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Functional Pastas Rich in Dietary Fiber and 3-Glucans

E. Marconi,*? M. Graziano,* and R. Cubaddat
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Pearling by-products and the pearled products of two commerciatandard durum wheat semolina wtglucan-enriched barley flour frac-
stocks of hulled barley, pearled according toratustrial process consis- tions. Although darker than durum wheat pasta, these pastas had good
ting of five consecutive pearling steps, were analyzedBfgiucans,  cooking quéities with regard to stickiness, bulkiness, firmness, and total
dietary fiber (total, soluble, and insoluble), protein, lipid, ash, and digeserganic matter released in rinsing water. The dietary fiber (13.1-16.1% wb)
tible carbohydrate. The data showed that the pearling flour fractiongnd 3-glucan (4.3-5.0% wb) contents in the barley pastas were much
abraded in the fourth and fifth hullers, contained interesting amounts dfigher than in the control (4.0 and 0.3% wb, respectively). These values
B-glucans (3.9-5.1% db) from a ritibnal point of view. These fractions amply meet the FDA requirements of 5 g of dietary fiber and 0.75g of
were subsequently enrichedfrglucans using a milling-sieving process glucans per serving (56 g in the United States and 80 g in ltaly). At
to doublep-glucan content (9.1-10.5% db). Functional pastas, enrichegresent, the FDA has authorized the health claim “may reduce the risk of
with B-glucans and dietary fiber, were produced by substituting 50% oheart disease” for food containifgglucans from oat and psyllium only.

Barley, one of the earliest cultivated cerealsin the world, is now chart consisting of five pearling steps. The grains of barley were
gaining renewed interest as a food component because of its  first passed through a Carter disk separator to remove broken
soluble dietary fiber and B-glucan content in particular. Compared kernels and any foreign grains and then through a calibration disk
with other cereals, barley has relatively high levels of B-glucans  to obtain uniform-sized graingZ.5 mm caliber). The cleaned barley
of 2-11 g/100 g (wb) (MacGregor and Fincher 1993). The highegjrains were not tempered before pearling (the initial moisture of
B-glucan level reported (16.9% db) was found in Prowashonupari#oth barley stocks wasl2%).
cultivar (Newman et al 1992). Samples of the by-products removed at each pearling stage

Soluble dietary fiber anfi-glucan are reported to lower plasma (BP1-BP5) and the five types of pearled residual kernels (PK1-
cholesterol and postprandial serum glucose levels in humans aR#5), together with the original grain (hulled kernel [HK]) were
animals (Newman and Newman 1991, MclIntosh et al 1991, Bhatigollected and evaluated for moisture, protein, lipid, ash, digestible
1993, Wood et al 1994, Jenkins et al 1995, Kahlon and Chow 199Zarbohydrates, total, soluble, and insoluble fiber, Batlican con-
Yokoyama et al 1997). tent. The 1,000 kernel weight of HK and PK1-PK5 was obtained

The traditional barley products, dehulled, pot, and pearled barlelgy weighing sets of 250 kernels randomly chosen after removal of
barley flakes, and barley flour, are produced by roller-millingbroken grains.
dehulled or pearled barley. The dehulling and pearling processesBP5 by-products from both barley stocks and the PK1 pearled
differ in the amount of outer layers removed from the grainproduct from stock A were used to make fhyglucan-enriched
Dehulling removes part of the hull with minimum damage to thearley flour. The enrichment process involved repeated milling and
kernel, whereas pearling is an abrasive process that graduabifting to remove barley starch, as described by Knuckles et al
removes the seed coat (testa and pericarp), aleurone, subaleur¢h@92).
layers, and the germ to obtain a polished grain. The pearling fractions and the pearled kernels were milled in a

The by-products of the pearling proces30—40% of the total Cyclotec 1093 laboratory mill (0.5-mm sieve; Tecator, Hoganas,
kernel weight, are mainly used in animal feed (Jadhav et al 19983weden) and sifted through a sieve (Buhler, Uzwill, Switzerland),
These by-products contain interesting amounts of bioactive conusing 100 g of meal and 20 min of sifting time. The sieve was 20
pounds such a@-glucans, tocopherols, and tocotrienols (Wang ettm in diameter and the mesh size wasu#dl A diagram of the
al 1993, Peterson 1994, Jadhav et al 1998). Therefore, the aimpmbcess is shown in Fig. 1.
this study was to assess the possibility of using pearlingdaupts Functional pastas were produced by replacing 50% of durum
in human nutrition by incorporating them into food formulationswheat semolina with milled-sieveiiglucan-enriched barley flour
for functional pasta making. The dietary fiber fadlucan contents fractions (fraction D) and adding 5% vital wheat gluten.
in the by-products and in the pearled grains of two commercial The composite flours used for the pasta-making trials were CF1
barley stocks were evaluated during the five steps of an industrial 50% [-glucan-enriched fraction D of BP5 (stock A) + 45%
pearling process. Subsequently, balanced pasta-making formulaticgemolina + 5% vital wheat gluten; CF2 = 5(®glucan-enriched
and adequate technological processes were adoptedriteact any  fraction D of BP5 (stock B) + 45% semolina + 5% vital wheat
changes in the rheological properties caused by the incorporation giiten; CF3 = 5098-glucan-enriched fraction D of PK1 (stock B)

these unconventional ingredients. + 45% semolina + 5% vital wheat gluten. A commercial durum
wheat semolina was used as a control.
MATERIALSAND METHODS The composite flours were used to manufacture spaghetti (long

pasta) under conditions previously reported (85°C drying temper-
The hulled grains of two commercial stocks of barley (A =ature, 7-hr drying cycle) (Marconi et al 1999). An experimental
English, B = Italian) were pearled according to an industrial flowpasta-making apparatus composed of a press and a dryer (Pavan,
Padova, Italy) was used. The diameter of the dried spaghetti was
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105/2), total fat (Method 136), and ash (Method 104/1). Soluble  mediocre quality; >40 to 50 was not completely satisfactory; >50
dietary fiber (SDF) and insoluble dietary fiber (IDF) were quan- to 70 was fair; >70 to 80 was good; and >80 was excellent. All
tified by the enzymatic gravimetric procedures of Prasky et a (1988), cooking tests were made in duplicate.

and Methods 993.19 and 991.42 (AOAC 1997). Total dietary fiber Total organic matter (TOM), the amount of surface material
(TDF) was caculated as SDF+IDF. Digestible carbohydrates (DC) released in the washing water after thoroughly rinsing the cooked
were calculated by difference. 3-Glucans were determined accord- pasta, was determined using the standard chemical method of
ing to Approved Method 32-23 (AACC 2000) as described by D’Egidio et al (Method 153, ICC 1995). TOM values >2.1 g/100 g,

McCleary and Glennie-Holmes (1985). corresponds to low cooking quality; 2.1-1.4 g/100 g corresponds
Spaghetti color was evaluated by measuring L* (brightness, 100  to good cooking quality, and <1.4 g/100 g corresponds to very
= white; 0 = black), a* (+, red; —, green) and* (+, yellow; —,  good cooking quality (D’Egidio and Nardi 1996).

blue) parameters by means of a reflectance colorimeter (CR300The enzymic kit for the determination @fglucans was pur-
Chroma-meter, Minolta, Japan) on dry, uncooked pasta ground @hased from Megazyme International Ireland, Bray, Ireland. All
a mill (model MLI 204, Bihler-Miag). Values are the mean of fiveother chemicals were of analytical grade and were purchased from
determinations. Sigma, St. Louis, MO.

The spaghetti (100 g) was cooked in 1L of unsalted boiling tap All determinations were made at least in duplicate, and mean *
water. Optimum cooking time was taken as being when the whitstandard deviation (SD) values are presented. Some data were statis-
core of the pasta disappeared when squeezed between two téstlly evaluated by analysis of variance and Fisher’s least significant
glasses. Spaghetti was evaluated by sensory and chemical prod#ference procedure (system package 1987, SAS Institute, Cary,
dures 9 min after draining. NC).

Sensory assessment was made by a trained panel of three experts
(assessors). The general test conditions (order and presentation of RESULTSAND DISCUSSION
samples) were according to the international standard 7304 (ISO
1985). The stickiness, bulkiness, and firmness of the cooked spa-The 1,000 kernel weight and the weight of the successively
ghetti were determined according to the sensory assessment premoved by-products produced in pearling two barley stocks are
cedure reported by Cubadda (1988). The degree of stickineggiyen in Table I. The 1,000 kernel weight of starting material was
which is the amount of material that adheres to the surface of thore in stock A (46.9 g) than in stock B (44.0 g), with a percentile
cooked pasta, was assessed visually (with the aid of a standatifference of 6.2%.
reference samples) and by handling the samples. Bulkiness, whichThe material abraded, which is expressed as the percentage of
was assessed in the same way, is the degree to which the strangfght removed from the original kernel, represents the by-products.
of pasta adhere to each other. Firmness is the degree of resistafbe residual kernel (PK5) constituted 62.9 and 54.1% db of the
of the cooked pasta when either pressed between the fingers starting material in stocks A and B, while the total cumulative by-
chewed. These parameters were rated on a five-point hedonic scpteducts (total cumulative weight removed) were 37.1 and 45.9%,
and then converted into numerical scores. The scale for both stickespectively. Similar pearling rates have been reported by several
ness and bulkiness was 20 = very high, 40 = high, 60 = rare, 80authors (Normand et al 1965, Bhatty 1993, Jadhav et al 1998).
almost absent, and 100 = absent. The firmness scale was 20 Differences in the amount of fractions abraded at each pearling
rare, 40 = insufficient, 60 = sufficient, 80 = good, and 100 = venstage were found, as well as differences between the barley stocks.
good. The score of each organoleptic parameter was the arithmelicparticular, Table | shows that 1) the first pearling step produced
mean of the values given by three assessors. The total scom@re abraded material in stock B than in stock A (8.9 vs. 3.8% db
regarding cooking quality was obtained by summing the scores aof the original kernel, respectively); 2) the third step produced
the parameters, multiplying the total by 33.3 and dividing it byfewer by-products in both stocksZ.0% db); 3) the fourth and
100. The final score for cooking quality was correlated with difth pearling steps produced the greatest amount of by-products in
description. Spaghetti with a total score of 40 was of poor oboth stocks A and B (16.4 and 11.6% db of the original kernel in

step four; 10 and 20% db of the original kernel in step five,
respectively); 4) the cumulative total weight removed in the first

Starting Material four steps were similar in both stock®6—-27% db of the original
l kernel).
Grinder
TABLE |

1,000 Kernel Weight and Kernel Weight Removed from the Original
Kernel During Industrial-Scale Pearling of Two Barley Stocks

Sieve
(44 micrometer openings) % Total
] Stock and 1,000 Kernel % Kernel Cumulative
¢ ¢ Fraction? Weight (g, db)>  Weight Removed Weight Removed
< 44 micrometer > 44 micrometer English (A)

Fraction A Fraction B HK 46.9+0.9
| PK1 451+03 3.9 3.9
PK2 426 £0.2 5.3 9.2
Grinder PK3 41905 15 10.7
PK4 34.2+0.8 16.4 27.1
¢ PK5 29.5+0.6 10.0 37.1

Sieve Italian (B)

( 44 micrometer openings) HK 440x1.0
‘ PK1 40.1+£0.6 8.9 8.9
PK2 38504 3.6 125
i ! PK3 37.7+05 18 143
< 44 micrometer > 44 micrometer PK4 326 f 0.7 116 25.9
Fraction C Fraction D PK5 238 — 04 200 459

aHK = hulled kernel, PK = pearled kernel.
Fig. 1. B-Glucan enrichment diagram of barley materials. b Mean + standard deviation.
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The protein, lipid, ash, and digestible carbohydrate content of
the successively removed by-products of two pearled barley stocks,
together with their percentages with regard to the total amount, are
givenin Tablell.

The findings show that, with the exception of the first fraction,
there is more proteinaceous material in the by-products than in the
origind kernels of both stocks. The lowest concentrations of pro-
tein were found in the first by-products (BP1) of both stocks (8.2%
db in stock A and 12.1% db in stock B), representing 2.6 and
9.2% of the total protein contained in the starting material. The
highest concentrations of protein (19.4 and 19.8% db), were found
in BP3 in stock A and BP4 in stock B, corresponding to 25.8 and
3.0% of total protein in stocks A and B, respectively. The amount
of protein removed from the starting material in the cumulative
by-products was 49.7% in stock A and 59.8% in stock B.

Lipid content showed that the germ was mainly removed during
the second, third, and fourth pearling steps. In fact, the lipid
content of these fractions had a range of 7.0-8.6% db vs. a lipid
content of 3.5% of original kernels. The total cumulative amount
of lipid removed in stocks A and B during the pearling process
was 64.1 and 77.1%, respectively.

A progressive decrease in the percentage of ash from BP1 (8.13
and 8.43% db in stocks A and B) to BP5 (2.43 and 2.75% db in
stocks A and B) was found, since the mineral components are mainly
distributed in the outer layers of the kernel (pericarp, aleurone and
germ) (Liu et al 1974, Weaver et al 1981). For this reason, the
total cumulative amount of ash removed from the starting material
in the pearling by-products was very high (71.9% db in stock A
and 80.7% db in stock B). On the other hand, a gradual increase in
digestible carbohydrates was found during the pearling process

TABLE Il
Protein, Lipid, Ash, and Digestible Carbohydrates (DC) of Successively Removed By-Product Fractions
of Two Barley Stocks (% db)

Total Total Total Total
Amount Cumulative Cumulative Cumulative Amount Cumulative
of Total Amount of Amount of  Amount Amount of  Amount of Total  Amount

Stock and Proteinin Proteinin  Protein Lipidin Total Lipid of Lipid Ashin Total Ash of Ash DCin DCin of DC
Fraction® Fraction® Fraction Removed Fraction® inFraction Removed Fraction® inFraction Removed Fraction®® Fraction Removed

English (A)
BP1 8.2+0.2 2.6 2.6 29+0.0 3.2 3.2 8.13+0.05 13.8 13.8 7.4 0.5 0.5
BP2 151+0.1 6.6 9.2 7301 113 145 6.50 = 0.04 15.3 29.1 8.7 0.8 1.3
BP3 18.3+0.2 1.9 111 8.4+0.3 3.1 17.6 6.13 £ 0.02 3.5 32.6 22.8 0.5 1.8
BP4 19.4+0.2 25.8 36.9 71+02 335 51.1 4.01+0.01 28.8 61.4 38.1 10.5 12.3
BP5 16.0+0.1 12.8 49.7 46+0.1 13.0 64.1 2.43 +£0.05 10.5 71.9 53.2 8.8 211
HK 12403 100 35+0.2 100 230+£0.03 100 59.7 100
PK5 95+0.1 50.3 1.8+0.1 359 0.96 + 0.02 28.1 74.8 78.9

Italian (B)
BP1 121 +0.1 9.2 9.2 6.9+0.2 175 175 8.43 +0.07 28.8 28.8 8.0 1.2 1.2
BP2 17804 55 14.7 72x0.1 7.4 24.9 6.56 £ 0.04 9.1 37.9 16.7 1.0 2.2
BP3 19.8+0.2 3.0 17.7 8.6+0.2 4.4 29.3 5.07 £ 0.02 3.5 41.4 33.4 1.0 3.2
BP4 18.4+0.1 18.2 35.9 7001 232 52.5 4.07 +0.06 18.2 59.6 44.4 8.3 115
BP5 14.0+0.3 23.9 59.8 43+0.0 246 77.1 2.75+0.02 21.1 80.7 57.3 185 30.0
HK 11.7+0.1 100 35+0.1 100 260+£0.01 100 61.8 100
PK5 8.3+0.3 40.2 15+01 229 1.05+0.01 19.3 80.0 70.0

a BP = by-product, HK = hulled kernel, PK = pearled kernel.

b Mean + standard deviation.

¢ Calculated by difference.

TABLE I11

Total, Soluble and Insoluble Dietary Fiber (TDF, SDF, IDF) and B-Glucans of Successively Removed By-Product Fractions
of Two Barley Stocks (% db)

Total Total Total Total
Amount Cumulative Amount  Cumulative Cumulative Amount Cumulative

TDFin of Totai  Amount of Total Amount Amount of  Amount B-Glucans of Total Amount of
Stock and  Fraction® TDF in of TDF SDFin SDFin of SDF IDFin Total IDF of IDF in B-Glucans B-Glucans
Fraction?  (Mean) Fraction Removed Fraction® Fraction Removed  Fraction® inFraction Removed Fraction inFraction Removed
English (A)
BP1 73.4 13.0 13.0 1.1+01 0.8 0.8 723%+1.0 16.9 16.9 1.0£0.1 0.9 0.9
BP2 62.4 15.2 28.2 3.1+0.2 3.1 3.9 59.3+0.5 19.2 36.1 20+0.1 2.5 3.4
BP3 44 .4 2.6 30.8 44+0.2 11 5.0 40.0+0.2 3.1 39.2 3.3+0.2 1.0 4.4
BP4 31.4 23.4 54.2 55+0.3 16.8 21.8 259+04 25.6 64.8 45+0.2 16.9 21.3
BP5 23.8 10.7 64.9 6.6+0.2 12.1 33.9 17.2+x0.4 10.2 75.0 51+0.1 11.8 33.1
HK 22.1 100 54+03 100 16.7+0.5 100 43+0.2 100
PK5 12.9 35.1 54+04 66.1 75+0.1 25.0 45+0.3 66.9
Italian (B)
BP1 64.6 28.2 28.2 19+01 3.4 3.4 62.7+0.3 36.2 36.2 11+01 2.6 2.6
BP2 51.7 9.1 37.3 28+0.2 2.0 5.4 48.8+0.5 11.4 47.6 20+01 1.9 4.5
BP3 33.1 2.9 40.2 46+0.2 1.7 7.1 28.6 £ 0.6 3.3 50.9 3402 1.6 6.1
BP4 26.1 14.8 55.0 5.8+0.3 13.5 20.6 20.3+0.1 15.3 66.2 3.6+0.1 114 175
BP5 21.6 21.2 76.2 6.1+0.1 24.4 45.0 155+0.3 20.1 86.3 44+0.2 24.1 41.6
HK 20.4 100 50+0.2 100 154+0.3 100 3.7+0.0 100
PK5 9.2 23.8 45+0.2 55.0 4.7+0.2 13.7 42+0.2 58.4

a BP = by-product, HK = hulled kernel, PK = pearled kernel.
b SDF+IDF.
¢ Mean * standard deviation.
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from BP1 to BP5, due to the increased abrasion of the starchy
endosperm. In fact, DC content in stock A increased from 7.4%
(BP1) to 53.2% (BP5) and from 8.0% (BP1) to 57.3% (BP5) in
stock B. The total cumulative amounts of DC removed from the
starting material in the pearling by-products of stocks A and B
were 21.1 and 30.0% db, respectively.

Soluble, insoluble, and total dietary fiber, and B-glucan content
of the by-products of two pearled barley stocks, together with
their percentages with regard to the total amount, are given in
Tablelll.

The TDF content of the first two by-products (BP1 and BP2)
was >50% db, which almost entirely belonged to the insoluble
fraction (lignin and cellulose) as attested by the SDF to TDF ratio
<6% in both stocks. In fact, having removed =10% of the outer
layers of the kernels, most of the hull had been removed.

The B-glucan content in BP1 and BP2 was very low (=1% db);
B-glucan is, in fact, located in the inner layers of the kernel, since
it is the main cell wall component of the starchy endosperm and
aleurone (MacGregor and Fincher 1993, Jadhav et a 1998). A
further decrease in TDF was found in BP3 and BP4, whereas SDF
and B-glucan increased, the latter being the main soluble fiber
component in barley (Newman and Newman 1991). The final by-
product, BP5, had the lowest concentration of TDF (stock A =
23.8% db and stock B = 21.6% db), the highest concentration of
SDF and B-glucan and the highest SDF to TDF ratio (=30%). The
total cumulative amount of TDF removed from the starting
material in the by-products of stocks A and B were 64.9 and
76.2% db, respectively; the higher value of stock B was due its
greater pearling rate.

In conclusion, BP1 represents the hull layer surrounding the
original barley grain, plus some embryo and pericarp layer material.
BP2 represents the pericarp layer, plus some embryo and aleurone
layers, BP3 and BP4 represent material from high-protein-bearing
layers in the barley kernel, plus some embryo and the outer layer
of the starchy endosperm. BP5 represents the outer layer of the
gtarchy endosperm and the subaeurone layer, plus some components
of peripheral layers (aleurone and pericarp layers).

The nonuniform distribution of the botanical fractions among
the by-products is due to the fact that the removed fractions do not
necessarily contain the same layers or components of the kernel
because of differences in the natural shape of the kernels. In fact,
some components of the external layers such as bran, aleurone
etc., remained in the creases of the kernels even after several
fractions had been removed.

The compositional differences between the two barley stocks in
the same by-product are mainly due to differences in the extrac-
tion rates of the same fractions.

Pearled Products

The protein, lipid, ash, digestible carbohydrates, dietary fiber
(TDF, SDF, IDF), and -glucan contents of the pearled products
of barley stocks A and B are shown in Figs. 2 and 3.

The successive removal of the outer layers of the barley kernels
in the pearling process caused significant decreases in protein,
lipid, ash, and IDF contents in the final pearled product (PK5) of
both stocks. Compared with the origina kernel, protein content in

24 1 -
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Protein DC Fig. 3. Dietary fiber (TDF, SDF, IDF) anfl-glucans in pearled products

at different pearling rates (PK1-PK5) of two barley stocks. TDF = Total
Fig. 2. Protein, lipid, ash, and digestible carbohydrates (DC) in pearled dietary fiber (calculated by SDF+IDF), SDF = soluble dietary fiber, IDF
products at different pearling rates (PK1-PK5) of two barley stocks. HK = insoluble dietary fiber. HK = hulled kernel, PK = pearled kernel.
= hulled kernel, PK = pearled kernel. Different letters above column®ifferent letters above columns indicate significant differenceB at
indicate significant differences Bt= 0.05 within each nutrient. 0.05 within each nutrient.
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stocks A and B decreased by 23.4 and 29.4% db, respectively.
Lipid and ash contents decreased more than twofold during the
pearling process.

B-Glucan content was not aways significantly affected by
pearling. However, it did cause a general upward trend that was
the same in both stocks. Similar changes in the chemical composi-
tion of barley kernels due to pearling were also reported (Liu et a
1974, Sumner et al 1985, Baik and Czuchagjowska 1997, Klam-
czynsky et a 1997). The substantial changes in the chemical

content, these by-products were subjected to a physical enrich-
ment process consisting of milling and sieving.

The yields and3-glucan content of the fractions produced by
the enrichment process are given in Table IV. Fraction A from BP5
contained=40% of the starting weight and >63% of the starting
weight from PK1, the latter being the same as that reported by
Knuckles et al (1992). Fraction C contained a much smaller
amount of the starting weight (5.9-25.2%). The yield of the milled-
sievedp-glucan-enriched fraction D was 27.9-35.2% of the start-
composition of the barley kernels due to pearling may consid- ing weight. The concentrations @fglucan in fraction D were
erably affect the utilization and the nutritional quality of the final double those of the unfractioned materials for both the BP5 and
barley products. Pearling rates of 30—-40% were most desirable, as PK1. TheseB3-glucan-enriched fractions were, therefore, used as
at these levels the equilibrium between nutritiofflagjlicans, pro- ingredient to manufacture some functional pastas.
tein, SDF) and physical properties (color, texture, etc.) was balancedTo compensate for the poor rheological properties of these uncon-
(Normand et al 1965, Bhatty 1993, Klamczynsky et al 1997yentional ingredients, additives (vital gluten) and adequate proces-
Jadhav et al 1998, Marconi etwlpublished data). The pearling sing (high-temperature pasta drying) were used. In fact, protein
rate in stock B (PK5) which was >40%, in fact removed a largguantity and high drying temperatures are key factors in obtaining
amount of protein, ash, lipid, and SDF. good quality products (D’Egidio 1990, Novaro et al 1993, Cubadda

1996, Marconi et al 1999) because they promote the building up
Functional Pasta Manufacturing of a diffused and coagulated protein network capable of entrap-

Given the nutraceutical properties of both BP5 (high SDF anging starch granules and preventing them from exuding from pasta
B-glucan content), these products could be used as potential ingring cooking (Resmini and Pagani 1983, Cubadda and Acquis-
dients for manufacturing functional foods. To increfsglucan  tucci 1987).

TABLE IV
Weight and 3-Glucan Content (% db) of Fractions from Laboratory-Scale Milling and Sieving of Pearling By-Products
and Pearled Product of Two Barley Stocks

Pearling By-Product (BP5)

Pearled Barley (PK1)

Stock A Stock B Stock B
Milling Fraction Particle Size (um) Weight B-Glucans Weight B-Glucans Weight B-Glucans
Starting Materia 100.0 51+0.1 100.0 44+0.2 100.0 3.9+0.2
A <44 412+1.2 16+0.1 35.8+0.9 12+01 63.8+1.1 1.3+0.1
B >44 57.2+0.8 7.3+0.3 62.2+14 6.3+0.3 35.2+0.6 82+04
C <44 226+04 3.0+0.1 25.2+0.7 21+0.1 59+0.3 3.7+0.2
D >44 33.1+0.7 105+0.3 35.2+05 9.1+04 279+0.7 95+0.3
TABLEV
Proximate Composition (% wb), Color, and Cooking Quality of Barley Pastas Compared with Durum Wheat Pasta
Composite Flour Pasta?

Characteristics CF1 CF2 CF3 Durum Wheat Pasta
Moisture 9.7+0.1 9.5+0.1 9.7+0.1 9.8+0.1
Protein 185+0.2 17.3+0.1 15.3+0.2 122+0.1
Fat 2.37 £0.02 2.25+0.01 2.22+0.02 1.17 £ 0.02
Ash 1.70 +£0.03 1.82+0.03 1.69 +0.02 0.73£0.02
Digestible carbohydrates 51.6 53.8 58.0 72.1
Dietary fibeP

IDF 8.4+0.3 7.9+0.1 7.2+0.2 1.3+01

SDF 7.7+0.2 7.3+0.2 59+0.1 27+0.1

TDF 16.1 15.2 131 4.0
B-glucans 50%0.2 43+0.2 43+0.1 0.3+0.0
Calories per 100 g, Kcal 309 312 321 358
Color

L* 68.0+1.0 68.8+1.2 69.8+1.3 77.0+£0.8

a* 3.8+0.2 3804 3.6+0.3 0.1+0.1

b* 15.1+0.7 155+0.6 15.8+0.6 21.5+0.9
Cooking quality

Cooking time (min) 12:30 12:30 12:45 13:00

Stickiness Rare Rare Absent Absent

Bulkiness Rare Rare Almost absent Almost absent

Firmness Good Good Very good Very good

Total scoré 67 67 93 93

Total organic mattér 1.6+0.2 1.6+0.1 09+0.1 11+01

a CF1: 50%B-glucan-enriched milling fraction D of BP5 (stock A) + 45% semolina + 5% vital wheat gluten. CFB-gQ#an-enriched milling fraction D of
BP5 (stock B) + 45% semolina + 5% vital wheat gluten. CF3: B@gtucan-enriched milling fraction D of PK1 (stock B) + 45% semolina + 5% vital wheat

gluten.

b IDF = insoluble dietary fiber; SDF = soluble dietary fiber; TDF = total dietary fiber.

¢ Fat = 9 Kcal/g; protein = 4 Kcal/g; carbohydrate = 4.13 Kcal/g.

440 = poor or mediocre quality; >40-50 = not completely satisfactory; >50-70 = fair; >70-80 = good; >80 = excellent.
e Grams per 100 g of dry pasta. >2.1 = low quality; 1.4-2.1 = good quality; <1.4 = very good quality.
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The nutritional composition, appearance, and cooking quality of
pasta produced with composite flours containing 3-glucan-enriched
barley fractions (fraction D) and durum wheat semolina are
reported in Table V.

Protein content was high in the barley pastas due to the addition
of vital gluten (5%). TDF (13.1-16.1% wb) and3-glucan (4.3—
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Bhatty, R. S. 1986. Physiochemical and functional (breadmaking) prop-
erties of hull-less barley fractions. Cereal Chem. 63:31-35.

Bhatty, R. S. 1993. Nonmalting uses of barley. Pages 355-417 in: Barley:
Chemistry and Technology. A. W. MacGregor and R. S. Bhatty, eds.
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Europe. Pages 217-228 in: Durum Wheat: Chemistry and Technology.
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