Breakfast cereal with balanced amounts of vitamins, minerals
and dietary fiber improves skin conditions of young females

Rumi Ide, Kikuji [toh, Kazuhiro Hirayama and Shimako Mutoh

BRIV XTIV ERYIBHEA NSV AL &L U T I
FAEA M ONUR BRI i 8228 % T4

iR - R E AR - IR - R E T
(BAS 7 (), SRR OREITOR, S T A R B IR

'KELLOGG (JAPAN) K.K. Tokyo Opera City Bldg. 3-20-2, Nishi-Shinjuku, Shinjuku-ku,
Tokyo 163-1436
‘Graduate School of Agricultural and Life Sciences, The University of Tokyo 1-1-1 Yayoi,
Bunkyo-ku, Tokyo 113-8657
YGraduate School of Nutrition, Kagawa Nutrition University, 3-9-21 Chivoda Sakado-shi,Saitama, 350-0288

F163-1436 B R HHTTE 3-20-2  HECA NS v o EOLS6HE
F113-3657 W REIC RIS 1-1-1
T 350-0288 By REE A H-F{CM 3-9-21

o

ﬂ%%wltf%?ﬁ&iﬁtn 7T A S O, kL 0T LG
LV R I SRS ENAG AL ELLOR, NESTELYT IO LS
BN E L LR Y B D, BRONE T, SRS T ILRERY A - L
W0, LR, B SRR R ORI BB RIF LA L ALORER L
VT @R O AR R OIS G L O A dt, B G - T,
F /5, MOBRFRG CIKEASEE s A LT AL B L H, 7o sHSY 0T
AAFEBTLLOLETHO, VH T - 357 0l A il B SRR
iz, SEINE, U TIORGOS, JREELILELR, QVEI Y 33T
WWAv/A.Qﬂ%mﬂmbhh@ﬁﬂmin&MWEm'#“_fﬁﬁﬁmfé

&, WIRERAOBEADH2L~BWOEHEIT- 0T, T REALE 2 0Ok
AR RE L ) Tl RN BUT T O,

QLR A IR, LR o bR L, SO, B S IR AD
NS AR R VT AR, B BB E D RS T E VU TR
I L, EERIENT 2R T 6 B S L, mYO z;U H;t EORLERBE DO
ﬁ%% L WSO T A0, BRSNS, Ry ) 7 bse

Ufwiﬁﬂb@wi)hhﬁtkg&maﬁmu,J/%H~wﬁi Bl o
f, FnDAO 2B, R T (B T, AL ST S
YUTH) A0 T, LS, BAEELHMO LE, #F BIC2 B8OV )T i s
Mgl g, FhE oo CO/oRREH R U 7 G 2 5 O RE LA, B
ﬁmzﬁwu,%ﬂ&b,ﬁﬁﬁﬁwﬁ%%ﬁm%bﬁmﬁﬁb@k,%”ﬁnmﬁ
S L, UTNEER LR DS L o T U — B E BT o T,
2 MR M L T RO D TH L, E, BMIL RIEIER, KD B

R SKICON-200), RS (o —F A—%—), &ﬁ%(ﬁﬁ%m%
Blde 7 A —a—), BEIAEERE (A5 0 A0 w000, s AFE, B

L BERPEGC KA WRRE, HORIRE - BT AT v — b é #’161)1‘5&!

(173 205




H ARG 28 Vol.16 No.3 (2005)

Wi EH 4y, [FIFAESEO23°C, 50% Room Humidity ¢ORERE M I TIS 7 HIEERE
TR L A, £, FH2EMOEEEE (U 7 EIRATIAH, bR, B
W8 14H ), FrsEceis, S| ariy 7 b [Basicd] TR LHEIL 7o

Tds, AEERE, LY U EREEE ST E 2 ORMEESFL, BEREITEERBRES
FHBLCRES O LTEEL /A,

FORE, ok T N—TF  PESTRU TN T L, R
L0, — H i m i e SRR A - 7o, COEORERIERED, &
g TS — T, REHE L ¥ 3B, By & BEEEASIEIIRERNC
THEICE VAR L, BRIV T NI L=, B AL YL L, VR
VA By By C, FATvw, EXIVE, REEHEY, N uakiya s
o R RSV L RO R B S EEI ML 2, Figl &2, FhENEEE
FEBORGBEOE AR L Tk, R0 TR, RN 2 - 481, K
SREAEZ TWAC EADM S, E70, Figd i, KEOBHGOEEER LA L
T, HEEETVLOO, RO )T IVEET, JSEIRNETHS LS 2 - 48, K
WM SRS 2 T A b b, Figda—~d 33060 70 IR L 2230040
PO O AFRTHL (FA L, EFOFERMCAERLFEOL 24 MMNO T L,
EELG O RS, RLoOBEEEOLSCESL TEET BT TEISCLRA,
o bW 5 Fo M IR L WERAE SRR, F A WCEE EED JEATE
B, Figdatd™ o o o 777 M, Figdb iU 7 ARG, Figdeid i 702
JARNERE, Figdd ik 0 7 U L 2 JEC, R 2 BRI O T /4,
T R L O TR - TR TV A,

PR D 7 M R L4 mMORMBE R L h, U Iy -

3R T A b

8T R sk ) T, I RBIEEO S SR ot OBILIKEE R gk S s,

A OB T b S R ) TV, NUREEOSGRICE S Lah o f, YU T
i3, BB RERREL BT AOIEE Ui, BHo b L508k, v

INTRODUCTION

Breakfast cereal is a generic term that means a
processed cereal food fortified with multiple nutrients.
There are many kinds of hrealfast cereals, some con-
taining well-balanced vitamins and minerals ag in the
case of brown rice cereal, and some heing enriched with
dietary fiber as in the case of wheat bran cereal (1) (2} (3)
{(4). A published paper reports that breakfast cereals can
improve the skin health of young people, especially with
respect to acne, pores, redness and general skin tone (3).
The paper also suggests that brealcfast cereals can con-
tribute to overall nutrition of young people who usually
skip hreakfast, but it is not clear which specific nutrients
in breakfast cereals contribute to their skin health, It is
generally known that some food components do improve
skin conditions, hut the studies focus just on
glucosaminoghucan, astaxanthin, tocotriencls, collagen
peptides, etc. (6) (7); no detailed information is available
on the effect of a mixture of multiple vitamins, minerals
and dietary fiber.

The atm of this study is ta clarify which class of break-
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fast cereal is more effective in improving the skin condi-

tion,
METHODS

Materials

Brown rice cereal made of brown rice as a major in-
gredient and wheat bran cereal made of wheat bran as a
major ingredient were used, both of which are Kellogg
products fortified with vitamins and minerals {Table 1, 4,
5), ‘Genmai Flakes’ and ‘All-Braa®. Nutrition values
were calculated by KELLOGG (JAPAN) K.K.
Subjects

The present investigation was conducted in 2004. Hu-
man intervention trials were performed according to the
Declaration of Helsinki. Subjects were recruited after
being informed of the study protocol and methods, and
consisted of 21 female volunteers who were troubled
with their skin conditions. They were urban residents
aged 22-35 vears, with occupations such as office wor-
kers, housewives, ete.
Programs

The subjects were instructed to consume breakfast
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Table ¥ Nutritional qualities of the products® Table 3 Subjects belonging to the three diet groups and their ;
Brown rice Wheat bran biodata |
Nutrient cereal** cereal™ ‘ “ i
Group Gender | Age BMI i
Energy (kcal) 150 133 ) 99 _ac
5 ‘ CoMT 5087
Protein (g) 2.4 6.0 Brown rice cereal diet group TNEATL . ' 7
Fat (g) 1.0 1.7 qp g e 21.3
Carbohydyate (g) 33z 18 :
" A7 5000
5 . ¢ ce La—29d,
Potassium (mg) Il a60 Wheat bran cereal diet group; Female | mean; ool T
Calcizm (mg) 158 39 30,7 | M 220
Magnesium (mg) a5 77— - -
Phosphorus {mg) 340 363 . ‘ 2245 19.6—97 6
fron (mg) 6.0 5.0 Control diet group u;c;:ax;: mean: 21,7 !
Zine (mg) 0.5 2.8 v
Copper (mg) 0.03 .38
Manganese (mg) 0 0 ) o o
: cereal according Lo the programs shown in Table 2. They
1 eUIva 4 194 ) .. . .
R_ema_l equivalent (1:8) . { were divided into the three groups: control diet group,
VitaminD { p g’ (.65 € | ) | diet Ll | fie
VitaminB (mg) 48 0 hrown rice cereal diet group and wheat bran cereal diet
VitaminK { s g) 0 0 group (Table 3).
VitaminB: (mg) 0.42 0.70 The control group was fed on the usual diet of their
VitaminB; {mg) 0.25 L0 own for 6 weeks. The other two diet groups were direct-
§1acm (Bmg() ) 7.4 2'0 ed to eat their usual diet which, however, did not contain

itaminBg {mg 0 L.

e 5 . probiotics and other hreakfast cereals. At the end of a
VitaminByy (pg) {t { . ) .
Folic Acid { g} 0 88,0 two-week pre-feeding period, they were divided into 3
Pantothenic acid {mg) 0 4 groups, the Brown rice cereal diet group, Wheat bran
Vitamin C {mg) 48 0 cereal diet group and control group. Age and body mass
Sodium chloride equivalent {g) 0.9 0.7 index of the volunteers were evenly distributed among
Dietary fiber (g) 1.0 2.9 the groups. For 2 weeks ([rom the 15" day to the 28

. 3. L g ; . N .
* Labeled data of nutrient quantities in 40g/day day), the Brown rice cereal diet group and Wheat bran

** Fortified with vitamins and minerals. For details see text cereal diet group ate 40 g of the respective breakfast
Calculated data of KELLOGG (JAPAN} K.K. cereals twice a day, at breakfast and at lunch or supper,

instead of their carbohydrate foods (feeding period).
They, then, consumed their usual diet for the subsequent

Table 2 Programs for feeding

Schedule®
Group Sample Serving Pre-feeding Feeding Post-feeding
{2 weeks) (2 weels) (2 weeks)

40g cereal

Brown rice Brown rice for
cereal diet cereal e
eroup (‘K‘ellogg_'s,‘ ) breakfast
CCenmai Flakes, . and .
Twice a day Normal diet Normal diet
(without 40g cereal (without
- ene without ‘withou
Wheat bran Wheat bran (40g each) for funch or .
. cereal breakfast hreakfast
cereal diet , o supper
( Kellogg’s ) cereals and cereals and
group ‘All- Bran® e e
probiotics) . probiotics)
Normal diet
{without
control

R None None breakfast
diet group cereals ang

proliotics)

*March 17 through April 26, 2004
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& Brown rice cereal diet group

40.0

Wheal bran cereal diet group

30.¢

8 Control diet group

Skin moisture content { ¢ 3}

-30.0
Pre-feeding Feeding Post-feeding
*Significantly different between diet group (p<0.05}
Fig.1 Differences in skin moisture contents at the corner of the right eve

2 weeks {from the 29 day to the 42" day of the post-
feeding period). Nutvition profiies of the three diets
taken during the 6-week periods are shown in Table 4-6,
these heing calculated by formula. Thus, the brown rice
cereal contains halanced amounts of vitamins and miner-
als with a small amount of dietary fiber, and the wheat
bran cereal 1s rich in dietary fiber and moderate amounts
of vitamin By, By, nlacin and ron, with no vitamin A, C,
D, and E included. They were reguested to replace their
carbohydrate-rich foods with hreakfast cereals, and
were allowed to have other foods in addition to the
cereal, Thereafter, they were given no dietary restric-
tions except being prohibited from eating any hrealfast
cereals for the following 2 weeks, All subjects were also
asked not to change the cosmetics they were using. Also,
during this 5-week period, they were prohibited from
eating probiotic foods containing health-promoting bhac-
teria such as yogurt and natto {fermented soybeans)
which are important and well-known functional foocds.
Evaluation of body conditions

Prior to the measurement of skin coundition

is a certified professional for skin analysis and cosmetic
evaluation. Finally, subjects were asked to complete a
questionnaire on facial skin and general health, e.g., fre-
guency of howel movements, These measurements were
carried out at the start of the study, two weeks after (the
final cay of the pre-feeding period), four weeks after (the
final day of the feeding period), and 6 weeks after (the fi-
nal day of the post-feeding periad). They alsc recorded
their daily meals taken over for 42 days (i.e., 14 days be-
fore starting the test: pre-feeding, for the 14 days of
monitoring; feeding, and for 14 days after monitoring;
nost-feeding). We analyzed all meals consumed using

Basic-4 anutrition analysis software.
RESULTS

Parameters for skin conditions are shown in Figures 1
and 2. On the final day of the feeding perind, the subjects
of the brown rice cereal diet group reported on improve-
ments in their skin conditions. In particular, skin

moisture content was significantly enhanced in this

parameters, the subiects washed their faces and
were relaxed for 15 minutes ina room at 23°C, 50
% room humidity (RH) for preconditioning. The
following factors were then measured: height,
body weight, hody mass index (BMI), body fat
(%), facial skin moisture content by skin surface
hygrometer (SKICON-200, LB.S co., Ltd)), facial
skin elasticity by skin elasticity meter (CUTEM-
ETER SEMS575, Integral ¢o.), facial skin oiliness
(KAO SOFINA BEAUTY COMPUTER, Seb me-

Skin moisture content { 4 8)

# Brown rice cereal diet group

40.0 Wheat bran cereal diet group

30.0 & Control diet group

20.0

10.0

a.0 -
-10.0
-20.0
£
-30.0
Pre-feeding Feeding Post-feeding

ter), and enfargement of skin surface (Medical-
NIKKOR}. All subjects were also examined by a
skin specialist (FCG Research Institute, Inc.) who
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FSiguificantly different hetween diet group {p<0.05)

Fig.2 Differences in skin moisture contents at the corner of the

right cheek
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(Figures da-4d). For the subjects of wheat bran

i

group

0.100

aroup

0.050

0.000

-0.050

Facial skin elasiticity

-0.100

Pre-teeding Feeding Post-feeding

| @ Brown rice cereal diet

Wheat bran cereal diet

cereal, there was only a slight change during the
feeding period, with no significant improvement
since 1o lattice structures were observed (Figures
5a-5dd). In the contrel diet group, there was no sig-
nificant change in sulcus cutis.

The test diets consisting of breaklast cereals af-
fected the nutrient intakes, In the subjects of the
brown rice cereal diet group, the intakes of the

following nutrients were much higher than those

Fig.3 Differences in facial skin etasticity

group than in the control and the wheat bran cereal diet
groups {f-test, p<0.05). The change In facial skin elas-
ticity is not significantly different (Figure 3). This brown
rice cereal is fortified with vitamin C, which should play
an important role in collagen structure (8), this may aiso
contribude to improving skin elasticity. At the final day
of the feeding period, the subjects of the wheat bran diet
cereal group had improved their skin conditions, espe-
cially in terms of [acial skin elasticity, though the skin
moisture content had decreased. No significant change
was observed in skin condition for the control diet group.

In the subjects of the brown rice cereal diet group,
cereal consumption for 2 weeks improved their skin con-

ditions as seen from lattice structures of sulcus cutis

of non-test diet group (p<0.01), where data on
calcium, magnesium, phosphorus, iron, vitamin
A, By, By, niacin, vitamin C and E levels are
shown i Table 4. In terms of the intake of retinol, no sig-
nificant difference was found. In the subjects of the
wheat bran cereal diet group, the intakes of potassium,
calcium, magnesium, phosphorus, zine, copper, vitamin
By, B., folic acid and dietary fiber were significantly
higher than in those of the control diet group (Table 5).
For control diet group, no significant difference was ob-
served (Table 6). As shown in Table 4-6, the intakes of
energy and carbohydrate in pre-feeding, feeding, and
nost-feeding stages, were not significantly different
from each other. Concerning bowel frequency, the sub-
jects of the brown rice cereal diet group showed no ap-
preciable change during the feeding period (Figure 6).In

the subjects of the wheat bran cereal diet group, the

a. Original state of sulcus cutis (‘kime')
at the start of investigation

b, Similar state of sulcus catis (‘kime’)
ohserved 2 weeks after

c. lmproved state of sulcus cutis
(‘kime’} observed 4 weeks after

d. Improved state of sulcus cutis
(‘kime’) at the end of the G-week.

long

Fig.4 Differences in the state of sulcus cutis for an averaged 35.year-old female in the

brown rice cereal diet group
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a. Originat state of sulcus cutis (kime'}
at the start of investigation

b, Unimproved state of sulcus cutis
{'kime') observed 2 weeks after

c. Unimproved state of sulcus cutis
(‘kime’} ohserved 4 weeks after

d. Unimproved state of sulcus cutis
(‘kime’) at the end of the 6-week-
long

Fig.5 Differences in the state of sulcus cutis for an averaged 29-year-old female in the

wheat bran cereal diet group

bowel movements increased, though not significantly,
during the feeding period, while bowel movements
decreased in the control diet group.

DISCUSSION

The advantage of breakfast cereals compared to other
foods like white rice or bread is found in containing much
more vitaming, minerals and dietary fiber. It is important
to make clear the balance among these three nutrients
for the particular purpose of improving skin conditions
by taking breakfast cereals.

Wheat bran cereal is rich in dietary fiber but the
balance of vitamins and minerals is nol sufficient, In this
study, the wheat bran cereal diet group did not sig-
nificantty improve skin conditions, especially in terms of
skin moisture content (Figures 1, 2). On the other hand,
brown rice cereal containg less dietary fiber than wheat
bran cereal, but it has a better balance of vitaming and
minerals and actually improved skin elasticity (Figures
1, 2). We thus consider that well-balanced vitamins,
minerals and dietary fiber are important for skin health.

Regular defecation frequency is important for keeping
skin health, but all the subjects in all the groups of this
study had a regular, daily howel movement, and there-
fore we were unable to find its correlation with skin

health, The use of constipated subjects would give clear-

210 (22)

er resuits.
We will also undertake investigations on the effect of
breakfast cereal consumption to intestinal microflora in

special relation to skin health.
CONCLUSION

The consumption of a breaklast cereal made of hrown
rice with well-balanced amounts of vitanins, minerals
and dietary fiber can improve the skin health for young
females who are troubled with their skin, whereas a
breakfast cereal made of wheat bran did not contribute
to improving skin condition probably because two serv-
ings of this cereal contain excesstve dietary tiber. It may
be of critical importance o take sufficient amounts of
caleium, iron, vitamins A, By, By, niacin, and vitamins C
and E, as well as dietary fiber from a breakfast cereal for

the particular purpose of improving skin health.
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Table 4 Energy and nutrient intakes in.the brown rice cereal diet group

Stage
Pre-feeding Feeding Post-feeding
{n=7) (n=17) {(n=6)
Nutrient Mean =+  5.D. vs Mean = SD. ve Mean =+ S.D.
Protein (%) 3.6 + L.1 13.5 = 1.2 129 = 1.5
Fat (%) 28.8 * 4.8 278 = 3.3 28,2 % 4.7
Carbohydrate (%) 57.6 = 5.3 58.5 4.4 58.9 + 5.4
Energy (keal) 1659.7 +  330.8 1825.0 +  237.7 1532.8 = 251.6
Water (g) 1037.9 = 277.4 1340,7 £ 234.1 1044.4 =+ 129.2
Protein (g} 5.6 ¢ 20.1 6l.6 =+ 16.8 197 & 13.0
Fat {g) 34,9 =+ 16,7 583 & 13.1 9.7 + 15,4
Carbohydrate {g) 2151 = RIW 2371 % 36.9 193,56 =+ 24.6
Saturated fatty acids {(g) 5.7 =+ 6.7 18.5 =+ 5.8 14,9 = 5.6
Monounsaturated fatty acids{g)  20.5 = 6.1 8.8 4.2 17.3 = 5.1
Polvunsaturated fatty acids {(g) 0.2 = 2.3 10,8 = 2.5 9.7 # 2.1
Dietary Fiber (mg) 9.5 % 1.8 1.9 =+ 26 v 8.1 = 1.6
Cholesterol {mg) 2973 £ 1158 288.3 = 70.9 2563 £ 1061
Ash (g 124 = 2.9 16.4 = 2.9 12.4 =% 2.7
Sodium {myg) 2857.6 8151 3veT = 8319 0418 = 7839
Potassium {(mg) 1678.9 =+  4l11.4 20387 £ 498.7 1576.5 + 4279
Calcium {mg) 3399 £ 167.4 ** 892.4  + 178,35 ** 333.2 165.0
Magnesium {mg) 774 = 5.2 *# 253.0 = 45,2 xx 164.0 =& 28.4
Phosphorus {mg) 803.7 £ 2340 **  IB58.3 £ 2008 *= 7307 £ 219.1
Iron (mg) 5.8 & PG ¥ 6.3 =+ [ 5.1 % 1.6
Zine (mg) 6.8 = 1.5 7.3 % 1.4 6.0 =+ 1.2
Copper (mg) 1.0 = 0.2 0.9 + 6.2 3.8 «+ 0.2
Manganese {mg} 2.5 & 6.9 2.3 % 4.5 2 + 0.5
Retinal { pg) 3299 +  286.8 * 604.1 = ar.7 rE 2090 % 121.3
Caroten { pg} i722.0 = 332.3 15444 = 446.7 1658.2 =+ 530.0
Retinal equivatent { gg) 609.7 = 322.7 867.9 £+ 117,10 469.5 £ 1624
Vitamin D { pg) Bl & 2. 50 = 1.8 4.2 % 2.8
Vitamin E {mg) 7.0 = 2.0 15.6 =+ l.6 ** 6.3 =+ 2.0
Vitamin K { pg) 128.9 =+ 12.6 134.9 = 43,5 0.8 = £7.4
Vitamin B, (mg) 0.7 * 0,2 ** 1.6 = 0.1 == 07 = 0,2
Vitamin By (mg) 0.9 « 0.3 * 1.7 % 0.4 ** 0.9 =+ 4.3
Niacin {mg} 13,9 2 3.0 = 26,3 =+ 2.9 13,3 = 3.2
Vitamin By (mg) 0.9 = ¢.2 0.9 + (.2 0.9 =+ 0.3
Vitamin By { pg) = 1.7 51 =+ 1.2 4.3 = 1.8
Folie Acid { pg) 218.00 = 41,7 073 £ 564 181.7 = T2.7
Pantothenic acid (mg) 4.5 « 1.4 5.0 % .4 3.9 + .2
Vitamin C (mg) 53,7 & 16,4 ** 451 % 28,3 4% 48,5 = 12.6
Salt equivalent {(g) 7.4 x 1.8 8.2 = 1.8 7.6 = 2.0

BEp <0Gl Fp <005

The brown rice cereal used is fortified with vitamin A, By, By, C, D, E, niacin, iron and calcium.
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Table 5 Energy and nutrient intakes in the wheat bran cereal diet group

Stage
Pre-feeding Feeding Post-feeding
(n=7}) (=17} {n="7}
Nutrient Mean = S wvs Mean =% 8D, ws Mean & 5.0
Protein (%) 13.9 = 2.2 5.7 *® 1.8 4,1 & 1.9
Fat (%) 32.9 3.2 3.9 =+ 3.0 32.0 % 3.5
Carhohydrate (%) 5%.2 = 4.7 52.4 + 4.0 53.2 % bl
Energy (keal) 17057 + 223.5 1733.9 +  307.8 686,83 =  389.2
Water (g) 1286.8 += 527.8 1512, + 4028 1336.6 =  425.5
Pratein (g} 55.3 =+ 9.4 65.6 =+ 1.t 56.8 = 4,2
Fat (g} 59.6 & 9.7 61.3 = 17.0 57.0 = 15.0
Carbohydrate (g} 2115 + 41.7 218.8 % 40.4 206.4 % 61.2
Saturated fatty acids (g) 8.3 = 4.1 216 = 6.8 17.4 & 5.3
Monounsaturated fatty acids(g) 20,7 =+ 3.5 8.7 £ 5.5 20,0 = 5.2
Polyunsaturated fatty acids (g} 11.3 % 2.1 9.3 + 2.2 1. = 2.5
Dietary Fiber {(mg) 8.8 = 2.0 *x 3.1 2.4 wE 8.8 =+ 2.7
Cholestero! (mg} 3210 % 69.8 266.1 78.8 8.9 + 68.4
Ash (g} 3.8 = 3.2 19.7 = 3.1 * 14,5 =+ 4,1
Sodium (mg) 32890 = 903.7 3386.6 = 823.2 3537.¢ £ 1110.0
Pottasium {mg) 1758.0 = 2005 v 32106 % 416.5 ¥ 10273 X+ 7744
Calcium {mg} 3754 & 128,60 7370 & 142.6 ¥ 3754 & 157.9
Magnesium {mg) 181.0 = 8.1 ** h3g.6 £ 6.6  ** 2.9 =+ 116.2
Phosphorus {mg) 820.3 = 132,10  ** 16723 + Id4.2  ** g28.0 = 197.3
Tron (mg} 5.6 & 0.7 x= 9.9 & [,z #* 5.8 + 1.4
Zine {mg) 6.3 =+ [ # 1.7 % 1.4 & 6.7 % 2.1
Copper (mg} 0.8 £ G0 ** .o = 0.2 == 0.8 = (.2
Manganese (mg) 2.6 * 1.2 2.2 = b 2.8 =+ 1.0
Retinal ( pg) 20,9 = 5.7 g0 & 150.9 259.9 = 2447
Caroten { pg) 1392.6 + 517.3 i365.9 = 673.2 1649.6 £  632.8
Retinal equivalent ( pg) 438.0 = 1150 549.9 = 145.0 537.0 £+ 2834
Vitamin [ ( pg) 1.3 % [ 4.7 £ 2.6 4.1 = I
Vitamin E {mg) 7.1 = 0.8 7.3 = 5.0 6.7 £ 1.5
Vitamin K { pg) 1197 = 31.9 125.0 = 62.3 LT E 86.6
Vitamin By {mg) 0.8 = 0.2 == 1.2 x 0,2 =** 0.8 = 0.%
Vitamin By {mg) I - .2 ** 2.1 =% 0.3 *= - 0.3
Niacin (mg) 4.8 = 3.3 16.8 = 2.9 4.4 = 4.6
Vitamin By {myg) 1.9 = 0.2 0.9 & 0.2 §. = 0.3
Vitamin By (g 4.8 = 2.2 5.3 % 1.8 3.3 % 2.1
Folic Acid { g} 205.9 = 4.5 RYA I - 7.3 v 241 = 93.4
Pantothenic acid {mg) 4.4 ® 0.5 5.3 + 1.0 4.5 + 1.0
Vitamin C (mg) 62.4 =% 5.3 67.0 % 2.7 62,7 + 18.9
Salt equivalent (g} 8.2 = 2.4 3.1 = 2.8 9.9 & 3.3

*Hp <000, *p<0.05

The wheat bran cereal used is fortified with vitamin B, By, niacin, and iron.
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Table 6 Energy and nutrient intakes in the contro! diet group

Stage
Pre-feeding Feeding Post-feeding
(n=7) {n=7) {n=7)
Nutrient Mean & SD. vs Mean = S s Mean = 5.0
Protein (%} 4,7 % 1.7 4.1 =+ 1.4 4.2 =+ 2.0
Fat (%) 294 = 3.6 9.2 = 4.1 280 =+ 3.9
Carbohydrate (%) 55.9 & 4.7 56.8 =+ 4.9 56.8 =+ 5.0
Energy (kcal) 17846 & 198.5 B0 = 3018 1602.3 + 3385
Water (g) 13716 = 389 .4 12888 = 3027 12349 = 217.6
Protein (g} G4.5 =« 8.6 56.5 =+ 10.7 55,3 & 9.4
Fat (g 5.1k 6.6 52.6 = 0.1 5.9 =+ 12.2
Carbohydrate (g} 222.6 =+ 51,7 7.7 =x 53,5 2040 = 62.4
Saturated fatty acids (g) 7.0 + 2.5 4.3 « 3.4 4.6 = 3.8
Monounsaturated fatty acids{g)  20.0 =+ 2.9 18.6 = 3.5 17.4 = 4.5
Polyunsaturated fatty acids (g} 2.4 = 2.1 12,2 = 2.4 1.3 = 2.4
Dietary Fiber (mg) 1.3 = 3.0 0.5 = 2.7 9.8 = |
Cholesterol {mng) 7.4 & 79.9 256.7 & 82.0 2611 ® 91.8
Ash (g} 14,9 = 2.1 4.5 =+ 3.3 3.9 = 2.8
Sodium {mg]) 3383.7 = 41986 3442.9 = 8h5 8 3407.6 +  619.8
Pottasium {(mg) 210004 = 377.4 1954.6 + 4130 18143 £ 4537
Calcium {mg) 408,90 + 1207 386.9 +=  126.8 /40 =+ 67.5
Magnesium {(mg) 225.3 =+ 49.8 2079 = 50.4 192.6 = 48.5
Phosphorus (mg) 9713 = 1451 840.4 1534 8294 +  181.3
Iron {mg) 6.5 1 .2 5.9 [.5 59 =+ 1.5
Zine (mg) 7.4 =+ 1.0 6.5 & 1.0 6.4 = 1.5
Copper {mg) 1.0 + 0.2 1.0 = 0.3 0.9 = 0.3
Manganese (mg) 2.6 + 1.0 2.7 £ 0.3 2.4 =+ 0.8
Retinal ( pg) 268.7 + 211 160.4 =+ 8l.4 209.6 +  144.5
Caroten { pg) 1956.3 & 762.4 2087.3 = 1024.1 2033.6 £ {0i7.6
Retinal equivalent ( pg) 5971 £ 269.6 5835.6 = 176.9 550,38 = 236.5
Vitamin D { pg) 5.7 + 3.4 5.6 % 3.6 50 =+ 1.8
Vitamin E (mg} 8.4 = 1.3 7.8 £ 1.8 7.0 * 1.8
Vitamin K { pg) t29.1 = 28.5 1376 £ 3.7 123.6 =+ 28.6
Vitamin B, {mg) 0.9 =+ 0.1 0.8 + 0.1 0.8 =* 0.2
Vitamin By (mg) 1.0 = 0.2 0.9 =+ 0.2 6.8 =+ 4.2
Niacin {(mg) 18.7 = 5.0 5.6 =+ 3.3 15.2 = 3.2
Vitamin By (mg) [.2 = 0.2 1.1 % .2 1.0 % 0.2
Vitamin By { pg) 6.4 = 3. 4.9 x 2.7 5.7 * 3.4
Folic Acid ( peg} 268.9 = 61.9 2401 * 55.0 2281 % 54.8
Pantothenic acid {mg) 5.6 % 0.8 4.7 =+ 0,7 4.6 =x 0.9
Vitamin C {mg) LS - = 18.4 5.9 £ 20.3 7001 =+ 19,7
Salt equivalent {g) 8.6 & i1 3.8 & 2.2 8.7 =% 1.5
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