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CHAPTER I 

INTRODUCTION 

Interest in v;hole grain foods and the increased 

consumption of raw and cooked fruits and vegetables 

linked with warnings about heart disease and cancer 

has implications for mineral nutrition (9, 19). The 

increased use of v.-hole grain cereals and fibrous plant 

foods in diets has increased the interferences for 

mineral absorption (14). Fiber, phytic acid, amino 

acids and proteins can chelate minerals. 

Many commercial bakers are using whole grains 

and combinations of grains to increase the natural 

flavor and texture of their products. Bakeries enhance 

their retail product line by offering alternatives to 

plain white sandvrich bread. Many commercial breads 

also use seeds, cried fruit and fiber to appeal to 

those consumers who feel they need to eat more bulky, 

fibrous foods. Mcst stores sell bread made with whole 

rye, whole wheat and combinations of wlieat, rye, corn 

and bran for a leaf with rich texture, flavor and 

color. 

Erdman (4) reported that zinc absorption was 

areater when white bread was eaten, in opposition 



to a lowered absorption with whole wheat bread, v.hen 

tested by human subjects. 

While fiber is detrimental to mineral nutrition, 

phytate has a greater antinutritional influence on zinc 

and iron availability. The bioavailability of zinc and 

iron from whole grains was less than from an equal weight 

of refined grain products. Typically, however, whole 

grain products contain more minerals than refined products 

per unit weight (4). 

The increased popularity of v;hole grain breakfast 

foods is in part due to the "Dietary Goals for the United 

States" Government Publication (16). The advent of break

fast cereal using whole grains, nuts, seeds, dried fruit 

plus use of fresh fruits can have an impact on trace 

mineral nutrition. 

Davis (2) has examined twelve popular breakfast 

cereals and found them to be high in phytic acid. 

Harland and Prosky (8) have suggested a zinc-phytate 

molar ratio of 1:6 or less for adequate zinc availa

bility. Based on a serving size of one ounce, only one 

cereal, Quaker 100% Natural^Cereal, had an acceptable 

ratio of phytate to zinc. 

The purpose of this study was to determine if 

phytic acid can be reduced by germination. A quanti

tative test for phytic acid will be used to determine 



the time for germination which will be optimum for reduc

tion of phytic acid when compared to the dry, ungerminated 

seeds. 



CHAPTER II 

REVIEV7 OF LITERATURE 

Nutritive Value of Rye and Triticale 

Triticale is the hybrid grain developed from wheat 

(Triticum) and rye (Secale) grains. The triticale grain 

can be grown under dryer conditions than wheat and will 

produce a 50% higher yield than wheat in drought condi

tions (20) . 

The nutritive value of triticale compares well with 

both wheat and rye. The limiting amino acids for 

triticale grain, lysine, methionine and tryptophan are 

the same as those of both rye and wheat. Sikka et al. 

(16) found that both rye and triticale based diets pro

duced better weight gain in rats than whole wheat grain 

during a 28 day feeding experiment. Rye, triticale and 

wheat were compared by Protein Efficiency Ratio (PER), 

Net Protein Retention (NPR), Biological Value and 

Chemical Score. 

grams of w^eight gain 
^' ~ qrams of protein eaten 

grams gain in body weight of tested protein + 
,,T,T. qrams loss in bodv weight of non-protein diet 

D) NPR = -" r—: J • 
gram.s protein consumed 



c) Chemical Score "= The percentage of the most 
deficient essential amino acid 
in the protein compared to the 
amino acid requirement. 

d) Biological Value 

%N N intake - (F - Fm) - (U - Urn) X 100 
retained = N intake - (F - Fm) 

1) F = Fecal Nitrogen 
2) Fm = Fecal Nitrogen (protein free diet) 
3) U = Urinary Nitrogen 
4) Um = Urinary Nitrogen (protein free diet) 

The PER for rye (1.45) was higher than that of triti

cale at (1.40), hard red wheat (1.23)or spring wheat (.92). 

NPR v/as highast for rye at 2.63 followed by triti

cale (2.44) and hard red wheat (2.43) and spring wheat 

(1.12) . 

The Biological Value comparison found rye at 60, 

triticale at 52, hard wheat at 52 and soft wheat at 52. 

The Chemical Score, based on the percent of the 

FAO/WHO essential amino acid pattern, for rye was 61%, 

triticale 47%, and hard red wheat 48% and spring wheat 

52%. 

The comparison for total protein content found 

triticale to be 18g , hard red wheat IBg, , rye 16.3g , 

and spring wheat 14.6g/100g. 

In a comparison of phytic acid in wheat, rye and 

triticale by Singh and Reddy (18), several strains of 

triticale were analyzed. The value for wheat was 2.65mg/g, 



rye 2.74 mg/g, and triticale from 5.31 to 1.37mg/g. The 

phytic acid of triticale varied according to the year, 

location of planting and strain of triticale grown. 

TABLE 1 

PROXIxMATE ANALYSIS OF WHEAT,. RYE, AND TRITICALE 

Rye Triticale Wheat 

Protein % 13.4 14.8 14.3 

Ether Extract % 1.8 1.5 1.9 

Crude Fiber % 2.6 3.1 2.9 

Ash % 2.1 2.0 2.0 

Nitrogen Free Extract % 80.1 78.6 78.9 

Triticale and Rye Cultivation 

Rye production in 1972 amounted to 31 million metric 

tons on 17.5 million hectares world wide. 

Other grains grown on a world wide basis contribute 

to the rise or decline of the production. The general 

trend is fewer acres being planted but greater yield on 

the land which is planted due to better agricultural 

practices, seed development and the phasing out of less 

productive land (20). 

Triticale is grown in North America and other areas, 

on a limited basis but production yields have shown it to 
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be competitive with other grains (1). 

In test cropping triticale was 41% as productive as 

wheat in Maryland and 248% as productive as wheat in 

Georgia. 

In Kansas, the foremost producer of hard red wheat 

in the United States, triticale was 90% as productive as 

wheat on the average of several test plots; in North Dakota, 

the foremost producer of spring wheat in the United States, 

triticale was 93% as productive as wheat in the average of 

several test plots. Overall triticale, when tested in a 

dozen states against wheat, was 86% as productive as wheat 

in the 1972-1973 season. (See Table 2.) 

TABLE 2 

COMPARISON OF TRITICALE TO WHEAT, RYE AND BARLEY 
BASED ON POUNDS PER ACRE AND PERCENTAGE YIELD 

1972-1973 (20) 

Kansas North Dakota 

lbs/acre lbs/acre 

Wheat 2847 100% 2496 100% 

Triticale 2561 90% 2327 93% 

Barley 2656 100% 

Triticale 2315 87% 

Rye 2094 100% 

Triticale 2333 111% 



Structure and Function of Phytic Acid 

As noted by Oberleas (12) the proper chemical desig

nation for phytic acid is myoinositol 1,2,3,4,5,6-hexakis 

(dihydrogen phosphate) (3). (See Figure 1) 

PHYTIC ACID 

(OH),P 

1 /I© (D 
0 

P(0H)3 

CfiHi-Op^Pg 3HiO 
HjPOjO 

OPO3H2 OPO3H2 

C6H,«024P« 

NEUBERG STRUCTURE ANDERSON STRUCTURE 

Figure 1. Anderson and Neuberg structures for phytic 
acid. 

O'Dell and de Boland (13) tested the extent of 

phytate-protein interaction in high lysine and commercial 

hybrid corn germ, soybean flakes and sesame seed. At 

pH 9 or greater several proteins in an aqueous extract of 

soybean flakes complexed with phytate whereas those pro

teins from corn germ did not. At pH 4.4 gel filtration 

separated phytate from corn germ protein. Dilute HCl 

extracted sesame seed phytate after dilute salts had 

removed most of the protein. The conclusion was that 

phytate is complexed with protein in some seeds such as 
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soybean but in seeds like sesame, phytate is complexed 

with magnesium salts called phytin, Ca^Mg phytate. 

Erdman (4) has cited interaction of phytate with 

calcium, magnesium, iron, zinc, phosphorus, copper, 

manganese, molybdenum and cobalt. 

Phytates are the principal storage for phosphorus 

in almost all seeds according to Erdman (3). The storage 

is accomplished during the ripening stage of the plant 

when phosphorus is actively transported to the seeds from 

the stems and roots. Up to 80% of the phosphorus in the 

plant is in the form of phytic acid in mature seeds. 

The phytate molecule has been described as a buffering 

molecule to prevent an excess accumulation of inorganic 

phosphorus in seeds and tubers. 

Complex salt phytates are formed when phytic acid 

accumulates in the storage tissues of seeds and tubers. 

VJhen one or more hydrogens are lost from the phosphate 

groups on the molecule there exists a negative charge 

on the oxygen which can attract multi-valent cations 

in a variety of configurations. (See Figure 2) 
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O-P-O MD-|!>-O 

GP-P^O 

OH 

PHYTIC ACID 

OH 

PHYTIC ACID CHELATE 

Figure 2. Phytic acid and phytic acid chelate 

Germination Process of Cereal Grains 

Cereal grains contain food reserves in the endosperm. 

The endosperm consists of essentially non-living cells 

surrounded by the aleurone layer. The aleurone layer is 

a tissue two to four cells thick (15). 

Germination occurs in iihe cereal grain when the 

moisture content of the aleurone layer stimulates the 

cells to secrete hydrolytic enzymes, which in turr acti

vate proteases, phytases and ribonucleases. The phytase 

is present in the aleurone layer and acts on phytate 

which is present in the endosperm. The step-wise hydrol

ysis of phytate begins with myoinositol hexaphosphate and 

progressively removes phosphorus groups from the hexa

phosphate. Ferrel (5) found the esters of inositol to 
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progress from hexaphosphate in successive steps through 

penta-, tetra-, tri-, di- and finally to inositol mono

phosphate. One enzyme is thought to be responsible for 

the degradation of hexaphosphate and another is respon

sible for the separation of monophosphate into inositol 

and phosphate. 

Ferrel (5) has presented data indicating that total 

inositol hexaphosphate esters in germinated wheat de

crease over a period of up to seven days. After four 

days of germination the phytic acid phosphorus decreased 

from 69.5 to 39.2%. After seven days the phytic acid 

phosphorus was 10.7% of total phosphorus. 

Gibberellin Hormone 

The activation of enzymes in the aleurone layer is 

stimulated by the hormone gibberellin (15). Gibberellin 

is synthesized in the scutellum and perhaps other parts 

of the embryo. There is evidence in barley that at least 

two gibberellins exist. Liu and Loy (7) report that 

giberrellins promote cell division because they stimulate 

cells in the gap phase of mitosis to enter the synthesis 

phase and they also act to shorten the synthesis phase. 

Gibberellins also are thought to promote hydrolysis of 

starch and increase cell wall plasticity. All these 

actions occur when sucrose and mineral salts are present 



12 

such as in the water soaked seed. 

The phosphorus removed from the inositol phosphate 

ester is used in the synthesis of high energy phosphate 

groups notably adenosine di phosphate or ADP. 

Gibberellin stimulates the secretion of enzymes 

responsible for the hydrolysis of starch, proteins, 

phytin, RNA and some cell wall materials present in the 

endosperm cells. Some of the enzymes necessary for this 

digestion process include beta amylase (already present 

in the seed), several alpha amylase isozymes (synthesized 

in the aleurone layer), ribonucleases, phytase and various 

proteases (some of which are newly synthesized upon ger

mination) (15). Researchers have removed the embryo from 

germinating barley seeds and found the aleurone layer to 

be unable to produce hydrolytic enzymes, especially alpha 

amylase. (See Figure 3) This suggested that the barley 

embryo provides some stimulus to the aleurone layer 

which in turn stimulates the manufacture of hydrolytic 

enzymes. This stimulus was found to be gibberellin. 

This hormone stimulated secretion of hydrolytic enzymes 

into the endosperm where they digest food reserves and 

cell walls. 

Figures 4 and 5 are cross section diagrams of 

rye and triticale. The structures of rye and triticale 

grain are similar to barley. This similarity to barley 
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raohilla 

floral bracts 

fruit and seed 
coats 

aleurone layer 

endosperm 

scutellum 
coleoptile 

plumule with 
embryonic leaves 

vascular tissue 

seminal root 
radicle 
coleorhiza 

Figure 3. Barley seed sectioned -o illustrate major 
tissues. (Original drawing made by Dr. Arnold Larsen, 
Colorado State University Seed Laboratory.) 
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structure may be indicative of the same or similar mode 

of action for gibberellin in rye and triticale. 
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CRfASt 
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Figure 4. Diagrammatic view of rye grain in longi
tudinal section (a) and in transverse mid-section (b) . 
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Figure 5 
kernel. 

Longitudinal section of a trilicale 



CHAPTER III 

METHODS AND PROCEDURES 

Sprouting Sequence 

Triticale and rye grains were purchased from a 

local retail store in Lubbock, Texas. The amount pur

chased was five pounds each, taken from fresh one 

hundred pound bags. 

The seeds were culled for broken seeds before 

weighing out 50 gram samples to be sprouted. For each 

time segment, three 50 gram samples of each seed were 

placed in quart glass jars. The mouths of the jars were 

covered with flexible plastic screening held in place 

with string. All the seeds were soaked for twelve hours 

with deionized water before sprouting was considered to 

be underway. At 12 hours the deionized soak v;ater was 

poured off and one pint of deionized water was added to 

the jars. The seeds were soaked for 5 seconds and the 

water was poured off. The excess water was shaken out 

of the jars before the jars were set up, mouth downward, 

to drain the seeds. The seeds were washed every 12 hours 

All sprouting procedures were at 26°C. 

The samples numbered from one to eight were col

lected every 12 hours. The first sample was the 12 hour 

17 
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soak; the eighth sample was collected after 84 hours of 

sprouting. 

The seeds were placed in sealed plastic bags and 

weighed at the specific time to be collected. The seeds 

were stored in a freezer at -5°C. Freezing the seeds 

ruptured the seed cell walls because the water in the 

cells expanded upon freezing. Freezing thus stopped the 

sprouting sequence. 

Phytic Acid Determination 

Preservation of Samples 

The frozen seeds were placed in a freeze-dryer at 

-50°C for 48 hours. The samples were placed in aluminum 

foil pans inside the freeze-dryer. At 48 hours, the 

samples were placed in sealed plastic bags, v/eighed and 

refrozen. 

After all the seeds were collected from the freeze 

dryer, the seeds were ground in a #4 Wiley mill with a 

1 mm filter screen. The flour was placed in capped 

glass bottles and then stored in the freezer at -5°C. 

Extraction Procedures 

Five grams of each sample was weighed and placed 

in 250 ml Erlenmeyer flasks, then extracted by the 
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procedures of Harland and Oberleas (7). One hundred ml 

of 1.2% HCl was added to each flask. The flask was 

sealed with plastic wrap. The flasks were shaken at 

200 rpm for two hours at 26°C. 

The samples were vacuum filtered with #1 Whatman 

Filter paper. The filtrate was stored, not more than 

one week, in the refrigerator at 1°C. 

Ion Exchange 

The ion exchange method of Harland and Oberleas (7) 

was modified by increasing the salt, water and sample 

dilution from 15 ml to 20 ml. One ml of filtrate from 

each sample was diluted with 19 ml of deionized water. 

The 0.7 M NaCl and 0.05 M NaCl rinses were diluted with 

deionized water. The final 0.7 M NaCl rinse was col

lected in dry micro-Kjeldahl flasks. Five ml of acid 

mixture, 1:6 Sulfuric acid (H2S0^) to Nitric Acid 

(HNO^), was added to each flask for digestion. Diges

tion was considered complete when a brown gas became 

suspended in the neck of the flask. Upon cooling, the 

liquid in the flask formed salt and the brown gas 

escaped. 

Ten ml of deionized water was added to each flask. 

The flask was shaken to dissolve the salt and the flask 

was placed in boiling water for 15 minutes. The boiling 
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water is thought to hydrolyze any pyrophosphates formed 

during digestion. 

Phosphorus Determination 

The Fiske-Subbarow method was used for phosphorus 

determination (6). The samples were read at 640 nm on 

a Bausch and Lomb Spec 70. The color was allowed to 

develop for one hour. The color reading was converted 

to a value for micrograms phosphorus using the mean 

determined from a phosphate standard curve. 

The phosphate standard solution was made using 

0.35g of dry dissicated potassium acid phosphate (KH^PO.) 

added to 500 ml of deionized water. Ten ml of 10 N H^SO^ 
2 4 

and water were added to make 1 liter. The phosphate 

standard working solution was prepared by taking 10 ml 

of phosphate standard solution and diluting to 50 ml with 

deionized water. Aliquots of 0.5 ml, 1.0 ml, 2.0 ml, 

5.0 ml and 10.0 ml of the phosphate standard working 

solution were added to 50 ml volumetric flasks with 10 ml 

of deionized water. To each flask was added 2 ml molybdate 

solution. 

The molybdate solution is made with 25g ammonium 

molybdate in 200 ml deionized water. Transfer to 1 liter 

volumetric flask, add 500 ml of 10 N H2SO. and made to 

volume with deionized water. 
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The reducing agent for the phosphomolybdate complex 

was 1 amino-2 napthol-4-sulfonic acid. Fifty ml of this 

reagent was made fresh each week by adding 0.16 g of 

sulfonic acid reagent to .96 g of sodium sulfite (Na SO ) 

and 4.80 g of sodium meta bisulfite (NaS^O^). One ml of 
2. b 

this reagent was added to the 50 ml volumetric flask for 

the color test. 

The color was read at one hour after adding the 1.0 

ml of sulfonic acid reagent. The phosphate standard 

curve values for phosphorus concentration was averaged 

to determine the mean of the curve. This value, 432.9, 

was used to convert the readings from the color test into 

micrograms of phosphorus. Micrograms of phosphorus 

values were used for the observations in the statistical 

tests. 

Total Phosphorus Determination 

One half gram of each observation was wet ashed in 

5 ml of 5:2:1 digestion mixture of Nitric acid (HNO^), 

Perchloric acid (HCIO.) and Sulfuric acid (H^SO ). 

Samples were diluted to 75 ml. One ml of diluted 

sample was transferred to a 50 ml volumetric flask. 

To the flask was added 2 ml raolybdate solution and 

1 ml of sulfonic acid reagent. Color was read at 640 nm 

one hour after addition of the sulfonic acid reagent. 



22 

Moisture 

Moisture content of all rye and triticale treat

ments were calculated after approximately 2 grams of 

sample was oven dried for 24 hours at 105°C. 

Statistical Tests 

Analysis of Variance was used to determine if 

there was any significant difference in the amount of 

phosphorus in the treatment observations. The 5% level 

of probability was used to determine significance. 

Duncans New Multiple Range test was used to deter

mine the significance of the differences between obser

vation means at the 5% level. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Phytic Acid Phosphorus 

Rye 

The results of the sprouting treatment for Rye and 

Triticale were interpreted statistically using the 

Analysis of Variance and Duncan's New Multiple Range 

tests. The values used in the calculations were the 

means for micrograms of phosphorus for each treatment. 
* 
9 

There were twelve observations for each treatment, I 
9 
f % 
t 

1 through 8. The Spec 70 reading for each observation J 
I 

was multiplied by 432.9, the mean value for the phosphate : 

standard curve. i 
I 

Table 3 shows the results of the Analysis of Vari

ance to test the experimental results for a significant 

difference between the treatments for rye seed. The 

calculated F value of 18.42 is significantly different 

than the table F value of 2.51 at the 5% level of 

probability. Therefore, there was a significant dif

ference between treatments. 

23 
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TABLE 3 

ANALYSIS OF VARIANCE FOR RYE CEREAL TREATMENTS 
PHYTIC ACID PHOSPHORUS 

" • • • • • • . _ . . 

Source of 
Variation 

Among 
Samples 

Within 
samples 

Total 

Sum of 
Squares 

5518.8 

674.22 

6193.02 

Degree of 
Freedom 

8 

18 

26 

Mean 
Square 

689.85 

37.45 

F 

18.42* 

*F-value for rye is greater than 2.51, the value 
for 8,18 degrees of freedom at the 5% level. 

c 

Duncan's New Multiple Range test was used to test 

the significance of the differences betv;een rye treat

ment phytic acid values. Table (4) lists the mean 

values for the treatments. The phytic acid content of 

rye decreased from the dry grain value of 4.42 mg/g to 

1.39 mg/g after eighty-four hours. Significant de

creases in phytic acid occurred at thir-.:y-six, forty-

eight and eighty-four hours of sprouting. 

till 

n 1 ; 
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TABLE 4 

DUNCAN'S NEW MULTIPLE RANGE TESTS FOR 
DETERMINING THE SIGNIFICANCE OF 

DIFFERENCES BETWEEN TIME 
SEGMENTS OF SPROUTED RYE 
PHYTIC ACID PHOSPHORUS 

1 2 3 
Sample Treatments Means ' mg/g 

Dry Rye 

1 12 hour soak 

2 12 hour sprout 

3 24 hour sprout 

4 36 hour sprout 

5 48 hour sprout 35.17^ 2.62 j 

6 60 hour sprout 

5 7 . 6 2 ^ 

5 8 . 0 1 ^ 

5 6 . 2 7 ^ 

5 6 . 3 4 ^ ' ^ 

4 5 . 8 1 ^ 

3 5 . 1 7 ^ 

2 9 . 2 1 ^ ' ^ 

2 9 . 0 0 ^ ' ^ 

1 8 . 6 8 ^ 

4 . 4 2 

4 . 4 4 

4 . 3 2 

4 . 0 6 

3 . 4 2 

2 . 6 2 

2 . 1 8 

2 . 2 2 

1 .39 

Means are expressed as micrograms of phosphorus. 

Means with the same superscript indicate no 
significant differences (P < 0.05). 

mg/g phytic acid on dry weight basis. 

Triticale 

Table (5) has the values for the Analysis of 

Variance test to determine if the experimental treatments 

for germinated triticale affected the levels of phytic 

acid phosphorus significantly. 

7 72 hour sprout 
f 

8 84 hour sprout 18.68~ 1.39 j 
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The calculated F value of 4.63 is larger than the 

table F value of 2.51. Therefore, there was a signi

ficant difference between treatments at the 5% level 

of probability. 

TABLE 5 

ANALYSIS OF VARIANCE FOR TRITICALE 
CEREAL PHYTIC ACID PHOSPHORUS 

Source of 
Variation 

Among 
Samples 

Within 
Samples 

Total 

Sum of 
Squares 

4900.05 

2378.14 

7278.19 

Degree of 
Freedom 

8 

18 

26 

Mean 
Square 

612.50 

132.11 

F 

4.63* 

*Calculated F value, 4.63 for triticale is greater 
than 2.51, the value for 8,18 degrees of freedom at the 
5% level. 

Duncan's Nev7 Multiple Range test was used to test 

the significance of the differences between triticale 

treatment phytic acid values. Table (6) lists the mean 

values for the treatments. The phytic acid content of 

triticale decreased significantly from the dry value of 

5.32 mg/g to 3.76 mg/g after twenty-four hours. At 

forty-eight hours the phytic acid 2.84 mg/g was signi

ficantly lower than the 3.76 mo'g at twenty-four hours. 
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TABLE 6 

DUNCAN'S NEW MULTIPLE RANGE TEST FOR 
DETERMINING THE SIGNIFICANCE OF 

DIFFERENCES BETWEEN TIME 
SEGMENTS FOR TRITICALE 
PHYTIC ACID PHOSPHORUS 

•I y 3 

Sample Treatments Means-̂ ^ mg/g 

Dry Triticale 70.34^ 5.32 

1 12 hour soak 66.91^'^ 5.14 

2 12 hour sprout 60.6^'^'^ 4.54 

3 24 hour sprout 48.70^'^'^ 3.76 

4 36 hour sprout 40.56^'^ 2.96 

5 48 hour sprout 38.77^ 2.84 

6 60 hour sprout 38.09^ 2.80 

7 72 hour sprout 37.76 2.78 

8 84 hour sprout 32.17 2.38 

Means expressed as micrograms of phosphorus. 

^Means with the same superscript indicates no 
significant difference (P < 0.05). 

^mg/g phytic acid expressed on dry weight basis. 

Total Phosphorus 
- • ^ 

Rye 

The Analysis of Variance results in Table (7) 

compares the calculated F value for Rye total phospho

rus, 6.21, with the table value of 2.51. Therefore 
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there is a significant difference among treatments 

for total p at the 5% level. 

TABLE 7 

ANALYSIS OF VARIANCE FOR 
RYE TOTAL PHOSPHORUS 

Source of Sum of Degree of Mean 
variation Squares Freedom Square 

Among 
Samples 1.19 8 .148 6.21* 

VJithin 
Samples .43 18 .023 

Total 1.62 26 

*Calculated F value 6.21 is greater than table 
value of 2.51 for 5% level. 

Duncan's New Multiple Range test in Table (8) was 

used to determine the significant difference among 

treatments. There was a significant difference from 

the dry seed at thirty-six hours and sixty hours. A 

comparison of the percentage of total phosphorus to 

phytate phosphorus in Table (8) showed a decrease in 

phytic acid P . Dry seed had 31-55% of total P as 

phytic acid P. After eighty-four hours, the sprout had 

11.5% of total P. This reduction was due to phytase 

activity and a small amount of phosphorus loss due to 

washing che sprouts. Total P means are dry weight values 
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TABLE 8 

DUNCAN'S NEW MULTIPLE RANGE TEST FOR 
DETERMINING THE SIGNIFICANCE OF 
DIFFERENCES BETWEEN TREATMENTS 

FOR RYE TOTAL PHOSPHORUS 

Sample 

Dry 

1 

2 

3 

4 

5 

6 

7 

8 

Rye 

Total P 
mg/g* 

3.93^ 

3.70^'^ 

3.64^'^ 

3.17^ 

3.29*̂  

3.27^ 

3.37^ 

3.34^ 

3.39^ 

Phy tic Acid P 
mg/g 

1.24 

1.24 

1.21 

1.14 

.96 

.73 

.61 

.62 

.39 

Phytate P 
as Total P % 

31.55 

33.5 

33.2 

35.9 

31.5 

22.3 

18.0 

18.5 

11.5 

•Moisture free values with the same superscript are 
not significantly different at the 5% level. 

Triticale 

Analysis of Variance v;as used to determine if there 

was a significant difference in the total phosphorus 

values for triticale treatments. The calculated F value 

of 7.31 is greater than the table value of 2.51. There

fore the conclusion is that there was a significant 
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difference at the 5% level. See table (9). 

TABLE 9 

ANALYSIS OF VARIANCE FOR TRITICALE 
TOTAL PHOSPHORUS 

Source of Sum of Degree of Mean 
Variation Squares Freedom Square 

Among 
Samples 1.4 8 .117 7.31* 

Within 
Samples .29 18 .016 

Total 1.69 26 

*Calculated F value 7.31 is greater than table 
value of 2.51 at 5% level. 

Duncan's New Multiple Range test was used to 

calculate the significance of the differences between 

treatments. Table (10) shows there was a significant 

reduction in total phosphorus after the twelve hour 

soak and again after sixty hours. Phytic acid phospho

rus was calculated as a percentage of total phosphorus. 

Phytic acid percentage decreased from 35.5% of the dry 

seed total P to 17.6% at eighty-four hours. The reduc

tion in phytic acid P was due to phytase activity and a 

small amount of phosphorus loss due to washing the 

sprouts. Total P means expressed on dry weight basis. 
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TABLE 10 

DUNCAN'S NEW MULTIPLE RANGE TEST FOR 
DETERMINING THE SIGNIFICANCE OF 
DIFFERENCES BETVJEEN TRITICALE 

TREATMENTS FOR TOTAL 
PHOSPHORUS 

Sample 

Dry 

1 

2 

3 

4 

5 

6 

7 

8 

Triticale 

Total P 
mg/g* 

4.22^ 

3.49^ 

3.35^ 

3.54^ 

3.56^ 

3.69^ 

3.24*̂  

3.55^ 

3.51^ 

Phyt ic Acid P 
mg/g 

1.50 

1.44 

1.25 

1.06 

.83 

.80 

.78 

.68 

.62 

Phy 
as 

tic Acid P 
Total P (%) 

35.5 

41.2 

37.3 

29.9 

23.3 

21.6 

24.0 

17.4 

17.6 

* Moisture free values with the same superscript 
indicate no significant difference at 5% level. 



CHAPTER V 

CONCLUSION 

Based on the results of this research, phytic 

acid in rye and triticale can be reduced in quantity by 

germination. The beginning value of 4.42 mg/g for 

rye phytic acid was reduced to 1.39 mg/g after eighty-

four hours. The value for triticale phytate acid in 

dry grain v/as reduced from 5.32 mg/g to 2.38 mg/g after 

eighty-four hours. 

Phytic acid has been reported to interfere v/ith the 

bioavailability of trace minerals. If reduction of 

phytic acid can offer the potential for improved mineral 

absorption, this research can be useful in reporting the 

phytic ncid reduction in stages through eighty-four 

hours at 26*^0. Phytic acid reduction in sprouted rye 

and triticale may be increased by using a higher tem

perature than 26 C. 

Peers (14) reported wheat phytase activity to be 

highest at 55°C. If germination of triticale and 

rye were to be conducted in an environment closer to 

55°C, phytic acid may be reduced at a faster rate than 

reported in this study. 

phytic acid phosphorus as a percentage of total 

32 
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phosphorus v/as reduced during the treatment periods. A 

small but significant loss of total phosphorus v;as due 

to the washing of the sprouts. Thie loss of phytic acid 

phosphorus was due to phytase activity degrading phytic 

acid as the time increased for the treatments. If the 

phytic acid phosphorus loss was due only to leaching, 

the percentage of phytic acid P to total P would have 

remained constant for both seeds. However, both seeds 

had uniform losses of phytic acid P compared to toral P 

during the sprouting sequences. 
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