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In plants the minerals appear in inorganic as well as in organic compounds.
Among the inorganic compounds sodium-, potassium-, calcium- and magnesium-
phosphates, - carbonates, - chlorides and - sulphates are common. Among the
organic compounds the salts of organic acids, as for example malic-, oxalic-, acetic-
and pectic acids, are common. In addition sulphur- and especially phosphoric acid
is often found as esters. The occurrence of sulphur as a part of some amino acids is
well known.

Phosphorous compounds. Immediately after absorption phosphorus
appears in plants as phosphates, but later on phosphoric acid is bound to organic
compounds mainly in the form of esters (Baumeister 1958, p. 486). In green plants
the inorganic P generally makes up the major part of the total amount of phosphorus.
The portion is greatest in the leaves. In young leaves there are comparatively many
organic phosphorous compounds, particularly nucleoproteins. Manuring with P
increases almost exclusively the proportion of inorganic phosphorus (Mengel 1965,
p. 263). Rediske and Biddulph (ref. Mengel 1965, p. 295) have observed the preci-
pitation of femphosphates in the vascular bundles of plants.

The first step in the assimilation of phosphorus seems to be phytic acid,
which is encountered as a phosphorus reserve and as a starting-point for different
phosphorous compounds. As a phosphorus reserve phytic acid appears as Ca - Mg -

salt, i.e. as phytin, which is insoluble in water. Especially seeds and fruits contain
much phytin (Baumeister 1958, p. 486). In addition it is encountered in almost all
parts of the plants i.e. in the bulbs, the roots and the leaves. Of the salts of phytic
acid only the alcalic salts are soluble in water (Dangschat 1955, p. 64).
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Of the total phospohus in cereal grains some 80 % is bound to phytin. In green
parts of plants, however, the proportion of phytin-P of the total phosphorus is only
2 % (Mengel 1965, p. 260). According to Webster (ref. Baumeister 1958, p. 486)
the greatest part of the phosphorus in cereal grains is found in phytin and only a
small part in lipids and inorganic P-compounds.

The same observation has been made by Garz (1966, p. 148) concerning seeds
of peas. According to Garz (1966, p. 139) phytic acid is encountered as water-
soluble salts in seeds of peas. According to him the phytic acid of seeds of Legumi-
«osae-plants is possibly partly bound to protein, a major part as K-salt or acid salt
and only a minor part as Ca - Mg - salt. Of the total phytin in cotyledon meal
of peas 88 % is soluble in cold water. Water-soluble phytate has also been encountered
in wheat meal. Schmalfuss (1941) has observed that when the grains of maize ripen
the inorganic phosphorus is transformed into phytin phosphorus. In the earliest
growing stage of the grain the proportion of inorganic phosphorus is approximately
57 % and in the completely ripe grain the proportion of phytin - P is c. 75 % of
the total phophorus.

Plantphosphatides are mostly composed of lecithin. Water-soluble phosphatides
have been separated from living plants. Maizel et al. (1956, p. 407) have observed
large amounts, at least 5—20 % of the total phosphorus, of the phosphoric acid
ester of choline in the sap of plants. The nucleic acids are especially im-
portant phosphorus containing compounds that are encountered as prosthetic groups
in proteins. The phosphoproteins are usually insoluble in water.

Chlorine compounds. Plants absorb chlorine as Cl-ions and in this form
it is also encountered in the cell tissues of the plant (Valmari 1938, p. 149). The
amount of chlorine required by plants is usually very small. Chlorine promotes the
growth of several plants, especially of those belonging to the Chenopodiaceae-ia.rm\y.
Beta-roots, white beet, radish, spinach and celery are chlorophilic plants (Mengel
1965, p. 324). In some cases the dry matter may contain as much as 5 % chlorine
(Humphries 1956, p. 487).

Silicon compounds. Presumably the plants absorb silicic acid as hydro-
silicate-ions, HSiO s

~ (Valmari 1938, p. 152). Silicic acid is usually stored in plants
as amorphous pure Si0 2. Using roentgenographic methods a-quartz or opal (Sio2-

nH 20) has been encountered in e.g. Helianthus annuus and Tnfo'ctm-plants
(Heinen 1963, p. 5). Engel (ref. Heinen 1963, p. 6) has extracted galactose-
silicate-ester from straws of rye, in which the molar proportion between galactose
and silicone in the young material was 1: 1 and in the older material 1: 2. According
to Heinen (1963, p. 6) also other carbohydrates (mucilage compounds) can occur
instead of galactose. Silicon is always encountered in small amounts in pectin.
Polymeric silicic acid has been found in cellulose (Silica-Cellulose).

The solubility of silicic acid decreases as the degree of polymerization increases.
Of the silicates only the alcalic silicates are soluble in water; the others are not
(Heinen 1963, p. 7).

Especially rich in silicon (Sio2) are horsetails {Equisetum), sedges ( Carex) and
grasses ( Gramineae) (Collander 1960, p. 100).

In pure ash of plants belonging to the Cyperaceae- and Equisetaceae-izxmlies up
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to 70 % Si02 can been found (Heinen 1963, p. 4). Old plants contain more silicon
than young ones (Mengel 1965, p. 322).

Potassium compounds. Plants absorb potassium as K 4-ions and in
this form it is also encountered in a majority of plants. In fruits, roots and young
grass organic acids, as for example citric- and malic acid, are found, except as free
acids, also as K-, Na- and Ca-salts. In the cotyledons of peas and beans a major part
of the potassium is bound to phytic acid (Gartz 1966,p. 146). Potassium in plants is,
even more thanmagnesium and calcium, found as free ions (Collander 1960,p. 101).
Plants differ much less from each other with respect to their K- than for instance to
their Ca- and Si-content (Strigel 1912, p. 357). It is believed that part of the
potassium in plants is contained in ionizedform in the proteins of the cell, from where
K can be extracted with water (Baumeister 1958, p. 504). K can easily be extracted
from fresh cell tissue with water. K-compounds that are insoluble in water are rare
(Humphries 1956, p. 483). For example with tomato- and maizeplants the complete
solubility of potassium has been demonstrated. Potato tubers may, however, also
contain potassium that is insoluble in water (Baumeister 1958, p. 504). According
to Honda and Robertson (ref. Mengel 1965, p. 273) potassium is encountered in
insoluble form in mitochondria.

The largest amounts of potassium is encountered in young cell tissue rich in
cytoplasm, especially in the growing point and in young leaves as well as in the
storage regions of the plant, as for example in potato tubers.

Sodium compounds. Plants absorb sodium as Na4 -ions and in this
form it is maintained in the cell tissues. Sodium may form salts soluble in water
with citric-, malic- and oxalic acid. The Na-content of plants varies considerably.
Sodium philic plants, i.e. Beta-roots and spinach, contain 15—20 mg Na/g of dry
matter, most plants 2—5 mg/g and sodium phobic plants less than 1 mg/g of dry
matter (Mengel 1965, p. 279).

Calcium compounds. Plants absorb calcium as Ca++ -ions, in which
form it is also encountered in the cell tissues (Collander 1960, p. 101). Of the
inorganic Ca-compounds there is plenty of calcium carbonate both in the
protoplasm and the wall of the cell (Baumeister 1958, p. 517). According to Mengel

(1965, p. 282) Ca-phosphates and Ca-oxalate exist beside Ca-carbonate in the vacuoles
of the cell and as incrusting substances in the cell wall.

Calcium sulphate is common in the sap of the cell (water solubility
0.2 %) whereas gypsum crystals are seldom encountered (Baumeister 1958, p. 517).

Of the organic Ca-compounds calcium oxalate in crystal form is
common in plants. Of the calcium in sugar beets, sugar beet tops and silage, sugar
beet pulp and lucerne meal a considerable part is in the form of calcium oxalate
(Brune and Bredehorn 1961, p. 214). According to Garz (1966, p. 141) it is possible
that part of the calcium in seeds of beans occurs as oxalate and carbonate.

The rhombic crystals of calcium tartrate have in some cases been
encountered in plant material (Baumeister 1958, p. 517).

Calcium pectate occurs in the middle lamella of the cells and in theprimary
wall of the cell (Baumeister 1958, p. 517). The pectin of the middle lamella of the
cells is insoluble in water being saturated with calcium. On the other hand the
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monovalent compounds of calcium are readily soluble (Matson et al. 1951, p. 40).
According to Paloheimo (1956, p. 27) the pectin content in the dry matter of sugar
beet pulp is c. 50 % and that of young grass sometimes almost 20 %.

Calcium may also form a salt with lecithin. The lecithins form salts
soluble in lipides with the divalent- (Ca and Mg) ions. A considerable part of the
calcium and magnesium in seeds of Leguminosae- plants is tied to protein and to
pectin (Garz 1966, p. 143). Kostytschew and Berg (ref. Baumeister 1958, p. 516)
have observed that of the total amount of calcium in the leaves of white clover
('Trifolium repens) 42.4 % is soluble in water and of potato stalks 16.5 %. The
corresponding figures for seeds of peas and beans are c. 18 and c. 17 % respectively
(Garz 1966, p. 143). According to him 54 and 40 % of the total amount of calcium
is difficultly soluble (as carbonates and oxalate) in seeds of beans and peas respective-
ly. According to Abutilow (ref. Baumeister 1958, p. 517) water-soluble calcium
is primarily found in the topmost youngest parts of the plant, whereas calcium
soluble in acid primarily is encountered in the lower parts of the plant.

Magnesium compounds. Magnesium in plants is mostly encountered
as free ions (Collander 1960, p. 101). Magnesium as a salt (Mg-oxalate, phytin) is
free or sorptically bound as an ion or as a chelatic compound (Mengel 1965,p. 286).
Magnesium occurs in the protoplasm of the cells both in inorganic and organic form
(Humphries 1956, p. 477). The proportion of chlorophyllmagnesium is c. 20 % of
the total amount of magnesium and is not much dependent on the magnesium supply
(Popp 1936, p. 129, Michael 1941,p. 80). Hasler et al. (1966, p. 375) have, however,
observed that when cultivated grass for cutting contains at least 0.2 % Mg in the
dry matter, the proportion of magnesium bound to chlorophyll is only 10 % or less.
A small part of the magnesium appears as a constituent of phytin and of the pectin
in the cell wall and of several enzymes. Sometimes Mg-oxalate is encountered (Bau-
meister 1958,p. 527). In addition Mg ++-ions are linked to the phosphate radicals
of ribonucleic acid (RNA) (Hewitt 1963, p. 174).

According to Garz (1966, p. 145) 58 and 86 % respectively of the magnesium
of the seeds of peas and beans is soluble in water. In the cotyledons of these seeds a
considerable part of the magnesium (as well as the potassium) is bound to phytic
acid as a water soluble salt.

According to Michael (ref. Baumeister 1958, p. 527) 60—85 % of the total
amount of magnesium in leaves of maize is soluble in hot water. The proportion of
the water soluble fraction of magnesium is independent of the magnesium supply.
In plants magnesium is primarily found in leaves and seeds (Baumeister 1958, p..
527, Humphries 1956, p. 477).

Methods

By incineration the crude ash can be determined. By subtracting carbon, sand
and carbonic acid from the crude ash we get the pure ash (Hermann 1951, p. 25).
The analysis of the ash does not give a true picture of the nature and quantities of
the minerals of plants because the method of burning to eliminate the organic com-
pounds changes the composition of many minerals. The ash is an artificial product
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which does not as such form a part of the plant. Only a small part of the compounds
included in the ash occurs as such in the plant (Paloheimo and Mäkelä 1966,p. 241).
In addition to the total ash content the present investigation attempts also to deter-
mine the valuable constituents (P, K, Ca and Mg) included in it. Special regard has
been given to the water-soluble ash and the ash content of the water-soluble fraction
of the plant and to the water-soluble portion of the aforementioned cations and
phosphorus. In addition, the total amounts of crude protein, chloride and sodium
have been determined.

An attempt was made to determine the total ash content free from
carbon (Paloheimo and Mäkelä 1966).

The water-soluble ash was determined by burning 3—5 gof ground
plant material in an electric oven for 3 y 2 hours at 550° C. The ash received in this
way was washed into a 250 ml decanter glass with 60 ml of water, boiled 10 min.
and filtered. The result of the weighing gives the amount of ash in soluble in water.
When this is subtracted from the carbonfree total ash the result gives the water-
soluble ash. The method used is similar to those of Pearson (1962, p. 21) and
Joslyn (1950, p. 94).

To determine the ash content of the water-soluble fraction
■of the plant. sgof the sample is put in an Erlenmeyer flask and 500 g destilled
water and a magnet are added. With a magnetic stirrer the contents are slowly
stirred without heating for 2 hours. Then the contents of the Erlenmeyer flask are
filtered through a Buchner funnel containing a filter paper (Whatman No 2) the size
of the bottom of the funnel. The precipitate including the filter paper is transferred
to a big porcelain bowl, which thus contains the fraction of the plant insoluble in
water plus the cations and anions insoluble in water. The filtrate on the other hand
contains the water-soluble fraction of the plant plus its cations and anions. Both
fractions of the sample are completely evaporated and burnt in an electric oven at
550° C for 3 % horns. In order to be able to determine the water-soluble fraction of
the plant the ash contents of the insoluble fraction has to be weighed. The ash con-
tent of the water-soluble fraction = carbonfree total ash the ash content of the
insoluble fraction. The cation and phosphorus determinations are made both for
the water-soluble and insoluble fractions. In this connection the sum of the soluble
and insoluble cation and phosphorus amounts was observed to be approximately
equal to the result obtained when the total amount was determined. The proportion
of water-soluble cation and phosphorus has been expressed as a percentage of the
sum of water-soluble and insoluble fraction. The total amounts of the cations K, Na,
Ca and Mg as well as their water-soluble and insoluble portions were determined with
a model DU Beckman flame spectrophotometer with photomultiplier attachment.
The phosphorus determination was made according to Naumann
(1962, p. 74). This method is approximately the same as those presented by Wiegner-

Pallman (1938, p. 96) and Nehring (1960, p. 114). The protein deter-
mination was carried out using the KjELDAHL-method. The chlorine
determination was made according to Humphries (1956, p. 487).

When preparing the samples, chopped plantmaterial was kept in a thermostat
at 90—95° C for 24 hours and then finely ground. On the other hand slices of roots
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and potato were held at 70° C for 24 hours in a vacuum drying apparatus where after
they were finely ground.

As each method of analysis was taken into use several determinations were run
simultaneously. When the determinations have given approximately the same results
only one sample has been used for the analysis. The plantmaterial for the investiga-
tion of the mineral compounds was collected primarily from the University of Hel-
sinki Experimental Farm Viik. The samples have been collected from the fields and
edges of the farm from areas as free from dust as possible.

Results and conclusions

The results of the investigation are presented in tables 1, 2 and 3. They contain
figures expressed as percentages of the dry matter of the respective compounds on
the total ash, the water-soluble ash, the ash of the water-soluble fraction, the crude
protein, P, Cl, K, Na, Ca and Mg. In the following when for example the water-
soluble phosphorus and potassium is mentioned, it applies to that part of these
elements, which is contained in the soluble fraction of the investigated sample.
Correspondingly e.g. the water-solubility of phosphorus means a percentage ex-
pressing how great an amount of the total phosphorus content is contained in the
water-soluble fraction. On the other hand the water-soluble ash refers to the pro-
portion of the ash that dissolves when ash is dissolved in water. The ash of the water-
soluble fraction scarcely needs to be further explained.

Excluding Cl and Na the water-solubility of the different elements is report-
ed. The corresponding figure for Cl is not given because the total amount of Cl
occurs in water-soluble form. The water-solubility of Na is not given because the
results of the investigation in this respect proved to be quite uncertain, apparently
due to the very small proportions in the examined samples. It may, however, be
mentioned that the investigated samples contain much more water-soluble Na
than insoluble Na. The proportions of crude protein have been included because
they in some respects characterize the quality of the product. The water-soluble
fraction of the ash and the useful minerals reflects the most valuable part of the
minerals as for as animal and human nutrition is concerned. This fraction does not,
however, contain all the valuable mineral elements of the food. Many minerals
soluble in acid but not in water, e.g. di- and triphosphates of calcium and magne-
sium, calcium- and magnesiumcarbonates, calciumoxalate and many organic esters
of phosphoric acid, are important in nutrition. In addition, by determining the
water-soluble fraction of the minerals, some information on the nature of mineral
compounds is received. The investigated material represents a variety of quite diffe-
rent groups of plant products.

Consequently, it is understandable that common characteristics are rare. In the
tables we find the following border values, with the respective border values of the
water-solubility given in parantheses.
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Table
1.

Total
ash,
ash
of
the
water-

soluble
fraction,
and

someash
constituents
in

Gramineae-
grassesas

percentagesof
dry

matter.

Total
Water-
Ash
of
the
Crude

Phosphorus
Chlorine

Potassium
Sodium
Calsium
Magnesium

P,ant

ash
soluble
water-
protein
Total
Percent.

Total
Total

Percent.
Total
Total
Per

cent.
Total

Percent.

ash

soluble

water-

water-

water-

water-

fraction

soluble

soluble

soluble

soluble

Gramineae
grasses:

Timothy
{Phleum
pralense)

early
heading
stage

6.08
4.63
3.83
8.67
0.23

70

0.67

1.61

99

0.37

66

0.07

83

blooming
stage

5.83
4.56
3.49
8.59
0.25
80

0.90

1.86
99

0.30

54

0.13

61

straw

5-26
2.85
2.34
4.49
0,11

70

0.52

0.58
97

0.30

50

0.10

60

Cocksfoot (Dactylis
glomerata)

leaf
stage

11.39
9.49
9.20
21.88
0.22

70

1.11

4.03
89

0.05
0.36

46

0.25

74

early
heading
stage

7.47
6.28
5.47

11.45
0.22
83

0,87

2,82

93

0.05
0.21

37

0.12

68

Meadow
fescue (Festuca

pratensis)
leaf
stage

9.81

7.11
7.66

28.99
0.36

78

1.31

3.57
93

0.04
0.45

53

0.14

72

early
heading
stage

6.72
5.09
4.99

11.45
0.25

77

0.93

2.47
88

0.03
0,31

49

0,12

68

Meadow
grass

(Poa
pratensis)

leaf
stage

8.17
5.51
5.34
21.83
0.44

72

0.84

3.13
93

0.02
0.40

57

0.12

66

Couch-grass (Agropyrum
repens)

leaf
stage

9.10
7.55
6.35
21.03
0.31

89

0.74

3.96
94

0.04
0.24

50

0.11

68

Meadow
foxtail (Alopecurus

pratensis)
in

beginning
of

blooming
7.43
6.06
4.91

13.54
0,24

72

0.70

3.19
93

0.03
0.18

45

0.11

58

Hair
grass (Deschampsia

caespitosa)
early
heading
stage

7.12
4.94

3,17
17.09

0.23

80

0.53

2.48
93

0.02
0.19

50

0.11

62

Common
reed (Phragmites

communis)
early
panicle
stage

9,27

5.64
4.81

16.58
0.27

69

0.87

3.37
93

0.09
0.13

57

0.09

78
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Total ash 1.82-23.95 (0.35-16.39)
Ash of the water- soluble fraction 0.24 11.79
Phosphorus 0.02- 1.11 (31-91 %)

Chlorine 0.04 2.62
Potassium 0.20- 6.82 (54-99 %)

Sodium 0.02 0.29
Calcium 0.05- 1.90 (4 -88 %)

Magnesium 0.03 0.57 (9—83 %)

In all investigated cases the water-solubility of K is greater than that of P. Ca
and Mg. Excluding lichen and grain products, the water-solubility of K varies be-
tween 82—99 % being in most cases over 90 %. The next in order after K. Na and
Cl are phosphorus and magnesium, the solubility of which in all cases is less than
that of K. With the exception of some grain products and lichen, the solubility of
Ca is less than that of P.

Gramine ae-grasses. The mineral contents of the most important grasses in
Finland for cutting and pasture, are presented in Table 1. Timothy, cocksfoot, mead-
ow fescue and meadow grass have grown on intensively manured fields, whereas the
others are natural edge plants. Timothy, cocksfoot and meadow fescue have two or
three growth stages. It can be seen that the total ash content decreases as the plant
grows older. The proportion of ash of the water-soluble fraction as well as that of the
water-soluble ash in the total ash, however, remain almost unchanged. When the
plant grows older the crude protein content of the dry matter decreases considerably.
The same is also true of the contents of P, K, Ca and Mg. Kerguelen (1960, p. 206)
has observed that when the leaves of perennial Gramineae-grasses grow older their
content of Si, Mg and Ca increases while the content of P, K and Na decreases.
Gueguen and Fauconneau (1960, p. 157) have observed that later cuttings of
cocksfoot grass at the same stage of growth contain more P, Ca, Na and Mg and less
K.

Generally the content of water-soluble ash of the total ash of grasses for cutting
and pasture is 70—80 %, being however considerably less in reed and ripe timothy.
The proportion of ash of the water-soluble fraction is usually somewhat less than
that of the water-soluble ash. Seventy to eighty per cent, of the phosphorus is water-
soluble. The water-soluble phosphorus is probably to a great extent in inorganic form
(K- and Na-phosphates and Ca- and Mg-monophosphates); in addition they occur
as alcalic salts of phytic acid and, originating from the photosynthesis, as sugar-
phosphates and as intermediate products of this synthesis. A considerable amount
of the insoluble phosphorus occurs as a Ca - Mg - salt of phytic acid, which is
encountered in almost all parts of the plant, e.g. in the leaves. Almost all of the
potassium is in water-soluble form, mostly as a K +-ion and also occurs sorptically
linked with the proteins of the cell or with the water-soluble phytic acid. Only about
one half of the calcium is in water-soluble form, probably as Ca++ -ions (i.e. as
chlorides, monophosphate and bicarbonate). Even such a difficultly soluble Ca-
compound as CaS0 4 (water solubility 0.2 %) occurs in plants in water-soluble form
with the exception of a few rare cases. The insoluble Ca occurs partly in inorganic
form i.e. as Ca-carbonate, Ca-phosphate and Ca-oxalate in the incrusting substances
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2.
Total
ash,
ash
of
the
water-
soluble
fraction,
and

someash
constituents
in
cereals
and
red
clovers
as

percentages
of
dry

matter.

Total
Water-
Ash
of
the

Crude
Phosphorus

Chlorine
Potassium

Sodium
Calcium

Magnesium

Plant

ash
soluble
water-
protein
Total

Percent.
Total
Total

Percent.
Total
Total

Percent.
Total

Percent.

ash
soluble

water-

water-

water-

water-

fraction

soluble

soluble

soluble

soluble

Red
clover: (Trifolium

pratense)
1)

leaf
stage

9.62
4.77
4.75
23.63
0.30

81

0.46

2.45
92

0.07
1.62

49

0.42

75

a)
leaves

9.03
3.76
3.73
27.14
0.32
80

0.50

1.99
91

0.06
1.82

50

0.41

75

b)
stalks

11.14
7.37
7.39

14.61
0.24
82

0.35

3.63
92

0.08
1.10

45

0.46

75

2)

blooming
stage

6.91

3.82
4.52

14.14
0.14

77

0.36

2.67
90

0.02
1.00

31

0.19

53

a)
flowers

6.30
3.44
3.87
21.21
0.31

72

0.31

2.51
90

0.02
0.54

14

0.26

45

b)
leaves

9.21
4.31

6.01
21.43
0.13

79

0.23
2.79
92

0.02
1.90

41

0.25

66

c)

upperhalf
of
stalks
7.13
4.79
4.89
8.57
0.10

79

0.62

3.23
88

0.01
0.76

20

0.18

48

d)
lower
half
of
staks
4.42
2.94
2.92
4.92
0.05

76

0.31

2.17
88

0.02
0.51

17

0.10

40

Cereals: Wheat
grains

1.86
1.00

0.32
13.63

0.37

42

0.28
0.54
60

0.05
0.05

67

0.13
33

Oat
grains

2.92
1.18

0.50
14.27

0.33

37

0.26

0.44
71

0.02
0.07
75

0.11

50

kernels

2.03
1.10

0.47
17.42

0.41

31

0.30

0.46
70

0.02
0.06

88

0.13

55

hulls

6.49

1.51

0.62
1.57

0.02

60

0.11

0.35
76

0.03
0.12

20

0.04

29

Brewers'
grains

4.62
0.63

1.80
21.92
0.61

66

0.21

0.12
79

0.07
0.30

66

0.22

67

Wheat
bran

5.83
3.53

1.98
16.95
1.11

37

0.04

1.49
60

0.04
0.05

35

0.48
24

Oat
straw

5.14
3.39

3.26
2.52
0.09

76

0.75

2.14
90

0.13
0.34

36

0.10

53

Rye
straw

3.39
1.34

0.61

2.10
0.11

81

0.21

0.77
91

0.02
0.23

32

0.05

54

Awns
of
barley

14.35
3.66

4.05
14.18

0.17

78

0.41

1.47
91

0.06
0.41

66

0.05

73

174
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of the cell wall. A considerable, if not the greatest,part of the insoluble calcium occurs
as calcium pectate of the middle lamella of the cells.

Generally 60—70 % of the magnesium is water-soluble. The greatest part of
the water-soluble magnesium occurs as Mg ++ -ions in the same compounds as the
Ca ++-ion. Of the insoluble magnesium approximately one half is bound to the chloro-
phyll. A part occurs as Mg-phytate and as Mg-pectate of the cell wall and sometimes
also as Mg-oxalate.

Red clover. The mineral contents of different parts of red clover at differ-
ent growth stages are presented in Table 2. When the plant grows older the ash con-
tent decreases considerably, the contents of water-soluble ash as well as that of the
ash of the water-soluble fraction to a lesser degree. Similarly also the contents of
crude protein, P, Na, Ca and Mg decrease considerably, even to one half, as the plant
develops from the leaf stage to the blooming stage. On the other hand the Cl-content
decreases only slightly and the content of potassium remains the same. Garz (1957,
p. 218) has observed even more drastic decreases of N and P in lucerne and in the
fractions (phosphatide- and nucleic- P and inorganic P) of phosphorus as the plant
develops from a seedling of 10 cm to the blooming stage. The ash content of the stalks
of red clover at the leaf stage as well as the contents of the water-soluble ash and the
ash of the water-soluble fraction are considerably higher than those of the leaves.
On the other hand the reverse is true at the blooming stage. Both at the leaf and
blooming stage the contents of crude protein, P and Ca, of the leaves are consider-
ably higher than those of the stalks; at the blooming stage this is true also for the
content of Mg. On the other hand the content of potassium of the stalks is higher
than that of the leaves. Gueguen (1959, p. 218) has obtained similar results with
lucerne. With regard to the contents of Na and Cl, no district differences can be
observed. The contents of ash, of the ash fractions as well as of P, K, Ca, Mg and
Cl are 1 y2—2 times as high in the upper parts of the stalks than in the lower parts
at the blooming stage. The content of Na at the blooming stage is small both in the
leaves and the stalks. The contents of ash and Ca are lower but the content of P
is higher in red clover flowers than in the leaves. The proportion of water-soluble
ash of the total ash in red clover is both at the leaf and blooming stage only 50—55 %,

i.e. smaller than the corresponding value for the Gramineae-grasses. Especially in the
leaves the water-solubility of the ash is small, only slightly more than 40 %, while
the corresponding value for the stalks is 70 %. The water-solubility of phosphorus,
70—80 %, is similar, and that of potassium almost the same, about 90 %, as for
the Gram.ineae-gra.sses. According to Garz (1957, p. 218) in lucerne the proportion
of inorganic P is about 2/3 of the total P during the whole of the growing period.
As the inorganic P is a storage product, one may conclude that it occurs as easily
soluble salts. This may also be true for red clover.

The water-solubility of Ca and Mg, c. 50 and 75 % respectively, of red clover
at the leaf stage, is the same and at the blooming stage (for Ca c. 30 % and for Mg
c. 50 %) less than for the Gramineae-grasses. The water-solubility of Ca of red clover
at the blooming stage is especially low, particularly in the flowers and stalks, only
15—20 %. Concluding from the fairly high contents of Ca- and Mg-compounds in-
soluble in water, the proportions of Ca- and Mg-carbonate, Ca- and Mg-pectate,
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possibly, also of Ca- and Mg-salts of lecithin, are encountered in much greater
quantities than in the Gramineae- grasses. Gueguen (1949, p. 249) has observed that
grasses and leguminous plants generally contain 0.3 and 1.6 % Ca respectively in
the dry matter. On the other hand the contents of P, K and Na are about the same.

Cereals. Table 2 furthermore gives the mineral contents of spring wheat and
oat grains, some cereal products, and oat and rye straw. In the grains, wheat bran
and straw the proportion of the water-soluble ash is considerably higher, generally
about twice as high, as the ash content of the water-soluble fraction. This may be
due to fact that part of the minerals which in the sample occur as water-insoluble
compounds, appear in water-soluble form in the ash. The opposite seems to be true
for brewers’ grains, the ash content of the latter proportion being about 3 times as
high as of the former. The explanation why brewers’ grains still contain water-soluble
minerals apparently is that they are contained in the juice. The grains contain fairly
high, brewers’ grains and particularly wheat bran quite high, contents of phosphorus.
The water-solubility of phosphorus is, however, only 40 %, except for brewers’ grains
where it is higher. The P of the cereal grain is to a considerable part contained in
phytin insoluble in water; according to Mengel (1965, p. 260) even 80 %. Concluding
from the scarcity of calcium, all phytic acid is hardly phytin, but part occurs also
as water-soluble K-phytate or as an acid salt of phytic acid which according to
Garz (1966, p. 148) is common in seeds of plants belonging to the Leguminosae-
famity. Phytin occurs particularly in the hull of the grain and in the aleuron layer
(Dangschat 1955,p. 64) which explains the high content of P in wheatbran. The con-
tents of K and Ca are especially low in cereal grains. The low content of calcium is
due to its poor translocation in plants (Mengel 1965, p. 281).

The water-solubility of K in cereal grains, as well as in brewers’grains and wheat
bran, is only 60—80 %, which may be due to the incomplete extraction of K in
cold water. The water-solubility of calcium in grains and brewers’ grains is fairly
high, c. 70 %; therefore only a smallpart of calcium is bound to phytin. On the other
hand only 35 % of the calcium in wheat bran is soluble in water. The water-solubility
of magnesium in grains is only c. 50 % or less. It is especially low in wheat bran.
The ash content of the hulls of oat grains is about 3 times as high as that of the
core. On the other hand the quality of the ash as far as animal nutrition is concerned
is inferior to that of the core. The awns of barley are to a certain extent similar to the
hulls of oats with respect to their mineral content, the ash content of the awns is,
however, considerably higher than that of the hulls. Regardless of the poor water-
solubility of the ash of the awns their content of water-soluble ash is at least twice
as high as that of the hulls of oat. The awns also contain more P, K, Ca and Cl than
the hulls of oat. The straw of oat, excepting P, is richer in minerals than the straw
of rye. At the time when the grains ripen the minerals are transferred from the straw
to the grains, making the straw poor in minerals (Knowles and Watkin 1931,
p. 616).

Potat o, roots and tops. The mineral contents of potato, roots and tops
are presented in Table 3. The ash content of potato tubers is low, but the water-
solubility of the ash high, c. 90 %. They are especially deficient in calcium, containing
c. 0.1 %. The ash content of swede roots and carrots is high and the water-solubility
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of the ash c. 80 %; whereas the water-solubility of Ca and Mg is quite low. The
mineral content and the water-solubility of the minerals of white cabbage is similar
to that of roots. The ash contents of tops, spring rape and potato stalks are quite
high, but the water-solubility of the ash is only about 60 %. The Ca content is very
high, but the water-solubility of the Ca of sugar beet tops and potato stalks is quite
low. According to Brune and Kudlich (1958, p. 1) sugar beet tops contain ample
supplies of both oxalic acid and pectin appearing as Ca-compounds insoluble in
water. The contents of Mg and Cl in sugar beet tops and potato stalks are especially
high.

Some other plants. Table 3 also contains figures on some plants belonging
to various groups; they usually occur as weeds but also temporarily as food for
animals. The dandelion ( Taraxacum officinale) is, with respect to its mineral content
and the water-solubility of the ash and different minerals, similar to meadow fescue
at the leaf stage. Only the water-solubility of Ca and Mg is much lower for the dan-
delion. Compared with red clover at the leaf stage the dandelion has considerably
less Ca and Mg but also much more K and Cl. With respect to the contents of ash
and P the differences are negligible. Approximately the same results have been
obtained by Strigel (1912, p. 357), when comparing the mineral contents of dan-
delion and leguminous plants. Of the sedges only the results for Carex Goodenowii
are presented in the table. It is similar to timothy at the blooming stage with respect
to its mineral content; only the amount and water-solubility of phosphorus is
less.

The ash content of water horsetail (Equisetum fluviatile ) and of the leaf-stalks
of common horsetail [E. arvense) is especially high, but the water-solubility of the
ash is low, less than 50 %. The reason for the low water-solubility of the ash is
probably due to the ample quantities of insoluble Si-compounds. The contents of
water-soluble ash and of separate minerals in horsetails are approximately the same
as in meadow fescue at the leaf stage, except that the horsetails, especially the water
horsetail, contain more Ca and Mg. The water-solubility of Ca in the horsetails (23 —

27 %) is, however, much lower than in the meadow fescue.
The ash content of chickweed (Stellaria media) is exceptionally high, c. 24 %

in the dry matter. The water-solubility of the ash is 68 %. Among the cations the
high K-content (c. 10% in the dry matter) is noticeable. The potassium is however
far from being completely soluble in water. On account of the high K-content the
alkalinity of the ash is exceptionally high, being equivalent to 12.5 % CaC0 3 in the
dry matter, when the corresponding values for red clover and timothy coming into
ear are 8 and 2.5 respectively. With respect to the contents and water-solubility of
other minerals the chickweed does not deviate except that the water-solubility of
Ca is exceptionally low (4 %).

Cladonia alpestris is with respect to the mineral content the opposite to chick-
weed. The ash content is only c. 2 % in the dry matter and at the same time the
water-solubility of the ash is very low (19 %). Also the separate anions and cations
are very scare and their water-solubility is poor.
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soluble

Potato,
tubers

4.49
3.98
4.08
5.85
0.25

72

0.62

1.47
98

0.12
0.12

51

0.16

72

Swede,
roots

7.14
5.49
5.76
7.92
0.33

91

0.96

2.56
98

0.35

24

0.09

9

Carrot,
roots

9.98
8.34
7.91

9.88
0.29

85

1.02

1.89
95

0.52

28

0.24

37

White
cabbage

6.57
4.49
5.20

11.37
0.36

77

0.26

1.00
98

0.47

37

0.14

67

Sugar
beet,
tops

15.41
9.62
9.97

15.98
0.26

85

2.67

2.82
99

1.66

5

0.41

66

Swede,
tops

15.33
9.74

11,79
23.80
0.35

78

1.21

4.29
97

1.82

52

0.16

69

Spring
rape,

green
plant

11.95
6.86
9.07
27.72
0.47

74

1.22

3.00
97

1.68

53

0.27

68

Potato,
stalks

17.19
11.38
11.29

22.13
0.23

80

2.62

6.82
90

0.03
1.34

9

0.43

55

Dandelion (Taraxacum
officinale)

10.89
7.95
8.02

17.90
0.31

74

0.89

4.87
90

0.02
0.53

29

0.20

37

leaves

13.42
9.60
9.81
21.73
0.32

72

0.89

5.69
91

0.03
0.72

23

0.24

39

stalks
with
flowers
8.48
6.39
6.32

14.26
0.31

76

0.89

4.09
89

0.02
0.35

34

0.17

36

Sedge
(Carex

Goodenowii)
5.64
3.45
3.43

11.93
0.12

59

0.70

2.04
92

0.02
0.50

49

0.13

66

Water
horsetail (Equisetum

fluviatile)
16.02

6.30
7.49

10.43
0.40

81

0.92

4.31
90

0.16
1.43

23

0.57

61

Common
horsetail (Equisetum

arvense)
leafstalks

19.43
9.46

10.45
16.80

0.29
78

1.06

5.03
93

0.03
0.68

27

0.48

70

Chickweed (Stellaria
media)

23.95
16.39
14.97

26.07
0.73
79

0.77
10.46

82

0.29
0.72

4

0.41

53

Lichen
(Cladonia
alpestris)

1.82
0.35
0.24
3.22
0.05

39

0.04

0.20
54

0.02
0.07

45

0.03

17

178
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Summary

This paper deals with ash and mineral contents essential in the nutrition of
livestock and man. The results of the investigated products are presented in Tables
I—3. Of the minerals the ash and the water-soluble part of it were determined, as
well as the ash of the water-soluble fraction and the cations and anions P, Cl, K, Na,
Ca and Mg. The determination of the water-solubility to some extent characterizes
in what form the minerals occur in the plant. The following results were obtained in
the determinations of the contents of total ash and the water-solubility.

1. As the Gramineae-grcLSses grow older the contents of ash and of individual
minerals decrease, while the water-solubility simultaneously slightly declines
(Table 1). The water-solubility of the ash and P is 70—80 %, that of K almost
complete, that of Ca c. 50 % and that of Mg in general 60—70 %.

2. When red clover develops from the leaf stage to the blooming stage the
contents of ash, N, P, Na, Ca and Mg decrease considerably, even to one half, while
the content of K remains unchanged (Table 2). Simultaneously one can observe a
decrease in the water-solubility. The water-solubility of the ash is 50—55 %, that
of P 70—80 %, that of K almost complete, that of Ca 30—50 % and that of Mg
50—70 %. The contents of N, P and Ca in the leaves are considerably higher than
in the stalks; at the blooming stage this is true also for Mg. On the other hand the
content of K in the stalks is higher than in the leaves. The mineral content of the
flowers is similar to that of the leaves, except that the content of ash is lower and
that of phosphorus higher.

3. The water-solubility of the ash of cereal grains, cereal products and straws
is 40—60 % (Table 2). The water-solubility of P in grains and wheat bran is c. 40 %,

in brewers’ grains and straw 60—80 %. The water-solubility of K is only 60—80 %,

except in straw where it is 90 %. The water-solubility of Ca in grains and brewers’
grains is c. 70 %, in the wheat bran and straw 30—40 %, in hulls of oats 20 % and
awns of barley 66 %. The water-solubility of Mg in brewers’grains is almost 70%,.
in oat grains and straw c. 50 %, in wheat grains and bran 20—30 %.

4. The water-solubility of the ash of roots and potato (Table 3) is high, 80—
90 %. The ash content of tops and potato stalks is quite high, but the water-solubility
of the ash only approximately 60 %. The water-solubility ofP of the aforementioned
plants and parts of plants is 70—90 % and that of K almost complete. The water-
solubility of Ca in potato tubers, swede tops and spring rape is c. 50 %, where as
it is low in other plants, especially in sugar beet tops and potato stalks. The water-
solubility of Mg in potato tubers and tops is c. 70 %, whereas it is low in carrots,,
potato stalks and especially in swede roots.

5. In Table 3 are furthermore presented the mineral contents of some plants
belonging to various groups of plants which to a limited extent may be used by some
animals. The dandelion (Taraxacum officinale) is quite similar to the meadow fescue
at the leaf stage with respect to its mineral content and the water-solubility of various
minerals. The common sedge {Carex Goodenowii) is with respect to its mineral content
and the water-solubility of the minerals similar to the blooming timothy, except;
that the amount and water-solubility of P is low.
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The water-soluble ash and the contents and water-solubility of various minerals
of water horsetail (Equisetum fluviatile ) and common horsetail [E. arvense) are
approximately the same as those of the meadow fescue at the leaf stage, except that
the contents of Ca and Mg are higher and the water-solubility of Ca considerably
less. The ash content of chickweed ( Stellaria media ) (c. 24 % in the dry matter) and
•of its specific minerals, the content of K (c. 10 %) is exceptionally high. On the other
hand lichen (Cladonia alpestris) is especially poor in minerals.
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SELOSTUS:

KASVIEN KIVENNÄISAINEIDEN VESILIUKOISUUDESTA

Aarne Mäkelä

Kotieläintieteen laitos, Helsingin yliopisto

Tässä tutkimuksessa tarkastellaan kotieläinten ruokinnassa ja myös ihmisravitsemuksessa tär-
keitten kasvien tuhka- ja kivennäispitoisuuksia. Tutkitut tuotteet nähdään taulukoista X 3. Kivennäis-
aineista on määritetty tuhka ja sen vesiliukoinen osa, kasvin vesiliukoisen fraktion tuhka sekä kationit
ja anionit P, Cl, K, Na, Ca ja Mg. Vesiliukoisuuden määrittäminen valaisee jossain määrin kivennäis-
aineiden esiintymismuotoa kasveissa.

Kivennäisaineiden totaali- ja vesiliukoisuuden määrän määrityksissä on päästy seuraaviin tulok-
siin.

1. Gramineae - ruohojen vanhetessa tuhkan ja yksityisten kivennäisaineiden pitoisuudet laskevat
samalla kuin myös kivennäisaineiden vesiliukoisuus hieman pienenee. Tuhkan ja P:n vesiliukoisuus on
70 80 %, K:n lähes täydellinen, Ca;n n. 60 % ja Mg:n yleisimmin 60 70 %.

2. Puna-apilan kehittyessä lehtiasteelta kukka-asteelle tuhka-, N-, P-, Na-, Ca- ja Mg-pitoisuudet
laskevat huomattavasti, jopapuoleen, K-pitoisuuden pysyessä ennallaan. Samalla on havaittavissa vesi-
liukoisuuden laskua. Tuhkan vesiliukoisuus on 50 —55 %, P:n 70 —BO %, K;n lähes täydellinen, Ca;n

30 —5O % ja Mg:n 50 70 %. Puna-apilan lehtien N-, P- ja Ca-pitoisuudet ovat huomattavasti korkeam-
mat kuin varsien, kukka-asteella myös Mg-pitoisuus. Sensijaan varsien K-pitoisuus on korkeampi kuin
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'ehtien. Kukkien kivennäispitoisuus muistuttaa lehtien kivennäispitoisuutta paitsi, että tuhkapitoisuus
on alhaisempi ja fosforipitoisuus korkeampi.

3. Viljan jyvien, viljatuotteiden ja olkien tuhkan vesiliukoisuus on 40 —6O %. P:n vesiliukoisuus
on jyvissä ja vehnänleseissä n. 40 %, mäskissä ja oljissa 60 —BO %. K:n vesiliukoisuus on vain 60 —BO %,

paitsi oljilla 90 %. Ca:n vesiliukoisuus on jyvissä ja mäskissä n. 70 %, vehnän leseissä ja oljissa 30 —4O %,

kauran kuorissa 20 % ja ohran vihneissä 66 %. Mg:n vesiliukoisuus on mäskissä lähes 70 %, kauran
jyvissä ja oljissa n. 50 %, vehnän jyvissä ja leseissä 20 —3O %.

4. Juuresten ja perunan tuhkan vesiliukoisuus, on korkea, 80 —9O %. Naattien ja perunan varsien
tuhkapitoisuus on sangen korkea, mutta tuhkan vesiliukoisuus on ainoastaan 60 %:n suuruusluokkaa.
Edellämainittujen kasvien jakasvinosien P:n vesiliukoisuus on 70 —9O % ja K:n lähes täydellinen. Ca:n
vesiliukoisuus on perunan mukuloissa, lantun naateissa ja kevätrapsissa n. 50 %, sensijaan muissa,
erityisesti sokerijuurikkaan naateissa ja perunan varsissa alhainen. Mg:n vesiliukoisuus on perunan
mukuloissa ja naateissa n. 70 %, sensijaan porkkanan juurissa, perunan varsissa ja erityisesti lantun
juurissa alhainen.

5. Lisäksi on määritetty eräitten eläinten ravitsemuksessa vähäisessä määrin kysymykseen tule-
vien, eri kasviryhmiin kuuluvien kasvien kivennäiskoostumus. Voikukka (Taraxacum officinale) muis-
tuttaa kivennäiskoostumukseltaan sekä eri kivennäisaineiden vesiliukoisuudeltaan melko lailla nurmi-
nadan lehtiastetta. Jokapaikan sara (Carex Goodenowii) muistuttaa kivennäiskoostumukseltaan jakiven-
näisliukoisuudeltaan kukkivaa timoteitä paitsi, että P:n määrä ja vesiliukoisuus ovat alhaisia.

Järvikortteen (Equisetumfluviatile) ja peltokortteen (E. arvense) vesiliukoinen tuhka ja eri kiven-
näisaineiden määrät ja liukoisuudet ovat suunnilleen samansuuruiset kuin nurminadan lehtiasteen
paitsi, että Ca- ja Mg-pitoisuus on korkeampi ja Ca:n vesiliukoisuus huomattavasti heikompi. Pihatähti-
mön (Stellaria media) tuhkapitoisuus (n. 24 % kuiva-aineessa) ja yksityisistä kivennäisaineista K-pitoi-
suus (n. 10 %) on ainutlaatuisen korkea. Sensijaan alppijäkälä ( Cladonia alpestris) on erityisenkivennäis-
köyhä


