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PROGRAM SUMMARY
A. INTENT OF THE PROJECT

The project objectives were:

- to plant and observe growth, field performance, and yield of several waxy
hull-less barley varieties. :

- evaluate barley quality, analyze nutrient composition and compare
performance for food uses. : : -

~ report flndlngs to Director, ADD Grant Program, and seek publlcatlon in
food research literature.

. B, PROJECI‘ ACHIEVEMEI\TTS

- This project demonstrated that waxy hull- less barley, a new crop to
Wisconsin, can be grown in the State. .

A total 'of, four varletles ,were' grown during this -project; these were
suggested by plant breeders developing this barley for growing conditions -
of Minnesota, Montana and . North Dakota. Adaptation, or = selection  of
varieties especially suited to Wisconsin growing' conditions may  improve -
performance and ylelds reported here Varlety R-2 1s not recorrmended

- Nutrltlonal propertles of waxy hull- less barley grown for this prOJect-' '
were determined using standardized laboratory. methods; as anticipated the.

high levels of dietary fiber, vitamin E and tocotrienol were achieved. Some_

dlfferences 1n nutrient levels between the varletles were noted

—~ Uses were - examined for waxy hull—less_ barley.;_m t-radltlonal foods, food
. _mgredlents and new appllcatlons Several new products are suggested

~- Basic milling equlpment was found capable of grmdmg hull- less barley to
a whole meal and flour without wasteful pearling of hulls as pract1ced with

conventional covered barley. The milled forms were su1table for use ‘in many .-
foods. ' .

Several problems were encountered with harvestlng and cleanlng barley].
grown in the large plots; this limited quant:i,ty avallable for trial in
‘production scale milling equlpment.

c. RESULTS'AND BENEFITS"

1. Production Experience - Waxy Hull-less Barley - 1993 and 1994.

1993 - Three waxy-hull-less varieties: BApclle, Merlin and Wanubet were

grown in small plots consisting of six 12ft rows each at the Badger Rd.
site, Town of Liberty Grove, Door County. 2apollo, a 6 row, medium height
variety from Ross Seed Co., Fisher MN showed the most promise., Merlin,
from Western Plant Breeders, Bozeman, MT, a 2 row variety had the shortest
straw height and largest largest number of tillers; it held up under
pressure of weeds in a wet growing sSeason. Wanubet, obtained from the
Small Grain Dept., UW Madison, a 2 row variety had the tallest straw height
and lodged severely before reaching maturity. Three covered varieties know
to produce well in Wlsconsm were planted also: Chllton, Excel and Hazen.
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Periodic photographic and video records were made during the growing
season. Copies were provided to Director, ADD Grant Program in 1994,

1994 - Adequate seed of two varieties was available: Merlin (Western

Plant Breeders) and R-2 a six row, long straw variety (developed from
Robust by Ross Seed Co.). R-2 was not grown in 1993 and suggested to
replace Apollo. Ross Seed Co. was unable to supply enough Apollo seed for
1994 planting. SR : - _ : -

Planting locations were at Badger Rd. and Peninsula Agricultural Research
- Station- (PARS), Sturgeon ‘Bay, WI. : PARS has ‘small grain trial ‘plots . and
agreed to plant waxy ‘hull~less barley in four row replicate plots. This
follows a standardized procedure -enabling comparison of -yield data for
Merlin and R-2 to'd number of covered barley varieties grown at this site. -

" PARS also égreédi to plant half - acre ‘plots. that would produ'cé'su_ffi,ci,en_t'
barley for milling and utilization studies. - ~ - ' o

Agronomic De_l'tar-and Results for Plantings at PAR Appear in Appendix A

Comparison of yield and bushel weight for hull-less and covered barley:
must -take into account both-bulk and weight of hulls -removed. in harvesting .
covered barley. The yield of hull-less barley is reported . to. be 10-15%
less because of. “hulls' left 'in ‘the field, ‘while covered ‘barley retains
hulls. e T ' ' S S

Yield - Increasing yield of the hull-less barley by 15% puts this. on
comparable footing. Yields for-Merlin of 26.1 Bushel/Acre and R-2 of 29.8
Bushel/Acre become 30.7 Bushels/Acre and 35.0 Bushels/Acre respectively.
Yields for barley grown at PARS ate shown on page 2 of Appendix A. As can
be seen these adjusted yields are still 10-15 Bushels, or, 27% below the
average for the covered varieties in the study. ° ' ' L

1994 was a dry season and yield for the covered varieties is somewhat lower
than averages shown for them in “Small Grain Varieties for Grain and Forage
in Wisconsin" 1992 by E. S. Oplinger and R. A. Forsberg, Agronomy dept.,
University of Wisconsin, _ - :

‘Bushel weiijht ~ for Merlin and R-2 are 55.9 Lbs. ang 52.8 Lbs with )
an average 54.3 Lbs,; this compared to 47.6 Lbs, the average for covered
varieties in the study. This is 12.4% higher than for covered varieties.

Market Value - Hull-less barley as indicated by its descriptive name, comes
from the field in a ready-to-process form like wheat. Whereas covered
barley has tightly adhering hulls which are removed before processing by
pearling. Pearling grinds off the hull by action of abrasive surfaced
mill; this reduces grain volume by 20-30% to achieve hull free endosperm.
This hull-free advantage has impact to both producer and processor of
hull-less barley. As already described production yield in bushels per acre
is lower and bushel weight higher than covered barley. A higher commodity
price for hull-less barley can be justified and paid because the yield of
salable processed barley will be significantly higher than for covered
barley. And, nutrient value is enriched by retaining the aleurone layer
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Harvesting Bai.;ley' plots at PARS =

- -Combining operation for R-2 was difficult because grain heads broke loose
and were not completely threshed. Reasonable grain separation was achieved
only with repeated threshing. This property is a serious defect in small
grain varieties and reason for rejection by plant breeders. Growing
conditions of 1994 may have led to severity; Ross Seed Co. did not have

- this experience with R-2 m M:Lnnesota. Merlin was  combined without
,dlfflculty : - : ‘

Use of ‘a productlon comblne at PARS led. to acc:Ldental mixing of the two
hull-less variety and mx1ng of one variety with previously combined rye.
Obscure pockets of grain remained in the machine which'became mixed with
the following harvested grain. . This problem limited usefulness of the
~major supply of grain to-this prOJect ang planned research. Because of
similarity of size - and shape of mixed- grain it was 1mpract1cal to get -
' 'adequate separatlon on seed cleanlng equlpment. K

-Results at Badger Rd Szte -

Plots of Merlin’ and R—-2 measurmg 20x60 ft were planted by broadcastlng
~ weighed: amounts of . ‘seed _orn _prepare . beds - followed ‘by. surface tllllng
. Smaller plots” of Wanubet - and Apollo seed. left from 1993 were. planted in
~ similar manner. Dlstrlbutlon and- germlnatlon were reasonably uniform, In
.. contrast to the prevmus year, 1994 proved to be a very dry growing season.
- Spray irrigation was avallable using osc1llat1ng yard sprinkler. It was
accomplished several - times to insure grain development to complete this
-pr03ect Umform appllcatlon was controlled by t1mmg

. _Plots were cut and bundled by small machine used by PARS for this purpose;

it worked well: despite the broadcast plantlng versus rows. - The bundles
were dried in cover -of ‘barn and threshed by Almaco small bundle thresher.
R-2 straws broke .of f allowing most of the heads came through unthreshed as

in. the case of ‘the production. combine. Repeated threshmg -was necessary
Merlm threshed without dlfflculty

Photographic and Video Records

Periodic photographlc and video records were made of barley durlng stages

of development at both Badger Rd. and PARS; these were edited and included
as part of the report.

Grain Evaluation

Barley produced at Badger Rd. in 1994, about 25 Lbs of each variety, was

prepared for evaluation at USDA/ARS Laboratory Madison using awn breaker,
aspirator and dockage separator.

On examinaticn Merlin was found to have 6% of grain with hulls remaining
(weight on removal 1.8%) while 30% of R-2 retained hulls (4.8% weight on
removal}. Perhaps the dry growing conditions adversely effected R-2.
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Hulling - 1In order to analyze properties on a hull-less basis barley was
dehulled by Satake Rice Huller. This huller rubs grain between two rubber
surfaced counter rotating drums that turn at sllghtly different rpms. The
freed hull is drawn off by aspirator and hulled grain collected separately.’
This was effective and less than 1% were found to retain hulls.

Physical Properties- were determined for Merlin and R-2.

Merlin 94 R-2 94
Hull-on:
after threshing (%) 6 30
after huller (%) 1 1
' Kernel weight (mg) 47.0 - _ 44,5
On 6/64 sieve (%) 84.5 131
Color (Agtron Color). 21 ' "5
Bushel Wt. (Lbs.) = 55,9 . . 528

3C929951t10n— obtalned by commercial’ laboratory u51ng methods of the
' Amerlcan A53001at10n of Cereal Chemlsts Jor, USDArARS Laboratory, Madlson o

Merlln 94 R~2 94 . Apollo 93 Wanubet 93,

uxﬁsture o - .10.8 . 10.10 10.50 ©10.10

Protein’ | - O 14.00 15.40 - 15.60 :-’15.00'

Fat (B.E.) L 2.60 - 2:80 2.20 2,30

Ash - 1s 2.12 219 2.07
Carbohydrate ©70.77  69.58 . 69.51 70.53 ;
starch o 69,52 71‘08 | 70.00 71.03?;'_ I
ibtal‘nieta:y Fiber 17.2 '_17}98 17;90 . 16.05

soluble Fiber =~ . 7.7 732 7.6 3,61

Insoluble Fiber 9.50  10.66  10.74 12.44

Beta glucan * 6.32 6;85 .NA' NA

Total Tocols (ppm) *  85.56 75.76 n n
Tocopherols {ppm) 22.71 14.78 " "

Tocotrienols (ppm) 62.85 61,95 " "
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2. Barley Quality Assessment:

Aside from the high percentage of hulls-on for R-2, all the other traits of
waxy hull-less barley produced in this project were similar to. traits
reported for hull-less barley grown in North Dakota and Minnesota (1992
Regional Barley Crop Report of the North Dakota Barley Council & Minnesota
Barley Research & Promotion Council). : * '

Reported Ranges ~ Merlin 94 R52 94

Test Weigh Lbs./Bu 49.4 ~ 58.6 55:9  52.8
Kernel Weigﬁt ng ©36.0 - 50.5 - 410 | 44.5
Protein Content-% : -14.8 - 16,1 ;... ' 14,0 _ \‘ 15.4
Beta Glucam § 6.8 - 7.65 | 632 é..as_ .
cerréd six row 5;11 ave, | | |

' two row- -{445‘ N _
Plump, $ on 6/64 28-.3 - .96.1 L - 84.*5 - 73';0,
Color —'Cbldr_valﬂes:for'waxy'huli—iésstbarlef 15;22;aféfl§w‘réfiéétéhCé;”

values ' representing the brown surface color of. the .grain. . Values .

~approaching- 100  are  expected -of hulls "of unweathered covered barley.: -

Variation in color is apparent on ’individuallgrains;~it_is;uncléaf*if;this' N

relate to weathering and mildew of hull-less barley. -

Beta Glucan - Despite the relatively small contribution to the total weight
of the grain, beta glucan has a _dispropoftionatéj{impact'~onj'barlej
nutritional value and processing properties. The beta glucan of both Merlin :
and R-2 is high compared to covered barley and cats commonly grown in the
US. Waxy.hull-less barley is an excellent source of this soluble fiber.

Vitamin E/Antioxidant Content of Waxy Hull-less Barley - Vitamin E activity
of waxy hull-less barley is significant and the result of the tocols ‘found |
in even smaller measure than beta glucan. Tocols are commonly measured in
parts per million., - Many bidlogical -activities of vitamin E are a result
of its antioxidant property. Some of the tocols, specifically tocotrienols
occcur in high level in barley compared to other grains and have been shown

to be especially effective antioxidants in human nutrition and capable of
reducing serum cholesterol. '

The tocol content of Merlin and R-2, 85.56 ppm and -75.76 ppm respéctively,
exceeds the average contents for covered barley and ocats reported by
Peterson and Qureshi 1993*. Total tocol concentration of 12 oats ranged
from 19 to 30 ppm. Barley in their study included 30 genotypes averaging 58

ppu with a range of 42-80 ppm. Only one type exceeded that of the barley
grown in this project. -

* Peterson, D. A. & Qureshi, A. A. 1993 Genotype and Environment Effects
on Tocols of Barley and Oats. Cereal Chem. 70(2):157-162
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3. Processing Waxy Hull-less Barley

Food Uses - Waxy hull- less form of barley offers processing and nutrition
advantages that may lead to increased usage in home cooking and by
manufacturers consumer and food service products.

Barley consumption in the US is small; estimated to about 1.5 ILbs. per
person per year for period 1986-88 by FAO. This in contrast to Algeria,
Irag, Korea, and Morocco where conswnptlon is 15.0 to 150 Lbs per person
per year. The predominant  form used in the US is pearled or pot barley for
‘cooked. foods such as breakfast cereals, soups, stews, porridge, bakery
. blends, and baby foods. Besides pearled and pot form, grits, flakes, and
_ flours of barley and malt are available, Malted barley and malt syrup are
' ;used in large volume in manufacture of alcohollc beverages.r

‘Barley. usage has been shaped malnly by 1ts nature as g covered ‘grain
needing pearling to .remove -a.tough hull which :-is not . removed or made
.ténder by cookmg. Whether pearled or hull-less, the endosperm itself is

. hard and needs cookmg to become tender. Barley contairs a hlgh percentage

of starch .grains held tightly together by beta glucan; this is soften by -
L swellmg durlng cooklng,. or,. the effects of enzymes durlng maltmg. .

'Preparatlon of Hull less Barley for Processmg

) ,Whlle the name J_rnplles hull less, a small percentage hulls" may remaln and
must be remcved. As mentioned- earlier. a Satake Rice Huller works well and
~ ‘does not break grain or grind. away the vitamin.and protein r1ch aleurone
" layer and starchy endosperm as an abra51ve pearlmg devrce

To demonstrate “the’ undesuable effect of abraswe dehullmg on nutrlent '
" 'content, Merlin and R-2 were subjected to pearling at- two levels: 20% and
30% w/w removal. Experlence with pearling of covered barley indicates that

0-11% removal is ~"hull, 11-25% thls germ and aleurone, 25% and up this
_mamly endosperm :

As shown by data for Merlin and R—2 s1gn1flcant concentrations of beta
glucan and tocols are lost from bartey by removmg 20% and 30% pearlmgs
{waste stream)-.

sample ~beta glucan % total tocols ppm
Merlin - 6.32 85.56
20% pearlings 3.50 _ 208.35
30% pearlings - 4.35 192,41
R-2 6.85 75.76
20% pearlings 3.87 226.21

30% pearlings 3.86 286.95
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Milling Whole Meal Barley

Clean hulled and hulled barley can be milled by simple grits mill and
sifted through a 12 mesh or finer screen. The coarse particles on the
screen are simply returned to mill until all pass the screen. A hand
operated Corona grits mill can be used for in-home milling and sifting done
by flour sifter or related device. A grits mill of this type resembles a
hand meat grinder with stationary grooved disc mounted on body and another
_attached to the end of the feed screw and turning handle. : '

On a comvercial- basis barley meal can be produced at a rate of several
thousand pounds per hour using a hammer mill such as a Micropulverizer and
Great Western Box Sifter with conveyer to return coarse material to the
- mill. Several granulations can be produced simultaneously using multiple
. size screens in the sifter. Barley does not -sift as easily as wheat flour,

apparently due to ‘the presence of beta glucan and sifter must be sized
accordingly. : : : : : _ ,

iUses of Whole Meal Barley

Hot Breakfést- cereal - Meal groimd through 12 mesh screen can become hot’
breakfast'ceregl i cook lpart barley meal to 2 parts water for 7 minutes.

Uses of fine barley . real in -Cocking - this can be used in place of wheat:
. flour and corn starch to thicken gravies and sauces. Waxy starch present -
in this barley is resistant to break down and separation. L :

It can be used to.-flour méats.befo_re ‘pan ‘browning.-

and meat loaf. - It will retain added water which protects tender/moist -
eating quality of low fat ground meat during cooking. Beta glucan and waxy
starch of this barley are particularly well suited to this role in fresh

As a meat extender/fat replacer it can replace bréad crumbs ‘in hamburger

- and frozen entrees.,

Baking - ‘Meal ground to pass through finer screens: " 60 to 120 mesh,.can
be used to replace portions of wheat flour in baking recipes to increase
dietary fiber and vitamin E in the diet. Care must be exercised 'in
replacing wheat flour in bread; to protect loaf volume -limit replacement to
15-20%. Barley can weaken loaf structure as it contains no gluten which is
the basis of bread crumb structure. Two references included in Appendix B
contain information about use of barley in bread, biscuits, cookies and
muffins, pasta and granola. ‘ '

Table Syrup and a Sweetener Alternate to Refined Sugar - Barley meal can
also be used to make syrup when mixed with a portion of malted barley to
convert starch to sugar extract. An extract with as much as -20% seolids can
be prepared using a process resembling the mashing step in formation of
beer wort. After filtering to remove insolubles and adjustment of pH this
extract can be concentrated to stable 68% solids using a maple syrup
evaporator in the off season. Or, a low temperature evaporator can be used
to concentrate the extract without producing flavor and dark color of

traditional table syrups. Commercial enzymes are also available to assist
in conversion of starch and beta glucan to sugar.
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Puffed Barley - Both Merlin and R-2 were subjected to puffing by microwave .
energy after tempermg to raise moisture from 10 up to 20% in stages.-
While both grains exhibited some irregular expansion and could be easily
chewed, the texture and density were considered dlsappomtmg Better
expansion mlght be achieved by puffing gun.

Flaked Barley - No flaking was done because of specialized equ1pment

required; it can be achieved by two processes: extrusion and hot rolling
steamed grain. Extruded flakes of waxy hull-less barley were cbtained from®
Don Alexander, Nu-Grain Products and Dr. Joel Dick, Roman Meal Milling Co. .

Roller Milli'ng Flo'ur from Waxy Hull-less'- Barley

Hull-less barley has not . been roller milled on a comnercual ba315 to obtam )
a flour and bran smular to wheat, but, in 1993 Ron- Bhatty, : Crop,

Development  Centre, University . of ‘Saskatchewan - reported both ‘the

feasibility and properties of barley flou? and bran.milled by this process. :
It was an ‘aim:of this’ project to roller mlll barley, however, this was. - -
prevented by problems encountered to clean grain produced.at PARS in 1994
Thls study is included in Appendlx B and hlghllghts listed here. '

Sixteen barley samples were mllled by Allls-Chalmer experlmental nu.ll and
waxy hull-less found to produce flour with least starch: damage. This study -
concludes that waxy hull-less barley can. be milled with- con31stent results -
using equlpment routlnely used to mlll wheat flour. S

Pearllng for the Sake of Pearllngs ~ as descrlbe earller, pearling of waxy E
hull-less- barley was accompllshed by laboratory pearler and makes a product
comparable in appearance to traditional - pearled covered barley. The

by-product pearlings- from waxy hull-less barley have -great potential as a

new product. These pearlings have. tocols in. higher concentration dhemr
making them a valuable source of natural vitamin E and antioxidant. This

material can be- markéted to consumers as barley bran in a manner similar to

wheat bran.. It can be eaten by simple addition to conventlonal foods such a

breakfast cereals, salads and other dlshes

Tocotrienol of barley has been shown to reduce -serum cholesterol when

maintaining a low fat diet; a clinical study of this is included in
Appendix B. - . '

Malting - of Merlin and R-2 was accompllshed by USDA ARS Laboratory Madison
and values compared to brey!wers specification and values for malted Robust,
the parent of R-2. Use of malted hull-less barley could be advantageous to
production of malt base for manufacture of coolers and could be done
without capital expense of traditional brewhouse equipment. Spent grain
from such a process would be an excellent source of tocols.
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Malt
Trait
On 6/64
Extract

Wort color

Malt Protein

Wort protein

% Sol/Tbtall

Ave, Brewer’

Spec.

85% min.

78.5% min.

1.6-2.0

13.5 max -

5.4-5.8

40 - 45

Malted

Robust
87.9
78.9

1.72

©12.8°
- 5;54

43.3

Malted  Malted

R-2 =~ Merlin

78.0 81.0
78.4. 81.0
1717
177 16.3
521 a.se
ECIRE PR

D. DESCRIPTION OF INFORMATION AND EDUCATIONAL MATERIALS DEVELOPED

Thls report contalns wrltten 1nformatlon, photographs and edltedrv1deo that ;

‘can serve as ba51s of presentatlons at semlnars and fleld days

E. FUIURE PROJECTIONS RESULTING FROM THIS GRAN'I‘ AND PROUEC’I‘

,Productlon of waxy hull less barley w1ll be repeated by PARS in-1995 andthe\;- o
.barley used to study commer01al fea51b111ty of hew products descrlbed ‘here,

F. BACKGROUND USED O ACHIEVE ORIGINAL OBJECI‘IVE '

Personal background in food and beverage 1ndustry spurred along by interest .

in new uses for agrlcultural products and barley.
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Tom Edgett, Video Information Services, Mequon, WI
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SMALL GRAIN VARIETY TRIALS

Location: Peninsular Agriculture Research Station, Sturgeon Bay, WI

‘Personnel: R. Forsberg, R. Duerst, F.Weber, R. Weidman

 Objective: Evaluation of named and numbered selecnon of oats, barley,and wmter

wheat.

Plot Size: Four rows 12" spading 10" long, replicated 4 times.

Materials and Methods‘ Plantmg Date: Oats - 4/19/94

Barley- 4/17/94
- Winter Wheat - /24/93 .

planting: Winter wheat -

4/18/94

Herbicide: Oats and barley, MCPA.5# ATA o

3 Harvest Dates: Qats - 8/2/94

“Winter Wheat ,Barley 8/2/94 7
Yxeld -projections’ based on two 8' row samples taken from a

each rephcatlon

Two- and Three-Year Summary of Oat Varlety Yields

Fertilization: All grains 40#N, 40fP, 0K broadcast at
45# N supplement' .

- Two Year Yield Summary -| Three Year Yield Summary

. Bw/A _ Bu/A
| Variety or Selectlon 1992 1993-15 14 19911992 19934494

‘Dane - 106.9 ' 86.2 )
| Hazel . 110.0 - -86.3:
| Horicon - . 114.8 . 97.1 -
| Ogle 91.5 8l.1.

Prairie 137.3 - 112.2

Porter 112.0 . 93.1

Troy 103.3 -

Bay 144.6 117.4 -

X5673-2 137.4 - 107.5

X5976-8 132.0 . 104.7

X6045-4 103.0 :

X6161-1 114.0 - 01.5

X6166-2 121.5

X6396-1 114.4

Average 117.4 97.6

42



Yield and A

ronomic Data For Barley Vanetles 1994

: - Yield.
Variety or Selection “Bu/A '-Rank Bu. Wt. Lbs. __Ht. in.
Bounty 47.5 3 - 46.3 24.3
Chilton 46.6 4 48.0 25.0
Chopper 53.7 . 1 - 50.3 23.0
Excel 38.3 - 8 47.2 . 22.8
Hazen 535 | 2 47.6 - 25.0
Morex 433 |, § 46.3 . 24.8
Robust C 406 1 7 473 C 26
Stander o 414 6 . 47.9 228
Average | - 45.6 e . 47.6 . 2427 -
Mean .= 45 6 Bushels Per Acre S B
‘L8.D, .05 =.7.31 Bushels Per Acre - =
_ Standard Error '== 3,52 Bushels Per Acre -
C. V = 10 90Percent S
. - Hulless Barley Tnals co s
Variety =~ Y1e1d Bu /A - |- Bushel Wt.. (Lbs.} | - Helght (In)
Merlin - 026,10 ..o 55,9 - ©17.5 -
R-2 Robust . - 29.8¢ , . 52.8 -25.8
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Research

Food Uses of Waxy Hull-less Barley'”

ABSTRACT

Waxy, hull-tess barley in the form of flour,
flukes, quick-cooking cereal, or extruded
cereals was substituted-for 23- 100% of wheat
flour and: or oats or rice cereals in a variety
of food products, which were evaluated by
sensory panels.
characteristics were similar for the following

products made with wheat or whole wheat .
flour ‘and those in which barley was sub- -
stituted at the indicated level: breads (26% -

barfey vs. whole wheat flour), carrot-spice
bars {1000 barley vs. wheat flour), no-fat
blueberry muffins (709 barley vs. 0% whote
wheat vs. 100% wheat flour), chocolate-chip

_cookies (50% barley vs. [00% wheat flour). .
< Raisin cookies made with barley or oat cereal

were liked equally for most sensory charae-
teristics. including flavor. Granola bars made

oal flakes. There was no difference in flavor
and overall acceptability ratings for 25or 35%
barley  and [00% wheat-flour biscuits. The

flavor of barley noodles compared favorably
with commercial whole wheat noodles: Waxy,

hull-tess barley can be successfully used in

“ many foods ;10 - producc hlgher-ﬁber t‘ood :

’ products

Barlcyhas long been used in the United + -
States in the malting -and brewing in- -
dustry and for animal feed. Only dbout

¢ of U.S. barley is used for food. Al--

_ ;hough barley is available in both huiled
{covered) and hull-less variants, hull-less

barley, which does not require dehutling,

offers some advantages for food uses.

. Bhatty (1) reported that hufl-less barley -

can be milled directly to obtain a meal
or can be pearled and ground (). Hull-
less barley, particularly cultivars_ with
. 10065 amylopectin (waxy) starch, has
high totat and soluble fiber contents; it
also has a higher 8-ghican level than most
covered barley and oats (2-4). However,
gumminess has been reported when high
levels of hull-léss barley have been
incorporated into food (5), probably due
to the high water-holding capacity of the
soluble {iber. Newman and Newman (3)
reported a number of studies in which
hull-less barley was incorporated into
food. The objective of this study was to

"Presented at the AACC 76th Annual Meeting,
Seattle, WA, October 13-16. 1991.

*published with the approval of the director of
the Agricullural Experiment Station, North
Dakota State University, as Journal Series 2038,

'Food and Nutrition Department, Nerth Dakola
State University. Fargo, ND 58105,

©1992 American Association of Cereal Chemists, inc.

Scotes for most sensory .

determine the acceptability of a wide l

variety of food products in which waxy
hull-fess barley was incorporated. -

‘VIATER[ALS AND METHODS

Barley Products )

"Twenty- -nine barley culuvars selecled
for genetic diversity of hull and starch
types were grown in Norlh Dakota and

screened - for B-glucan content in 1989.
~The hull-less cultivars having. waxy :
starch had the highest average 8-glucan
‘content (6.71%) compared. with hull-less .
covered waxy .

normal starch (5.42%), ¢
starch (5.349%), and covéred - normal

~starch (4.279%) cultivars.: “Wanubet, a
“hull-less, .waxy starch cultivar, had an .

 with -barley fakes were rated” higher for- . :3YETage. B-glucan_content of-6.87% (10 - -

appearance and Navor than those made with - " environments) and was selected for use

in all of the barley products in this study.
. The barley flour was ground from

~.whole hull-tess barley at Natural Way. \
-.Mllls,(Mlddle River; MN). Whole barley
flakes were obtained from NuGrain.
" Technologies (Martin, ND}) and a quick- -
- - cooking cereal (Hot Barley Cereal) from
 "NiWorld. Nutrition - (Fargo, ND}.” .

- Cere¢als made of 50% barley and 50%rice, -
100% - barley, and  100% tice were ex- -

truded using a twin-screw extruder
(Wenger. Manufactunng, Sahetha, KS)

~ with the crispy rice die.

Flour Analysis
Analyses. except particle-size deter-

- minations, were .done - according to

AACC methods (6). Whole-grain barley
flour and all-purpos¢ wheat flour were
analyzed by Method 46-12 for protein,

30-25 for ether extract, and 32-07 for.

total, soluble, and insoluble dietary fiber.
Levels of B-glucan in the barley flour,

ail-purpose flour, and oat-bran cereal
‘were determined using Method 32-22.

Starch content of the barley flour was
determined using Method 76-11. The
paruele-mze distribution of the whole-
grain barley flour was determined by
sifting 175 g of flour using sieves (nos.
80, 100, and 1[40, W. S. Tyler Co,,
Cleveland, OH) in a Ro-Tap shaker {W.
S. Tyler Co., Cleveland, OH) for 30 min,
The overs and throughs were weighed,
and percent of total was calculated for
each fraction.

" Product Formulations

Fight products were formulated with
barley flour, flakes, quick-cooking
cereal, orextruded cercals substituted for
all-purpose or whole wheat fiour, oat-
meal, oat-bran cereal, or extruded rice

P. T. BerGgLunp, C. E. FastnvaucuT, ANDE. T. Houm’

- cereal. Optimal levels of barley substi-

.whole wheat noodles.

tution for each product were determined
in prehmmary experiments. Test prod-
ucts containing barley were compared to
controls prepared using the orlgmal
fecipes based on wheat, oats, or rice,
except for the barley noodles, which were
compared to' commercmily prepared
‘ In substituted -
products that did not include cereals,

-percentages of flour reported are based -

on total flour weight. All-purpose flour

- made ‘up the remainder of the flour

“component in all products cxcept bread, -
in which bread flour was used. All baking
-was done in a convenuonal household-

_type oven,

Bread. The test bread contamed 26% L

- of barley, and the control contained 26%
_ whole.-wheat flour. Other ‘ingrédients’

tisted in Table 1 were the same for both
barley and whole wheat breads. Yeast
was dispersed in 20% ‘of the water; egg,’

* - oil, mokasses, and remaining water were -

mixed well. Barley or whole wheat flour,
gluten ‘and salt were added and mixed
with the _yeast and .egg mixtures. Bread

' flour was gradually added, and the dough.
“was mixed to optimal development in a
“ mixer {model X45S8S, .Kitchen Aid,

" Greenville, OH)with a dough hook. The

dough was kneaded uitil smooth and

" elastic- (EO min), allowed to rise until

doubled in an ‘oven (prewarmed on low
settmg for 5-min. and then turned off)
with ‘a shallow. pan of water on the
bottom rack to increase the relative
humidity, then punched down and

- molded by hand into 450-g loaves. The

loaves were proofed until doubled in size
and baked at-190°C for 35 min. Loaves

-were covered with aluminum foil after

the first 15-20 min of baking to prevent
the crusts from becoming too dark.
Breads were baked the day before sen-
sory evaluation. On the day of sensory
cvaluation, breads were sliced, and
vertically cut half slices were placed into
individual plastic bags, which were then
sealed. Two slices at both ends of the
loaves were not used for sensory eval-
uation. Panelists were served the bread
slices in the plastic bags to maintain
optimai freshness.

Carrot-Spice Bars. Carrot-spice bars
were prepared with 100% barley fiour or
100% all-purpose flour and other
ingredients listed in Table I. The dry
ingredients were blended together: the
egg and oil were mixed well. The water
(100°C) was poured over the shredded
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carrots, and they were then combined
with the liquid ingredients and beaten
with the Kitchen Aid mixer (low speed)
for | min, Thedry ingredients were added
and mixed until completely blended
before addition of the walnuts. The
batter was spread into a 23 X 33-cm glass
baking pan that was sprayed with
nonstick spray. The bars were baked for
35 min at 177°C, cooled, covered, and
stored overnight at room temperature.
The foilowing day the bars were cut into
2.5-cm squares and served to sensory
panelists,

Blueberry Muffins, Muffins were
prepared with either 70% barley flour,
70% whole wheat flour, or [00% all-
purpose flour, Other ingredierits listed in
Table | were the same for the three muffin
formulations. The dry ingredients were
mixed together, Liquid ingredients were
mixed together and then stirred into the
dry ingredients just until moistened.
Blueberries (which were frozen and

rolled lightly in flour} were folded into’
the muffin mixture, The muffin batter

(25 g per muffin} was placed in small
" muffin tins coated with nonstick spray,
baked at 204°C for 8 min, and cooled
for 2 hr before serving to the sensory
" panel. . S
" Chocolate Chip Cookies. Cookies
“were prepared with 50% barley flour or

100% all-purpose flour and other:

_ingredierits that were the same for both
- products {Table ). The dry ingredients
were blended. Margarine, sugars, and'

> vanilla were creamed for 50 sec -at, high

speed with a Kitchen Aid mixer, The eggs
_‘were added to the creamed mixture and
blended for 30 sec. The flour ‘mixture

was' added gradually and mixed for 2,5 .

min before the chocolate chips -were
added and mixed in. Cookie dough was
placed on the ungreased cookie sheet

with a no. 100 scoop, baked at 177°C

" Table I, Nonflour Ingredients*

for 9 min, and cooled on racks. All
cookies were baked the day before
sensory evaluation and stored in plastic
bags.

Biscuits, Biscuits were prepared with
25% or 15% barley flour or 100% all-
purpose flour. Other ingredients listed in
Table T were the same for the test and
control biscuits. The shortening was cut
into the blended dry ingredients with a
pastry btender until it was the size of
smail peas. The milk was stirred into the
dough and mixed until the dough formed
a ball and picked up the flour on the
sides of the bowl. The dough was
kneaded 15 times on a lightly floured

surface, rolled 1.25 em thick, and cut with

a 6.35-cm biscuit cutter. Biscuits were
baked about 2.5 cm apart on an
ungreased cookie sheet for 12 min at
218°C, then cooled on racks, and stored
in plastic bags until sensory evaluation
the following day. : o
Noodles, The barley noodles were
prepared with 75% barley flour, 25%
semolina flour, egg, and water-(Table I).
The barley and semolina flours were
biended at low speed for 2 min; the egg
and water, which had been mixed

~ together, were gradually added, and the

dough was mixed to optimal consistency.
The dough was sheeted and cut in a
noodle -machine (Atlas 150 Lusso,

Compodarsego, Italy). The thickness of -

the sheeted dough was reduced gradually
by passing it through the machine with

- the settings consecutively adjusted from
“one fo six. The noodles were air dried
" at room temperature for 20 hr and stored

in plastic bags. Immediately before
sensory “¢valuation, the noodles were

"cooked. to optimal doneness (7 min for

barley noodles, 10 min for whole wheat

" noodles) and mixed with a commercial
spaghetti sauce. .Samples. of approxi- .
mately 30 g were served to each panelist.

Raisin Cookies. Raisin cookies were
prepared using a formula of flour and
cereal ingredients (Table II} plus other
ingredients listed in Table I, which were
the same for both barley and oat-bran
raisin cookies. The dry ingredients,
except the raisins, wer¢ blended, The
margarine and sugar were creamed {or
3 min, corn syrup was added and mixed
for 50 sec, and egg white and vanilla were
added and mixed at high speed with a
Kitchen Aid mixer for 45 sec. The dry
ingredients were added gradually and
mixed for 1.5 min. The raisins were
stirred in uatil evenly distributed, Cookie
dough was placed on the ungreased
cookie sheet with a no. 70 scoop, baked
at 199°C for 10 min, and cooled on racks.
All cookies were baked the day. before
sensory evaluation and stored in plastic
bags. ) .

Granola Bars. Granola bars were
prepared using a formula -of cereals'
(Table II) and raisins mixed with a binder
(Table T). ‘The cereals and raisins wete
combined. The binder was prepared by
combining dry and liquid ingredients
separately, then adding liquid ingredients
to dry ingredients with" stirring, This

‘mixture. was cooked “uatil it reached

82°C, at which time it was thick -and
pulled away from the sides of the pan.

.. The binder was poured over the cereal-

raisin mix. The mixture was stirred for
I min and pressed with a rolling pin into.

.2 23X 33 X L6-cm metal pan so-that
the bars were 1.6 cm thick. .Bars were -

prepared the day before sensory evalu-

_ation,'t:overed, ‘and cut-into 2.5-cm
squares before serving. ’ ’ :

Sensory Evaluation = -

All products were subjected to sensory
evaluation. Seventy-five or more un-
trained consumer panelists evaluated the
breads, carrot-spice bars, blueberry

Choacolate Chip

- Carrot-5pice Blueberry - * Raisin - Granola
Ingredient Bread . Bar ~ Muffin Cookie - Biscuit -Noodle - - Cookle : Bar®
Sugar® 15.9 137.9 © 43l _ " 90.6 e ven 114.3 © 540
Corn syrup”. . . R 76.0
Egg® 9.9 842 255 34.6 s 26.7 . 55.7 ves
Qil, fat' 8.5 474 - aes 728 - - 29.7 . . 52.9 .
VWater 56.1 29.0 v . - 66.7 Cee ce
Skim mitk . Ve 101.3 " T4, veer . 100.0
Leavening? 1.4 4.5 8.1 1.8 e L4 cee
Salt 25 3.2 L4 - 1.9 1.6
Vanilta . 3.2 i1 DU 25 v
Spice mix" ces 3.6 .. . 0.9 ' .
Raisins Ceas e 571 320
Other* 6.4 160.5 1300 811 el 40.0

::\mgunis are percents of flake weights for granola bars and percents of total flour weights for other products.
Allingredients ¢xcept raisins are for granola-bar binder.

“Sugar source was molasses for breads, 60.3% granulated sugar and 30.3% brown sugar for chocolate chip cookies, and granulated sugar for all other

products.

JLight corn syrup was used in the raisin eookics, high-fructose corn syrup in the granola bars,

“Egg refers to egg whites in the blueberry muffins and raisin cookies and to whole egg in other products,

*Cora vil was used in the breads and carrot-spice bars, corn oil margarine in the chocolate chip and raisin cookies, shortening in the biscuits.

Yeast was used in the breads; baking soda in the carrot-spice bars, chocolate chi

and biscuits.

p cookies, and raisin cookies: baking powder in the blueberry muffins

"Spice mix gonsists of l.éf-‘c cinnameon, 1.0% cloves. and 1.0% nutmeg in the carrot-spice bars and consists of cinnamon in the raisin cookies.
‘Other consists of g[L_nen in ghe breads, 100% carrots and 60.5% walnuts in the carrot-spice bars, blueberries in the biueberry muifins, chocolate chips
in the chocolate chip cookies. and 20% cach barley flour and Lodex 5 (American Maize-Products Co., Hammond, IN) in the granola-bar binder.
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muffins, chocolate chip cookies, raisin
cookies, granola bars, and biscuits,
Samples of the noodle products were
evaluated by six panelists on three
different days. Sensory panelists were
students, staff, and faculty volunteers

biscuits (7). A score of five was consid-
ered a neutral score, and scores above
five were in the “like” range. Biscuits were

evaluated using a paired-preference test

in which panelists were asked to select
the biscuit they preferred from the two

from North Dakota State University who
responded to on-campus advertisements.

Sensory quality attributes were eval-
uated using a nine-point hedonic rating
scale (1 = dislike extremely, 9 = like
extremety) for all products, except

biscuits presented.

Sensory evaluation sessions for each
product were conducted on separate days
from midmorning to midafternoon, The
tests were performed in partitioned
booths with overhead fluorescent

Table 1. Flour-Cereal Yariations for Raisin Cookies and Granola Bars*

Grznola Bars

Oatmeal Barley Flakes

R_ﬂﬁ_"gff’_mff_ with Barley- . Barley
Ingredient ‘Barley Oat Rice Cereal Rice Cereal Cereal®
Flour : S
All-purpose 100.0 [00.0 . . s
Cereal ‘ oo : : T -
Barley flakes 36.4 o s 100.0 100.0
‘Old-fashioned oatmeal e 364 100.0. T e LR
Hot barley cereal . 943 . ves . .
Qat-bran cereal Vi 94.3 e .
Extruded crisp cereal . : ; ‘
Barley - o S iy s S A1
Barley-rice (50% each) ves U 30.0 T e
Rice ° ar T 300 Tia

- *Amounts are percents of flour weights for raisin cookics and percents of flake we!ghts l‘or .

: granola bars.

- ®Amount of extruded barley crisp cereal was increased to compensate for rcduced volume
of the cereal as compared to the other crisp cereals. s -

)

" Table 1L Composmon of Wanuhet Barley Flour and Seleeled Ingredients

: Wanube!l All-Purpose ' Whole Wheat. . Oat-Bran .
- Component Barley Flour Wheat Flour Flour® : Cereal‘
Proteiri 13.90 - 13.50 “t4 100 2143
Lipid- 282 10.39 <o LB 7.14
Carbohydrate (starch) 65.26 81.70? . 6880 . 60.71
Totat dietary fiber 16.05 1.65 8.80 14.64
[nscluble dietary fiber 9.68 122 - ND# ND
Soluble dietary fiber 637 0.43 . ND ND -
B-Glucan 6.56 0.4 ND . 7.48

*Amounts are percents of total weight (g/ lOO B).
"Calculated from whole wheat {lour package label (Gold Medat, General Mllls, aneapohs, :
“MN).
..*Calculated from oat bran hot cereal package label {Quaker Oats, Chtcago, IL)
“Caleulated from all-purpose wheat flour package label (Gold Medal) )
-‘ND = not determined. .

- Table IV, Evaluation of Brend Made with 26% Bar[ey or Whole Wheat Flour

: Specific

7 A 7Sensory Scores Weight V‘;:ume
Flour Texture Flavor Color Overall {g) (em/g)
Barley 6.30 A 6.58 A 6628 670 A 433 A 3.26 A
Whole wheat 652 A 6.61 A 687A . 682A 4274 B 315 A

*Means within a column having different fetters are significantly different (P < 0.85) (n = 92
for sensory scores; n = 4 for weight and specific volume).-
"Hedonic rating: 1 = dislike extremely; 9 = like extremely.

Table V. Evaluation of Carrot-Splce Bars Prepared with 100% Barley or All-Purpose Wheat Flour*

lighting. Samples were coded with three- . .
digit random numbers and presented
together with a-scorecard i a random- -

ized order. Panelists were supplied with

water (22°C) for mouth nnsmg between
samples. _—

Objective Tests

Bread loaf volume was determined 2
hr after baking using rapeseed displace-
ment in a loaf volumeter. Each loaf was .
weighed and the  specific volume was
calculated. Spice bars, muffins, and
granola bars were evaluated for color dif- -

“ferences by mearns of a Gardner Tristimu-

lus XL.-23 colorimeter (Bethesda, MD)

- using the L, a, b scale compared to a
white standard (XL-23-246-D). Pans of - .
- spice bars were cut into four sections and |
. weighed before volume measurement by
_rapeseed displacement in a volumeter. .

The weights and volumes of al! four sec- ~

tions were added to calculate totat weight -

and volume, respectively. The volumes ..
of muffins and biscuits were determined -

by rapeseed displacement. Cookie spread . - .
" was  determined by. the- !'ollowmg

formula:

%'spread = '

whcre dgis the d:ameter affer bakmg and

d; is the diameter before baking. Cooked'
welght -of noodlés was determinéd by:
weighing after ‘'draining for 2.5 min, -

~Cooking loss was determined by col- . o
- lecting the combined ‘cooking and wash' -

water in a prewe:ghed bcakcrL evap-

- orating to dryness iri dn-air oven at. - -

to*c, and welghmg thc re51due

‘AnalymsofData ‘ A
Sensory and objectwe tests were S

statlstically analyzed using the analysis
of variance procedure of the Statistical
Analysis Systém (SAS) computer pack-
age (8). Duncan’s’ multiple range test -

“{P=0.05) was used as the post hoc¢ pro-
cedure when the ahalysis of variance of -
three or more treatments indicated . -

 significant differences, Results from the’

paired-preference test for biscuits were
compared to tables estimating signifi-
cance for that test (9). Descriptive sta-
tistics are reported for some objective

‘ ‘_analyses

RESULTS AND DISCUSSION

Flour and Cereal Composition

‘Results of proximate analysis of
whole-grain barley flour-and al-purpose
wheat {lour are compared to information

Sensory Scores® Volume Weight Color
Flour Appesrance TFexture Flavor (em?) (g) L i b
Barley 657 A 673 A 6.52 A 1035 A 470.9 A 30.67 B 688 B 9.08 A
All-purpose wheat 6.80 A 6.45 A 105 A 1,140 A 4714 A 34.26 A 192 A 11.20 A

*Means within a column having different letters are SIgmﬁcantly different (P < 0.05) (n =
and color scorses).
*Hedonic rating: | = dislike extremely: 9 = like extremely.

74 for sensory scores; n = 2 for volume, weight,
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from package labels of whole wheat flour
and oat-bran cereal in Table 111. The oat- -
bran cereal had the highest protein and
lipid levels. Total dietary fiber was high--

est for barley flour, followed by oat-bran
cereal. Oat-bran cereal and barley flour
- ground from whole waxy, hull-less bartey
had the highest 8-glucan levels. The par-

Table VI. Evaluation of Blueberiy Mulfins Prepnred.wilh Barley/Wheat Flour Variations*

Sensory Scores®

Yolume
Flour ‘Appearance’ Texture Flavor Sweelness Aftertaste  {cm’)
Barley (70¢%), all-purpose - . )
wheat {30%) 6,37 A S587A S564A S548A 493A 10928
Whole wheat {709, all- . Co ’ ’
purpose wheat {36%) T632A S68BA 5T0A 564 A 532A 12424
All-purpose wheat (100%)  6.46 A S.62A S566A S64A A8 A 1242 A

*Means within a column hanng different letters are significantly diiferent (P = 0.05) {n = 73
for sensory scores; n = 6 for volume).
"Hedontc rating: | = dlSllke extrcmely‘ 9 = ltke extremely

| NUT RITION

NUTHIT[ON 1NFORMATION
: PER SERVING - -
_ Serving Size:
- 4 ounces condensed y
1 cup (250 g) as prepared 5

ANSWERS

Calorles o _ 170 e
Calortes fromfat 730
T Fat’ T 39
‘Nutrition labelmg under the 7 Saturatedfat . 1gi
new regulations will be more ‘Cholesterol ~ ..5mg 3 -
* demanding. Medallion Laboratones, -+ - Sodium +. 1,000 mg
© can help meet those demands. We ;' ~Carbohydrate . 27:g
“assist you in setting up an analysis ;’b‘:’[ : R gg
program that keeps your product. oo 9.
and labels current with FDA and © - PERCENT OF QA'LY VA‘-U:: :
USDA policy. : ' 51:?::2 RS 1
" You 'get expert consuitatlon fast* aloi S
turnaround and quality testing — ron ‘ g

~full service from initial ingredient
tests to final product label, )
" Medallion analyzes foods for - -
additives, residues or toxins. -
Microscopy and micro--
biological tests are
also performed.
Call Medailion for
the answers you need., -
1-800-245-5615

t Contains less tharj 2% of :
- thedaily value of the nutrient =

Nutrition
m‘ labeling

in capable
- hands,
Medallion
Laboratories

9000 Plymouth Avenue
Minneapolis, Minnesota 55427
Phone 612-540-4453 ‘
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ticle size distribution of the barley flour
was 4.5, 5.5, 6.1, and 46.9% on sieve
sizes 80, 100, 140, and through (40,
respectively.

Sensory Analysis

Most of the products prepared with
barley compared favorably with the
praducts prepared using the wheat, rice,
or oat products specified in the original
formulas.

Breads. Sensory scores for texture,
flavor, and overall acceptability were not -
significantly different when 26% barley
bread was compared with 26% whole
wheat bread (Table 1V). The sensory
color score for barley bread was between
“liked slightly” and “liked moderately"
but-was significantly lower than the color
score for whole wheat bread. Barley
bread - weighed more than the whole

-wheat bread after baking, suggesting that
:the barley bread retained more moisture,

The specific volume of the whole wheat -
bread was not significantly greater lhan -
that of the barley bread. -

Although Bhatty (10) reported that no
more than 10% barley flour could be
incorporated into white pan bread with- -
out seriously affecting loaf volume and
appearance, Swanson and Penficld an
developed an ‘acceptable formula for a’

‘whole-grain bread containing 20% barley
. flour and 30% whole wheat flour, Per- -

haps whole-grain breads, such as barley
bread, should ‘be compared to other.

-~ whole-grain breads rather than to whue-- N

pan breads. e
Spice Bars, Hedonic scores for appear-

- ance, -texture, and flavor: were not
‘significantly different for carrot-spice -
.‘bars formulated with [00% all-purpose
‘wheat_ flour_ or - 100% whole-ground

barley flour (Table V). The volumes and
weights of both types of bars did not
differ significantly, The L and a values
of the bars made with all barley flour

were lower, indicating a slightly darker .

color and slightly less redness. .
Blueberry Muffins. The panelists’

scores for appearance, texture, flaver,

sweetness, and aftertaste of a no-fat blue-

. berry muffin formulation made with 70%

whole-ground barley and 30% all-pur- °
pose wheat flour were not different from
scores for the same muffin formula
prepared with 100% all-purpose flour-or
70% whole wheat and 30% all-purpose
wheat flours (Table VI). Newman and
coworkers (12) also conducted a sensory
evaluation of waxy hull-less barley muf-
fins. Although they did not evaluate muf-
fins on a hedonic scale, they found that
panelists could not detect differences be-
tween muffins made with waxy, hull-less
barley or wheat when the color was
masked. The low scores (less than 6) for
flavor, sweetness, and aftertaste in this
study may be related to indications by
the judges that they would have liked
all muffins to be sweeter than the formula
used.

Of the three types of blueberry muf-



Table VII. Color of Blueberry Muffins Prepared with Bartey/Wheat Flour Variations*

_ Top Bottom Slice
Flour L a b L a b L a b
Bartey (70} N ;
all-purpose wheat t30¢) ~ - 55.70 B 488 19.65 B 63.32 B 6.04 B 20.63 B 63538 455 B {8.15B
Whole wheat (707). R
all-purpose wheat {3860} 56188 . - 908 A i3.838B s922C 7.80 B 2161 B 63.10 B 173 C 1678 B
All-purpose wheat {100} 10.59 A 69 C 2483 A 68.98 A 10.65 A 2631 A 8209 A 1.78 A 2195 A

*Meuans within a column having different letters are significantly different (£ = 0.05) {n = 5 for top; n = 4 for bottom; n = 2 [or slice).

fins, the barley muffins had a lower
volume than either of thé wheat mulfins.
When color was determined at all three
locations—the Lop. bottom, and inside
of the muffin—higher L values for all-
purpose mutffins indicated a lighter color,

‘as would be expected {Table VII.
- Likewise, b values were higher for the

100c% alt-purpose, wheat flour muffins, .

mdlcaung more yellow coloration.
Cookles Test and control chocotale

" chip cookies received similar ratings for
texture, flavor, and overall appeal{Table

Vill}. Flavor and overall scores for all -

chocolate chip cookies were. in the

~moderately like™” category. The appear-
" anceof the EOO wheat cookies was rated
- significantly hlgh_er than for that of the
“50¢; barlev cookies. The top surface.of & - .

- the barlev cookies was described as more i

~eracked” and slightly miore -“grainy.”

The control cookies spread morc than )

- those with 50¢¢ barley. .

Scores for texture, flavor, and overall - °
appeal of raisin cookies made wtth barley -
or vats (Table [X) were‘also not
significantly different. The appearance of -

“the oat-bran- raisin .cookle was .rated
higher than that of thebarley-cereal
raisin cookie, Cookies made with barley

spread significantly more than- oat- bran

vookies,

Blscmts. No mgmﬁcam dafferenccs in. -
- preference were observed for flavor or

overall acceptability when 23% and 33

-barley biscuits were compared to a {005

" all-purpose wheat Mour control {n = 75),

Consumer panelists preferred the ap--

pearance of the $00¢¢ all-purpose biscuit
mote than that of the 356 barley biscuit
{ P==0.05); panelists prcfcrred the texture
of the 100 all-purpose f{lour biscuit
compared with that of the 25¢¢ barley

biscuit {£ = 0.05). The biscuit volume |

was greatest for the control (63.25 cm?)
and decreased as barley content ‘in-
creased from 25 (59.75 cm} to 35
{57.50 cm').

* Noodles. Barley noodles (756 barley,
25¢¢ semolina) and commercmlly pre-
pared whole wheat noodles were evatu-
ated by the same panel on three differemt
oceasions (Table X). Scores for the
flavors of the two noodles were similar,
but the whole wheat noodles received
higher scores than did the barley noodles
for appearance and texture. The starch
in the air-dried barley noodles was not
gelatinized Lo the same degree as that
in the commercial wheat noodle. This
{actor probably contributed to the less-

desirable texture and appearance of the

- barley noodles and 1o the reduced
«cooking time necessary to achieve

optimal doneness. The reduced cooking

time resulted in less cooking loss and

slightly higher cooked weight tor the

barley noodles,

Several other workers have reported
acceplable pasta products prepared with
barley. Melland and coworkers (13) pre-
pared acceptable spaghetti with bleached

barley {lour, and Nakamura (14) re-

| )} '.ﬂr
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ported lower stickiness and higher values
of cohesiveness, softness. and chewiness
for barley pasta compared with wheat
pasta,

Granola Bars. Granola bars {Table X1}
formulated with barley flakes and an
extruded crisp cereal made of 50 barley
and 50T rice or of 100% barley were
compared with a granola bar made with
oatmesl and an extruded crisp-rice
cersal. Panefists rated the appearance
and flavor of both granola bars made
with the barley flakes significantly higher
than those made with oatmeal. The
texture of the bar prepared with barley

flakes and crisp barley-rice cereal was .

rated highest. AH the favor scores were
in the newtral {neither hke or dislike)
range, probably due to lack of optimal
binder {lavor and not to the cereals used

in the bars, indicating that further.

development is warranted for the binder.
The only difference in color scores. a
higher b value for the oatmea!-crisp rice

cereal bars, indicated a slightly yellower

color.

CONCLUSIONS

Most of the food products prepared
with waxy, hull-less barley and evaluated

‘in this experimeni were liked as well as
products prepared using the original

formulas that contained wheat, oats, or
rice. Waxy, hull-less barley can be suc-
cessfully substituted for wheat flour in
many food products in amounts ranging
from 25 to t00%. When waxy, huil-less
barley is incorporated, both total fiber
and soluble fiber content are increased
10 produce higher-fiber food products,
Foods containing barley may.appeal to
consumers who are interested in whole-

grain and higher-{iber food products.
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Table VIII. Evaluation of Chocolate Chlp Cookies Prepared with Barley and All- Purpose Wheal

Flour Variations"

- Sensory Scores®

g . Spread
Flour Appearance Texture “Flavor ™ Overall . (%)
Barley {305, - o S A L L
wheat (50¢) 676 B 640 A 701 A 688 A 64.1 £0.16
Wheat 7.03 A 6.64 A 119 A L6A . :762E0.10

*Means within a colemn having different letters are >1gn|ﬁeamiy dlffercnl (P< (13 05) (n = 95

for sensory scores: n = 12 for spread).

Hcdonu rating: 1 = dislike enreme!\ 9= hke euremely

_ Table IX. Evaluation uf Raisin Cnoknes Prepared with Barley or Oal-Bran Cereal‘

_Sensory Scores®

B . . . i . Spread
ingredients Appearance Texture - - Flavor S Overall 0 (%) .
Burley 599 B 5.44 A 634 A U 608A 652 A

_ Dut-bran cereal 6.36 A 5.66 A 669 A 6.45 A 5858

"Mueans within a column having different leners are sngmﬁcantly dl[ferem (P <0, 05} {n =80

for sensory scores: n = 30 for spread).

“Hedonic rating: 1 = dislike cureme!\ 9= ilke euremely

" Table X. Evaluation of Barley and Whole “rheat Noodles*

. . Cooked Cooking -
Sensory Scores . Weight " Loss
Flour Appearance Texture . _ Flavor . = {g) - (%)
Barlev t75¢¢), ’ e . ) L
semolina 2507 S4B 194 B 567 A CAL62 A .5.508
Whole wheat 6.36 A 5.50°A 5.7 A “26.58 A 985 A

“Means within a column haviag different letters are significantly dtfferenl (P <0.05) (n = I8
_tor sensary scores, & = 1 for cooked weight and cooking Eoss)
“Hedonic rating: | = dlshke extremely; 9 = Itke extremely.

Table X1. Evatuation of Granola Bats Prepared with Barley Flakes or Oalmeal and Extruded

Cereals'
Sensory Scores® Color

Ingredients Appearance  Texture Flavor L a b
Burley flukes with

crisp barley rice cereal 741 A 65 A 582A 6768 A 53A ILISB
Burley akes with 1005 . : ‘

crisp barley cereal Ti3 A 570B  542A 675TA 536A 17238
Oatmeal with . :

100 crisp rice cereal 639 B 521 B 4488 6677 A 506 A 1802 A

‘NMeans within a column having different letters are significantly different (P = 0.05) {(n = 85

lor sensory scores: n = 3 for color scores).

“Hedonic rating: | = dislike extremely: 9 = like extremely.
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ND, for the extrusion processing: NuGrain
Technologies, Martin. ND, for.the barley.
flakes: and NuWorld Nutrition, Fargo \D
for the quick-cooking cereal. .
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Barley Bran Flour Evaluated
as Dletary Flber Ingredlent in Wheat Bread

- V. K. CHAUDHARYANDF E WEBER

ABSTRACT

Barley -bran flour {BBF), one of the newer
cereal fiber sources, was compared for
composition and baking performance to other
commercial {iher tnared:cms such as cat bran,
¢ore bran. wheat bran, soy bran. cetiulose;
and whole wheat flour. Significant differences
in both composition and quality of bread were

realized by 15 replacement of wheat flour -

by individual fiber ingredients. Baking
" Characieristics of breads were obtained by -

subjective scoring by trained panelists and by -
BBF out- .

specific volume measdrement.
performed other fiber ingredients in

producing a bread with substantially increased .
dietary fiber. highest foaf volume. and highest™

quality score” of the fiber-enriched breads.
BBF bread wus scored the highest for.flavér,
Water absorption and mixing requiremeits
for e‘(penmcnwtdouuhscontammg each fiber
were obtained using the mixograph, The bread
formutation and method of baking used was
the one commonly known as the Kansas~
State Process,

The nutritional benefit ofdiétary fiber .

from different sources has- been the
subject of numerous research studies
{1-13). All kinds of conventional and
non-conventional sources of fiber are
available as commercial ingredients.
Among the common cereal sources of
_ dietary fiber available on a commercial
scale are wheat, corn, and oats; Until now
barley bran has not been used extensively
because comparatively small quantities
of barley were milled and pearled to
provide by-product bran.

Recently however, malted barley from
the brewing of beer (brewers grain} was

! Miller Brewing Co., Milwaukee, WI 53201

1990 The Amenican Assocalion of Cereal Chomists, inc.
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-baked products, Specnflcaliv
- consumed -in sufficient quantity pro-

milled by 4’ new "'p.roécss to prod_iice A
_bran flour with high total dietary fiber .
(TDF) (14), Brewers grain consists of the

pericarp. embryo, and hull portions of
barley.. The -resulting “bran flour

-contained 67(" insolublé and 3% soluble

dietary fiber, 18.5%_protein, 6.83% fat,

~and 4, 6 ash. This barlev flour was.not .

commerc;al!y ‘available when - Prentice

and D*Appolonia (15) and Dreese and “
Hoseney (16) mvesugated production’of.
ﬁber-enrlched breads usmg barley. ﬂour”;-__-

recovered from brewers grain.

. Barley bran-flour .{BBF) processed
- from brewers grain is pienu!’ul relatively
mc\pemne - and hmh in TDF (70%) In-

addition.  the combmed health benéfits

‘of BBF make it well suited 10 enrich the -

fiber content of bread -and many othet

motes laxation, bile acid binding, and

,inhibition of hepatic cholesterol synthe--
-sis (13). It contains virtually-no mingrai-

binding phytic acid and contributes only
1.2 calories; g. Phytate is lower in BBF
than in unmalted barley because of
phytase activity during  malting, The
process vields a flour of uniform gran-

- ulation and composition that is low in

microbial levels and without residual
enzyme actwuy

The investigation. reported hcrc
compares performance of BBF with
other commercial sources of dietary fiber
used in baking high fiber and caloric
reduced wheat breads.

MATERIALS AND METHODS

High gluten flour, whole wheat flour,
and wheat bran were obtained [rom local
bakery suppliers. The {lour was a
commercially available Pillsbury Co.
bread flour from hard red wheat,
containing no added gluten. Dietary fiber
ingredients were obtained from commer-

BBF .

. c1al sources: sov bran (\lutnsoy Fiber E)
“ from Archer Daniels Midland Co., oat.
~bran from National Oats Co., corn’ bran o

{G-Regular) from A. E. Slaley Mfg. Co.,’

- and alpha-ceflulose (BW200 FCC) from
-“James River Corp. Barley bran (Barleys .. . -
_Best Bran Flour) was processed by Miller™
Brewing Co. Protein, crude fat, ash; and
- moisture-of these fiber ingredients were .
~detérmined. by -AAOAC methods (17)." . - °
TDF ‘was determined using the method i
,by Prosk\ and co-workers g,
thsxcai dough charactensucs—~ Lo
famely water absorption and optimum . _- |
" mixingtime for high gluten flour, whole -
-wheat flour, and ihe 1567 blends of each
- fiber ingrediént with high gluten wheat =
-flour—were determined using the AACC -
- mixograph testing procedure (19). - '

Breads were prepared on laboratory
scale.as l-lb loaves by conventional
straight-dough "baking procedure .
according to the Kansas State Process

(20), using a Hobart A-200 mixer and . -.

with ‘potassium bromate and sodium -
steroyl lactvlate- (SSL) in the bread
formulation, The baking formula used
was as follows: flour 100%, sugar 6%,
salt 2.5¢;. veast cake 495, SSL-2 0.56,
and potassium bromate 60 ppm.
Ingredients are expressed as percentage
of flour weight. The amount of water
in each formuta was determined by the
mixograms and appears in Table L
Bread was baked at 425°F for 20 min.
Weight and loaf volume measurements
were made using scale and rapeseed
displacement method. Breads were
scored for external and internal
properties by a five-person trained panel.
The maximum score was 0 points,
distributed as foltows: volume 10,
symmetry 5, crust color 10, break and
shred 3, grain quality 10, crumb texture
15, crumb color 10, aroma 19, taste 15,
and mouthfeel 10. Breads were then
analyzed for moisture, protein, and TDF



{17.18). and calories were determined by
calculation.

RESULTS AND DISCUSSION

Composition of flour and other
‘ingredients used for making bread is-very
important {or bakers 1o produce a good
quality loaf -and to meet nutrient
objectives., Compositions of fiber
ingredients and flour used in the exper-
iment are shown in Table I}. A wide
range of protein, fat, and TDF contents
was found among the fiber ingredients.
To accommodate apparent variation in
composition of fiber and flour. blends,
the physical dough properties were
measured by mixograph to establish
initially the most effective miXing time

. and water absorption for a given flour

or a mixture of fiber and flour, While.
- we regard this as an initial and logical
step for. doughs containing appreciable -
and varymg amounts of fiber ingredients, -
further optimization of loaf quality could -

in TDF. moistufe, calories, and protein
caused by addition of each fiber ingre-
dient are shown in Table lil, TDF
recovered from each bread was consis-
tent with the TDF content of the fiber

ingredients used. Percentage increase in
TDF of breads ranged from 64 for oat
bran to 324% for alpha-cellulose when
compared to control.

All breads containing fiber ingredients

Table 1. Composition of Flours and Other Fiber Ingredients (%, dry weight basis)

- Sample : TDF Protein Fat Ash Moisture
High gluten flour 3.8 143 .2 - 0.5 10.1
Barley brar flour 70.0 18.5 6.8 4.6 15
a-cellulose 99.0 0.2 6.0
Corn bran 80.0 5.9 4.0 1.0 1.0

" Qat bran 20.4 19.3 6.5 4.5 10.3

- Soy bran ’ 67.0 2.0 2.0 5.0 7.0
Wheat bran 49.5 16.4 kX ] 59 8.9
Whole wheat flour 10.7 14.8 2.1 1.3 0.2

probably have been achieved -for each_ o

fiber by repeated baking tests. .

The amount of water needed to atlam .

the optimum consistency and mixing
time appear in Table I.

increase in mixing time over the céntrol
high gluten flour,

All fiber:
ingredients except oat bran showed an -

but o tendericy

toward dough breakdown. BBF had the " -

- least effect on mixing time, while whole.
wheat flour and alpha-cellulosé increased
mixing time by 3.0-3.5 min -compared -

to high gluten flour. TDF contents of -

the flour blends and their- respective

mixing times are shown in Table 1. There - -
was no correlation apparent among these -

vaiues, Table | also shows increases in

water- absorprion caused by 156 re- -

placement of fiber ingredients.. Alpha-
cellulose required the most water {78¢%),
and whole wheat flour the least (70%)

amonyg the fiber ingredients. The high . .

gluten flour required 69¢%.

Composition of bread and: dlfferenccs

Table 1. Water Absorption and .\rllxlng Time
Determined by Mixograph for Flours and
Mixtures of High Gluten Flour with 15%
Fiber Ingredients

Water Mixing TDF
Absorption  Time (% Dry

Sample (%) {min} Basls)
High gluten

flour 100 69.0 4.5 38
HG Qour +

barley bran 725 5.0 14.3
HG Aour + .
a-cellulose 73.0 6.5 18.1
HG flour +

corn bran 4.0 5.5 15.8
HG our +

oitt hran 12.0 4.5 6.8
HG flour +

soy bran 1590 5.5 118
HG flour +

wheat bran 7110 5.5 11.2
Whole wheat

flour {00 0.6 7.0 10.2

CEREAL FOODS WORLD/561



Table Il Composition of Breads Containing !5% {Flour Basis) of Various Fiber Ingredients

TDF Moisture Calaries Protein
Amountin  Change from  Amountin  Change from  Amountin  Change from  Amountin  Change from
- Bread, Control, Bread. Control, Bread, Control, Bread, Control,
Breads % db % % . o kCal/100 g % "% db . %
- High pluten tlour
{control} 2.5 173 236 9.65
Barley bran ftour 89 256 38.9 2.9 208 —i1.9 9,58 -~ 0.73
a-Cellulose 10.6 324 42,0 il 187 =207 7.87 —226°
Corn bran 104 36 40.0 5.8 - 196 —16.9 8.50 —119
OCat bran 4.1 64 38.8 2.6 228 - 34 10.40 9.3
Soy bran 8.7 243 40.4 6.9 200 —15.2 9.06 — 6.1
Wheat bran 6.2 148 39.6 4.8 214 — 93 9.7% 1.5
Whole wheat bran 6.1 144 39.1 34 218 - 1.6 9.62 - 0.3
Table [V. Characteristics of Breads Baked from Flour Mixtures with Various Fiber Ingredients 4, Burkitt, D. Food fiber benefits from a

Bread Score™*

Specific Yolume™* Specific Yolume {Maximum Bread Score
(/) (% of Control} Score 108) (% of Conirol)
High gluten flour : .

{control} 6.02 A 100 91 A 160
Barley bran {lour 5548 92 o 80B - 88
a-Cellulose 3TE 61 47 E 52

~Corn bran 354 E .59 42 E : 46
(at bran 4.53C 75 ) . 713B ‘ 80
Soy bran - 3IS7F 59 S7D 63
Wheat bran §57C 76 74 B o 81
Whole wheat flour 441D 73 68C - - 5

*Mean values of measurzments of welght and volume ol’ eight loaves, two from each of four

doughs

“Means with same fetier are not significantly different. P > 0.05:
“Meap values of internat and euernal scare of four bread {oaves by five trained panehsts

retained slightly more ~moisture than -
.. control bread, All fiber ingredients

caused a reduction in catoric content of
- bread. Percentage decrease in calories
ranged from 7.6% for whole wheat flout
to. 20. 7¢¢ for a!pha—cellu!osc relative 10

content of breads was interesting. Wheat
bran and oat bran increased the bread’
protein - content,
ingredients reduced it. -

In most cases fiberingredients inbread -
produced large decreases in both specific -

volume and loaf score when compared
to values for high gluten flour bread
(control) as shown in Table IV, Percent-

age Ioaf volume relative to “control.

ranged from 92 for barley bran to 58
for corn bran. Bread scores ranged from
38 for barley bran to 46 for corn bran,
with control bread assigned a score of
160. Among the f{iber ingredients
investigated, BBF retained the highest
loaf volume and loaf score, while comn

bran, soy bran, and alpha-cetluose -

caused the largest decrease in both
values. Also, breads containing barley
bran, oat bran, and wheat bran were
preferced over corn bran, soy bran,
aipha-cellulose, and whole wheat bread
when judged by the panel for mouthfeel,
taste, and aroma,

CONCLUSIONS
Significant changes in both composi-
tion and quality of bread were realized
by 15% replacement of wheat flour by

562/JUNE 1990, VOL. 35, NO. 6

while all other fiber

v[individual fiber ingredients. In general,

fiber ingredients in bread decreased both

specific’ volume and loaf score relative -
to control bread made with astrong (high -

gluten} bread flour.  However, BBF

" caused- the smallest .decrease in both
the control. Percent change in protein -

volume and loaf score. BBF along with

. vat bran and wheat bran produced

acceptable breads on the basis of key
attributes—volume, texture, and taste.

. While alpha-cellulose, corn bran. and SOy

bran contributed higher dietary fiber and

“lower calorie content to the breads, these

breads were less than acceptable when
scored for loaf volume texture and taste,

Overall,-BBF outperformed other fiber -

ingredients’” when used at 15%
replacement level. It required increased

" mixing time, but produced a bread with

substantially increased dictary fiber,
reduced calories, and with minor
loss in loafl volume, texture, ﬂa»or
characteristics.
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Physwochemlcal Propemes of Roller-Mllled Barley Bran and Flour

R. S BHATTY

ABbTRACT

Grain hardness, determined by grind time in 16 diverse barleys showed
waxy starch (fow amylose) genotypes to be softer (grind time 39-64 sec)
than the normal starch genotypes. Bran and flour obtained from the
16 barleys, milled in an Allis-Chalmer experimental mill, showed sig-
nificant differences in bran and flour color (white} among varieties, Bran

and four milted from Scout, a registered two-rowed Canadian huli-less .

barley. were compared for physicochemical propertiés with commércial
oat bran and straight-grade wheat flour. Barlev bran was whiter than

oat bran. [1 had, like oat bran, high water-holding capacity (WHC) due’

to its high #-glucan (7.7%) content. Barley bran had 200 total dietary

tiber (TDF}Y and 7% soluble fiber (SF) compared to 14 TDF and 3%

- Cereal Chem, 70(4) 397—402

'SF in oat bran The ratio of SF to TDF in barley bran, as in oat bran,

was |:3. Barley Rour was darker than wheat {louc but had higher WHC
{2.5-fold), farinograph abserption (75¢%), and viscoamylograph peak vis-
cosity (660 BUY, Barley flour had higher ash {1.8%}, ether extract (2.5%),

“B-glucan {(4.5%}), TDF (8.795), SF {2.7¢%), and insoluble fiber (4.7%) than

wheat flour. The ratio of SF 1o TDF was 1:3 in barley flour and [:2
in wheat flour. Phosphorus and potassium were the major minerals, and
iron and zinc were the major trace minerals of Buhler-milled Scouit barley
flour. 8-Glucan and pentosans were the major components; resistant

. starch, Klason lignin {only TDF), and pectin were the minor componcms
. ol'TDF and SF of barley bian and’ ﬂour ‘

Hull-less (naked) barley has been rediscovered as a food gréin

"{Bhatty 1986a. Newman and Newman 1991), Although barley

was -eaten in many countries throuqhout history, its decline in

human foods was recent, due maml\' to increased intake of baked
products, for which wheat is more sultable A redeemmg feature-
of barley for use in human foods may be the range and con- -
centration (3-11¢%) of - glucan a major component of soluble._'
dictary fiber implicated in. h\pocholeuerolem:a (\eu-man et al'_

-1989).
Hull-less barley has been dry-milled or milled’ aftef tempermg

“to obtain vomposite flour and bran vields- of about 70 and- 30¢%,

respectively { Bhatty 1986b, 1987, 1992). Asmall amount ofbar!ey

flour (5-1067) can be added to wheat flour without affecting loaf

volume and bread appearance (Bham t986b}, and the level could

. be increased to 20% by increasing salt concentration in the baking’
formula (Swanson and Penficld 1988), Barley flour may be suitable -
for use as a food thickener and wheat-flour addlme and formak- -
ing cookies. noodles. muffins. pancakes, waffles: doughnuts; flour *
snacks. and extruded cereal products. The use -of barlev flour.

in bread and nonbread baker\ produc's needs dc\elopment re-

© sedrch.

Barley bran offers a source of natural ﬁber in food products,
Although cereal brans can be caten in various forms. reduced-
calorie high-fiber yeast-leavened bread and ready-to-eat breakfast
cereals are areas of rapldlv growing commercial interest. -Fiber-
enriched breads containing 20% corn or: wheat bran and 15%
field pea hulls or wild oat bran ha\e beén satisfactorily prepared

. (Sosulski and Wu 1988). Bread formulations containing a-cellu-

lose produce a desirable off-white, light cream color typical of

" regular pan breads, However, because use of a-cellulose in bread
formulations may not be acceptable-in some countries, use of -

natural fibers in bread formulations may provide an alternative.
Furthermore, purified cellulose is not thocholestemEemtc, al-
though it does provide bulk to the food. 1ts digestibility in humans
is low {about 14€5), and its cffcct is akin to lhat of wheat bran

- {Stephen [939).

Barley has not been tradmonally rollcr-mllled on a commercial
scale to obtain bran-and flour, as have wheat or oats. In many
cases, pearl and pot barley have been miiled to produce barley
flour, and brewers’ spent grain has been milled to produce barley
bran. In the pearling process, bran is lost as part of the outer
coverings that are mixed with hulls and used as livestock feed.

'Partly included in 2 final report to (he Agricu[lural Development Fund, Regina,
SK, Canada.

*Crop Development Centre, University of Saskatchewan Saskateon, Canada.

This articie is in the public domain and not ¢opyrightable. It may be freely
reprinted with customary crediting of the source. American Association of
Cereat Chamists, inc., 1993.

'Truel)arlcy bran and-flour Have rarely been pl'oduced afid inves-
. -tigated. The présent papér-reports-the- phvswochem:cai properties
" of roller-milled barley bran and flovr. The objective of this re-

search, Ilkethatpubllshed previously {Bhatty 1986a,b, 1987, 1992),

" was to provide. analytical data on barley bran and flour and,
- ulumately. to promote thelr use in human foods

\rl -\TERIALS -\\D \lETHODS

T \Iatenals

Six Canadian- l'esz:stered culmars of barlev four huiled and

< awo -hatl-less (Abee, Deuce, - Ellice, Hamngton. Scout, and
“Tupper),.and nine genotypes of hull-less -barley with normal or
~waxy (low amylose) starch were used in the study. This collection
. of barley-was used.in.a previous study. (Bhat_ty 1992) All of the
“barleys, éxcept Scout and Azhiul, were grownin 1989 at the ex-

.perimental ‘plots, University of Saskatchewan,” Saskatoon,. Can-

-, ada. Azhal, a‘nonregistered. highg- glucan barley developed by

R T. Ramage, U.S.. Depanmem of Agriculture, University of

T“Arizona,; Tuscon was a gift from C. W. Newman, Montana State’

Lnncrsm ‘Bozeman. Scout. a- Canadian two-rowed hull-less

-barley. was purchased in bulk from B. Neudorf, Rosthern, S¥." -

and rhechanicaily cleancd of residual hulls. All other- huil-less
barleys were cleaned manuaily. The 16 barley samples, including
cultivar. Tupper grown at’ two locations. were used for the de-
termination of grain hardness and, after milling, for bran_and
flour color. Scout hull-léss barlev bran (Allis-Chalmer-milled) was
used for determining particle-size distribution; bran and flour

.samples were used for determining . physicochemical properties -

-and composition- of total dietary fiber (TDF)-and soluble fiber
(SF} fractions. Wheat flour (stratght-grade) and oat bran were .
commercial samples (grain varieties unknown} obtained locally
{CSP Foods and Robin Hood Multifoods Inc., Saskatoon, SK,
respectively). For laboratory analvses, oat bran was ground in
a Wiley mill to pass 1-0-mm screen.

Methods

The 16 barley samples were dry milied {9-10% seed moisture}
in 300-g quantities in an Allis-Chalmer experimental mill using
a modified short-flow procedure described previousty (Bhatty
1987) with the following exceptions. The final sieve size in the
three break and reduction rolls was 70 GG (240 um). Most of
the coarse bran was retained on the 50-GG (375 um) sieve, the
fine bran and shorts on the 70-GG sieve. The break, reduction,
and clear flour fractions were combined to obtain {lour in about
706 yield; the bran and shorts were combined to obtain bran
in 30% yield of the recovered product, The milling yields of the
individual fractions were reported previously (Bhatty 1986b).
Scout hull-fess barley (500 kg) was milled in a Buhler mill at
the Canadian International Grains Institute, Winnipeg, to yield
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72. 20 and 3¢ for’ ﬂour bran. and shorts, respectwelv Bran

and tlour samples were stored at 5°C.
Grain hardaess was determined with a Brabender micro- hard-
ness tester (C. W, Brabender Ine., South Huckensack N that

automatically recorded time required to mill 4 ¢ of flour, Bran .-

and {lour color (white) were measured with HunterLab' CoEor—
Quest spectrocolorimeter (Hunter Associates Laboratory, Reston.

barley bran was determined by shaking samples for 5 min in
a sieve shaker {Ro-Tap, C. E. Tyler Engineering, Inc., Bessemer,

“NC). Fractions obtained were expressed as percent of the sample .
weight. AACC methods (AACC 1983) were used to determine’

water-holding capacuy {88-04}, falling number (56-31B), damaged
starch {76-30A), moisture {44-19), tmak mtrogen (46 13), ether
extract (30-20), and ash (03-01). :

Farinograph (C.. W. Brabender) absorpuon was determmed on -

300 g of flour (14% moisture basis) in a large bowl. Different
levels of water were added to reach a consistency of 500 farino-
graph units at the center. Dough, de\elopmem time (peak-time

or time of maximum consistency) and arrival time were recorded’
“from the farinogram. Pasting and gelling properties. of the flour:
sumples were determined with a Brabender mcoamslograph (700- -

cm cartridge). Slurry concentration was 10% in a total volume .. flour is affected*by, among other factors, grain hardness. Grain

“hardness has been measured by many methods including grind
. -time (Norris et al 1989) Grain_ hardfiess detérmines the degree
-of damaged starch that, in turn. affects-water absorption, diastatic
" power, and gassing power during the fermentation process. Conse-

of 500 mt (pH 5.5) and contained 200 mg of mercuric acetate
- asan a-amylase inhibitor. Temperature rise was 1.5°C/min. Peak
viscosity. viscosity at the end.of a.30-min holding - period; and

viscosity- after cooling to 50°C-were determined from the amy- - ;
logram. Starch concentration was determined by the method of .

Holm et al (1986) on samples- boiled ‘with 80¢4 ethanol for 30

min and centrifuged at 2.000 X g for 1) min. ,8 Glucan coritent

was determined by the method of McCleary and Glennié-Hotmes
{1985;, using an assay. kit from Biocon (Levngton. KY). TDF,

SF. and insoluble fiber content. were determined according to

“the method of Prosky et al {1988)."Gross energy content was .-

" determined with a Paar bomb calorimeter. Mineral. composition

-of Buhler-milled flour; bran. and shorts' was deterrined -after
'_wquenual acid hxdrohs:s of the :materials with.nitric and per- -

. chloric acids.-using an ICP model 3410 spectrophotometer (Soit

Testing Laboratory. University of Saskatchewan personai com-

muication),

. Insome experiments. TDF.and SF fractions.were freeze dned
- for compositional analysis. Arabinoxylans (pentosans) were cal- .

culated from the sum of (arabinose = xylose) X 0.9. The pentose
sugars were determined by gas-liquid chromatography after acid
hydrolysis of the bran and flour samples, followed by reduction
and acetylation (Blakeney et al 1983). The alditol acetates were
separatcd under the following conditions: J & W DB-23 fused

silica capillary colﬁrﬁn, 30-m X 0.25-um X 0.25-pum film thickness

(Chromatographic Specialties, Brockville, ON); Hewlett-Packard
5890-A gas chromatograph cqu;pped with a flame jonization

_detector and a 7673-A automatic injector; carrier gas (helium)

flow rate 1 ml/min; m;ccuon port and detector temperatures

- 250°C; oven temperature 220°C (isothermal); 1 ul of sample

" injécted with a split flow ratio of 25:1. Klason lignin was deter-
VA) standardized with 4 white' tile. Particle-size dlstnbunon i

mined gravimetrically on 200 mg of the freeze-dried fractions

- of TDF and SF as described by Theander and Westerlund (1986).

Essentially, this material was insoluble in 72% (120 sulfuric

" acid. Uronic acid content {pectin) was determined colorimetrically
- using galacturonic acid as standard (Ahmed and Labavitch l977)

,B Glucan was determined as described above.
‘Data reported are means of at least duplicate determinations
unless stated otherwise. Standard errors of mean, standard error

- of difference (¢ test), and analysis of variance of the data were
j-_calculated usmg a Minitab software program.

RESULTS A\D DISCUSSION

o Bar!ey Hardness and Color of Milled Products

- The milling quality of huil-less barley and the quality of rcsulnng

quently, starch from hard: grain flour is ‘more susceptible to

* ‘diastatic enzymes than starch from soft grain” {lour (W:lhams

1967} Such mformauon obtained from wheat m:lhng, is equally

'-'appiicable 10 barley milling. As far as the ‘author is aware, com-
parame grain hardness of huil tess barley has not-been. reported -

in the literature. Data in Table [ show that grain hardness in -

- 16 barleys varied in grind time from 20 10 64 sec and -was sig-

mﬁcantlv different among most of the samples of barley. Azhul,

“a-hali-less. waxy barley, was the softest; SB88490, a hull-less.
-mormal. starch barlev was the hardest. The grind time of $B88490

(about 20 sec) was closer to those of Canadian durum wheats
(24-26.sec), as reponed by Kosmolak (1978), who divided wheats -
according to prind time: 24-4% sec (very hard to hard), 46-63

sec (medium hard), and 64-200 sec {soft}, According to this divi- L
- sion. the 16 barleys used in this study were'a mixture of hard
* .andsoft types and showed significant variations in grain hardness.

Two Canadian malting barlévs, Eilics and Harrington, were soft:

" this type of endosperm promotes grain modification during the

malting process. Among the 12 hull-less samples of barley, those .

'wit‘h normat statch (n = 7) 'were harder (grind time of 20-42

TABLET -
Grain Hardness and Brain and Flour Color (White) ol‘ 16 Diverse Cultivars

and Genotypes of Hulled and Hull-less Bar!ey

i

* L Yalues

L Grain Hardness i
Cultivar/ Genotype Type (sec) Rank Bran Flour -
Abee Hulled, feed 44521 7 63.9+0.3 84.1.1 0.2
Deuce Hulled, feed 39507 0.9+0.1 84.0 £ 0.1
Ellice Hulled, malt 510x 1.4 l 711.9+04 83.6 0.1
Harrington Hulled, malt ~ 60.0 % 1.4 2 4.9 + 0.4 85.7£0.1
Scout Hult-less normat 420+ 0.0 3 81.2%0.2 86.7:1+0.1
Tupper (location 1) Hull-less normal 0.0% 1.4 3 775103 86.6 £ 0.0
Tupper (location 2) Hull-less normat 415+ 2.4 7 76,2 +0.2 86.3 0.1
Azhul Hull-less, waxy 640+ 1.4 13 {softest) 224 +0,| 85.1 0.t
$B35738 Hutl-fess, waxy 4451 2.1 9 79.8 £ 0.1 855+03
5835740 Hull-tess, waxy 495 £ 2.1 {0 95 £ 0.1 851100
SBRST43 Hull-less, waxy g5+ 0.7 6 79.2 £ 0.1 85,5 0.1
SB8575E Hull-fess, waxy 385£0.7 5 7931200 84.8 + 0.0
S8386106 Hull-less normal 385107 5 9205 85.7+ 0.1
SB87697 Hull-less normal 285+07 2 M8 +04 848 £ 0.0
SB88490 Hull-less normal 19.5 £ 0.7 | (hardest) 1 £0.2 78.8 £ 0.2
SR36132 Hull-less normal IS5 k21 4 76.2+£04 8521 0.0
LSD (P <0.05) 3.4 0.5 0.2

* Values are means & SEM of duplicate analyses. L values (IOO white, 0 black) of bran and flour are reported on as is basis,

® Least significant dilferences calculated from analysis of variance of the data,
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sgc); those  with waxy (low-amylose) starch (n = §) were softer
{grind time 39-64 sec). The waxy starch bacleys are higher in
B-glucan than are normal starch barleys (Bhatty 1992). It is not
known whether B-glucan has any direct influence on grain hard-
ness in barley. [n one cultivar of barley (Tupper), growth location
significantly influenced grain hardness. The location 2 Tupper
sample had 1.3% higher grain protein. Studies on wheat hardness
have shown that protein-starch interaction and continuity of
protein matrix in the endosperm strongly affect grain hardness
(Anjum and Walker 1991).

Table 1 also shows L values for barley bran and flour, Barley
flour samples significantly varied in color (white) as shown by
the L values. SB33490 had the lowest L value and was, therefore,
the darkest. The average L value for the flour samples was 85,
which was lower than the 91 obtained for hard red Canadian
spring wheat {Neepwa) flour milled to 76% yield under identical
conditions {Bhatty 1986b). Barley flour color varies not only with
different cultivars (as shown in Table [} but aiso within the same
cultivar grown in different seasons and at different growth loca-
tions. Flour color in barley can be improved by selecting two-

rowed, white aleurone genotypes. There was a larger variability

in bran color than in flour color; cultivar differences were sig-
aificant (Table [). Bran from the two malting barley cultivars
. (Harrington and Ellice} was darker because of hull {fragments
in the bran. Bran of SB88490, like the flour, was the darkest,

TABLE ll
Particle-Size Distribution in Laborztery-MHled
Hull-less Barley {Scout} Bran

Screen Size

Bran and tlour coior in barley arc influenced by anthocvanin
pigments in the pericarp. These pigments are purple, blue, or
dark {melanins). .

Particle Size

About 939 of barley bran had particle size smaller than 425 .
pm (Table U}, However, commercial cereal bran samples are quite
variable in particle size: coarse or medium particle size varies
from 425 1o 825 pm. Frolich and Nyman (1988) divided oat bran
into coarse, fine, and bran flour with particle sizes >1,050 pm,
650-1,050 um, and 250-650 um. respectively. Using this classi-
fication, barley bran obtained in this study was more like a bran
flour; almost all of it had particle sizes smatler than 600 um.
Particle size can be adjusted in commercial milling of grain. The
breadmaking industry prefers larger panicic size bran to obtain
a coarser loaf texture. Bran particle size has _many xmpllcauons
in the baking industry (Posner 1991).

" Hull-tess Barley Bran and Flour: Compésition and Properties

Table LI gives data on the physicochemical properties of barley
bran and flour and, for comparison, of commercial oat bran and
wheat flour. Comparisons of barley bran with oat bran and barley -
flour with wheat flour are necessary because barley bran and
flour can substitute, or partially replace, oat bran and wheat flour.
in some food applications. Both oat bran and wheat flour were
commercial products; and barley bran and flour were laboratory-
prepared. Such comparisons are routinely reported in the liter-
ature {Ranhotra et al 1991, Berglund et al 1992). It is not practical
to, mill barley-and oats to obtain similar bran-and flour yields, -
even under iaboratorv conditions: Because of the higher oil con-

tent. oats do not, mill like bartey-or wheat. Barley can be milled.:

i
TS Standard K o Disu(l%';'-m" with or without tempering, like wheat. The 70%; composite barley-
- ' — — _ flour-yield obtained in laboratory milling is _c_omparablc to com- .
12 E R 1,700 Lo 0 mercial wheat flour vields. Most of the dara given in Table TIf
;g ’ : ‘,';gg . . gg < g; are self-explanatory; comparison with literature values where_
2. - o . : 07+ 0.1 - available; paruculariy for barley -bran and ﬂour, was difficult
40 : oo 425 §3+05 because of variability in the producls In comparing cereal brans,
" 80 ‘ 250 416+ 0.4 bran must be recogmzed asa heterdgéneous product. Even within
< 60 ’ <350 ° 51.8 %05 the same grain species, no two samples are alike due to several
“Mean + SEM of duplicate determination. ' _ factors contributing to heterogeneity, such as particle size, , TDF,
: TABLE 1Il ;
- Physicochemical Properues of Hull-less Barley (Scout) and Qat Brans and Hull- kess Barlev and Wheat Flours'° -
‘ Bran - ) Flour
Property/Component : - Barley ) - Qat - " ‘Barley Wheat
Color (white), L : - 81.2a 784b . 86.7a - - 9056 -
Water-holding capacity, ml g : 37a ~ 36a 35a - 1ok -
Qil absorption, mii g - - 33a 08b - {.3a 1.2b
Gross energy, Kealsjkg ~ 4,302 a 4,724 b 4,652a . 4,54 b
Falling number, sec e 19%a o c. 547b
Damaged starch, % s : 148a - ) 1970
Farinograph - .
Absorption, 6° . e L - M8 ' 65.0
Dough development time, min® . . 2.0 ’ 3.5
Arrival time, min* 1.5 . 2.0
Visoamylograph :
Peak Viscosity, BU¢ 660 270
Viscosity at end of hold, BU® e : 390 210
Viscosity after cooling, BU® ves ves : 950 . ) 510
Protein, %° 18.7a 1862 : 127a ’ 1356
Ash, % 17a 28b 1.82a - 06b
Ether extract, % 38a 7.7b 25a 03b
Starch, % 51.0a 523b 74.0a 78.ib
B-Glucan, %° 7.1 7.7 45a 04b
Total dietary ﬁber. oh* 204 13.9 8.7a . 44b
Soluble ﬁber. ot 6.9 4.7 27a 2.2b
Insoluble fAber, & 1.7 9.2 4.7a ldb

* Mean ot‘duphcate determinations reported on moisture-free basis unless indicated otherwise.
® Values with different letters belween pairs are statistically significant at least at the 5% level.

¢ Reported on 14% moisture basis; single determinations.
¢ Barley and oat brans N X 6.25: barley and wheat flours N X 5,7,
‘ Taken from Ranhotra et al (1991) for oat bran used in the present study.
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and phytic acid. which influence use of wheat bran in foods{Posner
1991}, The same three factors probabiy apply in barley bran.

Barley bran was significanily whiter thigher L value} than oat

bran due to differences in grain color and milling conditions.
Scout hull-less barfev. a source of barley bran. is a vellow aleurone
barley mitled to 70¢% extraction. Oats are commercially milled
to obtain 30-60% bran yield. Thus. oat bran contains a higher
proportion of the whiter inner endosperm. In spite of differences
in milling conditions, barley bran was whiter than oat bran. How-
ever, color may not be an impediment to use of bran in foods,
although pigments may contribute to product flavor. Light brans
may be preferred for use in food and may be less astringent.
Chaudhary and Weber (1990) reported satisfactory production

of bread. including flavor. by adding 15% barley bran flour pre-

pared from brewer's spent grain to the baking formula. Brewer's
bran flour is not a true barley bran.

Barley and oat brans had simiiar water-holding capacity
{WHC). WHC is influenced by protein. but it was largely due
to the high and identical (7.7%) B-glucan content of barley and
out brans. Barley bran had an oil absorption fourfotd higher
than that of vat bran. There did not appear to be any relationship
between protein content and oil -absorption in the brans. The
higher oil absorption of barley bran was more likely due to lower
indigenous oil (ether extract) content, although there may be other

reasons. such as finer particle size. Higher ether extract content -

of oat bran (7.7%) did not cause a higher gross snergy, which

varied only about 277 between the two brans-and was significantly -
tower in oat bran. Barley and oat brans had similar protein con--

centrations (18.6-18.7¢). Bran prowin is influenced by grain
protein and by extraction vield of bran. Barley bran had higher

ash content and lower starch content than that of oat bran. The-

most noticeable differences between the two brans were in dietary
fiber fractivns, Barley bran had 20.4¢; TDF and 6.9 SF com-
pared to 13.9% TDF and 4.7% SF in oat bran. Barley bran,

like oat bran. had the desicable 1:3 SF-TDF ratio. Thus, barley "

and oat brans had identical 8-glucan concentration, but barley

bran had 477 higher TDF and SF. due niost Tikely to its higher -
arabinoxylan concentration (data for oat pentosans not given -

in Table VY. Sevaral TDF and SF valuzs for cereal brans have

besn reporied in the iiterature (Chaudhary and Weber 1990 - |

Kahlon et al 1990: Ranhotra et al' 1990, 199{: Newman and
Newman 19911 Ali report higher SF :n oat bran and insoluble
fiber in wheat hran. Barley bran wus more hypocholesterolemic
than oat bran was. us detcrmined by a rat-teeding experiment
{Ranhotra et al 1991), s ‘

Barley flour was darksr than wheat flour as shown by L values

(Table III). None of the 16 barley flours reported in Table [
had an L vaiue similar to that of the wheat flour. However, in
a previous study (Bhatty 1986b), barlev flour milled under condi-
tions identical to those for wheat flour had similar whiteness.

A major attraction of barley flour was its - WHC (2.5-fold higher
than that of wheat flour), making it more suitable for use as.
a food thickener, food binder, or ingredient in foods such as -

orientad noodles. Ol absorption of barley flour was slightly higher

than that of wheat flour, despite differences in their ether extract .

contents (0.8-2.5¢). The higher WHC of barley flour was con-
firmed by higher farinograph absorption (75%) and viscoamy-
lograph peak viscosity {660 BU). These properties were apparently
the resuit of B-glucan, although protein. gluten strzagth, and dam-
aged starch may be contributing factors. Barley flour had shorter
dough development time (2.0 min) and shorter farinograph arrival
time than did wheat flour. Arrival time indicates the rate of water
uptake, The rate may be influenced by flour protein content,
B-glucan. and pentosans. Thus, barley flour absorbs or binds
water rapidly. The swollen gel of barley flour was less stable
than wheat flour gel. indicated by larger drop in BU on holding
at 95°C for 30 min, Barley flour starch granules may be more
fragile because they formed viscous gels on cooling to 50°C (higher
setback viscosities), indicating hot paste starch granules retro-

graded on cooling. Neither Mour showed a-amylase activity (high .

falling numbers). Damaged starch was significantly higher in
wheat ftour {20%) than in barley flour {15%), suggesting a harder

400 CEREAL CHEMISTRY

- have not been reported in the literature, .-

wheat or different milling procedure was used for obtaining these

flour samples. Barley flour had about 3% higher gross energy

than did wheat flour, Proximate composition showed barley flour
contained more ash, ether extracts, B-glucan. and fiber fractions,
but less protein and starch. The ratio of SF to TDF was I:3
in barley flour and 1:2 in wheat flour. High ash content of barley

- flour has little practical significance and does not indicate lower .

quality. Ash content may vary widely and is more indicative of -
grain quality or grain cleanliness. Because of low ether extract
content {2.5%}, barley flour, like wheat flour (<19}, may be used
full-fat in foods. : R :
Scout hull-less barley was milled in a Buhler mill to separate
bran and shorts. The physicochemical properties of the three

- milling fractions obtained (flour, bran, and shorts) are reported

in Table IV. Flour yields of 72 and 74% were obtained on milling -
Scout barley in the Buhler mill. Larger variabilities were reported

- in yields of bran (11 and 209%) and shorts (8 and [563). Data-

in Table IV are given for 72, 20, and 8¢ yields of flour, bran.

and shorts, respectively. The physicochemical properties of the '

Buhler-milled flour were, as expected, generally similar to those
of the Allis-Chalmer-milled flour reported in Table [t The shorts
fraction was whiter and had higher WHC, oil absorption, ether.
extract, ash, pentosans, B-glucan,. TDF, insoluble fiber, and SF

than did the bran or flour fractions, The Buhler-milled bran .

contained more protein, starch, and gross-energy than did the -

shorts fraction. The milled barley flour, bran, and shorts were

analyzed for phosphorus, potassium, sulfur, calcium. magnesium,
- and trace minerals (copper. iron. manganese, zin¢, and boron). -

Phospherus -and. potassium- wers the major minerals. and iron -

-and zinc were the major trace minerals: of the flour.. All of the -

minerals except sulfur and calcium had higher concentrations

“in the bran-and shorts {ractions than in the flour fraction: the
»- shorts-fraction was. generally richer inmineral content’than the

bran fraction. Mineral. composition of barley products may be .-

affected by several factors:-Data for roller-mitled barley products

: S0 JTABLEW. D T
Physicochemical Properties of Flour,,Bran, and Shotts
of Hull-less Barley {Scouts Milled in a Buhler Miti*®

Property/Component . Flour - . - Bran Shorts
Mitling vield, 7 72.0 20.0 .0
Color (white), L - : 38.1b T1.c 79.5¢d
Water-holding capacity, ml g - 256 - T 27 35¢
. Oil absorption, mi- g _ Ldb 2.7¢ " 34d
Protein, N X 625 - . 1B39b - 198¢ 19.2d
Ash, ¢ ' To21b - 36¢ " 394d -
Ether extract, & 20b - 20b¢. 3.ic
Starch, G : 131 ° 544 ¢ 44.9d
- Pentosans, & . 200 48¢ 7.0d
Gross energy. Keal; kg™ - - 4.462.1 b 45857¢ - 4,547.3d
B-Glucan, & " 43b L RY $.4d
Total dietary fiber, &% 94 b 20.3¢ 24.5d
~ Soluble dietary fiber, % b, 58¢ 8.1d
- tnsoluble dietary fiber 44b - 129¢ 15.0d
Minerals, mg/g ' : :
_Phosphorus - 40b 80c¢ 10.04d
Potassium 405b - 8.0¢ 9.0d
Suifur : 20b 20b 20b
Catcium 0.2b 03b 05b
Magnesium [0b 16¢ 4.0d
Trace minerals, pgig
Capper 45b 625 1340
lron 6.4 b 48,4 b 2559 ¢
Manganese 174 19.7b 3t3c
Zinc dd4b 709b 1{6.8¢
Boron 6.7b 7.9b 154 b

* Mean of duplicate determinations reported on moisture-free basis.
" Values with different letters between columns are statistically significant
at the 5% level.
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—(Am:m and Graham 1987, Bhatty 1992)..

TDF and SF Composition of Bran and Flour Samples

The hypocholesterolemic effects of TR F and SF for cereal brans
in humans and experimental animals have been reported (Chaud-
hary and Weber 1990; Kahlon et af 199¢: Ranhotraetal 1990,1991:

- Mongeau et al 1991; Newman and Newman 1991). Few findings

‘have been reported for cereal flours and fewér still on composition

" of TDF and SF in cereal brans and flours. TDF and SF of barley

bran and flour were isolated and analyzed for 8-gliican, pentosans,
resistant starch, pectin, and Klasen lignin (Table.V), Barley bran
TDF contained S-glucan (22.4%) as a major component; the other
components were pentosans (19.7%), Klason lignin {7.8%), starch

(6.3%), and pectin (1.2%). Barley {flour . TDF showed a' similar -

composition, containing f-glucan (20.3%), pentosans (13.9%),

starch (8,36}, Klason lignin (6.4%), and pectin (2.0%). As ex- .
pected, no Klason lignin was detected in the SF fractions of barley
" bran-and flour, which contained B-glucan, pentosans, starch, and

pectin in decreasing concenteations (Table V), Increased S-glucan
in barley grain is likely to increase TDF and SF. This is distinétly
possible in hull-less barley because of the availability of germ
plasm with a high concentration and large range of S-glucan

CONCLUSIONS .

.. Traditionaily. barley has not Bcen roller-milled, nor has qué_iity
criteria of barley flour for use in'food products been established.
. However, barley for-use in commercial foods would, preferably,

be- white, have waxy starch; and be of the soft type with an

optimum grind time 2>40-45 sec, The flour produced from such .
a barley' would be white, have jow damaged starch. high S:glucan -
" content (a.major component of TDF and SF), and be suitable

for use in nonbread bakery products and other food applications.

- Patential applications of barley flour in food products have been .
 described in scientific publications (Newman and Newman 1991,
_Berglund et at 1992, Bhatty 1992} and in numerous recipe books.-

.Barley varies in grain. hatdness.and can be dej-milled with

-equipment routinely used in wheat milling to obtain consistent” -
bran and flour yields (about 30 and 70%, respectively). Roller-"
~ milled barley bran and flour have some unique physicochemical
- properties and offer potential for increasing use of barley in human

Toods. The 0% bran_ yield represents the outer coverings and
can be defined ds a true bran. [tis appropriate to compare barley
and oat brans. Bath. unlike wheat bran. are hypocholesterolemic,
have high WHC. and add bulk to fouds. Barley bran has one-

hall the ether extract content of oat bran and may be préepared’
- without the steaming or stabilization necessary for preparation

of oat bran. Barley bran is whiter than oat bran, has similar
WHC, protein, and B-glucan content but higher TDF and SF

~due to its higher pentosan content. These dietary {iber fractions’

can be further increased by using hull-less waxy barley cultivars
that are high in S-glucan. Barley flour, although not suitable
for making yeast-leavened bread, had 2.5-fold higher WHC, a

~ higher farinograph absorption, and higher viscoamylograph peak

viscosity {swelling power) than those of wheat ‘flour, making it
uniquely suitable in many food applications. 8-Glucan, the major

TABLEY
Compositions of Total Dietary Fiber and Soluble Fiber Obtained
from Hull-less Barley (Scout] Bran and Flour

Total Dietary Fiber* Soluble Fiber*

Component, %° Bran Elour Bran Flour
B-Glucan R4 12 203+£06  384%02 2683 04
Starch 6.3+0.2 8.3 40.1 54%0.1 6902
Klason ligain 1802 64104 ND* ND!
Pentosans® 197212 139+05 6501 571200
Lironic acid 1.2 01 204 I.1 0. 1.2+0.1

" Freeze-dried preparations obtained by the method of Prosky et al (£988).

*Mean + SEM of duplicate analyses.

¢ Caleutated as the sum of urabinose + xylose {determined by gas-liquid
chromatography} X 0.9.

“ Not detected.

applications.

component of TDF and SF, is present in barley in higher concen-
tration and greater range than it is in oats, allowing the develop-

‘ment of high B-giucan cuitivars. Barley bran and flour require

development research for use in food and industrial (nonmalting)
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Gholesterol-lowering eﬁect of harley hl'an Ilnur and oil

JOANNE R. LUPTON, PhD; MICHAEL CLAYTON ROBINSON, MS, RD; JANET L. MORIN MS, RD .
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‘ABSTRAGT _

Objective To compare the effects of adding barley bran flour

-and a barley oil extract to a fat-modified diet on serum lipids in_
persons with hypercholesterolemia. ’

Design The basic design of the study was a randormzed 30-
day intervention trial. It included a neutral-fiber ¢ontrol group
and a l-week premtewenﬂon penod for the collection of
baseline data.

Subjects The subjects were r9 men and women with hyper-

 cholesterolemia. Subjects had a mean age of 48 2 years, and all .

completed the study.

Intervention All participants were instructed to foliow the S
National Cholesterol Education Program’ (NCEP) step 1 diet -
.. and were randomly assigned to one of three tréatment groups:

20 g added cellulose, 3 g added barlev oif ettract ord0g added‘ c

* barley bran flour.
‘Maln cutcome measures 'I‘otal serum cho[esterol high-

density lipoprotein cholesterol {(HDL-C), low-density lipopro-

tein cholesterol (LDL-C}, and very-low-density lipoprotein
cholesterol were measured, along with serum triglycerides,

before the intervention, at week }, at week 3, and at the eénd of

the intervention.
Statistical analyses performed Student s pmrecl ¢ test was
~ used to detect significant changes within each treatment group

from baseline to the end of the 30-day intervention. In addition, -

. Pearson's correlation coefficients were used to detect signifi-
cant correlations between the variables reasured.
Results Addition of barley bran flour significantly (P=.0001)
decreased total serum cholesterol (-0.60 mmol/L) as did
addition of barley oil (~0.50 mumol/L; P=.002) after 30 days of

intervention. Similarly, LDL-C decreased 6.5% with addition of

barley bran flour (P=,036) and 9.2% with addition of barley oil
(P=.003). Total serum cholesterol or LDL-C of the cellulose

. control group did not decrease significantly over the same
period. HDL-C decreased significantly in the cellulose control
group and the barley bran flour group (<0.15 mmol/L, P=.012,
and -0.15 mmolL, P=.006, respectively}, but not in the barley
oll group.

Conclusion We conclude that addition of barlev bran flour or -

" barley oil enhances the cholesterol-lowering effect of the NCEP
step 1 diet in individuals with hypercholesterclemia. J Am Diet
Assoc. 1894; 84:65-70,

risk factor for coronary heart disease, factors thought to .
lower blood cholesterol have been-the subject of intense
Investigation, Dietary fibers, for example, have been tested -
for their effect on serum lipids in a large number of clinical trials, -
which were ciitically reviewed by the Life Smences Research
Officein 1987 (1), Althoughsome controversy remains (2),a1991
review (3) updated the Lifé Sciences Research Qffice studyand

B ecause high serurn cholesterolis an important, modlﬁéble B

“carme to the same conclusion:: ‘consumption of foods contammg
soluble dietary fiber reduces serum cholesterol values. In coh-. -
..traSt cholesterol-lowering properties have not been shown for .

sources high in insoluble fiber, such as cellulose and wheat bran

_(3). Results of many studies, including those cited in the afore:’

mentioned reviews, have prompted most health professaonals to -
recormend soluble fiber sources specifically to those mdmdua.ls

- desiring to lower their serum cholesterol values. - -_ S
- Some evidence suggests, however, that certain msoluble ﬁbers .

may also posséss cholesterol-low: ering properties (4,5). Barley,
for ‘example, i$ a fiber source ‘commercially. available in, two”
distinetly different forms. Whole barley, like oat bran, is ‘highiine -

‘soluble fiber, particularly B-D glucans (6). Thus, it is not Surpris- -
" ing that whole barley has been shown to lower serum cholesterol

in animal studies (7.8Yyandin clinical trials (9-11). Brewers' grain,
onthe other hand, is the insoluble portion of malted barley, whxch
has been extracted with hot water 10 remove soluble carbohy-
drate. It contains only 1% to 3% soluble fiber (12). Nevertheless,

* brewers' grain significantly lowered low- density lipoprotein cho- -_
‘lesterol {(LDL-C) levels in 10 patients who had had an ileostorny

(13): Likewise, barley bran flour, which is made by drying and

. milling brewers' grain, hada hypocholesterolenuc effectin chicks
‘when provided at 20% by weight (14). Although thesestudies
- suggest that barley bran flour Is hypocholesterolemic in individu-

als who have an intact gastrointestinal tract, confirmation re-

~quires testing in a clihical trat,

Therefore, we designed a study to test the potential choles-

- terol-lowermg effects of barley bran flour. We further attempted
_ to isolate the portion of the fiber source containing the

hypocholesterolemic agent(s). Because the lipid fraction of bar-

' ley survives the brewing process (12), and because some pre_limi—

J. R Lupton { corresbonding author)} is an associate
professor and the chair of the Nutrition Faculty, Texas
A&M University, College Station, TX 77843-2471. M. C.
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Tabie ’

Dermograchic vanabtes of the subiects at baseime

Variable Group -
Cellulose Barley bran flour Barlay oil
{controt) - .

No.n gfoup 27 - 26 . 26 -

No. ol men 13 : 11 : . P

No of women 14 - 15 . 14 .

Agety)? 48=11 48=11 47 =11

Weignt [kg)? 745218 . Tta=15 2713

% (gea! DoCy weignl® 11915 118215 117=15

Smokers 2 : HE . 2,

*Resulls are exoressed as mean = siandarg geviaton s

. iRy

oit from the barley bran flour and provided it to one of our test

fiber. we hypothesized that it would have a positive effect on colon

" phisiology byincreasing fecal bulk and/oraccelerating gastrointes- -
" tinal transit. The effects of barley bran ﬂour on colon physmlogy :

are reported separately (16)
' MATEFIIALS AND METHODS

Subject Recruitment and Selection

- After obtaining approval from the Institutional Revxevs Board of ’

Texas A&M University. subjects were recruited by advertising in
campus and community newspapers. television and radio inter-

views with the researchers in which they asked for volinteers,

‘fliers distributed on campus, university memorandurs, and per-

 sonal conitact with physicians. Ofthose individuals whoresponded -

to the recruitment efforts, 200 passed an initial telephone screen-
ing designed to eliminate subjects with cholesterol values less

than 5.95 mmob/L' or those who would be unavailable during the

dates of the intervention. These 200 individuals were tested for
* total senim cholesterol values and interviewed to determine their
eligibility for the study. The criteria for selection were as follows:
{a) men and women 20 to 64 years of age; (b) within 30% of ideal

body weight; (¢) nosignificant history of diabetes. hypothyroidism.

or hyperthyroidism. alcohol or drug abuse, liveror kidney disease,
or use of cholesterol-lowering agents: and (d) total serum choles-
. terolvalue of 5.95 mmob/L or higheras measured ontwo occasions
by anindependent laboratory. Of the 200 individuals screened, 95

quahﬁed 79 of those who quahﬁed were wﬁhng and able to

pammpate in the study.

Assignment of Subjects to Treatment - :

Aftera l-weekcollectionofbaseline data, the :Qpamc:pantswere
randomly placed into three groups that were then stratified
according to sex, age, ideal bedy weight. and whether the subject
smoked. The amount of fiber supplemented was based on the
recommendation of the National Cancer Institute toincrease fiber
intake to 30 g/day. The initial dietary intake of 9 to 11 g plus the
supplement of 20 g fiber, equaled the 30-g recormendation. The

'To convert mmol/L cholesterol to mg/dL, multiply mmol/L b). 38.7. To
convert mg/dL cholesterol to mumol/L, multiply mgldL by 0.026. Chotes-
terol of 5.00 mmel/L=193 mg/dL.
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_ control group added 20 g cellulose fiber (Aﬁcel- PH10!, FMC

Corp, Philadelphia. Pa) to the daily intake. A second group added

-30'g barley bran flour (patent No. 4.541,805, provided by Miller
" Brewing, Milwaukee, Wis). The different weights of supplemerits

werenecessary to equahze intakes of dietary fiber, because barley -

“bran flour is only 70% fiber (12) compared with 100% fiber

cellulose supplement. The third group added 3 g barley cil todaily
intake. The barley oil was extracted from the brewers' grain by
hexane and then degurnmed, alkali réfined, bleached with clay,
and deodorized by vacuum: The 3 g barley oil represents the

approximate amount one would obtaLn from extractmg 30 g

barley bran flour.
Eachday'sfibersupplement was promdedmtwoequalamounts

_in preweighed packets, We decidedto. prowde the supplementsin

pure form rather than incorporated into products tominimize the -

. effects of processing or interaction with other ingredients. Sub-
. jects were instructed to mix the contents of one packet into the -
.beverage of their choice ancl toingest one packet at breakfastand
- one at dinner, Barley oil was taken in capsule form in two daily -
_-doses of three capsules each. In addition to taking the daily
- _ S : - - supplements, the'entire cohort followed the National Cholesterol
nary evidence suggested that the hypocholesterolemic properties. -
of barley are contained in this lipid fraction (15), we extracted the

Education (NCEP) step 1 diet (17;. Individuals were instructed
weekly-about adherence to this diet. Fiber supplements and oil

‘ capsules were dlsmbuted weekh atdietaryi 1nstruct10n rneer.lngs .
groups. Finally, because barley bran flour is primarily inscluble . ’

: Study Deslgn and Data Co!lected N e
,,'The basic design of the study wasa randémized, 30-day mterven—-

tion trial: It included a nettral-ficer control group and a L-wéek

7 _-premterventlon penod for che coﬁecuon of baselme data.

. -Serumlipid and apoprotein anaiyses Subjects had thexrbtood o
- drawnby trained phlebotomists at baseline, at week 1, atweekd, .
*" and at the conclusion of the intervention. All blood was drawnin™ -
" the morning-after a 12-hour fast. and samples-were analyzed- - -
- enzymatically for total serum cholesterol (18) and triglycerides - -
- '(19). Lipoproteins were separated by selective precipitation (20) -~ -
- and the cholesterol in the high-density-lipoprotein fraction was

measured diréctly. LDL-C was calculated (21). Very-low-density
lipoprotein cholesterol was considered as the remaining portion

. .of the total cholesterol after LDL-C and high-density lipoprotein
" cholesterol (HDL-C) were determined and subtracted from total

cholesterol. Apoprotein A-1 and apoprotein B-100 were mea- .
sured using the Turbiquant Apolipoprotein Kit with the Behring .

- Turbitimer (Behring Diagnostics, Inc,-Somerville, NJ) (22).

' Blood pressure ﬁ1eaéuremehts Body weights and blood pres-

sure were recorded each time blood was drawn. Blood pressure
was measured using a standard cuff and sphygmomanometer on
the left arm after the subject rested in a seated position for 5.

‘minutes. Systolic blood pressure was recorded with the appear- -

ance of the first Korotkoff sound. and diastolic blood pressure was
measured with the disappearance of the fifth Korotkoff sound.

Dietary intake assessment and additlonal analyses All

- subjects atténded an orientation meeting and four lessons on diet

given throughout the study. Subjects were provided with format-
ted data collection forms for keeping 3-day dietary records and
were instructed as to their use. Foeod models helped with esti-
mates of portion sizes. Each 3-day record included 2 weekdays
and 1 weekend day. The records were comnpleted and turmed inat
baseline, at week 2, and at the end of the intervention. All records
were analyzed by computer using the Nutripractor food analysis
program and database (Nutripractor 6000 nutrient analysis sys-
tem, 1987, Practocare, San Diego, Calif). Diets were analyzed for
total energy, cholesterol, and fat (total, saturated, monounsatur-
ated, and polyunsaturated).
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Tabie 2

Mean { = standard dev:alaon) effect of intervention on body weight. blood pressure, and serum lipids®

Variable ‘Cellutose (n=27)

N

Barlay bran flour (n= 26) Barley oll (n=26)
Belore Atter Changs P Before After Change P Bafore After Change P

‘Bogyweighi{kgl "74.5=16 " 750=16 05 B30 714=15  Ti4=14 O 8984  727=13  727=12 0O 765
Systolic biood
" pressute . . _

{mm Hg} 117 =11 1198 2. 161 120= 12 122+ 13 2 3841 1i9=z18 12312 4 245
Oiastclic Hood

pressure

{mm Mg} 77x8 70=9 -7 004. 80=8 69=9 -1t 0001 76=11 70=8 -8 018
:To!a! serym - .

choresterol ) S o . - .

{mmeLL}* ‘680=065  655=085 -—025 . 109  7.25= 055 6656x055 =080 0001 685=070 635%080 -0.50 002
LOL-C? {mmoli) 4._30:(_)70_ 420=080 -0.10 = 618 4.70=085 440=085 -020 036 460=090 4155095 -045 - .003
HOL-C® o B ’ L o :

{mmatL) 156045 140=045 <015 012 1.65x040 150=035 -018 006 155040 1.55=040 o©
Trgiycences R . S o e . o

{mmouL}® 1922102 198108 008 E01 - 11.80=1.20 - 1.70=080 =-010 447 142=080 1.48=0.70 . 0.06
Apoorcten Al . - T T R RO - o I

gLy - 1.38=025 .-1.33=0.18 -005 . -208 1.42:{_).32 128=022 -0 04 131 :':}2 _1.25=025 --006. .181 .

. "ADO’O[C‘EIG - ) - .- S M : L o _'~.’: . - ) - ) .
B-100¢gy ~  139=031 137= =0.34" -0.02 ,689 1, 4?+035 132 026 =015 004 142~0 2? 1 29-030 -0. 13 .052

o convent mmoul cno!esleroi to mg/dl.. mutiply mmolL oy 38.7. To convert mgidL cholesterss 1o mmovL, mult(ply mgeaL by 0.026. Cholestedcl of 5.00
- mmotl =193 mg/dL. °LDL-C = low-densily ipcoretain croestaral. HOL-C = hign-density lipeprotein choiesterol, To conver: mmoUL trigiyceride lo mg/dl., multiply -
mmolL nyaas Toconven mgdetngryceﬂue to mmol!L multiply mg/dL by.0. 0113 Trigtycetide of t 80mmout.=159 mgrel. - . ) -

At the tirme of this experiment, the 'databas'e f for dietan}i fiber
was' incomplete. Therefore, we developed 2 fiber index to esti:
. mate daily fiber-consumption.-We found that neuiral detérgent-

‘fiber values for cereals and grains were adequate in the database,

bit values for fruits and Vegetables were lackmg therefore we -

analyzed the number of friit and vegetable servings per person
and arbitrarily assigned a value of 1 g fiber per serving. The fiber
index was the sum of neutral detergent fber plus fnut and
vegetable servings. The resultant values were within the mnge of
reported values for Americans (23)." .
Finally, intakes of four key index nutrients (vitamins A- and B-
- 6, calcium, and iron) were calculated 1o predict the overall
adequacy of the diet (24)

Data Analysis
One-way analysis of variance was used Lmualls tostratify mdmdu-
* als'into the three treatment groups to ensure that no statistically
significant differences in the variables of interest existed between,
the three groups. Student’s paired ¢ test was used to detect
significant changes within each treatment group from baseline to
the end of the 30-day intervention. In addition, Pearson’s correla-
tion coefficients were used to detect significant coirelations
between the variables measured, All statistics were obtained by
means of the Statistical Analysis System (1976, SAS Institute,
Cary, NC) (25); a P value £.05 was considered statistically signifi-
cant.

RESULTS

Demographics of the Intervention Groups .

All 78 people who comumitted to the study completed it. Each
received 350 asanincentive. Demographics ofthe controland test
groups are shown in Table 1. The total cohort comprised 36 men

. (46%) and 43 (04%) women. \{ean age of r.he enhre cohort was” -
. 48.2 years. The average person was 118.2% of ideal body. weight,

No significant differences were found among groups in any ofthe -
variables listed in Table.},

. Body Welght-and Blood Pressure

Body weight staved remarkably constant throughout the 4-week
intervention (Table 2).- Systohc blood pressure also did not

change during the intervention. There was; however, a significant -~

drop in diastolic bloed pressure with all treatments (~9.12% with
cellulose; P=.004; -14.53% with barley bran ﬂour' P=.0001;

" -8.10% with barley oil; P=. 019)

Serum Lipids and Apoproleins

Total serum cholesterol At baseline, the total serum choles-
terol value for the entire cohort was 6. 95 mmol/L (Table 2), which
put the cohort at high risk for corenary heart disease—defined as -
values greater than 6.20 mmol/L (17). After 30 days of interven- -
tion, with all three treatment gfoups following the NCEP step 1
diet and taking supplements daily, total serum cholesterol was
lowered by a mean of 0.45 remoVL {6.3%) for the entire cohort.
The control group, which consumed 20 g cellulose fiber daily, had
a mean drop of 0.25 mmoV/L (3.9%), which was not statistically
significant (P=,109). The barley bran flour group (30 g/day) had
a mean reduction of 0.60 mmol/L. (7.7%), which was highly
significant (P=.0001) (Table ). The barley oil group (3 g/day)
had.a mean decrease of 0.50 mmol/L (7 1%), which was also

~ statistically significant (P=.002).

LDL-C Changes in LDL-C were very simitar to changes in total
serum cholesterol. Initially, the total cohort had a mean LDL-C
value of 4.55 mmol/L (high risk for LDL-C is >4.15 mmoVL) (17).
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Table 3 '
Mean { = standard deviation} effect of intervention on energy, fal, and cholesterof intake®

- Intaka . Callulosa (n=27} Barley bran flour (n= 26} Bariay oil (n=26)
variables Betore Atter Change P  Belors After Change P Betore . After Change P
Enetgy (kcai} 16942436 1.572=450 -122 146 1.891=438 1,596=359 -285 007 1,751=326 1,420=478 =331 006
Cholesterol ) .
{mg/day) 195=-98 1_75: 109 -20 399 23510 16197 =74 0003 202=90 154+85 -48 013
Totat fat {grgay} 58.1 =21 48.5=22 -96 018 670=25 48.4=20 -186 001 - B44=18 40.2x17 -~242 0001
Saturated fat )
(g/day) - 47=7 1267 -2.1 245 17.9=9 116=5 -63 001 179=7 96x4 _—8.3 ke o]
Monaunsaturatec ) : } - K .
fat {g/day} 1377 123=6 =14 372 16.1=8 11.5=5 -46 009 154=7 93=5 -6.1 0004
4 Polyunsaturated fat . : .
. (grdayy 48=3 44=4 - -04 574 6123 44=3 -1.7 4 6.1=zd 3423 —-27 0028
- Fiber estimate®" . - - T
{g/cay) 99=2 10.3=2 0.4 598 I_0.3 =2 11.6=2 1.3 .670_ - 9¥=z2 9.6x2 -1 .544
Vitamin A {RE-aay) 910=619 864=481 -46 30 951 =551 797=520 -154 283 886~ 208 706=595 -180 .11
Vitamia B-6 ' o N - S Co o
- {mgroay) . 15=08 13=05 -02 “32t 1.7=08 1.6=08 - -01 918 1€=38 1.5=07 =04 - '.61}'__
| longmgoay; 137=6 120=4  -17 233 144=d 125z5 =18 04 - 137=2 129210 08 728
- Calc:um {mg.cay 852 = 353 698 427 467 296 - 68? 223 587=157 -20 . 020 667=275 . 582=313 -105 096

+ *These vaiues gonotnciude the conlnnulion of the hiber o7 gil suoplements

SFiperintaxe was estimated as deschibed in ihe Materials and Methods section

' 'I'he cellulose ﬁber group had a mean decrea.se in LDL-C of 0. 10 -
- mmolL. which was not statistically significant (P=.618). The _
‘barley bran flour group had a mean reduction of 0.30 mmol/L-

© (8.5%). which was significant at P=. 036. The barlev oil grouphad -
- the most substantial change with amean reducuon 0!‘ 0 43 Tarmolf -

L (9.2%) (P=.003).

HOL-C A difference was éeen inthe éhanges in HDL-C compared
with the changes in total serum cholesterol and LDL-C. The

- cellulose fiber group had ameanreduction of 0. 15mmol/L (7.4%);

the barley bran flour group had a mean reduction of 0.15 mmol/L
(7.8%). These were both statistically significant reductions with

" Pvalues 6f 0.012 and 0.008, respectively. In contrast, the HDL-C
- level was preserved in the barley oil group (no change; P=.461).

Serum triglycerides Mean triglyceride levels did not change
with treatment in any group. The cellulose and barley ol groups
had minorincreases {0.06 and 9.06 mmoV/L, respectively),and the
barley bran flour group had aslight decrease of 0. lOmmo!/L None
of these changes was statistically significant. -

Apoproteins A-1 and B-100 At baseline, the mean épobrotein
A-1 value for the total cohort was 1.37 g/, which is within the

acceptable range of 0.73 to 1.69 g/l (26). After 30 days of -

intervention, apoprotein A-1 showed a mean reduction of 0.05 g/
L (4.0%)inthe cellulosegroup,0.142/1,{10.1%)inthe barleybran
flour group, and 0.06 g/L. (4.8%) in the barley oil group, Of these
reductions, only the 10% reduction in the bariey bran flour group
was statistically significant (P=.014). No significant correlation
was found between changesmapoprotemA-l and HDL-C (r=.14;
P=21).

The mean value for apoprotein B- 100 which oceurs in the low-

.density lipoprotein fraction, was significantly elevated for the

total cohort at baseline (1.43 g/‘L); the normal range is 0.58 t01.38
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/L. (26). This elevation is not surprising because LDL-C valués

were also elevated in the total cohort at baseline, Apoprotein B-

- 100 values were reducedafter theinterventionby 0.02 ¢/Li(1.4%) -

in the cellulose group, 0.15 &/L'(10.1%)-in the barley bran flour
group, and 0.13 ¢/L {8.3%) in the barley oil group. The reductions .

“in the barley bran flour and barley oil groups were statistically

significant (P=.004 and P=.052, respectively), but the reduction
in the cellulose fiber group was not (P=.689). In contrast to the- ~
lack of correlation between apoprotein A-1 and HDL-C, there was -

_ a significant positive correlation between the changes in LDL—G_' .

and apoprotein B-100 levels (r_O 44 P=00001).
Dietary Changes

Energy, fat, and cholesterol Analyses of preinterVen.tion and -

.postintervention dietary records showed a significant reduction .
of 295 keal in the bartey bran flour group (P=.007) and 331 keal I

in the barley oil group (P=.006), but not in the cellulose contro}
group (-122 keal; P=.146) (Table 3). A similar pattern was found
for dietary cholesterol, with a significant reduction of 74 mg with
barley bran flour (P=.0003) and 48 mg with barley ofl (P=.013)

. but not with cellulose (=20 mg; P=.399). In contrast, all three

groups sigrificantly reduced the total amount of fat consumed per
day (Tabte 3). The barley oil and barley flour groups significantly

- decreased - consumption of each type of fat (saturated,

monounsaturated, and polyurisaturated). Incontrast, eventhough
the cellulose-supplemented group reduced total fat intake, noone
type of fat was sxgmﬂcantiy reduced (Table 3).

FiberFiber mtake wasestimated fromintake of neutral detergent
fiber plus fruit and vegetable exchanges. These values do not
include the fiber supplements. No differences in fiber intake were
found between premtervenuon and postintervention for any
group (Table 3).
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Index nutrients Preintervention and postintervention valies for
the four index nutrients are also shown i in Table 3. No significant-

changes were found in consumption of vitarins A or B- 6asa
- result of the intervention. Inregard toironand ealc:um consump-

supplementation, but individuals who consumed barley bran flour
significantly reduced their mtake of these l:wo nutrients.

Compatisan of Predicted vs Actual Changes In
Serum Cholesterol Values

‘Because of the differences in intakes of energy, cholesterol, and -

saturated and polyunsaturated fat among the three treatraents,
_ we decided to apply the formula of Keys et al (27) to the data to

differentiate lipid responses to changes in dietary fat and fiber,”

_The results of these analyses are shown in Table 4. In each case,
fiber or oil supplementation resulted in a greater cholesterol-
lowering effect than predicted by changes in fat or chiolesterol

_ intake alone. The difference between actual and predicted values
was greatest for-barley bran flour (predicted=-5.84 rg/dL, ac- -
tual=-22mg/dL, difference=-16.16 mg/dL). Barley oil resulted in-

-the second greatest cholesterol-lowering effect that was not due
. to changes in lipid intake (predicted=-6.79 mg/dL; actual=~18
* mg/dL, difference=-11.21 mg/dL). When the formula was applied

to the celhﬁose-supplemented group data, the predicted value -
~was -1.55 mg/dL and the observed value was <10 mg/dL. By this .-
reasoning, cellulose alone resulted i ina cholesteroi lowenng ef-

fect of 8.45 mg/dL.
DISCUSSION

Our hypothesis was that an msolubie ﬁber source (barley bran .
- flour) would have hypocholesterolemic properties and that these -
properties would be contained in the lipid-portion of the barley -

bran flour. This hypothesis was based on animal studies in which

barlex oil significantly decreased serum cholésterol in female pigs-:
(28) and in chicks (29). To our knowledge, our study providesthe .
" first evidence of a similar responise among human bemgs Barley -

bran flour significantly lowered both total serum cholesterol and

LDL-C. These same cholesterol-lowering properties were ‘also -
seen with barley ¢il. which had the added benefit of not lowering

- HDL-C.Incontrast, the cellulose-supplemerited controlgroupdld

not e\penence a significant- reducuon in eu:her total cho!esteroi
or LDL-C.

Theamountof cholesterol reduction attnbutable tobarley bran’
flour or oil alone is not known, because there are multiple variables -

in'a free-living population conswuming se!f-setected diets. How-
- ever. the purpose of the cellulose-supplemented group was to
provide data on individuals who differed from the two barley

intervention groups solely by their consumption of a different

supplement. Obviously, we could not obtain identical poputa-
tions; but by selecting those variables most known to affect serum
cholestero] and ensuring that they were the same across groups,
we at least helped to minimize differénces. Stratification at
- baseline resulted in the three groups being similar with respectto
numbers of men and women, age, weight, percentage of ideal
body weight, and numbers of smokers and nonsmokers. OQur next
consideration was to minimize the numberof variables introduced
by consuming a fiber supplement. For this reason, we decided to
provide the supplements in a pure form rather than incorporated
into products that would contain additional ingredients. To con-
trok for the ingestion of a fiber suppltement itself, we used a parallel
cellulose-supplemented group rather than a group that received
no intervention, because we assured that the actual process of
consurning a fiber supplernent twice a day could affect behavior.
Therefore, if we compare the values from the barley bran flour
and oil groups to those from the cellulose-supplemented group,
the differences should be attributable to the particular supple-

. . - '
Tabled - ’

.-Pred:cled changes in serum cho!esterot values because of changes

in intake of saturated fat, polyunsatusated fal. and cholestero! com-

- pared with actual values
tion, there was no significant effect of cellulose or batley oil .

“
. SUpplement Predicted changa Actua! change Change notdueto
: ) according to : Intake of saturated
- equatien of {at, polyunsaturated
Keys et al* fat, or cholastarol :
Celluiose T -18Smgidl - -10mgidl  -8.45mgidL
" Barley bran fiour —5.84 mg/dL - 22 mgral. - 16.18 mg.de
' Barley ait - ~6.79mgidL - ~18 mgl - 11.2¢ mg.’dl.

*Prégicled change in'serum cho!esterc. calkcutated usmg the eczuauon of Keys .

. etal(27): acholesterol = 1.2 (24 S - 4P} - 1.542.
_ dcholesterol = difference in initial vs fina: iotar cholesterol in mg]dL

S=% of total energy provided by glycer:ces'of saturated fatty acids.
P=%oftotal energy,provided by glycenaes of polyunsaturaled fatty ac:ds
Z’smnlhgtams of dietary cholesteroln1.000 keal, -

- - _' .

‘ent alone. For example, reductions in total serum cholesterol
“'were 7.7% for barley bran flour, 7.1% for barley oil, and 3.9% for
- cellulose. These data could be interpreted to mean that the effect

of barley bran flour alone was '3.8% (7.7%-3.9%) and 3.2% for-
barley. oil. Applwn,g the same Teasoning to the LDL-C values,

“reductions were 6.4% for barley bran flour, 9.2% forbarley oil,and
.- 1.8% for cellulose, resulting iri an effect of barley bran flour alone
* - “on LDL-C of 4.6% and an effect of barleyv oil of T.4%. These values .

are similar to those ‘observed by adding 56 to 60 g oat bran or

=oatmeal to a low-fat diet (30,317;

-~ Qther factors thatcanmdependentnraffecttotalserumcholes- )
terol and LDL-C valies are body weight and intake of fiber, -

cholestérol, and fat, particularly.saturated fat. No cha.n,ge in -
weight occurred in any group. which was surprising given the -
. decrease in energy intake. However. it is likely that food intake

was undefreported; because energy values are lower than would .~

be predlcted for a ‘population of this welght In addition, weight -

changes may have occurred i the intervention had continued.

- There were also no changes in fiber intake across diets (indepen- ~
dent. of the supplements). All groups experienced significant * -

reductions in total fat; however. only the barley bran flour and oit
groups s;gmﬂcantly reduced their mtas\e of cholesterol and sati-
rated fat. -

“Why | the groups differed with respect to their mtakes of satu-
rated fat and cholesterol is not clear; because theyallreceived the
same chetary instructions and were treated identically. However,
because dietary cholesterol and saturated fat have beenshown to -
affect serurn cholesteral values, and because the two barley
groups but not the cellulose group reduced their intake of these
two constituents, we made a decision to apply the formula of Keys
etal (27) tothe three groups to further establish how much of the
change was likely attributable to fat reduction. This formula does
not include a fiber factor, so if the observed response is greater
than the predicted response, the effect of the fiber intervention
can be better assessed. Applying the formula results in similar
conclusions as to the benefits of fiber or oil supplementation alone
compared with reductions in lipid intake. For example, nonlipid
modification accounted for 16.16 of the 22 mg/dL drop in choles-
terol with barley bran flowr supplementation, or 73%. This would
mean that the cholesterol-lowering effect of barley bran flour
alone was 73% of 7.7%, or 5.6%; 62% of 7.1%, or 4.4%, for barley
oil;and 84% of 3.9%, or 3.3%, for cellulose, These percentages are
slightly higher than those obtained by subtracting the cellulose
control, because cellulose itself had a small but nonsignificant
cholesterol-lowering effect. For a critical review of the methodol-
ogy related to dietary fiber and lipid response, see reference 32.
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‘Te monitor changes in numenr. mtake durmg the study, we
analyzed 3-day dietary records before and after the intervention.

"Four index nutrients were used to'predict the overall nutritional”

status of the participants. Individuals who consumed barley bran
flour significantly reduced their intakes of iron and caleium; The
initial values for calcium were below the Recommended Dietary
-Allowances (33) for men and women and these for iron were
below the Recommended Dietary Allowance for wornen, so per-
haps emphasis should be placed on foods high in these nutrients
when people are reducing fat in their diets. Alternatively, greater
individualization of the NCEP step | diet and/or more frequent
and intensive intervention for those consummg the step'1 diet
may have resu.ll:ed in an improvement in the status of these and
other nutrients as reported by others.

Although not a major focus of this-study, the ﬁndmg that all
treatraents resultéd in SJgruﬁcant decreases in diastolic bleod
pressure is of interest, particularly because a feview article (34)
ondietand blood pressure concluded that no studies to date show
- a cledr link between modification of diet ahd reduction in blood

pressure, except when weight lossisinvolved. Weight loss was not.

a factor in our study. In an attempt to understand the factor or
factors related to this decrease in blood pressure, we tested for

any potential correlations. The only significant correlation with

the decrease in diastolic blood pressure was the decrease in
apoprotein B-100 (r=.260; P=.021). The potential relationship
i ,between apoprotein B-100 levels and diastolic btood pressure
- requires further investigation. .

_Anothersecondary finding of our étudeas the relanonshxp, or

- lack of it, between apoprotein A-1 and HDL-C and apoprotein B-

100 and LDL-C. Although there wis a._significant correlation -

_between changés in apoprotein B-100 and LDL-C, no such corre-

fation existéd between apoprotem A-land HDL-C, This suggests .
. 'that decreases in LDL-C were attributable to decreases innurm-

- -.bers of LDL-C particles, whereas. decreases in HDL-C were
* - attributable to less cholesterol carried per particle. Confirmation
of this hypothesis. requires detailed anahses of the hpoprotem

_ pamcles w}uch we did not do ;

»

APPL!CATIONS

Our study stiggests that foods contaum,g barley bran flour have

" the potential benefit of lowenng serum cholesterol. Because the
hypocholesterolemic effect is in the lipid fraction, care should be
taken to avoid defatting the barley bran flour. An additional
benefit of barley bran four is that it is a source of insoluble fiber,
In general, insoluble fibers accelerate colonic transit and increase
fecal bulk, two factors thought to be protective against colon
cancer, )
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