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AN EVALUATION OF THE PHEOPHYTIN METHOD FOR
DETERMINING THE DRY MATTER DIGESTIBILITY
OF FORAGES CONSUMED BY RUMINANTS

INTRODUCTION

The time and energy used in studying methods for determining the
evaluation of feeds is indeed well spent. Advancements in the fields
of both animal nutrition and plant breeding would proceed more rapidly
than at present with a satisfactory yet rapid method for determining
the nutritive value of feeds,

Because of the many variable conditions which are encountered in
performing any biological study, it is necessary that similar results
be obtained repeatedly by different investigators under similar condi-
tions before a certain technique is accepted. This thesis presents
the results of an attempt to evaluate an existing technique for deter-
mining dry matter digestibility.

Because of the lack of background experience on the part of the
author and of reliable information in the field under study, much time
was spent in varying the procedure for pheophytin determination in
forages and feces, An attempt has been made to clearly and completely
outline all the various techniques used so that any person may, withe
out undue difficulty, repeat this study. Also, many of the problems
which can be expected to arise have been discussed so they may be
avoided,

The results obtained by the use of the pheophytin method for the
determination of the dry matter digestibility of forages, as described
by Kane (25, p.672) and Chesnutt (5, pp.86-89) constitute the first
portion of this thesis. The pheophytin study was carried on with



samples obtained during a series of four digestion trials with dairy
cattle, two with clipped pastures and two with silages. The results
were compared with those obtained by the chromogen method and by the
conventional digestion trial method with the same forages. Also
included is a discussion of the principles of the pheophytin method,
a study of some of the pigments which make up the pheophytin extract
and an evaluation of the pheophytin procedure for digestibility
determinations,



REVIEW CF LITERATURE

Studies relating to the digestibility of dry matter or of one or
more of its components in feed stuffs are among the oldest and the
most abundant to be found in the field of animal nutrition, During
the period from 1867 to 1947, more than 2,500 publications have
appeared in which original digestion experiments have been recorded.
According to Schneider (L1, pp.1-299) these publications, printed in
17 languages, contain the results of some 25,000 digestion trials.

Schneider (Ll) reported that the first recorded digestion trials
were carried on in CGermany by Henneberg and Stohman in 186L. These
original trials closely resemble the conventional digestion trial used
today. The method involves the collection and proximate analysis of
both feed and fecal samples to determine the content of water, ash,
erude protein (N x 6.25), crude fiber (Henneberg Method), ether extract,
and nitrogen-free-extract (by difference). This procedure of collect=
ing and analyzing feed and fecal samples must be carried on long
enough to get an estimate of fecal constituents which will be repre-
sentative of the kind and amount of feed consumed. Such a digestion
trial is a long, tedious and costly project.

Since the original work of Henneberg and Stohman, digestion
trigla have been conducted with many and various organic constituents
such as cellulose, lignin, etc., used as indicators in hopes of
finding a reliable, quick method of determining the nutritive value

of various animal feed stuffs, forages in particular,



Attempts have also been tried to develop an accurate method for
determining the feeding and economical value of grasses and legumes in
the form grazed by animals. Although pasture grass is gengrally con=
sidered to be the most economical of livestock feeds, research in this
field has lagged far behind that conducted on other types of feeds.
This is largely due to the lack of a reliable method for estimating
digestibility and rate of consumption under gra,ing conditions.

Because of the selective nature of animals, the digestion coefficient
of a pasture forage consumed under hand-fed digestion trial conditions
probably would be lower than that of the same feed, had it been
selectively grazed (5, p«77)s

The first attempts to develop a short-cut method to determine the
digestibility of feeds were based on the use of an artificial indicator
which ecould be placed in the feed and recovered in the feces.

Hendin of Sweden asbreported by Hamilton (19,pp.119-120) devised
an ingenous method of feeding a known amount of chromic oxide, in the
feed, to animals, assuming that the chromic oxide would pass through
the digestive tract without being absorbed. Hendin believed that if
the chromic oxide were given in a definite amount to animals on con-
stant feed, the concentration of this indicator in the feces would soon
reach a fairly constant level. The digestibility of a particular nutri=-
ent in the feed could then be calculated from the ratic of the nutri-
ent to chromium oxide in the feed given and in the feces excreted. For
example, if the ratio of protein to chromium oxide in the feed were 100
to 1 and in the feces, 30 to 1, it would be evident that 70 parts of the



protein to each 100 consumed had disappeared from the digestive tract.
Thus the digestibility of the protein would be 70 per cent. The weight
of the feed consumed and of the feces excreted would not be needed in
the calculations and theoretically, only one small sample of feces,
taken after several days of chromium feeding, need be collected,

Reid et al. (39, p.1336) developed a formula for determining the
digestibility of a nutrient in feed which can be used with the chromic
oxide ratio technique or any other indicator method, The formula is
as followss

D=100 - 100 8 , b1 yhere
P =
D = digestibility of nutrient expressed in per cent
a = concentration of indicator in feed
b = concentration of indicator in feces
al= per cent of nutrient in feed consumed, and
bl= per cent of nutrient in feces excreted.

The chromic oxide indicator method has received study from many
workers, Anderson (1, p.2Ll) and Edin et al. (11, n0.6773) reported
having good success with this method. Kreula (29, p.270) however
reported having difficulty in recovering all of the chromic oxide fed.
On the average only 97.5 per cent of the chromic oxide consumed was
excreted in the feces, In order to successfully predict the digesti=
bility of any feed or nutrient in a feed, any indicator used must
either pass through the digestive tract of the animal used in the
digestion trial without being absorbed eé be absorbed in a constant,
known percentage., Also, if only one sample of feces is to be collected,

the excretion of the indicator must be uniform throughout the trial.



Kameoka et al. (23, pp.L62-467) carried out a series of four
digestion trials, using goats, to examine the effect of the time of
feed ingestion and kinds of feed on the diurnal variations of chromic
oxide concentration in the fecal excretions. They found that there
was a significant variatién in the concentration of chromic oxide
excreted in the feces, not only from one day to the next, but also
within a day. These results are in agreement with the work of
Kane et al. (27, pp.263-273) who worked with dairy cows and that of
Hardison et al. (20, p.35) and Smith et al. (L6, p.515). They studied
the chromic oxide excretion-time pattern by both grazing and hand-fed
steers. In grazing animals the peak concentration of chromic oxide
in the feces appeared at night, but in hand-fed animals the maximum
values appeared during the day as in Kane's experiment, If this
variation occurs, and there is little doubt that it does, it does not
seem likely that an accurate digestibility determination could be
- obtained, using the chromic oxide concentration found in one fecal
sample as the representative concentration for the duration of the
trial. A composite fecal sample would, therefore, seem necessary.

Bergeim, (3, p.32) one of the first to use inert chemical sub-
stances in digestibility studies, proposed a similar artificial
indicator method using iron oxide, rather than chromic oxide. Iron
oxide or hydroxide was considered a useful key substance for several
reasons, The concentration of iron oxide can easily be determined in
both feed and fecal samples, and it can readily be incorporated with
the feed. Also, it is not absorbed from the intestine in appreciable



amounts and being insoluble to a great extent, it has little
pharmacological action.

- Hale et al. (17, p.390) however, reported that variations in the
amount of iron oxide passing through the digestive tract did appear,
making it unreliable for use in bovine digestibility studies,

Knott et al. (28, p.555) and Moore et al. (37, p.302-303) reported
similar findings.

Heller et al. (21, pp.275-282) reported that iron oxide might
have the power to increase assimilation of food nutrients. In a group
of five trials with rats, using both natural iron in the feed and iron
oxide, it was also found that the iron oxide had a tendency to separe
ate out of the ration, resulting in a poor recovery. Only 82,78 per
cent of the total iron was recovered when both forms were used,
whereas 97.43 per cent was recovered when only the natural occuring
:!.:on was used. From this information they concluded that the use of
the natural occuring iron might be better than the use of iron oxide.

Forbes gt al. (12, pp.373-382) and Swift et al. (L6, pp.L32-Llk)
reported apparent success when they used the so called lignin ratio
method for determining the digestibility of pasture forages and other
feeds, According to this method the digestibility of the feed is
determined from the ratio of lignin in the feed eaten to that in the
feces voided. Ellis et al. (11, p.293) who also studied the lignin
ratio method found that lignin was not digested to any significant
amount. According to Forbes, (13, pp.9=1l) lignin digestion varied

from a negative to plus 71.9 per cent, The work of Crampton et al.



(7, pe337), Kane et al. (2k, pe331), and Hale et al. (17, p.391) also
indicate that lignin cannot be relied on to indicate digestibility
trends in forage studies. The use of methoxy, a fragment of lignin
isolated in lignin studies also proved unsatisfactory.

Skulmowski et al. (L2, col.L715) studied the use of silica in
determining the digestibility coefﬁcients of various feeds. They
reported adequate agreement between their results and those of the
standard total collection procedure. The findings of Druce et al.
(9, pe191) and Gallup et al. (1k, p.893), however, indicate that
approximately 15 per cent of the silica consumed is digested, which
would mean that the amount o;f silica recovered in the feces is too
variable to be of service in digestibility studies. Other workers
including Kane et al. (26) claim that the dust in the air or the
contamination of the feed with dirt interferes seriously with the
results obtained when applying the silica ratio to digestibility
studies. |

In addition to the indicator methods already mentioned, many
others have been tried and tested under different conditions, with
various findings, according to Schneider (4l, pp.1-299). Among these
are the use of fecal nitrogen and forage protein. Others used were
barium sulfate, titanic oxide, and anthraquinone violet., The use of
a dry matter consumption-excretion ratio was also suggested by
Garrigus et al. (15, pp.LL3-508) for use in pasture evaluation studies,

In 1950, Reid et al. (LO, pp.60«Tl) reported on the first in a
series of studies involving the use of chromogen(s), a material or



materials which occur naturally and in a measurable quantity in food

stuifs and can be completely recovered in the feces., The proposed

method of extracting and reading the chromogen(s) was as follows:

1.
2,

3.

L.

Se

6.

Te

Samples were weighed on filter paper, then

Transferred to a 500 ml boro-silicate Waring blender
cup which had been designed to prevent any leakage.

The sample was then combined with 250 to 40O ml 85%
aqﬁeous acetone, and

Mascerate for 3 to 7 minutes, removing the cup and
cooling in an ice~-water bath when necessary.

The sample was then transferred to a Buchner funnel and
filtered by suction through Whatman No. 42 filter paper.
The mascerate was washed with 85% acetone and returned
to the blender, repeating the process two or more times,
depending on thes

a. degree of pigmentation of successive extractions,
b. toughness of material being extracted, and

¢. fineness of masceration of the residue,

The extractions were then made up to a known volume and
a portion of this, sufficiently large enough to prepare
the final dilution, was filtered by gravity through
Whatman No. LO or 42 filter paper. ’

Absorption measurements were then reﬁ at 406 n;i, using
a Beckman spectrophotometer.
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According to well established laws and assuming a minimum of inter-
ference, solutions of similar source, absorbing the same quantity of
light at a given wave length, an isosbestic point, would theoretically
contain equal quantities of the same substance, Therefore, it would
follow that at wave lengths where equal quantities of light were abe
sorbed by the forage and corresponding fecal extracts, disregarding pos=
sible presence of interfering substances, some chromogenic substance(s)
was present in both extracts in the same quantity. The occurrence of
such isosbestic points would indicate a 100 per cent or complete re-
covery of the chromogen(s) in the feces., Woolfolk (50) in fact obtained
an average of 101.2 per cent recovery of chromogen(s) in his study of
the chromogen method. Possible explanations for this might be that the
chromogen(s) is light labile and possibiy more subject to destruction
in the feed extracts than fecal extracts, that not all of the chromo=-
gen(s) vﬁs extracted from the feed or that a slight error was made in
selecting the isosbestic point.

The wave length setting of LO6 mn which was used by Reid et al.
(L0, pp.60~71) and Woolfolk (50) has been accepted as the best isos-
bestic point for making chromogen absorption measurements, Several
other isosbestic points were found, but none gave as great an absorp=-
tion as that obtained at LO6 mp. This same setting gave the highest
degree of absorption in studies of field, oven, and barn dried hays,
silage, and pasture grasses,

The possibility of destruction of chromogenic material due to

storage and light has been studied by several workers. It has
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generally been considered that fecal samples are more labile to light
destruction than feed samples. Reid et al. (LO, pp.60-71) observed
that very little chromogen destruction occurred when extracts were
allowed to sit at room temperature, in the dark, for several days.

He also found that chromogen analyses made at intervals of one month
on the same feces stored at 1 to 59C. were in close agreement. These
findings might indicate that analysis of the samples does not have to
be made on fresh material., Results obtained from more recent studies,
haw;ver, seem to indicate that absorption readings should be made soon
after the chromogen(s) was extracted from the samples,

Lancaster et al. (30, pp.L89-496) studied the chromogen method
with specific reference to the effect of lights, It was found that the
optical density of extracts exposed to light inereased rapidly, the
rate of increase depending on the intensity of light and the time of
exposure. These results would indicate that light should be excluded
both during and after the extraction procedures and that absorption
measurements should be made within six hours of the preparation of the
extracte.

Meyer et al. (36, pp.6L=T75) reported that chromogen extracts
increased in light transmission when extracted in dim light and stored
in the dark. Lofgreen et al. (32, p.268 and 33, pp.l158-1165) exposed
chromogen extracts to 800 footecandles of light for 20 minutes prior
to making absorption measurements. Such standard treatment resulted
in a stable solution which exhibited no change in light transmission
during storage in the dark, However, when they applied the procedure



12

to pasture consumption and utilization studies, the chromogen results
were consistently lower than those obtained by an actual measurement
of feed consumption,.

Woolfolk (50) found that the chromogen(s) responsible for the
absorption at LO6 mp was light labile, but not as readily destroyed as
the chlorophylls and carotene., He also reported that no great destruce
tion oceurred when extracts were allowed to set at room temperature
in the dark for several days, nor was any consistent loss demonstrated
when extracts were stored at 10-59C, in the dark for a period of
several months, Table 1.

Woolfolk (50) did find that ihere was a slightly greater loss of
chremogenié material from extracts of silage and freshly clipped
pasture grasses stored in the same manner. This might be explained by
the greater concentration of the chromogen(s) in the extracts. In
general, he obtained results equally good when he applied the chromoe
gen ratio method to extracts of roughages cured in varioui manners
and to extracts of rations which contained mixed grains. He believed
that since the concentration of chromogen(s) iaa low in the grains,
the error might be low, but another possibility of error might arise

from the presence of interfering substances in the grain residue,



Table 1

Stability of Chromogen(s) Extracts Stored
in the Dark at 10-5°C (Woolfolk, 50,p.76)

Time Chromogen content per gram day matter
(months) Before After
Field cured hay '
(mixed grasses) 11 52,8 51.9
Barn cured hay
(mixed grasses) 10 5549 55eh
Silage
(mixed grasses) 11 107.9 10L.0
Feces=-=sheep 11 189.4 189.4
Feces--cattle 1 110.3 109.6

Cook et al. (6, pe572) obtained a poor recovery of chromogen(s)
from certain plants, especially fhose high in ether extract., Smart
et al. (L3, pe318+321) made a study of the pigments involved in the
chromogen ratio method. A chromatographic separation of the pigments
demonstrated the presence of at least seven pigments in the extracts
of hay and the feces of animals fed this hay., These pigments were
identified as: chlorophyll a, chlorophyll b, pheophytin a, pheophytin b,
luteol, violanthol, and beta carotene. The chromogen extract is essen-
tially a total chloroplast pigment extract or a mixture of the caro-
tenoids and the chlorophylls and their degradation products having a
maximum light absorption in the region of L06 mp. The digestibility
of plant pigmehts has been studied by Davidson (8, p.21l) with the

results shown in Table 2,



Table 2

The Apparent Digestibility of the Various Pigments
Found in Acetone Extracts of Dried Grass

Apparent D;gestibility

Pigment
Carotenoids ' 2=12
Xanthophyll 10«20
Chlorophyll a 81-87
Chlorophyll b T7-82
Pheophytin a 22«52
Pheophytin b «36=17

Irvin et al. (22, pp.5h1-550) separated the various pigments into
three classes based upon their physical and chemical properties. These
classes were carotencids, xanthophyll , and chlorophylls. The
carotenoids are considered unstable, absorbed from the digestive tract
to a certain degree and definitely light labile. The xanthophyll
likewise are unsuitable as they are sensitive to oxygen and acid. The
last class, the chlorophylls, go through a chemical change as they
pass through the digestive tract. The gdstric Juices, especially in
the fourth stomach of the ruminant, replace the magnesium with hydrogen
in the porphyrin ring of the chlorophyll molecule leaving pheophytin,

Although Reid et al. (LO, pp. 60-71) and Woolfolk (50) reported
complete recovery of the chromogen(s) in fecal samples, thus being
able to obtain results that were in close agreement with those of the
conventional digestion trial, other workers did not attain this
apparent success. Smart et al. (Lk, ppe. 1331-1332) recovered only
55 per cent of the chromogenic material in trials using winter leaves

of switchecane, Arundinaria sp. and 82.9 per cent chromogenic recovery
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with spring leaves, These asuthors found that Reid's chromogen method
worked weil only when the principal pigments were the chlorophylls and
their degradation products., Kane et al. (25, p.672) also reported
unsatisfactory results obtained from the chromogen method.

Smart et al. (Lh, pp.1331-1332) studied the use of copper
derivatives of chlorophyll in pigment ratio methods for estimating
forage digestibility. They found that the introduction of copper into
the porphyrin ring of the chlorophylls and pheophytins by treatment
with cupric chloride stabilized these compounds against acid, alkali
and light while at the same time largely destroying the carotenoids.
They compared their modified method with the original method' of
Reid's. In the trial previously mentioned with the use of switchcane,
the recovery of the chromogen(s) was increased from 55 per cent for
winter leaves and 82.9 per cent for the spring leaves by the original
method to 100 per cent for winter leaves and 99.3 per cent for spring
leaves by the copper derivative method. These workers considered that
this modified method might prove more successful than the original
when the forages to be studied contained relatively small amounts of
the chlorophylls and their degradation products.

Because of the varied digestibility of the pigments involved in
the chromogen method, a search was started to find a single pigment
which could be used as an indicator in digestibility studies. It was
reported by Irvin et al. (22, pp.5k1-551) that no pigment exists in
hay which passes unchanged completely through the digestive tract,

One pigment extracted with 80 per cent ethyl alcohol from both hay and
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feces, however, did prove promising enough to warrant further study.
This pigment, which had a maximum light absorption at L15 mp, behaves
spectrally and chromatographically like pheophytin,

Pheophytin, whose isolation, physical and chemical properties
were reported as early as 1928 by Willstatter (L9, p.9), is the first
breakdown product of chlorophyll., It is found to be the most signifie
cant plant pigment found in cow feces. As reported by Smart et al.
(43, pe320) and shown in Table 3, apparently most chlorophyll is
converted to pheophytin in passing through the digestive tract.

Table 3

Relative Amounts of Chlorophyll and Pheophytins
in 85% Aqueous Acetone Elutes from Bands of
Chromatograph Columns (Measured at LO6 mp)

Optical Color Optical Color
density % density %
Fescue Sheep Fescue Sheep Ladino Rabbit Ladino Rabbit
hay feces hay feces hay _feces hay _feces

Ghlorophyll a 1.558 O.hOh ,-‘-106 11.9 00708 Oohoo 230h 11.2
Pheophytin a 0,550 1,500 1h.7 Lh.5 0.709 1.520 26,1 42.6
Pheophytin b 0,630 0,620 16.8 18,4 0,518 0,602 17.1 16.68

After experimentation, Kane et al. (25, p.672), White et al.
(48, p.216), it was found that if plant pigments extracted from freshly
cut forage were treated with saturated oxalic acid, the wave length
for maximum optical density reading was changed from L35 mp
(chlorophyll) to L415 mp (pheophytin), This meant that a method was
made available to duplicate the changes the chlorophyll undergoes in
the digestive tract, and a single pigment would be predominant in both
the feed and fecal extracts. Theoretically this would reduce any
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error due to proportional changes in the amount of f,he various pigments
found in the chromogenic extractions.

Several workers, including Kane et al. (25, p.672) and Chesnutt
(55 ps96) have reported obtaining results with the pheophytin method
which were in very close agreement with the results of conventional
digestion trials, and in some cases in closer agreement than those
obtained by the chromogen(s) method. Bateman et al. (2, pp.1=5)
reporteﬁ very good agreement in twelve of sixteen comparisons with
the conventional and pheophytin methods, the differences ranging from
1.45 per cent to =1.00 per cent., However, in the four remaining
comparisons, the pheophytin method gave results which were from
12,09 per cent to 2L.L5 per cent greater than the conventional method.
This, he explained, might be due to light damage of the fecal samples
from the four comparisons in the last two digestion trials.

The theory behind the pheophytin method does seem promising,
readings being based on a single pigment with the same light trans-
mission peak in both forage and fecal extracts. However, unless
consistently superior to the original chromogen method, it is unlikely
that it will become popular because of the extra steps involved in

preparing the samples for absorption measurements.
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EXPERIMENTAL PROCEDURE

The experimental material used in this study came from a series
of four digestion trials with non-lactating dairy cows. The feeds
used in the first two trials were clipped pasture forages, the first
being an alfalfa-grass mixture and the second a second cutting of
ladino clover-grass mixture. In both of the trials, the forages were
clipped twice daily, once in the morning and once in the evening, to
assure that the cows would have fresh feed, thus reducing the chance
that they might go off feed because of heating of the forage. The
forages used in the third and fourth trials were grass silages. The
silage used in the third trial was preserved with 200 pounds of dried
molasses beet pulp added per ton of forage and the silage used in the
fourth trial was preserved without added preservative. As in the case
of the first two trials, the animals were fed once in the morning and
once in the evening,

An attempt was made to feed each animal the maximum amount of
feed which she would completely consume, This amount was determined
as nearly as possible during the fiveeday preliminary period before
the collection period. However, any refusal that did occur was weighed
and recorded and subtracted from the amount fed. If the refusal
exceeded five pounds, it was saved for examination to determine if it
had been a selective refusal, i.e, coarse stems, or just an excess
which could not be consumed.

The animals used in conducting the trials consicted of one set of

identical Guernsey twins, TX1 and TX2; one set of identical Holstein



19

twins, TQlL and TQ2; one set of non-identical Jersey twins, TSl and TS2;
and a pair of non-related Jersey heifers, TUl and 336. As the purpose
of the trials was to be an evaluation of methods for determining the
dry matter digestibility of the various forages used, the same forage
being fed to all four of the cows making up a single trial, it did not
seem essential that identical twins be used, Had two different fore
ages been used in one trial, the use of identical twins would have a
much greater advantage over the use of unrelated animals or even non-
identical twins.

The major pieces ofv equipment involved in conducting the digestion
trials were the four digestion stalls (5, b.8h) in which the cows were
confined during the collection period., These stalls were constructed
80 that all of the feces and urine excreted would fall onto an endless
belt which was about three feet wide and five feet long. This belt
moved in an uphill motion, one end being about twelve inches higher
than the other, The urine would run to the lower end of the belt by
gravity and drain into a tank while the feces would be carried to the
upper end and dropped into another tank on the opposite side of the
digestion stall., In this manner the feces was kept separate of the
urine. Each digestion stall was constructed in a similar manner,

The samples of feed and feces to be used in the pheophytin method
for determining the dry matter digestibility of the forages were taken
from samples which were collected and sent to the Department of
Agricultural Chemistry, Oregon State College, where a chromogen
analysis and proximate analysis were made of the samples, The results
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obtained from both the pheophytin and chromogen analysis were evaluated
on the basis of a comparison with the proximate analysis or conventional
digestion trial method,

The evening of the first day of the collection period, a sample of
feed was taken from the forage fed each cow, prior to a weighing of
the feed. The four ‘nmplos were combined to form a composite sample,
placed in a plastic sack and stored in a refrigerator overnight. The
- next morning a sample of feed was taken in the same manner, mixed with
the sample taken the previous evening and called the feed of the first
day. It was from this sample that the sample of the first day for the
pheophytin analysis was taken., The rest of the sample was taken to
the Department of Agricultural Chemistry for further analysis as soon
as the fecal samples were obtained.

The feces tanks were emptied md rinsed the first day without
saving any fecal samples., It was not until the morning of the second
day that the feces samples were saved. This lag of one day between
the feed and feces was provided to allow for the forage to pass
through the digestive tract, In this way, it was assumed that the
first samples of feces saved would correspond to the feed of the
first day.

To ensure that a representative sample of feces was obtained,
each morning at least an hour before collection time, ten pounds of
water were added to each feces tank. The feces was then given a
preliminary mixing and allowed to soak until collection time. As soon
as the cows had been fed and the forage samples obtained, the belts
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were stopped., The fecal tank from each cow was weighed and the feces
thoroughly mixed, Samples taken for the pheophytin method were placed
in waxed pint cartons, covered with cardboard lids and stored below
S0°F until processed, If the storage date were to be a week or more,
the samples were put in a pint plastic sack and tightly sealed to
prevent any portion of the sample from being exposed to alr. Samples
were taken at the same time for the chromogen and proximate analyses,
These samples were placed in oneegallon cream cans. Although the feed
samples were composited, the fecal samples were kept separate.

The process of collecting both feed and fecal samples was contine
ued for the next three mornings; whereas on the sixth or last day,
only fecal samples were taken., This completed the collection period,
giving a total of five composite samples of feed and five corresponding
samples of feces from each cow,

 The procedure for determining the pheophytin content of both
forage and fecal samples was basically the same as that outlined by
Chesnutt (5, pp.86-89) with a few modifications which will be
explained in the appropriate section of this thesis.

1., Dry matter determination.

A 50-gram sample of forage or feces was weighed into a tared
beaker on a triple beam balance. The sample and beaker were then
placed in an electric oven, 959C, for at least 48 hours. At the end
of this period of drying or anytime thereafter, usually after all
samples had been dried for the required period of time, the samples
were removed and reweighed, The weight of the dried sample (weight of
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beaker and sample after drying less the tare weight of the beaker) was
multiplied by two (2) to give the percentage of dry matter in the

sample.

2+ Alcohol extraction.

The pigments were extracted from a 1l0-gram sample with a total of
750 ml of 95 per cent ethyl alcohol, A 1l0=gram sample was weighed into
a pint screw-top fruit jar using a triple beam balance. The jars used
were wrapped with black tape to protect the samples from exposure to
light and to reduce the danger of breakage during the masceration
process,

Approximately 150 to 200 ml of the 750 ml of alcohol was added to
the sample. The jar was then screwed onto an Omni-mixer and the
sample was mascerated for seven minutes by a sixeedged cutting blade
which rotated at 14,500 r.p.m. At the end of the seveneminute period,
the sample was filtered by suction through a Buchner runncr using
Whatman No. 42 filter paper. The filtrate was collected in a Leliter
filter flask. After the filtration was completed, the residue and the
filter paper were returned to the mixing jar, combined with a second
150200 ml of aleohol and mascerated at the same speed for three
minutes. Again the sample was filtered, combined with a third 150-200
ml of alcohol and mascerated in the same manner for one minute and
refiltered. The remaining portion of the 750 ml of alcohol was used
to rinse the equipment, then it was poured over the residue in the
Buchner funnel. A technique of making the filtrate up to a knowm

volume might assure more accurate results, rather than assuming that
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all .of the 750 ml of alcohol used in the extraction process is
recovered, since a certain amount of the alcohol is absorbed by the
~residue,

The three maxceration periods of seven, three, and one minute,
using 750 ml of alcohol, (5, p.87) appeared to be adequate for all
samples, both forage and feces, with both the pasture and silage
digestion trials, as long as a lO-gram sample was used, This was
evident by the lack of color in the residue and the last portion of
the filtrate which passed through the funnel. However, when the size
of the sample was increased from 10 to 20 grams, a preliminary study
was made to determine how completely the pigments were being extracted.
To perform this study, two different 20«gram samples of silage from
the same day were extracted with the same amount of alcohol but mase
cerated for a different period of time. These extracts were then each
diluted in the same manner and the amount of light which was transe
mitted at 415 mp was determined by means of a spectrophotometer.

After the final extraction and filtration were completed, the residue
of each sample usually discarded, was combined with an additional

150 ml of alcohol, mascerated for seven minutes and filtered through a
Buchner funnel as before, but into a clean filter flask, The residue
was rinsed as before with 100 ml of alcohol. After the filtration was
complete, an aliquot of the filtrate was refiltered by gravity and read
in a spectrophotometer. Any absorption of light was assumed to have
been done by pigments which had not been extracted from the nﬁplo in
the normal extraction time., The results of this study, Table L,
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indicate there was as much variation between two samples of the same
feed extracted for the same time as there was between two samples of
the same feed extracted for different periods of time. Poor agreement
between duplications of the same sample is usually caused by an income
plete recovery of the pigments during the filtering process which
takes place after the pigments have been oxalated. This problem is
discussed in the section on the oxalation of the pigments. Since a
loss of pigments would result in an increase in the amount of light
transmitted by a solution, the lower transmission reading would be
assumed more representative of the sample from which it had been
extracted,

Table 4

The Effect of Masceration Time on the Pigment Extraction
from 20-Gram Silage Samples Using 95% Ethyl Alecohol

Day of Masceration Transmission % Transmission
collection v time b3 {additional
(third trial) (minutes) (duplicates) extraction)
2 7;3)1 i 7506 -
2 73351 5643 89.2
59.7
3 7;5.3)1 59!8 8909
62.0
3 7;7,7.7 720h 92.2
60.8
5 7,5’3)1 56.8 93-0
5 T5757,7 52,6 87.2
51.8

3+ Ether extraction.
After the pigments were extracted in alcohol, a 100 ml portion
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was combined with 100 ml of NaCl, 4% w/v. Chesnutt (5, p.87) proposed
that a 50 ml portion of fecal extract be combined with 150 ml of the
4% NaCl because of the greater concentration of pigments in the feces.
On a dry basis there is definitely a greater concentration of pigments
in the feces as a result of the absorption of the digestible nutrients
as the forage passes through the digestive tract of the cow. However,
since the percentage of dry matter in the feces is about one-half of
that in the forage in the four digestion trials used in this study,
the amount of pigment extracted from the same size sample, wet basis,
was about the same for both fecal and forage samples.

Fifty ml of the combined alcohol extract-salt solution was transe
ferred to a 150 ml separatory funnel where it was extracted with 50 ml
of petroleum ether in five 10 ml portions. The first 10 ml of petro-
leum ether was combined with the 50 ml extract and shaken thoroughly
then allowed to stand until a clear line of separation was formed,

The lower layer was then drained out and combined with a second 10 ml
of petroleum ether. The top layer which contained a major portion of
the pigments was then poured inteo a 38 X 200 mm rimless culture tube
to which 10 ml of 95 per cent ethyl alcohol had been added. Each
successive portion of petroleum ether was added and the extracted
pigment saved in the same manner. After the last extraction, only a
faint yellow color remained in the alcohole-salt solution extract. A
second 50 ml portion of the alcohol extract-salt was combined with
another 50 ml of petroleum ether and extracted in the same manner as a
check or duplication,



The purpose of the ether extraction is to remove certain none
pigmented materials such as proteins which have been alcohol extracted
from the samples along with the pigments. The addition of the neutral
salt, NaCl, changes the solubility of these compounds (48, p.15Lk), and
they settle into the heavier layer. The majority of the pigments,
being more soluble in the petroleum ether, can thus be extracted in a
relatively pure state, According to Gortner (16, p.8L48) chlorophyll b
is insoluble in cold petroleum ether. This might suggest that
chlorophyll b would not be extracted with the rest of the pigments in
the petroleum ether, However, even when extreme caution was taken to
separate all of the salt-alcohol solution from the petroleum ether, it
was impossible to recover the complete 50 ml of salt and alcohol added.
In most cases, only about 49 ml were recovered, If the one ml which
was lost, probably alcohol, were absorbed into the petroleum ether,
which is highly possible, the extracting solvent would be approxi=-
mately 2 per cent ethyl alcohol, not pure petrolesum ether, Since
chlorophyll b is soluble in a 1 per cent solution of n-propancl in
petroleun ether, it is possible that it would be soluble in the
2 per cent ethanol solution. Since a study of the pigments involved
in the pheophytin method indicates that chlorophyll b is present, it
must be extracted at least in part with the rest of the pigments.

L. Concentration of pigments.
The culture tube, containing the 50 ml of petroleum ether, 10 ml
of alcohol and the extracted pigments, was next placed in a water bath

at 659C, where the petroleum ether was evaporated, thus concentrating
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the pigments into the 10 ml of aleohol. As a precaution against
bumping, two small glass beads were added to each culture tube and the
tube shaken until a steady boiling was attained. The complete
evaporation of the petroleum ether took about 15 to 20 minutes,

5. Oxalation of pigments,

As soon as the evaporation of the petroleum ether was completed,
the culture tube was removed from the water bath. Two ml of saturated
oxalic acid were added to the concentrated pigments, and the tube was
shaken and allowed to stand until the oxalation reaction was completed.
In the case of a green forage, a definite color change from green to
yellow appeared. In the case of silage and fecal extracts, no color
change could be noticed. The next step after the oxalation was to
remove the magnesium oxalate. This was accomplished by filtering the
oxalated pigments by gravity through Whatman No. L2 filter paper into
a 25 ml volumetric flask., The additional alcohol required to make the
pigments up to a volume of 25 ml was used to rinse the filter p