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Abstract: The effect of a seafood diet upon certain blood values was 
studied with six college women ranging i n age from 19 to 24 years. Two of 
the subjects served as controls and consumed free-chOice diets; four re­
ceived the seafood diet. The experimental period was composed of a three­
week preliminary period of a free-chOice diet, a seven-week pe riod of the 
seafood diet, a:nd a final one-week period similar to the preliminary per­
iod. The first and third periods were used to obtain a comparison of the 
free-chOice diet and the seafood diet for each of t he four subjects. 
During the seven-week test period, seafoods furnished the protein of a 
daily main meal which was prepared and served during the noon lunch hour. 

Each subject recorded the total daily food intake for the entire 
experimental period. From the dietary records, the consumption of protein, 
calCium, iron, vitamin A, thiamine, riboflavin, niacin, ascorbic aCid, 
and the number of calories were calculated; those of the seafOOds were 
reported separately. 

A blood sample was taken by venipuncture once every week from each 
subject. The volume of packed cells (hematocrit reading), red blood cell 
count,and hemoglobin content were determined for these samples. The color, 
saturation, and volume indices were calculated, but these did not show 
significant results. 
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The data indicated that a diet containing a daily portion of the sea­
food will maintain the red cell count, hematocrit, and hemoglobin values of 
the blood, as well as a free-choice diet containing an equivalent amount of 
meat. It is necessary for further study to be carried on before the exact 
hematopoietic value of seafood can be detennined. 

Introduction: Scarcities of food, whether due to war, depression or 
famine have always led to investigations and usually to the encouragement 
of more extensive uses of certain foods. Statistics show t hat at the present 
time, seafoods are becoming more popular; f or example in 1920, the oyster 
consumption per person was 1.13 pounds, while i~ 1938 a little over double 
the amount was eaten (Newcombe, 1944). This increase in consumption may be 
explained by t he convenient market forms (canned, frozen and package-to-pan) 
which have greatly reduced the difficulty involved in the preparation for 
cooking; or perhaps the increase may be due in part to the recent shortage 
of protein foods when more people have made use of the various seafoods 
without realizing their value in the diet. 

SeafOOd products are of major importance for their nutritional value. 
It is reasonable to suppose that marine animals living in a medium contain­
ing all the mineral elements needed by the human body v.uuld be a highly 
nutritious class of fOOd. Since the minerals may be supplied to us in a 
usable form, by marine animals, we can get iron and copper to prevent nu­
tritional anemia, iodine to prevent goiter, as well as phosphorous, copper 
and magnesium which are needed to regulate other body functions. 

Oysters, shrimp and crab meat in addition to being rich sources of 
iron, copper and iodine contain one-half as much calcium, three times as 
much magnesium, and much more phosphorus than an equal quantity of milk 
(Newcombe, 1944). The oyster is comparable to liver and to milk, in its 
rich sources of nutrients. Newcombe (1944) reports that one pound of 
oysters provides about 12 percent of the energy needed by a man for one 
day; also, 50 percent of the protein, 26 percent of the calCium, 40 percent 
of the phosphorus, over 184 percent of the iron, and about 110 percent of 
the iodine, as well as vitamin A, thiamine, riboflavin and ascorbic acid. 

Fish, as well as shellfish, are good sources of protein, phosphorus, 
iron and iodine. The protein content of fish is comparable to beef and 
liver and is higher than that of milk. 

Since the protein, iron and copper contents of seafood are so high, 
it seemed reasonable that the influence on the blood might be significant; 
therefore, this study was undertaken to investigate the effect of a sea­
food regimen on the blood of man, using three different blood tests in 
relation to a group of dietaries as an index. 

Review of Literature: For many years, it bas been known that certain 
types of seafood excel as sources of some of the dietary factors which are 
important in physiological functions. In spite of this fact, it appeared 
that compared to other foods--milk, meat, fruit, vegetables and other--little 
experimental work had been done to form a basis for this premise; therefore, 
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questions have arisen as to the more specific functions which seafood proteins 
perform in the body. 

Early experiments studied the coefficient of digestibility and absorption 
of seafood proteins. Holmes (19l8) showed that the proteins of fish were as 
easily digested as those of beet and other meats. Of the four fish tested, 
an average ot about 92 percent ot the protein was digested. He also found 
that the absorption ot mineral salts was better fran a diet of fresh or salt 
tish than from a diet where beef _s used as the source ot protein. In can­
p!lrison to the experiment with humans ot Holmes, we find that Drwmnond (19l8) 
obtained similar results with rats since he stated tmt the coagulable pro­
teins ot cod, herring, and canned salmon possessed a nutritional value equal 
to that ot beef muscle. Jones (1926) found tmt rats grew best when fed a 
diet containing clams; those with shrimp and oysters rating second and third, 
respectively. Kjeldahl's method for nitrogen deteDnination and nitrogen 
balance experiments were used in these early protein studies. 

lanham and Lemon (1938) found, atter testing the growth value of nine 
difterent fishery products, that the oyster protein had a higher nutritive 
value than the follOwing seafoods: pilchard, shrimp, mackerel, haddock, 
shad, cod, salmon or croaker. The oyster protein also had a higher biological 
value than the beet protein which was used as the control. 

About 1932 interest in the ananias began to develop. Coulson,!i !! 
(1932) found that oysters were excelled only by liver in the amount of iron 
and copper whi ch they furnished to the diet in a n average serving. It was 
found that the above minerals from oysters were readily available to the 
body for hemoglobin production. Experimental results showed that the feed ­
ing of oysters, oyster ash and a solution of iron, copper and manganese in 
the same quantities to anemic rats brought about hemoglobin regeneration at 
the same rate. 

Experiments using fish in connection with hemoglobin regeneration date 
back to the early work of Robscheit -Robbins and Whipple (1926). These 
workers studied the effect of various protein foods on hemoglobin production. 
It was shown that canned salmon and dried codfish gave no increase in hemo­
globin when incloo.ed in the diet of dogs. They also stated that fish liver 
and fish muscle were inert in hemoglobin regeneration, but -#nole fish was 
a little more efficient. Cooked perch caused an increase in hemoglobin 
production of about 5 grn. to 20 gm. per weekly period. These same workers 
in a later study (1940) rechecked the hematopoietic power of certain foods 
and reported that salmon, supplemented with iron, was well utilized to 
produce hemoglobin, and that the output was equal to a canparative diet of 
li ver and iron. 

Saba and Guha (1941) stated that a more correct value of available 
iron in fi sh was obtained if a preliminary acid treatment were used before 
analysis by the di-pyridyl method. About 40 percent of the non-hemin iron 
was found in the form of iron-copper-nucleoprotein complex. Hemoglobin 
regeneration studies with rats showed that the complex possessed a remark­
able hemoglobin regeneration capacity, but hematopoietic power was reduced 
by the elimination of copper. This fact was verified when copper and iron 
were administered in amounts equal to those in the complex; therefore, it 
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was thought that the protein of t h e cOOlplex had a pos itive role in hanoglobin 
product ion. 

Appanna and Devadatta (1942 ) showed tmt f iB h and prawn muscle constituted 
cheap sources of animal proteins , phosphorus, calc i um and i ron . The protein 
of t his souroe was found to possess high bi ological value . 

A recent experiment by Deuel, et al (1946) involved s t udyi ng th e nutrit Ive 
value of fish proteins by the rat growth method. Macker el, sardines and tuna 
f ish were used in this experiment, and f ed in the diet a s i s olated f1sh protein. 
The acid hElllatin method was u sed t o detenni ne the hemoglobin production. The 
results of this work showed bet t er growth and increase of hemoglobin values 
by the mackerel over the casein diet fram 9 . 83 to 10.42 percent. 

The effects of many variatiOns on the handling, storing and preserving 
of fish lBve been quoted in the literature , but SI8ce does not allow the 
discussion of any variations except those di rectly assoc i ated with the 
products and conditions used in this study. Reay (1930) started a seri es 
of experiments to observe the effect of freezing on t he protein of f ish 
muscle. He concluded that the proteins wer e affected due to a change i n 
the concentration of the salt solution of the c e lls. The most rap id 
change in the IIlUscle ms found in tElllpe ratures of _2° and -40 C. 

Greene (1919) showed that a seasonal va r 1at1on changed the fat a nd 
protein contant of the King salmon. Pet erson and Elvehjsn (1928) in a 
similar study found tlB t there were ind ividua l and seasonal variatio ns in 
the mineral content of fish. Crooks and Rit chie (19:39) made anextene ive 
study on the seasonal variatiOns of the haddock. The results in almost all 
cases showed the lowest percentage of copper, i ron , and o rganic nitrogen 
during the months of March, April , an d Ma y. The hi ghest percentage of these 
nutrients appeared during August . 

Cooking losses were discussed by Baker (1943 ). Losses of total nitrogen, 
purine nitrogen, non-protein nitrogen and calcium were greatest in the boil­
ing process with steaming and frying next . He stated tmt t here was insuf­
ficient evidence as to the effect of normal cooki ng treatments on ut i lization 
of fish protein by the body a nd t hat much remained to be done on the study 
of the digestibility and bio l ogical value of fish proteins . Reay , e t al 
(1943) a greed with Eaker when he stated that less was mown about proteins 
of fish than of wann-blooded animals. His work showed that the t ota l non­
protein nitrogen in fish and crus tacean muscle was somewhat hi gher than in 
mammals. He believed that f i sh muscle mi ght contain some unknown protein 
fractions. 

Some workers have declared certa in experiments a s meaningless due to 
daily variations in the blood constituents . According t o McCarthy and 
Van Slyke (1939) the greatest range of hemoglobin noted over a pe riod of 
a day was 11 percent by the carbonmonox ide me t hod. These results, however , 
were changeable and inconsis t ent. They bel i eved the higher r anges in diurnal 
variation quoted in pas t l iterature might be a t tributed to methods of analysis 
which provided a significant part of t he va riations . 
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A.Tlotlle r possible variation reported in the 1i terature vms the effect of 
the menstrual cycle upon the blood values. Leverton and Roberts (1933) found 
no consistent measurable effect of menstruation on daily values of hemoglobin 
or the red cells. They believed t hat daily variations occur irrespective of 
different phases of the menstrual cycle. Duckles and Elvehjem (1937) in a 
similar study showed that hourly variations were not consistently comparable 
at corresponding hours on different days. There was no difference between 
menstrual and intramenstrual days. Other workers, however, found that there 
was a downward trend in values during the time of menstrual flow and a gradual 
reoovery after termination. 

Sheets and furrentine (1944) in tests on 604 healthy women showed that 
there was no positive relationship between underweight and level of hemoglobin. 

The standards set for the various blood values, as quoted in periodicals 
and books, varied to a large extent. Osgood and Haskins (1927) s~ated that 
the "noDnal values" of 5 million and 4.5 million red cells per mm for men 
and women respectively, were based on four blood examinations. These ex~ina­
tions were made in 1852 and 1854 by methods now obsolete, and these levels 
were then quoted fram book to book Without experimental confirmation. These 
workers gave nonma1 levels as: 4.8 million red cells per mm3, 41.02 percent 
as the VOlume of packed cells, and 13.64 gm. hemoglobin per 100 ml. blood. 
Myers and Eddy (1935) quoted 13.0 grn. hemoglobin and 45 mg. iron per 100 ml. 
of blood as normal for young women. 

Ohlson, et a1 (1944) conpiled data on an i nvestigation of '1 , 550 women 
in colleges otthe Horth Central states. The age range varied from 16 to 30 
years with 90 percent of the subjects -,;1 thin a 17 to 24 year age group. The 
mean values quoted were: 1~ .. 4 gm. hemoglobin pe r 100 ml. b lOOd, 4.56 n illion 
cells per mm. 3, and 40.0 percent packed cell volume • 

Arens (1945) in a resume of the literature stated tbat the values for 
younS women as found in textbooks were too high, she quoted: "Peters and 
Van Slyke-values for fEIllales 16 years to 25 years, a range of 14.9 gms. to 
15.2 gIns. per 100 mls. blood. Hawk and Bergeim gave 13.8 grns. and 15. 6 gms. 
percent by the oxygen-combining capacity and 16.9 gInS. percent by the spectro­
photometric methods. Bodansky gave 14 gInS. percent as normal for 16 year olds, 
while Todd and Sanford said that 15.0 to 15.5 gInS. percent was normal for 16 to 
25 year old women." Arens drew the conclUSion, after a study of 200 young 
women subjects, that the mean value of hemoglobin was 13.1 gIn. per 100 mle 
blood which was from 7 to 27 percent lower than the quotations from these 
text books. 

Experimental Procedure: The purpose of this experiment was to determine 
the effect of consumption of seafoods on certain blood constituents. It is 
well known that liver, kidney, and even beef muscle have hematopoietiC value 
and interest has recently been aroused as to the value of seafoods in the 
same role. 
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Six heal thy college '~men wer e chos n as subjec s for this otudy. The 
ages of the six subject s ran ed from 19 t o 24 y rs . Four of t es s ix 
girls served as the experimental subjects and r ece ived t he seafood iet , t e 
remaining two were the controls and continued to eat t heir re lar diets . 
All of the girls were of medium build , that is, none laS xtr mely und r or 
over wei ght for her height , age and body build . 

The total length of the experiMent , el even weeks , s divided into three 
periods. During the first and last periods t he subj cte te 8 It cho sen 
diets; that is, regular everyday diets . The first t bree-\'/e k riod es tab­
lished a basis of comparison for the test die t, hi le t he las p r10d of one 
week s erved as an index between the two diets after inges tion of s a ood . 
The seven-week test diet consisted of a dai l y meal i n . hich t h s food aB 
the main source of protein, as well as n exc llent sourc of min r a ls . 
Si nce the meals were only 5 erved five days a ek, prov is10ns e re made for 
each of the four subjects to have eoo h fish to las t over Satu r day and 
Sunday. The meals , including a var1ety of seafoods , ere s rv during t he 
regular noon lunch hour; the seafood being prepa r i n various ays--broil­
ing, baking, steaming and frying--to avoid monotony in t he diet . ddock, 
halibu t, cod, mackerel, salmon and tuna were the fi sh ue d to t he ea eet 
extent in the experinent; however, 8 fe\1 of the ess- co on species ere a lso 
used. A variety of shellfish as oysters , clams , crabs and shrimp ere pr -
pared as casserole dishes, salads, soups and appetizers . 0 vegetables , a 
salad, dessert and a bevera e were also included in the al e The s bjects 
given t~is diet ate the usual breakfast of fruit , ce a l , e ,teas , and 
beverace , and, in nost cases, a 11 ht supper . The cons pt10n ot mea ms 
voluntarily r estricted to a lar~e extent . Subject IV consumed t.e s eafood 
diet exclusive of ::1eat pro tein. 

Food records were kept by each subject of a l l f ood and drink taken 
during the ent ire experirlental ,eriod. From these cords , t he amount of 
protein, calCiUM, iron, vita~in A, thiamine , riboflavin , niacin , asco r bic 
acid and the nunber of calories consuned were cal culated p r pers on per day 
by "eekly l)€ riods. T~le .lietar",] food vPlues of the seafood ",/er e fi red 
se ~')8.ratel:- . ~3.':i:1G it poss ible to dete~ine exact l hOH much of the f ood 
value waslue to t:.is ?articular source. 

A single sanple of blood was taken weekly f r an t he six sub jects . The 
samples were collected i:1 the forenoon of t 1e same day ea ch wee b the 
veni puncture fle thod . Blood sanples were collected i nto small bot les \'/h i ch 
cO!1t ained 0. 05 mi . of 25 ~prcent potassiQ~ oxalate and refrigerated f or an 
h01.,:u.' oJ.' two befo're being used . 

The pac ~~ed cell vol1me VlaS determined in ~'Tintrobe hematocrit tubes . 
The tubes wer e filled ~'Iith blood and centrifuged at 3, 000 r evo l utions per 
minute for 30 ninutes . The centrif uged blood \~S separated into l ayers of 
plaSJ\la, '!llhite cells, and red cells. The hematocri t tubes were graduated , 
malting it poss ibl e to read t he pac ked red cell vol ume in pe rcent of vlh ol e 
blood . Duplicate de t ernina. tions were nade on each sanple of bl ood ; t he 
dupl i cates wer e averaged and r ecorded . It was ne cflssar:,' to appl y a correc­
tion f actor of 1.04 (Stitt, ~ a l, 1938) because of a slight s hrinkage of 
the ce l l s by potassiwn oxalate. Sodium citrate and a combination of ammonium 
and po tassium oxalate were found t o be unsat isfactory anticoagulants for use in 
this expe riment. In discussing thi s determination, packed cell volume and 
hematocrit r eading , will be used interchangeably. 
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Red cell counts vJere deternined on eac h samn1e. The blood was diluted 
with Hayem's solution in He11ige blood pipettes. - After a thorouf.",h snaking of 
the diluted blood to give a uniform suspension of cells, a drop was i ntroduced 
into an improved Neubauer counting chamber. A count ViaS made on the number of 
cells in 80 small squares and the result multiplied by 10,000. Three or four 
counts were made on each sample to eliminate errors in counting. The counts 
were averaged and the result was the number of red cells per mm3 of blood. 

The alkaline hematin procedure was chosen to determine the amount of 
hemoglobin in the blood. One-tenth ml. of each blood sample was diluted with 
25 m1. of decinor.mal sodium hydroxide; the solutions were then immersed in 
rapidly boiling water for five minutes and immediately cooled. The hemoglobin 
concentration was detennined by taking the readings of the transmitted light 
on a quartz prism photoelectric spectrometer by measuring the intensity of 
color. Horeckerts (1946) method of preparing the hemin standard was used i n 
this experiment. An accurately weighed sample of pure hemin was dissolved in 
a known amount of borate buffer and then aged overnight in the refrigerator. 
From this stock solution, dilutions were made to equal the different concen­
trations of hemoglobin. Fresh hemin dilutions were read in the photoelectric 
spectrophotometer each day with the alkaline hematin solutions, and the grams 
of hemoglobin were calcula. ted pe r 100 mI. blood from the transmission values. 

The amount of hemoglobin was measured on the basis that 29.6 mg. of hemin 
per 1it~r were equal to 16.7 gm. hemoglobin per 100 mI. blood at a wave length 
of 570 A units. The blood was converted to alkaline hematin in a dilution of 
1 to 250 and the transmission readings recorded f ram the spectrophotometer. 
The standard hamin solutions read with each set of blood samples were plotted 
as the log of transmission readings against gm. of hemoglobin per 100 mI. of 
blood. From these standard curves, the hemoglobin content of t he blood samples 
was detennined. 

The color, volume and saturation indices were calculated from the three 
blood values. The co1o~ index expressed the amount of hemoglobin in the r ed 
corpuscle as compared with the nonnal amount for female adults (1.00). Thi s 
value was calculated by the fonnu1a: 

C.I. - Hb. in sm. per 100 mI. X 6.9 
RBC in millions per mm3 X 20 

The volume index expressed the volume of the red cell as compared wit h 
normal volumes for female adults (0.85-1.00) and was calculated as: 

V.I. - Hematocrit X 2.3 
REC in millions per mm3 X 20 

The relative concentration of hemoglobin in ' the red cell as compared t o 
nonna1 values for female adults was known as the saturation index. It was 
determined by: 

S.I. : Rb. in gmB. per 100 rol. X 6.9 
Hematocrit X 2.3 



The factors 6.9 , 20 , and 2. 3 w re numbers 'Jhich , whon used to rnul iply 
norma l blood levels, {!/ive nonral rang s fo r t 1e indices . 

Results: Six college "omen were includ d in 0. study of th r c of a ­
food on certain blood constituents . Four of te exper ntal subjects r c~ived 

a noon dinner including a servin~ of s afood; he two con rols consun d ir 
usual free-c hoice daily di t . Th food va u S lor c lcu at d f (r tb :ly 
consumption of individual food i t ems o.nd the total av rag d to Iv tl nu ri nt 
intake per Jay . The hemo lobin determinatio , red c 11 counts and the h .natocrlt 
values , as 'lell as certnin calculated indices were de ennlned from a single 'I oldy 
sample of blood. 

T"ne reccm:nended dietary allowance as quoted by the ood and trition ard 
of the National Research Council, for the moderately ctive n, re us d as 
a standard for c~pari s on thro out the study . Th se dally 0.110 nces ar : 
2500 calOries, 60 gm . p rotein , 0. 8 gm . c lciun, 12 mg. iron, 5000 I .U. vitamin A, 
1.2 mg. thiamine , 1.6 mg. riboflavin, 12 m • niacin and 70 • ascorbic acid . 

As may be noted in Table 1, Subject I I:1.et this standard except for calories , 
thiamine and niacin. The caloric value of the diet s 10 uring every eek 
b~t one and the thiamine content was slightly deficient during t 0 aka, while 
the niacin content was deficient during five eeks. The data in Table 1 also 
indicate that the level of blood constituents coincide with the 1 vel of food 
intake in that both showed a slight decrease after April 23. The food values 
were suffiCiently large to permit uniform in in weight, but ere 10 r as 
compared to those of the earlier part of the ex ~ nt. The h oglobin in­
creased to a certa in le\"el and started a slow but co tant decr se . There 
appeared to be fluc tuations in the hematocrit and red c 11 counts bich make 
it difficult to state positive results. The menstrual cycle showed a rather 
definite effect on the blood constituents. The hemoglob in level , the color 
index, and the saturation index showed a decrease just after menstruation 
while the packed cell volume and the cell count decreased just before enstru­
ation. There was no effect on the volume index. 

The three indices showed a general trend to ard slightly increased levels 
until April 23, after which there was a gradual decrease. 

The data in Table 2 showed t he. t the calOric intake of Subj ect II s below 
the daily reconnnended allowance during the entire experiment. The calcium 
intake wa.s below the allowance during tro weeks, iron during two eeks, thiamine 
during four weeks , riboflavin during t'MJ weeks , and niacin during seven weeks . 
The majority of t.hese values, llowever, was only sli htly belo" the recomnended 
allo·wances . 

The menstrua l period showed its effect by a decreased hemo lobin level both 
during and just after the period. After the decrease, due to menstruation, there 
was an increase in hemoglobin. It appeared that perhaps there might have been 
another increase at the end of the experiment, had the seafood diet been con­
tinued. The effect of menstruation was the same on the packed cell volume, the 
color index, and the saturation index. There was no effect ShO\1U on the red cell 
count and the volUCle index. 
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Table 1 - Mean Daily Food_Jntake of Subject I* 

Date Calories Protein Calcium Iron Vitamin A Thiamine Riboflavin Niacin Ascorbic Acid 
. Total Fish Total Fish Total Fish Total Fish Total Fish Total Fish Total Fish Total Fish Total Fish 

~ ~ ££!!!.. ~ ~O !!!S..!.. I.U. I.U. ~ ~ ~ ~ ~ ~ 1% mg. 
March 12-19 2 ,328 - 86.4 - 1.48 - 10,463 - I. • 6 -

19-26 2 ,123 - 69.8 - 1.08 - 14.4 - 5,892 - 1.'72 - 1.89 - 10.2 - 142 -
26-2 2,099 - '71. 9 - 1. 06 - 18 .9 - 9,9'79 - 1. 46 - 2.68 - 15.6 - 168 -

April 2- 9 2,540 144 103. 2 19.5 1. 6'7 0.06 20.1 2. 9 15,204 1'76 1.65 0.13 3.26 0.19 22.'7 3.'7 161 -
9- 16 2,445 115 9'7.1 1'7.4 1.38 0. 09 15.'7 1.6 10,852 81 1.32 0.0'7 2. 43 0.12 14.3 3.0 124 -

16-23 2,318 9'7 95.0 12.2 1.24 0.03 1'7.8 1.1 11,056 109 1.61 0.06 2.29 0.13 13.0 1.1 121 -
23-30 2,384 14'7 113.0 15.0 1.29 0.06 15.4 1.2 13,0'79 140 1.50 0.05 2.4'7 0.10 14.5 2.6 1'76 -

May 30-'7 1,849 114 66.0 16.6 0.81 0.03 13. '7 2.2 6,201 112 1.1'7 0.09 1.83 0.2'7 11.0 2.4 188 -
'7-14 1,865 III 68.6 15.8 0.95 0.08 14.0 2.8 9,'764 III 1.25 0.12 1.82 0.14 8.5 2.2 136 -

14-21 2,098 99 '7'7.2 16.'7 1.31 0.10 13.5 2.4 6,555 85 1.29 0.10 2.31 0.14 9.1 1.9 1'71 -
?l_?A 1 '7A? - F,9.? - 1 24 - 12.8 - '7 839 - 1.0'7 - 2.03 - 8.4 - 130 -

The data on food intake in this and other simila r t able s were calculated from Bowes and Church (1944) and based 
on the food intake record of the various s ub j e cts i n t his experiment. 

Table 1 (Cont.) - Hematological Data of Blood Samples Taken Each Week 

Date Hemoglobin Color Hematocri t Saturation Red Cell Volume Date of 
I ndex I ndex Count Index Menstruation 

gm./l00 mI. blood millionsL cnrrn. 
March 13 13.0 1.10 42.4 0.92 4.09 1.19 3/10 

19 12.9 0.94 40.1 0.9'7 4.'72 0.98 
26 13.8 1.02 41.2 1.00 4.65 1.02 

April 2 14.6 1.03 43.6 1.00 4.89 1.03 
9 14.1 0.99 44.4 0.95 4.90 1.04 4/6 

16 13.9 1.05 43.2 0.9'7 4.55 1.09 
23 15.3 1.08 40.0 1.15 4.90 0.94 
30 14. '7 0.99 39.2 1.l2 5.10 0.88 

May '7 13.5 0.9'7 39.6 1.02 4.80 0.95 
14 13.0 0.89 41.5 0.94 5.04 0.95 5/9 
21 12.8 0.91 39.'7 0.9'7 4.86 0.94 
28 12.7 0.95 40.'7 0.94 4.63 1.01 
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Date 

March 12-19 
19-26 
26-2 

April 2-9 
9-16 

16- 23 
23-30 

May 30- 7 
7- 14 

14-21 
21- 28 

Da t e 

March 13 
19 
26 

April 2 
9 

16 
23 
30 

May 7 
14 
21 
28 

Table 2 - Hean DailLKoodIp_take of Subject II --
Calories Protein Calcium Iron Vitamin A Thiamine Riboflavin Niacin Ascorbic Acid 

Total Fish Total Fish Total Fish Total Fish Total Fish Total Fish Total Fish Total Fish Total Fish 

~ ~ ~ !!!&.. 
n-;2 
~ I.U. -r.U. !!!&.. !!!&.. ~ mg. mg. mg. mg. mg. 

2,385 - 90. 4 1. 4 - - 10,882 - 1.63 - 3.06 - 15.3 - 166 -
1,904 - 75.4 - 0.97 - 14.1 - 11,609 - 1.65 - 2. 38 - 15.1 - 135 -
2,023 - 77.9 - 1.37 - 15 . 6 - 13,438 - 1.45 - 2 . 39 - 12.4 - 182 -
1,962 125 85 .2 18.9 1.14 0.09 13.6 2.9 12,828 1B5 1.42 0. 15 2 .64 0 . 19 13 . 3 3 . 1 184 -
1,876 189 75.8 21.9 0.94 0 . 08 13.4 3 . 1 6,498 158 1.16 0 . 16 1.90 0 . 21 10.9 2.7 128 -
1,572 126 73.9 17.5 0.68 0 . 04 12 .6 1.7 9 , 660 117 1.42 0 . 10 1.54 0 .16 11.1 2 . 6 136 -
1,672 143 67 .4 15.0 0 . 82 0.08 11.3 1.1 7, 942 148 1.21 0 . 04 1.55 0 .11 11.3 3 . 2 143 -
1,574 146 78 .6 23.6 0.69 0.07 13.3 1.3 4,647 305 0.99 0.08 3 .19 C. 15 10.8 3 . 0 141 -
1,852 116 74 . 8 18.8 0 .92 0.09 12.5 3 . 3 6,327 93 1.25 0 .14 1. 75 0.16 9 . 3 1 . 8 153 -
1,656 175 71 . 6 19 . 5 1.06 0.13 13.4 3 . 3 10,759 231 1.16 0 .15 2.13 0 . 21 10. 6 1 . 8 146 -
1 088 - 56 . 7 - 0 . 89 - 9 . 0 - 7 , 538 - 1.11 - 1.67 - 9. 2 - 118 --- - - .-

- -- - -- - ~ (Cont . ) - Hematologtcal ~ta of ~1()od9~jl 

Hemoglobin Color Hematocrit Sa t ura t ion Red Cell Volume !):l te of 
Index Index Count Index t:'ens trua tion 

~. / 100 ml . blood millions/ cmm. 
12 . 6 1. 16 38 . 5 0 . 98 3. 76 1.18 3/10 
13. 0 0 . 97 39 . 1 1.00 4 . 50 0 . 98 
13 . 1 1. 01 38 . 8 1. 01 4 . 49 0 . 99 
15 . 6 1 . 08 39 . 9 1. 17 4 . 97 0 . 92 
13. 0 0 . 99 41.7 0 . 94 4 . 51 1. 06 4/9 
12. 4 0 . 90 39 . 9 0 . 93 4 . 76 0 . 96 
14.1 1 . 26 33. 2 1. 27 3 . 86 0 . 99 
14 . 1 1 . 10 37. 7 1. 12 4 . 44 0 . 98 
13. 2 0 . 99 39. 4 1 . 01 4 . 59 0 . 99 
12 . 5 0 . 94 38 . 4 0 . 98 4 . 5? 0 . 97 5/ 11 
12. 2 0 . 88 37 . 8 0 . 97 4 . 81 0 . 90 
12.4 0 . 99 :38 . 0 0 . 97 4 . 33 1 . 01 



Table 3 - Mean Daily Food Intake of Subject III 
- - --

Date Calories Protein Calcium. Iron Vitamin A Thiamine Riboflavin Niacin IAscorb1c AC1d 
'l'o-ml l!'lsh 'l'o ta.l 1.I!·lsn 'l'Om.l wrsn ~ota.l 1.l!·1sh Tfotal 1.l!'l.Sh Total I.nsn_ TOtaL .l!~lSn_ lTotal IF1sh Total l!T1slf 

f2.!.. ~ ~ ~ !!Yk ~ I.U. I.U. ~ ~ !!S!.. ~ ~ ~ ~ ~ 
March 12-19 3,275 - 90.3 - 1.55 - 22.4 - 12,259 - 2.20 - 3.20 - 18.7 - 169 - I 

19-26 3,095 - 90.2 - 1.33 - 19.9 - 16,005 - 2.23 - 2.66 - 19.6 - 202 - I 
26-2 2,831 - 92.8 - 1.33 - 22.6 - 16,230 - 2.12 - 3.87 - 23.9 - 222 - I 

April 2-9 2,234 86 83.7 14.0 1.21 0.07 1,7.9 1.03 7,944 55 1.50 0. 72 2.05 0.11 25.0 3.5 95 -
9-16 2,607 114 84.5 17.3 1.15 0.09 11.5 1.60 10,200 81 1.35 0.69 2.07 0.12 14.6 3.0 109 -

16-23 2,371 139 97.8 16.1 1.00 0.08 18.8 1.21 10,667 148 1.82 0.38 2.03 0.16 15.1 2.7 106 -
23-30 2,281 149 80.6 15.7 1.32 0.07 16.1 1.13 10,628 163 1.45 0.61 2.51 0.13 14.3 4.1 155 -

May 30-7 2,314 146 81.1 19.4 0.95 0.09 17.2 2.35 9,260 181 1.82 1.02 2.29 0.31 15.0 4.2 200 -
7-14 2,175 168 84.1 21.5 1.68 0.08 18.1 2 .94 14,774 193 1.37 1.33 2.22 0.14 14.1 3.7 162 -

14-21 2,011 97 83.3 17.9 1.12 0.07 17.7 4.07 9,492 90 1.44 1.29 2.13 0.13 12.2 1.3 210 -
- 21-28 2,546 - 84.7 - 1.02 - 16.6 - 9.303 - 1.53 - 2.27 - 16.5 - 143 -

- - - -- - - - --

- . - . 

Date Hemoglobin Color Hematocrit Saturation Red Cell Volum.e tate of 
Index Index Count Index Menstrua. tion 

~.Jl00 ml. blood millions7 cmm. 
March 13 13.0 0.96 38.7 1.01 4.66 0.96 

19 13.3 0.93 43.4 0.92 4.95 1.01 
26 13.4 0.95 41.0 0.98 4.86 0.97 

April 2 14.1 0.97 39.1 1.08 5.02 0.90 
9 14.4 1.00 43.8 0.99 4.97 1.01 4/6 

16 14.0 1.05 42.9 0.98 4.62 1.07 
23 15.0 1.06 43.0 1.05 4.91 1.07 
30 15.0 0.99 38.7 1. 16 5.22 0.85 

May 7 13.8 0.92 41.5 1.00 5.19 0.92 5/3 
14 13. 5 0.91 41.6 0.97 5.15 0.93 
21 13.1 0.84 40.1 0.98 5.36 0.86 
28 13.1 0.95 40.0 _,-__ ~98 

- - - -
4.77 0.96 



The hematocrit and red cell counts seemed to tluctuate widely. It was 
i nteresting to note in Table 2 that after the first week of seafood diet, the 
blood values all showed a def inite increase. 

The daily di et of Subj ect III (Table 3) had a lower caloric value than 
the recommended a l lowance during six weeks. All of the other requirements, 
however, were adequate. There was a decrease in food values during the period 
of the seafood diet, but t his level of intake was similar to that of the other 
girls, and allowed f or maintenance of body weight. 

Menstruation showed an effect by de creasing the hemoglobin level, the red 
cell count, and saturat ion i ndex after the period. The hematocrit readings, 
color index and volume i ndex ,as shown in Table 3, were decreased before the 
menstrual period. 

After the fi rst week of t he seafood diet, there was an increase in all 
the blood values except those that were decreased before menstruation. The 
blood values s~owed a continuous gradual rise until the fourth or fifth week 
of the seafood die t ; but after t his there was a gradual decrease to the end 
of ~he ex per inIen t. 

The food reco rds showed tha t Sub ject IV (Table 4) had a low intake of 
calories during the entire experimental period. The protein intake was only 
slightly low during three weeks, calcium during two weeks, iron during four 
weeks, thiamine during e i ght weeks, riboflavin during three weeks, and niacin 
during nine weeks. She was active phYSically , and lost about seven pounds 
during the experiment . 

As with Subjects I , II, and III discussed before, the bloo~ ·values increased 
until the fourth or fifth weeks of the seafood diet and then ·began a gradual 
decrease . The menstrual cycle did not affect the color index or the satura­
tion index, but caused a decrease in the hemoglobin level, the red cell count, 
the packed cell volume, and t he volume index. 

This subject did not eat meat, but did consume dairy pr.oducts. These data 
show that, even so, the blood values were maintained equally as well as for the 
other experimental subject s, and t he gain in hemoglobin was next to the great­
est of the subjects consuming t he seafood diet. There was also a gain in red 
cells, but the hematocrit was not affected. 

~'li th the exception of one week, Subj ect V (Table 5) had a caloric intake 
below tlE. t of the recommended allowances. The diet appeared to meet all of 
the other recommended allowances with the exception of niacin which was below 
the standard during four weeks . There seemed to be some significance to the 
fact that during the week of the hi ghest intake of protein, iron, thiamine, 
riboflavin, and niacin there was t he greatest increase in hemoglobin and red 
cell count . The blood values s howed a steady increase until April 23 and then 
decreased. 

12 



The menstrual cycle exerted its greatest influence during the period, 
though same decrease was also noted before the period in the case of the packed 
cell volume, the color index, and the volume index. The red cell count and 
saturation index showed a decrease after menstruation. 

Between May 4 and 8, this subject suffered an infection of the jaw which 
possibly may have explained the increased blood values during that time. The 
number of red blood cells in particular may have increased during this time of 
infection. 

The caloric intake of Subject VI (Table 6) during the entire period was 
lower than the recommended allowances of 25~O calories. 'fhe calcium intake 
was low during two weeks, iron during four weeks, vitamin A during three weeks, 
thiamine during five weeks, riboflavin during two weeks, and niacin during 
eight weeks. 

The hemoglobin level remained fairly constant with this control subject 
except immediately after a trip to Chicago. Arens (1945) found that geograph­
ical location may exert an influence in hemoglobin levels. 

The hemoglobin was not affected to a great extent by menstruation, per­
haps because of the closer periods. Only slight decrease was noted (see 
Table 6) before menstruation in the hematocrit readings and in the red cell 
counts. The indices showed a slight decrease after the menstrual period. 

13 P-73 00 
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Table 4 - Mean Daily Foo~dJntake of Subject IV 

Date Calories I Protein I Calcium Iron I Vitamin A Thiamine I Riboflavin I Niacin ~IAscorbic Acid 
rTota1 TFfsh TTot81 Fish [Total Fish: -Total IFisn Total Fish TotaT F1Sh Total FishTo~allFish Total Fisn 

March 12-19 2,098 
19-26 2,233 
26-2 2,366 

April 2-9 1,957 
9-16 1,977 

16-23 2,128 
23-30 1,851 

May 30-7 2,147 
7-14 2 , 065 

14-21 1,867 
21-28 1,950 

Date 

£'i!!:.. 2!. gIn. grn. ~ ~ 1. U. l..&! mg. ~ mg. ~ mg. mg. ~ mg. 
_ I 60.2 _ 0.72 - 11.5 - 7,266 - 1.24 - 1.47 - 12.7 - 102 -
_ I 71.3 _ 0.97 - 13.4 - 9,150 - 1.64 - 1.84 - 11.8 - 132 -
_ 72.5 - 0.92 - 15.4 - 8,702 - 1.61 - 1.93 - 10.8 - 190 I -
97 69.3 13.2 1.03 0.05 13.8 1.0 9,883 100 1.19 0.08 1.50 0.10 11.2 1.8 146 -

112 56.4 15.3 0.94 0. 07 10.6 1.3 7,033 111 0.99 0.05 1.60 0.14 8.5 2.5 109 I -

105 61.9 12.7 1.01 0.04 13.5 1.0 10,985 96 1.14 0.07 1.76 0.11 9.7 1.4 151 I -
260 59.1 21.3 0.88 0.07 11.6 2.4 6,510 271 0.9~ 0.18 1.75 0.18 8.4 5.1 128 -
176 70.4 23.5 0.85 0.05 12.8 2.6 7,038 187 0.18 0.12 2.10 0.42 13.14.8 127 I -

135 67.4 20.0 0.91 0.08 15.1 4.2 .11,084 164 1.08 0.18 1.84 0.24 9.0 3.2 121 I -

123 56.3 15.2 0.90 0.10 12. 4 2.4 5,056 358 1.08 0.11 1.56 0.13 6.9 1.6 124 I -
_ 68.0 - 0.71 - 11.7 - 5,144 - 1.18 - 1.60 - 11.3 - 77 -

Table 4 (Cont.) - Hemato1 - - -- -

Hanoglobin 
Color 

Hematocrit 
Satura. tion Red Cell Volume Date of 

Index I ndex Count Index Menstruation 
gm.L100 m1. blood 

13.2 
mi11ionsLcnnn. 

4.63 March 13 0.98 44.4 0.89 1.10 
19 13.5 1.02 43 . 4 0.93 4.58 1.09 
26 13.2 1.07 43.9 0 . 90 4.25 1.19 3/22 

April 2 14.3 1.04 43.0 1.00 4.77 1.04 
9 14. 0 . 0.99 46.3 0 .91 4 . 90 1.09 

16 13.8 1.05 41.1 1.01 4 .55 1.04 
23 14.8 1.25 40.5 1 . 10 4 .09 1.14 
30 15 . 3 1.09 41.1 1.12 4 . 84 0.98 

May 7 14.4 0 . 99 43.4 1.00 5 .04 0.99 . 
14 13. 0 0 . 90 41.2 0.95 4.96 0.96 
21 12. 9 0 . 93 39 . 7 0.98 4 . 8 1 0.95 5/15 
28 12.7 0.90 41.6 0.92 4.88 0.98 
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Date 

March 12-19 
19-26 
26-2 

April 2-9 
9-16 

16-23 
23-30 

May 30-7 
7-14 

J.4-21 
21-28 

Date 

March 13 
19 
26 

April 2 
9 

16 
23 
30 

May 7 
14 
21 
28 

-----~~ 

- ~ Table 5 - M 
Calories Protein Calcium . 
Total Total Total 

~ El!!.!.. 
1,869 77.7 1.20 
1,970 89.2 1.36 
2,885 103.1 1.76 
1,988 85.9 1.52 
1,908 81.8 1.29 
2,354 110.3 1.56 
2,061 79.0 1.09 
1,962 80.9 1.18 
2,030 69.5 1.32 
2,169 76.6 1.13 
2j1455 89_.~3 ~_ . ~ __ ~.1_6_~ 

- - - ~- - -- - -

Hemoglobin Color 
Index 

~100 mI. blood 
10.3 0.80 
12.7 0.99 
13.3 1.06 
11.9 0.98 
13.6 1.13 
13.7 1.03 
14.8 1.02 
14.5 1.03 
14.1 1.03 
13.0 0.95 
12.9 1.02 
12.8 0.88 

Daily Food Intake of Control Subiect V -

Iron Vitamin A Thiamine Riboflavin Niacin As corbic Acid 
Total Total Total Total Total Total 
mgs. I.U. ~ ~ mgs. mgs. 
18.1 16,409 1.57 3.23 16. 3 149 
23.0 15,159 1.61 3.75 19.1 228 
17.0 7,692 1.70 3.08 13.7 133 
14.5 10,382 1.38 2.96 10.9 115 
15.1 14,276 1.40 2.69 13.6 208 
18.0 8,945 1.69 3.45 15.2 232 
12.6 13,082 1.29 2.39 10.4 89 
13.9 8,628 1.34 2.24 11.6 142 
13.6 7,944 1.25 2.58 9.2 125 
15.7 10,81'7 1.41 . 2.49 l2.3 135 

- 16.2 _1?-,~50EL_ '-----__ 1_. 3_9 __ 
~ ~ 

2.59 
- - - -

14.8 169 

-

Hematocrit Saturation Red Cell Volume Date of 
Index Count Index Menstruation 

millionsLcmm. 
38.0 0.81 4.46 0.98 
41.0 0.93 4.42 1.07 
39.5 1.01 4.35 1.04 
31.6 1.13 4.20 0.87 4/2 
44.1 0.93 4.15 1.22 
44.6 0.92 4.57 1.12 
37.8 1.16 4.99 0.87 
38.6 1.13 4.36 0.91 4/29 
41.2 1.03 4.73 1.00 
41.2 0.95 4.71 1.00 
38.7 1.00 4.38 1.02 
39.5 0.96 5.01 0.97 

--------- -- - - -
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Date 

March 12-19 
19-26 
26-2 

April 2-9 
9-16 

16-23 
23-30 

May 30-7 
7-14 

14-21 
21-28 

Date 

March 13 
19 
26 

April 2 
9 

16 
23 
30 

May 7 
14 
21 
28 

Table 6 - Mean Daily Food Intake of Control Subj ect VI 

Calories Protein Calcium Iron Vitamin A Thiamine Riboflavin Niacin Ascorbic Ac id 
Total Total Total Total Total Total Total Total Total -gm. gIll. ~ I. U. ~ ~ mg. mg. 
2,160 85.8 0.93 14.1 7,388 1.56 2.34 12.9 118 
2,143 78.3 1.10 14.5 7,940 1.42 2.36 13.8 107 
1,942 66.4 0.89 12.8 11,677 1.64 1.86 11.8 144 
1,745 64.4 0.88 11.9 8,687 1.06 2.10 11.6 108 
2,047 78 .3 1.13 14.5 10,834 1.61 1.73 11.2 151 
1,693 65.0 0.74 10.7 4,779 1.15 1.54 11.2 89 
1,814 72.5 0.63 12.1 3,300 1.37 1.60 11.9 177 
2,039 63.2 1.21 12.7 4,751 1.34 2.30 11.3 92 
1,679 63.6 0.89 11.3 4,248 1.03 1.66 9.8 93 
1,901 77.8 0.98 

I 
12.8 6,708 1.14 2.32 14.9 127 

1.772 67.2 0.77 11.2 6.927 1.10 1.79 11.5 85 
~---.--- - - - - - - - - -

Table 6 (Cont.) - Hematological Data of Blood Samples Taken Each Week 

Hemoglobin Color HeITE.tocrit Saturation Red Cell Volume Date of 
Index Index Count Index Menstruation 

gm.LI00 ml. blood millions7 cmm. 
12.1 0.90 39.0 0.93 4.65 1.04 3/14 
12.2 0.85 37.8 1.02 4.92 0.96 
12.2 0.95 38.4 0.95 4 . 44 1.01 
12.3 0.95 36.5 1.02 4.49 1.01 
12. 5 0.99 39 .4 0.95 4. 37 0.97 4/8 
13.1 0.95 42.4 0. 93 4 .78 0.98 

14.4 1.05 40.1 1 . 08 4.74 1 . 03 
13.8 0.99 40.5 1.02 4 . 86 1 . 04 5/4 
13.0 1.01 39.5 1 . 05 4.43 0. 98 
11.8 0.90 35.8 0 . 99 4 . "51 1 . 10 
12.3 0.82 38.6 0. 96 5 .• 15 1.Jl_ 

--- - --- -----



Discussion: The red cell is a container for the hemoglobin and round trips 
are made constantly from the lungs to the tissues by the cells in the act of 
conveying oxygen. The span of l i ,fe of a red cell averages 30 days and a tril­
lion are formed and destroyed each day. Approximately 25 gm. of hemoglobin 
are formed dai l y (Haden, 1937). The exact procedure for the manufacture of 
hemoglobin is . no t definitely known. \Vhipple, et al (1945) believe that the 
globin of hemoglobin is manufactured frOm aminOacids in the red bone marrow 
and then the hemoglobin accumulates in the maturing cell. Orten and Orten 
(1945) stated that no Single amino acid can be regarded as a "key" amino acid 
in hemoglobin snythesis in the organism but rather a combimtion of amino 
acids are needed in, as yet, undetermined proportions. 

Stare (1945) after an analysis of fish stated that the amino acid content 
is usually high and a large percentage are the indispensable acids. Block, et al 
(1944) f ound no difference between meat and fish muscle proteins in their amiruo-­
acid content except for a greater lysine content in meat. It bas been stated 
that t he biologic value of proteins depends on the content of amino aCids, 
particula r ly the indispensable ones. Naturally, many variations influence 
the nutritive value of seafoods such as the effect of season, locality, stor-
a ge, cooking, and even differences in chem.ieal composition such as have been 
fo und in the flesh in various sections of the same fish. Several investiga-
tions have postulated that these variations may also influence the hematopoietic 
value. 

A ba lanced diet is important in the fonnation of normal blood, but the 
addition of any food that possesses the hemat opoietic property further encour­
a ges this physiological function. 

McCarthy and Van Slyke (1939) stated that many variations are Observed in 
the measurement cf certain blood values and that these variations may be due to 
the me thod of analysis. The methods for the determination of the hemoglobin 
cont ent of blood are not pre~ise according to the literature. Certain methods 
are s tated to be unsuitable for sensitive measurements of hemoglobin. The 
Alkaline Hematin method has been discussed by many workers. Rimington (1942) 
simply stated that tbi s method is "less erratic" than some other methods. 
Clegg and King (1942) found that after the five-minute heating period the 
color r eaction was invariably completed. Turbidity, however, developed later. 
The change in color involved is that of the red oxyhemoglobin to the brown 
alkaline hematin. They believed this method to be one of the more precise. 
Ponder (1942) stated that the alkaline hematin and Wong's iron method did not 
agree at all, the discrepancy averaging 2.4 gIrl. percent. Rimington (1943) 
stated t hat blood and hemoglobin gave 30 percent more color than an equivalent 
amount of hemin. He believed it was due to the formation of compounds with 
denatured globin which might be expected to have spectra absorption quantita­
tively diff erent from that of pure hemin in alkali. Collier (1944) stated tbat 
Clegg and King's method for the standardization of alkaline hematin against 
pure hemin (crystalline hemin in NllO NaOH), was unreliable; that the absorption 
spectra of the alkaline hematin from hemoglobin and hemin diverge. Horecker 
(1946) stated t~t more stable standard solutions resulted by using Nl lO borate 
buffer (pH 9.4) in place of NllO NaOH for dissolving the crystalline hemin. 
These standards had absorption spectra more closely resembling the spectrum of 
alkaline hemat in prepared for whole blood. 

17 
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It has been noted that t he determination of hemo lobin remains one of the 
most unsatisfactory of all analytical procedures . This fact is surprising, in 
that this determination is one of the mos t widely used of the blood tests. 

The above discussion may help to expla in same of the results found in the 
hemoglobin determinations in this study. Diurnal variations of about 11 per-
cent were reported by McCarthy and Van Slyke (1939) ; however, since the sub-
jects gave the samples of blood at approximately the same time each day , these 
variations do not enter into this study. Since the effect of menstruati on on 
the blood values was not definitely known , no defini te avera e rate of increase 
or decrease can be ascribed to this physiological function . Peters and Van 
Slyke (1931) stated that vigorous exercise may cause an increase in hemo obin 
concentration which may exceed 20 per cent. This is partially due to a decrease 
in plasma volume, and hence , a greater percentage of hemo lobin. Long continued 
exercise in untrained subjects may lead to destruction of some of the red cells , 
which may be followed by a stimulation of bone marrow and production of a large 
number of red cells to replace those destroyed . The red cells may swell and 
thus diminish the cell : volume ratio , known as the volume index, and the 
hemoglobin becomes diluted . The two control subjects in this experiment spent 
part of the experimental period in the Home 'anagement House of the University , 
which means that household chores had to be carried on in addition to classwork 
and studies . Just how much effect this additional exercise had on t he hemoglobin 
value and the cell count is dif f icult to state , but it may be a factor sufficient­
ly important to consider . The variations just discussed should be considered in 
evaluating the results of this experiment . Some workers believe that many of 
these variations were due to the uncertain methods of analysis , while still 
others think that numerous variations do exist . 

Disregarding temporarily any possible variations which might have occurred , 
it was interesting to note that after the first week of consuming the seafood 
diet, tre four experimental subje cts showed an increase in hemoglobin am red 
cell count, while those fo r t he controls r emained fairly constant in both 
respects. 

In general, the data fo r the entire experiment showed a sur~risingly close 
correlation of the food intake and too blood levels between the controls and 
the subjects on the test diet. The trend shown was that the blood values 
increased until April 23 to 30 and then made a gradual, but consistent decrease 
until the values were approximately near the starting level. Subjects I, II, 
and III consumed an average of 21.7 percent, while Subject IV consumed 27.5 
percent of the protein as seafOOd. 

Table 7 shows the average weekly consumption of the food nutrients con­
sumed by the six subjects. The trend shown for each of trese nutrients coin­
cided very well with the data for blood constituents ; that is, the consumption 
remained on a comparatively higher level until April 23 to 30, after which 
there was a lower level of food intake . The higher consumption during the first 
weeks of the experiment mi ght have been due to the fact the subjects were more 
conscious and careful of their diets. One explanation of the decreased food 
intake at the end might be tm t the adequacy of too diet became mo ~' '''' lax as the 
novelty of the experiment decreased. Contrary to some experiments, the sub­
jects seemed to enjoy the test diet during the entire period but complained of 
gaini~ in weight. 
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Although tm nonnal blood levels for young women are not agreed upon, the 
more recent observations (Osgood and Haskins, 1927; Myers and Eddy, 1935; 
Ohlson, et al, 1944 and Arens, 1945) show that the nonnal range for hemoglobin 
is 13.0 to 13.6 gm. per 100 ml. blood. The packed cell volume was found to be 
40.0 to 41. 8 percent by Ohlson, et al (1944), while reported nonnal red cell 
counts ranged from 4.56 to 4.80 million cells per cubic mi llimeter (Osgood and 
Haskins, 1927, and Ohlson, et al, 1944). Several of t he se recent studies were 
made with a larger number of subjects and therefore were more likely to be of 
average value than same of the earlier observations. The data obtained show 
that the blood levels in this experiment came within these ranges. 

Summary and Conclusions: The effect of seafood upon certain blood values 
was studied in six college women ranging in age from 19 to 24 years. 'I\vo of 
the subjects served as controls, and consumed a free-choice diet; the remaining 
four were t he experimental subjects and r ece ived the seafood regimen, which con­
Sisted of a daily noon meal including some type of seafood. The experiment was 
divided into t hr ee pe riods; an initial period of three weeks, the test period 
of seven weeks, and a final pe riod of one week. A free-choice diet was con­
sumed by all during the first and third periods. During the second period the 
two subj ects who acted as controls contirmed with the free-choice diet, while 
the other four subjects consumed a free-choice diet except for one meal daily 
which included SOTIle type of seafood. Subjects I, II, and III decreased, but 
did not exclude meat protein, while Subj ect IV consumed only the seafood diet 
during the test period. All consumed some dairy products. 

Dietary reco rds were kept by the six sub jects of all food and drink taken 
during the entire experiment and from t h ese r ec ords, the consumption of protein, 
calCium, iron, vitaminA, thiamine, riboflaVin, niacin, ascorbic aCid, and the 
number of calories were calculated . The nutrients supplied by the seafood were 
calculated separately. 

A sample of blood was taken by venipuncture from six subjects once each 
week during the experiment. Hemoglobin and hematocri t determinations, as well 
as red cell counts were made on each sample. The a lkaline hematin method was 
used to measure the hemoglobin, while the standard methods for red cell counts 
and hematocrit determinations were used. Color, saturation, and volume indices 
were calculated from the blood values but these indices did nO,t show significant 
results. 

There was an increase in the cell count and hemo globin level of the four 
subjects 'who consumed the seafood after the first week on t he experimental diet, 
while no significant change was noted for t he controls. In the case of Subject 
IV the seafood protein maintained the blood levels equally as well as for the 
other subjects who consumed at least some meat protein. The seafood supplied 
from 20 percent to 27 percent of the protein during the test period. 

The dietary intake of the different nutrients by the six subjects was com­
pared with the blood values and there appeared to be a rather close over-all 
correlation. This was true for the control subj ects as well as for those on 
the test diet. The general trend seemed to be for an increase in the blood 
values until April 23 to 30, after which there was a gradual, but consistent 
decrease. The average intake of nutrients increased and decreased approximately 
the same as the blood values. 
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19-26 
26-2 
2-9 
9-16 

16-23 
23-30 
30-7 

7-14 
14-21 
21-28 

Calories 
Total 

2,353 
2,245 
2,35$ 
2,071 
2,143 
2,073 
2,011 
1,981 
1,944 
1,950 
1.932 

Table 7 - The Mean Food Intake of the Six Subjects 
- - - - -

Protein Calcimn Iron Vitamin A Thiamine Riboflavin Niacin Ascorbic Acid 
Total Total Total Total Total Total Total Total 

~ gIn . !!!&.. I. U. mg ... ~ ~ mg. 
81.8 1. 24 16. 2 10,777 1. 62 2.63 14.7 149 
79.0 1.14 16. 6 10,959 1. 71 2 . 48 14. 9 158 
80. 7 1. 22 17 . 1 12,155 1. 67 2. 64 14. 7 173 
82.0 1. 24 15. 3 10 , 804 1.37 2. 42 15 . 8 135 
79.0 1.14 13. 5 11,754 1.31 2. 07 12. 2 138 
84.0 1. 04 15 . 2 9 , 348 1.47 2 .10 12 . 6 139 
78 . 6 1. 01 13. 2 9 , 091 1.30 2. 05 11. 8 145 
73.4 0.95 13. 9 6 , 512 1 . 31 2 . 33 12. 1 148 
71.3 loll 14.1 9,024 1. 21 1.98 10. 0 132 
73.8 1. 08 14. 3 8 , 231 1 . 26 2. 16 11. 0 152 
72.5 0. 97 12 . 9 8 , 209 1. 23 1. 99 11. 9 120 

-- - --- - - - - -- - ----



The data indicatedthat a diet containing a daily portion of seafood could 
maintain the red blood count, cell voltune and hemoglobin values of the blood, 
as well as a free-choice diet containing an equivalent amount of meat. This 
study indicated that the intake of seafood assisted in regulating the formation 
of several blood constituents. The effect of such physiological variables as 
exercise and menstruation, as well as specific difference in the nutritive value 
of the seafood itself cannot be detennined except through further experimental 
work. 

The author wishes to express her appreciation for the kind assistance given 
by Mrs. Hazel ~rv. lapp of the College of Home Economics, Universi ty of Maryland, 
by Drs. Hugo W. Nilson and Charles S. Myers of the Branch of Commercial Fisheries, 
U. S. Fish and Wildlife Service, College Park, Maryland, and by the girls who so 
willingly cooperated by acting as experimental subjects. 
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