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Table V. Mineral Elements

element mg/100 g of almond

potassium 766
phosphorus 364
magnesium 227
calcium 1856
sodium 12,2

zine 3.8

iron 2.6
copper 1.2
manganese 1.3

cobalt 4.8 x10°?
molybdenum 6.7 x10°?

values of analysis made on six samples.

We do not find bibliographic references concerning co-
balt and molybdenum in the almond, and we suppose that
these elements are hereby detected for the first time in this
fruit. As is known, molybdenum is the essential element
found is smallest proportions in vegetable matter. Cobalt,
a component of vitamin By, is not an essential element
and its presence may be attributed to associated mi-
croorganisms (Gomez Campo and Mellado, 1975).

As indicated in Table I, almonds have an ash content
of 3050 mg/100 g. Potassium, phosphorus, magnesium,
and calcium account for 1542 mg/100 g which is 50.56 %
of the ashes. The other essential elements Fe, Mn, Mo,
Cu, and Zn account for 8.9 mg/100 g.

The high quantity of K, P, Mg, and Ca, together with
the small proportion of Na and the content of the essential
elements Fe, Mn, Cu, and Zn, allows us to consider the
almond an excellent source of bioelements. According to
Souty et al. (1971), calcium is only partially assimilable
because it is precipited partly as an oxalate in the vacuoles
of the fruit.
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The Nature of Freeze-Induced White Spots on Orange Segment Walls

Raymond D. Bennett* and Roger F. Albach

Exposure of oranges to freezing conditions causes formation of white spots on the walls of the fruit
segments. The spots are actually located in the tissue comprising the separation zone between segments;
when two adjacent segments are pulled apart, each white spot is split in half. The chemical nature of
the white spot material was previously in dispute, but it has now been shown to be microcrystalline
hesperidin coating the walls of cells in the separation zone. Freezing causes damage to cell membranes,
and a soluble form of hesperidin located in the cell vacuoles is thereby released and crystallizes.

One of the characteristic symptoms of freeze damage in
oranges is the appearance of small white spots on the

Fruit and Vegetable Chemistry Laboratory, U.S. De-
partment of Agriculture, Pasadena, California 91106
(R.D.B.), and Food Crops Utilization Research Laboratory,
HiSI;‘ R)epartment of Agriculture, Weslaco, Texas 78596

segment walls of the fruit. These spots have been con-
sidered for many years to be crystals of hesperidin, a citrus
flavanone glycoside. Recently Albach et al. (1977) pointed
out that the previous literature on the subject (Webber,
1896; Milliken et al., 1919; Hall, 1925) provided no con-
vincing evidence that the spots were in fact crystalline or
that they were composed of hesperidin. On the contrary,
Albach et al. (1977) concluded on the basis of low-mag-
nification microscopic observations that the white spots
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and thereby release hesperidin. An observation by C. P,
Verdon at the Fruit and Vegetable Chemistry Laboratory
is of interest in this respect. A navel orange purchased at
a local market showed white spots on the segment walls,
and the fruit had a strongly bitter taste characteristic of
the triterpenoid constituent limonin. Navel oranges nor-
mally contain high concentrations of the tasteless precursor
of limonin, limonoate A-ring lactone. When fruit cell
membranes are broken, this compound comes in contact
with an enzyme, limonin D-ring lactone hydrolase, which
converts it to the bitter limonin (Maier et al., 1977). This
enzymic process is slow, so normally the fruit is eaten
before it becomes bitter. In the case of the fruit referred
to above, its bitterness indicated that cell membranes had
been broken previously. The presence of the white spots
showed that the fruit had been exposed to low tempera-
tures. These observations provide strong evidence that
freezing conditions cause damage to cell membranes, which
would explain the formation of white spots composed of
crystalline hesperidin.

It remained to be explained why crystallization of hes-
peridin occurs in only certain small areas rather than
uniformly throughout the tissue. This was clarified by an
experiment in which a Valencia orange was immersed in
ethanol for 3 days. Treatment of hesperidin-containing
tissue with ethanol causes the flavonoid to crystallize
within the cells in which it is present in high concentration.
The segment walls from the ethanol-treated fruit showed
crystallization only in local clusters of cells. The distri-
bution of such clusters was similar to that of freeze-induced
white spots. Apparently, therefore, hesperidin is unevenly
distributed in the tissue, and groups of cells with high
concentrations of the flavanone form white spots in re-
sponse to freezing conditions.
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Comparative Study of Whole Seed Protein and Starch Content via Cross
Polarization-Magic Angle Spinning Carbon-13 Nuclear Magnetic Resonance

Spectroscopy

Daniel J. O’Donnell, Joseph J. H, Ackerman, and Gary E. Maciel*

A series of nuclear magnetic resonance (NMR) spectra of whole seeds of various types was obtained
by using cross polarization-magic angle spinning (CP/MAS) techniques. Select signals in the spectra
provided a means of comparing the protein content relative to the starch content within a group of seed
varieties. Seeds obtained from legumes were found to be high in protein content, with different legumes
showing a range of protein NMR signal intensities. A series of sorghum varieties and a series of grain
types were also analyzed, and the protein content of these series was compared to that of the legumes
and to that of one another. The potential of 1*C CP/MAS NMR for the study of seeds and other intact

plant materials is strongly indicated.

The need for rapid, nondestructive methods of chemical
analysis of seeds has long been recognized by agronomists.
The traditional method of Kjeldahl protein determination
destroys the seed, as does the newer estimation using
near-infrared light reflectance (Hymowitz et al., 1974).
More recently, proton activation of whole and ground seeds
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has permitted the measurement of total nitrogen content
(Dohan and Standing, 1976). However, this and other
similar methods require the use of high-energy (~16 MeV)
proton beams.

In the past, wide-line 'H nuclear magnetic resonance
(NMR) and 3C NMR spectroscopy have been used to
estimate the oil content of whole seeds (Brown and
Craddock, 1972; Schaefer and Stejskal, 1975; Alexander
et al., 1967; Schaefer et al., 1979) in a nondestructive
manner. The oil and water components of the seeds
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