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ABSTRACT 

Thirty-eight lactating women served as milk donors 

for this study. Samples were collected on the following 

schedule: once daily for the first two weeks post partum; 

once weekly from two weeks to two months; and bimonthly 

from then until six months or termination of lactation. 

Analyses were made for the following constituents: lactose, 

fat, fatty acids, free ammonia, free amino acids, chlorides, 

potassium, sodium, magnesium, calcium, copper; and pesti

cides . Samples were grouped into sampling periods and 

statistical analyses computed from the individual periods. 

The results obtained in this study show a constant 

level of lactose was maintained throughout the course of 

the lactation period studied. As expected, the fat content 

showed a large variation, with no trends noted. There 

were significant changes in both 16:0 which decreased and 

18:2 which increased during the progress of the lactation. 

Glutamic acid and valine were the only free amino acids 

which showed significant changes during the course of 

lactation. Glutamic acid, the most prevalent free amino 

acid present, doubled in concentration during the 120-t 

days of this study while valine decreased. Both changes 

were relatively constant. The chloride content of human 

vii 



milk showed a significant decline after the first three 

days of lactation. Potassium and copper showed no signi 

ficant changes. Potassium values in colostrum were not 

found to be higher than the mature milk values. Sodium 

levels decreased significantly in two stages; the first 

after three days, the second at the end of the first 

month. Magnesium levels were found to decrease signifi

cantly until ten days after parturition, after which it 

rose until the end of the first month, then stabilized. 

Lower than previously reported values for calcium were 

found in this study. The levels of chlorinated hydro

carbons were generally' higher than previously reported. 



INTRODUCTION 

Breastfeeding was the only method of feeding the 

newborn baby mentioned in biblical records. Weaning 

occurred at the second or third year (8). Hippocrates 

and other classical writers, including Soranus, Galen, and 

Oribasius wrote on breastfeeding and mentioned the addi

tion of some solid foods (74, 85, 98 - 100). It was not, 

however, until the first portion of the twentieth century 

that scientists began to consider the chemistry of human 

milk and began to study its constituent parts. Much of 

the work has been segmented to include observations on 

single or only a few constituents or characteristics of 

samples from limited origin. Much of the research was 

conducted on a maximum of one to three subjects. 

This study was undertaken to note what differences, 

if any, occur during the course of a lactation of several 

months, from a number of women, of some of the major con

stituents of milk. 

1 



REVIEW OF LITERATURE 

The earliest studies on fat composition of human 

milk were concerned only with fat percentage and its 

variation with stage of lactation. The saturated fatty 

acids from 4:0 to 18:0 were later isolated and described. 

This early work has been adequately summarized by Brown 

and Orians (9). By 1934 Bosworth (7), had presented evi

dence for the existence of many of the unsaturated acids 

up to 20:4. He suggested that there were probably several 

longer chain acids also present. Hilditch and Meara (32) 

reported that the predominant fatty acids in human milk 

were 16:0 and 18:1 and that the lowest molecular weight 

acid detected was 10:0. In a later paper Hilditch and 

Meara (33) presented data showing the glyceride structure 

of human milk. 

Baldwin and Longnecker (3) found an increase in 

the total fat percentage and a decrease in phopholipids 

(PPL) as lactation progresses. They also reported that 

there was a relatively large amount of 20:0 and 22:0 acids 

in human colostral milk and that these acids decreased 

with a subsequent increase in 12:0 and 14:0 during the 

course of lactation. Trace amounts of acids lower than 

10:0 were detected. 

2 
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In a series of papers on fat absorption, Solderhjelm 

(82, 83), in 1953, reported an increase in the content of 

diene fatty acids in human milk following feedings of corn 

oil and of higher polyene acids following feedings of fish 

oil. Karmarkar, et al. (42), found that increases in 

dietary fat up to a certain requisite amount increased 

the fat content of breast milk. It was shown by Insull 

and Ahrens (41) that milk fats produced 9 to 180 days 

following parturition were remarkably similar in composi

tion even among different subjects, although the total fat 

content differed greatly. Insull, et al. (40) also showed 

that the composition of human milk fat was highly suscep

tible to dietary influence in that during energy equilib

rium, milk fat closely resembled dietary fat, but when a 

calorie deficient diet was fed, milk fat composition more 

closely resembled the composition of the human depot fat. 

With the advent of gas-liquid chromatography, 

Insull and Ahrens (41) were among the first to analyze the 

fatty acids from individual (vs. pooled) samples. They 

found that nearly 90% of human milk fat was made up of 

12:0, 14:0, 16:0, 16:1, 18:0, 18:1, and 18:2. Only 9.5% 

of the total acids were 10:0 or shorter, and about 0.5% 

were 19 to 22 carbons in length. There were 17 different 

acids in the latter group. In this study, samples were 

obtained both from women fed controlled diets in a hospital 
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and—from women living at home and eating varied diets. It 

was found that despite wide differences in fat content of 

the milk samples of the two groups, the fatty acid composi

tions differed only to a minor degree. 

The food and nutrition board of the (U.S.A.) 

National Research Council issued a report in 1953 (64) 

which summarized data from over 1,500 reports on human 

milk fatty acids. Their summary showed fatty acid levels 

were comparable to those previously cited (3, 9, 32). 

In a study of milk samples from women one day before 

parturition and on three successive days following parturi

tion, Read and Sarrif (72) found 21 fatty acids, ranging 

from 8 to 20 carbons in length. They included branched 

chained, saturated and unsaturated acids. There was an 

increase of the total lipid content from the antepartum 

to the first postpartum day, but the relative concentra

tion of the subsequent fatty acids showed no significant 

change. However, when compared to mature milk the amounts 

of the 12:0 and 14;0 acids were low. This was in agree

ment with the report of Baldwin and Longnecker (3). Read 

and Sarrif (72) concluded that almost all of the fatty 

acids of early colostrum were derived from the extra-

mammary fatty acids. In a later report, Read, et al. (71), 

found that a high carbohydrate intake was related to a 

high 12;0 and 14:0 acid level and low 16:0 and 18:2 acid 
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levels in the milk. Subsequent work (70) showed that a 

high fat intake had an opposite effect. 

Lactose was isolated from milk as early as 1615 

by Fabritius Bartolitus and its structure was definitely 

established by Haworth in 1927 (49). Grant (30) showed 

that mammary gland slices would synthesize lactose if incu

bated with a solution of glucose, but were not apparently 

able to do so from fructose, mannose, galactose, or various 

carbohydrate phosphoric esters. Of all the components of 

human milk, lactose seems to be the most constant (59, 

60, 89), regardless of changes in the diet (30, 45). There 

are slight indications of individual trends (17, 19, 39), 

but none of the investigations have found this individu

ality to be of physiological significance. Hytten, in his 

series of papers on human milk (35-39) , found an inverse 

relationship to the fat with the lactose falling from a 

maximum at the beginning of a single nursing to a minimum 

at the end of the feeding. No systematic changes in 

lactose content throughout the day were noted, although 

differences of the order of 10% occurred in some cases 

between one feeding and another. Also noted was a rise in 

lactose during the first week of lactation, and there were 

also considerable fluctuations from day to day in the 

same subject. There was no significant change in the mean 

lactose content after about the first month of. lactation, 
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and the final mature value was reached at about this time 

(37). Tarjan, et al. (86), differ, stating that the amount 

of lactose increases progressively during lactation. 

Lactase (3-galactosidase), the specific enzyme 

responsible for the hydrolysis of lactose to D-glucose and 

D-galactose, occurs in the intestinal mucosa of mammals. 

Ling, et al. (50) stated that in many species lactase 

activity is highest during the first days of life and that 

it declines rapidly thereafter. 

The osmotic pressure of milk is the same as that 

of blood and is maintained by a balance of concentration 

of lactose and of soluble mineral matter (mainly chlorides), 

thus any variation in lactose concentration is counter

balanced by one in chloride concentration in the opposite 

direction (80) . The smaller molecular weight of sodium 

chloride and its complete dissociation mean that a slight 

increase in the concentration of the chloride ion counter

acts a much greater decrease in that of lactose. 

Several reports note a correlation between yield, 

lactose, and protein contents of human milk (6, 35, 36, 

86). Hytten (39) found that milk produced in a large 

volume was likely to have a high lactose content and a low 

protein content and vice-versa. He states that the vari

ability of the lactose and protein seems to be due to 

differences in the speed of the maturation of the milk. 
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The lactose and protein contents, although they may show 

a wide range in early milk, converge to within narrow 

limits in the milk from later stages of lactation. Hytten 

(37) also notes that the rate at which the lactose content 

reaches its mature value also varies, the values being 

inversely correlated with the total nitrogen content. 

Macy (53) and Hytten (36, 37) differed in de

scribing the milk produced during the first few weeks. 

Macy divides milk into three distinct periods: colostrum 

(the first five days post-partum); transitional milk (the 

second five days post-partum); and mature milk (15 days to 

15 months post-partum). Hytten on the other hand, terms the 

first seven days secretion immature, and all thereafter 

mature. Regardless of terminology, most reports support 

the idea that the lactose content is lowest in the early 

milk, and rises by the end of the first month to an average 

of about 7%; after this, there is little change (45, 51, 

61, 66, 89, 102). 

Much of the early research concerning human milk 

dealt with mineral content. Calcium, the major mineral 

present in milk, has received more attention than any of 

the other minerals. Wide variations in calcium content 

have been reported. Macy (53) , who analyzed over 600 

samples, reported a range of 17-61 mg of calcium per 100 ml 

of milk. Variation in average calcium content among other 
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reports has not been nearly so great, with 11 reports 

showing a range in the average calcium content of 27-34 

mg/100 ml (10, 16, 34, 45, 51, 53, 55, 66, 73, 76, 87). 

Several authors (45, 90, 102) have reported that 

the calcium level in human milk rose gradually following 

parturition until it reached a maximum after the fourth 

month. Calcium levels then declined slowly during the 

fifth through the seventh month following which there was 

a much more rapid decline through the tenth month. Clements 

(12) and Winikoff (103), however, found that the maximum 

calcium level was reached during the third month of lacta

tion and that there was a constant decline thereafter. 

Nims et al. (66) showed that calcium reached a maximum 

value anywhere between the sixth and sixteenth months 

of lactation. 

Colostrum has been found to contain an average of 

from 28-32 mg of calcium per 100 ml (34, 55, 102, 103). 

The effect of the addition of calcium to the diet 

of the lactating woman is conflicting. Toverud and 

Toverud (90) , and De Buis and von Meysenburg (16) reported 

that it was possible to elevate the level of calcium in 

milk by as much as 25% by adding calcium to the diet and 

that rickets resulted in infants born to mothers whose 

diets were low in calcium. Ritchie (73), however, was not 

able to detect increases in milk calcium unles.s Vitamin D 
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was added in addition to the calcium. Belavady (5) and 

Belavady and Gopalan (4) reported that short term additions 

of calcium failed to raise milk calcium and that longer 

periods of supplementation may actually depress it. 

While the National Research Council (64) gave a 

figure of 15 mg/100 ml as an average figure for sodium in 

mature human milk, Macy (53) reported a range of 6.4 to 

43.6 mg/100 ml. Pommerenke and Hahn (68) believe that the 

great variation in sodium content of milk is undoubtedly 

due to dietary variation. Their conclusions were based 

on studies involving radioactive sodium which showed very 

rapid uptake by the mammary gland. 

Reports in the literature (31, 65, 67) indicate 

that the copper content of human milk varies rather widely 

with the average value being about 0.4 mg/L. Underwood 

(92) states that copper is significantly higher in colostrum 

than in mature milk. Diet does not appear to influence the 

copper content (1). 

Average potassium content of human milk varies from 

48 to 55 mg/100 ml (10, 34, 53, 64). Macy (53) and Holt 

et al. (34) both report that colostrum contains signifi

cantly higher levels of potassium than does mature milk. 

Chloride content of milk has been used as an indi

cation of adequacy of milk supply. Kermack and Miller in 

a series of papers (43, 44, 59) reported that humans 
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producing an adequate milk flow averaged 35 mg of chloride 

per 100 ml of milk while those with an inadequate milk 

yield averaged 82 mg/100 ms. This relationship has been 

substantiated by others (34, 60, 79, 101). Miller and 

Jackson (60) however point out that abnormalities can 

occur which affect chloride values and thus negate any 

diagnostic significance. 

Most authors (10, 44, 78, 79, 101) agree that 

average chloride content of breast milk does not vary 

appreciably during the course of a complete lactation. 

One exception to this is the work of Holt, et al. (34) 

who found that chlorides declined after the first month 

of lactation. The fact that several workers (43, 60, 79) 

reported the chloride content of fore milk was lower 

than that of after milk may account for some of the 

variation between reports. 

Several workers (34, 53, 88, 103) have reported 

average magnesium values in human milk which varied from 

3.4 to 4.7 mg/100 nth Morrison (61) believes that the 

lower figure is probably a more representative one as the 

higher estimates were based on earlier work where less 

sophisticated techniques were utilized. The magnesium 

content of colostrum has been determined by Macy (53) who 

reported a value of 4.2 mg/100 ml while Holt et al. (34) 

found 5.2 mg/100 ml and Winikoff (103) 3.2 mg/100 ml. 
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Controversial conclusions as to whether magnesium in

creases, decreases, or stays the same during the course 

of the lactation have been noted (34, 54, 103). 

Although much data is available concerning the 

total amino acid content of milk and the amino acids con

tained in the casein and whey fractions, there is, however, 

little information about the free amino acids of milk. 

The initial studies by Folin (21-25) and Van Slyke and 

Meyer (93, 94) in 1912-13, suggest that milk proteins may 

be derived from the free amino acids of the blood. It was 

not until 1932, however, when Blackwood (6), using arterio

venous differences, showed a small but consistent uptake of 

amino acids by the lactating mammary gland of the cow. This 

uptake was in the proportions in which they appeared in 

the blood. Using labeled valine and lysine, Campbell 

and Work (11) found that the specific activities of whole 

milk proteins were many times those of the plasma proteins. 

They concluded that the valine and lysine of milk protein 

could not come exclusively from any major fraction of the 

plasma proteins, but must have come from the free valine 

or lysine of the blood. 

Larson and Gillespie (47) injected C"*"^ (as Na2C03) 

intravenously into a lactating dairy cow and reported that 

the levels of C^ incorporated by a-casein, 3-casein, 

a-lactalbumin and 3-lactoglobulin suggested that these 
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milk proteins are synthesized in the mammary gland from a 

common free amino acid pool. The levels of incorporated 

by a-casein, the immune globulins, and milk serum albumin, 

and their similarity with the levels present in the blood 

proteins, suggested that these proteins enter the milk 

preformed from the blood stream. 

In a later report, Larson (46) states that 3-

lactoglobulin, 3-casein and a-lactalbumin are synthesized 

in the cells of the mammary gland from a free amino acid 

pool in equilibrium with that of the blood stream. In his 

review on the physiology and biochemistry of lactation, 

Folley (26) points out there is strong evidence that the 

major portion of at least three essential amino acids 

(lysine, methionine, and valine), present in casein and 

3-lactoglobulin, and seven or eight non-essential amino 

acids (glutamine, tyrosine, glutamic acid, glycine, proline, 

serine, asparagine and probably aspartic acid) come from 

a mammary gland "pool" of amino acids in equilibrium with 

the free amino acids of the blood. 

Schingoethe,et al. (75) using a cell culture tech

nique to evaluate the amino acids required by the secretory 

cells for synthesis of 3-casein and (3-lactoglobulin found 

that both bovine and rat cells required the classical ten 

essential amino acids. The rat cells also required tyrosine 

and the bovine cells, cystine. It was found that the cells 
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from both species were capable of synthesizing the non

essential amino acids, although in vivo these are un

doubtedly supplied in large part by the blood. One of 

the interesting findings of this study was that elevated 

levels of the essential amino acids above physiological 

levels stimulated the synthesis of both proteins in rat 

cells, but only (3-casein in bovine cells. 

Ghadimi and Pecora (27) found that the concentra

tion of almost all free amino acids in the colostrum of 

human milk was higher than in the transitional or mature 

milk. The transitional milk has the lowest concentration 

of free amino acids as compared with colostrum and mature 

milk. They found this to follow the general pattern of 

other constituents of the milk. Glutamic acid was the most 

prevalent free amino acid in all three stages of milk 

secretion. Armstrong and Yates (2) also found that free 

glutamic acid was markedly concentrated in milk. They 

further state that human milk contains a higher level of 

most of the common free amino acids than does cow's milk. 

There has been concern over the levels of dichloro-

diethyltrichloroethane (DDT) in human milk for many years. 

In 1951 Laug et al. (48) found DDT in the milk of 94% of 

the women examined in Washington D.C. None of these women 

had previous known exposures to DDT, There was an average 

concentration of 0.13 ppm of DDT in the whole product. 
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Several years later West (95) reported DDT levels in human 

milk ranging from 0.0 to 0.12 ppm and dichlorodiethyl-

dichloroethelene (DDE), a metabolite of DDT, levels ranging 

from 0.0 to 0.25 ppm. Other workers (14, 69) in the United 

States have reported averaged in the 0.06 to 0.08 ppm 

range. Reports from Hungary (18), England (20) and Russia 

(29) have shown levels of DDT in human milk comparable 

to those reported in this country. Damaskin (15) , a Russian, 

found levels ranging from 1.22 to 4.88 ppm in the fat of 

human milk. These values are comparable to the other 

reports which were given on a whole product basis. 



MATERIALS AND METHODS 

Thirty-eight lactating women served as donors for 

this study. Milk samples were collected by each donor in 

a sterilized bottle or plastic bag"^ and stored at ca -10 C 

until picked up. Each donor recorded the day, time and 

breast from which the sample was removed. It was requested 

that approximately 30 ml samples be collected once daily 

for the first two weeks post partum, once weekly from two 

weeks to two months and bimonthly from then until six 

months or termination of lactation. It was further re

quested that the samples be taken from the second breast 

used at that particular feeding and that the sample be 

taken at approximately the same time each day. Any medica

tion or supplements (i.e., vitamins or minerals) taken were 

noted. All samples were transported to the laboratory in 

a frozen state and kept at ca -25 C until analyzed. 

After thawing, aliquots were removed for the 

various analytical procedures. Prior to gas liquid chroma

tographic analysis, the liquids from 10 ml of milk were 

extracted by the standard Mojonnier method (28) and the 

fatty acids were converted to their methyl esters by the 

1. Nasco whirl-Pak, Nasco Supply, Madison, 
Wisconsin. 

15 
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method of Luddy et al. (52). The methyl esters were ex

tracted in hexane and separated on a diethylene glycol 

succinate column (2m x 6.4mm) using a Perkin Elmer Model 

2 
800 instrument. The esters were identified by comparison 

with retention times of standard compounds and their rela

tive amounts were determined by comparison of areas under 

the peaks drawn by the recorder and calculated by an Info-

tronics Model CRS-108 integrator. A Perkin Elmer Model 

2 
290B atomic absorption spectrophotometer was utilized m 

the mineral analysis (62, 63) and a Berva/Riter II re

corder,^ calibrated to known standards was used to measure 

response. Chlorides were determined, titrimetrically, as 

described in the Sigma Technical Bulletin (77). Free amino' 

acids from all samples were extracted by deproteinization 

with a 10% solution of sulfosalicylic acid (96) , filtered, 

centrifuged at 3,000 rpm for 30 min and refrigerated until 

quantitated (84) on a Beckman Model 121 automatic Amino acid 

analyzer.^ Individual amino acids were identified by 

comparison of retention times with known standards. Rela

tive amounts were determined by an Infotronics Model 

2. The Perkin Elmer Corp., Norwalk, Conn. 

3. Infotronics Corp., Houston, Texas. 

4. Texas Instruments Incorp., Dallas, Texas. 

5. Beckman Instruments Incorp., Spinco Division, 
Palo Alto, California. 



CRS-220A integrator.6 Electron capture gas chromatography 

was used for chlorinated hydrocarbon analysis (105). Per 

cent lactose was determined by the method of Marier and 

Boulet (57). 

Means and variance were computed for each data 

group and standard errors of the means were computed for 

each characteristic. If mean differences exceeded two 

standard errors they were judged to be significantly 

different (81). 

6. Infotronics Corp., Houston, Texas. 



RESULTS AND DISCUSSION 

While overall cooperation of donors was excellent 

throughout this experiment certain technical difficulties 

arose in obtaining adequate volume and numbers of samples 

for the entire time period studied. This was especially 

true for the first two weeks of lactation and for the last 

two months. Much of the difficulty during the first two 

weeks of lactation was doubtlessly attributable to the fact 

that this was the first experience for many of the donors 

at breast feeding and none were experienced at sample col

lection. Other contributing factors which hindered sample 

collection were concern over taking milk from the baby, 

and distraction by other children. 

Table 1 shows the average lactose content of human 

milk during the course of lactation. There were no sig

nificant changes (P > 0.05) detected as lactation progressed. 

This disagrees with Tarjan et al. (86) who found that lac

tose increased as lactation progressed. Hytten (35, 37) 

reported that after an initial rise during the first month 

of lactation no other significant trends were evident. Of 

all the constituents of human milk studied during this ex

periment none was as constant as lactose. This is in agree

ment with several previous studies (30, 45, 58, 61, 89). 

18 
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Table 1. Mean lactose and fat content of human milk at 
different stages of lactation. 

Sampling Period Lactose Fat 

(days post 
partum) 

No. of 
Samples (%) 

No. of 
Samples (%) 

0 - 3  5 7.30 
(1.42) 

2 9.38 
(8.19) 

4 - 7  11 7.40 
(1.27) 

3 4.64 
(1.01) 

8 - 1 0  7 7.60 
(1.84) 

4 6.34 
(4.38) 

11 - 14 11 6.21 
(1.86) 

2 5.94 
(3.36) 

15 - 21 5 6.98 
(1.96) 

3 2.27 
(0.56) 

22 - 30 3 7.13 
(1.24) 

3 6.31 
(2.79) 

31 - 45 10 7.77 
(1.41 

4 2.42 
(1.39) 

46 - 60 7 6.51 
(2.66) 

2 5.63 
(0.89) 

61 - 90 9 7.44 
(1.68) 

4 4.41 
(3.35) 

91 - 120 8 7.91 
(0.95) 

1 5.76 
(-) 

120+ 5 7.68 
(1.78) 

1 2.28 
(-) 

aThe figure in parenthesis under each mean indicates 
the standard deviation from the mean. 
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There was a very large variation noted in the fat 

content of the milk during this experiment (Table 1), but . 

no significant (P > 0.05) trend. The large variation 

both among individuals and sampling periods was not un

expected. It has long been known that tremendous variation 

in fat percentage occurs, increasing from a minimum at the 

beginning of a single nursing to a maximum at the end of 

the feeding (80). As there was no control over whether 

the sample for analysis was taken before or after the gland 

had been partially emptied this phenomenon was undoubtedly 

the major source of error in this determination. 

The average fatty acid composition of human milk 

found in this study is shown in Table 2. There was a 

significant decrease (P < 0.05) in 16;0 and a significant 

increase (P < 0,05 in 18:2 during the course of lacta

tion. Both 16:0 and 18:2 remained at rather constant levels 

from parturition through the 31 to 45 day sampling periods. 

Then 16;0 decreased sharply with a concomitant increase 

in 18;2. These new levels were fairly constant through 

the final sampling period. Neither Read and Sarrif (72) , 

nor Baldwin and Longnecker (3), observed changes in either 

16:0 or 18:2 during the course of lactation. Both groups 

however noted decreases in 12:0 and 14:0 as lactation pro

gressed. It should be noted that in the present study 

12:0 increased but because of the high variation among 



Table 2. Mean fatty acids of human milk at different 
stages of lactation. 

Sampling 
Period _ . . _ . , ,„. 
(days post No. of Fatty Acid (%) 

partum) Samples 10:0 12:0 14:0 - 14:1 

0 - 3  3 0.62 
(0.58)a 

3.33 
(2.57) 

6.80 
(2.40) 

0.10 
(0.13) 

4 - 7  5 0.60 
(0.18) 

3.86 
(2.46) 

10.09 
(4.36) 

0.26 
(0.24) 

8 - 1 0  5 1.82 
(2.63) 

3.62 
(2.02) 

7.01 
(1.79) 

0.28 
(0.29) 

11 - 14 4 0.69 
(0.75) 

5.51 
(1.23) 

10.29 
(3.20) 

0.24 
(0.39) 

15 - 21 0 0 0 0 0 

22 - 30 0 0 0 0 0 

31 - 45 4 0.70 
(0.71) 

4.21 
(2.75) 

9.18 
(2.92) 

0.05 
(0.67) 

46 - 60 3 2.07 
(1.59) 

5.93 
(1.30) 

9.34 
(1.57) 

0.34 
(0.38) 

61 - 90 5 1.71 
(2.07) 

6.25 
(1.18) 

11.11 
(2.53) 

0.29 
(0.30) 

91 - 120 4 1.59 
(0.30) 

6.45 
(0.88) 

8.61 
(0.33) 

0.27 
(0.44) 

120+ 2 1.13 
(0.55) 

5.91 
(1.54) 

8.94 
(0.83) 

0.51 
(0.04) 

aThe figure in parenthesis under each mean indi
cates the standard deviation from the mean. 



Table 2. (Continued) 

Sampling 
Period Patty Acid (%) 
(days post No. of 
partum) Samples 16:0 16:1 16:2 18:0 

0 - 3  3 33.74b 

(11.31) 
1.16 

(0.83) 
0.003 
(0.005) 

11.70 
(3.92 

4 - 7  5 31.04b 

(10.07) 
1.68 

(1.03) 
0.026 

(0.016) 
12.19 
(5.01) 

8 - 1 0  5 36.15b 

(9.19) 
1.18 

(1.24) 
0.015 

(0.028) 
13.66 
(6.79) 

11 - 14 4 32.51b 
(10.00) 

1.04 
(1.51) 

0.04 
(0.07) 

16.70 
(2.00) 

15 - 21 0 0 0 0 0 

22 - 30 0 0 0 0 0 

31 - 45 4 31.57b 

(8.72) 
1.05 

(0.82) 
0.33 
(0.28) 

16.48 
(5.29) 

46 - 60 3 19.28c 

(2.15) 
1.78 

(1.25) 
0.06 

(0.05) 
14.22 
(2.19) 

61 - 90 5 18.80c 

(7.01) 
1.49 

(1.67) 
0.11 
(0.16) 

15.95 
(6.41) 

91 - 120 4 18.78c 

(0.72) 
3.34 

(3.28) 
0.14 

(0.25) 
11.68 
(3.71) 

120+ 2 23.04c 

(3.86) 
1.28 

(0.61) 
0.02 

(0.02) 
10.01 
(2.10) 

' Values within a group of means with different 
superscripts indicate a significant difference (P < 0.05). 
Those with no superscripts indicate no significant dif
ferences (P > 0,05). 
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Table 2. (Continued) 

Sampling 
Period 
(days post 
partum) 

No. of 
Samples 

Fatty Acid (%) 

Sampling 
Period 
(days post 
partum) 

No. of 
Samples 18:1 18:2 18:3 

0 - 3  3 32.96 6.70b 0.54 
(7.94) (4.27) (0.75) 

4 - 7  5 31.51 6.06b 0.44 
(9.19) (2.99) (0.78) 

8 - 1 0  5 27.53 5.06b 1.09 
(11.68) (3.47) (1.83) 

11 - 14 4 24.39 4.40b 1.75 
(5.47) (5.89) (2.98) 

15 - 21 0 0 0 0 

22 - 30 0 0 0 0 

31 - 45 4 29.26 5.35b 0.09 
(5.26) (1.63) (0.10) 

46 - 60 3 30.80 15.07° 0.38 
(1.37) (4.96) (0.40 

61 - 90 5 29.92 11.78° 0.43 
(2.62) (9.40) (0.44) 

91 - 120 4 28.91 18.50c 0.42 
(4.53) (3.74) (0.24) 

120+ 2 32.86 15.35c 0.47 
(0.47) (1.65) (0.37) 
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individuals this increase was not significant (P > 0.05). 

There was considerable variation in 14:0 with no apparent 

trends. 

The milk fat of one donor appeared to have been 

significantly influenced by -a dietary change (Table 3). 

It was found that the donor had ingested a filled milk 

product for a three-day period. She had also collected 

milk samples for three days previous and each day during 

the ingestion. It was noted that 16;0 increased from a 

four-day average of 16.17%, 24 hours after ingesting the 

filled milk, but returned to 14.98% 24 hours later. The 

level of 12:0 reacted similarly. There appeared to be 

concomitant decreases in both 18:0 and 18:2. However, it 

was found upon analysis that two very different filled 

milk products were consumed. None of the changes noted in 

the milk fatty acids appeared to be related in any way to 

the fatty acid composition of the filled milk products. 

The donor was found to have consumed various amounts of 

natural dairy products such as cheese, yogurt, butter and 

sour cream throughout the six day sample collecting period 

negating any effect the filled milk product may have had. 

No other attempt was made during the course of this ex

periment to correlate diet with milk composition. It was 

apparent that dietary history was difficult to determine. 



Table 3. Fatty acids of human milk following ingestion of filled milk 
products. 

% 

Fatty 
Acid 

Pre-ingestion Post-ingestion 

3 days 2 days 1 day 2 hours 1 day 2 days 

Composition 
of Filled 
Milk Products 

A B 

6:0 - - - - - - 1.10 2.21 
8:0 0.57 0.19 0.35 0.27 - 2.86 0.64 6.21 

10:0 1.87 2.04 1.90 1.85 0.54 2.15 0.97 6.55 
10:1 - - 0.01 0.01 - 0.01 0.06 0.09 
12:0 3.83 5.14 4.10 4.12 7.62 4.98 1.88 15.07 
12:1 0.08 0.04 - 0.03 0.01 ,0.01 0.01 -

13:0 0.02 - - - 0.02 - - -

14:0 6.17 8.47 6.02 6.78 7.86 7.05 4.37 14.63 
14:1 0.42 0.86 0.73 1.06 - 0.53 0.18 -

15:0 0.29 0.84 1.05 0.69 0.01 0.62 0.04 -

16: ISO 0.21 - 0.25 - 0.21 0.13 - 0.01 
16:0 15.36 19.84 14.44 15.05 30.86 14.98 17.14 21.08 
16:1 6.08 7.06 7.88 9.47 2.70 4.56 0.13 0.03 
16:2 0.59 0.39 1.29 0.30 - 0.14 0.04 0.18 
18: ISO 0.61 - 0.36 0.40 0.16 2.13 0.98 -

18:0 14.98 21.24 22.05 15.63 11.65 15.38 21.57 28.79 
18:1 30.85 25.10 22.18 26.34 26.57 25.82 50.68 5.09 
18:2 18.08 8.77 17.38 18.01 11.76 22.66 0.22 0.06 
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The free ammonia and free amino acid values for 

this study are presented in Table 4. Glutamic acid and 

valine showed significant changes (P < 0.05) during the 

course of lactation. Glutamic acid, the most prevalent 

free amino acid present, virtually doubled from 32% of 

the total free amino acids at the 0-3 day period to 63% 

at the 120+ day period. This increase was relatively uni

form throughout the entire study. It is of interest to 

note that there was a general decrease in the standard 

deviation from the mean as lactation progressed, indicating 

a greater uniformity in mature milk than in early milk, 

as was also the case with valine. Free valine declined 

significantly (P < 0.05) and uniformly during the course 

of lactation. There were no other significant changes 

noted in free amino acid concentrations in this study. 

The high concentration of glutamic acid in human milk has 

been shown previously (2, 27), but there are no known 

reports in the literature where any of the free amino 

acids have been studied during the course of an entire 

lactation. 

The chloride content of human milk declined sig

nificantly (P < 0.05) after the first three days of lac

tation (.Table 5) . Chlorides remained relatively constant 

for about a month, after which they again declined slightly 

but significantly (P < 0.05). This is in agreement with 
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Table 4. Mean ammonia and free amino acid content of 
human milk at different stages of lactation, 
(percent) 
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0-3 8 8.73 
(6.81)a 

9.16 
(5.31) 

1.39 
(0.61) 

2.73 
(2.19) 

3.60 
(1.87) 

4-7 6 6.57 
(2.74) 

12.36 
(10.91) 

1.12 
(0.27) 

1.52 
(0.45) 

2.46 
(0.63) 

8-10 2 10.64 
(5.79) 

2.76 
(0.33) 

0.99 
(0.73) 

1.99 
(0.73) 

0.76 
(0.34) 

11-14 6 7.82 
(2.87) 

5.18 
(5.50) 

1.09 
(0.29) 

1.58 
(0.52) 

1.25 
(0.53) 

15-21 3 6.34 
(1.20) 

1.87 
(0.22) 

1.00 
(0.27) 

1.18 
(0.53) 

1.42 
(0.30) 

22-30 0 - - - - -

31-45 5 6.65 
(2.38) 

5.05 
(6.93) 

0.77 
(0.10) 

1.09 
(9.69) 

2.49 
(3.52) 

46-60 3 6.97 
(0.84) 

1.56 
(0.16) 

0.62 
(0.23) 

0.75 
(0,28) 

1.15 
(0.13) 

61-90 4 6.80 
(1.83) 

4.24 
(4.64) 

2.28 
(2.83) 

0.87 
(0.55) 

1.36 
(0.65) 

91-120 3 5.49 
(3.17) 

3.57 
(2.82) 

0.80 
(0.18) 

0.43 
(0,30) 

1.30 
(1.16) 

120+ 0 - - - -

aFigure in parenthesis under each mean indicates 
standard deviation from the mean. 
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Table 4. (Continued) Mean ammonia and free amino acid 
content of human milk at different stages of 
lactation. 
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0-3 8 2.88 3.75 32.08b 3.70 
(0.81) (0.92) (13.69) (3.49) 

4-7 6 2.41 2.91 39.26 2.31 
(0.71) (0.73) (14.18) (0.96) 

8-10 2 2.71 3.13 41.01 2.19 
(0.12) (0.05) (11.48) (0.66) 

11-14 6 2.38 3.07 43.30 4.26 
(0.38) (0.63) (10.02) (2.82) 

15-21 3 2.47 3.94 50.28 2.47 
(0.14) (0.53) (14.91) (2.61) 

22-30 0 - - - -

31-45 5 1.98 2.99 52.31 1.65 
(0.36) (0.35) (10.86) (1.61) 

46-60 3 2.51 4.05 62.56 0.24 
(0.63) (0.69) (4.77) (0.33) 

61-90 4 2.01 3.15 61.14 2.23 
(0,61) (0,86) (7.11) (3.36) 

91-120 3 2.22 6.60 63.27 0.79 
(0.29) (4.55) (1.19) (0.40) 

120+ 0 - - - -

significant (P < 0.05) change occurred in these 
amino acids during the course of lactation. 



Table 4. (Continued) Mean ammonia and free amino acid 
content of human milk at different stages of 
lactation. 
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0-3 8 1.18 4.56 1.19 4.74b 1.22 
(0.55) (1.00) (0.88) (2.15) (0.84) 

4-7 6 1.94 4.19 1.07 4.13 0.86 
(1.79) (0.78) (0.56) (2.19) (0.43) 

8-10 2 1.95 5.55 1.65 3.55 1.14 
(1.09) (0.76) (0.82) (1.41) (0.99) 

11-14 6 1.64 • 5.15 1.26 3.16 1.00 
(1.05) (1.15) (0.67) (0.98) (0.81) 

15-21 3 1.57 5.56 1.63 3.21 0.92 
(0.47) (0.36) (0.64) (0.86) (0.85) 

22-30 0 - - - - -

31-45 5 1.64 4.57 1.80 2.10 0.53 
(0.81) (0.95) (0,99) (0.42) (0.34) 

46-60 3 1.67 4.39 2.30 2.78 0.37 
(0.49) (0.20) (0.72) (0.94) (0.18) 

61-90 4 1.75 4.54 1.64 1.70 0.34 
(0.35) (1.68) (0,49) (0.63) (0.26) 

91-120 3 1.48 4.47 1.93 1.60 0.23 
(0,34) (0.24) (0.46) (0.46) (0.16) 
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Table 4. (Continued) Mean ammonia and free amino acid 
content of human milk at different stages of 
lactation. 
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0-3 8 2.81 
(1.85) 

9.29 
(4.97) 

3.86 
(2.27) 

1.55 
(1.21) 

4-7 6 1.70 
(0.77) 

10.95 
(4.04) 

2.94 
(1.01) 

1.31 
(0.70) 

8-10 2 2.58 
(1.73) 

11.59 
(9.12) 

3.93 
(2.79) 

1.81 
(1.23) 

11-14 6 1.97 
(1.32) 

11.40 
(7.36) 

3.12 
(1.93) 

1.35 
(0.79) 

15-21 3 1.35 
(1.02) 

10.75 
(7.38) 

2.87 
(1.96) 

1.13 
(0.69) 

22-30 0 - - - -

31-45 5 1.16 
(0.73) 

7.67 
(4.24) 

2.11 
a.08) 

0.77 
(0.44) 

46-60 3 0.77 
(0.27) 

5.51 
(3.29) 

1.39 
CO.57) 

0,58 
(0.25) 

61-90 4 0.57 
(0.30) 

3.77 
(2.92) 

1.13 
(0.71) 

0.43 
(0.09) 

91-120 3 0,50 
(0.27) 

3,94 
(3.47) 

0.93 
(0.46) 

0.45 
(0.05) 

120+ 0 
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Table 5. Mean chloride content of human milk at different 
stages of lactation. — The figure in parenthesis 
under each mean indicates the standard deviation 
from the mean. 

Sampling Period Chlorides 
(days post 
parturn) 

No. of 
Samples Meq/1 

0-3 6 37.32a 

(17.28) 

4-7 11 22.58b 

(6.38) 

8-10 7 23.16b 

(9.38) 

11-14 12 21.28b 

(4.99) 

15-21 . 6 20.48b 

(4.13) 

22-30 6 19.66b'C 

(6.46) 

31-45 9 15.43° 
(3.55) 

46-60 8 15.78c 

(4.45) 

61-90 11 18.15b,C 

(3.71) 

91-120 7 15.96C 

(3.48) 

120+ 5 16.21c 

(4.25) 

S2 45.6854 

Std. Error 0.7205 

a' 'cValues within a group of means with different 
subscripts indicate a significant difference (P < 0,05). 
Those with no superscripts indicate no significant differ
ences (P > 0.05). 



the work of Holt et al. (34), while others have reported 

no appreciable change during the course of a complete lac

tation. Other reports (43, 60, 79) have indicated that 

chlorides vary similarly to fat when comparing foremilk 

to after milk. This type of variation may account for the 

relatively high variance among individual samples in this 

study. The inverse relationship between chlorides and 

lactose reported by Smith (80) was not substantiated in 

the present study. 

There were no significant (P > 0.05) changes noted 

in potassium or copper during the course of this study 

(Table 6). A high variation among individuals, in agree

ment with previous work (1), was found in copper content. 

In this study potassium levels were not found to be higher 

in colostrum than in mature milk as had been previously 

reported by Macy (53) and Holt et al. (.34). 

Sodium levels in human milk declined significantly 

(P < 0.05) in two stages in this study. The first drop in 

sodium content occurred after three days following parturi

tion while the second drop occurred at the end of the first 

month of lactation. Once the sodium dropped it remained 

relatively stable until the next drop. There was a rather 

large variation in sodium among individuals in this study 

but it was not nearly so great as had been previously 

reported (53, 68). 



Table 6. Mean mineral content of human milk at different stages of lactation. — 
The figure in parenthesis under each mean indicates the standard 
deviation from the mean. 

Sampling Period 
(days post 
partum) 

No. of 
Samples 

Mg/100 ml 
Sampling Period 
(days post 
partum) 

No. of 
Samples Potassium Sodium Magnesium Calcium Copper 

0-3 1 43. .73 18. .00a 13. ,50 21. ,00 0. ,01 

8-10 11 41. .21 10. . 58b 10. ,27 21. ,07 0. ,26 
(23. .12) (5. .42) (2. ,43) (3. ,59) (0. ,30) 

11-14 5 52. .27 10. ,66b 7. ,40 17. ,70 0. ,01 
(22. .37) (2. .98) (2. .92) (4. .41) (0. .02) 

15-21 7 35. .43 9. . 01b 9. .18 18. .96 0. .20 
(23. .62) (4, .95) (2. .53) (4. .31) (0. .22) 

22-30 6 55. .79 11, . 55b 9. .92 21. .17 0. .16 
(6. .03) (2. .42) (2, .51) (5. .05) (0, .19) 

31-45 4 42, .72 10, . 58b 10, .25 20. .88 0, .03 
(11, .56) (2, .39) (2, .41) (0, .65) (0, .04) 

46-60 6 34, .43 7, .05° 9, .08 22, .75 0, .24 
(7, .29) (1, .45) (1. .86) (2, .08) (0 .22) 

61-90 7 49, .00 6, .64° 10 .18 21, .57 0 .17 
(6, .53) (1. .24) (2 .67) (4, .90) (0 .33) 



Table 6. (Continued) 

Sampling Period 
(days post 
partum) 

No. of 
Samples 

Mg/100 ml 
Sampling Period 
(days post 
partum) 

No. of 
Samples Potassium Sodium Magnesium Calcium Copper 

91-120 8 44.23 5.90c 11.97 22.97 0.14 
(24.63) (2.39) (2.29) (3.43) (0.14) 

120+ 6 23.37 4.20c 10.00 17.88 0.10 
(18.34) (2.40) (2.78) (3.06) (0.09) 

S2 13.8586 11.1853 7.2099 13.8351 0.03213 

Std. Error 2.2799 0.4086 0.3280 0.4544 0.0692 

a' ,cValues within a group of means with different subscripts indicate 
a significant difference (P < 0.05). Those with no superscripts indicate no 
significant differences (P > 0.05). 



It was found in this study that magnesium levels 

of human milk declined significantly (P < 0.05) for ten 

days following parturition, after which it rose until the 

end of the first month of lactation, and then remained 

relatively constant through the remainder of the study. 

It should be noted that magnesium values found in this 

study were approximately twice those which have been 

previously reported (34, 53, 61, 88, 103). Controversial 

conclusions as to whether magnesium increases, decreases 

or stays the same during the course of the lactation have 

been previously drawn (34, 53, 103). The present study 

has not resolved this controversy and obviously further 

research in the area is advisable. The large variation 

among reports could no doubt be due in part to magnesium 

percentage varying from first to last milk during a com

plete expression as is the case with fat and chlorides 

(43, 60, 79, 91). 

The average levels of calcium found in human milk 

in this study were somewhat lower than that found in 

previous studies but were still within the range of the 

former reports (10, 16, 34, 45, 51, 53-56, 66, 73, 76, 

87). Earlier studies (12, 45, 91, 102, 103) have shown 

that the calcium level of human milk gradually increases 

following parturition until the third or fourth month and 

then gradually declines until the cessation of lactation. 
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This phenomenon was not shown in this study and in fact 

there was a small but significant (P < 0,05) decrease in 

calcium from 8 to 14 days after the start of lactation. 

After this period it returned to the previous level and 

remained relatively constant thereafter. 

The results of the analysis of human milk for 

chlorinated hydrocarbons are found in Table 7. All milk 

analyzed contained some chlorinated hydrocarbons. The 

levels were, for the most part, higher than those previously 

reported (14, 15, 18, 20, 29, 48, 69, 95). Whether this 

is due to the location of the study is not known. It is 

known that Arizona has had a recent history of relatively 

high levels of chlorinated hydrocarbons in its commercial 

milk supply (104). There was a higher amount of p,p'-DDT 

secreted in the milk from 22-60 days post partum than there 

was before or after this period. However, this increased 

secretion was not significantly different (P > 0.05) from 

the lower figures. There was a much lower amount of 

o,p-DDT present than there was of p,p'-DDT. DDE was found 

at higher levels in most of the samples than was p,p'-DDT. 

DDE has been shown to be a normal metabolite of o,p-DDT and 

is normally found in higher concentrations in biological 

materials than the parent compound (.97, 104). The total 

pesticides in human milk found in this study ranged from 



Table 7. Mean levels of pesticides in human milk at different stages of 
lactation. — The figure in parenthesis under each mean indicates 
the standard deviation from the mean. 

Sampling Period No. of 
Samples 

ppm 
(days post partum) 

No. of 
Samples p,p'-DDT O,p-DDT DDE Total 

0-3 2 0.019 0.074 0.093 
(0.007) (0.004) (0.003) 

4-7 3 0.037 0.036 0.246 0.319 
(0.005) (0.043) (0.07) (0.085) 

8-10 4 0.031 0.005 0.214 0.250 
(0.027) (0.003) (0.144) (0.172) 

11-14 2 0.017 0.003 0.110 0.130 
(0.003) (0.0005) (0.051) (0.054) 

15-21 3 0.046 0.007 0.187 0.240 
(0.025) (0.003) (0.081) (0.108) 

22-30 3 0.210 0.004 0.182 0.396 
(0.261) (0.0008) (0.065) (0.317) 

31-45 4 0.318 0.007 0.185 0.510 
(0.289) (0.002) (0.074) (0.361) 

46-60 2 0.383 0.005 0.187 0.575 
(0.367) (0.005) (0.076) (0.447) 

61-90 4 0.116 0.022 0.314 0.452 
(0.133) (0.016) (0.231) (0.246) 



Table 7. (Continued) 

Sampling Period No. of 
(days post partum) Samples p,p'-DDT o,p—DDT DDE Total 

91-120 

120+ 

S2 

Std. Error 

1 

2 

0.032 

0.025 
(0.005) 

0.030427 

0.03185 

0.005 

0.005 
(0.000) 

0.000267 

0.00298 

0.123 

0.125 
(0.031) 

0.014707 

0.02214 

0.160 

0.155 
(0.038) 

0.058115 

0.04401 



just under twice the legal limit for chlorinated hydro

carbons as established by the FDA (13) up to over ten 

times the legal limit. 



SUMMARY 

Thirty-eight lactating women served as milk donors 

for this study. Samples were collected on the following 

schedule: once daily for the first two weeks post partum; 

once weekly from two weeks to two months; and bimonthly 

from then until six months or termination of lactation. 

Analyses were made for the following constituents: lactose, 

fat, fatty acids, free ammonia, free amino acids, chlorides, 

potassium, sodium, magnesium, calcium, copper; and pesti

cides . Samples were grouped into sampling periods and 

statistical analyses computed from the individual periods. 

The results obtained in this study show a constant 

level of lactose was maintained throughout the course of 

the lactation period studied. As expected, the fat content 

showed a large variation, with no trends noted. There 

were significant changes in both 16:0 which decreased and 

18:2 which increased during the progress of the lactation. 

Glutamic acid and valine were the only free amino acids 

which showed significant changes during the course of 

lactation. Glutamic acid, the most prevalent free amino 

acid present, doubled in concentration during the 120+ 

days of this study while valine decreased. Both changes 

were relatively constant. The chloride content of human 
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milk showed a significant decline after the first three 

days of lactation. Potassium and copper showed no signi

ficant changes. Potassium values in colostrum were not 

found to be higher than the mature milk values. Sodium 

levels decreased significantly in two stages; the first 

after three days, the second at the end of the first 

month. Magnesium levels were found to decrease signifi

cantly until ten days after parturition, after which it 

rose until the end of the first month, then stabilized. 

Lower than previously reported values for calcium were 

found in this study. The levels of chlorinated hydro

carbons were generally higher than previously reported. 
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