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An Investigation of the Generation of Hydrogen Peroxide from Foods

Fumio MIYAMOTO, Kiyoko NAKANISHI, Hiroyuki HASHIMOTO, Takeshi HONGO and Toshiyasu ISHII

Summary

Hydrogen peroxide in infusions prepared from 16 kinds of food and 20 kinds of related substance under 6 conditions was determined in order to investigate

the differences of amounts of generated hydrogen peroxide. Hydrogen peroxide contents in infusions prepared from 3 kinds food, i.e., roasted coffee bean, black

tea leaf and oolong tea leaf, and from 9 kinds related substance, i.e., chlorogenic acid, roasted chlorogenic acid, caffeic acid, roasted caffeic acid, gallic acid,

roasted gallic acid, D (+) catechin, roasted D (+) catechin and roasted ascorbic acid were much larger than those from other foods and other related substances.

Eight in 9 related substances described above are polyphenols which are mainly contained in roasted coffee bean, black tea leaf and oolong tea leaf. Therefore, it

is considered that these polyphenols are deeply related to the hydrogen peroxide generating in infusions prepared from roasted coffee bean, black tea leaf and

oolong tea leaf.

Hydrogen peroxide in infusions prepared from 16 kinds of food and 20 kinds of related substance were determined during the standing for 2hrs under 2

conditions. The differences between hydrogen peroxide contents in infusions under 2 conditions indicates generated hydrogen peroxide by autoxidation such as

photooxidation, air oxidation, etc. Amounts of generated hydrogen peroxide by autoxidation in infusions prepared from 6 kinds food, i.e., roasted coffee bean,

black tea leaf, oolong tea leaf, roasted barley, dried shiitake mushroom and caramel sauce, and from 5 kinds related substance, i.e., roasted caffeic acid, roasted

gallic acid, roasted D (+) catechin, roasted sucrose and roasted ascorbic acid were larger than those from other foods and other related substances.
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Fig. 1. Extraction apparatus for hydrogen peroxide

1, flow meter; 2, silicone tubing, Smm id; 3, amber test
tube, 25mm id X 180 mm; 4, ice-water bath; 5, magnetic
stirring bar, 6 mm id X 20 mm; 6, magnetic stirrer.
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Table 1. Hydrogen Peroxide Contents in Used Foods

Sample Hydrogen peroxide
(ng/g)
Roasted coffee bean 1 ND
Roasted coffee bean 2 0.88
Black tea leaf 1 ND
Black tea leaf 2 ND
Oolong tea leaf 1 ND
Oolong tea leaf 2 ND
Cocoa powder 1 ND
Cocoa powder 2 ND
Roasted barley 1 ND
Roasted barley 2 ND
Dried shiitake mushroom 1 ND
Dried shiitake mushroom 2 ND
Black sesame seed 1 ND
Black sesame seed 2 ND
White sesame seed 1 ND
White sesame seed 2 ND
Dried hijiki 1 ND
Dried hijiki 2 ND
Dried wakame 1 ND
Dried wakame 2 ND
Toasted laver 1 ND
Toasted laver 2 ND
Dried kombu 1 ND
Dried kombu 2 ND
Boiled and dried sardine 1 ND
Boiled and dried sardine 2 ND
Instant noodle 1 ND
Instant noodle 2 ND
Vegetable oil 1 1.37
Vegetable oil 2 1.41
Caramel sauce 1 ND
Caramel sauce 2 ND

ND: not detected (below detection limits of 0.4 pg/g for
dried food and 0.1 pg/g for other food ).
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Table 2. Hydrogen Peroxide Contents in Used Related

Substances
Sample Hydrogen peroxide
(ng/g)
Chlorogenic acid ND
Roasted chlorogenic acid * ND
Caffeic acid ND
Roasted caffeic acid * ND
Gallic acid ND
Roasted gallic acid * ND
D (+) Catechin ND
Roasted D (+) catechin * ND
Glucose ND
Roasted glucose ° ND
Sucrose ND
Roasted sucrose " ND
Ascorbic acid ND
Roasted ascorbic acid ° ND
Methyl linoleate ND
UV irradiation methyl
Linoleate ° 166
Methyl linolenate ND
UV  irradiation methyl
Linolenate ¢ 095
Chlorophyll oil ND
UV irradiation chlorophyll
ND

oil ©

ND: not detected (below detection limits of 0.4-5 pg/g
).

* Roasting for lhr at 180°C. b Roasting for 3hrs at
180°C. ¢ UV irradiation for 5-20 hrs at 254 nm

wavelength.
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Table 3. Hydrogen Peroxide Contents in Infusions Prepared from Foods

Hydrogen Peroxide content (pg) in infusion obtained from 1g of food

Sample I® me m? I°° Ime® m°®
Roasted coffee bean 1 32 127 206 26 541 623
Roasted coffee bean 2 32 110 193 25 448 589
Black tea leaf 1 22 81 630 37 446 473
Black tea leaf 2 15 56 487 26 359 408
Oolong tea leaf 1 13 40 560 15 358 508
Oolong tea leaf 2 14 36 436 16 327 380
Cocoa powder 1 3.6 12.4 16.4 3.7 56.9 66
Cocoa powder 2 4.0 20.4 17.3 4.1 56.6 50.8
Roasted barley 1 1.7 12.6 19.8 5.3 30.8 37.5
Roasted barley 2 4.0 16.1 31.2 5.7 25.7 42.2
Dried shiitake mushroom 1 1.7 11.1 23.2 4.8 85.3 106
Dried shiitake mushroom 2 2.0 5.2 13.1 4.4 64.2 61.7
Black sesame seed 1 1.7 13.1 43.2 3.5 69.5 81.9
Black sesame seed 2 1.3 3.9 23.6 2.2 37.4 53.8
White sesame seed 1 1.4 4.1 10.1 4.6 41.8 34.5
White sesame seed 2 1.3 1.5 3.3 6.2 35.9 77.7
Dried hijiki 1 1.7 4.9 13.7 5.0 68.1 84.5
Dried hijiki 2 1.4 2.1 9.7 3.1 99.7 97.8
Dried wakame 1 1.8 1.6 2.6 4.6 40.1 41
Dried wakame 2 3.9 5.4 8.8 2.8 63.7 71.9
Toasted laver 1 3.0 6.5 17.4 3.7 52 26.9
Toasted laver 2 5.9 5.5 10.1 5.8 26.2 38.3
Dried kombu 1 1.7 1.0 1.8 6.8 445 30.7
Dried kombu 2 1.6 0.9 1.4 4.9 14.4 8.7
Boiled and dried sardine 1 1.5 1.3 2.8 3.1 3.9 3.1
Boiled and dried sardine 2 0.8 0.2 0.3 3.9 4.2 3.4
Instant noodle 1 2.9 11.7 21.7 2.9 5.5 10.7
Instant noodle 2 0.8 0.9 1.3 1.7 2.8 7.7
Vegetable oil 1 2.1 2.0 2.4 2.8 2.1 2.2
Vegetable oil 2 2.0 1.5 1.5 3.0 1.5 2.0
Caramel sauce 1 4.7 30.1 31.5 5.4 37.6 30
Caramel sauce 2 4.1 10.5 8.9 7.1 23.4 19.8

* Infusion I , II , Il were prepared by use of 20ml of 0.05 mol/L citric acid solution (pH2), 0.2 mol/L phosphate

buffer solution (pH7), 0.05 mol/L sodium borate solution (pH9), respectively, under the condition of shaking for

3min at the room temperature.

® Infusion I >, 11 *, I were prepared by use of 20ml of 0.05 mol/L citric acid solution (pH2), 0.2 mol/L phosphate

buffer solution (pH7), 0.05 mol/L sodium borate solution (pH9), respectively, under the condition of shaking for

3min at the room temperature, followed by heating in boiling water for 10 min and cooling in water for 30min.
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Table 4. Hydrogen Peroxide Contents in Infusions Prepared from Related Substances

Hydrogen Peroxide content (ug) in infusion obtained from 1g of related

substance

Sample I® me m* I°° Im°® Im °°
Chlorogenic acid 10 10 10 10 1210 1110
Roasted chlorogenic acid © 12 78 66 18 830 1256
Caffeic acid 10 12 10 10 1256 1314
Roasted caffeic acid © 136 1392 518 188 5690 2036
Gallic acid 10 36 88 14 1844 1746
Roasted gallic acid ° 10 22 86 18 1668 1360
D(+)Catechin 22 48 32 14 912 590
Roasted D (+) catechin ° 44 204 142 52 1288 472
Glucose ND ND ND 0.2 0.5 3.0
Roasted glucose ¢ 3.1 13.4 7.2 5.9 12.4 8.8
Sucrose ND ND ND 0.2 0.9 0.8
Roasted sucrose ¢ 10.3 31.7 18.5 10.9 52.5 45.4
Ascorbic acid ND ND 74 715 10 74
Roasted ascorbic acid ¢ 30.5 98.5 166 326 2030 3590
Methyl linoleate 1.0 1.2 1.1 4.3 3.3 3.4
UV irradiation methyl linoleate ° 5.3 5.9 4.9 10.4 7.7 10.1
Methyl linolenate 1.3 1.0 1.2 6.5 4.8 15.2
UV irradiation methyl linolenate ° 7.3 8.4 4.8 17 10.6 116
Chlorophyll oil 68 31.6 20.2 63 23.8 8.2
UV irradiation chlorophyll oil © 64.8 30.4 14.8 70 28.4 7.6

ND: not detected (below detection limit of 0.1 pg).
 Infusion I , 1,00, ® Infusion I *, 11 °,II’: see table 3.

® Roasting for 1hr at 180°C. ¢ Roasting for 3hrs at 180°C. ® UV irradiation for 5-20 hrs at 254 nm wavelength.
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pH7>pH9 OEM BSBIZE S, oo BBk 4y & 13 2
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2 8 N7z, Nakayama & '© (377 % U EE (U U
R (pHT.0)) & 37~82°C T 8 4y RIf1FE L. LN
EHRT DI HO0, EREGEMTHZ L, £
80C T 8 WM B L 45C T 60 ZyRIRTF L. {RTFHE
MNEL 22D H0, ERENEMT 52 & %
WA LTS, £72 Akagawa & ' (Z 4D T = /
— AL AR (Vv W% E KR (pHT7.4) BT 5
37C. 48 WEMIMRAFFEBR T, 6 RRH E TIL 4 i 2T
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IO LT HyO, A ERIRFIZAMBEZ o TN D
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L7-BEME X, BGOHE & RARICHEAKMINR -
KEBIEICB W T H0, DERN DM E LR - T
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FloTWkldThsd EHIINS,

4. BHOBHEORFIZL S HO, EHBEDE
BEICY UERERE R (pH7) ZMA CHEXT T
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Wi % B < 15 FE O A& 5 DR HIR T H,0, &I
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5.83ug/mL TH o7, T HITERIRES OF M,
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BAERLTWEZ ERRINT,

RAESRM B TIIAE, v—nr &, aa 7 ik,
EHR., FTLLWET, BZDF, A9 ALY —2D 7
FOREMORHBIK T HO, DAERPED LLZR, 2
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PRTF S A TS TSR T Hy0, DR il &
QA
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A D X, a— b —mHE O H,0, T EXER T
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Tl BEOEFELEFTHRICEIVAERMEESND Z
LELHREL TS, £7-. Akagawa 6 DIz —¢t
—. KL, R ORMIK (Y v BEEIR(EHT.4) %
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AN ERERTHH EINIZE2HEL VD, BH
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ENPRKREVEEYEITIREN = — —f, EIHEe T
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@ H,0, £ E 1T 0.02~0.51 ug/mL TH 0 fRAFEME A
IZHARTHE T, H0, DAERKIIH S TWnwi,



TIRERMEFESR 5 59 % 2010 4

Table 5. Changes in Hydrogen Peroxide Contents in Infusions Prepared from Foods during Standing under 2

Conditions
Hydrogen Peroxide (pg/ mL)
Standing
Sample cndition Before standing After 1hr standing After 2hrs standing
A? 0.17 1.63 1.98
Roasted coffee bean b
B 0.17 0.16 0.17
A 0.11 3.93 5.96
Black tea leaf
B 0.11 0.12 0.13
A 0.04 2.52 3.12
Oolong tea leaf
B 0.04 0.05 0.05
A 0.01 0.27 0.48
Cocoa powder
B 0.01 0.02 0.02
A 0.07 0.84 1.20
Roasted barley
B 0.07 0.07 0.08
. .. A 0.04 0.63 1.13
Dried shiitake mushroom
B 0.04 0.06 0.07
A 0.07 0.42 0.58
Black sesame seed
B 0.07 0.07 0.08
) A 0.02 0.26 0.40
White sesame seed
B 0.02 0.02 0.02
. e A 0.02 0.40 0.52
Dried hijiki
B 0.02 0.01 0.01
A 0.04 0.56 0.91
Dried wakame
B 0.04 0.03 0.04
A 0.02 0.50 0.62
Toasted laver
B 0.02 0.02 0.02
. A 0.01 0.12 0.17
Dried kombu
B 0.01 ND ND
A 0.04 0.53 0.87
Boiled and dried sardine
B 0.04 0.03 0.03
A 0.02 0.15 0.24
Instant noodle
B 0.02 0.02 0.02
) A 0.19 0.19 0.13
Vegetable oil
B 0.19 0.17 0.17
A 0.14 2.01 2.81
Caramel sauce
B 0.14 0.23 0.23

ND: not detected (below detection limit of 0.01 pg/ mL).

* A: standing under UV irradiation at 254 nm wavelength, standing at room temperature (20°C), without nitrogen

gas bubbling.

® B : standing under light shielding, cooling in ice-water (1°C), bubbling with nitrogen gas.

A SN [/ ==V | N - TR Rl N 3
BETEE, BHEDGH) AT X250 TIRBREFESRMS
A, B oftlz, Bk, #Y - BiR - KB LO
. BROWEN - kv - EFBEBX R LOEMLETT
HPE LA, 2 BHRAFEER O 2 O H0, &8I
TS A (RN - IR - EFEBR L) >
W - B - BERBEBR R LOEME > - kil - =

FBR R LOFRME>RESRMSE B (B - kv - BH
BR) O AERLTEY, 2 —b —8D T LA,
v—arAOEAELRFICE, BE, EROL 2N
H,0, DAKICEE L TWE b EEZLNT-,

5 W @FET7T AL UBKERIET, KIEKEOR
THRFEBIOERE (0C, 5C. 16C) ® H,0, 4
M~DEE ARG L, WHEBRRZEIID RV,
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Table 6. Changes in Hydrogen Peroxide Contents in Infusions Prepared from Related Substances during Standing

under 2 Conditions

Hydrogen Peroxide (pg/ mL)

Standing
Sample Condition Before standing After 1hr standing After 2hrs standing
o A® ND ND ND
Chlorogenic acid b
B ND ND ND
) . A 0.02 0.25 0.40
Roasted chlorogenic acid ¢
B 0.02 0.02 0.02
. ) A ND 0.01 0.02
Caffeic acid
B ND ND ND
o A 0.10 6.93 11.2
Roasted caffeic acid ©
B 0.10 0.36 0.61
. ) A ND 0.32 0.86
Gallic acid
B ND ND ND
Roasted gallic acid ° A 0.01 0.88 1.57
B 0.01 0.01 0.01
. A 0.03 0.07 0.10
D(+)Catechin
B 0.03 0.03 0.03
) A 0.08 0.89 2.17
Roasted D (+) catechin ©
B 0.08 0.20 0.31
A ND 0.01 0.01
Glucose
B ND ND ND
d A 0.11 0.68 1.10
Roasted glucose
B 0.11 0.13 0.15
A ND ND 0.01
Sucrose
B ND ND ND
d A 0.21 1.26 1.98
Roasted sucrose
B 0.21 0.21 0.25
o A ND 0.01 0.04
Ascorbic acid
B ND ND ND
. i A 0.11 2.84 3.24
Roasted ascorbic acid
B 0.11 0.16 0.22
. A ND 0.02 0.03
Methyl linoleate
B ND ND ND
UV irradiation A 0.04 0.05 0.11
methyl linoleate ° B 0.04 0.04 0.04
. A ND 0.02 0.04
Methyl linolenate
B ND ND ND
UV irradiation A 0.11 0.18 0.38
methyl linolenate ° B 0.11 0.13 0.13
. A ND 0.03 0.04
Chlorophyll oil
B ND ND ND
UV irradiation A ND 0.05 0.05
chlorophyll oil B ND ND ND

ND: not detected (below detection limit of 0.01 pg/ mL).
* A, "B: see table 5. ° Roasting for 1hr at 180°C. ¢ Roasting for 3hrs at 180°C. ° UV irradiation for 5-20 hrs at 254

nm wavelength.
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