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support other data that the lowest Cr concentration will 
be found in the  fruit, with increases in the stem and the 
highest concentration in the leaf (Desmet et al., 1975; 
Lahouti and Peterson, 1979; Ramachandran et al., 1980; 
Cary e t  al., 1977a,b). Possibly, contamination of leaves 
by soil is a function of morphology. Leaves that are hairy, 
as tomato leaves, might be more efficient in collecting 
and retaining soil particles than a smooth-leaf species. 
Leaf age may be an important factor because needles 
appeared to contain higher concentrations of Ti  than leaves 
of deciduous trees. However, more research is required 
to prove this hypothesis. There is a need to  identify the 
source of Cr and Ti occurring on plants growing on high- 
Cr soils. 

Registry No. Cr, 7440-47-3; Ti, 7440-32-6. 
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Nonprotein Nitrogen Contents of Animal and Plant Foods 

Gilbert I. Imafidon* and Frank W. Sosulski 

Department of Crop Science and Plant Ecology, University of Saskatchewan, 
Saskatoon, Saskatchewan S7N OWO, Canada 

Nonprotein nitrogen (NPN) was extracted from 20 primary food products and purified by constant- 
volume ultrafiltration (10 000 MW cutoff) before separation and quantification of free and acid-hy- 
drolyzable amino acids (AA) and their amides. Animal, fish, and poultry products contained 0-35 
mg, cereal and pulse grains had 12-44 mg, and roots, vegetables, and fruits contained 65-240 mg of 
NPN/g of N. Free AA constituted one-third and half of total hydrolyzable AA in the animal and 
plant foods, respectively, and 70-9070 of NPN was composed of non amino acid nitrogen. Glu/Gln 
and Asp/Asn were prominent in most free AA and peptide fractions, and Lys was a major AA in the 
free AA pool. 

Nonprotein nitrogen (NPN) of food products is of inter- 
est to food processors, nutritionists, and dieticians for 
quite different reasons. NPN is defined as peptides too 
small to be precipitated and filtered, free amino acids 

(AA), amides, and other nonpolymeric nitrogen (N) con- 
stituents of the plant or animal product. The  interac- 
tions of free AA with simple sugars in Maillard reactions 
are important contributors to food color and flavor (Buck- 
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Table I. NPN Contents of Food Products, As Determined by Ethanol Extraction and Ultrafiltration, and Their Composition 
of Amino Acids. Dry Basis 
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class of total N, filtrate NPN AAN of filtrate NAAN, 
food product % dry wt mg/g sample mg/g sample N % total N NPN, % mg/g sample N 

casein 
egg 
cheese 
milk 

chicken 
fish 
beef 

sorghum 
rice 
wheat 
corn 
field pea 

potato 
beet 
carrot 

lettuce 
cabbage 

apple 
banana 
tomato 

13.7 
7.7 
6.4 
4.1 

10.8 
12.8 
12.2 

2.0 
0.9 
1.9 
1.6 
3.5 

2.0 
1.7 
0.6 

2.6 
2.4 

0.2 
0.7 
2.0 

0.1 f 0.01 
0.4 f 0.03 
2.3 f 0.36 
1.2 f 0.02 

1.6 f 0.36 
2.1 f 0.33 
2.4 i 0.03 

0.2 f 0.00 
0.1 f 0.00 
0.3 f 0.03 
0.3 f 0.02 
1.5 f 0.29 

4.8 f 0.12 
4.0 i 0.07 
0.8 f 0.07 

5.3 f 0.07 
5.5 f 0.14 

0.1 f 0.01 
1.1 f 0.01 
4.0 f 0.01 

Dairy Products and Egg 
0.4 
5.7 

35.5 
29.5 

Meat and Fish Products 
14.8 
16.6 
17.5 

Cereals and Pulse 
12.5 
13.1 
14.9 
21.6 
44.1 

Tuber and Roots 
238.5 
235.3 
131.9 

Leafy Vegetables 
205.3 
229.2 

Fruits 

0.0 
0.6 
3.5 
2.9 

1.5 
1.7 
1.7 

1.2 
1.3 
1.5 
2.2 
4.4 

23.8 
23.5 
13.2 

20.5 
22.9 

30.4 
24.4 
25.5 
10.0 

30.2 
14.3 
15.8 

32.8 
20.0 
18.3 
21.7 
20.3 

18.6 
18.6 
11.1 

19.5 
18.9 

0.3 
4.3 

26.4 
26.5 

10.3 
14.2 
14.7 

8.4 
10.5 
12.2 
16.9 
35.1 

194.1 
191.5 
117.2 

165.3 
185.9 

64.8 6.5 12.7 56.6 
153.1 15.3 18.6 124.6 
199.6 20.0 13.0 173.7 

holz, 1988). Irwin and Hegsted (1971) and Kies (1972) 
indicate that NPN can spare specific essential AA and 
protein. If NPN contains, predominantly, non amino acid 
nitrogen (NAAN), the protein nutritive value would be 
reduced proportionately. Also, the NPN proportion of 
total protein does not contribute to  the functional prop- 
erties of vegetable protein flours, and yields of protein 
concentrates and isolates would be reduced (Fan and Sos- 
ulski, 1974). 

Accurate quantitation of the protein contents of foods 
and feeds is essential in food processing and marketing. 
The widespread use of Kjeldahl N values, multiplied by 
an appropriate N to protein conversion factor, for deter- 
mination of protein content assumes the absence of sig- 
nificant or variable quantities of NPN. It would be of 
great advantage for the food industry and nutritionists 
to know the quantity and nature of NPN in primary foods 
and their processed products. 

A variety of approaches have been taken to extract and 
quantitate the NPN in unprocessed grains (Bhatty e t  al., 
1973; Holt and Sosulski, 1980, giving quite variable results. 
Bell (1963) concluded that ultrafiltration measured NPN 
as theoretically defined, but there is no agreement on a 
uniform procedure for routine analysis. 

The purpose of this investigation was to use both eth- 
anol extraction and ultrafiltration to quantitate NPN lev- 
els in 20 food products in relation to their protein con- 
tents. Amino acid and amide analyses of NPN before 
and after protein hydrolysis were conducted to assess the 
characteristics and nutritive value of the NPN fractions. 

MATERIALS AND METHODS 
Materials. The food products were purchased from com- 

mercial outlets in Saskatoon, SK, except casein (Sheffields Co., 
Norwich, NY), field pea (obtained from Department of Crop 
Science and Plant Ecology, University of Saskatchewan, SK), 
and sorghum (from Senegal, West Africa). 

Table 11. Free AA Composition of the Nonhydrolyzed NPN 
of Animal Food Products (aM/mg of NPN), Dry Basis 

meat and fish products 
casein egg cheese milk chicken fish beef 

milk products and egg 

NPN, 0.4 5.7 35.5 29.9 14.8 16.6 17.5 

Ark7 5.5 5.7 0.6 1.7 0.4 0.7 
His 4.4 1.7 0.9 0.2 2.6 0.5 1.2 
Ile 3.5 1.0 1.3 1.1 
Leu 6.7 11.4 0.5 2.5 0.3 0.1 
LYS 7.2 6.5 5.9 0.5 5.1 0.7 
Met 1.5 1.3 0.9 0.2 0.3 
Phe 9.4 5.2 5.7 0.9 1.8 0.4 0.4 
Thr 6.5 2.4 0.5 2.9 
Val 6.2 4.6 0.6 3.3 0.4 0.7 
TYr 6.4 5.2 2.5 0.9 1.8 0.5 0.6 
Ala 3.5 1.8 5.1 2.0 0.3 
ASP 4.2 1.5 2.9 0.7 
Glu 4.2 8.7 11.2 1.0 6.9 0.4 0.7 
G ~ Y  2.7 1.3 0.5 5.0 3.2 2.1 
Pro 5.2 0.9 3.2 0.4 
Ser 7.7 5.9 0.4 5.3 0.6 
total AA 31.6 81.0 61.5 6.1 51.7 10.0 12.1 
amide 2.4 8.3 11.7 0.6 3.0 0.1 1.1 

mg/g of N 

Analyses. The animal products (except casein), leafy vege- 
tables, fruits, potato, carrot, tomato, and beet were freeze- 
dried and defatted where necessary. All samples were finely 
ground in a Krups coffee grinder to 0.25-mm mean particle size. 

Moisture and total N were determined by standard proce- 
dures (AOAC, 1984) with the exception that, in the micro- 
Kjeldahl method for total N, a 1003 mixture of K,SO, and 
CuSO, was substituted for K,SO, and mercuric oxide (AOAC 
Method 7.033) to achieve a boiling temperature of 345 "C for 
the 1-h digestion period. 

Extraction. Duplicate 1-g samples of finely ground materi- 
als were stirred for 30 min with 35 mL of 25% (v/v) ethanol. 
The extract was centrifuged for 20 min at  27000g, after which 
the supernatant was flash-evaporated to remove the solvent. 
The residue was resuspended in 2.5 mL of distilled deionized 



116 J. Agric. Food Chem., Vol. 38, No. 1 ,  1990 

Table 111. Average Free AA Composition of the Nonhydrolyzed NPN of Plant Food Products (uM/ma of NPN), Dry Basis 

Imafidon and Sosulski 

sorghum rice wheat corn pea potato beet carrot lettuce cabbage apple banana tomato 
NPN, mg/g N 12.5 13.1 14.9 21.6 44.1 238.5 235.3 131.9 205.3 229.2 64.8 153.1 199.6 
Arg 2.8 4.0 3.8 8.1 3.6 1.5 1.3 6.7 8.6 3.2 0.5 
His 
Ile 
Leu 
LYS 
Met 
Phe 
Thr 
Val 
TYr 
Ala 
ASP 
Glu 
GlY 
Pro 
Ser 
total AA 
amide 

2.1 1.0 1.7 1.0 0.5 1.1 0.2 0.6 0.7 10.5 0.4 
1.1 0.8 1.9 0.4 1.6 0.7 0.4 

5.6 2.7 0.3 2.6 2.3 1.4 0.2 5.8 5.4 
1.7 1.2 2.6 0.8 0.9 0.5 0.6 0.3 1.4 0.2 

1.0 0.5 0.8 0.5 0.2 
3.4 3.3 1.5 0.9 37.5 0.3 0.4 0.9 0.1 

6.6 37.2 2.7 53.0 21.0 13.0 

3.6 3.0 1.4 0.7 0.8 0.5 0.8 1.0 0.5 2.1 1.0 
3.3 4.6 0.8 4.3 1.3 1.6 0.2 1.7 0.9 0.3 

13.9 10.6 4.1 6.2 3.9 2.4 6.7 2.4 5.1 14.4 1.8 7.0 
3.5 8.6 2.9 17.1 3.5 1.9 10.2 5.1 4.2 0.8 30.4 
1.9 4.0 1.0 0.8 0.8 1.4 1.7 1.4 2.8 1.6 1.2 0.2 
4.1 1.3 1.9 0.7 2.1 1.9 
4.1 1.6 2.8 3.9 9.2 20.0 

1.7 0.8 2.1 1.8 3.2 

44.4 41.0 24.5 13.8 41.5 64.4 52.4 25.7 71.2 46.4 36.4 53.7 59.1 
14.6 14.4 5.1 0.0 12.8 5.8 3.7 9.3 2.2 6.5 11.3 1.5 12.6 

Table IV. Average AA Composition of the 
Acid-Hydrolyzed NPN of Animal Food Products (pM/mg of 
NPN), Dry Basis 

meat and 
fish products milk products and egg 

casein egg cheese milk chicken fish beef 
NPN, 0.4 5.7 

Arg 7.2 6.1 
His 28.8 1.8 
Ile 11.8 4.0 
Leu 9.8 7.9 
LYS 14.7 8.1 
Phe 15.2 4.8 
Thr 7.2 
Val 7.4 6.9 
TYr 11.8 7.1 
Ala 5.2 5.8 
ASP 11.2 
Glu 5.8 22.2 
GlY 8.0 5.4 
Pro 7.7 
Ser 7.6 
total AA 125.7 113.8 
amide 3.3 21.3 
total AAN 21.7 17.4 

mg/g of N 
35.5 29.5 14.7 16.6 17.5 

7.3 0.9 2.0 0.8 1.0 
4.2 1.7 11.0 0.5 20.3 
6.9 1.8 2.1 0.3 0.8 

17.4 4.2 3.1 0.9 1.4 
1.1 3.5 41.5 4.7 7.2 
6.1 4.2 1.9 0.7 1.3 
1.9 1.9 4.5 1.8 1.8 

11.3 4.9 3.5 8.7 1.5 
0.3 4.4 1.9 0.3 1.0 
4.7 2.4 28.6 28.3 7.2 

4.2 5.0 11.8 2.5 
35.5 7.5 3.7 1.2 1.4 
5.0 3.9 11.4 1.6 5.8 

16.7 1.1 1.8 6.0 3.4 
4.5 2.9 3.2 1.0 1.1 

122.9 49.5 125.2 68.6 57.7 
21.3 6.8 4.4 4.7 1.1 
18.2 7.1 21.6 10.2 11.3 

described by Holt (1976). An Amicon Model 402 stirred cell 
with a PMlO noncellulosic membrane (Amicon Canada Ltd., 
Oakville, ON) with a nominal MW cutoff of 10 000 was used 
for the ultrafiltration. The supernatants were applied to the 
cell and dialyzed with distilled water at  room temperature and 
210-kPa pressure until 250 mL of ultrafiltrate was collected for 
determination of total N, free and total AA, and amides. 

Free AA in Ultrafiltrate. 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 OC before being applied to a Beckman 119 
BL AA analyzer. The AA were identified by their relative reten- 
tion times compared with those of known AA. The procedure 
for HCl hydrolysis of the amide N and NH, titration is described 
in Bailey (1967). 

Total Amino Acids in Ultrafiltrate. The total AA con- 
tent of the ultrafiltrate was determined by hydrolysis with 6 N 
HC1. Duplicates of 50-mL samples 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) of 6 N HC1 and 
placed in a 10-mL ampule that was evacuated, sealed, and heated 
at  110 "C for 24 h. After hydrolysis, the HC1 was removed by 
flash evaporation and the residue dissolved in 10 mL of citrate 
buffer, as above, for AA and amide analysis. 

RESULTS AND DISCUSSION 

water, stirred, and centrifuged to extract any additional NPN. 
The combined supernatants were ultrafiltered as described below. 

Ultrafiltration. Constant-volume ultrafiltration was used 
for the determination of low-MW NPN in the samples as 

Nonprotein Nitrogen. The filtrate NPN values 
obtained by dialysis are reported in milligrams of NPN/ 
gram of sample, milligrams of NPN/gram of N, and as 
percent of total N (Table I). Despite the comparatively 

Table V. Average AA Composition of the Acid-Hydrolyzed NPN of Plant Food Products (pM/mg of NPN), Dry Basis 
sorghum rice wheat corn pea potato beet carrot lettuce cabbage apple banana tomato 

NPN, mg/g of N 12.5 13.1 14.9 21.6 44.0 238.5 235.5 131.9 205.3 229.2 64.8 153.1 199.6 
Arg 3.4 2.2 2.4 11.4 0.4 1.3 2.6 0.8 6.7 5.4 4.7 0.6 
His 7.2 2.0 3.0 1.9 4.7 0.6 0.6 0.6 0.7 1.5 14.1 0.5 
Ile 2.6 1.2 0.9 1.3 1.4 1.2 1.3 1.0 0.4 
Leu 7.1 3.3 2.7 1.6 2.0 2.8 0.6 1.0 0.8 8.4 0.5 
LYS 8.9 5.0 4.9 3.9 3.9 0.6 1.1 0.4 0.7 1.0 1.5 3.3 0.8 
Phe 9.4 5.0 5.1 5.7 2.0 0.8 1.7 1.1 0.9 6.0 0.6 1.2 
Thr 3.5 2.3 2.4 3.4 2.5 1.2 1.8 2.3 1.5 3.2 1.8 1.1 
Val 23.5 9.0 3.9 9.5 2.8 1.8 2.1 4.6 2.0 2.1 5.4 0.5 
TYr 5.3 2.0 5.0 1.5 1.8 0.4 0.9 0.7 0.6 3.0 0.6 4.6 
Ala 9.8 10.0 5.3 8.5 4.0 3.8 2.5 4.4 5.2 3.9 1.8 0.8 
ASP 20.8 17.0 9.7 16.1 16.1 29.2 7.6 11.2 16.2 12.4 26.5 20.5 
Glu 15.9 16.0 12.0 13.3 15.1 29.3 49.3 14.6 48.4 37.2 7.5 22.8 38.2 

10.3 9.0 7.7 7.5 7.6 1.5 1.6 3.1 1.2 1.8 1.1 3.2 1.7 GlY 
Pro 18.3 15.1 20.7 2.1 3.0 
Ser 5.7 15.0 3.7 4.1 2.6 2.3 4.3 2.9 4.3 3.4 4.3 1.1 
total AA 149.1 90.0 82.1 97.4 79.8 79.1 75.7 50.8 85.9 75.1 54.2 55.8 72.5 
amide 31.8 24.8 15.8 23.2 17.2 44.0 48.4 14.2 44.2 37.0 22.0 13.5 21.3 
total AAN 23.4 14.3 13.1 15.5 14.5 13.3 13.3 7.9 13.9 13.5 9.1 13.3 9.3 

2.6 
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high N contents of the animal products including poul- 
try and fish, the NPN values were less than 2.5 mg/g of 
sample or 3.5% of total N. The four cereals were char- 
acterized by low N and NPN levels, averaging 0.2 mg of 
NPN/g of sample, which was 1.5% of total N. The field 
pea sample has 1.5 mg of NPN/g of sample or 44.1 mg/ 
g of N. The tuber and root crops, leafy vegetables, banana, 
and tomato were also low in N content, but 13.2-23.8% 
of total N was filtrate NPN. 

The values obtained in this study for egg, milk, fish, 
and beef round muscle were lower than certain pub- 
lished values (Alexander and Elvehjem, 1956; Bell, 1963; 
Walstra and Jenness, 1984). Degradation of beef (Gard- 
ner and Stewart, 1966), poultry (Khan and van den Berg, 
1964), and fish (Hodgekiss and Jones, 1955) muscle dur- 
ing storage is common. NPN values similar to those of 
the present investigation were reported for cereals (Tka- 
chuk, 1977,1979), field pea (Holt, 1976), and potato (Chan- 
dra and Mondy, 1981). 
Free Amino Acids. The ultrafiltrates from the eth- 

anol (25% v/v) extracts of the finely ground food prod- 
ucts were analyzed for free AA (Tables I1 and 111). The 
levels of free AA in the food products were not propor- 
tional to  the total NPN. Egg, cheese, and chicken mus- 
cle contained comparatively high levels of free AA while 
milk, beef, and fish had only trace quantities of several 
free AA. Due to processing, casein contained only His, 
Lys, Phe, Tyr, and Glu, the latter being partially in the 
amide (Gln) form. Glu and Gln were the principal free 
AA in most animal food products, followed by Lys, Phe, 
Leu, and Tyr. 

The plant foods contained 13.8-71.3 p M  free AA/mg 
NPN (Table III), which was similar to  the range among 
animal foods (Table 11), with lettuce, potato, tomato, 
banana, and beet having the highest concentrations. Glu, 
Asp, and Arg were the major free AA in most plant food 
products, including Gln and Asn, while Thr and Ser were 
important in several products but absent in others. Phe 
constituted 58% of the total free AA in potato, and apple 
had only four free AA. Tkachuk (1979) has reported that 
stage of maturity and germination have a marked effect 
on free AA in wheat. The present wheat sample, in fully 
mature and dormant condition, contained only 10 iden- 
tifiable free AA of which Asp/Asn, Arg, Phe, and Glu/ 
Gln predominated. Tkachuk (1979) found that  Asn/ 
Asp, Glu, Try, and Arg predominated in a sound wheat 
sample. 

I t  should be noted that many compounds were sepa- 
rated by column chromatography of the nonhydrolyzed 
NPN, and no attempt was made to identify substances 
other than the standard 16 protein AA. Interfering peaks 
of unknown compounds made quantitation of Cys and 
Try impossible, and there was poor separation of Thr,  
Tyr, and Glu in certain samples. 

Amino Acids in Acid Hydrolysates. Acid hydroly- 
sis of the NPN in the ultrafiltrate improved separation 
of the AA, but  sulfur-containing AA and Tyr were 
destroyed. Total AA in animal food products were nearly 
3 times greater than the free AA values, ranging from 
49.5 to 125.7 pM/mg of NPN (Table IV). Amide N val- 
ues also increased in proportion to the higher Asp and 
Glu values. The major AA in the animal products were 
Ala, Lys, Glu/Gln, and His, which differed in part from 
the most prominent in nonhydrolyzed NPN (Table 11). 

Total AA in the acid hydrolysates of the plant ultrafil- 
trates (Table V) were only twice the levels of free AA 
(Table 111), indicating that peptides provided about half 
of the AA. Aspartic acid and Glu, partially in the amide 
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form, were the principal AA in most plant ultrafiltrates, 
with Pro and Val also being important in the cereal 
hydrolysates. Note that  the high concentrations of Thr 
in free AA of beet, lettuce, cabbage, and tomato (Table 
111) were largely destroyed by the hydrolysis procedure 
(Table V). Similar AA distributions have been reported 
for hydrolyzed NPN in corn (Christianson et  al., 1965), 
field pea (Holt and Sosulski, 1981), potato (Kapoor et 
al., 1975), and carrot (Alabran and Mabrouk, 1973). 

The amino acid N (AAN) contents of the acid-hydro- 
lyzed NPN were calculated for each food product (Tables 
IV and V). The AAN as percent of NPN constituted 
10.0-30.4% of animal foods (Table I). In plant food prod- 
ucts the AA portion of NPN also represented 11.1% (car- 
rot) to  32.8% (sorghum) of total NPN. Thus, the major 
portion of the high levels of NPN in this wide range of 
food products was NAAN (Table I). 
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Nucleic Acid Nitrogen of Animal and Plant Foods 

Gilbert I. Imafidon* and  Frank W. Sosulski 
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Saskatoon, Saskatchewan S7N OWO, Canada 

Meat products contained greater concentrations of nucleic acid nitrogen (NAN) (0.35-0.56 mg/g) 
than dairy and egg products (0.05-0.15 mg/g) but, relative to product nitrogen, the compositions were 
less than 0.5%. The intermediate levels of NAN in cereals and field pea (0.22-0.51 mg/g) repre- 
sented 1.4-2.5% of total nitrogen. Leafy vegetables, roots, tuber, and fruits contained 0.20-0.73 mg/ 
g of NAN, which constituted 1.3-9.6% of total nitrogen. A highly significant correlation ( r  = -0.63**) 
between NAN content (mg/g of N) and product nitrogen concentration should aid in prescription of 
dietary limits on intake of purines and in calculation of nitrogen to protein conversion factors. 

Purines and pyrimidines of nucleic acids are not required 
in the animal diet and can be synthesized in vivo (Leh- 
ninger, 1982). But there is ample evidence that dietary 
nucleic acids are hydrolyzed to nucleosides and free bases 
in the intestinal mucosa and fluids for absorption and 
transformation into nucleoproteins and other metabo- 
lites. DNA and RNA contain approximately 14% nitro- 
gen and constitute an important factor in the determi- 
nation of nitrogen to protein conversion factors (Bene- 
dict, 1987; Imafidon, 1982). 

In man, the purine portion of nucleic acids has low 
solubility at physiological p H  and, at high concentra- 
tions, is poorly excreted by the urinary system. High 
levels in serum can result in urate crystal formation in 
the tissues and joints (Clifford e t  al., 1976; Pachla et  al., 
1987). Several investigations (Bowering et  al., 1969; Clif- 
ford and Story, 1976; Waslien e t  al., 1968) suggest that  
the maximum safe limit of RNA in the diet is 2 g/day. 
Therefore, accurate quantification of nucleic acids levels 
in food products would enhance our understanding of 
nucleic acid intakes and provide better guidelines for rec- 
ommending safe maximum levels of nucleic acids (purines) 
in human diets (Young, 1980). 

The purpose of this investigation was to quantitate the 
total nucleic acid content in a wide range of food prod- 
ucts commonly consumed in significant amounts. 

MATERIALS AND METHODS 
The animal and plant products except casein (ANRC refer- 

ence protein, obtained from the Sheffields Co., Norwich, NY) 
were purchased from each of two local commercial outlets in 
Saskatoon, SK. The standard RNA and DNA were purchased 
from Sigma Chemical Co., St. Louis, MO. 

Moisture and total nitrogen were determined by the stan- 
dard procedures (AOAC, 1984) with the exception that, in the 
micro-Kjeldahl method for total nitrogen, a 100:3 mixture of 
K,SO, and CuSO, was substituted for K,SO, and mercuric oxide, 
as applied in AOAC Method 7.033, to  achieve a boiling temper- 
ature of 345 O C  for the 1-h digestion period. Crude fat was 
determined by AACC Official Method 30-25 on freeze-dried sam- 
ples to overcome, in part, the problems associated with petro- 
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leum ether extraction of lipids from animal products (AOAC, 
1984). The crude fiber content of defatted samples was deter- 
mined by AACC Method 32-10 (AACC, 1983), and AACC Method 
08-01 was employed for ash analysis. 

Total nucleic acid nitrogen (NAN) of the food products was 
determined as follows. One hundred milligrams of the respec- 
tive samples and 10 mL of cold 10% TCA were stirred in 50- 
mL centrifuge tubes in an ice water bath for 10 min. After 15 
min of centrifugation at 2oooOg at 0 OC, the supernatant was 
decanted. The precipitate was washed twice with hot ethanol 
to remove impurities that may absorb in the UV range 200-300 
nm. Each wash was followed by centrifugation at 2oooOg for 
10 min. The residual nucleic acids were hydrolyzed with 15.0 
mL of 5% TCA for 25 min at 90 "C in centrifuge tubes, capped 
with perforated plastic stoppers designed to minimize evapo- 
ration. The samples were cooled to 5 "C and centrifuged at 
20OOOg 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/ 
DNA solutions at a range of concentrations yielded the follow- 
ing equation (Holt, 1976): 

NAN (mg/mL) = absorbance X 0.02866 X 0.148 X 

RESULTS AND DISCUSSION 
The food products selected for the present investiga- 

tion represented a wide range in proximate composition 
(Table I). On a dry basis, protein contents ranged from 
1.3% (apple) to 85.9% (casein) and crude fat from 0.2% 
(banana) to 47.5% (cheese). Crude fiber and ash levels 
varied from 0.8 to 0.4%, respectively, in polished rice 
and 8.6 to 10.2%, respectively, in tomato. 

The concentrations of NAN in food products and in 
proportion to  their nitrogen concentrations are pre- 
sented in Table 11. The  meat and fish products were 
rich in protein (11.0-12.8% N) and NAN (0.347-0.558 
mg/g) although the NAN concentrations, relative to total 
nitrogen, were only 0 . 3 4 3 % .  Arasu et  al. (1981) reported 
that beef muscle contained 1.77 mg of total nucleic acid/ 
g of fresh sample, which would correspond to 0.62 mg of 
NAN/g of sample, assuming 60% moisture and 14% nitro- 
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