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DETERMINING SOLVENT EXTRACT AND NUTRITIVE LIPIDE

This report describes a method for extracting solvent soluble
matter from food and feed samples and determining the amount of
nutritive lipide (trigylcerides plus fatty acids). The solvent
extract analysis involves (1) extraction with 2:1 chloroform-
menthanol at room temperature, (2) washing extract with water to
remove dissolved sugars, proteins, amino acids and minerals, (3)
drying and weighing the solvent extract in a tared flask. To
separate the solvent extract more nearly into nutritive and non-
nutritive fractions the solvent extrac£ is dissolved in 1:9 ethyl
ether-hexane and chromatographed in a column of silicic acid with
25 ml 1:9 ethyl ether-hexane and 50 ml 1:3 ethyl ether-hexane. The
extract contains the triglyderides, free fatty acids, carotenoids,
tocopherols, waxes and sterol esters. The free sterols, chlorophyll
and other plant pigments are retained in the silicic acid. The method
is intended as a replacement for the commonly used ether extract
procedure for estimating fat in foods and feeds. The combination
of a polar solvent with the non-polar solvent is necessary to
rupture the lipide-protein linkage and obtain the maximum solvent
extract. A single extraction does not distinguish between nutritive
and nonnutritive lipides. The nonnutritive extract of the leaves
and stems of plants often exceeds the nutritive portion. More
refinement is necessary to separate nonnutritive waxes and sterol
esters from tryglycerides and fatty acids. Solvent extract and
nutritive lipide are compared to ether extract for several feeds

and foods.

By Paul V. Fonnesbeck and Lorin E. Harris, Utah State University, Logan



Procasdings, Western Section, Asnerican Society of Animal! Science

Vol. 25, 1074

DETERMINING SOLVENT EXTRACT AND NUTRITIVE LIPID

Paul V. Fonnesbeck and Lorin E, Harris
Utah State Univarsity, Logan 84322

Lipids sre a heterogeneous group of organic compounds found in fiv-
ing organisms. The compounds have the common chemica! property of
being move soluble in non-polar organic solvents than in water. The
tipids, which encompass numerous compounds that differ widaly in bio-
chemical and physical properties, include triglycerides and fatty acids,
particularly important sources of metabolizable energy for animals,
Thess compounds are the major lipid componants of plant seeds and
animal tissue, Fat soluble vitamins, though present in much smaller
smounts, would also be among the nutritive lipids. Of the numerous
other solvent-soluble compounds that can be extracted from the leaves,
stems, roots and fruits of plants, some are absorbed but are not meta-
bolized to an appreciable extent to supply energy. More knowledge
about the metabolism of specific lipid compounds is needed, but waxes,
sterols and sterol esters, chlorophyli, anthocyamins, other plant pig-
ments and essential oils can generally be categorized as nonnutritive
lipids,

The lipid fraction of foods and feeds had been officially estimated by
ether extraction, but ether extract greatly overestimates the triglyceride
and fatty acid content of forages {Fraps and P.ather, 1812}, Experi-
ments have shown that the ether extract from many plants is fairly high
in apparent digektibility but for some plants, most of the ether extract
s not metabolizable (Cook, Stoddart and Harris, 1852).

Ethy! ether does not extract alt lipids of plants and animal tissue,
Many lipids are bonded to protein with water molecules involved in the
union, Lipids are released from the lipoprotein, only if a dehydrating
agent such as acetone, methanol or ethanol ruptures the linkage
{Hanahan, 1860},

Fonnesbeck and Harris (1973) have been attempting to develop
chemical methods that more realistically partition the chemical com-
ponents of feeds and foods as they are utilized by animals. This paper
reports developments toward a procedure to determine total solvent ex-
tract and nutritive lipid content.

Experimental Methods

Eterman {1956) in & review article, compared various solvent mix-
tures for extracting lipids. For most purposes a chloroform-methsnot
(2:1, v/v) or an ethanol-diethy! ether (3:1, v/v) mixture was most effi-
cient. Extraction at room temperatures (25.28°) is advisable to reduce
slterations in lipid structure {Hanahan, 1960} because certain lipolytic
enzymes are activated by elevated temperaturas in the presence of
diethyl ether and many other lipid solvents (Kates, 1857},

Baset) on the above knowlege, 2.gram samples of dry Kentucky
bluegrass were cuvered with chloroform-mothano! (2:1) in a stoppured

1. Journal Papor 1870 of the Utsh Agricultural Experiment Station.

2, Department of Animal Science. The authors acknowledge the tech.
nical assistance of irma E, Fernandez during devslopment of the
chemical method,

u

flask and placed in the dark for 1, 2, and 3-day periods st room tem-
perature. The extract was collected and washed with water in 8 separa-

tory funnel to remove soluble sugars, amino acids, inorganic contain-.

ments, etc. similar to the procedure of Folch, et, al,, (1851). The sol-
vent extrict was dried in a tared flask in a vacuum oven at 60° with

less than 260 mm Hg pressure. The solvent extract is partially protected
from oxygen during extraction and vacuum oven diying by the dis.

placement of air by heavier chloroform vapors. Recovery of solvent

extract of various samples is compared in Table 1 with extractions over

1, 20r 3 days. One day is adequate for extraction at room temperature

for most plant tissue samples except possibly forage samples which may

require two days.

We then separated the solvent and dissolved extract from the sample
solids by filtering the liquid through a fritted glass emersion filter tube
while collecting the solvent in a clean filter flask. Five successive 5-ml
vinses of the sample particles with chloroform-methanol sufficiently re.
moved residual colored pigments in the sample indicating lipids were
8lso ¢ttracted.

TABLE 1. Solvent extract recovery with duration of extraction q'
various feeds and foods (dry basis).

Extract recovery with extraction time

Sample 24 hrs, 48 hrs, 72 hrg.
% % %
Bluegrass, Kentucky,
early vegetative 6.4 74 73
Broccoli, aerial parts 6.9 6.6 6.8
Peanut seeds, roasted 61.6 60.9 50.7
Soybean seeds, raw 20.6 20.8 20.8

In water washing of the chloroform-methanol extract of samples,
containing substantial oil, a small part of the oil rises to the top of the
water rather than remaining with the chloroform layer. Drying the
chloroform-methano! extract and then washing the extract with water
gave better recovery. The amount of water-soluble containants in the
chloroform-methanol extract was greatest with samples of immature
leaves and buds, which have a relatively high content of simple sugars,
but wathing with only two 200-m! portions of water gave good solvent
extract recovery, There was no signiticant reduction in the amuunt of
extract recovorad with moro than two washings, indicating that the wa-
ter soluble containants had been adequately removed. Bligh and Dye:
(1969) found an Insigniticant loss of lipids in water washing and an es-
wntislly complete removal of nonlipid contaminants by the water.

Siticic acid was used in column chromatography to separate the
nutritive lipids from the nonnutritive portion of the solvent extract,



Qur goal was to ¢olisct the nutritive lipids in one fraction rather then to
isolate and identify the <arious lipid componsnts ¢ in the procedure of
Barron and Hanaha.t (31958), Therefore, we wseid 8 higher concentra
tion of ether in hexsne to elute the lipid with less solvent.

The recovery of pre-weighed amounts ui various purified lipids
{tryglycerides, fatty scids and tocopheroli {rom ire silicic acid with
meassured volumes of tho solvent mixturns vs«s ubserved to determineg
the solvent concentration and volume necessary 1ut wfficient separation
of nutritive lipids. The most successful comnbination tried was: (1) A
20 mm (inside diameter) chromatograshi- cuiumn was filled to a height
of sbout 100 mun with about 15 g siticic ecid. {2} Thae silicic acid was
wetted with haxana, then the solven? extralt was introduced tn solution
with 10 m! 25% ethy! ether in hexans {1:3, v/v}. {3) This solvent was
{ollowed by 75 mi ether in hexane (1:3, v/v). (4) The solvent was col-
lected in 8 tared flask and dried in a vacuum oven to determine lipid
recovery.

The recovery (X} of various purified lif »zis varsus the amount added
to the column (Y) is shown in Figure 1. Ti-» zmount of nutritive lipid
in the samp!s can be estimated with the regression equation. The sam-
ple standar deviation from regression {Sy.x) was 13.6 mg. Experiment.
al arror this . ge suggests that a sample likely to contain over 50 mg of
nutritiva 110id bt to be used for each determination.

Free #terms cnd phospholipids are not recovered by the above pro-
cedure, Pounciipids should be included with the nutritive lipids, but
starcls are not & sx.cce of energy for animeis, B the time the measured
amount of solvent passes the column, the various plant pigments are
within 20-30 m! of the bottom cf the silicxs ac. 5. Nutritive lipids in
samples that do not contain these plant -graents are carried through
the column with the same volume of solv:-t required to recover nutri-
tive lipid from ~olored plant tissue samples.

Method

Principls,  Solvent extract i3 removed from samples with a
chloroform-m=thanol mixture, washed fres of non:lipid containants
with wetes, dried and waighed in a tared flssk. The extract is then dis.
solved in athyl ether-hexane arxd chromatographed through a silicic acid
columa. The rutritive lipid fraction is collected in a tared flask, dried
and weighed,

Euuiprant, (s) Separatory funnals, 297; 1u 500 mi with teflon stop-
cocks,
(b) Immersion filter tube with fritted disc, medium porotity.
{c) Vacuum oven and vacuum pump, Water sspirator pump is satisfac:
tory.
{d) Chromatographic columns {over 300 mm long with 20 mm 1.D.)

Resgrts. (2} Chioroform-methanol (2:1 v/v). Use a grade of
chloroform sna methanol that leaves no mgnificant residue upon
evaporat,on.

(b) Diethyl ether, anhydrus resgent grade.

(c) Hexane, Redistilled Skeiley Qil Company swivent B is sat-
isfactory.

(d) Dietts' axher-hexans (1:3, v/v).

(e) Siticic scit, Column Chromatogrsphy arade 00-325 mesh, pH 4
(Matlingradt No, 7082).

Procedure, (s) Waeigh a sample large shough to contsin about
100 mq nutritive lipid into a 250 m) Erlenmeyes flask and sdd 25 mi
chloroform-methanol solution. Cover the %5k with a plastic stopper
ond store in the dark at room temperature for 48 hours.
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{b) Draw oft the solvent through a glass immersion filtering tube and
collect the solvent in a 250 mi filtering flask, Rinse the sample residue
with 5 m! portions of chloroform-methanol until the filtrate is colorless
(5.7 rinsas may be necessary with forage samples). Transfer the extract
to 8 126 mi flask. Dry off solvent in vacuuri uven at §0°C and pressure
less than 300 mm Hg.

{c) After drying, dissolve colvent extract in 10 ml chioroform. Pour
the chloroform-extract solution into a 250 mi separstory funnel and
rinse the flask with chloroform,

() Carefully fill the teparatory funnel with water and mix the liquids
by gentle swirling action. (Avoid shaking the liquids together because
this promotes emulsion.) Let the tunnel stand for 15 minutes, De-

cant the water layer with a glass tube connected to & water aspirator
filter pump. Repeat the water washing one more time.

{e) Drain the chloroform layer into a tared 125 mi fiask leaving the
emulsion layer in the separatory funinel. Dry off the chloroform in a
vacuum aven at 50°C with less than 300 mm Hg of pressure for at least
1 hour sfter liquid has evaporated, Cool in a desiccator and weigh the
flask plus solvent extract.

{f) tmmediately 7.1ter weighing, add 10 mi 1:3 ether-hexane. {The flagk
may be covered with a plastic stopper and stored in the dark to com-
plete the procedure the following day.)

{g) Pour 16 g anhydrous silicic acid into clean dry chromatographic
column (store a ready supply in an open beaker in a 105° oven), Wet
the silicic acid with 25 mi hexane, and draw the hexane through the
column with vacuum,

{h) As so0n as all the hexane passes into the silicic acid, add the solvent
extract and rinse the residue in the flask and on sides of column with
1:3 ether-hexane. Allow the solvent to pass thraugh without suction.
Collect the solvent in a tared 126 m! flask,

(i) When the solvent containing the extract has passed into the silicie
acid, rinse down the inside of the column with 25 mi 1:3 ether-hexane.
As soon as this solvent passes into the packing, add 50 mi 1:3 ether-
hexane. Continue collecting the solvent in the same flask until the
column stops draining.

(i) Place the fiask in & vacuum oven and dry at 60°C with less than
300 mm Hg pressure for at least one hour after all liquid has evaporated.
Cool in a desiccator and weigh the flask plus nutritive lipids.

Calculstions.
(a) Solvent extract, % = {wt of flask and extract) — (wt of fiask X 100)
wt of sample

{b) Nutritive lipid recovered =
wt of flask and nutriti . lipid — wt of flask
{c) Nutritive lipid in sample, % =

[1.03 (Nutritive lipid recovered) — .0037] X 100 in grams
Sample wt in grams

Resuits and Discussion

Solvent extract and nutritive fipid were determined by the above
procedure on various plant tissue samples and compared to ether ex-
tract (Table 2). Except for the soybean seeds, the nutritive lipid was
considerably less than solvent extract. Ether extract was g rerally less
than solvent extract but greater than nutritive lipid. The procedure for
determining total solvent extract is similar to those of Bligh and Dyer
(1959) for animal tissue and Tsens, Levi and Hiynka (1962) for cereal
graing,

The term nutritive lipid used in this paper is based on our present
knowledge of the animal metabolism of various solvent-soluble sub-
stances of plent and animal tissue. More knowledge is naeded about
the metabolism of specific organic compounds. One problem with the
chemical method presented harsin is its exclusion of phaspholipids
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Figure 1. Recovery of various purified lipids from a silicic acid column with 85 mi ethy! ether-hexane (1:3, v/v)
Sample standard deviation from regression (Sy.x) was 13.6 mg

trom the nutritive lipid fraction, Modifications in solvent concentra-
tions and volumes could result in the secovery of the phospholipids, but
would probably also provide unwanted nonnutritive lipid such as fres
sterols and bile acids (when analyzing feces samples), and additional
plant pigmants.

Waxes are also partially recovered in the nutritive lipid fraction, The
wax content of the plant tissue consumed by animals and man may in-
Ject only a small errne into tha nutritive lipid fracteon.

The digestibilities of the solvent extract and nutritive lipid in thiee
diets for swine are compared in Tuhle 3. In diets 1 aixd 2, much of the

s

solvent extract was from sifalfa mesl. In diet 3, corn oil pravided part
of the lipid, Apparent digestion coefficients do not provida estimates
of the metabolizable energy value of the solvent extract, but digestion
or absorption is the first step in metabolism. These dats show a yreater
spparent digestibility of nutritive lipid over solvent extract, The appar-
ent digestibility of the nonnutritive lipid fraction is decidedly lower
than for the nutritive lipic¢. The spparent digestibility of the nutritive
lipid was in the range of 86%, for swine fed grain-aliaifa meal diets com-
pared to apparent digestibilities of 55% for the nonnutritive fraction.
These data support the assumption that this chemical method partitions
the solvent extract approximately as it is utilized by snimals,

.



TABLE 2. Comparison of solvent extract, ethar extract and nutritive
lipid of varlous feeds and foods (dry basis).

TABLE 3. Apparent digestibility of solvent extract and nutritive lipid
and nonnutritive lipid by swina,

e —

Total Ether Nutritive
Item Solvent Extract Lipid
% % %
Feeds
Alfalfa hay, s-¢ 41 1.8 0.8
Bluegrass, Kentucky, early 74 36 1.1
vegetative
Oat, grain 38 26 1.3
Soybean, sseds, raw 208 18.1 17.7
Foods
Broccoli, buds and stems, 6.8 29 1.4
freeze dried
Cabbage, leaves, freeze dried 20 1.8 0.4
Lettuce, leaves, freeze dried 28 1.0 0.5
Peppers, grean wo seeds, 2 0.8 05
freeze dried
Squash, banana, wo seeds and 32 1.2 05
skin, freeze dried
Summary

This report describes the development of a simplitied method for
determining the total solvent extract of foods and feed samples and a
further partitioning of the solvent extract into fractions ca'led nutritive
lipid and nonnutritive lipid. The lipids are extracted with chloroform-
methanal solution {2:1, v/v) at temperatu es less than 30°C, A water
rinsing of the solvent extract removes non-lipid contaminants. An ethyl
other-hexane {1:3, v/v) sotution is usad to carry the solvent extract
through a silicic acid column, which separates the extract into nutritive
and nonnutritive fractions. The main problems with this chromato-
graphic separation is that waxes and sterol esters are carried into the

nutritive lipid fraction but phospholipids are not. The method is intend.

od a3 # replacement for the commonly used ether extract procedure.

The solvent extract of all foods and feeds is greater than ether ex-
tract while nutritive lipid is less than ether extract, The nonnutritive
lipid of the leaves and stems of plants ususlly exceeds the nutritive
portion,
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Solvent Nutritive Nonnutritive
extract lipit lipid
Diet  Animal Content Diges- Content Diges- Content Diges-
No. No. tion tion tion
% % % % % %
1 1 3.7 654 1.2 86.8 25 B46
3 3.7 678 1.2 845 25 G600
2 3 4.2 568 1.3 858 29 450
4 42 608 1.9 808 29 385
5 42 682 1.3 805 29 481
k) 8 50 748 21 862 29 6.0
7 50 716 21 892 29 69.8
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