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Blood Orange Juice Authentication Using Cinnamic Acid
Derivatives. Variety Differentiations Associated with Flavanone

Glycoside Content
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A phenyl propanoid glycoside, cinnamoyl-3-b-glucopyranoside (CIN), characteristic of blood oranges,
was isolated by column and thin layer chromatographies. The structure of this compound was
established using 'H and 13C NMR spectral data and by analysis of its components upon hydrolysis.
Flavanone glycosides (FGs) [narirutin (NAT), hesperidin (HES), and didymin (DID)] and cinnamic
derivatives [CIN and trans-cinnamic acid (TCA)] of four blood orange varieties (47 samples) were
analyzed by HPLC. Differences in the polyphenol profiles clearly showed variety differentiation.
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INTRODUCTION

Blood oranges are Citrus sinensis (Rutaceae family)
varieties originating from Malta or Sicilia islands and
have been cultivated, for many centuries, in Mediter-
ranean areas, especially in Italy, Spain, Morocco, and
Tunisia and more recently in California and Florida
(Saunt, 1990). The peel and pulp colorations are
explained by the presence of red anthocyanins (Macca-
rone et al., 1985; Lee et al., 1990).

The genus Citrus is characterized by substantial
accumulation of flavanone glycosides (FGs). Four agly-
cons are generally involved, all of them being 5,7-di-
OH-substituted: naringenin, eriodictyol, and their 4'-
methylated derivatives isosakuranetin and hesperetin
(Macheix et al., 1990; Harborne, 1992). Flavanones in
citrus fruits are of chemotaxonomic interest (Kamiya
etal., 1979) and are used for citrus juice authentication.
Each species of Citrus is characterized by a particular
FG pattern obtained using liquid chromatography (LC)
(Fisher, 1976) which is used for species differentiation
(Rouseff et al., 1987, 1988). Flavanone profile deter-
mination by LC, for quality control of citrus juices, is
now widespread to detect the adulteration by mixture
of Citrus species or varieties (Perfetti et al., 1988;
Reminiac et al., 1989; Viguera et al., 1993; Mouly et al.,
1995). During the course of FG separations and iden-
tifications for Citrus juice quality specifications (Mouly
et al., 1993, 1994), we detected, in blood orange juices,
the presence of an unidentified compound, in relatively
high amounts. In looking for the chemical nature of this
compound, we found a new phenylpropanoid glycoside
in blood orange which is described in this paper. On
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Table 1. Gradient Profile Used in Liquid
Chromatography Separation of Flavanone Glycosides of
Blood Orange Juices

time (min)
0 25 30 350
% of B2 83 60 60 83
nature of gradient concave isocratic  linear

a Solvent B: water/acetic acid, 96/4 v/v. Solvent A: acetonitrile.
b Equilibrated time = 10 min.

the other hand, we have studied the composition of FGs
of four blood orange varieties for their differentiation.

MATERIALS AND METHODS

Materials. Forty-seven samples of four varieties of blood
oranges (Washington sanguine, WHS; Malta, ML; Sanguinelli,
SN; Moro, MO) were purchased on a local market of Marseilles
during the period from January to April 1996.

Liquid Chromatography. Solvents and water were of
HPLC grade. Separations were performed on a stainless steel
column (250 x 4.6 mm i.d.) packed with C18 Alltima, 5 um
(Alltech, France), equipped with a precolumn (7.5 x 4.6 mm
i.d.) filled with the same stationary phase. The gradient profile
and the mobile phase composition are given in Table 1. A
Waters 600 controller pump was used for analyses. Samples
were introduced onto the column via an automatic injector
(Waters 717) equipped with a sample loop (20 uL). A Waters
996 diode array detector was set at 280 nm, and chromato-
graphic data were handled with a Millenium driver station.
The column was at ambient temperature, the inlet pressure
was 15 MPa, and the flow rate was fixed at 1.0 mL min~'.

NMR Spectroscopy. 'H and ¥3C NMR spectra were
recorded on a Bruker AMX-400 spectrometer in CDsOD
solutions (TMS as standard). 3C resonance multiplicities were
established via the acquisition of DEPT spectra (Doddrell et
al., 1982).

Standards. The three flavanone glycosides (FG), hesperi-
din (HES), narirutin (NAT), and didymin (DID). and trans-
cinnamic acid (TCA) were of analytical grade and used as
standards (Extrasynthése, France). HES was diluted in
dimethylformamide (DMF)—water (2/1 v/v) to give a 200 mg
L~! solution. The other reagents were diluted in the mobile
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Figure 1. Separation and identification of flavanone glycoside standards and trans-cinnamic acid:

column, 250 x 4.6 mm i.d.;

stationary phase, C18 Alltima; amount injected, 20 uL of a solution at 5 mg L~ for didymin (DID), 10 mg L* for narirutin (NAT),
15 mg L~? for trans-cinnamic acid (TCA), and 20 mg L~ for hesperidin (HES); UV detection, 280 nm. For gradient elution and
nature of solvents, see Table 1; for compound identification, see Table 3.

phase to give 100 mg L~* for NAT and DID and 50 mg L~ for
TCA. Working standard solutions were prepared weekly by
dilution with the mobile phase. The final concentration were
20 mg L~! for HES, 10 mg L~! for NAT and DID, and 5 mg
L~ for TCA.

Preparation of Blood Orange Juice Samples. The
blood orange fruits were hand-squeezed and juices filtered
through a sieve (1.25 mm, Prolabo, France). There were two
different preparations of samples because the concentration
of TCA was smaller than that for FG and CIN. In the cases
of FG and CIN determinations, the blood orange juices (5 mL)
were diluted in DMF (10 mL) and in a ammonium oxalate
solution (10 mL at 0.05 mol L) to fix the pH (Mouly et al.,
1994) and then placed on a steam bath for 10 min at 90 °C.
After cooling, the solutions were adjusted to 50 mL in a
volumetric flask. All solutions were centrifuged at high speed
(2500q) for 10 min. The clarified juice solutions were filtered
through Acrodisc filters (5 um, acrylic polymers and 0.45 um,
nylon, Gelman Sciences, France) and then injected into a 20
uL sample loop for LC analysis. In the case of TCA determi-
nation, the blood orange juices (10 mL) were centrifuged at
high speed (2500g) for 10 min and concentrated on a reversed
phase cartridge. The reversed phase cartridge (C18, Sep-Pack
Plus, Waters) was conditioned with successively 5 mL of
acetonitrile (1 min) and 2 x 5 mL of water (2-fold, 1 min).
Clarified sample (10 mL) was injected through the cartridge
during 2 min, washed with 5 mL of water during 1 min, then
dried under an air stream. The compounds retained on the
cartridge were removed with 5 mL of acetonitrile during 1 min.
The solvent was evaporated under reduced pressure at 40 °C.
The resulting dried matter was dissolved in 1 mL of the mobile
phase and then injected into a 20 uL sample loop for HPLC
analysis.

The FG and the TCA concentrations were determined using
response factor obtained with the single-point external calibra-
tion method. The final concentration of each FG and TCA is
expressed in mg L (Figure 1).

Isolation Procedure of Cinnamoyl-3-p-Glucopyrano-
side. Blood Citrus sinensis fruits, Moro variety (10 kg), were
cut in half and hand squeezed. The juice (3.5 L) was filtered
through a sieve (1.25 mm), clarified by centrifugation, and

chromatographied by column chromatography on C18. Elution
was achieved first using methanol, then with 80% aqueous
acetonitrile. The compounds eluted were fractionated by a
combination of preparative precoated RP-18 TLC glass plates
from Machery Nagel. The following solvent systems were
employed: water—acetonitrile—tetrahydrofuran (THF)—acetic
acid (85/12/2/1% viviviv) then water—acetonitrile—THF—acetic
acid (81/14/2/3% viviviv) to increase the separation of the
compound from narirutin. The pure compound (14 mg), R¢0.43
(UV at 254 nm, pale yellow absorbances), was scraped off,
eluted from C18 phase with methanol, and submitted to NMR
analyses and acid hydrolysis. Purity of the compound was
controlled by LC, using a Shimadzu LC 10 AS HPLC pump
[(k" = 0.632) relative to hesperidin]. For detail chromato-
graphic conditions see Mouly et al. (1994).

Acid Hydrolysis of Cinnamoyl--b-Glucopyranoside
(Figure 2). A solution of the compound in 4 M HCI (2 mL)
was refluxed for 1 h. Then water was added and the mixture
was extracted with chloroform. The aqueous layer was
neutralized with sodium hydrogen carbonate. The presence
of cinnamic acid was confirmed using LC and UV detector,
by comparison with a standard (Figure 2). Glucose was
characterized by enzymatic analysis (Enzymatic test of sucrose/
p-glucose/p-fructose, Boehringer Mannheim).

RESULTS AND DISCUSSION

Identification of Cinnamoyl--b-Glucopyrano-
side in Blood Orange. In a previous paper (Mouly et
al., 1994) we have found an unknown compound which
characterized blood orange juices, called UN3. This
compound, present in large amount in Moro variety has
now been isolated and identified. Fractionation of blood
orange juice, using column and thin layer chromatog-
raphies, led to the isolation of a pure compound. Acid
hydrolysis of this compound yielded cinnamic acid and
a sugar, which was found to be glucose. The remaining
problem was to assign the position attachment of
cinnamic acid on the glucose moiety. The 'H NMR
signals indicated that the isolated compound was con-
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Figure 2. Liquid chromatography of isolated cinnamoyl-3-p-glucopyranoside (CIN) for blood orange juice before (A) and after
(B) hydrolysis and of standard trans-cinnamic acid (TCA) (C). UV spectra comparison of cinnamoyl-3-p-glucopyranoside after

hydrolysis and TCA (D).

Table 2. 1H and 3C Chemical Shift of
Cinnamoyl-#-p-glucopyranoside

o13Ca  group® assignment o 1H2
167.1 C C-1 —
147.7 CH C-3 7.80 (J =16.1 Hz)
135.6 C Cc-1 -
131.8 CH Cc-4' 7.40
130.1 CH C-2', C-6' 7.62
129.4 CH C-3,C-5 7.40
1183  CH c2 6.58 (J = 16.1 Hz)
96.0 CH Cc-1" 559 (3 =7.7Hz)
78.9 CH Cc-3"
78.0 CH C-5"
74.1 CH c-2" 3.55—-3.50
71.5 CH Cc-4"
62.4 CH; C-6" 3.85(dd J =12.1 and 1.9 Hz)

3.68 (dd J = 12.1 and 4.8 Hz)

aln ppm with respect to TMS. P Determined from DEPT
spectra.

sistent with the presence of cinnamic acid, with two
multiplets centered at 6 7.62 (2H) and 7.40 (3H),
corresponding to the aromatic protons and an AX
system belonging to the trans-olefinic protons at 6 7.80
and 6.58 (each 1H, d, J = 16.1 Hz). The anomeric
proton appeared at 6 5.59 (1H, J = 7.7 Hz) indicative
of a B-configuration for the sugar (Table 2). All other
IH and 3C NMR spectral data were very similar to
those of cinnamic esters and 1-substituted S-p-gluco-
pyranoside (Faure et al., 1987). Therefore we estab-
lished that the unknown substance previously called
UN3 (Mouly et al., 1994) was cinnamoyl-3-p-gluco-
pyranoside (CIN) (Table 2).

Although the metabolism of phenolic glucose esters
is well-known (Strack and Mock, 1993), the presence of
cinnamic acid and its derivatives is not common in plant
but considered as a first important intermediate in the

Table 3. Names, Formula, and k' of Compounds
Investigated

Formula K

D © -
210Q

L b
Narirutin I

Compound Trivial name

(NAT) 0.772
A
OH cH
WO_ o 4 O_.
(HES)  Hesperidin b " o0 @‘ 1.000
OH o}
OH _ocH,
WO_ 0, o @
H 0 .
(DID) Didymin % & ™ @‘ 1.468
i b
o
Cinnamoyl-- @/\/‘L a P Vs
(CIN) HO' OH 0.810
D-glucose
Ok
Trans- O/\/} on
(TCA) cinnamic acid 1.588

a Relative to hesperidin.

biosynthetic pathway of chlorogenic acid (Levy and
Zucker, 1960; Hanson, 1966; Kojima and Uritani, 1972a)
or a first intermediate of ferulic acid (EI-Basyouni and
Neich, 1966). Generally para-substituted derivatives
such as p-coumaric acid are encountered. Various
different types of structure have been characterized
(Kitagawa et al., 1984; Jimenez et al., 1988). The
presence of cinnamoyl-3-b-glucopyranoside was sug-
gested in plants (Avadhani and Towers, 1961; Harborne
and Corner, 1961; Koukol and Conn, 1961), and it was
found and characterized in the roots of sweet potato by
Kojima and Uritani (1971, 1972b). The isolation and
identification of cinnamoyl-j3-p-glucopyranoside for the
first time, to our knowledge, in blood orange fruit juices
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Figure 3. Separation of flavanone glycosides and cinnamic acid derivatives of blood orange juice (var. moro, Italy). For

Min

chromatographic conditions, see Figure 2 and Table 1; for peak identification, see Table 3.

Table 4. Flavanone Glycoside and Cinnamic Acid Derivative Compositions in Various Blood Orange Juices Varieties

compound?
variety NAT HES DID CIN® TCA

Washington sanguine (WHS) mean® 29 180 11.7 4.0 0.07

SD9 6.1 24.1 2.26 1.12 0.073

min-max" 19-43 129-215 8.0-13.3 2.7-6.4 0.02-0.26
Malta (ML) meand 38 216 9.7 2.0 0.07

SD 7.7 454 4.40 0.56 0.042

min-max 25—48 128—-286 4.5—-20.0 1.1-35 0.02—0.13
Sanguinelli (SN) mean® 31 392 8.9 5.7 0.18

SD 5.4 114.8 3.80 2.03 0.072

min-max 22—-39 259-563 5.6—15.5 2.0-8.7 0.04—0.31
Moro (MO) meanf 42 231 30.9 17.9 0.68

SD 6.9 22.9 6.00 4.63 0.440

min-max 29-58 204-279 25.7-47.2 10.9-25.5 0.07-1.81

a See Table 3 for name and structural formula. ® Concentration expressed in mg L= TCA. ¢ Mean (mg L) of 12 samples, origin Morocco.
d Mean (mg L™1) of 12 samples, origin Tunisia. ¢ Mean (mg L™1) of 12 samples, origin Spain. f Mean (mg L™1) of 11 samples, origin Italy.
9 Standard deviation in mg L=%. " Minimum and maximum values in mg L1,

and in relatively high amounts, affords the opportunity
to use this substance as a natural marker for blood
orange juice authentication. Accumulation of phenyl-
propanoids in cotyledons of Pharbitis nil strain Violet
seedlings during the induction of flowering by poor
nutrition was observed (Hairai et al., 1993). Gluco-
pyranosyl sinapate was obtained from rapeseeds (Ama-
rowicz et al., 1995).

Characterization of Some Blood Orange Vari-
eties Using Polyphenol Profiles. The formula and
k' of FG, TCA, and CIN, commonly encountered in blood
and semi-blood oranges are given in Table 3. The mean
of coefficient of variation obtained was less than 1%.
The mean of recovery obtained in the FG and TCA was
around 95%, and the limit of detection was less than
0.1 mg L~1. Chromatograms of blood orange juices are
given in Figure 3. In these chromatographic condi-
tions, CIN is eluted after NAT. In our previous paper
(Mouly et al., 1994), the mobile phase contained THF,
and this solvent modified the elution power of some
flavanone compounds. An inversion of elution order

between the CIN and the NAT was observed in absence
of THF.

As shown in Table 4 the content in NAT, HES, and
DID is not significatively different. Taking into account
the TCA and CIN concentrations, the variety dif-
ferentiation become possible. The Washington sanguine
(WHS) were differentiated from the other blood orange
varieties by a low HES and DID contents. Malta
oranges (ML) were differentiated by the lowest DID,
CIN, and TCA contents. Higher concentrations of
hesperidin were found in Sanguinelli (SN), which dif-
ferentiated this variety from the others. In the same
way CIN and TCA is present in large amount in this
variety. The Moro orange (MO) was differentiated by
the highest CIN and TCA contents.

CONCLUSION

Flavanone glycoside determination of four blood or-
ange varieties showed on LC chromatograms the pres-
ence in higher concentration of an unknown compound
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characteristic of pigmented oranges. This compound
was identified as the cinnamoyl-3-p-glucopyranoside,
which is an important marker for blood orange juice
authentication. Indeed, this compound was not detected
in other orange juices. The CIN occurrence associated
with FG determination enabled the differentiation of
four pigmented orange varieties. Malta and Washing-
ton sanguine were characterized by a low FG and
cinnamic acid derivatives contents, Sanguinelli by a
high HES content and Moro by a high NAT, DID, CIN,
and TCA contents.
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