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CHAPTER l 

GENERAL INTRODUCTION 

The composition of milk has been the subject of 

numerous investigations and each worker has had his own 

reasons for pursuing these studies. Sorne workers have been 

interested in the composition of milk insofar as milk is a 

major factor in the early nutrition of the young. Evans 

(81) and Ben Shaul (36) have attempted to relate the physi-

ology of an animal to its environment. Jenness and Sloan 

(139) and other workers (Glass and Jenness (l02); Glass, 

Troolin, and Jenness (l03); and Sloan, Jenness, Kenyon, and 

Regehr (255)) have considered the relation of milk composi-

tion to mammalian taxonomy. 

Jenness and Sloan (139) recognized that the major 

criticism which workers in this field face, is that of draw-

ing conclusions from the results of the analysis of a limited 

number of samples. At first sight, one would be tempted to 

regard a zoo as a convenient source of animaIs from which 

one could obtain milk samples. However, it has been the 

author's experience that zoo officiaIs are extremely reluct-

ant to make their animaIs available for milking. The problem 

1 
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of obtaining milk samples from animaIs in the wild state is 

that it is a difficult and costly procedure, especially when 

each individual worker collects his own samples. The author 

has been fortunate in that several scientists and other 

workers, located in remote regions, have been kind enough 

to provide him with samples of milk. Nevertheless, the 

author and other workers in this field have reported the 

results of analysis of single samples of milk from a given 

species. It is the opinion of those involved in this type 

of work, that data obtained from one samplearebetter than 

no data at aIl. Jenness and Sloan (139) noted that the var­

iation in milk composition within a species is likely to be 

less than the variation in milk composition between two or 

more different species. Thus, the averages based on the 

data obtained from a small number of samples from a given 

species, or the results obtained from a single sample from 

a given species, are adequate for broad oomparisons and gen­

eralizations. 

The author's M.Sc. thesis (159) dealt with the gross 

composition, fatty acid oo.nstitution, and mineraI constitu­

ents of the milks of the following Arctic and sub-Arctic 

species: Arctic wolf, husky, fin whale, beluga whale, and 

mountain goat. The thesis also dealt with the levels of 

radioactivity (Sr-90 and CS-137) in these and other milks. 
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". As far as the author is aware, there are only three 

papers on comparative studies on the carbohydrate content 

(Johansson and Svennerholm (14l» and electrophoretic prop-

erties (Deutsch (68): and Sloan, Jenness, Kenyon, and Regehr 

(255» of proteins isolated from the milks of several species. 

There are no published papers on comparative studies on the 

amine acid composition of caseins isolated from milks of 

several species. 

The present work is a comparative study on the proteins 

of the milks of the following Arctic, sub-Arctic, and domes-

tic species: cow (~ taurus), horse (Eguus caballus), pig 

(Sus scrofa), Arctic wolf (canis lupus arctos), caribou 

(Rangifer tarandus qroenlandicus), dall sheep (OVis dalli 

dalli), fin whale (Balaenoptera Ehysalus), harp seal (paqo-

philus qroenlandicus), moose (Alces alces), musk-ox (Ovibos 

moschatus), polar bear (Thalarctos maritimus), and reindeer 

(Ranqifer tarandus). 



CBAPTER II 

!VlTERIALS 

1. COllection of Milk Samples 

1.1. COW (Bos =t=a=u=ru===:s) MILK 

Milk (Sample Nos. 1, 2, and 3: 100 cc, each) was 

~ 

collected on three separate occasions from holding tanks 

located on the Macdonald COllege Parm, ste. Anne de Belle-

vue, Quebec. The samples were preserved by refrigeration 

1.2. HORSE (Eguus caballus) MILK 

Milk (50 cc) was obtained by hand-milking a horse 

located on a farm at stanbridge East, Quebec, about 40 miles 

s. E. of Montreal. The sample was obtained (September 28, 

1969) from an animal which was four months post-partum. 

The milk was preserved by refrigeration (4-60 C). 

1.3. PIG (Sus serofa) MILK 

Milk (50 cc) was obtained from a sow located on the 

4 
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Macdonald College Farm, ste. Anne de Bellevue, Quebec. The 

animal was 23 days post-partum when the sample was obtained 

(August 15, 1969). The milk was preserved by refrigeration 

1. 4. ARCTIC WOLF (canis lupus arctos) MILK 

Milk (60 cc) was obtained from an Arctic wolf (6 years 

old) held in captivity at Fort Smith, District of Mackenzie, 

N.W.T. The wolf was caught as a eub on July 17, 1961, on 

Axel Heiberg Island which is one of the Sverdrup Islands in 

the Queen Elizabeth group. The wolf gave birth to four eubs 

on May 24, 1966. The milk, which was obtained 28 days post-

partum, was frozen immediately after collection and was main-

tained in this state until it was analyzed. 

1. 5. BARREN-GROUND CARIBOU (Rangifer 
tarandus groenlandieus) MILK 

Milk (Sample No. 1: 50 cc) was obtained from a barren-

ground caribou (2 years old) which had been captured in the 

Beverly Lakes area of the Northwest Territories and which 

subsequently was maintained in captivity at the Wildlife 

Research Unit of the University of British Columbia. The 

animal had given birth to a calf on May 18, 1965, and the 

milk sample was obtained from the mother soon after the 
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birth of the calf. The sample was frozen irnrnediately after 

collection and was rnaintained in this state until it was 

analyzed. 

Milk (Sample No. 2; 50 cc) was obtained from a second 

animal, but this sample was a composite sample consisting 

of four individual samples collected on successive days 

(May 18 to May 21, 1965). The milk was frozen immediately 

after collection and was rnaintained in this state until it 

was analyzed. 

Milk (Sample No. 3; 50 cc) was obtained from a third 

barren-ground caribou captured in the Beverly Lakes area 

of the Northwest Territories. Specific data pertaining 

to the collection of this sample are unavailable. 

1.6. DALL SHEEP (avis dalli dalli) MILK 

Milk (30 cc) was collected (July 2, 1969) from a dall 

sheep (6~ years old: 123 lb) that was shot 16 miles S.W. of 

Haines Junction, Yukon Territory. The animal was six weeks 

post-partum. The sample of milk was frozen immediately and 

was maintained in this state until it was analyzed. 

1.7. FIN WHALE (Balaenoptera physalus) MILK 

Milk (Sample Nos. 1, 2, and 5: 100 cc, each) was 
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oollected from three fin whales (approx. 60 T, each) which 

were killed (August 15, 1968) near the Emerald Bank, approx­

imate1y 100 miles east of Blandford, N.S. The milk was 

frozen immediate1y after collection and was maintained in 

this state until it was analyzed. 

Milk (Samp1e Nos. 3 and 4: 100 cc, each) was collected 

from two fin wha1es (approx. 60 T, each) which were killed 

(July 12, 1967) by whalers operating out of Williamsport, 

Newfoundland. The animaIs were ki1led near Grey Island in 

the North Atlantic (500 49 1 lat., 550 10 1 long.). The samples 

were stored (4-60 C) for five days before they were analyzed. 

AlI samples of whale milk were collected witbin 10 

hours after the animaIs were kil1ed and were obtained by 

cutting the mammary glands. 

1. 8. HARP SEAL (Pagophilus groen1andicus) MILl< 

Milk (150 cc) was obtained from a harp seal which was 

captured on March 10, 1970 on the ice floes in the Gulf of 

st. Lawrence. The adult seal and her PUP ~ere transported 

by helicopter to cap aux Meules (Grindstone Island), Magda­

len Islands, where they were maintained in an enclosure. 

The milk sample was obtained on March 12, 1970 and was pre­

served with chloroform (0.5% v/v). 



8 

1.9. MOOSE (Alces alces) MILK 

Milk (Sample No. 1: 50 cc) was obtained from a moose 

(6 years old) that was killed (August 12, 1969) on the Rich-

ardson Highway (3 mile marker) near Anchorage, Alaska. The 

sample was frozen immediately after collection and was main-

tained in this state until it was analyzed. 

Milk (Sample No. 2; 100 cc) was obtained from a moose 

(8 years old) that was shot (October 15, 1969) about 16 miles 

S.w. of Haines Junction, Yukon Territory. The animal was 

accompanied by a five-year old calf. The sample was pre-

served with ether (1.5% v/v). 

Milk (Sample No. 3: 100 cc) was obtained from the 

same animal as Sample No. 2, but the sample was preserved 

by freezing rather than with ether. 

1.10. MUSK-OX (OVibos moschatus) MILK 

Milk samples (50 cc, each) were obtained from a musk-

ox of an experimental herd maintained at the University of 

Alaska (Fairbanks, Alaska). Samples were collected on suc-

cessive days (August 26-30, 1969) immediately after the young 

had been weaned. The samples were then pooled to make a 

composite sample (250 cc). This composite sample represented 

a post-partum interval of 98-102 days. The milk was then 
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frozen and maintained in this state until it was analyzed. 

1.11. POLAR BEAR (Thalarctos maritimus) MILK 

Milk (Sample No. li 40 cc) was collected from three 

tagged polar bears near Barrow, Alaska, and was pooled. Data 

pertaining to each animal is given below: 

Estimated Estimated 
Sample volume age of age of 

(no. 10 cc Date of mother No. of cubs 
vials) collection (yrs ) cubs (yrs ) 

1 April 22, 1968 8 2 1 

1 April 29, 1968 11+ 2 2 

2 April 14, 1968 8 1 2 

Milk (Sample No. 2i 15 cc) was obtained (October 22, 

1968) from a polar bear (10 years old) near Fort Churchill, 

Manitoba. The animal (400 lb) was accompanied by two cubs 

(1 year, 10 months old) weighing approximately 250 lb each. 

The milk was separated and the skim milk was frozen. 

Milk (Sample No. 3i 15 cc) was obtained (October 28, 

1968) from a polar bear (15 years old) near Fort Churchill, 

Manitoba. The animal (480 lb) was accompanied by two cubs 

(10 months old) weighing approximately 100 lb each. The 

milk was separated and the skim milk was frozen and 
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rnaintained in this state until it was analyzed. 

1.12. REINDEER (Rangifer tarandus) MILK 

Milk (Sample No. 1; 50 cc) was obtained by hand-

milking a reindeer (3~ years old) maintained in captivity 

in the Helsinki Zoo, Helsinki, Finland. The animal was 70 

days post-partum when milked and had delivered its second 

or third calf on May S, 1969. The diet of the animal in-

cluded hay grown locally, prepared commercial pellet feed, 

and reindeer moss. The sample of milk was frozen immedi-

ately after collection and rnaintained in this state until 

it was analyzed. 

Milk (Sample No. 2: 50 cc) was obtained (July 14, 

1969) from a reindeer (7 years old) maintained in captivity 

at the Loppi (Finland) Experimental station of Hankkija O.Y. 

(O.Y. = company) (head office, Helsinki). The animal had 

delivered its fourth calf on May 20, 1969, and was 55 days 

post-partum. The animal (70 kg) had been maintained on a 

commercial feed ration manufactured by Hankkiya O.Y. The 

milk sample was frozen immediately after collection and 

maintained in this state until it was analyzed. 

Milk (Sample No. 3: 100 cc) was obtained on the day 

of parturition from an animal (5 years old) maintained on a 
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Taivalkoski (Finland) commune. The diet of the animal con-

sisted of grass and potatoes. The milk sample was frozen 

immediately after collection and was maintained in this 

state until it was analyzed. 

The locations of sample collection are shown in 

Figure 1. 

2. Preparation of Caseins and Wheys 

The samples of milk that had been frozen were thawed 

and then centrifuged (40c~ International Model PR-l, head 

No. 286~ 2500 rpm~ l hl. The cream layer was removed and 

the skim milk was separated from the precipitate that formed 

with sorne of the frozen samples. The skim milk was extracted 

twice with an equal volume of a mixture of petroleum ether 

and diethyl ether (1:1, v/v). The ether was removed from 

the skim milk by flash evaporation and hydrochloric acid 

(0.1 N) was added until pH 4.6 was reached (304). The 

casein was separated from the whey by centrifugation and 

was washed several times with distilled water. The casein 

was suspended in water (volume equal to that of the original 

skim milk) and sodium hydroxide solution (0.01 N) was added 

until pH 6.5 was reached. The resultant solution was 
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Figure 1. Locations of sample collection. 

1. Moose 

2. Moose 

3. Dall sheep 

4. Musk-ox 

5. Polar bear 
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12. Harp seal 

13. Fin whale 

14. Fin whale 

15. Reindeer 
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extracted twice with diethyl ether and the casein was pre­

cipitated with hydrochloric acid (0.01 N). The casein was 

washed thoroughly with water and was then lyophilized. 

Arctic wolf rnilk and one sample of fin whale milk 

(Sample No. 5) yielded a nurnber of other fractions and hence 

the procedures used for these rnilks were modifications of 

that used for the other rnilks. The two procedures used for 

Arctic wolf rnilk and whale rnilk (Sarnple No. 5) are surnrnar­

ized in Figures 2 and 3, respectively. 



Figure 2. Flow chart showing preparation of casein 
from Arctic wolf milk. 
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Figure 3. Flow chart showing preparation of casein 
from fin whale milk (Sarnple No. 5). 
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CHAPTER III 

~RBOHYDRATE CONTENT OF ~SEIN 

1. Literature Review 

1.1. DETERMINATION OF HEXOSES 

Several workers ~ave observed that carbohydrates 

react with certain compounds to give coloured materials. 

Dreywood (72) found that the reaction of carbohy­

drate materials with anthrone in concentrated su1furic acid 

gives a permanent green colour. The same worker showed 

that no colour was produced with the following materia1s: 

non-cellulose synthetic resins, organic acids, a1dehydes, 

phenols, fats, terpenes, alka1oids, and proteins. 

Morris (214) described a method of applying Dreywood's· 

anthrone reagent to the quantitative analysis cf various 

sugars. He noted that (a) when 100 'Y of galactose was sub­

jected to the analytica1 procedure, the reading on the co1or­

imeter corresponded to that given by 54 'Y of glucose ~ (b) 

100 'Y of lactose hydrate gave the same reading as 77 'Y of 

glucose~ (c) a samp1e of glycogen that had been hydro1yzed 

20 
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o (100 Ci l N H2S04i 3 h) gave an identical reading to an un-

hydrolyzed samplei and (d) proteins produced a red colour 

with anthrone. 

Fairbairn (83) modified the original anthrone reagent 

so as to afford better tempe rature control over the reaction 

(the original colour reagent was 2 9 anthrone per liter of 

concentrated H2S04i the heat for colour development was sup-

plied by the heat of dilution of the sulfuric acid reagent). 

The reagent suggested by Fairbairn (2 9 anthrone per liter 

of 7~~ H2S04) also had better-keeping properties than prev-

ious reagents (189)(215) (298). 

Brieskorn and Berg (48) modified the anthrone method 

to determine protein-bound hexose in moisture-rich substances 

(meat, cartilage, casein, etc.). 

Dubois, Gilles, Hamilton, Rebers, and Smith (73)(74) 

discovered that a permanent orange-yellow colour is obtained 

when carbohydrate~ carrying a free or potential reducing 

group are treated with a mixture of phenol and sulfuric acid. 

Hexoses, hexuronic acids, and their derivatives may be deter-

mined by colorimetrie measurement at 490 m~, and pentoses 

and their derivatives by measurement at 475 m~. Montgomery 

(206) has investigated possible interfering substances in 

the phenol-sulfuric acid procedure. Hexosamines do not forro 

furan derivatives and therefore do not interfere in the 
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reaction. Lee and Montgomery (165) showed that hexosamines 

undergo deamination and yield 2,5-anhydro-sugars when 

treated with nitrous acid. The anhydro-sugars are readily 

converted tO'5~(hydroxymethyl)-2-furfural by acid and can 

then be determined readily by the phenol-sulfuric acid re­

agent. Amino acids do not interfere with the method of 

Dubois et al. unless the y have been deaminated (e.g. as in 

the procedure described above for the determination of hexo­

samines). Although a- and ~-keto acids and aliphatic alde­

hydes and ketones give a yellow colour with the phenol­

H2S04 reagent, no colour was observed with the common acids 

involved in intermediary metabolism (citric, transaconitic, 

isocitric, succinic, fumaric, maleic, malonic, malic, and 

a-hydroxybutyric). The colour produced by lactic acid was 

very small and hence could be ignored for aIl practical 

purposes. 

1.2. DETERMINATION OF HEXOSAMINES 

The classic method for the determination of hexosa­

mines was developed by Elson and Morgan (80). The procedure 

is based on the fact that amine sugars are acetylated by 

acety1acetone in a1ka1ine medium and the acetylated deriva­

tives react with p-dimethylaminobenzaldehyde to produce red 

pigments. 
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Anastassiadis and Common (11)(12) obtained water­

clear tissue hydrolysates by (a) hydrolysis of tissue samples 

with Dowex-50 resin suspended in HCl (0.05 N), and (b) elu­

tion of the hexosamines from the resin with HCl (2 N). The 

volume of the eluate was then adjusted to the desired volume 

and hexosamines were determined on aliquots of the eluate by 

a modification of the method of Elson and Morgan (10). 

Cessi and Piliego (55) noted that non-amino sugars 

and amine acids interfered with the Elson and Morgan proced­

ure (80). These workers modified the procedure such that 

the volatile chromogens formed by the reaction of amine 

sugars with acetylacetone in alkaline solution were separ­

ated from the reaction mixture by distillation. Subsequent 

reaction with p-dirnethylaminobenzaldehyde produced a red 

colour. The method takes advantage of the fact that amine 

acids in the presence of glucose forms only non-volatile 

chromogens. 

1.3. DETERM~TION OF SIALIC ACIDS 

Svennerholm (278)(279) described a method for the 

quantitative estimation of sialic acids using an orcinol­

hydrochloric acid reagent (Bialls reagent). Ketohexoses 

interfered with the method as they gave a colour indisting­

uishable from that formed by sialic acids. The author 
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pointed out, however, that the amount of ketohexoses is low 

in animal materials and hence does not interfere seriously 

with the reaction. The author found that sialic acids and 

fructose gave different colours when they were treated with 

a resorcinol reagent. In a later publication, 5vennerholm 

(280) reported a method in which interfering materials 

were eliminated by passing the hydrolysates through ion­

exchange (Dowex-2) columns and thereby partially purifying 

the sialic acids before determination. 

Warren (305) determined sialic acids by periodate 

oxidation in strong acid solution, reaction of the oxida­

tion product (an aldehyde) with 2-thiobarbituric acid, and 

then extraction of the pigment with cyclohexanone. The 

sialic acid must be free to be determined by this method. 

The author applied this method to tissue hydrolysates (80o c: 

1 h: 0.1 N H2504 ). An important feature of this method is 

that free, bound, and total sialic acids can be determined 

by analysis of hydrolyzed and unhydrolyzed samples. 

1.4. APPLI~TION OF METHODS TO BOVINE CA5EIN 

Reynolds, Henneberry, and Baker (239) estimated the 

carbohydrate content of casein by (a) hydrolysis (lOOOC: 

16 h) of the protein with a mixture of dilute hydrochloric 
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acid (0.05 N) and a cation-exchange resin (Dowex-50), (b) 

passage of the hydrolysate through a cation-exchange column 

to remove interfering substances, and (c) measurement of 

the sugar concentration in the water eluate by the method 

of Fairbairn (83). The column was rinsed with hydrochloric 

acid (2 N) and the hexosamines, which were in the resultant 

acid eluate, were estimated by the method of Anastassiadis 

and COmmon (12). Whole bovine casein (15% N) contained 

3.85 mg/g total hexose and 2.20 mg/g hexosamine. 

Cayen, Henneberry, and Baker (52) investigated the 

effects of the conditions of hydrolysis and colour reagent 

(resorcinol, orcinol) on the apparent concentration of 

sialic acid in whole casein. These workers obtained con­

sistently higher values when the sialic acids were liberated 

from casein by hydrolysis with a mixture of Dowex 50 x 12 

and hydrochloric acid (0.5 h; 950 C) followed by measurement 

of the colour produced with the resorcinol reagent. The 

sialic acid content of whole bovine casein was found to be 

3.84 mg/go 

Marier, Tessier, and Rose (185) examineo the sialic 

acid content of skimmilk proteins using a modification of 

Warrenls thiobarbituric acid method (305). These workers 

showed that K-casein and the proteose-peptone fraction were 
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the only proteinaceous materials of skimmilk which contained 

marked amounts of sialic acid. The authors also pointed out 

that proteose-peptone remains in solution at pH 4.5 and 

therefore the determination of sialic acid can be used as an 

index of the K-casein concentration of whole acid caseine 

Since samples of whole acid casein contained 0.26-0.59% 

sialic acid, and since K-casein contains 2.3% sialic acid, 

then the proportion of K-casein in whole acid casein was 

estimated to vary from Il to 26%. 

Huang and Baker (131) investigated the conditions of 

hydrolysis of casein which would lead to the maximal liber-

ation of sialic acid from the protein and, at the same time, 

would lead to minimal destruction. The highest concentration 

of sialic acid in whole casein was found in hydrolysates 

prepared by hydrolysis of casein for ~ h at 950 C with 0~05 

N H2S04 • The sialic acid value for casein was found to be 

2.90 mg/g. 

1. 5. CARBOHYDRATE CONTENT OF CASEINS 

FROM MILKS OF DIFFERENT SPECIES 

Johannson and Svennerholm (141) compared the hexose, 

hexosamine, and sia1ic acid contents of caseins prepared from 

the mi1ks of the fo1lowing mammals: cow, human, domestic 

sheep, domestic goat, horse, reindeer, and wha1e. 
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Baker, Blood, and Chen (28) prepared casein from 

milks of individual Rocky Mountain bighorn sheep and from 

Suffolk sheep. The casein from bighorn sheep contained more 

hexose, hexosamine, and sialic acid than did that from the 

milk of Suffolk sheep. 

Baker, Huang, and Harington (30) and Baker, Hatcher, 

and Harington (29) have reported values for the carbohydrate 

content of polar bear milk. 

Several workers have investigated the carbohydrate 

content and in particular, the sialic acid, content of human 

milk (Baker, Hatcher, and Harington (29): Jordan and Loehr 

(143): Malpress (183): Alais and Jollès (4)(5): and Maeno 

and Kiyosawa (180». 

Alais and JolIes (5) have also reported values for 

the carbohydrate content of the casein of rabbit milk. 

Gupta and Ganguli (115) have investigated the sialic 

acid content of caseins isolated from the milks of Thorparker 

cows, Red sindhi cows, non-Indian cows, and buffalo. Casein 

from Thorparker cows always had the highest sialic acid con­

tent and buffalo casein always contained less sialic acid 

than cow case in. 

Other workers (Jenness, Regehr, and Sloan (138): and 

Roberts, Pettinati, and Bucek (244» have reported on the 
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dialyzable carbohydrate content of rnilks of various species, 

but these workers have not given values for the carbohydrate 

content of caseins. 

Table l is a summary of the results of carbohydrate 

analyses of various casein preparations as reported by other 

workers. 

2. Methods 

2.1. DETERMINATION OF NITROGEN 

Total nitrogen (rnicro-Kjeldahl) was deterrnined by 

the method described in a publication of the Association of 

Official Agricultural Chernists (26). 

2.2. DETERMINATION OF PHOSPHORUS 

Inorganic phosphorus was deterrnined colorirnetrica11y 

as the phosphate, by a method previous1y employed by Lauer 

(159), which is based on the following principles: molybdic 

acid reacts with phosphate ions in solution to forrn phospho­

molybdic acid which is reduced by ascorbic acid to a col­

oured compound (molybdenum blue). The intensity of the 

colour is proportional to the a~üftt of phosphate present in 

the original solution. The reagents which were required are 
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Table 1 

Carbohydrate content of casein as reported by other workers 

Casein Hexose Hexosamine Sialic acid Reference 
(%) (%) (%) 

Bighorn sheep 0.40 0.16 0.15 (28 ) 

Buffalo 0.14 (115 ) 

Cow 0.30 0.18 0.30 (30 ) 

0.39 0.22 (294 ) 

0.24 0.18 0.39 (141 ) 

3.85 2.20 (239) 
0.38 (52) 
0.29 (131 ) 
0.31 (115 ) 

0.38 0.35 0.36 (3 ) 

0.38 0.36 0.36 (5 ) 
0.43 (143 ) 

Goat 0.22 0.16 0.30 (141) 

0.39 0.31 0.13 (3 ) 

Horse 0.55 0.44 0.56 (141) 

Human 1.98 1. 32 0.76 (141) 

2.53 2.48 0.59 (5 ) 

2.30 2.25 (180 ) 

2.55 2.20 0.37 (4 ) 
0.34 (183 ) 
0.60 (143 ) 

2.20 1. 72 1.81 (29 ) 

Polar bear 2.80 1. 09 1.92 (28) (29 ) 
(30 ) 

Reindeer 0.44 0.23 0.46 (141 ) 

Rabbit 1. 24 (5 ) 

1. 57 (5 ) 

Sheep 0.23 0.15 0.11 (141 ) 

0.33 0.24 0.09 (5)(3) 

'~'ie 

."ii.~ Suffolk sheep 0.24 0.10 0.10 (28 ) 

Wha1e 0.59 ,0.42 0.37 (l41J 
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as follows: 

(1) Molybdic acid reagent 

Ammonium molybdate (2.5 g) was added to sulfuric 

acid (5 N) and the volume of the resultant solution was ad-

justed to 100 ml with the same acid. Ascorbic acid (la g) 

was added to distilled water and the volume of the resultant 

solution was adjusted to 100 ml with water. The molybdic 

acid reagent was made by adding distilled water (2 vol) and 

ascorbic acid solution (1 vol) to the molybdate solution 

(2 vol). 

(2) Phosphorus stock standard solution (250 ppm p) 

Potassium phosphate (KH2P04 , monobasic, crystal, 

A.C.S. reagent: 0.109 g) was dissolved in water and the re-

sultant solution was adjusted to a final volume of 100 ml 

with distilled water. One drop of toluene was added as a 

preservative. 

(3) Diluted phosphorus standard solution (5 ppm p) 

A sample (2 ml) of the phosphorus stock standard 

solution was placed in a volumetrie flask (100 ml: Class A, 

N.B.S.) and the volume of the liquid was adjusted to 100 ml 

with distilled water. 

The procedure for ~'le determination of phosphorus was 

as follows: 
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(a) preparation of a Standard Calibration CUrve 

Samples (0, 0.5, 1.0, 2.0, 3.0, and 4.0 ml) of 

the diluted phosphorus standard solution were placed in sep­

arate dry test tubes. Distilled water was added to adjust 

the volume in each tube to 4 ml. Molybdic acid reagent 

(4 ml) was added to each tube and the contents were mixed. 

The tubes were placed on a rack in a water bath maintained 

at 600 c for 10 minutes to develop the colour. The tubes 

were cooled and the optical densities were recorded at 625 

m~ by means of a Bausch and Lamb Spectronic 20 Spectropho­

tometer. A standard calibration curve was prepared and is 

illustrated in Figure 4. 

(b) Digestion of casein Samples 

Casein digests were prepared by the method of 

Lindner and Harley (170). Sarnples of casein (10-15 mg) were 

placed in an Erlenmeyer flask (25 ml) along with concentrated 

sulfuric acid (specific gravit y, 1.84: 2 ml). The mixture 

was heated cautiously until the sample was thoroughly char­

red and then it was cooled to room temperature. Hydrogen 

peroxide (10 drops, 30%) was added and the mixture was 

heated for an additional five minutes. The above process 

of heating, cooling, and addition of peroxide was repeated 

until a clear and colorless solution was obtained. The 

reaction mixture was then transferred to a volumetrie flask 
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and the volume was adjusted to 100 ml. 

(c) Determination of Phosphorus in Casein Digests 

Samples (0.5-1.0 ml) were placed in separated 

dry test tubes and the volume of liquid in each tube was 

adjusted to 4 ml with distilled water. Molybdic acid re­

agent (4 ml) was added to each tube and the tubes were 

heated. The optical densities were measured as they were 

in the preparation of the standard calibration curve. The 

concentration of phosphorus was ascertained by reference 

to the standard curve. 

2.3. DETERMINATION OF HEXOSE (METHOD 1) 

Total hexose was determined by the method of Dubois, 

Gilles, Hamilton, Rebers, and Smith (73)(74)(206). The 

reagents which were required are as follows: 

(1) Sulfuric acid, concentrated (sp. gr. 1.84) 

(2) Phenol reagent 

Glass-distilled water (20 g) was added to redis­

tilled reagent grade phenol (80 g). 

(3) Standard galactose solution (50 ~g/ml) 

Galactose (50 mg) was placed in a volumetrie 

flask and the volume was adjusted to 1000 ml. 

The procedure for the determination of hexose was as 

follows: 
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(a) preparation of a standard calibration curve 

Samples (0, 0.1, 0.2, 0.3, 0.4 .•.... 2.0 ml) of the 

standard galactose solution were placed in separate clean 

dry test tubes along with the phenol reagent (0.05 ml). 

Distilled water was added to adjust the volume in each tube 

to 2.0 ml. Ooncentrated sulfuric acid (5 ml) was added 

rapidly and the tubes were allowed to stand 10 minutes at 

room temperature. The tubes were then shaken and placed in 

a water bath (25 0 Ci 20 min). The absorbance of the solu-

tions was then measured at 490 m~ in a Bausch and Lamb Spec-

tronic 20 spectrophotometer. A standard calibration curve 

was prepared and is illustrated in Figure 5. 

(b) Determination of hexose in casein 

Casein samples (1-5 mg) were placed in separate 

test tubes along with distilled water (2.0 ml), phenol re-

agent (0.05 ml), and concentrated sulfuric acid (5 ml). 

The tubes were cooled at room temperature and then in a 

water bath (25 0 Ci 20 min) and the absorbance of each solu-

tion was read at 490 m~. The concentration of hexose was 

ascertained by reference to the standard calibration curve. 

2.4. DETERM~TION OF HEXOSE (METHOD II) 
AND HEXOSAMINE 

(a) Liberation and purification of hexoses and hexo­
samines 
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Sugars were deterrnined by a second method which 

also enabled deterrnination of hexosamines. The hydrolysis 

procedure was essentially that of Anastassiadis and COmmon 

(11) as modified by Renolds, Henneberry, and Baker (239). 

Casein (10-50 mg) was hydrolyzed (rotary oven, 100oC; 16 h) 

in sealed test tubes containing 5 ml of a cation-exchange 

resin suspension (1 part Dowex 50 x 12; H+ forrn; 200-400 

mesh + 2 parts hydrochloric acid; 0.05 N). The tubes were 

then cooled, opened, and their contents were placed on 

Dowex 50 x 12 (5 cm x 1 cm; H+ form) columns. The eluates 

were collected and the columns were washed with distilled 

water (10 ml). The columns were then washed with hydro­

chloric acid (10 ml, 2 N) and rinsed with distilled water 

(2 ml). The water eluates were again passed through the 

columns to remove any traces of amine compounds and the col­

umns were washed with water (8 ml). The eluates were com­

bined and the final volumes were adjusted to 25 ml. The 

water eluates contained the sugars that were to be deter­

mined. The columns were washed with HCl (8 ml, 2 N) and 

the eluates were combined with the previous acid eluates. 

The volumes were adjusted to 25 ml in each case. The acid 

eluates contained the amino sugars that were to be deter­

mined. 
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(b) Procedure for determination of hexoses in water 
eluates 

Neutral sugars were determined on aliquots (2 ml) 

of the aqueous eluates by the phenol-sulfuric acid method 

of Dubois, Gilles, Hamilton, Rebers, and Smith (73)(74)(206). 

The standard calibration curve is illustrated in Figure 5. 

(c) Procedure for determination of hexosamines in 
acid eluates 

Aliquots (10 ml) of the acid eluates were dried 

in beakers placed under vacuum in a desiccator containing 

sodium hydroxide flakes. Hexosamines were deterrnined by 

the method of Cessi and Piliego (55). The reagents which 

were required for the analysis are as follows: 

(1) Acetylacetone reagent 

Acetylacetone (redistilledi b.p. l38-l400Ci 1 

ml) was dissolved in 100 ml of sodium carbonate-sodium 

bicarbonate buffer (pH 9.8i 23.02 g sodium carbonate + 2.76 

g sodium bicarbonate in 1000 ml of solution) which was 0.1 M 

with respect to sodium chloride. 

(2) p-Dirnethylaminobenzaldehyde reagent 

p-Dimethylaminobenzaldehyde (80 mg) was dissolved 

in absolute ethanol (100 ml) containing concentrated hydro-

chloric acid (3.5 ml). 

(3) Standard glucosamine solution (50 ~g/ml) 

Glucosarnine hydrochloride (0.05 g) was dissolved 
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in water and the volume of the resultant solution was ad-

justed to 1000 ml. 

The standard calibration curve was prepared as follows: 

aliquots (0, 0.5, 1.0, 1.5, and 2.0 ml) of the standard glu­

cosamine solution were placed in separate clean, dry, test 

tubes. The volume of the liquid in each tube was then ad­

justed to 2.0 ml. Acetylacetone reagent (5.5 ml) was added 

to each tube and the tubes were placed in a boiling water 

bath for 20 minutes. The contents of each tube were trans­

ferred with the aid of three portions (2 ml, each) of dis­

tilled water, into a distillation apparatus such as that 

described by Gottschalk (107). Portions (2 ml) of each 

distillate were collected in volumetric flasks (10 ml) con­

taining p-dimethylaminobenzaldehyde reagent (8 ml). The 

absorbances of these solutions were then measured at 545 m~ 

in a Bausch and Lamb Spectronic 20 spectrophotometer. A 

standard calibration curve was prepared and is illustrated 

in Figure 6. 

Hexosamines were determined in the acid eluates as 

follows: the residues obtained by drying aliquots of the 

acid eluates in the desiccator were dissolved in distilled 

water (2 ml). The procedure described above for the pre­

paration of the standard curve was then followed and the 
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absorbances of the final solutions were determined at 545 m~. 

The concentration of glucosamine in eadh sample was ascer-

tained by reference to the standard curve. 

2.5. DETERMINATION OF SIALIC ACID 

(a) Liberation of sialic acid 

Sialic acids were liberated from casein by the 

method of Huang and Baker (131). Casein samples (10-50 mg) 

were placed in test tubes (16 x 150 mm) containing dilute 

sulfuric acid (0.05 N: 6 ml). The tubes were sealed and 

heated in a rotary oven (95 0 C: ~ hl. The tubes were then 

opened and the hydrolysa tes were transferred to volumetrie 

flasks and the volumes were adjusted to 10 ml. 

(b) Procedure for determination of sialic acids in 
hydrolysates 

Sialic acids were determined by the method of 

Warren (305). The reagents which were required are as fol-

lows: 

(1) Sodium periodate solution 

Sodium meta periodate (0.5694 g) was dissolved 

in 9 M phosphoric acid and the volume of the resultant 

solution was adjusted to 25 ml with the same acid. 

(2) Sodium arsenite solution 

Sodium arsenite (10 g) and sodium sulphate (7.10 



g) were dissolved in sulfuric acid (0.1 N) and the volume 

of the resultant solution was adjusted to 100 ml with the 

same acid. 

(3) Thiobarbituric acid solution 

41 

Thiobarbituric acid (0.6 g) and sodium sulphate 

(7.10 g) were dissolved in water and the volume of resultant 

solution was adjusted to 100 ml. 

(4) Standard sialic acid solution (100 ug/ml) 

N-acetylneuraminic acid (la mg) was dissolved in 

water and the volume of the resultant solution was adjusted 

to 100 ml. 

The standard calibration curve was prepared as fol­

lows: aliquots (0, 0.01, 0.02, 0.04, 0.08, 0.12, 0.16, 0.18, 

and 0.20 ml) of the standard solution were placed in dry 

centrifuge tubes (screw tOPi 15 ml, calibrated) and the 

volume of the solution in each tube was adjusted to 0.2 ml 

with distilled water. periodate solution (0.1 ml) was 

added to each tube and the tubes were shaken and allowed to 

stand at room temperature for 20 minutes. Arsenite solution 

(1.0 ml) was added and the tubes were shaken until the 

yellow-brown colour disappeared. Thiobarbituric acid re­

agent (3.0 ml) was added and the tubes were shaken, stopperèd, 

and placed in a boiling water bath for 15 minutes. The 
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tubes were then oooled under oold running water for five 

minutes. A volume of cyclohexanone equal to the total vol­

ume of solution (4.3 ml) was added to each tube. The tubes 

were shaken twice and centrifuged for three minutes in a 

clinical centrifuge. The absorbance of the upper layer in 

each tube was measured at 549 m~ in a Bausch and Lomb Spec­

tronic 20 spectrophotometer. A standard calibration curve 

was prepared and is illustrated in Figure 7. 

Sialic acid was determined in the hydrolysa tes ob­

tained in (a) as follows: 

Samples (0.2 ml) of the diluted hydrolysates were 

placed in centrifuge tubes (screw top: 15 ml, calibrated) 

and the procedure for the preparation of the calibration 

curve described above was followed. The absorbances of 

the final solutions were measured at 549 m~ and the concen­

tration of sialic acid (as N-acetylneurarninic acid) in each 

sample was ascertained by reference to the standard curve. 

3. Results and Discussion 

The caseins which were prepared from the various 

samples of milk, along with the precipitates obtained on 

centrifugation of sorne of the milk sarnples that had been 

frozen, were analyzed for their nitrogen, phosphorus, total 
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hexose, hexosamine, and sialic acid content. The results 

of these analyses are presented in Table 2. Each result 

represents the average of two separate deterrninations. It 

will he noted that the carbohydrate content of samples of 

casein obtained from different individuals of the same 

species displayed, in sorne instances, wide differences. The 

author has made similar observations in connection with the 

constitution of milks of Arctic and sub-Arctic species (159) 

(160) (161) (162) (163). 

In most instances where the hexose level determined 

by Method 1 was greater than 1%, the corresponding level of 

hexose determined by Method II was lower than that deter­

mined by Method 1. eonversely, in most instances where the 

hexose level deterrnined by Method 1 was less than 1%, the 

corresponding level of hexose deterrnined by Method II was 

higher than that deterrnined by Method 1. Possible explana­

tions for Method 1 yielding higher results than Method II 

could he the following: (a) Method 1 involves more severe 

conditions of hydrolysis than Method II. This might lead to 

release of a greater amount of bound hexose~ (b) greater 

risks of losses are possible in Method II than in Method 1 

due to the resin purification step~ and (c) interfering 

substances might oontribute to the higher values obtained 

in Method 1. 



Table 2 

Carbohydrate content of casein from mi1ks of different species* 

Samp1e Nitrogen Phosphorus Hexose {%~ Hexosamine Sia1ic Acid 
{%~ {%~ Method l Method II {%~ {%} 

A. Caseins 
Caribou, Sample No.l 11. 2 2.86 0.70 

2 12.7 0.82 2.79 2.23 0.28 0.41 
3 11.5 0.82 6.15 5.58 0.88 0.67 

Dal1 sheep 11. 0 1. 90 1. 76 0.33 0.01 

Fin whale, Sample No.l 9.6 1. 21 3.22 1.14 0.18 0.21 
2 4.6 4.22 0.17 
3 9.3 6.73 0.24 
4 11.4 3.88 ND** 
5 16.0 1. 24 3.17 3.66 1.12 0.10 

Barp seal 16.0 0.97 0.95 1.19 0.30 0.43 

Moose, Sample No.l 14.6 0.79 1.45 1. 00 0.11 0.25 
2 15.3 0.78 0.87 0.79 0.18 0.34 
3 15.6 0.82 0.58 0.99 0.17 0.33 

Musk-ox 13.7 0.80 0.61 1. 00 0.09 ND** 

Polar bear, Sample No.1 11. 6 0.79 1. 50 1. 42 0.60 1.48 
2 12.6 1. 29 
3 12.5 1. 58 1. 32 0.58 0.86 

~ 
U1 



Table 2 (cont'd) 

Sample Nitrogen Phosphorus Hexose (%) Hexosamine Sialic Acid 
(%) (%) Method l Method II ~)__ (%) 

1\. Caseins 
Reindeer, Sample No.l 

2 
3 

Cow, Sample No.l 
2 
3 

Horse 

Pig 

B. precipita tes 

Da11 sheep 

15.3 
16.2 
15.2 

13.2 
15.1 
15.3 

15.9 

15.4 

10.1 

Polar bear, Sample No.2 12.7 
3 13.1 

Fin whale, Sample No.5 14.9 

Polar bear "0"*** 13.3 

0.75 
0.75 
0.77 

0.76 
0.87 

0.86 

1. 00 

1. 75 

0.32 
0.22 
0.91 

0.26 
0.24 
0.30 

0.43 

1.11 

1.30 

0.71 
0.53 

0.78 

0.36 

*Values represent averages of dup1icate determinations 
**ND = Not detected 

0.61 
0.68 
1. 06 

0.59 
0.57 

0.72 

1.19 

1. 27 

0.83 
0.61 

0.87 

***precipitate obtained by Baker, Hatcl1er, and Harington (29) 

0.18 
0.15 
0.25 

0.12 
0.09 
0.18 

0.17 

0.27 

0.12 

0.30 
0.16 

0.15 

0.17 

0.50 
0.59 
0.51 

0.26 
0.39 
0.30 

0.18 

2.26 

No** 

0.44 
0.21 

0.08 

0.60 

~ 
0\ 
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Caribou and fin whale caseins contained the highest 

concentrations of hexose (3.93%; 4.24%); caribou and polar 

bear caseins contained the highest concentrations of hexo-

samines (0.58%; 0.59%); pig and polar bear caseins contained 

the highest concentrations of sialic acid (2.26%; 1.17%). 

The average values (milk from three different animaIs) for 

the carbohydrate content of polar bear casein (1.45% hexose, 

0.59% hexosamine, and 1.2~fo sialic acid) were somewhat lower 

than those (2.80% hexose, 1.09% hexosamine, and 1.92% sialic 

acid) obtained previously (30) with the casein obtained from 

a single sample of polar bear milk. The casein from the 

sample of polar bear milk that was frozen before the cream 

layer was removed, contained about 70% more sialic acid than 

did that from the sample which was centrifuged before freez-

ing (1.48% and 0.86% sialic acid, respectively). The dall 

sheep casein contained several times more hexose and hexosa-

mine (1.90%; 0.33%) than did the samples of bighorn sheep 

casein (0.40%: 0.16%, averages) or domestic sheep casein 

(see Table 1) which were analyzed previously (3)(5)(28) (141). 

As only one sample of dall sheep milk was available, it was 

impossible to check whether or not dall sheep casein does 

in general contain more carbohydrate than other sheep caseins. 

previous workers have isolated protein fractions froID 

seal (callorhinus ursinus) milk (Ashworth, Ramaiah, and 
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Keyes (25», reindeer (Rangifer tarandus) milk (Aschaffen-

'burg, Gregory, Kon, Rowland, and Thompson (22); Luhtala, 

Rautiainen, and Antila (174», and fin whale (Balaenoptera 

physalus) milk (Ohta, Watarae, Oishi, Ueshiba, Hirose, 

Yoshizawa, Aikikusa, Sato, and Okano (223», but as far as 

the author is aware, there is little or no available inform­

ation on the carbohydrate constitution of casein obtained 

from these milks, or of casein obtained from musk-ox (OVibos 

moschatus) milk. 

The compositions of the protein precipita tes obtained 

on initial centrifugation of sorne of the milks are also tab­

ulated in Table 2. Precipitates were present in milks which 

had been frozen. Previous workers have also encountered 

similar precipitates in their studies (28)(29). The levels 

of hexose, hexosamine, and sialic acid in the precipitates 

were lower than those of the corresponding caseins. This 

suggests that the precipitates might conta in albumin frac­

tions or casein fractions other than a-casein which are 

known to conta in little or no bound carbohydrate. 

Marier, Tessier, and Rose (185) suggested that the 

concentration of sialic acid in whole bovine casein could be 

used as a measure of the quantity of K-casein in the casein 

complex, provided that (a) only sialic acid in casein is 
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measured, (b) aIl other casein fractions conta in little or 

no sialic acid, and (c) the sialic acid content of K-casein 

is known and is constant. These authors found that whole 

bovine casein contained between 0.26 and 0.58% sialic acid. 

On the assumption that K-casein contains 2.3% sialic acid, 

they concluded that bovine casein contains between Il and 

26% K-casein. If one assumes that the sialic acid content 

of the K-casein fractions of the whole casein prepared from 

the milks of the various species is about the same as that 

of bovine K-casein, then the concentrations of K-casein in 

the various casein preparations would range between 0.0 and 

5~fo, with the exception of pig caseine The high sialic acid 

content of pig casein might indicate that the distribution 

of sialic acid in the pig casein complex is different from 

that in bovine casein or that the sialic acid content of 

the glycoprotein fraction of pig casein is much higher than 

that of bovine K-casein. 

Gordon and Whittier (105) have pointed out that phos­

phorus analyses are useful for the characterization of casein 

because this element is an uncommon constituent of other milk 

proteins. Jenness and Patton (137) have suggested that the 

phosphorus is incorporated in a- and a-caseins as esters of 

phosphoric acid with the hydroxyamino acids serine and threo­

nine. perlmann (227) has suggested that in a-casein. 40% cf 



the phosphate is bound as monoesters, 40% as phosphamide 

diester, and 2~fo as pyrophosphate. In ~-casein, a large 

amount of phosphate is present as the diester. 

OH OH 

1 1 
-CH -O-P-O-P-O-CH -

2 Il Il 2 

o 0 

H OH 

1 1 

(monoester) 

(diester) 

(pyrophosphate 
diester) 

50 

-N-P-O-CH -
Il 2 

(phosphamide diester) 

o 

Sloan, Jenness, Kenyon, and Regehr (255) have indicated that 

the eiectrophoretic mobilities of casein fractions are 

partly a function of the content of ester-bound ionizabie 

phosphate groups. These workers concluded that in species 

having more than one eiectrophoretic component, the one of 

greater mobiiity has the higher phosphorus content. The 

same workers aiso provided data on the phosphorus-nitrogen 

ratios of caseins of various species. These resuits and 
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the results of other workers are- included in Table 3. The 

phosphorus-nitrogen ratios calculated from the data supplied 

by the author are presented in Table 4. The PiN ratios for 

cow and horse (O. OSai 0.054) are in close agreement with 

results (Table 3) of previous workers (0.056i 0.054). The 

two precipitates showed exceptionally high values, although 

values for their corresponding caseins are not available. 

This fact suggests that the precipitates might contain a 

relatively large proportion of a-caseine Values for PiN 

ratios of whole casein seem to be characteristic of each 

species. However, a discrepancy exists between the PiN 

ratios for the casein of caribou (0.06a) and the casein of 

reindeer (0.049), especially when one considers that they 

are both of the species Rangifer tarandus. 

The composition of the various protein fractions of 

Arctic wolf milk and fin whale milk are shown in Tables 5 

and 6. The letters assigned to each fraction in these 

tables correspond to the letters assigned to the various 

fractions in Figures 2 and 3. It is of interest to note 

the low nitrogen value obtained for Arctic wolf II casein" 

and the high value obtained for the uernulsion precipitate 

from the ether phase. Il It may weIl be that this precipitate 

is, in fact, casein, but further evidence, and in particu-

lar that supplied by electrophoretic analyses would have 
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te be ebtained te support this point. 
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Table 3 

Phosphorus-nitrogen ratios of caseins as reported by other 
workers 

Species 

Ca1ifornia sea lion 
(Za1ophus ca1ifornianus) 

Cow (~ tau rus) 

Goat (Capra hircus) 

Horse (Eguus caba11us) 

Human (Homo sapiens) 

Mouse (Mus muscu1us) 

Rabbit (orycto1agus 
cunicu1us) 

Rat (Rattus norvegicus) 

Sheep (avis aries) 

P 
(%) 

N 
(%) 

p/N* Reference 

0.027 Pi1son & Kelly 
(230 ) 

0.85 15.25 0.056 Alais & Jo11ès 
(5 ) 

0.86 15.63 0.055 Gordon et al. (104) 

0.76 15.48 0.049 Davies (66) 

0.88 16.44 0.054 Davies (66) 

0.48 

0.33 

0.68 
0.46 

14.84 

14.09 

14.97 
15.14 

0.032 
\ 

Alais & JolIes 
(5 ) 

0.023 Maeno & Kiyosawa 
(180 ) 

0.046 Davies (66) 
0.030 Me11ander (203) 

1.2 15.34 0.078 Ross & Moore 
(246 ) 

0.54 15.1 0.036 Alais & JolIes 
(5 ) 

0.49 14.9 0.033 Il Il 

0.062 Sloan et al. (255) 

0.86 15.35 0.056 Alais & Jo11~s 
(5 ) 

0.81 15.71 0.052 Davies (66) 

Wi1d ass (Eguus asinus) 1.06 16.28 0.065 Davies (66) 

*Values have been calcu1ated by the present author based on 
original authors' results, except for Sloan et al., in which 
case the value is that cited by those workers. 
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Table 4 

Phosphorus-nitrogen ratio of caseins from mi1ks of different 
species 

5 ample 

A. caseins 
Caribou (Rangifer tarandus), Samp1e No.2 

3 

Fin wha1e (Ba1aenoptera physa1us), Samp1e No.1 
5 

Harp sea1 (Phoca groenlandicus) 

Moose (A1ces alces), Samp1e No.1 
2 
3 

Musk-ox (OVibos moschatus) 

Polar bear (Tha1arctos maritimus), Samp1e No.1 

Reindeer (Rangifer tarandus), Samp1e No.1 
2. 
3 

Cow (Bos taurus), Samp1e No.1 
2 

Horse (Equus caba11us) 

Pig (Sus scrofa) 

B. Precipitates 

Da11 sheep (OVis da11i da11i) 

Polar bear "D U * 

*See footnote marked (***) in Table 2 . 

Ratio, PiN 

0.065 
0.071 

0.126 
0.078 

0.061 

0.054 
0.051 
0.053 

0.058 

0.068 

0.049 
0.046 
0.051 

0.058 
0.058 

0.054 

0.065 

0.173 

0.117 
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Table 5 

eomposition of Arctic wolf mi1k fractions* 

Fraction Nitrogen Hexose** 
(%) (%) 

casein 1.10 *** 

Emulsion solids 5.06 57.50 

precipitate (from ether phase) 12.96 3.05 

Whey solids 6.47 42.63 

*Refer to Figure 2 for exp1anation of various fractions. 
The 1etters A, B, C, D correspond to the letters A, B, C, 
D in Figure 2. Results of duplicate analyses. 

**Hexose determined by Method I. 

***Insufficient samp1e avai1able for analysis. 

Table 6 

eomposition of fin whale (Sample No. 5) milk fractions* 

Fraction 

A casein 

Nitrogen 
(%) 

15.95 

B Precipitate***14.87 

C Emulsion 
solids 

10.76 

D precipitate 9.29 
(protein insol­
uble at pH 6.5) 

E Whey solids 13.00 

Hexose** 
(%) 
3.17 

0.78 

3.33 

3.50 

15.93 

Hexosamine 
(%) 
1.12 

0.15 

0.74 

0.63 

Sialic Acid 
(%) 
0.10 

0.08 

0.28 

0.16 

*Refer to Figure 3 for exp1anation of various fractions. 
The letters A, B, C, D, and E correspond to the letters 
A, B, C, D, and E in Figure 3. Results of duplicate 
analyses. 

**Hexose determined by Method I. 

***precipitate obtained on initial centrifugation of milk. 



CHAPTER IV 

ELECTROPHORESIS OF MILl< PROTEINS 

1. Literature Review 

1.1. CASEIN 

Many workers have used the electrophoretic technique 

to study the nature of the various components of the casein 

complexe The techniques that have been employed are, in 

the order of their chronological use in casein studies, the 

following: (a) free moving-boundary electrophoresis, (b) 

filter paper electrophoresis, (c) starch-gel (vertical and 

horizontal) electrophoresis, (d) polyacrylamide (plate) gel 

electrophoresis, and Ce) polyacrylamide-gel disc electro-

phoresis. 

Ca) Early Work on casein and Paper Electrophoresis 

The first indication that bovine casein comprised 

three electrophoretic fractions (a-, ~-, and ~-caseins, in 

the order of decreasing mobility) was made by Mellander 

(202) using free electrophoresis. Further work by Warner 

(304) did not offer conclusive evidence as to the presence 
56 
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of ~-casein. Mellander (203) showed in a later paper, that 

the electrophoretic pattern of human milk casein is similar 

to that of bovine casein in that the three fractions (a-, ~-, 

and ~-caseins) are present. The a-casein which migrated the 

farthest, contained more phosphorus (0.95%) than the original 

whole casein (0.46-0.47%). The presence of ~-casein was 

later confirmed by investigations of Hipp, Groves, CUster, 

and McMeekin (125)(126). Excellent reviews of early work 

on milk proteins have been written by McMeekin and Polis 

(196) and by Lindqvist (171). 

Libbey and Ashworth (168) were among the early work-

ers to employ paper electrophoresis as a means to separate 

caseine These workers obtained three fractions when casein 

was subjected to paper electrophoresis at pH 12 employing 

a KOH-K2HP04 buffer. Based on the areas below the scanning 

curves, the authors obtained the following relative distri-

bution of casein fractions: a-K, 50%~ ~, 45%~ and ~, 5%. 

MacRae and Baker (178) developed a method, based on 

filter paper electrophoresis, to separate a-, ~-, and ~­

case in. These authors estimated the dyed proteins on the 

paper by direct photometry. 

Payens (226) and Sode-Mogensen and tahav (263) recog-

nized that the limitation afforded by paper electrophoresis 
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was the strong interaction between the paper and the va ri­

ous components of caseine The former author repeated work 

previously do ne by Vlodavets and Zhdanova and cited by 

dlYachenko (75) in which urea was included in the electro­

phoresis buffer to reduce interaction between casein compo­

nentsduring paper electrophoresis. payens noted that in 

the absence of urea, ho separation of the casein components 

was ·observed. When urea was added to the buffer solution, 

two well-defined bands appeared: the first band was probably 

the a-K casein complex, and the second, ~-casein. The 

reasons cited for MacRae and Bakerls observations of three 

bands (a-, ~-, and Y-casein) were: (a) the low temperature 

employed (40 C), and (b) the relatively high pH value of the 

buffer (pH 8.6). Beth these parameters were known to re­

duce the interaction between casein components (277)(300). 

payens stated that MacRae and Bakerls a-fraction was probably 

the undisturbed a-K complexe Payens demonstrated by ultra­

centrifugation and free electrophoresis that his slowest 

moving component consisted of two sub-fractions, the first 

of which was calcium-sensitive (e.g. flocculated by calcium 

ions) (as-casein) and the second of which was insensitive to 

calcium ions (K-casein). 
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(b) Starch-Gel Electrophoresis 

Wake and Baldwin (303) observed several new compo-

nents of casein upon starCh-gel electrophoresis in concen-

trated solutions of urea. Most of the new components were 

found in the a-fraction of the casein: the ~-fraction was 

relatively homogeneous. 

McMeekin, Hipp, and Groves (195) described an im-

proved method of preparing a-casein. In addition, these 

workers were able to separate and characterize by moving-

boundary electrophoresis its major component which they 

designated al-casein. Waugh and Von Hippel (311) had 

previously separated a-casein into calcium-sensitive (a -s 

casein (306» and calcium-insensitive (crude K-casein) 

fractions. The calcium-sensitive fraction (as-casein) was 

insoluble in calcium Chloride whereas the calcium-insensitive 

fraction (K-casein) was soluble in calcium Chloride. casein 

fractions other than 0s-' crude K-, or ~-casein were assigned 

the designation "rn-fraction" (308). Long, Van Winkle, and 

Gould (172) referred to their calcium-sensitive fraction of 

a-casein as aR-casein. The first revision of the Report of 

the Oommittee on Milk protein Nomenclature, Classification, 

and Methodology of the Manufacturing Section of the A.D.S.A. 

for 1958-59 (50) failed to resolve the confusion arising 
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from names' assigned to various a-casein fractions by differ-

ent workers. 

Waugh, Ludwig, Gillespie, Me Iton, Foley, and Kleiner 

(309) employed a DEAE-cellulose column and a 4.5 M urea 

buffer to separate as-casein and later showed by starch 

electrophoresis, that each of the two fractions were hetero-

geneous. The first fraction which was eluted was termed 

aSl,2-casein as it consisted of a
sl

- and a s2-casein, the 

former having the greater mobility. The second fraction 

was called "as -casein fractions" (which had unfortunately 

been termed as -casein in the earlier paper (307». Lind-
1 

qvist (171) postulated that the as -caseins were probably 
1 

two of the genetic variants of as-casein reported by Thomp-

son, Kiddy, Pepper, and zittle (290) and Kiddy, Johnston, 

and Thompson (149). Beth groups of workers used starch-

gel electrophoresis. 

Wake and Baldwin (303) observed about 20 components 

in a single starch-gel electropherogram of case in. They 

eliminated the possibility that sorne of the bands were 

artifacts rather than actual protein components in the 

milk. They prepared casein by the following methods: (a) 

acid precipitation at 300C, (b) Na 2S04 (20 g/lOO ml skim-

milk) precipitation (with subsequent removal of globulins 
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and peptone) at 40o C, and (c) by the method of Waugh and Von 

Hippel (311) which yieldedUfirst cycle soluble casein." The 

authors then showed by starch-gel electrophoresis that the 

caseins prepared by the three methods yielded the same pat­

terns. They demonstrated further that aIl the bands pro­

duced by whole casein could be found in the patterns of a-, 

~-, and ~-fractions. They concluded that there is always a 

unique correspondence between a band and a dhemical compo­

nent. Furthermore, most of the preparations of 0-, ~-, and 

~-caseins were heterogeneous. This work, and subsequent 

work of Neelin, Rose, and Tessier (219), which involved 

exposure of casein to concentrated solutions of urea, led 

Manson. (184) to believe that the free amino groups of casein 

might be susceptible to attack by cyanate (urea forros an 

equilibrium mixture with ammonium cyanate in aqueous solu­

tions) to forro carbamoyl derivatives. This author found 

that treatment of 0s-casein with an aqueous solution of urea 

reduced the number of free amino groups normally found in 

0s-casein by 29%. The amount of reduction indicated that 

both the f-amino group of the lysyl residues and the N­

terminal arginyl amino group had reacted, since complete 

substitution of the latter would have caused a reduction of 

only 6%. The author showed that considerable reaction 



occurred between the -amino group of the lysyl residues 

and this resulted in the production of homocitrulline der­

ivatives. Earlier work by Stark, Stein, and Moore (271) 

showed that urea rendered a protein (ribonuclease A) less 

basic. They also discovered that cyanate reacts even more 

rapidly with -SH groups than with arnino groups and that 

treatment of cysteine with an equimolar amount of cyanate 

resulted in the formation of S-carbamylcysteine. Stark, 

Stein, and Moore (271) pointed out that at equilibrium, an 
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8 M solution of urea (starch gels and polyacrylamide gels are 

usually 5-7 M) yields at equilibrium a 0.02 M solution of 

cyanate. 

Groves, McMeekin, Hipp, and Gordon (114) developed 

a method of preparing ~- and -casein consisting of frac­

tionation of that portion of casein which is soluble at 

pH 4 at 2o C, followed by chromatography on ion-exchange 

cellulose. Starch-gel electrophoresis of ~- and -casein 

fractions revealed that they possessed a higher degree of 

homogeneity than ~- and -caseins prepared by previous 

methods (125)(126)(304). 

Gehrke, Freeark, Oh, and Chun (92) prepared ~-casein 

by chemical fractionation and subsequent purification by 

column chromatography on DEAE-cellulose. Their procedure 

involved the fractionation of isoelectric casein by the use 
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of urea to yield the (as-K)-, ~-, and Y-fractions. The~-

casein fraction was isolated by ammonium sulphate precipi-

tation. The procedure effected a partial separation of Y-

casein and ~-casein. Analysis of the fractions obtained by 

chromatography (DEAE-cellulose) revealed two electrophor-

etically distinct ~-caseins which the authors named ~ 1 s ow 

and ~fast. The ~slow-casein was the major component. The 

authors suggested the ~fast-casein might he a sub-component 

of X-caseine 

Waugh and Von Hippel (311) were the first workers to 

demonstrate that K-casein is responsible for micelle stabi-

lization and is the protein which acts as a substrate for 

rennin action. previous work by Waugh and Noble (310) and 

Noble and Waugh (222) had established that casein micelles 

consisted, in simplest form, of cores of calcium as-caseinate 

covered by a uniform coat of (low weight ratio) calcium 

(as-K)-caseinate. This work 1ed to new methods of prepara-

tion of K-casein. 

McKenzie and Wake (193) deve10ped an improved method 

for the isolation of K-casein using acid casein as a start-

ing materia1. Starch-ge1 e1ectrophoresis revealed that K-

casein obtained by this procedure had a mobi1ity which was 

identica1 to that of the rennin-sensitive fraction of who1e . " 



J.' . 

..c., ; .. 

64 

caseine 

Neelin, Rose, and Tessier (219) separated acid casein 

into at least 17 zones using starch-gel electrophoresis. 

The authors also prepared a-, ~-, and Y-casein by the method 

of Hipp, Groves, CUster, and McMeekin (126), Y-casein by the 

method ùf SWaisgood and Brunner (281), and K-casein by the 

methods of Morr (212) and SWaisgood and Brunner (281). The 

authors analyzed the different fractions by starch-gel 

electrophoresis and observed that aIl fractions contained 

numerous components. However, they did tentatively identify 

the different zones with certain specifie casein fractions. 

The method of Swaisgood and Brunner (281) yielded the K­

casein having the highest stabilizing power for casein 

micelles. However, the fraction was contaminated with many 

minor electrophoretic components. The method of Morr (212) 

gave a similar product. The method of McKenzie and Wake 

(193) yielded a K-casein which was less contaminated with 

fast-moving components, but the product had low stabilizing 

power for casein micelles. Although this K-casein prepara­

tion was least contaminated with other casein components, 

there were some indications that it was partially denatured. 

Further work by Neelin (217) established a method 

for the identification of K-casein by starch-gel electro­

phoresis. The method was based on the fact that calcium 
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ions cause as-casein (the calcium-sensitive fraction of the 

a-casein comp1ex) and ~-casein to precipitate. The method 

involved two-dimensional starch-gel e1ectrophoresis in which 

Ca++ was added to the gel when electrophoresis was run in 

the second dimension. 

K-casein has a molecular weight similar to that of 

a-casein and ~-casein when completely disaggregated. The 

molecular weight increases by a factor of 10 in the absence 

of urea (226). Neelin (217) subjected K-casein to starch­

gel electrophoresis in concentrated urea and 12 zones were 

produced with mobilities similar to those of the various 

components of acid caseine When the electrophoretical1y 

separated components of K-casein fractions were further 

subjected to starch-gel electrophoresis in a second dimen­

sion in the absence of urea, the fastest zone behaved nor­

mally, but the slow-moving K-zone formed an intense band 

near the origine 

Peterson (228) and Thompson, Kiddy, Pepper, and 

Zitt1e (289)(290) had sorne success in distinguishing vari­

ant forms of as-casein and ~-casein using gel electrophor­

esis in concentrated urea solutions. Nee1in (218) postu-

1ated that smal1 amounts of sulphur-containing amine acids 

in K-casein (140) might give rise to intermo1ecu1ar disul­

phide bridges and thus cause unsatisfactory resolution of 



66 

variant forms of K-casein. Furthermore, swaisgood, Brun­

ner, and Lillevik (284) suggested that the basic unit of 

K-casein was composed of two sub-units (MW=28,OOO) joined 

by disulphide bonds, or that the two sub-units were joined 

by secondary bonds whiCh depended on the disulphide bonds 

to maintain a particular tertiary structure for the inter­

action. The addition of mercaptoethanol to the starCh gel 

led to the resolution of K-casein into two zones which 

occurred singly or in combination. 

Schmidt (250) investigated the influence of 2-

mercaptoethanol on the starch-gel pattern of K-casein. The 

author found that the addition of 2-mercaptoethanol led to 

a satisfactory resolution of the diffuse K-casein zone into 

a large number of well-defined bands. A fraction which 

flocculated readily with rennin in the absence of ca++, 

was isolated by chromatographic purification in the presence 

of mercaptoethanol of K-casein obtained by the method of 

McKenzie and Wake (193). 

SChmidt, Beth, and de Koning (251) fractionated K­

caseins A and B by column chromatography (DEAE-cellulose) 

using buffer solutions which contained 2-mercaptoethanol. 

The author used starch-gel electrophoresis in the presence 

of urea and mercaptoethanol to check the purity of each 

fraction. 
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El-Negoumy (77) developed a procedure in which casein 

was precipitated from milk (acetate buffer: pH 4.6), dis-

persed in a solution of urea (7 M), and impregnated i~to 

strips of filter paper. The filter paper strips were dried 

and stored for periods up to two years. Insertion of the 

paper strips into the slots of a starch gel and subsequent 

separation of the casein indicated that no alteration of 

the electrophoretic properties of the casein occurred, and 

sharp bands corresponding to a s -' ~-, and K-caseins were 

obtained. 

Yaguchi and Tarassuk (324) prepared acid casein from 

the milk of an individual Holstein cow and subjected it to 

starch-gel electrophoresis. These authors found that the 

casein contained as -casein B, ~-casein A, and K-casein A. 
l 

The sodium caseinate was fractionated on a column of Seph-

adex G-200 both in the absence and presence of 6 M urea in 

the elution buffer. They noted that relatively pure K-

casein emerged from the column in the void volume, when 

urea was used. This fact led Yaguchi, Davies, and Kim (323) 

to the development of a method for the preparation of K-

casein by gel filtration. 

The action of rennin on whole casein and K-casein was 

further studied by El-Negoumy (79) who used high-resolution 

starch-gel electrophoresis. The author found that K-casein 
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was the only component of acid casein that was attaCked 

after 50 minutes of enzyme action and that the ° - and ~-
5 

caseins remained unchanged. Electrophoretic analysis of 

the rennin-treated acid casein showed the presence of one 

major and two minor components with faster mobilities than 

° -casein and two minor components with slower mobilities 
s 

than K-casein. Electrophoretic analysis of K-casein that 

had been treated with rennin for 60 minutes revealed the 

presence of at least Il breakdown components of para-K-

caseine 

Ganguli and Majurnder (90) developed a simple appar-

atus and procedure for electrophoresis of milk proteins on 

starch gel in the presence of urea and mercaptoethanol. 

The apparatus consisted essentially of a petri dish as the 

gel support and two beakers as the buffer reservoirs. The 

procedure eliminated the necessity of slicing the gel before 

staining. The authors obtained two major bands correspond-

ing to 0s- and ~-caseins and several minor bands including 

K-casein, when whole casein was analyzed by their method. 

The review on starch-gel electrophoresis that appeared 

as a National Research Council of canada publication (6), 

the bibliography produced by the Connaught Medical Research 

Laboratories (58), the review by Smithies (261), and the 
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excellent book by Smith (257), are valuable sources of in-

formation on starch-gel electrophoresis. 

(c) Polyacrylamide (Plate) Electrophoresis 

Raymond and Wang (237) described the preparation and 

properties of acrylamide gels and indicates that these gels 

might replace starch gels in the electrophoretic analysis of 

proteins. They showed that the gel is a linear polymer of 

acrylamide, cross-linked by means of methylene bridges: 

acrylamide 

n 

The three-dimensional structure, which consists of long 

hydrocarbon chains is made hydrophilic by the presence of 

amide groups. There are no hydroxyl or carboxyl groups in 

the molecule as is the case in starch. 

Peterson (228) was one of the earlier workers to 

recognize the high resolving power of polyacrylamide elec-

trophoresis. He cited the following advantages of 
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electrophoresis in acrylamide gels over electrophoresis in 

starch gels: (a) acrylamide gels are easier to prepare than 

starch gels since they can be used 20 minutes after mixing 

and do not require heating during preparation and slicing 

prior to staining; (b) there are no free carboxyl groups 

such as are found in starCh gels which might interfere with 

the migration of sorne proteinsi and (c) higher voltages can 

be employed with the cell used for acrylamide electrophoresis 

(235)(236) than with the fIat cell described by Smithies 

(259)(260) for starch-gel electrophoresis. Peterson obtained 

bands for aIl the six phenotypes of ~-casein listed by Asch­

affenburg (13) (e.g. A/A, A/B, A/C, B/B, B/C, and c/c) who 

previously used paper electrophoresis. He also obtained 

bands for aIl the six phenotypes of as-casein described 

previously by Thompson, Kiddy, Pepper, and Zittle (290) who 

used starch-gel electrophoresis. 

Aschaffenburg (16) employed electrophoresis in poly­

acrylamide gels (veronal buffer) to phenotype whole milk. 

For ~-lactoglobulin typing, the milk samples were applied 

without dilution (Conditions: current, 12.5 mA/gel: initial 

voltage, 130 V: time, 6 h). For casein typing, the samples 

were applied after dilution (1 volume of milk + 5 volumes of 

urea-containing buffer (5 M urea) {Conditions: current, 8 mAI 

gel: initial voltage, 90 Vi time, 16 hl. In the absence of 
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urea, the ~-lactoglobulins were the fastest-moving cornponents 

when whole rnilk was subjected to electrophoresis. The clear 

resolution of the ~-lactoglobulins made phenotyping easy. 

Unless urea was present, the resolution of the remaining 

rnilk proteins was extrernely poor. The presence of urea 

caused the a s - and ~-casein cornponents to forrn well-defined 

bands and the ~-lactoglobulins to forrn weak bands in front 

of the ~-caseins. 

Polyacrylarnide-gel electrophoresis, like starch-gel 

electrophoresis, has been used extensively in studies on 

K-casein. Early workers showed that K-casein rnigrated as a 

broad unresolved zone in starch-gel electrophoresis (303). 

Woychik (318) observed sirnilar electrophoretic behavior of 

K-casein in polyacrylamide gels containing 5% cyanogurn. 

However, in polyacrylamide gels containing 7% cyanogurn, the 

protein was alrnost totally retained in the sample slot. The 

high molecular weight of the K-casein complex caused it to 

remain at the origin due to the sieving effect exerted by 

the polyacrylarnide gel of high cyanogum concentration. 

SWaisgood and Brunner (282) showed that the molecular weight 

of K-casein decreases markedly when K-casein is subjected to 

alkaline conditions. The same phenomenon was observed when 

K-casein was reduced wi th 2-mercaptoethanol. This indica ted 
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that disulphide bonding plays an important role in the form­

ation of high molecular weight K-casein. Woychik (320) con­

firmed the existence of two major K-casein components after 

having reported previously the presence of three components 

(319)(321) in reduced whole caseins. 

Purkayastha and Rose (233) subjected K-casein to 

polyacrylamide-gel electrophoresis in the presence of urea 

and mercaptoethanol and they obtained three prominent bands. 

The gels were stained first with periodic acid-Schiff's 

reagent to locate the carbohydrate-containing proteins and 

then with Amido Black lOB to stain aIl proteins. The greater 

mobility of the K-casein was ascribed to the increased charge 

on it due to the presence of sialic acid. Enzymic removal 

of the sialic acid from the glycoprotein by neuraminidase 

decreased the mobility of the glycoprotein. The carbohy­

drate-containing components were very labile and prolonged 

storage of freeze-dried K-casein gave rise to a material 

resembling glycomacropeptide which is a non-dialyzable sub­

stance soluble in 12% TCA formed by the action of rennin on 

K-casein (2)(221). 

Kalan and Woychik (144) studied further the action of 

rennin on K-casein. Electrophoretic analysis (polyacrylamide: 

pH 9.2) of reduced para-K-casein showed the presence of two 
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major components. 

Kim, Yaguchi, and Rose (151) treated K-caseins A and 

B with rennin and the corresponding para-K-caseins were sep­

arated chromatographically (carboxyrnethylcellulose) in the 

presence of mercaptoethanol and urea. They obtained one 

major and two minor para-K-casein components. The minor 

components were not observed when para-K-casein was fraction­

ated in the absence of urea. Further observations showed 

that homocitrullin was present only in the minor components 

and the major component was richer in lysine. These find-

ings indicated that the heterogeneity in para-K-casein was 

not due to a "two-point cleavage" by rennin as was thought 

previously (177)(322), but resulted from the carbamylation 

of lysine by cyanate which occurred in the urea solution. 

Polyacrylamide-gel electrophoresis revealed that homocitrullin­

free para-K-caseins A and B were identical. This finding was 

contrary to the results of other workers (79)(144)(176)(322) 

(323). Kim, Yaguchi, and Rose also showed that the amine 

acid compositions of the two para-K-caseins were identical. 

Cole and Mecham (57) substantiated the earlier work of Manson 

(184) and showed that carbamylation also takes place in poly­

acrylamide gels containing urea. The end result of carbamy-

lation is to render proteins less basic, since carbamylated 

residues are neutral. 
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Ya gu chi , Davies, and Kim (323) prepared K-casein from 

unreduced casein by Sephadex gel filtration using a 0.005 M 

tris-citrate buffer (pH 8.6) oontaining 6 M urea. Two frac­

tions (1 and II) were eluted from the oolumn. Polyacrylamide­

gel el~ctrophoresis indicated that Fraction l was a K-casein 

of high purity and Fraction II oontained very little K-casein. 

Hill (121) suggested that urea splits K-casein, despite the 

fact that the above workers reported the absence of para-K­

casein oomponents in acid casein fractionated in the presence 

of urea. 

Melachouris and Tuckey (199) used polyacrylamide-gel 

electrophoresis to study changes that occurred in milk pro­

teins during the ripening of cheddar cheese made from milk 

heated at different temperatures. At the end of the ripen­

ing period (190 days), the electropherograms revealed that 

the as-fraction had been degraded to form seven oomponents, 

and ~-casein had degraded to form six oomponents. No quali­

tative differences were observed in any of the electrophore­

tic patterns of proteins from cheeses made from milk which 

had undergone the different heat treatments (6l.7o e for 30 

min; 93.30 e, 110.OOe, and l26.7o e for 2.08 sec). The 

authors ooncluded that the changes in the a s - and ~-caseins 

were the result of ripening process. 
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Melachouris (198) subjected whole acid casein to dis­

continuous polyacrylarnide-gel electrophoresis in the presence 

of urea and in the absence of mercaptoethanol, and observed 

twenty well-defined zones. Components which had lower mobil­

ities than ~-casein or faster than asl-casein appeared as 

sharp zones. The author also compared electrophoretic pat­

terns obtained by the use of Amido Black and Ooomassie Blue 

for staining. The zones were sharper and the casein compo­

nents of low concentration appeared more distinct when 000-

massie Blue was used. There was less contrast, however, 

between the components of high and low concentration . 

. (d) Polyacrylamide-gel disc electrophoresis 

Ornstein (224) developed the theory of disc electro­

phoresis and Davis (67) illustrated its application to the 

separation of human serum proteins. The main features of 

this technique may be summarized as follows: (a) individual 

samples are subjected to electrophoresis in gels supported 

by glass tubing: (b) the gel has a small cross-sectional 

area and hence, heat production and thermal gradients, such 

as those which occur in thick slabs, are reduced: (c) rela­

tively high voltage gradients can be used because of the low 

heat production and small temperature gradients, and hence, 
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resolution of a mixture can he effected in a shorter timei 

and (d) high resolution is achieved because of the possibility 

of concentration of the starting zones. The process of 

"steady-state stacking" involves the following: the proteins 

concentra te themselves into very thin discs behind the chlor-

ide ion. one stacked on top of the other in the order of 

their decreasing mobility. The last disc is followed immed-

iately by glycine. The stacking process occurs in the 

nspacer gel n (located hetween the "sample gel lt and the smal-

1er pore urunning gel". COnditions are arranged such that 

when the Chloride boundary (followed by a stack of discs) 

passes into a region of smaller pore size (the Il running 

geln). the mobility of the fastest protein drops below that 

of glycine. and hence, the glycine overruns the protein discs 

and runs directly hehind the chloride ion. The result is 

the formation of a sharp boundary at the chloride ion inter-

face. The proteins are then in a uniform, linear-voltage 

gradient. eaCh in its own very thin starting zone. The pro-

teins are then allowed to migrate as in ordinary zone electro-

phoresis. Because of the vis cous properties of the gel. pro-

teins of equal free mobility. but of different molecular 

weights (different diffusion constants). will migrate with 

different mobilities and thus a separation will he effected 
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(67)(224)(257). The original running gel buffer of tris­

HCl (pH 8.6) is changed to a tris-glycine buffer (pH 9.5). 

The migration of the proteins thus takes place at a higher 

pH. At the same time, the mobility of the glycinate ion 

increases as it enters the higher pH range (257). 

As far as the author is aware, Hartman and SWanson 

(117) were the first workers to subject milk proteins to 

disc electrophoresis. These workers were interested in the 

changes which took place in mixtures of whey proteins and 

K-casein when they were heated. McGugan, Zehren, Zehren, 

and 5Wanson (191) had shown earlier that when a mixture of 

casein and ~-lactoglobulin was heated (850 C; 30 min; pH 

6.9), the ~-lactoglobulin was converted to a form which moved 

with a-casein during moving-boundary electrophoresis (pH 6.9 

and 2.45). Hartman and 5Wanson (117) heated (74.50 C; 30 min) 

acid whey and ~-lactoglobulin in the presence and absence of 

K-casein. They found that K-casein and ~-lactoglobulin 

interacted and the size of the molecular aggregate prevented 

the complex from migrating into the small pore region of the 

polyacrylamide gel. A complex did not forro with a-lactalbumin 

or bovine serum albumin when they were heated with K-casein. 

The authors noted that the acrylamide disc electrophoretic 

technique did not separate bovine serum albumin and a­

lactalbumin under the" conditions described by Davis (67). 
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The acrylamide concentration was increased to 9% in the 

small pore gel, and the ionic strength of the tris-Hel 

buffer (pH 8.9) in the small pore gel was increased from 

0.082 to 0.11. The mobility of bovine serum albumin was 

thus reduced due to its larger molecular size, and the two 

proteins were separated satisfactorily. 

Grindrod and Nick (109) used polyacrylamide-gel 

electrophoresis to study the effect of hydrogen peroxide on 

the proteins of skim milk. It should be mentioned that 

hydrogen peroxide is used (56) as a bactericide in milk 

used in cheese manufacture and is suggested for use in 

improving milk quality in developing countries (8)(296). 

Hydrogen peroxide treatment caused the migration rate of 

as-casein to increase and the migration rate of ~-casein to 

decrease. The migration rate of K-casein was unchanged by 

the peroxide treatment. 

Groves and Kiddy (113) modified the system of poly-

acrylamide-gel disc electrophoresis recommended by Davis 

(67) to make possible a study of polymorphism in Y-caseine 

Their modification involved essentially the incorporation 

of urea into the gels. They noted two forros of Y-casein 

which they designated as A and B, and reported three pheno-

types of Y-casein (A, AB, and B). The authors used the same 

convention of nomenclature as was used previously for a -
s 
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and ~-easein: namely, the protein of highest mobility was 

designated as the A eomponent. In samples where the A form 

oecurs (A and AB phenotypes), another band designated R was 

found whieh had a mobility between that of the A and B bands 

of Y-casein. The authors demonstrated that this was not a 

Y-easein. The Y-easein AB samples showed a prominent slow-

moving band whieh they designated as S in the unfraetionated 

casein. Further work by Groves (Ill) and Groves, Gordon, 

and Kiddy (112) has shed further light on the polymorphie 

forros of Y- and ~-easeins. 

Akroyd (l) has written a general article on the 

application of polyacrylamide-gel dise eleetrophoresis to 

the study of milk proteins. 

(e) Genetie Polymorphism in casein 

Aschaffenburg (13}(14) used paper electrophoresis to 

provide the first evidenee for variation in the caseins iso-

lated from milks of individual cows. He noted that ~-easein 

existed in three forms, which he termed A, B, and C. Thomp-

son, Kiddy, Johnston, and Weinberg (288) employed starch-gel 

and polyaerylamide-gel eleetrophoresis to confirm Aschaffen-

burg's findings. These workers showed that the A and B 

alleles oecur in Jersey and Holstein eattle, the A, B, and 
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C alleles occur in Guernsey and Brown SWiss cattle, and only 

the A allele occurs in Ayrshire cattle. 

One year after Aschaffenburgls discovery, Thompson, 

Kiddy, Pepper, and Zittle (290) observed two polymorphie 

forms of aSl-casein, namely the A and B variants. Kiddy, 

Johnston, ~nd Thompson (149) confirmed the existence of 

three forms of as -casein which they designated as A, B, and 
1 

C in the order of decreasing rnobility. Grosclaude, Pujolle, 

Garnier, and Ribadeau-Dumas (110) and Aschaffenburg, Sen, 

and Thompson (23) offered evidence for the existence of a 

fourth variant designated as D. 

Neelin (218), Woychik (319), and Schmidt (250) re-

ported simultaneously genetic variation in K-casein. Neelin 

and Schmidt observed only the A and B variants, but Woychik 

reported the existence of A, B, and C variants. It is now 

acknowledged that there are only two variants of K-casein, 

namely, A and B. 

El-Negoumy (78) and Groves (Ill) were the first workers 

to report genetic variation of Y-caseins. Their work has 

already been discussed in a previous section of this chapter. 

Aschaffenburg (16) and Aschaffenburg and Thymann (24) 

developed procedures for phenotyping by direct electrophore-

sis of the whole milk. The first method (16) involved the 
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use of polyacrylamide gels and required one run to type the 

~-lactoglobulins, and another run, using urea, to type the 

a s - and ~-caseins. The second method (24), whiCh employs 

starch gels, permitted the simultaneous separation of a s -' 

~-, and K-caseins, and the ~-lactoglobulins. Neither of the 

methods is suitable for typing a-lactalbumins, as they are 

masked by the more prominent as -caseins. This is not a 
1 

serious drawback, however, since genetic variation of a-

lactalbumins is restricted to African Zebu cattle. 

Thompson (286) indicated that as - and ~-caseins can 
1 

be detected readily by zone electrophoresis methods and 

that polyacrylamide-gel electrophoresis is superior to 

starch-gel electrophoresis in resolving the ~-casein vari-

ants. 

Excellent review articles on methods for typing milk 

protein variants have been written by Aschaffenburg (17)(19), 

Thompson (287), and Groves (Ill). 

1.2. WHEY PROTEINS 

Vandegaer and Miettinen (297) studied the effect of 

heat on whey proteins. Whey proteins were iso1ated from 

untreated milk, milk that had been pasteurized (172oC~ 15 

sec), and mi1k that had been steri1ized (1190c~ 25 min). 
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Paper electrophoresis resolved the whey proteins from the 

unheated and the pasteurized milk into five components and 

from the sterilized milk into one diffuse zone. Brown, 

Aurand, and Roberts (49) and Melachouris and Tuckey (200) 

studied the sensitivity to heat of ~-lactoglobulin. 

Larson and Jenness (158) identified a-lactalbumin in 

the moving-boundary electrophoretic patterns of whey proteins. 

This protein was identified by addition of pure a-lactalbumin 

to the whey protein mixture and observation of the peak area 

that was enhanced by this addition. 

Schulte and Müller (252) prepared whey proteins from 

cow's milk and subjected the protein to paper electrophore­

sis (sodium veronal-oxalic acid buffer; pH 7.9). Ninhydrin 

was used to detect the bands. The ~-lactoglobulin zone was 

located between the a- and ~-casein and was masked consider­

ably by them. TWo slow-moving components were identified as 

immunoglobulins. A component not previously identified which 

moved slower than ~-lactoglobulin but faster than the immuno­

globulins was identified as a
3
-lactoglobulin. 

Aschaffenburg and Drewry (20) subjected whey proteins 

to paper electrophoresis (barbitone buffer: pH 8.6) and noted 

that individual cows produce either a mixture of two ~­

lactoglobulins which are electrophoretically distinct, or 
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the individual ~-lactoglobulin components. They named these 

components ~l- and ~2-1actoglobulins and noted that the type 

of ~-lactoglobulins produced was characteristic for a given 

cow, which indicated that the synthesis of these ~-lactoglo­

bulins was genetically controlled. 

Aschaffenburg and Drewry (21) 'proposed that the nomen­

clature of the lactoglobulins he changed to reflect current 

genetical usage. The faster-moving component, ~l' was named 

~-lactoglobulin A: the slower, ~2' ~-lactoglobulin B: and the 

mixture, ~1,2' ~-lactoglobulin AB. The authors suggested 

that there was no simple or obvious relationship between 

blood groups and ~-lactoglobulin type and that the gene which 

controlled the formation of milk proteins was probably un­

related to that governing haemoglobin synthesis. They also 

suggested that the concentration of each of the ~-lactoglo­

bulins varied with the casein content of the milk which indi­

cated sorne type of quantitative relationship between ~­

lactoglobulin and casein synthesis. Further work on this 

problem has been done by Kiddy, Townend, Thatcher, and Tim­

asheff (150). 

Blumberg and Tombs (44) suggested possible genetic 

polymorphism of the a-lactalbumins in the milks of Nigerian 

cattle (White Fulani and Lyre-horned Zebu). They assigned 



84 

the, names ~- and 0B-lactalbumins to the fastest- and 

slowest-rnoving lactalbumins in paper electrophoresis. The 

authors noted that the faster-moving ~-lactalbumin was not 

found in British or Icelandic breeds of cattle. 

Weigt (3l2) subjected the whey produced by acid pre­

cipitation of casein, to paper electrophoresis(veronal 

buffer~ pH 8.6) and identified the following whey proteins: 

albumin, ~-lactoglobulin, a-lactalbumin, pseudoglobulin, and 

euglobulin. 

Bell (34) separated the whey proteins of untreated 

skim milk by starch-gel electrophoresis. The colloidal 

casein of milk did not enter the gel within the time that 

the inserts remained in the gel. He obtained satisfactory 

separation of serum albumin, a-lactalbumin, and ~-lactoglo­

bulin A and B. This author also discovered a new ~­

lactoglobulin variant, C, which was later shown by Larson 

and Hagernan (157) to he immunologically similar to ~­

lactoglobulins A and B. 

Morr and Kenkare (213) provided additional evidence 

for the heterogeneity of ~-lactoglobulin by the use of poly­

acrylamide-gel disc electrophoresis and Sephadex gel filtra­

tion. Four major bands were obtained by disc electrophoresis 

and three major bands were obtained by gel filtration of 
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crystalline ~-lactoglobulin. 

Review articles on the genetic variants of whey pro­

teins have been published by Bell and McKenzie (35), Ki~dy 

(148), Thompson (286), and Aschaffenburg (17) (19) and the 

techniques of electrophoresis of whey proteins have been 

reviewed by El-Negoumy (77), Peterson (228), Melachouris 

(198), McKenzie and Sawyer (192), and Akroyd (1). 

1. 3. NOMENCIATURE OF MILl< PROTEINS 

Nomenclature of milk proteins has been the subject 

of four reports of the Committee on Milk protein Nomencla­

ture, Classification, and Methodology of the Manufacturing 

Section of the American Dairy Science Association (50)(136) 

(245)(29l). 

The first Committee on Nomenclature which published 

its report in 1956 (136), recognized that the classical 

nomenclature of the milk proteins in terms of casein, lac­

talbumin, and lactog1obulin, was no longer adequate. The 

report clarified milk protein nomenclature by presenting a 

sununary of "preferred u usage and it showed the re1ationship 

between individual proteins that had been isolated and 

c1assical fractions. Table 7 is an excerpt from this first 

report. 
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Table 7 

Relationship of npreferred ll nomenclature to "classical n 

nomenclature of caseins and whey proteins 

Preferred nomenclature 

a-casein 

J3-casein 

y -Casein 

J3-Lactoglobulin 

a-La cta lbumin 

Blood serum albumin 

Immune globulins 

Euglobulins 
Pseudoglobulin 

Classical fraction 
from which isolated 

casein 

casein 

casein 

Lactalbumin 

Lactalbumin 

La ctalbumin 

Lactoglobulin 
Lactoglobulin 

The second report (First Revision) of the Cornrnittee 

on Nomenclature was published in 1960 and dealt rnainly with 

terrninology that had been introduced by various investiga-

tors to designate the components of the a-casein fraction 

and the J3-lactoglobulin fraction. The report reconunended 

that the a-casein component of the casein system of milk be 

referred to as the a-casein fraction because of its hetero-

geneity. The authors of this report did not adopt a system 

of nomenclature of the components of the a-casein complex 
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because of the complexity of this fraction and because of 

the conflicting evidence as to the possible sub-fractions 

that were present in the a-casein complexe The authors 

deemed it desirable to postpone recommendations for the 

nomenclature of the a-casein complex until the nature of 

the complex was more completely understood. Table 8 is a 

list of sub-fractions of the a-casein fraction based on the 

data of Brunner, Ernstrom, Hollis, Larson, Whitney, and 

Zittle (50). 

Table 8 

Components of a-casein 

Name of components 

ca-sensitive component 

a -casein 
s . 

a l -case1n 
aR-Casein 

ca-insensitive components 

K-casein 
a 2- or az-casein 
a3-casein 
);. -casein 
m-casein 

*Similar characteristics suggest 
**similar characteristics suggest 

***Similar characteristics suggest 

Reference 

(311)* 
(194)* 
(172)* 

(87)(311)** 
(194)** 
(127)** 
(172)*** 
P 06l P 08 2 * * * 

that proteins are 
that proteins are 
that proteins are 

similar 
similar 
similar 
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The committee recommended that "para-K-casein" should be 

used to designate the primary product of rennin action on 

K-casein and "os-para-K-casein should be used to designate 

the clots which are formed by the action of rennin on the 

as-casein fraction. The major change in the nomenclature 

of whey protein recommended in the Second Report involved the 

nomenclature of the ~-lactoglobulins. It was recognized that 

~-lactoglobulin existed in two forms which were genetically 

controlled and discernible by paper electrophoresis at pH 

8.6. The committee accepted the nomenclature of Aschaffen-

burg and Drewry (21) for ~-lactoglobulin A (the faster-

moving component) and ~-lactoglobulin B (the slower-moving 

component ) . 

The third report (Second Revision) of the Committee on 

Nomenclature was published in 1965 (291), and dealt primar-

ily with genetic polymorphism in the proteins of bovine milk. 

It recommended that the ~-lactoglobulins be referred to as 

~-lactoglobulins A, B, and C because of the discovery of the 

C variant by Bell (34). The three genetic forms of ~-casein, 

which were reported to exist either singly or in pairs (14) 

(288), were designated ~-caseins A, B, and c. The committee 

recommended that the genetic variants (A, B, and C) (149) 

(289)(290) of the principal as-casein fraction (as -casein) 
1 
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be referred to as as -A, a -B, and a -Co The term a -
1 sI sI sI 

casein was to refer to those components of the a-casein 

comp1ex that were precipitated by calcium and were stabi1-

ized by K-casein. TWo genetic variants of a-1acta1bumin, 

A and B, were reported in the mi1ks of Zebu catt1e (15)(38) 

(44), but on1y the B form was found in the mi1k of Western 

breeds. The report 1ists definitions of aIl the major 

fractions of caseine 

The fourth report (Third Revision) of the COmmittee 

on Nomenclature was pub1ished in 1970 (245) and is the 1ast 

to be pub1ished to date. It incorpora tes the D variant 

a10ng with the previous1y reported three variants of ~-

1actog1obu1in. Grosc1aude, Pujo11e, Garnier, and Ribadeau-

Dumas (110) reported an as -D variant in casein iso1ated 
1 

from the mi1k of French Flamande cat.t1e. The report incor-

porated the recent findings of Groves (111)(112)(113) and 

his co-workers concerning the variants of the y- and ~-

caseins. The authors stated in their report that IIthe 

nomenclature of aIl mi1k proteins remains f1uid and there 

seems 1itt1e 1ike1ihood that the situation will stabi1ize, 

i.e., that discovery of additiona1 components and variants 

will cease. n 
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MILKS OF DIFFERENT SPECIES 
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Several workers have subjected casein and whey pro-

teins from the milks of different species to electrophoretic 

analysis. Very little work on a comparative basis by indi-

vidual workers, however, has been published. The little 

work that has been done did not employ the more sophisti-

cated techniquES which are available today. 

Deutsch (68) subjected the whey proteins isolated 

from milks of the following mammals to l~ving-boundary 

electrophoresis (barbiturate-citrate buffer; pH 8.6): cow, 

goat, pig (Chester white), pig (Poland-China), human, sheep, 

and horse. The author showed that the whey proteins of the 

different animaIs gave markedly different electrophoretic 

patterns and, as is found with plasma proteins, each pattern 

was characteristic of a given species. 

Foster, Friedell, catron, and Dieckmann (86) studied, 

by moving-boundary electrophoresis, changes that took place 

in the whey proteins of sow's milk du ring the early stages 

of lactation. They observed a marked decrease in the rela-

tive concentration of the slowest-moving component during 

the first 24 hours of lactation. 

Dovey and campbell (71) subjected the caseins of cow, 
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goat, and rabbit to moving-boundary electrophoresis (veronal 

buffer: pH 8.6). Cow casein contained a-, ~-, and y­

oOmponents but goat casein exhibited a complete absence of 

the Y-component and a different distribution of the a- and 

~-components from that of cow caseine The a-component of 

goat casein exhibited sorne heterogeneity. Rabbit casein 

contained much less ~-casein than did the cow or the goat 

case in. 

Schulte and Müller (253) subjected the whey proteins 

of goat milk and ewels milk to paper electrophoresis. They 

observed that the mobility of the ~-lactoglobulins of ewels 

and goatls milk was lower than that of the corresponding ~­

caseins. The mobility of the ~-lactoglobulins of cowls milk 

was between that of the corresponding a- and ~-caseins. 

Lunsford and Deutsch (175) analyzed the proteins of 

human milk whey by moving-boundary electrophoresis. They 

concluded that serum albumin is present in human milk whey 

to the extent of 2.5%. 

Hofman (130) subjected acid casein and a-casein iso­

lated from goatls milk to paper electrophoresis (veronal 

buffer: pH 7.6: no urea). The acid casein and the a-casein 

gave two bands in the a-casein region and were identified as 

al- and a2-casein, according to the nomenclature of McMeekin, 
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previously dried with alcohol and ether did not give two 

bands, but only a single a-casein band. 
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Sowls, Smith, Jenness, Sloan, and Regehr (264) ana­

lyzed the casein and the whey of the collared peccary 

(Pecari tajacu) and domestic sow (Sus scrofa) by paper and 

by rnoving-boundary electrophoresis (veronal buffer: pH 8.6: 

no urea). The caseins of the peccary were similar electro­

phoretically to those of the sow. They both exhibited two 

major components in paper electrophoresis, the component 

of lower mobility being present in much higher concentra­

tion. The faster compone nt was split into two sub-fractions 

by moving-boundary electrophoresis. The whey proteins of 

the peccary contained similar electrophoretic components 

to those of the domestic sow, but in different proportions. 

The colostrum of the collared peccary had a large proportion 

of slow-moving components. 

Sloan, Jenness, Kenyon, and Regehr (255) analyzed by 

paper electrophoresis, the caseins and the whey proteins 

isolated from the milks of 40 species representing eight 

orders. They reached the following conclusions: (a) each 

species gives a distinct electrophoretic pattern and re­

lated species give similar patterns: (h) the caseins from 
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the different species may be one of three types, i.e. casein 

giving a single fast-rnoving component, casein giving a prom­

inent slow-rnoving component and a faster component, and casein 

giving two sharply differentiated components: (c) the wheys 

from the different species contain components with mobility 

which are similar to those of blood serum albumin and the 

gamma globulins: and (d) wheys from the milks of primitive 

orders contain fewer unique protein components than do milks 

of more advanced orders. 

Pilson and Kelly (230) prepared casein from the milk 

of the california sea lion (Zalophus californianus) and 

analyzed it by paper electrophoresis (veronal buffer: pH 

8.6; no urea). They noted that the mobility of the a-casein 

band was exactly the same as that of bovine a-casein and 

that the mobility of the ~-casein band was greater than that 

of bovine ~-casein. 

Aschaffenburg, Gregory, Kon, ROwland, and Thompson 

(22) examined the proteins of reindeer (Rangifer tarandus) 

milk by paper electrophoresis. These workers showed that 

the casein contained two major components, one with a greater 

mobility than that of bovine ~-casein, and the other with a 

mobility less than that of bovine a-caseine The whey pro­

teins were complex and comprised at least six components, 
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the most prominent of which had a mobility which was simi­

lar to that of bovine ~-lactoglobulin B. 

Rozhanskii, Sergeeva, and Kudryashov (247) subjected 

the whey proteins of mare milk and colostrum to paper elec­

trophoresis. They obtained the following fractions: blood 

serum albumin, ~-lactoglobulin, a-lactalbumin, and the 

immune globulins. 

prodanski and Petrov (232) isolated and analyzed 

(paper electrophoresis) the casein and whey proteins of the 

milks of the following species: cow, ewe, buffalo, and goat. 

They ascertained the levels of a-, ~-, and Y-caseins and the 

levels of the major whey proteins in these milks. 

Hilpert and Enkelmann (123) carried out paper elec­

trophoretic studies on the whey proteins isolated from the 

milks of the following animaIs: cow, goat, rabbit, and 

guinea pige The authors found that the electropherograms 

obtained with the different whey samples differed from one 

species to another. The rnost remarkable observation was 

the relatively large amount of ~-lactoglobulin in each of 

the different milks and the authors showed that the arnount 

of this protein differed widely in aIl species. 

Baker, Bertok, and Symes (27) isolated casein and 

whey proteins from guinea pig milk and analyzed these pro­

tein preparations by paper electrophoresis. The casein had 
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two electrophoretic components, neither of which had the 

same mobility as the a-, ~-, or Y-component of bovine casein. 

The lIa-casein li of guinea pig milk had a mobility which was 

slightIy greater than that of bovine a-casein and the "~­

casein" of guinea pig milk had a mobility which was greater 

than that of bovine ~-casein. The whey prote in fraction 

contained a major component which had a mobility similar 

te that of bovine ~-lactegIobulin. 

Ganguli and Bhalerao (89) anaIyzed the caseins of 

buffalo and cow milk by paper-disc electrophoresis. The 

mobilities of the a-, ~-, and Y -caseins of buffalo milk 

were Iower than the corresponding fractions of bovine milk. 

Rao (234) examined the non-micellular proteins of 

cow and buffalo milks by paper electrophoresis (veronal 

buffer: pH 8.6). The ~-lactoglobulin component of buffalo 

and cow milks had the same mobility. The a-lactalbumin 

component of buffalo milk had a higher mobility than that 

of cow milk. 

Ashworth, Ramaiah, and Keyes (25) analyzed by paper 

electrophoresis (5 M urea), the casein isolated from the 

milk of the Northern fur seal (caIIorhinus ursinus). They 

observed a major band which had the same mobility as that 

of bovine ~-casein. 
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Baker, Blood, and Chem (28) isolated the caseins and 

whey proteins from the milks of individual Rocky Mountain 

bighorn sheep (OVis canadensis canadensis) and from Suffolk 

sheep. The caseins were analyzed by starch-gel electrophor­

esis (tris-citrate buffer; pH 8.6; urea added) and by poly­

acrylarnide-gel electrophoresis (tris-borate buffer; pH 9.1-

9.3; urea added). The whey proteins were analyzed by poly­

acrylamide electrophoresis (tris buffer; pH 9.1-9.4). 

Electrophoresis in starch gels showed that the caseins from 

the milks of bighorn sheep each contained two major compo­

nents with mobilities similar to those of bovine a s - and 

~-caseins. These caseins also contained components which 

appeared in the same region as the K-casein component of 

bovine milk. Electrophoresis in polyacrylarnide gels re­

vealed that the caseins from the milks of bighorn sheep 

contained a- and ~-components which had slightly lower 

mobilities than did the corresponding components of bovine 

caseine Polyacrylamide-gel electrophoresis of the whey 

proteins revealed that the sheep wheys each contained a 

component which had the same mobility as that of bovine ~­

lactoglobulin. The sheep whey did not give a band in the 

bovine a-lactalbumin region. 

Brew and campbell (47) analyzed the whey proteins of 
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guinea pig milk by electrophoresis on paper, cellulose ace­

tate, starch gel, and polyacrylamide gel and compared the 

electropherograms with those obtained f9r other milks. The 

authors made the following observations: the major protein 

component in the wheys from the ruminants buffalo, sheep, 

and goat corresponds to bovine ~-lactoglobulin. The major 

component of guinea pig whey corresponds to bovine a-la ct­

albumin. There was no evidence for genetic variation of 

a-lactalbumin in guinea pig milk. 

Baker, Hatcher, and Harington (29) prepared casein 

and the whey proteins from the milks of the polar bear 

(Thalarctos maritimus), human, and cow. Initial centrifu­

gation of the polar bear milk resulted in a precipitate 

which deposited at the bottom of the centrifuge tube. The 

caseins were subjected to (1) polyacrylamide-gel electro­

phoresis (no urea added), (2) polyacrylamide electrophore­

sis (urea added), and (3) starch-gel electrophoresis (2-

mercaptoethanol and urea added). The wheys were subjected 

to polyacrylamide-gel electrophoresis (no urea added). The 

polar bear casein, the polar bear precipitate, and bovine 

casein gave similar electropherograms. The a-caseins of 

the polar bear milk and precipitate had mobilities which 

were similar to that of bovine a-casein, but the ~-caseins 



of these two fractions had mobilities which were slightly 

less than that of bovine ~-casein. The electropherograms 

which were obtained with the whey proteins of polar bear 

and cow were dissimilar. 
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Ambrosino, Liberatori, LaVecchia, Sarra, and Uber­

talle (7) concluded that the serum albumins, ~-lactoglobulins, 

a-lactalbumins, and immunoglobulins (separated by electro­

phoresis) of cow milk whey are structurally analôgous to the 

corresponding fractions in sheep, buffalo, and goat milk 

wheys, since these fractions give cross-reactions with the 

immune sera for the various milk wheys. 

Lemon and Poole (166) analyzed the whey proteins of 

grey kangaroo (Macropus giganteus) milk by starch-gel elec­

trophoresis. .Three components were noted, namely, the 

albumins, and two fractions which the authors refer to as 

l'pre-alburnins n , pl and p2. These two fractions are, in 

fact, apost-alburnins n , and probably refer to the a-lact­

alburnins and ~-lactoglobulins. 

Jenness, Erickson, and Craighead (134) prepared the 

caseins and whey proteins from 25 individual bears (black 

bears (Ursus americanus), brown bears (Ursus arctos), and 

polar bears (Thalarctos mari timus) ). The caseins and wheys 

were analyzed by electrophoretic analysis on polyacrylamide 
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gels (caseins: tris-buffer~ pH 9.2~ gels contained 4.5 M 

urea and sample solutions contained mercaptoethanol. Wheys: 

veronal buffer~ pH 8.6). The authors were unable to resolve 

bear caseins into well-defined bands as was possible with 

bovine casein and, hence, were unable to observe any precise 

differences in the casein components of the different milks 

or to determine whether or not polymorphism existed within 

a given species. Although the wheys contained a compon~nt 

whiCh corresponded to blood serum albumin, they did not con­

tain many of the slower-moving serum proteins. The eIe::tro­

phoretic patterns obtained with the whey samples indicated 

outstanding differences in the whey protein constitution, 

despite the fact that the blood proteins of the different 

animaIs were remarkably similar. 

Kraeling and Gerrits (153) anaIyzed the whey proteins 

of sow's milk by polyacrylamide-gel electrophoresis (veronal 

buffer: pH 8.6). They noted two components in the fastest­

moving region and designated them as A and B. Individual 

sows produced one or both of these components. 

2. Methods 

2.1. ELECTROPBORESIS OF CASEIN 

The method employed for polyacrylamiàe-gel disc 
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electrophoresis of casein was essentially that of Ornstein 

(224) and Davis (67) as modified for casein by Groves and 

Kiddy (113). 

(a) Reagents 

The stock solutions that were required for the elec-

trophoretic analysis of casein are summarized in Table 9. 

The solutions were prepared using glass-distilled water and, 

when not in use, were stored in stoppered brown glass bot-

tles in the coldroom. The working solutions, which were 

prepared fresh on the day that they were needed, were made 

from the stock solutions listed in Table 9. The proportions 

of the stock solutions required to make the working solutions 

are tabulated in Table 10. Other solutions which were re-

quired are as follows: 

(1) Fixative-stain solution 

Amido Schwartz or Buffalo Black (1. 0 g) was dissolved 

in acetic acid (7% v/v) and the resultant solution was ad-

justed to a final volume of 100 ml with the same acid. 

(2) Destaining solution (also used for storage of 
the gels) 

Glacial acetic acid (70 ml) was diluted to a final 

volume of 1000 ml with distilled water. 

(3) Bromphenol blue solution (0.001% w/v) 
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Table 9 

stock solutions required for polyacrylamide-gel disc electro­
phoresis of casein 

(A) (B) 

1 N HCl 24 ml 1 N HCl 48 ml 

TRISa 18.3 g TRISa 5.98 g 

TEMEDb 0.115 ml TEMEDb 0.46 ml 

Urea 24.0 g Urea 24.0 g 

Water to 100 ml Water to 100 ml 
(pH 8.9) (pH 6.7) 

(C) (0) 

Acrylamidec 28.0 g Acrylamidec 10.0 g 

BISd 0.735 g BISd 2.5 g 

Urea 24.0 g Ure a 24.0 g 

Water to 100 ml Water to 100 ml 

(E) (F) 

Riboflavin 4.0 mg Urea 24.0 g 

Urea 24.0 g Water to 100 ml 

Water to 100 ml 

aTRIS: 2-amino-2-(hydroxymethyl)-1,3-propanediol: or tris 
(hydroxymethyl) aminomethane. 

~: N,N,N',N'-tetramethylehtylenediamine (Eastman 8178). 

CAcrylamide: Eastman 5521. 

daIS: N,N'-methylenebisacrylamide (Eastman 8383). 
AlI of the above reagents are available from Distillation 
products Industries, Division of Eastman KOdak Co., Rochester,N.Y. 
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Table 10 

Working solutions required for polyacrylamide-gel disc 

electrophoresis of casein 

Small-pore Small-pore 

solution solution 

No. 1 * No. 2* 

1 parts A Ammonium persulphate 
0.14 9 

1 parts C 
Urea 24.0 9 

Water to 100 ml 

(pH 8.8-9.0) 

Large-pore 
solution 

1 part B 

2 parts D 

1 part E 

4 parts F 

(pH 6.6-6.8) 

Stock buffer 
solution for 
reservoirs 

TRIS 

Glycine 

Water to 2 
liters 

(pH 8.3) 

*small-pore gel solution is made immediately prior to pour­

ing gels, by mixing equal parts of small-pore solution No. 

1 and small-pore solution No. 2. 

Bromphenol blue (0.010 g) was dissolved in distilled 

water and the volume of the resultant solution was adjusted 

to a final volume of 1000 ml with distilled water. 

(b) Procedure 

The stock solutions were removed from the cold room 

and were allowed to warm to room temperature. Meanwhile, 

eight glass tubes (length=83 mm: o.d.=7 mm: i.d.=5 mm) which 

had been previously cleaned with chromic acid and rinsed 

with distilled water were placed vertically in a rack. The 
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bottoms of the tubes were inserted into holes formed by re­

moving 8 circular discs (diameter=7 mm) of rubber from a 

fIat piece of surgical rubber (thickness=~ in). The holes 

extended through ~ the thickness of the rubber. The rubber 

thus formed the base of the tube rack and the bot tom open­

ing of each tube was thus sealed. 

The working solutions were then prepared as shown in 

Table 10. 

The glass tubes were filled with small-pore solution 

(made by mixing equal volumes of small-pore solution No. 1 

and small-pore solution No. 2) to a level 13 mm from the 

top of each tube. This was done by means of a small dispos­

able pipette fitted with a rubber bulb. A water layer (3 mm) 

was carefully placed on top of the small-pore gel solution 

and care was taken not to cause mixing at the interface. 

This step ensured a fIat meniscus on top of the small-po~e 

gel. Polymerization was allowed to take place for 45 min, 

during which time the gels were protected from strong light. 

The water layer was drawn off by means of small filter 

paper wicks and the tubes were then filled with large-pore 

gel solution to a level 5 mm from the top of each tube (the 

volume of large-pore solution was about 0.15 ml). A water 

layer (3 tmn) was carefully placed on top of the large-pore 

gel solution as described above. The rack containing the 
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gel tubes was then placed between two fluorescent lights 

and the spacer gel was allowed to photo-polymerize for 20 

min. 

The tube raCk was removed from the intense light, 

the water layer was drawn off in the same manner as de­

scribed above, and the remainder of the tube was filled with 

large-pore solution (about 0.1 ml) containing about 200 ~g 

case in. The tube raCk was again placed between the fluor­

escent lights and the sample gel was allowed to photo­

polymerize for 20 min. 

The tubes were removed from the tube rack and in­

serted into the rubber grommets of the upper reservoir of 

the electrophoresis apparatus shown in Figure 8. Buffer 

was added to the upper and lower reservoir so that the 

level of the liquid just covered each electrode. Bromphe­

nol blue (0.001%: 1 ml) was added to the buffer in the 

upper reservoir. The upper reservoir was then placed and 

supported over the lower reservoir such that the tubes ex­

tended to a depth of approximately ~ inch below the surface 

of the buffer in the lower reservoir. The power supply 

was connected (anode, lower reservoir; cathode, upper reser­

voir) so as to provide a constant current of 2 mA per tube 

(16 ~, total). The electrophoresis was conducted in the 



Figure 8. Dise electrophoresis apparatus. 
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1 Upper reservoir 

2 Lower reservoir 

3 Desiceator support 

4 Seat for [1] 

5 Gel tube 

6 Rubber grommet 

7 Electrode 
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oold room and the run took about 1 h 45 min. The run was 

over when the marker dye (Bromphenol Bluel reached the bottom 

of the tubes. 

The gels were removed from the tubes with the aid of 

oold, running tap water and a long needle, which.was passed 

between the gel and the inner wall of each tube. The gels 

were placed in individual labelled petri dishes and were 

stained for 1 h with the fixative-stain solution (Ami do 

Schwartz; 1% w/v in 7% v/v acetic acid). At the end of the 

staining procedure, excess stain solution was removed by 

rinsing each gel with destaining solution (7% v/v acetic 

acid) and final destaining was acoomplished electrolytically. 

The gels were placed on a rack, which in turn was placed in 

a TLC tank which had two thin rectangular pie ces of carbon 

which served as electrodes at each side of the tank. The 

tank was filled with destaining solution and a high poten­

tial (300 V) was maintained across the electrodes. The 

solution in the tank was replaced as often as necessary 

(about 5 or 6 times). The gels were then removed from the 

rack and were photographed immediately. 

2.2. ELECTROPHORESIS OF WBEY PROTEINS 

The method employed for polyacrylamide-gel disc 



electrophoresis of whey proteins was essentially that of 

Ornstein (224) and Davis (67)'. 

(a) Reagents 
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The gels did not contain urea as did those for casein 

since high concentrations of urea cause denaturation of the 

~-lactoglobulins (1). The stock solutions that were re­

quired for the electrophoretic analysis of wheys are summar­

ized in Table Il. The working solutions, which were pre­

pared fresh on the day that they were needed, were made 

from the stock solutions shown in Table Il. The proportions 

of the stock solutions required to make the working solu­

tions are tabulated in Table 12. The other solutions which 

were required are the same as those described in Section 

2.1. (a). 

(b) Procedure 

The procedure followed for electrophoresis of whey 

proteins is exactly the same as that described in Section 

2.1. (b). Since the wheys contained considerable and varying 

amounts of total hexose (Table 13), a weight of whey was 

taken which contained 200 Jlg of protein material. 
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Table Il 

stock solutions required for polyaerylamide-gel dise electro­

phoresis of whey proteins 

(A) (B) 

1 N Hel 48 ml 1 N Hel 48 ml 

TRIS* 36.6 9 TRIS * 5.98 9 

TEMED* 0.23 ml TEMEO* 0.46 ml 

Water to 100 ml Water to 100 ml 

(e) (O) 

A crylamide * 28.0 9 Aerylamide* 10.0 9 

BIS* 0.735 9 BIS* 2.5 9 

Water to 100 ml Water to 100 ml 

(E) (F) 

Riboflavin 4.0 mg Sucrose 40.0 9 

Water to 100 ml Water to 100 ml 

*See footnotes at bottom of Table 9. 
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Table 12 

Working solutions required for polyacrylamide-gel disc electro­
phoresis of whey proteins 

Small-pore 
solution 

No. 1* 

1 part A 

2 parts C 

Small-pore 
solution 

No.2* 

Ammonium persulphate 
0.14 9 

1 part water Water to 100 ml 

(pH 8.8-9.0) 

Large-pore StoCk buffer 
solution solution for 

reservoirs 

1 part B TRIS 6. 0 9 

2 parts D 

1 part E 

4 parts F 

(pH 6.6-6.8) 

Glycine 28.8 9 

Water to l 
liter· 

(pH 8.3) 

*Small-pore gel solution is made irnmediately prior to pour­
ing gels by mixing equal parts of small-pore solution No. 
1 and small-pore solution No. 2. 
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Table 13 

carbohydrate content of whey solids from milks of different 
species* 

COw, Sample No.2 

Horse 

Pig 

Arctic wolf 

caribou, Sample No.1 
2 

Dall sheep 

Fin whale, Sample No.5 

Barp seal 

Moose, Samp1e No.1 
2 
3 

Musk-ox 

Polar bear, Samp1e No.1 
2 
3 

Reindeer, Sample No.1 
2 
3 

Nitrogen 
(%) 

1.29 

2.93 

4.90 

6.47 

6.46 
6.56 

4.01 

13.0 

Il. 9 

5.95 
13.9 
12.8 

7.00 

9.18 
9.66 
8.37 

4.54 
4.35 
7.73 

carbohydrate** 
(%) 

75.9 

42.7 

30.8 

42.6 

61.5 
59.4 

64.0 

15.9 

12.2 

8.26 
4.10 
4.51 

13.9 

3.69 
6.00 
6.64 

25.0 
45.2 
15.9 

*Values represent averages of duplicate determinations. 

**Determined by Method l • 
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3. Results and Discussion 

3. 1. ELECTROPHORESIS OF CASEIN 

The electropherograms for the caseins of cow No. 1 

and reindeer Nos. 1-3 are shawn in Figure 9i of COW No. 1 

and moose Nos. 1-3 in Figure lOi of COW No. 1 and caribou 

Nos. 1-3 in Figure IIi of COW No. 1 and horse, pig, and 

musk-ox in Figure l2i of cow Nos. 1 & 2 and fin whale No. 1 

in Figure 13. 

It should be recalled (Figure 3) that Sample No. 5 

of fin whale milk yielded a precipitate (Fraction Bi 14.9% 

N) upon initial centrifugation of the milk. Extraction of 

the skimmilk with diethyl ether caused an emulsion to form 

in the ethereal layer. This protein fraction (Fraction Ci 

10.8% N, 1.30% P) was recovered from the emulsion by eva­

poration of the ether layer by means of a rotary evaporator. 

When the acid-precipitated casein was suspended in water and 

the reaction adjusted to pH 6.5, sorne of the casein did not 

go into solution. The protein which was insoluble at pH 6.5 

(Fraction Di 9.3% N, 0.42% P) was recovered by filtration. 

cow No. 1 casein, fin whale No. 5 casein (Fraction A), the 

emulsion protein fraction (Fraction cl, the protein insol­

uble at pH 6.5 (Fraction D), and the initial precipitate 
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(Fraction B) are shown in Figure 14. 

Figure 15 shows the electropherograms of the caseins 

of cow Nos. 1 & 2, polar bear Nos. 1-3, and the precipitates 

obtained by initial centrifugation of polar bear milks Nos. 

2 & j and a precipitate (Pattern No. 31) obtained by previous 

workers (Baker, HatCher, and Harington (29» from polar bear 

mi1k. 

Figure 16 shows the electropherograms of the caseins 

of the milks of cow No. l, dal1 sheep, and harp sea1, and 

the precipitate obtained by initial centrifugation of da11 

sheep milk. 

Examination of Figures 9 and Il reveals that the 

patterns obtained for the caseins of reindeer (Ranqifer 

tarandus) milk are remarkably simi1ar to those obtained for 

the caseins of caribou (Ranqifer tarandus qroenlandicus) 

mi1k. Both these caseins gave patterns in which the ~­

casein bands migrated a distance slight1y greater than that 

of the ~-casein band of bovine caseine The a S1-casein bands 

of both reindeer and caribou casein migrated a shorter dis­

tance than the aSl-component of bovine caseine These obser­

vations are in agreement with the observations of AsChaffen­

burg, Gregory, Kan, Rowland, and Thompson (22). These 

workers noted that reindeer casein oontained two e1ectrophor­

etic (paper electrophoresis) components, one with a greater 
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mobility than that of bovine ~-casein, and the other with a 

mobility less than that of bovine a-casein milk. The simi-

larity between the electrophoretic patterns obtained for 

reindeer and caribou caseins is a further indication that 

related species produce caseins whiCh give similar electro-

phoretic patterns (see Sloan, Jenness, Kenyon, and Regehr 

(255» • 

previous workers have observed three genetic types 

of bovine ~-casein (A, B, and C) using urea-gel electro-

phoresis at high pH (Aschaffenburg (13)(14), Peterson (228), 

and Thompson, Kiddy, Johnston, and Weinberg (288». Close 

examination of Pattern Nos. 2, 3, and 4 (Figure 9) suggests 

that there is evidence of genetic polymorphism in the ~-

and as -caseins of reindeer milk. With respect to ~-caseins, 
1 

reindeer No. 1 cou Id be typed ~-casein B (~-Cn B) while 

reindeer Nos. 2 & 3 cou Id represent ~-Cn AC. It is likely 

that if additional samples had been available for analysis, 

caseins typed either ~-Cn A and ~-Cn C would be found. The 

separations shawn in Pattern Nos. 3 & 4 were not sufficiently 

clear to offer conclusive evidence for the existence of ~-Cn 

A and C variants. The author is also aware of the fact that 

the ~-CnA components can be further resolved by electro-

phoresis (pH 2.8) and that the three forms I3-Cn Al, ~-Cn 

A2 , and ~-Cn A3 can be separated (Peterson and Kopfler 
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(229), Aschaffenburg (18), Aschaffenburg, Sen, and Thomp-

son (23), and Thompson (287). Further research might he 

directed in this area when a larger number of samples he-

cornes availab1e. Reindeer No. 1 might have the B variant 

of asl-casein and reindeer Nos. 2 & 3 might have the AB 

variant. 

Reference to Pattern Nos. 10, Il, & 12 (Figure Il) 

suggests genetic polymorphism in the caseins of caribou 

milk. With respect to ~-casein, caribou No. 1 cou1d have 

the ~-Cn B variant: caribou No. 2, the ~-Cn AC variant: 

and caribou No. 3, the ~-Cn BC variant. Although polymor-

phism seems to he evident in the a S1-caseins, the variants 

cannot he stated with certainty. 

Pattern Nos. 7 & 8 (Figure 10) indicate complex 

patterns for two of the moose casein samp1es. These two 

samples seem to contain very litt1e ~-casein. The a sl-

caseins of aIl samples of moose casein have approximately 

the sarne mobility as that of bovine a S1-casein. The mobi1-

ity of the ~-casein in moose milk, 1ike that of the ~-casein 

in the milks of the reindeer and caribou, was higher than 

that observed for bovine ~-casein. It is interesting to 

note that the two samp1es which had small amounts of ~-casein 

contained very prominent bands in the region corresponding 

to bovine aT.S. (temperature-sensitive)-casein. D 
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Temperature-sensitive casein occurs evidently in aIl 

milks (245). Groves and Kiddy (113) have described a method 

for the preparation of Y-casein by extraction of acid casein 

at pH 4 (20 C) followed by Chromatography on DEAE-cellulose 

columns (0.005 M phosphate buffer, pH 8.3). The protein 

fraction whiCh is eluted with the front is designated 

"temperature-sensitive lR sinee it is soluble at 20 c but pre-

cipitates at 250 C. (The Y-casein fraction is eluted at 

0.02 M phosphate concentration.) The variants A and Bof 

the T.S.-easeins have the same mobility at alkaline pH 

values and hence give a single band (Ill). 

Variation in the ~-casein of the moose samples seems 

to he evident. Pattern No. 6 cou Id represent ~-cn AB and 

Pattern Nos. 7 & 8, ~-cn B. 

Examination of Figure 12 reveals that horse, pig, 

and musk-ox caseins also eXhibit complex electrophoretic 

patterns. Musk-ox casein did not show any predominant band 

in the ~- or aSl-casein regions. Beth horse and pig caseins 

had intermediate bands in the region between the ~- and a -
sI 

caseins. The asl-casein of horse milk migrated a shorter 

distance than did that of bovine milk: the aSl-casein of 

pig milk migrated a greater distance than did that of bovine 

mill. The ~-casein component of pig casein is present in 
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muCh greater concentration than is the a -component. Prev­
sI 

ious workers (Sowls, Smith, Jenness, Sloan, and Regehr (264) 

made a similar observation with the casein from the milk of 

the collared peccary (Pecari tajacu) and the domestic sow 

(Sus scrofa). 

The fin whale casein (Sample No. l}(Figure l3) did 

not have any predominant band in the ~-casein region, but 

did exhibit a band whiCh corresponded to bovine aSl-casein. 

The PIN ration for this casein (see Chapter III) was 0.126 

(the highest value the present author has observed for 

casein) compared with 0.058 for bovine caseine It is not 

surprising, therefore, to observe a relativèly large pro-

portion of aS1-casein in this sample since a high content 

of phosphorus in casein generally reflects a re1atively 

high concentration of the component having the highest 

electrophoretic mobility. 

Figure 14 deals with the various fractions obtained 

in the preparation of the fifth samp1e of fin wha1e case in. 

COmparison of Pattern No. 24 (Figure 14) with Pattern No. 

19 (Figure 13) reveals that the two samp1es of fin wha1e 

casein are similar in that neither appears to contain a 

major ~-casein oomponent. In both samples, the as-casein 

oomp1ex seems to he the predominant band. However, the 
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precipitate (Pattern No. 21) obtained on initial centrifu­

gation of the milk contained a band which could be a slow­

moving ~-casein. The arrow in Pattern No. 23 (Fraction D) 

indicates a faint band in the as-casein region which did 

not show up ·in the photographie process. The electropher­

ogram (Pattern No. 22) of the fraction recovered from the 

ethereal emulsion (Fraction C) did not reveal a band in the 

region between ~-casein and aSl-casein which was observed 

with the electropherograms of the precipitate (Fraction B) 

and the casein (Fraction A). 

The polar bear caseins (Figure 15) and precipitates 

were similar to each other and differed from bovine casein 

in that they contained slower-moving a Sl- and ~-caseins: 

they also contained a band in the region between the a
Sl

-

casein and the ~-casein components. Baker, Hatcher, and 

Harington (29) also observed relatively slow-moving ~­

caseins in polar bear milk. 

The dall sheep precipitate (Pattern No. 35, Figure 

16), like the other precipitates, gave a band in the ~­

casein region which was more prominent than the correspond­

ing band in the casein (Pattern No. 34). The aSl-casein 

was slower-moving than was that of bovine caseine Dall 

sheep milk, like that of the fin whale, had relatively 
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little ~-casein and a large concentration of as -casein com-
1 

pared to bovine milk. 

The harp seal casein (Pattern No. 36) gave two major 

bands in the ~-casein region and one band in the region of 

the aSl-casein of bovine milk. One of the bands in the ~­

casein region of harp seal milk was muCh slower-moving than 

that of bovine milk. 

3. 2. ELECTROPHORESIS OF WHEY PROTEINS 

Electropherograms obtained with the whey proteins 

from the milk of cow No. 2, reindeer Nos. l, 2, & 3, moose 

Nos. 2 & 3, musk-ox, and harp seal are shown in Figure 17; 

of cow No. 2, horse, pig, polar bear Nos. l, 2, & 3, and 

caribou Nos. 1 & 2 in Figure 18; and of cow No. 2, Arctic 

wolf, dall sheep, moose Nos. 1 & 4*, and fin whale No. 5 in 

Figure 19. In addition, Figure 19 shows the electrophore-

tic pattern obtained from bovine serum albumine 

The three main regions of the electropherograms of 

bovine whey have been labelled A, B, and C. Region A com-

prises the immune globulins which is a fraction pre-formed 

in the blood and whiCh contains antibodies (1). This frac-

tion remains at the origin because of the high molecular 

*This whey was isolated from a sample of moose milk for 
which data pertaining to sample collection are unavailable. 
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weight of its protein constitutents (pseudo-globulin, MW= 

180,000; euglobulin, MW= 800,000). The usual sequence of 

bands, in the order of increasing mobility, is: immune glo­

bulins, serum albumin, a-lactalbumin, and ~-lactoglobulins B 

and A (1). The B region probably contains bovine serum albu­

min and a-lactalbumin. Close examination of the patterns for 

bovine whey did not reveal any separation of the bovine serum' 

albumin (BSA) and a-lactalbumin components. Hartman and 

SWanson (117) noted that disc electrophoresis by the method 

of Ornstein (224) and Davis (67) did not resolve BSA and a­

lactalbumin. Thus, it is likely that the most prominent 

band in the B region of bovine whey (Pattern Nos. 1, 9, & 17) 

represents a mixture of BSA and a-lactalbumin. It will be 

noted by examination of Pattern NO. 23 (Figure 19) that the 

mobility of the fastest-moving component of the commercial 

preparation of BSA corresponds to the mobility of the prom­

inent band in the bovine whey B region. Since a-lactalbumin 

is present in bovine whey in a larger concentration than is 

BSA (137), the author has concluded that the prominent B 

band is in aIl probability an unresolved mixture~ The two 

bands in the C region could be the A and B variants of /3-

lactoglobulin which are likely te be present in a pooled 

sample ~f milk. 



121 

The patterns which were obtained with the different 

wheys were extremely complex and hence are difficu1t to inter-

prete Other workers (22)(29) (68) (123) (255) have also ob-

tained complex patterns with whey proteins of different 

species. In general, the wheys from different animaIs of 

the same species gave similar patterns. Examination of Fig-

ures 17 and 18 shows that the samples of whey from the same 

species (reindeer (Pattern Nos. 2, 3, & 4), moose (Pattern 

Nos. 5 & 6), polar bear (Pattern Nos. 12 & l3), and 

caribou (Pattern Nos. 15 & 16» gave similar electrophoretic 

patterns. The wheys of reindeer, musk-ox, moose, harp seal, 

and fin whale contain a high concentration of a protein with 

a mobi1ity similar to that of bovine ~-lactoglobulin. The 

wheys of horse, pig, polar bear, Arctic wolf, and da1l sheep 

contain a high concentration of protein with a mobility sim-

ilar to that of the bovine albumins (bovine serum albumin + 

a-lactalbumin). Several whey samples contained high concen-

trations of proteins that could he immune globulins. 



Figure 9. Electrophoretic patterns of cow and reindeer 

caseins. 
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Figure 10. E1ectrophoretic patterns of cow and moose 
caseins. 



" .... , 

,-<11.'", 

-, 
T.S. casein --+--I!'­

'Y - casein _-r----
~-casein--+---

Cl.~casein--+---I 

5 

5 Cow 

6 

1 

6 Moose 

7 Moose 

8 Moose 

125 

7 8 

1 

2 

3 



Figure Il. E1ectrophoretic patterns of cow and 

caribou caseins. 
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Figure 12. E1ectrophoretic patterns of CQW, horse, 

pig, and musk-ox caseins 
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Figure 13. E1ectrophoretic patterns of cow and fin 
wha1e caseins. 
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Figure 14. E1ectrophoretic patterns of cow and fin 

wha1e caseins, and other fractions of fin 

wha1e mi1k. 
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*See Figure 3. 
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Figure 15. Electrophoretic patterns of cow and polar 
bear caseins, and the precipitates obtained 

from polar bear milk. 

*Precipitate "D n of Baker, Hatcher, and Harington (29) 
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Figure 16. Electrophoretic patterns of cow, dall 
sheep, and harp seal caseins, and the 
precipitate obtained from dall sheep 

milk. 
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Figure 17. Electrophoretic patterns of cow, reindeer, 
moose, musk-ox, and harp seal whey pro­

teins. 
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Figure 18. Electrophoretic patterns of cow, horse, 
pig, polar bear, and caribou whey proteins. 
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Figure 19. Electrophoretic patterns of cow, Arctic 

wolf, dall sheep, moose, and fin whale 

whey proteins, and bovine serum albumine 

*Whey obtained from a fourth sample of moose milk. 

Data pertaining to sample collection is unavailable. 
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CHAPTER V 

AMINO ACro COMPOSITION OF CASEIN 

1. Literature Review 

1. 1. AMINO ACID ANALYS IS BY FARLY 

AND CURRENT METHODS 

Until about 1950, amine acids were determined in 

proteins by: (a) methods involving distillation of amine 

acid esters under reduced pressure, (b) colorimetric methods, 

and (c) miscellaneous methods, such as selective precipita-

tion of individual amine acids from hydrolysa tes, and micro-

biological assay. 

Esterification of amino acids decreases the polarity 

of the molecules and hence, they become more volatile. Emil 

Fischer pioneered the development of a technique to separate 

amine acid ethyl esters by fractional distillation under re-

duced pressure. Since decomposition occurred readily, this 

technique required skill and experience on the part of the 

operator and recoveries of roughly 66% were considered satis-

factory (88). 

Sorne amine acids, particularly tryptophan, tyrosine, 
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and cysteine, may be analyzed by colorimetric techniques. 

This involves the absorption of light of a specific wave­

length by coloured derivatives of the amine acid (120)(254). 

Microbiological assay is based on the fact that cer­

tain mutant strains of microorganisms require specific amino 

acids for growth. The procedure involves preparation of a 

culture medium containing aIl essential substances for 

growth except the amine acid to be determined. A standard 

curve is prepared by the addition of known amounts of the 

missing amine acid and measurement of the growth of the 

microorganism, as revealed by turbidity or by titration of 

lactic acid which is produced by lactic acid bacteria (88) 

(314) • 

The calcium or barium salts of the dicarboxylic amine 

acids can be separated from an aqueous solution by precipi­

tation with aloohol. Arginine can be separated as the 

flavianate, employing 2,4-dinitro-l-napthol-7-sulfonic acid 

(88). Bergmann (88) and his co-workers discovered a large 

numher of inorganic oomplex salts which oould he used to 

precipitate selectively certain amino acids (70)(88). 

Procedures developed in the 1950's for the analysis 

of amino acids included paper chromatography and chromato­

graphy on ion-exchange resins which eventually led to the 

development of the amine acid analyzer. The 1960's saw the 
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development of thin-layer chromatographie and gas chromato­

graphie amine aeid analysis. Paper chromatography involves 

spotting the amino aeid standard or hydrolysate at one end 

of a reetangular pieee of filter paper and developing the 

ehromatogram by use of various solvent mixtures. The paper 

is dipped in ninhydrin solution and then seanned with a 

densitometer. Standard calibration curves are drawn for 

each ami no aeid and the concentration of the amine aeid in 

the hydrolysate is aseertained by a ealculation based on 

the densitometer reading obtained from the chromatogram of 

the hydrolysa te. 

The prineiple of thin-layer chromatography is the 

same as that of paper chromatography exeept that the solid 

support is a thin layer of powdered adsorbent sueh as silica 

gel, coated on a glass plate. The development time for thin­

layer ehromatography is mueh shorter (about 1 h) than that 

neeessary for a paper chromatogram (10-20 hl. 

There are many published papers on the application of 

paper and thin-layer chromatography to the quantitative 

determination of amine aeids (Baker and Khan (31): Smith 

(258): Roberts, Kolor, and BUeek (243): Khan, Baker, and 

Van Horn (147): Barbiroli (32): and Felszeghy and Abraham 

(85». 

The method involving the use of ion-exchange resins 



147 

is the rnost widely used method for amine acid analysis today. 

Martin and Synge (186) were the first workers to use a chrom­

atographic method for the separation and estimation of ami no 

acids. Moore and Stein at first used starch columns (208) 

(274), but later changed to polystyrene ion-exchange resins 

(209)(210)(211)(265). The method developed by Moore and 

Stein for amine acid analysis using ion-exchange resins may 

be summarized as follows: the protein is hydrolyzed (20-

70 h, 110oC, 6 N HCl) and the resultant hydrolysate is freed 

from HCl by evaporation. The reaction of the hydrolysate is 

adjusted to pH 2 and the hydrolysate is placed on a column 

of sulfonated cation-exchange resin. TWo columns are used, 

one for basic amine acids and the other for neutral and 

acidic amine acids. Buffers are pumped through the columns 

at constant rates and as the pH rises, amine acids are eluted 

from the column. The column effluent is mixed with ninhydrin 

reagent and this mixture is continuously monitored by a re­

cording spectrophotometer (570 m~ for aIl amine acids except 

proline and hydroxyproline: 440 m~ for the latter two amine 

acids). The area under each curve is proportional to the 

amount of amine acid present. Suitable standard solutions 

are subjected to the same procedure in order to calibrate 

the instrument. Cysteine and cystine cannot he distinguished. 
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Tryptophan is destroyed by acid hydro1ysis and hence cannot 

be determined by this method. 

1. 2. Gl\S-LIQUID PHASE CHROMATOGRAPHY 

OF AMINO ACIDS 

(a) Introduction 

Gas chromatography of fatty acids and earbohydrates 

has become a powerfu1 too1 for the separation of these sub-

stanees~ gas chromatography of amine acids has not been 

deve10ped to the same degree.·· Before the advent of gas 

chromatography, there were no rapid, convenient, or sensi-

tive methods for the determination of fatty acids or sugars, 

and therefore mueh attention was given to the deve10pment 

of gas chromatographie methods for these materials (37)(285). 

When gas chromatographie equipment came into common usage 

in the 1960's, the ana1ysis of amino acids by the Moore and 

stein (265) technique was already a standard method and 

sophisticated apparatus was ~ing developed. Blau (40) thus 

concluded that much of the urgency had been removed from the 

need for a gas chromatographie method of amino acid analysis. 

The twenty amine acids commonly found in proteins 

have dissimilar structures. This makes it difficult to select 

a reaction that will produce a satisfactory volatile deriva-

tive for each amine acid (40). Table 14 shows the frequency 
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of occurrence of sorne of the groupings in the cornmon amine 

acids. 

Table 14 

Structure and occurrence of various functional groups in 
amino acids 

Group 

Carboxyl (a) 
(Side chain) 

Carboxarnide 

Primary amine (a) 

(Side chain) 

Secondary Amino 
(Aliphatic) 

(Heterocyclic) 

Tertiary amine 
(Heterocyclic) 

primary alcohol 

Secondary alcohol 

Structure 

o 
Il 

-C-OH 
a 

o 
Il 

-C-NH2 
1 

-C-NH 1 2 
n 

1 
-C l' 
1/ 

-C 
1 
Il 

1 
-C 

NH 

"N 
-C~ 

1 
H 

1 
R-C-OH 

1 
H 

R 

1 
R-C-OH 

1 
H 

Found In 

AlI 
Aspartic acid, 
glutarnic acid 

Asparagine,glutamine 

AlI, except proline, 
hydroxyproline 
Lysine, ornithine 

Proline,hydroxyproline 

Tryptophan,histidine 

Histidine 

Serine 

Threonine,hydroxy­
proline 
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Table 14 (cont'd) 

Group structure Found in 

Phenol HO{ ) Tyrosine 

Thiol -SB Cysteine 

Thioether -S-CH3 
Methionine 

-N-C=NH 

Guanidino 1 1 Arginine 

B NH2 

The amine acids commonly found in proteins are white 

crystalline solids which are stable at room temperature. 

Amino acids do not exhibit sharp melting points at high tem-

peratures, but undergo decomposition over temperature ranges 

of several degrees (197). This is due to the high polarity 

of amine acids and results in their similarity to inorganic 

crystalline salts rather than to organic crystalline solids 

(88) (262). 

Amino acids exhibit wide differences in their solu-

bilities in water. Cystine and tyrosine are the least sol-

uble (0.01 and 0.05 g/lOO cc at 2So C, respectively) and 

proline and hydroxyproline (162 and 36 g/lOO cc, respect-

ively) are the most soluble of aIl the naturally-occurring 

amine acids. Cystine and tyrosine may he dissolved by 
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addition of acid or alkali and as a result are soluble at 

pH values lower than 2.5 or higher than 9 (197). In gen-

eral, amine acids are only slightly soluble in absolute 

ethanol (118)(197). Proline, however, is soluble in etha-

nol (1.6 g/lOO cc at 200 C). The hydrochlorides of the 

neutral amine acids and the dihydrochlorides of the basic 

amine acids are more soluble in water than are the corre-

sponding free amine acids. Amino acid hydrochlorides are 

very soluble in ethano1 (197). 

Table 15 is a summary of sorne of the properties of 

the more common naturally-occurring amine acids. 

(b) Derivatives 

i) Degradation products 

Hunter, DimiCk, and Corse (132) subjected leucine 

and isoleucine to ninhydrin oxidation (Equation 1). The 

~o B ° H 

Oc~ /OH 1 <pH 2.5 ~C: 1 
1 C, +R-C-COOB ~ 1 H-f-OH+ R-C=0+C02 +NH3 

C/ OH 1 ~ c .. 
~. 

~ ,_. ° NH2 ° 
(1) 

aldehydes thus obtained were subjected to gas chromatography. 

TWo peaks were obtained and were identified, although they 

were not completely resolved. 
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il 

Amino acid 

Alanine 
cystine 
Glutamic Acid 
Glycine 
Histidine 
Hydroxypro1ine 
Iso1eucine 

Leucine 

Phenylalanine 
Proline 
Tryptophan 
Tyrosine 
Valine 
Methionine 
Serine 
Threonine 
Arginine 
Aspartic Acid 

Table 15 

Physica1 properties of the common amino acidsa 

Decomposition Solubi1ity in water 
Molecular temperature (gl100 cc) 
weight_ _ ~~t ______ O?e ___ ~soe ___ 500c ~6Soe 

89.09 297 12.73 16.65 21.79 
240.30 260-261 0.011 0.024 
147.13 247-249 0.864 2.19 
75.07 233-290 25.0 39.1 

155.16 277-287 4.19 
131.13 274b 28.86 36.11 
131.17 168-170c 3.79 4.12 

131.17 

165.19 
115.13 
204.22 
181.19 
117.15 
149.21 
105.09 

284 
145-148c 
293-295 

283 
220-222 

289 
342-344 

315b 
280-281b 

228 

2.27 

1.98 
127.0 

0.023 
0.020 
8.34 
1.82e 
2.2oe 

2.43 

2.96 
162.0 

1.14 
0.045 
8.85 
3.38e 
5.02e 

20.5e 

45.18 
4.82 

2.89 

4.43 
206.7 

1. 71 
0.105 
9.62 
6.07e 

10.3e 

51. 67 

239.0 

10.24 

75°C 
28.51 

0.052 
5.53 

54.4 

6.08 

3.82 

6.62 

2.80 
0.244 

10.52e 
19.2e 

., 

100°c 
37.30 

0.114 
14.00 
67.2 

8.26 

5.64 

9.90 

4.99 
0.565 

17.60e 

32.2e 

119.12 
174.20 
133.10 

255-257 
230-244 
270-271 

Sat'd soln ctns 15% (w/w) arg1n1ne at 210C 
0.267 (.2o C), 0.404 (9.50 C), 0.518 (16.4o c), 
0.751 (31.50 C), 0.926 (40°C), 5.37 (970C) 

cysteine 121.16 175-l78d Free1y soluble in water 
Lysine l46.l~ __ ~J.O-224~ Free1y soluble in water 
aOata compi1ed from Merck Index. So1ubi1ities are given for L-form un1ess otherwise indicated. 
br.\el ting point. .... 
cSublimation occurs in this temperature range. ~ 
dHydrochloride. 
eOL- forme 
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Bayer (33) subjected the aldehydes formed by oxidation 

(hypochlorite) of various amino acids to gas chromatography 

(Equation 2). Alkaline hypochlorite caused deamination and 

(2) 

decarboxylation of the arnino acid to give the corresponding 

aldehyde containing one less carbon atome Aliphatic amino 

acids underwent the reaction quantitatively and no side pro-

ducts were formed. The author pointed out, however, that the 

reaction has limited application in the analysis of protein 

hydrolysates, since acidic and sulfur-containing amino acids 

give complex mixtures of volatile substances, and in some 

instances, two different amino acids give the same aldehyde 

(e.g. methionine and aminobutyric acid both yield propion-

aldehyde). Bayer separated six aldehydes, obtained from the 

following amino acids: alanine, a-aminobutyric acid, norva-

line, valine, norleucine, and leucine. 

Bier and Teitelbaum (39) carried out ninhydrin oxida-

tion of sorne amino acids in aqueous solution, extraction of 

the aldehydes with solvent (Carbon tetrachloride or ethylene 

dichloride), and injection of aliquots of the solvent layer 

onto a silicone column. These workers separated acetaldehyde 

(alanine), propionaldehyde (2-aminobutyric acid), isobutral-

dehyde (valine), and 3-methylbutraldehyde (leucine). 
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/ 
Zlatkis, Oro, and Kimball (326) oxidized amine acids 

to yield aldehydes with one less carbon atom by injecting 

them into a heated microreactor (1400 C) containing ninhydrin 

coated on firebrick (3~~). The amine acid mixtures which 

they used contained alanine, a-amino-n-butyric acid, valine, 

norvaline, leucine, isoleucine, and norleucine. Glycine 

reacts under these conditions to forro formaldehyde which then 

polymerizes. The aldehydes obtained from phenylalanine and 

methionine had a low volatility and required higher operating 

temperatures and special stationary phases. As the aldehydes 

emerged from the column, they were cracked to methane over a 

nickel catalyst (Equation 3). 

catalyst ) (n+l) CH4+H20 
4250C 

(3 ) 

The water was then removed by means of a drying column and 

the analysis was made by a thermal conductivity celle This 

eliminated calibrations which normally are necessary for 

individual aldehydes because of differences in their thermal 

conductivities. One microgram of an amine acid oould be 

detected by this technique. 

1 
Ulehla (295) used a combination of pyrolysis and gas 

chromatography in the determination of amino acids. The 

breakdown products which resulted when a red-hot wire was 

dipped into amino acid solutions (5% in 2 N KOH) were carried 
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by means of a stream of argon onto a gas chromatographie 

column. The following amine acids gave specifie pyrolytic 

spectra: alanine, a-aminobutyric acid, valine, leucine, 

isoleucine, arginine, lysine, phenylalanine, serine, threo­

nine, methionine, proline, and hydroxyproline. However, 

Pales and Pisano (84) point out that conditions of pyrolysis 

are difficult to reproduce and therefore suggested that this 

approach to quantitative analysis of the amine acids is not 

feasible. 

Stack (266) subjected amine acids and proteins to 

pyrolysis (280-3200C) in the injection port of agas chroma­

tograph. COllagen was characterized by two main peaks, which 

accounted for 18 and 20% of the total peak area. Peaks cor­

responding to those .given by collagen were obtained when a 

mixture of glycine, proline, and hydroxyproline (3:2:1) was 

pyrolyzed under the same conditions. 

Kanomata and Mashiko (145) subjected amino acids and 

proteins to a combinat ion of pyro1ysis and gas chromatography. 

They ana1yzed casein and egg a1burnin by this method and the 

resu1ts were compared to those obtained with an amine acid 

ana1yzer. The resu1ts obtained by the two methods were almost 

identica1. Histidine, glycine, and serine cou1d not be de­

tected by pyrolysis gas chromatography. 
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Stevenson and Luck (276) studied the reaction of N-

bromosuccinimide (NBS) with aqueous solutions of sorne a-amino 

Br 

o 1 ° 
~ 

(N-brornosuccinimide) 

acids to form the nitrile corresponding to the decarboxy-

1ated parent compound (Equations 4 & 5). The authors pointed 

out that small amounts of aldehydes containing one carbon 

atom 1ess than the original amine acid May form (Equation 5) • 

NBS 
[RCH(~2 lBrJ RCH (NH2 )COOH • +C02 (4 ) 

[RCH(NH2 )Br] 
NBS 

• RCN 
-2HBr 

I 

l H3 O+ 
(5 ) 

1.5 NBS 
RCHO + NH4 Br • ~N2 + ~HBr 

The nitriles were then determined by gas Chromatography. 

The amino acids that were studied inc1uded: alanine, a-

aminobutyric acid. norvaline, valine, leucine, and pheny1-

alanine. 

McGregor and carpenter (190) prepared the nitriles of 

some ami no acids by hypobromite oxidation in strong a1ka1i 

(Equation 6). 
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The nitriles from alanine, valine, leucine, glutamic acid, 

and lysine were then subjected to gas chromatography. 

Melamed and Renard (201) heated a-rnonoamino-monocar-

boxylic acids with a mixture of concentrated HCl and HN03 

and obtained (approx. 10~~ yield) the corresponding a-chloro-

acids (Equation 7). After methylation of the a-chloro-acids 

by means of diazomethane (EqUation 8), the chloro-acid 

esters were subjected to gas chromatography. 

R-CHNH2COOH+HCl+HN03~R-CHCl-COOH+N20+H20 

o 
·11 

R-CHCl-COOH+CH2N2 --~) R-CHCl- COCH3+N2 

(7 ) 

(8 ) 

The chloro-acid methyl ester corresponding to glycine, ala-

nine, a-aminobutyric acid, valine, norvaline, leucine, iso-

leucine, and norleucine were separated. 

Liberti (169) determined glycine, valine, alanine, 

leucine, serine, aspartic acid, and glutamic acid by gas 

chromatography. The amine acids were converted to hydroxy 

acids by treatment with sodium nitrite (Equations 9 & 10), 

which were then converted to methyl esters by means of dia-

zomethane (Equation Il). The author pointed out that the 

method works weIl only for amine acids which react with 

sodium nitrite (a-amino acids). 

H 
1 

R-r-COOB+NaN02 -
4N2t 

NH2 

H 
1 

+B20+R-C-COO-Na+ 
1 
OB 

(9 ) 
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H H 

R- f-coo-Na+ +H+s031 · R-f-cOOH+Na+S031 (10) 

OH cation exchange resin 
(H+ form) 

OH cation exchange resin 
(Na+ forrn) 

H 
1 

R-C-COOH+CH2N2 
1 

• 
OH 

H 0 
1 Il 

R-C-C-OCH +N t 
1 3 2 
OH 

(11) 

Wagner and Rausch (301) treated arnino acids with HN02 

(Equation 12) and the resultant hydroxy acids were converted 

to their rnethyl esters by rneans of diazornethane prior to gas 

chrornatography (Equation 13). Although the yields of the 

H 
1 

R-C-COOH+HONO ---•• N2t 
1 
NH2 

H H 0 

H 
1 

+H20+ R- C- COOH 
1 
OH 

1 1 Il 
R-C-COOH+CH2N2---·· R-C-C-OCH3 +N2t 1 1 

OH OH 

(12 ) 

(13 ) 

hydroxy acids were low (20-72%), they were reproducible. The 

authors were able to separate mixtures containing valine, 

leucine, isoleucine, threonine, methionine, phenylalanine, 

histidine, and arginine. The separation of leucine and iso-

leucine was not complete. 

ii) Amino Acid Esters 

Saroff, Karmen, and Healy (249) injected the 
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hydrochlorides of amine acid butyl esters (dissolved in a 

butanolic-HCl solution) directly onto a gas chromatographie 

column. The addition of ammonia to the carrier gas (nitro-

gen) liberated the esters from their hydrochlorides (Equa-

tion 14). The authors show a chromatogram in which the fol-

lowing amine acids were separated: alanine, valine, glycine, 

H 
1 

R-C-COOH 
1 
~2 

HO· 
1 U __ ~H~C_l~ __ .~ R-C-C-OC H 

butanol 1 4 9 NH! Cl-
and/or heat 

(14) 

leucine, isoleucine, and proline. In addition to these amine 

acids, the authors claim satisfactory separation of aspartic 

acid, threonine, methionine, serine, glutamic acid, phenylal-

anine, lysine, and hydroxyproline. 

Nicholls, Makisumi, and Saroff (220) demonstrated that 

acid salts of 15 of the 20 cornrnon amine acids were amenable 

to gas chromatographie analysis by virtue of their ease of 

dissociation under the influence of heat. The hydrochloride 

and hydroacetate salts of the methyl esters of amine acids 

were studied and it was found that the hydroacetate salts 

dissociated more readily than the hydrochloride salts at 

l20-2000C. The salts of lysine and arginine did not dissoc-

iate and they separated as their free bases. Cysteine, histi-

dine, tyrosine, and tryptophan could not be separated 
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satisfactorily as the methyl esters of their free bases. 

The pairs glycine-alanine, leucine-isoleucine, and phenyl-

alanine-hydroxyproline, were unresolved. 

Bayer (33) also prepared methyl esters of amine acids 

contained in neutralized dried protein hydrolysa tes by treat-

ment of the hydrolysa tes with saturated methanolic-HCl. The 

hydrochlorides of the amine acid methyl esters produced were 

converted to the free esters by the addition of 2 N NaOH 

followed by extraction with ether (Equation 15). The ether 

H H 0 H 0 

1 HCl 1 Il N a OH 1 Il 
R-C-COOH -m-e~t~h-a-n-o~l=--" R-C-C-OGI3---.... • R-C-C-OCH3 +NaCl+HOH 

1 1 1 
NH 2 NHjCl- NH2 

(15 ) 

solutions were either injected directly, or the ether was 

evaporated and the resultant mixture of methyl esters was 

injected into the gas chromatograph. Bayer applied this tech-

nique to the analysis of albumin, casein, and transferrin, 

although the separation was limited to 7 amine acids. 

iii) N-Acyl Ancino Acid Esters 

Bayer (33) was one of the early workers to observe 

that the methyl ester of an amine acid was not a satisfactory 

derivative because of the affinity of the amine group for the 

stationary phase. The author made some attempts to separate 

...... the N-trifluoracetyl esters of the amine acids and he was 
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able to separate glycine, valine, leucine, and proline. 

Youngs (325) converted the amine acids to their N-

acetyl butyl esters prior to gas chrornatography (Equations 

16 & 17). Earlier experiments by this author, in which he 

used the N-acetylated ethyl esters, proved unsuccessful since 

the ester of glycine tended to crystallize from the mixture 

and consequently a hornogeneous sample could not be taken for 

injection. The basic steps in the procedure used by the 

author were as follows: a mixture of amine acids was dis-

solved in butyl alcohol and the solution was saturated with 

anhydrous HCl gas. One-half of the butyl alcohol was re-

moved slowly by distillation at atmospheric pressure and the 

rernainder was removed by vacuum distillation leaving a vis-

cous liquid consisting of the ester hydrochlorides. Acetic 

anhydride was then allowed to react with the esters for one 

hour, after which the unreacted acetic anhydride was removed 

by vacuum distillation. The viscous oil was then injected 

directly into the gas chrornatograph. Glycine, alanine, 

valine, leucine, isoleucine, and proline were deterrnined in 

synthetic mixtures of pure amine acids and in protein (gela-

tin) hydrolysates. 

H 
1 

R-C-COOH 
1 
~2 

HCl • butanol 

H 0 
1 Il 

R-C-C-OC4H + HOH 
1 9 
~2 

(16) 
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(17 ) 

Saroff and Karmen (248) prepared the N-trifluoroacetyl 

methyl esters of several amine acids by esterification fol-

lowed by acylation of the amine groups. They used a sulfon-

ated polystyrene resin (Dowex-SOi H+ form) as a catalyst for 

esterification instead of dry Hel which they used previously 

(249), and which caused an undesirable component to appear 

as a shoulder on the emergence curve of glycine. The amine 

acids were added to anhydrous methanol containing Dowex-SO 

(Equation 18). The mixture was refluxed, cooled, and the 

methyl alcohol decanted. After rinsing the resin with anhy-

drous methanol, the methyl ester of trifluoroacetic acid in 

methanol was added to the resin, the solution was made alka-

line by the addition of triethylarnine, and the resultant 

alkaline solution was refluxed (Equation 19). The solution 

was cooled, decanted from the resin, and a sample was in-

jected into the gas chromatograph without further treatrnent. 

H 
1 

R-C-COOH Dowex-SO 
1 methanol 
NH2 

(18 ) 



H 0 
1 Il 

R-C-C-Oœ 

1 +- i3 

NB3 03 5 

H 0 
t

o hl ° III r~et y am~ne~ R-C-C-OCH
3

+CH
3

0H 
1 
N-H 
1 
C=O 
1 
CF3 

163 

(19 ) 

It was assumed that histidine formed the di-trifluoroacetyl 

methyl ester in solution, but analysis showed that histidine 

was mono-acetylated and that the derivative was in the form 

of the imidazolium salt. The N,S-di-trifluoroacetyl methyl 

ester of cysteine underwent a change in methanol and, hence, 

it was assumed that the rnono-acyl derivative was formed. 

Analysis showed that the derivative of arginine contained 

three trifluoroacetyl groups. However, the analysis was not 

sufficiently precise to rnake possible a distinction between 

the di-trifluoroacetylated derivative (in the form of the 

trifluoroacetate salt) and the tri-trifluoroacetylated der-

ivative. The following ami no acids were analyzed"as their 

N-trifluoroacetyl methyl esters: alanine, valine, isoleucine, 

leucine, glycine, proline, aspartic acid, threonine, methi-

onine, serine, glutamic acid, phenylalanine, hydroxyproline, 

and lysine. The authors chose ionization detectors for their 

work because of their high sensitivity to organic substances. 

It was difficult to determine whether the failure to obtain 

identical peak areas for equal amounts of different amino 
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acids was the result of variation in detector response with 

different derivatives, or was the result of unequal yields in 

the synthesis of the derivatives. 

Makisumi and Saroff (182) investigated the preparation, 

properties, and gas chromatography of the N-trifluoroacetyl 

methyl esters of the ami no acids. This study illustrated 

the similarity in the properties of the mono-and the di­

acetylated derivatives of cysteine, histidine, hydroxyproline, 

serine, threonine, tryptophan and tyrosine. The di-trifluoro­

acetylated derivatives of hydroxyproline, serine, threonine, 

and tyrosine decomposed to give the mono-trifluoroacetylated 

derivatives on exposure to moisture or when dissolved in 

methanol. The di-trifluoroacetylated derivative of trypto­

phan was formed readily from the methyl ester hydrochloride 

when treated with pure trifluoroacetic anhydride. This der­

ivative is not converted to the mono-trifluoroacetylated 

derivative with the same ease as are the same derivatives of 

hydroxyproline, serine, threonine, and tyrosine. In fact, 

the di-acetylated derivative of tryptophan is stable when 

dissolved in methyl alcohol. 

Weygand, Kolb, Prox, Tilak, and Tomida (315) subjected 

trifluoroacetyl derivatives of amine acids and dipeptide 

methyl esters to gas chromatography. The methyl esters were 
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prepared by ref1uxing the amine acid hydroch1orides in 

methano1ic-HC1 for two hours. The solvent was removed and 

the methyl ester hydroChlorides were added to a mixture of 

methanol, triethy1amine, and methyltrifluoroacetate. The 

solvent was evaporated and the derivatives were isolated by 

extraction with ethyl acetate. Derivatives of the following 

amine acids were successfully Chrornatographed: glycine, 

valine, alanine, leucine, isoleucine, aspartic acid, proline, 

methionine, phenylalanine, and lysine. 

Wagner and Winkler (302) prepared the N-trifluorpacetyl 

methyl esters of amino acids by a method whiCh involved 

acetylation followed by esterification. Trifluoroacetic 

anhydride was added to a solution of the amine acid in 

trilfuoroacetic acid and the reaction mixture was allowed to 

stand (-10 to OOC) for at least four hours. The solution 

was evaporated under vacuum and the residue was dissolved in 

methyl acetate. Esterification was effected by use of di-

azomethane in ether. These authors found that the E-amino 

group of lysine did not react with trifluoroacetic anhydride 

under these conditions. Since basic amine acids are some-

what insoluble in methyl acetate, difficulty was encountered 

with esterification involving the use of ethereal diazomethane. 

The threonine derivative gave two peaks whiCh the authors 
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suggested was due, in part, to an N-O acyl shift. The 

authors used this method for the separation of valine, leu­

cine, threonine, methionine, and phenylalanine. 

Johnson, Scott, and Meister (142) subjected N­

acetylamino acid n-amyl esters to gas chromatography. They 

developed a procedure for the preparation of the derivatives 

and suggested conditions for the separation of 35 amine acids, 

including 18 of the common amine acids. Studies were first 

carried out with 7 amine acids te determine which of the 

following N-acetyl derivatives could he separated most suc­

cessfully: n-butyl, isobutyl, n-amyl, and isoamyl. The 

superior separation of the n-amyl esters of acetylated ala­

nine and valine led these workers to carry out subsequent 

studies with N-acetyl n-amyl amine acid esters. Recovery 

experiments indicated that amine acids cou Id he converted to 

their amyl esters in 90% yield. These workers also showed 

that there was no difference in the chromatographie hehavior 

of 0- and DL-derivatives. The esterification procedure was 

as follows: the amine acid (1-10 mg) was suspended in the 

alcohol (20 ml) which was then saturated with anhydrous HBr. 

The mixture was heated at 1650 c (30 min), and part of the 

alcohol was removed by distillation at atmospheric pressure. 

The remainder was evaporated in a vacuum rotary evaporator 
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(60o C). The resultant mixture of ester hydrobromides was 

then mixed with aeetie anhydride (8 ml) and the mixture was 

allowed to stand for five minutes (260 C). The solution was 

evaporated in a rotary evaporator under vacuum (600C) and 

the residue was dissolved in benzene or n-amyl alcohol prior 

to gas ehrornatography. Analysis indicated that the aeetyla­

tion of the hydroxyl groups of serine, threonine, tyrosine, 

and hydroxyproline oecurred and that both carboxyl groups of 

glutamie aeid and aspartie aeid were esterified. cystine 

did not forro a stable derivative and histidine and arginine 

were esterified in poor yield under the conditions of the 

experiment. No peak was observed for tryptophan. 

Zomzely, Marco, and Ernery (327) were able to separate 

derivatives (n-butyl N-trifluoroaeetyl) of 22 naturally 

oecurring amine aeids. The N-trifluoroaeetyl derivative is 

more volatile than the eorresponding N-aeetyl derivative 

(325), and this resulted in faster colurnn elution. They 

noted that there was no differenee in the chromatographie 

behavior of L- and DL-derivatives (142) and that the response 

of the detector (hydrogen flame) was not the sa me for equal 

amounts of the different amino aeids. The authors eited the 

explanation of DeWar (69) who suggested that the hydrogen 

flame detector responds primarily to the C-H bond and that 
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functional groups such as carbonyl, carboxyl, ether, and 

amino, tend to cause a decrease in response. Thus, the ly-

sine derivative which has two trifluoroacetylated amine 

-
groups would produce a smaller response than the derivative 

of alanine, for example, which oontains no interfering 

groups. The procedure used by the authors was as follows: 

the amine acid(s) (10 mg) was dissolved in a mixture of 1-

butanol (20 ml) containing anhydrous Hel (5%), dimethyl-

formamide (10% of the volume of butanol; this compound is 

necessary to esterify the basic amine acids), and dibutoxy-

propane (used as a ~ter scavenger1t
; 3x the amount required 

to react with the water of esterification). The reaction 

mixture was placed in an Erlenmeyer flask which was fitted 

with a cae12 drying tube, and heated (55-600 e) for three 

hours with constant stirring. The aloohol was evaporated in 

a rotary evaporator (600 e) and the resultant mixture of but yI 

ester hydrochlorides was neutralized with Na 2eo
3 

(1 N) and 

extracted three times with methylene chloride (10 ml portions). 

The combined extract was evaporated (300e) in a rotary eva-

porator and water was removed from the residue by azeotropic 

distillation using methylene chloride (10 ml). The residue 

was dissolved in methylene chloride (2-5 ml) oontaining di-

methylformamide (2%). Trifluoroacetic anhydride (0.2-0.5 ml) 
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was added and acetylation was carried out at 2So C (30 min). 

Excess reagents were removed in vacuo and the residue was 

dissolved in acetone prior to gas chrornatography. The use 

of mild esterification conditions preserved amine acids such 

as tryptophan, cystine, cysteine, arginine, and histidine. 

Preliminary studies indicated that the amine acids were con­

verted to their n-butyl esters in 90% yield. 

Graff, Wein, and Winitz (lOS) converted 30 amine acids 

to their N-acetyl n-propyl esters which were used as stand­

ards in gas-liquid chrornatography. The method involved: (a) 

azeotropic rernoval of water from the reaction mixture (n­

propanol-benzene containing Hel) during esterification, (b) 

acylation of the n-propyl ester with acetic anhydride, Cc) 

liquid-liquid extraction of the amine acid derivatives from 

the reaction mixture, Cd) removal of the solvent by evapor­

ation, and Ce) dilution of the residual syrup with fresh sol­

vent prior to gas chrornatography. 

Losse, Losse, and Stoeck (173) prepared the N-formyl 

methyl esters of sorne amino acids by reaction of the amine 

acids with formic acid in acetic anhydride followed by ester­

ification with diazomethane in methanol-ether. They claimed 

that the derivatives were formed in at least 95% yields. The 

derivatives of glycine, alanine, valine, leucine, norvaline, 
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and proline were separated on one column and derivatives of 

aspartic acid, glutamic acid, methionine, and phenylalanine 

were separated on another column. 

Cruickshank and Sheehan (60) developed a method for 

the preparation of N-trifluoroacetyl methyl esters of 21 

naturally occurring amine acids. The sample of amine acids 

was suspended in methanol (5 ml) which was then saturated 

with anhydrous HCl. Dirnethyl sulfite (1 ml) was added and 

the mixture was heated (steam bath) under reflux for ~ h, 

precautions being taken to exclude moisture. The excess 

methanol and dirnethyl sulfite were then removed under re-

duced pressure and the residue of methylester hydrochlorides 

was dried under high vacuum. Trifluoroacetic anhydride 

(1 ml) was added to the flask oontaining the methyl ester 

hydrochlorides and the flask was heated (10 min) under reflux. 

The excess of trifluoroacetic anhydride and trifluoroacetic 

acid was evaporated under nitrogen and the residue (20-120 ~) 

was dissolved in trifluoroacetic anhydride (0.1 ml) (Equation 

20). 

° ° H ° Il 
------.. CI-H3~-CHR-C-OCH3 

HCl/CH30H 
• 

Il 1 Il 
CF3-C-N-CHR-C-oCH3 

(20) 

1 
Experiments were also performed in which the amine acids were 

first acetylated and then esterified by means of diazomethane. 
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When the amine acid derivatives were dissolved in solvents 

other than trifluoroacetic anhydride and then injected into 

the gas ch romatograph, the normal derivative for arginine 

would he replaced by a substance with a lower retention time. 

The coefficients of variation for relative (to the deriva-

tive of alanine) peak areas, obtained by six repetitions of 

the procedure using a standard mixture of amine acids, varied 

from ± 2.3 to ± 9.7%, with the exception of cysteine (! 3~~) 

and histidine (± lS.7%). 

Hagen and Black (116) devised a method for the separ-

ation and estimation of the N-trif1uoroacetyl methyl esters 

of 19 amine acids in a protein hydrolysate. Methanol (20 ml) 

was placed in a round bottom f1ask (100 ml), the amine acid 

mixture was added, and the f1ask was shaken at room tempera-

ture. The f1ask was then cooled (dry ice) and thionyl chlor-

ide (2-4 ml) was added dropwise ta the mixture with constant 

agitation. The flask was a110wed to stand (400C, 2 hl, pre-

cautions being taken to exc1ude moisture. The reaction mix-

ture was then concentrated (rotary evaporator, room tempera-

ture), the reaction mixture was cooled again, and trifluoro-

acetic anhydride (1~2 ml) was added. The reaction mixture 

was allowed to stand (room temperature, 2 hl, excess reagents 

were removed by means of a rotary evaporator (room tempera-

ture), and the residue was dissolved in dry methanol and the 
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volume was adjusted to 5 ml. Up to 20 ~l of this solution 

was injected onto the gas chromatographie column. The authors 

did not report the recoveries of individual amine acids. The 

concentration of amine acid in a hydrolysate was ascertained 

by reference to a standard calibration curve drawn for each 

amino acid. 

Darbre and Blau (62), who worked with the N-trifluoro-

acetyl n-amyl esters of the amine acids, observed that the 

derivatives of cysteine, hydroxyproline, serine, threonine, 

and tyrosine underwent degradation on standing at room tem-

perature. Weygand and Rinno (316) had previously observed 

that the O-TFA* groups of serine and threonine were sensi-

tive to rnoisture. In addition, Boume, Tatlow, and Tatlow 

(46) had shown that esters of trifluoroacetic acid could 

easily be Uhydrolyzed ft **, even by alcohols. Darbre and Blau 

noted that acyl derivatives were stable for a considerable 

period of time if they were dissolved in methyl ethyl ketone 

or nitromethane that had been carefully dried, but were un-

stable in benzene, ethylene dichloride, and n-amyl 

*T~ = trifluoroacetyl. 

**The author realizes that "hydrolysis" is a process of decom­
position which involves the addition of water. In this case, 
the Dhydrolysis D by alcohol of amine acid acyl esters is 
actually a process of interesterification; hence, the quo­
tation marks. 
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trifluoroacetate. An experiment was performed to study the 

rate of hydrolysis in a mixture of water and methyl ethyl 

ketone of the O-TFA and S-TFA groups of the N-trifluoroacetyl 

n-amyl esters of cysteine, hydroxyproline, serine, threonine, 

and tyrosine. The results indicated that the hydrolysis 

followed first order kinetics. The phenolic O-TFA group of 

tyrosine was most easily hydrolyzed, followed by the S-TFA 

group of cysteine, the O-TFA group of serine, the O-TFA group 

of hydroxyproline, and the O-TFA group of threonine (Figure 

20). The hydrolysis led to the formation of less volatile 

N-trifluoroacetyl n-amyl derivatives which had free -OH or 

-SH groups. The hydrolysis did not go to completion. The 

authors suggested that quantitative yields of the N-mono-TFA 

œrivative are not realized because an intra-rnolecular N-+O 

acyl shift with rapid hydrolysis of the resultant O-rnono-TFA 

compound. These workers showed that the derivatives of tyro­

sine and hydroxyproline were stable (for at least l h at 

2000 C) and suggested that about 10% of the derivatives of 

cysteine, serine, and threonine decomposed at l450 C during 

the first hour of heating, possibly due to the presence of 

traces of oxygen in the carrier gas (nitrogen). 

Makisumi, Nicholls, and Saroff (181) prepared the N­

acetyl and the N-trifluoroacetyl derivatives of the methyl, 
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Hydrolysis of S-TFA and O-TFA groups of certain 
trif1uoroacety1ated n-amy1 amine acid esters.a,b 

aFrom: Darbre and B1au (62). 

~ydro1ysis carried out in methyl ethy1 ketone containing 
water (5% v/v). 
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investigated the suitability of the different derivatives 
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for gas chromatography. They concluded that, aIl other fac­

tors being equal, the derivative of choice is the one with 

the lowest retention time: thus, the trifluoroacetyl methy1 

esters should be the most satisfactory for gas chromatography. 

Darbre and Blau (61) prepared the N-trifluoroacety1 

n-amyl esters of alanine, glycine, valine, leucine, iso1eu­

cine, serine, and threonine. The amine acid (2 mg) was 

placed in a test tube with amyl alcohol (l-pentanol: 2 ml). 

The tube was maintained at 10aoe and a continuous stream of 

Hel was passed (25 min) through the alcohol by means of a 

Pasteur pipette. The excess alcohol was removed under 

vacuum by means of a rotary evaporator. Trifluoroacetic 

anhydride (0.1 ml) was added to the residue and the tube 

was allowed to stand for one hour at room temperature. after 

which the excess trifluoroacetic anhydride was removed by 

means of a rotary evaporator (room temperature). The N­

trifluoroacetyl n-amyl esters were dissolved in methyl ethyl 

ketone or nitromethane (100-200 ~l). The authors were unable 

to separate aIl seven derivatives in a single run and found 

it necessary to use two different columns. 

Unfortunately. temperature programming could not be 



176 

used to improve the separation because isothermal conditions 

were a requirement of the type of detector (gas density bal-

ance) used in this study. In subsequent publications, Blau 

and Darbre applied their method to the separation of leucine, 

cysteine, proline, hydroxyproline, Methionine, phenylalanine, 

aspartic acid, and glutamic acid (4l) and to the separation 

of aspartic acid, lysine, ornithine, and tryptophan (42). 

Trifluoroacetylation of the n-pentyl esters of argi-

nine, tryptophan, and cystine produced derivatives having 

very long retention times. In addition, histidine did not 

form a derivative that could be detected using agas chroma-

tograph. Thus, Islam and Darbre (133) preferred to use the 

N-trifluoroacetyl methyl ester derivatives. The amine acids 

(2 mg, total) were placed in a stoppered test tube with dry 

Methanol (2 ml). The tube was then placed in an oil bath 

(70 ~ 20 C) and dry HCl was bubbled through the reaction mix-

ture (30 min). The mixture was then evaporated to dryness 

by means of a rotary evaporator, first using a water pump 

and finally using an oil pump (65). The mixture of amine 

acid methyl ester hydrochlorides was treated with trifluoro-

.~ 

acetic anhydride in methylene chloride (4:1, 0.2 ml) and the 

reaction mixture was allowed to stand for 20 min at room 

temperature. Tc avoid losses of the esters, the solvent was 

removed at OoC by means of a rotary evaporator.· The authors 
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used a silicone column for the separation of the derivatives, 

since Darbre and Blau (63) had reported earlier that non­

silicone polar stationary phases might catalyze the break­

down of O-TFA and S-TFA groups. Darbre and Blau (63) were 

unable to obtain consistent results in their studiès on cys­

teine, hydroxyproline, serine, threonine, and tyrosine. 

Table 16 lists the stationary phases with which Darbre and 

Blau (63) got complete or partial loss of the peaks for these 

five amino acid derivatives. The authors point out that most 

of these phases contained polar groupings and that these 

groupings were probably the ones which acted as catalysts 

in the decomposition of trifluoroacetyl derivatives of amino 

acids containing hydroxyl and sulfhydryl groups. 

Islam and Darbre (133) showed that the size of the 

ester group affects greatly the order of emergence of sorne 

amino acids from the column. For example the methyl ester 

of phenylalanine has a longer retention time than that of 

glutamic acid, but the reverse is true for the n-pentyl (133) 

and the n-butyl (97) esters. The methyl ester derivatives 

of hydroxyproline and methionine appear after aspartic acid 

and the reverse is true with the n-pentyl (133) and n-butyl 

(97) esters. Islam and Darbre separated the derivatives 

made from amino acids in hydrolysa tes of insulin and gelatin. 
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Table 16 

Stationary phases which cause breakdown of trifluoroacetylated esters of cysteine and 
hydroxyl amine acidsa 

Phase 

EGS 
GE-XF-II05 
TTP 
GMS 
GMHS 
Admul S57 

Admul 19 
SPAN' s 

GMR 
PPS 
NPGSb 
GE XE-60 
Organometallic liquids 
Versamid 900 

NPGG 
TWEEN's 

lIi-Eff 8B 
DEal\. 
GE XF-llSO 
GE SF-I066 
GE SF-I034 
BOS 

Synonyrn 

Ethylene glycol succinate 

Tri-o-tolyl phosphate 
Glyceryl rnonostearate 
Glyceryl monohydroxystearate 
Polyglycerol ester of hardened tallow fatty 
acids (Advita Ltd) 
Polyglycerol ester of mixed fatty acids 
Sorbitan monolaurate,-monooleate,-dioleate, 
and -trioleate 
Glyceryl rnonoricinoleate 
Polypropylene sebacate 
Neopentyl glycol-sebacic acid polyester 
cyanoethyl silicone elastomer 

Polyamide from dimerized linoleic acid and 
ethylene diamine 
Neopentyl glycol-glutaric acid polyester 
Polyoxyethylene Sorbitan monostearate, 
-tristearate, -monooleate, -trioleate 
Cyclohexane dimethanol-succinic acid polyester 
Diethylene glycol-adipic acid polyester 

Butane-l,4-diol-succinic acid polyester 

Polarityb 

0.59 
0.59 
0.61 
0.64 
0.70 
0.73 

0.76 
0.7-0.9 

0.84 
0.89 
0.90 
0.92 

0.6-1. 5 
1. 08 

1.11 
1. 0-1. 6 

1.17 
1.19 
1.19 
1. 22 
1.37 
1.42 

'9' 

1-' ...... 
(X) 
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Phase 

Ucon 50-I-IB-2000 
ECNSS-S 
EGCNSS-S 
PEG-L 
PEG-S 
DEGS 
Carbowaxes 
EAA 
Antarox-CO-990 

Table 16 (cont'd) 

Synonyrn 

Ethylene glycol succinate-cyanoethyl copolyrner 
Polyethylene glycol lauryl ether 

Diethylene glycol-succinic acid polyester 

aData of Darbre and Blau (63). 

Polarity 

1.50 
1.53 
1.54 
1.64 
1.69 
1. 70 

., 

1.8 (approx) 
2.09 
2.15 

bllPolarity" is expressed as the retention time of the glycine derivative relative to that 
of the leucine derivative. The larger the value, the greater the tlpolarity". 

1-' 
'-l 
~ 
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The authors pointed out the following advantages of using 

methyl esters: (a) they are easily prepared in a single step 

operation; (b) the methyl esters emerge from the column sooner 

than do higher esters because of their higher volatility; and 

(c) the lower operating temperatures made possible by the 

use of methyl esters reduce column bleeding and associated 

"noise", base-line drift, and the risk of derivative decom­

position at higher temperatures (65). 

In the first two (Lamkin and Gehrke (156) and Gehrke, 

Lamkin, Stalling, and Shahrokhi (93» of several papers of 

which Gehrke was either an °author or co-author, the authors 

reported the separation of amine acids as their n-butyl N­

trifluoroacetyl esters. The amino acid or mixture «60 mg) 

of amine acids was placed in a glass-stoppered flat-bottom 

flask (125 ml) and HCl in methanol (1.2 N) was added to the 

mixture (10 ml). The mixture was stirred (250 C, 30 min) by 

means of a magnetic stirrer, and excess methanol was removed 

by vacuum distillation (60o c) when the esterification was com­

plete. Butanolic-HCl (1.2 N) was added to the mixture (10 ml) 

which was then heated (90o C) for three hours with constant agi­

tation. The butanolic-BCI was then removed from the reaction 

mixture by vacuum distillation. The n-butyl ester hydrochlor­

ides were dissolved in methylene chloride (5 ml) to which was 
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added trifluoroacetic anhydride (0.50 ml) and the flask 

containing the reaction mixture was placed on a magnetic 

stirrer. The flask was stirred (room temperature) for two 

hours and excess reagents were then removed by vacuum dis­

tillation. The resultant mixture of derivatives was dis­

solved in anhydrous chloroform prior to chromatography. The 

authors claimed that glutamic acid gave the dibutyl ester 

and tyrosine and lysine gave the di-trifluoroacetyl deriva­

tives. Methionine was not oonverted to the sulfoxide. AlI 

carboxyl groups were esterified and aIl amino, imino, phen­

olic, hydroxy, sulfhydryl, and imidazole groups were triflu­

oroacetylated. They also claimed that tryptophan gave the 

mono- and the di-acyl derivatives. Arginine was oonverted to 

the a-trifluoroacetyl n-butyl ester w-trifluoroacetate salt 

and hence could not be chromatographed successfully. 

Lamkin and Gehrke (156) showed that the trifluoro­

acetyl esters are more volatile than the corresponding acetyl 

esters and that the methyl esters are more volatile than the 

n-butyl esters. They pointed out that if volatility is too 

great, then losses will occur during the concentration step 

which follows trifluoroacetylation. They chose the n-butyl 

N-trifluoroacetyl esters as they represented a satisfactory 

compromise between volatility and ease of chromatographie 
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separation. Table 17 (156) shows the retention temperatures 

for different derivatives of four amine acids. The authors 

noted that excessively high temperatures in the flash heater 

(injection port) caused decomposition of certain derivatives 

with the production of extraneous peaks. They lowered the 

temperature of the flash heater from 223 to 1420 C and noted 

considerable reduction in the size of the major extraneous 

peak of threonine. They finally solved the problem of de­

composition by elimination of the flash heater and by using 

direct "on-column" injection. Recoveries, as determined by 

peak areas, were essentially quantitative for derivatives 

which had been allowed to stand for 90 hours or more, and no 

instability of the derivatives was indicated. Extraneous 

peaks due to hydrolysis of the O-trifluoroacetyl ester upon 

standing prior to chromatography were noted for hydroxy 

amine acids, but hydrolysis was prevented by storing the 

derivative in a solvent containing a small amount of triflu­

oroacetic anhydride. Table 18 lists sorne of the physical 

constants of amine acid n-butyl ester hydrochlorides and n­

but yI N-trifluoroacetyl esters. 

The method developed by Gehrke, Lamkin, Stalling, and 

Shahrohki (93) gave the trifluoroacetate salt of arginine 

which was unsuitable for gas chromatography. Although the 
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Table 17 

Retention temperatures of amino acid derivativesa 

Retention temperatur~b (OC) 

Amino Acid 
N-trifluoroacetyl 

methyl ester 
AC 

N-acetyl N-trifluoroacetyl 
methyl ester n-butyl ester 

AC AC ~ 

N-acetyl 
n-butyl ester 

Bd 

Valine 56 65 109 71 110 

Phenylalanine 133 141 167 130 156 

Glutamic Acid 123 137 180 144 170 

Lysine 200 e 209 173 216 
(tailed) 

a Oata of Lamkin and Gehrke (156). 

b pive pl of solution (10 mg of amino acid converted to derivative and disso1ved in 2.00 
ml CHC13) were injected directly onto the chromatographic column without the use of a 
flash heater. 

c,d1ndicates different conditions of chromatography. Refer to paper for details. 

eNot eluted under the chromatographic conditions employed. 

1-' 
CD 
w 
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Table 18 

Physica1 constants of arnino acid n-buty1 ester hydroch1orides 
and n-buty1 N-trif1uoroacety1 esters* 

Amino acid 
n-Buty1 

n-But~l N-trif1uoroacet~1 ester 
ester Hel, b.p. (oc/mm Hg) rn.p. (oC) 
rn.p. (oc) 

valine 59.2-60.0 98.0-99.0 /43 

Iso1eucine 1iquid 94.8-95.3 / 1. 7 

Methionine 57.6-59.0 126.0-129.0 /18 

Glutarnic acid 62.7-63.2 159.2-161. 0 /13 

Tyrosine 161. 8-164.0 70-83 /10-3 96.9-98.0 

Lysine 1iquid 85-90 /10-3 86.0-87.3 

*Data of Lamkin and Gehrke (156) or cited by Lamkin and Gehrke 
(tyrosine and lysine). 

hot meta1 flash heater of the injection port caused formation 

of the desired tri-acyl arginine derivative from the salt 

upon injection, this was accornpanied by partial decomposition 

to the ornithine derivative (Figure 21). This 1ed Sta1ling 

and Gehrke (267) to the deve10pment of a method for the form-

ation of the tri-acy1 derivative of arginine which involved 

a high-temperature acylation reaction (150o e, 5 min) in a 

centrifuge tube (12 ml) sealed with a teflon-1ined cap. 

High-temperat~e acy1ation ensured the conversion of arginine 
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Figure 21. Reactions of arginine in the flash heater*. 

*From: Sta11ing and Gehrke (267) 
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to the tri-acy1 derivative, and direct non-colurnnn injection 

avoided adverse decomposition «1%) to ornithine. High­

temperature acy1ation gave relative peak areas for the other 

18 protein amine acids which were identica1 to the peak areas 

obtained by acylation at room temperature for two hours. 

Tryptophan was a1so converted quantitative1y to the di-acyl 

derivative. Figure '22 illustrates the acy1ation reactions 

of arginine. 

Gehrke and Shahrokhi (96) obtained complete reso1u­

tion of 20 n-butyl N-trif1uoroacetylamino acid esters by 

use of a mixed stationary phase co1umn of 0.75/0.25 w/w % 

of DEGS/EGSS-X. The authors applied the method to the 

ana1ysis of bovine serum albumin and K-casein hydro1ysates. 

stalling, Gille, and Gehrke (269) tried to increase 

the yie1ds of the n-butyl esters of threonine and cystine, 

which were less than 95% (93). Cystine and threonine (20 

mg samp1es) were converted to their methy1 esters. These 

were subjected to the interesterification reaction (10 ml 

butano1) under different conditions (90o e for 180 min and 

1000 e for 150 min with Hel concentrations of 1.25 and 3.25 

meq/m1) and the yie1ds of the n-buty1 ester (hydroch1orides) 

were determined. They found that there was 1ess methy1 

ester remaining after interesterification at 1000e than at 
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900 C and that the HCl concentration did not affect the con-

version as markedly as did the esterification temperature. 

They claimed that the yields were increased to 100% for 

threonine and 98.2% for cystine. The yields of the other 

amino acids were not affected. 

Gehrke and Stalling (97) published a paper in 1967 in 

which they recommended a procedure for routine determination 

of amine acids in protein hydrolysates. They claimed an 

average yield of 98 ± 3% for 20 amine acids and reported 

excellent agreement between the results obtained by their 

method and those obtained by ion-exchange methods. For 

quantitative analysis, the amount of amine acid injected 

was 0.05-35 ~g. Results obtained for the analysis of 

bovine serum albumin, K-casein, and soybean protein by gas 

chromatography and ion-exchange methods were given. A more 

detailed examination of the method and practical application 

of the method are given in a publication of the Analytical 

BioChemistry Laboratories, Inc. (9). The basic steps in-

volved in the method are outlined below (Equation Nos. 21, 

22, and 23). 

(a) Esterification of amine acids to form methyl ester hydro­
chlorides 

H 0 

1 " R-C-C-OH 
1 
~2 

HCl in CH30H{1.25 N) 
~ 

H 0 
1 Il 

R-C-C-OCH3 
1 
~jCl-

+ HOH (21) 



(b) Interesterification of amine acid methyl ester hydro­
chlorides to forrn n-butyl ester hydrochlorides 

H 0 
1 Il 

R-C-C-OaI3 
1 
NH+Cl-

3 

HCl in BuOH(1.2S N» 
100oc, 2!; h 
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(22 ) 

(c) High-temperature acylation of n-butyl ester hydrochlor­
ides to forrn N-trifluoroacetyl n-butyl esters 

H 0 
1 Il 

R-C-C-OC H 
1

49 
NH+Cl-

H 0 
. fI . nh d . d 1 Il Tr~ uoroacet~c a y r~ e) R-C-C-OC H + HCl 

ISObC, S min 1 4 9 
N-H 

(23 ) 
o 
/1 3 1 

C=O 
+CF3-C-OH 

1 
CF3 

Gehrke, Zumwalt, and Wall (100) investigated several 

factors which influenced the performance of the chrornato-

graphie system, including the separation characteristics of 

various polyesters of neopentyl glycol (succinate, adipate, 

sebacate, and brassylate) and of support materials which had 

undergone different heat treatrnents. Eight amine acid der-

ivatives were chromatographed under identical conditions and 

the retention volumes (relative to alanine=l) were plotted 

against the carbon atom number of the dicarboxylic acid. 

The graph (Figure 23) indicated that maximum separation 

occurred at carbon number 10, that is, with neopentyl glycol 

sebacate. Inspection of the structure of the amine acid n-

but yI N-trifluoroacetyl esters indicates that there are 10 
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atoms from the trifluoromethyl group to the terminal methyl 

group of the but yI ester. 

H 0 
1 Il 

R-C-C-O-CH2-CH2-CH2-CH3 
1 

r-H 
1 ) 

c=o 10 atoms 

bF3 . ~ 

This fact led these workers to suggest that the maximum 

separation obtained with neopentyl glycol sebacate might be 

the result of preferential orientation of the aliphatic por-

tion of the amine acid with the -CH2- groups of the polyester, 

and of the polar trifluoroacetyl gl:OUpS with the ester groups 

in the polyester. The separation ability of ethylene glycol 

adipate (0.325% on acid-washed, heat-treated (450-600o C, 15 

hr) Chromosorb G (80/l00 mesh» was found to be superior, 

however, to neopentyl glycol sebacate. Arginine, histidine, 

and cystine were not eluted from either columns because of 

interaction with the liquid phase. The best separation of 

these amino acid derivatives was obtained with an OV-17 

(siloxane) liquid phase (1.5% w/w) coated on high-performance 

Chromosorb G (80/100 mesh). 

Stefanovic and Walker (273) studied the effect of 

liquid phase (ethylene glycol adipate) loading {0.5, 0.7, 0.8, 

1.0, and 2.0% w/w E~ on acid-'Noashed Chromosorb W (80/100 
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mesh» on the separation of n-butyl N-trifluoroacetyl amine 

acid derivatives. They found that 0.65% ethylene glycol adi­

pate accomplished the separation of 17 of the common amine 

acids. Law responses were obtained for arginine, histidine, 

and cystine, and the authors suggested that this indicated 

incorrect preparation of the derivatives, or decomposition 

on the column, or chemical reaction with the polar stationary 

phase. 

aoach and Gehrke (241) studied the various factors 

which affected the separation of the n-butyl N-trifluoroacetyl 

esters: namely, the effect of liquid phase loading (0.325-

0.65% w/w EGA), the effect of heat-treatment of acid-washed 

Chromosorb W, and the effect of mesh size of the dried sup­

port (60/80, 80/100, and 100/200 mesh). The latter para­

meter did not markedly affect separations and the best sep­

arations were obtained with 0.65 w/w % EGA coated on 80/100 

mesh acid-washed Chromosorb W (dried at l400 C for 12 hr). 

aoach, Gehrke, and Zumwalt (242) developed a method 

by which histidine could be analyzed as its di-a cyl n-butyl 

N-trifluoroacetyl ester. Evaporation of excess acetylating 

reagent and solvent in the final concentration step in the 

derivatization procedure caused the di-acyl derivative of 

histidine to be converted to the monoacyl derivative. Lamkin 
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and Gehrke (156) had shown previously that the storage of 

derivatives in a solvent oontaining a small arnount of tri-

fluoroacetic anhydride prevented hydrolysis of the di-acyl 

derivatives of tyrosine, serine, threonine, and hydroxypro-

line to their mono-acyl derivatives. Roach and his co-

workers showed that the injection of 4 ~l of trifluoroacetic 

anhydride irnmediately after the appearance of the methionine 

peak resulted in quantitative reproducible conversion of the 

mono-acyl derivative of histidine to the di-acyl derivative, 

and elution of the histidine derivative precisely between 

the derivatives of tyrosine and glutamic acid. 

Roach and Gehrke (240) shortened their earlier pro-

cedure (97) by elimination of the step involved in the form-

ation of the methyl ester. The amine acids (-2 mg) were 

dissolved in butanolic-HCl (3 N, 150 ~l per 100 ~l total 

amine acids) with the aid of ultrasonic rnixing (15 seconds). 

The authors showed that 19 of the common amine acids were 

esterified quantitatively with butanolic-HCl (3 N) in 15 min 

at 100oC. Isoleucine required an esterification time of 35 

min. Tryptophan, however, underwent sorne decomposition 

(about 15%) under these conditions. After rerooval of the 

solvent under nitrogen (lOOOC), the water of esterification 

was removed by azeotropic distillation using methylene 
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chloride (150 ~l). A mixture of methylene chloride and tri­

fluoroacetic anhydride (3:1, 80 ~l for each 100 ~g amine 

acids) was added to the screw-topped (teflon) culture tube 

which was then heated at l500 C for 5 min. The sample was 

then injected directly into the gas chromatograph. Gehrke 

and Zumwalt (98) applied this method to the deterrnination 

of 20 protein amine acids and 50 non-protein amine acids. 

This work dealt in particular with the ion-exchange clean­

up procedures required for biological samples and the appli­

cation of the method to the analysis of blood, urine, and 

geochemical samples, including those of Apollos' Il and 12 

(99). 

Zumwalt, Roach, and Gehrke (329) adapted their earlier 

methods to the quantitative analysis of free amine acids in 

comp1ex biological substances, such as blood plasma and urine. 

The authors showed that the optimal ratio of trifluoroacetic 

acid to total amine acids is 50:1, with respect to reproduc­

ibility of acylation, stability of the derivative, and main­

tenance of a minimal sample volume. They confirrned the 

ear1ier observation of Lamkin and Gehrke (156) that solutions 

of N-trifluoroacetyl n-butyl esters may be concentrated with 

1ess evaporative 10ss than solutions of N-trif1uoroacetyl 

methyl esters. 
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1 Gehrke and Leimer (94) studied the effect of salts on 

the derivatization and chromatography of the N-trifluoroacetyl' 

n-butyl 'esters of amine acids. The ions which were classi-

fied as interfering were: Mn++, 00++, Ni++, Zn++, Sn++, Pb++, 

cr+++, Fe+++, and oxalate. It was suggested that this inter-

ference could be due to (a) reduced volatility of the inter-

nal standard, (b) reduced volatility of the amine acids, and 

(c) reduced response due to chelation of the amine acid. The 

following ions did not interfere: Na+, K+, CU+, Ag+, Mg++, 

Zumwalt, Kuo, and Gehrke (328) developed a venting 

system which permitted the injection of a total derivatized 

sample (50-100 ~l) on a standard packed analytical column. 

This device makes possible the analysis of extremely small 

(nanogram) quantities of biological samples or samples con-, 

taining very low concentrations of amine acids. The device 

prevents the relatively large volume of solvent and acylat-

ing reagent from passing through the column to the detector. 

The authors reported data on the amino acid composition of 

corn grain and soybean Meal hydrolysates, and data on the 

free amine acid composition of bovine blood plasma and human 

urine. 

OOulter and Hann (59) prepared the N-acetyl n-propyl 
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esters of the common amine acids. The amine acid solution 

or protein hydrolysate (10-6 to 10-8 moles of amino acid in 

0.1 ml) was evaporated to dryness by means of a vigorous 

stream of nitrogen passing through a steam-jacketed tube 

(lOOOe). Propanolic-Hel (8 Mi 0.4 ml) was added and the 

tube was heated (lOOoCi 10 min). The excess solvent was 

removed by nitrogen evaporation. The propylation step was 

then repeated. Acetylation was effected by addition of a 

freshly-prepared mixture of pyridine and acetic anhydride 

(4:1 V/Vi 0.4 ml) and the mixture was allowed to stand 

(25 0 Ci 5 min). Excess reagent was removed by nitrogen eva-

poration and the esters were dissolved in ethyl acetate (5 

~M/ml) prior to injection into the gas chromatograph. 

Lachovitzki and Bjorklund (155) converted amine acids 

to their n-butyl N-trifluoroacetyl esters prior to chromato-

graphy. A mixture of dried amine acids (- 47.5 J,lM) was 

placed in a Pyrex ampoule and methanol (2 ml) was added to 

the mixture. The ampoule was placed in an oil bath (700e, 

30 min) during which time Hel gas was bubbled through the 

mixture by means of a Pasteur pipette. The solvent was re-

moved by means of a rotary evaporator, after which filtered 

dry air was permitted into the ampoule. The methyl esters 

were either acylated and chromatographed or interesterified 
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with an n-butanol-HCl mixture prior to acylation and chroma-

tography. Acylation was accomplished by addition of triflu-

oroacetic anhydride (0.2 ml) to either the dry methyl esters 

or the dry but yI esters. The stoppered tubes (teflon-lined 

caps) were either allowed to stand at room temperature (60 

min) or were sealed and heated to lsOoc (5 min). Excess 

trifluoroacetic anhydride was removed from the flask by 

rotary evaporation (OOC) under vacuum. Methylene chloride 

(100-200 ~l) was added to the derivatives before an aliquot 

(1.0-2.5 ~l) was injected into the chromatograph. Inter-

esterification of the methyl esters of serine, aspartic 

acid, phenylalanine, glutamic acid, and lysine with n-

butanol (70o C; 30 min) was incomplete and each of these 

amino acids gave two peaks. Interesterification according 

to the method of Stalling, Gille, and Gehrke (269), however, 

gave more satisfactory results. Incomplete reselution was 

noted for the following: valine-threonine, isoleucine-glycine, 

and aspartic acid-phenylalanine-methionine. Arginine, histi-

dine, and cystine did not give satisfactory peaks. Acylation 

with trifluoroacetic anhydride (220 C for 60 min or IsooC for 

5 min) did net give significantIy different results. The 

authors obtained Il peaks when a sample of amine acids from 

a bovine serum albumin hydrolysate was derivatized and 
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chromatographed. 

McBride and Klingman (188) tried to find a stable 

liquid phase or mixture of phases which could be used with 

single column operation to separate nanomolar quantities of 

the n-butyl N-trifluoroacetyl esters of amine acids isolated 

from biological systems. These workers employed the pro-

cedures developed by Gehrke and co-workers (93)(96)(97)(156) 

(267) (269) for the preparation of derivatives. The separa-

tion (18 amine acid esters) was most successfully completed 

using a column of phenyldiethanolamine succinate (PDEAS, 

1.2%) on Gas Chrom A (60/80 mesh). The authors presented 

chromatograms of the n-butyl N-trifluoroacetyl esters of 

free amine acids of a rat superior cervical ganglion and of 

amino acids obtained from a beef insulin hydrolysa te. 

carlstrom (51) chromatographed the N-trifluoroacetyl 

n-butyl esters of the free amine acids of serum and the 

amino acids obtained from serum protein hydrolysa tes. Butan-

olic-HCl (1.2 N: l ml) was added to test tubes containing 

evaporated hydrolysates and standards (5 mg). The stoppered 

tubes were heated (90o C*) and shaken for 3 h. The samples 

*Roach and Gehrke (240) showed later that the amino acids 
were sufficiently soluble in 1.5 N butanolic-HCl, but the 
esterification time was less rapid than with 3.0 N butanolic-. 
HCl. They also showed that the yield of threonine but yI 
ester from the methyl ester was increased from 90.4 to 100.0 
% when the temperature of interesterification was increased 
from 90 to 10OOc. and the yield of cystine but yI ester in­
creased from 88.0 to 98.2% with the same increase in temper­
ature. 
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were then evaporated to dryness (60oCi rotary evaporator). 

Trifluoroacetic anhydride (O.l ml) was then added to the 

coaled tubes and the tubes were allowed to stand overnight. 

The esters were then extracted with chloroform, the extract 

was evaporated to dryness, and the esters were dissolved in 

ethyl methyl ketone (0.1 ml) prior to gas Ch romatography. 

The author was able ta identify only Il out of the 20 common 

amino acids. The author did not use an internaI standard and 

he expressed his final results as the percentage of eaCh 

amino acid in relation to the total weight of amine acids 

identified in the sample. 

Table 19 is a summary of the operating conditions 

used by different workers to separate amine acid derivatives. 

1. 3. AMINO ACID ANALYSIS OF CASEIN 

Several workers have reported values for the amino 

acid composition of casein isolated from bovine and other 

milks. 

Gordon, Semmett, cable, and Morris (104) determined 

the amine acid composition of bovine casein and the a- and 

~-fractions. They showed that a-casein and ~-casein differ 

considerably in the content of several amino acids. These 

differences are reflected in sorne physical properties of 
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Table 19 

Gas chromatography of amine acids: operating conditions employed by different workers 

Source 
and 

Reference 
Derivative 

Used 

. Degradation products 

Bayer (33) Aldehydes 

Dier and Aldehydes 
Teitelbaum 
(39 ) 

Ilunter et Aldehydes 
al. (132) 

Kanornata 
Sc Mashiko 
(145 ) 

Liberti 
(169) 

McGrcgor 
Sc Carpen­
ter (190) 

Pyrolytic 
products 

a-Hydroxy­
acid methyl 
esters 

Nitriles 

Type of 
No.of Carrier 
Amino Type of Gas and Stationary Phase column 
Acids of Colurnn Flow Rate Type of and Temperature 

Separat_ed __ and Length (ml/min )_ j)etector Solid SupPQrt ___ . _. (oc) 

6 CU, 2m H2 , 45 

4 (20 psi) 

2 10 ft He, 23 

6 He, 

3 He, 

7 l m 60 

2 5 ft He, 60 

K 

K 

Dinonyl phthalate 
on Sterchamol 

Silicone Dow-Corning 
200 

Silicone-Celite 
mixture 

Hexanedione + tetra­
ethylene glycol 
dimethyl ether + 
dioctyl phthalate 
Silicone DC-550 

Silicone DC-550 
(30%) 

Ca rbowa x 

92 

78 

69 

80-140 

'" o 
73,75 0 
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McGregor 
& Carpen-
ter (190) 

Melamed & 

Renard 
(201) 

Stack 
(266) 

Stevenson 
& Luck 
(276 ) 

~ 

Ulehla 
(295 ) 

Wagner Sc 
Rausch 
(301 ) 

Zlatkis 
et al. --(326 ) 

Nitriles 3 5 ft 

2 5 ft 

a-Chloro-acid 8 4 m 
methyl esters 

Pyrolytic 
products 

Nitriles 6 180xO.5 cm 

Aldehydes 6 180xO.5 cm 

pyrolytic 13 
products 

a-Hydroxy- 8 
acid methyl 
esters 

Aldehydes 7 CU 
10 ft x ~in 

.. 
He, 60 IAC-446 27,32,40 

He, 60 Silicone (GE SF-96) 28 

H2,33-41 Polyethylene glycol 130 
(PEG)(2 m) followed 
by silicone oil-stearic 
acid mixture (2 m) 

N2, - H Carbowax-1500 (15%) , 
butane-l,4-diol suc-
cinate(8%), or neopentyl 
glycol succinate 
(NPGS) (1%) on Chromosorb 

He, 30 Tetrahydroxyethyl 110-230 
ethylenediamine on 
firebrick 

He, 30 Dow-Corning Silicone 
ail No. 710 

Ar, - Reoplex 400 (30%) or 
Squalene (20%) on celite 

Silicone oil 160 

H2, 100 TC Equal mixture of ethyl- 25 
ene and propylene car-
bonates (100,.{,) on aqua rv 

0 
regia-treated C-22 Fire- .... 
brick (30/60 mesh) 



. Amino Acid Esters 

Bayer Methy1 5 
(33 ) esters 

Il 2 

.. 4 

.. 3 

Nicho11s Methy1 16 
et al. esters -" --(220) 

Saroff Buty1 6 
et al. esters --
(249 ) (hydro-

ch10rides) 

. N-acy1 Amino Acid Esters 

Bayer (33) Methy1 N- 4 

B1au Sc 

Darbre 
(41 ) 

trif1uoro-
acety1 esters 

n-Amy1 N- 8 
trif1uoroacety1 
esters 

CU, 2m H2 , 

Il H
2

, 

Il H2 , 

Il H2 , 

G N2 , 
6 ft x 3/16 

in 

6 ft x J..i in N2 , 
+ 

NH3 , 

CU, 2 m H2 , 

SS N2' 
182xO.5 cm 

.. 

45 K Silicone high-vacuum 140 
grease (30%) on 
Sterchamol 

43 Il " 187 

100 Il ft 138 

45 .. Il 191 

60 H Neopentyl glycol suc- 120-180 
cinate (NPGS) (2%) on 
Fluoropak 80 

50 H Polyethylene glycol 131 
adipate (PGA) (22%) on 

8 Chromosorb W (50/100 
mesh) 

45 K Silicone high-vacuum 190 
grease and sodium cap-
roate on Sterchamol 

38 GD Silicone (MS-7l0) (15%) l850 C 
or cyanoethyl silicone (MS-7l0) 
elastomer (GE XE-60) 1900 C 
on Silo cel C-22 (XE-60) f\) 

(Firebrick) 0 
f\) 
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Blau & n-Amyl N- 4 SS N2, 38 GD XF-II05 or XF-1150 150 
Darbre trif1uoroacetyl 182xO.5 cm (5%) on Silocel C-22 
(42 ) esters (Firebrick) 

Car1strom n-Butyl N- Il SS He, 30 H carbowax 1500 (1%) 100-235 
(51 ) trif1uoroacety1 2m x 1/8 in on AW-DMCS-Chromosorb (8o C/min) 

esters W (80/100 mesh) 

Cou1ter n-Propy1 N- 20 G N2, 30 H Mixture (1:1) of 100-240. 
& llann acetyl esters 106xO.3 cm carbowax 6000 (0.7%), (6o C/min) 
(59 ) and Carbowax 6000 

(0.7%) + tetracyano-
ethyl-pentaerythrito1 
(0.05%) on HP-Chromo-
sorb G (80/100 mesh) 

Cruick- Methyl N- 21 SS Ar, 18 A Neopentyl glycol suc- 65-210* 
shank & trif1uoro- 2 ftxO.15 cm cinate (NPGS) (5%) on 
Sheehan acetyl esters Gas Chrom P (80/100 
(60 ) mesh) 

Darbre & n-Amyl N- 7 SS N2, 30 GD Sorbitan dio1eate 152 
B1au (61 ) trifluoro- 182xO.5 cm (SPAN-80) (5%) on AW-

acety1 esters DDS-Silocel C-22 Fire-
brick 

Il Il N
2

, 0.83 Il XE-60 (10%) on AW-DDS- 140 
Silocel C-22 (Firebrick) 

Darbre & n-Amy1 N- 9 G N2' 24 GD Mixture (5%) of XE- 135 
B1au (64 ) trif1uoro- 5mxO.25 cm 60 (6~fo) and MS-550 

acety1 esters (40%) on Anakrom ABS IV 
0 

(90/100 mesh) w 
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Darbre & 

Blau (64) 

Il 

.. 
" 

Il 

Gehrke et n-Butyl N- 19 
al. (93) trifluoro-

acetyl esters 

Gehrke et n-Butyl N- 8 
al. (100) trifluoro-

Gehrke & 
Leimer 
(94 ) 

Gehrke & 

Shahrokhi 
(96 ) 

acetyl esters 

n-Butyl N­
trifluoro­
acetyl esters 

n-Butyl N­

trifluoro­
acetyl esters 

20 

20 

Gehrke Sc 
Stalling 
(97 ) 

n-Butyl N- 20 
trifluoro-
acetyl esters 

.. 15 

" .. H 

G N2, 38 
3.2rnxO.4cm 

GD 

G N2 , 38 H 
lm x 0.4cm 

G N2 , 64 H 
1. 5rnxO. 4cm 

" 

Same as Darbre & Blau 
(61 ) 

DEGS/EGSS-X (0.75/ 
0.25 w/w %) on AW­
Chromosorb W (60/80 
mesh) 

NPGS, NPGA, NPGSb, NPGB 
(0.5%) and EGA 
(0.325%)(5 separate 
columns) on AW­
Chromosorb G (80/100 
mesh) 

.. 

170 

67-218 
(3. 30 C/min) 

65-220 
(2o C/min) 

(See Roach and Gehrke (240)(241)(242) for operating conditions) 

(See Gehrke and Stalling (97) for operating conditions) 

G N2 , 38 
1. OrnxO. 3cm 

G N2 , 70 
1. 5rnxO.4cm 

H 

H 

DEGS/EGSS-X (0.75/ 
0.25 w/w %) on AW­
Chromosorb W (60/80 
mesh) 

DC-550 (5%) on AW­
Chromosorb W (60/80 
mesh) 

67-218 
(3. 30 c/min) 

1\) 

o 
of:>. 
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Graff et 
al. (108) 

Hagen & 
Black 
(116 ) 

Islam & 
Darbre 
(133 ) 

Johnson 
et al. --(142) 

Lachov it­
zki Sc 
BjBrk1und 
(155 ) 

n-Propyl N- 30 
acety1 esters 

Methy1 N- 19 
trif1uoro-
acety1 esters 

Methy1 N- 16 
trif1uoro-
acetyl esters 

n-Amyl N- 14 
acety1 esters 

Il 7 

n-Buty1 N- 16 
trifluoro-
acety1 esters 

SS or CU N
2

, 80 
20 ftx~ in 

2 ftx~ in N2 , 80 

10 ftx~ in N2, 50 

G N2, 15 
3. 25mxO. 25crn 

G Ar, 60 
8 ftxO. Sem 

G Ar, 240 
2 ftxO.5crn 

G N2, 23 
3.75mxO.2crn 

H 

S 

S 

H 

Polyethylene glycol 
(PEG) on Chromosorb W 

carbowax 20M (1%) on 
Diatoport S (80/100 
mesh) 

., 

80-185* 

20-270 carbowax 20M (l%) on 
Diatoport S (80/100 
mesh) 

(in 2-3 min) 

Carbowax 1540 on 
Diatoport S 

Mixture (2.5% w/w) of 
XE-30 (46%), QF-l 
(27%), and MS-200, 
1000 S (27%) on Dia­
toport S (80/100 mesh) 

Polyethylene glycol 
(PEG) (carbowax 1540) 
(1%) on AW-Chromosorb 

W (80/100 mesh) 

Polyethylene glycol 
(PEG) (Carbowax 1540) 
(0.5%) on AW-Chromo­
sorb W(80/100 mesh) 

120-170* 

110 

125-148 

148 

XE-30(cyanoethyl sili- 90-230* 
cone gum) (5% w/w) coated 
on diatomaceous earth 
(80/100 mesh) 

rv 
o 
U1 
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Lamkin & 
Gehrke 
(156) 

Losse et 
al. (173 ) 

Makisumi 
& Saroff 
(182 ) 

McBride & 
K1ingman 
(188 ) 

Regis 
Chemical 
CO. (238) 

n-Butyl N-
trifluoro-
acety1 esters 

Il 

Il 

Methyl N-
formyl esters 

Methyl N-
trifluoro-
acetyl esters 

Il 

Il 

n-Butyl N-
trifluoro-
acetyl esters 

n-Blltyl N-
trifluoro-
acetyl esters 

5 SS Ar, 
2.5mxO.47cm 

4 G N2, 
1mxO.3cm 

19 Il Il 

10 

21 SS N2, 
19inx3/32in 

SS N2, 
15ftx3/32in 

SS N2 , 
15ftx3/32in 

18 G N2, 
1.1mxO.4cm 

20 G N2, 
1. 5mxO. 37 cm 

., 

46 S Carbowax 1500 (0.25%) 150 
coated on AW-Chromosorb 
W(30/60 mesh) 

38 H NPGS (2%) on AW- 41-218* 
Chromosorb W (80/ 
100 mesh) 

H NPGS (1%) on Gas 67-218 
Chrom A (60/80 mesh) (3. 30 C/min) 

High vacuum grease 
(25%) on Silica gel 

13.3 H Neopentyl glycol suc- 204 
cinate(2%) on Chromo-
sorb W 

29.8 H Il 161 

11.4 H n 137 

43 H Phenyldiethanolamine 70-200* 
succinate (PDEAS) (1. 2%) 
on Gas Chrom A (60/80 
mesh) 

- H NPGS(0.5 w/w %) on 75-160 
AW-Chromosorb G (2o C/min) 
(80/100 mesh) t.J 

0 
Cl' 



.. 
Reach et n-Buty1 N- 2 G H OV-17 (1.5% w/w) on 140-240 
al. (242 ) trif1uoro- 1. 5mxO. 4cm HP-Chromosorb G (80/ (6o e/min) 

acetyl esters 100 mesh) 

Reach & .. 17 Il H Stabilized EGA(0.65%) 80-220 
Gchrke on AW-ehromosorb (6oe/min) 
(240) (241 ) (dried at l400 e for 

12 h) (80/100 mesh) 

Saroff & Methy1 N- 6 Ar, 80 A Polyethylene glycol 162 
Karman trif1uoro- 6 ftx~in adipate ( PEGA) (22%) 
(248 ) acety1 esters on ehromosorb W 

.. 6 Il 
N2' 50 H Il 181 

Sta11ing n-Buty1 N- 18 G N2, 38 H DEGS;'EGSS-X(O. 75/0.25 60-220 
et al. trifluoro- ImxO.3cm w/w %) on AW-chromo (3. 30 c/min) --(269 ) acety1 esters sorb W(60/80 mesh) 

.. 2 Il Il H GE XE-30(cyanomethyl 100-250 
silicone) (1% w/w) on (7. 90 e/min) 
AW-ehromosorb W (60/ 
80 mesh) 

Stefano- n-Buty1 N- 20 SS N2' 60 H EGA(0.65%) on AW- 80-230 
vic & trifluoro- lmxO.4cm ehromosorb W (80/ (4oC/min) 
Walker acetyl esters 100 mesh) 
(273 ) 

Wagner & n-Methyl N- 6 0.4 atm Apiezon-L(17.5%) and 167 
Wink1er trifluoro- (inlet) sodium caproate(2.5%) 
(302 ) acety1 0.05 atm on Sterchamol 1\) 

0 
(outlet) --.J 
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Weygand n-Methyl N- 10 1-2m He Silicone grease or 160,190,204 
ct al. trifluoro- Reoplex on Celite (3 separate --(315 ) acetyl runs) 

Youngs n-Buty1 N- 6 CU He, 1.3 Hydrogenated vege- 220 
(325 ) acetyl 6ftx~in table (5aff10wer) oil 

(20%) on Firebrick 
(20/40 mesh) 

Zomzely n-Butyl N- 22 SS N2, 128 Neopentyl glycol suc- 75* 
ct al. trifluoro- 2.0rnxO.63cm cinate (NPGS) (1%) on --
(327 ) acetyl Gas Chrom A (60/80 mesh) 

Zumwalt n-Butyl N- 20 (See Roach and Gehrke (240)(241)(242) for operating conditions) 
ct al. trifluoro---
(329 L acet~l 

aAbbreviations for types of co1umns: CU = copperi G = glassi 5S = stain1ess steel. 

~hc first symbol indicates the type of carrier gas and the second symbol indicates the flow rate 
(ml/min) • 

cAbbreviations for types of detectors: TC = thermal conductivitYi K = katharometer: H = hydrogen 
flame ionizationi GD = gas density balance: A = argon ionizationi 5 = strontium-90 ionization. 

*Multiple programming rates employed. 

~ 
o 
(X) 



. ' 

209 

the casein such as solubility and electrophoretic mobility. 

These workers concluded that although whole casein is hetero­

geneous, it is well-characterized with respect to its amine 

acid composition. 

Baker and Khan (31) determined the amine acid compo­

sition of undesalted casein hydrolysates by quantitative 

chromatography on buffered filter paper. The coefficients 

of variation for the determination of individual amine acids 

was highest for glycine (7.4%) and lowest for arginine (:.3%). 

Kugenev and Medvedeva (154) isolated casein from the 

milks of cow, buffalo, and goat. The acid hydrolysates of 

these caseins were then subjected to paper chromatography 

and the content of Il amine acids was determined. casein 

from goat milk contained higher levels of histidine, lysine, 

aspartic acid, serine, and tyrosine than did the other caseins. 

Lee, Mehta, and Lucia (164) determined the amine acid 

composition of goat milk casein and compared it with the 

caseins of cow and human milks. Goat milk casein contained 

higher levels of glycine and lower levels of arginine and 

methionine than those reported previously for bovine caseine 

The authors suggested that the lower biological value of goat 

milk casein might be due to its relatively low methionine 

content • 
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Hoeller (129) compared the amine acid composition of 

goat milk casein with that of cow caseine He reported that 

goat milk casein contained more histidine, methionine, pro­

line, and threonine, and less arginine, glutamic acid, iso­

leucine, serine, tyrosine, and valine than did bovine caseine 

Ganguli, Prabhakaran, and Iya (91) isolated casein 

from buffalo milk and cow milk. The two caseins were hydro­

lyzed and the resultant hydrolysates were subjected to paper 

chromatography. They found that the composition of buffalo 

casein was almost identical to that of bovine caseine 

Ashworth, Ramaiah, and Keyes (25) analyzed the casein 

isolated from the milk of the Northern fur seal (callorhinus 

ursinus) and found it to he similar in composition to bovine 

casein, except for somewhat lower arnounts of dicarboxylic 

acids (glutamic and aspartic). The authors suggested that 

the lower content of these amino acids might account for the 

lower electrophoretic mobi~ity (veronal buffer~ pH 8.6~ urea) 

of the major protein fraction as compared with that of bovine 

caseine 

Luhtala, Rautiainen, and Antila (174) analyzed the 

"protein" of reindeer milk. The authors did not indicate 

whether the amine acid analysis represented the composition 

of Il casein" or "total protein" (i. e. casein + whey proteins). 

Heathcote and Haworth (119) determined the amine acid 
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composition of casein by subjecting hydrolysates to thin­

layer .chromatography. The values which they obtained were 

in close agreement with those obtained by ion-exchange pro­

cedures. 

Williamson (317) was one of the first workers to re­

port on the amine acid composition of human caseine He 

found that human casein contained over three times as much 

cystine as did cow casein and less methionine than cow caseine 

The author found that there was no significant difference in 

the levels (millimoles) of sulfur-containing amine acids 

between the two caseins. 

Alais and JolIes (4) analyzed human casein and reported 

important differences in the levels of glycine, methionine, 

aspartic acid, and lysine as compared with the values re­

ported by Williamson (317). The authors found that human 

casein contained more cystine and less basic amino acids 

than did bovine caseine 

Nagasawa, Kiyosawa, and Kuwahara (216) provided com­

parative data on the amine acid composition of human colostral, 

transitional, and mature milk caseins. The contents of aspar­

tic acid, glycine, alanine, cystine, arginine, and tryptophan 

in colostral casein were higher than those in mature milk 

casein, but the contents of glutamic acid, leucine, proline, 

leucine, and lysine in colostral casein were lower than those 
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in mature milk caseins. 

Values for the amine acid composition of bovine casein 

as re~rted by different workers are tabulated in Table 20. 

comparative data on the amine acid composition of caseins 

isolated from milks of different species are tabulated in 

Table 21. 

2. Experimental 

2.1. INSTRUMENTAL 

(a) Gas Chromatograph 

The instrument employed for amine acid analysis was 

a dual-column F & M Model 810 Research Gas Chromatograph 

equipped with dual hydrogen flame ionization detectors. The 

instrument contained a Minneapolis-Honeywell (Brown) recorder 

(-0.2 to 1.0 rnv). compressed gases (nitrogen, air, and 

hydrogen) were obtained from Ohio Medical products canada 

Ltd. Drying tubes containing "tell-taleD silica gel Gand 

Linde molecular sieve 5A (Hewlett-Packard, Avondale Division, 

Avondale, Pa.: cat. No. 8501-5208) were inserted in each of 

the gas lines between the tank and the inlet port of the gas 

chromatograph. Single column operation was used for amine 

acid analysis. The glass column (8 ft x ~ in) was packed 
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Table 20 

Amino acid composition of bovine whole casein as reported by different workersa 

Amino Acid Reference No. 
{179 ~ {104~ p17 ~ {9l~'E {154~E Pl~E {27 2 ~ c {119~ël {119~e (104)f - -- --- ---

Glycine 0.4 2.7 0.4 
}8.90 

1.6 2.05 1. 97 2.4 2.2 1.9 
Serine 5.45 6.3 5.0 4.0 4.64 5.67 6.4 6.3 5.9 
Alanine 2.3 3.0 2.3 2.98 2.3 3.84 3.31 3.0 3.3 3.5 
Valine 6.64 7.2 5.3 6.58 6.84 6.79 6.5 6.3 7.2 
Leucine 10.8 9.2 14.4 

} 13.55 
10.6 9.39 8.8 8.2 10.3 

Isoleucine 6.0 6.1 5.2 5.77 5.91 5.6 5.0 7.6 
Proline 9.8 11. 3 8.1 9.84 10.4 10.1 10.5 11. 6 
Phenylalanine 5.54 5.0 5.5 4.99 5.19 4.82 4.8 5.0 5.5 
Cystine 0.34 0.34 0.4 0.4 1.4 0.34 
Cysteine 
Methionine 2.88 2.8 3.1 2.48 3.32 2.94 2.9 3.1 3.1 
Tryptophan 1. 22 1.2 1.3 1.30 1.35 1. 24 1.2 
Arginine 3.76 4.1 3.9 4.71 1.9 4.48 3.72 3.8 3.9 4.0 
Histidine 2.25 3.1 2.0 1.38 2.9 3.67 3.00 3.1 3.2 3.2 
Lysine 6.85 8.2 6.0 8.47 5.8 7.35 7.68 7.8 8.1 8.3 
Aspartic Acid 5.8 7.1 4.2 

} 28.63 
3.5 7.63 6.95 7.6 7.3 7.2 

Glutamic Acid 21. 7 22.4 21. 9 11.8 20.8 20.8 22.0 20.8 22.0 
'rhreonine 4.35 4.9 4.6 4.31 2.7 4.43 4.26 5.5 6.9 4.6 
Tyrosine 5.99 6.3 5.5 4.80 3.1 6.04 5.62 5.8 4.9 6.2 
aValues expressed as 9 amine acid per 100 9 caseine 
bva1ues obtained by paper chromatography. 
cValues obtained by microbio1ogica1 assay. 
dvalues obtained by thin-layer chromatography. 
eValues obtained by amine acid analyzer. 
fvalues cited by authors (104) from 1iterature. 

N 
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Table 21 

Amino acid composition of caseins isolated from milks of different species as reported by 
different workersa 

Amino Acid 

Glycine 
Serine 
Alanine 
Valine 

Casein 
Human Northern 

Goat Goat Goat Buffalo Buffalo Human Human (179) fur seal Rat Reindeerd 

(154)b(164JC(179l _l2JJ_b_ ~1_54)b ~216)c: _t4J~ _l=!~7l~25J_c_(101)~ J17A-)C 
1.2 1.41 - } 8.85 1.3 1.37 1.8 0 1.3 1.65 2.12 
4.4 4.10 0.7 3.9 4.25 4.3 5.4 2.4 5.18 
1.9 2.65 1.8 2.37 2.0 3.00 2.8 2.0 3.9 2.92 

6.47 6.0 5.58 7.48 4.85 5.0 5.9 5.02 5.89 
9.43 11.4 }13 26 10.39 10.8 12.2 8.9 5.54 8.95 
5.24· 5.90 4.4 6.3 4.2 4.67 4.34 
8.29 6.9 13.86 10.9 8.9 8.1 7.84 8.79 
3.77 2.0 4.46 3.56 3.8 5.8 3.7 3.75 4.38 

Te Te 0.48 0.95 0.64 1. 78 3.99 0.74 

1. 35 2.01 2.05 0.7 2.4 2.08 1.87 2.27 
1.5 1.37 1.45 1. 06 2.4 1.4 4.57 
1.9 1.34 2.66 2.78 1.2 2.79 2.05 3.43 4.2 3.42 3.58 
3.5 3.65 1.85 1. 62 2.9 2.47 2.15 1. 77 2.4 2.50 3.39 

5.24 5.5 5.79 3.85 5.4 5.0 5.28 10.27 
7.62 3.6 6.82 7.5 4.6 6.6 5.78 5.99 

18.27 9.3 21. 87 18.3 20.9 16.9 20.20 21. 67 
4.38 2.1 4.05 4.35 4.5 3.5 4.49 4.24 

5.28 5.1 5.7 3.9 3.85 5.28 
a Va lues expressed as 9 amine acid per 100 
bvalucs obtained by paper chromatography. 
cVa 1ues obtained by amine acid analyses. 
dReindeer "p rotein". 

9 caseine 

CTrace. 
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with neopentylglycol sebacate (NPGS; 0.5%) on acid-washed 

Chromosorb G (80/100 mesh). The column was not packed in the 

region which was inserted into the injection port. The brass 

SWagelok fittings were coated with a Teflon coating (UPluoro-

glide", Chemplast, Inc., Wayne, N.J. 97470, U.S.A.). 

The Chromatographie conditions were as follows: 

Column temperature: 

program rate: 

Detector temperature: 

Injection port temperature: 

Range: 

Attenuation: 

Chart speed: 

Carrier gas (N2) flow rate: 

Scavenger (air) flow rate: 

Hydrogen flow rate: 

Initial 67o C, final 
2l0o c 

4o C/min 

10 

2 

0.25 in/min 

60 ml/min (Tank, 60 
psig; Rotameter 2) 

250 ml/min (Tank, 18 
psig) 

120 ml/min (Tank, 16 
psig) 

(b) Preparation of columns 

Neopentyl glycol sebacate (NPGS: 0.75 g) was dissolved 

in rnethylene chloride. Acid-washed Chromosorb G (150 g) was 

placed into a ribbed round-bottorn flask (1 liter). The solu-

tion of NPGS was added to the flask, and rnethylene chloride 
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was added unti1 the 1iquid 1eve1 was ~ inch above the Chrom­

osorb. The slurry was evaporated to dryness by means of a 

rotary evaporator (50o e). 

The co1umn was packed as fo11ows: a p1ug of si1anized 

glass woo1 (App1ied Science Laboratories, state eo11ege, Pa. 

14502, U.S.A.) was inserted in one end of the co1urnn and this 

end o,f the co1umn was connected to a water vacuum pump. The 

co1urnn was then vibrated (Burgess Vibratoo1) as the packing 

was poured into the co1umn. The co1umn was fi11ed to a dis­

tance six inches from the other end and another p1ug of si1an­

ized glass woo1 was inserted to ho1d the co1urnn packing in _ 

place. 'The empty region coincided with that part of the 

co1umn which served as a glass liner in the injection port. 

The co1urnn was conditioned overnight (12-15 h) at 

2100 c and the gas f10w rates were identica1 to those described 

previous1y in this chapter (Section 2.1. (a». 

(c) calibration of Gas Flow Rates 

Most manufacturers of gas chrornatographs supp1y a set 

of calibration curves with which it is possible to deterrnine 

the tank pressure settings and rotameter (if any) settings 

which will provide a given f10w rate. In most instances, 

these calibration curves are genera1 curves and do not 
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necessarily apply to a specifie instrument. In any case, 

the curves for the carrier gas will most probably he meaning­

less because of variation in colurnn packing. Figures 24, 2S, 

26, . and 27 show the calibration curves for uA Il colurnn carrier 

gas, "B" colurnn carrier gas, nAIl and "B" detector purge air 

(scavenger) flow, and uA II and RB" detector hydrogen flow. 

Since single colurnn operation was employed in these amine 

acid analyses, the uA u colurnn data are of special importance. 

2. 2. MISCELIANEOUS APPARATUS AND GIASSWARE 

(1) Oil baths 

Three deep fryers (Danby Fryrnaster Cooker-Fryer, 

Model 400 A, Danby Corporation, Montreal 9, P.Q., canada) 

were used as constant-temperature baths. The fryers were 

filled te a depth of two inches with Fisher Therrnally Stab­

lized Bath Oil No. 0-2. One fryer was set at 70o C, one at 

100oC, and the other at lSOoc. 

(2) Ultrasonic mixer 

A Branson Sonifier Cell Disruptor was fitted with 

a micro-tip. 

(3) Boiling water bath 

(4) Hydrogen chloride generator 

The apparatus used was essentially that described 

by vogel (299) (p. ISO, Fig.II,48,I). 
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(S) Nitrogen evaporator 

The nitrogen evaporator eonsisted of six Pasteur 

disposable pipettes (Fisher, cat. No. l3-678-SA) which were 

joined to the outlets of a aquarium gang valve by means of 

pieees of rubber tubing. The inlet of the gang valve was 

eonnected to a nitrogen tank by a pieee of rubber tubing. A 

drying tube half-filled with Dtell-tale D silica gel and half­

filled with Linde molecular sieve SA (Hewlett-Packard, Avon­

dale Division, Avondale, Pa., cat. No. 8S0l-S208) was in­

serted between the gang valve and the tank. 

(6) Reagent dispensers 

Three DRepipets D (Labindustries Ltd., Berkeley, 

calif 94710, U.S.A.: 10 ml dispensers) were fitted with dry­

ing tubes (caC12 ). These were used to dispense dry esteri­

fication reagents. 

(7) Chromatographie columns 

Columns (o.d.~ in: length=12 in) containing sin­

tered-glass retainers at one end were used for ion-exchange 

elean-up of hydrolyzed biological materials. 

(8) Vacuum pump and large desieeator 

These were required to faeilitate removal of HCl 

after hydrolysis of biological samples. The bottom of the 

large desiecator was covered with NaOH flakes. 
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(9) Reaction tubes 

Several tubes (Pyrex #9826, culture: 13 x 100 mm) 

fitted with Teflon-lined caps were used to perform the ester­

ification reactions. care was taken to choose tubes which 

had tightly-fitting caps as slight defects in the thread 

caused loss of sample. 

(10) Test tubes 

Pyrex test tubes (15 x 150 mm) were used for 

hydrolysis of biological samples. 

(11) Tube chamber for hydrolysis 

The tubes in which the hydrolyses were performed 

were placed in a vacuum desiccator (diameter = 15 in) such 

as that described by Keutmann and Potts (146). The top was 

held in place by two square plywood (~ in) flanges which 

were clamped at each corner by means of four bolts and wing 

nuts. The desiccator was heated by means of an air oven. 

(12) Syringes 

Hamilton syringes (10 ~l, cat.No.70l Ni 50 ~l, 

Cat.No.703 N) were used to in je ct the samples into the gas 

chromatograph. 

2. 3 • RFAGENTS AND l-A TERIAI.S 

(1) Anhydrous methanol 

Anhydrous methanol was prepared according to the 
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method of Vogel (299). Magnesium turnings (2.5 g) and iodine 

(0.5 g) were placed in a round-bottom Pyrex flask (2 liter) 

which was then fitted with an Allihn condenser. Methanol 

(50-75 ml) was added through the condenser and the mixture 

was warmed until aIl the magnesium was converted to the 

methoxide. Methyl alcohol (900 ml) was then added, the mix-

ture was refluxed (30 min), and the final product was separ-

ated from the mixture by distillation. The first 25 ml of 

distillate was discarded and the product was collected at 

650 C (760 mm Hg). 

(2) Anhydrous n-butanol 

Anhydrous n-butanol was prepared according to 

the method of Vogel (299). Butanol (1 liter) and sodium 

(7 g) were placed in a round-bottom Pyrex flask (2 liter) 

fitted with an Allihn condenser and the reaction was allowed 

to continue until the sodium disappeared. Ethyl phthalate 

(27.5 g, purified, Fisher Scientific Co., cat.No.E-162) was 

introduced into the flask and the mixture was gently re-

fluxed (2 hl. The butanol was separated from the mixture 

by distillation. The first 25 ml of distillate was dis-

carded. The fraction which boiled at l16.5-llSo C (760 nun 

Hg) was collected. 

(3) Anhydrous methylene chloride 

Reagent grade Methylene chloride was dried over 
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anhydrous calcium chIo ride and was then redistilled. The 

fraction which boiled at 40-41o C (760 mm Hg) was collected. 

(4) Methanolic-HCl (1.25 N) 

Dry hydrogen chloride gas (45.63 g) was bubbled 

into anhydrous methanol (800 ml) and the volume of the re­

sultant solution was adjusted to 1000 ml with anhydrous meth­

anol. The reagent was stored in a nRepipet". 

(5) Butanolic-HCl (1.25 N) 

Dry hydrogen chloride gas (45.63 g) was bubbled 

into anhydrous n-butanol (800 ml) and the volume of the re­

sultant solution was adjusted to 1000 ml with anhydrous n­

butanol. The reagent was stored in a aRepipet n• 

(6) Butanolic-HCl (3 N) 

Dry hydrogen chloride gas (109.5 g) was bubbled 

into anhydrous n-butanol (700 ml) and the volume of the re­

sultant solution was adjusted to 1000 ml with anhydrous n­

butanol. The reagent was stored in a • Repipet" . 

(7) Acylation reagent 

Trifluoroacetic anhydride (20 ml; Eastman cat. No. 

7386, Eastman Kodak 00., Rochester, N.Y. 14650, U.S.A.) was 

added to anhydrous Methylene chloride (60 ml). 

(8) InternaI standard solution (1 mg/ml) 

Stearic acid but yI ester (100 mg; cat.No.5-5001, 

Grade l, Approx 99%, Sigma Chemical 00., St. Louis, Mo. 
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63118, U.S.A.) ~s dissolved in anhydrous n-butanol (80 ml) 

and the volume of the resultant solution was adjusted to 100 

ml with anhydrous n-butanol. 

(9) Amino acid standard solutions 

Standard N-trifluoroacetyl n-butyl amino acid 

solutions were purchased from Regis Chemical co. (1101 N. 

Franklin St., Chicago, Ill. 60610, U.S.A.). The kit (cat. 

NO.TK-l) consists of 20 amino solutions of individual amino 

acids (0.05 M, 5 ml each) in chloroform. The solutions are 

paCked under nitrogen and come in vials which are stoppered 

with inert septums. 

(10) Amino acids 

Amino acids were purchased from Nutritional 

Biochemicals COmpany, Cleveland, Ohio, 44128, U.S.A. 

(11) Standard proteins 

The following proteins were obtained from Sigma 

Chemical COmpany, St. Louis, Mo. 63118, U.S.A., except for 

the albumin which was obtained from Nutritional Biochemicals 

company, Cleveland, Ohio 44128, U.S.A. 

A lbumin , bovine: 4x crystallized 

Albumin, egg: Grade V: salt free, crystallized and 
lyophilized: cat. No. A 5503 

Zein: Grade II: from corn; cat. No. Z 3625 

Gelatin: Type 1: 300 bloom, from swine skin: cat. No. 
G 2500 
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K-casein: cat. No. C 3883 

Ribonuclease A: Type 1-A: from bovine pancreas, 5x 
erysta11ized, protease-free, essen­
tia11y sa1t-free: cat. No. R 4875 

Lacta1bumin: praetica1 grade: cat. No. L 7252 

(12) Liquid phase 

Neopenty1 glycol sebaeate (NPGS) was obtained 

from Chromatographie Speeia1ties, BroCkvi11e, Ont., canada. 

(13) Solid support 

Aeid-washed Chromosorb G (80/100 mesh) was ob-

tained from Chromatographie Speeia1ties, BroCkvi11e, Ont., 

canada. 

(14) Ion-exChange resins 

Dowex 50 x 12 and Dowex 2 x 8 (200-400 mesh) 

were obtained from the J.T. Baker Chemica1 co o , Phi11ips-

burg, N.J., U.S.A. 

(15) HydroChlorie aeid for hydro1ysis 

Mercaptoethano1 was added to oonstant-boi1ing 

hydroChlorie aeid (5.7 N) suCh that the ratio of mercapto-

ethano1:hydroChlorie aeid was 1:2000. 

(16) Bydroch1orie aeid (10% w/v) 

(17) Sodium hydroxide (10% w/v) 

(18) Ammonium hydroxide (10% w/v) 
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2.4. PRELIM~RY WORK 

(a) Introduction 

The object of this work was to find out whether or 

not it was possible to use gas Chromatography for the deter-

mination of amine acids in casein hydrolysates. Stated below 

are several reasons why it would be advantageous to use agas 

chromatograph rather than an amine acid analyzer for amine 

acid analysis: (a) the oost of agas Chromatograph is much 

less than that of an amine acid analyzeri (b) the time re-

quired for the amine acid analysis of a protein using gas 

chromatography should be less than that required for the 

same analysis using an amino acid analyzeri and (c) when a 

gas chromatographie run is oompleted, oolumn regenerative 

procedures are not necessary as they are with the amine acid 

analyzer. The main disadvantage of the gas chromatographie 

method is that it is necessary to convert the amine acids 

into appropriate derivatives and this may lead to losses of 

amine acids. 

Several workers have suggested procedures for the pre-

paration of derivatives and their separation by gas chromato-

graphy. However, the methods developed by Gehrke and his 00-

workers at the University of Missouri seemed to be promising 
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for routine laboratory work. Gehrke's first method (97) in­

volved the preparation of the methyl esters of the amine acids, 

interesterification of the methyl esters to form the n-butyl 

esters, and acylation of the but yI esters with trifluoroacetic 

anhydride to form the N-trifluoroacetyl n-butyl amine acid 

esters. The preparation of the methyl esters was necessary 

because some amine acids, notably cystine, lysine, and histi­

dine, dissolved in butanolic-HCl (1.25 N) only with great 

difficulty (155), but they were readily soluble in methano­

lic-HCl (1.25 N). Gehrke's second method (240) involved 

"directD esterification of the amine acids to form the butyl 

esters followed by acylation of the but yI esters with tri­

fluoroacetic anhydride to form the N-trifluoroacetyl n-butyl 

amine acid esters. It should be pointed out that during the 

course of this work, a Change was also made in the conditions 

(time and temperature) of acylation. An increase in the acy­

lation temperature from 1000 (1 h) to 1500 (5 min) caused 

increased yields of arginine. 

The preliminary experiments whiCh follow involve com­

parisons of the recoveries obtained with Gehrke's two methods. 

These preliminary experiments led to the development of a 

procedure whiCh was applied to the analysis of casein. 
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(b) Precision of Measurements 

An experiment was conducted to establish the repro-

ducibility of retention times and of peak area measurements 

for each of the amino acid N-trifluoroacetyl n-butyl esters. 

Equal volumes (10 pl) of eaCh of the standard N-

trifluoroacetyl n-butyl ester solutions (0.05 M) were mixed 

to yield an equimolar mixture of the 20 amino acid deriva-

tives. Five separate samples (3 ~l, eaCh) of this solution 

were injected into the gas Chromatograph and eaCh analysis 

was performed using the conditions described in Section 2.1. 

(b). The Bretention distance D (i.e. the distance in inches 

of a peak from the origin on the Chart paper) was determined 

for eaCh amino acid derivative in eaCh run and the average 

distance, standard deviation, and coefficient of variation 

were determined for eaCh amino acid. Since the chart paper 

moves at a known rate (~ in/min), the Dretention distanceR 

can easily be converted to Dretention time D• Table 22 shows 

the retention distances, averages, standard deviations, and 

coefficients of variation for 17 of the 20 amino acid deri-

vatives (the author was unable to detect arginine, histidine, 

and cystine). TWo peaks (valine and isoleucine) had a co-

efficient of variation greater than 1.00% (1.22 and 1.36%, 

respectively), and aspartic acid had the lowest coefficient 
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Table 22 

Retention distances* of amine acid N-trifluoroaeetyl n-butyl esters 

Standard COefficient of 
N-TFA** n-butyl Trial No. Average deviation variation 

ester of 1 2 3 4 5 {Xl rt s l {± %l 
Alanine 2.13 2.17 2.11 2.11 2.13 2.13 0.02 0.93 
Valine 2.44 2.50 2.45 2.42 2.45 2.45 0.03 1. 22 
Glycine 2.85 2.77 2.81 2.80 2.80 2.80 0.02 0.71 
Isoleucine 2.95 3.00 2.92 2.90 2.93 2.94 0.04 1.36 
Threonine 3.14 3.10 3.10 3.10 3.12 3.11 0.02 0.64 
Leucine 3.30 3.30 3.28 3.25 3.26 3.28 0.02 0.60 
Proline 3.60 3.61 3.58 3.56 3.54 3.57 0.03 0.84 
Serine 3.79 3.80 3.78 3.85 3.77 3.80 0.03 0.78 
Cysteine 4.70 4.71 4.70 4.66 4.69 4.69 0.02 0.42 
Hydroxyproline 4.80 4.80 4.79 4.75 4.79 4.79 0.02 0.41 
Methionine 5.30 5.30 5.29 5.25 5.29 5.29 0.02 0.37 
Aspartic acid 5.50 5.50 5.49 5.46 5.49 5.49 0.01 0.18 
Phenylalanine 5.64 5.67 5.64 5.60 5.62 5.63 0.03 0.53 
Glutamic acid 6.45 6.50 6.45 6.44 6.46 6.46 0.02 0.30 
Tyrosine 6.80 6.95 6.83 6.81 6.82 6.84 0.06 0.87 
Lysine 8.00 8.05 8.00 8.00 8.00 8.01 0.02 0.24 
Tryptophan 8.50 8.58 8.56 8.50 8.48 8.52 0.04 0.47 

*Retention distance = distance in inches on chromatogram from origin to peak of amino aeid 
derivative. Chromatographie conditions are those described in Section 2.1. (b). Chart 
speed = ~ in/min. Tberefore, Retention time = Retention distance x 4. 

**N-TFA = N-trifluoroacetyl. 

N 
IN .... 
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of variation (0.18%). 

Three separate samples (5 1.11, each) of the standard 

mixture were injected into the gas chromatograph and each 

analysis was performed using the conditions described in 

Section 2.1. (h). The area for each amino acid peak in each 

of the three runs was determined and the slope factor (97) 

(238) for each amino acid (area/~) was calculated. The 

slope factors, averages, standard deviations, and coeffi-

cients o~ v~riation for 17 of the 20 amino acid derivatives 

are tabulated in Table 23. A typical chromatogram which 

shows the separation of an amino acid standard mixture is 

shown in Figure 28. 

(c) Recovery Experiments: Me thods 

i) Experiment No. 1 

The procedure which was employed was essentially that 

of Gehrke and Stalling (97) except that the ultrasonic mix-

ing steps were omitted. 

(1) Samples (25 mg) of each of 20 amino acids were 

placed in a volumetrie flask (100 ml). Distilled water was 

added and the volume of the resultant solution was adjusted 

to 100 ml. 

,<:;:,. 

~. 
(2) An aliquot (l ml = 5 mg total amino acids) was 

'''';'';pr 
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N-TFA** n-buty1 
ester of 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Pro1ine 
Serine 
Cysteine 
Hydroxyproline 
Methionine 
Aspartic acid 
Phenylalanine 
G1utamic acid 
Tyrosine 
Lysine 
Trypt_opha_n 

• 
Table 23 

Slope factors* of amino acid N-trif1uoroacety1 n-buty1 esters 

Standard COefficient 
Trial No. Average deviation of variation 

1 2 3 {Xl {± s l {± ~l 
7,200 7,560 7,020 7,260 275 3.78 
9,840 9,960 9,120 9,520 421 4.42 
5,760 5,940 5,520 5,740 211 3.67 

Il,400 Il,760 10,980 Il,380 390 3.42 
8,580 8,940 8,220 8,580 360 4.19 

Il,100 Il,640 10,860 Il,200 399 3.56 
8,760 9,300 8,460 8,840 426 4.81 
4,980 5,220 4,980 5,060 139 2.74 
6,240 6,600 5,760 6,200 421 6.79 

10,560 10,920 9,300 10,260 851 8.29 
9,360 9,720 8,700 9,260 517 5.58 

Il,160 Il,400 10,200 10,920 635 5.81 
14,100 14,700 13,140 13,980 787· 5.62 
10,980. 11,280 10,260 10,840 524 4.83 
7,260 7,560 7,140 7,320 216 2.95 

Il,640 12,360 10,980 Il,660 690 5.91 
16,560 17,340 15,420 16,440 966 5.87 

*Slope factor = area (mm2)/~M amino acid injected. Chromatographie conditions are those 
described in Section 2.1. (b). Samp1e volume: 5 ~1, consisting of 0.0125 ~M of each of 
the 20 common amino acid N-TFA n-buty1 esters. 

**N-TFA = N-trif1uoroacety1. 

IV 
eN 
eN 
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transferred to a culture tube (Pyrex No. 9826: screw-top: 

Tef1on-lined cap) and the tube was placed in a boi1ing water 

bath (lOOOC). A stream of nitrogen was directed to the 

surface of the solution to aid in the evaporation. The sol-

ution was evaporated just to dryness. 

(3) Azeotropic water removal was effected by success-

ive addition and evaporation of three portions (150 ~l, eaCh) 

of anhydrous redisti1led methylene Chloride. 

(4) Methanolic-HC1 (1.25 N: 2.0 ml) was added to the 

tube containing the residue of dry amine acids and the tube 

was capped, s~aken, and allowed to stand for 30 min (room 

temperature) • 

(5) Excess methanolic-HCl was removed by nitrogen 

evaporation (lOOoC) as described in step (2). The water of 

esterification was removed by azeotropic distillation as 

described in step (3). 

(6) Butano1ic-HCl (1.25 N: 2.0 ml) and n-butyl stear-

ate dissolved in butanol (1 mg/ml: 0.1 ml) were added and 

the tube was capped, shaken, placed in a water bath (lOOoC), 

and allowed to stand for 2.5 h. 

(7) Excess butanolic-BCl was removed by nitrogen eva-

poration (lOOOc) (see step (2) above}. Moisture that might 

have been present was removed by azeotropic distillation as 

described in step (3). 
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(8) Methylene chloride (anhydrous, redistilled; 1.8 

ml) and trifluoroacetic anhydride (0.2 ml) were added and the 

tube was capped, shaken, placed in a water bath (lOOOC), and 

allowed to stand for 1 h. 

(9) Excess acylation reagents were removed by nitro-

gen evaporation (lOOOc) (see Step (2) above). 

(10) The residual oil-like substance was taken up in 

a suitable volume (approx 50-100 ~l) of chIo ro form, and an 

aliquot (1 ~l) was injected into the gas chromatograph. 

ii) Experiment No. 2 

The procedure which was employed for this experiment 

was exactly the same as that employed in Experiment No. l, 

except that the sample was subjected to short u1trasonic 

mixing periods (15 sec) after addition of the methano1ic-HC1, 

butanolic-HC1, and the acylation reagents. 

iii) Experiment No. 3 

The procedure which was employed in this experiment 

incorporated the direct esterification as was reported by 

Roach and Gehrke (240). Thus, Steps (4) and (5) of Experi-

ment No. 1 were omitted and the concentration of HC1 in 

butanol in Step (6) was increased from 1.25 te 3.0 N. The 

samples were subjected to short ultrasonic mixing periods 

(15 sec) after the addition of butano1ic-HC1 and the acy1ation 
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reagents. The initial dissolution of the amino acids was 

effected using 6 N HCl rather than distilled water. 

iv) Experiment No. 4 

An experiment was performed to investigate the effect 

of ultrasonic mixing on the recoveries of different amino 

acid derivatives. The procedure which was employed in this 

experiment was essentially that employed for Experiment No. 3, 

except that four different ultrasonic mixing times were used: 

0, 15, 30, and 60 seconds. Three samples were subjected to 

the derivatization procedure for each ultrasonic mixing 

period. The same mixing period was used for the acylation 

as was used for the esterification. The sample tubes were 

flushed with nitrogen for 10 seconds before and after ultra-

sonic mixing. 

v) Experiment No. 5 

One final recovery experiment was performed wi th a 

view to obtaining higher recoveries and with a view to ob-

taining information on the precision of the derivatization 

method. The experiment incorporated another change, namely, 

the use of three oil baths: one at 700 C for the evaporation 

steps, one at 1000C for esterification, and the other at 

15()OC for high-temperature acylation. The procedure which 
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was employed was essentially that described by Roach and 

Gehrke (240) and is outlined below: 

(1) A mixture of amine acids (250 mg, each) was 

placed in a volumetrie flask (1000 ml) along with hydrochloric 

acid (6 N). When the amino acids were dissolved, the volume 

of the resultant solution was adjusted to 1000 ml with the 

same acid. The concentration of amine acids in this solution 

was 5 mg/ml. Aliquots (0.5 ml=2.5 mg total amino acids) of 

this solution were pipetted into each of 5 culture tubes 

(Pyrex No. 9826i screw-toPi Teflon-lined caps). 

(2) The tubes were placed in an oil bath (lOOoe) and 

the solutions were evaporated with the aid of a stream of 

dry ni trogen. 

(3) Azeotropic water removal was effected by succes-

sive addition and evaporation (700 e) of 3 portions (150 ~l, 

each) of anhydrous redistilled methylene chloride. 

(4) Butanolic-Hel (3 Ni 3.75 ml) and n-butyl stearate 

in butanol (1 mg/mli 0.1 ml) was added to the dried ami no 

acid mixtures, the tubes were flushed with nitrogen, and the 

contents were subjected to ultrasonic mixing (45 Watts, 20 

sec). The tubes were again flushed with nitrogen, capped, 

and placed in an oil bath at 1000e (35 min). 

(5) The tubes were cooled and opened and the contents 
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were evaporated to dryneds at 700C with the aid of a stream 

of ni trogen. 

(6) Water of esterification was removed byazeotropic 

distillation (see Step (3) above). 

(7) Acylation reagent (25% v/v trifluoroacetic anhy-

dride in anhydrous methylene Chloride: 2.0 ml) was added to 

the dried but yI esters, the tubes were flushed with nitrogen, 

and the contents were subjected to ultrasonic mixing (45 

Watts, 20 sec). The tubes were again flushed with nitrogen, 

capped, and placed in an oil bath at lsOoC (5 min). 

(8) The tubes were stored at -SoC until the analyses 

were to be performed. The tubes were opened and the solutions 

were evaporated to dryness at 400 C with the aid of a streàm 

of nitrogen. Methylene Chloride (100 ~l) was then added to 

eaCh tube and aliquots. of the resultant solutions (1.0 ~l) 

were injected into the gas chromatograph. 

vi) calculation of Recoveries 

The following computations were performed to obtain 

the percent recovery of each amine acid. 

(1) Determination of slope factor for eaCh amine acid 

The slope factor is the peak area per micromole of 

amino acid. 

Slope Factor (SF) = Area (DDJ12) 
iJM injected 
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A standard mixture which contained a known number of 

micromoles of eaCh of the 20 amino acid N-TF.A n-butyl deri-

vatives was injected into the gas Chromatograph and the areas 

(mm2 ) of the corresponding peaks were measured by triangula-

tion. The slope factor for eaCh amino acid was calculated 

by use of the above formula. The calculation was facilitated 

by the injection of an equimolar mixture of the standard 

amino acid derivatives. This meant that the denominator of 

the expression above became a constant. 'rhe slope factors 

reflect the unique response of the hydrogen flame detectors 

to eaCh different amino acid derivative. 

(2) Determination of concentration factor 

The concentration factor is the ratio formed by divid-

ing the amount of sample injected on the column by the amount 

of total sample. Since an internaI standard is used, the 

concentration factor is the ratio of the amount of interna! 

standard found, to the amount of internaI standard added to 

the samp!e. 

COncentration Factor (CF) = amount of interna! standard found 
amount of interna! standard added 

AIS 

= AS 
m 

where AIS = peak area of the internaI standard in the a!i-
... 
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quot 'of the analytical sample* which was injected 
into the gas chromatograph. 

AS = peak area per microgram of the internaI standard 

m = micrograms internaI standard added to the 
analytical sample* 

An aliquot of the n-butyl stearate solution (1 mg/ml) 

was injected into the gas chromatograph and the area (mm2 ) of 

the resultant peak was measured. From this data, AS was cal-

culated. AIS obtained simply by measurement of the peak area 

(mm2 ) of n-butyl stearate in the aliquot of the analytical 

sample that was injected into the gas chromatograph (the 

peak of n-butyl stearate just precedes that of lysine). In 

the present work, 0.1 ml of standard n-butyl stearate solu-

tion was added to the analytical samples, thus the Dmicro-

grams internaI standard added to the analytical sample" (m) 

had a value of 100. 

(3 ) Determination of amine acid in sample: 

The quantity of amino acid (~M) in the analytical 

sample is given by: 

A.A. = 
AAA 

SFAA x CF 

where A.A. = ~ ami no acid in the analytical sample 

*The "analytical sample" is the sample which is subjected to 
the derivatization procedure. 



AAA = peak area (mm2 ) of the amino acid 

SFAA = slope factor (mm2/~) of the corresponding 
amino acid as determined in Step (1) 
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CF = concentration factor as determined in Step (2) 

The peak areas (~) were determined by triangulation. 

(4) Determination of percent recoveries: 

The number of micromoles of each amino acid in the 

culture tube was known from initial weighing, and the number 

-, 
of micromoles found was determined in Step (3). 

% recovery = nurnber of micromoles found x 100 
nurnber of micromoles added 

(d) Recovery Experiments: Results and Discussion 

The recoveries obtained for amino açids in Experiment 

Nos. l, 2, 3, 4, and 5 are tabulated in Tables 24, 25, 26, 

27, and 28, respectively. Figures 29, 30, and 31 show typi-

cal gas chromatograms obtained in Experiment Nos. 1, 2, and 

3, respectively: and Figure 32 shows a typical gas chromato-

gram obtained in Experiment No. 5. 

The recoveries obtained in Experiment No. 1 were ex-

tremely low, although quite reproducible. The reasons for 

low recoveries were probably: (a) there was incomplete dis-

solution of the amino acids in distilled water, (b) there was 

incomplete dissolution of the amino acids in the esterifica-

tion reagents (a white precipitate was noted in the samples 
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after esterification with methanolic-HCI and interesterifi-

cation with butanolic-HCI), and (c) the esterification and 

acylation reactions were not performed in a nitrogen atmos-

phere. 

Recoveries were greatly improved in Experiment No. 2 

in which ultrasonic mixing was employed. Sorne amine acids 

dissolved with difficulty in methanolic-HCI and butanolic-

HCI, and ultrasonic mixing aided in the dissolution process. 

stalling, Gille, and Gehrke (269) and Roach and Gehrke (240) 

also observed precipitates after esterification with methan-

olic-HCI and interesterification with butanolic-HCI. These 

workers found that ultrasonic mixing was an effective means 

of aiding dissolution. 

The results obtained for Experiment No. 3 indicated 

that direct esterification with butanolic-HCI (3 N) did not 

lead to appreciably greater recoveries. Since direct ester-

ification made possible the omission of a step, it was de-

cided to employ this technique in further experiments. 

The use of direct esterification in a nitrogen atmos-

phere with butanolic-HCl (3 N) led to increased recoveries 

even in the absence of ultrasonic mixing. oomparison of 

the average recoveries in Table 24 with the average recover-

ies in COlumn 1 of Table 27 will verify this statement. The 



1 

244 

average recoveries of amine acids in the ultrasonic mixing 

experiment were 69.4% (0 sec), 75.7% (15 sec), 75.9% (30 

sec), 61.2% (60 sec). These results indicate that best re-

coveries are obtained when esterification is perforrned 

employing ultrasonic mixing periods of 15-30 seconds. In 

subsequent experiments, an ultrasonic mixing periop of 20 

seconds was employed. Roach and Gehrke (240) found that a 

15 second ultrasonic rnixing period led to best recoveries. 

Experiment No. 5 (Table 28) provides an indication 

of the precision of the method. The lowest recovery was 

obtained for tryptophan (37.1%). Tyrosine had the lowest 

recovery of those amine acids that can be deterrnined in 

acid hydrolysa tes. The recoveries for this amine acid were 

extrernely variable. The highest recovery was obtained with 

~ydroxyproline. High coefficients of variation were obtained 

for cysteine (11.7%) and serine (9.7%). In general, hydroxy-

and sulfur-containing amine acids exhibit low recoveries and 

high coefficients of variation. This is because the N-TFA 

n-butyl derivatives of these amine acids are extremely sus-

ceptible to hydrolysis by residual moisture. Moisture may 

he introduced inadvertently as follows: (a) by reagents 

which are not completely anhydrous, (b) by water formed in 

the esterification process, (c) by moisture present in the 

nitrogen gas used for evaporation, (d) by the use of hot 
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water baths for evaporation (steam condenses on the glass 

disposable pipette used to introduce nitrogen into the cul-

ture tubes), (e) by moisture present in the nitrogen carrier 

gas used for chromatography, and (f) by moisture present in 

the solid support used in the chromatographie columns. For 

these reasons, the following precautions were taken: (a) 

the reagents were thoroughly dried, (b) the water of este ri-

fication which was formed during the derivatization proced-

ure was removed by azeotropic means, (c) the nitrogen gas 

used for chromatography and evaporation procedures was fil-

tered to remove moisture, (d) oil baths were used in later 

experiments to est~rify, acylate, and evaporate samples, and 

(e) the solid support was dried in an oven (15 h, 4500 C) to 

remove traces of moisture. 

Despite aIl these precautions, it was not possible to 

obtain yields such as those obtained by Gehrke and his co-

workers (93)(97)(156)(240)(269). The average yield obtained 

for the 17 amine acids in Experiment No. 5 was about 70%. 

Apart from lasses encountered in the procedure, the final 

percent recoveries obtained in these analyses depend on the 

values obtained for the slope factors and concentration 

factors, which, in turn, ultimately depend on the availabi-

'l" " ~ 

lit y of high quality N-TFA n-butyl amino acid standard solu-

tions and n-butyl stearate solutions. The standard 
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solutions employed in this work were o.i .. the highest quality 

that were commercially available. The standards were pur-

chased in 1967, however, and were used over a three-year 

period and changes in concentration of these standards could 

have occurred, either through evaporation of the solvent, or 

due to hydrolysis of the esters. 

2.5. A COMPUTER PROGRAM FOR MINO ACID ANALYSIS 

(a) Introduction 

Several workers have designed programs for computer 

processing of the results of amine acid analyses. The most 

important programs have heen written by Ozawa and Tanaka 

(225): StarbuCk, Mauritzen, McClimans, and Busch (270): and 

Exss, Hill, and Summer (82). 

StarbuCk, Mauritzen, McClimans, and Busch (270) deter-

mined amine acids by means of an amine acid analyzer which 

was accelerated so that an analysis could he completed in 

2~ hours. The results were then processed by an IBM 360 

computer. The programs which the authors reported were for 

use on an IBM 7094 or on an IBM 1410 computer. The programs 

(FORTRAN) were divided into two parts: the first part was 

designed to process the ana1ytical data obtained in an amino 

acid ana1ysis of a protein hydrolysa te, and the second part 
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Amino acid 

Alanine 
Valine 
Glycine 
Iso1eucine 
Threonine 
Leucine 
pro1ine 
Serine 
Cysteine 
Hydroxypro1ine 
Methionine 
Aspartic acid 
Phenylalanine 
G1utamic acid 
Tyrosine 
Lysine 
Tryptophan 

Table 24 

Recoveries of amine acids (Experiment No. 1) 

~M Added l:!!1 Found Average. 
1 2 3 

13.16 0.029 0.019 0.029 0.026 
8.33 0.643 0.633 0.647 0.641 

10.52 0.807 0.810 0.799 0.805 
8.66 0.743 0.728 0.763 0.745 
8.33 0.936 0.918 0.971 0.942 
7.81 1.81 1.94 2.09 1.95 

10.63 1.43 1.43 1.45 1.44 
10.24 1.42 1.43 1.45 1.43 
8.16 0.749 0.722 0.669 0.713 
7.29 1. 29 1. 26 1.30 1. 28 
6.89 0.977 0.968 0.978 0.974 
7.18 1. 25 1. 23 1.28 1. 25 
6.08 1. 01 0.994 1. 04 1. 01 
6.55 1. 71 1.69 1. 78 1. 73 
6.60 1.08 1.03 0.698 0.936 
4.68 0.988 0.911 0.957 0.952 
4.78 0.398 0.386 0.417 0.400 

.. 

Average Recovery 
(%) 

0.19 
7.69 
7.65 
8.60 

11.3 
25.0 
13.5 
14.0 
8.73 

17.6 
14.1 
17.4 
16.6 
26.4 
14.2 
20.3 
8.36 

l'V 
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Amino acid 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Proline 
Serine 
Cysteine 
Hydroxyproline 
Methionine 
Aspartic acid 
Phenylalanine 
Glutamic acid 
Tyrosine 
Lysine 
Tryptophan 

Table 25 

Recoveries of amine acids (Experiment No. 2) 

~M Added l;!M Found Average 
1 2 

11.67 - 0.040 0.020 , 

7.38 3.76 2.89 3.33 
11.50 8.15 7.82 7.99 
7.04 3.94 3.13 3.54 
7.39 3.21 3.21 3.21 
6.43 7.26 5.65 6.46 
9.73 6.98 5.71 6.35 
8.94 3.25 3.92 3.59 
8.35 2.66 1. 71 2.19 
8.63 2.90 5.42 4.16 
7.16 5.15 4.36 4.76 
7.63 6.39 5.30 5.85 
6.05 4.98 4.20 4.59 
6.31 6.50 6.25 6.38 
6.03 1.38 0.120 0.750 
5.34 4.11 3.48 3.80 
4.92 1.42 1. 61 1.52 

.. 

Average Recovery 
(%) 

0.17 
45.1 
69.5 
50.3 
43.4 

100.5 
65.3 
40.2 
26.2 
48.2 
66.5 
76.7 
75.9 

101.1 
12.4-
71. 2 
30.9 

t.J 
~ 
~ 
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Table 26 

Recoveries of amine acids (Experiment No. 3) 

Amino acid ~M Added I:!M Found Average 
1 2 3 

Alanine 11.67 
Valine 7.38 5.26 3.58 2.73 3.85 
Glycine 11. 50 11. 74 9.30 6.09 9.04 
Isoleucine 7.04 4.61 3.80 2.91 3.77 
Threonine 7.39 1.32 4.23 2.45 2.67 
Leucine 6.43 7.39 6.73 5.39 6.50 
Proline 9.73 6.55 6.40 5.39 6.11 
Serine 8.94 5.90 3.85 3.25 
Cysteine 8.35 3.39 4.43 2.55 3.46 
Hydroxyproline 8.63 0.32 6.70 3.81 3.61 
Methionine 7.16 4.35 4.53 3.79 4.22 
Aspartic acid 7.63 5.42 5.97 4.76 5.38 
Phenylalanine 6.05 4.29 4.70 3.73 4.24 
Glutamic acid 6.31 5.84 6.80 5.00 5.88 
Tyrosine 6.03 2.29 2.73 0.52 1.85 
Lysine 5.34 3.55 4.20 3.27 3.67 
Tryptophan 4.92 0.71 1. 07 1. 21 1. 00 

---_ .. ~ '----- -- ~--

L-____ ~_ ~ ___ 
---~---_.~ 

., 

Average Reoovery 
(%) 

52.2 
78.6 
53.6 
36.1 

101.1 
62.8 
36.4 
41.4 
41.8 
58.9 
70.5 
70.1 
93.2 
30.7 
68.7 
20.3 
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Table 27 

Recoveries* of amine acids for different ultrasonic mixing periods (Experiment No. 4) 

Amino acid Time of ultrasonic mixing (sec) 
0** 15** 30** 60** 

Alanine 
Valine 59.8 68.2 65.6 70.3 
Glycine 68.6 79.3 76.3 74.9 
Isoleucine 66.2 72.1 72.8 69.7 
Threonine 68.2 71.3 80.0 54.7 
Leucine 84.2 94.2 94.5 88.8 
Proline 70.1 80.9 77.0 87.9 
Serine 103.0 110.6 119.0 67.2 
cysteine 70.2 76.4 80.2 51.3 
Hydroxyproline 76.5 84.0 83.2 60.3 
Methionine 70.4 77.9 80.5 69.9 
Aspartic acid 65.6 72.3 71.8 64.7 
Phenylalanine 72.7 79.4 80.3 70.3 
Glutamic acid 87.3 95.6 83.5 81.1 
Tyrosine 86.3 91. 2 91.4 34.8 
Lysine 88.9 95.9 96.6 78.9 
Tryptophan 20.7 20.9 17.8 10.4 
Arginine 20.3 17.4 19.0 4.6 

*Values in this table are expressed in % recovery. 

**Each value represents the average of three separate determinations. 
N 
Ut 
W 



Table 28 

Recoveries of amine acids (Experiment No. 5) 

Trial No. - + sb Amino acid 1 2 3 4 5 X -
Ccx, Recovery)a Ccx, Recovery) 

Alanine 65.6 73.3 66.9 72.2 76.5 70.9 ± 4.5 
Valine 64.3 71. 0 67.7 67.7 73.3 68.8 :t 3.5 
Glycine 69.2 76.3 73.0 73.4 76.7 73.7 + 3.1 
Iso1eucine 66.2 75.1 73.0 72.6 78.2 73.0 ~ 4.4 
Threonine 73.8 80.3 76.6 70.5 84.2 77.11"5.4 
Leucine 61. 5 67.6 64.3 65.2 66.7 65.1 :t 2.4 
pro1ine 68.3 69.0 67.3 67.5 70.2 68.5 1" 1. 2 
Serine 77.4 94.0 87.0 76.5 93.1 85.6 :t 8.3 
Cysteine 60.8 82.8 67.5 68.5 67.5 69.4 ! 8.1 
nydroxypro1ine 84.2 90.8 83.5 83.2 87.6 85.9 * 3.3 .. 

Methionine 68.1 72.6 70.0 66.9 73.8 70.3 _ 2.9 
Aspartic acid 72.6 79.1 71. 0 72.8 80.6 75.2 ! 4.3 
Phenylalanine 75.2 79.8 78.2 75.4 84.1 78-.5 ± 3. 7 
Glutamic acid 86.4 88.9 85.6 87.1 88.7 87.3 ± 1. 4 
Tyrosine 21. 9 91.4 23.5 46.6 25.8 41. 8 :t29.4 
Lysine 69.9 71.4 71. 0 69.1 75.6 71.4 :t 2.5 
Tryptophan 37.8 39.4 37.6 33.7 36.8 37.1 :t 2.1 
Arginine Nod ND ND ND ND -
Histidine ND ND ND ND ND -
cystine .... _~. ND .~ .. .NP . . _ . __ NP __ . ~ __ .. ND ND ----- - -- --

&ultrasonic mixing period: 20 sec. bAverage ± standard deviation. 

cc.v. = coefficient of variation. dND = abbreviation for "not detected u • 

• 

c. v. c 

6.4 
5.1 
4.1 
6-.1 
7.0 
3.6 
1.7 
9.7 

11. 7 
3.8 
4.2 
5.7 
4.7 
1.6 

70.4 
3.5 
5.6 
-
-
-------

N 
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was designed to ca1cu1ate the composition of peptides. 

Exss, Hill, and Summer (82) described a program 

(FORTRAN IV) by which the computer (IBM 1130) cou1d identify 

individua1 amine acids and ca1cu1ate their concentrations 

from the data provided by the integrator attached to the 

automatic amine acid ana1yzer. 

As far as the author is aware, there are no pub1ished 

papers which dea1 with computer programs designed to pro­

cess the data obtained from the ana1ysis of amine acids by 

gas-1iquid chromatography. The computer program described 

in the present work has been designed to process the data of 

one or more determinations of amine acids by gas chromato­

graphy. The program (FORT~ IV) has been written specifi­

ca11y for use on an IBM 360 computer. 

The detai1ed ca1cu1ation wh.ich is invo1ved in the 

method of Gehrke and Sta11ing (97)(238) has a1ready been 

presented in a previous section of this chapter (Section 2.4. 

(c) vi) and thus the discussion be10w will be confined to 

the computer program which is presented in Figure 33. 

(b) Definition of Terms 

The fo11owing terms have been used in the computer 

program which appears in Figure 33: 



t N = 

M = 

C = 

2S7 

the number of analyses to he performed. 

the number of the analysis that is being perforrned at 

any one given time. 

the concentration (~Ill) of eaCh standard solution 

of amino acid derivative (N-TFA n-butyl ester) whiCh 

was injected into the gas Chromatograph. 

V = the volume (Ill) of eaCh standard solution of amino 

acid derivative (N-TFA n-butyl ester) whiCh was in­

jected into the gas Chromatograph. 

vc = the product (~) of V and C, and refers to the number 

of micromoles of eaCh N-TFA n-butyl ester injected 

onto the gas Chromatographie column. Rather than in­

ject a volume, V, of each amino acid standard solution 

of concentration, C, a standard mixture is made from 

each individual solution, and an aliquot of the result­

ant solution is injected into the gas chromatograph. 

Since an equimolar solution of standard amino acid 

derivatives is made, the product, VC, is a constant 

for a given set of analyses. For the present set of 

analyses, a standard mixture of amino acid derivatives 

was made by taking 10 III of each of the 20 individual 

solutions (O.OS M) of amino derivatives, and placing 

them in a septum-stoppered mixing vial. Therefore, 
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the concentration of this solution was: O. 5 ~200 ~l 

= 0.0025 ~~l = 0.0025 M with respect to each ami no 

acid derivative. An aliquot (2.5 ~l) of this solution 

was injected into the gas chromatograph. Thus, for 

the purpose of these analyses: 

v = 2.5 ~l 

C = 0.0025 ~~l 

and VC = 2.5 ~l x 0.0025 ~~l = 0.00625 ~ of each 
amino acid deriva­
tive injected 

AREA (subscripted variable) = the peak area (mm2 ) obtained 

for eaCh of the 20 amino acids by injection of a given 

number of micromoles (0.00625) of standard N-TFA n-

but yI ester. 'rhe 20 values obtained for AREA must be 

punched on a data card. 

SF (subscripted variable) = the slope factor (mm2/~) for 

eaCh amino acid derivative. The slope factor for each 

amino acid is computed from the AREA of the correspond-

ing amino acid and VC, i.e. 

SF(J} = ARFA(J) 
VC 

AIS = peak area (mm2 ) of the internaI standard in the ali-

quot of the analytical sample which was injected into 

the gas cbromatograph*. The value of AIS must be 

*Note: The -analytical samplea refers to the weight of that 
portion of the hydrolysate which is subjected to the deriva­
tion procedure. After derivatization, an aaliquot a of the 
analytical sample is analyzed by gas chromatography. 
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punched on a data card. 

AS = peak area per microgram (mrn2/~g) of the internaI stand-

ard. The value for AS must be punched on a data card. 

SAMIS= micrograrns (~g) internaI standard added to the analy-

tical sample. This value must be punched on a data 

card. 

CF = the concentration factor. This value is computed from 

AIS, AS, and SAMIS, i.e. 

CF = 

AIS 
AS 

SAMIS 

x = the weight (mg) of sarnple which was subjected to the 

derivatization procedure; also known as the uanalyti-

cal sample".. The value for X must be punched on a 

data card. 

y = the nitrogen content (%) of the protein sample that 

was subjected to hydrolysis. 

J = the subscript which defines the nurnber assigned to 

each amino acid. The nurnbers assigned to the amino 

acids are indicated in the print-out of data. 

AAA (subscripted variable) = the peak area (mrn2 ) obtained 

for each of the 20 amino acids after injection of an 

aliquot of the derivatized analytical sample. The 20 

values for AAA must be punched on a data card. 
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AAUM (subscripted variable) = the number of micromoles (~) 

of each amino acid present in the analytical sample. 

The values for AAUM are computed from the correspond-

ing values of AAA and SF, and from CF, i.e. 

AAUM(J) = AAA(J) 
SF(J) x CF 

AAMW = the molecular weight (mg/mM) of an amino acid. 

AAMG (subscripted variable) = the number of milligrams (mg) 

of each ami no acid present in the analytical sample. 

The values for AAMG are computed from the correspond-

ing values of AAUM and AA,MW, i. e. 

AAMG(J) = AAUM{J) x AAMW 
1000 

WTPC (subscripted variable) = the weight percent (%) of each 

amino acid present in the analytical sample. The 

values for WTPC are computed from the corresponding 

values of AAMG and from X, i.e. 

WTPC(J) = AAMG(J) x 100 
X 

SOM = the total (%) obtained by summing the individual 

values for WTPC. 

(c) Discussion 

The program begins with a suitable identification 

statement. 



Figure 33. A computer program for the processing of 

data obtained from the analysis of amine 

acids by gas Chromatography. 
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statement No. 1* is a DIMENSION statement whiCh pro-

vides the information necessary to allocate storage for arrays 

in the object program. AlI subscripted variables are dimen-

sioned. 

Statement Nos. 2 & 3 define N, whiCh is the nurnber of 

separate amine acid analyses that are heing perforrned. N 

may vary from 1 to 999. 

Statement No. 4 defines a DO loop, which is a command 

to execute repeatedly the statements whiCh follow the DO 

staternent, up to and including Statement No. 84 (indexed 100). 

This DO loop will he executed N times (as many times as the 

number of analyses). 

statement Nos. 5-10 are PRINT and FO~T statements 

whiCh are involved in the print-out of the title and analysis 

number, and the numbers whiCh are assigned to the various 

amine acids for identification. 

Statement Nos. 13-17 comprise a DO loop in whiCh the 

calculations necessary to obtain the slope factors for eaCh 

amine acid. are oomputed from the values of AREA. The values 

*Note: In this discussion, ·Statement Numbers u refer to the 
numbers in the oolumn whiCh is located near the margin in 
Figure 33. An indexed statement will be referred to in 
the following manner, for example: 

Statement No. 68 (indexed 52) 
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• for AREA are read into core storage by means of Statement 

Nos. Il & 12. Note that the AREA's are punched on the data 

card in the order in which numbers were assigned to individual 

amino acids. Statement No. 16 ensures that, in the event 

that AREA = 0 (see histidine, for example, which was not de-

tected) and consequently SF = 0, a zero will not appear in 

the divisor of Statement No. 34. 

Statement Nos. 18-21 involve the computation of the 

concentration factor, CF. 

statement Nos. 22-29 comprise statements involved in 

the format of data print-out, and are concerned with con-

struction of a suitable table in which the results will be 

printed. 

Statement No. 30 is a REAn statement in which the 

values of AAA are read into core storage. Again, it is 

important that the values for AAA are punched on the data 

card in the order in which numbers were assigned to individ-

ual amino acids. 

For discussion of Statement Nos. 33-81, let us assume 

that J = 2, that is, the computations for valine are being 

performed. The value for AAA (2) was read from the data card 

(statement No. 30). Control now reaches a DO loop commencing 

at Statement No. 33. The value for AAUM (2) is computed from 
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AAA(2), SF(2), and CF (Statement No. 34). Control is then 

transferred to Statement No. 38 (indexed 37) by the computed 

GO TO statement (Statement No. 35). Statement No. 38 de-

fines the molecular weight of valine (117.15) and Statement 

No. 39 represents an unconditional GO TO statement which 

transfers control to Statement No. 76 (indexed 56). State-

ment Nos. 76 & 77 are involved with the computation of 

AAMG(2) and WTPC(2). Statement Nos. 79 & 80 are concerned 

with the print-out of data, and the results for valine are 

th en printed in the following order: J (the amino acid num-

ber: 2), AREA(2), SF(2), AAUM(2), AAMW, AAMG(2), and WTPC(2). 

As soon as control reached Statement No. 81 (indexed 60), 

the value of J is incremented by l, and control reverts to 

statement No. 33. Now, J = 3, and the same procedure is 

performed for isoleucine, and so on. After the DO loop 

beginning with Statement No. 33 has been satisfied (J = 20), 

and the values for tryptophan have been computed and printed, 

the final sum (Statement No. 78) of the percentages of the 

individual amino acids is printed (Statement Nos. 82 & 83). 

When Statement No. 84 (indexed 100) is reached, control 

is transferred baCk to Statement No. 4, and the value for M 

(the analysis number) is incremented by 1. calculations for 

the next analysis are then performed. When this DO loop is 
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satisfied (M = N), the program is ended. 

The arder of the data cards which follow the END . 

statement is: 

(1) $DATA 

(2 ) N (the total number of analyses; 2 in this case) 

(3 ) AREA 1 S for Analysis No. 1 

(4 ) AIS and AS for Analysis No. 1 

(5 ) X and Y for Analysis No. 1 

(6 ) AAA's for Analysis No. 1 

(7 ) AREA's for Analysis No. 2 

(8 ) AIS and AS for Analysis No. 2 

(9 ) X and Y for Analysis No. 2 

(10 ) AAA's for Analysis No. 2 

(11) $ 

The data which were used ta demonstrate the use of 

the computer program are presented in Figure 34. 

The print-out is shawn in Figure 35. 

2.6. APPLICATION OF METHODS TO AMINO 
ACID ~LYSIS OF CASEINS ISOIATED 
FROM MILKS OF DIFFERENT SPECIES 

(a) Introduction 

Hagen and Black (116) subjected samples which con-

tained different weights of each amino acid ta the same 



Figure 34. Data to be punched on cards for computer 
processing. 
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Figure 35. COmputer print-out of amine acid 
results. 
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esterification procedure and made the N-trifluoroacetyl 

methyl amine acid esters. These esters were dissolved in 

standard volumes of methanol and equal volumes of each sol­

ution were injected onto the column of agas chromatograph. 

These workers found a linear relationship between the amount 

of amine acid injected and the corresponding peak area (as 

expressed in disc-integrator units). The authors postulated 

that the reason for this linear relationship was either that 

the conversion of the amine acid to its volatile derivative 

was complete, or that a constant proportion of each amine 

acid was converted to its volatile derivative, regardless 

of the amount of amine acid. 

The present author has shown that, at best, the aver­

age recovery of 17 amine acids as their N-trifluoroacetyl n­

butyl esters is about 70% when the procedures described in the 

previous section were employed. The fact that the hydrogen 

flame detector gives a unique response for each amine acid 

derivative and that the conversion of amine acids to their 

corresponding N-trifluoroacetyl n-butyl derivatives is unique 

and incomplete for each amino acid, means that complicated 

calculations are necessary. Thus, it was decided to test the 

hypothesis of Hagen and Black and determine whether the pro­

portion of an amino acid converted te its N-trifluoroacetyl 

n-butyl ester was constant within a specified 



~. 

276 

concentration range. This fact would be evident if there 

were a linear relationship between concentration and peak 

area. It was also decided to attempt to simplify the method 

of Hagen and Black by use of an internaI standard, which 

eliminates the need to in je ct a specified amount of a final 

standard ester solution. Thus, steps are eliminated where 

error is likely to occur. Dilution, concentration, or spill­

age of the final solution, or of intermediate solutions con­

taining the amino acid derivatives, will not affect the final 

result, since this method makes use of the ratios formed by 

dividing the peak areas of the amino acid derivatives by 

the peak area of the internaI standard. 

(b) Procedure 

i) Preparation of ion-exchange resins 

Dowex-50 x 12 (H+ form: 100 g) was placed in a large 

sintered-glass funnel which was connected to a suction flask. 

Sodium hydroxide (10% wJv) was added to the funnel and the 

resultant suspension was stirred periodically for a period 

of 15 min. A gentle vacuum was applied to the suction flask 

and the NaOH was allowed to drain. Several portions of dis­

tilled water were added to the resin in the funnel and care 

was taken to ensure that the surface of the liquid did not 

sink below that of the resin. The process of addition of 
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portions of distilled water was repeated until the washings 

were neutral to red litmus paper. The above process was 

repeated, this time using hydroChloric acid (10% w/v) , and 

the resin was rinsed with several portions of distilled water 

until the washings were neutral to blue litmus. The recycl­

ing of the resin was repeated again with Na OH , and finally 

with HCl. This process ensured that the resin was completely 

converted to the H+ forme 

ii) Preparation of standard calibration curves 

(1) A standard solution was made whiCh was millimolar 

with respect to each of the 20 amino acids. One millimole 

of each amino acid was placed in a volumetrie flask (1000 

ml), HCl (6 N) was added, and the volume of the resultant 

solution was adjusted to 1000 ml with the same acid. 

(2) Samples (0.25, 0.50, 0.75, 1.0, 2.0, 3.0, and 

4.0 ml) of this solution were pipetted into seven separate 

culture tubes (Pyrex 9826: screw-top: Teflon-lined caps) and 

eaCh of these solutions was evaporated (lOOOC: oil bath) 

with the aid of a stream of dry nitrogen. 

(3) Water was removed by azeotropic distillation 

(anhydrous methylene Chloride: 150 ~l) and by subsequent 

evaporation (700C: oil bath) with the aid of a stream of 

dry nitrogen. This process was performed three times. 
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(4) Butanolie-HCl (3 N, 3.75 ~l) and internaI stand­

ard solution (n-butyl stearate in n-butanol, 1 mg/ml: 0.1 ml) 

was added to each of the seven tubes. The tubes were then 

flushed with nitrogen and the contents were subjeeted to 

ultrasonie mixing (45 watts: 20 sec). The tubes were flushed 

with nitrogen, capped tightly, and plaeed in an oil bath 

(lOOOC) for 35 min. 

(5) Exeess esterification reagent was removed by eva­

poration (70o C: oil bath) with the aid of a stream of dry 

nitrogen. 

(6) Water of esterification was removed as deseribed 

in step (3). 

(7) Aeylation reagent (trifluoroaeetie anhydride in 

methylene chloride, 25% v/v: 2.0 ml) was added to each of 

the seven tubes. The tubes were then flushed with nitrogen 

and the contents were subjected to ultrasonie mixing (45 

watts: 20 sec). The tubes were flushed with nitrogen, capped 

tightly, and plaeed in an oil bath (1500C) for 5 min. 

(8) The samples were stored in the freezer until ready 

for use. When the gas chromatographie analyses were to be 

performed, the caps were removed and exeess acylating reagent 

was removed (1400C) with the aid of a stream of dry nitrogen. 

Anhydrous methylene chloride (100 ~l) was then added to the 
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dry N-trifluoroacetyl n-butyl esters and aliquots (0.5-1.0 

~l) were injected into the gas chromatograph. 

(9) The ratios formed by dividing the peak area (AAA) 

of each amine acid by the peak area (AIS) of the internaI 

standard were calculated. A standard curve was constructed 

for each amine acid by plotting the ratio obtained for that 

amine acid in each tube, versus the corresponding amount of 

that amine acid in that tube. 

Figures 36, 37, 38, and 39 show the standard calibra-

tion curves for alanine, valine, glycine, isoleucine, threo-

nine, leucine, proline, serine, cysteine, hydroxyproline, 

Methionine, aspartic acid, phenylalanine, glutamic acid, 

tyrosine, and lysine. 

Arginine, histidine, and cystine cou Id not be detected 

on the columns employed. Since tryptophan was estimated by 

other means, no standard calibration curve was constructed 

for this amine acid. 

iii) Preparation of sample (hydrolysis and ion-exchange 
clean-up) 

The procedure used for the hydrolysis of the protein 

samples was that described by Keutmann and Patts (146). The 

samples of protein to be hydrolyzed (10 mg) were placed in 

clean, dry test tubes (13 x 150 mm). eonstant-boiling Hel 

(5.7 N: 1.0 ml) oontaining mercaptoethanol (1:2000 v/v) was 
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added to the tubes which were then plaeed in the bottom of 

a glass desieeator (diameter=15 cm). constant-boiling Hel 

containing mereaptoethanol was poured into the desiecator 

until the liquid level was ev en with that in the tubes. The 

desiecator was then sealed and elamped by means of two ply-

wood flanges which were bolted together. The desiceator was 

alternately evacuated and flushed three times with nitrogen. 

After a final evacuation, the desieeator was heated in a 

foreed-draft oven (llOoe) for 22 h. The tubes were opened 

and the hydrolysates were extracted with two portions (1 ml, 

each) of diethyl ether to remove fatty aeids. The samples 

were then dried under vacuum in a desieeator containing 

sodium hydroxide flakes. This proeess took about 8 h. 

Distilled water (1 ml) was added to eaeh tube to dis-

solve the dried hydrolysa tes. The contents of eaeh tube were 

then poured on separate columns (diameter = ~ in) whieh were 

filled to a depth of about ~ inch with Dowex 50 x 12 (8+ 

form). The tubes were rinsed four times (1 ml, each time) 

with distilled water to ensure that the contents were quanti-

tatively transferred to the column. The columns were washed 

with five portions (1 ml, each) of distilled water to remove 

sugars and carboxylie acids, and the washings were discarded. 

A volumetrie flask (10 ml) was plaeed under each column and 

the amine aeids were eluted with five portions (1 ml, each) 
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of ammonium hydroxide (10% w/v). The column was then washed 

with portions (1 ml, each) of distilled water until the vol-

ume of the liquid collected was 10 ml. 

iv) Amino acid determination 

Aliquots (2.0 ml) from each volumetrie flask were 

placed in separate culture tubes (Pyrex No. 9826) and were 

evaporated to dryness (lOOOC) with the aid of a stream of 

dry nitrogen. The samples were then subjected to exactly 

the same procedure that was described in (ii). The chroma-

tographic peak areas were determined for the individual amine 

acids in each sample. The ratio of the peak area for each 

amine acid to that of n-butyl stearate in each chromatogram 

was determined and the number of micrograms of each amine 

acid present in that tube w.as determined by reference to the 

standard calibration curves (Figures 36-39). Since the weight 

of protein material present in the tube was known (20% of the 

weight of protein originally taken for hydrolysis; approxi-

mately 2 mg), the amine acid composition of each hydrolysate 

could he easily calculated. 

v) Determination of tryptophan 

Tryptophan was determined by the method of Shaw and 

McFarlane (254). The standard curve was prepared as follows: 

Aliquots (0-2.00 ml) of a standard tryptophan solution (0.075 
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mg/ml) were placed in separate test tubes. The volume in 

each tube was adjusted to 2.00 ml with distilled water and 

glyoxylic acid reagent* (0.5 ml) and copper sulfate solution 

(M/25; 0.5 ml) were added. Concentrated sulfuric acid (5.0 

ml) was then added from a burette in portions of 0.5, 1.0, 

1.5, and 2.0 ml and the tube was shaken (Vortex-Genie mixer) 

and placed in an ice bath after the addition of each portion 

of acid. The tube was allowed to cool in the ice bath (10 

min) after the addition of the last portion and it was then 

placed in boiling water (5 min). The tubes were cooled to 

room temperature and the volume of the solution was adjusted 

to 10 ml with sulfuric acid solution (H2S04 :H20 = 5:3 v/v). 

The solution was transferred to a clean dry colorimeter 

tube and after 15 min, the absorbance was read at 540 m~. 

Figure 40 shows the standard calibration curve for trypto-

phan. 

Tryptophan was determined in protein samples as 

follows: casein or other prote in (25 mg) was dissolved in a 

solution of sodium hydroxide (10% w/v; l ml) and the volume 

of the resultant solution was adjusted to 5 ml with distilled 

water. An aliquot (1.0 ml) of this solution was placed in a 

test tube, the volume vas adjusted to 2.0 ml with distilled 

*See Shaw and McFarlane (254). 
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water and the same procedure as described for the prepara-

tion of the standard curve was followed. The amount of tryp-

tophan in each sample was then ascertained by reference to 

the standard calibration curve. 

(c) Results and Discussion 

A linear relation was found between the amount of 

each amino acid injected and the corresponding peak areas 

obtained for that amine acid. In construction of the standard 

curves, the method of least squares was applied so that the 

curve would be the best possible fit for the data obtained. 

Differences in the slopes of the various lines reflect dif-

ferences in the response of the hydrogen flame detector to 

the derivatives of each amine acid and/or differences in 

yields obtained in the derivatization procedure. For in-

stance, the relatively low slope of the curves obtained 

for serine, cysteine, and tyrosine are probably due to a 

cornbination of low yields and low recorder response to the 

esters of these amine acids. 

Tables 29, 30, 31, 32, 33, 34, and 35 show the re-

sults which were obtained in the analyses of ribonuclease, 

egg albumin (ovalbumin), gelatin, zein, a-casein, a-lact-

albumin, and bovine serum albumin, respectively. The tables 
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also list the results obtained for these proteins by other 

workers. Reproductions of the chromatograms which were ob-

tained for these proteins are shown in Figures 41, 42, 43, 

44, 45, 46, and 47, respectively. 

In most instances, there was fairly close agreement 

between the values which were obtained in this work and 

those which were obtained by other workers. The discrep-

ancies might not be due only to the analytical methods, 

but could be due also to the fact that the samples were not 

the same protein preparations. The chromatograms of the 

standard proteins,.in most instances, showed very few ex-

traneous peaks, and the retention times of the peaks obtained 

in these separations corresponded to the peaks which were 

obtained with the standard amino acid mixtures. 

The amine acid composition of the casein samples and 

some precipitates* are tabulated as follows: . bovine casein, 

Table 36: horse and pig casein, Table 37: reindeer casein, 

Table 38: caribou casein, Table 39: moose casein, Table 40: 

harp seal and musk-ox casein, Table 41; polar bear casein 

(and precipitate), Table 42; dall sheep casein (and precip-

itate), Table 43: and fin whale casein (and precipitate), 

Table 44. 

It is interesting to note that horse casein contained 

*precipitates obtained on initial centrifugation of certain 
milk samples. 
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relatively high levels of glycine, and harp seal and polar 

bear casein contained relatively low levels of glycine. 

Horse, pig, reindeer, caribou and harp seal caseins con­

tained relatively high levels of glutamic acid. Harp seal, 

musk-ox, and polar bear caseins contained relatively low 

levels of lysine. 

The results of the amino acid composition of the 

casein isolated from reindeer milk were in good agreement 

with those obtained by Luhtala, Rautiainen, and Antila (174) 

for reindeer milk "proteinft
, except that the present author 

found over twice the amount of serine, 0.80 times the 

amount of lysine, and about 1.25 t~es the amount of gluta­

mic acid as did the former authors. 

The values obtained for the amine acid composition 

of harp seal casein differed widely from those obtained by 

Ashworth, Ramaiah, and Keyes (25) for Northern fur seal 

case in. The most striking differences were for the amine 

acids serine (7.91%; 2.4%, Ashworth et al.) and glutamic 

acid (25.26%; 16.9%, Ashworth ~ al.). 

The amine acid composition of reindeer and caribou 

caseins were very s~ilar, as were the electrophoretic pat­

terns shown in Chapter IV. Since the electrophoretic proper­

ties of caseins at pB 8.6 are probably dependent in part, on 
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the concentrations of aspartic and glutamic acids, it is not 

surprising to note that these two caseins, which have roughly 

equal amounts of each of these two amine acids, are similar 

electrophoretically. One would also expect two animaIs of 

the same species (Rangifer tarandus) to produce milks that 

are similar in composition. There could be some correlation 

between the amine acid composition and electrophoretic prop­

erties of casein obtained from animaIs within the same species. 

In general, the amine acid compositions of casein iso­

lated from milks of different animaIs in the same species 

were similar. In sorne instances, there was a wide variabi­

lit Y in the amount of hydroxy-containing amine acids in 

different samples of the same species. It is difficult to 

say whether this variability was due to actual variation 

within the species, or whether it was due to the derivati­

zation procedure. 

The fact that histidine, arginine, and cystine were 

not determined makes it difficult to determine the limit­

ing amine acids by the chemical scoring technique of Block 

and Mitchell (43) (205). However, the limiting amine acids 

are likely to he cystine and methionine as they are in 

bov ine caseine 
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Table 29 

Amino acid composition of ribonuc1ease 

1 2a 3E 
Amino Acid (g/100 9 (g/100 9 (g/100 9 

protein) protein) protein) 

Alanine 7.61 7.37 6.12 
Valine 7.38 6.95 6.33 
Glycine 1.62 1.69 1. 25 
Iso1eucine 2.07 1.64 2.30 
Threonine 3.06 7.86 7.55 
Leucine 2.16 2.02 1. 74 
pro1ine 2.97 2.98 3.32 
Serine 13.96 9.74 9.45 
Cysteine NDd NDd 

Hydroxypro1ine Nod 0 
Methionine 3.37 2.63 3.52 
Aspartic Acid 13.24 13.73 12.97 
Phenylalanine 2.65 3.25 3.13 
G1utamic Acid 12.02 12.06 10.88 
Tyrosine 6.93 6.36 6.84 
Lysine 13.06 10.21 9.20 
Tryptophan NDc,d NDd 
Arginine 4.93 4.43 
Histidine 3.40 3.73 
Cystine 6.23 5.95 

Total 92.64 103.05 98.8 

aResu1ts of Gehrke, aoach, Zumwa1t, Sta11ing, and Wall (9). 

b Resu 1ts of Hirs, Stein, and Moore (128). 

COetermined by the method of Shaw and McFar1ane (254). 

d Not detected. 
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Table 30 

Amino acid composition of egg albumin 

1 2a 3b 
Amino Acid (g/lOO g (g/lOO g (g/lOO g 

protein) protein) protein) 

Alanine 5.95 6.32 5.36 
Valine 6.96 7.33 5.96 
Glycine 2.92 2.84 2.32 
Isoleucine 5.35 5.61 6.04 
Threonine 3.43 3.33 3.42 
Leucine 8.48 8.30 7.94 
Proline 2.92 2.86 3.04 
Serine 5.75 6.23 6.75 
Cysteine NDd 1.15 
Hydroxyproline NDd a 
Methionine 3.73 4.51 1.57 
Aspartic Acid 8.98 8.16 8.04 
Phenylalanine 4.94 6.25 6.86 
Glutamic Acid 13.63 14.41 14.48 
Tyrosine 2.42 3.84 3.33 
Lysine 6.06 5.48 5.52 
Tryptophan 1.l4c 1.09 
Arginine 5.06 5.13 
Histidine 2.10 2.08 
Cystine 1.17 0.43 

Total 82.96 93.74 93.5 

aResults of Gehrke, Roach, Zumwalt, Stalling, and Wall (9). 

bResults of Lewis, Snell, Hirschmann, and Frankel-Conrat (167). 

cDetermined by the method of Shaw and McFarlane (254). 

dNot detected. 
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Table 31 

Amino acid composition of gelatin 

1 2a 3D 

Amino Acid (g/lOO 9 (g/lOO 9 (g/lOO 9 

protein) protein) protein) 

Alanine 10.30 8.81 8.54 

Valine' 2.87 2.05 2.34 

Glycine 26.36 26.60 20.10 

Isoleucine 2.27 1. 08 1.17 

Threonine 1.41 1. 32 1.86 

Leucine 3.33 2.57 2.88 

Proline 14.74 13.85 13.66 

Serine 4.44 2.86 3.42 

Cysteine NDd 0 

Hydroxyproline 11.91 10.44 11.65 

Methionine 0.20 Te 0.77 

Aspartic Acid 5.35 5.33 5.79 

Phenylalanine 1.31 2.03 2.28 

Glutamic Acid 10.10 9.60 9.92 

Tyrosine 0.40 0.42 0.54 

Lysine 3.83 3.30 3.63 

Tryptophan NDc,d 0 

Arginine 7.90 8.16 

Histidine 0.79 0.89 

Cystine 0 

Total 98.82 98.95 98.5 

aResults of Gehrke, aoach, Zumwalt, Stalling, and Wall (9). 

bResults -of Eastoe (76). 

cDetermined by the method of Shaw and McFarlane (254). 

dNot detected. 

eTrace 
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Table 32 

Amino acid composition of zein 

Amino Acid 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Proline 
Serine 
Cysteine 
Hydroxyproline 
Methionine 
Aspartic Acid 
Phenylalanine 
Glutamic Acid 
Tyrosine 
Lysine 
Tryptophan 
Arginine 
Histidine 
Cystine 

Total 

1 
(g/lOO g protein) 

9.51 
3.59 
0.92 
3.88 
2.33 

20.43 
10.38 
5.82 

NDb 

NDb 
0.97 
5.33 
6.40 

26.89 
3.88 
0.09 

100.42 

aResults of Tristram (292). 

~ot detected. 

cCysteine + cystine. 

2a 
(g/lOO g protein) 

8.39 
3.37 

ND 
4.31 
2.93 

18.21 
8.88 
5.84 
0.70c 

o 
2.12 
3.98 
6.50 

23.61 
4.72 
o 

0.14 
1.53 
1.17 

96.4 
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Figure 44. Gas chromatogram of N-TFA n-butyl amine acid 
esters of zein hydrolysa te. 

, 

f 

~ . 
t • l' 
1. 
o· 

f 
l-
r 

~ 
• 
!' 
i 
L 
t 

i 

f , 
J 

1 
i 

1 

1 • , 
S , 
f 
J 

r 
( 
r 
! 
1 
1 



• 
300 

Table 33 

Amino acid composition of a-casein 

1 2a 
Amino acid 

(g/lOO g protein) (g/lOO g protein) 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Proline 
Serine 
Cysteine 
Hydroxyproline 
Methionine 
Aspartic Acid 
Phenylalanine 
Glutamic Acid 
Tyrosine 
Lysine 
Tryptophan 
Arginine 
Histidine 
Cystine 

Total 

3.91 
6.18 
1. 95 
5.82 
3.91 
9.74 
9.17 
6.70 

NDc 
NDc 

2.26 
8.14 
4.12 

22.26 
4.84 
6.90 
1.80b 

97.90 

aResults of Hipp, Basch, and Gordon (124). 

2.78 
4.82 
1. 53 
4.96 
3.56 
6.89 
6.95 
5.30 

NDc 

o 
2.35 
6.96 
4.15 

18.43 
6.57 
8.16 
1.82 
3.51 
2.58 
0.37 

91.7 

boetermined by the method of Shaw and McFarlane (254). 

CNot detected. 
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Figure 45. Gas chromatogram of N-TFA n-buty1 amino acid 
esters of a-casein hydrolysa te. 
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Gas chromatogram of N-TFA n-butyl amine acid 
esters of a-lactalbumin hydrolysate. 
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Table 35 

Amino acid composition of bovine serum albumin 

1 2a 
Amino Acid (g/lOO g protein) (g/lOO g protein) 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Proline 
Serine 
Cysteine 
Hydroxyproline 
Methionine 
Aspartic Acid 
Phenylalanine 
Glutamic Acid 
Tyrosine 
Lysine 
Tryptophan 
Arginine 
Histidine 
Cystine 

Total 

5.57 
5.76 
1.49 
2.54 
5.19 

12.11 
4.51 
4.13 

NDc 
NDc 

0.24 
10.19 
5.09 

16.34 
3.26 

15.38 
0.44b 

92.61 

aResults of Stein and Moore (275). 

4.99 
5.01 
1.49 
2.25 
4.95 

10.59 
4.01 
3.50 

NDc 

o 
0.71 
9.43 
5.87 

14.48 
4.56 

11.25 
0.53 
5.29 
3.54 
5.02 

97.36 

boetermined by the method of Shaw and McFarlane (254). 

CNot detected. 
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Table 36 

Amino acid composition of bovine casein 

Amino acid 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Proline 
Serine 
Cysteine 
Hydroxyproline 
Methionine 
Aspartic Acid 
Phenylalanine 
Glutamic Acid 
Tyrosine 
Lysine 
Tryptophana 

Cow No. 1 
(15.ll% N) 

(g/100 g protein) 

3.79 
8.89 
2.52 
6.97 
5.20 

13.47 
15.39 
10.10 

NDb 
NDb 

3.26 
8.82 
5.94 

26.68 
4.42 
8.73 
1.45 

Cow No. 2 
(13.16% N) 

(91100 q prote in) 

3.03 
6.63 
1.80 
4.95 
3.60 
9.45 

Il.35 
6.60 
0.60 
0.35 
2.35 
6.92 
4.05 

23.70 
3.65 
8.20 
1.46 

aoetermined by the method of Shaw and McFarlane (254). 

~ot detected. 
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Table 37 

Amino acid composition of horse and pig caseins 

Amino Acid 

Alanine 
Valine 
Glycine 
Iso1eucine 
Threonine 
Leucine 
pro1ine 
Serine 
cysteine 
Hydroxypro1ine 
Methionine 
Aspartic Acid 
Pehny1a1anine 
G1utamic Acid 
Tyrosine 
Lysine 
Tryptophana 

Horse casein 
(15.86% N) 

(g/100 9 protein) 

3.40 
6.90 
6.67 
5.38 
3.67 

Il.00 
12.24 
8.81 
0.10 
0.05 
1.61 
7.43 
4.28 

26.91 
4.38 
7.23 
0.87 

Pig casein 
(15.41% N) 

(g/100 9 protein) 

3.61 
6.58 
1.43 
5.89 
4.75 

10.47 
12.62 
8.56 
0.25 
1. 00 
2.42 
8.11 
5.04 

27.82 
5.59 
9.60 
1.38 

aDetermined by the method of Shaw and McFar1ane (254). 



t 

308 

Table 38 

Amino acid composition of reindeer caseins 

Amino Acid 

Alanine 
Valine 
Glycine 
Iso1eucine 

. Threonine 
Leucine 
Pro1ine 
Serine 
cysteine 
Hydroxypro1ine 
Methionine 
Aspartic Acid 
Phenylalanine 
G1utamic Acid 
Tyrosine 
Lysine 
Tryptophana 

aDetermined by 

b Not detected. 

Reindeer No.1 
(15.32% N) 
(g/100 9 
protein) 

2.71 
6.22 
2.19 
4.81 
4.74 

10.37 
9.43 

11. 79 
tmh 
tmh 

2.83 
6.93 
4.64 

26.51 
6.88 
7.88 
1.37 

Reindeer No.2 
(16.16% N) 
(g/100 9 
protein) 

2.43 
5.93 
2.14 
4.20 
4.11 
9.72 

11.51 
Il.16 

NDb 

NDb 

2.71 
7.85 
4.62 

25.74 
6.26 
8.80 
1.47 

the method of Shaw and McFarlane 

Reindeer No.3 
(15.18% N) 
(g/100 9 
protein) 

2.89 
6.14 
2.20 
4.54 
4.81 

10.14 
11.42 
13.53 
~ 
NDb 

2.71 
7.11 
4.70 

25.84 
6.97 
8.07 

·1.61 

(254). 
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Table 39 

Amino acid composition of caribou casein 

Amino Acid 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Proline 
Serine 
cysteine 
Hydroxyproline 
Methionine 
Aspartic Acid 
phenylalanine 
Glutamic Acid 
Tyrosine 
Lysine 
Tryptophana 

caribou No. 2 
(12.71% N) 

(g/lOO q protein) 

2.83 
5.59 
2.01 
4.10 
4.62 
9.29 
9.40 

12.01 
NDb 
NDb 

2.17 
7.82 
4.24 

25.43 
5.59 
9.07 
1.52 

caribou No. 3 
(11.52% N) 

Cg/lOO g protein) 

2.58 
5.41 
2.01 
4.38 
4.48 
9.28 
9.97 

10.93 
NDb 
NDb 

2.16 
7.06 
4.02 

24.28 
5.87 
9.28 
1.48 

anetermined by the method of Shaw and McFarlane (254). 

~ot detected. 

'. 
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Table 40 

Amino acid composition of moose casein 

Moose No.l Moose No.2 Moose No.3 

Amino Acid (14.61% N) (15.32% N) (15.60% N) 
(g/lOO g (g/lOO g (g/IOO g 
protein) protein) protein) 

Alanine 2.52 2.38 2.45 
valine 5.32 5.27 5.27 
Glycine 1. 77 1. 77 1.69 
Isoleucine 3.83 3.88 4.05 
Threonine 3.45 3.73 3.98 
Leucine 8.31 8.55 8.79 
proline 7.94 8.74 9.21 
Serine 6.63 9.16 10.23 
Cysteine zmb NDb NDb 

Hydroxyproline NDb NDb NDb 

Methionine 1.91 2.08 2.40 
Aspartic Acid 6.07 7.38 7.36 
Phenylalanine 3.50 4.18 4.07 
Glutamic Acid 19.71 23.52 23.06 
Tyrosine 4.57 6.30 6.52 
Lysine 9.71 9.06 9.30 
Tryptophana 1.64 1. 95 1. 97 

aDetermined by the method of Shaw and McFarlane (254) • 

b Not detected. 
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Table 41 

Amino acid composition of harp seal and musk-ox caseins 

Amino Acid 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
P~oline 

Serine 
cysteine 
Hydroxyproline 
Methionine 
Aspartic Acid 
Phenylalanine 
Glutamic Acid 
Tyrosine 
Lysine 
Tryptophana 

Harp Seal casein 
(16.00% N) 

(g/lOO 9 protein) 

2.69 
4.46 
0.63 . 
3.54 
2.72 

10.73 
8.81 
7.91 

NDb 
NDb 

0.87 
9.71 
3.47 

25.26 
5.87 
6.29 
2.00 

Musk-ox casein 
(13.74% N) 

(g/lOO 9 protein) 

3.23 
5.23 
1.52 
3.76 
3.62 
9.11 
9.78 
8.98 

NDb 

0.13 
2.03 
8.03 
3.93 

21.50 
7.08 
6.77 
1.85 

aOetermined by the method of Shaw and McFarlane (254). 

b Not detected. 
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Table 42 

Amino acid composition of polar bear caseins and precipitate 

Polar Bear Polar Bear Polar Bear 
No.1 No.3 Precipitatea 

Amino Acid (11. 55% N) (12.49% N) (13.28% N) 
(g/100 g (g/lOO g (g/lOO g 
protein) protein) protein) 

Alanine 2.23 2.48 3.24 
Valine 5.04 5.34 6.11 
Glycine 0.72 0.55 1. 20 
Isoleucine 4.41 4.23 4.72 
Threonine 3.75 3.63 3.61 
Leucine 9.19 9.44 10.55 
proline 10.09 10.90 10.83 
Serine 9.28 9.57 8.88 
cysteine 0.18 NDc NDc 

Hydroxyproline NDc NDc NOc 

Methionine 1.22 1.32 1. 75 
Aspartic Acid 8.55 8.20 9.72 
Phenylalanine 3.89 3.85 4.44 
Glutamic Acid 24.62 24.70 23.33 
Tyrosine 4.59 5.13 3.79 
Lysine 5.36 6.32 4.81 
Tryptophanb 1.45 1. 39 

aprecipitate "D" of Baker 1 Hatcher 1 and Harington (29). 

bDetermined by the method of Shaw and McFar1ane (254). 

CNot detected. 
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Table 43 

Amino acid composition of da11 sheep casein and precipitate 

Amino Acid 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Proline 
Serine 
Cysteine 
Hydroxypro1ine 
Methionine 
Aspartic Acid 
Phenylalanine 
Glutamic Acid 
Tyrosine 
Lysine 
Tryptophana 

Dall Sheep casein 
(10.95% N) 

(g/lOO 9 protein) 

2.47 
3.06 
1. 08 
2.90 
1. 76 
5.14 
3.97 
6.19 
0.80 
0.06 
0.75 
6.19 
2.04 

15.48 
5.34 
2.33 

Dal1 Sheep precip. 
(10.14% N) 

{g/100 q prote in} 

2.44 
3.46 
1. 02 
3.36 
1. 93 
5.51 
4.69 
4.38 

NDb 
NDb 

0.81 
5.40 
2.14 

14.28 
3.46 
6.12 
1. 96 

aDeterrnined by the rnethod of Shaw and McFar1ane (254). 

~ot dete cted. 
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Table 44 

Amino acid composition of fin whale casein and precipitate 

Amino Acid 

Alanine 
Valine 
Glycine 
Isoleucine 
Threonine 
Leucine 
Proline 
Serine 
Cysteine 
Hydroxyproline 
Methionine 
Aspartic Acid 
Phenylalanine 
Glutamic Acid 
Tyrosine 
Lysine 
Tryptophanb 

Fin Whale 
No.l 

(9.58% N) 
(g/lOO 9 
protein) 

2.50 
3.38 
1. 25 
2.80 
2.52 
5.69 
3.79 
6.48 

NDc 
NDc 

1.08 
5.64 
2.47 

13.89 
3.05 
5.23 
1. 73 

Fin Whale Fin Whale 
No.5 precipitatea 

(15.95% N) (13.24% N) 
(g/lOO 9 (g/lOO 9 
protein) protein) 

3.00 2.68 
4.17 4.53 
1.94 1.54 
3.30 4.22 
3.39 3.81 
6.60 8.24 
4.95 7.21 
6.31 7.21 

NDc NDc 
NDc 0.10 

1.11 1. 75 
7.28 6.80 
3.20 3.50 

16.31 22.42 
3.20 4.02 
7.57 8.76 

1.46 

a Data pertaining to milk sample collection is unavailable. 

bDetermined by the method of Shaw and McFarlane (254). 

CNot detected. 



SUMMARY 

1. casein was precipitated (acid-precipitation, pH 4.6) 

from the milks of the following Arctic, su~·Arctic, and 

domestic manunals: cow {Bos taurus}, horse (Equus ~-

ballus), pig (Sus scrofa), Arctic wolf (canis lupus 

arctos), barren-ground caribou (Rangifer tarandus groen-

landicus), dall sheep (OVis dalli dalli), fin whale 

(Balaenoptera physalus), harp seal (Pagophilus groen-

landicus), rnoose (Alces alces), musk-ox (OVibos rnoscha-

tus), and reindeer (Rangifer tarandus); the whey solids 

were also isolated from these milks. The precipitates 

(P) obtained on initial centrifugation of certain samples 

of fin whale, dall sheep, and polar bear milk, and frac-

tions obtained in the preparation of casein from Arctic 

wolf and fin whale milk were isolated. 

2. The levels of hexose, hexosamine, and sialic acid were 

determined (colorimetric methods) in aIl of the samples 

of casein and precipitates (P). caribou and fin whale 

caseins contained the highest concentrations of hexose 

(3.93%, 4.24%, respectively): caribou and polar bear 

caseins contained the highest concentrations of hexosa-

mine (o. 58%, 0.59%, respectively): and pig and polar 
315 
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bear caseins contained the highest concentrations of 

sialic acid (2.26%, 1.17%, respectively). The levels 

of hexose, hexosamine, and sialic acid in the precipi-

tates (P) were lower than those in the corresponding 

caseins. 

3. The caseins were analyzed by polyacrylamide-disc 

electrophoresis (pH 8.6: gels 4 M in urea). The pat-

terns obtained 'with reindeer casein were similar to 

those obtained with caribou caseine The electrophero-

grams produced evidence for the existence of genetic 

polymorphism in the ~- and aSl-caseins of reindeer, 

caribou, and moose milks. Electrophoretic analysis of 

the precipitates (P) did not indicate a large amount of 

as -casein to ~-casein present, as was suggested by the 
1 

high PIN ratios obtained with these precipitates. 

4. The whey proteins were analyzed by polyacrylamide-

disc electrophoresis (pH 8.6). The bovine serum albu-

min and a-lactalbumin components were unresolved. The 

pattf~rns obtained for the whey proteins were: Ca) 

extr~nely compIex, (b) similar for animaIs within the 

same species, and Cc) contained high concentrations of 

a component with a mobility similar to that of bovine 



5. 

~-lactoglobulin. 

The average recovery, based on gas-chromatographie 

analyses, which was obtained in the conversion of 

amine acids to their N-trifluoroacetyl n-butyl ester 

derivatives was about 70%. 

6. A method was developed for the quantitative gas­

chromatographie analysis of N-trifluoroacetyl n-

but yI derivatives of amine acids in protein hydro­

lysates. In this method, the ratios of the peak 

areas (AAA) given by a suitable range of amounts of 

each amine acid, to the peak area (AIS) given by a 

317 

set amount of internaI standard (n-butyl stearate), 

were plotted against the amounts of that amine acid. 

The standard calibration curve which was obtained for 

each amine acid indicated a linear relationship between 

the ratio, AAA/AIS, and the amount of each given 

amine acid. 

7. The amine acid composition of the caseins, the pre­

cipitates (P), and certain standard proteins (ribo­

nuclease, gelatin, zein, a-casein, a-lactalbumin, 

bovine serum a lbumin , and ovalbumin) was determined 

by gas chromatography using the method described above 
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_ (No. 6). 

8. A computer program (FORTRAN IV) was written for pro­

cessing the data obtained in the determination of 

amine acids by gas-liquid chromatography. An IBM 360 

computer was used to demonstrate the practical appli­

cation of the program. 



CIAIMS TO ORIGINAL RESEARCH 

Note: Claims to original research based on the studies in 
the Appendix are presented on p. 369. 

1. Preparation of casein from the milks of the following 

Arctic or sub-Arctic mammals: Arctic wolf (canis lupus 

arctos), barren-ground caribou (Rangifer tarandus groen-

landicus), dall sheep (Ovis dalli dalli), fin whale 

(Balaenoptera physalus), harp seal (Pagophilus groen-

landicus), moose (Alces alces), and reindeer (Rangifer 

tarandus). 

2. Determination of the hexose, hexosamine, and sialic acid 

contents of the caseins isolated from the milks desig-

nated in (l), as weIl as the determination of the hexose, 

hexosamine, and sialic acid contents of the caseins iso-

lated from the milks of the following mammals: pig (Sus 

scrofa), musk-ox (OVibos moschatus), polar bear (Thal-

arctos maritimus). 

3. Determination of the phosphorus:nitrogen ratios in the 

caseins isolated from the milks of the following animaIs: 

caribou, fin whale, harp seal, moose, musk-ox, pig, polar 

bear, and musk-ox. 

319 
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4. Electrophoretic (polyacrylamide-disc) analysis of the 

casein isolated from the milks of the following mammals: 

caribou, dall sheep, fin whale, harp seal, horse, moose, 

musk-ox, pig, polar bear, and reindeer. Provision of 

evidence which suggests the existence of genetic poly-

morphism in the a sl- and ~-fractions of the caseins iso­

lated from the milks of reindeer, moose, and caribou. 

5. Electrophoretic (polyacrylamide-disc) analysis of the 

whey proteins isolated from the milks of the following 

mammals: caribou, dall sheep, fin whale, harp seal, 

horse, moose, musk-ox, pig, polar bear, Arctic wolf, 

and reindeer. 

6. Development of a method for the quantitative gas chroma-

tographic analysis of appropriate derivatives of amine 

acids in protein hydrolysa tes, whereby the ratios of the 

peak areas given by a suitable range of amounts of each 

amine acid to the peak area given by an appropriate set 

amount of a suitable internaI standard, are plotted 

against the amounts of the ami no acid so as to provide 

a standard curve for that amine acid. The ratio of the 

peak area for this amino acid to the peak area for the 

same set amount of internaI standard on the chromatogram 
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for the protein hydrolysate is then converted into terms 

of the arnount of the amine acid by reference to the stand­

ard curve. 

7. Determination by gas-liquid chromatography of the amine 

acid composition of the caseins isolated from the milks 

of the following marnmals: cow, horse, pig, dall sheep, 

fin whale, harp seal, caribou, moose, musk-ox, polar bear, 

and reindeer. 

8. Development of a computer program (FORT~N IV) for pro­

cessing the data obtained in the determination of amino 

acids by gas-liquid chromatography. 
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APPENDIX 



STRONTIUM-90 AND CESIUM-137 LEVELS IN TISSUES 
OF FIN WHALE (Balaenoptera physalus) AND BARP 

SEAL (Paqophilus groenlandicus)* 

INTRODUCTION 

Radioactive strontium (Sr-90) is one of the high-

yield fission products which is released by nuclear bomb 

detonations and which is an ingestive hazard for weeks and 

months after an explosion (A-15). Strontium-90 and its 

short-lived daughter isotope, yttrium-90 (Y-90) are both 

~-emitters. Strontium-90 is similar to calcium in its 

chemical and physiological behavior and thus competes with 

calcium for deposition in the bone. 

355 

Marine food products supply man with smaller amounts 

of strontium-90 than do foods from terres trial environments 

*Note: In August, 1968, the author oollected at the Karl 
Karlson whale plant (Blandford, N.S.), samples of whale 
milk for casein precipitation and whale tissues for measure­
ment of radioactivity. Whale meat is flash frozen at this 
plant and is shipped to Norway. Since whale meat comprises 
part of the Norwegian diet, it was of interest to know 
whether or not it was contaminated by radioactive fallout. 
The seal samples were collected by Dr. B.E. Baker in March, 
1968, near the Magdalen Islands. The work reported here 
represents part of an investigation of radioactivity in 
foodstuffs being carried out in the DeparT~nt of Agricul­
tural Chemistry, Macdonald oollege, and appears in a publi­
cation by Samuels, cawthorn, Lauer, and Baker (A-2l). 
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because strontium-90 is present in lower specifie activities. 

strontium-90 enters the sea surface from fallout in a sol­

uble form and it is rapidly diluted by the mixing processes 

in the ocean waters. Since stable strontium is present in 

sea water {S mg/litre, approximately}, there is also an iso­

tope dilution effect. strontium is diluted further by calcium 

whiCh is also present in sea water {400 mg/litre} and which 

is similar chemically. The small exposure of the human pop­

ulation to strontium-90 derived from the sea results from 

{a} the low level contamination of the marine environment 

by this radionuclide, {b} the resultant low specifie acti­

vit Y of strontium-90, and Cc) the low ratio of Sr-90/g ca 

in the water and edible portions {e.g. muscle tissue} of 

seafood organisms (A-S). 

The fallout which comes after the original fallout 

period May be considered to be a mixture of roughly equal 

intensities of strontium-90 and cesium-137 (A-lS). Cesium-

137, which has a half-life similar te that of strontium-90 

(~ for cesium-137, 30 years: ~ for strontium-90, 28 

years), is a Y- and a ~-emitter. Radioactive cesium is 

distributed throughout the flesh of animaIs and hence enters 

the human body when the Meat is eaten (A-20). Hood and 

COmar (A-13) showed that the tissue concentration patterns 

of injected cesium-137 tracer were remarkably constant from 



one species to another and they further demonstrated that 

muscles had the highest concentrations and that bone and 

plasma had the lowest concentrations of this element. 

These workers concluded that the ingestion of cesium-137 

into the body of animaIs may make the animal unfit as a 

source of meat and milk. 
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Cesium-137 is deposited on the sea surface by rain­

fall. Since sea water contains a relatively small concen­

tration of stable cesium (0.5 ~g/litre), cesium-137 is pres­

ent in relatively high specifie activity. The potassium 

in sea water (380 mg/litre) serves as a dilutant (A-5). 

The levels of strontium-90 and cesium-137 in the 

milks of various Arctic species have been reported previously 

by Baker, Lauer, and Samuels (A-3) and more recently by 

Baker, Neilson, and Samuels (A-4), and in human milks by 

other workers (A-I) (A-14) (A-25). The reason that milk has 

become such a valuable indicator of radioactive fallout is 

that in the western hemisphere, at least one half of the 

calcium deposited in the human skeleton through adolescence 

originates from dairy products. Children who der ive their 

calcium from dairy products will form a skeleton which is 

in equilibrium with the strontium-90 contamination of the 

environment from which their food is derived (A-7). Human 

skeletons formed from milk diets contain 0.5 times the ratio 



sr/ca of the original milk, indicating a discrimination 

against strontium (A-6). Anderson (A-2) has shown that 

the correlatio~ of cesium levels in human beings with 

cesium levels in milk indicate a discrimination factor of 

1.8 in this step of the ecological transfer. 
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Hawthorn and DuCkworth (A-12) measured the total 

strontium (strontium-89 + strontium-90) activity in a deer's 

antlers and found it to he 126 ~~c/g Ca. Schulert (A-23) 

has also reported values (for the same year as Hawthorn 

and Duckworth, 1958) for antlers of california deer (6.81 

d.p.m./g ashi 8.05 ~~c Sr-90/g ca) and Alaskan caribou 

(98.4 d.p.m./g ashi 106.1 ~~c Sr-90/g ca). 

A search of the literature has revealed that there 

are few available data on the strontium-90 and cesium-

137 levels in tissues of marine mammals, although consid­

erable work has been done on freshwater and saltwater 

fishes. Hasanen and Miettinen (A-11) have reported values 

for the cesium-137 content of freshwater fish in Finland. 

The values ranged from 0.64 to 5.90 nc CS-137/kg fresh 

weight for lake fish caught in Lapland. These workers also 

showed that the cesium-137 activity decreased when the feed 

changed from plankton to bottom animaIs. 

Gustafson, Brar, and Muniak (A-IO) stated that the 

cesium-137 concentration in fish is governed by three 
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factors: (a) the concentration of cesium-137 in the water 

environment, (b) the level of potassium (the ratio, Cs-137/K), 

and (c) the position of the fish in the food Chain (e.g. the 

Il trophic level ll
). Analysis of several species of freshwater 

and saltwater fish revealed that the former contained muCh 

higher levels of cesium-137 than did the latter and this 

reflected the higher Cs-137/K ratio present in freshwater. 

carnivorous fish showed higher levels of cesium-137 rela-

tive to plankton feeders and other non-carnivorous fish 

(hoth saltwater and freshwater). 

Various workers have detected ho'th fission products 

from fallout and neutron-induced radionuclides in marine 

zooplankton off the coasts of Oregon (A-17) (A-19) and cal­

ifornia (A-8). 

Osterberg (A-17) stated that euphausids (Euphausia 

pacificia), which are commonly known as IIkrill ft, are good 

indicators of fallout in the ocean, since they concentrate 

most radionuclides. The same author points out that these 

shrimp-like crustaceans, whiCh comprise a large portion of 

the diet of the fin whale, are important vehicles for the 

transport of radioactivity in the ocean. These observa­

tions were aiso made by eariier workers (A-24). 

Osterberg, Small, and Hubbard (A-19) studied the 

effect of surface area of an organism on the adsorption of 
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radionuclides. These workers concluded that surface ad-

sorption played a relatively insignificant part in the 

accumulation of K-40, Zn-65, Zr-95--Nb-95, Ru-l03-l06, Cr-

51, and Ce-141 by microplankton. 

Chipman (A-5) has stated that the uptake of stron-

tium-90 via the digestive tract of fish and other animaIs 

is of minor importance and marine plankton does not play a 

significant role in passing strontium-90 from the sea 

water to the organisme Rather, calcium and strontium-90 

are obtained from the sea water directly via absorptive 

body surfaces and gill membranes. Chipman has also pointed 

out that strontium-90 accumulation takes place mainly in 

the bones and scales, but not in the flesh. Cesium-137 has 

been observed ta accumulate ta only a slight extent by 

marine plankton. Sorne bottom-dwelling invertebrates, par-

ticularly mollusks (mussels, oysters, scallops, and clams), 

have taken up cesium-137 and concentrated it in their tissues 

up to about 50 times that of the sea water in their environ-

ment. Equilibrium levels were approached more rapidly by 

shrimp and prawns than by crabs and Iobsters, since the 

former enjoy a more active mode of life. Cesium-137 is 

concentrated in the internaI organs of fish and the rate of 

uptake in these organs is quite rapid, ~-equilibrium being 

reached in a few days. 
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Rosenthal, Eves, and COchran (A-2l) showed that the 

ratio of Sr/ca in ossified tissues, to Sr/ca in water, was 

essentially constant for marine and freshwater animaIs within 

the same class. The ratio, Sr (mg}:ca (g) in tissue to the 

ratio, Sr '(mg}:ca (g) in water indicates the discrimination 

of strontium relative to that of calcium. These workers 

found that pelecypods (freshwater clams, oysters, and Quahog 

clams) and fishes (Wall eye pike, Buffalo carp, Red snapper, 

and flounder) show the greatest discrimination for strontium 

relative to calcium, and the Crustacea (crayfish, lobster, 

and Alaskan king crab) showed the least discrimination for 

strontium relative to calcium. 

Osterberg, pearcy, and Kujala (A-18) measured the 

levels of zinc-65 in various tissues of a fin whale (Balaen­

optera physalus) and noted that both the muscle tissue and 

the liver contained traces of cesium-137. These authors 

pointed out that although cesium is chemically similar to 

potassium and the two compete for entrance into organisms, 

the abundance of potassium in the sea reduces the relative 

uptake of cesium-137 by marine animaIs compared to terres­

trial and freshwater animaIs. Although the stomach of the 

whale contained a lar'Je quantity of zooplankton ("krill'·), 

cesium-137 was not detected in the stomach contents. 

Schulert (A-23) reported that the strontium-90 
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contents of whale Meat and whale rib (bowhead) were <0.07 

d.p.m./g ash and <0.12 d.p.m./g ash, respectively. The 

same author has reported the strontium-90 content of walrus 

meat (9.38 d.p.m./g ash) and walrus backbone (0.65 d.p.m./ 

9 ash taken from an animal whiCh was caught in the st. Law­

rence region. 

Mohindra and Downs (A-16) report~d on the levels of 

cesium-137 in liver, muscle, and diaphragm tissues of seals 

located in the District of Franklin, N.W.T. 

MATERIALS AND METHODS 

Collection of Samples 

Samples (50-100 9 each) of tissues were obtained 

from four female and three male fin whales caught (August 

l5th, 1968) near the Emerald Bank, 100 miles east of the 

whale factory at Blandford, Nova Sootia. The samples were 

obtained about 12 h after the death of the animal and were 

flash frozen and kept in this state until they were analyzed. 

Samples (30-125 9 each) were obtained from seven 

female adult harp seals and their respective pups, which 

were caught (March 9th, 1968) near the Magdalen Islands in 

the Gulf of St. Lawrence. The samples were frozen and kept 

in this state until they were analyzed. 
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Analytical Procedures 

The detailed procedures for the determination of 

cesium-137 and strontium-90 are described in the Manual of 

Procedures (RPD-OM-2, 1964) which is used in the Radiochem­

istry Section of the Radiation Protection Division, Depart­

ment of National Health and Welfare, Ottawa. 

The total sample was ashed at a temperature not 

exceeding 4500 C (cesium volatilizes above 4500 C). The ash 

was fused with an alkali fusion mixture and the resultant 

melt was leached with water. Cesium was separated from 

the leachate as the silicotungstate. This was then con­

verted ta the perchlorate and the cesium was finally iso­

lated as the chloroplatinate. The precipitate was mounted 

on a planchet for beta-counting and the activity was ascer­

tained by reference ta a standard cesium source. 

The water-insoluble portion of the fusion melt was 

treated with nitric acid. The resultant solution which 

contained strontium and calcium was then treated with fuming 

nitric acid and the strontium was precipitated as the nitrate. 

The combined radiostrontium (Sr-a9, Sr-90) of the precipi­

tate was then determined by means of a low-background beta 

counter. Stronti~90 was determined either by extracting 

and counting the daughter isotope (yttrium-90) or by use of 



the simultaneous equation method without the separation of 

yttrium-90. 
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Appropriate corrections were made for self-absorption 

and counter efficiency in aIl determinations. 

RESULTS AND DISCUSSION 

The radioactivities of the various samples of tissue 

are shown in Table A-I. Whale blubber contained the highest 

concentration (pCi/g ash) of Sr-90. The very low levels of 

Sr-90 might he subject to relatively high statistical errors 

(la oounting error of about 20%) because of the low cou nt­

ing rates from the small samples that were available for 

analysis. Chipman (A-5) pointed out that, in several species 

of fish, the levels of Sr-90 resulting from fallout were not 

detectable. The results given in the present report indi­

cate that the concentration of sr-90 in marine mammals is 

also ver~ low. 

Muscle tissues of the whales contained more CS-137 

than did the other tissues, except in one animal in which 

the liver contained slightly more CS-137. The presence of 

relatively high concentrations of Cs-137 in these two tissues 

confirm a similar observation made by osterberg, pearcy, and 

Kujala {A-18}. The stomach contents of one whale was 
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TABLE A-l 

Strontium-90 and cesium-137 levels in fin whale and harp seal tissues, animaIs 1-7 (values 
in pci!g ash) 

Sr-
90 

Whale l 
Blubber 2.9 
Bone2 5 
Bone3 

Kidney 
Liver 0.0 
Lung 
Marnrnary (0.1 

gland 
Muacle 0.0 
Pancreas 
Spleen 
Teaticle 
Stomach 

contents 

sea14 

Muscle (0.1 
(adult) 

Marnrnary 0.0 
gland 

Muscle (0.1 
(young) 

l 
Ca-
137 

0.6 

1.2 

0.5 

3.1 

Sr-
90 

3.5 

<0.1 

0.2 

0.3 

2 
Ca-
137 

1.1 

1.5 

0.0 

5.1 

Sr-
90 

0.3 

<0.1 
0.0 
0.0 

0.0 
0.1 

<0.1 

2.5 0.0 3.2 0.1 

1.9 0.0 2.4 <0.1 

3.8 (0.1 3.5 

3 
Ca-
137 

0.6 

<0.1 
2.9 
1.0 

4.0 
3.2 
1.4 

Sr-
90 

0.0 

0.0 
(0.1 
(0.1 
<0.1 
0.7 

0.1 
(0.1 
0.0 

0.1 

0.8 0.0 

1. 6 0.0 

(0.1 

lWhale Nos. 1-4 were females and 5-7 were males. 
2Vestigial pelvis and leg bone. 
3 Palatal bene. 

4 
Cs-
137 

0.0 

0.0 
3.9 
0.5 
1.0 
1.2 

7.0 
4.1 
2.8 

0.1 

2.8 

1.7 

3.9 

Sr-
90 

0.6 
<0.1 

0.0 

0.0 

<0.1 

0.0 

0.0 

0.0 

5 
Cs-
137 

0.0 
0.0 

4.7 

6.8 

2.9 

1.7 

1.7 

3.1 

Sr-
90 

0.1 
<0.1 
(0.1 
1.0 

<0.1 
0.0 

0.0 

0.0 

6 
Cs-
137 

1.6 
0.3 
0.0 
2.8 
1.3 
1.0 

0.8 

2.2 

Sr-
90 

0.3 

0.0 

0.0 

0.2 4.0 <0.1 

0.0 1.5 1.3 

7 

~ll the seals were females. Seal Nos. l, 2, 4, and 5 were each accompanied by a pUpe 
5 The symbo 1 (-) indicates that no sample was available. 

Cs-
137 

1.7 

4.7 

1.0 

1.4 

2.9 

w 
0"1 
lJ1 
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exarnined and was found to consist mainly of krill. The 

average concentration (pCi/g ash) of Cs-137 in whale muscle 

was 45 times greater than that of the stomach contents. 

The concentration of Sr-90 in the bene was less than that 

found in krill, thus lending weight to the observation of 

Chipman (A-s) that crustaceans do not accumulate Sr-90 in 

the flesh, and any Sr-90 that accumulates in the shell, is 

lost upon moulting. Thus, ingestion of sizable quantities 

of sr-90 via the digestive tract of the whale is minimized 

by a natural biological process. The low level of Cs-137 

in krill was probably the result of reduced uptake of Cs-

137 by krill in the presence of the potassium in seawater 

(A-s) (A-lO). 

Muscle tissues of the young harp seals had a higher 

concentration of Cs-137 (3.6 pCi/g ash) than did muscle 

tissue of the adult seals (2.3 pCi/g ash). Fredriksson, 

Garner, and Russell (A-9) have pointed out that a signifi­

cant proportion of cesium-137 fed to lactating animaIs 

appears in the milk. They also noted that there is a con­

siderable variation in the uptake of CS-137 by different 

muscles; those which are most active take up Cs-l37 most 

readily. The average concentration of CS-137 in the mammary 

glands was slightly lower than that of the muscle tissue. 
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previous work (A-4) showed that seal milk contains about 

9 pCi of Cs-137 per gram of ash. 
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CIADt TO ORIGINAL RESEARCH 

Note: Claims to original research based on studies in the 
main body of the thesis are presented on p. 319. 

1. Determination of the levels of strontium-90 and cesium-

137 in tissues of fin whale (Balaenoptera physalus) and 

harp seal (Pagophilus groenlandicus). 


