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Introduction 

Swine colostrum and milk have not been studied as extensively as the 

milk of the other domestic animals. The primary reason for this lack 

of information is the past difficulty with which sufficient milk for 

analysis could be obtained. Until recently it has been ~lmost impossible 

to collect relatively large sqmples of milk from swine because of the 

nervous control of milk release exercised by the sow. In 1941 Ely and 

Petersen (12) devised a method of inducing the II let down" of the milk 

in the cow by the intravenous injection of pitocin, the oxytocic principle 

of the pituitary. This method has been adapted in obtaining milk samples 

from the sovv and has the advent11ge of permitting the collection of 

relatively large samples of milk, more nearly representative of the 

entire secretion. 

The vitamin content of colostrum And m5lk is of the utmost importance 

for the newborn animal, because it represents the sole source of nutrients 

for the first few deys and weeks of life. Ir,formation about the diet of 

pigs before weaning is important, because it is logical thqt the diet the 

pigs receive after weaning should be as nearly comparable as practic9ble 

to the pre-weanin~ '.iiet. Thus, knowledge of the composition of swine 

milk is necessqrv for the develoornent of both purified and pr~ctic~l . . 

rations for very young pigs. 

Some li~ited information has recently appeared concerning the 

approximate compcsition and vitemin A ~ontent of swine milk. Extensive 

examination for the vitamin content has not been reported. The magnitude 

of the differences in the reported vitamin content of swine colostrum and 

milk is too great to be accounted for on the basis of diet or breed 

differences. Therefore, the present study was undertaken to provide 

information of the thiamin, riboflavin, nicotinic acid,pantothenic acid, 
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vitamin A, ann ascorbic 3Cid content of swine colostrum and milk. 



?.eview o.f Litnrature 

Studi,3s of the gross composition of svline milk have been reported 

by various workerr:J over "· :,eriod of yeg_rs. However, the data published 

on the vit·'<min content of swine colostrum <mi milk are very limited 0.nd 

of considerable varil'ince. 

Benham (3) found that the vi ta min A content of SO'I'! 1 s colostrum 
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rang,ld from 131 to 245 I. U. per 100 ml. (291 to 564. microgr.o,ms per 100 ml.). 

'l'he study of Schofield ~ il• (21) showed that giving sows large doses 

of vit<:tmin A late in pregnancy increased the concentration of this vit'3min 

in the colostrum. Luecke (17) has reported the vitamin A content of swine 

colostrum to vr'!ry from 13 to 122 microgr3ms per 100 ml. ThesE~ pigs received 

no supplements of vitamin A, but they wer0 fed a SU:Ypossedly &cl.equate ration 

which conteined 10 per cent alfalfa hay. Braude et al. (7) in England 

reported on 18 samples of sow 1 s colostrum in v:hich they obtained a mean 

vHlue of 31+7 I.U. per 100 ml. for vitamin A. The same group of workers, 

Braude et §1. (8), reported on the composition of colostrum and milk 

from nine L'lrgo White sows. Their value fo::'.' colostrum v,as 71.1 ± 9., 1 T.U. 

of vitgmin A. per gi·,:;m of f,;t e.nd for norr.1al milk 11.0 ± 0.4 I. U. vit,min 

A per gram of frJ.t. Recently Bowland, GrUJllJ'ler, and Phillips (4) determined 

the vit?min A car.tent of tho colostrum and milk from 20 sows. The mean 

vslues for vit?.min A were: first and third day colostrum from sows on 

pi=1Sture, 143.6 mcg./ 100 rrJ_., from sows in dry-lot 132.9 mcg./ 100 ml.; 

normA.1 milk from sows on pasture 52.7 mcg./ 100 I!lJ.., from sows in dry-lot 

3!}.8 mcg./ 100 r;-J_. 

The vitamin A levels of sow 1 s colostrum and milk reported by Bowland (4) 

agree quite well with those reported by Braude et _?-1• (8) in England and 

Schofield~ al. (21) in Canacta but are generally lower than the values fcr 

colostrum given by· Benham (3) o 
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Norfeld ( 18) first reported the trncorbic '.'lCid_ content of swine 

milk. He found that milk from a normal soVJ contained 6.1 mg. ascorbic 

acid per 100 ml. and milk from a sow receiving a vitamin A deficient 

ration contained 4.1 mg. ascorbic acid per 100 ml. Braude ~ al. (7) 

reported on 18 samples of sows' colostrum in which they obtained a mean 

value of 23.8 mg./100 ml. for ascorbic acid. The snme authors (8) in 

1947 found the ascorbi.c acid content of sows' milk was lower than that of 

colostrum, 13.0 as compared with 30.6 mg./100 ml. 

Barnhart .e.!! al. ( 1), feeding s basal ration composed of yellow corn, 

soybean oil meal, alfalfa meal, 2.5 per cent mineral mix, and vitamin A 

and D pre-mix, obt8ined increases in the riboflavin, nicotinic acid,and 

pantothenic acid content of milk by adding 10 per cent alfalfa and tankage 

to the basal ration. Luecke, Duncan, and Ely (17) reported the B-vitamin 

content of swine colostrum and obt9i.ned values of Oo52 to 1.01 mcg./ml. 

for thiamin, 1.65 to 6.25 mcg./rnl. for riboflavin, o.60 to 1.70 mcg./ml. 

for pantothenic acid and 1.14 to 1.85 mcg./rri. for nicotinic acid. 

Braude et ~l. (8) have studied further the B-vitamin content of swine 

colostrum snd milk. They found the mean values for twelve samples of 

colostrum to be: total thiamin 96.8 ~ 7.8 mcg./100 ml.; free thiamin 

70.8 ~ 7.8 mcg./100 ml.; and riboflavin 44.9 ± 5.7 mcg./100 ml. The 

mean values for the milk, obtained from the snalysis of seventy to 

seventy-six samples from the 10th to 56th day of lactation, were: total 

thiamin 67.7 t 1.8 mcg./100 ml.; free thiamin 14.4 ~ 1.2 mcg./100 ml.; and 

riboflavin 45.7 t 1.7 mcg./100 rnlo 
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Experimental 

Source of Samples 

Sows of the Hampshire, Duree, and Chester White breeds were used in 

this study. The 16 sows on the spring farrowing were all of Hampshire 

breeding, while the 19 sows on the fall farrowing were 5 Hampshire, 9 

Duroc, and 5 Chester Whiteo All sows whose milk vias sampled were in either 

their first or second lactation period. 

The sows were carried through successive gestation and lactation 

periods on the two ra.tions given in Table 1. The basal ration was · supplemented 

with the various materials indicated in Table 2. 

The farrowing dates for the sows in the spring farrowing (Experiment I) 

ranged between January 14 and April 20, 1948, and the sows in the fall 

farrowing (Experiment II) between September 27 and November 8, 1948. 

Collection and Treatment of Samples 

Colostrum was obtained during parturition by normal expression of the 

udder. Milk samples were obtained on the 5th, 15th, and 55th days of 

lactation by intravenous injection of 1 to 2 ml. of the oxytocic principle 

of the pituitary (Fitocin--Parke, Davis and Co.). Ely and Peterson (12) 

devised this method for inducing the II let down" of milk in the cow and 

a similar method was employed by Braude (8) for induction of milk ejection 

in the sow. 

Vitamin A and ascorbic acid determinations were made as soon as 

possible after sampling. The remaining portion of the sample was quick 

frozen in sealed containers and assayed later for thiamin, riboflavin, 

nicotinic acid, and pantothenic acid. 



Table 1 

Rations Fed in Drylot During Gestation and Lactation 

Experiment I (Spring 1948 Farrowing) 

Basal Ration No. 1 

Constituent 
Ground yellow corn 
Expeller soybean oil meal 
Alfalfa leaf meal 
Ground limestone 
NaCl 

Experiment II (Fall 1948) 

Basal Ration No. 2 

Constituent 
Ground yellow corn 
Expeller soybean oil meal 
Alfalfa leaf meal 
Ground limestone 
Iodized NaCl 
Crude carotene concentrate at 

per pound of feed 

Per cent 
82.85 
11.00 

5.00 
o.65 
o.5o 

Per cent 
82085 
11.00 

5.00 
Oo65 
o.50 

level of 6,000 I.U. 

6 
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Table 2 

Details of Swine Whose:J Colostrum and Milk Were Examined 

Exp. Lot Ration No. 
_N_o_~ __ ~No~·~~----~F~e~d----~~~~- -----~~S~o_w~s ____ _;;;.B~r_e_ed;;::-.~~La~ctation 

I 

II 

1 Basal Number 1 

2 Basal+ alfalfa silage ad lib 

3 Basal+ 1/2 gal. buttermilk per 
gilt per day 

4 Basal+ Y/o liver and lung meal 

5 Basal+ Antipernicious anemia 
liver extract 

6 Basal + green rye forage ad 1J.J2. 
14 rJays before farrowing and 
during lactation 

1 Basal Number 2 

2 Basal+ Y/o fish solubles 

3 Basal+ 101-, alfalfa leaf meal 

4 Basal+ Antipernicious anemia 
liver extract, 2 ml./week/gilt 

5 Basal in dirt lot 

6 Basal+ vitamin B12 (equivalent 
to 2f. fish solubles) 

3 Hampshire 

3 

3 

3 

2 

1 

2 
1 
3 

2 

3 
1 

1 
1 

1 
1 

1 
1 

1 

Hampshire 

Hampshire 

Hampshire 

Hampshire 

Hampshire 

Duroc 
Chester 
Hampshire 

Duroc 
Chester 
Hampshire 

Duroc 
Chester 

Duroc 
Chester 

Duroc 
Chester 

Duroc 

First 

First 

First 

First 

First 

First 

First 
First 
Second 

First 
First 
Second 

First 
First 

First 
First 

First 
First 

First 
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Analysis Ef Samples 

General Procedure .f.9£. Mi.crobiological Assays 

The test organisms, Lactobacillus casei and Lactobacillus arabinosus, 

were maintained as stab cultures by monthly transfer in a yeast dextrose 

agar of the following composition: 

Yeast dextrose agar (Difeo) 2.7 G. 
Dextrose 1.0 G. 
Sodium acetate 1.6 (' u. 

*Salt solution A 1.0 Ml. 
**Salt solution B 1.0 Ml. 

Distilled water to make 100 Ml. 

*Pota.ssium phosphate 25.0 G. 
Potassium dihydrogen phosphate25.bG. 

Distilled water to make 250 Ml. 

,**Magnesium sulfate 
Ferric sulfate 
Sodium chloride 
Manganese sulfate 

Distilled water 

10.0 G. 
0.,5 G" 
0.5 G. 
0.5 G. 

to make 250 Ml. 

These stock cultures were incubated at 37° c. for 2/~ to 48 hours, or until 

good growth along the line of the stab was visible and then stored in the 

refrigerator for the remainder of the interval between transfers. The 

inoculum via.s prepared by transferring the organisms from the agar stab 

cultures into l::> ml. of the liquid basal medium which had been supplemented 

with the deficient vitamin at the level of 1 mcg./10 ml. After incubation 

for 24 hours at '57° c., the cultures were centrifuged; the supernatant 

medium was poured off and replaced a.sceptically with an equal volume of 

sterile 0.9 per cent sodium chloride solution. The cells were washed twice 

in this manner and one drop of the suspension was used as the inoculum for 

each assay tube. 

The assays were conveniently carried out in 16 x 180 mm. bacteriologic 

culture tubes, held in metal racks which were easily autoclaved. To one 

series of tubes, increments of a standard solution of the vitamin were 

added. To other similar series, increasing amounts of diluted milk samples 



were added at five levels (1 to 5 ml.) considered b;r 9.pproxiro.ation to 

furnish amounts of the vita.min within the ranges of the standard curve. 

All tubes were diluted with distilled water to 5 ml., then 5 ml. of the 

double strength, vitamin-deficient medium were added. The tubes were 

covered with metal caps lined with gauze and sterilized by .qutoclaving 

at 15 pounds pressure for 15 minutes. After cooling to room temperature, 

ea.ch tube was inoculated with one drop of the turbid. inoculum culture and 
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incubated at TI° C. The acid produced in each tube was titrated with tenth-

normal sodium hydroxide, using bromothymol blue as an indicator, after an 

incubation period of 72 hourso 

To obtain the assay results, a standard curve was plotted relating 

the response of the test organism (in cubic centimeters of alkali used in 

titr9.tion) to the concentration of the vitamin in the standard tubes. The 

vitamin content of the various aliquots of sample used was obtained by 

interpolating the response obtained in tubes containing these aliquots on 

the standard curve. Results falling outside the assay range of the vitamin 

were discarded. The vitamin content of the sample was then calculated from 

that of each aliquot. 

Nicotinic Acid - -
The procedure of Snell and Wright (23) with modifications introduced 

in this laboratory was used for the determination of nicotinic acid. 

Lactobacillus_arabinosus 17-5 (ATCC No. 801.4.), obtained from American 

Type Culture Collection, Georgetown University Medical School, 'dashington, 

D. c., was used as the assay organism. 

The stock standard solution of nicotinic acid contained 100 mcg./ml. 

of distilled water. This solution was kept under toluene in a refrigerator. 

From this stock solution, a standard containing 1 microgram of nicotinic 

acid per ml. was prepared each time an assay was made. At least three 



similar series of tubes were prepared with the standard containing o.o, 

0.05, 0.10, 0.15, 0.20, 0.30, and 0.50 micrograms of nicotinic acid. 
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All solutions used in the medium were i)repared at concentratiomgiven 

in a University of Texas publication (27). The basal medium contained per 

thousand milliliters: 

Acid-hydrolyzed casein 
1-cystine 
1-tryptophane 
Glucose 
Sodium acetate 
Biotin 
p-aminobenzoic acid 
Thiamin 
Calcium d-pantothenate 
Pyridoxine 
Riboflavin 
Adenine, guanine, uracil 
Salt solution A 
Salt solution B 

10 g. 
400 mg. 
200 mg. 
40 g. 
40 g. 

0.4mcg. 
200 mcg. 
200 mcg. 
200 mcg. 
200 mcg. 
400 mcg. 

20 mg. 
10 ml. 
10 ml. 

The medium was made to volume and adjusted to a pH of 6.6 to 6.8 with 

sodium hydroxide. The glucose and sodium acetate were added in the ary state. 

Colostrum samples of 2 ml. were diluted to 100 ml. and milk samples of 

1 ml. were rl.iluted to a total volume of 100 ml. in volumetric flasks. These 

dilutions resulted in concentrations suitable for assay. ~uantities of 1, 

2, 3, 4, and 5 ml. of the dilutions were added to five assay tubes respectively, 

and each tube was made to a total volume of 5 ml. with distilled watero Five 

ml. of the nicotinic acid free basal medium were added to each of the assay 

tubes. The tubes were autoclaved, inoculated, incubated, and the growths 

measured as described. 

The colostrum and milk ssmples were not tregted with enzymes, acids, 

or alkali, bec,;.use Cheldelin (9), ( 10), and ·.villiams (28) found that such 

treatment did not significantly affect the values obtained.. This indicated 

tha.t in milk nicotinic acid is not essentially in a bound state or in the 

form of a precursor not readily available to Lactobacillus arabinosus. 
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Riboflavin -· ,. 

With few exceptions, the basic microbiological procedure described 

for the assay of nicotinic acid was employed for the determination of 

riboflavin. The procedure of Snell 9.nd Strong (22) with modifications of 

the basal medium was used for the microbiological assay of riboflavin. 

Lactobacill~ ~i_ 17-5 was used as the assay organism. 

The basal medium contained per thousand milliliters: 

Sodium hydroxide treated peptone 10 g. 
1-cystine 200 mg. 
1-tryptophane 200 mg. 
Yeast suoplement 2 g. 
Glucose 40 g. 
Adenine, guanine, uracn 20 mg. 
p-aminobenzoic acid 800 mcg. 
Pyridoxine 200 mcg. 
Nicotinic Acid 200 mcg. 
Calcium d-pantothenate 200 mcg. 
Salt solution A 10 ml. 
Salt solution B 10 ml. 

Pantotheni~ !_cid 

Pantothenic acid was determined microbiologically by use of the 

procedure of Barton--i/right (2). Lactobacillus casei (ATCC Noo 7469) was 

used as the assay organism. 

Pure synthetic a-calcium pantothenate was used to prepare the stock 

standard solution of 100 mcg./ml. of distilled vmter. This solution was 

stored under toluene in the refrigeratcr. One ml. of the standard solution 

of pantothenic acic. was diluted to 100 ml., and one ml. of this r,.ilution 

was further c.iluted to 100 ml. From these two dilutionf; a triplicate set 

of standard tubes was prepared containing o.o, 0.01, 0.02, 0.05, 0.10, 

and 0.20 micrograms of pantothenic acid respectively. 

The pH of the basal medium was ad.justed to 6.6 to 6.8 with sodium 

hydroxide. The peptone and the yeast were prepared as described by Strong 

and associates (26) except that Darco G (:I) was used instead of Norit A to 



treat the yeast supplement. The other ingredients were prepared as in the 

assay for nicotinic acid. The basal medium contained per thousand milliliters: 

Sodium hydroxide-treated pep tone 10 g.
1-cystine 200 mg. 
Glucose 40 g. 
Sodium acstate 28 g. 
Acid hydrolyzed casein 4 g.
Adenine, guanine, uracil 20 mg. 
Nicotinic acid 400 mcg. 
Biotin o.8mcg. 
Riboflavin 400 mcg. 
Pyridoxine 200 mcg. 
p-amino benzo ic acid 200 mcg. 
Salt solution A 10 ml.

Salt solution B 10 ml.

The samples were niluted to a concentration suitable for assay 

(colostrum diluted 1 ml. to 100 ml. and milk diluted 1 ml. to 200 ml.). 

As in the assay of nicotinic acid, 1 to 5 ml. of each dilution was pipetted 

into five assay tubes. The assay tubes (sample and standard tubes) were 

made to a total volume of 5 ml. and then 5 ml. of the basal medium were 

added to each tube. The tubes were covered, and autoclaved fifteen minutes 

at fifteen pounds pressure. After cooling and inoculation, the tubes 

were incubeted 72 hours at 37° c. and the growths measured as described. 

In most foods and animal tissues a part of the pantothenic acid is 

bound to the protein snd must be freed by autolysis or enzymatic hydrolysis 

before the microbiologic::.Jl assay is carried out. Pantothenic acid in milk 

is in a free stat8 or in g str:te in which it is reanily utilized by 

lactobacilli. Strong (25) and i'filliams (28) report that treatment of milk 

with enzymes dirt not significantly affect the uantothenic acid valueso 

Thus, the samples v,ere not hydrolyzed in preparation for analysis. 

Thiamin 

Thiamin was determined by the fluorometric method described by Hodson (15).

The method was a simplification of the procedure reported by Hennessey and
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Cerecedo ( 14). 

Duplicate 10 ml. samples of the milk were Dipetted into 50 ml. 

v)lumetric flasks, 50 mg. of taka.-diasta.se were added, the pH adjusted t,o

4.0 to 4.5 with 2.5 normal $vJiurn acetat9, and incubat9d for three hours at

50° C. The flasks were shaken occasionally to break up the curd that formed.

After three hours the flasks were cooled and diluted to the mark with two

per cent trichloroacetic acid, thoroughly mixed, allowed to come to 

equilibrium by standing for a few minutes, and filtered through 'Nhatman 

No. 1 filter paper. If the filt,r13.te was very cloudy it was further clarified 

by passing it through the filter again. 

A 5 ml. aliquot, of the filtrate was pipetted into each of three 

centrifuge reaction vessels marked 1, 2, and 3. To reaction vessel No. 2

was added one ml. of a solution containing exactly one microgram of thiamin 

chloride. To vessels No. 1 and No o 2 were added 0. 1 ml. of the ferricyanide 

solution followed Lnunediataly by three ml. of the so(Uum hydroxide solution. 

Thirteen ml. of isobutyl alcohol were added to the mixtures in the three 

vessels, and finally three ml. of sodiui� hydroxide solution were added to 

the mixture in Vessel 3. The glass stoppers were then placed in the vessels 

and vigorously shaken for 1.5 minutes. This was followed by centrifuging 

for abo1Jt one minute to separate the aqueous and isobutyl alcohol layerso 

The aqueous layer v;g_s drained off and discarded, and the isobutyl layer 

was dried with a small amou.�t of anhydrous sodium sulfate. The isobutyl 

alcohol was then transferred to photofluorometer tubes. 

The Coleman photofluorometer was allowed to warm up 10 or 15 minutes 

before use. The dilute quinine sulfate solution, having a fluorescence

apnroximately equal to that given by the thiochrome from one microgram of

thiamin. in 13 ml. of isobutyl alcohol, was placed in one of the cuvettes

and the diaphragm of the photofluorometer ad:justed so that this gave a
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half-scale deflection when pJ:1ced in th0 instrument. The exr,ct point. 

chased was not critical, but the same reference :)oint was used for the 

three readings on any one sample. A reading (B) was taken on the thiochrome 

solution from Vessel 3 (the blank), a reading (X) was taken on the thiochrorne 

solution from Vessel 1
1 

and a read.fog (X+1) was taken on the solution from 

Vessel 2. The calculation was: X - B 
{X+1)- X (1 90) • microgr�ms of thismin

per ml "' of milk or milligrams per 1:i.ter of milk .. 

Vitami!l. ! 

Th� procHdurP used for the determination of v5.t'lmi.n A and carotem� 

was .9 modlf:ic2tion of tbe m1,,thor• of Boyer, ,tl §1_. (6).. 'I'wo volumes of 

milk mixed wlth three 'J\:>lumes of f.llcoholic pot<Jssl,Jrn h�rdroxide solution 

were allowed to stB.nd for thre3 hol.lrs 9.t room t.emperatil.T"e., The mixture 

was ext:rBcteo twfoa w-ith ether and the vit�mi'.':l A End carotene were determined 

by me<tns of the Carr-?rice reaction and with the �.id of "!.n Evelyn photo-

elect:'.:"i� co 1,: rrimeter. 

For the determination of' !'!.scorb:!c e.cid, 5 ml. of a freshly taken sample 

of milk were pipetted into 15 ml. of a modified Wilberg 1 s reagent containing 

40 g./1. trichloroacetic acid, 65 g./1. mete.phosphoric a.cid, 6 g./1 .. oxalic 

acid, and 48 g./1 .. NaCl. Thl'l 9r.eci?itate w�.s removed by centrifugation

or filtration and a 10 m."l ., 9.liquot of the filtrate titrated with 2, 6-

dicbloro-phenolindo9henol solution to a faint pink end-point stable for 30

seconds. The dye ha.d bean nreviously stand'3.rd1zed against pure ascorbic a.cid ..

Ascorblc !2Jj_ 



Rem.D.t:s 

Deti'!iled results fo1'.' the vi.tamtn determinstions of colostrum and milk 

are giv~n in TB.bles 3 and !,... T9.bl9 3 shows the vit<imin content of the 

colost't'um ttn<l milk of giJ.ts in the spring 1948 farrowing (Exp,1r.iment I) • 

TablP l;. p~esent.s simihr dat,; for the gilts ,.rnd so,vs in thP, fall 191+8 farrowing 

(Experiment II). The mean vaJ.u~s fo~ colostrum l.".nd milk on the f i!'st, 

fifth, fifteenth, and fifty-fifth day of lactation of 16 ~nimals in the 

spring farrowing and 19 animals in the fall farrowing are given in Tabl?.S 

5 and 6. The avere.ge valuP-s for the vitamin content of colostrmn Rnd milk 

from spring gilts, fe.11 gilts, and fall sows are shown in Table 7. 

A compar:i.son of the vitam:l.n content of colostrum and milk for the 

three breeds of s,.,.,;_~e used in the f3.lJ. experiment is given in Table 8. 

In Ts.ble 9, the average vj_tamin content of swine colostrurn 9.nd milk 

and cow colostrum end milk l:lS determlned :in these la.bc·r-~tori9s is comne.!"ed 

with selected values g:!.ven in the l:i.teratu:r·e .. 
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Table 

VITAMIN CONTENT OF SWINE MILK

Fall-1948 Farrowing 

-·-Lot Vitamin Content 
N�.!. Sow Number Ration Vitamin Colostr�- 5th da_y 15th day 55th daL 

Jim Riboflavin mcg/rrLl 1.9 1.1 JoO 
Farrowed Thiamin mcg/rrJ. 0.12 0.32 
4-9-4.8 H:i.cotinic Acid mcg/ml 12.3 13.2 10.0 

Pantothenic Acid mcg/ml 4.9 9.8 
Carotene mcg/100ml 2.4 2.1,.. 2 .• 4 
Vitamin A mcg/100ml 44.0 32.4 7.8 
A.scorM.c Acid mg/100ml 11.6 13.8 9.1 

1 76 Basal Riboflavin 6.o 2.1 1.8 3.4 
Farrowed Thia.min 0 .. 21 Oo31 0.26 
4-15-1+8 Nicotinic Acid 1.0 1o3 206 5.1 

Pantothenic Acid 1.7 1.1 1o5 2o5 
Carotene 1o4 3.7 1.4 1.3 
Vitamin A 91+.8 15.8 15.4 19.0 
Ascorbic Acid 35o1 16.4 14.1 ,., '7 

( ..

1 82 Basal Riboflavin 2.5 All 
Farrowed Thia.min o.75 Dead 
2-14-48 Nicotinic Aci& 1.5 

Pantothenic Acid 2.1 
Carotene J.O 
Vitamin A 92.6 
Ascorbic Acid 1708 

1 90 Basal �.iboflavin 5.2 2.6 All 
Farrowed Thiarr.in 0.95 Dead 
4-2-48 iHcotinic Acid 1.2 1.6 

.2,:i.ntothenic Acid 0.9 0.9 
Carotene ?.2 o.o 

Vitamin A 21+2.0 90.6 
Ascorbic Acid 16. 7 11 .c

2 77 Basal+ Riboflavin J.8 2.3 2.4 J.3 

Farrowed Alfalfn. Thiamin 
3.6 4-15-48 Silage llicotinic Acid 0.9 1.8 5.3 

Ps.ntothenic Acid o.6 1.8 1o4 3.2 
Carotene o.8 7.5 1.2 2 • .3 
Vitamin A 154.0 21.9 20.9 20.7 
Ascorbic Acid 27.7 11.4 9o7 6.2 

2 83 Basal+ Riboflavin 10.7 1.8 2.6 3.0 

Farrowed Alfalfa Thiamin 
5.5 4-15-4-8 SilP..ge Nicotinic Acid 1.0 1.4 2.0 

Pantothenic Acid Oo7 1.5 106 2.8 
Cs.rotene 1.4 1.8 1. 1 6.o 

Vitamin A 168.0 20.3 19.4 22.3 
Ascorbic Acid 21.8 15.2 10.3 8.0 



Lot 
_Fo. Sow �hunber 

i 93 
Farrowed 
4-2-48 

3 81 
Farrowed 
3-26-48 

3 88 
Farrowed 
3-26-48 

3 91 
Farrowed 
4-14-48 

4 85 
Farrowed 
4-4J.P, 

4 86 
Farrowed 
4-14-48 

4 8? 
Farrowed 
4-4-48 

17 

Vitamin Content 
Ra\i� _ Vi�n __ . Colo.strill!! =_5th day . -15th day 55th��'. 

Basal+ Riboflavin 3.2 J.7 2.6 
Alfalfa Thiamin Oo 16 0.18 
Silage Ni.cotinic Acid 2.0 1.8 3.6 

Fantothenic Acid 2.8 2.4 5.3 
Carotene 3.3 5.1 4.0 1.3 
Vitamin A 82.9 42.7 1s.o 6.1 
Ascorbic Acid 10.0 16.5 11. 7 8.8 

Basal+ Riboflavin 12.s 2.5 2.8 40 6
1/2 gal. Thiamin Oo75 o.69 1005 
Buttermilk Nicotinic Acid 1.6 2.5 3.0 4.0 
per Day Pantothenic Acid Oo7 0.9 3.2 5.0 

Carotene 3.6 o.o o.o 1.7 
Vitamin A 64.0 17.7 30.9 17.6 
Ascorbic Acid 13.2 5.5 8.5 15.4 

Basal+ Riboflavin 5.4 3.6 1 .,0 All 
1/2 Gal. Thiamin o.37 o.58 Dead 
Buttermilk Nicotinic Acid 1.4 1. 7 1.3 
per Day Pantothenic Acid Oo5 1.4 2.3 

Carotene 7.0 2.5 OoO 
Vitamin A 66.9 5.3.2 37.8 
Ascorbic Acid 20.0 9.4 706 

Basal + Riboflavin 6.6 2.6 3.9 
1/2 Gal. Thiamin Oo60 0.,45 0.42 
Buttermilk Nicotinic Acid 1.8 2.9 3.4 
per Day Pantothenic Acid o.s 1.4 4.7 

Carotene 8.9 o.o 1.7 
Vitamin A 75.9 18.9 14.0 
Ascorbic Acid 16.9 13.2 11.5 

Basal + Riboflavin 5.4 3.3 2.1 All 

Liver-Lung Thiamin o., 63 0.,34 Dead 
Meal Nicotinic Acid 3.2 4.3 6.8 

.Pantothenic Acid o.4 2.1 3.0 
Carotene o.c c.o 2.0 
Vitamin A 259.0 51.5 24.8 

Ascorbic Acid 20o0 B.7 10 0 2 

Basal+ �iboflavin 3.4 All 

Liver-Lung Thiamin 0.62 Dead 
i:eal Nicotinic Acid 1.8 

Pantothenic Acid 1.2 
C9.rotene o.o 2o0 

Vitamin A 68.2 75.9 
Ascorbic Acid 19.8 16.9 

Basal+ Riboflavin 809 All 

Liver-Lung Thiamin o.56 Dead 
Meal Nicotinic Acid 1.0 

Pantothenic Acid 1.6 1.6 
Carotene o.o 

Vitamin A 57.4 
Ascorbic Acid 6.8 8.1 



V 

---· ____ , .. ~--·---... 
Lot 
_No. _Sow Number Ration Vitamin _ Colo st~ 5th f<§X ___ 15th day_ 55th day 

5 92 Basal+ Riboflavin 2.0 1.3 All 
Farrowed Livc:i:r A1)A Thia.min 0.45 Dead 
4-17-48 Extract Nicotinic Acid 2o4 3.5 

In.iection Pantothenic Acid 2 .• 1 3.0 
Carotene 2.1. 1. 1 
Vitamin A 15.2 13.5 
Ascorbic Acid 12.3 11.0 

5 95 Basal + Riboflavin 4.0 1. 1 2.6 2 '7 . ' 
Farrowed Liver APA Thia.min o.34 Oo39 0.51 0.41 
4-1-48 Extract Nicotinic Acid 2.3 1. 1 1. 1 2.0 

Injection Carotene 3.9 o.6 2.0 1.4 
Vitamin A 110.0 21.7 19.7 5o1 
Ascorbic Acid 25.6 6.6 11. 7 7.8 

6 96 Basal_.. Riboflavin 2.8 2o4 All 

Farrowed Green Rye Thiamin 0.62 0.25 Dead 

4-20-48 Forage Nicotinic Acid 1.7 2.1 4.7 
.Pantothenic Acid 3.2 4.3 
Carotene o.o 5.6 1.1 
Vitamin A 53.6 21.1 23.1 
Ascorbic Acid 22.6 20o0 7., 1 
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Table 4 

VITAMIN CONTENT OF S1HNE MILK 

Fall-1948 Farrowing 

Lot Vitamin Cmrtent 
No. Sow Number Ration Vitamin Colostr'iiiil-- -5th day 15th day 55th d~ 

1 Chester 1 Basal RiboflA.vin 2.4.3 2.35 2.34 2.17 
Farrowed Nicotinic Acid 1.23 3.12 4.19 5.05 
9-27-48 Pantothenic Acid 0.,94 2.80 9.90 2.11 

Thiamin o.34 0.,78 1 .,20 0.82 
Ascorbic Acid 167.0 71 85 59 
Vitamin A 44 36 18 24 

7th day 

1 Duroc 24 Basal Riboflavin 1.89 2.0 3.15 

Farrowed Nicotinic Acid 1.8'7 7.,85 15.25 

9-30-48 Pantothenic Acid 0.44 4.88 2.85 
Thiamin 0.16 0.42 o.84 
Ascorbic Acid 213 188 93 
Vitamin A 154 18 24 

1 Duroc 14 Basal Riboflavin 2.13 1.16 1.00 No 

Farrowed Nicotinic Acid 2.50 6.66 12.6o Sample 

10-10-48 Pantothenic Acid 0.43 o.75 1.16 
Thia.min o.44 1.26 o.55 
Ascorbic Acid 79 140 95 
Vitamin A 161 12 14 

2 Chester 22 Basal + Riboflavin 5.68 1.65 4.39 3.,63 

Farrowed 'J1/o Fish Nicotinic A~id 1.6o 5.03 12.88 11.63 

10-2-48 Solubles Pantothenic Acid 0.22 2.01 3.25 7.11 

Thia.min o.86 0.62 o.74 o.77 

Ascorbic Acid 176 107 98 84 

Vitamin A 124 16 26 28 

2 Duroc 70 Basal + Riboflavin No 1.94 o.83 2.13 

Farrowed Jf,, Fish Nicotinic Acid Sample 5.8'7 7.77 8.,76 

10-/~-48 Solubles Pantothenic Acid 2.34 2.05 5.75 

Thiamin 0.62 o.71 o.86 

Ascorbic Acid 188 133 101 

Vitamin A 26 18 19 

2 Duroc 21 Basal+ Riboflavin 1.12 1.82 4.38 

Farrowed 5fa Fish Nicotinic Acid 1.40 7.26 11054 9.54 

10-11+-48 Solubles Pantothenic Acid 2.26 2.30 8.71 

Thiamin 1.31 1.10 1.00 1.05 

Ascorbic Acid 247 184 128 123 

Vitamin A 202 24 31 22 



Lot 
� 

2 

3 

3 

4 

4 

5 

5 

Sow Number Ration Vitamin 
__ .:..;:;.;:;,:;:.::.:.:;:.:;,..__ 

Duroc 11 
Farrowed 
11-8-1�8 

Chester 20 
Farrowed 
10-3-48 

Duree 10 
Farrowed 
10-3048 

Chester 21 
Farrowed 
10-9-48 

Duroc 23 
Farrowed 
10-31-48 

Chester 55 
Farrowed 
10-9-4.8 

Duroc 2 
Fc::.rrowed 
10-29-48 

Basal+ 
3'fo Fish 
Solubles 

Riboflavin No 
Nicotinic Acid s�mDle 
Pantothenic Acid 
Thiamin 
Ascorbic Acid 
Vitamin A 

Basal+ Riboflavin No 
10% Alfal- Nicotinic Acid Sample 
fa Meal Pantothenic Acid ·

Thiamin 
Ascorbic Acid 
Vitamin A 

Basal+ Riboflavin 2.80 
2.6o 
0.19 
0.21 

101" Alfal- Nicotinic Acid 
fa Meal Pantothenic Acid 

Thiamin 
Ascorbic Acid 
Vitamin A 

Basal+ 
Liver 
Injection 

Basal + 
Liver 
Injection 

Basal, in 
Dirt Lots 

Basal, in 
Dirt Lots 

284 
25 

4.98 
1.54 
o.46 
Oo59 

Riboflavin 
Nicotinic Acid 
Pantothenic Acid 
Thiamin 
Ascorbic Acid 
Vitamin A 

148 
85 

Riboflavin No 
Nicotinic Acid Sample 
?antothenic Acid 
Thiamin 
Ascorbic Acid 
Vitamin A 

Riboflavin 
Nicotinic Acid 
Psntothenic Acid 
Thiamin 

2.17 
1. 57
0.25
0.29

Ascorbic Acid 
Vitamin A 

137 

Riboflavin 
Nicotinic Acid 
Pantothenic Acid 
Thia min 
Ascorbic Acid 
Vitamin A 

3.53 
1.44 
Oo25 
0.21 

207 
127 

2.01 
I,. i:;4 
2.35 
0.45 

189 
22 

1.50 
6.72 
1.81 
o.7o 

106 
27 

1.47 
7.98 
1.48 
o.89 

147 
22 

1.54 
6.05 
1.88 
o.79 

169 
62 

1.26 
6o�O 
2.01 
o.44 

151 
26 

1.19 
4.6o 
1.32 
o.56 

90 
30 

1.00 
3.88 
1.82 
o.53 

140 
20 

1.72 
8.41 
2.08 
0.55 

78 
23 

3.12 
11.70 
4.14 
0.90 

130 
16 

2.13 
10.09 
0.52 
0.82 

98 
24 

3.70 
9.82 
3.21 
o.69 

135 
26 

1.96 
12.41 

4.86 
o.75 

111 
14 

3.68 
5.11 
3.71 
o.57 

84 

19 

1.04 
11.33 

1.50 
o.54 

125 
19 

20 

2.80 
10.35 
6.85 
o.65 

118 
17 

3.98 
16.02 
7.99 
1.02 

108 
16 

2.38 
7.85 
1.41 

114 
17 

3.00 
1.67 
o.37 

o.41 
180 
24 

2.44 
12.48 
4.48 
1.10 

120 
16 

No 
Sample 

3.05 
8077 
7.61 
1.25 

120 
23 

------- - - -----
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Lot Vitamin Content 
No 1 Sow Number Ration Vitamin Colostrum--· 5th q~ 15th day 55thfay 

6 Duroc 32 Basal+ Riboflavin 5.00 1 o.30 1.26 3.31 
Farrowed Vitamin Nicotinic Acid 1o90 4.83 6.94 7 .14 
10-12-48 Bu Pantothenic Acid o.13 2.01 2.21 5.53 

Thiamin o.60 1.00 1.10 1.20 
Ascorbic Acid 148 111 116 110 
Vitamin A 245 11 22 26 

1 Hampshire 76 Basal Riboflavin 6.13 1.8'7 1.37 2.53 
Farrowed Nicotinic Acid 1.20 3.39 3.1+ 1 4.71 

10-23-48 Pantothenic Acid 0.52 1.30 1.10 3.28 
Thi.9.min 0.32 0.52 Oo43 0.47 
Ascorbic Acid 308 190 120 108 
Vitamin A 189 54 29 23 

1 Hampshire 73 Basal Riboflavin 6.75 1.86 1.34 2.68 

Farrowed Nicotinic Acid 1.38 3.01 5.73 4.37 

10-25-48 Pantothenic Acid 0.41 1o00 0.90 3.70 
Thiamin Oo59 0.49 1. 15 
Ascorbic Acid 131 168 117 109 
Vitamin A 285 47 19 19 

1 Hampshire 86 Basal Riboflavin 3.71 1.24 2.66 3.10 

Farrowed Nicotinic Acid 1.71 5.46 9.01 15.00 

10-29-48 Pantothonic Acid o.35 1.73 2.83 11.97 

Thiamin 0.53 o.36 o.73 

Ascorbic Acid 89 111 98 111~ 

Vitamin A 76 20 14 25 

2 Hampshire 75 Basal + Riboflavin 3.81 1.41 2.98 3.78 

Farrowed 'J'/o Fish Nicotinic Acid 1.74 8.04 5.81 11.48 

9-30-,'.i.8 Solubles Pantothenic Acid 0.38 1.30 3.75 3.88 

Thia.min 0.44 1.33 0.56 o.67 

Ascorbic Acid 259 131 91 88 

Vitamin A 153 25 20 17 

2 Hampshire 68 Basal+ :liboflavin 3.09 1.58 2.72 3.75 

Farrowed 5,l Fish Nicotinic Acid 2.37 /4-o 32 13.15 13.07 

10-25-48 Solubles Pantothenic Acid 0.62 2.30 3.03 11.53 

Thie.min o.37 0.40 0.61 

Ascorbic Acid 247 145 107 123 

Vit<i.min A 167 29 17 21 



MEAN VALUES FOR COLOSTRUM AND MILK OF .SPRING LACTATION 

Vi.te.min -.· ... ·--~· ____ .. ..,,. __ _._. __ 

Thiamin (mcg./ml.) 

Nicotinic Acid (mcg./ml.) 

Pantothenic Acid (mcg./m1.) 

Carotene {mcg./100 ml.) 

Vita.min A (mcp,./100 nLl.) 

Ascorbic Acid (mg./100 ml .. ) 

6~1.-8 

Oe,66 

1.,6o 

1.02 

2.73 

117.8 

19.,6 

2.72 2.16 

o .. ~2 o.30 

2.73 4 .. 12 

1. 7lt 2 .. 89 

2.,2/,. 1.48 

38.2 23.3 

12., 19 1 :) .. 5 

3o31 

0. 1+.1 

!, .• 65 

5.10 

2.32 

1l~.1 

9.31 



T'.1.ble 6 

MEAN VALUES FOR COLOSTRlnvi AND MILK OF FALL LACTATION 

-- . ... - .-. ......... .,,,.----·--·-~~,~---·- --~--
-------·-·---- De:L.2[ L~ ctat:i..o~- ··--,-·-·-----··----

Colostrum___ 15th D~--· 1 ~~h Ds:r ______ 5:.?_th !?!!:Y _____ .. __ 
Weighted Weighted Weighted Weighted Vita.min 

Gilts Sows Average Gilts Sows Average Gilts Sows AveraG?e Gilts Sows Averaf'J,', .,. .. -----·-r-.--------..---,·-· ---·-~-.... --~-- ···~·--------.....,1,,,,i:-•··--·~..__.. ___ ~s,,·_.,,_____ . ----~··----_....,-_.._,... 

R1.boflavin 3 .. 40 1~. 70 
mcg./ml. 

Nicotinic Acid 1.'76 1.68 
Mcg./ml. 

Pa.ntothenie Acid o.37 0.46 
mcg./ml. 

Thie.min 
mcg./ml. 

Ascorbic Acid 
mg./100 ml. 

0.50 o.38 

1g.06 20068 

3.86 1. S'+ 1. 59 

1.'71+- 5.80 /~0911 

0.1~0 2.16 1.53 

0.48 o. 72 o.67 

18.93 1L,.15 1Li .• 90 

Vitamin A 129.'27 17/hCJO 111.5.5 25.1{, 35,no 
rncg./100 mlo 

1 .,51 ... 2.23 2.21 

5.'17 9.60 6.!,?, 

1.99 3.14 2.32. 

o.71 o.78 0.1~5 

14 .• 35 10.~9 1'.).66 

27 0 74. 20.77 19.80 

------------,----·------------· 

2.23 3.0L:, 3.17 3.07 

8.7?. 9.5A 9.73 9.({1 

2.92 5.06 6.o/'/ 5,J:f) 

o.69 o.~3 o.73 o.S2 

10.~.n 11.08 1 n .811. 11.01 

20.50 21.33 21.00 21.2.1~ 

·--..---·- _, ____ J.,...·---·· 

; .) 
\.>J 



-

Ta.ble ? 

') . 
,:./.-::. 

AVERAGED VALUES OF SPRING AND FALL LACTATIONS 

Vitamin 

-· Dav of Lact9.tion -
________ .f21<?..s.t~·um ~t_h_ Day . 1 Stii"" Day __ .fi~h-'--D=~---

----·---------· ----·---

Ribofh.vin (mcs./ml.) 4.73 1.9'7 2.17 3.17 

Thfamin (mc~./ml.) o .. 56 OotO 0.,51 o .. 66 

Nicot.inic Acid (mcg./ml.) 1 ~67 4,,26 6.!,.6 7.76 

Pantothenic Acid (mcg./ml.) 0·~68 1.,81 2,,78 5.,sg 

Carotene (mcg./100 ml.,) 2,,,70 2.12 1.22 2.32 

Vit~.min A (mcg./1DO m1.) 1 ?9.? 33 .. ()3 21 .. 29 19.,65 

Ascorbic Adil. (mg./1JO ml.) 19 .. 3 11; .. 1 10.,68 11 0 1~ 1 

___ ,..,.. _____ 



VITA.MIN COI\'TENT OF COLOSTRUM A.ND MILK BY BREED 

Day of Nicotinic Pantothenlc Ascorbic Vitamin 
La.ctatio!,!._ Br_eed _ Acid ___ 5Jbo.f.lavL"L.-_.k.£:Yl~ _Thfamin_ . Acid _L__ 

Colas- Chester 
trum 

5th 
Day 

15th 
Day 

55th 
Day 

DU.1:'0C 

Chester 

DU!"OC 

Hr,.rnpshire 

Chester 

Duroc 

Hampshire 

Ch~ster 

Duroc 

Hsmoshire 

1.48 

1 .. 95 

1 .. 68 

5.10 

10.1L 

8.59 

10 .. 02 

9.73 

3.82 

3,,0'7 

l,.70 

1 .. 65 

1.1,,.7 

1,.59 

3.45 

1./+ 5 

3.20 

3.17 

o.27 

2.,06 

2 .• 21 

2,/J8 

1 ... 40 

5.40 

6.>3'7 

0.52 

o.38 

o.67 

o.75 

o.45 

o.76 

0.99 

o.73 

15.70 

153.33 

20.68 1 ?..1~.00 

Jl .. ., '20 

15.68 20.,11 

14.90 35.,00 

21,,00 

20.6'.?. 

10.,66 19.go 

10.78 23 .. 00 

11.24 20.50 

10.8/ ... 21.00 

·------·------------------------------·-
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D1sc1111eio11 

On the basia of the levels of the vitanin content of the colostrum aJld 

mil K, breed differences were not deteoted in eit.her the epring or fall 

lactations where Cheo•er llhite, Duroc, and H8llll)shire breeds were on experi,. 

111ent. The reeults of the vitsllin detenrlnat ions in the coloatrU)Q and !ll11.k 

27 

of the three breeds of swine on the .f'all experiment are presented in Table s. 
EJra11ination of these dsta does not show any consietent trends in the co11ponents 

studied. It 11.w,t be emphasized, however, that the small number o.f' anilDale 

and the variation in ration precludes drawing any final conclusions in this 

regard. 

The influence of the 1"9.tion .f'ed during gestation and lactation on the 

vitamin content of milk taken on the 55th day of lactation from the swine 

on t.he fall Sll:l)eri~ent is ~iven in Table 100 The basal ration was presllll8d 

to be adequate in all lmown nutrient,. Bence, it ia not annpected that 

no obvioll8 ditferencea in these vitamins detel'lllined •aa folJlld. The 

differences observed between the values found et this station and those 

reported elaewhere may, however, probably be explained by ration dii'ference•• 

Table 10 

INFLUENCB OF RATION FED DURING GFSI'ATION A>m LACTATION ON THE 
VIT.lll IN CONTEH'l' OF IIILK TAKEN ON THE 55TH DAY OF LACTATION 

FALL FA~RORING . 
Vit,ttl.n 

Ration Ribo.f'levin Nicotinic Pantothenic Thialldn Ascorbic Vitamin 
Acid Acid Acid A 

mcg. /al. mcg. /llll. a:cg./ml. 1 mcg, /ml . u . / lOOml.mcg, / 100ml1 

Baue.lllo. 2 2.75 S.Q4 4.78 o.so rt 2.3.0 

Basal + ']!. 3.38 9.14 7.'JO 0.'77 106 2().7 
Fish Sol ubles 
Besal + 1~ 3.18 11.98 4.70 1.02 111 16.'i 
Alfal.fa Silage 
Basal+ A.PA Liver 2.72 7.08 2.,42 1.51 150 15. 0 
Injections 
Baeal in Dirt 3.05 s:r1 7 . 61 1.25 120 2.3.0 
Lota 
Basal + Vitamin 3.31 7.14 5.53 1.20 110 26.0 
B 



Riboflavin 

The values for riboflevin in colostrum end milk obtained from the gilts 

on the 11pring experiment, the gilts on the fAll experilnent, and the sows on 

the fell experilnent ere plotted :l.n Figure 1. The data for which were obtained 

by straight-line 1.nteTPOlation from values or colostr\1111 end milk from the 

5th, 15th, and 55th day poet partum. The graph shows a rapid decrease in the 

riboflavin content of swine milk during tbe first five days of laotation 

and a eligbt ri.8• from the 5th to the 55th day of lactation. 

The spring Yalue for oolostl"QJII, 6.48 mcg./al.., was higher tha11 t21e 

fall value of 3.86 mcg,/ml. The average riboflavin content of the milk from 

,the epring lactation, 5th day, 2.72; 15th day, 2.16; and 55t.h day, 3.31 

mcg./til. 111 not believed to be aignifioantly different from the values 

obtained in the fallt 5th day, 1.54; 15th day, 2.23; and 55th day, 3,07 

11cg,/sl. 

The average riboflavin content for colostrum from both lactations was 

4,73 mcg,/1111. and the values for 111Ulc were: 5th day, 1.9'7J 15th day, 2,17; 

and 55t1. day, 3, 17 mcg./al.. The value for oolostrUJl is in agree~nt with 

that found by Luecke (17) who reported a range of 1.65 to 6,25 mog,/al, 

with a mean value of 4,00 mcg./111. However, the colostrum value obtained 

in this study is twice as high as that report4d by Bernhart (1} and about. 

ten times higber than the 44.9 '1 5, 7 mcg,/100 ml. reported by Braude .!!.t .!!• (8) . 

Tbs average value of 3, 17 mog,/al. for milk fro111 both experillents on the 

55th day of lactation is also in duagrenent with the value for milk 

rep0rted by Braooe !1 ..!!• (8) llS 46 aog./100 ml. 

In an effort to resolve the differences in tbe riboflavin valU8s 

for oolo•tl'Ull and milk reported by Braude ,!! ..!!• {8) and those obtained in 

this stud;y, eigbt eamplee of' Jdlk from the fall eicp&rillent were analy1•d 

ohelllioallY after five 1110nths in storage to verify the ra11ult11 obtained by 
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the microbiological .et.hod. A IIIOdU'ied Conner •111d St .raub (1•) procedure 

for the chelllicel dets=ination of riboflavin was used. .ln average ot 2. 19 

mcg. /1111 . was obtainad for the eight aamplea frQ!! the 5th, 15th, and 55th day 

po•t part\111. ThiB value compares with the a-vera11e for all milk ea11Ple• of 

the 5th, 15th, and 55th day ot lactation ot 2.64 mcg./al. obtained by the 

microbiological procedure used in this stud:,. 

Further verification of tbe validit7 of the results obtained b7 th• 

llicrobiological prooedure was shown by the agreeMnt of the riboflavin 

levels in cowa I coloetr1111 of 5.4 microg1'1!J18 per Ill. with that report9d by 

LUIICD (17) ot 5.7 micrograu per ml. and the value of 6.1 aicrograu per 

ml. found by Pearson and Darnell (19). The vallllt for cow ailk ot 1.8 

microgra.. per 111. obtained b:, the miorobiological procedure alllO agreee with 

the level report.ed b:, Pearson and Darnell (19) ot 1.'17 aicrogr&ll8 per ml. 

Braude et li• (8) reported that tbe ascorbic acid or aow•a coloatria 

wsa little affected b:, axpoallr$ to light and attributed this pheno .. n& to 

a fll7 low ratio in aa,,•a oolo11t.rua of ribot'lavin to aaoorbic acid. He 

found that colostrllJI to which riboflavin was added at the rate of 200 

acg./100 Ill. l08t its ascorbic acid in the characteriirtio wa:, on e%po8UN 

to light • 

.t.n aperi.nt wee mde 1D an atte11Pt to duplicate thees tindingll ot 

Braud•, The reeulta ot t.b1JI sxperi.Mnt are ginn in Table 11 . Examination 

ot this data re'N8l8 that the ascorbic acid waa photo laible whether or 

not aacorbic acid, ribotlavin, or both aeoorbic acid and riboflavin were 

added to th• .Uk. No 1Dcreased destruction ot aeeorbic acid was obtained 

when ribofla'rin ne added to the aillt at the level ot 100 IICg./100 Ill. 

The raot that nine ooloatr1111 is much richer then the .Uk in riboflavin 

is in accord with the ob .. rntions on the cow and ewe ginn b:r Pearson and 

Darn•ll (19). Oowe• coloatr\111 contains more tlan three times a• lluch 

riboflavin aa does the ailk, while in the e&se of tb• ewe tbs difference 



TebJ.e 11 

THE EFFECT OF RIBOFLAVIN ON THE PHOTO-DESTRUCTION OF AScoqBIC AClT: 

-------..---·--·--· Adiuncts 12er 100 ml. Ascorbic Acid 

Experiment. Treatment. Asco:'.'r.l5. ~ Acid R tboflevin A.ft.er Treat!'.lent 
Mg cf 

~------- .,.,..,..,.. ______ -----.. -·-----------·-- I- -----
1 Light None None 1.,52 

D;3rk None None 14/:? 

U.ght 100 mg .. None 89 .. .4. 

n,n•k 100 ID"" None 111~06 
:.:..• 

Light None 100 mcg .. 2.17 

DR.~k None 100 mcg. 15.,S 

Light 100 me- 100 mcp;. 59.9 
o• 

DA-rk 100 mi. 100 me~~ 110.,3 

2 Light None None 1.56 

Dark None None 13.7 

Light 50 mg. None .48"2 

D<i.rk 50 mg. None 67 .. 0 

Light None 100 mcg. 0.98 

D?..rk None 100 mcg. 13,,2 

Li ~~ht 'i(' rng_ 100 mcg. 26.,4 

Da~k 50 mg~ 100 mcg. 65-8 

--



spring experimen . 
The thiamin content 0f.' milk obtpj_ned from swine on the · · t 

was lower than thqt. cf colostrum. The �veT?.ge values obtained for thiamin

during the snr:i.ng lactation were: colostrum, o. 66 ; 5th dE.y, o. A2 ; 15th day,

0.,30; and 55th day, O ., L.1 mcg./ml. The variation in thiamin content of the

milk from th8 gilts on the spring experiment. follows the oattern reported by

Braud.a � al. (8) but the levels are lower tha.n his values fer colostrum

of tot�.l thiamin 96.,8 a. 7.8 mcg./100 ml .. ; free this.min ?0. 8 ;!; 7 .. 8 mcg./100 ml..:

and fer mEk of total thiamin 67. 7 ;t 1.8 mcg./100 ml .. ; free thiamin

14 .. 4 t 1.2 mcg./100 mJ .•

The weighted averagPs for the gilts and sows on the fall experiment,

as shown in Figure 2, followed a. reverse pa.ttern from those of the spring

experiment .. In this case, the mean value for colostrum, o.48 mcg./ml.,

was lower th�n the velue for milk. The thla.min content of the milk rose

from the 5th day, o. 71; 15th dsy, o.69, -t:.o a high of o,. S 5 mcg./ ml. for

the 55th day of lactBtion. No adequate explanation for these anomalous

results is at present forthcom:i.ng.

Luecke (17) found there was li.ttle difference in the thiamin content

of either swine colostrum, having a range of 0,.52 to 1.01 mcg./m�with 8

mean value of 0,.86, or beef colostrum withe range of Oo 64 to 1,.00 mcg./ml.

and a mean 179.lue of 0.,85 mcg .. /ml. However, the coJ_ostrum of dairy cows

contains a range of 0,.90 to 2. 70 mcg./ml with a me�m value of 1,. 22 :mcg./ml.

Th:ts is ''tbout 30 per cent more thi9.min than his reported va.lue for swine

colostrum(' 

Thi.!'lmin -·---
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Nicotinic Acid -·----... , �--. 

As in the case of thia.rrdn, the nicotinic q c:i.d values for the milk

obtained. dur-1.ng the spring J.gct.:=,tion were lower than thosr:. obtained from

the swine on the fall J.octetion. The mt)S.D y,:il_nes for t}ce 19 Hampshire gilts

on the spring 18.ctetion wE:re: colostrUII:, 1,.60; 5th day, 2. ?); 15th da;v, (� 1?;

and 5�th d0 y, /.,.65 mcg .. /ml. The weipht.ed e.verages for the fell bctation

were: colostrum, 1.74; 5th day, 5.57; 15th day, 8072; e.nd 55th day, 9. 6o 

mcg./rnl. These results are presented zraphics1ly in Figure 3 .. 

The ra.tions received by the swine on t:he two exneriments were so nearly 

identical ths.t this does not ,o,r,p 1,H'lr to be an adequate explangtion for this 

striking var.ie.tion .. 

The wide variance between the results for th�, snring and fall lactations 

pointed to a possible error in analysis. Samples from beth lactations had 

been ureserved in a frozen state .. Represen-J:.9tive samples from both e:xperi-

ments were ana.lyzed egi:.iJ.n and the results agreec with those originally 

obtained., 

As a further check of the accuracy of the microbiological procedure 

employed for the nicotinic a.cid determinations, Jersey cow colostrum and 

milk were an/'!_lyzed. The vs.lue of 1.0 mcg./ml. obtained for Jersey cow 

colostrum is in close agreement ;:i th the value renorted by Luecke ( 17) 

o.61 to 1 .. 70 mcg./ml. with R_ me?.n vaJue of 0.,?:7 mcg./ml .. 

The work of Luecke (17) is the only publication on the nicotinic acid 

content of swine colostrum, and no data. are aV11ila.ble on the level of this 

vitamin in the milk., He renorted on the nicotinic acid content of the

colostrum of six swine and obte ined a. range of 1. 1 4 to 1.85 mcg./ml. with

1 f 1 '3 mcg 1ml This value a/:"'ees favorablir with the resuJ_tsa mean va_ue o ,,,.._ . ._: .. 1=,.1. ., 

of this study. The average values for both the spring and fall lactations

fo, nicotinic acid were: colostrum, 1.67; 5th day, 4. 26 ; 15th day, 6.46;





and 55th day, 7 0?6 mcg./ml. 

Swine colostrum :ts merkedl�r h1 gher in nicotinic gcid tbm either th�,

cen1.c till! e"(", resnect:tvely, than content of swine co102.trum is 150 to 68 per ,_ · · h 

ths:t found in thei colostrum of the beef cow or the d,dry cow.

Pant.othenic Acid 
--· _____ _,,, -·· ..... -

The varia.t.ion :In thEl pantothenk acid content nf swine milk obt<iined

on th.El ht, :,,th, 15th, a.nd 55th d!'ly of 1,,,cf..,tfon from thr: �.nimeJ.� on the

du,:-ing J.�ct.,,t.ti)n in -.; ;n;_nne!' s1.milA.r to ni�ot.:ini·� 3.Cid. The mean v<J.luen 

for a11 samp1.es were: 5th day, 1 ,. 81: 15th day, 2 .. 7f3; and 55th day, 5./>g 

mcu. 1ml. 

'!'he a"rnrage values for tiantothenic acid in swine milk throaghout 

lactation for the =mimals on the spring experiment we7-9e: colostrum, 1 _ !)2; 

5th da.y, 1. 74; 15th day 1 2. 39; and 55th dey, 5., 1'.) mcg./ml. The wei:1ht9d 

averages of the n�nt.otheni� Acid content cf the milk of the gilts and 

sows on t'be f<:!ll ex';e.,.:ment were: colostrum, o ... �6; 5th da:r, 1.99; 15th da.:r, 

Infcrm,'\tion 5 '\yy.;;.t tl-w �<:ntothenic 3,ci.d content of sows' colnstrum 13.nd 

m:ilk is very sc.0,.:1.ty. ThB only publication referring to thP- ;ia.ntothenic 

acl,i content of swfoe milk is th�.t of Luecke (17) in which he :reT)orted on 

the vit13.m1-ns in the colostrum of the dairy cow, beef cow, and swir1e,. As 

a -:--esult of the analysis of colostrum obtai...'1ed from six swine, he reported

a range in the pa.ntothenic::: s.cid content of o .. 6o to 1070 mcg./rrJ". with a

me1J.n v•:3}:1e oi' 1.05 rocg./ml. This is in agreement with the results for

dairy or beef ~ow co1o::tr-um. Luecke ( 17} renc·~tp,f thet the nicot.inic ~.dd 

Unltke 





colostrur:1 obtr:i.i'.'led in thi::; stud,sr. ThA s2rrr-.' <cuthor ( 1'7) found both. bP-1f 

... __ -� .,:,., ,;,h�.,.,e co._os,,ru�n,ann dg_iry__ cow colostrums cont� i.n more o. antotheni� <>c:i.,'1 th :n .., .,.:,_. 1 + 

a.pproximateJ.y 63 �.nd 95 per cent :-especti vely. On th-3 bfi sis of th A analysis

of col-:::strmn. from 1,4. Jr:n�sey cows, he rep(l'd,ed 9. mean ve.lue of 2.08 mcg./mJ.. 

Results obts ined in th5.s st·_1dy, v1hen se1nn1es ,:if Jersey cow cc "'..·:-istrur.:i r-in.1 

we,�8 '.1 r <:ilose ".lgreom,snt with those obtainer! by :.,uecke.. The pantothenic 

e:�id content of Je:i..�sey co".'I' colostrur,1 was fou.rid to be 2.,0 mcg./ml., 

The vit1J.min A Je•,rnl 0f' sows' milk in changix1g from colostrum to mHk 

foJ.lowed the si:im,-=i l!P-ne:".'0 l t:r-enJ 11s in other species, namely, decreasii."lg 

mcg./1no mJ.. wh:i..1.'" the V(:i.lues for milk were: 5th day, 33 .. 03; 15th de.•r, 

21.29; �nd 5'ith daY, 19.65 mcg .. /10C ml .. 

vrns higher than the value of the spring farrowing, 117 .'3 mcg./100 ml .. 

This i;i of interest, because thR swine in the fall e:x:p8riment received 

crude C8rotene concentre,te 9.t the lev-el of 6,000 I. TJ. per. pound of feed,, 

However, for milk the dif'fe;1·,=:mces found between the spring values of: 

5th day, 38.'20; 15th dt:!y, 23.3; 2nd 55th d�i:T, 1,'i.. 1 mcg./100 ml .. and the 

fqll ve.lues of: 5tt '1"7, 27.74; 15th day, 20.50; snd 55th de.y, 21,. 24 

rncp./100 ml. e.re not bAlieved to be significant. 

The res�1lts of the vitremb A deterr.-,_inati-::;ns of the colostrum and milk 

of t'hP. 35 experimentaJ_ swine e.:':'8 given in Figure 5. The aver9.ge vitAmin A

content of the milk throughout la.eta tion of the 16 gilts on the spri:!'l.g

ex;:ieriment, the 1.4- gilts on the fall experiment, end the 5 sows in thRir

second la.ctation period on the fs.11 experiment all closely follow the

same pattern. 

f13irly rapidlv. ThP rn",rm v).~. 0,miu A content of thP col_ost!"u:m. w~.s 139.>3 





The level of' vit.i;m::_r:. A. ln swine co1o:;trum ws.s only 1� to S t:im,::i::1 :JJ

hic,zh az in n.or .. r,-.,,,, .. ,l m· .. 1.1 1.�, ... 'T'i,i-- ohQe>=•·�+-i·on -cr,,.,,e- '"1·t·r· +'n- �.�. · .... " . - -· - ·- -·'··'"' ���• Ve,, v. �l,� � ;;, n J J " •. ati .<. ,:c)U°('lo3 0.1: 

Brande et a1. ( 8) and Bowl�.nd (4) ( 5). Swine colost:i:·um is much d:iff8rent

from the co 1.·1strur1 of c?.ttle 1 where the concentra t:ion of v:i.t"lmin A is 20

Hansen et s.l.. ( 13) • 

!J) 

The average �sco:-bi� acid content of swine colcstrum, 19.-3 mg./100 ml�, 

is hi�he.,.. t!-J.?.n the.t of m5Jk: 5tb r1�.y, 14..19; 15th day, 10,.68; and 55th day, 

11 •. f.1 mg./100 mL A.CJ jn the c:1se of v:i_+,gmin A, th� �scorbic <!.Ci:". v3.L1es 

for the mJlk obt.01ine0 from the s;:;ring ?-Yld fall J.actritions followed the 

s"mi:, pattern.. The ,, s�orbi.c g cid level in changing fT·om colost.:run to m:Uk 

d8c·r-eased rapidly from the ht to the 15th day and then remabed fairly 

constant from thB 15th to the 55th day postpartum. 

The aver.:ige 1r3lues fm� 9,;;corbic acid in swine milk throughout the 

spring lactetion were: cobsb·um, 19.6; 5+:h day, 12.19; 15th :l.ay 1 10.,5; 

�nd 155th day, 9 ,, 31 mg./1:10 m.l .. The weighted averages for the ascorbic 

acid content of t},� miJ.k ohtg ine0 from the gilts end sows du!'ing th9 fall 

h.ctqtion were: colostrutr., 13.93; 5th d'3.y, 1t�.35; 15th d'3.:r, 10� 66 ; and 

55th do..:.r, 11 .r.1 mg ./100 ml ., The values for gscorbic acid obtained from the 

spring e:1d fall J.qcbt,i.ons eTe plot+.ed in Figure 6. 

Swine milk cont'-l ins g rel2t:tveiy high concentrs.tion of as�orbic ?Cid., 

It is of intec"es�- th�t the escorbic acif contimta o:f the colostrum and milk

0f the swine are much bi�he� than the valuAs for thB cow s.nd e','i"e. Sows 1 

milk cont�dns an average of 11.41 mg,./1'.JO ml. as comp:?red with 2 to 2.5

mg./100 ml. for cows 1 milk (16) 9.nd o.B mg .. /1'.)0 ml., for ewes' milk (20) ..

times that of normgl milk,. as reported by Stmmrt and McCallum {25) and 
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r]_. h·Y"1 �vin tl· � .,,-, 1in n1· ,.,.,+ ' - .: c c · ' · '·'- •-'··"- 1 ·,'...!.,., ., vv•,,UI.L , CJ .1.C, 

� fter :!.ntravenou.s in.Jec7.:!_or1 of "9itocin 0 

Th,3 aver�,re valucis for 0.ll s9mpl2s of colostrwm were: ribof'J,,vtn 

aci� 19.3 mg./1JO ml. 

v1ere: ribof1f:v1n ? � 17 mc,?./nl.; t.hiamin 0 ., 66 mcg./m..1.; nkot: in:t.c acid 

? �76 me:"' ./mJ..; pantothenic acid 5.,6g mcg ./ml .. ; vitBm!.n A 19 ., 65 mcg .. /100 ml .. j 

a.no 9.snorbl·'.'! aci-:l 1 "1 .,4.1 mg: ., /100 ml ., 

Swin'3 colostrum and milk h'3<:l ''i mucr grPg_ter. ascorbic; acir3 cont�nt 

thsn that of the cow and ewe. Swine colostrum was :1.lso higher in nicot::i.ntc 

ac:i.<l '3nd vitamin A th<1!.1 bovine colostrum. Swine milk had e. greater con-

centr"lt.ion of riboflavin, thiamin, nicotinic e.cid, and 9.scorbic �cid than 

bovine milk. 

No m9.rked breed differences were found in tha vit'3min conten� of 

colost�illll 'lnd milk. Differences in vitamin content reL?ted to rstj_ons fed 

were not observed. 

Stm~ ies wer,~ ms.dP of the 

pantothenlc i,;cid, vit,1min A, and escorb:l.c scict con+,Pfft. oP the col:i,1trurr 

l 7,:, me,.., /ml • +},,,:;rr1in (' ~.L. m'""·' /,n1 • n1,.,o+.;_.,;,.. -iO:_J ',:..• ...... ., ·.J,_...,'",.t ,l ~ ....•• .....,.·e.c•··-·-"'"" -'-·4·, ..... _~J..--.,...,. 
"...) , ~· ,, I-
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