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Abstract

Lipids isolated from three barley samples were identified and quantitated by column, thin layer and gas
liquid chromatographic techniques. These lipids were shown to consist of 69.3-73.1% neutral lipids,
9.6-16.5% glycolipids, and 14.2-17.9% phospholipids. Among the neutral lipids, triglycerides were predomi-
nant (54.2 to 55.7%) with smaller amounts of 1,2-diglycerides, 1,3-diglycerides, free sterols, free fatty acids,
steryl esters, and three unknown being present. Among the glycolipids, digalactosy! diglycerides (31.3 to
33.2%) and monogalactosyl diglycerides (26.2 to 29.6%) were the most abundant. Esterified steryl glycosides,
steryl glycosides, cerebrosides, sulfolipids, and an unknown component were present as minor components,
Of the phosopholipids, phosphatidyl cholines and serines, lysophosphatidyl cholines, and phosphatidy!
ethanolamines were the major components, comprising over 80% of this class. The major fatty acids in the
total and the three lipid classes were palmitic, oleic, linoleic and linolenic acids. However, the neutral lipids
fraction contained more oleic acid than other lipid fractions, and the phospholipids fraction contained more

palmitic acid than the other lipid fractions.
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Introduction

The lipid content of barley represents a small frac-
tion compared with carbohydrate and protein. However,
the lipids are important nutritional components and
impart major functional propertiés to bal'rley products
during processing and storage.

Most studies on barley lipids to date have been con-
cerned with the fatty acid composition™®, the composi-

(4-5) (3.6} in

tion of lipid classes™ ™ and the distribution of lipids

(195)

the grain. Changes in lipids during the malting and

3.7-11)

brewing process , and the lipid composition as a

basis for increasing the lipid content of grain(lz'ls) have

been studied. Lulai and Baker'¥

reported the
physiochemical characterization of barley lipoxygenase.

Very little is known about the nature of the lipids pre-
sent in barley during processing and storage. This study
was initiated to provide more detailed information of
barley lipids as a preliminary study for effects of lipids in

barley processing and barley products. In this paper,
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lipid classes, fatty acid composition and lipid com-
ponents of barley grains are reported.

Materials and Methods

Barley

Three dehulled barley samples were used in this
study. These were obtained from the Kellogg Company
(Battle Creek, MI, USA). Morex barley was grown in
1981 in Minnesota (Grain Pearling Company, Cannon
Falls, MN, USA), Korean barley was grown in 1981 in
South Korea (Nhong Shim Company, Seoul, Korea),
while the blend of barley was a sample of dehulled U.S.
grade No. 2 barley varieties used for the production of
“Nutri-Grain Barley” at the Kellogg Company.

Lipid extraction and purification

Dehulled barley samples were ground in a Cyclone
sample mill (UD Corp., Boulder, CO.), and lipid extrac-
tion carried out immediately to minimize oxidative and
enzymatic activity. Crude lipids were extracted with a
mixture of chloroform-methanol-water(1.0: 1.0: 0.9, v/v)
as described by Bligh and Dyer‘!®.

Crude lipid extracts were freed from non-lipid con-
taminants by passing through a Sephadex G-25 column
by the procedure of Wauthier''®. The lipid extracts were
evaporated to dryness under vacuum, weighed,
redissolved in diethyl ether, and transferred to vials and
stored at — 15 °C until analysis.

Column.chromatography

The Sephadex-purified lipids were subjected to col-
umn chromatography, using a silicic acid (Bio-Rad
HA-325 mesh, Bio-Rad, Richmond, CA) column'”. The
lipid material (0.5-1.0 g) was applied in 2 m/ of diethyl
ether onto a column containing 10 g of silicic acid.
Diethyl ether, acetone, and methanol were used sequen-
tially to elute the neutral lipids (NL), glycolipids (GL),
" and phospholipids (PL), respectively. After evaporation
of the solvent in a Biichi rotary evaporator at 35°C, the
percent distribution of the three lipid classes was deter-
mined from the weights of each fraction, and transferred
to vials and stored under nitrogen at -15°C until
analysis.

Thin-layer chromatography and quantitative analysis
of individual components
Lipid classes of the NL, GL and PL were separated
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by TLC on silica gel plates. For separation of NL, silica
gel G plate (0.25 mm) and a solvent system containing
petroleum ether-diethyl ether-acetic acid (90:10:1, v/y)
was used. For separation of GL and PL, silica gel H
plates (0.05 mm) and solvent systems, GL, chloroform-
methanol-water (75:25:4, v/), and PL, chloroform-
methanol-water-28% aqueous amonia (65:35:4:0.2, v/v)
were used. The spots were located and partially
identified by spraying with 50% H2SQ4 and subsequent
charring at 110°C. The lipids separated by TLC were
identified by comparing R, values with those of pure
compounds (Supelco, Bellefonte, PA; and Applied
Science Laboratories, State College, PA) and by using
specific sprays, such as ninhydrin, Dragendorff’s
reagent, or molybdenum reagent for PL®® and per-
chloric acid for GL19,

The spots separated by TLC were quantitated by the
following methods: the individual neutral lipids were
quantitated by the procedure of Amenta®?. The sugar
content of each glycolipid band was determined by the
orcinol procedure of Svennerholm®Y. The phosphorus
content of each phospholipid band was measured by the
method of Rouser et al @2,

Fatty acid analysis

The fatty acid compositions of the total lipid extract
and of the three fractions were determined by conver-
ting to fatty acid methyl esters (FAME) as decribed by
Morrison and Smith®?®. The FAME were analyzed us-
ing a Hewlett Packard 5840A gas chromatograph equip-
ped with flame ionization detector. A glass column (2m x
2mm id) packed with 15% (w/w) DEGS on 80/100 mesh
Chromosorb W (Supelco) was used for methyl ester
separation. The column oven temperature was 190°C,
the injection temperature was maintained at 210°C and
the detector at 400 °C; the nitrogen carrier gas flow rate
was 40 m! per min. The emerging peaks were identified
by comparing retention times to those of a standard mix-
ture of known fatty acid methyl esters (Supelco). Peak
areas were integrated by a 5840A GC terminal Hewlett
Packard integrator and the percentages of total fatty
acids were determined.

The fatty acid content of the total lipid extract was
determined by saponification, acidification, and extrac-
tion three times with petroleum ether®”. The petroleum
ether extracts were evaporated to dryness under

vacuum and weighed.
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Results and Discussion

Content of total lipid and lipid classes

The mean crude lipid content of the three barley
samples used in this study varied from 232.5 to 370.3
mg/100 g of dry weight (Table 1). The lipid content of
the two samples of Morex and the blend of barley were
approximately similar, while that of the Korean barley
was lower. These differences may be due to the varietal
differences, degree of dehulling, environmental condi-
tions and the length of the growth season. Purification
with Sephadex G-25 reduced the crude lipid content of
the three samples by from 18.2 to 29.7 mg/100 g. Bhatty
and Rossnagel(s’ reported that contents of crude and
purified lipid in barley were different depending on the
extraction and purification methods used.

Table 1. Content of total lipid classes in barley

Morex Korean barley Blend of barley

Crude lipids, mg/100 g* 342.3+4.9 2325:+56  370.3+3.7
Purified lipids, mg/100¢°312.6+2.6 2143438 3423145
Lipid classes, mg/100 g¢
Neutral lipids 2204152 1485+36  250244.1
Glycolipids 36.3+6.2 354+72 32.94+5.6
Phospholipids 55.9+7.1 304184 59.24+7.6
Lipid classes, %
Neutral lipids 70.5 69.3 73.1
Glycolipids 11.6 16.5 9.6
Phospholipids 17.9 14.2 17.3

* The values are means + SD of three replicate extractions
on the dry weight basis.

The lipid class composition analysis as carried out by
column chromatography indicated that the three
samples contained almost similar amounts of NL
(69.3-73.1%), but the samples contained different
amounts of GL (9.6-16.5%) and PL (14.2-17.9%). The
NL were completely free of phosphorus, whereas GL
and PL contained same of it. The NL fractions were
therefore not contaminated with polar lipids. However,
the GL and PL fractions varied considerably among the
three samples. Korean barley contained considerably
more GL and less PL than did the other two samples.
Barley lipids have been reported to be 65-78%, 7-13%
GL, .and 15-20% PL"*!® Weihrauch and Mathews®
reported literature values for lipid classes in different
cereals. However, these values may not be comparable
because different extraction and separation procedures
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were employed and varieties within a cereal species may
vary widely in lipid content and class.
Composition of neutral lipids

The neutral lipids from barley samples were resolved
by TLC as shown in Fig. 1. The components were iden-
tified with the aid of pure standards such as cholesteryl
palmitate, triolein, linoleic acid, cholesterol,
1,3-dipalmitin and 1,2-dipalmitin. The thin-layer
chromatograms of the neutral lipid fractions in the three
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Fig. 1. Thin-layer chromatogram of neutral lipids in
barley samples. 1,Morex; 2, Korean barley; 3,
blend of barley. Adsorbent, silica gel G (0.25
mm); solvent system, petroleum etherdiethyl
ether-acetic acid (90: 10: 1); visualization, charr-
ing by heating with 50% H2SO4. The spots were
identified as follows: 1,2DG, 1,2-diglycerides;
1,3 DG, 1,3-diglycerides; FS, free sterols; Unk 1,
unknown 1; Unk 2, unknown 2; Unk 3, unknown
3; FFA, free fatty acids; TG, triglycerides; SE
steryl esters.
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barley samples were qualitatively similar. Three
unknown spots migrated ahead of the free sterols band.
These qualitative results agree with the chromatogram
of barley neutral lipid fractions reported by Price and
Parsons™'? and Parsons and Price™. The neutral lipid
fraction contained 54.2-56.3% TG, 9.6-10.3% SE, and
8.9-10.3% FFA. Smaller amounts of 1,2-DG, 1,3-DG,
FS, and three unknowns were also present (Table 2).
These quantitative results were similar to those
reported by Price and Parsons®. The neutral lipid com-
position of the barley lipids was qualitatively similar to
those studied on other low-fat cereals: wheat'®,

t@n

millet??, and rye®, but quantitatively not similar to

those of other cereal grains.
Composition. of glycolipids
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Fig. 2. Thin-layer chromatogram of glycolipids in
barley samples, 1, Morex; 2, Korean barley; 3,
blend of barley. Adsorbent, silica gel H (0.5mm);
solvent system, chloroform-methanol-water (75:
25: 4); visualization, charring by heating with
50% H:SO« The spots were identified as
follows; SL, sulfolipids; DGDG, digalactosyl
diglycerides; Unk, unknown; CB 1, cerebrosides
1; CB 2, cerebrosides 2; SG, steryl glycosides;
MGDG, monogalactosyl diglycerides; ESG,
esterified steryl glycosides.
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The glycolipid fractions of the barley samples
showed 8 distinct sugar-containing spots on spraying the
TLC plate with 20% perchloric acid (Fig. 2). The
components were identified by co-chromatography with
glycolipid standards such as esterified steryl glycosides
(ESG), monogalactosyl diglycerides (MGDG), steryl
glycosides (SG), cerebrosides, digalactosy! diglycerides
(EGDG) and sulfolipids (SL). There were no differences
in chromatographic pattern among the three samples.
The DGDG content was 31.3-33.2% of the total sugar of
the glycolipids and it was the highest in this class. In
grain, DGDG and MGDG rank first and second,
respectively. This contrasts with photosynthetic tissue
such as chloroplasts, where MGDG predominates(zg’.
Also, the glycolipid fraction contains ESG, SG,
cerebrosides, SL and an unidentified lipid as minor
components. The cerebroside standard (Supelco,
4-6008) when developed, showed to spots on the TLC
plate. The standard cerebroside appears to be a mixture
of ceramide hexosides or isomers of a cerebroside.
These spots were tentatively identified as CB 1 and CB
2. The unknown spot reacted positively to a perchloric
acid spray reagent; however positive identification was
not achieved.

Composition. of phospholipids

The phospholipids from the barley samples were
resolved by TLC as shown in Fig. 3. The components
were identified by co-chromatography with
lysophosphatidyl cholines (LPC), phosphatidyl cholines
(PC), phosphatidyl serines (PS), phsophatidyl inositols
(PL), phosphatidy! ethanolamines (PE), phosphatidyl
glycerols (PG) and diphosphatidy] glycerols (DPG). The
specific phospholipids sprays of Dittmer and Lester!®
verified the identity of the phospholipids. The
phospholipid fraction of the three samples gave the
same chromatographic patterns. The spot representing
both PC and PS was the largest in this lipid class. LPC
and PE ranked second and third, respectively. Those
compounds were the major phospholipids, comprising
over 80% of this lipid class. Ukhun®? indicated that
those lipids containing a free-amino group participate in _
non-enzymatic browning and lipid oxidation during
storage of processed cowpea products. Lesser amounts
of PI, PG, DPG and an unknown phospholipid were
present. The unknown spot reacted positively to a
molybdenum reagent‘m, but further identification was
not carried out.
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Fatty acid composition amounts of linoleic and linolenic acids may increase
The fatty acid composition of the total lipid extract oxidative deterioration during barley processing and
was determined for the three barley samples (Table 3). storage.

Palmitic, oleic, linoleic and linolenic acids were the e .
Table 2. Composition of neutral and polar lipids in

major fatty acids, while smaller quantities of stearic and
barley

myristic acids were also detected. Linoleic acid was the
predominant unsaturated fatty acid and was present in Lipids classes' Morex  Korean barley %lgﬁgy‘)f
amounts of 56.2-60.6% of the total fatty acids in the
samples. Also, linolenic acid was found at levels at
4.4-4.8% in the three barley samples. The higher

Neutral lipidsd
1,2-DG 7.1°( 5.0 6.6 (4.6) 6.9 (5.0
1,3-DG 6.2 (44) 58(4.0) 54 (39

! FS 83 (59 7.7(53) 86 (64
. . ' DPG Unk 1 14(1.0) 16(11) 18 (13)
’ Unk 2 16 (11) 13(09 15 (1.1
Unk 3 1.1(08 07(05 09 (0.7
UNK FFA 98 (6.9 103(72) 8.9 (6.5
' . TG 54.2 (38.2) 56.3 (39.0) 55.7 (40.7)
‘ SE 101(7.1) 96(6.7) 103 ( 7.5)
l (] (] PG 99.8 (70.5) 99.9 (69.3) 100.0 (73.1)
Glycolipids®

v ‘ PE SL 18(02) 13(02) 16 (0.2
‘ . DGDG 31.3(3.6) 32.5(53) 33.2 (3.2
Unk 31(04) 24(04) 26 (02
CB1 94(11) 83(14 78 (07
v v v Pl CB2 116 ( 1.3) 14.2(2.3) 105 ( 1.0)
SG 38(04) 34(06) 44 (04
MGDG 262 (3.0)0 26.7(44) 296 (29

ESG 128 (1.6) 11.2( 19 10.2 R
. ‘ .PC,PS (1.6) 11.2(1.9) 102 ( 1.0)
100.0 (11.6) 100.0 (16.5) 99.9 ( 9.6)

Phospholipidsf

® ® ® LpC LPC 312(56) 285(4.0) 29.8 ( 5.2)
PC, PS 39.8(7.2) 41.8(59) 415 (7.2
PI 41(0.7) 53(08 4.6 (0.8
1 2 3 PE 9.9(1.8) 10.1(1.4) 108 ( 1.9)
Fig. 3. Thin-layer chromatogram of phospholipids in PG 33(06 41(06 3.1 (05
barley samples, 1, Morex; 2, Korean barley; 3, Unk 51009 32(05 3.7 (06)
blend of barley. Adsorbent, silica gel H (0.5 DPG 63(1.) 70(10) 62 (11
mm); solvent system, chloroform-methanol- 99.7 (17.9) 100.0(14.2) 99.7 (17.3)

water 28% aqueous ammonia (65: 35: 4.0: 0.2); -
isualizati harring by heati ith 50% 2 Abbreviations are the same as in Fig. 1, 2 and 3.
visualzation, charring by heating Wi All values are the percent of each lipid class.

H:S0«. The spots were identified as follows: € All values in parentheses are the percent of total lipids.

LPC, lysophosphatidyl cholines, PC, PS, dIndividual components determined by duplicate Ame-
hosphatidyl choline d serines; PI, nta method.
prosP .1 Y . .m > an mes . € Individual components determined by duplicate hexo-
phosphatidyl inositols; PE, phosphatidyl se analyses.

ethanolamines; PG, phosphatidyl glycerols; f Individual components determined by duplicate phos-
Unk, unknown; DPG, diphosphatidyl glycerols. phorus analyses.
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Table 3. Fatty acid composition of total lipids in barley

Korean Blend of

Fatty acid Morex “yarley barley
In purified lipids,
(% of total fatty acids)
Myristic 0.3 0.3 0.4
Palmitic 215 268 222
Stearic 1.6 1.2 1.7
Oleic 116 107 131
Linoleic 606 562 581
Linolenic 4.4 4.8 4.5
Fatty acid content
In purified lipids, g/100g 69.8 639 715
In meal, mg/100g 2,373 1,469 2,646

The amount of fatty acids ranged from 63.9 to 71.52
£/100 g of purified lipids for the three barley samples.
The fatty acid content also expressed as mg/100 g of
meal generally reflects the difference in the total lipid
contents of the three samples.

The fatty acid composition of NL, GL and PL
fractions in presented in Table 4. Linoleic, palmitic,
oleic and linolenic acids were the major fatty acids found
in the three lipid fractions of the three samples. The NL
fraction contained more oleic acid than did the GL and
PL fractions. The GL fraction contained more linoleic
acid than did the NL and PL fractions. The PL fraction
generally contained more palmitic acid than did the NL
and GL fractions, and the PL fraction contained
generally less linolenic acid than the NL and GL
fractions. These results almost agree with data reported

(12) (3).

by Price and Parsons' ' and Bhatty and Rossnagel
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