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compound 1-octen-3-01 has been observed in mold ripened 
cheese (Adda and Dumont, 1974; Groux and Moinas, 1974) 
and this compound can be produced by Penicillium species 
(Kaminski e t  al., 1974). At high concentrations this 
compound possesses a musty, mushroomy flavor. Ney et 
al. (1975) found that the inclusion of octenol in a simulated 
blue cheese flavor improved the overall flavor quality. This 
compound can be generated from linolenic acid via aut- 
oxidation (Forss, 1972). Conceivably the levels of linolenic 
and possibly linoleic acid in mold mycelium may influence 
the amount of octenol produced and thereby influence the 
flavor quality of cheese. Because aged mycelium contains 
much greater levels of polyunsaturated acids, aged 
mold-ripened cheeses may have a greater tendency to 
generate octenol. 
LITERATURE CITED 
Adda, J., Dumont, J. P., Lait 54, 1 (1974). 
Association of Official Analytical Chemists, “Official Methods 

Baker, N., Lynen, F., Eur. J .  Biochem. 19, 200 (1971). 
Bennett, A. S., Quackenbush, F. W., Arch. Biochem. Riophys. 130, 

Bhatia, I. S., Raheja, R. K., Sukhija, P. S., J .  Sci. Food Agric. 24, 

Blumenthal, H. J., Roseman, S., J .  Bacteriol. 74, 222 (1957). 
Brown, C. M., Rose, A. H., J .  Bacteriol. 99, 371 (1969). 
Chang, S. B., Matson, R. S., Biochem. Biophys. Res. Commun. 

Cruces, B. B., Kinsella, J. E., Lipids in Blue Cheese, unpublished 

Dawson, P. S. S., Craig, B. M., Can. J .  Microbial. 12, 775 (1966). 
Fluri, R., Arch. Mikrobiol. 33, 195 (1959). 
Folch, J., Lees, M., Sloane-Stanley, G. H., J .  Biol. Chem. 226,497 

Forss, D. A., Prog. Chem. Fats  Other Lipids 13, 177 (1972). 
Fulco, A. J., J. Biol. Chem. 247, 3511 (1972). 
Gottlieb, D., VanEtten, J. L., J.  Bacteriol. 88, 114 (1964). 
Groux, M., Moinas, M., Lait 54, 64 (1974). 
Gurr, M. I., “The Biosynthesis of Unsaturated Fatty Acids”, MTP 

International Review of Science, Goodwin, T. W., Ed., 
University Park Press, Baltimore, Md., 1974. 

of Analysis”, 11th ed, Washington, DE. ,  1970. 

567 (1969). 

779 (1973). 

46, 1529 (1972). 

data, Cornel1 University, 1977. 

(1 957). 

695 (1973). 
Richards, R. L., Quackenbush, F. W., Arch. Biochem. Riophys. 

165, 780 (1974). 
Safe, S., Lipids 9, 952 (1974). 
Shimp, J. L., Kinsella, J. E., J .  Food Sci., 42, 571 (1977). 
Sumner, J. L., Morgan, E. D., Evans, H. C., Can. J .  Microbial. 

VanEtten, J. L., Gottlieb, D., J .  Bacteriol. 89, 409 (1965). 
Weete, J. D., “Fungal Lipid Biochemistry”, Plenum Press, New 

Weete, J. D., Lawler, G. C., Laseter, J. L., Arch. Bzochem. Bzophys. 

15, 515 (1969). 

York, N.Y., 1974. 
. -  

155, 411 (1973). 

Chem. SOC. 39. 123 (1962). 
White, Jr., H. B., Chu, F. S., Quackenbush, F. W., J .  Am. Oil 

Yuan, C., Bloch, ’K., J.‘Biol: Chem. 236, 1277 (1961). 

Received for review December 27, 1976. Accepted February 25, 
1977. 

Lipids in the Exterior Structures of the Hen Egg 

Kyozo Suyama, Hirotada Nakamura, Mitsuharu Ishida, and Susumu Adachi* 

Studies are reported on the composition of lipids of shell with cuticle (SC) and shell membrane (SM) 
from hen egg. Total lipids were approximately 0.045% of SC and 1.35% of SM. The ratios of neutral 
lipid to  polar lipid in SC and SM were 5:l and 6:1, respectively. The neutral lipid fractions of SC and 
SM were found to contain mono-, di-, and triglyceride, cholesterol, cholesteryl ester, and free fatty acid 
as well as fairly large amounts of bis(2-ethyl hexyl) phthalate. The major neutral lipid (excluding the 
phthalates) was cholesterol, and the levels of triglyceride were very low in the neutral lipids of SC and 
SM. The polar lipid fractions of SC and SM were found to contain very low levels of phosphatidyl- 
ethanolamine and phosphatidylcholine. The predominant phospholipid were sphingomyelin. Significant 
amounts of ceramide mono- and dihexoside were also detected in the polar lipid fractions of SC and 
SM. At least 17 different fatty acids were present in SC and SM lipids. The level of linoleic acid was 
higher in SM than in SC neutral lipid. The fatty acid distributions of polar lipids of SC and SM were 
similar. 

The exterior structures of the hen egg (inner membrane, 
outer membrane, shell, and cuticle) have significant 
chemical, biological, and mechanical roles in preservation 

(Baker and Balch, 1962). Little has been reported about 
the nature of the lipids in these structures (Hasiak et al., 
1970a,b; Maesso et al., 1974). One report (Hasiak et al., 
1970b) on the fatty acid composition of lipid in these 
structures included up to 67.7 % of nonadecenoic acid and 
up to 24.0% of heneicosanoic acid. Recently, Pascal and 
Ackman (1976) have pointed out that these odd numbered 

Laboratory of Animal Products Technology, Faculty of 
Agriculture, Tohoku University, Sendai, Japan. 

J. Agric. Food Chem.. Vol. 25, No. 4, 1977 799 



ADACHI ET AL. 

acids were probably confused with diisobutyl and di-n- 
butyl phthalate esters which were extracted from con- 
ventional screw caps on storage vials. In this paper we 
present new quantitative data on the lipid and fatty acid 
compositions of the egg exterior structures. 
MATERIALS AND METHODS 

Eggs. Three-hundred and fifty 1-day old infertile eggs 
from White Leghorn fowl on a chicken farm were used for 
this study. The ages of the hens from which the eggs were 
obtained ranged from 40 to 43 weeks. Eggs were carefully 
collected from the steel cages using fat-free cotton gloves 
to prevent contamination. The gloves were cleaned 
previously by being extracted with ethanol and hexane. 
Any processing which leads to local contamination of 
phthalates was not applied to the eggs in the battery area. 

Separation of Structures. The eggs were broken in 
half, the contents removed, and the shells washed in 
running tap water. The shell structures were manually 
separated into shell with cuticle (abbreviated as SC) and 
shell membrane (abbreviated as SM). Care was taken to 
prevent contamination of these structures with the lipids 
from hands and equipment. 

Solvents and Apparatus. All solvents were of reagent 
quality and were redistilled in glass before use. The 
absence of phthalates was verified by gas-liquid chro- 
matography (GLC). Polyvinyl vacuum tubing was used 
for application of the vacuum to a rotary evaporator, but 
a glass bulb of 95 mm diameter was connected between 
the driving part and the evaporating flask in order to 
prevent back contamination. The solvents were distilled 
under reduced pressure with an aspirator. All apparatus 
was glass or porcelain and with a stainless steel homo- 
genizer (Nihon Seiki) was washed with acetone before use. 

Extraction of Lipids. Grinding and homogenization 
were carried out, respectively, by use of a porcelain mortar 
with a p e d e  and in a stainless steel homogenizer. Lipids 
in the egg SC and SM structures were extracted separately 
with chloroform-methanol (2:1, v/v). In the first ex- 
traction, the coarse-ground SC and SM was stirred and 
homogenized with 5 vol (v/w) of chloroform-methanol (2:1, 
v/v). After standing at  room temperature, the solution 
was filtered by used of Toyo No. 2 filter paper. The 
residues were reextracted twice with 2 vol of the same 
solvent mixture. The extracts were combined and most 
of the nonlipid contaminants were removed by shaking the 
combined solvents with 0.2 vol of 1.0% NaCl solution. The 
lower chloroform phase was evaporated to dryness below 
40 "C. The lipids obtained were dried under nitrogen, 
weighed, and redisolved in dry chloroform and stored at  
-20 "C for further analysis. 

Separation of Lipid Classes. A 2.0-cm diameter 
chromatography column containing 20 g of silicic acid 
(Mallinckrodt, 100 mesh) was employed for separation of 
total lipid into neutral and polar lipid fractions. Lipid in 
chloroform solution was applied to the column. The 
neutral lipids were eluted from the column with 500 mL 
of chloroform and the polar lipids were eluted with suc- 
cessive applications of 300 mL of chloroform-methanol 
( l : l ,  v/v) and 200 mL of absolute methanol. The quan- 
tities of neutral and polar lipids were determined gravi- 
metrically. The neutral and polar lipids were separated 
into various classes by thin-layer chromatography (TLC) 
on glass plates coated with silica gel H (Merck, Darmstadt, 
West Germany). Prior to use, the TLC plates were ac- 
tivated a t  120 "C for 30 min and then cooled in a desic- 
cator. The neutral lipids were separated by successive 
developments with n-hexane-diethyl ether-acetic acid 
(80:20:1, v/v) and n-hexane-diethyl ether (95:5, v/v). The 
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Table I. 
Shell Membrane (SM) 

Lipids in Shell with Cuticle (SC) and 

sc SM 
Amount of lipids 0.045 1.350 

(% dry w t )  
Neutral lipidsa 

(% total lipids) 8 3  86 
Polar lipids 

(% total lipids) 1 7  1 4  
Substance X is included in the neutral lipids. 

polar lipids were separated by development with chlo- 
roform-methanol-water (65:25:4, v/v) for one-dimensional 
separation, and chloroform-methanol-28% ammonia 
(65355, v/v) and chloroform-acetone-methanol-acetic 
acid-water (4:2:1:1:0.5, v /v)  for two-dimensional separa- 
tion. Individual compounds were identified by cochro- 
matography with known lipids and by reference to 
standard compounds in the same TLC systems. The polar 
lipid spots were visualized with different analytical de- 
tection sprays. Phosphorus, amino groups, and the choline 
of phospholipids on TLC were identified, respectively, by 
spraying with Dittmer, ninhydrin, and Dragendorff 
reagent. Glycolipids were identified by spraying with 
anthrone reagent. Neutral lipids were made visible by 
spraying the plate with 50% sulfuric acid and heating at  
110-120 "C for 10 min. 

Each of the phospholipids 
separated by TLC was extracted with methanol, dried, and 
determined by assaying for lipid phosphorus. Phosphorus 
was determined by the method of Harris and Popat (1954). 
Plasmalogens were identified by the method described in 
our previous report (Nakanishi and Suyama, 1969). The 
cholesterol and cholesteryl ester separated by TLC were 
extracted with diethyl ether, dried, and determined by the 
Liebermann-Burchard reaction. Optical densities were 
determined 30 min after initiating the assay on a Hirama 
spectrophotometer (Hirama) at  660 nm. 

GLC Analysis. The GLC analyses were carried out 
with a Hitachi Model 063 gas chromatograph equipped 
with dual flame ionization detectors. Stainless steel 
columns (2 m in length X 3 mm i.d.1 were packed with 
Diasolid L 80-100 mesh coated with 10% diethylene glycol 
succinate polyester and operated isothermally at 190 "C. 
The detector and inlet were at 230 "C, and the carrier gas 
was N2. 

The fatty acid compositions of the neutral and polar 
lipid fractions were determined in the form of the methyl 
ester derivatives by GLC. The methyl esters were pre- 
pared by interesterification with methanolic hydrogen 
chloride (3%) at  98 "C for 4 h in sealed glass tubes 
containing 1 atm of nitrogen. Tentative indentifications 
of the methyl esters were through comparisons of retention 
times with those of methyl ester standards and through 
equivalent chain length values (Hofstetter et al., 1965). In 
some case, methyl esters were hydrogenated and analyzed 
for chain length composition to assure identification and 
quantification. Relative amounts of component were 
calculated on the basis of peak areas. 
RESULTS AND DISCUSSION 

The amounts of total lipids in SC and SM are shown on 
a dry weight basis, together with those of neutral lipid and 
polar lipid as percents of the total lipid, in Table I. The 
quantities of total lipid were in close agreement with the 
results reported by Hasiak et al. (1970a,b). They found 
that the amounts of the lipid were 0.014.09% of SC and 
0.5-4.0% of inner and outer membranes. However, in our 
study, the neutral lipid to polar lipid ratios (N/P  ratio) 

Analytical Methods. 
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.. .. .. 

A 0  
Figure 1. Thin-layer chromatogram of the neutral lipid fractions 
of SC and SM A, SC; B, SM 1, cholesteryl ester and wax; 2, 
triglyceride and X; 3, free fatty acid; 4, diglyceride; 5, cholesterol; 
6, monoglyceride; solvent system, n-hexane-ethyl ether-acetic 
acid (80201, v/v); visualization, 50% sulfuric acid. 

in the total lipid of SC and SM were 5 1  and 61 ,  re- 
spectively, whereas, in their study, the N / P  ratio of total 
lipid was 21. This discrepancy could be ascribed to the 
fact, as described later, that a considerable amount of 
bis(2-ethyl hexyl) phthalate was included in the lipid 
extracted from the structures used in these experiments. 
Thus, it seems reasonable to assume that the contaminant 
was responsible for elevating the ratio of neutral lipid 
amounts. 

Neutral  Lipid Fractions. Figure 1 shows the TLC of 
the neutral lipid fractions of SC and SM. The triglyceride 
spots, after spraying with 50% sulfuric acid and heating 
at 120 "C, gave purple colors. No spot with the color was 
detected in an analytical blank which was carried out with 
cholesterol added to the solvents at the extraction stage. 
As triglyceride does not generally develop a purple color 
heated with sulfuric acid on TLC, the spot would appear 
to contain other material in addition to triglyceride. 
Hasiak et al. (1970a,b) also observed this color, but they 
did not report the separation and identification of this 
material. The separation of the material (X) from the 
triglyceride on TLC was performed successfully by du- 
plicate developments of all of the neutral lipids with a 
solvent mixture of n-hexane-ethyl ether (955, v/v) as 
shown in Figure 2. Furthermore, it is evident from these 
figures that in the neutral lipid fractions of the two 
structures cholesterol, cholesteryl ester, and diglyceride 
were predominant with minor amounts of free fatty acid, 
triglyceride, and monoglyceride. Triglyceride, especially, 
was virtually absent from SC. Other minor constituents 
were not investigated. This composition as a pattern for 
the neutral lipid fractions appears to be almost unique for 
lipid in animal tissues. An experiment with egg-white lipid 
(Negishi et al., 1975) indicated that the triglyceride of 
egg-white lipid was a minor component, though Sat0 et al. 
(1973) showed that triglyceride of egg-white lipid was the 
predominant component. Our investigation gave results 
similar to that of the composition described by Negishi et 
al. for egg-white lipid. Total cholesterol contents were 12.1 
and 7.6% in neutral lipids of SC and SM, and the ratios 
of free cholesterol to cholesteryl ester were about 4 1  and 
21, respectively, in SC and SM, but no other qualitative 
or quantitative differences were ohserved in neutral lipid 
fractions of SC and SM. 

X- -2 

1+ 

Origirrj 

A B C D  
Figure 2. TLC separation of substance X from triglyceride in 
the neutral lipid fractions of SC and SM A, SC; B, SM, C, 
egg-yolk lipid; D, bis(2-ethyl hexyl) phthalate; 1, triglyceride; 2, 
hi@-ethyl hexyl) phthalate; X, substance X, solvent system, 
duplicate development in n-hexane-ethyl ether (955, v/v); 
visualization, 50% sulfuric acid. 

- 
-1 

sc SM 
-1 *- - 3  2- 

' 7  B ?  

3-  
-4 

4 -  \* 
-S -5 

-5 

-6 

Figure 3. Two-dimensional thin-layer chromatography of 
phospholipid fractions of SC and SM 1, unidentified phos- 
pholipid; 2, phosphatidylglycerol; 3, phosphatidylcholine; 4, 
sphingomyelin; 5, lysophasphatidylcholine; 6 and 7, unidentified 
phospholipids; 8, phosphatidic acid; solvent system, Y direction 
(first), chloroforn-methanol-28% ammonia water (65355, vjv); 
X direction (second), chloroform-acetone-methanol-acetic 
acid-water (521:1:0.5, v/v); visualization, Dittmer reagent. 

The spot for X from SC lipid was scraped from the TLC 
plate, extracted with diethyl ether, and evaporated to  
dryness. The X residue was a viscous liquid and the R, 
value on TLC was in good agreement with that  of bis- 
(2-ethyl hexyl) phthalate as shown in Figure 2. The IR 
spectrum of X was also in good agreement with that of 
bis(2-ethyl hexyl) phthalate. Negishi et al. (1975) detected 
small amounts of phthalic acid ester in one case of egg- 
white lipid, and suggested that the egg-white lipid con- 
tained phthalic acid ester as a contaminant. Recently, 
Pascal and Ackman (1976) have claimed that the presence 
of isobutyl phthalate in egg membrane lipids originated 
in the extraction of the phthalate by diethyl ether from 
the liners of conventional screw caps on storage vials used. 
However, no plastic capped vessels were used throughout 
the course of our experiment. Thus, our neutral lipid 
results indicate that the SC and SM were contaminated 
with the phthalate in the original stage of the egg pro- 
duction. 

Polar  Lipid Fractions. Two-dimensional and one- 
dimensional TLC separations of the polar lipid fractions 
of SC and SM are shown, respectively, in Figures 3 and 
4. The components in total phospholipid of SC and SM 
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Origi 

Figure 4. Thin-layer cnromatogram at polar ilpm fractions: A, 
SC; B, SM C, eggyolk polar lipid; PE, phosphatidylethanolaine; 
PC, phosphatidylcholine; SPH, Sphingomyelin; LPC, lyso- 
phosphatidylcholine; SMH, seramido monohexoside; SDH, 
seramido dihexoside; solvent system, chloroform-methanol-water 
(65254. vivl: visualization, anthrone reagent. 

of Phosphc 
PC SPI 

9 57 
1 2  63 
64 4 

dipids in SC and SM‘ 
I PA LPC 0-PLb 

14  2 8 
6 2 13 
2 5  2 

” rercentage ox total phospholipias. ” sum 01 otner .. L I ” .. 
iospholipids. e Abbreviations used are: PE, phos- 
iatidylethanolamine; PG, phosphatidylglycerol; PC. 
iosphatidylcholine; SPH, sphingomyelin, PA, phos- 
iatidic acid; LPC, lysophosphatidylcholine. 

are shown in Table 11. For purposes of comparison, a 
simultaneous determination of those in egg yolk was 
carried out and the result is shown in the same table. 
Small differences in concentration between the structures 
were observed as illustrated in Figure 3. Pbosphatid- 
ylethanolamine was a minor component in the SM 
phospholipids but could not be detected in the SC. 
Phosphatidylcholine, which is a major component in 
phospholipids of almost all animal tissues, was a minor 
component in these two egg structures. On the other hand, 
it is notable that sphingomyelin was the major component 
(>50%), and relatively large amounts of phosphatidyl- 
glycerol and phosphatidic acid were present in each case. 
No choline or ethanolamine plasmalogen was detected. 
The unusual characteristics of the two phospholipid 
compositions became apparent when compared with that 
of egg-yolk lipids. The lipids of the egg yolk contained far 
less sphingomyelin, and had phosphatidylcholine and 
phosphatidylethanolamine as major components. 

Negishi et al. (1975) have pointed out that sphingo- 
myelin was the predominant lipid of egg white. Hasiak 
et al. (1970a,b) showed that the phospholipid fraction of 
the egg exterior structures included approximately 75% 
phosphatidylcholine and the remainder was made up of 
lysophosphatidylcholine (5.8-7.4%), phosphatidyl- 
ethanolamine (13.5-16.6%), and  sphingomyelin 
(2.262%). The differences between our results and those 
of Hasiak et al. (1970a,h) are much too large to be readily 
explained. It is well known that the amino group of 
phosphatidylethanolamine reacts easily with carbonyls 
formed via autoxidation of polyunsaturated fatty acids of 
phospholipids (Lea, 1957) and plasmalogens are very easily 
hydrolyzed under the atmosphere (Nakanishi and Suyama, 
1973) but sphingomyelin is very stable to oxidation 
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Retention 

32 A ,  di-n-butyl 

IL. .IL._ L.-J 

Gesent in both SC and SM, but 
3. 

mmin.,l A.,r,,-a+.momo 

Figure 5. Gas chromatograms of fatty acid methvl esters from 
neutral (1) and polar (2) lipid fractions of I 
phthalate; B, his(2-ethyl hexyl) phthalate. 

(Nakanishi and Suyama, 1967). On ult. OLIM ~rmu, 
considerable amounts of ceramide mono- and dihexoside 
were identified as illustrated in Figure 4. These sphin- 
golipids may play some unknown chemical and biological 
roles. Other “polar” comDounds with similar chromato- 
graphic properties were 
they were not identifiei 

Fatty Acid Composi.,,. .JyLcyL 6-u ~ ~ L ~ ~ L ~ ~ y 1 y 6 ~ - ~ L u  

of fatty acid methyl esters obtained respectively from the 
neutral and polar lipid fractions of SC are shown in Figure 
5. Methyl esters of lauric (Clz:o), myristic (Clko), palmitic 
(Cleo), stearic (C,,& oleic (Clkl), linoleic (C& eicosanoic 
(Czt.), arachidonic (CZt4), docosanoic (Czeo),tricosanoic 

and tetracosanoic (Czk0) acids were identified. 
Di-n-butyl- and his(2-ethyl hexyl) phthalates which had 
not been interesterified by the 3% HC1-methanol were 
found to be present in neutral fractions. 

The tentative fatty acid compositions of neutral and 
polar lipid fractions of SC and SM are shown, with the 
phthalates excluded, in Table 111. In the neutral lipid 
fractions, palmitic, stearic, and oleic acids were present in 
the highest concentrations. Minor differences were ob- 
served between the fatty acid composition of neutral lipid 
fraction of SC and that of SM. The SM contained higher 
levels of linoleic acid and unsaturated fatty acids. Linoleic 
acid, which ranged between 5.3 and 13%, was more than 
about 1% in the date recalculated from the results of 
Hasiak et al. (1970a,b). The difference may he due to loss 
of polyunsaturated acids by autoxidation during the drying 
of their sample, as suggested by Pascal and Ackman (1976). 
The gas-liquid chromatograms clearly show that  the 
substance X of A and B corresponds to the mixture of 
di-n-butyl- and bis(2-ethyl hexyl) phtl 
origin. The nonadecenoic acid and h 
reported by others were not observed 

d a t e s  of unknown 
eneicosanoic acids 
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Table 111. Fatty Acid Analysis of  Neutral and Polar ACKNOWLEDGMENT 
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Lipid Fractionsof SC and SMa 
Neutral lipids Polar lipids 

sc SM sc SM 

12:ob t r  t r  1.0 1.0 LITERATURE CITED 
14:O 2.7 1.1 1.0 1.2 
15:O 0.3 t r  t r  t r  
i-16:0 tr t r  2.2 3.8 
16:  0 48.7 43.8 25.9 27.7 
1 6 : l  1 .9  0.3 1.1 0.7 
17:O tr  0.4 0.3 0.8 
i-18:O t r  t r  1.5 0.9 
18:O 16.0 13.9 12.4 12.5 
18: 1 14.9 16.4 15.3 15.2 
18: 2 5 .3  13.0 4.4 3.5 
20: 0 0.6 1.2 2.3 1 .0  
20: 4 1.3 3.2 13.4 13.2 
22: 0 0.5 t r  12.3 12.2 
23:O 1.1 0.3 1 .5  0.8 
24: 0 1 . 3  1.3 4.8 1.9 
26:O tr t r  1 . 0  0.4 

a Percent of total fatty acid. Shorthand desigiia- 
tion of fatty acids; carbon chain 1ength:number of double 
bonds; tr = trace, less than 0.2%. 

The patterns of fatty acid compositions of polar lipid 
fractions of SC and SM were similar. Palmitic, stearic, 
oleic, eicosanoic, docosanoic, tetracosanoic, and arachidonic 
acids were present in the highest concentrations. Peaks 
for unknown fat,ty acids were minor quantities as illus- 
trated in Figure 5 .  
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Localization of Iron in Vigna sinensis L. and Zea mays L. 

Jacqueline W. Jacobs*' and Richard B. Walker 

With the aid of histo- and cytochemical examinations, and elemental x-ray analyses of maize, Zea mays 
L. var. Idahybrid 216, iron was found to be highly concentrated in the outer cell layers of the scutellum 
and in the aleurone layer. It is associated with roughly spherical structures identified as protein bodies. 
Analyses of the blackeyed pea, Vigna sinensis L., seeds indicate that iron is distributed throughout the 
cotyledon; however, the most intense concentration is a t  the periphery where the protein bodies are 
quite numerous. The histo- and cytochemical tests were made with the aid of the Prussian Blue reaction 
(acidified potassium ferrocyanide) and the Ferrozine reagent. The x-ray analyses were made with the 
aid of the elemental x-ray analysis method (EXAM) using a Model 707A energy dispersive x-ray an- 
alyzer(EDAX), and a scanning electron microscope (SEM). 

The study of iron absorption and incorporation into food 
plants has in itself intrinsic interest, and as well can 
contribute substantially in the area of iron nutrition of man 
and animals. The plant may serve as the link between soil 
(the source) and man (the consumer). 

Some studies by Layrisse (1970) and Layrisse et al. 
(1969) have suggested that iron from animal sources is 
more available than iron from vegetable sources. When 
values of food iron absorption were compared to those of 
absorption from iron salts, the iron from foods proved to 
be less well absorbed. 

The literature contains few data on the localization 
and/or form(s) of iron in seeds and grain. This problem 
has seldom been studied, even though knowledge con- 
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cerning the storage forms of iron in seeds and grain should 
help to explain the difficulties which the human organism 
encounters in utilizing iron from nutritional products 
derived from plants. 

Therefore, this study deals primarily with locating the 
highly concentrated iron sites in seeds and grain. This 
knowledge should aid in future studies dealing with 
identification and isolation or iron-containing compounds. 
B.4CKGROUND 

Protein bodies, or aleurone grains, were discovered by 
Hartig (1865) and have since then been studied in great 
detail by other investigators. There is general agreement 
that protein bodies occur widely in the cotyledons and 
endosperm of both starch-bearing and oil-bearing seeds, 
that some of the protein bodies contain crystalline in- 
clusions of inorganic salts, that they are probably sur- 
rounded by membranes, that. they contain most of the 
cellular protein but none of the oil, that their formation 
commences during the later stages of ripening of the seed 
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