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Application of High Porous Polymer to Horticultural Products

1. Adsorption and Elution of Polyphenolic Compounds

Tomoaki MAaTsuo, Tomoko TAKATsU and Saburo IToo

(Laboratory of Postharvest Physiology and

Preservation of Fruits and Vegetables)
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Fig. 1. Chemical structure of high porous polymer.
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Table 1. Adsorption of several organic constituents to HP column and etution with an ethanol-
water system as eluate
Recovery (9% of original amount)
Organic Constituents Concent. of ethanol in each eluate (%)
Total
2 5 10 20 30 40 50 80

pectin 90.6 8.9 — — — — — — 99.5
Carbohydrate (" e 952 0 Y
. . glycine 99.6 0 — — — — — — 99.6
Amino acid lysine 990 02 02 — o —  — 994
Bases adenine 100.6 3.5 1.4 1.0 0 0 — —_ 106.5
xanthine 103.2 8.6 6.5 0 0 —_ — 118.3
Vitamin L-ascorbic acid 96.7 1.1 0 —_ — — —_ —_— 97.8
gallic acid 92.0 0.6 0.4 1.7 — — — — 94.7
Polyphenols (+)-catechin 0.6 2.6 68.6 23.0 4.6 0 0.6 1.0 101.0
yp tannic acid 87 21 09 22 82 449 31,7 07 994
naringin 0 0 0 1.0 508 51.8 1.5 1.0 106.1
Oreanic acids malic acid 93.3 1.4 1.0 1.0 0.7 0.7 0.7 0.7 99.5
& pyruvic acid 931 15 11 1.1 07 07 07 07 996

Each constituent (about 4 mg) in 5 ml of dist. water or 2

o/

% ethanol was applied to HP column (¢

0.8 cm X 12 cm, 9 cm?), then eluted stepwise with an ethanol-water system (from 2% to 80%, v/v, the

effluent volume was 90 cm®) at 30 ml/hr of flow rate.

Sugars, amino acids, bases, L-ascorbic acid,

polyphenols and organic acids were determined by phenol-sulphuric acid method, ninhydrin method,
measuring optical density at 262 nm, hydrazine method, Folin-Ciocalteu method and titration with

0.01 N sodium hydroxide, respectively.
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Fig. 2. Adsorption of some standard polyphenols
to HP column and elution with aqueous
organic solvents.

Gallic acid, (+-)-catechin and tannic acid
were used as the standard polyphenols and
their eluting patterns were examined. Four
mg of each polyphenol in Sml of dist.
water were applied to the HP column
(column size; ¢ 0.8 cm x 12 cm, gel volume;
9cm?®). The condition of column chro-
matography was as in the followings; gel,
Diaion HP-20 (Mitsubishi Chem. Ind.,
about 100 mesh), each effluent volume,
90 cm?, flow rate, 30 mi/hr. The elution
was performed stepwise by using ethanol-
water or isopropanol-water system. The
recovery of polyphenols was calculated by
the determination of polyphenols in each
effluent by Folin-Ciocalteu assay. O——O;
using ethanol-water system, (J-—-[J; iso-
propanol-water system (from 5% to 80%,
v/v). GA: gallic acid, CA: (+4)-catechin,
TA: tannic acid.
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Fig. 3. Adsorption of polyphenol-like substances in
green tea and black tea extract to HP column
and elution with aqueous ethanol system.

Both extracts were prepared in the follow-
ing manner; commercial black tea and
green tea (5 g) in 80 ml of dist. water were
boiled for 10 min, then the turbid extract
was centrifuged at 3,000 rpm for 10 min
and the supernatant was diluted to 10 fold
volumes with dist. water. Five ml of both
extracts were applied to HP column
(¢ 0.8cmx12cm, 9 cm?®). Polyphenol-like
substances were determined by Folin-
Ciocalteu method. Other conditions for
column chromatography were the same as
shown in Fig. 2.
® — @ ; polyphenol-like substances in

black tea extract,
A ——— A ; in green tea extract.
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Fig. 4. HP column chromatography of some
organic constituents in a commercial grape
juice,

A commercial grape juice (Aohata Co.)
was centrifuged at 16,000 g for 10 min to
remove turbidity. The supernatant (100
ml) was applied to HP column (¢ 1.6 cm,
40 cm®). Each effluent volume was 200 ml
and the flow rate was 40 ml/hr. The elution
was carried out stepwise with an ethanol-
water system (to 5% from 80%, v/v). Con-
centrations of polyphenols, total sugars and
anthocyanins in each effluent were determin-
ed by Folin-Ciocalteu method, phenol-
sulphuric acid method and measuring the
optical density at 520 nm, respectively.
®---@; total sugars, O——O; poly-
phenols, A——A; anthocyanin.
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Fig. 5. Comparison of visible spectra of a com-

mercial grape juice and the water-effluent
from HP column.

Both solutions were diluted to 5 fold
volumes before measurement of O.D..
A original grape juice, b; the water effluent
from HP column
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Fig. 6. HP column chromatography of some organic

constituents in a commercial apple juice.

A commercial apple juice (Aomori Pref.
Coop.) was centrifuged at 16,000 g for 10 min
to remove turbidity. The supernatant
(5 ml) was applied to HP column (¢ 1.2 cm,
9cm?®). Each effluent volume was 90 ml
and the flow rate was 30 ml/hr. Concen-
trations of sugars, polyphenols and L-
ascorbic acid were determined by phenol-
sulphuric acid method, Folin-Ciocalteu
method and hydrazine method, respectively.
A——A; sugars, @---@; L-ascorbic
acid, O——0O polyphenols.
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Fig. 7. Fractionation of proanthocyanidins extract-
ed from young loquat fruit by HP column
chromatography.

Crude proanthocyanidins were extracted
with n-butanol from about | kg of young
loquat fruit (cv. ‘Mogi’, average fruit weight;
1.8 g, harvested on March 19th) after re-
moving lipids and pigments with petroleum
ether. The butanol in the combined extract
was removed by evaporation at 37°C and
then the gum-like substance was dissolved
into 400 ml of dist. water. The aqueous
solution was applied to HP column (¢ 4.5¢m,
500 cm®). The effluent volume was 1.51
and the flow rate was 200 ml/hr. Pro-
anthocyanidins were determined by HCl-
BuOH test (measuring O.D. at 550 nm).
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Fig. 8. Silica gel-TLC of loquat-polyphenols in
fractions eluted from HP column.

Each fraction was obtained from HP
column chromatography of crude proan-
thocyanidins in loquat young fruit, as shown
in Fig. 7. The gel and thickness of TLC
plates were 60 GF,,s (Merck Co.) and 0.2
mm. The solvent system; CHCIl;-EtOAc-
AcOH =2:4:1, v/v. The detection of
polyphenols on TLC plates; spraying with
HCl-vanilline reagent. Ca; (+)-catechin,
20%; polyphenols eluted with 209, ethanol
from HP column, 25%, to 50%; polyphenols
eluted with 259 to 509, ethanol.
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Summary

Adsorption of polyphenols in horticultural products by polystyrene-divinylbenzene resin (Diaion
HP-20, Mitsubishi Chem. Ind.) was examined. All the adsorption tests of various organic constituents
were examined on the column packed with HP-20 resin, and a stepwise elution from the column was
carried out by an ethanol-water system.

1. In the model experiment in which known organic compounds were used, such highly polar
compounds as carbohydrates, amino acids, organic acids, bases and L-ascorbic acid were not adsorpted
at all to this column in an aqueous solution.

2. Among the known polyphenols used, (+)-catechin, tannic acid and naringin in an aqueous
solution were well adsorpted to this column, while gallic acid, a polar polyphenol, were not. The
adsorpted polyphenols were eluted from this column by 109 to 50 % of ethanol-water, with the recovery
percentage of 959 to 100 9%;.

3. Polyphenol-like substances in the hot water-extracts of green tea and black tea were removed
almost completely by the HP-20 packed column.

4. When a grape juice was passed through the column, the initial fresh color was lost completely
with the removal of most of the polyphenols. The adsorpted pigments were recovered in the effluent of
209% to 409 ethanol-water.

5. No unique aroma of an apple juice was detected in the effluent from HP resin column, although
all of the L-ascorbic acids were detected. Since most of the apple aroma was eluted by 209; and 309
ethanol-water. The column was considered to be effective for the concentration and isolation of some
fruit aroma.

6. All the proanthocyanidins from young loquat fruit were adsorpted to this column, and TLC
analysis revealed that proanthocyanidins with higher polymerization degrees were to be eluted as the
ethanol concentration in the effluents increased.
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These findings clearly demonstrate that the HP column is highly effective for removing polyphenols
in an aqueous solution. A remarkable result may be expected if HP column chromatography is used
for the purpose of separating useful and valuable polyphenols from the horticultural products.



