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The Effects of the Heat Treatments on Polyphenol Chemical

Compounds Content of the Fruits

Shunji Hiral, Hiromi Sen, Tamie Konpo and Koichi KAwAMATA

Summary : Fruits intakes have been widely recommended in the maintenance and
improvement of health in the practice of dietary habits. Many fruits contain large
amounts of polyphenol like tannin (catechin), flavonoid and anthocyan. All are rich
in anti-oxidants. We unfortunately, do not currently possess adequate information
with regards to polyphenol levels in domestic Japanese fruits and their response to
environmental stresses such as heat treatment, which is very inconvenient from the
our utilizing standpoint. We therefore examined the contents and compositions of
polyphenols found in eleven kinds of (thirteen varieties) fruits cultivated in Iida City
and the Shimoina district region of Nagano Prefecture using high performance
liquid chromatography method. We also made an analysis of the effects of heat
treatment on fruit components mentioned above. Fruits used in this analysis included
the Nectarine, Blueberry, Apple, Japanese apricot, Pear, Blackberry, Peach, Japanese
plum, Grape, Prune, and Japanese persimmon. Our results are broadly concluded in
paragraph eleven.

1. The polyphenol concentrations of ocur raw fruits of 100 grams were as follows.
Immature Japanese persimmon (astringent over 1000mg, non-astringent over 600mg) >
Blackberry (about 400mg) > Grape (about 300mg) > Japanese plum ¢ Prune « Apple
Blueberry » Japanese Pear (about 140-200mg) > Japanese apricot * Peach * Nectarine (about
30-50mg).

2. Ratios of anthocyan occupied for all polyphenol were; Blueberry (87%), Nectarine
(60%), Blackberry (42%), Apple (25%), Peach (24%), Prune (19%), Japanese plum
(16%), Grape (6%) in the order of abounding. Results using Japanese domestic fruits
like the Japanese persimmon, Japanese pear, and Japanese apricot were negligible
amounts.

3. Quantity of polyphenol levels found in the Japanese persimmon during November
was remarkable lower than those quantity found in August, and the former levels
reduced about 1/10~1/100 to the latter. Decreases of all polyphenol during this
maturation seemed to be due to immobilization by condensation of soluble tannin
with a removal of astringency, which was not extracted in solvent.

4. We guess that the remaining (as it were, survival) rate after heating of the
polyphenol is largely influenced by fruits composition (hardness), size, oxidase
activity, types of polyphenol and content, the method of heating chosen and so on.
5. Polyphenol remaining rates tended to be higher by using microwave heating than
that by using boiling water. For this reason, we guess that the oxidation and
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elution of polyphenols is prevented by using the microwave that has an effect of
non-destructively inactivation for the polyphenol oxidase, as compared with the
boiling water. Post heating remaining rates were in the case of a microwave oven:
All polyphenol; 62-126%, anthocyan; 0-120%. When a boiling water was used as a
heating agent: All polyphenol; 40-101%, anthocyan; 0-99%.

6. Using a mature Japanese persimmon in November, the remaining rate of
polyphenol after heating exceeded 10095. From these results, we guess that tannin
which became insoluble with maturation and removal of astringency is re-solubilized
via heating treatment. This phenomenon was remarkable in the non-astringent
Japanese persimmon.

7. The polyphenol (it is usually called the persimmon tannin) of the Japanese
persimmon (astringent) was deduced by its shape and retention time of the peaks
and various physical and chemical characteristics such as co-detected chemical
compounds using high performance liquid chromatography, which seems to provide
us a high possibility that the persimmon tannin is from over several tens kinds of
polyphenol chemical compounds mixture. We guess that this multiple polyphenols
of this persimmon was a mixture of various middle and secondary metabolite in the
metabolic system (phenylpropanoid route, biosynthesis of lignin, flavonoid biosynthesis,
ete...) of phenylalanine and tyrosine. Furthermore it seems to be also supportably
this hypothesis that various related chemical compounds such as chalcone, ferulic
acid, coumaric acid, caffine acid, catechin, leucoanthocyanidin, phenylpronoid and
flavonoid were detected to a high degree and estimated in existence in astringent
Japanese persimmon. Non-astringent and astringent Japanese persimmons have great
differences in their polyphenol compositions in an immature state.

8. Our present analysis shows that anthocyan glycosides and anthocyan aglycones
were detected in all fruits including the anthocyan. We guess that these aglycones
are not formed by hydrolyzing of the anthocyan glyciosides.

9. Heat treatment stability in the anthocyan is different when using different fruits
types. Fruits with high stability included the Blueberry, Grape and Japanese plum.
Fruits with weak stability were the Apple, Peach, Prune and Blackberry. Nectarines
were of moderate stability.

10. In the fruits, it was confirmed that various polyphenol compounds such as gallic
acid, protocatechuic acid, protocatechu aldehyde, gallic acid methyl ester, caffeic acid,
(—)- epicatechin, chlorogenic acid, rutin, p-coumaric acid and ferulic acid were included,
except for the anthocyan. Depending on fruits type, these composition proportions
and stabilities by the heat treatments tend to be considerably differences.

11. The compositions and contents of the anthocyan of eleven kinds of Japanese
fruits cultivated in Nagano Prefecture were confirmed.

Key words : % (fruits), ®1Y 7 =/ — i (polyphenol), 7 » } 7 v (anthocyan),
7 v a4 B (chlorogenic acid), NMZYLIRE (heat treatment)
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The analysis material (Fruits)
}
Wash in water
¥
The heat treatment
<In the analysis, both samples of having nothing of the heat treatment were used.
This heat treatments was carried out by two methods between
microwaveoven (for 120sec.) and that it boiled in water (for 120sec.) >
¥
Cut-up, abrasion, extraction and filtration

<10g fruits was homogenized with 1% hydrochloric acid methanol solution 30m¢>

It was centrifuged :t 4000rpm for 5min.
The residue was extracted again using 1°/j hydrochloric acid methanol solution 50m/.
These were filtered¢by the paper filter.
These filtrates were res:ectively diluted at 100mf.
The filtration of the dilute solutions \i/ere done again using disposable filter
¥

These filtrates were used for the measurement of polyphenol relation chemical
compounds by the high performance liquid chromatography.
(The measurement wavelength : 280nm, 530nm)

Fig.l1 Quantitative determination operation method of the polyphenol
relation chemical compounds.
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Fig.2 High-performannce liquid chromatogram of authentic anthocyan reagents. This
was carried out using Shimadzu LC-10AT type which was equipped with detector
(UV-VIS spectrophtometric detector SPD-6AV), and ZORBAX ODS colum (¢4.6X
50mm) by the gradient method. Using A liquid (0.5% phosphoric acid aqueous
solution), B liquid (methanol), the gradient condition was made to increase the
concentration of the B liquid to 90% from 5% at 1% proportion for lmin. And, the
measured temperature was 40°C, and the flow velocity was 0.8mf/min.

Abbreviations shown in the figure are as follows. A:gallic acid, B:protocatechuic
acid, C:protocatechualdehyde, D:p-hydroxybenzoic acid, E:methylgallate, F:caffeic
acid, G:epicatechin, H:chlorogenic acid, I:cyanidin-3-O-galactoside chloride, J:cyanidin-
3-O-glucoside chloride, K:propylgallate, L:cyanidin-3-O-rhamnoglucoside chloride,
M: pelargonidin-3-gluceside chloride, N:rutin, O:delphinidin chloride, P :coumaric acid,
Q:ferulic acid (4-hydroxy-8-methoxy-cinnamic acid), R:cyanidin chloride, S: pelargonidin
chloride, T:peonidin chloride, U:flavone.
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Tablel Polyphenol:a and anthocyan content of various fruits. (mg/100g fruit)

Heat treatment

Fruits (Harvest time) Raw fruits Boiling water Microwaveoven
Polyphenol:a Anthocyan Polyphenol:a Anthocyan Polyphenol:a Anthocyan
Apples (8) 160.4+ 9.6 0.7£0 1255+ 14.5 0.6 0.1 119.3% 713 0.5%0
Apples (11) 6.9 1.7 - - 5.4 1.9
Blueberries 166.74+ 10.6 145.5%6.5 144.9+ 99 99.6+ 9.9 162.7+ 105 151.6% 7.1
Grapes 299.5+ 56.5 18.2+1.2  295.9% 60.0 94+ 52 3183+ 215 184=% 1.8
Japanese pears 212.8+ 10.8 t 104.8% 39.4 t 246.5* 10.1 t
Nectarines 324%= 1.0 19.3+£3.6 285+ 28 16.1% 1.0 384 21 156% 1.4
Peaches 53.0% 1.3 12.8+0.4 46,0+ 4.4 9.8+ 1.3 499+ 25 8.7t 5.8
Japanese apricots 30.8% 0.6 t 26.9t 53 t 295+ 1.3 t
Prunes 152.1* 31.3 289+48  121.14 179 1565+ 1.8 1555+ 206 24.1%+ 76
Blackberries 3878+ 779 161.2+£7.0 266.6% 744 96.1*+154  324.5% 21.7 141.5+17.0
Japanese plums 137.9+ 8.1 22.0£7.2 54.9%+ 1564  21.8+ 1.7 86.8t 40 263* 16
Japaagse persimmons (8) 640 44 37 8 t 425.2%+144.9 t 481.1+-99.3 t
onastringent)
Japanese persimmons (1) g g ¢ 24% 08 ¢ 24% 09 ¢
onastringent)
Japanese persimmons (8) 46) g4 9002 ¢ 8713+ 31.7 t 700.8+ 714 t
stringent)
Japanese persimmons (1) g 116 4 ¢ 181.6+123.1 ¢ 17%5.1% 113.1 ¢

(Astringent)

These values were obtained by the high-performance liquid chromatographic method by

measurement condition for showing in Fig.2. These polyphenol:a values show all polyphenol

quantities including the anthocyan. These fruits were harvest in August. However, persimmon

and apple harvested twice in August (upper stage) and November (lower step). Varieties of each

fruits are as follows. Specific name: Apples (Tsugaru, Fuji), Blueberries (Blueray), Grapes
(Kyoho), Japanese pears (Aikansui), Nectarines (Redstar), Peachs (Akatsuki), Jpanese
apricots (Yoshimura), Prunes (Czar), Blackberries (—), Japanese plums (Sorudam), Japanese

persimmons: nonastringent (Jiro), astringent (Ichida).

Value are mean*SD. t=trace.
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Table2 The proportion of the anthocyan occupied
for the polyphenol:a of various fruits (%)
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Heat treatment
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Fruits (Harvest time)

X a T, mlEgcEtisn

Raw fruits Boiling water Microwaveoven

Apples (8) 0.4 0.5
Apples (11) 24.6 -
Blueberries 87.3 68.7
Grapes 6.1 3.2
Japanese pears t t
Nectarines 59.6 56.5
Peaches 24.2 21.3
Japanese apricots t t
Prunes 19.0 12.8
Blackberries 41.6 36.0
Japanese plums 16.0 39.7
Japanese persimmons ® ¢ t
(Nonastringent)
Japanese persimmons an t ¢
(Nonastringent)
Japanese pe.rsimmons [€)] t £
(Astringent)
Japanese persimmons (11) t t

(Astringent)
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Experiment sample and measurement condition were

explained in Tablel.
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Table3 Polyphenol:b content except for the

anthocyan of various fruits.
(ng/100g fruits)
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Heat treatment

Fruits (Harvest time)

Raw fruits Boiling water Microwaveoven

DT — 7 DR VWEIRT©, A3
HEOF—-s ik, BEETHIEED

Apples (8) 159.7 124.9

Apples (11) 5.2 -
Blueberries 21.2 45.3
Grapes 281.2 286.5
Japanese pears 212.8 104.8
Nectarines 13.1 12.4
Peaches 40.2 36.2
Japanese apricots 30.8 26.9
Prunes 123.2 105.6
Blackberries 226.5 170.5
Japanese plums 115.8 33.1
s persimnens® g5 a2
Japanese pers@mmons an 1.9 94

(Nonastringent) ’

Jopange prsimmons® gy g
Japanefzs;;iri‘rsllérelrrlrsns an 179.9 1816

118.8
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299.9 ll/%@%ﬂ:

246.5 U

29.8 HiR D Table 1, 2, 3 & Table 4
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175.1

Experiment sample and measurement condition were E362~126%, TV YT T ~
explained in Table 1. These polyphenolb values were 1920% < - 7-. HEOEEB L O
calculated by deducting the anthocyan quantity from IEAEE DT & b A X fr2E T ps

polyphenol:a quantity which Table 1 showed.
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Table4 The remaining rate of the polyphenol:a and anthocyan after heat
treatment of various fruits. (%)

Heat treatment

Fruits (Harvest time) Boiling water Microwaveoven
Polyphenol:a Anthocyan Polyphenol:a Anthocyan
Apples (8) 78.2 85.7 74.4 714
Apples (11) - - 78.3 111.8
Blueberries 86.9 68.5 97.6 104.2
Grapes 98.8 51.6 106.3 101.1
Japanese pears 49.2 t 115.8 t
Nectarines 88.0 83.4 118.5 80.8
Peaches 86.8 76.6 94.2 68.0
Japanese apricots 87.3 t 95.8 t
Prunes 79.6 53.6 102.2 83.4
Blackberries 68.7 59.6 83.7 87.8
Japanese plums 39.8 99.1 62.2 119.5
Japanese persimmons (8)
(Nonastringent) 70.2 t 95 ¢
Japanese persimmons (11)
(Nonastringent) 126.3 t 1263 t
Japanese persimmons (8)
(Astringent) 82.1 ¢ 66.0 t
Japanese persimmons (11)
(Astringent) 100.9 b 973 t

These remaining rate were elicited from a followimg equation in each experiment (c.f. Tablel);

(heat treatment value) / (raw fruits value)
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Fig.3 The comparison of the chromatograms of the

high performance liquid

chromatograhy of the anthocyan extracted from various fruits before and after of

heat treatments.

The measurement condition was done under the condition for
being all equal to Fig.2. Heat treatment were as follows.
water, HI:Microwaveoven. Wavelength :530nm

I:Raw fruits, II:Boiling

Present study, water boiled Apples(11) experiment did not perform.
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Table5 The anthocyan contents of various raw fruits. (mg/100g fruit)

Anthocyan monoglycosides Anthocyan aglycones

Fruits (Harvest time) Total
I J L M OA TAG O R S T OG TAA
Apples (8) - - - - - t — 01 - — - 0.1 0.7
Apples (11D - 07 - - — 0.7 - - — — - - 1.7
Blueberries 5.2 237 210 25 298 822 46 1.1 08 01 49 114 1455
Grapes 25 - - - 44 69 16 - - 03 50 170 182
Japanese pears - - - - — - - - — - — - -
Nectarines 04 58 02 t t 6.0 - t - - - t 19.3
Peaches - 0.8 118 126 t 03 t t t 0.2 128
Japanese apricots - - - - - - - - = - - - -
Prunes - 40 166 — — 20.7 1.8 02 - - 0.1 21 289
Blackberries t 1633 — 0.7 05 1545 28 23 - t 21 68 161.2
Japanese plums 0.5 5.6 5.9 - 0.4 123 - 0.2 - - - 0.2 220

Japanese persimmons (8)
(Nonastringent)

Japanese persimmons (11)
(Nonastringent)

Japanese persimmons (8)
(Astringent)

Japanese persimmons (11)
(Astringent)

These values were obtained by the high-performance liquid chromatographic method by
measurement condition for showing in Fig.2, and showed all the mean value (n=3). Experiment
sample was explained in Table 1. Abbreviations shown in the table are as follows.

I: Cyanidin-3-O-galactoside J:Cyanidin-3-O-glucoside  chloride, L:Cyanidin-3-O-
rhamnoglucoside chloride, M : pelargonidin-3-glucoside chloride, OA : The anthocyan monoglycoside
except for I, J, L, M, TAG:The total of the anthocyan monoglycoside. O:Delphinidin chloride,
R :Cyanidin chloride, S:Pelargonidin chloride, T:Peonidin chloride, OG:The anthocyan aglycone
except for O, R, S, T, TAA:The total of the anthocyan aglycone, Total:The total of the
anthocyan.

chloride,
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Table6 The anthocyan contents of various fruits given in the boiling water
heat treatment. (mg/100g fruit)

Anthocyan monoglycosides

Anthocyan aglycones

Fruits (Harvest time) Total
I J L M OA TAG 6} R S T 0OG TAA
Apples (8) - - - - =t - 01 - - - 0l 98
Apples (11) - - - - - - - - - - - - -
Blueberries 40 171 123 1.7 21.0 56.1 3.0 0.7 0.5 t 3.2 7.5 996
Grapes 1.9 - - - 2.9 4.8 12 - - 0.3 3.2 4.7 94
Japanese pears - - - - - t - - - — = - -
Nectarines 0.2 35 01 -— - 3.6 - - - - - t 16.1
Peaches = 06 — - 9.1 9.7 t 0.1 t - - 0.1 9.8
Japanese apricots — - - — - - - — - — - - -
Prunes — 20 101 -~ 08 126 13 02 - - 0.1 14 155
Blackberries t 91.1 - 0.1 0.8 920 1.4 1.5 - t 1.2 41 96.1
Japanese plums 0.5 63 6.0 -— - 11.9 - 0.2 - - - 0.2 218
Japanese persimmons (8) _ _ _ _ _ _ _ _ _ _ _ _
(Nonastringent)
Japanese persimmons (11) _ B . _ _ _ _ _ _ _ _ .
(Nonastringent)
Japanese persimmons (8) - _ _ . _ _ _ _ _ _ _ _
(Astringent)
Japanese persimmons (11) _ _ _ _ _ _ _ _ _ _ _ _
(Astringent)
Experiment sample and measurement condition were explained in Tableb.
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Table7 The anthocyan contents of various fruits given using the microwaveoven
heat treatment. (mg/100g fruit)

Anthocyan monoglycosides

Anthocyan aglycones

Fruits (Harvest time) Total
I J L M OA TAG O R S T OG TAA
Apples (8) - - - - - t - 01 - - - 0.1 05
Apples (11) - 02 - — - 0.2 - — — - — t 1.9
Blueberries 63 263 206 24 310 866 41 09 07 01 41 98 1516
Grapes 3.0 5.2 8.2 1.6 04 5.2 7.1 184
Japanese pears - - - - - - - - - — - - -
Nectarines 02 47 01 — - 5.0 - - t - - t 15.6
Peaches - 08 - - 7.7 85 t 01 t - - 01 87
Japanese apricots - - - - — - - - - — - - -
Prunes - 35 167 -— - 20.2 1.8 02 - - 01 21 241
Blackberries 25 1321 — 04 08 1359 23 22 0 11 5.7 1415
Japanese plums 0.7 7.5 84 - — 16.6 - 0.2 - t - 0.2 263
Japanese persimmons(8) _ _ _ _ _ _ _ _ _ _ _ _
(Nonastringent)
Japanese persimmons (11) _ _ . _ _ _ _ _ _ _ _ _
(Nonastringent)
Japanese persimmons (8) _ _ _ _ B _ _ _ . _ _ _
(Astringent)
Japanese persimmons (11) _ _ _ _ _ _ _ _ B _ _ _
(Astringent)
Experiment sample and measurement condition were explained in Table5 .
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Fig.4 The comparison of the chromatograms of the high performance liquid
chromatograhy of the polyphenol extracted from various fruits before and after
heat treatments. The measurement condition was done under the condition for

being all equal to Fig.2.

1:Raw Fruits, I:Boiling water, Il:Microwaveoven. Wavelength:280nm
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Table8 The content of main polyphenol chemical compound except for the
anthocyan of various fresh raw fruits. (mg/100g fruit)

Polyphenol contents

Fruits (Harvest time)

B C D E F G H K N P Q U
Apples (8) - 0.1 - - - 45 - 175 — 88 01 — -
Apples (11) - - - - - - - - - - - - -
Blueberries - 1.3 - - = 21 - 18.1 02 493 - - —
Grapes - 0.2 - - — 19.2 02 - - 27.1 0.8 0.1 -
Japanese pears - 1510 -— - — 16 - 0.7 - - 01 - -
Nectarines - 151 - - - 08 - - - - 01 - -
Peaches - 192 - - 0.1 14 - 2.7 — 05 - - -
Japanese apricots - 0.7 - - - 0.7 07 04 - 1.8 0.1 01 -
Prunes - 490 01 -~ - 13.2 0.2 05 - 363 - 01 -
Blackberries - 3.7 — - 02 30 103 02 - - - - -
Japanese plums - 158 — - 0.1 1.3 03 11 - 0.3 02 - -
Japanese persimmons (8) 605.4
(Nonastringent)
Japanese persimmons (11) L9
(Nonastringent)
J apanifzsggr:érg;r?)ons [€)) 1061.8
Japanese persimmons (11) 179.9

(Astringent)

These values were obtained by the high-performance liquid chromatographic method by

measurement condition for showing in Fig.3. Experiment sample was explained in Tablel.

Abbreviations shown

in the table are as follows.

A:gallic acid, B:potocatechuic acid,

C:potocatechualdehyde, D:p-hydroxybenzoic acid, E: methylgallate, F: caffeic acid), G :epicatechin,

H:chlorogenic acid, K:propylgallate, N:rutin, P:coumaric acid, Q:Ferulic acid (4-hydroxy-3-

methoxy-cinnamic acid), U:flavone.
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