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Department of Animal Science, National Taiwan University, Taipei, Taiwan, Republic of China, and
Institute of BioAgricultural Sciences, Academia Sinica, Taipei, Taiwan, Republic of China

This study was aimed at evaluating the antimutagenic and antioxidant properties of milk—kefir and
soymilk—kefir. Such antimutagenic activity was determined by means of the Salmonella mutagenicity
assay, whereas the antioxidant properties of kefir were evaluated by assessing the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical-scavenging activity, lipid peroxidation inhibition activity, ferrous ion
chelating ability, reducing power, and antioxidative enzyme activity. Both milk—kefir and soymilk—
kefir demonstrated significantly greater antimutagenic activity than milk and soymilk. Milk—kefir and
soymilk—Kkefir also displayed significantly greater scavenging activity upon DPPH radicals, an inhibition
effect upon linoleic acid peroxidation, and more substantial reducing power but displayed a reduced
glutathione peroxidase activity than was the case for milk and soymilk. Milk and soymilk fermented
by kefir grains did not alter the ferrous ion chelating ability and superoxide dismutase activity of the
original materials. These findings have demonstrated that milk—kefir and soymilk—kefir possess
significant antimutagenic and antioxidant activity and suggest that milk—kefir and soymilk—kefir may
be considered among the more promising food components in terms of preventing mutagenic and
oxidative damage.

KEYWORDS: Antimutagenicity; antioxidant; kefir; soymilk; reducing power; scavenging effect; chelating
effect; antioxidant enzyme

INTRODUCTION Mutagens and carcinogens in food are of great concern to

. L . .. _human health. There is often a high degree of correlation
Several reactive oxygen species, including the superoxide oy yeerin ,itro mutagenicity andn vivo carcinogenicity €).

rad!cal, hydroxyl radical, hydro_gen_ peroxide, and the peroxide Many of these mutagens act on the cell via its active metabolites
radical, are known to cause oxidative damage not only to food by generating free radicals; therefore, the use of certain

systems but also to living systems. Accumulating evidence ,nvimtagens dietarily may contribute to the body's capability

sugg.e.sts. that reactive oxygen species and their .sul.).sequerkt)f preventing or inhibiting the development of human cancer
modification of cellular macromolecules play a significant 4 genetic disease®)(

pathological role in human diseases such as cancer, atheroscle- .
Soybeans are an excellent source of low-cost protein and have

rosis, hypertension, and arthritis, (2). Although the human been an important nutritional component in the typical diets of
body has an inherently antioxidative system (i.e., superoxide PC P yPICe
many countries for many generations. Many nutritional and

dismutase, glutathione peroxidase, and uric acid) to protect itself edical investigations have revealed the great potential of soy

from damage caused by peroxidants, these systems are no : L
sufficiently effective to totally prevent such dama@ Hence oods for_lowerlng blood cholesterol levels anql the |nC|qunce
! of heart disease and canc8r9). Soybeans contain many kinds

there is an increasing interest in finding natural antioxidants of polvphenols. the main bolvohenols including isoflavone
from food, because it is believed that they can protect the human polyp ’ amn_polypher ncluding S
analogues, such as daidzin, genistin, daidzein, and genistein.

body from the attack of free radicals and retard the progress OfGenistein, which has been found to be a potent inhibitor of DNA

many chronic diseases, as well as retarding the lipid oxidative : . . :
y o S topoisomerases and also protein tyrosine kinases and other
rancidity in foods 4). Antioxidants from natural sources are i . L S .
critical enzymes involved in signal transduction is believed to

likely to be more desirable than those chemically produced, . . . L A

. S demonstrate anticarcinogenic activiyd(11). Further, genistein

because some synthetic antioxidants have been reported to be L L . . .

carcinogenic §) also exhibits ant|OX|da_nt pr_oper_tles by preventing the_ hemolysis

) of red blood cells by dialuric acid or hydrogen peroxide and by

protecting microsomal lipid peroxidation induced by a ferrous
*To whom correspondence should be addressed. Telephone: 886-2-jon—ADP complex (2, 13). Furthermore, dietary genistein

27336312 Fax: 886-2:27324070. E-mail: jerryliu@seed.net.tw. enhances the activities of antioxidant enzymes in various organs
* National Taiwan University. of mice (14). Itis interesting to note that fermented foods from
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soybeans (such as tempeh, miso, and natto) do not lose their%/volume) and propagated in steriliz_ed (171 for 15 min)_reconsti-
antioxidative properties as a consequence of the fermentationtuted milk (10 wt %/volume) or soymilk at 20C for 20 h with 2 or 3
process but, in fact, exhibit increased antioxidative activify.(  times weekly transfers and kept at 4680 °C for short- or long-term
Fermented milk has been studied for possible beneficial Stol\r/l"’_‘ﬁ?(e' :?sfpectl\(/jelsy. I —Kefit Manufact Milk —efir and
physiological effects, such as antimutagenicity, immune- K —helir and Soymitk —ieetir Manutacture. Wilk —kelir an
potentiating activity, antitumor activity, and the prevention of S2YMikkefir were manufactured by sterilized (12C for 15 min)

) - : ) reconstituted milk (10 wt %/volume) and soymilk inoculated with 5%
pathogensi(6). Kefir is an acidic and mildly alcoholic fermented (w/v) kefir grains and incubated at 2C for 32 h, respectively. During

milk product that is believed to contain many functional e fermentation process, samples were takenyeSer and filtered
substances, and it has been postulated that the longevity ofihrough three layers of cheesecloth to remove the kefir grains. Samples
Bulgarian peasants is partially due to their frequent consumption were then treated with 6% lactic acid to a pH level of 4.6 and
of this fermented milk 16). Kefir differs from other milk centrifuged at 4°C and 17009 for 45 min to remove precipitated
products in that it is not the result of the metabolic activity of proteins. The resulting supernatants were then freeze-dried and stored
a single species of microflora, but it is the product of at—80°C. Prior to the antir_nutagenici_ty and antioxid_ant_properties
fermentation with a mixed group of microflora confined to a @ssay, the 10 mg/mL solutions of milk, soymilk, milkefir, and
matrix of discrete “kefir grains”, which are recovered after SOYMilk—kefir were prepared by dissolving the freeze-dried powder
fermentation 7). In the kefir grains, lactic acid bacteria and 'ntiSt.e”“zed’ q's.t'”id WateTrH ) icity of milk kefir and
yeasts are embedded in a slimy polysaccharide matrix named ntimutagenicity Assay. The antimutagenicity of milickefir an

. N .~ soymilk—kefir against different mutagensis in tf&lmonella typh-
kefiran, thought to be produced by the lactobacilli in the grain .\ rium strains TA98 were assessed using the standard mutagenic

(18). Various lactic acid bacteria and yeasts have been identified protocol described by Maron and AméS). For the plate incorporation

as being present in kefir grains, includibgctobacillus breris inhibition assay, 0.1 mL of a *011-h-old nutrient broth culture

L. heleticus L. kefir, Leuconostoc mesenteroigéduyvero- containing the tester strain, 0.1 mL of milk, soymilk, milkefir, or
myces lactiskK. marxianus andPichia fermentan§l9, 20). The soymilk—kefir sample (10 mg/mL), 5Q«g of MNNG or 10 ug of
microorganisms contained within the kefir grains produce lactic NQNO (both in 10QuL of DMSO), and S9 mix (50@L) when NQNO
acid, antibiotics, and several kinds of bactericides, such productswas used as a mutagen were added to 2 mL of molten top agar
inhibiting the proliferation of both degrading and pathogenic containing 0.05 mM biotin-histidine and dispersed onto minimal glucose
microorganisms in kefir milk 19). Furthermore, kefiran is ﬁ]gearr] plaées' nge pllatesdwere incubated afm;lor 48 h, aftez which
reported to poSsess some antitumor activag) umber of developed revertants was scored. As a control experiment,

both kefi d b b ficial to health 0.1 mL of distilled water was used instead of 0.1 mL of kefir and all
Because both kefir and soybeans are beneficial to healt » Westher procedures were the same as those described above. Antimu-

attempted to produce soymitiefir and subculture kefir grains  tagenicity was expressed as follows: inhibition (%)1 — (number

in soymilk in previous studie2@, 23). The microorganismsin  of revertants in the presence of the samplspontaneous revertants)/
kefir grains produce sufficient lactic acid and ethanol for this (number of revertants in the absence of the samplepontaneous
process; however, the quantity of polysaccharide produced isrevertants]x 100.

relatively small when grown in soymilk. The composition of Scavenging Effect of Kefirs upon 1,1-Diphenyl-2-picrylhydrazyl
the polysaccharide produced from soyrmilkefir grains is also (DPPH) Radicals. The effect of kefirs upon DPPH radicals was
different from that produced from the mitkefir grains. ~ estimated according to the method of Shimada et2). (The milk,
Furthermore, we demonstrated that orally administered soymilk ~ SOYmilk, milk=kefir, or soymill~kefir sample (0.8 mL, 10 mg/mL)
kefir not only inhibited tumor growth and induced the apoptotic was mixed with 0.2 mL of methanolic solution containing DPPH
form of tumor-cell lysis but also increased the total IgA levels radicals, resulting in a final concentration of the DPPH of 0.2 mM.

L ) . ) The mixture was shaken vigorously and left to stand for 30 min in the
in tissue extracts from the wall of the small intestine of mice 4 and the absorbance was than measured at 517 nm. The capability

(24). To the best of our knowledge, however, the antimutage- of the test material to scavenge DPPH radicals was calculated as (%)
nicity and antioxidant properties of soymitkefir have notbeen  =[1 — (absorbance of the sample at 517 nm)/(absorbance of the control
reported on previously. at 517 nm]x 100.

The aim of this study was to investigate the antimutagenic  Inhibition Effect of Kefirs upon Lipid Peroxidation. The anti-
and antioxidant properties of soymitkefir. The Salmonella oxidant activity of kefirs was determined by application of the linoleic
mutagenicity assay was used to determine the antimutagenicacid systemZ7). The linoleic acid emulsion was prepared by mixing
activity of soymilk—kefir, whereas reducing power, the scav- equal volumes of Ilno!elc aC|d,_ Tween 2_0, an_d phqsphate buffer (0.02
enging of radicals, the chelating of ferrous ions, and antioxi- ™ 8t PH 7.0). After this, the milk, soymilk, milkkefir, or soymilk—

f P . kefir sample (0.5 mL, 10 mg/mL) was mixed with 2.5 mL of linoleic
dative enzyme actlyltles were used to evaluate the ant|OX|dantaciol emulsion (0.002 M) and 2 mL of phosphate buffer (0.2 M at pH
properties of soymilkkefir.

7.0). The reaction mixture was incubated at’80in the dark, and the
degree of oxidation was measured according to the thiocyanate method
MATERIALS AND METHODS (Yen et al.), which involved the sequential addition of 4.7 mL of ethanol

Chemicals. A direct-acting mutagen N-methyl-N'-nitro-N-ni- (75%), 0.1 mL of ammonium thiocyanate (30%), 0.1 mL of sample
trosoguanidine (MNNG), and an indirect-acting mutagen, 4-nitroquino- solution, and 0.1 mL of ferrous chloride (20 mM) in HCI (3.5%). After
line-N'-oxide (NQNO), were purchased from Sigma Chemical Co. (St. the mixture had been stirred for a period of 3 min, the peroxide value
Louis, MO). A rat-liver S9 microsomal fraction induced by Aroclor was determined by reading the absorbance at 500 nm. The relative
1254 was purchased from ICN Biomedicals, Inc. (Costa Mesa, CA). inhibition of linoleic acid peroxidation was calculated as (%)]1 —

All other reagents used were of analytical grade. (absorbance of the sample at 500 nm)/(absorbance of the control at
Preparation of Soymilk. A total of 1 kg of dry, mature, whole 500 nm] x 100. A greater percentage figure indicates a greater level
soybeans was soaked 3 L of distilled water at 25°C for 24 h. The of antioxidant activity.

soak water was then decanted, and the beans were washed and then Chelating Effects of Kefirs upon Ferrous lons.The ferrous ion

ground h 6 L of boiling distilled water in a blender (Waring Division,  chelating ability of kefirs was determined according to the method of

Dynamics Corporation, New Hartford, CT). The resulting suspension Decker and Welch28). The milk, soymilk, milk—kefir, or soymilk—

was filtered through three layers of cheesecloth, autoclaved for 15 min kefir sample (5 mL, 10 mg/mL) was mixed with 0.1 mL of ferrous

at 121°C, and then stored at 4C until required. chloride (2 mM) and 0.2 mL of ferrozine (5 mM). The mixture was
Kefir Grains. Kefir grains were collected from households in  shaken and left to stand for 10 min at room temperature. The absorbance

northern Taiwan. In the laboratory, these were inoculated (5 wt of the resulting solution was measured at 562 nm. The relative capability
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of the kefir sample to chelate the ferrous iron was calculated as<(%)  Taple 1. Effect of Milk, Soymilk, Milk—Kefir, and Soymilk—Kefir upon
[1 — (absorbance of the sample at 562 nm)/(absorbance of the control\\NNG and NQNO Mutagenesis in the Ames Assay
at 562 nm]x 100. A greater percentage figure indicates a greater

chelating ability. number of his™ inhibition
Reducing Power of Kefirs. The reducing power of kefirs was sample? revertant colonies/plate rate (%)
de_termint_ed accordir_lg to the method of Oyai28)( The milk, soymi!k, N-Methyl-N'-nitro-N-nitrosoguanidine
milk—kefir, or soymilk—kefir sample (2.5 mL, 10 mg/mL) was mixed control 3732+ 4.8b
with an equal volume of sodium phosphate buffer (200 mM at pH 6.6) milk 329.0 + 3.0¢ 12.3+0.8¢
and potassium ferricyanide (1%). The mixture was incubated &€50 soymilk 3433+ 7.7¢ 83+21°¢
for a period of 20 min. After this, an equal volume of thrichloro acetic milk—kefir 149.7 £ 14.1¢ 62.0 +3.9°
acid (1%) was added to the mixture, which was then centrifuged at ~ soymilk—kefir 208.3£8.3 45.7+23
1400y for 10 min. The upper layer (5 mL) was mixed with 5 mL of 4-Nitroquinoline-N'-oxide
distilled water and 1 mL of ferric chloride (0.1%), and the absorbance control 690.0 + 11.4°
of the incident radiation by the solution was measured at a wavelength milk 605.3 + 6.5¢ 147+ 1.1
of 700 nm, with a greater value for the absorbance indicating a greater ~ soymilk 530.7£12.5¢ 217+2.2°
; milk—kefir 176.3 £ 23.5¢ 89.3 +4.1°
reducing power. X )
soymilk—kefir 294.0 +13.1f 68.8 +2.3¢

Superoxide Dismutase (SOD) Activity of Kefirs. The SOD
activities of milk—kefir and soymilk-kefir were determined according . - — - —
to the method of Granelli et al3). The milk, soymilk, milk-kefir, The concentration was 10 mg/mL. ° “Means in a column with different
or soymilk—kefir sample (0.1 mL, 10 mg/mL) was mixed with 3 mL  Superscripts are significantly different (p < 0.05).
of reaction solution containing Tris-HCI (50 mM at pH 8.5), cytochrome
¢ (24uM), xanthine (10Q«M), diethylentriaminpentaacetic acid (DTPA,  tation byL. helveticus and these authors further suggested that
1004M) and xanthine oxidase (33 milliunits). After the mix was held  the release of peptides is one possible contributing mechanism.
for 20 min at room temperature, the absorbance of the mixture was |, 4 previous study, we found that hebeticusisolated from
determined at 550 nm. The SOD activities of mikefir and soymilk- o graing possessed highly proteolytic activiti€g)( Thus,
kefir were calculated from the standard curve of purified bovine - .. -

we suggest that the antimutagenicity of milkefir maybe

erythrocyte SOD. A total of 1 unit of SOD activity was defined as the . . . . .
guantity of SOD required to cause a 20% inhibition of the cytochrome attributable, in part, to peptides released from milk proteins

¢ reduction activity of the tested sample using the described conditions. during fermentation.

Glutathione Peroxidase (GSHPx) Activity of Kefirs. The GSHPx Soybeans are a unique dietary source of isoflavone phy-
activit_y of kefir_s was measured using a couplt_ad enzymatic assay astoestrogens, such as daidzein and genistein. Miyazawa et al.
described by Lindmark-Mansson et 81). The milk, soymilk, milk- (40) reported that daidzein and genistein from soybean seeds

kefir, or soymilk-kefir sample (0.2 mL, 10 mg/mL) was mixed with \yere antimutagenic compounds with their activity directed
0.8 mL of reaction solution containing reduced glutathione (GSH, 0.63 against chemical mutagens. Park et al) (noted that the most
mM), tert-butylhydroperoxide (BHPx, 0.1 mM), glutathione reductase effective antimutagenic compound in Doenjang (Korean fer-

(GR, 5ug/mL), and NADPH (0.25 mM) in phosphate buffer (50 mM L . s
at pH 7.6). After incubation for a period of 5 min at 3T, the mented soypaste) was genistein, which was formed from genistin

absorbance of the test solution was measured at 340 nm. A total of 1during the fermentation in the soybeans. In our study, the
unit of GSHPx activity was defined as 1 nmol of NADPH oxidized ~antimutagenic activity of soymitkkefir proved to be signifi-
per minute. cantly greater than that of soymilk; however, in a previous study,

Statistical Analysis. All results were analyzed using the general we found that the fermentation process did not affect the
linear-model procedure available from the Statistical Analysis System concentration of genistein in soymilk significantig4). There-
software package version 8.32. Duncan’s multiple range tes8®) fore, we suggest that genistein was not the major antimutagenic
was used to detectdif.ferelnc.es between treatment means. Each eXpericompound in soymilkkefir. As stated above, milk-protein-
ment was conducted in triplicate. derived peptides have been reported to demonstrate some

antimutagenic activity38, 39). To the best of our knowledge,

RESULTS AND DISCUSSION from a thorough search of the literature, there would not appear

Antimutagenicity Assay. The number of revertant colonies 0 be available any published studies pertaining to research
and the percentage of inhibition of mitikefir and soymilk- conducted in the area of the antimutagenic activity of peptides
kefir against the mutagenicity induced BINNG or 'NQNO derived from soybean proteins. Clearly thus, it would appear
are shown inTable 1 Both milk—kefir and soymilk-kefir appropriate if future studies in this realm could focus upon the

displayed characteristic antimutagenic effects upon the mutage-antimutagenicity or other bioactivities of peptides derived from
nicity of MNNG or NQNO under the assay conditions of this SOybean proteins.
test. For both cases of direct- or indirect-acting mutagens, the Sreekumar and Hosond2) reported that polysaccharides

antimutagenic activities of mitkkefir and soymilk-kefir were produced byBifidobacterium longunrevealed high levels of
significantly greater than those of unfermented milk and antimutagenicity. Kefir differs from other milk products, in that
soymilk. it is fermented with a mixed microflora confined to a matrix of

Fermented milk products prepared with lactic acid bacteria discrete kefir grains. Within the kefir grains, lactic acid bacteria
are known to exhibit antimutagenicity toward a large spectrum and yeasts are embedded in a slimy polysaccharide matrix, called

of mutagens, such as MNNG, NQNO, and '&jimethyl-4- kefiran, which is the result of the microbial metabolism of milk
aminobiphenyl (DMAB) 84, 35). It has also been reported lactose {7, 18). The composition of the polysaccharide deriving
previously that milk proteins, such as caseinlactalbumin, from soymilk—kefir grains is different from that of the polysac-

and S-lactoglobulin, are able to bind mutagenic heterocyclic charide deriving from milk-kefir grains @3). To the best of
amines at high percentag@6( 37). Further, van Boekel et al.  our knowledge, information specific to the antimutagenic
(38) observed strong inhibitory activity by casein against NQNO properties of kefiran is lacking, however. Further investigation
and found that the anti-NQNO activity increased when casein is required to verify the antimutagenic properties of kefiran and
was hydrolyzed by pepsin. Matar et aB9f reported that the effect of polysaccharide composition upon the antimutagenic
antimutagenic compounds are produced in milk during fermen- properties of kefiran.
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100 and fermented soybean produ@g)( The increase in the DPPH
o | radical-scavenging activity of soymitkkefir as compared to
soymilk might be attributable to antioxidative compounds other
80 than genistein.
Nishino et al. 44) reported that heat treatment enhanced the
0 DPPH radical-scavenging activity of skim milk, with the activity
— 60 L being further increased by fermentation wlithctobacillus casei
S strain Shirota. These authors also suggested that casein hy-
E‘ 50 3 drolysate present in the fermented milk might be one of the
-52 w0l K factors enhancing radical-scavenging activity. Suetsuna et al.
) K3 (45) also demonstrated that some peptides deriving from the
B 30 | pepsinic hydrolysate of casein demonstrated DPPH radical-
z scavenging activities. In addition to milk protein-derived pep-
@ 20t tides, soybean protein-derived peptides have also been reported
ol to exhibit radical-scavenging activity. Chen et di6Yreported
that a total of 22 peptides that derived from proteolytic digests
0 : e of a soybean proteinj-conglycinin, exhibited some DPPH
MU 0 8 16 24 32 SU 0 8 16 24 32 radical-scavenging activity. In this study, we demonstrated that
Milk Soymilk the DPPH radical-scavenging activity of milkefir and soymilk-
Fermentation time (h) kefir was significantly greater than that of milk and soymilk,
Figure 1. Effect of fermentation time upon the DPPH radical-scavenging suggesting that this activity may be attributable, in part, to the
activity of milk and soymilk fermented by kefir grains. MU and SU represent peptides deriving from milk proteins and soybean proteins.
milk and soymilk uninoculated with kefir grains, respectively. Vertical bars Inhibition Effect of Kefirs upon Lipid Peroxidation. Lipid
represent the standard deviation for each data point. Locations marked peroxidation of mono- and polyunsaturated fatty acids during
by the same letter are not significantly different (n = 3, p < 0.05). food processing and storage is a major concern to the food
industry. In the human body, lipid peroxides are toxic and
Scavenging Effect of Kefirs upon DPPH RadicalsProton- capable of damaging most body cells. The process of lipid

radical scavenging has been reported to be an importantperoxidation is initiated by an attack upon a fatty acid or fatty
mechanism for antioxidation. The assay for assessment ofacyl side chain by any chemical species that features sufficient
proton-radical-scavenging activity with DPPH is relatively reactivity to abstract a hydrogen atom from a methylene carbon
simple and quite reproducible, with this compound having been in the side chain. The resulting lipid radicals then undergo
reported to be stoichiometrically decolorized by antioxidants. molecular rearrangement, followed by reacting with oxygen to
The reduction in the concentration of the DPPH is allowed to produce peroxyl radicals, which are capable of abstracting
monitor the decrease in its absorbance at a characteristichydrogen from adjacent fatty acid side chains and thus
wavelength when it encountered proton-radical scaveng@)s (  propagating a chain reaction of lipid peroxidatidj (Therefore,
Figure 1 depicts the DPPH radical-scavenging activity of milk ~ the inhibition of lipid peroxidation is of great importance to
kefir and soymilk-kefir. As revealed irFigure 1, unfermented the prevention of the deterioration of food quality to an inferior
soymilk demonstrated a greater DPPH radical-scavenging Status and the certain human disease processes involving free
activity than unfermented milk. Immediately following the radicals. As shown irigure 2, soymilk demonstrates a more
addition of kefir grains to the milk and soymilk, the DPPH substantial inhibitory effect upon linoleic acid peroxidation than
radical-scavenging activity appeared to have increased, indicat-does milk. After incubation for a period of 32 h, the inhibitory
ing that some components of the antioxidants contained in the effects of milk-kefir and soymilk-kefir upon linoleic acid
kefir grains were transferred to milk and soymilk. After the peroxidation were significantly greater than was the case for
incubation for 32 h, the DPPH radical-scavenging activities of milk and soymilk.
milk—kefir and soymilk-kefir were significantly greater than It has been previously reported that proteins deriving from
those of milk and soymilk. dairy products reveal some antioxidant potentiil)( Pena-
Soybeans are recognized as being a good source of severaRamos and Xiongq0) found that peptides deriving from milk
required food nutrients, including many kinds of polyphenols, protein hydrolysates inhibited lipid oxidation, suggesting that
with the main types being isoflavone analogues such as daidzin,the specific amino acid residue side-chain groups or the specific
daidzein, genistin, and genistein. The other polyphenols, suchpeptide structure of the antioxidative peptides may be attribut-
asa-, y-, andd-tocophenols, saponins, chlorogenic acid isomers, able to chelation of prooxidative metal ions and termination of
caffeic acid, and fenolic acid, are also contained. These the radical chain reactions. Not only milk protein-derived
polyphenols demonstrate the potential ability to scavenge free peptides but also soybean protein-derived peptides were reported
radicals related to oxygend%). Several workers have found that to contain antioxidant activity against peroxidation of lipids or
fermented soybean foods produced by using microorganismsfatty acids. Chen et al4@) reported that protease hydrolyses
do not lose their antioxidative properties after fermentation has of a soybean proteing-conglycinin, yielded antioxidative
occurred but, in fact, reveal increased antioxidative activtiy.( activity directed against the peroxidation of linoleic acid. Further,
During the process of soybean fermentation, at least a partialmore detailed subsequent studies have pointed to His and Pro
cleavage or change in the contained soybean glucosides take# the peptide sequence playing important roles in the antioxi-
place. Further, the level of genistein in the fermented soybeandative activity as demonstrated Byconglycinin-derived pep-
products has been observed to be greater than the correspondintides @9). Thus, we suggest that the peptides deriving from
value for unfermented soybearib), although we observed in  milk and soymilk proteins might contribute to the inhibitory
a previous study that the concentrations of genistein in soymilk effects of milk—kefir and soymilk-kefir upon lipid peroxida-
and soymilk-kefir did not differ significantly between natural  tion. It is interesting to note that fermented foods from soybean
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70 a Table 3. Reducing Power of Milk and Soymilk Fermented by Kefir
4 ke Grains?
b :
60 a . :
a c :ggg equivalent cysteine («M)
s b 553 fermentation time (h) milk soymilk
r L
553 55 uninoculated 508.9 +7.20 604.1+7.9°
_ 3355 K5 0 560.3 + 6.8° 638.9 + 7.5
& 40 :§: t??? 8 597.0 + 4.3¢ 698.6 + 2.6°
g e RS 16 611.3+9.4¢ 709.1+5.3¢
£ 53 ps 24 688.2+ 7.7 7498 +3.2
£ 07 3 s 32 753.4+9.79 790.3 +9.39
& e RS
2 S5 RS : : ——
g 20 5 e 2The concentration was 10 mg/mL. ® ~9Means in a column with different
3 S R superscripts are significantly different (p < 0.05)
S hrasete =
i 290 K _ ) ) ) _
10 £ S ions, e.g., lactoferrin, serum albumin, casein, and a high
8 (5 molecular-weight fraction of whey, all of which have been
bttt [oseseoh . . .
0 et s e reported to demonstrate some iron-chelating activity, 62)
MU 0 8 16 24 32 SU 0 8 16 24 32 ; ; o
] . In general, milk fractions containing a greater number of
Milk - Soymilk phosphoseryl serine groups reveal a greater affinity for iron,
Fermentation time (h) although the carboxyl group of the amino acids asparagine and
Figure 2. Effect of fermentation time upon the inhibition of linoleic acid glutamine can bind iron as welld{). To the best of our
peroxidation activity of milk and soymilk fermented by kefir grains. MU knowledge, only a few studies have previously focused on the
and SU represent milk and soymilk uninoculated with kefir grains, iron-chelating activity of soybeans. For example, Moran et al.
respectively. Vertical bars represent the standard deviation for each data (51) reported that phenolic compounds deriving from soybeans
point. Locations marked by the same letter are not significantly different were able to chelate ferrous ion into a safe, catalytically inactive
(n=3, p<0.05). form. Chen et al. 49) reported that His-containing peptides
_ N _ _ deriving from proteolytic digests of a soybean protein could
Table 2. Fer_rogs lons Chelating Ability of Milk and Soymilk Fermented act as a metal ion chelator. Yang et a@4) also noted that
by Kefir Grains fermented soybean broth proved to be a good source of chelators
chelating effect (%) for ferrous ions. Contrasting such results, however, we have
fermentaton time (1) -y sommik found herein that milk and soymilk fermented by kefir grains
: y did not demonstrate any apparent increased level of ferrous ion
g“'”ocu'ateo' gigfgg ﬁéfgi chelating ability as compared to natural milk and soymilk.
8 250+ 0.9 129407 Reducing Power of Kefirs.From our review of the literature,
16 55410 125407 some studies have reported_ th_a}t the_ re_ducing c_apacity qf a
24 258+0.8 127+09 compound may serve as a significant indicator of its potential
32 256+10 12907 antioxidant activity §5). Thus, it appears necessary to determine
: the reducing power of kefirs to elucidate the relationship
#The concentration was 10 mg/mL. between their antioxidant effect and their reducing poWehle

3 illustrates the reducing power of mitikefir and soymilk-
(i.e., tempeh, miso, natto, shoyu) do not lose their antioxidative kefir. The reducing power of both milk and soymilk was
properties but, in fact, show increased antioxidative activity. increased significantly by kefir fermentation. It has been reported
Several antioxidative substances, including 3-hydroxyanthranilic previously that some milk-derived proteins and peptides dem-
acid, 2,3-dihydroxybenzoic acid, 8-hydroxidaidzein, and 8-hy- onstrate some level of antioxidative activity6f. Wong and
droxygenistein, have been demonstrated to have been producetitts (47) found that the reducing activity of certain buttermilk

in fermented soybean product$5f. Whether soymilk-kefir solids was mainly attributed to the sulfhydryl content of the

contains other kinds of potent antioxidative isoflavones or not group and that free hydroxyl groups could have also contributed,

remains to be elucidated. in part, to the observed reducing activity. Further, it has also
Chelating Effects of Kefirs upon Ferrous lons.lIron, the been previously reported that some lactic acid bacteria may

most abundant transition-metal ion in our body, may work as a exhibit excellent reducing powebT). Yang et al. $4) observed
catalyst for the generation of reactive oxygen species in that fermented soybean broth exhibited rather high reducing
pathological conditions. The reduced form of iron potentiates activity, with these authors suggesting that the reducing activity
oxygen toxicity by converting, via the Fenton reaction, the less of fermented soybean broth might be due to its hydrogen-
reactive hydrogen peroxide to the more reactive oxygen speciesdonating ability. In the present study, we found that the reducing
the hydroxyl radical and the ferryl ion. Therefore, it is not power of milk—kefir and soymilk-kefir was significantly
surprising that iron overload has been shown to be associatedyreater than that of either milk or soymilk and suggest that
with carcinogenesis and cardiovascular disease. It has beertertain metabolites that demonstrate superior reducing power
assumed that the strict regulation of iron assimilation prevents might be produced during kefir fermentation and that they could
an excess of free intracellular iron, which leads to oxidative possibly react with free radicals to stabilize and terminate radical
stress 48). The ferrous ion chelating activities of mitikefir chain reactions.

and soymilk-kefir are depicted imMable 2. It can be seen that Antioxidative Enzyme Activity of Kefirs. Highly reactive

milk and soymilk fermented by kefir grains did not reveal a free radicals formed by exogenous chemicals or endogenous
significant increase in their ferrous ion chelating activity as metabolic processes in the human body or in food systems are
compared to their unfermented forms. Several researchers haveapable of oxidizing biomolecules, resulting in cell death and
investigated the ability of milk proteins to bind ferric or ferrous tissue damage. Almost all organisms are well-protected against
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Table 4. Specific Activities of SOD and GSHPx from Milk and Soymilk Fermented by Kefir Grains?

specific activities (units/mL)

milk soymilk
fermentation time (h) SOD GSHPx SOD GSHPx
uninoculated 519+0.11 10.68 + 0.48> 0.25 £ 0.06 3.14 +0.080
0 5.22 £0.06 10.56 +0.410 0.24 £0.08 3.16£0.11°
8 526 £0.11 9.43 £0.20¢ 0.22 +£0.06 2.86 +£0.09¢
16 5.24+£0.11 7.88+0.297 0.29 £0.02 2.57+0.23¢
24 522 +£0.12 6.49 + 0.40¢ 0.27 £0.08 2.19+0.19¢
32 5.23£0.08 6.15+0.12¢ 0.20 £0.08 1.91+0.13

aThe concentration was 10 mg/mL. ® ~Means in a column with different superscripts are significantly different (p < 0.05).

free-radical damage by antioxidative enzymes such as SOD,ABBREVIATIONS
catalase, peroxidase, ascorbate peroxidase, dehydroascorbate DPPH, 1,1-diphenyl-2-picrylhydrazyl: GR, glutathione redu-
reductase, monodehydroascorbate reductase, GSHPx, and GR, . . . ) ;

- S Catase; GSHPX, glutathione peroxidase; MNN&nethylN'-
Among a number of different antioxidative enzymes, catalase, _. : L . AN

. nitro-N-nitrosoguanidine; NQNO, 4-nitroquinoling-oxide;

GSHPx, and SOD have been demonstrated to be present in mllkSOD superoxide dismutase
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