Solid-phase extraction can rapidly
separate lipid classes from acetone extracts

of wood and pulp
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ABSTRACT: Solid-phase extraction was used 10 separate and

awquantify lipid classes in acetone extracts of wooel and pulp. The
method involves absorption of wood or pulp extracts onto an
aminopropyl phase column, with each lipid class ehted by a sequence
of solvents. Initially, the separation effectiveness and the required
voliume of solvents was monitored by thin-layer chromatography
(1LC), and the purity of each class was confirimed by gas
chromatography (GC). Once stundard test conditions were
established, TLC and GC were required infrequently e.g., when
sample sources were changed. The method is simple, rapid,
quantitative, and uses small amounts of sarmple and solvents, This
procecuire could easily be implemented in research and in the pulp
and paper industry.
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E xtractives in softwoods and hard-
woods ave liberated from wood
chips at different stages of process-
ing. These extractives can be depos-
ited as piteh, either alone or in
combination with fibers, fillers, de-
foaming agents, or coating binders (7—
3). They cause significant technical and
economic problems for pulp and pa-

per manufactivers, regardless of the
pulping and bleaching procedures
used, and have a detrimental impact
on the environment (2, 4-8).
Extractives areremoved from both
wood and pulp by organic solvents such
as acetone, ethanol, ether, or
dichloromethane, They are composed
principally of lipids and related com-

Chen, post-doctoral fellow, Breuil, principal scientist, and Carriére, research assis-
tant, are alfiliated with the Department of Wood Science, Facuily of Forestry, Univer-

sity of British Columbia, 270-2357 Maln Malt

, Vancouver, BC, Canada, V6T JZ4. Hatton,

assoclate professor, is affillated with the Pulp and Paper Research institute of

2L3.

Canada, Vancouver Laboratory, 3800 Wesbrook'Mall, Vancouver, BC, Canada, V65

pounds, e.g., glycerides, steryl esters,
fatty acids, resin acids, fatty aleohols,
sterols, and alkanes (9, 710). The con-
centration and composition of such
lipid mixtures vary among wood spe-
cies, within and among trees, with tree
age, and with environmental conditions
(1).

Seasoned wood chips exhibit fewer
pitch problems. Daring chip storage,
extractives undergo volatilization, en-
zymatic hydrolysis, and air oxidation,
Unfortunately, these reactions are
slow, particularly in the colder months
of the year. Futher, long storage times
inflate costs and promote microbial
deterioration (5, 11).

A biclogical pretreatment using a
fungal inoculum [Cartapip™ (Sandoz))
has been developed to reduce extrac-
tives levels with a minimal amount of
storage time (12, 19). However, this
fungus is poorly adapted to low tem-
peratures and to some of the wood
species used in the Canadian pulp in-
dustry. Exfforts toidentify microorgan-
isms that are suited to Canadian
conditions could be aceelerated by de-
veloping a rapid, simple, quantitative
method for separating and analyzing
the complex lipid mixtures in wogd
chips. Such a method would be usefu)
Inunderstanding and optimizing reac-
tions with wood extractives during bio-
logical pretreatments.

Traditional methods for fractionat-
ing and quantitatively analyzing ex-
tractives ave time consuming, Such
methods involve separating free resin
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and fatty acids by lon-exchange chro-
matography, saponifying the neuntral
fraction, and finally methylating the
acid fractiong prior to gas chromatog-
raphy (GC). Faster methods for sereen-

“inglarge numbers of samples for lipids

have been veported in the literature
(14—17). Unfortunately, none allow the
major fractions of wood extractives—
fatty and vesin acids, sterols, fatty
alcohols, and mono-, di-, and triglycer-
ides—ito be separated, recovered, and
quantified from a single sorbent: ma-
trix.

Inthisreport, we describe a method
for rapidly sepurating wood extractives
into five different classes, then recov-
ering and quantifying them. The
method is a modified version of a solid-
phase extraction (SPE) that was origi-
nally developed for pharmaceutical
purposes (18, 19). SPE has been used
on pulp-mill process streams, bt the
application has been limited to coneen-
tration and iselation of a single lipid
class—fatty and resin acids—yprior to
identification of individual compounds
by GC (20, 22),

Inthework presented here, acetone
extracets of wood or pulp were absorbed
onto an aminopropyl phase colunn
(Bond Elut). Five classes of wood ex-
tractives were eluted by a sequence of
solvenis. Bach class could subsequently
be recovered and quantified divectly
or analyzed further by GC and high-
pressure liquid chromatography
(HEPLC). We present and discuss re-
sults for standaved lipid mixtures and
extracts of wood and pulp.

Experimental

Reagents

Trilinolein (C18:2 [eis, ¢i5]-9,12) (99%),
palmitic acid eoleyl ester (99%),
cholesteryl stearate (18:0)-(99%), lino-
leic acid (C18:2) (99%), linoleic acid
methyl ester (99%), arachidicacid (20:0)
(99%), arachidic acid methyl ester
(89%), l-monopalmitoyl-rac-glycerol
(99%), 1,3-dierucin (C22:1,[cis)-13)
(999, B-sitosterol (>97%), B-sitosteryl
acetate (97%), and stearyl aleohol (99%)
were gbtained from Sigma Chemical
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I Solvent systems and elited lipid fractions

Wolume ratio

Solvent Armount of

Fraction Soivent ratio, viv®  solvent, mL Lipid eluled ®
Preliminary fractions

A CHCl :Hexane {1:5) 7 TG, SE, W

B Ether:Hexane {8:1) [ S, DG, MG, Fal
Final fractions "

C Ether:AcOH (98:2) 6 FA andfor RA

D Hexane 12 SE, W

E Ether 6 TG

F o Ether:Hexane {2:8) 10 S, DG, Fal

G EthenMeOH {2:1) 6 MG

*Acronyms: DG, diglycerides; FA, lalty acids; Fal, fatly alcohols; MG, monoglycerides; RA,
: r_es_in acids_; S, sterols; SE, steryl esters; TG, triglycerides; W, waxes.

Co. Ammonium molybdate (VI)
tetrahydrate and sudfinie acid(95-98%)
were obtained from Aldiich Chemical

;0. Acetic anhydride AnalaR"™ (98%)
and pyridine AnalaR"™ were obtained
from BDH Ine, The solvents listed in
Table Iweie all HPLC grade and were
obtained from Aldrich,

Equipment

A Bond Elut/Vac Elut system and

Bond Elut extraction cartridges
(Analytichem International, Harbor
City, CA) were used in this study. A
Hewlett-Packard HP 5890 series 11
gus chromatogaph equipped with HP
7673 auto injector and a flame-ioniza-
tion detectorwasused for purity analy-
sis. A Soxhlet extraction unit was
obtained from Canadian Scientific
Glasshlowing Co. Thin-layer chromato-
graph (TLC) plates 250-um layer, AT
SIL G/UV) were from Whatman L,
The evaporator (TwwhoVap™) was from
Zymark Litd.

Preparation of standards

Different lipids and related compounds,
representative of ‘wood extractives,

were selected as a standard solution to
develop our analytical procecure. The
standard solution included

¢+ Saturated and unsaturated fatty
acids with linoleic acid (8 mg) and
arachidic acid (2 mg)

» Tri, dis, and monoglycerides with
trilinolein (25 mg), 1,3-dieruein 5
mg), and Lanonopalmitoyl-ruc-glye-
ero] (5 mg)

» Sterol with B-sitosterol (5 mg)

° Steryl ester with cholesteryl stewr-
ate (10 mg)

* Fatty aleohol with stearyl alcohol (5
mg)

» Fatty alcohol ester or wax with
palmitic acid oleyl ester (5 mg).

The standard chemicals were dis-
solved in chloroform (3 mL) and stored
under nitrogen at —4°C for no longer
than a week.

Extracts from wood and pulp

A fresh aspen log (Northwood Pulp
and Timber Ltd.) was vemoved from
an ares near Kagle Lake, some 30 km
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1. Separation of standard liplds mixture on Tused-silica capilary column. Legend: 1, linoleic
acid methyl ester; 2, acelic.acid stearyl ester; 3, arachidic acid methyt ester; 4, triinolein; §,
monopalmitoyl‘rac:\giycaroi; 6, dierucin; 7, cholasteryl stearate; 8, 3-sitosteryl acetats; 9,

salnitic acid oley! ester,

pole pine tree was removed from the
Alex Fraser University of British Co-
lumbia Research Forest Centre. The
logs were hand-debarked and chipped,
and the wood chips were sereened,
mixed, and stored at -20°C. The fro-
zen chips were milled ina blender and
sereened through 1.0-mm mesh. One
gram of sawdust was placed inan ex-
traction thimble and extracted with 120
mL of acetone for 6 h using a Soxhlet
extraction apparatus (8 cycles/h). The
extraction solution was evaporated to
dryness using a TurboVap.

One gram of aspen thermome-
chanical pulp (TMP), produced from
fresh, sound aspen chips in the
Vancouver laboratory of Paprican, was
extracted in the same manner as the
sawdust. The TMP was prepaved as
follows: Chips were presteamed for 15
min, heated for 5 min at 125°C at a
pressure of 110 kPa, and then
defibrated through a pressurized labo-
vatory refiner (Sunds Dafibrator). The
final consistency was about 20%.
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east of Prince George, BC. A lodge-  Purity analysis

TLC was used to monitor the
separation of the lipid fractions from
the sorbent matrix and to track the
amount of solvent required to remove
each fraction. Samples were spotted
on a TLC plate using a capillary glass
tube. The plate was developed in hex-
ane—diethy! ether-acetic acid (70:30:1,
vivi) and air-cried for a few minutes.
The separated spots were visnalized
by spraying on a molybdate oxidizing
solution consisting of ammenium mo-
lybdate (V1) tetrahydrate (5 g) in sul-
furie acid (10 mL) and ethanol (90 mLy),
and then heating the plateat 150°C.
The purity of each fraction isolated
from the standard mixture was fur-
ther analyzed by GC. Wood extrac-
tives were not analyzed for purity
because the sample mixture was too
complex and contained unknowns.
However, GC analysis of yesin and fatty
acids gave values approximately equal
tothose obtained by gravimetric analy-
sis. .
Derivatization and GC analysis
of fatty and resin acids, Two mL of
diazomethane ether solution and one
drop of absolute methanol were added

to the dried fraction containing the fatty
and regin acids. After 10 min, as the
color of the reaction was still yellow,
the ether was evaporated under nitro-
gen and the fatty and resin acids methyl
esters were redissolved in 1.0 mL of
ethyl acetate. The purity was then una-
lyzed by GC using a DB-5 fused-silica
capillary column (ID, 0.25 mm; length,
30 m) and the following temperature
program: 160°C for 2 min, vaising the
temperature 7°C/min to 310°C and
holding for 3.5 min, A typical chro-
matograph for a standard mixture is
shown in Fig. 1.

Derivatization and GC analysis
of sterols, Tatty alcohols, and di- or
monoglycerides. To each dried frac-
tion of sterols, fatty alechols, and di- ov
monoglycerides, 2 mL of acetic anhy-
dride/pyridine (5:1, v/v) was added. The
solutions were heated in a water bath
at 90°C for 2 h. The solvent was par-
tially evaporated under a nitrogen
stream to a final volume of 1.0 mL. If
the final volume was less than 1.0 mL,
ethyl acetate was added, and fractions
of 1 L or more were analyzed by GC
(using the same column and conditions
as described for the faity and resin
acidls) to cheele their purity.

GC analysis of steryl esters, fatty
aleohol esters, and briglycerides. The
dried fractions of steryl esters, fatty
aleohol esters (waxes), and triglycer-
ides were redissotved in 1.0 mL of hex-
ane for GC analysis using the same
ecolumn and conditions as deseribed
previously.

Results and discussion

Development of separation
technique using modél compounds
Before applying solid-phase extraction
(SPE) to wood or pulp extracts, we
modified and optimized the lipid
separation method of Kaluzny (18) for
a standard lipid mixture representa-
tive of the major components present
in'wood extractives. However, the ma-
jor wood steryl ester, [3-sitosteryl es-
ter, was not available commercially and
was replaced by a closely related com-
pound, cholesteryl ester.
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~  The mixtwe was fractionated as fol-
' lows. The Bond Elut cartridge columm,
conditioned with hexane (2 x 2 mL),
was loaded with 0.5 mL of the stan-
1 d'n'd lipid mixture in ¢hlovoform, and
a vacuum of 5 kPa was applied. The
_column was sequentially eluted as out-
lined in Fig, 2 using the solvents listed
in Table 1. The steryl esters, fatty al-
cohol esters, and triplycerides were
recoveredinthe fivst fraction and were
saved as Fraction A for the next
separation step. The mixture of sterol,
fatty aleohol, diglyceride, and
monoglyceride was eluted with a mix-
ture of etherand hexane and saved as
Fraction B. Finally, the remaining
(atty acid and resin acid was removed

é“’”’ from the column with Solvent C and
Foe saved as Fraction C.

Traction A was dried under nitro-
gen, redissolved in 1 mL of hexane,
and honded to a4 new column that had
been conditioned as described. Solvent
D removed from this column the steryl
ester and the fatty aleohol ester, which
were saved as Fraction D, Solvent E
eluted the triglyceride, which was
saved as Fraction E.

Iraction B was dried under nitro-
gen and reconstituted in 0.5 mL ethyl
acetate before be,mg, loaded into a
‘ newly conditioned column. Solvent I
was passed through the column, and
the eluate containing stevol, fatty al-
cohol, and diglyceride was saved as
{ Fraction . TPinally, the monoglyceride
was desorbed and removed from the
colunm using Solvent G, and the elu-
ate was saved as Fraction G.

Each isolated fraction was dried
under nitrogen and weighed to calen-
late its recovery. The results are pre-
sented in Table 1I. During the
development of the separation, the
compositionoleach eluted fraction was
monitored by TLC, as seen in Fig. 3.
The volume of solvent required was

s carefully recorded. The purity of each

isolated lipid class was confirmed by
GC.

; Using owr solvent system, we were
i unable to separate the sterol froni the
diglyeeride and the fatty al

3, Fraction ). As reported by Kaluzny
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2. Elution sequence for separating and isolating lipid classes from acetone extracts of wood
and pulp. Legend: DG, diglycerides; FA, fatly acids; Fal, fatty alcohols; 4G, monoglycerides;
RA, resin acids; S, sterols; SE; steryl esters; TG, triglycerides; W, waxes.

Exlract
(TG, SE, FA, RA
DG S MG W Fal)

$ Solvent D ‘L Solvent £

Column 2

TG

Fractlon D Frattion E Fraction F

%, Solvent A ‘|, Solvent B * Solvent €
Column 1
RA ¥
FA
DG
MG
S
Fat
W DG RA
SE MG FA
16 ] (Save)
Fal
Fraction A Fraction B Fractlon C
Dry down Dry down Dry dowin
Hexane Ethyl acelate Ethyl acelate

* Solvent F

Column 3
—

WG

W ? % / \ $
SE
{Save) {save)

L Solvent G

DG

Fal MG

{Save) {Save)
Fraction G

{18), it is very difficult to sepavate the
diglyeerides fiom the sterols because
of the similar free hydroxyl group
present in both compounds that bonds
strongly to the column. However, most
of the individual compounds present
in this fraction have been successfully
separated and quantified by GC.

GO analysis and the devivatization
step it requires were needed while the
method was being developed. How-
ever, when the order and volume of
solvents had been established, only
infrequent verifications were neces-
sary, e.z., when the wood species was
changed,

3. Thin-fayer chromatogram of lipid mixture
before separation and lipid classes aifter
separalion. Lipid acronyms on the leftl axis
are as defined in Fig. 2.

W/SE = | e i
TG~ ] won s
FA=| o B
Fal/s/D -
-y : o
MG -~

Mix G DECF
FRACTION




{1, Recovery and purily of standard solution separated by solid-phase extraction®

"Acronyms are as defined in Table |.

Fraction Lipid class® Recovery, % Contarriination, %
[ FA andfor RA 10643.7 0.3+0.1
D SE/W 99425 0.4+0.1
E TG 9844.2 1.6+0.5
F S/DG/Fal 9615.8 1.8+0.4
G MG 98:3.4 0.3£0.2

“Results are the mean of at least three expariments. Purity was analyzed by GC,
Contamination Is carried over from other lipid classes.

lll. Analysis of acetone extracts from a soflwood, a hardwood, and an aspen mechanical pulp?

Lipid Hardwood Softwood Hardwood pulp
class {aspen), mg {lodgepole pine), mg {aspen),:mg
Triglycerides 12,1402 19.120.5 1.0:0.1
Steryl esters/Waxes 8.910:5 21401 5.8£0.3
Fatty acids/Resin acids®  6.8:0.2 8:540.6 4.510.2
Sterols/Diglycerides/

Fatty alcohols 4.8%0:.4 1.4£0.2 1.8:0.1
Monoglycerides 3.4:40.3 2.240.2 14204
Totat lipids 36.0£0.5 33.3:0.6 14.0£0.3

*Weight of components in 1.0 g of o.d. wood or pulp, For woad, the data are the means of
five samples, lor pulp, the data are the means of three sdmples.
“Resin acids are included in this class for softwoods

Quantitative analysis of extractives
girom wood and pulp samples

<11 testing ol method with wood and
pulp samples, we first determined the
minimum amount.of wood chips that
could be ground and extracted with
reproducible results. We found that a
constant amount of extractives (= 40
mg/g dry wood) was obtained with dry
wood weights varying from 0.5 ¢ to 5
g. For convenience, we chose to ex-
tract 1 g of ground wood chips. The
dried acetone extracts from both woed
and pulp were redissolved into 2 mlL
of diethyl ether, filtered through a
short anhydrous sodium sulfate col-
umn, washed twice with 4 mL of the
same solvent, evaporated under nitro-

gen to dryness, and weighed to deter-
mine the total lipid content.

The dried eluate from each extrac-
tion was redissolved in 1.0 mL of ehlo-
roform, and 0.5 mL of the chloroform
solution was loaded into the condi-
tioned Bond Elut eartridge and eluted
us deseribed previously. Table Y11
sammarizes the vesults of the extracts
from both aspen and lodgepole pine
woodand from aspen TMP, The woods
and pulp were randomly sampled and
extracted several times, and the
separation of the different lipid classes
was highly reproducible. Separation
times were typically 1-2 h per sample,
with a recovery rate of 95-99%. The
method was applicable to both hard-
wood and softwood species. In soft-

woods, both fatty and resin acids were
recovered in Fraetion C.

The high degree of recovery and
purity of the different fractions sepa-
vated by the rapid method—and the
possibility of further chavacterizing
each component within a fraction by
analytical methods such as GC or
HPLC—make this technique attrac-
tive, The method is an alternative to
the lengthy, costly, and complex tradi-
tional analysis used in wood and paper
industries, in which acidic compounds
are separated from neutrals by ion
exchange, neutral lipids are hydro-
lyzed, and both fractions are meth yi-
ated and finally analyzed by GC (22,

Several alternatives to the tradi-
tional methods have been proposed
recently. Sitholé and co-workers (24)
showed that they could process both
high-boiling-point lipid fractions and
fatty acid methyl esters by GC in 80
min by using a short column. How-
ever, as noted by the authors, the

‘separation of the eluting fractions

needs to be developed furthey, Simi-
larly, while gel-permeation ehroma-
tography has been used to fractionate
the resin from radiata pine into trig-
Iycerides, waxes, fatty acids and ste-
rols, and resin acids, the authors
recognized that the accuracy is poorer
than traditional methods, particalarly
for the fraction containing the fatty
aeids and the sterols (25).

Nuclear magnetic resonance spec-
troscopy can also determine the
amounts of fatty acids, resin acids, trig-
Iycerides, and fatty acid esters inwood
extractives. In this case, the wide ap-
plication of this method is limited by
the large amount of lipid samples nee-
essary to obtain an acceptable spec-
trum, the time vequired fo run each
sample, and the expensive instrumen-
tation to analyze the sample (26).

Conclusion

The developmental work described
here has demonstrated that a solid-
phase-extraction technique can be
used to separate and quantify acetone
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extracts from different wood species  fridges e commereially available. The
and pulps. For sereening lavge num-  column material is-also available corn-
o bers of samples, SPL is fast, cheap,  mercially, and colunms can be packed
versatile, and accurate, and the tech-  with smaller or larger amounts of ma-
nique does hot requive highly trained  trix to fit the neads of the user. Most of
personnel. Without anfomation, anop-  the solvents are nontose and used in
erator can proeess up to five extracts  small amounts, making this method
withinan how, The Bond Elat/Va¢ Elut  relatively safe for users and envivon-
system is much cheaper than GC or  mentally aceeptable. @

HPLC, and Bond Elut extraction car-
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stondards. The dual stationary bellows assembly self adjusts HOUSTON, TEXAS 77279

: for normal pump misalignment and reduces the polential for TELS00-359-9299
; harmonic vibraficn.
For more informalion contach: FAX B0O-359-9230

Clrcle No, 355 on Reader Service Card
240 March 1994 Tappi Journal

Literature cited

L

3
-

3

10,
. Rogers, L'H,, Harris, A. G, and Rozon, L.

206,

<B}anchetta R, Farrell, R. L., Hadsr, Y ot

. Farell, R, L., Blanchette, }. A, Bru

Hillis, W. E. and Sumimato, M., in Notoves
Products of Woody Plants 1, 1§ (J. W
Rouse, Ed.), Springer-Vertag, Heidelber;
and New York, 1889, i
Allen, L., Pappi 63(2): 81{1930}.
Lasibach, G. D. and Greer, C. S, Tappi /.
TA(B): 249(1907).
Cohn, W. E.,in Ward Extiuctives aid Theiw
Siguificance in the Pulp und Poapee i,
dustries (W. B, Hillis, Ed.}, Aeademie
Press, New York, 1962,
Hatton, J. V., Tappi 33(4): 82701970,
Lieach, J. M, Mualler, J. C., and Waldes,
C. C., CPPA Trans. Tech. Sect. 3043
’7()(1917)
Wearing, J.'T,, Barhe, M. C., and Ouchi, M.
D . Pulp Paper Sci 11(4): 113(18853,
MeCarthy, P. J., Kennedy, K. J., and
Droste, R. L., Waler Res. 2411
1401 (1990).
Mutton, D. B, in Wood Extractives vad
Their Significance 1o Pulp and Peger {x-
dustries (W, E. Hillis, BEd.)y, Academic
Press, New York, 1962,
Allen, L H., Tappi 61{7): 47(1978).

R., Pulp Puper Mag, Can, 42“)) 84019713,

al: ,nppl\cauon for Canadian pat. 2,009.4

S, etal,in Proc. of the &th Inll, Co
Bistecl. v Pulp and Paper (M., Kawy
and M. Shimada, Eds.), Uni Publizhers,
Tokyo, 1992,

- Yao, J. K. and Rastetter, G. M., slnai.

Biocham, 150: 111(1‘)\))

. Chyistie, W. W., in Lipid Anulysis, 2nd
)

adn., Pexgumun Press, New York, 108
I\Lumd,h, G., in Lipid Chmmamrpmmw
Analysis, Vol.1, Marcel Deliker, Now Yk,
1982,

. Christie, W. W, in Gas Chromutograpdcy

and Lipids, T) h~. Oll\ Press, Ayr, Scotland,
1989.

Al\'\luz.ny M. AL Dunean, L. AL, Meryity, M.

V., etul,J. szzdRe' 26z 135(19¢

‘Hum\lton, J. G, and Comuai, K., Lz}uda

1146(1983).

. Sweeney, K. M., Tappi J, 711 n 187(19885
cBacka, 8., Brolin, A., and Nilvébrant, N

Q. TappiJ, T2(8) 139(1989).

. Zinkel, DUT, Tappd 5801 108010755,
. Zinkel, DT, J Wood Ches. Technol. 3020

131(1943).

. Sitholé, B. B., Sullivan, J. L., and Allex, L.

H., Halzforschung 46(5): 409(1992).

5. Suckling, L. D., Hua, H. L., and Uprichard,

Jo M., Appite 43(3): 217(1090),
Suelding, 1. D. and Ede, B. M., Appite
43(13: 77(1990).

The-authory wish to thank Paprican's D. Quehi,
H. Cineros, L.H. Allen, B.B. Sitholé, anid K. Hurt

{or

valuable diseussions and J. Simpkins for tech-

nieal assistance. This work was supported by an

NSERGForestry/Industry partnership prograc

Receivad for review May 21, 1993

Accepled Sept. 19, 1993,




