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ABSTRACT

Three trials have been carried out to prepare oat and barley milks with
acceptable organoleptic properties and are free of unhealthy and harmful substances.
These trails were (A) boiling of intact oat and barley grains after soaking but before
disruption, (B) wet toasting of soaked grains before disruption, (C) disruption of
soaked grains without heating. Effect of processing conditions (soaking, soaking +
heating and soaking + toasting) and the ratio of grains to extracting medium on phytic
acid content, % milk and % recovery of solids and protein in the resultant milk was
studied. Some chemical and physical properties of the resultant milks were compared
with that of cow milk (control). The results showed that process B has low yield of oat
milk but higher recoveries of solids and protein in comparison with processes A and C
whereas; process A was preferable to produce barley milk. Using sweet whey as an
extracting medium instead of tap water caused an increase in total solids and protein
contents and improved of organoleptic properties of resultant milks. About 13% on
average of phytic acid was lost during the soaking of oat and barley grains. This
reduction was increased to 16.56% after toasting of soaked oat grains while reached
21.73% after heating of soaked barley grains. Chemical analysis of oat, barley and
cow milks showed that cow milk had higher fat and Ca contents than both oat and
barley milks while, oat and barley milks contain more carbohydrates, phosphorus,
potassium, iron and Zinc than dose cow milk. Cow milk and oat milk contain nearly
identical amounts of protein and fiber is a big plus, dairy has none. With respect to the
amino acid composition, isoleucine, methionine, threonine and tyrosin occurred at
slightly lower levels in proteins of oat and barley milks than those of the FAO/WHO
reference protein. Cow milk protein had slightly higher essential amino acids content
than those in proteins of oat and barley milks. Both oat milk and barley milk exhibited
higher viscosity and lower heat stability than those of cow milk whereas, titrable
acidity and specific gravity values of these milks were approached those of cow milk..
Consequently, oat milk or barley milk can be a healthy choice for many peoples
especially who are allergic to milk protein.
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INTRODUCTION

Cereal foods such as vegetarian milks, their remoteness circulated in the
last two decades because of abundant their health benefits such as reduction
of plasma cholesterol and postprandial glycaemic response, which decrease
the risk of cancer, heart disease, hypertension and obesity in the long term.
These milks have no cholesterol or casein, therefore can be used as
alternatives to cattle milks ,especially, for some individuals who are allergic to
milk protein, and when milk may be either too expensive or unavailable.
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Although, these milks contain useful human nutrients such as well-balanced
protein, soluble fiber, carbohydrate, oil and several vitamins and minerals
(Peterson 1992 and Welch 1995), but some of these nutrients will not be
available because of presence of anti-nutritional factors in the origin material
employed. Therefore, it becomes necessary to define appropriate conditions
of minimizing anti-nutritional factors and of maximizing protein extraction
during processing and/or preparation of these products.

A study of the literature on preparation of cereal or vegetarian milks
showed that there are many variables in the processing of these milks
influence on recovery of protein and on elimination of anti-nutritional factors
such as phytate, which is known to reduce the bioavailability of major
minerals such as Ca and P and trace ones such as Zn, Fe, Cu and Mn
(Hallberg et al., 1989 and Hurrell et al., 2000). Therefore, decreasing of phytic
acid is very advantageous. Milling, soaking, germination and fermentation are
important traditional methods used to reduce phytic acid and could thus
improve bioavailability of minerals in cereal and legume products as reported
by Gibson et al., (2000). Liang,et al., 2007 found that milling of cereal grains
leads to considerable losses of phytic acid (minerals inhibitor).Soaking of
millet, soya bean, maize, sorghum, and mungbean at 30°C for 24 h
decreased the contents of phytic acid by 4-51% (Lestienne, et al.,
2005a,b,c), whereas soaking of pounded maize for 1 h at room temperature
already led to a reduction of phytic acid by 51% (Hotz, et al., 2001).Larsson
and Sandberg (1995) found that soaking of oat whole grains, dried at 80°C
and stored at 4°C, overnight at room temperature, followed by 6 h at 37.8°C
reduced the phytate content by 79%.Germination of sorghum for 4 d reduced
phytic acid by 68-87% (Mahgoub and Elhag, 1998). Badau, et al., (2005)
reported that with longer germination times, HCl-extractability of calcium, iron
and zinc in pearl millet was increased by 2-16%, 15-45% and 12-25%,
respectively. Egounly and Aworh (2003) reported that fermentation with
Rhizopus oligosporus enhanced the nutritional value of some grain legumes
by causing significant changes in chemical composition and reduction of
phytic acid by 30.7, 32.6 and 29.1% respectively in soybean, cowpea, and
groundbean at the harvesting time.

Also, the heating is one of the most interesting variables in the processing
of cereal milks because of its influence on recovery of protein and anti-
nutrient constituents. Lindahl, et al., (1997) have made use of a process in
which oat grains were toasted by steam before disruption. Such a process
has the dual advantage of maximizing protein extraction. Phillippy et al.,
(1987) reported 81% reduction of phytic acid in autoclaved sodium phytate at
pH 4.0. Servi et al., (2008) reported that autoclaving for 2 h at the pH levels of
5.0, 4.5, 4.0 and 3.5 resulted in 89.4, 95.6, 96.8 and 96.6% reduction,
respectively, in the phytic acid contents of the wheat bran.

The present study was carried out to evaluate the effect of three
processes (boiling of soaked grains in tap water for 30 min., wet toasting of
soaked grains for 15 min. and soaking without heating) on phytic acid content
of grains, yields of oat and barley milks and their content of solids and
protein. Some chemical and physical properties of oat and barley milks were
also evaluated and compared with those of cow milk.
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MATERIALS AND METHODS

Oat (Avena sativa) and barley (Hordeum vulgare) grains were purchased
at stores of the experimental farm of Agriculture Research Center, Giza,
Egypt and stored at 4°C to minimize changes in composition. Fresh cows'
milk was obtained from the herd of Faculty of Agriculture Cairo University.

Three different processes for the preparation of oat and barley milks were
investigated and outlined in Table 1. Process A is unique in heating the
grains at 100°C for 30 min before grinding; process B is unique in toasting the
grains by steam for 15 min before grinding, and process C is unique in
applying no heat to the grains. The soaking was done in tap water 3x the
weight of the grains. After soaking and after blanching, the grains were rinsed
twice and drained. The grinding was done (Blender mill, Moulinex®, France)
in tap water at differed ratios of grains to water.

Water adsorption by grains was measured by suspending a 50g sample in
excess water at 20 - 25+£1°C. The grains were contained in a bag made from
a single layer of cheesecloth, and excessive surface moisture was removed
before weighing.

As a way of evaluating the three processes for their effect on the recovery of
grain solids and constituents of the solids in the resultant milks, several
analyses were made on a weight basis. Using the analytical data and the
following equations as reported by Ali et al. (1992), we were able to compare
yields for the different processes:

% oat or barley milk =
wt of oat or barley milk (after clarification) / wt of oat or barley slurry (before
clarification)

% solids or protein in oat or barley milk =
wt of solids or protein in oat or barley milk / wt of oat or barley milk

% solids or protein in oat or barley slurry =
wt of solids or protein in oat or barley slurry / wt of oat or barley slurry

% yield of solids or protein =
wt of solids or protein in oat or barley milk / wt of solids or protein in slurry
that yielded the oat or barley milk

Whole un-deformed oat and barley grains were selected and milled
(Standard electric grinder, Moulinex®, France) prior to analysis. The chemical
analysis of the milled grains for dry matter according to Egli et al. 2002 while,
lipids, total fiber and ash were performed using standard methods outlined in
AOAC (2000). The nitrogen content in samples was determined by kjeldahl's
method as described in AOAC (2000), and a conversion factor of 5.83 was
used for calculating the protein content. Total carbohydrates were determined
colorimetrically according to Duboies et al. (1956).The minerals (Ca, K, Fe
and Zn) were analyzed using an inductively coupled plasma optical emission
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spectrometer, (ICP-AES) Varian- Vista- MPX, (Varian, Inc.) according to
Horwitz (2000). Total phosphorus content was estimated using
colorimetrically method as described by Okalebo et al. (2002). Phytic acid in
pulverized grains was determined according to Wheeler and Ferrel (1971). All
determinations were expressed on a dry matter basis.

Table (1): Outline of processes used in the preparation of oat and barley

milks

Process A Process B Process C
Soak grains in tap water for 18Soak grains in tap water for 18|Soak grains in tap water for 18
hr hr hr
Drain Drain Drain
Rinse twice with tap water Rinse twice with tap water Rinse twice with tap water
Blanch 30 min at 100°C in tap|Preheat grains 15 min. by
water steam
Grind with tap water at 20 -Grind with tap water at 20 -Grind with tap water at 20 -
25°C 25°C 25°C
Filter slurries through cheesefFilter slurries through cheeselFilter slurries through cheese
cloth cloth cloth
Heat the resultant milks atHeat the resultant milks atHeat the resultant milks at
72°C/1min., then cool 72°C/1min., then cool 72°C/1min., then cool

The procedure was done in triplicate for each process.

Total solids, ash, fat, fiber and protein for Oat and barley milks and
cow milk were determined as described in AOAC (2000). Total carbohydrate
content was calculated by difference according to Pearson (1976). The
minerals were determined according to Horwitz (2000), while, total
phosphorus content was estimated according to Okalebo et al. (2002).

The amino acid composition was determined according to the
method described by Block et al. (1958) using Automatic amino acid analyzer
(Model AAA 400 INGOS Ltd.). Tryptophan was lost during hydrolysis,
therefore, tryptophan values are not reported. The essential amino acid
contents of oat, barley, and cow milks protein were compared with the
FAO/WHO (1993) reference protein.

Titratable acidity and specific gravity of oat, barley, and cow milks
were determined as described in AOAC (2000), whereas , heat stability was
determined according to Basheer (2011). Viscosity was measured using a
Brookefield viscometer (Brookefield Engineering Laboratories Inc.,
Middleboro, Mass., U.S.A.) and expressed in centipoise (cP). Measurements
were made for 30 s at 200 rpm and at 21+ 2°C.

Statistical analysis for the obtained data was carried out using 2 x 3
factorial design. Duncan’s test was used to make the multiple comparisons,
(Steel et al. 1996). Significant differences were determined at P < 0.05.

RESULTS AND DISCUSSION

Three factors have contributed in preparing the oat and barley milks under
this investigation were studied. These factors included the chemical
composition of grains, processing conditions, and extracting medium. Some
chemical and physical properties of the resultant milks were evaluated as
compared to those of cow milk.
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The chemical composition of the used oat and barley grains are illustrated
in Table (2).Significantly higher contents of crude fiber and total lipids, and
lower contents of carbohydrates were determined in oat grains .While, no
significant difference were found between oat and barley grains in the dry
matter, crude protein, ash and phytic acid.

As for minerals composition,, the whole grains usually contain high levels of
minerals. This is due to the presence of the outer kernel layers where
minerals are concentrated as reported by Ragaee et al. (2006). Barley grains
had the highest levels of calcium, phosphorus, iron and zinc, and followed by
oat in potassium content (Table 2).

All values reported in Table (2) are within the ranges indicated in theliterature
by Hidvegi and Lasztity (2002);Grausgruber et al. (2004); Ragaee et al.
(2006) and But et al. (2008).

The relation between soaking period and water absorption by raw grains

of oat and barley is shown in Fig. 1. Two water absorption curves of the two
kinds have a similar pattern. Barley grains absorbed 75% of their weight in
water afterl4 hr and reached a peak at 18 hr, while a maximum rate of water
uptake by oat grains was 65% only after approximately 18 hr of soaking
period.
The moisture content in both barley and oat grains increased rapidly during
the initial stages of hydration then decelerated. This effect was also observed
during water soaking of soybean (Deshpande et al., 1994); amaranth grains
(Calzetta Resio et al. 2003) and rice grain (Bello et al. 2004), and is attributed
to capillary of the outermost layers of the pericarp that would accelerate the
water uptake, moreover, the water sorbed in the void space between hull and
the kernel of grain.

Table 2: Chemical composition (%)! of oat and barley grains.

Component Oat Barley
Dry matter 91.98?2 91.76
Crude protein (N x 5.83) 10.722 10.80?
Lipids 3.862 2.34°
Crude fiber 18.457 4.02°
Carbohydrates 63.17° 79.30%
IAsh 2.742 2.692
Phytic acid (mg/100g) 960? 9482
Calcium (mg/100g) 58.49° 74.672
Phosphorus (mg/100g) 360.11° 4902
Potassium (mg/100g) 562.98% 492.14°
Iron (mg/100g) 3.34° 9.142
Zinc (mg/100g) 3.29° 6.41°

Dry matter basis
Superscripts a,b: the same letters in the row means that the results are not significantly
different (p < 0.05).

Soaking the grains for 18 h reduced the phytic acid content by
12.50% in oat and by 13.92% in barley (Table 3).Similar results have been
reported earlier in rice, pounded maize, millet, soybean, cowpea, kidney
bean, and pea (Hotz et al., 2001; Egli et al., 2002; Lestienne et al., 2005d;
and Khattab and Arntfield, 2009), and with a significant reduction of 12 —
71%, compared to its raw cereals. This could be due to the fact that phytic
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acid in dried grains exists wholly as a water-soluble salt (probably potassium
phytate) (Crean and Haisman, 1963). Other studies have proposed that the
activity of endogenous phytase was the main factor leading to a reduction of
phytic acid during soaking (Lestienne et al., 2005a and Lestienne et al.,
2005b).
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Fig (1): water absorption of oat and barley grains during soaking in tap
water at 25 + 1°C.

Of course, with sizable quantities of grains, some will be hard shells
and not fully hydration. Therefore, utility of blanching grains before disruption
may to be softer and thus easier to disrupt, moreover, increase the porosity of
cellular membranes; hence, the water absorption rate is increased. This is
supported by the earlier finding of Akinyele (1989) and Saikia et al., (1999),
who reported also that heat —denaturation of grain protein increased the
water-imbibing capacity.

Table (3): Effect of processing conditions on phytic acid content of oat
and barley (mg/100g dry matter basis)”

[Treatment Oat Barley
Raw grains 9602 9482
Soaking 840° (- 12.50)" 816° (- 13.92)
Soaking and blanching 7629 (- 20.63) 7429 (- 21.73)
Soaking and toasting 801° (- 16.56) 775° (- 18.25)
LSD value at 0.05 16.71 10.02

" Mean value of three replicates.

" Values in parentheses indicate the percentage reduction.

Superscripts a,b: the same letters in the column means that the results are not
significantly different (p < 0.05).

Results given in Tables (4&5) indicated that the percentage of oat and
barley milks was the highest when blanching grains (process A) but was the
lowest in toasting treatment (process B). However, the percentage of oat and
barley solids in resultant milk was greatest for toasting treatment (process B)
and un-heating treatment (process C), respectively, and least for blanching
treatment (process A). This is due to that the increase in moisture content of
blanched grains was high and had a dilution effect on all solids.While,
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toasting process lead to retract of shell and loss of a little of absorbed water.
Similar findings of decrease in nutrient contents with blanching were reported
by many workers in lentils and rice (Shakib et al., 1985 for crude fiber); chick
pea and black gram (Jood et al., 1988 for starch); rice bean (Saikia et al.,
1999 for crude protein); soybean, cowpea, and groundbean (Egounlety and
Aworh, 2003 for carbohydrates) and taro (Lewu et al., 2010 for minerals).

With regard to recovered solids in the resultant milk, data in Tables
(4&5) show different effects on both blanching and toasting procedures on
recovered solids and proteins from the grains. Blanching procedure (process
A) gave the highest recovered total solids (68.61%) and protein (75.77%) in
obtained barley milk after grinding grains, especially, at the ratio of grains to
water 1:3 (Table 5). Toasting procedure (process B) was the best for
recovery of the total solids and protein from oat grains at the ratio 1:3
(65.94% and 79.44%, respectively). This means that process A is poor
process for recovery of oat protein, even though it is a good process for yield
(80.16% vs.76.07%,Table 4).The plausible reason for poor recovery of oat
protein in process A is denaturation of protein while, in process B, loss of a
little of absorbed water (and consequent increase of solids) during the
toasting procedure lead to increment protein recovered in oat milk indicating
that the content of protein in the resultant milk at ratio 1 toasted grains : 3
water was the highest (1.56%) compared with those for other two processes
at the same ratio (Table 4).

Table(4): Effect of processing conditions and the ratio of oat grains to
water during grinding upon the vyield, solids and protein
contents of oat milk.

%
% %
Proce Ratio by OO/;t Solids recovery Proi/oein" recc())\]fery
- |wet oat:water milk” of of of oat milk protein*
oat milk solids™*

1:1 54.43f 16.49°¢ 42.59" 1.99¢ 50.43%

1:3 80.164 8.07f 62.62% 0.93¢ 71.68%

A 1:5 85.05° 4,52 54.89¢% 0.57¢ 68.43°
1:7 89.15° 2.89¢ 50.03¢f 0.36" 61.51%

1:9 91.252 2.11' 46.57'9" 0.18 39.14

1:1 50.18¢ 27.15° 46.23%" 3.20° 53.78%

1:3 76.07¢ 12.77¢ 65.942 1.56¢ 79.442

B 1:5 81.13¢ 7.169 59.55bcd 0.86f 70.48%
1:7 86.85° 4.83 57.25¢ 0.559 64.28°

1:9 87.607° 3.62 54.66% 0.29" 43,15°9

1:1 52.85¢ 22.10° 41.87" 2.69° 49.46%

1:3 77.39% 10.96° 60.44° 0.99¢ 53.70%

C 1:5 85.10° 5.68" 51.39¢f 0.52¢ 46.25%f9
1:7 87.543%¢ 3.59 44.69" 0.33" 40.24°%9

1:9 89.62%° 257 40.76' 0.23" 35.97¢

LSD| 3.85 0.473 5.034 0.101 10.38

* 0% oat milk = wt of oat milk / wt of oat slurry

+ % Recovery of solids or protein from crude oat grain = wt of solids or protein in oat milk
/ wt of solids or protein in slurry

** Protein = N x 5.83

Superscripts a,b,c....etc: the same letters in the column means that the results are not
significantly different (p < 0.05).
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The combined effect of soaking and blanching procedure (process A)
resulted ingreater reduction in the level of phytic acid than soaking alone
(20.63% vs. 12.50% and 21.73% vs. 13.92% in oat and barely, respectively),
while, effect of toasting after soaking (process B) on the phytic acid content
was lower than its previous like (Table 3). The observed reduction in phytic
acid content of seeds during heat treatments may be partly due to the heat-
labile nature of phytic acid and the formation of insoluble complexes between
phytate and other components (Undensi et al., 2007).

Table (5): Effect of processing conditions and the ratio of barley grains
to water during grinding upon the yield and solids and

protein contents of barley
%

. h % % %
Ratio % Solids p .
by wet . of recovery rotein recovery
Proc. .| Barley milk of of of

barley : barley lids* barl ik .

water milk solids arley mi protein

1:1 61.31" 14.91° 49,564 1.74¢ 52.95¢

1:3 85.34° 7.40¢° 68.612 0.89f 75.77*

A 1:5 90.93? 4,239 63.23° 0.53" 72.692
1:7 91.562 2.66f 55.52°¢ 0.34f 65.67°

1:9 93.02?2 1.89 49,274 0.19 45,35

1:1 42.00! 17.34° 23.82) 2.11° 26.56'

1:3 69.10¢ 9.69¢ 4417 1.10¢ 45,79

B 1:5 73.04f 5.60f 40.42% 0.639 41.63'
1:7 77.05¢ 3.819" 38.76" 0.40' 37.58¢

1:9 80.42¢ 2.60' 34.27 0.26 31.48"

1:1 53.91 19.852 41.79'" 2.592 49.99¢%

1:3 82.74° 9.57¢ 62.00° 1.00¢ 59.38°¢

C 1:5 85.21°% 5.40f 53.81°¢ 0'56@ 51.14¢
1:7 88.52% 3.35f1 46.09% 0.41' 51.31¢

1:9 91.06% 2.41 42.65°1 0.23 37.28¢

LSD| 4.656 0.501 3.687 0.078 4,751

* % barley milk = wt of barley milk / wt of barley slurry

+ % Recovery of solids or protein from crude barley grains = wt of solids or protein in oat
milk / wt of solids or protein in slurry

** Protein = N x 5.83

Superscripts a,b,c,d,...... etc : the same letters in the column means that the results are
not significantly different (p < 0.05).

As shown in Table (6), using sweet whey as an extracting medium
instead of tap water in processes A and B resulted in an increase in total
solids and protein content and improved the organoleptic properties of the
resultant milks. This improvement might be attributed to the lactose content of
whey; hence the sweet whey masked the starchy flavor of resultant milks.
Similar results were reported by Ali et al., (1992), who found that use the
sweet whey in preparation of soymilk improved composition and acceptability
of resultant milk.

Based on the statistical analyses for the previous data, we
recognized that the processes A and B were preferable to produce barley and
oat milks, respectively, especially, at the ratio 1 grains: 3 sweet whey as an
extracting medium instead of tap water.
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Table (6): Effect of extracting media as sweet whey on % solids, %
protein and flavor of milk prepared from oat and barley

grains.
% % s
Process Solids Protein Criticism
Oat x whey" 15.082 3.70? More acceptable flavor
Oat x water 12.77° 1.56° Slight starchy flavor
Barley x whey" 14.672 2.95° IAcceptable flavor with slightly starchy flavor
Barley x water 7.40° 0.89¢ \Very starchy flavor
LSD at 0.05 0.54 0.14

Superscripts a,b,c,d: the same letters in the column means that the results are not
significantly different (p < 0.05).
* Protein = N x [(1/4 x 5.83) + (3/4 x6.38)] = N % 6.24

Results obtained from chemical analysis of both oat milk and barley
milk compared to cow milk (Table 7) showed that oat milk had higher total
solids (15.08%), crude protein (3.7%), total carbohydrates (9.1%),
phosphorus (160.11 mg%), potassium (240.2 mg%), iron (1.56 mg %), and
zinc (1.23 mg%) but low fat (0.6%) and calcium (34.52 mg %) contents than
cow milk. Barley milk had more total carbohydrates (9.91%), phosphorus
(301.19 mg %), iron (2.31 mg %) and zinc (2.44 mg %) than cow milk and oat
milk but the lowest in protein (2.9%) and fat (0.47%) contents. Oat milk had
higher dietary fiber (1.14%) than that of barley milk (0.57%). All samples were
similar in titrable acidity values (on average 0.14%).

Both oat milk and barley milk had higher viscosity (2.03 and 1.83
centipoise, cP respectively) than that of cow milk (1.71 cP) (Table 7). This
could be attributed to nature of their proteins and their content of starch.
Whereas, specific gravity values of these milks were approached those of
cow milk. With respect to the heat stability, cow milk exhibited higher heat
stability (15.43 min. at 140°C) than both oat milk (2.53 min.) and barley milk
(2.46 min.) (Table 7). This may be due to protein denaturation and salt
balance defect in the resultant milks as a result of high heat treatment of
grains during preparation of these milks (Ali et al., 1992).

The amino acid composition of oat, barley and cow milks is
presented in Table (8). All the essential amino acids occurred at higher levels
in cow milk than those of the FAO/WHO reference protein (FAO, 1993),
while, isoleucine, methionine, threonine and tyrosin occurred at lower levels
in both oat milk and barley milk than those of the FAO/WHO reference protein
(FAO, 1993).

Cow milk protein had higher essential amino acids content (39.06%)
than both oat milk protein (34.29%) and barley milk protein (32.41%) (Table
8).

Glutamic acid was the most predominant amino acid followed by
proline, aspartic and leucine. The values of amino acids showed that cystine
and methionine were in the lowest levels in the three milks, the first in cow
milk (0.51%) and the latest in oat and barley milks (1.37 and 1.90%,
respectively).

These results were paralleled with those reported by Pomeranz et al.,
(1973) and Fan and Sauer (1995) who found that amino acids presented in a
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greater amount in oat and barley proteins were glutamic, proline and aspartic.
Different investigations indicated that amino acid composition of oat barley
grains depends on varieties of these grains (Morey and Evans, 1983).

Table (7): Chemical and physical properties of oat and barley milks

Property Oat milk Barley milk Cow milk
[Total solids (%) 15.08 14.67 12.48
Protein (%) 3.70° 2.90" 3.10”
Fat (%) 0.69 0.47 3.80
Ash (%) 0.49 0.82 0.78
Fiber (%) 1.14 0.57 0.00
Carbohydrate (%) 9.10 9.91 4.80
Calcium (mg %) 34.52 47.50 117.24
Phosphorus (mg %) 160.11 301.19 94.50
Potassium (mg %) 240.20 182.88 135.56
Iron (mg %) 1.56 2.31 0.03
Zinc (mg %) 1.23 244 0.35
Titrable acidity (%) 0.14 0.14 0.15
\Viscosity (cP) 2.03 1.83 1.71
Specific gravity 1.022 1.020 1.029
Heat stability (min.) 15.43 2.53 2.46

* protein =N x 6.24 ** protein = N x 6.38

Table (8): Amino acid composition of oat, barley and cow milks
compared with FAO/WHO reference protein (g amino acid
per 100 g protein).

Amino acids Oat milk Ba(ley Cow FAO/WHO ref. protein

milk milk

Leucine 7.13 6.78 7.83 4.8

Isoleucine 3.66 3.50 4.70 4.2

Methionine 1.37 1.90 2.30 2.2

Phenylalanine 4.95 5.30 4.74 2.8

Lysine 4.50 4.31 4.88 4.2

Threonine 3.45 3.25 4.50 4.0

[Tyrosine 3.70 1.67 4.58 4.1

\Valine 5.53 4.45 5.78 4.2

ITryptophan ND ND ND

ITotal essential A.A 34.29 31.16 39.31

IAspartic 8.71 6.91 7.65

Glutamic 20.91 26.36 20.11

Serine 4.81 4.10 3.45

Proline 6.53 11.74 10.60

Glycine 4.59 3.89 1.24

IAlanine 5.15 411 3.34

Histidine 2.56 2.45 1.73

IArginine 5.93 4.11 1.97

Cystine 2.42 2.21 0.51

[Total non-essential A.A 61.61 65.88 50.60

ND, not determined

Conclusions

This study indicated that soaking + heat treatments of oat and barley
grains significantly reduced phytic acid and increased yields of solids and
recoveries of protein. Also, this study revealed possibility use of both oat milk

586



J. Food and Dairy Sci., Mansoura Univ., Vol. 2 (10), October, 2011

and barley milk as a good substitute to milk especially for who are allergic to
milk protein.
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