DAIRY FOODS

Transit of Radical Scavenging Activity of Milk Products Prepared
by Maillard Reaction and Lactobacillus casei Strain Shirota
Fermentation through the Hamster Intestine

ABSTRACT

Oxidative stress in the colon is associated with the
incidence of colon cancer. In situ, the suppression of
oxidative stress in the colon would be an effective form
of prevention of the cancer. In this study we investi-
gated the transit of the radical scavenging activity of
milk products through the hamster intestinal tract.
Two types of skim milk products were prepared by Mail-
lard reaction and then lactic acid fermentation. Heat
treatment enhanced the radical scavenging activity for
2,2- diphenyl-1-picrylhydrazyl radical of skim milk. The
activity was further increased by fermentation with
Lactobacillus casei strain Shirota. Normal hamsters
were fed these milk products for 14 d. For potential
radical scavenging activity per unit dry weight of feces
and cecal content, the groups ranked in the order of
fermented product-fed hamsters > heated product-fed
hamsters > control hamsters, reflecting the order of
the potential of the corresponding diets. Approximately
12% of the activity of the heated and the fermented
product diets passed through the gastrointestinal tract.
These results suggest that some of the radical scaveng-
ing activity generated by food processing reached the
colon in nonabsorbable products.

(Key words: Maillard reaction, Lactobacillus casei
strain Shirota, radical scavenging activity, intestine)

Abbreviation key: DPPH = 2 2-diphenyl-1-picrylhy-
drazyl, FSM = MSM fermented by Lactobacillus casei
strain Shirota, MSM = skim milk treated by Maillard
reaction; MW = molecular weight, RS = radical scav-
enging.

INTRODUCTION

Epidemiological studies indicate that iron status is
involved in the pathogenesis of colon cancer (7, 16) and
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that intake of phytate-rich dietary fiber may prevent
the incidence of cancer (9, 29). Erhardt et al. (12) re-
ported that a dietary fiber-rich diet is associated with
the suppression of hydroxyl radical formation in human
feces, suggesting that the radicals contribute to an en-
hanced risk of colon cancer, which has a high mortality
rate. Azoxymethane-induced colon cancer in rats was
suppressed by phytic acid (22), which may indicate the
inhibition of iron-mediated hydroxyl radical formation.
Hydroxyl radicals may be generated in feces by the
Fenton reaction driven by fecal iron and a superoxide
radical that is produced by bacterial metabolism (3).
High intake and excess accumulation in tissue of iron
appear to influence colon carcinogenesis through hy-
droxyl radical production (19, 28).

Green vegetables, fruits, beans, and grains, which
are thought to prevent oxidative stress, contain two
types of antioxidative components; one is absorbable
(e.g., some vitamins such as ascorbate, tocopherols, and
carotenes and some polyphenols such as flavonoids and
catechins), and the other is nonabsorbable (e.g., phy-
tate). The former would mainly act in blood and tissues,
and the latter in the gastrointestinal tract.

Functions of foods could be evaluated not only by
inherent ingredients but also by secondary components
generated from food processing. Heating and fermenta-
tion are basic processing methods to make food materi-
als edible, to alter texture and flavor, and to sterilize
food, among other purposes. The Maillard reaction fre-
quently provides biofunctional characters (18) as well
as sensory values in foods. The antioxidative function of
Maillard reaction products is important for preventing
lipid peroxidation in food preservation (5). Nondialyz-
able melanoidins have scavenging activity for reactive
oxygen species such as hydroxyl radical and superoxide
radical (13). Dairy products obtained by lactic acid fer-
mentation improve lactose malabsorption and diarrhea
and suppress colon carcinogenesis (14).

There are fewer reports about the physiological ef-
fects of the additional components of processed foods
than for native ingredients. We have elucidated how
the components of dairy products affect the health of
the intestine. The aim of this study was to investi-
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gate the transit of the radical scavenging (RS) activity
of milk products in the intestinal tract.

MATERIALS AND METHODS
Chemicals

All chemicals used in this study were purchased from
Sigma-Aldrich Japan, Tokyo, Japan, unless otherwise
stated. Lactobacillus casei strain Shirota, Bacillus sub-
tillis M45 and B. subtillis H17 were obtained from the
Culture Collection Research Laboratory of the Yakult
Central Institute for Microbiological Research
(Tokyo, Japan).

Treatment of Skim Milk by the Maillard Reaction

Spray-dried skim milk (160 g, Snow Brand Milk Prod-
ucts Co., Tokyo, Japan) and a reducing sugar mixture
(67 g, glucose and fructose (31.5:35.5, wt/wt), Sanmatsu
Kogyo Co., Tokyo, Japan) were dissolved with distilled
water to 1 L. The solution was heated at 100°C. The
skim milk product after heating at 100°C for 90 min
was used as the medium (MSM: Maillard reaction skim
milk) for lactic acid fermentation.

Fermentation by Lactobacillus casei Strain Shirota

Lactobacillus casei strain Shirota (1 x 10° cells), a
popular starter for fermented milk products, was
seeded in MSM (1 L), and cultured at 37°C until a final
pH of 3.7. The fermented MSM (FSM) thus obtained
was cooled down at 4°C overnight. The liquid MSM and
FSM were mixed with pregelatinized corn starch (100
g/L), then lyophilized, powdered, and stored at —20°C,
avoiding moisture.

Diets and Animals

The composition of the experimental diets (control,
MSM and FSM diets) is shown in Table 1. The amount
(30.6%) of pregelatinized corn starch contained in the
powdered MSM and FSM was deducted from that in
the MSM and FSM diets, respectively, to standardize
the amount of starch among the diets. The protein, fat,
and other components (except for starch in the pow-
dered skim milk products) were replaced by casein, corn
oil, and sucrose in the control diet, respectively.

Eighteen male golden Syrian hamsters (Japan S.L.C.
Co., Shizuoka, Japan) were obtained at the age of 5 wk.
The hamsters were fed a commercial nonpurified solid
diet (MF diet, Oriental Yeast, Tokyo, Japan) for 2 d and
then the powdered MF diet for 5 d. After this adaptation
period, the hamsters were randomly divided into three
groups of six each of similar mean body weights. They

Journal of Dairy Science Vol. 83, No. 5, 2000

NISHINO ET AL.

Table 1. Composition of the experimental diets fed to hamsters.

Component Control diet MSM! diet FSM! diet
(g/kg)
Casein? 250.0 175.8 175.8
Corn oil® 100.0 98.5 98.5
Lard? 70.0 70.0 70.0
Cellulose* 50.0 50.0 50.0
Vitamin mixture® 10.0 10.0 10.0
Mineral mixture® 35.0 35.0 35.0
Choline bitartrate® 2.0 2.0 2.0
Pregelatinized corn starch’” 233.0 90.0 90.0
Sucrose® 250.0 25.7 25.7
Lyophilized MSM? 0.0 443.0 0.0
Lyophilized FSM!? 0.0 0.0 443.0

FSM = MSM fermented by L. casei strain Shirota; MSM = skim
milk treated by Maillard reaction.

2Acid casein (Murray Goulburn Co-Operative Co., Melbourne, Aus-
tralia).

3Purchased from Hayashi Chemicals Co., Tokyo, Japan.
“Cellulose powder D (Toyo Roshi Kaisha, Tokyo, Japan).

5AIN-76 formulation (2), purchased from Oriental Yeast Co., Tokyo,
Japan.

5Purchased from Wako Pure Chemical Industries, Osaka, Japan.
“a-Corn starch (Oriental Yeast Co., Tokyo, Japan).
8Powdered sugar (Tokukura Shokai Co. Ltd., Tokyo, Japan).

Water, 1.6%; protein, 16.4%; fat, 0.3%; ash, 3.5%; fiber, 0%; carbo-
hydrate, 78.2%. Contained 30.6% pregelatinized corn starch per dry
weight.

OWater, 3.6%; protein, 16.0%; fat, 0.3%; ash, 3.6%; fiber, 0%; carbo-
hydrate, 76.5%. Contained 30.6% pregelatinized corn starch per dry
weight.

were fed one of the above three diets for 14 d and allowed
free access to food and water. Food consumption and
body weight were recorded every 2 or 3 d and every
week, respectively. The hamsters were housed individ-
ually in stainless-steel wire-bottomed cages in a room
with controlled lighting (lights on 0830 to 2030 h), tem-
perature (24 + 2°C), and humidity (60 + 5%). The feces
collected from noon of the ninth day to noon of the 12th
day in the experimental period were lyophilized, milled,
and stored at —20°C until the measurement of RS activ-
ity. On the 14th day, the hamsters were anesthetized
with an intraperitoneal injection of sodium pentobarbi-
tal (Nembutal, Abbott Laboratories, Chicago, IL) at 25
mg/kg of body weight. Food was withheld for 4 h before
euthanasia. The cecal content was collected, lyophi-
lized, milled, and stored at —20°C until the measure-
ment of RS activity. The animals were maintained in
accordance with the guidelines of the Ethical Commit-
tee for Animal Experiments of Yakult Central Institute.

Measurement of Radical Scavenging Activity

Radical scavenging activity was measured by using
a stable free radical, 2,2-diphenyl-1-picrylhydrazyl
(DPPH, Tokyo Kasei Kogyo Co., Tokyo, Japan), which
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shows a strong absorption at 517 nm (deep violet color)
because of its odd electron (8). When DPPH radical
accepts an electron or a hydrogen radical, the absorp-
tion vanishes. The decolorization is stoichiometric for
the number of electrons accepted (8). We modified the
method of Takao et al. (26) as follows. Liquid samples
(the skim milk-sugar mixture, the heated mixtures, the
fermented mixture and the eluate from the Sephadex
column), as they were or as they were diluted with
distilled water, were used for the assay. Powdered sam-
ples (diet, feces, and cecal content) were suspended with
distilled water, and the suspensions were used as sam-
ples for the assay. Sample suspension (1.0 ml) was
mixed with 1.0 ml of DPPH solution (0.08 mg/ml of
ethanol), then the mixture was left standing at room
temperature for 30 min. Distilled water instead of sam-
ple suspension was used as the blank. Then 0.5 ml of
chloroform was added to each mixture and then imme-
diately mixed for collection of DPPH molecules. The
chloroform fraction was obtained by centrifugation and
diluted with three volumes of ethanol. Absorbance at
517 nm of the solution was measured. In some cases the
degrees of RS activity were expressed as decolorizing
degrees of the absorbance differences between blank
and sample suspension. To evaluate the transit of RS
activity, we estimated the RS activity of sample suspen-
sions as follows. The absorbance difference of sample
suspension was plotted against the log; of dilution rate
of the suspension. Thus the potential of the RS activity
of the suspension was calculated by the extrapolation
of the linear plot to the intercept at dilution rate = 1,
where 1 U of the RS activity was defined as an ab-
sorbance difference of 1.0. The specific RS activity was
defined as the RS activity per dry weight (mU/mg). The
total RS activity (U) was calculated from the specific
RS activity and the whole dry weight of the sample.

Digestibility of Dry Matter and Recovery
of Radical Scavenging Activity

The digestibility of dietary dry matter was calculated
as follows:

dry matter digestibility (%) = (1 — A + B) x 100,

where A and B are dry weight (g) of the feces excreted
and weight (g) of the food consumed for 3 d, respectively.

The recovery of dietary RS activity in feces was calcu-
lated as follows:

recovery of RS activity (%) = (C + D) x 100,

where C and D are the total RS activity (U) of the fecal
and the diet samples for 3 d, respectively.
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Table 2. Change in radical scavenging activity of skim milk-sugar
mixture during heating.

1

Color measurement values’ Radical scavenging

activity!?

Treatment of

samples L a b A517 nm
Untreated 92.4 -5.6 16.9 0.182
100°C, 30 min  77.8 4.1 18.3 0.235
100°C, 60 min  64.9 7.6 20.1 0.293
100°C, 90 min  58.2 8.9 20.6 0.331
100°C, 120 min 53.3 9.7 20.6 0.339

Walues are the means of triplicate measurements.

2Values are the absorbance differences at 517 nm between blank
and 100-fold diluted sample.

Evaluating the Maillard Reaction

The Maillard reaction was evaluated by tristimulus
color measurement using a color difference meter (NDJ-
1001 DP, Nihon Densyoku Kogyo Co., Tokyo, Japan).
Triplicate measurements of each sample were taken
and the mean values of L, a, and b were determined,
as described by Bates et al. (4).

Measurement of Mutagenicity

Because some mutagens are formed during cooking
(24, 30), we examined the mutagenicity of MSM by
using the rec assay on a plate (15) as follows. The plate
consisted of two layers: the lower layer was a solid
medium containing, 10 g (per liter) of Bacto Trypton
(Difco Lab., Detroit, MI), 5 g of Bacto Yeast Extract
(Difco), 5 g of sodium chloride and 12 g of agarose
(Difco), and the upper layer was a mixture of bacterial
spores [108 spores from Bacillus subtillis M45 (rec”) or
B. subtillis H17 (rec”) per ml] and the above medium
with a half content (6 g/L) of agarose, which was pre-
pared at 55°C. Aliquots (5 ul) of the skim milk products
shown in Table 2 were applied to a paper disc (6 mm
in diameter, for antibiotic assay, Advantec, Tokyo, Ja-
pan) on the plate. The plate was incubated for 24 h
at 37°C. Mutagenicity was judged by measuring the
inhibitory area of the growth of the rec™ strain, using
N-methyl-N'-nitro-N-nitrosoguanidine as a positive
mutagen.

Molecular Weight Distribution Pattern
of Radical Scavenging Activity

To know whether components with radical scaveng-
ing activity changed through the intestine, we mea-
sured to the molecular weight distribution pattern by
gel filtration. Aliquots (1 g) of diet and fecal samples
were suspended in 10 ml of 50 mmol of sodium-phos-
phate buffer/L (pH 7.0) and 15 ml of water, respectively,
and stirred at room temperature for 1 h. The suspension
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was centrifuged at 5000 x g for 5 min to remove precipi-
tate prior to gel filtration. The supernatants (0.4 ml) of
diet and fecal samples were applied to a Sephadex G-
25 cartridge column (PD-10, Pharmacia Biotech, Tokyo,
Japan) previously equilibrated with the above buffer
and water, respectively. To determine the molecular
weight (MW) distribution pattern of RS activity, we
measured the absorbance difference at 517 nm of each
fraction (1 ml) as described above. BSA (67,000 Da) and
L-Cys (121 Da) were eluted at fraction 3 and 8 on the
column, respectively.

Statistical Analysis

Values are expressed as the mean and SD, unless
otherwise stated. Means were compared using Visu-
alStat software (StatSoft Inc., Tulsa, OK), by variance
analysis and, subsequently, the honestly significant dif-
ference test of Tukey. In the case that the variance
was significantly different by the Bartlett test, after
logarithmic transformation to stabilize the variance,
the above comparison was made. For nonparametric
data, the Kruskal-Wallis test and nonparametric Tu-
key’s test were used (32). The difference was considered
to be significant when P was less than 0.05.

RESULTS

Effect of the Maillard Reaction on the Radical
Scavenging Activity and Mutagenicity
of Skim Milk Products

The mixtures of spray-dried skim milk and reducing
sugar were used for the Maillard reaction, because we
wanted dairy products with RS activity. The color mea-
surement values and the absorbance difference at 517
nm of the mixtures are shown in Table 2. Browning
of the mixture and the potential of RS activity were
increased as heating time was prolonged. Ninety min-
utes of heating time rendered the mixture brownish and
slightly aromatic, but not bitter. The mixture prepared
under this condition was used as the material (MSM)
for the below experiment in this study. With longer
heating, L values decreased (more darkish) and values
of a and b increased (more brownish), but RS activity
was virtually constant. None of the heated mixtures
inhibited the growth of the rec™ strain of B. subtillis,
indicating that they did not have mutagenicity. Because
Lactobacillus casei strain Shirota is not mutagenic (25)
and has the antimutagenicity for heterocyclic amines
(17), FSM that was the MSM fermented by this bacte-
rium was considered to be a safe MSM.
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Figure 1. Radical scavenging pattern for intact mixture of skim
milk and sugar, heat-treated skim milk product (MSM), and MSM
fermented by Lactobacillus casei strain Shirota (FSM). The radical
scavenging activity of each sample is shown as the absorbance differ-
ence at 517 nm of 2,2-diphenyl-1-picrylhydrazyl. Each value is ex-
pressed as the mean obtained from three separate samples.

Effect of Lactobacillus casei Strain Shirota
Fermentation on Radical Scavenging Activity

To determine the effect of fermentation on RS activ-
ity, we cultured L. casei strain Shirota in MSM. As
shown in Figure 1, the absorbance difference at 517 nm
of FSM was higher than that of MSM, indicating that
lactic acid fermentation was associated with an in-
crease in RS activity. The bacterium secreted 1-lactic
acid (290 mmol/L) as it grew, thus we investigated
whether the increase was due to this acid. Radical scav-
enging activity remained constant even when L- lactic
acid was added to MSM at the same concentration as
to FSM.

Transit of Radical Scavenging Activity
Through the Gastrointestinal Tract

To find the path of the RS activity of MSM and FSM
through the intestine, we examined the recovery of the
RS activity in feces following the oral feeding of MSM
or FSM. Prior to the feeding experiment, we checked
the effect of protein sources on RS activity. Lactose,
glucose, and fructose were mixed with casein to give
values equivalent to spray-dried milk. The casein and
skim milk mixtures had an equivalent RS activity, thus
we used the casein-based control diet as a standard
diet. MSM and FSM diets were prepared by replacing
casein, sucrose and slight corn oil in the control diet
with the powdered MSM and FSM, respectively. By
Sephadex G-25 column chromatography, MSM and
FSM diet samples were found to have a similar MW
distribution pattern with two sharp peaks at void and
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Figure 2. Molecular weight distribution on a Sephadex G-25 col-
umn of the radical scavenging activity in the control diet, the Maillard
reaction skim milk (MSM) diet containing heat-treated skim milk
product, and the FSM diet containing MSM fermented by Lactobacil-
lus casei strain Shirota. The radical scavenging activity of each frac-
tion (1 ml) is expressed as the absorbance difference at 517 nm of 2,2-
diphenyl-1-picrylhydrazyl. The sample for gel filtration was prepared
from an aliquot of the well-mixed experimental diet. BSA (67,000
Da) and 1-Cys (121 Da) were eluted in fraction 3 and 8, respectively.

later volumes (Figure 2), which resembled the figures
for the powdered MSM and FSM, respectively. Control
diet sample had a similar pattern to MSM and FSM
diet samples, but with less RS activity.

Body weight gain, food intake, food efficiency, and
liver weight were not significantly different among the
three diet groups (Table 3), but the body weight gain
of FSM hamsters showed a downward tendency. Table
4 shows the digestibility of diet dry matter and the
recovery of RS activity in feces. There was no significant
difference in the digestibility among the three diet
groups because of the similar amount of food intake
and fecal weight. Compared with the control diet group,
the MSM and FSM groups had higher total RS activi-
ties. In both MSM and FSM groups, approximately 12%
of dietary RS activity was recovered from feces. In cecal
content and feces, the specific RS activities of the FSM

Table 3. Body weight, food intake, food efficiency,
with radical scavenging activity.

919

and MSM groups were significantly higher than that
of the control group, and, furthermore, the specific RS
activity of the FSM group was slightly but significantly
high (P < 0.05 in cecal content and P < 0.001 in feces)
compared with that of the MSM group.

Figure 3 shows the MW distribution pattern of the RS
activity of fecal sample obtained from a representative
hamster for each diet. In fecal samples for MSM and
FSM, a broad peak of RS activity was drawn from void
(at the position eluting BSA) to later volumes (at the
position eluting L.-Cys). The fecal sample of the control
hamster had only a low level of the activity; the pattern
was similar to the MSM and FSM groups.

DISCUSSION

Maillard reaction products, such as mellanoidins, gly-
cated proteins, and glucose-glycine reaction products,
have antioxidative and radical scavenging activities
(13, 20, 31). Furthermore, these products can chelate
metal ions (27). However, it is unclear whether the
activity generated from food processing contributes to
the health of the body, particularly the gastrointestinal
tract. Thus we examined the transit of the RS activity
in milk products through gastrointestinal traffic as a
first step to investigating the physiological effect.

The assay for RS activity with DPPH was simple and
reproducible. This compound is known to be stoichio-
metrically decolorized by potent reducing substances
and antioxidants such as cysteine, glutathione, ascorbic
acid, and tocopherols (8). As shown in Table 2, the mix-
ture of skim milk and sugar acquired RS activity
through heating. Prolonging the heating time conferred
higher RS activity to the mixture up until 90 min, but
overheating brought about some disadvantages such as
a bitter taste and dark color. Because we investigated
the actual foodstuffs, the heating condition used in the
present study was selected on the basis of the criteria
of sensory satisfaction (nonbitter taste and aromatic
flavor) and safety (no mutagenicity). Lactic acid fermen-

and liver weight in hamsters fed skim milk products

Control diet MSM! diet FSM! diet
n==6 n==6 n==6

X SD X SD X SD
Initial body weight, g 90.0 4.2 89.5 3.4 90.0 4.8
Final body weight, g 115.1 7.4 114.6 9.7 111.6 5.5
Body weight gain, g/14 d 25.1 5.2 25.1 8.2 21.6 2.9
Food intake, g/d 7.1 0.7 7.2 1.1 6.8 0.5
Food efficiency® 0.25 0.03 0.24 0.05 0.23 0.02
Liver weight, g 5.58 0.74 6.26 0.75 5.94 0.6

FSM = MSM fermented by L. casei strain Shirota; MSM = skim milk treated by Maillard reaction.

2Body weight gain for 14 d/food intake for 14 d.

Journal of Dairy Science Vol. 83, No. 5, 2000
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Table 4. Radical scavenging activity in diet, cecal content, and feces and the recovery of the activity in
hamsters.

Control diet MSM! diet FSM diet
X SD X SO X SD
Food consumed, g of dry diet/3 d, n =6 20.5 2.7 19.7 3.2 19.3 2.9
Feces excreted, g of dry feces/3 d, n = 6 1.52 0.24 1.48 0.28 1.46 0.26
Dry matter recovery,? %, n = 6 7.39 0.66 7.49 0.56 7.65 1.69
Total RS activity of diet taken,® U, n = 6 102.5° 13.5 191.42 30.9 204.32 31.1
Total RS activity of feces,* U,n = 6 16.5" 2.2 22.62 4.3 23.72 4.5
Recovery of RS activity in feces,” %, n = 6 16.12 1.3 11.8° 0.9 11.8° 2.7
Specific RS activity of diet, mU/mg, n = 3 5.01¢ 0.25 9.72> 0.11 10.58% 0.39
Specific RS activity of cecal content, mU/mg, n = 6 19.9¢ 0.4 25.4> 0.6 26.6% 1.0
Specific RS activity of feces, mU/mg, n = 6 10.9¢ 0.4 15.3° 0.3 16.22 0.3

abeMeans within a row without common superscripts differ (P < 0.05, a > b > c).

IFSM = MSM fermented by L. casei strain Shirota; MSM = skim milk treated by Maillard reaction; RS
= radical scavenging activity.

%(Feces excreted for 3 d/food consumed for 3 d) x 100.

3Mean value of specific RS activity of each diet x food consumed for 3 d (mg).
4Specific RS activity of feces x feces excreted for 3 d (mg).

5(Total RS activity of feces/total RS activity of diet) x 100.

tation by L. casei strain Shirota raised the RS activity
of the MSM, but r-lactic acid as a major metabolite of
the bacterium did not enhance the activity. It is re-
ported that L. casei is a proteolytic (caseinolytic) species
(10, 21) and that the casein-derived peptides possess
antioxidative activity (23). Although casein hydroly-
sates in the FSM might be one of the factors enhancing
RS activity, it is unclear what increases the RS activity
during fermentation.

The total fecal RS activities of the MSM and FSM
groups were higher than that of the control group. This

0.6

0.5
£ FSM diet
=
= - --n
w04 ¢ e
s AN
8 ' MSM diet
2 s /
b 3 F :
=
8 .
s 02 . [}
=] ~
3 ’
3 B N
Z ‘
0.1 Control diet .
l ~
0 .
1 2 3 4 5 6 7 8 9 10 11 12

Iraction number (mL/tube)

Figure 3. Molecular weight distribution on a Sephadex G-25 col-
umn of the radical scavenging activity in feces obtained from a repre-
sentative hamster fed the control diet, the Maillard reaction skim
milk (MSM) diet, and the FSM diet containing MSM fermented by
Lactobacillus casei strain Shirota. The radical scavenging activity of
each fraction (1 ml) is expressed as the absorbance difference at 517
nm of 2,2-diphyenyl-1-picrylhydrazyl. BSA (67,000 Da) and »-Cys
(121 Da) were eluted in fraction 3 and 8, respectively.
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would reflect the potential of the activity in the corres-
ponding diet. Dietary RS activity partially disappeared
through the gastrointestinal tract, and some of the ac-
tivity was recovered in feces. Diet samples of the three
groups had a similar MW distribution pattern of RS
activity. This was also the case for fecal samples. Thus,
the RS activities of these diets would be the result of
digestion, decomposition, and absorption in a common
fashion. The small intestine has the main function in
digestion and absorption of the major components of
food such as proteins, fats and carbohydrates, whereas
the large intestine consisting of cecum, colon, and rec-
tum absorbs water, electrolytes, and short chain fatty
acids as bacterial metabolites (6). Assuming that the
large intestine affects the digestibility of dry matter
less than does the small intestine, the difference be-
tween the specific RS activities of cecal content and
feces would reflect the change in the activity itself
rather than the change in whole dry matter. Therefore,
in all groups the fecal specific RS activity was 40 to
45% lower than that of cecal sample, suggesting a loss
of the activity through the lower intestinal tract (from
cecum to rectum). Taking the low recovery of dietary
RS activity into consideration, a large part of the RS
activity of these diets would be expected to be lost
through the small intestine. These results reveal that
although in normal hamsters much of the RS activity
of the processed dairy products would be digested, ab-
sorbed and degraded in the small intestine, part of the
activity would arrive at the large intestine in a nonab-
sorbable product. Because free radicals in feces may be
associated with the incidence of colon cancer (11, 19,
22, 28), the RS activity of intestinal content or feces
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would be expected to suppress oxidative stress in the
colon as nonabsorbable antioxidants (3, 22).

Because the diet composition would be important to
an evaluation of the transit of RS activity, we prepared
diet samples taking care to avoid any changes in physi-
cal and chemical properties. For example, diets were
prepared under the same conditions, except for the ad-
dition of pregelatinized corn starch (usually called a-
corn starch in Japan). The starch was mixed with the
liquid MSM and FSM at low temperature and then
lyophilized to prepare the powdered MSM and FSM,
which were used as components of the MSM and FSM
diets, respectively. Because this starch was a processed
preparation without raw starch, the risk of changing
the physiology of the intestine would be negligible. In
fact, food efficiency and dry matter digestibility did not
differ among the three diet groups. This similarity indi-
cates that these diets have a similar nutritional value
in spite of the compositional difference in fat (corn oil
and perhaps milk fat in the MSM and FSM). However,
we have been worried about the body weight of the FSM
group and the vitamin content of the diets. Body weight
gain trended downward in the case of the FSM group.
This result might be explained by the somewhat low
intake of food for 14 d of feeding because of lactic acid
in the diet, but no evidence supports this. Although the
content of vitamins (with RS activity) in the diets was
based on the AIN 76 formulation (2), it is possible that
these components affected the absorption and the recov-
ery of the RS activity. Because the present data do not
clear up these concerns, further investigations need to
be conducted.

Oxidative stress is presumably involved in the patho-
genesis of inflammatory bowel disease such as ulcera-
tive colitis (1) and Crohn’s disease (11), as well as associ-
ated with the incidence of colon cancer. Our goal is
to clarify whether functional foods suppress oxidative
stress in the gastrointestinal tract. On the basis of the
transit of RS activity in FSM and MSM in the colon of
normal animals, we have begun to further examine
the antioxidative effects (including radical scavenging
activity) of food products under oxidative stress.

CONCLUSIONS

Maillard reaction and lactic acid fermentation con-
ferred RS activity to skim milk. Normal hamsters fed
MSM and FSM had the higher recovery of the RS activ-
ity from feces, compared with control ones. This indi-
cates that some of the RS activity generated by the
processing of skim milk can reach the colon in nonab-
sorbable form. Products with RS activity might contrib-
ute to protection of the gastrointestine from oxidative
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stress. Further study is needed to document the physio-
logical relevance of this study.
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