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Extractability and Solubility of Leaf Protein 

Antoinette Betschart*l and John E. Kinsella 

A laboratory-scale extraction method was devel- 
oped which maximized the extraction of leaf pro- 
tein while minimizing the possibility of denatur- 
ation. The method consisted of homogenizing 
leaves in a micromill at 6" with 0.1 A4 Tris buff- 
er, pH 7.4 containing 0.5 M sucrose, 7.5 m M  
ascorbic acid, 6.6 m M  cysteine-HC1, and 14.2 
m M  mercaptoethanol. Protein (TCA insoluble) 
nitrogen equivalent to 60.8% of total leaf nitrogen 

was extracted from alfalfa leaves by this method. 
The protein content of cowpea, peanut, and soy- 
bean leaves was also investigated. The solubility 
of total and protein nitrogen of soybean leaf ex- 
tracts was studied as a function of pH. Both the 
total and protein nitrogen were most soluble a t  
pH 2.0 and 6.0 and above. Minimum solubility 
occurred between pH 3.2 and 3.7. 

The inadequate supply of good quality protein for 
human consumption poses one of the major challenges of 
this era (Autret, 1970; Pirie, 1972). Leaf protein affords 
good potsnti.al as a protein supplement (Kinsella, 1970; 
Pirie, 1970). The quantity of leaf materials which can be 
ingested by humans is limited due to the presence of fiber 
and toxic substances. To facilitate the consumption of leaf 
protein it must be extracted, thoroughly washed, and con- 
centrated. The nutritive value, high yields, and simplicity 
of extraction and preparation suggest that  leaf protein can 
be an effective and feasible source of proteins for humans 
(Lexander et al., 1970; Oelschlegel et ~ l . ,  1969; Stahmann, 
1968). Several large scale processes have been developed 
for the extraction of leaf protein (Chayen et ~ l . ,  1961; 
Hollo and Koch, 1971; Knuckles et al. ,  1971; Kohler and 
Bickoff, 1971; Firie, 1971). These processes extract from 
35 to 80% of the total leaf protein. 

The extractability of leaf protein is influenced by a 
multitude of factors. Since cell walls and chloroplasts 
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must be disrupted to extract the proteins effectively, the 
influence of the various factors is undoubtedly dependent 
upon their ability to disintegrate these cellular and sub- 
cellular membranes. A variety of the methods used to 
rupture cell walls have been reviewed by Stahmann 
(1963). Some of the factors which have been reported to 
influence the extraction of leaf proteins are: leaf species 
and stage of maturity (Boyd, 1968; Chayen et al., 1961); 
the presence of mucilagenous material (Nazir and Shah, 
1966); postharvest treatment (Huang et al., 1971); pH and 
composition of the extractant, flotation ratios, and extrac- 
tion time and temperature (Lu and Kinsella, 1972; Nazir 
and Shah, 1966; Poppe et al., 1970). In general, higher 
protein yields are obtained by extracting tender leaves 
shortly after harvest in an alkaline medium. 

The presence of endogenous proteolytic and oxidative 
enzymes in leaf extracts may partially impair the recovery 
of protein. Phenoloxidase and peroxidase catalyze the re- 
duction of o-diphenols to quinones. The latter, in the 
presence of oxygen, polymerize and complex with the pro- 
tein, thus impairirig the solubility and digestibility of the 
protein (Horigome and Kandatsu, 1966; Loomis and Bat- 
taile, 1966; Stahmann, 1963). The formation of these com- 
plexes is hindered by extracting the leaves in the presence 
of reducing agents and by removing the phenolic sub- 
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stances with polyvinylpyrrolidone (PVP) (Anderson and 
Rowan, 1967; Loomis and Battaile, 1966). 

The yield of total extractable protein has been a major 
objective in leaf protein investigations (Boyd, 1968; Lex- 
ander et al., 1970; Oelschlegel et al.,  1969). Less impor- 
tance has been placed upon the possible deleterious ef- 
fects of an extraction process on the native protein struc- 
ture and subsequent functional properties which are im- 
portant in food applications. The present study was 
undertaken to develop a procedure to maximize the ex- 
traction of leaf protein while attempting to minimize de- 
naturation, determine the protein extractability of a lim- 
ited number of species using the method developed, and 
examine the solubility of the leaf protein extracts a t  vari- 
ous pH values. 

EXPERIMENTAL SECTIOS 
Leaf Material. Alfalfa (Medicago sativa L., Saranac) 

and soybean (Glyc ine  m a x .  L., Hark) leaves were obtained 
from field plots in nearby Caldwell Field (Cornel1 Univer- 
sity). The harvested leaves were immediately brought to 
the laboratory, individually removed from the stem, 
cleaned by removing extraneous material with paper 
towels, and extracted within 2 hr after harvest. Some 
samples were freeze-dried a t  shelf temperatures of T7" and 
stored until use ai -30". 

The alfalfa plaints were prebloom or early bloom, from 
the first and second cuttings, and 30 to 50 cm in height. 
The alfalfa samples (Medicago satiua L., Saranac, Mark 
11, and Multileaf) which were used to compare varietal in- 
fluence were first cutting, prebloom, and 40 to 60 cm in 
height. The soybean leaves were lush and tender, bean 
pods were small and immature, and the plants were 50 to 
60 cm tall. The peanut (Arachis hypogaea L.) plants were 
in bloom when the leaves were harvested. The leaves of 
the cowpea (Vigna sinensis, Savi) were tender and the 
plants were from 30 to 40 cm in height. 

Factors Influencing Leaf Protein Extractability. Sev- 
eral factors which affected the extractability and subse- 
quent yield of protein were evaluated. The conditions 
under which the individual parameters were tested are 
described below. Unless otherwise specified, the extrac- 
tion procedure wils that  of the method which was adopted 
(Figure 1). 

p H .  Duplicate 5-g samples of fresh soybean leaves were 
extracted in a Waring Blendor with p F  adjusted distilled 
deionized water a t  pH values ranging from 1.0 to 12.0. 
Appropriate quantities of 1 N HCl and 1 N NaOH were 
used to adjust tjhe pH. The final volume of the extract 
was 50 ml. Total soluble nitrogen and trichloracetic acid 

HOMOGENIZE WITH 15 ml. IN MICROMILL 
0.1 M .  TRlS BUFFER, pH 7 4,  4OC. 

\';,I ~~c~ ii cMA :Lc 
6.6 m M .  CYSTEINE HCI, 
14.2 mM. MERCAPTOETHANOL 

I I 
SUPERNATANT I 

(TOTAL NITROGEN) LRESIDUE I I 
PRECIPITATE WITH 4 ° C  
10% TCA ( w / v ] .  
STORE 2 HRS. 4 - C .  
CENTRIFUGE 1 0 . 0 0 0 x a .  
O'C, IO M I N .  

Figure 1. Extraction procedure which gave opt imum yields Of 
leaf protein. 

(TCA)-insoluble nitrogen were determined by the mic- 
roKjeldahl method (McKenzie and Wallace, 1954). 

Nature  of Maceration and Extrac tant .  The quantity of 
protein (TCA insoluble nitrogen X 6.25) extracted by var- 
ious methods of maceration was evaluated. Those meth- 
ods studied were the mortar and pestle, Waring Blendor, 
Waring Blendor with a stainless steel attachment, and a 
micromill (Chemical Rubber Co., Cleveland, Ohio). In 
addition, several different aqueous extracting media were 
explored. Those extractants which were most effective 
were compared, using the above methods of maceration 
(Table I). 

Sample  Size,  Freeze Drying, and p H .  The extraction 
procedure and extractant, i.e., 0.1 M Tris buffer system, 
were those of the adopted method. Fresh 5 and 10-g sam- 
ples of alfalfa leaves were extracted with 15 and 30 ml of 
buffer, respectively. Freeze-dried alfalfa leaf samples 
equivalent to 10 g fresh weight were also extracted with 30 
ml. The influence of pH was observed by adjusting the pH 
of the 0.1 M Tris buffer system to 6.7, 7.0, 7 . 5 ,  8.0, and 
8.5 with 1 N N a O H  or 1 NHCl.  

Method of Extraction. As a result of several prelimi- 
nary tests, the extraction procedure outlined in Figure 1 
was adopted. The samples were macerated in a micromill. 
Briefly, the micromill is a laboratory-scale apparatus 
which can homogenize samples of from 20 to 50 ml in size. 
The stainless steel grinding chamber contains a hard- 
faced stainless steel blade which rotates a t  speeds up to 

Table I. Effect of Extractant and Method of Maceration on Extractability of Alfalfa Leaf Protein (TCA insoluble N X 6.25) 

Method of maceration 

Composition of 
extractant 

Mortar 
pH of and 

extractant pestle 
Waring 
Blendor 

Waring 
Blendor + 
attachment 

CRC 
micro mi II 

mg of protein extracted/g of fresh leavesb 

0.1 M Tris buffera 7 .4  4.95 f 0.55 9 .30  f 0.30 8.35 f 0.35 23 .63  f 3.86 

0.5 M sucrose 
75 mM ascorbic acid 
6.6 mM cysteine-HCI 
14.2 mM mercaptoethanol 
0.5% Sodium deoxycholate' 7.2 6.60 f 0.10 8 .20  f 0.98 8.25 f 0.55 14.93 h 1.07 

0.1 M borate I-ICld 8 . 0  9 .70  f 0.20 7.80 f 0.60 12.50 f 0.60 

0.1 M Hepes buffere 7 .4  4.45 h 0.25 7.30 f 0.20 8 .74  f 0.35 
0.1 mM dithiothreitol 

"Stavely and Hanaon (1967). ' Values represent mean and standard error of three extracttons; each extraction was analyzed in tripiicate. ?Hilty and 
Schmitthenner (1966). dMukhopadhyay and Millikan (1967). eMcCown e t a / .  (1968). 
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Figure 2. Extractability of total and TCA-insoluble nitrogen from 
fresh soybean leaves using a Waring Blendor and pH adjusted 
water 

20,000 rpm. The 5-g leaf samples were macerated for two 
15-sec intervals interrupted by a 15-sec pause to preclude 
the excessive formation of heat. In addition, cool water 
(4.5') was continuously circulated through the heat ex- 
changer which encircles the grinding chamber and cover 
in order to maintain low temperature during extraction. 
The extracts were squeezed through two layers of cheese- 
cloth into centrifuge tubes which were immersed in ice. 
An automatic refrigerated centrifuge (Sorvall RC2-B, Ivan 
Sorvall, Inc., Norwalk, Conn.) was used. Samples were 
centrifuged at  the initial low g force to remove cell debris; 
the respective supernatants were then sequentially centri- 
fuged a t  10,000 and finally at  20,000 x g. 

Total and TCA nitrogen were determined by the mic- 
roKjeldah1 method of McKenzie and Wallace (1954), ex- 
cept that  digestion was carried on for 30 min after fuming. 
Duplicate glycine controls (ammonia-free) (Nutritional 
Biochemicals Corporation, Cleveland, Ohio) were carried 
through each series of analyses. Recovery based on glycine 
nitrogen was 98 * 2.1%. Unless otherwise noted, triplicate 
analyses were conducted on each sample. 

This extraction method was used to determine the in- 
fluence of species (Medicago satiua L., Saranac; Glycine 
n u x .  L., Hark; Vigna sinensis, Savi; Arachis hypogaea L.) 
and variety (Medicago sativa L., Saranac, Mark 11, Multi- 
leaf) on the protein content of a limited number of sam- 
ples. The influence of freeze-drying on protein extractabil- 
ity was evaluated in two leaf species, i . e . ,  alfalfa (Medica- 
go sativa L., Saranac) and soybean (Glycine max .  L., 
Hark). The crude protein (N  X 6.25) of the leaves was de- 
termined on 100-mg samples by the microKjeldah1 meth- 
od. 

Solubility of Soybean Leaf Extracts.  The relative sol- 
ubility of the total nitrogen and protein (TCA insoluble) 
nitrogen present in leaf extracts was studied at  various pH 
values. A large quantity of leaves was extracted in order 
to provide sufficient extract to conduct the solubility 
s t d i e s .  Therefore, a Waring Blendor was used to extract 
the soluble proteins of 29 g of freeze-dried soybean leaves 
with 400 ml of deionized distilled water. The final pH of 
the extract was 6.1. Duplicate 10-ml aliquots of the solu- 
ble leaf protein extract were adjusted to pH values from 
1.0 to 12.0 with 0.1 N HC1 or 0.1 N NaOH. The pH ad- 
justed suspensions were shaken for 1 hr at  room tempera- 
ture (25') on an Evapo-Mix (Buchler Instruments, Fort 
Lee, N. J.) and subsequently centrifuged at  10,000 x g for 
15 min. The quantities of total and protein nitrogen which 
were solubilized in the supernatants a t  the various pH 
values were determined in duplicate by the microKjeldah1 
method. The results were expressed as percent of total ni- 
trogen or protein nitrogen, respectively, which was initial- 
ly soluble in the extract a t  pH 6.1. 

RESULTS AND DISCLSSIOS 
Development of the Extraction Method. Several fac- 

tors were investigated in an effort to maximize the aque- 

ous extractability of leaf protein while minimizing condi- 
tions which favor denaturation. The extractability of both 
total and TCA-insoluble nitrogen was markedly in- 
fluenced by pH; maximum quantities of both were ex- 
tracted a t  pH 12.0 (Figure 2).  The enhanced extractability 
of leaf protein with increasing alkalinity has been ob- 
served by others (Festenstein, 1961; Lu and Kinsella, 
1972; Poppe et al., 1970). Leaf protein is more soluble and 
chloroplasts are disrupted more effectively a t  higher pH 
values (Chayen et al., 1961; Stahmann, 1963). 

The extractability profile also suggests that  extraction 
a t  pH values of 7.0 to 8.0 would be quite effective. The 
additional extractability that  might be gained by using a 
strongly alkaline medium was deemed insufficient in the 
present study to compensate for the possible denaturation 
of the extracted proteins. 

Minimum extractability occurred near the isoelectric 
point; for total nitrogen it ranged from pH 3.7 to 4.2, 
whereas that of TCA-insoluble nitrogen was 3.7. Under 
the conditions of this experiment, i . e . ,  use of a Waring 
Blendor and distilled deionized water (25") as the extrac- 
tant,  the maximum TCA-insoluble nitrogen extracted was 
less than one-third of the total leaf nitrogen. It was appar- 
ent that the leaves were not thoroughly macerated, for 
distinct particulate matter was observed in the extract. 
Since the characteristics of the composite leaf proteins 
were to be studied rather than a selective portion which 
was most readily extractable, alternative means of mac- 
eration were investigated. 

Of the methods of maceration investigated, the mi- 
cromill was the most efficient in extracting protein from 
fresh alfalfa leaves (Table I ) .  The inadequacy of the mor- 
tar  and pestle may be due to the smooth slippery nature 
of the leaves in the presence of an extractant and the re- 
sultant difficulty of attaining thorough maceration. The 
efficiency of the micromill may be attributed to the small 
grinding chamber and effective maceration, which gave a 
very homogeneous final extract. 

Based upon the extractability profile (Figure 2 ) ,  extrac- 
tants ranging from pH 7.2 to 8.0 were explored (Table I). 
Buffers were investigated since they tend to counteract 
the pH drift which occurs during maceration as a result of 
the release of organic acids from the ruptured vacuoles. In 
the absence of this buffering action, the resultant lower 
pH would probably render the proteins less soluble. 

Of the extractants used with the micromill, the 0.1 M 
Tris buffer system of Stavely and Hanson (1967) was most 
efficient in extracting protein (Table I) .  This is probably 
due to the presence of sucrose and reducing agents in the 
buffer system. Sucrose enhances chloroplast disruption by 
its influence on osmotic pressure. Also, sucrose and other 
polyhydroxy compounds minimize the aggregation and 
precipitation of leaf proteins after they are extracted 
(Heitefuss et al., 1959). The presence of the reducing 
agents and/or disulfide-splitting agents ascorbic acid, 
mercaptoethanol, and cysteine hydrochloride would allow 
the sulfhydryl groups to remain intact and preclude the 
inter- and intramolecular disulfide bridge formation which 
is associated with protein-protein aggregation and subse- 
quent precipitation (Heitefuss et al., 1959; Stahmann, 
1963). The reducing agents also prevent the oxidation of 
o-diphenols to quinones and the subsequent polymeriza- 
tion and complexing with proteins (Anderson and Rowan, 
1967). Conceivably some if not all of these favorable 
mechanisms functioned to enhance the effectiveness of 
the 0.1 M Tris buffer system as an extractant for leaf pro- 
tein. 

A detergent, 0.5% Na deoxycholate, was also studied as 
a potential extractant. Approximately equal quantities of 
leaf protein were extracted by 0.5% Ka deoxycholate or 
the 0.1 M Tris buffer system, using all methods of mac- 
eration except the micromill (Table I). Others have re- 
ported highly efficient extraction of leaf proteins in the 
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Table I I .  Effect of Sample Size, Freeze Drying, and pH on Extractability of Alfalfa Leaf Protein (TCA insoluble N X 6.25) 

Sample si.?e and state 
of loaves 

pH of pH of 
extractant" extract 

mg of protein g 
of 

fresh leaves" 

mg of protein i g  of 
freeze-dried 

leavesh 

5 g of fresh leaves 

10 g of fresh leaves 

6 .7  
7.1 
7 .0  
7 .5  
8 .0  
8.5 
7 .0  
7.8 
8.1 
8.6 

10 g of freeze-dried leaves 

6.7 
7.1 
7.0 
7.4 
7.8 
8 . 5  
7 .0  
7 .7  
8 .0  
8 . 5  

45.04 f 0.07 
48.48 f 0.09 
37.13 f 0.38 
37.14 f 0.51 
36.63 f 1.02 
36.34 f 0.88 
40.63 f 2.73 163.48 f 2.05 
37.46 f 0.57 156.71 f 2.40 
38.01 f 0.14 159.81 f 1.38  
37.94 f 1.10 158.73 f 4.63 

"Extractant was 0.1 M Tris buffer (See Table I ) .  "Mean and standard error of three extractions 

presence of detergents; this is attributed to the disruptive 
effects of the de1,ergent upon chloroplasts and other pro- 
tein-containing bodies (Buraczewski and Bruraczewska, 
1964; Firenzuoli and Mastronuzzi, 1966; Hilty and 
Schmitthenner, 1.966). These beneficial disruptive effects 
may have been overshadowed in the present study by the 
efficiency of the micromill. 

Under the most favorable conditions, i e. ,  the micromill 
and 0.1 M Tris buffer system, the maximum protein ex- 
tracted from alfalfa was 2.4% of the fresh leaf weight or ap- 
proximately 40% of the crude protein (total N X 6.25). 
Therefore, other aspects of the extraction process, such as 
additional rinsing of the fibrous residue, sample size, and 
pH of the 0.1 I\.[ Tris buffer, were studied. The fibrous 
residue remaining in the cheese cloth was rinsed a second 
and third time with 10 ml of 0.1 M Tris buffer. This rins- 
ing procedure recovered an additional 4-8% of the crude 
protein. 

Although a flotation ratio (ml of extractant/g of fresh 
material) of 3:1 was used throughout, 5-g samples were 
more thoroughly extracted than samples weighing 10 g 
(Table 11). Conceivably, the larger samples may have ex- 
ceeded the physical capacity of the grinding chambers. 
Altering the pH of 0.1 M Tris buffer from 6.7 to 8.5 had 
little influence on protein extractability (Table 11). Thus, 
the initial pH of 7.4 continued to he used. As a result of 
these observations, the extraction procedure was modified 
to include three rinsings of the fibrous residue with 0.1 M 
Tris buffer and the reduction of sample size to 5 g. With 
these modifications, from 60 to 62% of the crude protein 
was extracted. 

It was coincidentally observed that freeze drying did not 
impair the extractability of protein from alfalfa leaves 
(Table 11). This was of practical interest since fresh sam- 
ples were not always available. 

Protein Content of Some Varieties and Species. The 
extraction method developed (Figure 1) was used to deter- 
mine the protein content of a limited number of varieties 
and species. It was also used to extract samples in prepa- 
ration for a study on the effects of storage on the nutritive 
value of leaf protein concentrate (LPC) to be reported 
elsewhere. LPC is prepared by acid or heat coagulation of 
supernatant I. 

Of the species and varieties investigated, the largest 
quantities of extractable protein were obtained from fresh 
and freeze-dried alfalfa (Medicago satiua L., Saranac) and 
fresh soybean (Glycine max. L., Hark) leaves (Table 111). 
Either of these would be good sources for leaf protein 
preparations. Although cowpea leaf protein was the most 
easily extracted, the total extractable protein was less 
than the above-mentioned species because of the lower 
initial content of crude protein. 

Freeze drying impaired the extraction of protein from 
soybean leaves (Table 111). This is in contrast to the negli- 
gible influence of freeze drying upon the extractability of 
alfalfa leaf protein (Tables I1 and 111). Both species of 
leaves were harvested under nearly comparable condi- 
tions, i . e . ,  they were not fully mature and both contained 
from 73 to 77% moisture. The differences in the nature of 
the leaves may account for some of the observed variabili- 
ty in the extraction of protein from the freeze-dried sam- 
ples. Alfalfa leaves are small and more readily frozen than 

Table Ill. Crude and Extractable Protein of Fresh and Freeze-Dried Leaves 

Extractable 
protein N - No of Crude protein No of Extractable leaf 

Common sam- content of sam- protein (TCA % of total 
Scientific name name ples leaves ( N  X 6.25)" ples insoluble N X 6 25)O leaf N 

Fresh leaves 

Medicago sativl3 L., Saranac 
Giycine rnax. L., Hark 
Vigna sinensis. Savi 
Arachis hypogaea L. 

Freeze-dried leaves 
Medicago sativa L., Saranac 
Medicago sativa L., Mark I I 
Medicago sativa L. ,  Multileaf 
Giycine rnax. L., Hark 

a Mean and standarij error 

Alfalfa 
Soybean 
Cowpea 
Peanut 

Alfalfa 
Alfalfa 
Alfalfa 

Soybean 

mg/g of 
fresh 
leaves 

73.0 f 1 . 3  
76.4 f 0 .7  
45.7 f 0 .8  
52.1 f 1.2 

67 .5  * 2.3 
55 .4  f 1.2 
59 .2  f 0.9 
65.3 f 1 . O  

m g / g  of 
dried 
leaves 

m g / g  of m g l g  of 
fresh dried 

leaves leaves 

10 44.4 f 1.6  
5 37.0 f 0 .6  
5 29.1 f 1.0 
5 24.9 f 0.9 

394.0 f 4.2 3 39.0 f 0.6 163.1 f 2.0 
318.3 f 2.4 3 19.7 1.1 112.6 f 3.1 
383.9 f 3.6  3 27.7 f 1.3  121.2 f 2.7 
340.2 f 1 . 8  10 23.4 f 0.9  97.7 f 1 . 3  

60.8 
48.4 
63.7 
47 .8  

57.8 
35.6 
46.8 
35.9 
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Table IV.  Quantity of Protein Extracted from Various Leaf Species 

Scientific n a m e  

Extractable 
protein N - % 

Common name State of leaves of total leaf N Reference 

Medicago sativa L. 
Medicago sativa L. 
Medicago sativa L. 
Medicago sativa L., Saranac 
Medicago sativa L . ,  Saranac 
Medicago sativa L., Multileaf 
Medicago sativa L., Mark I I 
Vigna sinensis, Savi 
Vigna sinensis, Savi 
Glycine hispida 
Glycine max. L.,  Hark 
Glycine max. L., Hark 
Arachis hypogaea L. 
Arachis hypogaea L. 
Arachis hypogaea L. 

Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Cowpea 
Cowpea 
Soybean 
Soybean 

Fresh 
Fresh 
Fresh 
Fresh 
Freeze-dried 
Freeze-dried 
Freeze-dried 
Fresh 
Fresh 
Fresh 
Fresh 

37.0 
42.2 
67.6 
60.8 
57.8 
46.8 
35.6 
52.0 
63.7 
31 .O 
48.4 

Valli Devi etal. (1965) 
S i n g h  (1964) 
Huang eta/ .  (1971) 
Present study 
Present study 
Present study 
Present study 
Eyers (1961) 
Present study 
Valli Devi et a/.  (1965) 
Present study 

Soybean Freeze-dried 35.9 Present study 
Peanut Fresh 18.5 Gonzalez et a/. (1 968) 
Peanut Fresh 27.9 Eyers (1961) 
Peanut Fresh 47.8 Present study 

the larger thicker soybean leaves. The alfalfa proteins 
may, therefore, be less altered. during freeze drying than 
those of soybean. The physical nature of the large freeze- 
dried soybean leaves may also be more difficult to rehy- 
drate and thus hinder protein extraction. 

Several investigators have screened leafy materials for 
their protein content (Boyd, 1968; Byers, 1961; Gonzalez 
et al., 1968; Lexander et al., 1970). The quantities of pro- 
tein extracted from fresh and freeze-dried leaves in this 
study compared favorably with reported values where pro- 
tein nitrogen was determined by heat precipitation or 
TCA insolubility (Table IV). Also, the amount of protein 
extracted from fresh alfalfa (Medichgo sativa L., Sara- 
nac), cowpea, and soybean leaves was nearly equivalent to 
large scale extraction methods which usually extract 55 to 
75% of the total leaf protein (Pirie, 1971). The quantities 
of protein extracted in the present study were encouraging 
since many of the factors which enhance protein extracta- 
bility but may also promote denaturation (Le.,  a strong 
alkaline medium, high temperatures, and lengthy extrac- 
tion times) were not employed. The proteins extracted by 
the method described in this study should, therefore, have 
potential in terms of functional properties. For this poten- 
tial to be realized it is imperative that  these functional 
properties be retained during the isolation process. This 
suggests that  methods ef isolation other than heat coagu- 
lation be explored. 

Solubility of Soybean Leaf Protein. The solubility 
profile of extracted leaf protein reveals its isoelectric point 

for future precipitation studies as well as its native solu- 
bility prior to any major denaturation. The isoelectric 
point of TCA-insoluble nitrogen was between pH 3.2 and 
3.7 (Figure 3). This is slightly lower than the pH values of 
4.0 to 4.5 used by others to precipitate leaf protein 
(Chayen et al., 1961; Cowlishaw et al., 1956; Subba Rau 
and Singh, 1970). The slight discrepancy may be due to 
differences in the protein extractants. Most studies have 
used water as the extractant or simply extract the leaf 
juices. The isoelectric point is known to be a function of the 
nature and concentration of solutes present in the protein 
solution (Mahler and Cordes, 1966). The 0.1 M Tris buff- 
er, sucrose, and small amounts of ascorbic acid, cysteine 
hydrochloride, and mercaptoethanol used in this study 
might, therefore, be expected to alter the isoelectric point. 

The solubility curves (Figure 3) also suggest that  acid 
precipitation would be an efficient method of isolating 
leaf protein. Less than 5% of the TCA-insoluble nitrogen 
remained in solution a t  the isoelectric point. 

Prior to isolation or denaturation, leaf proteins are very 
soluble a t  pH 2.0 and 6.0 and above. In this state leaf pro- 
teins offer some potential for incorporation into foods. It 
would be of interest to compare the solubility profiles of 
the protein extract with that  of LPC after it has been iso- 
lated by such methods as acid or heat. The denaturation 
which accompanies heat coagulation would be expected to 
greatly impair solubility. The solubility profiles of LPC 
are being studied and will be reported in a subsequent 
paper. 
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Figure 3. Solubility at room temperature (25”) of total and TCA- 
insoluble nitroqen of soybean leaves. Values are expressed as 
percent of the total and TCA-insoluble nitrogen which was origi- 
nally soluble in the extract at pH 6.1. 

viding the leaf materials for this study. 
LITERATURE CITED 
Anderson, J. W., Rowan, K. S., P h y t o c h e m k p  6, 1047 (1967). 
Autret. M.. “Proteins and Human Food. Lawrie. H. A,. Ed.. 

AVI Publishing Co., Westport, Conn., 19f0, pp 3-19. 
Boyd, C. E., Econ. Bot. 22,359 (1968). 
Buraczewski, S., Bruraczewska, L., Rocz. Nauk Roln. 

59 (1964): Chem. Abstr. 61,16442f (1964). 
Byers, M.. J. Sei. Food Agi. 12, 20 (1961). 
Chayen. I. H., Smith, R. H., Tristam, G. R., Thirkell, 

T., J.  Sei. Food Agr. 12,502 (1961). 
Cowlishaw, S. J., Eyles, D. E., Raymond, W. F., Tilley 

J.  Sci. Food Aer. 7 , 7 7 5  (1956). 

Ser 

D., 

’, J. 

.. E 84, 

Webb, 

M.  A,, 

Festenstein, G. S . ,  J.  Sci. Food Agr. 12,305 (1961). 
Firenzuoli, P. V., Mastronuzzi, E., Bull. SOC. Ital. Biol. Sper. 42 

(81,456 (1966); Chem. Abstr. 65,14333g (1966). 
Gonzalez, 0. N., Dimaunahan. L. B., Banzon, E. A,, Phillipp. J .  

Sei. 97, 17 (1968). 
Heitefuss, R.,  Buchanan-Davidson, D. J., Stahmann, M. A,, 

Arch. Biochem. Biophys. 85,200 (1959). 
Hilty, J. W., Schmitthenner. A. F., Phytopathology 56, 287 

( 1966). 

64 J. Agr .  Food Chem., Vol. 21, No. 1 ,  1973 



MINERAL ELEMENTS IN PLANT TISSUES 

Hollo, J., Koch, L., “Leaf Protein: Its agronomy, preparation, 
quality and use,” Pirie, N. W., Ed., Blackwell Scientific Publi- 
cations, London, 1971, pp 63-68. 

Horigome, T., Kandatsu, M., Nippon N a g e i  K a g a k u  Kaishi 40, .. 
449 (1966). 

Huang, K. H., Tao, M. C., Boulet, M., Riel, R. E, Julien, J. P., 
Brisson, G. J., Can .  Inst. Food Technol. J.  4,85 (1971). 

Kinsella, J. E., Chem. Ind. ILondon) 550 (1970) 
Knuckles, B. E., Bickoff, E. M., Kohler, G .  O., J.  Agr. Food Chem. 

20,1055 (1972). 
Kohler, G. O., Bickoff, E. M., “Leaf Protein: Its agronomy, prep- 

aration, quality and use, Pirie, N. W., Ed., Blackwell Scien- 
tific Publications, London, 1971, pp 69-77. 

Lexander, K., Carlsson, R., Schalen, V., Simonsson, A., 
Lundborg, T., Ann. Appl. Bid.  66, 193 (1970). 

Loomis, W. D., Battaile, J., Phytochemistry 5,423 (1966). 
Lu, P. S., Kinsella, J .  E., J.  Food Sci. 37,94 (1972). 
Mahler, H. R., Cordes, E. H., “Biological Chemistry,” Harper 

McCown, B. H., Beck, G. E., Hall, T. C., Plant Physiol. 43, 578 

McKenzie, H. A,,  Wallace, H. S., Aust. J.  Chem. 7,55 (1954). 
Mukhopadhyay, S., Millikan, D. F., Phytopathology 57, 853 

and Row, New York, N. Y., 1966, pp 53-54. 

(1968). 

(1967). 

Nazir, M., Shah, F. H., P a k .  J .  Sci. Ind. Res. 9,235 (1966) 
Oelschlegel, F. J., Jr., Schroeder, J. R., Stahmann, M. A., J.  Agr. 

Food Chem. 17,791 (1969). 
Pirie, N. W., “Leaf Protein: Its agronomy, preparation, quality 

and use,” Pirie, N. W., Ed., Blackwell Scientific Publications, 
London, 1971, pp 53-62. 

Pirie, N. W., “Proteins as Human Food,” Lawrie, R. A., Ed., AVI 
Publishing Co., Westport, Conn., 1970, pp 46-61. 

Poppe, J., Tobback, P. P., Maes, E., Lebensm. Wiss. Technol. 3, 
79 (1970). 

Singh,N.,’J. Food Sci. Technol. 1,37 (1964). 
Stahmann, M. A., Econ. Bot. 22,73 (1968). 
Stahmann, M. A., Ann. Reu. Plant Physiol. 14,137 (1963) ~~~~~I 

Stavely, J. R., Hanson, E. W., Phytopathology %?, 482 (1967). 
Subba Rau, B. H., Singh, N., Ind.,J. Exp. Biol. 8, 34 (1970). 
Valli Devi, A., Rao, N. A. N., Vilayaraehavan, P. K., J.  Sci. E ‘ood 

Agr. 16, 
_ .  - 

116 (1965). 

Received for review July 5 ,  1972. Accepted September 26, 1972. 
Reference to a company and/or product named by the Depart- 
ment is only for purposes of information and does not imply ap- 
proval or reccommendation of the product to the exclusion of oth- 
ers which may also be suitable. 

Determination of Mineral Elements in Plant Tissues Using 
Trichloroacetic Acid Extraction 

Glen E. Leggett* and Dale T. Westermann 

An extraction method is described for quantita- those determined after wet ashing with nitric and 
tively determining Mg, K,  Na, Zn, and M n  in perchloric acids. In addition, trichloroacetic acid 
plant tiwues. The tissue is extracted with 2% tri- extracts the same fraction of P as does acetic 
chloroacetic acid and the elements are deter- acid and quantitatively extracts total Ca from 
mined on the filtrate by atomic absorption spec- plant tissues not high in oxalate. 
trophotometry. Results compare favorably with 

The mineral content of plant samples is usually deter- 
mined by analyzing the liquid phase after dry ashing or 
wet ashing ground dried plant materials. The procedures 
and the problems of fume disposal and special laboratory 
equipment required for the methods have been discussed 
(Johnson and Ulrich, 1959). Nicholas (1951) surveyed the 
literature on extraction methods for tissue analysis in de- 
termining the nutrient status of various crops. Many re- 
ports indicate good correlations between nutrients ex- 
tracted and fertilizer applications, bu t  only a few compare 
the extracted values to the total content. Nicholas 
(1948a,b) extracted plant tissue with acetate, citrate, 
malonate, and succinate buffers (pH 4.8). The concentra- 
tions determined by extraction were correlated with the 
total concentrations in the tissue, but the two sets of 
values were not directly compared. Greweling (1962) and 
Baker and Greweling (1967) analyzed the EDTA extracts 
from a variety of plant tissues for several mineral ele- 
ments and compared the results with those obtained after 
dry ashing. In most cases the extracted and ashed values 
agreed closely. 

Analysis of acetic acid extracts of plant tissues for Zn 
and M n  indicated tha t  extraction of these elements was 
essentially complete from most but not all plant materi- 
als. Consequently, a stronger acid. trichloroacetic, was 
used and the number of elements determined extended to 

United States Department of Agriculture, Agricultural 
Research Service, Kimberly, Idaho 83341. 

include Ca, Mg, K,  Na, Cu, Fe, and P. This report deals 
with the use of trichloroacetic acid for extracting the total 
contents of several mineral elements from various plant 
tissues and a study of some of the factors affecting its use. 

METHODS AND MATERIALS 
Plant Samples. Forty-two samples representing 20 dif- 

ferent crops (Table I) were analyzed for their total content 
of several mineral elements by wet ashing and for the 
amount of the  various constituents extracted in various 
solutions. All samples were washed in demineralized 
water, dried at about 60”, and ground in an all-steel Wiley 
mill to pass a 40-mesh stainless steel sieve. The ground 
material was redried for a t  least 2 hr a t  60” before weigh- 
ing out samples for analysis. 

Extracting Solutions. Trichloroacetic Acid (TCA) So- 
lution. A 2% (w/v) solution was prepared by dissolving 20 
g of reagent grade TCA in distilled demineralized water 
and diluting to 1 1. 

Acetic Acid (HOAc) Solution. A 2% (v/v) solution was 
prepared by diluting 20 ml of reagent grade HOAc to 1 1. 
with distilled demineralized water. 

Ammonium EDTA Solution. A 1.0 M stock solution was 
prepared according to the procedure of Baker and Grewel- 
ing (1967). This solution was diluted with distilled demin- 
eralized water to make 0.1 M ammonium EDTA as need- 
ed. 

Extraction of Plant Tissue. Samples (0.5 g) were 
weighed into wide-mouthed 125-m1 linear polyethylene 
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