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ABSTRACT

The chemical composition of lipophilic extractives from rye and rice straws has been comparatively
examined. Free fatty acids (19.04-22.95%), sterols (12.54-14.60%), waxes (9.53-27.14%), steryl es-
ters (16.02-18.19%), and triglycerides (5.72-11.38%) were identified as the five major classes of lipids
in the two straw extractives. Minor components of diglycerides (0.23-0.42%) and resin acids (0.05—
0.12%) were also verified from the two straw lipophilic extracts. Of the individual compounds in each
group, fifteen free fatty acids, four sterols, three waxes, five steryl esters, and three triglycerides were
quantitatively determined. The most abundant saturated free fatty acids were palmitic acid (C16:0,
3.96-4.24%) and tetradecanoic acid (C14:0, 2.95-3.62%), whereas linoleic (C18:2) and/or oleic (C18:
1) acids (1.87-2.09%) were the most dominant unsaturated free fatty acids. B-Sitosterol was identified
as a predominant component, accounting for 83.89% of the total sterols in rye straw extract and
94.45% in rice straw extractives. Palmitic acid palmityl ester was verified as a dominant component
in a group of waxes, accounting for approximately 70% of the waxes analyzed in the two extracts.
The steryl esters analyzed were composed mainly of steryl laurate (0.29-0.95%), steryl myristate
(3.20-3.56%), steryl palmitate (1.86-2.28%), steryl margarate (2.20-2.93%), and steryl oleate
(2.13%). Of the triglycerides verified, glyceryl tripalmitate (0.23-1.64%), 1,2-dipalmitoyl-3-oleoyl-

rac-glycerol (1.06-2.08%), and triolein (cis-9) (0.77-1.61%) were identified in this group.
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INTRODUCTION

Lipophilic extractives from wood are com-
posed of a large number of different com-
pounds. These compounds may conveniently
be grouped into six main classes: free fatty
acids, resin acids, sterols, waxes, steryl esters,
and triglycerides (Suckling et al. 1990). Some
non-polar extractives such as alcohols and ter-
penes also appear in noticeable amounts (Sith-
ole et al. 1992). Smaller quantities of a variety
of phenolic compounds may be also found in
the extracts, particularly those from heartwood
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Rye straw, rice straw, methyl tert-butyl ether, lipophilic extractives, phenolics.

(Suckling et al. 1990). The composition and
amount of the extractives are dependent on the
wood species, tree age, and environmental
conditions (Chen et al. 1994). Considerable
amounts of the wood extractives can be dis-
persed or dissolved during mechanical fibril-
lation and mechanical pulp bleaching opera-
tions (Ekman and Holmbom 1989). However,
these dispersed extractives are difficult to re-
move, and they cause pitch problems. During
kraft pulping, the triglycerides are completely
saponified, and the fatty and resin acids dis-
solve as soluble soaps. However, sterols and
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some sterol esters and waxes do not form sol-
uble soap under the alkaline conditions, and
therefore have a tendency to deposit and cause
pitch problems (Gutierrez et al. 1999). The ac-
cumulation of these extractives can cause sig-
nificant technical and economic problems for
pulp and paper manufacturers (Guiterrez et al.
1998).

Efforts to find a solution to this problem
begin with developing a rapid, simple, and
quantitative method for separating and iden-
tifying the complex lipid extractives in wood
samples. Such a method would be useful in
understanding pitch formation and optimizing
reactions to remove the extractives prior to
pulping. Classical methods for quantitatively
analyzing extractives require many steps in-
cluding solvent extraction, saponification, sep-
aration of the acid and neutral fractions, and
analysis of the derivatized acids by gas chro-
matography (GC). This technique can separate
the lipid complex into resin acids, free and
combined fatty acids, and non-saponifiables
(Sithole 1992; Orsa and Holmbom 1994; Wal-
lis and Wearne 1997). A number of other tech-
niques such as thin layer chromatography
(Suckling et al. 1990), high performance lig-
uid chromatography (HPLC) (Richardson et
al. 1992), high performance size exclusion
chromatography (Sjostrom and Holmbom
1987), and 'C nuclear magnetic resonance
(1*C NMR) spectroscopic analysis (Suckling
and Ede 1990; Gunstone 1993; Medina et al.
1994), for analysis of extractives in wood
samples have been developed. However, most
methods are too laborious and some are too
expensive for analysis of a large number of
samples. On the other hand, during the past
ten years, with the use of modern gas chro-
matographs with short capillary columns, it
has become possible to analyze free fatty and
resin acids, sterols, waxes, steryl esters, and
triglycerides in a single chromatographic run
(Quinde and Paszner 1992; Chen et al. 1994,
Orsa and Holmbom 1994; Wallis and Wearne
1997; Gutierrez et al. 1998, 1999).

Rye and rice straws are major agricultural
residues and are currently used as raw mate-
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rials for papermaking in developing countries
such as China and India. More than 9 million
tons of straw pulp are produced annually in
China, which accounts for about 90% of the
world’s total straw pulp (Atchison 1996).
However, these two plants and all Gramineae
are covered on both culm and leaf with semi-
crystalline wax particles 1-2 pm across and
2-3 wm high. These waxes are mainly long-
chain alkane, ester and alcohol waxes together
with noticeable amounts of free fatty acids
(Juniper 1979). As we attempt to resolve the
pitch problems in soda-anthraquinone pulping
and to reduce the impact on the environment
from the effluents in the paper industry, the
development of effective technologies for in-
vestigation of lipophilic extractives from straw
is considered to be both important and signif-
icant. Furthermore, even though the content of
waxes in the straw crop comprises only 1.0—
2.0% of the dry weight, this still constitutes
15-30 million tons of valuable by-products of
waxes each year in the world. It might be also
worth looking at this lipophilic material as a
potential supply source for many industrial
processes.

In the present study, the lipophilic extrac-
tives in rye and rice straws were analyzed by
a rapid method that enables convenient quan-
titative determination of individual compo-
nents in all six classes of free fatty acids, resin
acids, sterols, waxes, steryl esters, and triglyc-
erides. The method includes solvent extrac-
tion, silylation, and gas chromatography using
a medium-length, high temperature capillary
column with a thin film. Minor amounts of
phenolic compounds in the extractives were
quantitatively determined by HPLC at 280
nm.

MATERIALS AND METHODS
Materials and reagents

Rye and rice straws were kindly supplied
by the experimental farm of The North-West-
ern University of Agricultural and Forest Sci-
ences and Technology (Yangling, P. R. China).
They were dried in sunlight and then cut into
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small pieces. The cut straw was ground to pass
a 1.2-mm-size screen. The ground straws were
further dried in a cabinet oven with air circu-
lation for 16 h at 60°C and then stored at 5°C
until used. The yield of extractives was mea-
sured on an oven-dried basis. All standard
compounds used were purchased from Sigma
(Xian). Analytical grade methyl-tert-butyl
ether (MTBE) was used. The fatty acids men-
tioned below are abbreviated with a code in-
dicating the number of carbon atoms:number
of double bonds. For example, C18:1 indicates
cis-9-octadecenoic acid (oleic acid).

Extraction and silylation

Dried rye and rice straw samples (~50 g)
were extracted with 1,800 ml of methyl tert-
butyl ether (MTBE) for 12 h in a Soxlet. After
solvent removal with a rotary vacuum evap-
orator at 35°C, the residue was dried in nitro-
gen steam and then weighed to determine the
yield of extractives. Note that the extract ob-
tained from rye straw was labeled for fraction
1 (F1) only, and that obtained from rice straw
was considered to be extract faction 2 (F2).
The dried lipophilic extracts (~3 mg) were
then silylated with 120 pl bis-trimethylsilyl-
trifluoroacetamide and 60 pl trimethylchloro-
silane. The reactions were completed by keep-
ing the glass-stoppered test tubes in an oven
at 75°C for 20 min. When cooled, 180 pl tol-
uene was added. The solution was shaken and
was then ready for analysis by GC.

GC analysis

The silylated sample was analyzed by GC
on an Ritx-1 capillary column coated with
crossiinked 100% dimethyl polysiloxane (15
m, 0.53 mm i.d., 0.10 pm film thickness, pur-
chased from Hewlett-Packard Company, Bei-
jing) with a flame ionization detector (FID).
Helium was used as the carrier gas. The in-
jector and detector temperatures were held at
340°C. The oven was temperature-pro-
grammed from 70°C to 340°C (2 min) at 8°C/
min. A sample of solution (1 pl) was injected
splitless mode and changed to split mode after
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0.5 min. The total analysis time including
cooling of the column oven and injector, fol-
lowed by temperature stabilization, was about
45 min.

Each compound of free fatty and resin acids
and sterols was identified both by comparison
of their gas chromatographic retention times
and by total ion detection mass spectra with
those in authentic compounds. Individual
components of the waxes, steryl esters, and
triglycerides were verified only by GC reten-
tion times since GC-MS gave only fragments
by electron-impact MS and rarely gave de-
tectable molecular ions (Gutierrez et al. 1999).
On the other hand, previous studies found that
the major components of steryl esters in the
wood and wheat straw were (3-sitosterol esters
(Chen et al. 1994; Chaves das Neves and Gas-
par 1995). However, these compounds were
not available commercially and were, there-
fore, replaced by the closely related com-
pounds, cholesteryl esters, as standards in this
study. A mixture of standard compounds (pal-
mitic acid, abietic acid, B-sitosterol, palmitic
acid palmitic ester, cholesteryl palmitate, 1-
monopalmitoyl-rac-glycerol, 1,2-dipalmitoyl-
sn-glycerol, and 1,2-dipalmitoyl-3-oleoyl-rac-
glycerol) was used to calibrate for the quan-
tification of all the free fatty acids, resin acids,
sterols, waxes, steryl esters, monoglycerides,
diglycerides, and triglycerides, respectively.
The FID response was assumed to be same for
the component group corresponding to each
class of standards used.

HPLC analysis

Determination of minor amounts of pheno-
lic compounds in the extractives was per-
formed on a Hichrom H50DS HPLC silica-
based column with dimensions of 250 X 4.6
mm (purchased from Phenomenex Co., Bei-
Jjing). Samples (~10 mg) were dissolved in 1
ml methanol and separations were obtained
using a linear gradient of two solvent systems:
solvent A (water-methanol-acetic acid, 84:15:
1) and solvent B (methanol-water-acetic acid,
90:9:1). A linear gradient was run over 30 min
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from 0% to 40% B at a flow rate of 1 ml/min.
The compounds were detected at 280 nm by
computer comparison of the retention times
and peak areas with the authentic phenolics.
Note that 2,2’-dihydroxybiphenyl was used as
a standard compound to calibrate the content
of lignans (phenyl propane dimers) in the ex-
tractives.

RESULTS AND DISCUSSION
Yield and purity

Traditional methods for the extraction of ex-
tractives from wood and pulp samples use or-
ganic solvents such as acetone, ethanol, ether,
or dichloromethane in a Soxhlet extractor
(Sithole et al. 1991). The results showed that
the mass of substances extracted from fresh
wood samples decreased as the polarity of sol-
vents decreased, in the order methanol > ac-
etone > dichloromethane > hexane. However,
the ratios of individual components in the li-
pophilic extractives did not vary substantially
using different extraction solvents (Wallis and
Wearne 1997). Interestingly, based on an ex-
tensive study of wood extractives in paper-
making process waters and effluents, Orsa and
Holmbom (1994) found that MTBE is an ef-
fective solvent for extraction of fatty and resin
acids in pulp mill effluents. After preliminary
experiments with several solvents, we also
chose MTBE as a solvent for extraction of li-
pophilic extractives from rye and rice straw
samples because it not only gave a high purity
of lipophilic extractives but also extracted the
total lipophilic substances to a high degree.
Extraction with 2/3 toluene-1/3 ethanol re-
leased high amounts of total extractives but
gave low lipophilic purity (~50%) of the ex-
tract, which contained substantial amounts of
non-lipid components such as low-molecular-
weight polysaccharides, ash or salts (data not
shown). Results in Table 1 showed that ex-
traction of rye and rice straws with MTBE
yielded 1.01% and 0.97% extractives, which
contained 84.65% and 73.28% lipophilic sub-
stances determined by GC analysis, respec-
tively. This suggested again that MTBE is a
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good solvent, giving extracts predominately of
lipophilic extractives.

Chemical composition

The analysis by GC using a medium-length
capillary column resolved almost all of the in-
dividual compounds in the two lipophilic ex-
tractives, although a few of them co-eluted,
such as linoleic acid (C18:2) and oleic acid
(C18:1). Each compound in five major classes
of lipids (free fatty acids, sterols, waxes, steryl
esters, and triglycerides) was clearly differen-
tiated as shown by a typical chromatogram
(Fig. 1) for five authentic compounds (palmitic
acid, B-sitosterol, palmitic acid palmitic ester,
cholesteryl heptadecanonate, and 1,2-dipal-
mitoyl-3-oleoyl-rac-glycerol). Fifty-six com-
pounds in the MTBE extract of rye straw were
resolved by GC under the condition given, as
illustrated by the chromatogram in Fig. 2. The
designation of the peak numbers is given in
Table 1. The peaks representing individual
components were identified with the authentic
compounds and quantitated against a standard
mixture of equal amounts of palmitic acid,
abietic acid, (-sitosterol, palmitic acid palmi-
tic ester, cholesteryl palmitate, 1-monopalmi-
toyl-rac-glycerol, 1,2-dipalmitoyl-sn-glycerol,
and 1,2-dipalmitoyl-3-oleoyl-rac-glycerol,
which gave peak areas in ratios of 1.0:0.86:
0.92:0.85:0.74:0.96:0.79:0.61. This eight stan-
dard mixture was used to calibrate the peak
areas of free fatty acids, resin acids, sterols,
waxes, sterol esters, monoglycerides, diglyc-
erides, and triglycerides, respectively. Inter-
estingly, no significant differences in the peak
areas were found between the equal amounts
of authentic compounds in the same group of
the lipids. However, there appeared noticeable
variations in peak areas between the different
classes of lipids. Thus, the peak areas of free
fatty acids in the extractives were quantitated
against palmitic acid by division of 1.0 before
calculation of their concentrations, and resin
acids, sterols, waxes, sterol esters, monoglyc-
erides, diglycerides, and triglycerides were
quantitated against abietic acid, B-sitosterol,
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palmitic acid
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} pB-sitosterol
palmitic acid palmityl ester
cholesteryl heptadecanonate

e
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1,2-dipalmitoyl-3-oleoyl-rac-glycerol
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Fic. 1. Typical chromatogram for a standard mtiture.

palmitic acid, palmity ester, cholesteryl pal-
mitate, 1-monopalmitoyl-rac-glycerol, 1,2-di-
palmitoyl-sn-glycerol, and 1,2-dipalmitoyl-3-
oleoyl-rac-glycerol by division of 0.86, 0.92,
0.85, 0.74, 0.96, 0.79, and 0.61, respectively,
prior to calculation of their concentrations.

Obviously, hs Table 1 shows, waxes
(27.14%), free fatty acids (22.95%), sterol es-
ters (16.02%), and sterols (12.54%) were dom-
inant in rye straw extractives, whereas triglyc-
erides (5.72%) were present in small quantities
in the fraction. On the other hand, the rice

——— 3y
33

31

20 32

Retention time (min)

FiG. 2.

The chromatogram of methyl tert-butyl ether extractives (F1) from rye straw.
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TABLE 1. The yield (% dry straw) and chemical composition (% dry extractives) of extractives in rye and rice straws.
Yicld/composition F12 F22 F1 F2
Yield 1.01 0.97
Chemical composition Continued for chemical composition
Free fatty/resin acids (P 1-26)P 23.00 19.16 Waxes (P 32-37) 27.14 9.53
Compounds analysed 13.57 14.84 Compounds analysed 15.06 4.34
Decanoic acid, C10:0 (P 1) 0.37 0.67 Palmitic acid palmity ester (P 32) 10.51 3.04
Dodecanoic acid, C12:0 (P 3) 0.21 0.16 Palmitic acid oleyl ester (P 34) 4.39 0.96
Tetradecanoic acid, C14:0 (P 5) 2.95 3.62 Oleic acid oleyl ester (P 36) 0.16 0.34
Pentadecanoic acid, C15:0 (P 7) 0.39 0.57
Hexadecanoic acid, C16:1 N 0.42 Diglycerides (P38-39) 0.23 0.42
Hexadecanoic acid, C16:0 (P 8) 4.24 3.96 Compounds analyzed 0.05 0.22
Heptadecanoic acid, C17:0 (P 10) 0.25 0.37 Dipalmitin (P 38) 0.05 0.22
Linoleic acid (C18:2) + oleic acid

(C18: )P 11) 1.87 2.09
Octadecanoic acid, C18:0 (P 12) 0.30 0.42 Sterol esters (P 40-48) 16.02 18.19
Abietic acid (P 14) 0.05 0.12 Compounds analyzed 10.70 10.83
Gondoic acid, C20:1 (P 15) 0.18 0.21 Steryl laurate (P 42) 0.95 0.29
Eicosanoic acid, C20:0 (P 16) 0.70 0.60 Steryl myristate (P 44) 3.56 3.20
Heneicosanoic acid, C21:0 (P 18) 0.20 0.18 Steryl palmitate (P 46) 1.86 2.28
Docosanoic acid, C22:0 (P 20) 0.66 0.47 Steryl heptadecanoate (P 47) 2.20 2.93
Tetracosanoic acid, C24:0 (P 23) 1.20 0.98 Steryl oleate (P 48) 2.13 2.13
Sterols (P 27-31) 12.54 14.60 Triglycerides (P 49-56) 5.72 11.38
Compounds analyzed 12.54 14.60 Compounds analyzed 2.06 5.33
Cholesterol (P 27) 0.84 0.32 Tripalmitin (P 50) 0.23 1.64
Ergosterol (P 28) 1.18 0.49 Dipalmitoyl-oleoylglycerol (P 51) 1.06 2.08
Stigmasterol (P 30) N¢ Td
B-Sitosterol (P 29--31) 10.52 13.79 Triolein (P 54) 0.77 1.61

Total 84.65 73.28

4 Represent fractions of the extractives obtained by extraction with methyi-tert-buty! ether from rye straw (F1) and rice straw (F2) for 12 h in a Soxhlet,

respectively.
b Represent peak numbers in Fig. 1.
¢ N, not detectable.
4T, trace.

straw extract was enriched in all of the five
classes of lipids as shown by free fatty acids
(19.04%), steryl esters (18.19%), sterols
14.60%), triglycerides (11.38%), and waxes
(9.53%). Diglycerides were detected in minor
amounts (0.23% in F1, 0.42% in F2). No
monoglycerides were verified in the extracts.
Similar trace amounts of diglycerides were
also previously identified from wood extrac-
tives (Gutierrez et al. 1999; Cooper et al.
2000).

Free fatty acids were the most dominant
group of lipids in rice straw extract and the
second most abundant class of lipophilic sub-
stances in rye straw extractives. As shown in
Table 1, fifteen free fatty acids were verified
in the extracts based on comparison of their

retention times and mass spectra with authen-
tic compounds. Palmitic acid (C16:0, 3.96—
4.24%) and tetradecanoic acid (C14:0, 2.95—
3.62%) were the major saturated free fatty ac-
ids, which together comprised 34.40% and
46.45% of the total saturated free fatty acids
in rye straw extract and rice straw extractives,
respectively, whereas linoleic (C18:2) and/or
oleic (C18:1) acids (1.87-2.09%) were the
dominant unsaturated free fatty acids, which
together accounted for over 90% of the total
unsaturated free fatty acids in rye straw extract
and more than 75% in rice straw extractives,
respectively. Tetracosanoic acid (C24:0, 0.98—~
1.20%), eicosanoic acid (C20:0, 0.60-0.70%),
docosanoic acid (C22:0, 0.47-0.66%), deca-
noic acid (C10:0, 0.37-0.67%), pentadecanoic
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acid (C15:0, 0.39-0.57%), octadecanoic acid
(C18:0, 0.30-0.42%), heptadecanoic acid
(C17:0, 0.25-0.37%), gondoic acid (C20:1,
0.18-0.21%), heneicosanoic acid (C21:0,
0.18-0.20%), and dodecanoic acid (C12:0,
0.16-0.21%) were detected with small
amounts in the two extractives. Hexadecenoic
acid (C16:1) was absent in rye straw extract,
while it occurred in a minor quantity in rice
straw extract (0.42%). The results obtained co-
incided with the studies of free fatty acid com-
position from Fucalyptus globulus Labill.
wood extractives, in which palmitic acid (C16:
0), linoleic (C18:2), and oleic (C18:1) were
dominant (Gutierrez et al. 1999). In addition,
trace amounts of abietic acid (0.05-0.12%)
were identified as the only resin acid in the
two extracts. It is probable that a portion of
resin acids such as neoabietic and palustric ac-
ids isomerized into a more ‘thermostable’
form like abietic acid during the Soxhlet ex-
tractions (Quinde and Paszner 1992) or only a
few types of resin acids such as abietic acid
are present in two straws.

Peaks 27-31 in Fig. 2 were identified as ste-
rols, another important group of lipids in the
extractives. Clearly, B-sitosterol was verified
as a predominant component, accounting for
83.89% and 94.45% of the total sterols in rye
straw extract and rice straw extractives, re-
spectively. Ergosterol (1.18% in F1, 0.49% in
F2) and cholesterol (0.84% in F1, 0.32% in
F2) were also identified in this group, but in
minor amounts. Stigmasterol was not detected
in rye straw extract, while it occurred in trace
quantities in rice straw extractives. Similar re-
sults have been reported from FEucalyptus
globulus Labill. wood by Guiterrez et al.
(1999) and wheat straw by Chaves das Neves
and Gaspar (1995), who stated that sterols
were the major compounds in the wood and
wheat straw extractives, in which B-sitosterol
was the main sterol present in this group.

Waxes were the most abundant group of lip-
ids in rye straw extract, comprising 27.14% of
the total extract. They were also the important
class of the lipophilic extractives in rice straw
extractives, accounting for 9.53% of the total
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extractives. Based on comparison of their GC
retention times with the authentic compounds,
palmitic acid palmityl ester was identified as
a dominant component in wax class, account-
ing for approximately 70% of the total waxes
analyzed in the two extracts. Noticeable
amounts of palmitic acid oleyl ester (4.39% in
F1 and 0.96% in F2) and minor quantities of
oleic acid oleyl ester (0.16-0.34%) were also
identified from the two extractives.

Steryl esters (16.02—-18.19%) were the third
most dominant group of lipids in rye and rice
straw lipophilic extractives as shown in Table
1. Obviously, the use of a medium-length,
high-temperature capillary column made it
possible to separate the individual components
in groups of waxes, steryl esters, and triglyc-
erides from the straw extractives, although
equal amounts of waxes, steryl esters, and tri-
glycerides gave only 85, 74, and 61% peak
areas as compared to the equal quantity of the
free fatty acids. In this study, the individual
compounds were, therefore, qualitatively iden-
tified by comparing their GC-retention times
with those of authentic compounds and quan-
titatively determined by their peak areas rela-
tively to palmitic acid palmitic ester for waxes,
cholesteryl palmitate for steryl esters, and 1,2-
dipalmitoyl-3-oleoyl-rac-glycerol for triglyc-
erides. It was found that the steryl esters con-
sisted of combinations of the major fatty acids
(Lauric, myristic, palmitic, margaric, and oleic
acids) with sterols mainly B-sitosterol) (Chav-
es das Neves and Gaspar 1995). Five com-
ponents of steryl laurate, steryl myristate, ster-
yl palmitate, steryl margarate, and steryl ole-
ate were detected from the two lipophilic ex-
tractives, which together amounted to 66.79
and 59.54% of the total steryl esters in the rye
straw extract and rice straw extractives, re-
spectively. Obviously, it can be concluded that
the distribution of esterified fatty acids is the
same as that of the free fatty acids as described
above.

Finally, other lipophilic components veri-
fied from the two straw extractives were tri-
glycerides, together with minor amounts of di-
glycerides. As shown in Fig. 2 and Table 1,
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triglycerides consisted of eight individual
components and accounted for 5.72 and
11.38% of the total rye and rice straw extrac-
tives, respectively. Glyceryl tripalmitate, 1,2-
dipalmitoyl-3-oleoyi-rac-glycerol, and triolein
(cis-9) were identified in this group, which to-
gether comprised 36.01% of the total triglyc-
erides in F1 and 46.84% in F2. Diglycerides
were identified in minor amounts, ranging
from 0.23% in rye straw extract and 0.42% in
rice straw extractives. 1,2-Dipalmitoyl-rac-
glycerol was the only compound identified and
accounted for trace amounts in F1 (0.05%)
and minor quantities in F2 (0.22%). No mono-
glycerides were detected in the two extractives
of rye and rice straws. Similar trace amounts
of diglycerides have been also reported from
fresh animal and other plant tissues (Cooper
et al. 2000).

It is well known that phenolic substances
are widely distributed in plants. For example,
cinnamic acids have been found in various
combined forms, such as with glycerides and
polysaccharides in the cell walls (Salomons-
son et al. 1978; Chaves das Neves and Gaspar
1990). In the present study, minor amounts of
phenolic compounds released in the two ex-
tracts were determined by HPLC at 280 nm
and the results are given in Table 2. As can
be seen from Table 2, rye straw extract had
three to four times more phenolic compounds
than that of rice straw extractive, although
they accounted for very small amounts, 0.37%
in F1 and 0.10% in F2. This implied that the
phenolics in the cell walls of rye straw were
more easily soluble than those from the rice
straw cell walls during the organic solvent ex-
traction in a Soxhlet extractor. 1-Naphthoic
acid, p-coumaric acid, lignan, vanillic acid,
protocatechuic acid, vanillin, ferulic acid, p-
hydroxybenzoic acid, p-hydroxybenzaldehyde,
syringaldehyde, benzoic acid, and syringic
acid were determined as the major phenolic
compounds identified, whereas acetovanillone,
acetosyringone, cinnamic acid, m-toluic acid,
and fumaric acid were detected in trace
amounts in the rye straw extract.

363

TABLE 2. The content (% dry extractives, w/w) of phe-
nolic acids and aldehydes, lignan, and other compounds
identified in the rye and rice straw extractives by HPLC.

Phenolic acids and aldehydes,

lignan, and other compounds Fi2 F2a
Protocatechuic acid 0.022 0.011
p-Hydroxybenzoic acid 0.018 0.008
p-Hydroxybenzaldehyde 0.011 0.006
Vanillic acid 0.023 0.007
Syringic acid 0.010 0.003
Vanillin 0.020 0.006
Syringaldehyde 0.017 0.004
Acetovanillone 0.008 0.002
Acetosyringone 0.005 0.001
p-Coumaric acid 0.043 0.011
Ferulic acid 0.018 0.006
Sinapic acid 0.016 0.002
Cinnamic acid 0.003 0.001
Fumaric acid 0.001 N
Benzoic acid 0.021 0.003
m-Toluic acid 0.003 0.001
[-Naphthoic acid 0.33 0.008
Lignan 0.040 0.015
Total (%) 0.57 0.10

2 Corresponding to the extractive fractions in Table 1; N, not detectable.

CONCLUSIONS

Overall, the results obtained indicated that
waxes (27.14%) and free fatty acids (22.95%)
were the two most dominant classes of lipids
in the rye straw extract. Steryl esters (16.02%)
and sterols (12.54%) were also two important
groups of lipids, and triglycerides (5.72%) oc-
curred in small amounts in the lipophilic ex-
tractives from rye straw. The MTBE extrac-
tives of rice straw were composed mainly of
free fatty acids (19.04%), steryl esters
(18.19%), sterols (14.60%), triglycerides
(11.38%), and waxes (9.53%). Diglycerides
(0.23% in F1, 0.42% in F2) accounted for mi-
nor amounts in rye and rice straw extractives.
Abietic acid was the only component identi-
fied in a group of resin acids, and appeared in
minor amounts (0.12%) in rice straw extract
and trace quantities (0.05%) in rye straw ex-
tractives. The non-lipid substances in the two
extractives consisted mainly of noticeable
amounts of ash or salts (16.8% in F1 and
~25% in F2), together with minor amounts of
phenolic substances and co-extracted polysac-
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charides. It was found that MTBE was an ef-
fective solvent for extraction of lipophilic ex-
tractives with high purity from the two straws.
This solvent may be used as a standard for the
determination of lipophilic extractives from
both straw and wood samples.
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