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Reddish Coloration of Chinese Quince (  Pseudocydonia
sinensis ) Procyanidins during Heat Treatment and Effect on
Antioxidant and Antiinfluenza Viral Activities

Y ASUNORI HAMAUZU ,* CHIHIRO KuME, HisAKO Y Asul, AND TOMOYUKI FuJiTa

Department of Sciences of Functional Foods, Graduate School of Agriculture, Shinshu University,
8304 Minamiminowa 399-4598, Japan

To investigate the effects of processing Chinese quince fruit on the denaturation of phenolics and
their food functions, fruit phenolic extracts were heated together with organic acid for up to 12 h.
Chinese quince phenolic (mostly procyanidins) solution subjected to heat treatment changed from
almost colorless, pale yellow, to a reddish color. Before heat treatment, the absorption spectra of
polymeric procyanidins were observed only around 280 nm; after heat treatment, absorption occurred
between 400 and 600 nm, which is related to the reddish color appearance. Thioacidolysis of denatured
reddish phenolics showed that (—)-epicatechin subunits decreased during heat treatment and, in
contrast, cyanidin increased. In addition, novel substances that could not be degraded by thioacidolysis
were formed. Meanwhile, antioxidant activities, assessed by linoleic acid peroxidation, 1,1-diphenyl-
2-picrylhydrazyl (DPPH), Folin—Ciocalteu, and FRAP methods, increased during heat treatment. The
antiinfluenza viral activity of denatured reddish phenolics was inferior to that of intact fruit phenolics;
however, they retained moderate activity. These results indicate that red coloration of fruit products
of Chinese quince was mainly due to the spectral (i.e. structural) changes of procyanidins accompanied
with formation of cyanidin. Increasing the length of heat treatment increased the antioxidant capacity
of phenolics, and the resultant reddish phenolics retained moderate antiinfluenza viral activity.
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INTRODUCTION In our previous study, we found Chinese quince phenolics
Chinese quince (Pseudocydonia sinenSshneider = had strong antiinfluenza viral activity and antiulcerative activity

Chaenomeles sinengi®ehne) is native to China, and the fruits Nd moderate antioxidant activityd,( 5). However, these
have been used in traditional Chinese medicine. In Japan, theré?ctivities were the result of experiments using fresh fruit
are few Chinese quince orchards for industry, but the trees haveP€nolics, and effects of processing were not considered. Since
been planted in some Shinto shrine precincts or gardens of CNiNese quince is normally consumed as processed products, it
common houses. Chinese quince fruit has woody hard flesh and'® important to investigate the effects of processing of functional
strong astringency; therefore, the raw fruit is not edible but has compPonents. _ _ o .
been consumed as products such as fruit liquor, jam, and Proo!ucts of Chinese quince fruit, su_ch as frl_Jlt liquor, juice,
glutinous starch syrup, etc. The fruit liquor or decocted syrup and _drled flesh,_etc., often change their color into o_lark red or
of the fruit has been used in folk medicine and claimed to have "eddish brownfkigure 1). Some products, such as boiled down
effects of antitussive, expectorant, and fortifying a weak SY'Ups, are subjected to heating for a certain time during
constitution (1). In addition, the extracts have been used Processing and change to an intense reddish color. This
industrially in candies or beverages sold with health claims. Phenomenon has been known empirically; however, there are
Phenolics are believed to be one of the bioactive compoundsn® repor.ts that address the cgu-se.of thls reddlsh.colloratlon during
responsible for the medicinal effects of Chinese quince fruit Processing. Because the fruit s rich in procyanidigiire 2)
and products of the fruit. Phenolics from the fruit have been @S the major phenolics, it can be predicted that this reddish
reported to have an inhibitory effect on hyaluronidase and coloratl(_)n result.s from the c_hemlcal conversion qf procyanidins
histamine release from mast cells, in vit&).(It also has been 0 cyanidin, a kind of red pigment. The conversion of procya-
reported that flavonoids from Chinese quince fruit have an Nidins to cyanidin is a well-known reaction; however, the

antipruritic effect (3). co_nversior_l is normally reported to be a result of a reaction with
mineral acids such as HG@+8). It has been reported that when
* To whom correspondence should be addressed. Telephb@:265- acetic acid was used instead of mineral acid, the conversion

77-1413. Fax:+81-265-77-1700. E-mail: hamauzu@gipmec.shinshu-u.ac.jp. did not occur (9). Although the mechanism of the reddish
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Figure 2.

Structure of procyanidins as major phenolic compounds in
Chinese quince fruit. n > 0.

coloration of Chinese quince products has not been clarified, it
is likely that procyanidins in the products are involved in the
coloration and thus their structure and functions must be
affected. Procyanidins seem to play an important role in
antiinflammatory (2), antioxidant, antiinfluenza viral (4), and
antiulcerative activitiess) of Chinese quince phenolics. There-
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Figure 3. Red color intensity (A = 458 nm) of Chinese quince phenolic
solution heated with organic acid: MA, malic acid; CA, citric acid.
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Figure 4. Reddish coloration in aqueous solution of Chinese quince
phenolics during heating with citric acid. Numbers indicate heating
time (h).

mL, 3 times), and filtered as above. The 60% acetone extracts were
evaporated under reduced pressure at@Qntil all organic solvent
was removed; they were then redissolved into acidified water (0.1%
trifluoroacetic acid) and applied to a Sep-Pak Vac 2G ¢bng) C18
cartridge (Waters Co., Milford, MA), preconditioned with methanol
and acidified water. The column was washed with 30 mL of acidified
water, and the phenolics were recovered with 20 mL of methanol. The
phenolics were redissolved into an aliquot of water, frozen and then
freeze-dried to obtain dried phenolic powder (crude phenolic extracts).

fore, the effects of heating and the reddish coloration of Chinese The overall yield of the (_jl’_iEd phenolic extracts_from 3(_) g of f_Iesh
quince extracts on the characteristics of phenolics, especiallypowder was 3.02 g (containing 2022 mg of phenolics-gsepicatechin

procyanidins, must be clarified.

The purpose of this research was, first, to confirm the cause

of the reddish coloration of fruit extracts of Chinese quince and,

second, to investigate the effect of heating and the reddish

coloration (denaturation) of phenolics (especially procyanidins)
on the antioxidant and antiinfluenza viral activities.

MATERIALS AND METHODS

Plant Materials. The ripe fruits of Chinese quince (Pseudocydonia
sinensisSchneider var. Toukarin) were obtained from a local orchard
in Nagano prefecture, Japan.

Chemicals and Reagentg—)-Epicatechin and 2,4,6-tri(2-pyridyl)-
striazine (TPTZ) were purchased from Sigraldrich, Ltd. (St. Louis,
MO). 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and citric and malic acids

were purchased from Nacalai Tesque, Inc. (Kyoto, Japan). Solvents

were purchased from Nacalai Tesque. Felfiocalteu reagent, sodium
dodecyl sulfate (SDS), linoleic acid, 25@zobis(2-amidinopropane)-
dihydrochloride (AAPH) and toluene-thiol were purchased from
Wako Pure Chemical Industries, Ltd. (Osaka, Japan).

Preparation of Fruit Phenolic Extracts. The flesh part of the fruit
(five to six fruits) was cut into small pieces, frozen in liquid nitrogen,
freeze-dried using FD-5N (Tokyo Rikakikai Co., Ltd., Tokyo, Japan)

equivalent).

Total Phenolic Assay.The experimental procedure was adapted
from that of Hamauzu et al4(5). A 2 mL aliquot of sample solution
was mixed with 2 mL of diluted Folin—Ciocalteu reagent (1 N) in a
test tube. After 3 min of reaction, 2 mL of MaO; (10 g/(100 mL))
was added and the mixture was incubated for 60 min at room
temperature. The absorbance was measured at 700 nm with a Shimadzu
UV-1200 spectrophotometer (Tokyo, Japan) against a blank (2 mL of
deionized water, plus reagents) in the reference ce)-Epicatechin
was used as the standard=r0.999 75).

Heat Treatment. A 5 mL aliquot of crude phenolic solution (2 mg/
mL as epicatechin equivalent) was mixed with 5 mL of 10% (w/v)
citric acid in a screw-capped test tube and then heated for 0, 2, 4, 8,
and 12 h in a dry bath incubator (GENIUS two block, Nippon Genetics
Co., Ltd., Tokyo, Japan). The set temperature was 1@ obtain
95 °C of reaction mixture.

Measurement of Reddish Color Intensity. The reddish color
formed by the heat treatment had an absorption maximum at 458 nm,
so this wavelength was selected for measurement of reddish color
intensity. The absorbance of heated solution was measured using a
Shimadzu UV-1200 spectrophotometer after dilution with water. The
reddish color intensity was defined as the absorbance at 458 nm by
dilution factor.

Solid-Phase Extraction of Denatured (Reddish Colored) Pheno-

and then homogenized. Before phenolic extraction, the powdered fleshlics. The reddish colored phenolics obtained by heat treatment were
(30 g) was mixed with 300 mL of petroleum ether in a beaker, stirred, semipurified using a Sep-Pak plus C18 cartridge (Waters Co., Milford,
and filtered to remove lipids; this was performed 5 times. The phenolics MA) for the antiinfluenza viral assay. A three-cartridge (preconditioned
were then extracted from the residue with 60% aqueous acetone (300with 5 mL of methanol and 0.1% trifluoroacetic acid) was used to
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Figure 5. HPLC profiles of Chinese quince phenolics: (A) Chromatogram at 280 nm without heating and before thioacidolysis; (a) chromatogram at 280
nm without heating and after thioacidolysis; (B) chromatogram at 280 nm with heat treatment and before thioacidolysis; (b) chromatogram at 280 nm with
heat treatment and after thioacidolysis; (C), chromatogram at 525 nm with heat treatment and before thioacidolysis; (c) chromatogram at 525 nm with
heat treatment and after thioacidolysis. Heat treatment was conducted by heating of phenolics under existence of citric acid for 12 h. PPC, polymeric
procyanidins; 1, (+)-catechin; 2, (-)-epicatechin; 3, (—)-epicatechin benzylthioether; 4, toluene-a-thiol; 5, cyanidin.

adsorb denatured reddish phenolics dissolved in 5 mL of reaction

mixture. Phenolics were recovered with 1% perchloric acigtthanol,

Quantitative determinations were made from calibration curves
obtained by injection of different volumes of commercial standards.

rotary evaporated, re-dissolved into an aliquot of water, and then freeze-(—)-Epicatechin and «)-catechin subunits in procyanidins were

dried. Reddish colored phenolics formed in Chinese quince fruit liquor

determined after thioacidolytic degradation using toluertkiol reagent

during 2 years of storage were also collected using a Sep-Pak plus(5% (v/v) in methanol), as described by Guyot et 40)( Experimental
C18 cartridge, as above, and applied to the antiinfluenza viral assay.conditions and the calculation method were as described in our previous

HPLC Conditions. Chromatographic separation was carried out on
a Luna 54C18 column (150x 4.6 mm, Phenomenex, Inc., Torrance,
CA) at 40°C. Solvents were 0.1% trifluoroacetic acid (A) and 0.1%
trifluoroacetic acid in acetonitrile (B). The gradient program was started
with 5% B and changed to obtain 15% B at 30 min, 32% B at 35 min,
40% B at 45 min, and 75% B at 50 min. The 75% B was maintained
until 65 min. The flow rate was 1.0 mL/min, and the injection volume
was 20uL. Detection was performed at 280 nm for flavan-3-ols and
325 nm for hydroxycinnamic derivatives on a Shimadzu SPD-M10Avp
photodiode array detector. For the detection of reddish colored
substances, 458 and 525 nm were also used.

Identification and Quantification of Phenolics. Identification was
achieved by comparing retention times and t\sible spectra with

those of standards. Procyanidins were identified by comparing the

absorption spectra with~)-epicatechin and also confirmed by chro-
matographic changes after thioacidolysis, described below.

report, Hamauzu et al. (4). HPLC conditions for determination of
flavan-3-ol subunits were as described above except that the gradient
program was shortened for rapid analysis.

Antioxidant Assay and Metal Reducing Ability Assay. The
antioxidant capacity of phenolics was estimated using a linoleic acid
peroxidation system and DPPH radical scavenging system. The
experimental conditions were as described in our previous repprt (
The activities were expressed as percentages of conjugated diene
formation and of radical scavenging, respectively.

The metal reducing ability of phenolics was estimated using the
Folin—Ciocalteu reagent and the ferric reducing antioxidant power
(FRAP) method. FolirCiocalteu reagent reducing ability was mea-
sured as described in Total Phenolic Assay.

The experimental conditions for the FRAP method basically followed
that of Benzie and Strainl{) with minor modification. The FRAP
reagent was prepared as a mixture of 10 mL of 300 mM acetate buffer
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Figure 8. Change in cyanidin concentration during heating in the presence
of citric acid. Bars indicate SE (n = 3).
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polymeric procyanidins (PPC) were observed at 280 Rigufe
5A,B), whereas, at 525 nm, there was no peak before heating,
but the appearance of a new large peak and PPC lump was
observedFigure 5C). Moreover, intact phenolics from Chinese
quince were almost completely decomposed by thioacidolysis
(Figure 5a), whereas complete decomposition was impossible

and the absorbance at 593 nm was measured using a UV-1200after heat treatmenf{gure 5b). The novel large peak detected

spectrophotometer.
Antiinfluenza Viral Activity. The hemagglutination inhibition test

using chicken erythrocyte was used to measure the antiinfluenza viral

activity. Before addition to the system, phenolics heated with citric

acid were reextracted from the reaction mixture using a Sep-Pak plus

C18 cartridge to remove the citric acid. The experimental procedure
was as described in Hamauzu et al. (4).

RESULTS

Verification of Reddish Coloration of Phenolic Extracts
from Chinese Quince Fruit. The intensity of reddish color and

at 525 nm was not affected by thioacydolysiKigure 5c),
whereas part of the PPC lump disappeared at 525 nm.

The absorption spectra of polymeric procyanidins changed
after heat treatment, and absorption in the area of wavelength
relating to the appearance of the red color increaéeglie 6,
left). The absorption spectra of the novel large peak detected at
525 nm after heat treatment was a similar shape to that of
cyanidin (Figure 6, right). Retention time of the novel peak
was also the same as cyanidin after butaitdC| degradation
of procyanidins.

Thioacidolytic products of procyanidins decreased with an

absorbance at 458 nm of Chinese quince phenolic solutionincrease in heating timeFigure 7). The decrease of—)-
increased during heating, and the increase was greater inepicatechin benzylthioether as “extension units” was larger than

solutions containing organic acid than without organic acid
(Figures 3 and 4). The intensity of the reddish color was
stronger with longer heating times (up to 12 h) or with higher
concentrations of organic acids (up to 5%, v/v). There was no
difference in coloration between the addition of malic acid and
citric acid (Figure 3).

Effects of Heating on the Phenolic Profile of Chinese
Quince Fruit Mixed with Citric Acid. Heating of the Chinese
quince fruit phenolics in the presence of citric acid affected their
HPLC profile. Upon examination of the HPLC chromatogram,

that of (—)-epicatechin as “terminal units”, although the
percentage of the decrease was almost the same (80.3%-of (
epicatechin subunits were lost), wherea$-¢Catechin subunits
as terminal units seemed to be constant. In contrast to the
decrease of {)-epicatechin subunits, cyanidin increased re-
markably during heat treatment (Figure 8).

Effects of Heating on the Antioxidant and Antiinfluenza

Viral Activities. Antioxidant activities assessed by linoleic acid

peroxidation, DPPH radical scavenging, Fel@iocalteu reduc-
ing, and FRAP methods all increased during heat treatment and

an increase in the earlier peaks and a decrease in a lump ofwith an increase in the intensity of the red col&igure 9).
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The main increase occurred after 4 h lafating, and slight
increases were observed thereafter.

The antiinfluenza viral activity of the reddish colored
phenolics was inferior to the activity of intact fruit phenolics.
The intact phenolics decreased the HA titer of influenza virus
from 10'23into 10?2 at a concentration of 0.5 mg/mL, whereas
phenolics heated for 4 and 12 h decreased the HA titer into 10
and 103 respectively, at the same concentratiGig(re 10).
Reddish denatured phenolics collected from Chinese quince fruit
liquor also showed moderate activity, and the effect was similar
to that of the 4 h heated phenolics. However, chlorogenic acid
and (-)-epicatechin standard had no antiinfluenza viral activity.

DISCUSSION

In this study, we revealed that reddish coloration of Chinese
quince fruit products was due to denaturation of procyanidins,
an abundant constituent in the fruit products. An increase in
absorption at 4060600 nm of polymeric procyanidins indicated
their contribution to the reddish coloring in the fruit products,

since orange to reddish compounds normally absorb at around

this area of wavelengths. The coloration of fruit liquor or
glutinous starch syrup made from Chinese quince fruit may be
due to the reaction of procyanidins and organic acids derived

from their flesh. It has been reported that Chinese quince fruit
contains malic, citric, and quinic acids at high concentrations
(12), and it may be one of a few fruits containing a high content
of phenolics, organic acids, and ascorbic acid.

The mechanism of the reddish color change of the fruit
products must at least involve a structural change -i)- (
epicatechin subunits, which are abundant in Chinese quince
procyanidins: a part of the<)-epicatechin subunits are then
converted into cyanidin. A decrease in)tepicatechin subunits
in procyanidins with an increase in cyanidin indicated this
conversion. This reaction is well-known and well-characterized;
however, this reaction has normally been reported as a result
of decomposition with mineral acids (6—8). In the current
experiment, organic acids might have promoted the structural
changes in the-{)-epicatechin subunits to form the cyanidin
structure. However, cyanidin formation did not seem to be the
main factor in the reddish coloration because the main spectral
changes of the whole phenolic solution occurred at around 458
nm in the visible light area and were due to the spectral changes
in polymeric procyanidins. This indicates that polymeric pro-
cyanidins had been partially rearranged during the heat treat-
ment, and therefore novel substances formed from procyanidins
had not been degraded by thioacidolysis. Although further
studies are needed to elucidate the structure of the newly formed
substances, there is a possibility that they include xanthylium
cation structures generated by the reaction between flavan-3-
ols and organic acids18, 14). It has been showr9) that
procyanidins can be rearranged in acidic aqueous media to form
xanthylium salts that exhibit &naxat around 440 nm. The UY
vis spectrum of heated procyanidins in this study was similar
to that reported for xanthylium pigments, although there were
some differences. The xanthylium pigments reported exhibit a
Amax @t around 440 nm, and there was almost no absorption at
550 nm (14), whereas, in heated procyanidins, the maximum
absorbance was at 458 nm and there was a wide range of
absorption up to nearly 600 nm. This suggests that cyanidin
structure may also be included in heated procyanidins as a
subunit.

Increased heating times did not decrease the antioxidant
activity of the phenolics; in fact, activity increased as the reddish
coloration increased with the duration of heating. Formation of
lower molecular weight compounds may be involved in the
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increase in activity because oligomeric procyanidins were
reported to have stronger activity in the DPPH radical scaveng-
ing system than polymeric procyanidint5). Moreover, low
molecular weight compounds such as){epicatechin or pro-
cyanidin B2 have been shown to have stronger antioxidant
activity in the linoleic acid peroxidation system than polymeric
procyanidins 4). This suggests a possibility to improve the
beneficial health functions of phenolics by artificial modification.
Further investigation is needed to verify whether the increase
in antioxidant activity by heat treatment improves the antioxidant
effect in vivo after ingestion of heat-treated phenolics.

In this study, Folin—Ciocalteu reagent was used to assess
the metallic ion reducing ability of phenolics. Since heat
treatment improved reduction of Folin—Ciocalteu reagent (and
it is unlikely that the total phenolic concentration was increased
by heating), the reducing ability of phenolics might increase
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antioxidant power; TPTZ, 2,4,6-tri(2-pyridyl)-s-triazine; SDS,
sodium dodecyl sulfate; AAPH, Z;azobis(2-amidinopropane)-
dihydrochloride; PPC, polymeric procyanidins.
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