
tein components, degree of resolution, 
and presence of new components. This 
approach could be of greater usefulness 
if means were developed for greatly in- 
creasing the solubility of protein com- 
ponents in meals subjected to heat 
damage during processing. 
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DIGESTIBILITY OF FORAGES 

Pigments Involved in the Chromogen(s) Ratio Method 
WILLIAM W. G. SMART, JR., FRANK W. SHERWOOD, 
GENNARD MATRONE, and GEORGE H. WISE 
Animal Nutrition Section, Department of Animal Industry, 
North Carolina Agricultural Experiment Station, Raleigh, N. C. 

Although information as to the identity of the pigment or pigments i s  not essential to 
employment of the “chromogen(s)” ratio method, knowledge of its properties could lead 
to improvements in the ratio technique. The purpose of this study was to determine the 
identities of the pigments involved and to obtain further evidence of validity of the chromo- 
genic method. The pigments contained in the chromogen mixture used as an indicator of 
digestibiliiy were isolated and identified. Spectral absorption curves of the 85% aqueous 
acetone extracts from forage and feces displayed absorption maxima indicative of chloro- 
phylls or their degradation products. Cold saponification of these acetone extracts 
demonstrated the presence of both chlorophyll products and carotenoids. Chromato- 
graphic separation of the pigments demonstrated the presence of at least seven pigments 
in the chromogen extract from hay and feces of animals fed this hay: chlorophyll a, 
chlorophyll b, pheophytin a, pheophytin b, luteol, violaxanthol, and @-carotene. The 
chromogen(s) involved in the chromogen ratio method for determining digestibility of for- 
ages is  essentially a total chloroplast pigment extract. Changes in the chemical structure 
of these compounds on passage through the digestive tract have little effect on the light 
absorption of the mixture of pigments at the isosbestic point at 406 mp. 

COMPARATIVELY SIMPLE CHEMICAL digestibility of the forage. Based on ex- its identity was unknown. Although in- A METHOD for estimating consump- periments in which data from conven- formation as to the chemical identity 
tion and digestibility of forages by ani- tional digestion trials were used as the of the pigment or pigments is not essen- 
mals (7) is based on the principle that standard, Reid et al. proposed that an tial to the employment of this procedure, 
nonabsorbable material in a forage may 857,  acetone-water extract of forage a knowledge of their properties may lead 
be used as a marker and that its concen- contains a natural marker. This marker to improvements in the ratio technique. 
tration in the feces is proportional to the was labeled “chromogen(s)” (7), because In view of the recognized abundance 
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Figure 1 .  Spectral absorption curves of hydrochloric acid fractions extracted 
from an ether solution of pigments transferred from an aqueous acetone extract 
of the feces of a rabbit fed Ladino clover 

of chloroplast pigments in the vegeta- 
tive parts of plants, it was logical to as- 
sume that the chromogen(s) extracted 
from pasture forages and from feces is re- 
lated to these pigments. The principal 
chloroplast pigments in all green vegeta- 
tive tissues are chlorophyll a, chloro- 
phyll b, luteol, and p-carotene (5, 7 7 ) .  
all of which absorb light in the region of 
406 mp. Chlorophylls are extracted most 
efficiently from plant tissue by acetone 
containing 15% water by volume (IZ), 
the mixture employed to remove chromo- 
gen(s) (7). Carotenoids also are soluble 
in this water-acetone mixture. 

In the passage of chlorophylls through 
the digestive tract of the animal, magne- 
sium may be lost, resulting in the forma- 
tion of phytins. These in turn may lose 
the phytol group and become phorbides 
(2. 3, 8-70). No further degradation of 
the chlorophyll molecule in the alimen- 
tary canal Ivas indicated in the reports 
reviewed. 

Information on the idrntity of the 
plant constituent(s) in the chromogen(s) 
of forage and of feces should provide a 
basis for improving the empirical method 
(7) and an insight for circumscribing rhe 
area of its application. 

Procedure and Results 
Experimental materials were samples 

of forages and of feces collected from di- 
gestion trials \vith rabbits and sheep, 
Oven-dried clippings of Ladino clover 
(Trvol ium repens latum), orchard grass 
(Dactylis glomerata), fescue grass (Festuca 
rlatior arundinacea), and various combina- 
tions of these forages Tvere used in the 
rabbit digestion trials, whei-eas soybean 
(SoJa max var. Ogden) and fescue hays 
were used in the sheep trials. Aqueous 
acetone extracts of the forages and of thr 

fecal samples jvere made according to 
procedures of Reid et  al .  ( 7 )  and subse- 
quently subjected to various separation 
and identification procedures (saponifica- 
tion, hydrochloric acid fractionation, and 
chromatographic analysis). All spectro- 
photometric measurements were made 
on a Beckman Model D spectrophotom- 
eter using quartz cells having a 1-cm. 
path length. 

Spectral absorp- Absorption Spectra tion curves for Of Acetone Extracts aqueous acetone 

extracts were studied over a range from 
380 to 700 mp in order to include the 
secondary maxima and the t\vo primary 
maxima of chlorophyll products. The 
absorption curves of all the aqueous ace- 
tone extracts from the sheep and the rab- 
bit digestion trials Lvere similar. All ex- 
tracts from dried forages and feces exhib- 
ited two principal maxima, one in the 
blue region from 410 to 430 mp and the 
other in the red region betlveen 660 and 
670 mp. In contrast, extracts from fresh 
forages exhibited a sharp maximum in 
the blue region at  430 mp and one in the 
red region at 660 mp, indicating the 
presence of chlorophyll degradation 

products in dried forage and feces. The 
three secondary maxima, \vhich have 
been reported between 500 and 620 mp 
(7 ,  6 ) ,  were not apparent in the dilutions 
of extracts which \vere most convenient 
for making readings at the isosbestic 
point (7 ) ,  but in more concentrated solu- 
tions three lesser maxima at  approxi- 
mately 505, 535, and 610 mp became 
evident. The location of the maxima, 
both primary and secondary, in all the 
extracts indicates that either chlorophyll 
or closely related products is a part of the 
chromogen(s). 

Because chromogen(s) Saponification of the aqueous acetone Separation extracts may contain 
carotenoids, this class of pigments was 
separated from chlorophylls and related 
compounds by saponification (72) .  In 
this process, the pigments of the aqueous 
acetone extracts underwent changes 
characteristic of the phase test for chloro- 
phyll. The yellow ether solutions of the 
unsaponifiable fractions from forage and 
feces absorbed light between 380 and 500 
mp, having peaks between 400 and 450 
mp. There was no light absorption be- 
yond 500 my. These characteristics are 
indicative of the presence of carotenoids. 

For comparison the total pigment con- 
tent of aliquots of the aqueous acetone 
extracts of forages and feces was trans- 
ferred to ether. Aliquots of the aqueous 
acetone extracts Jvere diluted with water 
and shaken ivith successive portions of 
diethyl ether until all visible color had 
been removed. The ether solutions of 
the pigments \vere Lvashed with water 
and made up to volumes equal to those 
of the original aqueous acetone extracts. 
Similarly, the volumes of the ether solu- 
tions of the unsaponifiable fractions were 
adjusted to equal those of the aqueous 
acetone extracts from \vhich they had 
been prepared. Optical density read- 
ings on these solutions showed that the 
unsaponifiable fraction accounted for 
approximately 20 to 25% of the total 
light absorbed at 406 mp. 

As the previous Hydrochloric Acid studies indicated 

that chlorophyll Fractionation of 
Extracted Pigments products were the 
predominant pigments present, the ex- 

Table 1. Hydrochloric Acid Fractions of Aqueous Acetone Extracts of 
Pigments from Sheep Digestion Trials 

HCI Optical Densify Proportion o f  Total 

% HQY Feces Hay, % Feces, % 
5 0.008 0 , 0 0 9  0 . 3  0 . 4  

10 0 ,045  0.041 1 . 7  1 . 7  
25 0.188 0 .184  7 . 3  7 . 7  
37 1.800 1 , 6 9 0  7 0 . 5  71 . 2  

Remaining in ether 0.517 0 , 4 5 0  2 0 . 2  1 9 . 0  

at 406 ml.c l i g h t  Absorpfion Concenfrofion, 



Table II. Identity of Pigments Isolated from Chromatograms of 85% Acetone 
Water Extracts from Fescue Hay 

Band Absorpfion Maxima,  m p  
No. Color Observeda Reportedb Pigmenf 

1 Green . . . . .  . . . . .  Unresolved mixture 
2 Red 438-655 438-655 Pheophytin b 
3 Olive-green 410-665 410-665 Pheophytin a 
4 Green 430-660 429-660 Chlorophyll a 
5 Orange-yellow 41 5-442-472 41 7-442-472 Violaxanthol 
6 Yellow 420-442-472 420-447 472 Luteol 
7 Yellow 450-476 449-478 6-Carotene 

a In diethyl ether. 
* Maxima reported for chlorophylls and pheophytins (73) and for carotenoids ( 5 ) .  

tracts transferred to ether were subjected 
to hydrochloric acid fractionation 
(2, 72) in order to gain information on 
the changes in pigment that take place 
in passage through the digestive tract. 
Hydrochloric acid fractionations were 
made on the feces of rabbits and sheep 
and on the corresponding forages fed 
to the sheep. 

Typical absorption curves for hydro- 
chloric acid fractionation of an extract 
of feces from a rabbit fed Ladino clover 
are shown in Figure 1. For each concen- 
tration of acid used, the proportion of 
pigments removed from fecal samples 
from rabbits was similar for all forages 
fed (orchard grass, fescue grass, and 
Ladino clover). The largest proportion 
of the pigments was extracted with 37y0 
hydrochloric acid and decreasing 
amounts with 25y0 hydrochloric acid 
and 10% hydrochloric acid, but none by 
570 hydrochloric acid. .4ccording to 
Willstatter (72) the 377,  hydrochloric 
acid fraction should contain only the 
pheophytins; the 25%, the phorbides; 
the 1070, the chlorines; and the 5%, the 
products originating from hemoglobin or 
bile. 

The hydrochloric acid fractionation 
procedure also was applied to ether solu- 
tions of the pigments in aqueous acetone 
extracts of soybean hays and of feces 
from sheep fed these hays. The relative 
distribution of the pigments in the vari- 
ous fractions, as measured by light ab- 
sorption at 406 mp, is shown in Table I 
for a soybean hay and a fecal sample. 
These results are typical of all obtained 
from the sheep digestion trials. 

About 80% of the substances absorbing 
light a t  406 mp were found in the hydro- 
chloric acid fractions, the remainder 
being insoluble in any concentration of 
hydrochloric acid. The pigments con- 
tained in the 377, hydrochloric acid 
fraction (pheophytins) accounted for 
about 70% of the total light absorption 
at  406 mp; the 25y0 hydrochloric acid 
fraction (pheophorbides), for approxi- 
mately 8%; and the 10% and 5% 
hydrochloric acid fractions together, for 
about 2%. 

The similarity between the results 
from the feed and the feces indicated that 
only slight degradation of the chloro- 
phyll products in the artificially dried 
hay tookplace during passage through the 
alimentary tract of either sheep or rab- 
bits, a t  least in respect to light absorption 
at  the isosbestic point. 

As the data from Chromatographic the saponification Separation of experiments and 
Extracted Pigments the hvdrochloric 
acid fractionations indicated that the 
pigments of aqueous acetone extracts are 
a mixture consisting of chlorophylls and 
their degradation products and of carot- 
enoids, the next step was to isolate and 
identify the individual pigments com- 
prising the mixture. In view of the possi- 
bility that the pigments from previous 
experimental samples might have under- 
gone some changes in storage, fresh 
samples from a digestion trial with sheep 
fed fescue hay were used. Chromato- 
graphic separations also were made on 
samples of fresh fescue from grazing 
paddocks and on feces from sheep graz- 
ing thereon. 

Because chromatographic separation of 
plant pigments in polar aqueous acetone 
extracts was unsatisfactory, the pigments 
of these extracts were transferred to di- 

ethyl ether for subsequent chromato- 
graphic separation. Magnesium oxide 
(adsorptive powdered magnesia No. 
2641, Westvaco Chemical Corp.) mixed 
with an equal weight of Supercel effected 
good resolution with ether extracts of 
either feed or fecal samples. Ether solu- 
tions of the pigments in either hay or fecal 
extracts were resolved into seven bands 
(see Table 11). 

The magnesia columns were removed 
intact from their glass containers; the 
individual bands were mechanically 
separated, and each band was eluted 
from the magnesia by aqueous acetone, 
transferred to ether, and rechromato- 
graphed on a magnesium oxide column 
until only a single band was obtained. 
The identification of the pigments was 
based on the similarity of the observed 
spectral absorption curves to those re- 
ported for the carotenoids (4)  and for the 
chlorophyll derivatives (73). When 
fresh fescue grass was used instead of 
fescue hay, only five bands were ob- 
served. Bands 2 and 3 (Table 11) \vere 
absent. 

The presence of chlorophyll b, which 
has absorption spectra maxima at  452 
and 642 mp (73), was demonstrated only 
by washing the column with diethyl 
ether containing 5% acetone. The new 
pigment band was observed between 
what had formerly been designated as 
bands 2 and 3. The pigment had ab- 
sorption maxima identical with those re- 
ported for chlorophyll b. 

Even though data from isolation and 
spectral identification of chromato- 
graphic bands were limited to fescue, the 
seven bands from extracts of dried 
Ladino clover, orchard grass, and soy- 
bean hay appeared to be similar to those 
for fescue. 

Attempts were made to separate and 
to measure the relative contribution of 
each pigment to the total light absorp- 
tion at  406 mp by determining optical 
densities of solutions of the seven eluted 
bands. The results from one rabbit 
digestion trial, in which the animal was 
fed dried Ladino clover, and from one 

Table 111. Relative Amounts of Pigments in 85% Aqueous Acetone Eluates 
from Bands of Chromatograph Columns 

(As measured by opficol densify a t  406 mp) 

Pigmenf 

Carotene 
Luteol 
Violaxanthol 
Chlorophyll a 
Pheophytin a 
Pheophytin b 
Unresolved mixture 

Opfical DensityD 
Fescue Sheep 

hay feces 

0.069 0.093 
0.438 0.518 
0.268 0.100 
1.558 0.404 
0.550 1.500 
0.630 0.620 
0.230 0.135 

% COlOP 
Fescue Sheep 

hay feces 

1 . 8  2 . 7  
11.7 15 .3  
7 .1  2.9 

41.6 11.9 
14.7 44.5 
16.8 18.4 
6 .1  4 . 0  

Opfical Densify" 
Ladino Rabbit 

hay feces 

0.120 0.193 
0.600 0.618 
0.093 0.100 
0.708 0.400 
0 .709  1.520 
0.518 0.602 
0.190 0,135 

a Optical density determined at 406 m,u in aqueous acetone. 
6 yo color = yo of total light absorption at 406 m,u. 

% C O l O P  

ladino Rabbit 
hay feces 

3.9  5 . 4  
19.8 17 .3  
3.0 2 . 8  

23.4 11.2 
26.1 42.6 
17.1 16.8 
6 . 2  3 . 7  
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sheep digestion trial, in which the animal 
\vas fed a diet of fescue hay, are shown 
in Table 111. 

The results of the chromatographic 
separations indicate that the chromo- 
gen(s) is a mixture of a t  least seven pig- 
ments, chlorophylls a and b, pheophy- 
tins a and b, and three carotenoids, 

Discussion 

Aqueous acetone extracts of forages 
contain a mixture of the chdoroplast pig- 
ments. The principal ones in the ex- 
tracts studied include chlorophyll a ,  
chlorophyll b, pheophytin a, pheophytin 
b, @-carotene, luteol, and violaxanthol. 
The chlorophylls and/or t:heir degrada- 
tion products account for approximately 
two thirds to four fifths of the light ab- 
sorption at  406 mp and the carotenoids, 
approximately one fifth to one third. 

Chromatographic adsorption on mag- 
nesium oxide under the conditions used 
did not separate chlorophyll b as a dis- 
tinct band. The presence of this pig- 
ment was demonstrated in only a few 
extracts, but it probably was present in 
all, since chlorophyll b is the second 
most abundant pigment in the chloro- 
plasts of higher plants (5). 

The separation and identification proc- 
esses used did not reveal the presence of 
either a true chromogen or any pigments 
that did not originate from plant chloro- 
plastids. These studies indicated the 
presence of five major pigments in fresh 
fescue. In artificially dried fescue the 
chlorophylls were partially converted to 
pheophytins, and on passage through the 
digestive tracts of animals a further con- 
version of chlorophylls to pheophytins 
took place. 

The intensity of light absorption at  all 
chlorophyll maxima is altered, except a t  
the principal maximum in the blue region 
a t  430 mp, as the chlorophylls are de- 
graded to phytins and phorbides. As 
the chlorophyll molecule is degraded, this 
maximum a t  430 mp is shifted slightly 
toivard the shorter wave lengths but 
without marked changes in intensity of 
light absorption ( 7 ,  6). 

In  all forages tested, there was an ap- 
preciable proportion of chlorophyll a con- 
verted to pheophytin a in the digestive 
tracts of animals (Table 111). The 
chlorophylls apparently are sufficiently 
stable so that the changes that occur in 
the alimentary tract do not affect the 
part of the molecule that is involved in 
the absorption of light a t  the isosbestic 
point of 406 mp. 

This point for both the sheep and the 
rabbit digestion trials varied from 390 to 
425 mp. The true isosbestic point in any 
digestion trial apparently is, dependent 
upon the amount of conversion of the 
chlorophylls to pheophytins and upon 
the amount of carotenoids present. 
Thus, the establishment of an isosbestic 

point for each type of forage and for each 
species of animal probably would reduce 
the discrepancy between digestibility 
coefficients determined by the chromo- 
gen(s) method and those obtained by the 
conventional methods. 

The lability of the chromogen(s) to 
light is probably one of the more serious 
disadvantages of this method. Chloro- 
phylls are easily photo-oxidized. The 
carotenoids are also light-labile in pure 
solutions but are more labile in the pres- 
ence of chlorophylls (5). 

The hydrochloric acid fractionation 
indicated that the chromogen(s) ex- 
tracted from the feces of either rabbits or 
sheep contained pheophorbides, but the 
chromatographic isolation of pigments 
did not substantiate this observation. If 
pheophorbides were present, they prob- 
ably were contained in band 1 (un- 
resolved mixture) in tract amounts. This 
observation indicates that a further 
change in the chlorophyll pigments oc- 
curs during hydrochloric acid fractiona- 
tion. 

There were differences in the results 
obtained from rabbits and those ob- 
tained from sheep when hydrochloric 
acid fractionation was used. ‘iYith both 
species of animals the 377, hydrochloric 
acid fraction contained the largest 
amount of pigment. but the 257, and 
10% hydrochloric acid fractions from 
the feces of rabbits contained more of the 
pigment than did those from the feces of 
sheep. It is not known whether these 
differences were due to a difference in 
hays fed the animals or to differences be- 
tween species of animals. 

The 5% hydrochloric acid extract, 
which should contain any pigments that 
originate from bile or hemoglobin ( Z ) ,  
did not remove any of the color from 
ethereal solutions of aqueous acetone ex- 
tracts from the feces of either rabbits 
or sheep. The absence of color in this 
fraction as well as the failure to obtain 
nonchloroplast pigments in the chro- 
matographic separations is evidence that 
pigments of animal origin do not inter- 
fere with the chromogen(s) method. 

Summary 

The spectral absorption curves of 
acetone-water extracts of Ladino clover, 
orchard grass, fescue grass, and soybean 
hay and feces of rabbits and sheep fed 
these forages displayed absorption max- 
ima indicative of chlorophylls and of 
chlorophyll degradation products. The 
principal maxima were in the blue region 
of the spectrum (410 to 430 mp) and in 
the red region (660 mp). 

Cold saponification with alcoholic 
potassium hydroxide followed by extrac- 
tion with ether, and fractionation with 
successively increasing concentrations of 
hydrochloric acid showed that the aque- 
ous acetone extracts of forages and of feces 

contained both carotenoids and chloro- 
phylls or their degradation products or a 
combination. 

Chlorophyll a, chlorophyll b, luteol. 
violaxanthol, and 0-carotene were iso- 
lated from aqueous acetone extracts of 
fresh fescue. In  addition to these five 
pigments, samples of the artificially 
dried fescue hays and of the feces con- 
tained two additional pigments, pheo- 
phytins a and b. 

The chromogen(s) involved in the 
chromogen-ratio method for determining 
digestibility of forages is principally a 
mixture of carotenoids, the chlorophylls, 
and the pheophytins. Changes in the 
chemical structure of these compounds on 
passage through the digestive tract have 
little effect on the light absorption of the 
mixture of pigments a t  the isosbestic 
point of 406 mp. 

This study indicates that the chrorno- 
gen(s) ratio technique is applicable only 
where diets contain sufficient amounts 
of the chloroplast pigments. 
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