hz, H-1
glucose) and a broad singlet at δ 4.65 (brs, H-1
rhamnose) confirming the presence of rutinose
as the sugar moiety (Longo & Vasapollo 2005).
It was not possible by means of NMR analysis to
confirm the identity of anthocyanins 3, 4 and their
aglycone 6 obtained by acid hydrolysis (Figure 2),
which were characterised as glucoside and rutinoside derivatives of pelargonidin, respectively,
by means of HPLC-PAD-MS analysis; their low
concentrations in the mulberry fruit extract did
not enable us to isolate preparatively these minor
pigments for their NMR characterisation.
UV-Visible absorption spectra of anthocyanin
from mulberry fruit pigment
The UV-Visible absorption spectra of anthocyanins from mulberry fruit pigment (pH = 3) at
different concentrations ranging from 16 µg/ml to
128 µg/ml were recorded between 200 and 800 nm
with a U-3310 double-beam scanning UV-Visible
spectrophotometer (Figure 5a). The result indicated that the solution (pH = 3) of anthocyanins
from mulberry fruit pigment has two absorption
peaks (0.1% HCl-MeOH): one is λ max = 280 nm
in UV range and another is λ max = 520 nm in visible range. Compared with the standard anthocyanins (Figure 3d) from the reference (Longo &
Vasapollo 2006), the UV-Visible absorption
characteristic of anthocyanins from mulberry
fruit pigment correspond to that of cyanidin
3-O-rutinoside (structure see Figure 4). The result
confirmed again that anthocyanins from mulberry
fruit pigment probably contain the same structural
unit as cyanidin.
Effect of pH-value on stability of anthocyanins
from mulberry fruit pigment
For 10 µg/ml solutions of anthocyanins from
mulberry fruit pigment, the UV-Visible absorption
spectra at six different pH-values were measured
on a U-3310 UV–Visible Spectrophotometer (Figure 5b). As blanks, the respective buffer solutions
were used. The UV/Visible spectra indicated that
the stability of anthocyanins from mulberry fruit
pigment was strongly influenced by pH-value. The
anthocyanins from mulberry fruit pigment were
121
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same time, the stability of the purified mulberry
pigment at different concentrations, pH values
and temperatures has been systematically tested
using UV-Visible spectroscopy.
References
Abdel-Aal E.-S.M., Young J.C., Rabalski I. (2006):
Anthocyanin composition in black, blue, pink, purple,
and red cereal grains. Journal of Agricultural and Food
Chemistry, 54: 4696–4704.
Alizai M.N., Jabbar A.E., Khan F.M. (1996): Studies on
the preparation and composition of mulberry (Morus
alba), fresh fruit and their beverage base (MBB).
Sarhad Journal of Agriculture, 12: 683–686.
Andersen M.Ø., FossenT., Torskangerpoll Kjel
L., Fossen A., Hauge U. (2004): Anthocyanin from
strawberry (Fragaria ananassa) with the novel aglycone, 5-carboxypyranopelargonidin. Phytochemistry,
65: 405–410.
Asano N., Yamashita T., Yasuda K. (2001): Polyhydroxylated alkaloids isolated from mulberry trees
(Morus alba L.) and silkworms (Bombyx mori L.).
Journal of Agricultural and Food Chemistry, 49:
4208–4213.
Awika M.J., Rooney W.L. Waniska D.R. (2004): Anthocyanins from black sorghum and their antioxidant
properties. Food Chemistry, 90: 293–301.
Chen P.N., Chu S.C., Chiou H.L., Kuo W.H., Chiang
C.L., Hsieh Y.S. (2006): Mulberry anthocyanins, cyanidin
3-rutinoside and cyanidin 3-glucoside, exhibited an inhibitory effect on the migration and invasion of a human
lung cancer cell line. Cancer Letters, 235: 248–259.
Cooke D., Steward P.W., Gescher J.A., Marczylo T.
(2005): Anthocyans from fruits and vegetables – Does
bright colour signal cancer chemopreventive activity?
European Journal of Cancer, 41: 1931–1940.
Dugo P., Mondello L., Errante G. (2001): Identification of anthocyanins in berries by narrow bore high
performance liquid chromatography with electrospray ionization detection. Journal of Agricultural and
Food Chemistry, 49: 3987–3992.
Dugo P., Mondello L., Errante G., Zappia G., Dugo
G. (2006): Characterization of a new anthocyanin
in black raspberries (Rubus occidentalis) by liquid
chromatography electrospray ionization tandem mass
spectrometry. Food Chemistry, 94: 465–468.
Elmaci Y., Altug T. (2002): Flavour evaluation of three
black mulberry (Morus nigra) cultivars using GC/MS,
chemical and sensory data. Journal of the Science of
Food & Agriculture, 82: 632–635.

Galvanoa F., Faucib L.L., Lazzarinoc G., Foglianod
V., Ritienid A., Ciappellanoe S., Battistinif C.N.,
Tavazzig B., Galvanob G. (2004): Cyanidins: metabolism and biological properties. Journal of Nutritional
Biochemistry, 15: 2–11.
Jayaprakasam B., Vareed S.K., Olson L.K., Nair
M.G. (2005): Insulin secretion by bioactive anthocyanins and anthocyanidins present in fruits. Journal of
Agricultural and Food Chemistry, 53: 28–31.
Kahkonen M.P., Heinonen M. (2003): Antioxidant
activity of anthocyanins and their aglycons. Journal of
Agricultural and Food Chemistry, 51: 628–633.
Katsube N., Iwashita K., Tsushida T., Yamaki K.,
Kobori M. (2003): Induction of apoptosis in cancer
cells by bilberry (Vaccinium myrtillus) and the anthocyanins. Journal of Agricultural and Food Chemistry, 51: 68–75.
Konga J.-M., Chiaa L.-S., Goha N.-K., Chiaa T.-F.,
Brouillardb R. (2003): Analysis and biological activities of anthocyanins. Phytochemistry, 64: 923–933.
Kuskoski E.M., Vega J.M., Rios J.J., Fett R., Troncoso A.M., Asuero A.G. (2003): Characterization
of anthocyanins from the fruits of baguaçu (Eugenia
umbelliflora Berg). Journal of Agricultural and Food
Chemistry, 51: 5450–5454.
Lee H.S. (2002). Characterization of major anthocyanins and the colour of red-fleshed budd blood orange
(Citrus sinensis). Journal of Agricultural and Food
Chemistry, 50: 1243–1246.
Liu X.M., Xiao G.S., Chen W.D. (2001): Advances in
research and development of Mulberry. Chinese Traditional and Herbal Drugs, 32: 569–571.
Longo L., Vasapollo G. (2005): Anthocyanins from
bay (Laurus nobilis L.) berries. Journal of Agricultural
and Food Chemistry, 53: 8063–8067.
Longo L., Vasapollo G. (2006): Extraction and identification of anthocyanins from Smilax aspera L. berries.
Food Chemistry, 94: 226–231.
Longo L., Vasapollo G., Rescio L. (2005): Identification
of anthocyanins in Rhamnus alaternus L. berries. Journal
of Agricultural and Food Chemistry, 53: 1723–1727.
Maskan M., Gogus F. (1998): Sorption isotherms and
drying characteristics of mulberry (Morus alba). Journal of Food Engineering, 37: 437–449.
Mattivi F., Guzzon R., Vrhovsek U., Stefanini M.,
Velasco R. (2006): Metabolite profiling of grape:
flavonols and anthocyanins. Journal of Agricultural
and Food Chemistry, 54: 7692–7702.
McDougall G.J., Fyffe S., Dobson P., Stewart D.
(2005): Anthocyanins from red wine – their stability
under simulated gastrointestinal digestion. Phytochemistry, 66: 2540–2548.

125

Vol. 28, 2010, No. 2: 117–126
McGhie T.K., Rowan D.R., Edwards P.J. (2006): Structural identification of two major anthocyanin components of boysenberry by NMR spectroscopy. Journal of
Agricultural and Food Chemistry, 54: 8756–8761.
Mori M., Kondo T., Toki K., Yoshida K. (2006): Structure of anthocyanin from the blue petals of Phacelia
campanularia and its blue flower colour development.
Phytochemistry, 67: 622–629.
Moyer R.A., Hummer K.E., Finn C.E., Frei B., Wrolstad R.E. (2002): Anthocyanins, phenolics, and antioxidant capacity in diverse small fruits: Vaccinium,
Rubus, and Ribes. Journal of Agricultural and Food
Chemistry, 50: 519–525.
Nomura T. (1999): The chemistry and biosynthesis of
isoprenylated flavonoids from moraceous plants. Pure
& Apply Chemistry, 71: 1115–1118.
Phippen W.B.; Simon J.E. (1998): Anthocyanins in Basil
(Ocimum basilicum L.). Journal of Agricultural and
Food Chemistry, 46: 1734–1738.
Qin C.G. (1997): Study on the extraction of anthocyanins from grape wine pomace. Fine Chemicals, 14:
59–61.
Qin C.G., Zhang S.J., Ding Y., Ma L., Zang W.L. (1997):
Study on the stability of the red piment from Mockstrawberry fruit. Food and Machinery, 5: 34–35.
Slimestad R., Solheim H. (2002): Anthocyanins from
black currants (Ribes nigrum L.). Journal of Agricultural and Food Chemistry, 50: 3228–3231.

Czech J. Food Sci.
Stintzing C.F., Carle R. (2004): Functional properties
of anthocyanins and betalains in plants, food, and in
human nutrition. Trends in Food Science & Technology, 15: 19–38.
Stintzing C.F., Stintzing A.S., Carle R., Frei B.,
Wrolstad R.E. (2002): Colour and antioxidant properties of cyanidin-based anthocyanin pigments. Journal
of Agricultural and Food Chemistry, 50: 6172–6181.
Suh H., Kim J.M., Lee H., Lee S.W., Choi M. (2004):
Thermal kinetics on antiradical capacity of mulberry
fruit extract. European Food Research and Technology, 219: 80–83.
Tian Q.G., Giusti M.M., Stoner D.G., Schwartz J.S.
(2001): Identification of anthocyanins in berries by
narrow-bore high-performance liquid chromatography with electrospray ionization detection. Journal of
Agricultural and Food Chemistry, 49: 3987–3992.
Torskangerpoll K., Andersen M.Ø. (2005): Colour
stability of anthocyanins in aqueous solutions at various pH values. Food Chemistry, 89: 427–440.
Tsai P.J., Delva L., Yu T.Y., Huang Y.T., Dufosse L.
(2005): Effect of sucrose on the anthocyanin and
antioxidant capacity of mulberry extract during high
temperature heating. Food Research International,
38: 1059–1065.
Yang C.H., Tsai T.C. (1994): Anthocyanins in mulberry
fruit. Food Science, 21: 319–330.
Received for publication December 16, 2008
Accepted after corrections January 6, 2010

Corresponding author:
Dr. Chuanguang Qin, Northwestern Polytechnical University, Faculty of Life Science, P.O. Box 707,
127 West Friendship Rd., Xi’an Shaanxi Province, 710072, P. R. China
tel.: + 86 29 884 918 40, e-mail: qinchg@nwpu.edu.cn

126

