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ABSTRACT 

Twenty-three food products, selected to represent the 

major classes of foods, were analyzed for amino acids (AA's), 

with a Beckman 119 BL AA analyzer and nonprotein nitrogen (NPN), 

with a stirred cell ultrafiltration and a Beckman 119 BL AA 

analyzer. The amide N was determined separately to estimate 

the Gln and Asn contents. Nitrogen-to-protein conversion 

factors ( N.: P factors ) were calculat-ed from these AA plus amide N 

data. 

Variability in AA content within the animal and grain 

products were not extensive, except for the total basic AA's 

(BAA's) plus amides, Pro, Cys, and Leu. The fresh food products 

had greater variation in their AA compositions than those of 

the former foods. Generally, Glu and Asp concentrations were 

highest among the food products than the other AA's, while 

t.he levels of Sulfur AA's (SAA's) were quite low among the 

fresh vegetables, fruits and mushroom. 

Nitrogen-to-protein conversion factors for milk products, 

meat and fish products, grains and the fresh foods were variable, 

ranging from low of 4.8 to 6.1. On statistical analysis, the 

twenty-three foods were combined into eight groups in which 

the N:P factors are similar. For practical purposes, the N:P 

factors for the various food products were 6.1 for milk, 

cheese, casein, fish and tomato, 5.65 for chicken, beef, corn, 

sorghum, wheat, egg, rice, field peas, carrot and mushroom, 

5.2 for potato, beet, lettuce, banana and as low as 4.8 for 

cabbage. For accurate protein contents of the individual 
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food product, the use of their individual N:P factors is 

proposed. 

The NPN contents of the food products were higher in the 

plant foods than those of the animal foods. While the values 

for the animal foods ranged from 0.4-35.5 mg/gN, those of 

the plant origin varied from 12.5 - 238.5 mg/gN. 

Variability in the total nucleic acid nitrogen (NAN) of 

the animal products was not great, ranging from 0.6-3.7 mg/gN. 

While carrot, apple and banana had high values (67.1-95.9 mg/gN), 

the other foods containe~ 13.9-32.4 mg/gN. 

The AA compositions of the dialyzable NPN of these food 

products were quite variable but Glu and Asp were the main AA 

components of the NPN common to them. In general, the AAN 

ranged from 21.1-91.4% of the total diffusible NPN. The 

remainder plus NAN consti.tuted the nonnutritive N (NNN) and 

ranged from as low as 1.1 mg/gN for casein to a high value 

of 24.6 mg/gN for sorghum among the animal and grain products. 

This NNN was quite considerable in the fresh foods and accounted 

for 26.4 - 156.1 mg/gN or 2.6-15.6% of their total N contents. 
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1. INTRODUCTION 

A reliable procedure is needed for routinely converting 

total nitrogen, determined by Kjeldahl or other appropriate 

analytical procedures, to protein content of food and feed 

products. The situation is compounded because essentially 

all diets and animal rations contain a variety of protein 

sources, often of mixed plant and animal origin. 

The traditional and customary nitrogen to protein 

conversion factor, as listed in the 12th Edition of the 

Official Methods of the Association of Official Analytical 

Chemists (1975), is 6.25 except for wheat and its product 

in which protein equals N x 5.7. Other traditional and customary 

factors are 5.18 for almonds, 5.46 for peanuts and Brazil 

nuts; 5.30 for tree nuts and coconut; 6.38 for dairy products. 

In 1978, the AOAC established a Nitrogen-to-Protein 

Conversion Committee to recommend changes in conversion factors 

as part of the revisions to be included in the 1980 Edition 

of the Official Methods. This Committee adopted the list 

of specific factors compiled in Agricultural Handbook No. 8 

(1963) which were based largely on the work of Jones (1941). 

The list of specific factors for N:P conversion was initially 

proposed for adoption in the General Referee Reports (1979), 

and finally adopted in form presented in Section 14.068 of 

the 13th Edition of the Official Methods of Analysis (1980) 

which reads: 
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Protein: Kjeldahl Method.- Protein= N x F, where 

F = 5.83 for barley, millet, oats, rye, and whole kernel 

wheat; 6.25, corn and sorghum; 5.95, rice; 6.31, wheat bran; 

5.80, wheat embryo; 5.70, wheat endosperm; 5.71, soybeans; 

6.25, beans (adzuki, jack, lima, mung, navy, and velvet); 

5.30, castor beans; 5.30, seeds (cantaloupe, cotton, flax, 

hemp, pumpkin, sesame, and sunflower). 

The N:P Conversion Committee reversed its decision in 

late 1980 and re-adopted the traditional and customary 

conversion factors as listed in the 12th Edition of the 

Official Methods. The Committee, in the General Referee 

Reports (1982), explained that accurate factors for converting 

nitrogen to protein do not exist. They recommended that all 

analyses report the percentage of nitrogen in the sample. 

If percentage protein is reported, the N:P factor used should 

be specified in the report. 

While several procedures have been followed to determine 

N:P factors, those based on amino acid composition of the 

total protein are considered to be most accurate (Morr, 1981; 

Sosulski and Holt, 1979; 1980). Recently, the calculation 

has been refined by including amide nitrogen in the quantitation 

of glutamine and asparagine (Holt, 1976; Tkachuk, 1966). 

Holt and Sosulski (1980) has evaluated the composition of 

the nonprotein nitrogen fraction in legumes to arrive at a 

more accurate estimate of the protein content. 
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The objective of the present thesis was to obtain an 

accurate estimate of N:P factors in common foods. The Study 

involved the determination of the following parameters of 

the nitrogen and proteins in 23 selected foods: 

1) the amino acid composition and amide N content 

2) the total nucleic acid N content 

3) the nonprotein N (NPN) content 

i) the total N content of NPN 

ii) % NPN of total N 

iii) free amino acid content of NPN 

iv) total amino acid content of NPN, and 

4) to use the amino acid and amide N data to calculate the 

N:P factors for 

Meat and Fish 

Beef (round) 

Chicken (brown 

Perch (ocean) 

Dairy Products 

Whole milk 

Casein 

Cheese 

Fruits 

Banana 

Apple 

Vegetables 

Lettuce 

Cabbage 

Tomato 

the following food 

and white muscle) 

products, viz., 

Legume 

Century 

Trapper 

Triumph 

Cereals 

Corn 

Sorghum 

Wheat 

Rice 

(Field 

Root Crops 

Potato 

Carrot 

Beet 

Eeas) 
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2. LITERATURE REVIEW 

2.1 Classification of food proteins 

2.1.1 Animal proteins 

A typical adult mammalian muscle contains about 18-20% 

protein on a fat-free, wet weight basis (Anglemier and Montgomery, 

1976). Muscle proteins can be grouped as sarcoplasmic 

(myogens), contractile (myofibrillar) or stroma (connective 

tissue) proteins. Sarcoplasmic proteins constitute 30-35% 

of total protein in skeletal muscle while myofibrillar proteins 

make up 52-56%. Stroma proteins account for 10-15% of total 

protein in skeletal muscle. 

Depending on breed and a variety of environmental factors, 

the protein content of bovine milk_ranges from 3 to 4%. The 

major protein components are casein (78%), !-lactoglobulin 

(12%), ~-lactalbumin (2%), immunoglobulin (2%), Bovine serum 

albumin (1%) and others (5%) (Anglemier and Montgomery, 1976). 

The edible portion of chicken eggs consists of about 

65% white and 35% yolk (Anglemier and Montgomery, 1976; 

Powrie, 1973). Egg white (albumen) is essentially an aqueous 

solution containing about 12% protein. There are five major 

proteins of albumen, viz. ovalbumin (54%), conalbumin (13%), 

ovomucoid (11%), lysozyme (3.5%), ovomucin (5%) and others 

including avidin (1.9%). 

Yolk proteins consist of a number of complex types of 

macromolecules (glycoproteins, phosphoglycoproteins, 

lipoproteins, and phosphoglycolipoproteins) - low density 
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fraction (22% protein), levitin (30% protein), phosvitin 

(12% protein), lipovitellin (36% protein), riboflavin 

binding protein (0.4% protein) (Osuga and Feeney, 1977). 

Generally, fish contain between 40 and 60% edible 

flesh. The protein contents of fresh fish flesh of the most 

common species range from about 10% in mackerel to 21% in 

AtLantic sardines (Geiger and Borgstrom, 1962); Fish muscle 

proteins are similar to those of the mammalian muscle 

proteins in function and classification. The myofibrillar 

protein constitutes about 65-75%, sarcoplasmic 20-30% 

and stroma proteins make up to 1-3% of total proteins 

CAnglemier and Montgomery, 1976). 

2.1.2 Plant proteins 

The average protein contents of the common vegetables 

range from 1% for carrots and lettuce, 2% in white potatoes, 

to 6.5% in fresh peas (wet weight basis). Despite their 

low protein content in potato, the p~otein quality is considered 

good to excellent because of the relatively high levels of 

lysine and tryptophan (Anglemier and Montgomery, 1976). Most 

of the potato proteins are localised at the outer layers 

(cortex) of the tuber. 

All cereal grains contain starch as the principal component 

with protein being the second highest constituent. Average 

protein contents of the major cereals vary from 7.5% for rice 

to 14.2% for oats (Inglett, 1977). Wheat endosperm proteins 

contain primarily gliadin and glutenin, which together constitute 
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gluten in bread doughs. Gluten proteins account for about 

85% of the endosperm proteins (Anglemier and Montgomery, 

1976). Numerous disulfide bonds account for the characteristic 

elastic and viscous properties of glutens. Albumins and 

globulins constitute the other 15% of the total wheat proteins. 

These nongluten proteins are water-soluble, coagulable and 

capable of foaming (Anglemier and Montgomery, 1976). 

Corn (maize) proteins constitute about 10% of the whole 

kernel. More than 75% of these proteins are localized in the 

endosperm. Prolamine account for more than 50% of the total 

proteins in corn while 30-40% is glutelin. Prolamine is 

practically devoid of lysine and tryptophan and is, thus, 

of low nutritive value (Anglemier and Montgomery, 1976). 

About 80% of the proteins in rice are glutelins .. The 

lysine level of rice proteins is relatively high (3.5-4.0%) 

due to the low level of.prolamine (5.0%). As with other 

cereal proteins, lysine in rice proteins is the first limiting 

amino acid (Tecson et a1., 1971). 

The protein contents of grain sorghum ranges from 8 to 

12%. In many respects, sorghum endosperm protein is similar 

to that of corn. Both proteins contain a large percentage 

of prolamine which is deficient in lysine (Seckinger. and 

Wolf, 1973). 

One of the unique features of legumes is the high level 

of protein (20-30%) as well as lysine. Methionine is usually 

the first-limiting amino acid (Wolf, 1977). About 80% of the 

total proteins of legumes consist of globulins which can be 
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further fractionated into two or more ultracentrifugation 

species (Rhodes and Jenkins, 1978). The main fractions are 

7S (vicin-like proteins) and llS (legumin-like fraction) 

(Wolf, 1977). 

2.1.3 Other food protein~ 

Microbes in food, inadvertent or not, can contribute to 

the nutritive quality of foods (Rose, 1979). Unicellular 

algae, bacteria, yeasts and fun~have been consumed as foods. 

Yeasts (e.g. Saccharomyces Carlsbergensis) may contain high 

levels of protein (21.1 - 50. 0%) (Ingledew et al., 1977). 

The major deficiency in yeast protein is methionine and 

cysteine (Anglemier and Montgomery, 1976). Freshly harvested 

fungi (mushroom) have a true protein content of 35% (dry basis) 

in which tryptophan and lysine are present in relatively high 

proportions. Mushroom is deficient in methionine (Hayes and 

Wright, 1979). Algal protein contents may vary from as low 

as 8% to as high as 50%, depending on the nitrogen level in 

the growth media. Algal proteins show general deficiency 

in sulfur-containing amino acids (Benemann et al., 1979). 

2.2 Amino acid contents of foodstuffs 

2.2.1 Methods for determining the amino acid composition 

Stein et al. (1946) have published an excellent history 

of the development of methods of amino acid analysis. Column 

chromatography procedures and the numerous modifications of 

the technique, have ushered in the modern era of methods for 
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rapid amino acid analysis. 

Finely ground samples of foodstuffs are treated 

with 6N-HCl for hydrolysis of the proteins into free amino 

acids at a temperature of 110-115°C for 20-48 hours. Blackburn 

(reported in }1cLaughlin and Campbell, 1974) suggested that the 

hydrolysis should be done under nitrogen in sealed glass test 

tubes or teflon bottles with screw caps. El-Negoumy et al. 

(1979) used 110°C with 6N HCl for 24 hours as the conditions for 

hydrolysis of barley cultivar proteins. Meredith et al. (1979) 

reported that it was necessary to hydrolyse sweet potatoes and 

snap beans by different procedures. For sweet potatoes, the 

hydrolysis was done by the reflux method (Savoy et al., 1975) 

in which samples of 30-40 mg were placed into a flask with 

100 ml of 6N HCl and heated under nitrogen for 22 hours. Snap 

beans were hydrolysed by the sealed tube method as described 

by Moore and Stein (1963) and Meredith et· al. (1974). 

Holt et al. (1974) carried out the hydrolysis of ground 

meat products with 6N HCl under vacuum in sealed ampules for 

24 hours at 110°C. Mai et al· (1980) determined the amino 

acid composition of freshwater fish by hydrolysis of the dried 

fish samples in 6N HCl in an evacuated. tube at 110°C for 24 

hours. 

During acid hydrolysis of foodstuffs, some amino acids 

including lysine, methionine, cystine, cysteine, threonine 

and serine suffer partial destruction. Furthermore, valine, 

leucine, and isoleucine were released at a slower rate under 

acid conditions (Brilley et al., 1979; Blackburn, 1968; 
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Menden and Cremer, 1970; Needleman, 1970; Robbins et al., 

1971). An accurate determination is achieved by measuring 

the kinetics of destruction or release of individual amino 

acids (Briley et al., 1979; Menden and Cremer, 1970; Tkachuk 

and Irvine, 1969). For sorghum samples, Briley tl ~· (1979) 

us e d 6N H C 1 at 11 0 ° C for 2 0 , 2 6 , 4 4 , 56 and 7 0 hours in 

thick-walled evacuated sealed tubes in order to account for 

incomplete release of some amino acids and destruction of 

others .. 

Special hydrolysis procedures are required to analyze 

for asparagine, cystine, cysteine, glutamine and tryptophan 

by column chromatography. 

Most commonly, peTformic acid is used to oxidize cystine 

and cysteine to cysteic acid and methionine to methionine 

sulfone before hydrolysis (1-foore, 1963; Schram et al .. , 1954). 

Using HCl, tryptophan is destroyed. To maximize tryptophan 

recovery, other methods of analysis are employed. Holt (1976) 

performed tryptophan analysis on a hydrolysate obtained by 

alkaline hydrolysis of a sample as described by Tkachuk and 

Irvine (1969), Kaldy (1978) determined tryptophan content of 

two fababean cultivars by employing Spies' (1967) method. 

Inglis et al. (1976) recommended the use of 4M methanesulfonic 

acid to achieve a single analysis for cysteine, cystine, and 

tryptophan in proteins. The values of all amino acids, 

including tryptophan and half-cystine were close to the 

expected theoretical values for the proteins examined. The 

advantages of the method include the direct application of the 
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neutralized hydrolysate to an ion-exchanged column and its 

ability to distinguish between free sulfhydryl groups such 

as s-carboxymethylcysteine and disulfides such as s-sulfocysteine. 

That tryptophan remained sensitive to the presence of carbo

hydrate in the sample is a limitation of the procedure 

(_Simpson et al._, 1976). Therefore, the procedure was not 

adopted in the present study. 

Asparagine and aspartic acid, glutamine and glutamic 

acid cannot be distinguished during acid hydrolysis because 

the amides are destroyed very rapidly. A quantitative 

measurement of the ammonia produced during a short term acid 

hydrolysis may be used to estimate the total contents of 

asparagine and glutamine (Bailey, 1967). 

Tkachuk (1969) and Holt (1976) assigned the difference 

between the moles of carboxylic acids and ammonia to aspartic 

and glutamic acids to estimate glutamine and asparagine 

levels in foods. The methodology of determining the concen

trations of these amino acids enables accurate analysis of 

food proteins and for the calculation of N:P conversion 

factors from amino acid data (Holt, 1976; Sosulski and Holt, 

1980). 

2.2.2 Variation in amino acid content of foodstuffs 

In most foods and diets, lysine, total sulfur-containing 

amino acids or tryptophan are found to be the first limiting 

component (FAO/WHO, 1973). In Table 2.1, the amino acid 



Table 2.1 Amino acid Content of foodsa (mg AA/gN) 

Beef Chicken ·Fish Whole Egg Whole Milk Casein Cheese Trapper Century Triumph 
(White & Brown) (b) (b) (b) 

Lys 556 497 569 436 450 518 553 461 464 461 
His 213 164 221 152 214 186 197 153 151 154 
Ammonia 
Arg 395 348 354 381 160 239 231 596 575 598 
Asp 562 573 647 601 424 455 453 772 782 793 
Thr 287 248 286 320 278 297 257 223 239 232 
Ser 252 244 271 478 342 385 344 305 293 301 
Glu 955 938 882 796 1151 1406 1309 1169 1112 1181 1--1 

1--1 

Pro 236 259 230 260 514 738 824 264 253 262 
Gly 304 331 301 207 144 126 122 282 288 279 
Ala 365 213 374 370 255 196 201 266 279 269 
Half Cys 80 82 73 152 - 23 27 86 81 72 
Val 313 318 382 428 463 430 . 494 314 281 291 
Met 169 157 179 210 156 178 188 60 58 54 
I1e 301 334 299 393 399 345 339 265 252 251 
Leu 507 460 480 551 782 607 661 466 451 466 
Thr 225 209 229 260 396 371 345 184 187 184 
Phe 275 250 245 358 434 334 337 309 289 297 
Try - 64 - - - - - 68 70 68 
Tota 1 EAA 2783 2619 2813 3201 3494 3206 3278 2430 2370 2380 
Total AA 6065 5689 6093 6446 6698 6937 6959 6210 6100 6210 



Table2.l Amino Acid Content of Foodsa (mg AA/gN) cont'd 

Corn Rice Wheat Sorghum Potato Beets Carrots Banana Apples Tomato lettuce Cabbage Mushroom FAO Reference 
Pattern 

lys 167 237 179 126 299 331 242 256 370 175 238 194 280 340 
His 170 156 143 134 94 76 88 469 120 93 100 159 84 
Ammonia 
Arg 262 516 288 192 311 412 277 469 170 131 281 519 370 
Asp 392 641 308 406 775 1131 733 656 1300 719 719 409 280 
Thr 225 244 183 189 235 206 181 213 230 138 256 235 170 250 
Ser 311 339 287 257 259 218 201 244 270 156 206 258 170 
G1u 1184 1287 1866 1322 639 946 1211 575 700 2537 638 544 440 
Pro 559 293 621 507 235 162 177 256 200 100 325 228 320 
Gly 231 312 245 186 237 131 184 263 240 112 256 297 160 
Ala 471 376 226 584 278 138 301 275 280 150 269 316 290 
Half Cys 97 67 159 94 37 70 65 169 84 37 - 70 33 110 
Val 303 344 276 313 292 150 278 250 250 131 338 263 160 310 

I-' Met 120 145 94 87 81 118 75 125 49 37 112 65 29 110 N 

Ile 230 238 204 245 236 150 186 181 220 112 238 193 140 250 
leu 783 514 417 832 377 275 276 294 390 169 394 331 ?30 440 
Tyr 239 218 187 167 171 218 140 163 94 81 169 115 120 190 
Phe 305 322 282 306 251 225 171 244 160 112 319 189 130 190 
Trypt 44 - - 76 - - - - 58 - - - 64 60 
Total EAA 2513 2407 2049 2435 2082 1803 1658 1968 1905 1044 - 1721 1356 2250 
Total AA 6093 6327 6033 6023 4410 5017 4830 5175 5205 5042 4858 4451 3470 
a Averages of FAO (1970) cc data b Adapted from Holt (1976) c WHO (1973) provisional pattern 



13 

composition, total essential amino acid (EAA) and total amino 

acid contents of some foodstuffs are summarized (FAO, 1970; 

Holt, 1976). 

Corn, rice, sorghum, wheat (Table 2.1) and other cereals 

have lys as the first limiting amino acid (Khan and Eggum, 

1979; Neucere and Sumrell, 1979). While rice and corn are 

marginally low in Thr content, other cereals are quite 

deficient in Thr level as compared to the reference pattern 

(FAO, 1973). Tryptophan content in sorghum is higher than 

the reference pattern. Tryptophan level in corn is about 

70% of the reference pattern but, in both rice and wheat, 

the level was not reported (Table 2.1): A large variation 

is found in Asp and Glu (Ewart, 1967). In most studies, 

the level~ of other essential amino acids are marginal to 

adequate in these cereals (Chavan and Duggal, 1978; Eastoe 

et al., 1974; Ewart, 1967). The proportionately high amounts 

of Leu in some cereals, including sorghum, have been suggested 

as a possible cause of pellagra (Neucere and Sumrell, 1979). 

Many workers have reported similar data on the concentration 

of amino acids in the seed of grain legumes (FAO, 1970; Harvey, 

1970; Holt, 1976; Orr and Watt, 1957 and Sosulski and Holt, 

1980). In general, grain legumes are rich in lys (in which 

cereals are deficient) and Arg, marginally adequate in human 

diets in Thr and Try contents, contain lesser amounts of Glu 

and Pro than cereals, and are quite low in sulfur-amino acid 

contents (Sosulski and Holt, 1980). 
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Carrots, beets, potatoes, tomatoes, leafy vegetables 

and fruits contribute appreciable amount of essential amino 

acids to diets of many people in the world. Methionine or 

Met plus Cys are normally the first limiting amino acids in 

vegetative plant materials (Byers, 1971; Wilson and Tillery, 

1965). The contributions of essential amino acids of carrots and, 

to a lesser extent, beets are lower than the FAO (1973) reference 

pattern. There are numerous literature reports on the 

amino acid compositions of edible leafy vegetables (Eppendorfer, 

1978; FAO, 1970; Fafunso and Bassir, 1976; Vasi and Kalinatha, 

1980 and Wal~er et al~, 1978). While His was• absent in the 

leafy vegetables, Met was present in small amounts and 

other essential amino acids occurred in adequate levels 

(Vasi and Kalinatha, 1980). According to FAO (1970) data 

and as shown in Table 2.1, lettuce, for instance, contained 

higher amounts of Met, Val, Thr and Phe than the reference 

pattern. There were no data for Cys and Try to compare 

with the reference pattern (FAO, 1970). 

The overall quality of potato protein is quite high 

and comparable to FAO reference protein. It contains 

relatively high levels of Lys and Try (Anglemier and 

Montgomery, 1976; Kapoor et al., 1975). The limiting 

essential amino acids in potatoes appear to be Met and Cys 

(_Groot et al., 1947; McCay and McCay, 1967). 

Most commercially grown frui t.s contain an average of 

0.8 g of crude protein/100 g of fresh fruit pulp (FAO, 1970). 
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The nutritional balance of the amino acids in most of the 

fruits is limited by the low quantity of sulfur-containing 

amino acids (Hallet al., 1980). As shown in Table 2.1, 

Lys, Cys, Met and Phe contents of banana, for instance, are 

higher than the FAO (1973) reference pattern but Sharaf et 

al. (1979) reported the absence of Met in banana pulp, which 

was also characterized by very low levels of other essential 

amino acids except Phe. 

Animal protein sources are known to be higher in quality 

than plant protein sources. As shown in Table 2.1, Thr in 

chicken muscle was just below that of the reference pattern 

(FAO, 1973). Egg proteins contain much higher levels of 

essential amino acids than the reference pattern (FAO, 1973). 

Levels of essential amino acids in fish and meat (beef) exceed 

those of the reference pattern. Milk proteins are limiting 

in total sulfur-containing amino acid contents (Holt, 1976). 

2.3 Nonprotein nitrogen (NPN) 

2.3.1 Definition of NPN 

Nonprotein nitrogen could be defined as the nitrogen 

contained in compounds soluble in 12% trichloroacetic acid 

(Mezincescu and Abo, 1936). Bell (1963) defined NPN as a 

complex fraction of nitrogen-containing compounds having a 

molecular weight of less than 10,000. Both definitions 

classify NPN as peptides too small to be precipitated and 

filtered, free amino acids, amides, and other nonpolymeric 
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nitrogen compounds. If the NPN contains non-amino acid 

nitrogen, the ·large amount of NPN could alter the estimated 

nutritional value of foodstuffs. 

2.3.2 Significance of NPN 

It is known that several rare free amino acids occur 

in high concentration in the seeds of certain plants. These 

nonprotein amino acids seem to confer on the plant an additional 

adaptive advantage -by acting as deterrents to animals including 

man, on the basis of their toxicity (Fowden et al., 1979; 

Navon and Bernays, 1978, Rehr et al., 1973). Also, nonprotein 

amino acids are of value in studying relationships between 

species and higher taxa of plants, because most of them 

are of restricted distribution (F~wden et al., 1979). 

Some authors seemed to suggest that NPN may function 

as a store of nitrogen for metabolic processes (Bell, 1971). 

Chen and Thacker (1978) and Lawrence and Grant (1963) observed 

that some nonprotein amino acids (homoserine and ~-amino

butyric acid) increase in germinating pea seedlings. 

Irwin and Hegsted (1971) and Kies (1972) suggested that 

NPN can spare specific essential amino acids and protein. 

Giardino (1963) and Kies et al. (1972) reported that urea 

nitrogen can be used for protein synthesis. Bhatty and 

Finlayson (1973) suggested that NPN may have an effect on 

the flavor, quality and physical appearance of soybean meal. 

However, wh~n proteins are isolated from meals, NPN represents 

a loss of N (Fan and Sosulski, 1974). 
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2.3.3 Methods for the determination of NPN in foodstuffs 

There have been various approaches to the problem of 

accurate determination of NPN in biological materials. Becker 

et al. (1940) concluded that there is no clear-cut distinction 

between proteins and the nitrogenous nonproteins and the more 

or less arbitrary analytical differentiation between them 

depends on the method used. Using electrodialysis apparatus, 

soybean NPN was determined with 0.8N TCA as the extracting 

solvent. The NPN determinations indicated relatively large 

differences and bore no relationship to the total nitrogen 

present in several varieties of soybeans grown in different 

localities. Singh and Jambunathan (1981) used 10% TCA to 

extract NPN in chickpea seed. In this study, NPN as percentage 

of total nitrogen ranged from 5.84 - 16.48. 

Bhatty and Finlayson (1973) and Bhatty et al. (1973) 

indicated that the nitrogen extracted from oil-free meals 

of rape, sunflower and soybean by TCA (and possibly by 

sulfosalicylic and acetic acids) consisted of protein and 

NPN. However, using ethanol, little or no protein was in 

the extract. The NPN contents of oilseeds and peas were 

highly variable and depended on the method of extraction 

(Bhatty et al, 1973). Holt (1976) using 25% ethanol as 

extracting solvent, followed by centrifugation and ultra

filtration found that the average NPN contents of Century 

peas, field pea cultivars and grain legume species were 

4.2, 4.5 and 3.7%, respectively, of the total seed nitrogen. 
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Li et al. (1975), Snyder et al. (1977), and Snyder and 

Desborough (1978) employed 80% ethanol to extract NPN from 

potato tubers. Snyder and Desborough (1978) reported that 

the amount of NPN as a percentage of total nitrogen ranged 

from 41-50%. Li et al. (1975) and Woodward and Talley (1975) 

reported similar results. Other authors reported that the NPN 

in potatoes can vary from 40-60% of total nitrogen depending 

upon the genotypes (Mulder and Bakema, 1956; Neuberger and 

Sanger, 1942). Kapoor (1975) concluded-that ethanol is the 

most suitable solvent for the extraction of NPN from potato 

tubers because it extracts the least amount of protein nitrogen, 

although it yields a lower quantity.of the basic amino acids. 

Nonprotein nitrogen was estimated for whole egg, chicken 

muscle, beef muscle and ground meats by subtracting the sum 

of amino acid nitrogen plus amide nitrogen from total nitrogen 

of these foodstuffs. The values range from as low as 7 mg/gN 

in cheese to as high as 159 mg/gN in chicken muscle (Holt, 

1976). 

It is apparent that accurate determinations of protein 

content from Kjeldahl N data cannot be made without accounting 

for the level of NPN. An easy and precise method for the 

quantitative determination of NPN remains to be established, 

although aqueous ethanol would appear to be more valid than 

the difference method employed by Holt (1976). 
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2.4 Nucleic acids 

2.4.1 Chemical constituents 

Complete hydrolysis of the nucleic acids yields pyrimidine 

and purine bases, a sugar moeity and phosphoric acid. Partial 

hydrolysis yields compounds such as nucleosides and nucleotides. 

The major pyrimidine bases includes cytosine, uracil, 

thymine, and 5-methyl-cytosine. A fifth pyrimidine, 5-hydroxy

methyl cytosine, replaces cytosine in certain strains of 

coliphage. These bases undergo keto-enol tautomerism (Davidson, 

1976). 

The purine bases are adenine and guanine, among others. 

Like the pyrimidines, they also exist in tautomeric forms. 

Hypoxanthine, xanthine and uric acid are other naturally 

occurring purine bases. Some modifications of the majbr purine 

bases do occur at different positions and the products of the 

modifications, such as 1-methyl guanine, 2-methyl adenine 

and 2-methyl guanine, constitute the 'minor bases'. 

The sugar moeity of the nucleic acids could either be 

pentose sugars or deoxypentose sugars. The pentose sugar in 

RNA is D-ribose while that of the DNA is 2-deoxyribose 

(Davidson, 1976). 

2.4.2 Chemistry and analysis 

The general procedures for nucleic acid isolation includes 

disruption of the tissue and the dissociation of the nucleic 

acid from other cellular constituents including the associated 

proteins (i.e. nucleoproteins) (Davidson, 1976). 
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Nucleic acids are hydrophilic polyanions which are 

soluble in dilute salt solutions. They have strong affinity 

f6r polyvalent cations like histones, protamines and cationic 

detergents. Based on these chemical properties, specific 

methods have to be employed to achieve complete dissociation 

of proteins from nucleic acids (Davidson, 1976; Holt, 1976; 

Redina, 19 71.) . 

Among the techniques presently employed in the quantitative 

determination of nucleic acids, viz., the Schneider procedure 

(1945), the Schmidt and Thannhauser procedure (1945), color 

reactions of the sugar components (Dische, 1955), determination 

of ribose (Mejbaum, 1939), determination of deoxyribose (Burton, 

1956; Burton, 1968; Hutchison and Munro, 1961; Keck, 1956; 

Kissane and Robins, 1958) and the determination of purines 

and pyrimidines by UV absorption measurements (Webb, 1958), 

the latter tends to be widely used (Fig. 2.1). The intensive 

UV absorption in the wave-length range 250-290 nm exhibited 

by purine and pyrimidine derivatives is due to the conjugated 

double bond systems which they contain (Davidson, 1976). 

It is noteworthy that on degradation or hydrolysis of 

nucleic acid, its extinction coefficient increases significantly 

(hyperchromic effect) due to alteration in the resonance 

behavior of the bases (Davidson, 1976). 



Acidic extracts and 
lipid fractions 

21 

Tissue 

cold dil. TCA (or perchloroacetic 
acid or H

2
so4) and lipid solvents 

Residue 

' Alkaline digestion (Schmidt & 
Thannhauser, 1945) 

Hot TCA (Schneider, 
1945) or perchloro
acetic acid 

Acidification 

I I 1 I 
Acidic extracts Residue TCA extract con- Residue 
containing RNA containing DNA taining RNA & DNA 

I II III 

Fig. 2.1 Estimation of nucleic acids in tissues (from Davidson, 1976: 
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2.5 Nitrogen to protein conversion factors 

2.5.1 The methods of calculation 

Direct measurement of total protein contents of foods is 

seldom determined. The Kjeldahl N method is most widely used 

to estimate the protein content in food and feedstuffs. The 

protein content is generally calculated by multiplying the 

amount of nitrogen by factors such as 5.7 or 6.25. With use 

of conversion factors, there are two inherent errors. The 

first is due to the fact that not all nitrogen in food and 

feedstuffs is protein nitrogen and the second by the fact 

that the nitrogen content in various food and feed proteins 

is not the same and varies within relatively wide limits 

(Jones, 1941; Shvartsman et al., 1979; Tkachuk, 1969). 

Nitrogen-to-protein conversion factors may be established 

by several mthods. The factors may be estimated by determining 

the amino acid composition of food proteins and thus the ratio 

of amino acid residue to amino acid N value. Another way is 

to isolate the pure protein from a given sample and the 

determination of its nitrogen content. 

Jones (1941) utilized literature data on the nitrogen 

contents of isolated protein fractions to calculate N:P 

factors for a range of grains, nuts and milk. He proposed 

values of 5.83 for wheat, rye, barley and oats, 5.95 for 

rice and 6.25 for corn. He found a common factor of 5.30 

for a wide range of oilseeds and nuts but calculated a 

specific factor of 5.46 for peanut and 5.71 for soybean. 

The general factor of 6.25 for several grain legumes was 
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based on the 16% nitrogen in the legume proteins. The factor 

of 6.38 was also determined to be the best factor for milk. 

An example of the calculations made by Jones (1941) 

to estimate, the N:P factor for whole wheat kernel is presented 

below, including the data given in Appendix C. 

Total nitrogen in 73.3 g of endosperm proteins: 

73.3 X 0.1755 
gram 

12.864 

Total nitrogen in 22.3 g of bran proteins: 

2.87 X ZZ.3 X 0.154 = 0.9325 g albumin nitrogen 
10.57 

2.3S X 22.3. X 0.177 = 0.8775 g globulin nitrogen 
10.57 

5.35" X 22.3 X 0.153 = 1.7269 g prolamin nitrogen 
10.51 

Total 3.537 

Total nitrogen in 4.4 g of embryo proteins: 

10 X ·4- 4· X 0.168 0.411 albumin nitrogen = g 18 

5· x 4.4 ·x 0.183 0.224 globulin nitrogen = g 18 

3 x 4.4 X U.170 = 0.125 g protease nitrogen 18 

Total 0.760 

Total nitrogen in 100 g of total wheat protein 17.161 

N:P factor = 100 ; 17.161 = 5.83 

In this N:P factor calculation, NPN was not accounted for. 

Furthermore, the quantities of protein actually isolated, probably 

do not represent all the proteins present, especially in the 
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embryo and the bran. Losses in protein recovery were expected 

but these losses, if uniformly distributed among the different 

proteins of the seed, would not significantly affect the N:P 

factor. 

Recently, Shvartsman et al. (1979) extracted 85-93% of 

the nitrogen in rice, wheat and rye. Based on the nitrogen 

and carbohydrate contents of the extracts, the N:P factors 

were found to be 6.0, 5.7 and 5.6, respectively. The value 

for wheat was calculated from the mean of 10 varieties (Table 2.2) 

and because the SD = 0.09, he considered the values to be 

accurate to the first decimal point. 

Heathcote (1950) proposed the use of accurate amino 

acid data as an alternative method for determining N:P factors. 

Heathcote used amino acid(M) residue plus amide data to show that 

the N:P factor for oat groats containing 2.10 g N, the AA 

residue plus amide weight equalled 11.35 g. Tkachuk (1969) 

noted that this method of calculation assumed that free AA 

and peptides were part of the total protein and this 

was appropriate, since, in cereals and oilseeds, only small 

amounts were present and for nutritive purposes the protein 

was utilized as peptides and AA. 

Tkachuk (1969, 1975) also used amino acid data to 

determine N:P factors for cereals and oilseeds. He determined 

the total amino acid and amide nitrogen content of each 

commodity, and the respective distribution of amino acid and 

amide nitrogen. The ratio of total amino acids plus amides 

to total nitrogen in unit weight of sample gave the ratio 
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Table 2.2 Nitrogen and carbohydrate content in the total protein 
preparation isolated from 10 wheat grain samples a 

Nitrogen content Carbohydrate content 

% in dry matter 

14.61 16.43 

14.92 16.15 

14.47 17.80 

15.53 15.83 

14.64 16.55 

14.77 16.70 

14.86 15.30 

15.03 16.95 

14.58 15.58 

14.67 14.91 

mean 

a Adapted from Shvartsman et al. (1979). 

Estimated factor for conversion 
of nitrogen into protein 

100-16.43 5.72 = -,r""'ll'4-.6-,~ 

5.62 

5.68 

5.42 

5.70 

5.64 

5.70 

5.53 

5.79 

5.80 

5.66 ± 0.09 
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nitrogen: amino acid plus amides or the true N:P factor. 

This method of calculation as shown in Appendix I 

(Tkachuk, 1977). 

Holt (1976), Sosulski and Holt (1979), and Sosulski 

and Holt (1980), using the method of Tkachuk (1969), reported 

the corrected N:P factor value of 5.59 for ten grain legumes. 

Also, Tkachuk (1977) reported N:P factors of 5.26 - 5.76 for 

six other species of grain legumes. Holt (1976) determined 

N:P factors of 5.74 for meats and meat products and 6.08 for 

milk and milk products. NPN was accounted for in these 

studies. 

Sosulski and Sarwar (1973) tepor~ed the N:P factors for 

six oilseed meals and their isolates calculated from amino 

acid composition. 

Morr (1981) computed N:P factors for defatted soybean 

flakes, several laboratory isolates and a commercial soy 

protein isolate. The N:P factors were calculated for each soy 

protein product by two methods. The first method, based on 

amino acid content, involved multiplying the quantity of 

each amino acid by its molecular nitrogen factor. The 

resulting weighed nitrogen values were summed to provide 

a more precise amino acid nitrogen content of the protein, 

based on amino acid composition. The total amino acid 

content was then divided by this total amino acid nitrogen 

value to obtain the N:P factors. The second method simply 

involved dividing the total amino acid content by the micro 

Kjeldahl nitrogen value to obtain an N:P factor. The N:P 
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factors for the defatted meal, acid precipitate isolate, 

dialysis isolate and commercial isolate were 6.07, 6.07, 

5.64 and 5.94 (Kjeldahl method) or 6.70, 6.81, 6.84 and 6.74 

(amino acid composition method), respectively. Unfortunately, 

the total molecular weight of the amino acids, rather than 

those of the amino acid residues were used in the calculation, 

and amide nitrogen was not determined. 

Using three methods of calculation, Heidelbaugh et al 

(1975) demonstrated substantial differences in protein contents 

of some foodstuffs depending on the method of calcuation, 

i.e. (1) multiplication of Kjeldahl nitrogen by 6.25; (2) 

multiplication by factors varying from 5.30 to 6.38 depending 

on food type; and (3) summation of amino acid content as 

determined by chemical analyses. Although the_N:P factors 

were based on the total amino acid per g nitrogen, no account 

was made of the amide nitrogen. 

Various literature data on N:P factors for the various 

foodstuffs referred to in the present section are summarized 

for comparative purposes in Table 2.3. 

2.5.2 The significance of accurate N:P factors 

Protein content is an important criterion of the value 

of a food item because of its contribution to the nutritive 

value or the functional properties. Protein is the most 

costly of the food components and· an excess of protein would 

be wasteful in some cases, the food product such as wheat or 



Table 2.3 Nitrogen-to-protein conversion factors for foodstuffs 

Foodstuff Latin Names Ewart Holt Jones Shellenberger Shvartsman Tkachuk 
( l~¥7) (li16) < 1 r~l) < 1 rlr) < 1 rlr) ( 1 96 9 ~ 1 9 7 7 ) 

a) 

Wheat grain Tritiaum spp. 5.68 - 5.83 5.68 5.66 5.66 
Wheat flour: 

High quality - - - - 5.93 
Grade I - - - - 5.62 
Grade II - - - - 5.74 

Wheat germ - - 5.80 5.80 - 5.45 
Wheat bran - - 6.31 - 5.8-7 5.26 
Barley gra·i n Hordeum vulgare 5.80 - 5.83 5.83 - 5.67 
Hulled oats Avena sativa 5. 71 - 5.83 5.85 - 5.50 
Rye grain Seaale aereale 5.79 - 5.83 5. 71 - 5.64 N 

00 

Soybeans Glyaine max L. - 5.22 5. 71 5. 71 - 5.69 
Buckwheat grain Fagopyrum sagittatum - - - - - 5.53 
Millet grain Pennisetum spp. - - - - - 5.60 
Pearl millet - - - - - 5.70 
Sunflower - - 5.30 - - 5.36 
Rice (grain) Oryza spp. - - 5.95 5.95 5.99 
Corn Zea mays - - 6.25 
Sorghum Sorghum spp. 
Chickpea Ciaer arietinum - 5.20 - - - 5.55 
Lentil L eYLf.> u c.uta.:tlo n - 4.91 - - - 5.48 
Broad bean V.ieia 6aba - 5.03 - - - 5.26 
Pigeon pea Cajanu& c.ajan - - - - - 5.76 



Table 2.3 Nitrogen-to-protein conversion factors for foodstuffs cont•d 

Foodstuff 

Vetch 
Vetch 
Vetch 

Latin Names 

V iua. YLaJtb en6i6 
V. gallilea 

v. sativa 

Peanut Arachis hypogaea 

Oilseeds & nut 
Beans (all legume) 
Milk & milk product 
Lima bean 
Mung bean 
Flat pea 
Field pea 
Field bean 
Lupine 
Casein 
Cheese 
Egg (whole) 

Phaseolus lunatua 

Vigna rrrungo 

Lathyrus sativum L. 
Pisum sativum L. 
Phaseolus vulgaris L. 
Lupinus spp. 

Chicken (muscle) Gallus gallus 

Fish (all types) 
Fish Meal 
Beef Muscle 
Beef round 
Ground beef 

Bos taurus 

(a) M data procedure 
(b) Protein isolation procedure 

Ewart 
(1967) 

Holt 
( 1976) 

6.08 

5 .. 86 
5.61 
5.44 
5.52 
5.71 
5.32 
6.11 
6.04 
6.84 
5.82 
5.76 
5.78 
5.75 
5.77 
5.66 

Jones 
' ( 1941) 

5.46 
5.30 
6.25 
6.38 

Shellenberger 
( 1975) 

Shvartsman 
( 1975) 

Tkachuk 
( 196 9 ; 1 9 7 7 ) 

5.46 
5.50 
5.50 

I'V 
1..0 
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soybean meal is commonly purchased on the basis of its protein 

content (Jones, 1941; Tkachuk, 1977). 

The N:P factors are of particular concern to the nutritionist, 

who must formulate diets with a satisfactory balance of protein, 

carbohydrate and other constituents from several food or feed 

sources, most of which differ in amino acid composition. 

Computation of protein content of each food product from their 

Kjeldahl nitrogen values and a common N:P factor, such as 6.25, 

would undoubtedly introduce substantially more error into 

the determination of proteins infood products than by using a 

specific conversion factor based upon each proteins amino acid 

composition (Tkachuk, 1977; Morr, 1981). 
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3. MATERIALS AND METHODS 

3.1 Materials 

The animal products, beef round muscle, fish (Yellow 

Perch), whole milk, cheese (cheddar), chicken (white and brown 

muscle), and whole eggs, and the plant products, lettuce, cabbage, 

banana, apple, potato, carrot, tomato, beet, mushroom, corn 

(U.S. feed grain) and rice were purchased from local commercial 

outlets in Saskatoon. Century, Trapper and Triumph peas and 

Neepawa wheat were obtained from the Crop Science Department, 

University of Saskatchewan, Saskatoon. 

Sorghum (grown in Senegal, West Africa) was obtained from 

the National Research Council of. Canada, Saskatoon. 

Casein, ANRC reference protein, was obtained from the 

Sheffield Co., Norwich, N.Y. while the standard RNA and DNA 

were pumchased from Siima Chemicals, St. Louis, Missouri. 

3.2 

3.2.1 

Methods 

·Proximate Composition 

The animal products (except casein), leafy vegetables, 

fruits, potato, carrot, tomato, beets and mushroom were 

freeze-dried, defatted, where necessary, and ground to a fine 

powder. Air dried samples of the grain legumes and cereals 

were finely ground in a Krups coffee grinder. 

Moisture and total nitrogen were determined by the 

standard procedures (AOAC, 1975) with the exception that in 

the micro-Kjeldahl method for total nitrogen, a 100:3 mixture 
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of K
2
so

4 
and CuS04 was substituted for K2so4 and mercuric 

oxide. 

Crude fat was determined using the AACC Official Method 

30-25 (American Association of Cereal Chemists, 1969). 

The crude fibre content of defatted samples were 

determined using AACC method 32-17 (AACC Approved Methods, 

1969). 

The AACC method 08-01 was employed for ash determination. 

3.2.2 Amino acid and amide nitrogen determinations 

Three separate hyd!olytic procedures were used to 

analyse each samples for the eighteen amino acids, viz. (a) 

acid hydrolysis for basic, acidic and neutral amino acids, 

(b) performic acid oxidation, followed by acid hydrolysis 

for cystine and methionine, and (c) alkaline hydrolysis for 

tryptophan. 

Samples (20-99 mg) were hydrolyzed by heating with 

7 ml of 6N HCl in a sealed evacuated ampule at 110:!:1 °C for 

24 hours. The hydrolysate was analyzed for the basic, 

acidic and neutral amino acids on a Beckman 119 BL Amino 

Acid Analyzer using the accelerated procedure of Spackman et 

al. (1958). Cysteine and cystine were measured as cysteic acid, 

and methionine as methionine sulfone after performic acid 

oxidation and HCl hydrolysis according to the method of 

Moore (1963). Tryptophan analysis was done on a hydrolysate 

obtained by hydrolysis of the sample with barium hydroxide as 
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described by Tkachuk and Irvine (1969). Solvents were removed 

from the hydrolysates by flash evaporation (50-55°C) and the 

residue was taken up in sodium citrate buffer (pH= 2.2). 

The amino acid data were computed automatically with SP4100 

computing integrator. 

Amide N was determined by refluxing 50-100 mg samples with 

40 ml of w.O NHcl for 1.5 hr. The sample size was adjusted to 

keep the sample to acid ratio in the range of 15 ml HCl to 

1 mg sample N. After hydrolysis, the samples were diluted 

to 50 ml with N-free distilled water and 40% (w/v) NaOH 

were added to each sample. The liberated ammonia was distilled 

into boric acid and quantitated by back titration with 0.0197N 

H2so4 (Bailey, 1967). 

3.2.3 Nonprotein nitrogen 

3.2.3.1 Extraction 

Duplicate one gram samples of finely ground material were 

stirred for 30 minutes with 35 ml of 25% (v/v) ethanol. The 

extract was centrifuged for 20 minutes at 27,000 x g, after 

which the supernatant was flash-evaporated to remove the 

solvent. The residue was resuspended in 25 ml of distilled 

deionized water and again centrifuged to remove the solids, 

if present. This supernatant was ultrafiltered as described 

in section 3.2.3~2. 
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3.2.3.2 Ultrafiltration 

Constant volume ultrafiltration was used for the deter

mination of low molecular weight NPN in the samples as described 

by Holt (1976). An Amicon model 402 stirred cell with a PMlO 

non-cellulosic membrane (Amicon Canada Limited, Oakville·, 

Ontario) was used for the ultrafiltration. The membrane had 

a nominal molecular weight cut-££ of. 10,000 dal tons (Anonymous, 

1980). The supernatant (Section 3.2.3.1) was applied to the 

cell and dialysed with distilled water at room temperature and 

210 Kpa pressure until 250 ml of filtrate was collected for 

determination of total nitrogen, free amino acids and total 

amino acids. 

3.2.3.3 Free amino acids content 

Duplicate aliquots of 50 ml of the 250 ml ultrafiltrate 

were evaporated to dryness at 50-55°C. The residue was taken 

up in 10 ml of citrate buffer (pH 2.2) and stored at 5°C before 

applying to Beckman 119BL amino acid analyser. The amino acids 

were identified by their relative retention time compared with 

those of a known mixture of amino acids. 

3.2.3.4 Total amino acids content 

The total amino acid content of the ultrafiltrate was 

determined by hydrolysis with 6N HCl. Duplicate of 50 ml saml?les 

of the original 250 ml of the ultrafiltrate were evaporated to 

dryness (50-55°C). The residue was taken up in 8 ml (3 + 3 + 2) 

6N HCl and placed in 10 ml ampule. The remaining steps for 
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hydrolysis and amino acid analyses were done as in Section 3.2.2. 

3.2.4 Total nucleic acid nitrogen 

One hundred milligrams of sample and 10 ml of cold 10% TCA 

were placed in a 50 ml centrifuge tube (with an ice water bath) 

for 10 minutes. After 15 minutes of centrifugation at 20,000 x g 

at 0°C, the supernatant was decanted. The precipitate was 

washed two or three times by stirring with hot ethanol to remove 

impurities which may absorb in the UV range of 230-300 nm. Each 

wash was followed by centrifugation at 20,000 x g for 10 minutes. 

The purified nucleic acids were hydrolysed with 15.0 ml of 

S%· TCA for 25 min~tes at 90°C in centrifuge tubes capped with a 

perforated plastic stopper designed to minim~ze evaporation. The 
. 0 

samples were cooled to 5 C and centrifuged at 20,000 x g and 

0°C to precipitate colloidal starch. Finally, the samples were 

scanned from 220 to 300 nm on a Perkin-Elmer double beam 

spectrophotometer (Coleman Model No. 128). Regression analysis 

of the UV absorbance of the standard RNA solution at a range of 

concentrations gave the following equation: 

Absorbance = 0.0051 + 0.02866 [RNA] 

where [RNA] = concentration of RNA in ~g/ml. The NAN per ml of 

diluted sample was calculated from the expression: 
1 -3 

NAN (mg/ml) = Absorbance x O.OlR&& x 0.148 x 10 

(Holt, 1976). 
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3.2.5 Calculation of N:P conversion factors 

The following procedure, adapted from that of Holt (1976), 

was used for the calculation of the N:P factors for the food 

products. The AA contents were expressed as mg/gN. These AA's 

were assumed to be in the anhydrous form in food proteins. 

Then each AA was converted to AA residue by subtracting one 

molecule of water from the molecule of AA. The moles of the 

carboxylic acid residues in excess of the moles of amide N 

were assigned equally to Glu and Asp (Tkachuk, 1966). The 

total weight of the AA residues plus amide N was divided by the 

weight of N (including amide) in them to obtain a N:P factor. 

The above N:P factor gives the true value for the protein 

portion of the total nitrogen. However, the value is only used 

correctly if true protein content on Kjeldahl N - NPN are known. 

The protein value would be over~estimated if Kjeldahl N were 

multiplied by the N:P factor .. Therefore, a second N:P factor 

was determined for each food product where only Kjeldahl N is 

known. This uncorrected N:P factor was calculated by dividing 

the total AA residues by 1000. Individual tables on the method 

of calculating N:P factors for the food products are given in 

Appendix E. 
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4. RESULTS 

4.1 Proximate composition 

The food products selected for the present investigation 

represented a wide range in proximate composition (Table 4.1). 

Because several products were dried, the moisture contents of 

the foods ranged from 1.2 - 12.1%. 

The range in crude protein contents among all the samples 

was particularly wide - 1.3 - 85.9% (Table 4.1). The animal 

foods contained 25.9 - 80.3% crude protein, the cereals 

5.9-12.4% and field peas 20.7-22.8%. Potato, beet, and 

tomato had similar levels of crude protein as in corn, sorghum, 

and wheat. Mushroom contained the highest protein (36.1%) 

among plant foods. 

The crude fat contents of the animal foods were particularly 

high, especially in chicken muscle, egg and cheese (28.2-47.5%) 

(Table 4.1). While casein was almost devoid of fat (0.1%), the 

other animal foods had 10.9-18.6%. In contrast, the plant foods 

were generally low in crude fat levels (0.2-3.7%). 

Crude fibre contents were lower in the animal and cereal 

products (0.2-2.7%) than in the field peas (5.1-7.9%) (Table 4.1). 

While beet, carrot, the leafy vegetables, apple and tomato 

contained as much crude fibre as the field peas, potato and banana 

had low values (1.7-2.9%). Mushroom was high in crude fibre (14.2%). 

The ash contents of the samples ranged from 0.4% in potato 

to 10.2% for mushroom and tomato (Table 4.1) .. Fish, cheese, 

milk, beet, cabbage, lettuce and carrot had high mineral contents 

(5.8-7.6%). Chicken, egg and beef had intermediate values 
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Tab 1 e 4-.1 Proximate analysis of food products (dry basis)a 

Moisture Protein Crude fat Crude Fiber Ash 
(%) (%N X 6.25) (%) (%) (%) 

Beef (round) 4.2b 76.5 10.9 1 .5 4.0 
Chicken muscle 1.4b 68.5 28.2 0.4 3.7 
Whole egg 1. 2b 48.4 36.8 0.2 3.9 
Fish (perch) 3.7b 80.3 12.0 0.5 7.6 
Whole milk 4.lb 25.9 18.6 1 . 1 5.8 
Casein 9.2 85.9 0.1 0.8 1 . 7 
Cheese 2.0b 40.3 47.5 0.3 6.4 
Corn 10.1 9.8 3.6 1 . 5 1 • 4 
Rice (Polished) 12.1 5.9 0.3 0.8 0.4 
Sorghum 9.2 12.4 2.7 2.0 1. 5 
Wheat 11.9 12.0 1. 7 2.7 1. 5 
Field peas: 

Trapper 8.3 22.8 1. 0 6.1 2.4 
Triumph 11 . 1 20.7 1. 0 5.1 2.5 
Century 10.7 21.2 1 . 1 7.9 2.4 

Potato 4.6b 13.0 0.4 2.9 4.6 
Beet 6.6b 10.6 0.4 4.8 7.4 
Carrot 7.0b 3.9 2.7 5.4 5.8 
Lettuce 4.4b 16.0 1. 0 8.6 6.3 
Cabbage 4.1 b 15.0 0.7 7.6 6.4 
Tomato 10.0b 12.4 2.1 8.6 10.2 
Apple 5.8b 1 . 3 1. 2 6.0 1 .• 8 
Banana 5.7b 4.6 0.2 1. 7 3.3 
Mushroom 1 o. ob 36.1 2.6 14.2 10.2 

a All values are the averages of duplicate determinations 
b Freeze-dried samples 
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(3.7-4.0%). Field peas, wheat, sorghum, apple and casein were 

intermediate in ash (0. 4-1. 8%). 

The nitrogen-free extract values in Table 4.1 show 

negative percentages in the case of chicken muscle and fish. 

As will be demonstrated in later sections, much of the error 

in the estimation of digestible carbohydrate is due to the 

N:P factor of 6.25 which overestimates the protein contents of 

most animal as well as plant foods. 

4.2 Amino acid composition 

4.2.1 Amino acid distribution of food products 

The AA distributions in the food products are listed in 

decreasing proportions of nitrogen in the AA's in Tables 4.2 

to 4.4. The Asn and Gln were calculated from the amide N, Glu 

and Asp by converting each mg AA tonmoles and then assigning 

the excess portion of the amide on a equimolar basis to the 

two AA's (Holt, 1976). 

4.2.1.1 Animal food products 

Meat and egg proteins contained much lower proportions of 

Arg than the milk products (Table 4.2). Beef also had a high 

content of His. The proteins of milk products had more Gln than 

Asn. The meat products contained similar levels of both amides 

except in beef in which there was almost twice as much Gln as 

Asn. Meat, milk, and egg were r.ich in Lys but fish was 

intermediate in this essential amino acid. 

With the exception of chicken muscle, Ala contents in 



Table 4.2 Average AA contents (mg/gN) of animal foods 

N ratioa 
Milk products Meat and fish ~roducts 

MW Case1n 1411 k Cfieese Egg Chicken Fish Beef 

Arginine 174.2 0.3215 240 234 169 470 406 288 420 
Histidine 155.2 0.2706 112 188 156 150 119 150 230 
(Asparagine) ( 132. 1 ) (0.2118) (77) ( 141) (259) (427) (296) ( 267) ( 164) 
(Glutamine) ( 146.1 ) (0.1917) (979) (951) (820) (354) (396) (374) (305) 
Lysine 146.2 0.1915 520 487 400 509 468 338 556 

Glycine 75.1 0.1864 144 128 131 197 425 344 290 
Alanine 89.1 0.1571 200 219 194 327 387 431 385 
Tryptophane 204.2 0.1371 142 90 90 136 68 89 78 
Serine 105.1 0.1332 385 338 306 434 244 294 300 
Proline 115.1 0.1216 722 571 931 262 260 194 250 

Valine 117. 1 0.1196 434 428 363 385 331 406 325 .&::::. 

Threoniee 119.1 0.1175 294 278 194 275 287 289 270 0 

Cystine 204.3 0.1165 27 43 46 128 54 60 67 
Isoleucine 131 . 2 0.1067 345 290 281 278 250 300 340 
Leucine 131.2 0.1067 602 600 544 491 462 512 500 

Aspartic acid~ 133.1 0.1052 455 509 600 635 635 806 610 
Glutamic acid 147.1 0.0952 1400 1362 1200 582 750 969 1004 
Methioninec 149.2 0.0938 164 148 241 204 160 157 164 
Phenylalanine 165.2 0.0847 331 341 294 294 275 319 280 
Tyrosine 181.2 0.0773 371 297 300 266 225 219 210 

Total AA 6888 6546 6440 6023 5808 6165 6279 
Total BAA's 872 909 725 1129 994 776 1206 
Total BAA's & amides 1928 2001 1817 1910 1686 1417 1675 

~ Proportion of N in molecule 
(in brackets) c Values include the contributions from their corresponding amides on hydrolysis 

Single determination 
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the animal foods were moderately higher than their Gly levels 

(Table 4.2). Trp concentrations in casein and egg proteins 

were quite high while the values for this essential amino 

acid ranged from 68-90 mg/gN in the other food proteins. There 

was little variation in Ser contents as comuared to the Pro 

levels, with the ranges for the latter being 194-262 mg/gN 

and 571-931 mg/gN in the meat and milk products, respectively. 

Relatively high values of Val occurred in the animal foods but 

lower amounts of Thr were found in·these products, especially 

in cheese. There were generally low levels of Cys in the 

animal foods (27-67 mg/gN) but the Met levels (148-241 mg/gN) 

were high~ However, egg was very high in SAA's, especially Met. 

Isoleucine, Leu, Asp, Glu, Phe and Tyr were found in 

relatively similar proportions ~n the food products (Table 4.2). 

Aspartic acid and Glu contributed large amounts to the total 

AA contents of these animal foods with Glu being the major AA 

in all products except in egg. 

The total AA's were highest in the· milk products, especially 

in casein. The value for meat exceeded that of egg while 

chicken protein gave a somewhat lower total. 

The total BAA's for beef and egg were much higher than 

obtained for the other animal and fish proteins (Table 4.2). 

Cheese and fish gave much lower values. When Asn and Gln 

were included in the total, the relationships were altered 

dramatically. Milk, casein and egg had the highest total BAA's 

plus amide; chicken and beef were intermediate in value and 

fish protein had the lowest total. 
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4.2.1.2 Cereal grains and field peas 

Four cereal grains and three cultivars of field peas were 

examined for AA contents (Table 4.3). While Arg contents in 

most cereal grains were very similar (225-262 mg/gN), field 

peas and rice contained higher amounts at 450-531 mg/gN. Corn 

was relatively high in His. Rice protein was similar to the 

field peas in their total amide contents. While wheat contained 

the lowest level of Asn and the highest Gln concentration, the 

total amide contents of these cereal grains ranged from 1193-1665 

mg/gN. Low levels of Lys contents were found in the cereal 

grains (138-250 mg/gN). On the other hand, the field pea 

proteins contained high levels of Lys (434-456 mg/gN) while 

rice (250 mg/gN) was intermediate in this essential AA. 

Among the cereal grains, sorghum contained the lowest 

amount of Lys, Gly and Ala (Table 4.3). Wheat and corn proteins 

were rich in Pro while sorghum contained a high level. of Leu 

(819 mg/gN). Corn also contained a similar high Leu value. 

While there were large differences in Asp contents of the 

cereal grains and field peas, the contributions of Glu to the 

total AA's in both food products were equally high. The total 

SAA's in cereal grains (218-321 mg/gN) were higher than those 

of the field peas (105-131 mg/gN). Corn was particularly high 

in Met content among these products. 

Corn and wheat had high total AA's, reflecting the respective 

contributions of Gln, Pro, Leu and Glu in corn, and Gln, Pro, 

and Glu in wheat (Table 4.3). The values for the other foods 

ranged from 5634-5898 mg/gN. 
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Table 4.3 Average AA contents (mg/gN) of cereal grains and field peas 

Cereal Grains Field Peas 
Corn Rice Sorghum L~heat Century Trapper Triumph 

Arg 262 488 225 252 531 478 450 
His 213 159 125 157 147 147 141 
(Asn)b (338) (329) (360) (58) (343) ( 342) (330) 
(Gln)b (955) (650) (833) ( 1607) (624) (614) (606) 
Lys 167 250 138 188 456 441 434 
Gly 269 269 175 266 294 275 266 
Ala 471 344 300 244 275 266 259 
Try a 59 57 75 53 75 70 71 
Ser 362 169 281 315 275 272 266 
Pro 606 257 423 714 253 200 213 
Val 303 434 331 281 313 297 291 
Thr 256 466 163 191 234 222 284 
Cysa 129 129 178 164 81 79. 83 
Il e 200 231 144 288 250 256 253 
Leu 783 485 819 450 447 441 441 
Aspb 500 '488 463 340 759 716 703 
Glub 1138 822 950 1928 1084 1028 1019 
Meta 126 89 81 92 50 50 52 
Phe 308 366 275 316 291 288 272 
Tyr 239 284 231 229 163 181 166 
Total AA'sc 6558 5782 5377 6468 5898 5707 5634 
Total BAA's 862 897 488 597 1134 1066 1025 
Total BAA's & 

am ides 2155 1876 1681 2262 2101 2022 1961 

a Single determination 
b Values were calculated' from· separate detetmination. 
c Excludes Gln and Asn values 
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The total BAA's in the field·peas were more than twice 

the levels found in some of the cereal grains (Table 4.3). 

Because of the large proportions of Gln and Asn, the total 

BAA Is plus amides was higher in wheat cthart in the other grains. 

While the field peas and corn had similar high values, the 

respective values of 1876 and 1681 mg/gN were obtained as 

BAA plus the amides for rice and sorghtim. -

4.2.1.3 Fresh vegetables, fruits and mushroom 

Banana and cabbage proteins were rich in A~g while banana 

also contained much more His than other fr,esh vegetables and 

fruits (Table 4.4). Potato, cabbage and appl~ proteins contained 

high levels of Asn. While Gln ~oncentratio~s were highest in 

beet, lettuce and tomato, potato and _mushroom·· had- intermediate 

values among the food products. Carrot and apple proteins 

contained the most Lys, as well as Gly and Ala. The beet 
'\"'; 

protein was very low in Lys, Gly, Try, Thr and Cys plus Met. 

There were large proportions of both Glu and Asp in the food 

products (Table 4.4). While the lowest Asp value was obtained 

for beet protein, among the food proteins, their Glu contents 

were relatively high, especially in tomato. The fruits and 

muchroom proteins exceeded the other food proteins in their 

total aromatic amino acid contents except in the case of carrot. 

Relatively low values for the total AA contents were 

obtained for beet, lettuce and mushroom. Tomato contained 

the highest value (6028 mg/gN), reflecting the large proportion 

of Glu. 



Table 4.4 Average AA contents (mg/gN) of fresh vegetables, fruits and mushroom 

Potato Beet Carrot Cabbage Lettuce Apple Banana Tomato Mushroom 

Arg 191 154 225 500 191 244 579 263 172 
His 88 88 144 138 79 194 500 68 103 
(Asn) (979) (221) (370) ( 1176) (630) (852) ( 579) (22) (413) 
(G1n) (837) (1718) (435) ( 181) (1167) { 173) {367) (1145) { 742) 
Lys 200 156 556 215 281 476 300 244 275 

Gly 137 100 272 137 133 259 260 150 184 
Ala 175 181 322 194 215 328 312 144 291 
Try a 47 23 56 96 49 .59 45 64 78 
Ser 181 178 253 188 206 265 246 163 200 
Pro 143 75 225 166 118 277 240 142 188 

Val 263 156 382 175 194 450 200 181 206 
Thra 220 112 241 137 168 212 200 163 369 ~ 

Cys 36 42 79 50 41 81 79 74 46 (Jl 

Ile 169 135 350 128 134 228 182 131 156 
Leu 225 169 253 184 208 447 294 188 259 

b 1225 379 678 594 720 1031 894 1225 472 Aspb 
Glu 1106 1903 775 1510 1270 641 713 2481 809 
Meta 50 27 78 25 30 46 59 28 59 
Phe 181 101 288 134 143 379 240 200 175 
Tyr 106 100 187 91 102 265 160 119 431 

Total AA • s c 4743 4079 5364 4662 4193 5882 5503 6028 4383 
Total BAA's 479 398 925 853 462 914 1379 575 550 
Tota 1 BAA • s & 

am ides 2295 2337 1730 2210 2259 1939 2325 1742 1705 

~ Single determination 
Values include the contributions from their amides on hydrolysis (in brackets). 
Values were calculated from separate determination 

c Excludes Gln and Asn values 
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While banana contained the most total BAA's, variable values 

were obtained for the other fresh foods (Table 4.4). Carrot, 

cabbage and apple had similar high values (853-925 mg/gN), a 

consequence of the respective contributions of Arg and Lys in 

carrot and cabbage but Arg, His and Lys in apple. The lowest 

total BAA's was obtained for beet protein. When the total BAA's 

were added to the respective amides of these foods, beet and 

banana had the highest values. Potato and the leafy vegetables 

had a range of 2210-2295 mg/gN, while mushroom had the lowest 

value. 

4.2.1.4 Nitrogen distributions and N:P conversion factors 
for food products 

The animal food products had a greater proportion of 

food N as amino acid nitrogen (AAN) than most plant foods 

(Table 4.5). There was little variation in AAN (excluding the 

amide N) among the animal foods, cereal grains, and field peas. 

While the highest values were obtained for beef, casein and 

chicken muscle (862-913 mg/gN), the lowest value occurred in 

Triumph peas (788 mg/gN). 

The greatest variations occurred in AAN of vegetables, 

fruits and mushroom (Table 4.5). On the average, each gram of 

total N in banana contained 827 mg of AAN. Carrot, apple and 

tomato had values of 725-744 mg/gN, and only 590 and 578 mg/gAAN 

occurred in potato and mushroom proteins. Beet and lettuce 

exhibited the lowest values of 495 and 509 mg/gAAN, respectively. 

Amide N contents were not closely correlated to AAN levels. 
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Table 4.5 Nitrogen distributions (mg/gN) and N:P factors of food products 

AAN Amide N N recovery NAANa N:P factor N:P factorb 
% 

Casein 876 102 97.8 22 6.11 5.96 
Cow's milk 837 106 94.3 57 6.01 5.49 
Cheese 802 106 90.8 92 6.13 5.57 
Egg, whole 849 78 92.7 73 5.55 5.14 
Chicken muscle 862 53 91.5 85 5.65 5.02 
Fish 816 64 88.0 120 6.02 5.30 
Beef 913 64 97.7 23 5.77 5.27 
Corn 833 127 96.0 40 5. 71 5.48 
Rice 802 97 89.9 101 5.56:.. 4.89 
Sorghum 799 118 91.7 83 5.79 4.63 
Wheat 817 160 97.7 23 5. 75 5.62 
Peas: Century 847 96 94.3 57 5.47 5.16 

Trapper: 802 95 89.7 103 5.49 4.92 
Triumph 788 93 88.1 119 5.52 4.86 

Potato 590 184 77.4 226 5.32 4.09 
Beet 495 188 68.3 317 5.17 3.53 
Carrot 727 81 80.8 192 5.72 4.62 
Cabbage 604 168 77.2 228 4.81 3. 71 
Lettuce 509 188 69.7 303 5.18 3.61 
Apple 733 133 86.6 134 5.52 4.83 
Banana 827 96 92.3 77 5.07 4.93 
Tomato 725 112 83.7 163 6.24 5.23 
Mushroom 578 115 69.3 307 5.58 3.86 
Mean 759 114 87.3 127 5.62 4.86 

a By difference (1000-[AAN + Amide N]) 
b 

Values are not corrected for AAN recovery 
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Beet, lettuce, potato, as well as wheat, had very high levels 

of amide N (Table 4.5). Most ·other food products contained in 

the range of 100 mg of amide N per g of product N but chicken, 

beef, and fish contained just over one-half of this level. 

The range for recovery of N in AA for most food proteins 

was 86.6-97.8% (Table 4.5). Of particular interest were the 

very high recovery values for casein, beef, corn and wheat. AAN 

recoveries were lowest in the fresh vegetables and mushroom. 

The values varied from 68.3% for beet to 84.7% for tomato, 

indicating a high proportion of NAAN in most fresh vegetables. 

The NAAN per g N was ¢l.etermined by substracting AA plus 

amide N per gN from one gN and thus provide an indirect estimate 

of the NPN. Very low values were obtained for casein, 

beef and wheat (22-23 mg/gN) (Table 4.5). Except for fish, 

Triumph and Trapper peas, the other animal and grain products 

had less than 100 mg/gN of NAAN. Banana was also in the 

range of the meat and grain products. The other fresh fruit 

and vegetables contained 163-317 mg of NAAN/gN with mushroom 

having a calculated value of 307 mg/gN. 

The N:P factors for most of the animal protein sources 

were lower than expected, and ranged from 5.8-6.1 (Table 4.5). 

Only egg gave a relatively low value of 5.5. The N:P factor 

for rice and field pea (5.5-5.6) was slightly lower than those 

for the other cereal grains (5.7-5.8). With the exception of 

tomato and cabbage with very high and low values of 6.2 and 

4.8, respectively, the range of values for the other fresh 

vegetables, fruits and mushroom was 5.1-5.7. The average 
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values were 5.9 for animal products, 5.6 for grains and 5.4 

for fresh vegetables and fruits. 

When the N:P factors were not corrected for NAAN, the new 

factors decreased from 2% (casein, wheat) to 45% (beet, mushroom) 

(Table 4.5). For animal products, the new factors varied from 

5.5-6.0 for milk products and 5.0-5.3 for meat and fish products. 

The calculation based on the total N changed the order of 

magnitude of the N:P factors for the cereal grains, the values 

becoming 5.6 for wheat, 5.5 for corn, 4.9 for rice and 4.6 for 

sorghum (Table 4.5). While the values were reduced minimally 

in corn and wheat, the differences were more pronounced in rice 

and sorghum (11.2 and 27.0%, respectively). The values for the 

field peas were altered by only an average of 10%. 

Quite variable values were obtained for the fresh vegetables, 

fruits and mushroom by using total N in the calculation of 

N:P factors (Table 4.5). Beet, lettuce and mushroom with the 

lowest AAN recoveries had the low N:P factors of 3.5, 3.6 and 

3.9, respectively. The value for potato and cabbage also 

reflected the high NAAN data. 

More samples of food products should be analysed to confirm 

the reliability of the corrected versus non-corrected N:P factors. 

Certainly an accurate and simple measure of NAAN would permit 

the routine determination of protein, as well Kjeldahl N and 

thus the use of the corrected N:P factor. 
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4.3 Nonprotein nitrogen 

4.3.1 Estimates of nonprotein nitrogen (NPN) from AA data 

One measure of NPN is the NAAN value in Table 4.5 obtained 

by difference from AA analysis and the values are reproduced 

in Table 4.6 for comparative purpose. 

4.3.2 Ultrafiltration with a stirred cell 

Preliminary experiments were done with several solvents and a 

stirred cell ultrafiltration system for estimating. the NPN of 

food products. Holt (1976) used a UMlO membrane (Amicon 

Corporation ) having a 'normal' MW cut-off of 10,000 for NPN 

determination. I~ this study, a YMlO membrane, with the same 

MW .cut-off as UMlO membrane was used after standardizing against 

the results of Holt (1976) with field pea cultivars. 

The NPN values obtained by dialysis were measured in mg NPN 

per g sample, and to compare with NAAN value, these values were 

converted to mg NPN/gN in sample (Table 4.6). The NPN values 

were quite low for animal and cereal products, the range being 

0.4 for casein to 35.5 mg/gN for cheese, with field pea cultivars 

giving values of 34.6 to 58.8 mg/gN. Apple was quite low also 

in NPN in this analysis. The remaining fruit and vegetables 

were much higher in dialysable NPN. Of particular interest 

were the high levels of NPN in potato, beet, cabbage, lettuce 

and tomato (199.6-238.5 mg/gN or 20.0-23.8% of total N). 
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Table 4.6 The NPN of food products as estimated by ultrafiltration 
and its relation to total N and NMN 

N NAAN 
a Estimate from dialysis 

% (mg/gN) mg/g sample mg/gN % of total N 

Casein 13.7 22 0.1 ± 0.01 0.4 0.0 
Cow's milk 4.1 57 1.2 ± 0.02 29.3 2.9 
Cheese 6.4 92 2.3 ± 0.36 35.5 3.5 
Egg, whole 7.7 73 0.4 ± 0.03 5.7 0.6 
Chicken muscle 10.8 95 1. 6 ± 0. 36 14.7 1.5 
Fish 12.8 120 2.1 ± 0.33 16.6 1.7 
Beef 12.2 23 2.4 ± 0.03 19.5 1 . 7 
Corn 1.6 40 0.3 ± 0.02 21.6 2.2 
Rice 0.9 101 0.1 ± 0.00 13.1 1 . 3 
Sorghum 2.0 83 0.2 ± 0.00 12.5 1 . 2 
Wheat 1.9 23 0.3 ± 0.03 14.9 1.5 
Peas: Century 3.4 57 2.0 ± 0.27 58.8 5.9 

Trapper 3.7 103 1.3 ± 0.03 34.6 3.5 
Triumph 3.3 119 1.3 ± 0.03 38.9 3.9 

Potato 2.0 226 4.8 ± 0.12 238.5 23.8 
Beet 1.7 317 4.0 ± 0.07 235.3 23.5 
Carrot 0.6 192 0.8 ± 0.07 131.9 13.2 
Cabbage 2.4 228 5.5 ± 0.14 229.2 22.9 
Lettuce 2.6 303 5.3 ± 0.07 205.3 20.5 
Apple 0.2 134 0.1 ± 0.01 64.8 6.5 
Banana 0.7 77 1.1 ± 0.01 153.1 15.3 
Tomato 2.0 163 4.0 ± 0.01 199.6 20.0 
Mushroom 6.0 307 10. 1 ± 0. 46 169.3 16.9 
a 

From Table 4.5 
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4.3.2.1 Amino acids in the filtrate NPN 

4.3.2.1.1 Free amino acid contents of the non-hydrolyzed NPN 

Without acid hydrolysis, sixteen AA's were tentatively 

identified and quantitated (Table 4.7). The levels of free 

AA's in the food products were not proportional to total NPN. 

Casein was unique in that it contained an intermediate total 

free AA content but this total was comprised of only His, Lys, 

Phe, Tyr, and Glu. Cheese, egg, and chicken muscle contained 

relatively high levels of free AA's, while milk, beef and fish 

had only trace quantities of most free AA's. Glu was the 

principal AA in the former three products, with significant 

levels of a wide range of AA also being present (Arg, Leu, Lys, 

Phe, Thr, Val, Tyr, Ala, Asp, Gly, Pro and Ser). 

In Table 4.8, the free AA's in the extractable NPN of the 

plant foods are reported. The products were rich in total free 

AA's. Arginine, Asp and Glu were generally the major free AA's 

in these food products in most foods. Otherwise, the ditribution 

of the free AA's were dissimilar among the grains and vegetables. 

Of particular interest were the contributions of Thr to the 

total pools of free AA's of the leafy vegetables: beet, tomato 

and mushroom. Phenylalanine alone contributed about 58% of the 

total free AA's in potato. Apple contained only four free AA's, 

Arg, Asp, Gln and Ser, in relatively high levels. The major 

free AA's in banana were His, Leu, and Ser. 

In summary, lettuce, potato, beet, banana, and tomato had 

values of total free AA's (52.4-712 ~m/mg NPN) (Table 4.8) which 

were as high as was in cheese, egg and chicken (Table 4.7), 
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Table 4.7 AA composition of the nonhydro1yzed NPN of animal food products 

( · um/mg NPN) 

Milk Products Meat and Fish Products 
Case1n rvlll k Cneese Egg CJiicl<en Beer FisJi 

NPN (mg/gN) 0.4 29.5 35.5 5.7 14.8 17.5 16.6 

Arg 0.60 5.68 5.50 1.68 0.66 0.38 

His 4.40 0.20 0.86 1.75 2.62 1.16 0.50 

Il e 0.98 3.50 1.32 1 . 12 

Leu 0.48 11.38 6.75 2.50 0.14 0.28 

Lys 7.20 0.52 5.86 6.50 5.12 0.72 

Met 1.32 1.50 0.86 0.30 0.16 

Phe 9.40 0.94 5.72 5.25 1. 78 0.38 0.42 

Thr 6.50 2.44 2.88 0.50 

Try n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Val 0.56 4.58 6.25 3.32 0.72 0.38 

Cys n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Tyr 6.4 0.90 2.48 5.25 1. 78 0.56 0.48 

Ala 1.82 3.50 5.12 0.32 1.98 

Asp 1.50 4.25 2.90 0.68 

G1u 4.20 1.02 11.18 8.75 6.86 0.68 0.38 

G1y 0.52 1. 26 2.75 5.00 2.14 3.20 

Pro 0.94 5.25 3.16 0.36 

Ser 0.36 5.92 7.75 5.28 0.62 

Ammonia 12.14 1 . 72 32.00 5.98 1.08 2.04 

Total AA 31.60 6.14 61.48 81.00 51.74 12. 1 10.00 

Amide N 1.02 1. 72 13.00 5.98 1 .08 0.38 

n.d. = not determined 
= not detected 



Table 4.8 Average AA composition of the nonhydrolyzed NPN of vegetable food products (um/mg NPN) 

Corn Rice Sorghum Wheat Century Trapper Triumph CQbbage Lettuce Potato Beet Carrot Apple Banana Tomato Mushroom 

NPN (mg/sample) 21.6 13.1 12.5 14.9 58.8 34.6 38.9 229.2 205.3 238.5 23&.3 131.9 64.8 153.1 199.6 169.3 
Arg 3.8 - 2.8 4.0 9.6 7.7 7.1 6.7 1.3 3.6 1.5 - 8.6 3.2 0.5 0.6 
His 1.0 1.0 2.1 1.7 0.4 0.5 0.5 0.7 0.6 1.1 0.2 - - 10.5 0.4 0.8 
Ile - - - - - 1.1 - 0.7 1.6 0.8 1.9 0.4 - - 0.4 2.6 
leu 2.7 5.6 - - 0.2 0.3 0.3 - 0.2 2.6 2.3 1.4 - 5.8 5.4 0.3 
Lys 2.6 - 1.7 1.2 0.4 1.1 0.9 0.3 0.6 0.9 0.5 - - 1.4 0.2 
Met - - - - - - - 0.5 0.8 - 1.0 0.5 - - 0.2 0.6 
Phe 1.5 - 3.4 3.3 0.9 1.1 0.6 0.4 0.3 37.5 - - - 0.9 0.1 0.1 
Thr - 6.6 - - 0.5 - - 21.0 53.0 - 37.2 2.7 - ... 13.0 11.3 
Try n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
Val - - - 1.7 0.9 0.9 0.6 - 1.8 2.1 - - - 3.2 - 0.6 
Cys n.d. n.d. n.d. n.d. n.d. n.d n.d n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
Tyr 1.4 - 3.6 3.0 0.5 1.1 0.4 0.5 1.0 0.8 0.5 0.8 - 2.1 1.0 1.0 
Ala - 4.6 3.3 - 0.7 0.8 0.9 1.7 0.2 4.3 1.3 1.6 - 0.9 0.3 1.5 

Vl 
Asp - 10.6 13.9 4.1 3.5 7.3 7.7 5.1 2.4 3.9 2.4 6.7 14.4 1.8 7.0 3.0 ~ 

Glu - 8.6 3.5 2.9 17.2 18.8 15.2 5.1 - 3.5 1.9 10.2 4.2 0.8 30.4 7.5 
G1y 0.80 4.0 1.9 1.0 0.7 0.8 1.0 1.6 2.8 1.4 1.7 1.4 - 1.2 0.2 3.0 
Pro - - 4.1 - 1.8 0.2 1.9 2.1 0.7 1.9 - - - 1.9 - 1.8 
Ser - - 4.1 1.6 2.6 1.9 3.9 - 3.9 - - - 9.2 20.0 
Ammonia 13.6 25.6 25.8 37.1 2.9 4.5 :i. 7 4.6 0.4 8.4 6.7 1.8 118.6 4.8 5.1 4.7 
Total AA 13.8 41.0 44.4 24.5 39.~ 43.6 41.0 46.4 71.2 64.4 52.4 25.7 36.4 53.7 59.1 34.7 
Amide N - 19.2 17.4 7.0 2.9 4.5 3.7 4.6 0.4 7.4 4.3 1.8 18.6 2.6 5.1 4.7 

n.d. = not determined 
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while milk, beef, fish and corn had low values (6.14-13.8 pm/mg NPN). 

Casein and the other plant foods had intermediate values 

(24.5-46.4 pm/mg NPN). Values of free AA in Tables 4.7 and 

4.8 were not used in the subsequent calculation of N:P factors 

and only total AA values are shown in these tables. 

4. 3. 2 .1. 2 Amino acid contents of the acid-hydrolyz·ed NPN 

Acid hydrolysis of the extractable NPN improved the separation 

of the free AA's on the ion-exchange chromatograms except for 

the peaks for Thr in beef and casein, Tyr in fish and cheese, and 

Glu in chicken and egg (Table 4.9). 

The NPN of all animal food products showed substantial 

increases in amount of AA's after the acid hydrolysis (Tables 4.7 

and 4.9). Total amino acids in casein was particularly high 

c:ompared to the free AA levei and again, His, Lys, Phe, and 

Tyr were major components in the hydrolysate. Glutamic acid, 

leu, Val and Arg were major amino acids in cheese, as was shown 

in the free amino acid fraction. Milk exhibited a similar amino 

acid distribtuion as cheese but at lower concentrations. 

In beef, His, Lys, Ala, Gly and Pro, constituted about 

76% of the acid-hydrolyzed AA's in NPN (Table 4.9). As in the 

nonhydrolyzed samples, the total AA's in NPN of chicken muscle 

was higher than in beef and fish extracts. Histidine Lys, Ala, 

and Gly occurred at concentrations of 41.5, 28.6 and 11.4 um/mg 

NPN in the chicken muscle, respectively. The NPN of the fish 

contained 4.7, 8.7, 28.3, 11.8 and 6.0 pm/mg NPN of Lys, Val, 

Ala, Asp, and Pro, respectively, as the main constituents of 

the total AA's. 
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Table 4.9 Average AA composition of the acid-hydrolyzed NPN of animal food 
products (.Urn / mg NPN) 

Milk Products Meat and Fish Products 
Casein Milk Cheese Egg Chicken Beef F'isfi 

N (% dry basis) 13.7 4. 1 6.4 7.7 10.8 12.2 12.8 

NPN (mg/gN) 0.4 29.5 35.5 5.7 14.7 17.5 16.6 

Arg 7.2 0.9 7.3 6. 1 2.0 1.0 0.8 

His 28.8 1. 7 4.2 1 .8 11 . 0 20.3 0.5 

Ile 11 .8 1 .8 6.9 4.0 2.1 0.8 0.3 

leu 9.8 4.2 17.4 7.9 3.1 1 .4 0.9 

lys 14.7 3.5 1 . 1 8.1 41.5 7.2 4.7 

Phe 15.2 4.2 6.1 4.8 1 . 9 1. 3 0.7 

Thr 1.9 1. 9 7.2 4.5 1.8 1.8 

Val 7.4 4.9 11 . 3 6.9 3.5 1. 5 8.7 

Tyr 11 .8 4.4 0.3 7.1 1 . 9 1 . 0 0.3 

Ala 5.2 2.4 4.7 5.8 28.6 7.2 28.3 

Asp 4.2 11.2 5.0 2.5 11 .8 

Glu 5.8 7.5 35.5 22.2 3.7 1 .4 1 . 2 

Gly 8.0 3.9 5.0 5.4 11.4 5.8 1 .6 

Pro 1 • 1 16.7 7.7 1 .8 3.4 6.0 

Ser 2.9 4.5 7.6 3.2 1 . 1 1. 0 

Ammonia 60.4 85.4 32.0 36.0 46.0 66.8 68.3 

Total AAa 125.7 49.5 122.9 113.8 125.2 57.7 68.6 

AAN 21.4 6.4 16.0 15.2 21.2 11.2 9.7 

Amide N 5.8 11.7 32.0 33.5 8.7 3.9 13.0 

AA & Amide N 131.5 61.2 154.9 147.3 133.9 61.6 81.6 

Amide N 
AJS.. & ~m,ae ~ (%) 4.4 19.1 20.6 22.7 6.5 6.3 15.9 

a Excludes SAA and tryptophan 
- = not detected 
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The AAN of the acid-hydrolyzed NPN of animal food products 

varied from 6.4_um for milk to 21.4 pm per mg NPN for casein 

(Table 4.9). Amide N ranged from 3.9-33.5 pm/mg NPN. This amounted 

to about 6.3-22.7% of the AA plus amide N. It was assumed that 

all of the Asp and Glu were in the amide form to the extent of 

the pM of ammonia in the hydrolyzed filtrate. 

After acid-hydrolysis of the NPN of vegetable foods, there 

were also major. improvment in the separation of most AA.' s. The 

concentra:tion of these AA' s varied considerably between the 

samples (Table 4.10). In the cereals, all AA's in the NPN 

increased except Arg in corn and wheat, and Leu in rice. The 

major AA's were Asp, Glu and Pro. 

The NPN of the three field pea samples contained different 

amounts of AA's (Table 4.10). While the Century and Triumph 

peas had similar levels of AA's (62.9 vs 59.4 pm/mg NPN) the 

Trapper peas contained 117.2 pm/mg NPN. The majority of N in 

Century pea was Arg, Asp and Glu. Glycine also contributed 

substantially to the filtrate N. Arginine, His, Asp, Glu and 

Gly were the major AA's in the NPN of Trapper peas. The amounts 

of Lys, Ala, and Ser were appreciable and varied from 5.0-7.6 pm/mg 

NPN. In Triumph peas, Arg, Asp and Glu constituted about 74% 

of the NPN AA's. 

In lettuce, of the filtrate N, the fifteen AA's determined 

was 85.9 pm/mg NPN, while it was 75.1 pm/mg NPN in cabbage 

(Table 4.10). Arginine and Thr contents in lettuce filtrate N 

were reduced substantially after acid hydrolysis. Only Pro 

was not detected in the hydrolyzed filtrate N of cabbage. In 



Table 4.10 Average AA composition of the acid-hydrolyzed NPN of vegetable food products ( U j mg NPN) 

Corn Rice Sorghum Wheat Century Trapper Triumph lettuce Cabbage Potato Beet Carrot Apple Banana Tomato Mushroom 

N ( %) 1.6 0.9 2.0 1.9 3.4 3.7 3.3 2.6 2.4 2.0 1.7 0.6 0.2 0.7 2.0 6.0 
NPN (mg/gN) 21.6 13.1 12.5 14.9 58.8 34.6 38.9 -205.3 229.2 238.5 235.3 131.9 64.8 153.1 199.6 169.3 

Arg 2.4 - 3.4 2.2 11.7 11.6 10.8 0.79 6.7 0.44 1.3 2.6 5.4 4.7 0.6 1.2 
His 1.9 2.0 7.2 3.0 1.38 10.6 2.1 0.75 1.5 0.58 0.6 0.6 - 14.1 0.5 1.3 
Ile - - - 2.6 0.66 2.4 0.48 1.2 1.3 0.94 1.3 1.4 - 1.0 0.4 1.8 
leu 2.7 - 7. l 3.3 1.4 2.9 0.52 1.0 0.84 2.0 2.8 0.6 - 8.4 0.5 3.4 
lys 3.9 5.0 8.9 4.9 3.6 7.4 0.62 0.75 1.0 0.60 1.1 0.4 1.5 3.3 0.8 3.2 

Phe 5.7 5.0 9.4 5.1 2.0 3.42 0.62 1.1 0.93 0.77 - 1.7 6.0 0.6 1.2 1..9 
Thr 2.4 - 3.5 2.3 2.4 4.4 3.5 2.3 1.5 2.5 1.2 1.8 3.2 1.8 1.1 2.9 
Val 9.5 9.0 23.5 3.9 3.2 3.7 1.4 2.0 2.1 1.8 2.1 4.6 - 5.4 0.5 2.9 
Tyr 1.5 2.0 5.3 5.0 1.8 2.9 0.68 0.75 0.56 0.39 - 0.9 3.0 0.6 4.6 0.7 
Ala 8.5 10.0 9.8 5.3 3.0 7.6 1.5 5.2 3.9 3.8 2.5 4.4 - 1.8 0.8 9.4 

Asp 16.1 17.0 20.8 9.7 10.0 22.2 16.2 16.2 12.4 29.2 7.6 11.2 26.5 - 20.5 10.1 
G1u 13.3 16.0 15.9 12.0 10.5 18.9 15.8 48.4 37.2 29.3 49.3 14.6 7.5 22.8 38.2 26.3 
G1y 7.5 9.0 10.3 7.7 6.6 12.9 3.2 1.2 1.8 1.5 1.6 3.1 1.1 3.2 1.7 5.1 
Pro 20.7 - 18.3 15.1 3.0 1.3 2.1 - - 3.0 - - - 2.6 - 4.2 
Ser 4.1 15.0 5.7 3.7 1.7 5.0 1.0 . 4.3 3.4 2.3 4.3 2.9 - 4.3 1.1 4.7 

Anvnonia a 36.5 187.0 390.5 260.6 22.0 36.6 21,7 44.2 27.0 59.9 85.2 16.7 313.4 101.0 20.3 43.1 (J1 

Total AA 97.4 90.0 149.1 82.1 62.9 117.2 59.4 85.9 75.1 79.1 75.7 50.8 54.2 55.8 72.5 79.1 00 

AAN 13.1 11.8 20.2 11.5 10.3 18.6 9.4 9.4 9.7 8.8 8.4 6.5 6.9 11.9 7.7 10.0 
Amide N 29.4 33.0 36.7 21.7 20.5 36.6 21.7 44.2 27.0 58.5 56.9 16.7 34.0 22.8 20.3 36.4 
AA + Amide N 126.8 123.0 185.8 103.8 83.4 153.8 81.1 130.1 102.1 137.6 132.6 67.5 88.2 78.6 92.8 115.5 
Amide N (%) 23.2 26.8 19.7 20.9 24.6 23.8 26.7 34.0 26.4 42.5 42.9 24.7 38.5 29.0 21.9 31.5 
A1.. + Atoide N 

a Excludes SAA and tryptophan 
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The AAN of the vegetable and plant foods ranged from 

6.5 pm for carrot to 18.6 pm per mg N for Trapper peas (Table 4.10). 

Amide N varied from 16.7-58.5 pmper mg NPN. This represented 

24.7% of the total AA plus amide N in carrot and 42.5% in potato. 

4.4 Total nucleic acid nitrogen (NAN) 

4.4.1 Nucleic acid nitrogen contents of food products 

The concentration of N in the animal foods varied from 

4.1-13.7%, while the NAN ranged from 0.6 mg/gN for the low N 

egg sample to 5.2 mg/gN for chicken muscle with higher N content 

(Table 4.11). Beef and milk contained essentially equal amounts 

of their N as NAN. However, casein had a value slightly lower 

than that -of egg, while the NAN content of fish was 2.7 mg/gN. 

Expressed as mg per g sample, the NAN content of rice was 

about one-half that of the values obtained for the other cereals 

and field peas (Table 4.11). However, based on the per g of N, 

the cereal grains (except rice with the lowest N content) had 

about twice the NAN as contained in the field peas. 

The range of values obtained for the fresh vegetables, 

fruits and mushroom was very broad (Table 4.11). The highest 

values of 67.1, 95.9 and 70.4 mg NAN/gN occurred in carrot, 

apple and banana. Lowest values were obtained for potato, 

and tomato, while beet, cabbage, lettuce and mushroom had 

intermediate values. 

While the proportion of NAN as percent of total N was 

less than unity in all the animal products, the range of values 

for the cereal grains was 2.1-2.5% and for field peas was 
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both leafy vegetables, Asp and Glu represented the major AA's 

in the NPN. The ammonia, Asp and Glu concentrations increased 

greatly, suggesting the presence of the amides in the non

hydrolyzed NPN. 

The root crops inthis study contained·in free state, 

different amounts of AA's in the filtrate N, before and after 

acid hydrolysis (Tables 4.8 and 4.10). While potato and beet 

contained 79.1 and 75.7 pm/mg NPN, carrot had 50.8 pm/mg NPN 

as protein-forming AA's. The major AA's in the potato were Asp 

and Glu. Alanine, Pro, Leu, Thr, Val and Ser contributed almost 

equal amounts to the total AA's in the hydrolysate. Like the 

potato tuber~ beet root had Glu and Asp as the major components 

of NPN. Leucine, Val, Ala and Ser contents of NPN in beets were 

appreciable. While carrot had Glu and Asp as the major AA's, 

Arg, Val, Ala; Gly and Ser accounted for a significant portion 

of the total AA (50.8 pm/mg NPN). 

The hydrolyzed filtrate N in apple, banana and tomato 

contained 54.2, 55.8 and 72.5 pm/mg NPN protein-forming AA's, 

respectively. (Table 4.10). The major AA's in NPN of apple 

were Arg, Phe, Asp, and Glu. In the filtrate N of banana, 

His, Leu, Val and Glu represented the major components of the 

protein-forming AA's. Tomato contained Asp and Glu as the main 

AA's components in the NPN. 

Mushroom contained 79.1 pm/mg NPN AA's (Table 4.10). Isoleucine, 

Thr and Val were reduced in content with acid hydrolysis of the 

filtrate N. The NPN of mushroom had mainly Glu, Asp, Ala, Gly, 

Ser and Pro. 
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Tab 1 e 4.11 C9Jlcentrations of NAN in food products and in proportion of 
n1trogen contents 

N Nucleic acid Nitrogen (NAN) 
% mg/g sample mg/gNa. % tota I N 

Casein 13.7 0.130 0.9 ± 0.01 0.1 

Milk 4. 1 0.151 3.7 ± 0.15 0.4 

Cheese 6.4 0.108 1.7 ± 0.00 0.2 

Egg 7.7 0.050 0.6 ± 0.05 0.1 

Chicken 10.8 0.558 5.2 ± 0.00 0.5 

Beef 12.2 0.439 3.6 ± 0.04 0.4 

Fish 12.8 0.347 2.7 ± 0.01 0.3 

Corn 1 .6 0.332 21.1 ± 0.00 2.1 

Rice 0.9 0.221 24.6 ± 0.20 2.5 

Sorghum 2.0 0.423 21.1 ± 0.10 2.1 

Wheat 1. 9 0.403 21.2 ± 0.10 2.1 

Trapper 3.7 0.530 14.3 ± 0.01 l .4 

Triumph 3.3 0.496 15.0 ± 0.00 1 • 5 

Century 3.4 0.494 14.5 ± 0.29 1 .4 

Potato 2.0 0.252 12.6 ± 0.19 1 .3 

Beet 1. 7 0.551 32.4 ± 0.00 3.2 

Carrot 0.6 0.426 67.1 ± 0.00 6.7 

Cabbage 2.4 0.654 27.3 ± 0.02 2.7 

Lettuce 2.6 0.728 28.0 ± 0.01 2.8 

Apple 0.2 0.201 95.9 ± 0.00 9.6 

Banana 0.7 0.506 70.4 ± 0.15 7.0 

Tomato 2.0 0.278 13.9 ± 0. 36 1. 4 

Mushroom 6.0 1. 33 21.9±0.11 2.2 

a Values are means ± S.E. 
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1.4 -1.5%. Beet, carrot, apple and banana had very high values 

while potato and tomato had low values. 

Some examples of a typical UV scan of NAN extracts of these 

food products were shown in Appendix F. 

There were large quantities of absorbing substance in 

the UV range of 260 to 300 nm, even after the purification 

steps, in cereals. and beet. These materials likely included 

tryptophan, phenylalanine, peptides free nucleic ~cid bases and 

low MW nucleic acids (Davidson, 1947; 1976; and Holt, 1976). 

In other foodstuffs, hydrolysates were relatively free of 

interferring substances (Appendix F). 
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5. DISCUSSION 

5.1 General 

The primary purpose of this research project was to 

determine accurate N:P conversion factors among common foods 

using the amino acid compositions of the protein and information 

on the NPN in the foods. Information on amino acid compositions 

of food is generally incomp~ete and inconsistent among laboratories, 

and there is little published data on amino acids in the NPN 

fraction. Therefore, considerable effort was devoted in this 

study to the accurate determination of amino acid compositions 

and to a comparison of these values with those published in 

the literature or compiled by the FAO (1970). Particular 

attention was given to amino acid recoveries and their influence 

on N:P factors. 

In some cases, there was not close correspondence between 

present values and those reported in the literature. This 

variance could be due to differences in raw material, mixing 

and sampling, method of analysis for amino acids or even the 

determination of nitrogen. The samples analyzed in the present 

study were selected from commercial outlets in the City of 

Saskatoon or were grown on the University of Saskatchewan 

plots. Consequently, there was nocontrol on growing conditions, 

harvesting and storage parameters for certain products, especially 

the fresh animal and vegetable products. 

Two important analytical factors affecting results, 

i.e., hydrolysis conditions and carbohydrate contents of 
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foodstuffs, should be mentioned. A few authors (Holt, 1976; 

Nair, 1977) have established that a hydrolysis period of 24 

hours at 110 ± 1°C was optimum for maximum recovery of most 

AA's. The carbohydrate content of foodstuffs were reported 

not to affect the recovery of AA's in legumes (Holt, 1976). 

5.2 Proximate Composition 

The protein levels for fish, chicken and casein (68.5-

85.9% protein) obtained in the present study were comparable 

to the values of 81-90% for beef, 69-81% for fish (Pomeranz 

and ~1eloan, 1971) and 95.6% for casein (Rubin, 1972). The 

crude protein contents of milk (22-25%), egg (35%) (Pomeranz 

and Meloan, 1971), and cheese were similar to those obtained 

in this study (Table 4.1). 

There were many literature reports on the crude protein 

contents of the cereal grains and legumes which overlap the 

levels in the present samples. Values ranging from 10.4% for 

corn to 12.7% for wheat were reported by Hubbard et al. (1982). 

Tkachuk and Irvine (1969) obtained protein contents of 15.40% 

for Manitou wheat, while Wu and Wall (1980) had the values of 

10.1-15.9% protein for sorghum~ Neucere and Sumrell (1980) 

also reported a range of 9.8-14.3% protein for five varieties 

of sorghum. Pomeranz (1971) obtained 5.2-7.6% protein content 

for polished rice. Compared to the crude protein values obtained 

from this study they were similar. Protein concentrations 

of 15-39% have been reported for various strains of peas 

(Bajaj et al, 1971; Holt, 1976). 
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The crude protein contents of potato (13.0%) and mushroom 

(36.1%) in this study were in general agreement with those 

reported by Pomeranz (1971) for potato (10-13%), and Weaver 

et al. (1977) for mushroom (19.4-38.8%). Most literature data 

for the other fresh vegetables and fruits are reported on a 

wet basis and cannot be compared directly with the present samples. 

The crude fat, fibre and ash contents of casein 

(0.2, 0.2 and 1.3%, respectively) reported by Sarwar (1973) 

were similar to the values obtained in this study (Table 4.1). 

Values of 0.2-0.4% for fat, 0.2-1.3% for crude fibre, 0.3-1.9% 

for ash content obtained by Juliano (~72) and Sarwar (1973) 

for rice, were similar to those obtained in the pr~ent work. 

While the values for crude fat, crude fibre and ash in sorghum 

were 2.7, 2.0 and 1.5%, respectively, those reported by Neucere 

and Sumrell (1980) for five varieties of sorghum were 2.66-3.49, 

1.39-2.58 and 1.35-1.83%, respectively, for these parameters. 

Sarwar (1973) also reported the values of 1.2, 0.2 and 0.5% 

for crude fat, crude fibre and ash, respectively, in wheat. 

These values were lower than 1.7, 2.7 and 1.5% for crude fat, 

crude fibre and ash, respectively, for wheat in the present 

study. 

5.3 Amino acid composition 

5.3.1 Animal proteins 

The average concentration of each AA in the animal foods 

in this study was generally similar to the means of data reported 
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by various workers. Alexander and Elvehjem (1956), FAO (1970) 

(Table 2 .. 1) and Rubin (1972) obtained data for AA's that were 

in close agreement with those reported for milk produ~ts in 

this study. 

In general, the AA contents reported by FAO (1970), Hamm 

(1981) and this study (Table 4.2) for chicken were similar for 

all AA's except Glu, Gly and SAA's. Part of the variations 

in SAA's, especially Cys, was likely due to different analytical 

procedures. 

The mean values of the content of AA's per g N for fish 

(Table 4.2) were, in general, similar to the values reported 

by FAO (1970) (Table 2.1). The FAO reported respective values 

for Lys, His and Arg which were 281, 71 and 66 mg/gN higher 

than reported here. Values in this study for perch were higher 

in Asp, Glu, Gly, Ala, Val, and Phe contents than the data 

of Mai et al. (1980) for fish (yellow perch). 

The average values of the AA's per g N content of beef 

(Table 4.2) wer~ in general agreement with those reported by 

FAO (Table 2.1). A comparison of the AA's of beef and that 

reported in another study (Alexander and Elvehjem, 1956) 

revealed that Arg was the only AA which varied significantly 

from the values reported here. 
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5.3.2 Cereal grains and field peas 

The average concentrations of the AA's in the four cereal 

grains in this study was generally similar to means reported 

for corn, rice, sorghum and wheat (FAO, 1970) (Table 2.1). The 

mean values for His, Gly, Ala, Ser, Pro, Val, Thr, Leu, Asp, 

Glu and Phe in corn were 11-85 mg/gN higher but 13-63 mg/gN 

lower in Arg, Lys, Cys, Ile, and Met contents of corn than 

reported by Hubbard et al. (1982). While rice contained higher 

amounts of Val, Thr and Phe, the ranges of values for His, Lys, 

Gly, Ala, Pro, Cys, Ile, Leu and Asp in the same food product 

was similar to those reported by Hubbard et al.(l982). In 

contrast, lower values were obtained for Ser, Glu and Met. The 

same author also reported AA compositional data for sorghum 

and wheat. In sorghum, only twu AA's, Ala and Glu occurred 

in higher concentrations (300 vs 519 mg/gN and 950 vs 1185 mg/gN) 

than reported here. 

Good agreement is to be found between Try values reported 

for rice (FAO, 1970; Chavan and Duggal, 1978) and sorghum 

(Sikka and Johari, 1979) and the present results. The value of 

Try was 30% higher than the result obtained by Miller (1967). 

There are numerous literature values for the average 

AA contents of different cultivars of field peas. Recent AA 

reports (Holt, 1976, and Holt and Sosulski, 1979) were very 

similar to the present data for the three field peas. 
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5.3.3 Fresh vegetables, fruits and mushrooms 

In potato, the AA contents reported by FAO (1976) 

(Table 2.1) are in general similarity in AA profile to the 

present results. 

The average AA concentrations in beet protein varied 

considerably from those obtained by FAO (1970) (Table 2.1) 

and Lee's (1973) report. 

While Arg, Lys, Leu, Asp, Phe, Met and Tyr contents 

were higher than those obtained in this study, the Glu content 

was lower (FAO, 1970). Other than Arg, His, and Glu concentrations 

which were higher in this present work, the values of the other 

AA's were lower than those reported by Lee (1973). 

Compared to those of FAO (1970) (Table 2.1), Arg, Leu, 

Asp and Glu contents of carrot protein were lower in this 

study, the other AA's being higher. As a result, the total 

BAA's as well as the total AA contents were higher in this 

work than in the FAO (1970) summary. 

Comparisons of the mean AA contents of the two leafy 

vegetables to those of the FAO studies (1970} (Table 2.1) 

reveal similar AA profiles. In cabbage, the AA's of the 

greatest variations were Gly, Ala, Thr, Leu, Asp and 

Glu contents. The least variations were in the BAA's. 

In contrast, lettuce contained lower AA's concentrations than 

those reported by FAO (1970). 

Except for the noticeably higher values for the BAA's, 

Val, Phe, and Tyr, the AA contents of apple in this study 
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were quite similar to those reported by FAO (Table 2.1). 

Similar AA concentrations in banana as reported in the FAO 

studies were reported in this work. However, the Cys plus 

Met values obtained here were 90 and 66 mg/gN, respectively, 

lower than those of the FAO. The AA composition of the tomato 

samples in this study was closer to that reported for tomato 

by Schade et al. (1980) than that of the FAO (1970). 

The AA contents of mushroom in this study were in general 

similar to those reported by FAO (1970) (Table 2.1). The AA's 

varying the most between the two sets of data are Arg, Pro, 

Thr, Asp, Glu and Tyr. Weaver· et al. (1977) observed significant 

differences in AA composition among nine strains of mushroom. 

5.4 N:P factors of food products 

5.4.1 Nitrogen distributions and the N:P factors of food products 

The total N in food products is not all protein N. As 

expected, this N is not evenly distributed among these foods. On 

the average, the N in the food products analyzed was present 

as 87.3% AAN, 11.4% amide Nand 12.7% was 'uncounted N' or NAAN 

(Table 4.5). The variability of AAN and amide N was not great 

among the animal and grain products. 

Compared to the values obtained by Holt (1976) for animal 

products (84.1-98.0%) and Sosulski and Holt (1980) for grain 

legumes (89.8%), values of AAN recoveries obtained in this 

study ranged from 88.0-97.8% for three field pea samples. 

The values of 89.5-96.4% obtained by Tkachuk (1969) for cereal 
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grains agreed well with the 89.9~97.7% reported in this study. 

Other than in apple, the AAN recoveries of the other fresh 

vegetables, banana and mushroom were below the average value 

(87.3%) in the present work. 

Two procedures were followed for calculation of N:P 

factors from amino acid data. The procedures of Holt (1976) 

and Tkachuk (1969) were based on AA data only and then N:P 

factors were essentially independent of recovery. This 

procedure is most commonly employed by investigators because 

the N:P factor can be calculated whether total AA recovery 

is 75% or 115%. However, the inherent error in this approach, 

where variations in recovery are likely due to errors in the 

determination of only a few AA, can be substantial. 

5.4.2 N:P factors based on total AA residues 

When N:P factors were calculated on the basis of the 

ratio of the total AA residues to AAN contents of these food 

products, the range of N:P factors for the milk products 

was 6.0-6.1, while that of meat and fish products was 5.5-6.0 

(Table 4.5). The value of 6.38 for milk products suggested 

by Jones (1941) (Table 2.3) was higher than the values reported 

here. Using the same method of calculation, Holt (1976) obtained 

similar values (6.04-6.21) for milk products and 5.66-5.84 

for egg, poultry and meat products. The range of values for 

cereals, 5.4-5.8, reported here was similar to the average 

values of 5.60 reported by Tkachuk (1969). The average value 
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of the N:P factors for the three field peas (5.50) is in the 

range of values reported by Jones (1941) for peanut and 

soybean, Sosulski and Holt (1980), and Tkachuk (1969) for 

grain legumes (Table 2.3). 

There was a wider range of N:P factors (4.8-6.2) of the 

fresh vegetables, fruits and mushroom than those of the animal 

and grain products. The value of 5.3 in this study was lower 

than the proposed values of 7.5 (Desborough and Weiser, 1974) 

and 6.25 (Jones, 1941) for potato and 5.7 for all plant materials 

(Tkachuk, 19771. These latter values were higher than the 

respective values of 5.2 and 5.7 obtained for beet and carrots. 

Relatively low values of 5.2 and 4.8 were obtained for cabbage 

and lettuce, respectively. For apples and banana, the N:P 

factors were 5.5 and 5.1, respectively. Tomato had the highest 

N:P factor among the food products (6.2). Hallet al. (1980) 

reported values of 4.6-6.4 as factors for converting N to 

protein in ten tropical fruits. 

The N:P factor of 5.6 for mushroom should represent a 

better estimate than 6.25 factor commonly used. This 6.25 

factor seemed particularly inaccurate and high for mushrooms 

because of their relatively high concentration of NPN (Tables 

4.5, 4.9 and 5.1) (Weaver et al. 1977). 

Statistical analysis of the duplicate determinations of 

the N:P conversion factors of foods were presented in 5.1 and 

5.2. Differences between protein sources in N:P conversion 

factors.were highly significant (Table 5.1). The least 

significant difference: (LSD) is a criterion used to establish 
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Analysis of variance for the calculation of N:P conversion 

Factors of foods (twenty-three food items, two determinations).. 

Source 

Protein 

Error 

Total

df 

22 

23 

45 

ss 

5.61 

0.20 

5.81 

MS 

0.255 

o-. oog 

** significant at 1% level of probability 

F 

28.33** 
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TABLE 5.2 N:P conversion factors of foods 

Protein source Run 1 Run 2 Average ± SD (5%) (1%) 

Casein 6.16 6.07 6.11 ± 0.06 ab ab 

Milk 6.03 6.00 6.01 + 0.02 b be 

Cheese 6.12 6.15 6.13 :t 0.02 ab ab 

Egg, whole 5.49 5.60 5.55 ± 0.08 d cde 

Chicken 5.66 5.63 5.65 ± 0.02 cd cd 

Fish 6.08 5.97 6.02 + 0.08 b be -

Beef 5.78 5.75 5.77 + 0.02 c cd -

Corn 5.72 5.72 5.72 :t 0.00 cd cd 

Rice 5.37 5.75 5.56 + 0.27 d cde -
Sorghum 5.68 5.82 5.79 + 0.10 c c -

Wheat 5.74 5.73 5.74 + 0.01 c cd 

Peas: Century 5.47 5.47 5.47 + 0.00 de de 

Trapper 5.48 5.52 5.49 + 0.03 de de -

Triumph 5.57 5.47 5.52 + 0.07 d de 

Potato 5.29 5.36 5.32 + 0.05 ef efg -

Beet 4.96 5.36 5.17 :t 0.28 fg fg 

Carrot 5.64 5.79 5.72 + 0.11 cd cd -

Cabbage 4.79 4.83 4.81 + 0.03 h h 

Lettuce 5.18 5.18 5.18 + 0.00 fg fg 

Apple 5.55 5.49 5.52 + 0.04 d de 

Banana 5.06 5.07 5.07 + 0.01 g gh 

Tomato 6.24 6.25 6.24 + 0.01 a a -

Mushroom 5.58 5.68 5.58 ± 0.07 d cde 

Mean 5.59 5.64 5.61 ± 0.05 

a-h0 means followed by 
(p> .OS and 0.01) 

the same letter are not significantly different 
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confidence limits for the population difference between 

any pairs of means. The LSD's for comparing two means were 

0.27 and 0.20 at the 1% and 5% levels of probability. The 

small value for the standard error of the mean, 0.095, 

indicated the precision of this method for calculating N:P 

conversion factor. 

The significant differences in N:P factors of individual 

foods were given in Table 5.2. The 23 foods can be combined 

into eight groups in which the N:P factors are similar. For 

practical purposes, the N:P factors for the various food 

products could be: 

Milk, cheese, casein, fish, tomato 

Chicken, beef, corn, sorghum, wheat, 
egg, rice, field peas, carrot, 
mushroom 

Potato, beet, lettuce, banana 

Cabbage 

N:P factor 

6.1 

5.65 

5.2 

4.8 

5.4.3 Effect of AA composition on N:P factors 

Differences in values of N:P conversion factors are related 

to differences in AA compositions. Higher amounts of Lys, His, 

Arg, Gly, Ala and particularly the amides will lower the value 

of the conversion factors, whereas higher relative amounts of 

Try, Asp, Glu, Met, Ile, Leu, Tyr, and Phe will raise the 

value (Tkachuk, 1969). 

In animal foods, His, Gln, Try, Ile, Leu, Asp, Glu and 

Tyr seemed to have important effects on N:P factors. Other 
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effects being constant, as His levels increased, N:P factors 

increased, indicative of high quality protein. For instance, 

the correlation between His concentrations and the N:P 

factors of the seven animal food proteins was +0.55. Similar 

effect would be exerted by Asp (r = +0.58), assuming it is 

all in the carboxylic form. However, Gln, Try, Ile, Leu, 

Glu and Tyr had opposite effect to that of the latter AA's 

on the N:P factors. 

While six AA's, His, Ala, Ser, Leu, Asp and Met had an 

important effect on the N:P factors of the grains, there was 

no significant influence of any AA's on the factors of the 

fresh vegetables, fruits and mushroom. The correlation between 

His, Ala, Ser, Leu, Asp and Met concentrations and the N:P 

factors were the respective values of -0.89, -0.91, -0.64, 

-0.62, +0.64, and -0.74. Other ·effects being constant, the 

contribution of the individual AA would be very dependent on 

the proportions of N, as alpha-N, and the N:C ratio of the 

molecule. 

5.4.4 Uncorrected N:P factor determination 

A variation of the N:P factor calculation based on total 

AA residues is to divide total AA residue by total sample 

nitrogen. Alternatively, the uncorrected N:P factor can be 

calculated by multiplying the N:P factor based on the ratio 

of total AA residues to ~~N by the AAN recovery in percent. 

This factor would be the appropriate value to use where NPN or 

NAAN values are not available, and only Kjeldahl N data is 
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determined on a sample. These N:P factors were, therefore, 

lower than 'true' N:P factor, averaging 4.9. Unfortunately, 

the values were highly variable, the ranges being 4.6 to 5.6 

for grains, 5.0 to 6.0 for animal products, 4.9 to 5.2 for 

field peas and 3.6 to 5.2 for fresh foods. The accuracy of 

this N:P factor calculation would depend on the AA and amide N 

determination and also on the recovery of AA's and AAN, and 

this may in part account for the greater variation. 

It should be emphasized.that these factors would be most 

appropriate for use in converting total (Kjeldahl) N to 

protein content. The values are well below such commonly used 

factors as 6.38 for milk products, the 6.25 widely used for 

foods and feeds (Jones, 1941) and 5.7 recommended for plant 

proteins (Sosulski and Holt, 1980 and Tkachuk, 1977). 

5.4.5 Anhydrous AA residues vs hydrated AA 

Some investigators, including Morr (1981) recently, have 

calculated N:P factors using the molecular weight of the AA's 

rather than using anhydrous molecular weights. This procedure 

is rationalized on the basis that proteins are hydrolyzed into 

AA's during digestion and it is as AA's that the proteins are 

utilized for nutrition. This calculation gives N:P factors 

of 6.70-6.84 by the corrected procedure and 5.64-6.08 by the 

uncorrected calculation for soybean products. The latter values 

would be used for converting Kjeldahl N values to protein. 

This procedure may have merit in terms of the nutritive 

value of protein but would overestimate protein content 
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relative to other food constituents and would not represent the 

contribution of proteins to functional properties. 

There is a minor error in the calculation of N:P factors 

by other methods when all AA are assumed to be in the anhydrous 

form. The end groups of proteins would contain one hydrated 

amino acid. Tkachuk (1969) reported the magnitude of the error 

in such a calculation to be 0.035%, assuming that one amino 

and carboxyl end group is present for every MW unit of 45,600 

and that the average AA MW unit is 132, as it is for wheat. 

5.4.6 Use of NPN in calculating N:P factors 

In order to accurately define the protein content of any 

food product, the true protein N x N:P conversion factor 

determined from AA data is recommended (Heidelbaugh et al., 

1975; Sosulski and Holt, 1980). True protein N should exclude 

the NPN fractions of the food product, for their inclusion 

would serve to increase the N:P factor. Then factors higher 

than those determined in this study would be justified. The 

N:P factors derived from the ratio of AA residues to AAN 

should provide the most reliable conversion factors (Heidelbaugh 

et al., 1975; Morr, 1981; Sosulski and Holt, 1980; and Tkachuk, 

1977). 

5.4.7 Comparison of N:P factors 

The protein content of the twenty-three individual 

foods that were calculated by four different methods was 
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compared and the percentage difference reported (Table 5.3). 

Large variations in percent differences, as a function of 

method of calculation, ranged as high as 15-20% in many foods. 

As expected, the protein contents calculated by the traditional 

6.25 gave the highest values. These results emphasized the 

implications of NPN fractions in the estimation of total 

protein contents of food products. In order to correct for 

this variance in protein content, new factors for conversion 

of Kjeldahl N and Kjeldahl N minus NNN to protein content were 

devised. It was evident that the percent differences between 

Kjeldahl N x conversion factors from AA data and Kjeldahl N 

minus NNN multiplied by individual factors were minimal. 

Generally the differences wer~ higher in foods which had a 

lower N content. The analytical error would be expected to 

be higher in these foods. Whe~ever an accurate estimate of protein 

content of a food is required, and that food is different from 

the ones reported in this study, consideration should be 

attached to developing a conversion factor patterned after 

the way such factors were develoued in this research work. 

One of the most important considerations in using the 

ratio of AA's data to AAN is that the AA compositional data 

would enable the food processor or nutritionist to determine 

the limiting AA from the chemical scores and EAAI of the 

protein as indicators of its nutritional quality (Morr, 1981). 



Table 5.3 Comparison of protein contents of food products 
Pr<>tein-content calculated by the method indicated 

AI N:P B , i nd i vi dMa 1 C, indi viduaJ DC % difference between 
factor of 6.25 N:P factor N:P factor A and 8 A and C A and 0 B and C B and 0 C and 0 

(%) (%) (%) {%} (+) (+) (+) (+) (+) 
Casein 85.9 83.4 81.6 8~.3 +2.9 +5.0 +2.2 +2.1 +.1 -2.1 
Milk 25.9 23.8 22.5 23.2 +8.1 +13.1 +10.4 +5.5 +2.5 -3.1 
Cheese 40.3 39.2 35.6 38.6 2.7 11.7 4.2 9.2 1.5 -8.4 
Egg 48.4 42.7 39.6 42.7 11.8 18.2 11.8 7.2 0.0 -7.8 
Chicken 68.5 62.8 54.2 61.7 8.3 20.9 9.9 13.7 1.7 -13.8 -......) 

1.0 

Fish 80.3 77 .o 64.3 75.8 4.1 19.9 5.6 16.5 1.5 -17.9 
Beef 76.5 70.4 67.8 69.2 8.0 11.4 9.5 3.7 1.7 -2.1 
Corn 9.8 9.1 8.8 8.6 7.1 10.2 12.2 3.3 5.5 +2.3 
Rice 5.9 4.9 4.4 4.9 16.9 25.4 16.9 10.2 0.0 -11.4 
Sorghum 12.4 11.6 9,3 11.0 6.4 25.0 11.3 19.8 5.2 -18.3 

Wheat 12.0 10.9 10.7 10.3 9.2 10.8 14.2 1.8 5.5 + 0.4 
Peas: Century 22.8 18.6 17.5 17.6 18.4 23.2 23.2 5.9 5.9 0.0 

Trapper 20.7 20.3 18.2 17.6 1.9 12.1 15.0 10.3 13.3 +3.3 
Triumph 21.2 18.2 16.0 17.7 14.1 24.5 16.5 12.1 2.7 -10.6 

Potato 13.0 10.6 8.2 10.0 18.5 36.9 23.1 22.6 5.7 -21.9 

Beet 10.6 8.8 6.0 8.3 17 .o 43.4 21.7 31.8 5.7 -38.3 
Carrot 3.9 3.4 2.8 2.7 -12.8 28.2 30.8 17.6 20.6 +3.6 
Cabbage 16.0 11.5 8.9 10.1 28.1 44.4 36.9 22.6 12.2 -13.5 
Lettuce 15.0 13.5 9.4 12.4 10.0 37.3 17.3 30.4 8.1 -31.9 
Apple 1.3 1.1 1.0 1.1 15.4 23.1 15.4 9.1 0.0 -10.0 

Banana 4.6 3.7 3.4 3.2 19.6 26.1 30.4 8.1 13.5 + 5.9 
Tomato 12.5 12.5 10.5 10.6 '··'-· 16.0 15.2 16.0 15.2 - 0.9 
Mushroom 36.1 33.5 29.2 30.9 7.2 19.1 14.4 12.8 7.8 - 5.8 
: Calculated from the ratio of AA resid~-;-~lus amide N to AAN 

Corrected for AAN recovery 
c (Kjeldahl N-NNN) x H:P factora 
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5.5 NPN 

5.5.1 Nucleic acid contents of food 

The present procedure for the determination of total NAN 

involved steps to remove interferring components, viz. pep tides, 

small nucleotides and nucleosides, purine and pyrimidine bases, 

free AA's, lipids, carbohydrates, etc. Cold TCA and/or PCA 

with subsequent extraction with hot ethanol were designed to 

remove other NPN and alcohol-soluble proteins. Lipids were 

removed with alcohol or alcohol-chloroform-ether combinations; 

the procedure was used by Redina (1971) for animal tissues and 

for microorganisms by Webb and Levy (1955) and for field peas 

internodes by Broughton (1970). 

Torula yeast RNA and pure DNA were hydrolysed to observe if 

the treatment resulted in a change in their respective wavelength 

maxima. The UV absorption spectra of a combination of a 1:1 RNA-DNA 

was also determined. DNA content of pea samples was assumed to be 

small after no reaction was obtained between two TeA-hydrolysed 

field peas samples and phenylamine (Holt, 1976). DNA in hot 

TCA absorbs maximally at 275 nm and the absorption was directly 

proportional to the concentration (Appendix F). The UV absorption 

of RNA in hot TCA was also proportionately related to concentration, 

the peak occurring between 270 and 275 nm. The 1:1 combination 

of RNA-DNA absorbed maximally at the same wavelength as Torula 

yeast RNA CAppendix F). Webb (1957) reported that DNA 

in TCA absorbs maximally at 267 nm, RNA at 260 and a 1:1 

RNA:DNA solution at 265 nm. The hydrolysates of the foodstuffs 

for this study had maximum UV absorptions in the range of 265-275 
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nm except the cereals and beet root samples. Further purification 

and estimation of the total nucleic acid nitrogen in these samples 

was attempted but met with little success. The result 

was hard to explain except to suggest that some interferring 

substances could be present in the hydrolysates. As reported 

by Pomeranz and Meloan (1971), nucleic acid has a strong UV 

absorption band at 280 nm, but it absorbs much stronger at 260 

than at 280 nm while the reverse is true for proteins. 

The NAN values were lower in the animal foods than the 

plant foods. Among animal products chicken muscle contained 

the highest amount of nucleic acids while the lowest value 

was observed in~ the whole egg. There was positive correlation 

between. %N and NAN (mg/gN) but it was not significant. There 

was no significant correlation between NPN and NAN in·these 

animal foodstuffs. 

Arasu et al. (1981) reported DNA, RNA and total nucleic -- --
acid concentrations of 1.4, 0.37 and 1.77 mg/g, respectively, 

for beef. RNA concentration in fresh salmon, sardines and 

mackerel were 2.89, 3.43 and 2.03 mg/g sample, respectively 

(Clifford and Story, 1976). The RNA contents of the seafoods, 

poultry and beef in this report were similar to these values 

but were lower than those reported by Karmyshova and Kalesnikava 

(1976). 

In this study, the values for total nucleic acid contents 

of the animal foods seemed to represent the range of values 

reported in the literature. 



82 

As N increased in plant foods, the NAN (mg/gN) decreased 

at an appreciable but low rate (r = -0.484). At the high 

level, the percent of total N as NAN were 6.7, 7.0 and 9.6% 

for carrot, banana, and apple, respectively. In potato, NAN 

was only 1.3% of total N and in field peas was only 1.4-1.5% 

of total N. 

Holt (1976) and White et aL (1964) assumed that nucleic 

a~id contained 15% N and calculatea the nucleic acid contents 

of Century and other cultivars of peas. The values varied 

from 5.9-7.7 mg/g seed for Century peas and 6.5-11.2 mg/g seed 

for other cultivars. These values were lower than the total 

of 0.24% DNA and 1.04% RNA (based on dry wt of the cotyledons) 

reported for New Zealand Maple field peas (Smith, 1973). 

Using the data of Smith, 5.5% of the cotyledon N constituted 

NAN. Clifford and Story (1976) obtained RNA concentrations 

of dry legumes. The values ranged from 1.40 mg/g sample for 

split peas to 4.85 mg/g sample for Pinto beans. As expected, 

these values were lower than NAN reported for Century and 

other cultivars by Holt (1976) since DNA was not included. 

in Clifford and Story's analyses. 

Dietary purines have an influence on the total metabolic 

pool of uric acid, the nucleic acids contents of foods is 

of nutritional concern (Arasu et al, 1981). In man, the 

purine portion of nucleic acid is degraded to uric acid which 

has low solubility at physiological pH and is poorly excreted 

by the urinary system at high concentrations. High levels 

in serum can result in urate crystal formation in tissues 
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and joints (Clifford et al.-, 1976). Therefore, accurate 

quantitation of nucleic acids in foods would enhance our 

understanding of nucleic acid levels in foods and provide 

better guides for recommending safe maximum levels of 

nucleic acids (purines) in human diets. More important,, 

for this study, it would provide the proportion of N that 

is· NNN to coroborate the NAAN from AA analysis. 

5.5.2 Ultrafiltration 

Bell (1963) concluded that ultrafiltration measured 

NPN as theoretically defined in terms of MW. It should be 

clear that although cut-off values for membranes are usually 

quoted in terms of MW, it is in fact the effective molecular 

shape and size which influence the separation. Furthermore, 

since a number of materials used for membrane fabrication 

may themselves be charged, interactions with charged molecules 

are entirely feasible. Factors such as pH, salt concentration 

of medium, etc. had been shown to affect the efficiency of 

the membranes in terms of flux and retention of molecules 

(Melling, 1974). Therefore, the primary function expected 

from the extracting solvent was to remove the NPN extensively 

from the samples with the maximum exclusion of the other compounds 

so that the modifying factors affecting the efficiency of the 

membrane are kept at a minimum. By using 25% EtOH as the extracting 

solvent, and UMlO membrane for ultrafiltration, NPN for a 

wide range of food products were estimated. Fewer N-containing 
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constituents were remove~ and ultrafiltration was 2-3 times 

more rapid than direct dialysis (Holt, 1976). In this study, 

a PMlO membrane was used to determine the NPN contents of 

the food products. 

5.5.2.1 Animal protein source 

Ethanol extraction and ultrafiltration with a stirred 

cell was combined to measure the NPN of a wide range of 

animal foods (Table 4.6). 

Literature values were found for milk, fish, beef and 

milk. Holt (1976), using 25% EtOH and ultrafiltration, 

reported 3.7% NPN for milk, 1.1% for egg and 8.6% for 

jackfish. Corbin and Whitter (1965) obtained 5.6% of the 

N of milk as NPN while Bell (1963), employing dialysis, 

found 4.4% NPN in skim milk. Alexander and Elvehjem (1956) 

reported 8.7% NPN in beef round muscle. The values obtained 

by using 25% EtOH and ultrafiltration in this study for milk 

(2.9%), fish (1.7%), beef round muscle (1.7%) and egg (0.6%) 

were lower than the values reported by these authors. Gardner 

et al. (1966) had shown that during storage of beef muscle, 

NPN (free AA's) increased, indicating some degradation of 

protein and/or peptides. Much of the increase in NPN may 

originate from degradation of sarcoplasmic proteins or peptides. 

Similar phenomenon had been observed in poultry muscle (Khan 

et al.:, 1964) and in fish muscle (Hodgkiss et al., 19 55) . Other 

than the NPN values for fish and beef, the differences between 

the results obtained from this present investigation and those 
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of the other workers were large. In fish, there are considerable 

variations in NPN with species, season and even within the 

muscle itself (Tarr, 1962). 

Although there were much more NPN contents in vegetable 

protein sources than animal foods, the significance of NPN cannot 

be ignored. It is evident from these results (Table 4.6) that 

all nitrogen present in foodstuffs is not associated with 

food protein, suggesting that NPN has to be taken into account 

if the total true protein content is to be measured. 

5.5.2.2. Vegetable protein source 

The same procedure used in the determination of the NPN 

of animal foods as mentioned in Section 5.3.2.1 was employed 

for the vegetable foods (Table 4.6). 

The four cereal samples contained from 1.3-2.2% of the 

total N as NPN (Table 4.6) when ultrafiltration was used to 

estimate diffusible NPN. Literature values were found for 

wheat and corn for comparison. While corn had 21.6 mg/gN 

as NPN, wheat had a lower value of 14.9 mg/gN. Wu and 

McDonald (1976) reported that year, location N fertilization 

and cultivar had a significant effect on the content of nitrogen 

fractions in wheat grain. The range of 2.5-4.1% of total N 

as NPN in wheat reported by Wu and McDonald were higher than the 

value in this study. The value of 2.2% NPN in corn obtained 

in this investigation was nearly identical to the value of 

2.0% reported by Chirstianson et al. (1965). While the NPN 

content of corn was in the range of 2-3% NPN found in most 
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matured plant materials (Tkachuk, 1977), the values obtained 

for the other cereal samples were lower. NPN values depends 

on the method of determination (Bhatty et al~, 1973). 

Century, Triumph, and Trapper peas contained respectively, 

58.8, 38.9, and 34.6 mg NPN/g seed N. These values represented 

5.9, 3.9 and 3.5% of seed N, respectively. The value of 58.8 mg/g 

seed N, was slightly higher than the range of 28-56 mg/gN 

obtained for eight samples of Century field peas by Holt (1976). 

The values, 34 and 45 mg NPN/gN, respectively, for Trapper and 

Triumph cultivars reported by Holt (1976) were very similar to 

those obtained in the present study. Other than the Century 

peas, the values for Trapper and Triumph peas were lower than 

the range of 5.84-16.4% NPN reported for chickpea seed by 

Singh (1981) using 10% TCA. Bhatty et al. (1972), employing 

70% EtOH for extraction, estimated the NPN of three field 

pea cultivars as 3.2-3.8% which were comparable to the values 

for Trapper and Triumph peas in this study. Chen and Thacker 

(1978) reported a range of 5.6-9.0% NPN in three varieties 

in pea seeds. 

While the contrasting results of the present study and 

that of Holt (1976) could be due to analytical error, those of 

the other authors could-be due to varietal differences, source 

of material and methodology. 

The mean of 4.8 mg NPN/g sample of pot_ato (dry basis) 

(Table 4.6) was similar to 4.6 mg NPN/g dry weight obtained 

by Chandra and Mondy (1981) for Katahdin potato. The value 
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obtained in the present work represented about 24% of total N. 

Snyder and Desborough (1978) reported that NPN as a percentage 

of total N ranged from 36-43% for six potato clones, using 80% 

EtOH for extraction. The differences in the results were likely 

due to the differences in potato sources and the methods of 

measuring NPN since Snyder and Desborough used 80% EtOH, with 

no dialysis. Factors that influence the quantity of NPN in a 

tuber, includes fertility levels in the soil, stage of development 

and genotype. Interactions of some of these factors can result 

in either positive or negative correlations between NPN and tuber 

size (Snyder and Desborough, 1978). Since literature 

values were not located for carrot and beet roots, attempts 

were made to compare them with potatq. While the mean for carrot 

was 131.9 mg NPN/gN, that for beet was 235.3 mg NPN/gN which 

accounted for 13.2 and 23.5%, respectively, of their total 

N contents. The percentage NPN contents of beet and potato were 

similar but higher than the NPN content of carrot. 

Lettuce and cabbage had 20.5 and 22.9% of their total N 

as NPN, respectively (Table 4.6). Gaines and Miles (1975) 

reported that in the immatured tobacco leaves, 23.0% of the 

total N represented NPN. The NPN content increased with 

maturity while the protein content decreased. Although the 

leafy vegetables in this study contained similar NPN levels 

with the young tobacco leaves, the application of tobacco 

leaves are different in terms of nutrition. 

The author could not locate literature values to compare 

with the NPN levels obtained for anple, banana and tomato 
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(Table 4.6). Suffice it to say that while tomato had the highest 

value and apple the lowest, banana contained an intermediate 

amount of NPN, among these three products. 

Mushroom had 169.3 mg NPN/gN or 16.9% of total N as NPN 

(Table 4.6). While there are numerous studies on protein and 

AA contents of mushroom, no quantitative study on NPN content 

was located in the literature. However, Weaver et al. (1977) 

discussed that mushro~ms had variable and relatively high 

concentrations of NPN. 

In general, ultrafiltration was used to measure the NPN 

of the food products as theoretically defined. The NPN contents 

varied widely with relatively higher values for most of the plant 

foods. Depending on the method of determination, NPN values 

varied from one laboratory to another. Then a standard method 

for accurate quantitation is required. 

5.5.3 Amino acid contents of the· NPN of foods 

Many compounds were separated by CC of the non-hydrolyzed 

and hydrolyzed NPN of the foodstuffs. No attempt was made to 

identify all these substances. While sixteen protein AA's 

were identified in the non-hydrolyzed ultrafiltrates, fifteen 

AA's were quantitated in the hydrolyzed aliquots. 

In the animal foodstuffs, the AA patterns of the NPN were 

altered appreciably by acid hydrolysis. Separation of the AA's 

was improved and several peaks (peptides and AA's) were reduced 

or eliminated. Five AA' s were detected in the no.n-hydrolyzed 
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NPN of casein. After acid-hydrolysis, Arg, Ile, Leu, Val, 

Ala and Gly plus the five previous AA' s in the nmhydrolyzed 

fraction were obtained in relatively high concentration 

(Table 4.7). This suggested the presence of peptides and/or 

low WV compound in the non-hydrolyzed ultrafiltrate. 

In cheese, while glutamic acid constituted about 29% of 

the free AA's of the NPN, Pro, Val and Leu represented 37% of 

these AA's. The AA's of the NPN of milk were not as high in 

quantity as those of cheese and casein. However, all the 

protein AA's were present in the range of 0.9-4.9 pm/mg NPN. 

The AA profile of the NPN of egg was similar to those 

of beef round muscle, chicken and fish muscles. Glutamic acid 

and Asp represented about 29% of the identified total free 

AA's. While His, Lys, Ala, Gly and Pro were the major AA's in 

the NPN of beef round muscle, the chicken muscle contained 

His, Lys, Ala and Gly as the major components. Parrish et al: 

(1969) reported that the free AA's of NPN increased in bovine 

muscle during post-mortem aging. Increases in these N fractions 

in both poultry and fish muscles during storage were reported 

by Khan et al (1964) and Hodgkiss et al. (1955). The storage 

temperatures of these muscles had also been investigated. 

Results from the studies indicated that muscle tissues stored 

at higher temperatures had larger quantities of NPN (Gardner 

and Goll, 1967). The differences in the free AA's of milk 

and milk products were apparent. During the ripening of 

cheeses, there is always a progressive breakdown of the 

proteins, which amount to about 25% or more, to smaller 
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polypeptides and gradual accumulation of AA's. Free AA's may 

also form from NPN by transamination (Weaver and Kroger, 1978). 

The free AA's of casein would be more of a breakdown products 

of proteins and small peptides, since casein is basically a 

pure protein isolate from milk. 

Among the cereal grains, sorghum had the highest value of 

the total free AA's. Valine, Ala, Asp, Glu and Pro (except in 

rice) accounted for most of the NPN that was identified in the 

cereal grains. Proline made up for 21% of the NPN of corn, 12% 

in sorghum, and 18% in wheat. While Asp and Glu together 

accounted for 30% of the NPN of corn, 37% in rice, 37% in sorghum, 

and 26% in wheat, the contributions of Val and Ala to the free 

AA's pool were appreciably high. Proline, Asn and Ala were 

reported as the components of the NPN of corn (Christianson et al~, 

1965), with Pro accounting for 21%, Asn for 33% and Ala for 14%. 

Asparagine and Ala, AA's of greater metabolic activity, predominate 

in corn tissues. Four AA's, Arg, Asp, Glu and Gly were present, 

at almost constant amount, as the major components in the NPN 

of the three field peas. While Ala accounted for 6% in Century 

and Trapper peas, respectively, 3% of the free AA's in NPN of 

Triumph peas represented Ala. Arginine made up for 10-18% of 

the NPN of the field peas while Glu and Asp represented 16-27% 

and 16-27% of the free AA's, respectively. These AA's had been 

reported to constitute the major free AA's in the NPN of legume 

grains (Bell and Tirimanna, 1965; Bhatty et al~, 1973; Holt, 1976; 

Young et al-:, 1974; and Zacharius, 1970). 

In the NPN fractions of theleafy vegetables, lettuce and 
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cabbage, Asp and Glu constituted 17-19% and 50-56% of the free 

AA's, respectively. 

In potato, the two major free AA's were Asp and Glu, 

representing 37% each. The higher contents of both acids were 

due to the conversion of Gln and Asn to their corresponding 

forms during hydrolysis. Kappor et al. (1975) reported that 

Glu and Asp constituted about 65% of the free AA's in the NPN 

of potato. 

Aspartic acid, Glu, Ala and Ser in free form, were abundant 

in fresh carrots and accounted for about 65% of the total AA's 

identified. Valine, Gly and Arg represented about 20% of the 

total free AA's. The values obtained in this study were similar 

to those reported by Alabran and Mabrouk (1972). 

The NPN in beet root contained 65% of the identified free 

AA's as Glu while 10% was accounted for by Asp. 

In tomato, Glu and Asp were the two major AA's in the NPN 

and represented 28 and 53%, respectively. Tyrosine also contri-

buted an appreciable amount to the free AA's identified. 

In apple~ Arg, Phe, Glu and Asp contributed about 84% of 

the eight free AA's identified. Aspartic acid alone amounted 

to about 49% of AA's in NPN of apple. 

While the NPN in banana had 52% as Glu, His and Leu 

contributed 40% of the free AA's. 

In mushroom, over 30% of the identified AA's of the NPN 

was accounted for by Glu. Other AA's prominent in this free 

AA pool of mushroom were, in descending order, Asp, Leu, Gly, 

Ser, Pro and Ala. Altamura et al. (1967) reported that the 
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most plentiful of the free AA's in the NPN fraction of mushroom, 

listed in the order of decreasing amount, were Ala, Glu, Leu 

and Pro. The contrast, in the order of magnitude of the AA's 

in the report and the ones from the present work may be due to 

the differences in mushroom varieties and methodology since 

Altamura et al. (1967) did not employ ultrafiltration as a means 

of measuring NPN: 

AA analysis of the diffusible NPN provided a means of 

determining NNN. This value, when added to the NAN, should 

approximate the NAAN estimated from AA analysis. This calculation 

of the NPN was carried out for the food products (Table 5.1). 

AAN of NPN (in percent) were particularly high in potato and 

beet (91.4-94.2%). Intermediate values were obtained for cheese, 

egg, corn, rice, sorghum, Trapper peas, lettuce, apple and 

mushroom. The other food products had low values (21.1-51.4%). 

These values reflect the nutritive nature of the NPN in foods. 

The NNN of the filtrate NPN was 0.2-11.3 mg/gN for animal foods, 

8.7-33.4 mg/gN for the grains and 13.8-121.3 mg/gN for fresh 

vegetables, fruits and mushroom [100-%AAN of NPN] x filtrate NPN). 

These values with the values for NAN gave totals of 1.1-23.4 mg/gN 

for animal foods, 22.1-47.9 mg/gN for the grains, and 

26.4-156.1 mg/gN for the other foods. These values for the 

animal, grain products, potato and beet (0.1-5.3% of the food 

N) did not constitute a large portion of food N. With the other 

foods which have low total N, values of 7.9-15.6% of food N 

as NNN could be significant, as regard food protein quantity. 

The values of NPN (NAAN) from AA analysis (Tables S.+, 



Table 5.4 Summary of determination of nonprotein nitrogen in the food products 

Total N Filtrate NPN AAN of a NNN (fi 1 tra te) NAN Total NNN NAANb 
(% dry wt) (mg/gN) NPN (%) (mg/gN) (mg/gN) (mg/gN) (mg/gN} 

Casein 13.7 0.4 38.1 0.2 0.9 1 . 1 22 
Milk 4.1 29.5 25.3 22.0 1 .4 23.4 57 
Cheese 6.4 35.5 67.2 11 .6 1 . 7 13.3 92 
Chicken 10.8 14.8 29.9 10.4 5.2 15.6 85 
Egg 7.7 5.7 68.2 1.8 0.6 2.4 73 
Beef 12.2 17.5 21.1 ·13 .8 3.2 17.0 23 
Fish 12.8 16.6 31.8 11.3 2.7 14.0 120 
Corn 1.6 21.6 59.5 8.7 21 • 1 29.8 40 
Rice 0.9 13.1 62.7 4.9 24.6 29.5 101 
Sorghum 2.0 12.5 79.7 2.5 21 .6 - 24.1 54 '-.0 

VI 

Wheat 1. 9 14.9 46.5 8.0 21.3 29.3 23 
Century 3.4 58.8 43.1 33.4 14.5 47.9 57 
Trapper 3.7 34.6 77.3 7.8 14.3 22.1 103 
Triumph 3.3 38.9 43.5 22.0 13.4 35.4 119 
Lettuce 2.6 205.3 75.0 51.3 28.0 79.3 303 
Cabbage 2.4 229.2 51.4 111.4 27.3 138.7 228 
Potato 2.0 238.5 94.2 13.8 12.6 26.4 226 
Beet 1 . 7 235.3 91.4 . 20.2 32.6 52.8 317 
Carrot 0.6 131.9 32.5 89.0 67.1 156.1 192 
Apple 0.2 64.8 57.3 27.7 95.9 123.6 134 
Banana 0.7 153.1 48.6 78.7 70.4 149.1 77 
Tomato 2.0 199.6 39.2 121.3 13.9 135.2 163 
Mushroom 6.0 169.3 65.0 59.2 21.9 81.1 307 

~ (AAN + amide N) X lo-3 x 14 x 100) 
By difference (from AA analysis) 
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4.6 and 5.1) were very dissimilar to the total NNN. All the 

values showed wide discrepancy except those of beef, wheat, 

Century peas, carrot, apple and tomato. This may be due to low 

N recovery in the AA analysis or a low estimate of the NNN. 
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6. SUMMARY AND CONCLUSION 

This thesis reports the proximate composition, AA contents, 

amide Nand the NPN levels - the free and total AA's in NPN, the 

NAN contents, and the N:P factors of twenty-three diverse food 

products. 

As expected, the food products represented a wide range in 

moisture,crude protein, crude fat, crude fibre and ash contents. 

There were variability in AA compositions within the animal 

foods. Milk proteins contained much lower proportions of Arg 

than the meat proteins. Beef contained the highest leyel of 

His. Gln and Asn contents were quite high in the animal foods. 

All of the foods were rich in Lys but fish was somewhat lower in 

this EAA. Ala contents were moderately higher than their Gly 

levels. There was little variation in their Ser contents as 

compared to the Pro levels. Relatively high values of Val occurred 

in these foods but lower Thr levels were found in these products. 

The total SAA levels were high, especially in egg proteins. 

Isoleucine, Leu, Asp, Glu, Phe and Tyr were found in relatively 

similar proportions in the respective animal foods. 

While variability in AA composition between the varieties 

of cereal grains and within the cultivars of the field peas 

existed, typical grain AA profile was evident. Arginine contents 

in most of the cereal grains were very similar but lower than 

those of the field peas. His levels were generallysimilar 

in these grains. While the total amide contents of the field 

peas were similar to that of rice, wheat contained the lowest 
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amount of Asn and the highest level of Gln. Very low levels 

of Lys were found in the cereal grains as opposed to the high 

values obtained for the field peas. Corn and sorghum contained 

very high levels of Leu. While there were large differences 

in Asp contents of the cereal grains and the field peas, 

the contributions of Glu to the total AA's in both food 

products were equally high. The cereal grains were richer in 

their total SAA's than the field peas. Corn was particularly 

rich in Met content. 

Among the food products analyzed for AA contents, the greatest 

 variability in AA composition was found in the fresh vegetables, 

fruits and mushroom. Banana and cabbage were rich in Arg while 

banana also c~ntai~ed much more His than the other food products. 

The Asn levels were high in potato, cabbage and apple. Gln 

concentrations were highest in beet, lettuce and tomato. Lysine, 

Gly and Ala levels were highest in carrot and apple. There were 

large contributions to the total AA contents of all the food 

products from both carboxylic acids. Th fruits, carrot and 

mushroom proteins exceeded the other foods in their total 

aromatic AA contents. 

The animal food products had a greater proportion offuod 

N as AAN. There was little variation in AAN (excluding the amide N) 

among the animal foods, cereal grains and the field peas (788-913 

mg/gN). The greatest variation occurred in AAN of the fresh 

vegetables, fruits and mushroom (495-827 mg/gN). 

The amide N contents were not closely correlated to AAN 

levels of the food products. While the average value was 114 mg/gN, 
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the respective ranges of 64-106 mg/gN, 93-127 and 81-188 mg/gN 

occurred in animal products, the grains and the fresh vegetables, 

fruits and mushroom. 

On the average, 87.3% of the food N of the twenty-three 

products was in protein AA's and 11.4% as amide N. Total 

recovery of 88.0-97.8% of the food N in protein AA's of the 

animal and grain products was generally higher than 69.3-86.6% 

of the fresh vegetables, fruits and mushroom protein N. 

The average NPN (NAAN) of the twenty-three food products 

estimated from AA data was 127 mg/gN while the ranges were 

22-120 mg/gN, 40-119 and 77-317 mg/gN for the animal products, 

grains and fresh vegetables, fruits and mushroom products, 

respectively. 

The average N:P factor for the twenty-three food products 

was 5.6. The average N:P factor for the milk products was 

higher at 6.1 while the factor for meat and fish products was only 

slightly higher than the average value at 5.8. The N:P factors 

for the cereal grains and the field peas were 5.7 and 5.5, 

respectively. The lowest average N:P factor (5.4) was obtained 

for the fresh vegetables, fruits and mushroom. 

Ultrafiltration and NPN analysis were employed to identify 

the NPN and to corroborate estimates of NPN from AA analysis. 

The NAN contents of the food products ranged from 0.6-5.2 

mg/gN for the animal products, 21.1-24.6 mg/gN for cereal grains, 

14.3-15.0 mg/gN for the field peas and 12.6-95.9 mg/gN for the 

fresh vegetables, fruits and mushroom. 

Ethanol extraction of ground food products with subsequent 
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ultrafiltration gave reproducible values for diffusible N and 

satisfied the theoretical definition of NPN based on MW limits. 

The values for the diffusible NPN as determined by ultra

filtration were particularly low in the animal products and the 

cereal grains and ranged from 0.4-21.6 mg/gN. While the 

levels of NPN in the field peas (34.6-58.8 mg/gN) were mo~erately 

higher than those of the cereal products, the proportions of N as 

NPN in the other foods were quite high (13.9-238.5 mg/gN) except in 

apple. 

Histidine, Lys, Phe and Tyr were the major components of the 

diffusible NPN of casein. Glutamic acid, Leu, Pro, Val, and 

Arg were the main AA components of the NPN of cheese as well as 

in milk. Histidine, Lys, Ala, and Gly constituted the main 

AA's in the NPN of chicken and beef. Moreover, Pro was major in 

NPN qf beef. In the NPN of fish, the main AA constituents were 

Lys, Val, Ala, Asp and Pro. 

The major AA's were Asp, Glu and Pro in the NPN of the 

cereal grains. Arg, Asp, Gly, and Glu were the main components 

of the three field peas in addition to His in Trapper peas. 

Glutamic acid and Asp were the main protein AA components 

of the diffusible NPN of the fresh vegetables, fruits (excluding 

banana) and mushroom. The NPN of banana has His, Leu, Val and 

Glu as the main constituents. 

Twenty-one to 77% of the NPN was AAN~in the animal products, 

while the value ranged from 43.5-79.7% inthe grains and 32.5-

94.2% in the fresh vegetables, fruits and mushroom. The other 

N, together with NAN constituted NNN with values ranging from 
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0.1-1.7% for the animal products, 3.2-4.8% for the grains and 

5.2-15.6% for the fresh food products. Estimates of the NPN 

from M data were generally more variable than the NNN values 

from ultrafiltration procedure. 

The following conclusions can be drawn from the present 

work: 

(1) Different distribution of AAN and NPN were present 

in the food products. 

(2) Because of the variation in N fractions in these 

food products and the statistical analysis, the 

following N:P factors were obtained: 

· milk and milk products, fish, tomato 6.1 

- chicken, beef, corn, sorghum, wheat, 
egg, rice, field peas, carrot, 
mushroom 5.65 

-potato, beet, lettuce, banana 5.7 

- cabbage 4.8 

(~) For more accurate protein determination, N:P factors 

for individual food products are recommended. 

(4) Of the NPN fraction, about 21.1-94.2% represented 

AAN which might be as valuable nutritionally as 

protein AA's. The remainder, is considered NNN 

and further studies are required to determine the 

nature of this fraction. 
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AA 

AAA 

AAN 

BAA 

cc 
DNA 

EAA 

EtOH 

FAO 

MW 

NAAN 

NAN 

NNN 

List of abbreviations 

N:P factor 

NPN 

PCA 

RNA 

SAA 

TCA 

TNA 

uv 
WHO 
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amino acid 

aromatic amino acid 

amino acid nitrogen 

basic amino acid 

column chromatography 

deoxyribonucleic acid 

essential amino acid 

ethanol 

Food and Agriculture Organization 

molecular weight 

non amino acid nitrogen 

nucleic acid nitrogen 

nonnutritive nitrogen 

nitrogen.to~protein conversion factor 

nonprotein nitrogen 

perchloric acid 

ribonucleic acid 

sulfur-containing amino acid 

trichloroacetic acid 

total nucleic acids 

ultraviolet 

World Health Organization 
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Appendix B. A list of symbols for the 20 common AA~ 

Amino acid Three letter symbol 

Alanine Ala 

Arginine Arg 

Asparagine Asn 

Aspartic acid Asp 

Asparagine & Aspartic acid 

Cysteine 

Glutamine 

Glutamic acid 

Glutamine & Glutamic acid 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tryptophan 

Tyrosine 

Valine 

Asx 

Cys 

Gln 

Glu 

Glx 

Gly 

His 

Ile 

Leu 

Lys 

Met 

Phe 

Pro 

Ser 

Thr 

Trp 

Tyr 

Val 
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Appendix C. Proteins of wheat bran and their nitrogena 

Protein 

Albumin 

Globulin 

Prolamin 

Total 

Nitrogen 
(percent) 

15.4 

17.7 

15.3 

Quantity of protein isolated 
from 100 grams of bran (gm) 

2.87 

2.35 

5.35 

•••••••••••••••••••••••••••• • t • • ,. 10.57 

a Adapted from Jones (1941) 

Embryo 

Osborne and Campbell (in Jones, 1941) reported that wheat embryo 
contained about 10% albumin, 5% globulin and 3% protease which have 
16.8, 18.3 and 17.0% nitrogen, respectively. 
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Appendix o1. Amide Na content of animal foodstuffs 

%N %N extract of Amide N 
Tota 1 N (mg/g Total N) 

Beef 12.2 6.54 64.18 

Chicken 10.8 5.33 53.35 

Egg 7.7 7.83 78.35 

Fish 13.0 6.39 63.9 

Milk 4.1 10.20 105.86 

Casein 13.8 10.23 102.5 

Cheese 6.4 10.63 106.3 

a Arithmetic mean of duplicate determination 



117 

Appendix o2. Amide Na content of vegetable foodstuffs 

N N extracted Amide N 
(%) of tota 1 N (%) (mg/g Total N) 

Corn 1.6 12.71 127.1 

Rice 0.94 9.67 96.7 

Sorghum 2.0 11.8 118,3 

Wheat 1.92 15.98 159.8 

Trapper 3.7 9.53 95.3 

Triumph 3.3 9.46 93.4 

Century 3.4 9.55 95.5 

Potato 2.0 18.4 184.0 

Lettuce 2.6 18.8 188.0 

Cabbage 2.4 16.78 167.8 

Mushroom 6.0 11.46 114:6 

Tomato 2.0 11.22 112.2 

Apple 0.2 13.27 132.7 

Banana 0.7 9.63 96.3 

Beet 1 . 7 18.83 188.3 

Carrot 0.6 8.14 81.2 

a Arithmetic mean of duplicate determination 
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Appendix E Calculation of N:P factors for the various food products 

To illustrate the method of calculating the N:P factor, the following 

explanations of the individual columns in the following tables were employed. 

MWAA - MWH 0 
1. AA residue = ( 2 ) AA (mg/gN) 

MWAA 

2. The sum of residues equal total of the 20 AA residues of the food 

product. 

3. AA (mg/gN) x AAN of individual AA = N content of that AA. Their sum 

equals the total AAN. 

4. Convert amide N, Glu and Asp to mmoles and then assign NH3 to each 

excess carboxylic acid to obtain Gln and Asn. The original data were 

obtained from AA analyzer for the carboxylic acids and the separate 

amide N determination. For instance for milk, 

106 mg/gN 
Amide N = 14 = 7.57 mmoles 

Aspartic Acid = 509 = 3.82 mmoles Tnel 

Glutamic Acid = 1362 = 9.26 
141.1 13. 08 mmoles 

.·• assign equally the excess mmoles of acids to Glu and Asp 

Aspartic acid = (13.08- 7.57) = 2.75 

2.75 X 133.1 = 367 mg/gN 

Glutamic acid = (13.08- 7.57) = 2.75 

2.75 X 147.1 = 404 mg/gN 

Asparagine = (3.82 2.75) 132.1 = 141 mg/gN 

Glutamine = (9.26 2.75) 146.1 = 951 mg/gN 

See the fo 11 owing tab 1 es for the twenty AA contents, and N: P factors for the 

various foods. 
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Appendix E1• Calculation of nitrogen-to-protein conversion factor for 
casein 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) {%) (mg) 

Isoleucine 131.2 . 1067 .8628 345 36.8 298 
Leucine 131.2 .1 067 .8628 602 69.2 519 
Lysine 146.2 . 1915 .8769 520 99.6 456 

Methionine 149.2 .0938 .8792 164 15.4 144 
Phenylalanine 165.2 .0847 .8910 331 28.0 295 
Threonine 119. 1 . 1175 .8489 294 34.5 249 

Tryptophan 204.2 • 1371 .9119 142 19.5 129 
Valine 117.1 • 1196 .8963 434 51 .9 390 
Alanine 89.1 • 1571 .7980 200 31 .4 160 

Arginine 174.2 .3215 .8967 240 77.2 215 
Aspartic acid 133.1 .1 052 .8648 375 39.4 324 
Asparagine 132.1 • 2118 .8637 77 16.3 66 

Cystine 204.3 . 1165 .8502 27 3.1 23 
Glutamic acid 147.1 .0952 .8776 415 39.5 364 
G1 utami ne 146.1 . 1917 .8768 979 187.7 858 

Glycine 75.1 .1864 . 7603 144 26.8 109 
Histidine 155.2 .2706 .8840 112 30.3 99 
Proline 115.1 . 1216 .8436 722 87.8 609 
Serine 105.1 .1332 .8287 385 51.3 319 
Tyrosine 181.2 .0773 .9007 371 28.7 334 

Total 978.1 5960 

N:P Factor 6.09 
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AppenJix E2 
Calculation of nitrogen-to-protein conversion factor for milk (whole) 

AA AA N AA 
AA M.W. N Residue (mg/gN)' (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1 067 .8628 290 30.9 250 
Leucine 131.2 .1 067 .8628 600 I. 64.0 518 
Lysine 146.2 • 1915 .8769 487 93.3 427 

Methionine 149.2 .0938 .8792 148 13~9 130 
Phenylalanine 165.2 .0847 .8910 341 28.9 304 
Threonine 119.1 .• 1175 .8489 278 32.7 236 

Tryptophan 204.2 • 1371 • 9119 90 12.3 82 
Valine 117.1 .1196 .8963 428 51.2 384 
Alanine 89.1 . 1571 .7980 - 219 34.4 175 

Arginine 174.2 .3215 .8967 234 75.2 210 
Aspartic acid 133.1 .1052 .8648 367 38.6 317 
Asparagine 132.1 • 2118 .8637 141 29.9 122 

Cystine 204.3 .1165 .8502 43 5.0 37 
Glutamic acid 147.1 .0952 .8776 404 38.5 354 
Glutamine 146.1 .1917 .8768 951 182.3 834 

Glycine 75.1 .1864 .7603 128 23.9 97 
Histidine 155.2 .2706 .8840 188 50.9 166 
Proline 115.1 • 1216 .8436 571 69.4 482 
Serine 105.1 .1332 .8287 338 45.0 280 
Tyrosine 181.2 .0773 .9007 297 22.9 269 

Total 943.2 5674 

N:P Factor 6.01 
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Appendix E3 

Calculation of nitrogen-to-protein conversion factor for cheese 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1067 .8628 281 30.0 242 
Leucine 131.2 .1067 .8628 544 58.0 469 
Lysine 146.2 • 1915 .8769 400 76.6 351 

Methionine 149.2 .0938 .8792 241 22.6 212 
Phenylalanine 165.2 .0847 .8910 294 24.9 262 
Threonine 119.1 .1175 .8489 194 22.8 165 

Tryptophan 204.2 .1371 .9119 90 12.3 82 
Valine 117.1 . 1196 .8963 363 43.4 325 
Alanine 89.1 . 1571 .7980 194 30.5 155 

Arginine 174.2 .3215 .8967 169 54.3 151 
Aspartic acid 133.1 .1052 .8648 339 35.7 293 
Asparagine 132.1 .2118 .8637 259 54.9 224 

Cystine 204.3 .1165 .8502 46 5.4 39 
Glutamic acid 147.1 .0952 .8776 375 35.7 329 
Glutamine 146.1 • 1917 .8768 820 157.2 719 

Glycine 75.1 .1864 .7603 131 24.4 100 
Histidine 155.2 .2706 .8840 156 42.2 138 
Proline 115.1 .1216 .8436 931 113.2 785 
Serine 105.1 .1332 .8287 306 40.7 254 
Tyrosine 181.2 .0773 .9007 300 23.2 270 

Total 908.0 5565 

N:P Factor 6.13 
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Appendix E4 

Calculation of nitrogen-to-protein conversion factor forwhole egg (hen) 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

( %) (%) (mg) 

Isoleucine 131.2 .1067 .8628 278 29.7 240 
Leucine 131.2 .1067 .8628 491 52.4 424 
Lysine 146.2 .. 1915 .. 8769 509 97.5 446 

Methionine 149.2 .0938 .8792 204 19.1 179 
Phenylalanine 165.2 .0847 .. 8910 294 24.9 262 
Threonine 119.1 ·• 1175 .8489 275 32.3 233 

Tryptophan 204.2 • 1371 • 9119 136 18.6 124 
Valine 117.1 .1196 .8963 385 46.0 345 
Alanine 89.0 • 1571 .7980 327 51 .. 4 261 

Arginine 174.2 .3215 .8967 470 151 . 1 421 
Aspartic acid 133.1 .1052 .8648 205 21.6 117 
Asparagine 132.1 • 2118 .8637 427 90.4 369 

Cystine 204.3 • 1165 .8502 128 14.9 109 
Glutamic acid 147.1 .0952 .8776 226 21.5 198 
Glutamine 146.1 • 1917 .8768 354 67.9 310 

Giycine 75.1 .1864 . 7603 197 36.7 150 
Histidine 155.2 .2706 .8840 150 40.6 132 
Proline 115.1 • 1216 .8436 262 31.8 221 
Serine 105.1 .1332 .8287 434 57.8 360 
Tyrosine 181.2 .9773 .9007 266 20 .. 6 240 

Total 926.8 5141 

N:P Factor 5 .. 55 
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Appendix E5 

Calculation of nitrogen-to-protein conversion factor for chicken 

(brown and white muscle) 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1 067 .. 8628 250 26.7 216 
Leucine ·131. 2 "1067 .8628 462 49.3 399 
Lysine 146.2 • 1915 .8769 468 89.6 410 

Methionine 149.2 .0938 .8792 160 15.0 141 
Phenylalanine 165.2 .0847 .. 8910 275 23.3 245 
Threonine 119.1 .• 1175 .8489 287 33.7 244 

Tryptophan 204.2 .1371 .9119 68 9.3 62 
Valine 117 .. 1 .1196 .8963 331 39.6 297 
Alanine 89.1 . 1571 .7980 387 60.8 309 

Arginine 174.2 .3215 .8967 406 130.5 364 
Aspartic acid 133.1 .1 052 .8648 339 35.7 293 
Asparagine 132.1 • 2118 .8637 296 62.7 256 

Cystine 240.3 .. 1165 .8502 85 9.9 72 
Glutamic acid 147.1 .0952 .877- 352 33.5 309 
Glutamine 146.1 .1917 .8768 396 75.9 347 

Glycine 75.1 .1864 .7603 425 79.2 323 
Histidine 155.2 .2706 .8840 119 32 .. 2 105 
Proline 115.1 .1216 .8436 260 31.6 219 
Serine 105.1 .1332 .8287 244 32.5 202 
Tyrosine 181.2 .0773 .9007 225 17.4 203 

Total 888.4 5016 

N:P Factor 
5.65 
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Appendix E6 

Calculation of nitrogen-to-protein conversion factor forfish (perch) 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 • 1067 .8628 300 32.0 259 
Leucine 131.2 .1067 .8628 512 54.6 442 
Lysine 146.2 . 1915 .8769 338 64.7 296 

Methionine 149.2 .0938 .8792 157 14.7 138 
Phenylalanine 165.2 .0847 .8910 319 27.0 284 
Threonine 119.1 . 1175 .8489 289 33.9 245 

Tryptophan 204.2 • 1371 • 9119 89 12.2 81 
Valine 117.1 • 1196 .8963 406 48.6 364 
Alanine 89.1 • 1571 .7980 431 67.7 344 

Arginine 174.2 .3215 .8967 288 92.6 258 
Aspartic acid 133.1 .1052 .8648 532 56 .o 460 
Asparagine 132.1 • 2118 .8637 267 56.5 231 

Cystine 240.3 . 1165 .8502 60 7.0 51 
Glutamic acid 147.1 .0952 .8776 593 56.4 520 
Glutamin·e 146.1 .1917 .8768 374 71.7 328 

Glycine 75.1 .1.864 .7603 344 64.1 261 
Histidine 155.2 .2706 .8840 150 40.6 133 
Proline 115.1 . 1216 .8436 194 23.6 164 
Serine 105.1 .1332 .8287 294 39.2 244 
Tyrosine 181.2 - . 0773 .9007 219 16.9 197 

Total 880.0 5300 

N:P Factor 6.02 
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Appendix E7 

Calculation of nitrogen-to-protein conversion factor for beef (round) 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1067 .8628 340 36.3 293 
Leucine 131.2 .1067 .8628 500 53 .. 4 431 
Lysine 146.2 • 1915 .8769 556 106.5 488 

Methionine 149.2 .0938 .8792 164 15.4 144 
Phenylalanine 165.2 .0847 .8910 280 23.7 249 
Threonine 119.1 .1175 .8489 270 31.7 229 

Tryptophan 204.2 • 1371 .9119 78 10.7 71 
Valine 117.1 .1196 .8963 325 38.9 291 
Alanine 89.1 • 1571 .7980 385 60.5 307 

Arginine 174.2 .3215 .8967 420 135.0 377 
Aspartic acid 133.1 • 1052 .8648 464 48.8 401 
Asparagine 132.1 .2218 .8637 164 34.7 142 

Cystine 240.3 . 1165 .8502 67 7.8 57 
Glutamic acid 147.1 .0952 .8776 513 48.8 450 
Glutamine 146.1 .1917 .8768 305 58.5 267 

Glycine 75.1 .1864 .7603 290 54.0 220 
Histidine 155.2 .2706 .8840 230 62.2 203 
Proline 115.1 • 1216 .8436 250 30.4 211 
Serine 105.1 .1332 .8287 300 40.0 249 
Tyrosine 181.2 .0773 .9007 210 16.2 189 

Total 913.5 5269 

N:P Factor 5.77 
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Appendix E8 

Calculation of nitrogen-to-protein conversion factor for corn 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

( %) (%) (mg) 

Isoleucine 131.2 .1067 .8628 200 21.3 173 
Leucine 131.2 .1067 .8628 783 84.6 675 
Lysine 146.2 .. 1915 .8769 167 32.0 146 

Methionine 149.2 .. 0938 .8792 126 11 .8 111 
Phenylalanine 165.2 .0847 .8910 308 26.1 274 
Threonine 119.1 .. 1175 .8489 256 30.1 217 

Tryptophan 204.2 .1371 . 9119 59 8 .. 1 54 
Valine 117.1 • 1196 .8963 303 36.2 272 
Alanine 89.1 • 1571 .7980 471 74.0 376 

Arginine 174.2 .3215 .8967 262 84.2 235 
Aspartic acid 133.1 .1052 .8648 161 16.9 139 
Asparagine 132.1 .2118 .8637 338 71.6 292 

Cystine 204.3 • 1165 .8502 129 15.0 110 
Glutamic acid 147.1 .0952 .8776 177 16.8 155 
Glutamine 146.1 • 1917 .8768 955 183.1 837 

Glycine 75.1 .1864 • 7603 269 50.1 204 
Histidine 155.2 .2706 .8840 213 57.6 188 
Proline 115.1 .1216 .8436 606 73.7 511 
Serine 105.1 .1332 .8287 362 48.2 300 
Tyrosine 181.2 .0773 .9007 239 18.5 215 

Total 959.9 5484 

N:P Factor 5. 71 
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Appendix E9 

Calculation of nitrogen-to-protein conversion factor for rice 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 • 1067 .8628 231 24.6 184 
Leucine 131.2 .1067 .8628 485 51.7 418 
Lysine 146.2 .1915 .8769 250 47.9 219 

Methionine 149.2 .0938 .8792 89 8.3 78 
Phenylalanine 165.2 .0847 .8910 366 31 .0 326 
Threonine 119.1 ·• 1175 .8489 466 54.7 311 

Tryptophan 204.2 .1371 .9119 57 7.8 52 
Valine 117.1 • 1196 .8963 434 51.9 389 
Alanine 89.1 . 1571 .7980 344 54.0 274 

Arginine 174.2 .3215 .8967 488 156.9 437 
Aspartic acid 133.1 .1 052 .8648 152 16.0 131 
Asparagine 132.1 . 2118 .8637 329 69.7 284 

Cystine 204.3 • 1165 .8502 129 '15. 0 110 
Glutamic acid 147.1 .0952 .8776 168 16.0 147 
Glutamine 146.1 • 1917 .8768 650 124.6 570 

Glycine 75.1 .1864 . 7603 269 50.1 204 
Histidine 155.2 .2706 .8840 159 43.0 141 
Proline 115.1 .1216 .8436 257 31.2 217 
Serine 105.1 .1332 .8287 169 22.5 140 
Tyrosine 181.2 .0773 .9007 284 21.9 256 

Total 898.8 4888 

N:P Factor 5.44 
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Appendix E10 

Calculation of nitrogen-to-protein conversion factor for sorghum 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) ( %) (mg) 

Isoleucine 131.2 .1067 .8628 144 15.4 124 
Leucine 131.2 .1067 .8628 819 87.4 707 
Lysine 146.2 • 1915 .8769 138 26.4 121 

Methionine 149.2 .0938 .8792 81 7.6 71 
Phenylalanine 165.2 .0847 .8910 275 23.3 245 
Threonine 119.1 .• 1175 .8489 163 19.1 138 

Tryptophan 204.2 • 1371 . 9119 75 10.3 68 
Valine 117.1 .1196 .8963 331 39.6 297 
Alanine 89.1 . 1571 .7980 300 47.1 239 

Arginine 174.2 .3215 .8967 225 72.3 202 
Aspartic acid 133.1 .1052 .8648 100 10.5 86 
Asparagine 132.1 . 2118 .8637 360 76.2 311 

Cystine 204.3 . 1165 .8502 178 20.7 151 
Glutamic acid 147.1 .0952 .8776 111 10.6 97 
Glutamine 146.1 • 1917 .8768 833 159.7 730 

Glycine 75.1 .1864 .7603 175 32.6 133 
Histidine 155.2 .2706 .8840 125 33.8 110 
Proline 115.1 .1216 .8436 423 51.4 357 
Serine 105.1 .1332 .8287 281 37.4 233 
Tyrosine 181.2 .0773 .9007 231 17.8 208 

Total 798.8 4628 

N:P Factor 5.79 
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Appendix E11 

Calculation of nitrogen-to-protei~ conversion factor for wheat 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

( %) ( %) (mg) 

Isoleucine 131.2 .1 067 .8628 288 30.7 248 
Leucine 131 • 2 .1 067 .8628 450 48.0 388-
Lysine 146.2 .1915 .8769 188 36.0 165 

Methionine 149.2 .0938 .8792 92 8.6 81 
Phenylalanine 165.2 .0847 .891-0 316 26.8 281 
Threonine 119.1 • 1175 .8489 191 22.4 162 

Tryptophan 204.2 .1371 . 9119 106 14.5 97 
Valine 117.1 • 1196 .8963 281 33.6 252 
Alanine 89.1 • 1571 .7980 244 38.3 195 

Arginine 174.2 .3215 .8967 252 81.0 226 
Aspartic acid 133.1 . .1052 .8648 281 29.6 243 
Asparagine 132.1 • 2118 .8637 58 12.3 50 

Cystine 204.3 • 1165 .8502 164 19.1 139 
Glutamic acid 147.1 .0952 .8776 310 29.5 272 
Glutamine 146.1 • 1917 .8768 1607 308.1 1409 

Glycine 75.1 .1864 . 7603 266 49.6 202 
Histidine 155.2 .2706 .8840 157 42.5 139 
Proline 115.1 .1216 .8436 714 86.8 602 
Serine 105.1 .1332 .8287 315 41.9 261 
Tyrosine 181.2 .0773 .9007 229 17.7 206 

Total 977.3 5618 

N:P Factor 5.75 
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Appendix E12 

Calculation of nitrogen-to-protein conversion factor for Century (peas) 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1067 .8628 250 26.7 216 
Leucine 131 . 2 .1 067 .8628 447 47.7 386 
Lysine 146.2 .1915 .8769 456 87.3 400 

Methionine 149.2 .0938 .8792 50 4.7 44 
Phenylalanine 165.2 .0847 .. 8910 291 24.6 259 
Threonine 119.1 .• 1175 .8489 234 27.5 199 

Tryptophan 204.2 • 1371 .9119 75 10.3 68 
Va 1 i ne 117.1 • 1196 .8963 313 37.4 280 
Alanine 89.1 .1571 .7980 275 43.2 219 

Arginine 174.2 .3215 .8967 531 170.7 476 
Aspartic acid 133.1 .1 052 .8648 413 43.4 357 
Asparagine 132.1 .2118 .8637 343 72.6 296 

Cystine 204.3 .1165 .8502 81 9.4 69 
Glutamic acid 147.1 .0952 .8776 456 43.4 400 
Glutamine 146.1 .1917 .8768 624 119.6 547 

Glycine 75.1 .1864 .7603 294 54.8 223 
Histidine 155.2 .2706 .8840 147 39.8 130 
Proline . 1 1 5.1 • 1216 .8436 253 30.8 213 
Serine 105.1 .1332 .8287 275 36.6 228 
Tyrosine 181.2 .0773 .9007 163 12.6 147 

Total 943.1 5157 

N:P Factor 5.47 
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Appendix £13 

Calculation of nitrogen-to-protein conversion factor for Triumph (peas) 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

( %) (%) (mg) 

Isoleucine 131 • 2 .1067 .8628 254 27.0 218 
Leucine 131.2 .1067 .8628 441 47.0 380 
Lysine 146.2 • 1915 .8769 434 83.1 380 

Methionine 149.2 .0938 .8792 22 2.1 19 
Phenylalanine 165.2 .0847 .8910 272 23.0 242 
Threonine 119.1 .1175 .8489 284 33.4 241 

Tryptophan 204.2 • 1371 . 9119 71 9.8 65 
Valine 117.1 .1196 .8963 291 34.8 261 
Alanine 89.1 • 1571 .7980 259 40.7 207 

Arginine 174.2 .3215 .8967 450 144.7 403 
Aspartic acid 133.1 .1052 .8648 371 39.0 321 
Asparagine 132. 1 • 2118 .8637 330 69.9 285 

Cystine 204.3 • 1165 .8502 83 9.7 71 
Glutamic acid 147.1 .0952 .8776 409 38.9 359 
Glutamine 146.1 . 1917 .8768 606 116.2 531 

Glycine 75.1 .1864 .7603 266 49.6 202 
Histidine 155.2 .2706 .8840 141 38.1 125 
Proline 115.1 . 1216 .8436 213 25.9 180 
Serine 105.1 .1332 .8287 266 35.4 220 
Tyrosine 181.2 .0773 .9007 166 12.8 149 

Total 881.1 4865 

N:P Factor 5.52 
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Appendix E14 

Calculation of nitrogen-to-protein conversion factor for Trapper (peas) 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

( %) (%) (mg) 

Isoleucine 131.2 .1067 .8628 253 27.0 218 
Leucine 131.2 .1067 .8628 441 47.0 380 
Lysine 146.2 .1915 .8769 441 84.4 387 

Methionine 149.2 .0938 .8792 50 4.7 44 
Phenylalanine 165.2 .0847 .8910 288 24.4 257 
Threonine 11 9.1 .1175 .8489 222 26.1 188 

Tryptophan 204.2 • 1371 .9119 70 9.6 64 
Valine 117. 1 • 1196 .8963 297 35.5 266 
Alanine 89.1 .1571 .7980 266 41.8 212 

Arginine 174.2 .3215 .8967 478 153~7 429 
Aspartic acid 133.1 .1052 .8648 372 39.1 322 
Asparagine 132.1 • 2118 .8637 342 72.4 295 

Cystine 204.3 • 1165 .8502 79 9.2 67 
Glutamic acid 147.1 .0952 .8776 410 39.0 360 
Glutamine 146.1 .1917 .8763 614 117.7 538 

Glycine 75.1 .1864 .7603 275 51 .3 209 
Histidine 155.2 .2706 .8840 147 39.8 130 
Proline 115.1 .1216 .8436 200 24.3 169 
Serine 105.1 .1332 .8387 272 36.2 225 
Tyrosine 181.2 .0773 .9007 181 14.0 163 

Total 897.2 4923 

N:P Factor 5.49 
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Appendix E15 

Calculation of nitrogen-to~protein conversion factor for potato 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) ( %) (mg) 

Isoleucine 131.2 .1 067 .8628 169 18.0 146 
Leucine 131.2 .1 067 .8628 225 24 .o 194 
Lysine 146.2 . 1915 .8769 200 38.3 175 

Methionine 149.2 .0938 .8792 50 4.7 44 
Phenylalanine 165.2 .0847 .8910 181 15.3 161 
Threonine 119.1 . 1175 . 8489 220 25.8 187 . 

Tryptophan 204.2 • 1371 • 9119 47 6.4 43 
Valine 117.1 .1196 .8963 263 31 .4 236 
Alanine 89.1 • 1571 .7980 175 27.5 140 

Arginine 174.2 • 3215 .8967 191 61.4 171 
Aspartic acid 133.1 • 1052 .8648 238 25.0 206 
Asparagine 132.1 . 2118 .8637 979 207.3 846 

Cystine 204.3 .1165 .8502 36 4.2 31 
Glutamic acid 147.1 .0952 .8776 263 25.0 231 
Glutamine 146.1 . 1917 .8768 837 160.4 734 

Glycine 75.1 .1864 .7603 137 25.5 104 
Histidine 155.2 .2706 .8840 88 23.8 78 
Proline 115.1 .1216 .8436 143 17.4 121 
Serine 105.1 .1332 .8287 181 24.1 150 
Tyrosine 181.2 .0773 .9007 106 8.2 95 

Total 773.7 4093 

N:P Factor 5.29 
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Appendix E16 
Calculation of nitrogen-to-protein conversion factor for beet 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) ( %) (mg) 

Isoleucine 131.2 .-1067 .8628 135 14.4 116 
Leucine 131.2 .1067 .8628 169 18.0 146 
Lysine 146.2 • 1915 .8769 156 29.9' 137 

Methionine 149.2 .0938 .8792 27 2.5 24 
Phenylalanine 165.2 .0847 .8910 102 8.6 91 
Threonine 119.1 .1175 .8489 112 13.2 95 

Tryptophan 204.2 .1371 .9119 23 3.1 21 
Va 1 i ne 117.1 • 1196 .8963 156 18.6 140 
Alanine 89.1 .1571 .7980 181 28.4 144 

Arginine 174.2 .3215 .8967 154 49.5 138 
Aspartic acid 133.1 .1052 .8648 157 16.5 136 
Asparagine 132.1 • 2118 .8637 221 46.8 191 

Cystine 204.3 • 1165 .8502 42 4.9 36 
Glutamic acid 147.1 .0952 .8776 173 16.5 152 
Glutamine 146.1 .1917 .8768 1718 329.3 1506 

Glycine 75.1 .1864 .7603 100 18.6 76 
Histidine 155.2 .2706 .8840 88 23.8 78 
Proline 115.1 • 1216 .8836 75 9.1 66 
Serine 105.1 .1332 .8287 178 23.7 147 
Tyrosine 181.2 .0773 .9007 100 7.7 90 

Total 683.1 3530 

N:P Factor 5.17 
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Appendix E17 

Calculation of nitrogen-to-protein conversion factor for carrot 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) ( %) (mg) 

Isoleucine 131.2 .1 067 .8628 350 37.3 302 
Leucine 131.2 .1 067 .8628 253 27.0 218 
Lysine 146.2 .1915 .8769 556 106.5 488 

Methionine 149.2 .0938 .8792 78 7.3 69 
Phenylalanine 165.2 .0847 .8910 288 24.4 257 
Threonine 119.1 • 1175 .8489 241 28.3 205 

Tryptophan 204.2 . 1371 . 9119 56 7.7 51 
Valine 117.1 . 1196 .8963 382 45.7 342 
Alanine 89.1 • 1571 ~7980 322 50.6 257 

Arginine 174.2 .3215 .8967 225 72.3 202 
Aspartic acid 133.1 .1052 .8648 305 32.1 264 
Asparagine 132.1 .2118 .8637 370 78.4 320 

Cystine 204.3 • 1165 .8502 79 9.2 67 
Glutamic acid 147.1 .0952 .8776 337 32.1 296 
Glutamine 146.1 . 1917 .8768 435 83.4 381 . 

Glycine 75.1 .1864 .7603 272 50.7 207 
Histidine 155.2 .2706 .8840 144 39.0 127 
Proline 115.1 .1216 .8436 225 27.4 190 
Serine 105.1 .1332 .8287 253 33.7 210 
Tyrosine 181.2 .0773 .9007 187 14.4 168 

Total 807.5 4621 

N:P Factor 5.72 
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Appendix E18 

Calculation of nitrogen-to-protein conversion factor for apple 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

( %) (%) (mg) 

Isoleucine 131.2 .1 067 .8628 228 24.3 197 
Leucine 131.2 .1067 .8628 447 47.7 386 
Lysine 146.2 • 1915 .8769 476 91.1 417 

Methionine 149.2 .0938 .8792 46 4.3 40 
Phenylalanine 165.2 .0847 .8910 379 32.1 338 
Threonine 119.1 .-1175 .8489 212 24.9 180 

Tryptophan 204.2 .1371 .9119 59 8.1 54 
Valine 117.1 .1196 .8963 450 53.8 403 
Alanine 89.1 .1571 .7980 328 51.5 262 

Arginine 174.2 .3215 .8967 244 78.4 219 
Aspartic acid 133.1 .1 052 .8648 173 18.2 150 
Asparagine 132.1 . 2118 .8637 852 180.4 736 

Cystine 204.3 .1165 .8502 81 9.4 69 
Glutamic acid 147.1 .0952 .8776 192 18.3 168 
Glutamine 146.1 • 1917 .8768 173 33.2 152 

Glycine 75.1 .1864 .7603 259 48.3 197 
Histidine 155.2 .2706 .8840 194 52.5 171 
Proline 115.1 .1216 .8436 277 33.7 234 
Serine 105.1 .1332 .8287 265 35.3 220 
Tyrosine 181.2 .0773 .9007 265 20.5 239 

Total 866.0 4832 

N:P Factor 5.58 
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Appendi~ E19 

Calculation of nitrogen-to-protein conversion factor for banana 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1067 .8628 182 19.2 157 
Leucine 131.2 .1067 .8628 294 31.4 254 
Lysine 146.2 .1915 .8769 300 57.4 263 

Methionine 149.2 .0938 .8792 59 5.5 52 
Phenylalanine 165.2 .0847 .8910 240 20.3 214 
Threonine 119.1 . 1175 .8489 200 23.5 170 

Tryptophan 204.2 . 1371 . 9119 45 6.2 41 
Valine 117.1 .1196 .8963 200 23.9 179 
Alanine 89.1 .1571 .7980 312 49.0 249 

Arginine 174.2 .3215 .8967 500 160.7 448 
Aspartic acid 133.1 .1052 .8648 312 32.8 270 
Asparagine 132.1 .2118 .8637 579 122.6 500 

Cystine 204.3 .1165 .8502 79 9.2 67 
Glutamic acid 147.1 .0952 .8776 344 32.7 302 
Glutamine 146.1 • 1917 .8768 367 70.3 322 

Glycine 75.1 .1864 .7603 260 48.5 198 
Histidine 155.2 .2706 .8840 500 135.3 442 
Proline 115.1 .1216 .8436 240 29.2 202 
Serine 105.1 .1332 .8287 246 32.8 204 
Tyrosine 181.2 .0773 .9007 160 12.4 144 

Total 923.1 4678 

N:P Factor 5.67 
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Appendix E20 

Calculation of nitrogen-to-protein conversion factor for lettuce 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1 067 .8628 134 14.3 116 
Leucine 131.2 .1067 .8628 208 22.2 179 
Lysine 146.2 • 1915 .8769 281 53.8 246 

Methionine 149.2 .0938 .8792 30 2.8 26 
Phenylalanine 165.2 .0847 .8910 143 12.1 127 
Threonine 119.1 .1175 .8489 168 19.7 143 

Tryptophan 204.2 • 1371 . 9119 49 6.7 45 
Valine 117.1 .1196 .8963 194 23.2 174 
Alanine 89.1 .1571 .7980 215 33.8 172 

Arginine 174.2 .3215 .8967 102 32.8 91 
.Aspartic ac.id 133.1 .1 052 .8648 85 8.9 73 
Asparagine 132.1 .2118 .8637 630 133.4 544 

I 

Cystine 204.3 . 1165 .8502 41 4.8 35 
Glutamic acid 147.1 .0952 .8776 94 8.9 82 
Glutamine 146.1 • 1917 .8768 1167 223.7 1023 

Glycine 75.1 .1864 • 7603 133 24.8 101 
Histidine 155.2 .2706 .8840 79 21.4 70 
Proline 115.1 . 1216 .8436 118 14.3 99 
Serine 105.1 .1332 .8287 206 27.4 171 
Tyrosine 181.2 .0773 .9007 102 7.9 ·92 

Total 696.9 3609 

N:P Factor 5.18
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Appendix E21 

Calculation of nitrogen-to-protein.conversion factor for cabbage 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1067 .8628 128 13.6 110 
Leucine · 131.2 .1067 .8628 184 19.6 159 
Lysine 146.2 . 1915 .8769 215 41.2 188 

Methionine 149.2 .0938 .8792 25 2.3 22 
Phenylalanine 165.2 .0847 .8910 134 11 • 3 119 
Threonine 119.1 • 1175 .8489 137 16.1 116 

Tryptophan 204.2 • 1371 .9119 96 13.2 87 
Valine 117.1 . 1196 .8963 175 20.9 157 
Alanine 89.1 • 1571 .7980 194 30.5 155 

Arginine 174.2 .3215 .8967 500 160.7 448 
Aspartic acid 133.1 .1 052 .8648 181 19.0 156 
Asparagine 132.1 .2118 .8637 1176 249.1 1016 

Cystine 204.3 .1165 .8502 50 5.8 42 
Glutamic acid 147.1 .0952 .8776 200 19.0 175 
Glutamine 146.1 . 1917 .8768 181 34.7 159 

Glycine 75.1 .1864 .7603 137 25.5 104 
Histidine 155.2 .2706 .8840 138 37.3 122 
Proline 115.1 .1216 .8436 166 20.2 140 
Serine 105.1 .1332 .8287 188 25.0 156 
Tyrosine 181.2 .0773 .9007 91 7.0 82 

Total 772.0 3712 

N:P Factor 4.81 
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Appendix E22 

Calculation of nitrogen-to-protein conversion factor for tomato 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

(%) (%) (mg) 

Isoleucine 131.2 .1 067 .8628 131 13.98 113 
Leucine 131.2 .1067 .8628 188 20.1 162 
Lysine 146.2 . 1915 .8769' 244 46.7 214 

Methionine 149.2 .0938 .8792 28 2.6 25 
Phenylalanine 165.2 .0847 .8910 200 16.9 178 
Threonine 119.1 • 1175 .8489 163 19.1 138 

Tryptophan 204.2 .1371 .9119 64 8.8 58 
Valine 117.1 . 1196 .8963 181 21 .6 162 
Alanine 89.1 • 1571 .7980 144 22.6 115 

Arginine 174.2 .3215 .8967 263 84.5 236 
Aspartic acid 133.1 .1052 .8648 1202 126.4 1039 
Asparagine 132.1 .2118 .8637 22 4.6 19 

Cystine 204.3 • 1165 .8502 74 8.6 63 
Glutamic acid 147.1 .0952 .8776 1328 126.4 1165 
Glutamine 146.1 .1917 .8768 1145 219.5 1004 

Glycine 75.1 .1864 .7603 150 28.0 114 
Histidine 155.2 .2706 .8840 68 18.4 60 
Proline 115.1 • 1216 .8436 142 17.3 120 
Serine 10.51 .1332 .8287 163 21.7 '135 
Tyrosine 181.2 .0773 .9007 119 9.2 107 

Total 837.0 5227 

N:P Factor 6.24 
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Appendix E23 

Calculation of nitrogen-to-prote1n conversion factor for mushroom 

AA AA N AA 
AA M.W. N Residue (mg/gN) (mg) Residue 

( %) (%) (mg) 

Isoleucine 131 .2 .1067 .8628 156 16.6 135 
Leucine 131.2 .1067 .8628 259 27.6 233 
Lysine 146.2 • 1915 .8769 275 56.7 241 

Methionine 149.2 .0938 .8792 59 5.5 52 
Phenylalanine 165.2 .0847 .8910 175 14.8 156 
Threonine 119.1 • 1175 .8489 369 43.4 313 

Tryptophan 204.2 . 1271 .9119 78 10.7 71 
Valine 1 17.1 .1196 .8963 206 24.6 185 
Alanine 89.1 . 1571 .7980 291 45.7 232 

Arginine 174.2 .3215 .8967 172 55.3 154 
Aspartic acid 133.1 .1052 .8648 56 5.9 48 
Asparagine 132.1 .2118 .8637 413 87.5 357 

Cystine 204.3 • 1165 .8502 46 5.3 39 
Glutamic acid 147.1 .0952 .8776 62 5.9 54 
Glutamine 146.1 .1917 .8768 742 142.2 651 

G1yt;ine 75.1 .1864 .7603 184 34.3 140 
Histidine 155.2 .2706 .8840 103 27.9 91 
Proline 115.1 • 1216 .8436 188 22.9 158 
Serine 105.1 .1332 .8287 200 26.6 166 
Tyrosine 181.2 .0773 .9007 431 33.3 388 

Total 692.7 3864 

N:P Factor 5.58 
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Appendix F 

The UV absorption of hydrolyzed foods nucleic acids after 
cold TCA and hot EtOH purification. 
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Fig. · 1 Absorbance of torula yeast RNA ( 30 ug/ml) from 300 to 255 nm 
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cold TCA and hot EtOH purification. 
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Fig. 5. The UV absorption of hydrolyzed chicken muscle nucleic acids 
after cold TCA and hot EtOH purification. 
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Fig. 12. The UV absorption of hydrolyzed mushroom nucleic acids after cold 
TCA and hot EtOH purification. 
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