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GENERAL INTRODUCTION

Criteria presently used for establishing optimum nutrient intake for
ruminants are not adequate. In pregnant animals, changes in body weight havé
been used for measuring nutrient adequacy. However, the change in the weight
of the fetus confuses the interpretation of the change in weight of the
female., In nutritional studies where short-term effects are of interest, the
use of body weight, milk or wool production is often not satisfactory as a
measure of response. In order to demonstrate a response in these situations
it is necessary to establish criteria that can be accurately measured and are
closely associated with the metabolic ﬁrocesses wiﬁhin the body. Most
physiological processes involve transportation of metabolites by the blood.

An index of changes in types or rates of biochemical processes, as influenced
by nutrition or disease, may be obtained by measuring blood concentrations of
various metabolites.

Levels of nutrient intake are associated with variation in fat metabolism,
especially mobilization of depot fat during periods of low intake. Related to
this process are changes in blood levels of non-esterified fatty acids (NEFA),
ketone bodies and glucose. NEFA are released into plasma when adipose tissue
is mobilized to supply metabolic needs for energy. Although the quantity of
NEFA in ruminant blood is small, the turnover rate is high and therefore,
important in caloric hemeostasis. Physiological regulation of the release of
NEFA from adipose tissue has not been well_defined in ruminants.

Studies in sheep have indicated the possibility of using blood levels of
NEFA and ketone bodies as indicators for defining nutrient requirements for
pregnant ewes. Information on NEFA levels in cattle has been collected
primarily in conjunction with establishing relationships of NEFA, ketone
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bodies and glucose in the blood of ketotic cows or those on diets resulting
in the production of low-fat milk., Very little information is available on
these blood constituents in beef cattle. We are not aware of any published
reports on the plasma NEFA or blood ketones for defining nutritional status
in pregnant or lactating cattle.

We are alsoc not aware of published reports on studies relating blood
levels of NEFA or ketones to the nutritional status of growing sheep or
cattle. A few extensive literature reviews of NEFA and ketone bodies in the
blood as indicators of nutritional status in ruminants suggested that more
detailed information on the nutrient content of diets, including energy
levels, protein, mineral and vitamin contents will be required. It was further
suggested that the relationship of these constituents to blood glucose should
be considered,

Lactate metabolism in ruminants is complicated by the endogenous produc-
tion and that variable and undetermined amounts are absorbed from the
digestive tract. Endogenous lactate produced can be metabolized to glucose
in the liver and kidney via the Cori cycle. This does not, however, result
in a net increase in glucose production for the body as endogenous lactate
is derived from glucose. Unlike lactate involved in the Cori cycle, absorbed
lactate will furnish new glucose. |

There has been some work done on the metabolic interrelationships of
glucose and lactate iﬁ the blood of sheep and goats. There does not appear
to be any published attempts to correlate levels of blood lactate to those of
glucose, NEFA and ketone bodies in cattle under common feeding practices.

The objectives of this study, therefore, were:

(I) to determine plasma levels of glucose, (L(+)-lactate, and NEFA in:

(a) feedlot cattle - from start to finish,



(b) dairy cattle - from late pregnancy into early lactation,
(c) background-age calves* with respiratory disease;
(II) to relate blood levels of these metabolites to one another and to
correlate them with energy intake and any known physiological and/or

pathological conditions.

*
Background-age calves are weaned calves in their growing and preparatory
phase for feedlot fattening,
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" SUMMARY

Determinations of NEFA, glucose and L(+)-lactate on plasma samples
collected from 24 steers randomly selected from 180 animals on arrival into
the Kansas State University Feedldt, and when put on finishing ration trials,
which lasted for séven months, indicated that the effect of tramsportation
stress and excitement significantly elevated plasma NEFA and glucose concen-
trations,

Ration composition and switches had little or no effect on these plasma
constituents within animal ration groups. When put on increasingly carbohy-
drate-rich rations, however, gradual elevation of plasma glucose, decline in
plasma NEFA and L(+)-lactate levels with time, became highly significant
(P < 0,001). Correlation of glucose and NEFA was 0,973, and that of glucose
and L(+)-lactate, 0.915, for the means for all 24 steérs.

The determinations of the same plasma constituents for 17 background-age
calves arriving into a backgrounding feedlot with subsequent treatment for
respiratory disease showed fhat a fast-response group had significantly
higher plasma glucose levels (P = 0.05) than a slow-response group. FPlasma
NEFA levels were consistently higher and L(+)-lactate lower in slow- than in

fast-response group.
INTRODUCTION

The metabolic importance of plasma non-esterified fatty acids (NEFA) was
first recognized by Dole8 and Gordon and Cherkesl2 who showed that on fasting,
plasma NEFA concentrations rose, but oral administration of glucose depressed
NEFA levels. This observation suggested a relationship between the nutri-
tional state of human subjects and plasma NEFA levels, Since that time many
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workers have directed their attention to a possible use of plasma NEFA levels
as an indicator of the nutritional status of ruminants.

In sheep, plasma NEFA levels decreased after feeding, after glucose
administration and transiently after insulin was given.1 A 40% reduction of
the feed intake of fat non-pregnant sheep greatly elevated the plasma NEFA
level within one day, yet had no significant effect on blood glucose and
ketone bodies, Thus NEFA levels seemed to be a sensitive indicator of fat
mobilization during undernourishment in sheep.26 Russel EE.§£'27 suggested
that the usefulness of plasma NEFA and blood ketones as indicators of nutri-
tional status may vary with the degree of undernourishment.

The rise of NEFA concentration before feeding or fasting and the fall

20,23,26 tihan fad

after feeding have been investigated by several workers.
once a day, ruminants showed a characteristic diurnal fluctuation in NEFA
concentration due to alterations in fat mobilization reciprocal to absorption
of nutrients., Plasma concentrations of glucose and NEFA have been found to
be inversely proportional to each other.26 Annison,l however, found that in
fasting ewes, the blood glucose levels declined more slowly than NEFA
increased and he concluded that increase in NEFA was not directly due to
hypoglycemia, but may be the result of a shortage of short-chain fatty acids.
The type of ration and level of intake may markedly influence levels of
blood constituents. Carbohydrate content of the ration, when high, decreased

plasma NEFA.]"26

In Hereford cattle, plasma NEFA levels varied with
digestible energy intake and fell after a meal.l7 Plasma NEFA levels in
cattle on a high-grain ration did not increase with reduction in digestible
energy intake as they did on rations with less than 75% grain.l7 Blood

glucose also increased with high-grain intake.l7



Although plasma NEFA concentration has been regarded as a sensitive
indicator of fat mobilization during energy insufficlency, striking variatioms
in concentration unrelated to energy intake have been found. Excitement

21,23,30 nd in cattle.l” stressful

elevated plasma NEFA.levels in sheep
conditions30 and the administration of several hormones4 have been noted to
elevate plasma NEFA levels.,

All studies have been concerned with establishing relationships between
NEFA, ketone bodies and glucose in ovine and bovine ketosis, and recently17 in
grazing cattle. There does not appear to be any information available on
these blood constituents in beef cattle under feedlot conditions, where the
ultimate goal is to fatten these animals for slaughter in the shortest pos-
sible time. The high concentrate rations for finishing feedlot animals may

25438 o0

result in an increased rate of lactic acid production in.the rumen

this may result in lowering the rumen pH thus enhancing lactate absorption.29
This study was conducted to follow the trends of plasma NEFA, glucose and

L(+)-lactate in feedlot cattle from time of entering until finish, and in

background-age calves with some respiratory disease.
MATERIALS AND METHODS

Animals:

(i) Twenty-four yearling steers of various beef breeds, were randomly
selected from a population of 180 entering the Kansas State University
feedlot, The first blood sample was collected withiﬁ twenty-four hours of
their arrival into the feedlot. Subsequent blood samples were taken as the
steers were put on rations hhich grédually changed in composition from
high-roughage-low-concentrate to low-roughage-high-concentrate from entry to

finishing time. Blood samples were collected from July, 1973 to March, 1974.



Feeding:

From arrival until commencement of feeding trials, the steers were fed
hay supplemented with silage and grain.

Six groups of sﬁeers were put on rations which varied in composition
throughout the feeding trials. The animal in the same ration group, ration
number and composition, and the feeding schedule with ration switches are
presented in tables 1, 2, and 3.

Steers in groups 1, 2, and 3 together (I) were on (a) and 4, 5, and 6
(II) on (b) of rations 1-4 respectively, until a switch to ration 5 was made,
when the animals were rearranged into mew groups as shown in table 3 and
remained so until the end of the trial.

Until December 6, 1973, the average daily feed intake per head (D.M.
basis) was 8.46 kg and 8.63 kg for groups I and II respeétively. From
December 6th until the end of the study the average daily intake for both

groups was 9.98 kg per head.

TABLE 1

ANIMAL RATION GROUPS

RATION
CROUPS ANIMAL NUMBER
1 00 103 335 343 - .
1 2 111 119 - - - _—
3 127 143 303 311 319 327
4 219 227 o - - -
I1 5 203 235 243 403 411 -

6 211 419 427 435 443 —




TABLE 2

RATION COMPOSITION

RATION NUMBERS la  1b 2a 2b 3a 3b ha 4b Sa 5b
INGREDIENTS : PER CENT COMPOSITION (D.M. BASIS)
Sorghum silage 60 60 - - 55 55 30 30 20 20
Haylage - - 56,2 56,2 -- - - - —-— -
Milo (sorghum
grain) 35.5 29.6 43.8 37.3 20 16 - - - =
Corn (maize) —_ - - - 15 14 28 32 37.5  34.5
Corn flakes - -— - - - - 31.5 35.5 40 37
Cotton seed
meal - 5.9 =-- 6. 7.5 12.5 8 -— - -
Soybean meal - - e s — - -— - - 6
Supplements
(+ additives) 4;5 405 r—— —— 205 215 2.5 205 2-5 2.5
Crude protein 11 13 11 13 11.6 13.2 11.2 8.7 9 11
Gross energy
(mcal/g) NC NC NC NC NC NC NC NC 4.313 4.313
NC = not calculated
*
Supplement (+ additives) consisted of:
Rolled milo -- 69.4% Limestone --- 12.3% Trace mineral.-- 1.5%
Dicalcium P —- 4,.8% Salt —=——=ne- 7.2% Soybean meal --- 1.0%
Dyna K ~=——=—- 2.5%  Aureomycin -- 1.4%
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TABLE 3

RATION SCHEDULE AND RATION SWITCHES

| BRI smme o o

8/23/73-9/10/73 8/23/73 2 la 1, 2, and 3

1b 4, 5, and 6
9/10/73-10/5/73 10/4/73 3 2a 1, 2, and 3

2b 4, 5, and 6
10/5/73-12/8/73 11/15/73 4 3a 1, 2, and 3

3b 4, 5, and 6
12/8/73-1/3/74 . - - ba 1, 2, and 3

4b 4, 5, and 6
1/3/74-1/24/74 1/24/74 5 56 1 gnd 4

5b 2,3, 5, and 6
1/24/74-3/7/74 3/7/74 6 S 1, 2, &, and 5

: 5b 3 and 6

*
First sampling collected July 23 and 30, 1973.

Fok
Steer no. 235 was added to those on 5b ration.

(ii) Background-age calves entering the Caley Cattle Company feedlot
and either showing clinical signs of respiratory disease or elevated body
temperatures were isolated and kept indoors and treated daily with antibioties,
sulfonamides and supportive therapy. Rumen stimulants and supporting gruels
were administered by rumen infusion to calves not eating or ruminating well.
Treatments were continued until the body temperature had stabilized at normal
for two days and calves had started to eat properly, at which time they were
turned out into the feedlotf

Calves were fed 1.36 kg - 1.81 kg prairie hay per head daily

1,36 kg alfalfa hay per head daily



i1

and 0.45 kg of concentrate initially and gradually
increased to 1.36 kg per head dally until the end of
the study.

Blood samples were céllected daily from animals undergoing treatment between

December 20, 1973, and January 6, 1974,

Blood preservation:

Twenty-five ml of blood was collected from each animal by jugular
venepuncture, into a 50 ml plastic centrifuge tube containing about 0.04-gm
of a mixture of etylene-diamine-tetra-acetic acid (EDTA) and sodium fluoride
in a ratio of 9:1 (as anticoagulant and preservative, respectively). Each
tuﬁe was covered with a piece of Parafilm* and the blood and anticoagulant
mixed. Plasma samples were obtained by centrifuging the blood at 4000 x g at
4°C for fifteen minutes in a Sorvall centrifuge.** Centrifugation was com-
pleted within one to two hours after collection. Plasma was pipetted off

into polyethane tubes and was immediately frozen at -20°C until analyzed.

Analytical Methods:

All determinations were made using plasma. Whole blood glucose levels
are subject to many variétions. Ruminant erythrocytes do not contain an
appreciable amount of glucose and the number in circulation can be rapidly
altered by their release from the spleen caused by mild excitement or stress.
This causes fluctuations in blood glucose levels, Plasma was used for the
determination of glucose levels in this study in order to minimize these

fluctuations.

*
Parafilm "M", American Can Company, Marathon Products, Neenah, Wisconsin.

*k
Ivan Sorvall Inc., Norwalk, Connecticut.
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(1) Glucose was determined by the glucose oxidase (Sigma* G-6125 type
I1I1), peroxidase (Sigma P-8125 type I), and o-dianisidine method as described
by Krebs et 2;.19 and modified by Chapman;6

(i1) Non-esterified fatty acids (NEFA) were determined by the method
described by Falholt et al.'® and

(iii) L(+)-lactate was measured using lactic dehydrogenase (LDH) (Sigma

L-2625 Type III), by the method of Hohorst16 as modified by Chapman.6
RESULTS

(i) Feedlot Cattle:

The means for plasma gluéose, L{(+)-lactate and NEFA levels for animal
ration groups on ration changes are presented in tables 4 to 6.

Statistical comparisons of these means indicated no significant differ-
ence in plasma glucose levels for all animal groups due to the effect of
different ration compositions and changes throughout the feeding trials. A
switch to ration 5 (see tables 2 and 3), however, caused a significant dif-
ference (P < 0,05) in the means of plasma L(+)-lactate concentrations within
animal groups on (a) and (b) of ration 5. The fifth sampling (see table 3)
was taken 3 weeks after the ration switch. It is interesting to note that
plasma L(+)-lactate levels were high from the beginning of the feeding of
concentrate diet up until a switch to ration 5, when they decreased and
remained low until the end of the study. There was little variation in the
mean levels within groups on the 5th sampling.

Plasma NEFA levels were generally high for all arrivals on the first

sampling, possibly due to the effect of stress of transportation. There were

*
Sigma Chemical Company, P.O. Box 14508, St. Louis, Missouri 63178.
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MEAN (+1 SD) FOR PLASMA GLUCOSE (MGZ) FOR ANIMALS IN RATION GROUFPS

RATION SAMPLE

GROUP

SIZE

SAMPLING NUMBER

1 2 3 4 3 6
1 4 77.4+8.5 48,7%6.3 64.3%8,6 73.1t6.3 92.8%6.2 85.4%6.0
2 2 66.3+t14.8 48.5£10.9 67.4*14.8 78.2+11.0 92.3+10.7 84.7+10.5
3 6 58.6x6.6 44.,3%t4,9 47.7x6.6 70.7+4.9 88.1+4.8 78.9%4.7
4 2 63.5+14,8 41.0%+10.9 52.9%+14.8 68.5%t11.0 97.2+10.7 82.3%10.5
5 5 61.3x7.4 42,4%5.4  54,6x7.4 73.3%5.5 83.3%5.3 75.9%5.2
6 5 70.3%£7.4  41.0%5.4 53.8+7.4 78.8t5.5 90.4%15.3 91.4%5.2

TABLE 5

MEAN (*1 SD) FOR PLASMA L(+)-LACTATE (MGZ) FOR ANIMALS IN RATION GROUPS

RATION SAMPLE

SAMPLING NUMBER

GROUP SIZE 1 2 3 4 5* 6
1 4 24.,5¥6.0 44,1*11.5 61,7+11.0 34.5%+10.3 21.9+3.5 25.9%#10.2
2 2 23,4%10.5 66,2+20,0 56.6%£19.2 45.5%17.9 26.9£6.0 39.3%17.7
3 6 26.5x4,6  45,0+8.9  48.6t6.6  43.0:8.0 21.0+2.7  18.3%7.3
4 2 25.3%10.5 63.8+20.0 39,1+19.,2 31.9+17.9 19.4+6.0 25.2%17.7
‘5 5 22.3%5.2  54,0%10.0 38.4%9,6 38.0+9.0 21.5#3.0 18.6%8.9
6 5 27.6%£5,2 62.9%¥10.0 50.6%9.6 44.0%¥9,0 32.943.0 35.6%8.9

*
Difference in means significant at P < 0.05 level.
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TABLE 6

MEAN (t1 SD) FOR NEFA (uEq/L) FOR ANIMALS IN RATION GROUPS

RATION SAMPLE

SAMPL ING NUMBER

GROUP  SIZE 1* g 3 4* 5 6
1 309.§1120.6 155.4+57,0 188.2+43.5 76.8+31.3 51.7£26.5 33,3£18.2
2 398.2+208.9 120.7+98,7 255.7+75.5 107.9%54.3 88.2%£45.9 57.4%31.5
3 483.7493.4 277.9t44,1 156.1%33.7 101.2+24.3 95.7£20.5 65.9+14.1
4 964.0+208.9 274,.6x98,7 234.7+75.5 235,94£54.3 115.1+45.9 46.8%31.5
5 278.7+104.4 166.9149.4 156.5+27.1 158.9127.1 125.8122.9 61.4%15.7
6 484.7+104.4 165,4249,4 169,3%37.7 183.4227.1 98.6£22.9 67.7%15.7

*
Difference in means significant at P < 0.05 level.

TABLE 7

MEAN FOR PLASMA GLUCOSE, L(+)-LACTATE, AND NEFA FOR ANIMAL GROUPS WITHIN GROUP

ANIMAL

SAMPLING NUMBER

RATION Sg?gEE
GROUP 1 2 3 4 5 6
(a). GLUCOSE (MGZ)
I 12 66.17 44,85 52,54 74,71 88.71 83.12
IL £ 65.41 43,19 57.96 72.80 90.32 82.67
(b). L(+)-LACTATE (MGZ)
1 12 25.29 49,70 45,32 38,79 22,51 27.05
11 12 25.01 57.91 52.60 41,30 25,69 24,08
(¢). NEFA (uEq/L)
1 12 411,49 153.79 166.55 122,69 113.12 57.80
11 12 466.33 241.30°  199.68 153.46 79.39 57.42

*
Difference in means significant at P < (.05 level.
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significant differences (P < 0.05) in the NEFA levels on the first and fourth
samplings. The.significant difference on the first sampling might be due to a
much higher level for the two steers in group 4 that happened by chance to be
grouped together. It is also difficult to interpret whether the difference in
sampling 4 was due to the effect of the ration or a carry-over of the initially
high NEFA levels for group 4 animals,

Animal-ration groups 1, 2, and 3 (I) fed on (a) and groups 4, 5, and 6
(II) fed on (b) of rations 1 to 4 were compared as groups I and II (see -
table 7). There was no significant difference in plasma glucose and L{+)-
lactate levels for the two groups due to the effect of ration composition and
changes.,

The means for plasma NEFA levels for the two groups were significantly
different (P < 0.05) during the second sampling, as the two groups went on
rations 2a and 2b, respectively.

The changes in the mean levels for all measured plasma constituents for
the 24 steers were examined with time. The results are presented in table 8.
A characteristic pattern can be observed from table 8. There were much higher
plasma glucose and NEFA levels and a lower plasma L(+)-1actate level in the
first compared to the second sampling. This corresponded to commencement of
the ration trials. The higher glucose and NEFA levels were probably due to
hormonal effects associated with stress,

From the second through the fifth sampling there was a gradual increase
in plasma glucose with a corresponding decrease in L(+)-lactate levels. NEFA
level decreased throughout the study period. The changes in levels of plasma
glucose, L(+)-lactate, NEFA and weight gains with time were highly signifi-

cant (P < 0.001).
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TABLE 8

CHANGES IN MEAN VALUES FOR PLASMA GLUCOSE, L(+)-LACTATE AND NEFA
LEVELS AND WEIGHT GAINS FOR ALL ANIMALS WITH TIME

PLASMA CONSTITUENTS

SAMPLING SAMPLE WEIGHT
NUMBER SIZE GLUCOSE L(+)-LACTATE NEFA KG
(MGZ) (MG%) (WEq/L)
1 24 65.79 25,15 438,91 -
2 24 44,02 53.80 197.53 227.13
3 24 55.25 48.96 179.12 272.03
4 24 73.76 40.05 138.07 324,04
5 24 89.47 24,10 96.24 376.99
6 24 82.90 25.56 57.62 413.98

Considering the means for glucose, L{+)-lactate, and NEFA levels for all
animals, there were inverse and linear relationships between glucose and
NEFA (r = 0.973) and glucose and L(+)-lactate (r = 0.915). These are shown in
figure 1. There were diverse variations, however, from animal to animal for

these plasma constituents (see table 1, appendix II).

(ii) Background-age Calves:

Treated calves were classified into two groups according to their
response to treatment:

(a) The fast-response group were those treated and discharged within
four days.

(b) The slow-response group were those calves which received treatment

for five days or longer.

Table 9 shows the means for plasma glucose, L(+)-lactate and NEFA levels

for the two groups.



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH DIAGRAMS
THAT ARE CROOKED
COMPARED TO THE
REST OF THE
INFORMATION ON
THE PAGE.

THIS IS AS
RECEIVED FROM
CUSTOMER.



TwoQI/3w asoodnyy

06 08 : 0L 09 0s Qv
- , — " ; 02 0
T0¢ 00T
TOov 002
T0S 00¢
109 00y
asoon13 euseiyd . 8 005
yatm (X) (vV4dAN) SPTIO® £313ey PAOTFTIL1IS5-UOU 0L G
Pue (o) 23e3deT Puseld JO UOT1BT2110). TweoT/3u 1/ban

1 *S1q 931E1DE] V449N



TABLE 9

18

MEANS FOR PLASMA GLUCOSE, L(+)-LACTATE, NEFA LEVELS AND RECTAL TEMPERATURE

TREATMENT NUMBER OF TEMP, GLUCOQOSE L (+)-LACTATE NEFA
DAY CALVES (°F) (MG%) (MGZ%) (rEq/L)
FAST-RESPONSE GROUP
1 7 104.9 69.83 21.34 178.77
2 7 101.7 74.99 20.98 217.63
3 10 102.0 76.06 20.86 237.03
4 4 101.6 79.10 13.53 173.77
SLOW-RESPONSE GROUP
1 3 105.4 69.25 11.16 488.86
2 5 103.2 65.55 14.98 200.97
3 6 102.6 61,84 9.54 387.45
4 7 102.5 63.63 10.50 327.61
5 7 102.98 63.58 13.26 374.99
6 6 102.8 65.36 11.28 339.87
7 6 102.6 61.16 10.97 332.23
8 6 101.9 57.82 17.10 323.20
9 4 102.5 66.18 12.63 206.06
10 4 101.8 62.19 12.35 204,99
11 4 102.6 61.07 8.81 147.86
12 4 103.1 63.30 11.32 219.48
13 4 101.3 62.99 8.79 62.43
14 3 101.4 64.20 5.95 111.62
15 2 100.4 58.20 12.33 42.06
16 2* 101.9 61.07 9.08 42.21

*
One calf was commatose and later died.
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Comparison of the first four days of treatment for both fast- and slow-
response groups-indicated that the fast-response group had a significantly
higher plasma glucose level (P = 0.05), Although statistical a;alysis revealed
no significant diffe?ence in the levels of L(+)-lactate and NEFA between the
two groups, plasma lactate levels appeared lower and plasma NEFA levels were
higher in the slow- than fast-response groups. Plasma NEFA levels were
persistently higher than 300 qu/L for a week before declining (except day 2).

Individual animal data (see table 2, Appendix II) varied. Calf no. 15
was a good example of slow-response animal. The plasma NEFA level on day 1
was very high (i027.43 WEq/L) with daily fluctuations but rarely fell below
350 pEq/L for the 16 treatment days. The last day the NEFA level suddenly fell
to 47.50 uEq/L, and the calf was comatose and died later that day. Calf no.

10 was another example of a slow-response animal which later recovered. NEFA
levels fluctuated between 500-800 uEq/L for several days during the period it
was anorectic and exhibited weak ruminal motility., Ruminal infusion resulted
in stimulation of appetite of the calf after which the NEFA level declined
until discharged.

Fast-response calves, e.,g. numbers 3, 7, 9, and 28 maintained plasma NEFA
levels below 250 uEq/L during the four days of treatment. Changes in the

plasma glucose and L(+)-lactate in these calves were not consistent.
DISCUSSION

(1) Feedlot Cattle:

Analysis of the plasma from first sampling for the 24 steers, taken
within 24 hours after arrivél to thé feedlot, revealed higher plasma NEFA and
glucose levels than found in the second sampling, collected about a month

later (see table 8). These steers were hauled from a collecting point to the
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feedlot and were en foute for a périod of about ten hours, It is quite pos-
sible that the initial elevation of plasma NEFA and glucose levels was due to
excitement and stress of transportation.

Mobilization of the depot fat is increased by epinephrine, growth hor-

13,36 Excite~

mone, adrenccortical hormones, and sympathetic nervous system.
ment,23 exercise7 and other forms of stress30 also increase plasma NEFA
levels. All these factors were undoubtedly involved during handling and
transportation and probably were responsible for the elevated plasma NEFA
levels., Furthermore, the long-~term effect of growth hormone (i.e., 3 hours
after injection) has been described as anti-insulin-like, with a reduction in
the peripheral utilization of glucose, an increase in gluconeogenesis with an

11,34

induced hyperglycemia. Synthesis of long-chain fatty acids 1s depressed

and adipose tissue lipolysis is increased with a resulting increase in plasma

11,34 Head 55_5;,,14 however, found in dairy calves, an increased plasma

NEFA.,
NEFA level but no significant change in glucose utilization after treatment
with growth hormone, Further work on the effect of growth hormone and insulin
on glucose utilization in feedlot cattle could help to explain the interaction
of growth hormone and insulin.

As these steers were put on an increasingly higher percent grain ration,
there was a gradual increase in plasma glucose and a corresponding decline in
plasma NEFA levels. This was in agreement with Holmes and Lambournel7 who
showed that Hereford cattle on a 75% grain ration had lower plasma NEFA levels
tﬁan those with less than 75% grain ration. These authors also found that a
considerable quantity of grain escaped ruminal fermentation and therefore
starch was available for hydrolysis and absorption from the intestine. Wright

gg_gi.37 showed that a large amount of starch passed through the abomasum and

underwent rapid intestinal digestion, resulting in a significant increase in
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blood glucose in sheep fed 64% cracked corn. Corn starch escaping fermenta-

3/4

tion may contribute up to 8.6 gm glucose/kg to the ruminant per day.33
In sheep, increasing the level of flaked corn in the ration increased the
concentration of propionic acid.22 An increase in blood glucose éould thus
be the consequence of an Increase in production of this glucogenic volatile
fatty acid.24

The plasma L(+)-lactate levels also seemed to show a pattern in these
animals. It is interesting to note the generally higher lactate levels in
feedlot cattle than in dairy cattle (see Paper II). The L(+)-lactate levels
on first sampling were much lower than on the second sampling. Comparatively
low lactate levels at the first saﬁpling were probably due to the endogenous
production of L(+)-lactate as food intake was limited during transportation
to the feedlot.

In ruminants fed a ﬁormal diet, lactic acid has been found in the rumen

e Dunlob and Hammond9 and

liquor in small quantities shortly after feeding.
Ryan28 reported that diets high in grain increased rumen lactic acid concen-
tration. Furthermore, Whanger and Matrone35 reported that rumen microorga-
nisms were capable of forming both the D(-~) and L(+) isomers of lactic acid,

the latter being commonly found in biological systems. Ryan29 found that
initially, L(+) lactic acid was predominantly formed in the rumen, but as

grain feeding increased the D(-) form became more evident until it predominated.
Decreased rumen pH values increased rumen and blood lactate concentrations.
Hﬁster Eg_gl.lg showed that closing the rumen with soluble lactates led to the
appearance of high lactate concentrations in the peripheral blood, suggesting
its rapid absorption from the rumen.

It would seem logical that introduction of the feedlot‘steers in this

study to a relatively higher grain diet about the time of the second sampling
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-.caused an increased production anﬁ absorption of lactate from the rumen and
this was reflected by the high levels of plasma L(+)-lactate. There was a
gradual decrease in L{+)-lactate levels until they approximated pre-ration
trial levels. Since the readily fermentable carbohydrate content of the diet
was gradually increased, steers tolerated the increase in dietary carbohydrate
without further lactate accumulation in the rumen as measured by plasma
levels. This tolerance was probably due to the low rumen pH which discouraged
growth of organisms that usually metabolize glucose to lactate,29 and
encouraged proliferation of organisms which convert lactate into propionate.3
It may be concluded then, that the increasing plasma glucose levels with
decreasing plasma NEFA levels during these feeding trials favored lipogenesis.
Hinkson gg_gl.ls showed that fasted sheep liver slices readily utilized

L(+)-lactate, and it is a favored substrate for gluconeogenesis.z’6

Lt
follows then that the high plasmé L(+)-lactate levels in these animals con-
tributed to the available substrates for lipogenesis. This was manifested in

the deposition of fat in the tissues that produced the desired carcass mar-

bling and by a rapid weight gain (table 8).

(ii) Background-age calves:

The calves in the fast-response group had significantly higher plasma
glucose level than those in the slow-response group as they continued ﬁo eat
and therefore had a constant supply of precursors for gluconeogenesis. It
would be anticipated that plasma NEFA levels would be lower in the fast-
response group. This was true (table 9), although statistically there was no
significant difference in levels in the two groups. Similarly plasma
L(+)-lactate was higher in the fast-response group, as the aniﬁals were fed

a diet containing some grain.
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1,17,23,26 have noted an increase in plasma NEFA and a

Many workers
decrease in blood glucose levels in fasting ruminants, a trend that was
reversed when the animals were fed. Therefore, it was not surprising, that
plasma NEFA levels in anorectic calves were persistently high, and that these
levels declined soon after the calves started eating. Annisonl and Patter-
son23 suggested that plasma NEFA levels might be an indicator of the nutri-~
tional status of ruminants. Reid and Hink526 concluded that plasma NEFA
levels were more sensitive indicators of undernourishment in pregnant ewes
than blood glucose and ketomnes. Since this information was obtained from
experimentally fasted healthy animals, it may be informative to lock more
closely into changes in plasma NEFA levels of sick ruminants. Especially
fruitful for investigation would be those that cause anorectic conditioms,

to see whether plasma NEFA levels could give an indication of the progress of

the disease.
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CHANGES IN PLASMA LEVELS OF NON-ESTERIFIED FATTY ACIDS
(NEFA), GLUCOSE AND L (+)-LACTATE:

PAPER II. 1IN DAIRY COWS FROM LATE PREGNANCY INTO
EARLY LACTATION '
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SUMMARY

Plasma non-esterified fatty acids (NEFA), glucose and L{+)-lactate were
measured in 10 Holstein cows from late pregnancy into early lactation.
Glucose levels were highest and NEFA levels were significantly elevated a day
before parturition. L(+)-lactate levels were elevated around parturition
time. Plasma glucose concentrations were lowest by the fourth day, but
started rising gradually to thé pre-partum levels by the eleventh day follow-
ing calving. There was no consistent increase in plasma NEFA levels after
parturition and by the 39th day had returned to the range of pre-partum -
levels.

| Two cows showed elevated post-partum plasma NEFA levels in the range
reported for clinical ketosis without showing any clinical signs. A cow with
displaced abomasum had the highest NEFA and beta-hydroxybutyric acid levels
comparable to the ranges reported in literature. A treated case of metritis

showed a very high and very low plasma NEFA and glucose levels respectively.
INTRODUCTION

Since Annison2 observed that levels of plasma non-esterified fatty acids
(NEFA), blood glucose and ketone bodies are usually closely related in
ruminants, many studies have been carried out to determine the relationships
between these blood metabolites under various physiological and clinical
conditions.

Increased energy requirements of pregnancy and lactation usually produce
an increase in plasma NEFA levels. In ewes on equal feed intake, Reid and
Hinksll found that levels of plasma NEFA in late pregnancy were highly
correlated with the total fetal weight per unit of maternal weight. They

28
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also found that NEFA levels of ewes on a constant feed intake increased more
than those receiving increased feed intake two weéks before parturition. The
relationship between plasma NEFA, blood glucose and ketone bodies were similar
in pregnant and 1actéting ewes, although plasma NEFA levels were comsistently
higher during lactation at all blood glucose levels.l1 Karihaloo gg_gi.s
observed that in the last six weeks of pregnancy NEFA and ketone body levels
increased but glucose levels did not change with ewes fed ad libitum.

Radloff 95_55,10 found in cows that levels of plasma NEFA and blood:
glucose was highest at calving time. They also noted that NEFA levels varied
during lactation with the highest values at the peak of milk productiomn.
These authors also found that blood glucose was lowest and ketone bodies
highest two weeks after parturition before returning to normal levels.
Vermann and Schultz12 found the highest levels of plasma NEFA, blood glucose
and ketone bodies in cows during early lactation, with a highly positive
arteriovenous differences in NEFA levels,

Adler gg_gi.l and Yamdagnil5 observed an increase in plasma NEFA levels
in cows with clinical ketosis. Kronfe1d7 also observed an increase in plasma
NEFA levels but found that the elevation in spontaneous ketosis was less con-
sistent than in cows witﬁ ketosis associated with abomasal displacement or
fasting.

The present study was conducted to examine changes in plasma components
of glucose, NEFA and L(+)-lactate in dairy cows under common feeding and

management practices from late pregnancy into early lactation.
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MATERIALS AND METHODS

Animals:

Ten Holstein cows between the ages of three and four years and approach-
ing their second and third lactations were selected from a large herd of high-
producing animals belonging to the Dairy Science Department, Kansas State
University. All cows were 6 to 8 months pregnant at the beginning of the
experiment.

Blood samples were collected from all animals once a week until a few
days pre- and post-partum, during which time they were placed in the
maternity barn. Daily blood samples were collected as long as the cows
remained in the barn. This procedure was followed until all the cows calved,
then weekly sampling continued for three weeks after the last calving. All

samples were collected between December, 1973 and March, 1974.

Feeding:

The cows were fed on grass hay until two weeks before parturition, when
they were placed on alfalfa hay (9.07 kg per head daily) and concentrate
(gradually increasing amounts until receiving 9.07 kg per head daily at the
time of parturition). After parturition, the cows were adjusted to 9.98 kg
alfalfa hay and 18.14 kg of the concentrate diet per head daily. The cows
were fed twice daily. Free choice (loose mix) trace mineral supplements
containing 24% calcium and 21% phosphorous were allowed at all times.
Analysis of the alfalfa hay gave 17% crude protein, l.4% calcium, 0,28%
phosphorous and a net energy content of 40 Mcal/Cwt. The concentrate ration
contained 96.82% partially ground sorghum grains, 1.4% urea supplement, 0.5%

trace minerals, 0.52% calcium, 0.76% phésphorous and 45,000 I.U, vitamins A
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and D/kg of concentrate. Crude protein was 14% and the net energy content was

76 Mcal/Cwt.,

Preservation of EBlood:
The method of cbtaining blood and its preservation were the same as

described in Paper 1I.

Analytical Methods:

Analyses of plasma glucose, NEFA and L(+)-lactate were performed as
described in Paper I.

Beta~hydroxybutyric acid was determined by the method described by
Williamson E£.§£‘13 using beta-hydroxybutyrate dehydrogenase (Sigma H-6126,
Type II), except that 8% perchloric acid was used for deproteinization of
plasma instead of 30% (w/v) used for whole blood, and acid neutralization was

found unnecessary.
RESULTS AND DISCUSSION

Mean values of the changes in plasma levels of the variocus components
examined, along with the weekly body weights and average daily milk produc-
tion are presented in table 1.

Plasma glucose reached the highest level and there was a sharp rise in
plasma NEFA level a day prior to calving. These findings are in general
agreement with Radloff gg_gi.lo who examined a weekly blood sampling, two
weeks before and up to ten weeks after calving and indicated that blood
sugars and plasma free fatty acid concentrations were highest around calving
time. They thought this was probably due to the hormonal changes and stress

of parturition.
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TABLE 1

DAILY MILK PRODUCTION IN DAIRY CATTLE
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i SMELE  GLOOSE lo MR gie niorov
CALVING (MG%) (KG) (KG)
- 38 5 59.8+6.0 .3.911.2 142,5+121.6  683.4%43.9 -
- 31 7 58.9%5.4 6.0%3,9 73.7+42.0 687.6%43.5 -
- 24 7 61.0%5,0 4.8%1.0 159,3+109.8 690.6%41.3 -
- lf 10 60.0£4.0 4.1%1.6 147.34123,9 690,0£47.5 -
- 10 10 63.4%10 7.4%4,6 193.7+131.0 686,7x50.5 -
- 3 4 59.8%4.9 4.0+1.7 110.4+35.4 - -
- 2 5 63.0%7.8 5,0£2.,1 163.4%37.6 - -
- 1 7 69.3%£12.9 7.6x3.0 387.9%339.4 = -
0 9 68.6%12,2 8.0£2.6  242,.5x144.4 - -
1 10 55.714.5 5.7+1.9  360.1+250.6 - 15.946.9
2 10 50.6%6.1 4.6x1.7 317.7+255.5 - 21.4£5.1
3 9 51.3%10 4,6x1.7 432.0%493.4 - 23.1+8.8
4 9 44,5%5,0 4,0%1,2 362,2+335.9 - 25.2+8.9
11 10 57.8+5.8 3.3t1.3  404.9£209.7 599.0+£52.8 27.314.8
18 10 56.6%6.9 4.5%3.4 241.31104.5- 586.1%47.5 31.2t4.6
25 10 58.4%7.4 3.8+2.1 248.6+201.3 575.2+43.1 31.744.1
32 9 51.8%10 5.1%3.1 439.1+411,9 560.2+19.0 30.9£3.1
39 9 59.5%11 7.9%7.1  268.3%372.3 555.9%+17.9 31.1+4.7
46 8 56.5%5.3 4,9+2,2 148.8£130.7 554.9+26.9 29.945.6
53 8 55.4%5.9 4,6x1.,7 181.1+101.9 551.6+25.8 29.3%4.5
60 3 54.2+12.7 5.2+2,1 159.0+188.8 545.0+17.6  29.4%2,2
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There was an increase in plasma L(+)-lactate level around calving time,
There were no significant changes in L(+)—lactate_levels throughout the study
period,

The plasma glucose fell sharply, reaching the lowest level four days
after calving. The level on the fourth day was significantly lower than the
levels oﬁ the day before and thé day of calving, and lst, 2nd, 3rd'and 11lth
day after calving (P < 0.001). By the eleventh day plasma glucose level had
risen approaching the pre-partum level, Lactaﬁion poses a great demand for
glucdse upon the animal since milk alone contains about 90 times as much
total sugars (lactose) as does blood.q. In terms of daily lactose production
alone this could easily amount to 1000 g of glucose per day for a high-
producing cow.5 This would therefore explain the sharp drop in plasma
glucose within the first four days of calving and by the eleventh day the cows
had adjusted to the glucose demand for milk produétion.

There was no consistent increase in plasma NEFA levels after parturition
and by the 39th day the levels had approached the pre-partum levels. There
was a significant drop in plasma NEFA levels by the 18th to 25th day post-
partum, during which period the plasma glucose level was still gradually
rising. This was probably due to the increase in grain consumption following
parturition, so that the cows were adjusting théir intake to the energy
demand of milk production. Furthermore, it has been shown in sheepl4 and
cattle6 that with increase in grain concentrate ration, a considerable amount
of grain escapes fermentation in the rumen and undergoes rapid enzymatic
hydrolysis in the intestine. This results in a significant increase in blood
sugar concentrations. Increase in grain ration will also increase the produc-
tion of propionic acid,g which is highly glucogenic. Holmes and Lambourne6

have also noted that there was a significant drop in plasma NEFA levels in
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cattle fed high graih ration. This was to be expected since.Patterson9 has
shown that there was a depression of NEFA level in sheep following intravenous
injection of glucose.

It would appear them that the gradual increase in plasma glucose, and the
decrease in plasma NEFA levels after the increase in concentrate ration in
these dairy cows favored an increased utilization of glucose by the adipose
tissues. This caused a depression of plasma NEFA levels and promoted the rate
of fatty acid and neutral fat synthesis,3 which helped reduce rapid weight

loss in these cows.

Clinical Cases:

Four out of ten cows studied exhibited elevated plasma NEFA concentra-
tions far above the mean values at one time or another after parturition.
Two of these cows (036 and 095) had elevated plasma NEFA levels without
showing any clinical manifestation of disease. The other cows were treated
for abomasal displacement (086) and metritis (C133).

Tables 2 and 3 show the post-partum plasma glucose and NEFA concentra-
tions for cows 036 and 095 up to 32 days following calving, respectively.

Although cows 036 and 095 manifested no clinical signs after parturitionm,
they both had elevated plasma NEFA levels on the second or third day, with
decreasing plasma glucose levels after calving (tables 2 and 3). Adler 55.3;.1
gave a range of 266 to 1,310 uEq/l1 as plasma NEFA concentrations of 9 clinical
ketotic cows, and 6 of them with levels over or near 1000 uEq/1. Kronfeld7
gave a range of 356 to 1,805 uEq/l for 18 cows with spontaneous ketosis.
Adler's ketotic cows alsc had very low blood glucose concentrations. It was
quite possible that cows 036 and 095 developed or were on the verge of devel-

oping clinical ketosis and probably spontaneously recovered. This would not
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TABLE 2 . TABLE 3

POST-PARTUM PLASMA GLUCOSE POST-PARTUM PLASMA GLUCOSE
AND NEFA CONCENTRATIONS AND NEFA CONCENTRATIONS
FOR COW 036 | FOR COW 095
i?%ga GLUCOSE NEFA gg%ga GLUCOSE NEFA
CALVING AR (uEq/L) CRTNINE (46%) (uEq/L)
1 55.97 240.09 1 55.59 372.79
2 50.05 375.33 2 40.49 926.02
3 48,44 1481,84 3 43.99 922.59
4 37.10 301.64 4 46.44 672.22
5 46.84 547,47 5 34.54 215.94
11 49.66 700.15 11 47.62 425.83
18 40,20 264,46 18 53.62 240.84
25 44,53 685,23 25 51.61 282.02
32 53,58 570.55 32 42.32 250.28

be surprising, as these cows were producing over 30 kg/day of milk within a
week post-partum.

Tables 4 and 5 show the post-partum plasma glucose and NEFA concentra-
tions for cows 086 and C133, respectively.

A left displaced abomasum was diagnosed in cow 086 four days after
parturition and she was sent to Dykstra veterinary hospital for surgical
correction. She was ketotic as evidenced by plasma B-OHB levels and her milk
production was very poor at this time. Kronfeld7 reported a range of 670 to
1,198 uEq/l as plasma concentrations of NEFA for 8 ketotic cows with abomasal
displacement. He also stated that only one case had a plasma glucose concen-

tration below 50 mgZ and one with ketones less than 10 mg%. It is interesting



TABLE 4

POST-PARTUM PLASMA GLUCOSE, NEFA

AND BETA-HYDROXYBUTYRIC ACID
CONCENTRATIONS FOR COW 086

TABLE 5
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POST-PARTUM PLASMA GLUCOSE
AND NEFA CONCENTRATIONS

FOR COW C133

iggR GLUCOSE NEFA  B-OHB Eﬁga GLUCOSE NEFA
cavine  6%) (Eq/L)  (MGZ) cavnge, | ) (hEq/L)
1 55.33 370,95 - 1 54.62 209,09

2 54.47 422,73 - 2 51.34 314.12

3 72.72 267.55  6.41 3 50,49 97.22
4 41.99 944.56  29.82 4 51,22 234.65
5** 46.84 547.47 41,78 5 47.93 352.55

6 48.62 349.81  25.35 11 64.49 511.91
11 56.20 253.80 - 18 63.52 417,80
18 54.54 226.81 - 25 56.32 500.31
25 56.14 141.27 - 32 34,61 1370.73
32 54.15 93.90 - 39 40.36  1248.17
46 48.67 451.82

*
Left Abomasal Displacement

(LDA) diagnosed.

*%
Surgical correction of LDA.

to note the high concentration of plasma NEFA for cow 086 on the day LDA was
diagnosed, After surgery the level declined., The plasma concentrations of
beta-hydroxybutyric acid (B-OHB) was highest on the day of surgery. The cow
made a rapid recovery and was producing an average of over 30 kg/day of milk
by the fifth week of surgery.

Cow €133 was treated fbr abnut-two weeks for metritis a month after
calving. During this period, she had plasma NEFA concentrations of over 1000

uEq/l (table 5), a very low plasma glucose concentration and her milk



production dropped from an average of over 30 kg/day to about 20 kg/day. By
the third week of treatment, her plasma NEFA level dropped and glucose level

started rising and her milk production once again rose over 30 kg/day.
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LITERATURE REVIEW

The metabolic interrelationships of glucose, NEFA, ketone bodies and
lactate have been éhown to be correlated to their levels in blood. These
levels are markedly influenced by the level of energy intake and the metabo-
lism of each constituent. A discussion of the metabolism of each metabolite

in the body will, therefore, help to elucidate their interrelationships.
Glucose Metabolism

Most of the carbohydrates in the ruminant's feed are fermented in the
rumen to volatile fatty acids (VFA), propionic, acetic and butyric acids, so

that only a negligible amount of glucose 1s absorbed along the alimentary

13,48,84 These VFA furnish approximately 70% of the animal's total

9,84

tract.
caloric requirements,
The blood glucose concentration in the adult ruminant is reported to be

16 The

40~-60 mg/100 ml and 80-100 mg/l00 ml in calves up to six weeks of age.
ruminant, therefore, appears to maintain its glucose requirements from
gluconeogenesis. Hypoglycemia and ketosis frequently occur in animals,
especially in sheep during late pregnancy, if the intake of energy is

40,67 or in cattle during heavy lactation.27 A supply of glucose

insufficient
precursors and/or the functional status of the organs that synthesize glucose
could, therefore, become limiting factors for the animal's overall produc-
tivity and survival.

The glucose turnover rate is reduced to about one-third in ewes when
fasted and also during lactation and increases during the last month of

6,11,14 The latter workers

pregnancy and is highest at the peak of lactatiocn.
found that the glucose turnover time was nearly two hours in nenpregnant

41
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animals, but averaged 78 and 43 minutes during pregnancy and lactation respec-
tively. The acfual quantity of glucose would be about 100, 180 and 320 mg per
day for normal nonpregnant, pregnant and lactating sheep respectively.

Comparative figures for cattle were about 500 mg per day during the dry period

11,38,45

and 1700 mg per day during heavy lactation. It is estimated that

lactose production alone uses as much as 60-80Z of the glucose turnover in
goats,5 in sheep11 and in cattle.45

In lactating animals glucose utilization 1s reduced as the blood concen-
tration falls and lactation could cease if the glucose concentration fell

6,11,14 Glucose requirements of ruminants are, therefore,

significantly.
variable and they are especially high during pregnancy and lactation.

The sites of glucose production in all mammals are considered to be the
gut (by absorption), the liver and the kidneys. Little 6: no glucose is
absorbed from the digestive tract of animals fed only hay and roughage diet.
In sheep and cattie fed barley and cats, the small amount of starch escaping
fermentation indicates that these feeds are readily fermented in the

56,79

rumen. Corn, on the other hand, when fed in larger than maintenance

amounts, may have one-third of its starch escaping into the intestinal

34,54,80

tract. Fine grinding of grain may also result in faster rate of

passage through the rumen and thus enable more glucose to be absorbed in the
gut.75

Hepatic production of glucose in sheep under a variety of conditions of
feeding, fasting and pregnancy accounts for about 85? of the total glucose
produced.ll In the same study, pregnant sheep had the highest rate of hepatic

glucose production and also the highest turnover rate, while nonpregnant

animals had the lowest rate, and fasting reduced these values even further.
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The kidneys account for about 8-10% of the body's glucose turnover in
sheep and for anut 15% during fasting.42

Substrates for gluconeogenesis are derived from four main metabolites; .

propionate, glycerol, amino acids and lactate.ll’u’l’a’88

About 90% of the propionate absorbed into the portal blood is converted

into glucose entirely in the liver, so that very small amounts reach the

15,21

general circulation, but only 25-55% of the propilonate produced in the

12,37,49

rumen reaches the portal blood. Much of the rumenally produced

propionate is metabolized by the rumen epithelium during absorption.63
The contriﬁution of glycerol to gluconeogenesis in the well-fed animal
is small, probably less than 5%, but may become an important glucose pre-

cursor during periods of undernutrition.l2

Wolf et al.’l»??

assessed the contribution of amino acids to glucose
production in sheep fed alfalfa hay. From their work hepatic uptake showed
that 307 of the glucose could have been derived from all the amino acids., Of
these, alanine and glutamine were the most glucogenic, contributing at least
40% of the glucose produced from all amino acids,

The contribution of lactate and pyruvate to glucose production in
ruminants is difficult to-assess because of the variable and undetermined
amounts absorbed from the digestive tract. Endogenous glucose production via
the Cori cycle, results in no net increase in glucose supply to the body.
Unlike that from the Cori cycle, absorbed lactate will contribute towards

42 In fed sheep, lactate is thought

4,11

glucose production in the animal's body.
to contribute about 4-10%Z of the body's glucose turnover,

11,41

In ruminants, glucose is released into the blood at all times.
addition, gluconeogenesis reaches maximum levels during digestion and becomes

reduced during starvation. Propionate and amino acids are the principal
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glucose precursors in ruminants and large amounts would be available only in
fed animals. It follows that adequately fed ruminants are unlikely to be
short of glucose precursors. In an animal not eating, however, or if large
amounts of glucose are needed for high productivity, an excessive drain of

glucose precursors occcur and results in hypoglycemia.l6
Metabolism of Non-esterified Fatty Acids

The albumin-bound long-chain fatty acids of plasma are usually referred
to as unesterified or non-esterified fatty acids (NEFA), to distinguish them
from the long~chain fatty acids present in the esterified form in neutral
fats and phospholipids. In the case of ruminants' plasma it is also important
to distinguish these "free fatty acids" from the small molecular weight, steam
volatile fatty acids (VFA) of dietary origin which are found in the free
states as the carboxylate ions,

Changes in levels of NEFA in plasma, being the transport form of adipose
tissue fat, generally reflect changes in the rate of depot fat mobiliza-
tion.25

Numerous factors, both nutritional and non-nutritional, are known to
affect the release of NEFA from adipose tissues, Excitement increases NEFA

59,61,73 and cattle.35 Injection of epinephrine

levels in the blood of sheep
increases plasma NEFA levels, its effect being similar to that of excitement
in cattle.44 Patterson61 considered a difference of 40 pEq/liter of NEFA
between pairs of closely spaced analyses from the same animal to be a signifi-
cant indication of the effect of excitement.

The increased energy requirements of pregnant and lactating animals

usually produce an increase in plasma NEFA levels. In ewes on equal feed

intake, levels of NEFA in late pregnancy were highly elevated with the total
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weight per unit of the maternal wéight.66 Radloff et 1.65

found in cows that
levels of blood NEFA increased at parturition. They noted that NEFA levels
varied during lactation, with the highest values usually at the peak of milk
production., Plasma NEFA levels ﬁere higher in lactating Hereford cows than in
non~lactating heifers with equivalent digestible energy intake.35 This dif~
ference probably reflects the influence of lactation on NEFA levels.
Age does not appear to have any consistent effect on blood NEFA levels
in ruminants. Lambs had a level of 700 uEq/liter at 45 days of age, declining
to adult levels at weaning,47 but no variation was found in the blood of dairy
calves up to 100 days of age.ss
The effect of cold on levels of NEFA varigd with the amount and rapidity
of temperature change, energy intake and acclimatization of the animal

used.28’39’73

Breed differences in the levels of NEFA in the blood appear to exist in

28,70

sheep, but no significant differences were found among breeds of

cattle.60’90

31,90 or sheep22 generally

Administration of growth hormone to cattle
increases blood levels of NEFA, but variations in degree and duration of
effect have yet to be elucidated. Injection of insulin and glucose into sheep

44 Intraruminal

reduced the levels of NEFA in the blood3 and in cattle.
administration of coffee or caffeine into cows30 or intravenous infusion of
dopamine into sheep77 and also oral administration of fenfluoramine into
Holstein male calvesl9 all increased levels of blood NEFA.

A number of nutritional factors have been found to influence the levels
of NEFA in the blood of ruminants. In sheep, plasma NEFA levels were lowest

3,66,73

between 2-4 hours after feeding and rose gradually from three to five

times, 24 hours after feeding.69 In cows and goats, NEFA levels in the plasma
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decreased 4-6 hours after feeding‘and these changes were more marked in high

29,44 and f£all

producing cows.65 Plasma NEFA levels vary with feeding time,
after every meal in Hereford heifers fed six times per day.35 Reid and
Hink566 suggested that variations in plasma NEFA and blood ketone levels in
relation to feeding time is dependent more on the rate rather than total level
of feed consumption.

The type of ration may affect the plasma NEFA levels. Annison3 and Reid
and Hink366 found that in sheep, the decrease in plasma NEFA level after
feeding was greatest with rations having the highest content of carbohydrate.
When the ratio of grain to alfalfa hay was increased sufficiently to depress
the fat content of milk from cows, Varmann and Schultz82 observed that plasma
levels were decreased., Holmes and Lambourne35 found, with a high-grain ration
that plasma NEFA levels of Hereford cattle did not increase with reduction in
digestible energy intake as they did on a ration with less than 75% grain.
Adding safflower or cod-liver oil to a normal ration for daify cows reduced
the fat content of milk produced and increased the levels of NEFA and ketones
in the blood.82

The level of feed intake can markedly influence the level of blood
constituents. Fasting has been showm to increase NEFA levels in

.36’39’61’62’69 Patterson61 concluded that in both sheep and cattle, a

ewes

concentration of 1000 pEq/liter or more of plasma NEFA indicated increased

fat depot mobilization. Russel 35_3;.69 found that with prolonged fasting,

levels of plasma NEFA could increase to a maximum of 1500 to 2500 uEq/liter.
The effect of restricted feeding on NEFA levels in the blood is increased

by pregnancy,3’39’66 lactationf’s’66 and exposure to cold.73 Russel and
Doney70 suggested that the relationship between plasma NEFA levels and feed

intake in sheep was not linear and that a suitable transformation of the data
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might improve their usefulness. They indicated the need for further informa-
tion to determine the nature of the response of NEFA concentration to the
change in the level of feed intake.

58,78 indicated that levels of NEFA in the blood of

Two recent studies
sheep after 7-15 hours of fasting may be closely related to voluntary feed
intake. A limited amount of information has been obtained on the process of

NEFA formation during fasting in ruminants.36’46,39

Ketone Body Metabolism

The compounds commonly referred to as ketone bodies are: acetoacetate
(AcAc), beta-hydroxybutyrate (BOHB) and acetone. A fourth compound isopro-
panol, has been detected in the rumen contents, but its significaﬁce is not

known at the present time.76

Ketone bodies arise from acetoacetyl CoA, which
ig a normal intermediate in fatty acid oxidation, but which also 1s rapidly
formed from acetyl CoA. Acetoacetate is the parent ketone bbdy and acetone
and BOHB are its products. Most of the AcAc is reduced to BOHB by the action
of the enzyme beta-hydroxybutyrate dehydrogenase. The reaction is reversible
and the two compounds are interconvertible.7 Acetoacetate by itself is an
unstable compound and forms acetone and carbon dioxide irreversibly and non-
enzymatically at the rate of about 5% per hour at body temperature.7 Acetone
is poorly utilized in the body and is of little importance in a normal animal.
It is volatile and its characteristic odor arises from the breath of ketotic
animals,

The principal precursors of ketone bodies are the non-esterified free

fatty acids (NEFA).25’50’57

These are mainly non-esterified free fatty acids
of 16 to 18 carbon chain length, mobilized from the fat stores of the body.

Dietary short~chain fatty acids with even number of carbon atoms are also
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pPrecursors, Butyraté is the prinhipal fattf acld in this group. A few amino
acids are also ketogenic but the majority are glucogenic.

In ruminants, the main sites of ketogenesis are the liver and rumen
(omasal) epithelium, These can be termed hepatic and alimentary ketogenesis
respectively, Alimentary ketogenesis occurs both in isolated tissues from

cattle and sheep33’74 2,41,68

and in the living animal. Butyrate is the
principal dietary fatty acid involved in this synthesis.94 Since ketone
bodies are formed during the process of absorption into the blood, this
alimentary ketogenesis entirely ceases if the animal stops eating.z"l’68
Hepatic ketogenesis accounts for the bulk of ketone body production in
the body particularly if the animal has a reduced feed intake, The major
source of these ketone bodies are the NEFA, mobilized from the body's fat
stores. In adequately fed sheep, alimentary ketogenesis accounted for vir-
tually all the ketone body formation but this gave way to a much greater

2,68 Katz et gl.4l found that the

hepatic ketogenesis during fasting ketosis.
blood concentrations of total ketone bodies increased in all pregnant sheep
and most nonpregnant sheep when fasted for three days. The mean concentration
after fasting was higher in pregnant than nonpregnant sheep, but more varia-
tion was seen among individual animals.

The most prominent ketone body in the blood of all species is BOHB
because it is much more stable than AcAc. The latter readily decomposes to
acetone and carbon dioxide. Katz gg_gi.bl found that BOHB was the main ketone
body produced by the liver in fed sheep but part of the production was offset
by a small hepatic AcAc uptake, which probably represents its conversion to

BOHB. In fasted sheep, however, acetoacetate accounted for 20-30% of the

total hepatic ketone body production, so that the ratio of acetoacetate to the



49

total ketone body concentration in the blood increased during fasting and
ketosis,

Most tissues can utilize ketone bodies and this is done by converting
AcAc to acetoacetyl CoA. The latter can then form acetyl CoA and undergo
oxidation in the Kreb's cycle, or be used for fat synthesis, particularly by
the mammary gland, or the formafion of other compounds. Free acetone, how-
ever, is glucogenic by forming pyruvate but it is of little importance.54’55

Isotopically labelled ketone bodies have shown that the rate of ketone
body turnover and their complete oxidation to carbon dioxide (in the case of
AcAc) are proportional to their plasma concentrations and this is true of a

7,8,48 It was con-

total ketone body concentration of 20 mg/100 ml of blood.
cluded that ketone body concentrations up to about 20 mg/l00 ml are merely a
reflection of the rate of ketone body production and that utilization in turn
is regulated by blood ketone body concentrations. Maximal ketone body
utilization evidently occurs at about 20 mg/100 ml and after reaching this
level only small increases in production could cause large increases in blood
concentrations.

Two main avenues of ketone body excretion are available in cows and

86

these are by the way of the urine and milk. The kidney =~ and particularly the

mammary gland also utilize ketone bodies for metabolism, the latter using BOHB

17,53 A third avenue of excretion is that of acetone

mainly for lipogenesis.
by the way of breath. Schu1t272 states that ketones in milk are roughly one-~
half of the blood values but urine concentrations are more variable and

usually about four times the blood values.
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Lactate Metabolism

Lactate is often produced at a fast rate in the rumen scon after the

64,83

start of feeding, but the total amount reaching the portal blood, at

least under normal conditions of rumen fermentation, is small.68 High grain

diets, however, will increase both 1actate23 and propionate51’84

production
and absorption, The lactic acid in the rumen of sheep and cattle overfed on
grain was found to be both the D(-) and L(+) forms, the ratio of these two
forms varying. When sheep were put on increasing daily grain intake,
initially the L(+) lactic acid was predominantly formed, but as grain feeding
increased, the D(-) form became more evident until it predominated.Yl
Increased ruminal production of lactic acid decreases the rumen pH and
enhances its absorption.

Roe gg_gl.68 found that the portal concentrations of lactate and pyruvate
were increased over that of the arterial blood of sheep after feeding. These
workers felt that these two metabolites possibly may meet some of the
ruminant's requirements as glucose precursors, especially in the case of
pregnant fed sheep, where the increase in portal concentration was not offset
by glucose utilization. They were unable to determine in their study, how-
ever, the precise origin of the portal lactate and pyruvate, Weigand 55_25.87
also noticed that the concentrations of propionate and lactate were always
higher in the portal bleood than that of the arterial blood of calves fed on a
diet containing 65% corn, 21% oats, 127 soybean meal and alfalfa hay ad
libitum,

It is difficult to determine the extent of the contribution of propionate

to glucose production in the whole ruminant animal. In sheep, where glucose

synthesis was measured using l‘!‘C—propzl.cmate, only about one-half of the
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propionate carbon was actually converted to glucose.lo It seems, therefore,
that some of the ruminally produced propionate is metabolized by the rumen
epithelium during absorption. Pennington and Sutherland63 using 14C-pr0pio—
nate as a metabolite for sheep rumen epithelium, found the greater part of the
isotope appeared in carbon dioxide, but most or all of the remainder was

found in the carboxyl group of fhe lactate formed. These authors concluded
that when propionate was metabolized, carbon dioxide was fixed into lactate.

Leng 25_3;.49 found the incorporation into lactate and glucose of the
isotope from (1—140) propionate to that from (2-140) or (3—140) propionate
was much less than 50% and indicated that there was probably extensive
incorporation of propionate carbon into lactate before conversion to glucose.
In two out of three experiments the specific radicactivity of blood lactate
was higher than that of glucose during (2-140) or (3-14C) propionate infusion
into the rumen. This supports the suggested extensive conversion of propio-
nate into lactate. Since the conversion of propicnate ipto lactate may occur
in the rumen epithelium during absorption,63 it is permissible to use the
conversion of C2 or C3 of propionate into glucose or lactate as an indication
of glucose or lactate synthesis from propionate and approximately 54%Z of both
the glucose and lactate entry rate was apparently arising from propionate
produced in the rumen. Leng EE_EL.AQ concluded that a maximum of 70% of the
propionate converted into glucose was first converted into lactate.

In a recent study on the propilonate metabolism during absorption‘from
the bovine ruminoreticulum, Weigand 55_32.87 found that although the concen-
trations of propionate and lactate were higher in the portal blood than the
arterial blood at the time of sampling, the direct conversion of propionate
into lactate by the ruminoreticulum epithelium was quite small, probably less

than 5%. These workers reported that the radicactivity of circulating
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glucose was higher than that of the arterial laétate and concluded that the
majority of propionate reaching the liver was synthesized into glucose before
it was converted into lactate., They argued that because Leng 35_32349
aﬁalyzed blood from the jugular vein, they failled to provide proof for their
proposal that the rumen epithelium was the site of propionate metabolism into
1actate.-

Annison 25_33,4 showed a linear relationship between the rate of entry of
infused L(+)-lactate and the blood concentration of lactate. The radio-
activity of blood lactate and plasma glucose during the infusion of laC-
lactate showed that a minimum of gbout- 15%Z of the glucose pool was derived
from lactate and about 40% of the lactate pool was derived from glucose when
140—g1ucose was infused, Evidence for the inhibition of lactate entry rate
from sources other than glucose was obtained by infusing 14C-glucose to raise
the concentration of blood sugar. Comparisom of the radicactivities of blood

lactate and plasma glucose during the infusion of 14

C-glucose or lac—lactate
indicated that about 6% of glucose was recycled through the glucose-lactate
interconversion. Evidence from the relocation of lac in glucose during the
infusion of (6-140) glucose indicated about 10% recycling. There was
negligible incorporation of glucose or lactate into liver or muscle glycogen.
Chapman20 reported that increasing the lactate concentration in the
plasma by ten-fold caused the glucose flux to approximately double in
lactating goats. During the intravenous infusion of sodium lactate, the
lactate flux increased about five-~fold and the rate of conversion of lactate
into glucose and carbon dioxide increased by about three~fold. At "normal"
levels of lactate, the rate of conversion of lactate into carbon dioxide was

nearly twice the rate of its conversion into glucose. Lactate, however, was

quantitatively more Important as a source of carbon for glucose synthesis than
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it was as an oxidative substrate leading to carbon dioxide production.
Increasing the plasma level led to an increase in utilization of lactate for
gluconeogenesis. Infusion of sodium lactate increased carbon dioxide fixation .
into plasma glucose. It appears that at elevated levels, lactate is a pre-
ferred substrate for gluconeogenesis and that it displaces other metabolites
which may serve as glucogenic precursors,

The quantitative significance of lactate metabolism in ruminants is still
difficult to evaluate, since some variable and unknown amounts of lactate are
absorbed from the digestive tract. Annison gg_g;.a and Bergman Egig;.14
suggested that lactate contributes no more than 4-10% of the total glucose
turnover in the body of fed sheep.

Metabolic Interrelationships Between Glucose, Non-esterified Fatty Acids,
Ketone Bodies and Lactate in Relation to Blood Levels

Annison3 first noticed that levels of non-esterified fatty acids (NEFA),
ketone bodies and glucose in the blood are usually closely related in
ruminants, with NEFA and ketones increasing while glucose decreases. In
fasting ewes, the blood glucose levels declined more slowly than NEFA levels
increased, He concluded that increase in NEFA was not directly due to
hypoglycemia but may be the result of a shortage of short-chain fatty acids.

Reid and Hink566 found that levels of ketones or glucose in pregnant
ewes carrying a single lamb and receiving increasing feed intake two weeks
before parturition were not significant from those in ewes on a constant feed
intake, but the NEFA levels increased in those with constant feed intake.
Ewes on ad libitum feed maintained lower NEFA and higher glucose levels than
ewes on restricted intake in late pregnancy. In nonpregnant sheep, a reduc-

tion of 40-70% in the ration did not affect blood glucose or ketone body
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levels but elevated plasma NEFA levels. Karihaloo gg_gl.39 observed that in
the last six weeks of pregnancy, NEFA and ketone body levels increased but
glucose levels did not chénge, with ewes fed ad libitum.

Reid and lrlinksﬁ6 noted that the relationships between plasma NEFA, blood
glucose and ketone bodies were similar in pregnant and lactating ewes,
although plasma NEFA levels were consistently higher during lactation at all
blood glucose levels., Ketone body levels were linearly related to plasma NEFA
levels when blood glucose values exceeded 25-30 mg/100 ml of blood. Below
this level of glucose there was no further increase in NEFA, but ketone body
level increased markedly and could assume almost any magnitude. In lactating
ewes, serum NEFA levels decreased as blood ketones increased with blood
glucose above 25 mg/100 ml. These ketones may not originate from depot fat
via serum NEFA, but probably participate in caloric hemostasis and are
associated with a mechanism that spares glucose and suppresses NEFA.l

Patterson EE_EL.GZ observed that undernutrition in ewes resulted in
higher NEFA, lower glucose and slow-developing hyperketonemia. Hyperketconemia
was associated with plasma NEFA levels greater than 900 pEq/liter. They found
that glucose values were distributed normally, but suggested that NEFA values
had a positively skewed distribution requiring a logarithemic transformation.

In dairy cows, Adler gg.gi.l found that plasma NEFA levels were elevated
in cows with c¢linical ketosis. They demonstrated that ketogenesis in normal
cows was independent of plasma NEFA levels. They suggested that in normal
cows ketones are derived from butyric and acetic acids originating from the
rumen, whereas In c¢linical ketosis, ketones may have a dual origin; from
ketogenic volatile fatty acids absofbed from the rumen and NEFA released from
depot fat, In normal cows, the levels of blood glucose decreased as plasma

NEFA levels increased. Radloff EE.EL.ES observed In cows and goats that blood



33

levels of NEFA decreased, ketones increased and glucose decreased after feed-
ing. When the animals fasted, NEFA increased, blood ketones increased and
blood glucose decreased. Changes in ketone and glucose levels were much
greater due to fastiﬁg than feeding. Correlation between glucose, ketones and
NEFA in the blood suggested that glucose was an important factor in ketogene-
sis under both fed and fasted conditions but that plasma NEFA was a primary
source of ketones only under fasting conditions. In the fed animal, ketones
in the blood arise from absorption of ketogenic volatile fatty acids from the
rumen, Kronfeld44 and Yamdagni 55_55.94 also observed high NEFA levels in
ketotic cows. Varmann EE_EL.SI found increased NEFA and increased ketones

in the blood of cows fed safflower or cod-liver oil. They suggested that the
high ketone levels were a result of high NEFA and increased butyric acid
absorption from the rumen into the blood. Gardner,26 with dairy cows in éarly
lactation, observed an inverse relationship between blood ketones and blood
glucose levels. Holmes and Lambourn335 in beef heifers and Webb EE_EL.SS

in male dairy calves found that plasma NEFA levels decreased while blood

sugar increased.

Isotopically labelled carbon lactate infused intravenously into sheep4
and lactating goats20 shdwed that there is some metabolic interrelationships
between the blood concentration of lactate and plasma glucose concentration,
A minimum of 15% of the glucose pool was derived from the infusion of 140—
lactate Into sheep and 40% of lactate pool was derived from the infusion of

léC-—glucose.4 Increasing the lactate concentration in the plasma ten-fold

2
caused the glucose influx to be approximately doubled.20 Hinkson gg_g£.3
incubated liver slices and epithella dices from the rumen of sheep fasted for

60 hours, with L(+) and D(-) lactate and noticed that the ketone body content

of the liver slice-media appeared to be unrelated to the presence of the two
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forms‘of lactate, Neither lactate isomers were utilized by the rumen
epithelia dices but some ketone beodies were synthesized, There has not been
any attempt to relate blood concentrations of lactate to those of glucose,
NEFA and ketone bodiés in ruminants under common feeding practices.
Non-esterified Fatty Acids and Ketone Bodies as
Indicators of Nutritiomal Status

Annison3 was the first to suggest that the levels of plasma NEFA could be
a useful indicator of nutritional status of ruminants, particularly as té
carbohydrate utilization. Results of studies with pregnant ewe566’69 sup-
ported this suggestion.

Reid and Hink366 concluded that plasma NEFA levels were more sensitive
indicators of undernutrition during pregnancy in ewes than blood glucose or
ketones. They observed that blood glucose and ketone body levels under-
estimated the additional feedlrequirements during late pregnancy. Apparently,
a fat pregnant ewe, when undernourished can better maintain its blood glucose
and ketone body levels in the normal range than a ewe in medium conditiom.

Russel EE_EL.GQ suggested that the usefulness of plasma NEFA and blood
ketone levels as indicators of nutritional status may vary with the degree of
undernourishment. They found blood ketone body levels to be less sensitive
as plasma NEFA levels approach or have reached their maximum. The results of
their studies indicated the possibility for using biochemical indicators of
nutritional status to define more accurately the response to nutrition in the

pregnant animal, where body weight changes are confounded with weight changes

of the fetus.
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TABLE 1

K.S.U. FEEDLOT CATTLE - BLOOD METABCLITES DATA

65

PLASMA CONCENTRATIONS

ANTMAL DATE OF PCY
NO. COLLECTION GLUCOSE L(+)-LACTATE NEFA
- (MG (MGZ) (BEq/L)
103 7/23/73 - 78.11 20.08 241.20
8/23/73 - 42.81 46,07 137.72
10/4/73 A 51.04 58.46 250,24
11/15/73 - 93.13 39.00 64.71
1/24/74 37.5 92.64 19.89 45.61
3/7/74 39.5 76.92 17.10 46.62
203 7/23/73 . 67,67 30.65 183.80
8/23/73 - 54.35 53,52 169.75
10/4/73 = 63.73 16.81 134,86
11/15/73 - 76.26 41.17 210,42
1/24/74 44 81.14 21,23 186.82
3/7/74 41.5 78.62 17.10, 41.47
303 7/23/73 . 49.67 27.33 245.52
8/23/73 - 59.22 27.96 173.63
10/4/73 - 51.04 26.09 105.01
11/15/73 - 69.58 25.80 72.62
1/24/74 37.5 90.81 11.34 © 69.85
317174 39 66.18 10.81 20.15
403 7/23/73 " 53.44 37.62 77.00
8/23/73 - 21.41 51.74 140.42
10/4/73 . 30.19 53,42 204. 62
11/15/73 - 74.90 22.67 116.74
1/24/74 38 68.20 17.91 82.73
3/7/74 39 64.87 18.02 44.56
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ANTMAL

DATE OF

PLASMA CONCENTRATIONS

NO. COLLECTION ey GLUCOSE L (+) -LACTATE NEFA
(MG%) (M%) (uEq/L)
111 7/23/73 - 69.00 17.10 525.40
8/23/73 - 42,95 81.52 117.33
10/4/73 - 57.60 66.49 291.93
11/15/73 ~ 86.45 63.56 116.22
1724174 40 106.33 31.22 103.03
- 3/7174 43,5 91.73 51.11 49.71
211 7/23/73 - 78.56 30.03 834.00
8/23/73 - 45.43 79.84 131.99
10/4/73 - 35.73 5732 113.71
11/15/73 - 92.66 75.86 151.29
1724174 45 96,92 41.94 79.39
3/7/74 48 138,51 96.27 41.47
311 7/23/73 - 69.00 34,78 574.40
8/23/73 - 39,72 52.65 119.69
10/4/73 - 43.46 54,38 107.86
11/15/73 - 72.28 44.49 97.91
1/24/74 40 87.51 24,21 101.82
3/7/74 40.5 80.98 15.13 31.32
411 7/23/73 - 62,89 20.80 356.20
8/23/73 - 48,52 82:12 181.72
10/4/73 - 62.37 21.33 . 131.56
11/15/73 - 54.80 26.52 82,99
1/24/74 42 77.98 15.26 156.06
3/7/74 39.5 72.73 16.38 86.74
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ANTMAL

DATE OF

PLASMA CONCENTRATIONS

NO. COLLECT ION EEs GLUCOSE L(+)-LACTATE NEFA
(MG%) (MGZ) (uEq/L)
119 7/23/73 e 63.67 29.69 271.00
8/23/73 - 53.99 50.87 124.07
10/24/73 - 77.14 46.74 219,55
11/15/73 — 69.93 27.38 99.62
1/24/74 40 78.22 22.67 73.33
3/7/74 37.5 77.58 27.53 65.15
219 7/23/73 - 65.11 25.46 974.40
8/23/73 = 45.43 56.96 131.15
10/4/73 - 48.42 43.81 184.97
11/15/73 - 67.12 36.85 221.33
1/24/74 45.5 98.68 22,38 183.64
3/7/74 39.5 87.01 22.53 54.85
319 7/23/73 - 71.11 25.51 300.20
8/23/73 - 37.34 49,34 293.65
10/4/73 = 46,08 54.86 155.27
11/15/73 - 67.18 25,65 111.88
1/24/74 40.5 82.74 17.68 207.88
3/7/74 36.5 82.56 14.32 78.09
419 7/23/73 - 74.33 6.10 376.00
8/23/73 = 47.09 13.26 124.41
10/4/73 - 63.73 44,29 99.01
11/15/73 = 72.22 36.56 120,33
1/24/74 42.5 102.30 24.41 67.27
3/7/74 44 79.81 18.26 133.53




TABLE 1 (cont.)
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ANIMAL

DATE- OF

PLASMA CONCENTRATIONS

NO. COLLECTION BGY GLUCOSE L(+) -LACTATE " NEFA
(MG%) (MGZ) (uEq/L)
127 7/30/73 - 30.52 23.16 490.74
8/23/73 . 45.53 59.04 234,48
10/4/73 - 65,19 48,95 338.26
11/15/73 - 69.58 46.55 104.43
1/24/74 48.5 92.03 28.06 53.94
3/7/74 48.5 69.19 21.57 45,88
227 7/30/73 . 61.84 25,17 753.62
8/23/73 - 36.63 70.62 418.06
10/4/73 - 57.46 34,40 284.43
11/15/73 - 69,82 26,95 244,55
1/24/74 - 95.58 16.48 46,52
3/7/74 39 81.64 27.82 38.82
327 7/30/73 - 60,45 25.85 956,58
8/23/73 - 57.68 41.94 440,98
10/4/73 - 54,85 49,00 116.56
11/15/73 " 77.19 68,81 96.21
1/24/74 44,5 86.17 28.15 61.52
3/7/74 42 85. 44 31.13 135,44
427 7/30/73 - 61,95 37.23 693.71
8/23/73 - 47.69 71.00 104.35
10/4/73 . 50.02 50,20 277.08
11/15/73 : 77.20 6.63 216.47
1/24/74 40.5 86.61 30.07 111.52
3/7/74 38 86.62 27.33 66.76
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TABLE 1 (cont,)

PLASMA CONCENTRATIONS
ANIMAL DATE OF

NO. COLLECTION PN GLUCOSE L(+)-LACTATE NEFA
(MG%) (MGZ) (uEq/L)
00 7/30/73 - 63,22 11.63 258.84
8/23/73 - 53.16 45.69 155.76
10/4/73 - 90.85 110.01 296.09
11/15/73 - . 74,62 32.04 96.05
1/24/74 40 85.43 19.50 82,27
3/7/74 35.5 93.17 40.35 47.35
235 7/30/73 = 32,58 11.86 448,50
8/23/73 - 46,50 35.89 225.05
10/4/73 = 59.35 34.35 163.52
11/15/73 - 70,87 33.34 140.59
1/24/74 40,5 82.26 24,36 108,18
3/7/74 35.25 75.87 16.81 51.76
335 7/30/73 = 77.50 26,90 324.64
8/23/73 . 47.09 54.29 128.11
10/4/73 - 74.67 45,83 99.01
11/15/73 - 59.61 34.68 60.67
1/24/74 45 110,24 24.08 38,79
3/7/74 43 84,39 29.54 23.82
435 7/30/73 - 55.62 21.86 388.93
8/23/73 - 44.48 78.93 115.13
10/4/73 # 54.98 35.84 170.86
11/15/73 - 61.16 50.57 103.35
1/24/74 41.5 81.23 39.73 104.85

3/7/74 39.9 75.48 15,61 56.76




TABLE 1 (cont.)
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ANIMAT,

DATE OF

PLASMA CONCENTRATIONS

NO.  COLLECTION ey GLUCOSE L (+) ~LACTATE NEFA
(MG%) MGz) . (HEq/L)
143 7/30/73 . 71.05 22,10 334,90
8/23/73 - 26.52 39.30 405.24
10/4/73 - 25.81 58,22 113.41
11/15/73 = 68.41 46.79 123.98
1/24/74 39 89.47 16.33 79.39
3/7/74 37 89,11 16.96 84.60
243 7/30/73 - 90.16 10.52 328.85
8/23/73 - 41,03 96.13 117.49
10/4/73 - 57.31 65.96 147.85
11/15/73 - 89.50 66.30. 243.93
1/24/74 47 106.94 28.92 95.45
3/7/74 43.5 87.28 24.60 82.50
343 7/30/73 = 90.74 39,34 414.51
8/23/73 - 51.61 30.51 199.92
10/4/73 - 40.69 32.67 107.41
11/15/73 - 65.01 32.43 85.97
1/24/74 bt 87.87 24.26 40.15
3/7/74 34 87.14 16,72 15.44
443 7/30/73 - 80.84 42,85 180.92
8/23/73 = 20.34 71.53 351.13
10/4/73 - 64,46 65,72 185.72
11/15/73 - 90.65 50,49 325.34
1/24/74 47 85.07 28,30 130.15
3/7/74 39 76.66 20,47 40.00
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TABLE 1 (concl,)

MEAN VALUES FOR ALL ANTIMALS

PLASMA CONCENTRATIONS

ANIMAL DATE OF PCV ,
NO. COLLECTION GLUCOSE L(+)~LACTATE NEFA
(MG%) (MGZ) (vEq/L)
Mean 71/23/73 '
& 65,79 25,15 438,90
7/30/73
8/23/73 44,42 53.59 192.86
10/4/73 55.26 48.96 : 179.12
11/15/73 73.76 40.05 138.01
1/24/74 . 89.48 24.14 96.26

3/7/74 82.90 25.56 52,62




" TABLE 2

H.K. CALEY BACKGROUND-AGE CALVES - BLOOD METABOLITES DATA

72

ANIMAL

PLASMA CONCENTRATIORS

DATE OF —_—
NO. COLLECTION GLUCOSE L(+)~LACTATE NEFA

(MG%) (MGZ%) (uEq/L)

3 12/28/73 - 72.99 17.54 192.45
12/29/73 - 69.45 19.74 283.58

12/31/73 - 78.16 24,31 97.94

1/1/74 - 81.12 20,75 111.91

5 12/21/73 - 64.12 7.54 203.75
12/22/73 - 56.78 9,61 88.58

12/23/73 - 61.75 10.28 191.25

12/24/73 - 64.69 6.34 201.00

12/25/73 - 57.00 19.22 172.25

12/26/73 - 57.40 9.27 397,25

12/27/73 - 59.49 14.36 312.59

12/28/73 - 57.29 12,25 185.31

7 12/26/73 - 68.80 11.87 161.07
12/27/73 - 61.07 9,70 363,18

12/28/73 - 61.59 6.29 247.36

9 12/27/73 - 69.72 12.15 173.42
12/28/73 - 61.16 8.79 153.35

12/29/73 - 61.20 7.45 146.04

12/31/73 - 72.73 16.48 127.06

1/1/74 - 75.88 7.21 187.79

10 12/20/73 - 55.29 11.34 851.00
12/21/73 - 56.54 8.07 812.82

12/22/73 - 62.13 10.14 892.51

12/23/73 - 64.36 10.86 587.10

12/24/73 - 62.38 12.20 526.25

12/25/73 - 70.90 26.33 229,50



TABLE 2 (cont.)
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ANIMAL

DATE OF

PLASMA CONCENTRATIONS

xO. COLLECTION BCY GLUCOSE L(+) ~LACTATE NEFA
(MG%) (MGZ%) ' (uEq/L)
10 12/26/73 - 67.09 19.55 209.79
(cont.)  19/27/73 . 58.84 10.71 147.86
12/28/73 & 56.09 8.65 125.13
12/29/73 - 59.49 9.80 330.67
12/31/73 - 51,76 © 4,95 115.44
1/1/74 - 58.45 5.38 145.59
1/4/74 28 55.96 14.80 21.47
1/6/74 27 64.87 12,11 38,82
15" 12/20/73 - 73.93 13.79 1027.43
12/21/73 - 75.92 17.92 241,70
12/22/73 - 70.20 8.21 396,03
12/23/73 " 66.10 12,73 361.19
12/24/73 - 69.99 22,15 274,75
12/25/73 - 65.62 9.99 427.03
12/26/73 . 71.42 12.68 601.67
12/27/73 - 58.71 15.23 842.25
12/28/73 “ 62.64 9.37 430.96
12/29/73 - 66.18 12.15 361.95
12/31/73 " 66.44 7.64 269.26
1/1/74 - 57.27 16.14 460.88
1/4/74 27 69.45 21.14 47.50
19 12/20/73 . 64.86 9.80 713.86
12/21/73 - 73.31 10.90 135.39
12/22/73 . 78.65 9.66 290,77
12/23/73 - 69.96 14.17 244,81

%
Calf died.



TABLE 2 {(cont.)
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ANTMAL

DATE OF

PLASMA CONCENTRATIONS

NO. COLLECTION FOY ‘ GLUCOSE L(+)-LACTATE NEFA
(MG%) (MG%) (kEq/L)
28 12/27/73 - 67.62 14,65 150,02
12/28/73 - 61.85 8.74 99,29
12/29/73 - 59,64 8.84 71.74
44 12/27/73 - 79.41 15.61 129,38
12/28/73 - 78.10 29,11 150.63
12/29/73 - 80.33 17.63 104,73
47 12/21/73 - 64.74 8.41 184,36
12/22/73 - 59,02 8.98 339,69
12/23/73 - 61.26 16.62 330.80
12/24/73 - 58.45 7.64 120.25
12/25/73 - 43,24 21,23 201.25
12/26/73 - 66,19 10.67 76.00
12/27/73 - 64,87 11.09° 223,72
12/28/73 - 59,89 12.20 96.91
12/29/73 - 70.37 10,09 50.15
12/31/73 - 66.57 3.41 42,94
1/1/74 - 65.51 6.49 59,71
51 12/28/73 - 75.23 44,82 123.60
12/29/73 - 91.86 27,91 375.38
12/31/73 - 88.98 25.73 124,41
1/1/74 - 82.69 12.73 244,56
56 12/26/73 - 68.68 23.35 137.39
12/27/73 - 69.04 39,87 137.30
57 12/20/73 ~ 90.71 22.05 493,70
12/21/73 - 83.87 10.62 169.57
12/22/73 - 67.72 7.49 386.58




TABLE 2 (concl.)
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ANTMAL

DATE OF

PLASMA CONCENTRATIONS

NO. COLLECTION BGY GLUCOSE L(+) -LACTATE 'NEFA
(MG%) (MG%) (WEq/L)
59 12/26/73 - 62.12 31.61 5221
12/27/73 - 94.61 38.53 131.78
12/28/73 - 85.31 17.58 230.53
63 12/20/73 - 52,19 11.24 318.76
12/21/73 - 63.12 10.91 258.63
12/22/73 - 60.64 19.31 184.19
12/23/73 - 50.57 7.69 92.85
12/24/73 - 61.07 7.06 103.50
12/25/73 - 62.64 15.66 151.75
12/26/73 - 68.80 10.91 107.47
12/27/73 - 58.84 15.42 86.41
12/28/73 - 61.85 6.73 100.14
12/29/73 - 66.05 9,22 36.21
12/31/73 ~ 64.08 5.62 43.82
1/1/74 - 68.67 5.96 129.56
1/4/74 31 60.15 9.85 62.65
1/6/73 33 57.27 6.05 45.59
69 12/28/73 - 56.89 13,31 162.70
12/29/73 - 68.01 13.16 119.86
12/31/73 - 82.03 36.51 148.82
1/1/74 - 79.28 9,75 203.23
70 12/20/73 - 65.23 15.56 383.83
12/21/73 - 70.45 8,74 421.62
12/22/73 - 57.53 10.57 348.22
12/23/73 - 60.39 5.81 573.24
12/26/73 ~ 92.91 13.21 364.14
12/27/73 - 54,12 11.87 329.09
12/28/73 - 48,09 10.52 409.72




TABLE 3

K.S.U. DAIRY CATTLE - BLOOD METABOLITES DATA

76

PLASMA CONCENTRATIONS

ANIMAL DATE OF -
NO. COLLECTION GLUCOSE L (+)-LACTATE NEFA
(MG%) (MGZ%) (uEq/L)
020 12/28/73 - 55.81 7.06 118.33
1/5/74 41 53.22 4.85 143.74
1/11/74 36.5 65.92 5.43 55.14
1/18/74 36.5 58.15 7.06 70.35
1/25/74 35 52.15 2.93 330.73
2/1/74 37 53.85 2.59 123.12
2/8/74 37 © 60.83 3.75 253.88
2/15/74 37 57.59 3,56 278.43
2/22/74 34 59.35 8.22 234,53
3/1/74 33.5 56.46 3.03 164.18
3/2/74 36 51.44 4,90 69.51
3/3/74 36.5 43.34 6.73 94.66
3/4/74 37 52.93 2.64 104, 42
3/5/74 37 50.35 2.35 152,90
3/6/74 39.5 61,21 8.94 747.56
3774 37.5 61.35 7.16 274,24
3/8/74 35 54.97 8.70 240.09
3/9/74 43 52.12 4.56 140,24
3/10/74 42 45,20 7.06 88.87
3/11/74 40.5 40.31 6.01 44,21
3/15/74 33 60.15 5,24 195.43
3/22/74 30.5 54,22 4.71 199.94
3/29/74 31,5 57.19 2.35 242,52
036 12/28/73 - 58.87 2.93 72.00
1/4/74 37.5 63.24 18.06 83.43
1/5/74 37 69.82 12,08 148.48

*
Cow calved.



TABLE 3 (cont.)
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ANTIMAL DATE .OF

PLASMA CONCENTRATIONS

NO. COLLECTION PCV GLUCOSE L (+) -LACTATE NEFA
(MGZ) (MGZ) ' (vEq/L)
036 1/6/74 33 60.90 9.08 163.41
(comt.) /774 36 62.05 9.03 143.74
1/8/74 - 61.46 6.44 65.19
1/9/74 35 65.82 7.83 83.86
1/10/74 - 70.06 11.91 61.60
1/11/74" 36.5 61.95 7.78 507.46
1/12/74 34 55.89 8.46 775.02
1/13/74 36.5 50.05 3.31 375.52
1/14/74 34.5 48.44 4,71 1481.84
1/15/74 36 37.10 5.96 301.64
1/18/74 32,5 31.58 4.13 590.13
1/25/74 30,5 49.66 1.83 700,15
2/1/74 30 40.20 8.60 26446
2/8/74 33 44.53 3,33 685.23
2/15/74 30 53,58 1.92 570,55
2/22/74 30 53.26 1.58 115.90
3/1/74 30.5 52.12 2.50 136.28
3/8/74 28 45.74 5.14 322.86
3/15/74 30 50.06 5.67 29,57
3/22/74 30.5 52.52 4.13 73.06
3/29/74 30.5 54,60 3,46 106.90
050 12/28/73 y 60.87 6.44 131.17
1/5/74 47,5 60.87 4.04 147.90
1/11/74 31.75 66.85 5.43 86.27
1/18/74 38 56.43 4.95 48.36
1/25/74 36 60.47 5.04 293.60
2/1/74 35 60,79 4,26 100.96
2/8/74 38.5 61.80 6.01 124,41

*
Cow calved.



TABLE 3 (cont.)
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DATE OF

PLASMA CONCENTRATIONS

ANIMAL ocy _
NO. COLLECTION GLUCOSE L{+) -LACTATE NEFA

(MGZ) (MG%) (MEq/L)

050 2/15/74 34 63.04 3.17 132,49
(cont.) 4 21/74* 33,5 63.84 4.76 201.78
2/22/74 35 61.92 6.63 202,29

2/23/74 35 53.07 2,79 125.76

2/25/74 34,5 50.35 4,37 175.15

3/1/74 33,5 55.37 3.07 747.26

3/8/74 33,5 56.32 5,67 332,16

3/15/74 32,5 67.62 7.64 106.86

3/22/74 29 62.06 3.03 706.42

3/29/74 29.5 67.18 6.87 229,54

072 12/28/73 . 59,70 8.98 48.00
1/5/74 35.25 63.23 13.74 142,45

1/11/74 34.5 63.47 4,56 58.17

1/18/74 36.75 59.98 6.34 81.91

1/25/74 36 57.78 2.93 400.91

2/1/74 39 60.55 3.07 122,07

2/2/74 37.5 66.75 4.37 137.14

2/3/74 35.5 88.99 9.90 240.20

2/4174" 41 99.26 12.25 369.74

2/5/74 36.5 58.68 5.38 673.13

2/6/74 35.5 51.61 5.14 260.39

2/7/74 35.5 55.84 5.57 664.29

2/8/74 34.5 39.90 3.22 740.27

2/9/74 . 42.26 4.37 308.00

2/10/74 35 50,37 1.83 217.39

2/11/74 33.5 47.32 3.17 300.11

2/15/74 31,5 57.91 2,16 150.32

%
Cows calved.



TABLE 3 (cont.)
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ANTMAL

DATE OF

PLASMA CONCENTRATIONS

NO. COLLECTION POV _ GLUCOSE L(+)-LACTATE NEFA
(MG%) (MG%) ' (WEq/L)
072 2/22/74 31 63.36 2.07 267.96
(cont.) 41474 37 69.22 4.47 137.96
3/8/74 33 53.47 10,62 139.02
3/15/74 34 71.81 25.56 43.90
3/22/74 32 57.75 3.56 155,90
3/29/74 34 62.90 4.23 159,11
074 12/28/73 . 60.64 3.12 30.50
1/5/74 41 66,41 3.51 72.66
1/11/74 32 67.09 5.67 67.28
1/18/74 34.5 90.71 4,18 106.99
1/25/74 37 63.17 6.25 330,40
1/27/74 37.5 64.39 3.80 149,81
1/28/74 34,5 61.57 4.04 196.38
1/29/74 36 47 .49 6.69 467.68
1/30/74" 34.5 66.23 5.72 232.98
1/31/74 34 45.29 3.46 615.44
2/1/74 33 39.21 7.97 449,45
2/2/74 32 37.75 3.12 175.43
2/3/74 35.5 45.04 1.49 103.84
2/8/74 33,5 60.10 5.09 432.67
2/15/74 29,5 58.39 1.49 281,71
2722174 31 61.76 3,22 216.01
3/1/74 31.5 53,47 1.92 409.76
3/8/74 29 53.47 4,47 225.46
3/15/74 30.5 64.21 5.38 58.38
3/22/74 30 56.31 3,41 98.15
3/29/74 30.5 64.59 2,64 113.31

*
Cow calved.



TABLE 3 (cont.)

80

ANIMAL DATE OF

PLASMA CONCENTRATIONS

NO. COLLECTION Fev GLUCOSE L(+) ~LACTATE NEFA
(MG%) (MGZ%) (LEq/L)
086 12/28/73 - 50.28 4.71 54.33
1/5/74 37 62.52 5,96 280,44
1/11/74 35 59.39 4,47 168.06
1/18/74 34,5 56.43 5.91 166.91
1/25/74 37.5 69.41 4.56 932.09
1/26/74" NO SAMPLING
1/27/74 35 55.33 4.28 370.95
1/28/74 40 . 54.47 6.77 422,73
1/29/74 35 72.72 4,18 267.55
1/30/76"" 39.5 41.99 5.72 944 .54
1/31/74" 37.5 36,72 2.79 679,43
1731774t 39 56.95 5.33 415.51
2/1/74 37 48.14 6.29 349.81
2/2/74 36.5 46.53 7.45 591.84
2/3/74 36 55.96 2,02 249,38
2/4/74 37 60.79 12.25 369.74
2/5/74 33 564.84 6.58 260.13
2/6/74 33.5 50.00 5.62 128.75
2/7/74 33.5 53,89 3,70 75.48
2/8/74 35.5 56.20 3.60 253,38
2/9/74 35 68.61 3,56 93.80
2/10/74 33,5 91.36 6.63 97.70
2/11/74 33.5 71.65 6.01 86.63
2/12/74 32 61.07 5.43 74,58

*
Cow calved.

*ok
Abomasal displacement diagnosed.

1.Blooa:l sample collected just before surgical correction.

tt

"Blood sample collected after surgery.



TABLE 3 (cont.)
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ANIMAL DATE OF

PLASMA CONCENTRATIONS

NO. COLLECTION ECY GLUCOSE L(+)~LACTATE NEFA
(MG%) (MGZ) (HEq/L)
086 2/13/74 32 54.50 3,97 186.94
(cont.) 514774 - 52.54 11.34 171.96
2/15/74 32,5 54.54 11.34 226.81
2/18/74 31 48.93 3.60 186.22
2/22/74 31 56.14 1.73 141.27
3/1/74 30.5 54.15 7.06 93.90
3/8/74 28,5 54,02 7.64 123.93
3/15/74 29 55.82 5.67 29.57
3/22/74 29 57.88 6.15 326.09
3/29/74 31.5 58.89 3.51 141.02
087 12/28/73 - 61.46 5.38 116.67
1/5/74 31 61.46 12.63 77.69
1/11/74 31.25 68.84 9.32 41,55
1/15/74" 33 59,27 9.03 111.86
1/16/74 32.25 60.20 4.42 75.98
1/17/74 33 57.75 4,47 45.25
1/18/74 31.5 56.92 4.61 115.43
1/25/74 30 64.51 4,08 190.69
2/1/74 28.5 60.17 5.38 24,65
2/8/74 29.5 63.14 7.45 8.63
2/15/74 28.5 67.21 6.01 53.81
2/22/74 29.5 70.58 10.86 102.69
3/1/74 29 61.75 6.29 . 92.53
3/8/74 29 62.70 7.73 95,27
3/15/74 27.5 63.29 7.78 26.52
3/22/74 28 61.67 4.04 34,12
3/29/74 29 63.01 5.43 36.46

*
Cow calved,



TABLE 3 (cont.)

82

ANIMAT DATE OF

PLASMA CONCENTRATIONS.

NO. COLLECTION POV GLUCOSE L{+)-LACTATE NEFA
(MG%) (MG%) (MEq/L)
088 12/28/73 , 55.40 4,80 27.33
1/5/74 37.5 55.10 4.28 197.30
1/11/74 - 63.28 8.26 64.37
1/18/74 35.75 50.56 4,47 71.32
1/25/74 37.5 51,17 1.05 443.57
2/1/74 38 55,83 6.01 397.53
2/7/74" 38 67.39 5.38 105.97
2/8/74 37 54.02 6.82 65.80
2/9/74 37.5 55.72 4,08 117.80
2/10/74 36 50.37 5,81 74.91
2/11/74 36.5 48.29 6.20 43.15
2/15/74 35 62.39 3,23 441.11
2/22/74 33.5 62.08 3.75 156.52
3/1/74 36.5 56.73 1.92 165.24
3/8/74 33,5 40.31 8.21 357.62
3/15/74 34 53.99 5.76 139.63
3/22/74 33 53.70 6.00 103.54
3/29/74 33 54.08 4,28 92.46
095 12/28/73 - 61.34 2.40 40.32
1/5/74 38.75 64.29 4,52 52.56
1/8/74 43 70.65 6.34 246,55
1/9/74 40.25 70.65 3,51 153.50
1/10/74" - 73.00 8.21 323,81
1/11/74 38.75 55.89 4.32 372.79
1/12/74 39 40.49 3.31 926.02
1/13/74 39,5 43.99 1.10 922.59
1/14/74 39,5 46.44 5.33 672.22

*
Cows calved.



TABLE 3 (cont.)

83

ANIMAL DATE OF

PLASMA CONCENTRATIONS

NO. COLLECTION Eoy GLUCOSE L(+)-LACTATE NEFA
(MGZ) (MGZ) (uEq/L)
095 1/15/74 33,5 34.54 5.62 215.94
(cont.)  4/18/74 36 47.62 3.70 425.83
1/25/74 32.5 53.62 0.43 240,84
2/1/74 32 51.61 2.45 282,02
2/8/74 33.75 47.32 2.02 250.28
2/15/74 34.5 70.58 2.83 185.20
2/22/74 31.5 61.28 1.54 162.87
3/1/74 31.5 53.61 2.35 79.27
3/8/74 31 33.93 6.53 484,45
3/15/74 32.5 51.63 4.56 107.47
3/22/74 34 52,78 11.96 67.96
3/29/74 30 56.54 7.21 72.63
c133 12/28/73 - 55,95 8,79 50.00
1/5/74 34 60.76 11.10 195.86
1/11/74 37 62.77 6.10 85.75
1/18/74 37,5 62.19 4.95 103.73
1/25/74 36 63.17 5,28 292.46
2/1/74 36.5 58.31 3,41 263.01
2/5/74 40 77.29 7.54 112.49
2/6/74" 39 65.38 11.39 54,28
2/7/74 36.5 54.62 4,28 209.09
2/8/74 37.5 51.34 3,36 314.12
2/9/74 - 50.49 5.48 97.22
2/10/74 38 51.22 3.03 234.65
2/11/74 35 47.93 4.18 352.55
2/15/74 33 64.49 1.39 511.91
2/22/74 32.5 63.52 1.73 417.80

*
Cow calved.
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ANIMAL

DATE OF

PLASMA CONCENTRATIONS

NO. COLLECTION Ry ) GLUCOSE L(+)-LACTATE .NEFA
(MGZ) (MG%) (uEq/L)
c133 3/1/74 33 56,32 4.13 500.31
(cont.) 3/8/74 32 34.61 5.38 1370.73
3/15/74 34 40.36 5.57 1248.17
3/22/74 35 48,67 8.18 451.50
3/29/74 31 49.67 3.75

275.63
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I. Plasma non-esterified fatty acids (NEFA), glucose and (L{+)-lactate were
measured in 24 fandomly selected steers arriving into the Kansas State
University Feedlot. First bleeding was within 24 hours of their arrival.
They were distributed into six ration groups for finishing trials that lasted
for 7 months. Five more bleedings were done, each corresponding to a ration
switch.

The effects of transportation stress and excitement were revealed in
first sampling by elevated plasma glucose and NEFA levels. Ration composition
and switches appeared to have little or no effect on plasma glucose, NEFA and
L(+)-lactate levels among the ration groups. A gradual increase in plasma
glucose and a decline in NEFA and L(+)-lactate levels were highly significant
(P < 0.001) with time, as the steers were fed increasingly high carbohydrate-
rich rations. Correlation of glucose and NEFA was 0.973 and glucose and
L{+)-lactate 0.915 for the means for all 24 steers.

In a separate study on background-age calves arriving into a background-
ing feedlot, the same plasma constituents were measured in 17 such calves
undergoing treatments for respiratory disease, Fast-response calves had
significantly higher glucose levels (P = 0.05) than slow-response calves,
Plasma NEFA levels were ﬁonsistently higher and L(+)-lactate lower in slow-

than in fast-response calves.

1I. Blood samples were collected from ten Holstein cows from late pregnancy
into early lactation. Samples were collected weekly except during the
immediate parturient period when daily samples were collected.

Determination of plasma concentrations of NEFA, glucose and L(+)-lactate
showed that glucose levels were highest and highly significant (P < 0.001) and

NEFA levels were significantly elevated a day before parturition. L(+)-lactate



levels were elevated only around the parturient period. Plasma glucose con-
centrations were lowest on the fourth day post-partum but had approached the
pre-partum levels by the eleventh day following calving. Plasma NEFA levels
remained inconsistently elevated until the 39th day after calviﬁg when they
approached pre-partum levels,

Two cows had elevated post;partum plasma NEFA levels in the range
reported for clinical ketosis, but showed no clinical signs. A cow with a
leftldisplaced abomasum had the highest plasma NEFA and beta-hydroxybutyric
acid levels, A treated case of metritis showed a very high plasma NEFA and

very low glucose levels.



