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ABSTRACT
ABSTRACT The broccoli (Brassica oleracea L var italica Plenck) was used as materials and sampled as four groups, including fresh,
precooked (5001 , 10 min), cooked (boiling, 8 min), and precooked-cooked, to investigate the effect of cooking treatment on the
textural change of broccoli. These four samples were extracted using methanol, and the antioxidative properties of extracts,
including reducing power, ferrous ion chelating power, a ,a -diphenyl-B -picrylhydrazyl (DPPH) radical scavenging activity, and
inhibitory effect on lipid peroxidation were measured and compared with those of alpha-tocopherol and butylated hydroxyanisole
(BHA). Data showed that the relative peak force of the tissue after boiling for 8 min was 51% of fresh tissue; the relative peak force of
the tissue after precooking at 5000 for 10 min was 172% of fresh tissue; the relative peak force of the tissue after precooking plus
cooking was 119% of fresh tissue, which was much higher than that of directly cooked. This result revealed that the cooked tissue
with precooking was soften slower than that without precooking, that is, the tissue with precooking could show higher resistance to
soften during cooking. In the results of reducing power, the extracts from precooked, cooked, and precooked+cooked broccoli had
high reducing power, which was higher than those of alpha-tocopherol and BHA when the ratio of sample weight/solvent volume
was at 8 mg/g, and was 1.5~1.7 times as high as those of alpha-tocopherol and BHA when the ratio of sample weight/solvent
volume was at 20 mg/g. The reducing power of the extract from fresh broccoli was close to those of alpha-tocopherol and BHA. In
the results of ferrous ion chelating power, the extracts of these four samples showed high ferrous ion chelating power. The extracts
from fresh and precooked broccoli had the highest ferrous ion chelating power, a value of 90.5% when the ratio of sample
weight/solvent volume was at 2 mg/g. alpha-Tocopherol and BHA showed no ferrous ion chelating power. In the results of DPPH
radical scavenging activity, the extracts of these four samples also showed high values of activity, which were 96.801 97.30 98.6 and
97.9% when the ratio of sample weight/solvent volume was at 20 mg/g. and were close to alpha-tocopherol and BHA. In the results
of inhibitory effect on lipid peroxidation, the extract from direct cooked broccoli had the highest inhibitory effect among these four
samples, however, which was only 0.4 times as high as those of alpha-tocopherol and BHA. The inhibitory activity of the extracts
from fresh and precooked-cooked broccoli was 0.2 times as high as those of alpha-tocopherol and BHA. The extract from precooked
broccoli had no inhibitory effect. In the results of heat stability of antioxidative properties, the extract from direct cooked broccoli
showed the highest heat stability of antioxidative properties from 30 to 600 , which was 0.7 times as high as those of
alpha-tocopherol and BHA at 5000 . In the pH stability, it showed that the pH stability of antioxidative properties was dependent
upon the cooking treatment. At pH 3, the extract from precooked+cooked broccoli had high stability, which was 0.8 times as high as
that of BHA and 0.85 times as high as that of alpha-tocopherol. At pH 5, these four samples showed equivalent stability; at pH 7 and
9, the extract from cooked broccoli had the highest antioxidative activity. In the analysis of components of the broccoli after different
cooking treatment, data showed that the direct cooked broccoli had the highest content in all components; carotenoids content was
0.07 mg/g, which was 1.1~2.3 times as high as those of fresh, precooked, and precooked+cooked broccoli; flavonoids content was
4.39 mg/g, which was 1.1~1.9 times as high as those of fresh, precooked, and precooked+cooked broccoli; ascorbic acid content was
3.11 mg/g, which was 1.4~2.7 times as high as those of fresh, precooked, and precooked-cooked broccoli; polyphenols content was
14.77 mg/qg, which was 1.3~2.9 times as high as those of fresh, precooked, and precooked+cooked broccoli. From above results, it
revealed that direct cooked broccoli had high contents of carotenoids, flavonoids, ascorbic acid and polyphenols, and so that had
high values of reducing power, ferrous ion chelating power, DPPH radical scavenging activity, and inhibitory activity on lipid
peroxidation, and showed high stability of antioxidative properties. Therefore, appropriate cooking treatment could assist the
releasing of antioxidative components from broccoli tissue, and increase its antioxidative activity. Key word: Broccoli, Texture,
Antioxidative, Reducing power, Ferrous ion chelating power, DPPH radical scavenging activity.

Keywords : Broccoli ; Texture ; Antioxidative ; Reducing power ; Ferrous ion chelating power ; DPPH radical scavenging activity
Table of Contents
00000000 00000000000 oodoooDOoooDooooooo..moogdoodooooooo

OOO0OD0 e vlOOOOoOooOOooOooOOouooooboboooooboooboo.wiboooooo
goooboobooobOoboUoooobOooxbooobooboooobobooOobDOobooboo .. Ob.xibObOOoDbo



0000000000 0b0oU0bO0DO0b0ooxiiiOoboooobO0obOoooO0obOobooOooDOobDoOooOOoD.xvDO
ooobooboobobobooboooboobobobob..Ai0o0ooboobobobobooboobooboboo
go.40000000000O0O00DOO0O0ODO0ODODDOOD..400D000DODODODOODO0ODOODDODO
OO0.60000000000DO e e000b00O0bOOobOoboOoOobOoobOoboo
O.... goobooobobboboooboobooboooDoo ..o boobUooboonoobo O
N 0 e O A Y
goooobooboooooboooooobo.ooo.Booboboooobobooobooboooo.0bob 4000
gboooobobooooobooooooboobaasbbobOoooobOobbOOobOOobOobObOD. 10D OOO
obooobooboooooboboooooasbobbOOobOOobOOob0oO0bO0ObbOOobODOoDbOobObObOAsOOODOOO
gbooobgooboboboboobasggbooobobooboobooboboooboboassobooboobobo
gboooboobobbobobo.20bd0bgoooboboobooboobobboobbouoboobooobobo
gooooodoooo..x400d0j0ooo0doooo0ooooooooog.3s00dao,a -diphenyl-

B -picrylhydrazylD DPPHO OO O0O0O0OOO0OOO0OOOOOOO. 00003 0000000000D00O0-000000.
go... 60 0bOobooboo.oobooboboo.ooboob.37oDoobooboobOobboOoboOoDbo
gbooobosl3rgbooooboobooobooboobobooboobouboboboboobooboobobo
gooobgol30boooboobooboboooboobooboboo4bo bobbobooobOoobOon
gooobooboboobo.yssoboobooboboobooboobobDoo.oobo/y0bo b0 0210000
gbooobooboboboboobooboosb22000b00oboobooboooboooboobOoob.iro2s
BHAOBHTOPGO TBHQU U DD OOOODOOUODOOD20024000E0DO00DODODODODOODOODOOO
0.2702500000000000O000DO00DO0ODDOODO..29026000000000DbD0O0OD0OODODO
goodobo.31g27y000db0o0oooo0obooooobooboooboOoo0o.3x3031gpooooooooog,(@o
goooo,po000 0000000000 0DbO0O0OO00O0bOOo0OOO0D.400410000000000DOOO
ooooboobobob booobo0ob0obobobooobooboboboboo.48b420000b000DbOODOO
000000000000 DO00D00DO0000D00DbO00DO0DO00D0D00.4904300000((B0~700) 00O
coooooge~-eoC 0 ODDOOUOODOOOODODOOOsOOOOODOOOs/ID440000000DOOO
ooogboooooogoobo.s8g4sipooooooobooooboobooooboooo opooboboooDoDo
oooobooboooooboo.ssd4ebobooboobooooobobbooopPPHOD O DOOODODOOO
oooooooooooboo.s7rd470boooobooooooboooobobooooo e ooon
gboobgoobobbooboo.eog48sbbgnooonbooboooooboooboobobooooboobon
gbooobooboboboboob.e3t4obbbobooboobooboobcuboob oboobobo
gboooboobobboboobde7rdiogbooboobooboobooboobobboob 0obdpHODO
gooobgoobooboboob.booedbobobt21b0o0oboobobooboobooboboboo.og.ar
02200000000000FDADOOOOOOOOOO DO0OOODOOODOOODOODODDODbDOODO.24
02300000000000000Db0O0bObObOObDO.2sb41000000000O00D0OO0OODODOODOODO
OO0 Oo00oOopoOoboosoooooogeoonmibdbo0 o0ob0ob0b00obO0obDOo0obo0obDOobboOooOoDO..e6
0420000000000 0O0O00DOO0O0DOODODODOOO0ODODODODODOODOODODODbOODDOObOOn.TS

REFERENCES

[00D0O0]0000 1000020000 000000000000000032090:48-520 2.00000000198700000000
gbooboooooboobobobobobooboonLbobobobboobooboobOobOobobboOoDulabD4bi233-2410 3.000

g0 00000000D0O0DO00O00O00DO0DO0bO0bO0O00O00O0O0ObO0 400001990 00000000A0 pp.68-70
gboooooos 0ooobooboobobobestoogboobooboboooboooooooobobiabs-40i95-1000 6. 000
gboooosoobodbobooboooonooboobobss4e v.oogpozo0bobooocobooboobobobooon
gbooboooooboobobos.boboboboboooobobobobobz2o0uiobob0obobbobbOoboobLoDOg
O00bo0001e0340:79-860 9.0 000000019800 000000O0O0O00O0O0O0O0O300120:17-240 100000000
o170 0000000000000 0O0000DOO000DDO0O0OODO3s060:661-6700 11. 00001980 00000000000
O000000000025030:268-2800 12. 0000199000 0000000000000000O48020:164-1770 13.000
goobooooobozeooDODOODOOOOODODODOODDOOOOOOOODOOOODOOOS38O50:377-3870 14. 000 019960
goobooooooooobbooobo0oooobobooooboooos.0booobog22ngobbooooooooooooo
O00b00o0o0oobooOoosebi1gd43-510 6. 00000000880 00O OD00DOOO0D0DO0ODOO00OoO0oooDbOOOoDO

026030:273-2860 17.000000000000O19970 0000000000 00DO0O0O0OODOO0O0ODOO0O0O0O 24:2950 18.0
oo ooboobobobobooooobooboboboboboboboooobobo.0boobooboooboobosnooon



0000000000000 000000000000D037010:105-1160 200 0000000199700 00000000000
O0000000000000000000035:540-5510 21. 00001986000 000000000000 0OODOOO0ODODOO
O0000000000000000000 22.000020000000000000000032000:40-470 23.0000000
019860000 000000000000000000000LO000000000000000000000?24040:421-4290
24. AOAC. (1980) “ Official methods of analysis of the Association of Official Analytical Chemists,” 13th edited by Association of Official
Analytical Chemists, pp.738-739. Washington, DC. 25. Arouma, O. I. (1994) Nutrition and health aspects of free radicals and antioxidants. Food
Chem. Toxic. 32(7): 671-683. 26. Azizah, A. H., Nin Ruslawati, N. M. and Swee Tee, T. (1999) Extraction and characterization of antioxidant
from cocoa by-products. Food Chem. 64: 199-202. 27. Bartolome, L. G. and Hoff, J. E. (1972) Firming of potatoes: Biochemical effects of
precooking. J. Agric. Food Chem. 20: 266-270. 28. Beadle, B. W., Greenwood, D. A. and Kraybill, H. R. (1943) Stability of thiamine to heat. I.
Effect of pH and buffer salts in aqueous solutions. J. Biol. Chem. 149: 339-347. 29. Bender, A. W. (1966) Nutritional effects of food processing. J.
Food Technol. 1: 261-289. 30. Blosi, M. S. (1958) Antioxidant determination by the use of a stable free radical. Nature. 26: 1199-1200. 31.
Bonorden, W. R. and Pariza, M. W. (1994) Antioxidant nutrients and protection from free radicals, In: Nutr. Toxicol, Kostsonis FN, Mackey M
and Hijelle J. ed. Raven press. New York. pp.19-48. 32. Branen, A. L. (1975) Toxicology and biochemistry of BHA and BHT. J. Am. Oil Chem.
Soc. 52: 59-65. 33. Briges, A. B., Scott, N. A., Pringle, T. H., McNeill, G. P. B. and Elch, J. J. (1992) Relationship between the extent of coronary
artery disease and indicators of free radical activity. Clin. Cardiol. 15: 169-174. 34. Chang, C. Y., Tsai, Y. R. and Chang, W. H. (1993) Models for
the interactions between pectin molecules and other cell-wall constituents in vegetable tissues. Food Chem. 48: 145-157. 35. Chang, C. Y., Tsai, Y.
R. and Chang, W. H. (1995) Relationships between textural changes and the changes in linkages of pectic substances of sweet pepper during
cooking processes, and the applicability of the models of interactions between pectin molecules. Food Chem. 53: 409-416. 36. Chen, T. S. and
George, W. L. (1981) A research note. Ascorbic acid retention in retort pouched green beans. J. Food Sci. 46: 642-643. 37. Chen, C. W. and Ho,
C. T. (1995) Antioxidant properties of polyphenols extracted from green and black teas. J. Food Lipids 2: 35. 38. Christel, Q. D., Bernard, G.,
Jacques, V., Thierry, D., Claude, B., Michel, L., Micheline, C., Jean-Cluade, C., Francois, B., Francis, T. (2000) Phenolic compounds and
antioxidant activities of buckwheat (Fagopyrum esculentum Moench) hulls and flour. J. Ethnopharmacology. 72: 35-42. 39. Clinton, S. (1998)
Lycopene: Chemistry, biology and implication for human health and disease. Nutr. Rev. 56: 35-51. 40. Decker, E. A. and Welch, B. (1990) Role of
ferritin as a lipid oxidation catalyst in muscle food. J. Agric. Food Chem. 38: 674-677. 41. Duh, P. D., Yeh, D. B. and Yen, G.C. (1992) Extraction
and identification of antioxidative component from peanut hulls. J. Am. Oil Chem. Soc. 69: 814. 42. Duthic, G. G. (1993) Lipid peroxidation. Eur.
J. Clin. Nutr. 47: 759-764. 43. Dzlezak, J. D. (1986) Antioxidant: the ultimate answer to oxidation. Food Technol. 40(9): 94-102. 44. Freed, M.
(1966) L-ascorbic acid. In“ Methods of Vitamin Assay,” 3rd. Edited by the Association of Vitamin Chemists, pp.287-344. Inc., Interscience
Publishers, New York. 45. Giese, B. (1996) Antioxidant: tools for preventing lipid oxidation. Food Technol. 50(11): 73-81. 46. Gordon, M. H.
(1990) The mechanism of antioxidant action in vitro. Chapter 1, in Food Antioxidants, B. J. F. Hundson(Ed.), pp.1-18. Elsevier Applied Science,
London and New York. 47. Guo, J. T., Lee, H. L., Chiang, S. H., Lin, F. | and Chang, C. Y. (2001) Antioxidant properties of the extracts from
different parts of broccoli in Taiwan. J. Food and Drug Analysis 9(2): 96-101. 48. Ito, N., Fukushima, S. and Tsuda, h. (1985) Carcinogenicity and
modification of the carcinogenic response by BHA, BHT, and other antioxidants. CRC Crit. Rev. Toxicol. 15: 109-150. 49. lzutsu, T. and Wani,
K. (1985) Food texture and taste: A review. J. Texture stud. 16: 1. 50. Jacob, R. A. (1994) Nutrition, health and antioxidants. INFORM. 5:
1271-1275. 51. Kelloff, G. F., Boone, C. W., Steele, V. E., Fay, J. R., Lubet, R. A., Crowell, J. A. and Sigman, C. C. (1994) Mechanistic
consideration in chemopreventive drug development. J. Cell. Biochem. Suppl. 20: 1-24. 52. Klein, B. P. and Perry, A. K. (1982) Ascorbic acid and
vitamin A activity in selected vegetables from different geographical areas of the united states. J. Food Sci. 47: 941-945. 53. Kurilich, A. C., Tsau,
G. J,, Brown, A., Howard, L., Klein, B. P., Jeffery, E. H., Kushad, M., Wallig, M. A. and Juvik, J. A. (1999) Carotene, tocopherol, and ascorbate
contents in subspecies of brassica oleracea. J. Agric. Food Chem. 47: 1576-1581. 54. Lee, C. Y., Bourne, M. C. and Van Buren, J. P. (1979) Effect
of blanching treatments on the firmness of carrots. J. Food Sci. 44: 615-616. 55. Lee, Y. C., Kirk, J. R., Bedford, C. L. and Heldman, D. R. (1977)
Kinetics and computer simulation of ascorbic acid stability of tomato juice as functions of temperature, pH and metal catalyst. J. Food Sci. 42:
640-648. 56. Lin, R. R. and Rae, V. N. M. (1982) Sensory, physical and chemical properties of canned peaches. J. Food Sci. 47: 317. 57. Loh, J.
and Breeve, W. M. (1982) Between-species differences in fracturability loss: Comparison of the thermal behavior of pectic and cell wall substances
in potato and Chinese waterchestnut. J. Texture Stud. 13: 381. 58. Loh, J., Breeve, W. M. and Davis, E. A. (1982) Between-species differences in
fracturability loss: Microscopic and chemical comparison of potato and Chinese waterchestnut. J. Texture stud. 13: 325. 59. Machlin, L. J. and
Bendich, A. (1987) Free radical tissue damage: Protective role of antioxidant nutrients. FASEB J. 1: 441-445. 60. McFeeters, R. F., Fleming, H. P.
and Thompson, R. L. (1985) Pectinesterase activity, pectin methylation, and texture change during storage of blanched cucumber slices. J. Food
Sci. 50; 201-204, 219. 61. Meyer, L. H. (1976) Vegetables and fruits. In” Food Chemistry” . 2nd ed. pp.128. The AVI Publishing Co., Inc.
Westport, CN. 62. Michnovicz, J. J. and Bradlow, H. L. (1991) Altered estrogen metabolism and excretion in humans following consumption of
indole-3-carbinol. Nutr. and Cancer 16: 59-66. 63. Narwar, W. W. (1996) Lipids. In “ Food chemistry” Edited by Frennema, O. R. Marcel
Dekker, Inc., New York. pp.225-319. 64. Nestel, P. J. (1995) The role of antioxidants in preventing coronary disease. Suppl. Food Aust. 47: 28-29.
65. Oyaizu, M. (1986) Studies on products of browning reaction: Antioxidative activities of products of browning reaction prepared from
glucosamine. Jpn. J. Nutr. 44: 307. 66. Reeve, R. M. (1972) Pectin and starch in preheating firming and final texture of potato products. J. Agric.
Food Chem. 20: 1282. 67. Rosental, 1. (1985) Photooxidation of foods. In “ singlet oxygen.” Edited by Frimer, A. A. Vol. 4, pp.145. CRC Press,



Boca Raton, Fla. 68. Shahidi, F. and Wanasundara, P. K. J. P. D. (1992) Phenolic antioxidants. Crit. Rev. Food Sci. Nutr. 32: 67-103. 69. Sherwin.
E. R. (1990) Antioxidants. In A. L. Branen, P. M. Davidson and S. Salminen, Food antioxidants. New York: Marcel Dekker Inc. 70. Shimada, K.,
Fujikawa, K., Yahara, K. and Nakamura, T. (1992) Antioxidative properties of xanthan on the autoxidation of soybean oil in cyclodextrin
emulsion. J. Agric. Food Chem. 40: 945-948. 71. Singleton, V. L., Rossi, J. A. J. r. (1965) Colorimetry of total phenolics with
phosphomolybdic-phosphotung stic acid reagents. Am. J. Enol. Vitic. 16: 144-153. 72. Slominski, B. A. and Campbell, L. D. (1989) Formation of
indole glucosinolate breakdown products in autolyzed, steamed and cooked Brassica vegetables. J. Agric. Food Chem. 37: 1297-1302. 73. Thomas,
M. J. (1995) The role of free radicals and antioxidant: how do we know that they are working. Crit. Rev. Food sci. Nutr. 35(1?): 21-39. 74.
Wanasundara. U. N. and Shahidi, F. (1998) Antioxidant and pro-oxidant activity of green tea extracts in marine oils. Food Chem. 63: 335-342. 75.
Yagi, K. (1987) Lipid peroxides and human disease. Chem. Phys. Lipids 45: 337-314. 76. Yen, G. C. and Chen, H. Y. (1995) Antioxidant activity
of various tea extracts in relation to their antimutagenicity. J. Agric. Food Chem. 43: 27. 77. Yen, G. C. and Duh, P. D. (1993) Antioxidative
properties of methanolic extracts from Peanut Hulls. J. Am. Oil Chem. Soc. 70: 383-386. 78. Yen, G. C. and Hsieh, P. P. (1995) Antioxidative
activity and scavenging effects on active oxygen of xylose lysine maillard reaction products. J. Sci. Food Agric. 67: 415.



