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ABSTRACT

The study was performed to investigate the effect of corn bran as a fiber source on the
utilization of thiamin, niacin, and pantothenic acid in human subjects for 8 weeks. Four different
corn bran diets were fed : dry milled, fine(DF), dry milled, coarse(DC), wet milled, fine(WF),
and wet milled, coarse(WC). Basal diet, no corn bran bread added, was employed as a control.
Apparent recovery of each B complex vitamin in urine was estimated to evaluate the vitamin
utilization, Percentage of neutral detergent fiber(NDF) recovered in feces was also measured
and compared. The utilization of three B vitamins was affected by the com bran treatment
Dry milled corn bran had a higher recovery rate of thiamin(dry milled : 233%. wet milled : 1.70
%) than those receiving wet milled corn bran. Similar recovery pattern of niacin(dry milled : 1.
94% . wet milled : 1.50%) to that of thiamin was also observed. Particle size seemed to affect
the vitamin utilization regardless of type of corn bran. Coarse bran gave a lowcr recovery
value than fine com bran in general. For pantothenic acid, the recovery of the vitamin was
affected to a greater extent by particle size of corn bran than by type of corn bran milling(fine :
60.22%, coarse - 51.51%). Groups consuming wet milled comn bran(51.57%) excreted more
NDF than those fed dry milled corn bran{4229%) Dry milled corn bran showed litde or
no water holding capacity, poor [ecal bulking properties. and increased fecal transit time. The
results suggest that corn bran supplementation exerts an negative effect on three B vitamin
utilization.

KEY WORDS : corn bran * thiamin * niacin * pantothenic acid - bioavailability.

Introduction 1ing incidence of constipation, colon cancer, diverti-

culitis, diabetes mellitus and athcrosclerosis!™). Va-

Recent studies indicate that increasing fiber in tious reports have encouraged the use of whole
the diet might offer people benefits including lowe- grain cercals and bran supplements for the preven-
tion and treatment for such diseases mentioned the

Accepted July 21, 1992 above®®. In contrast, the negative effects of diet-
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ary fiber also have been shown in terms of nutrient
availability® 1V,

Whole grain cereals are good sources of vitamins
and minerals as well as dietary fiber'?1®. Cereal
brans once used almost solely as animal feeds, are
currently being used as ingredients in foods for hu-
mans. Pellagra, a niacin deficiency disease is asso-
ciated with corn eating populations often times al-
though com contains appreciable amounts of nia-
cin'¥'®_ This might be partly due to unavailable
bound form of niacin in corn. Traditionally, the
method of preparing corn by soaking it in a lime
solution, as practiced by Mexican Indian groups
from ancient times to the present increases the
bicavailability of niacin just like roasting of sweet
corn prepared by the Hopi Indians who are free
from pellagra'®'”. Corn bran also contains appre-
ciable amounts of niacin. In the past, most marked
corn bran was produced from a dry milling process.
Currently, in the United States, most corn is ground
in a wet milling process as part of the ethanol/corn
sweetener industry. This latter process is relatively
severe, resembling the treatment used by Indians
and may enhance the bioavailability of niacin and

of other B complex vitamins found in com bran'®

19).
The purpose of the study was to compare the

Table 1. Experimental plan

thiamin, niacin, and pantothenic acid status of hu-
man adults as affected by corn bran supplements
produced by the wet milling and dry milling proce-
sses. Since grind size of bran also may affect the
physiological responses of animals and humans,
this respect was also investigated2?.

Materials and Methods

1. Experimental design

This human study consisted of a 5-day pre-period
and 6 experimental periods of 7 days each involving
9 healthy adult men and women. Periods were
arranged according to a double, randomized cross-
over design(Table 1). The study was composed of
two parts with each section having an introductory
7-day adjustment period and three experimental pe-
riods of 7 days each. Individual subject assignments
to experimental periods are given in Table 2. All
subjects received all experimental treatments, Five
kinds of extracted wheat flour bread were prepared.
These were as follows.

1) Bread with no bran supplement.

2) Bread with fine ground, wet-milled corn bran
to supply 20g fiber/subject/day.

3) Bread with coarse ground, wet-milled corn
bran to supply 20g fiber/subject/day.

Period! # days Diet type Corn bran addition
Pre-period 5 Self-selected -
Part A
Adj. A 7 Lab-cortrolled None
Expt. 1 7 Lab-controlled Wer milled, fine
Expr 2 7 Lab-controlled Dry milled, fine
Expt. 3 7 Lab-conrrolled None
Part B
-_A-aj. B 7 Lab-conolled None
Expt. 4 7 Lab-controlled Wet milled, coarse
Expt. 5 7 Lab-conuolled Dry milled, coarse
Expt. 6 7 Lab-controlled None

! Periods artanged according to randomized cross-over design for each subject. See Table 2.
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Table 2. Diet arrangement

Subject Feriod

Number I I it} v \i VI VI VI
3420 B! B DF WF B B DC wcC
3422 B WF DF B B wC DC B
3424 B DF B WF B DC B wC
3426 B WF B DF B wC B DC
3428 B DF WF B B DC WC B
3421 B DC B WwC B DF B WF
3423 B B wC DC B B WF DF
3425 B WwC DC B B WF DF B
3427 B DC WC B B DF WF B

! Diet code :

B : Basa] alone DF ! Dry milled, fine WF ; Wet milled, fine

DC : Dry milled, coarse
Table 3. Batter bread recipe(serving for 1 person/2

.days)

Ingredients 1 loaf!
Yeast 7g
Oil 20 g
Sugar 24 g
Salt 6 g
Flour, unenriched white 500 g
Water for bran breads 240 g
Water for “O” bran breads 200 g
Bran 3 g

! Amount for one subject for wo days

4) Bread with fine ground, dry-milled com bran
to supply 20g fiber/subject/day.

5) Bread with coarse ground, dry-milled corn
bran to supply 20g fiber/subject/day.

Procedures for preparation of the wheat-corn
bran breads are given in the Table 3. Each subject
received one bread type throughout one experimen-
tal period. During the adjustment and experimental
periods, subjects consumed a low fiber(10g/sub-
ject/day), laboratory controlled, measured constant
diet(Table 4). This diet met NRC Recommended
Dietary Allowances for nutrient intakes, 198020,
Some alterations in amounts of a few high calorie
foods fed to the different subjects were made in
order to adjust energy intakes to those needed for

WC | Wer milled, coarse

Table 4. ! Basal dier for controlled diet period

Food item Amount/day
Breakfast
Orange juice 1704 g
Whole milk 2272 «
Sucrose 32 g
Margarine 242 g
Wheat flour bread 1136 g
Cheerios 210 g
Lunch
Peanut butter 426 g
Potato chips 568 g
Peaches 1420 g
Apple juice 1704 g
Wheat flour bread 113.6 g
Dinner
Wheat flour bread 1136 g
Frankfurters(or eggs) 92.6 g (56.8g)
Margarine 242 g
Tomato juice cocktail 1704 g
Sweet pickle relish 7 g
Mustard 50 g
Yora doone cookies 56.8 g
Green beans 2272 g
Fruit cup 1420 ¢

! Food items of diets varied between subjects to main-

tin body weight during the smdy.

% Subjects were allowed to choose to have either frank-
furters or eggs for dinner depending on their prefere-

nce usually based on religious considerations.
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weight maintenance. All the sujbects were consid-
erred healthy on the basis of evaluation of health
history forms by medical personnel of the Univer-
sity of Nebraska-Lincoln, Subjects resided and ate
all meals in the human nutrition metaboic subject
dormitory located in Ruth Leverton Hall. However,
subjecis were allowed to continue usual class study,
work and social activities, Signing of consent forms
was required from all subjects prior to the start
of the study. The study was approved by the Unive-
wsity Institutional Review Committee For Studies
Involving Human Subjects.

2. Sampling procedure and analyses

Subjects made complete collections of feces th-
roughout the project. Feces were divided into pe-
riods representing food eaten during each experi-
mental period by use of orally-given, non-absorb-
able dyes(brilliant blue) and colored glass beads.

Table 5. Recovery of thiamin in urine

These were given in gelatin capsules. Fecal samples
were analyzed for neutral detergent fiber by the
modified method of Goering and Van Soest, 19702
Subjects also made complete collections of urine
which were composited by time into 24-hour lots,
measured, mixed, sampled and stored for later ana-
lysis of thiamin, niacin, and pantothenic azid. Thia-
min was measured fluorometrically(Model 111, G.
K. Turner) by the method of Haugen. Niacin and
pantothenic acid were analyzed microbiologically
using Lactobacillus Plantarum. Collections were also
measured for creatinine content to ascertain com-
pleteness of collection and accuracy of division of
urine composites into daily lots.

Statistical analyses of the data were completed
using the Statistical Analyses System®. An Analysis
of Variation procedure was performed to detect va-
dation as a result of dietary treatment. Duncan’s

Mean value while receiving diet!

Farameters B, DF WF B, DC WC

Dietary 1008 1025 1025 1003 1025 1025
intake
(pg/d)

Urinary 20.512 21.592 18.90% 12.84 20.512 14.452
thiamin + + * * * +
{pg/d) (15.49) (16.98) (14.33) (6.56) (9.86) ( 8.92)

Recovery of 2.05% 2.102 1.84% 1.28% 2.00° 1.41%
thiarin + t + + + +
(%) ( 1.27) ( 1.57) ( 1.32) (0.79) (0.99) ( 0.99)

Correcred 20.362 21.05% 20.382 12.882 20.59% 15.272
urinary + + + * + +
thiamin(pg/d) (16.03) (15.69) (14.90) (7.55) (9.89) (10.54)

Corrected 1.98¢ 2.45° 1.89¢ 177 2218 1.51¢
tecovery of + + t e * +
thiamin ( 0.08) ( 0.25) ( 0.11) (0.16) (0.19) ( 0.10)
(%)

IMeans with different letter superscripts are significanty different av p<{0.05
Diet code :
B, : Basal 1 DF  Dry-milled fine corn bran

WF ; Wet-milled fine com bran
DC : Dry-milled coarse comn bran

BQ . Ba.sal 2
WC  Wet-milled coarse corn bran
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Multiple Range test was used to determine effects
among treatments.

Results and Discussion

Mean data relative to recovery of thiamin, niacin,
and pantothenic acid status of subjects while receiv-
ing the corn brans processed by different milling
with different particle size are shown in Table 5.
6 and 7. Urine collections were analyzed for creati-
nine contents in order to ascerlain completeness
and accuracy of urine collections. Some variations
in urinary creatinine excretion c¢xisted between pe-
riods for some individuals which could not be ex-
plained by the experimental treatments. It was as-
sumed that these differences were due to collection
or processing errors which would be reflected in
the excretion of all urinary constituents, Hence, uri-

Table 6. Recovery of niacin in urine

nary excretions of thiamin, niacin, and pantothenic
acid were corrected to mean urinary creatinine ex-
cretion for each individual subject by ratio.
Urinary excretion of water soluble vitamins in
proportion to intake is sometimes used as an index
of bioavailability of those vitamins. At equal levels
of intake, an increase in urinary excretion of the
vitamin is assumed to be indicative of an increase
in intestinal absorption of that vitamin which
would, in turn, indicate an increase in bioavailabi-
lity of that vitamin. This approach assumes that
tissue saturation of the vitamin exists, that active
vitamers of the vitamin that are absorbed in excess
of need are excreted in the urine, and that no meta-
bolic processes are occurring which lower need for
the vitamin in questionz“). Because of bacteria in
the large colom, analysis of fecal vitamin loss is
not useful in determining whether or not a vitamin

Mean value while receiving diet!

Parareters
B DF WF By DC WC

Dietary 14.808 15.271 15.271 14.80% 15.271 15.271
mtake
(mg/d)

Urinary 0.2962 0.318° 0.232b 0.3172 0.259 0.201¢
niadin + + + + * +
(mg/d) (0.030) (0.026) (0.029) (0.025) (0.044) (0.016)

Recovery of 2,007 2,09 1.51¢ 2.15% 1.70° 1.52¢
niacin * + * + + +
(%) (0.20 ) (017 ) (1.19) (0.16 ) (0.29 ) (0.11)

Corrected (.2922b 0.32582 0.249¢ 0.316* 0.264b¢ 0.2094
urinary + + + + + +
niacin(mg/d) (0.054) (0.041) (0.085) (0.043) (0.060) (0.017)

Corrected 1.98% 2.18° 1.62¢ 2,142 1.74bc 1.37¢
recovery of + t + + + +
Diacin (0.36 ) (0.26 ) (0.2% ) (029 ) (0.39 ) (012 )
(%)

"Means with different letter superscripts are significandy different at p<{0.05
Diet code :
B; ! Basal 1 DF ; Dry-milled fine corn bran

WF ; Wermilled fine com bran
DC ! Dry-milled coarse corn bran

WC © Wer-rmilled coarse corn bran
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Table 7. Recovery of pantothenic acid in urine

Mean value while receiving diet!

Paramerers
B, DF WF By DC WC

Dietary 3.236 3.279 3.279 8.236 5.279 3.27%
intake
(mg/d)

Urinary 1.95P 2.082 1.78¢ 1.97% 1.78¢ 1.544
pantothenic % + * + * i
acd(mg/d) (0.06) (0.04) (0.05) (0.08) (0.16) (0.08)

Recovery of 60.442 61.772 54.18b 60.812 58,71b 46.87°
pantothenic =+ + * + + *
acid(%) (1.85) (1.06) (1.45) (1.00) (49D (0.88)

Corrected 1.99: 2.06% 1.90% 1.96% 1.78b¢ 1.60¢
urinary + + + + + *
pantothenic (0.21) (0.14) (0.09) (0.12) (0.17) (0.09)
acid(mg/d)

Corrected 59.87* 62.412 58.082b 60.66° 54.33b 48.69¢
recovery of + + + + + *
pantothenic (6.20) (5.11) (2.99) (3.62) (5.19) (8.69)
acid( %)

'Means with different letier superscripts are significantly different ac p<0.05
Diet code :
B; : Basal 1 DF : Dry-milled fine com bran

WF . Wermilled fine corn bran
DC : Dry-milled coarse com bran

from a food is absorbed.

In the present study, corrected urinary thiamin
excretion values were affected by the experimental
treatments. Apparent recoveries of dietary thiamin
were affected by corn bran treatment when exami-
ned by contrast analysis. Groups receiving dry-
milled corn bran tended to have higher bioavailabi-
lity(DF : 245%, DC 2 2.21%, mean : 2.33%) than
those receiving wet-milled corn bran(WF : 1.89%,
WC :151%, mean : 1.70%) or the basal diet(1.88
%). When effect of particle size was compared rc-
gardless of type of milling, coarse bran(DF : 245%,
DC : 221%, mean . 1.86%) gave significantly lower
utilization of this vitamin than fine corn bran(DF :
245%, WF : 1.89%, mean . 2.17%). The degree to
which particle size affected bioavailability was
much greater in wet-milled corn bran than in

WC . Wer-milled coarse com bran

dry-milied corn bran.

Mean urinary excretion of niacin was lower in
wet-milled corn bramn, in both uncorrected(wet-mil-
led : 0217mg/day, dry-milled : 0.318mg/day) and
corrected (wetmilled © 0.229mg/day, dry-milled : 0.
294mg/day). Recovery of niacin in urine when ex-
pressed as a percentage of dietary intake showed
a trend similar to that of mean urinary niacin excre-
tion whether corrected or uncorrected. While wet
milling of the com bran negatively affected the us-
lization of the vitamin, particle size also appeared
to be a factor that affected the bioavailability of
the vitamin. Values on recovery of the vitamin in
urine when it was corrected to the mean creatinine
were 2.06%, 194%, and 1.50% for the basal diet,
dry-illed corn bran and wet-milled corn bran, res-
pectively,
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Table 8. Neurtal detergent fiber(NDF) excretions, fecal wet weights, fecal dry weights, and fecal transit times

of humans fed corn bran supplemented bread

Mean values while receiving diet!

Parameter
DF WF DC WC
NDF 39.31¢ 48.040 45.27¢ 55.10°
(% of dry feces) x + + t
( 1.19) { 1.25) ( 07D ( 0.64)
Fecal 516b 7882 6842 8422
wet weights + * + +
{g/5 days) (218 ) (217 ) (258 ) (240 )
Fecal 1282 1612 1512 1712
dry weights + + + +
(g/5 days) (47 ) (64 ) (44 ) (42 )
Fecal 72.3% 79.32 75,220 80.52
Moisture( %) + + + *
( 93) ( 6.0) ( 42) ( 85)
Fecal 59.72 27.9ab 39.82 23.7b
transit time * + * +
(hours) ( 81) ( 84 ( 82) ( 45)

' Means with different letter superscripts are significantdy different at p<0.05

Dier code :
DF ! Dry-milled fine com bran
DC : Dry-milled coarse com bran

Effect of wet or dry milling on niacin availability
from corn bran has not been reported. However,
Laguna and Carpenter(1951) reported that niacin
in reconstituted corn from wet-milled corn fraction
was no more available to the yat than was that
from raw corn®”,

The utilization of pantothenic acid was also affe-
cted by corn bran supplementation compared to
the basal diet when no corn bran was added. The
corrected urinary pantothenic acid excretion was
not demonstrated to be affected by com bran supp-
lementation. There was a tendency for the wet-mil-
led corn bran fed subjects to have reduced excretion
of pantothenic acid. The same pattem in percentage
recovery of pantothenic acid in urine was shown
when the urinary pantothenic acid values were cor-
recled to mean creatinine values. There were no
significant differences in percentage recovery of the
vitamin between groups receiving the dry-milled,

WF | Wet-milled fine corn bran
WC : Wet-milled coarse com bran

fine-ground corn bran and the wetmilled, fine-
ground corn bran. Values were 59.37%, 6241 %, and
58.03% for basal, dry-milled, fine-ground corn bran
and wet-milled, fine ground comn gran, respectively.
However, the coarse corn bran treatment appeared
to affect the utilization of pantothenic acid. Wet-
milled coarse corn bran fed subjects showed a lower
recovery of pantothenic acid(48.69%) than did dry-
milled coarse com bran(5433%) fed subjects. There-
fore, utilization of pantothenic acid seemed to be
affected to a greater extent by particle size of corn
bran than by type of corn bran milling.

Neutral detergent fiber(NDF) excretions were
also estimated for the different treatments, Table
9 shows the NDF ¢xcretion of subjects. Those con-
suming wet-milled cormn bran(coarse : 55.10%,
fine : 4804% ., mean : 51.57%) excreted more neutral
detergent fiber than those fed dry-milled corn bran
(coarse : 4527%. fine: 39.31%, mean :4229%).
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Dry-milled comn bran showed litile or no water
holding capacity, poor fecal bulking properties, and
increased fecal transit time.

Due to the beneficial effects of dietary fiber on
human nutrition the researchers have recommend-
ed the consumption of high dietary fiber foods at
a level of 30g to 35g daily?®2”. The use of whole
grain cereals or brans is also encouraged. Currently,
wheat bran, cellulose, soy fiber and oat bran are
the forms of fiber most frequently used as food
ingredients. Corn brans, once used almost solely
as animal feeds, are being used as ingredients in
foods for humans®. Interest in manufacturing comn
sweeteners and alcohol has stimulated growth of
the wet corn milling industry. Wet-milled com bran
may have different physicochemical properties and
produce different physiological responses than that
produced by the dry milling process since wet mill-
ing involves the prolonged water soaking and sulfur
dioxide treatment. In this study, neutral detergent
fiber excretion was significantly higher(p<{0.05)
with the feeding of wet-milled corn bran than with
dry-milled corn bran and produced higher wet and
dry fecal weights than did dry-milled corn bran.
The increase in fecal weight was due to increased
fecal moisture content rather than increased solid
material in feces.

In earlier studies conducted at the University of
Nebraska and at other sites, corn bran when fed
to humans was found to have little effect on (ecal
transit time or on fecal bulking®®. Most of nutrients
and fiber contained in the corn bran could be reco-
vered in feces. Radiographic examination of feces
indicated that the bran passed through the gastroin-
testinal tract without change. Even starch granules
remained trapped within the corn bran particles
recovered from the feces. The pericarp of the mature
comn kernel(the bran layer) is very hard, and very
tough in comparison 1o the bran layer of wheat,
oats, and rice. More recently, Ip, et al3® reported

+ Constance Kies

that corn bran had positive effects on decreasing
fecal transit time and increasing fecal bulk. The
earlier mentioned studies probably involved the use
of comn bran from the dry milling process while
the latter was involved with com bran obtained
from the wet milling process.

In the wet milling of corn, the comn initially
undergoes a steeping process. The steeping process
involves the soaking of com in water under controlled
conditions of temperature(usually 52C), time(22 to
50 hours), sulfur dioxide concentration and lactic
acid content®”. This process softens the kernels and
allows thermn to be more easily separated into its
component parts . the germ, the pericarp(bran, fi-
ber), gluten{protein), and starch. Following separa-
tion by the steeping washings, the separate compo-
nent parts may be dried or may be processed in
the slurry form. Although larger in scale, the wet
milling process is somewhat similar to the wet-lime
treatment of corn used traditionally by Indians in
Mexico, Central, and South America. In 1985, prin-
cipal products of wet milling by use were high fruc-
tose corn syrups, glucose and corn syrup solids,
starch, ethanol, corn gluten meal, feeds, and com
oil.

The dry milling of comn has been practiced for
thousands of years, In its simplist form, the corn
was ground between a hand held stone and a con-
cave hedstone!®,

Most large dry corn mills employ tempering-de-
germing systems. In this process the com is wet
cleaned and moisture is adjusted to 20% . The ker-
nels are then placed in tempering bins following
germ and pericarp(bran) are physically stripped
away leaving an intact endosperm. These fractions
can then be ground in flour mills. Products of dry
use were reported to be as followed ° animal feeds
34%, brewing 23.5%, breakfast cereals 15%., indust-
rial use 6% 3%

Bioavailability of three water soluble vitamins
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seerned to be affected differently by particle size
and kind of corn bran processing. Thiamin did
not appear to be influenced by corn bran as severely
as were the other vitamins, although corrected per-
centage recovery of vitamins showed impaired utili-
zation of thiamin in the wet-milled corn bran. Nia-
cin and pantothenic acid were influenced by corn
bran supplementation more clearly.

Little research on dictary fiber and vitamin utili-
zation has been conducted. However, in the present
study, results indicated that people who have low
or marginal vitamin nutriture may be adversely af-
fected by increased comsumption of dietary fiber
even though the mechanism by which dietary fiber
acts on the vitamin ufilization is unknown.

Conclusion

Dietary fiber apparently exerts an adverse effect
on vitamin utilization. Particle size of dietary fiber
also was found to be a factor influencing the vita-
min absorption. Wet-milled corn bran seemed to
have a greater impact on vitamin utilization than
did dry-milled com bran.

It should be noted that the wet milled corn brans
also had a greater positive effect on increasing fecal
bulk and in decreasing fecal transit times than did
the dry milled brans.
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