
iif

I!

V

G

J

I

iI

II

11

0

Al

r I IF
.

` t -U s n

'i

Vitamin A Potency
4 Cquyan /2a&"

Paul H. Weswig

J. R. Haag

Ruth Simmons

Technical Bulletin 17

December 1949

Agricultural Experiment Station

Oregon State College, Corvallis



0 0 0 0
0 0 0

Z
1 o

0
0

0
0

0 I

>

/
/

—
 —

—

SEASONAL VARIATION I N

VITAMIN A POTENCY OF OREGON BUTTER

UNITS

20000

19000

Entire State

------- Coastal Region

- -- Willamette Valley

Eastern Oregon

16000

15000

14000

13000

12000

10/20/48

Feb Mar Apr May June July Aug Sept Oct Nov Dec Jan Feb
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By
PAUL H. WESwiG, Associate Biochemist

J. R. HAAG, Chemist
RUTH H. SIMMONS, Research Assistant

The importance of butter as a source of vitamin A in the diet
has been recognized by nutritionists for many years. It was not until
1941, however, that a nation-wide survey was initiated to study the
vitamin A potency of butter produced and marketed at different sea-
sons of the year.' 9 The Agricultural Experiment Station of Oregon
State College was one of the twenty stations cooperating in this study.

Results published to date indicate that there is a distinct dif-
ference between butter produced under winter feeding conditions and
that produced under late spring and summer feeding conditions. This
difference was found to exist in Oregon.

Because butter supplies approximately 15 per cent of the daily
vitamin A requirements, this comprehensive study of the seasonal
variation of vitamin A potency of Oregon butter was undertaken.
This study reflects seasonal as well as regional feeding practices since
these practices definitely are related to the concentration of this vita-
min in milk or butterfat.

Materials and Methods
Samples of butter which were mailed into the laboratory were

placed in cold storage on receipt. The samples, obtained from local
creameries, were either refrigerated or analyzed immediately. Butter
samples were received from creameries located in 13 selected coun-
ties : Baker, Benton, Clatsop, Columbia, Coos, Deschutes, Jackson,
Klamath, Lane, Umatilla, Union, Wallowa, and Yamhill. The dis-
tribution of these counties is considered to be representative of butter
produced in the state. Carotene and vitamin A were determined on
approximately 225 samples of butter.

Analyses were made in accordance with the method as recom-
mended by the Technical Committee on Vitamin A Researches. 9

This method is a modification of the Koehn and Sherman2 procedure
used in analyzing cod-liver oil. Separation of carotene from other
pigments in butter was done by washing its solution in Skelly-solve B

Literature cited on page 12
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with 92 per cent methyl alcohol. The colorimetric equipment con-
sisted of a Coleman Universal Spectrophotometer, model 11. Iden-
tical samples as analyzed in this laboratory and other laboratories'
were generally in close agreement. While some butter samples were
kept in storage for a short time before analysis this should not affect
the vitamin A potency of the butter3.

Data and Results
A summary of the results in International Units (I.U.) per

pound of butter is shown in Table 1. This table includes the over-
all state average as well as the averages for the three naturally defined
sections of the state-the coastal region, the valley region, and the
region east of the mountains. The carotene and vitamin A content of
the butter in micrograms per gram of fat may be found in the appen-
dix. One I.U. of vitamin A was calculated to be equivalent to Of
microgram of carotene or 0.25 microgram of vitamin A. Corrections
in the analysis of vitamin A were made on the basis that only 93 per
cent of the vitamin was recovered.' 9 Butter was calculated on the
basis of 81 per cent butterfat. This latter figure is an average of a
number of samples of butter as analyzed for butterfat in this lab-
oratory.

Examination of the data in Table 1 reveals that the state at large
has the least vitamin A in butter during February. However, this
value is of the same order as those found in the months December
through March, which may be considered the winter season. In

Table 1. VITAMIN A POTENCY IN OREGON BUTTER*

International units of vitamin A per pound

Production period
State I

average I

Coastal I

average I

Valley
average

Eastern
average

January 12,180 15,515 11,055 11,915
February 11,800 12,950 10,970 12,495
March 12,480 18,095 12,560 11,730
April 15,050 17,740 16,270 12,760
May 17,840 19,645 18,555 15,775
June ------- 18,265 20,360 16,495 19,225
July ______ 17,035 16,715 17,230 16,980
August .. 16,555 16,955 16,410 16,560
September 16,475 17,755 15,745 16,870
October . 16,170 17,990 15,715 16,080
November ------------------------------------------ 14,330 18,275 13,380 14,120
December ... 13,145 16,305 12,805 13,050

*Corrected for loss of vitamin A during analysis.



1,

Ln.

IR N

II

fF

It

h

low ration* ----------------------------------
.... ...........................................-------------

L

II

oy

ti

E

n
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eastern Oregon this period extends from December through April.
This is not suprising because the winter season is more severe in that
section of the state.

The highest concentration of vitamin A is to be found in butter
produced in May, June, and July. In the Willamette Valley, the
maximum appears to be in May while it is June in the other two
sections of the state. The over-all state average indicates that June
butter contains the most vitamin A, but this is not necessarily true
for butter produced in the valley region. Following this peak period
in the amount of vitamin A there is a general decline which reaches
its low during the winter season.

For the consumer it is nutritionally advantageous that more
butter is produced during the late spring and summer when the butter
contains a higher vitamin A potency than in the winter season. In
fact, more than 67 per cent of the butter produced in Oregon is made
during the period April through October when the vitamin A potency
of the butter is well over 15,000 I.U. per pound.' The rapid increase
in vitamin A potency of the butter from the February level to the
high level of May or June is, of course, directly related to the carotene
consumption by the cow or to changes from winter feedstuffs low in
carotene to lush pastures very rich in carotene. Tables 2 and 3 also
illustrate this same principle.

At the same time this investigation on butter was being con-
ducted, a separate study was being made on blood carotene of dairy
cattle. A sample of cream was obtained from each of two groups
of dairy cattle on this experiment. These samples were churned into
butter and the butter was analyzed for its vitamin A potency: Table
2 shows the results.

Table 2. COMPARISON OF BUTTER OBTAINED FROM HOLSTEIN CATTLE
ON EXPERIMENTAL RATIONS

November 1944

International units
per gram of butter Inter-

national
Cor- units

rected per
vitamin pound

Type of experimental ration Carotene I A of butter
Vitamin A 1.67 9.20 4,803
Alfalfat .. 5.50 32 77 16,212

Bleached oats and vetch hay, grain mix (less than 5 ppm carotene).
t Alfalfa hay, grade U. S. No. 1.
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The difference between these two samples of butter is obvious.
Those cattle receiving the alfalfa hay were consuming large quan-
tities of carotene and were, in turn, producing milk which had a
high vitamin A potency. The other group received a vitamin A low
ration and produced very little vitamin A in their milk. It is to be
noted, too, that this high value for butter was obtained in November,
which is usually considered to be a winter month with a lower vitamin
A potency of the milk produced. If feedstuffs rich in carotene are
fed, however, the vitamin A potency of the milk will remain at a
high level.

Possibly an even more striking example of the speed with which
a dairy cow is able to consume and transfer carotene to the milk is
illustrated in Table 3.

Table 3 COMPARISON OF BUTTER OBTAINED ON EXPERIMENTAL RATIONS
FOLLOWED BY PASTURE FEEDING

Micograms per
gram of fat

Inter-
national

units
er

Type of ration Date Carotene
Vitamin

A

p
pound

of butter

Experimental ration* ____. April 28 1.11 5.90 10,015
Pasture feedingt --------------------------------- May 16 5 76 12.34 23,045

Ration consisted of beet pulp, grain mix, and poor quality oats and vetch hay.
t Same cows on pasture for 18 days

These results were obtained from the same dairy cattle while
they were on experimental rations and 18 days later when they had
been put on pasture. Butter was made from the cream obtained on
the dates indicated in the table and was analyzed for vitamin A
potency. More than double the amount of vitamin A potency was
found in the butter after the dairy cattle had been on pasture for 18
days. This reemphasises that increased carotene consumption results
in the production of a higher vitamin A potency in butter.

The monthly variation in vitamin A potency of butter produced
at a valley creamery for a four-year period is shown in, Table 4.

These results tend to follow the general pattern of the results
listed in Table 1. In 1945, the lowest vitamin A potency was pro-
duced in February. In 1946 and 1947 the lowest potency was in
January. Without exception, the highest vitamin A potency butter
was produced in May, a month earlier than the average for the entire
state. This undoubtedly is a result of the different climatic condi-
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at the same time. Table 5 shows the results of this study.
The results in Table 5 do not show any marked difference in

vitamin A potency in this comparison. It appears, however, that
during the winter season the smaller herds producing fat for butter
receive slightly more green carotene-containing feed than do those
producing market milk. This is evidenced by more carotene and
vitamin A in creamer- butter during the period from November to
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Table 4 VITAMIN A POTENCY OF BUTTER OBTAINED FROM A
VALLEY CREAMERY

1944-47

International units per pound

Production period 1944 1945 1947

January 13,697 10,138 9,384
February 10,737 10,787 10,460
March 12,844 11,750
April 18,414 14,791 17,747
May 21,229 20,580 17,020 19,286
June ----------- --------------------------------- 15,609 17,951
July 18,491 15,790
August _- 16,330 16,230 17,602
September 14,315 16,843 14,333 17,007
October 15,223 16,893 14,460 16,190
November 14,855 13,511 14,651
December 14,119 12,757 12,698 11,954

tions affecting pastures in the valley. Note that January butters may
vary from 9,384 I. U. to 13,697 I. U. per pound. The February
butters, on the other hand, were quite constant in their vitamin A
potency. Months which show the greatest variation are January (40
per cent), April (25 per cent), May (25 per cent), September (19
per cent), and December (18 per cent).

Another study compared the vitamin A potency of milk fat
entering into the local market-milk supply with that entering into
butter channels at a local creamery. The milk-fat samples were
obtained each month by purchasing a representative number of
quarts of grade A pasteurized milk bottled by five local dairies. The
cream was separated, composited, and churned into butter for
analysis. A creamery-butter sample for comparison was obtained

March.
During the pasture season from May to October the market-

milk herds appear to have an advantage.
From the data obtained in the market-milk survey in Table 5,

it is possible to calculate the vitamin potency per quart of 4 per cent
grade A pasteurized milk as used in that study. These results are
shown in Table 6.
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Table 5. COMPARISON OF VITAMIN A POTENCY OF MILK FAT ENTERING
MARKET MILK AND ENTERING BUTTER CHANNELS

Micrograms of
carotene per gram

of butterfat

International units
of vitamin A per
pound of butter

Production
period milk

I
butter

Market I ery Market
milk

Cream-
ery

butter

January 2.68 2.82 4.16 4.84 8,222 9,384
February 315 4.13 4.83 5.22 9,570 10,787
March 4.67 5.34 5.70 6.05 11,877 12,844
April 8.41 8.90 5.84 5.90 14,392 14,791

May .. 12.28 11.10 7.00 6 46 18,600 17,020
June ------------ --- 8 69 10.13 6.04 5.94 14,882 15,609
July --- ------------ 10 04 806 7.14 6.86 17,447 15,790

August ------------ 10.62 8.78 7.12 6.84 17,770 16,203

September ------ 8.66 6.30 7 36 6.62 16,952 14,333

October .--.--.--- 8.58 728 6.82 6.32 16,044 14,460

November .----- 4 92 7.28 5.52 5.72 11,745 13,511

December ...... 3.68 5.70 4 98 5.82 10,133 12,697

Table 6. INTERNATIONAL UNITS OF VITAMIN A PER QUART OF 4 PER CENT
MILK

International Per cent

Production period

units
vitamin A
per quart

contributed
by vitamin A

alone

January 846 80.0
February 895 79.8

March ------------------------------------------------- ---------------------- 1,222 75.9

April -- ------------------------------------- 1,481 64.2
May ------------------------ ------------------------------ 1,914 59.5
June -------------------------------------------------------------------------- 1,531 64.2
July 1,795 64.7
August -- ------------------------------ ------- 1,828 63.4
September ---------------------------------------- ---------- 1,744 68.7
October ------------------_---------- ------------------------------------------- 1,651 67.2

November .. .------ ---------------------------- 1,209 74.3

December ------------------------------------------------------ 1,042 77.7

Average
*Or 1,006 international units

Table 6 shows that the vitamin A potency per quart of milk will
vary from 846 I. U. in January to 1,914 I. U. in May. The average
potency per quart for the year is 1,437 I. U. of vitamin A. There-
fore, one quart will supply an average of almost 30 per cent of the
daily requirement for this essential vitamin. Some evidence indicates



9

geographically. Vvashington is very similar to Oregon.
Table 4 illustrates the monthly variation of butter sample'

gathered over a four-year period from a single creamery. While the
vitamin A potency of the butter produced at this particular creamery
is generally similar to that of the state as a whole, there is consid-
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that vitamin A in milk is more efficiently utilized by the body than
in carotene. Consequently, it was thought interesting to calculate the
amount of vitamin A potency supplied by vitamin A per se. This
was found to vary from 80 per cent of the total vitamin A potency
in January to about 60 per cent in May. The yearly average is 70
per cent or approximately 1,000 I. U. of true vitamin A per quart
of milk for this particular market milk supply.

Discussion

It may be seen from Table 1 that there is a distinct difference
between the vitamin A potency of butter produced under winter and
summer feeding conditions. This has been found to be true in all
the other states reporting on the vitamin A potency of butter, with
the one exception of Arizona.5 Temperate climatic conditions and
irrigation in Arizona make it possible to provide pastures and green
feeds throughout the year. Consequently, there is little variation in
the vitamin A potency of the resulting butter. Washington6, Idaho',
and California", have all reported differences in summer- and winter-
produced butter.

In Washington' it was found that butter produced in the western
part of the state had a higher average than butter produced in the
eastern dry-farming area. The summer and fall seasons showed the
greatest difference because the pastures at that time of the year along
the coast are better than the dry-farming areas. Oregon results tend
to corroborate Washington's data when the average values obtained
from butter from coastal creameries are compared with data from
the remainder of the state (Table 1). This is to be expected since,

erable variation from year to year. Consequently, results of a gen-
eral butter survey with respect to this vitamin may be misleading if
the survey is conducted during a year when climatic conditions are
very favorable for producing feedstuffs rich in carotene. A follow-
ing year with less favorable climatic conditions might produce butter
with a lower vitamin A potency.

One of the best natural sources for vitamin A in the human diet
is milk. It has been estimated that the average per capita consump-
tion of milk in one form or another is 1.052 quarts per day. This
amount of milk according to Table 6 would supply over 1,500 I. U.
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of vitamin A per day, which is about one-third of the daily vitamin
A requirement for adults, according to recommendations by the
Food and Nutrition Board of the National Research Council.

Tables 2 and 3 afford practical demonstration of the fact which
has been previously established by many investigators-that the
vitamin A potency of milk fat is dependent on the carotene content of
the ration of the dairy cow. The wide variations shown in Tables
1 and 4 thus reflect seasonal feeding practices and are, therefore, a
measure of the need for improvement in year-round feeding practices.

The vitamin A potency of the milk fat may be increased by a
number of different methods. Any condition which increases the
lushness of pastures will tend to increase the carotene content and
thereby increase carotene consumption by the dairy cow., Properly
cured hays which retain their green color are rich in carotene; those
hays which have lost their green color may be very poor sources.
Alfalfa hay, for example, may be a rich source of carotene, or a
worthless one, depending on how it was made. Silages properly
made lose very little carotene during storage. In this case, it is to be
remembered that the carotene content of the silage is dependent on
the carotene content of the crop when harvested and ensiled.

It is not improbable that when the ration is low in carotene
other essential nutrients may also be inadequate for the optimum
well-being of the animals. Thus, for Oregon during the winter
when the carotene content of the ration is low-as indicated by a
low vitamin A potency of the butter produced-it may be that dairy
cattle are actually receiving an inadequate ration.

Summary

1. The vitamin A potency of Oregon butter ranges from an
average of 11,800 I. U. per pound of 81 per cent butter in February
to over 18,000 I. U. in June.

2. Data presented indicate increased vitamin A potency of milk
fat when dairy cows are fed feedstuffs rich in carotene after being
on experimental rations low in carotene.

3. There was no marked difference in the vitamin A potency
of milk entering the local market-milk and butter channels.

4. Data indicating monthly variations in the vitamin A potency
of butter produced at a local creamery are given for a four-year
period, 1944-1947.

5. The average monthly vitamin A potency of local grade A
pasteurized milk (4 per cent butterfat) is 1,440 I. U. per quart.
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APPENDIX

VITAMIN A IN OREGON BUTTER

onth
umber of
samples

Micrograms
of

carotene
per gram

of fat

Micrograms
of

vitamin A
per gram

of fat

International
units per

pound
of butter

3 6 86 7.15 15,515
1 5 18 6 18 12,950
1 7.54 8 52 18,095
2 9.56 7.51 17,740
1 1156 7.94 19,645
6 12.13 8.17 20,360
4 9.02 7.07 16,715
3 8.49 7.43 16,955
3 8.89 7.78 17,755
2 9 71 7.61 17,990
2 9 22 7 98 18,275
1 7 72 7 72 16,305

Valley
January ------ 7 4 69 5.17 11,055
February .._ 9 3.78 5 47 10,970
March ........ 5 5.73 5 72 12,560
April ---------- D 8.95 6.82 16,270
May ------ 9 12 39 6.93 18,555
June 12 10 22 6.47 16,495
July 8 917 7.34 17,230
August 9 8 82 6 96 16,410
September ---------- 9 7 80 6 93 15,745
October .............. 7 7.96 6.85 15,715
November ---------- 7 6.83 5.81 13,380
December ---------- 8 5 82 5 84 12,805

Eastern Oregon
January 8 4 96 5 61 11 915
February ------------ 9 4S4 6.14

,

12,495
March 8 4.25 5.77 11,730April ------------------ 5 5 34 6 00 12,760
May 4 10 82 5.78 15,775
June __.-------------- 9 11.34 7.76 19,225
July 5 9 07 7 22 16,980
August 10 851 7 17 16,560
September ------ 7 8 30 7.45 16,870
October ___--------- 5 749 726 16,080
November ---- ...___ 6 6 00 6 60 14,120
December ---------- 5 506 629 13,050
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