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ABSTRACT. Using 24 diarrheic dairy calves under 8 weeks old, multiple fecal samples (4-12) were collected individually during the clinical
advancing (max. 10 days) to evaluate the importance of fecal ammonia, lactate and volatile fatty acid (VFA) levels. Removing 3 calves
not recovered during the sampling, 21 calves were grouped into under 3 weeks (< 3 wk; n=11) and 3-8 weeks old (3-8 wk; n=10). Data
were divided into diarrheic and recovered feces with averaging in individuals. Diarrheic feces showed lower VFA and n-butyrate, and
higher acetate proportions than recovered feces at <3 wk, but not at 3-8 wk. Diarrhea showed higher lactate, and lower ammonia and
minor VFA (i-butyrate, valerate), which might reflect insufficiency in gut flora and fermentation.
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Many calves suffer with diarrhea in early life by infec-
tious, nutritional and other factors. The large intestine has
an important function in relation to diarrheic pathophysiol-
ogy. Nutrients that escaped small intestinal digestion are
exposed to large bowel fermentation accompanying various
intermediates and final products. Comparing with adults,
the colon of young mammals is a primary site of microbial
colonization because they get most nutrients from liquid
milk, not from solid diets. Moreover, gut flora of neonatal
mammals is less developed [3] and the immature flora pro-
duce large quantities of intermediates such as lactate, succi-
nate and alcohols in calves [8, 9]. With advancing age and
gut flora, most of these intermediates are converted mainly
to volatile fatty acid (VFA) which consist predominant
anions in the large bowel [2]. Calf diarrhea has broken out
by the upset of delicate balance between calves’ gut integ-
rity and gut flora during the postnatal life; however, infor-
mation on fecal fermentative properties including organic
anions is limited in relation to diarrhea. Therefore, the aim
of the present study was to elucidate the fecal profiles
brought by colonic fermentation within individual calves
which experienced both of diarrhea and recovery during the
clinical advancing.

Twenty-four diarrheic calves (22 male and 2 female; 22
Holstein and 2 Jersey) visited the animal clinic of Rakuno
Gakuen University were used. The calves were less than 8
weeks old at fecal collection described latter. They were
given approximate 4 kg of milk replacer daily and were free
accessed to water, calf starter and hay. Twelve calves
infected with cryptosporidium and two had coccidia; how-
ever, the cause of the diarrhea was not fully evaluated in the
others. Some calves were given probiotics and medical
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charcoal with the milk replacer, but no antibiotics.

In each calf, multiple fecal samples were collected from
the rectum during 4-10 days period of clinical advancing.
In some calves, fecal samples were taken twice daily or by
interval of 2 to 3 days. Sample size in individual calves was
4-12, and total 182 feces were collected from the 24 calves.
In 21 calves, both of diarrheic and recovered feces were col-
lected by the successive sampling, but 3 calves showed no
recovery during the collection. Fresh feces were extracted
with four parts of water immediately after the collection,
and pH was measured. The extract was centrifuged (2,500
g, 10 min), and the supernatant was frozen at —30°C till anal-
yses of ammonia, lactate and VFAs [7].

The data of 3 calves not recovered during fecal collection
were excluded. Finally, 165 fecal (86 diarrheic and 79
recovered) samples collected from 21 calves were used for
comparison. Data were divided and averaged into 2 catego-
ries of diarrheic and recovered feces in each calf, although
the diarrheic properties were different among the calves and
with clinical advancing. Furthermore, the calves were clas-
sified into two groups; i.e., under 3 weeks (< 3 wk; n=11),
and 3-8 weeks old (3-8 wk; n=10) by the age of incipient
diarrhea. At each stage, the difference between diarrheic
and recovered feces was statistically evaluated by paired #-
test.

Comparisons of fecal pH, ammonia, lactate, VFA levels
and n-butyrate proportions between diarrheic and recovered
status in each calf were shown in Fig. 1. Large individual
differences were observed in ammonia, VFA and particu-
larly in lactate levels. Statistical comparisons of fecal prop-
erties between the diarrhea and recovery at each stage are
given in Table 1.

Careful considerations should be given in the study of
neonatal calf diarrhea. Since the fecal profiles had large
individual difference during the neonatal period irrespective
of the same feeding of milk [8, 9], a comparative study of
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fecal profiles among the calves has serious difficulties in
explanation. Therefore, the present data were compared
between normal and diarrheic feces in the individuals, and
not between the normal and diarrhea of different calves.
Secondary, an averaging all the diarrheic data which include
various fecal properties, i.e., pasty, watery or runny sam-
ples, might be problem. However in the present study, the
diarrheic data in each calf were averaged for describing the
outline of calf diarrhea. Thirdly, the present data were
divided into 2 stages of <3 wk and 3-8 wk old, because neo-
natal calves within few weeks after birth had an immature
flora and marked fluctuations in gut fermentation compared
with the calves of the followiné_ stage despite the same feed-
ings [9]. Even so, these fluctuations in the early life were far
from the metabolic and hormonal changes caused by the
development of solid feed intake [1].

In diarrheic feces, lactate concentration was significantly
higher and ammonia was significantly lower than those in
recovered feces by paired #-test; a declined lactate in recov-
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ery from diarrhea was evident in 17 of 21 calves (Fig. 1).
Fecal pH in diarrhea was lower than that in recovered status
at 3-8 wk, but not at the early stage. Lactate is an interme-
diate product in the global fermentation process, and the
acid is finally metabolized to VFA by entire gut flora [2].
The increased fecal lactate in diarrhea agrees well with the
report in calves of naturally occurring diarrhea [15]. The
increased fecal lactate seemed to be a reflection of anaerobic
fermentation of milk lactose which escaped digestion in the
small intestine. According to the dissociation constant (pK),
lactate is a strong acid than VFA [4]; however, fecal acidity
at early stage (< 3 wk) showed less dependence on lactate
concentration. Thus, the fecal acidity in postnatal calves
might be dominated by not only strong acids including lac-
tate but also luminal electrolytes and others {6]. Lactic fer-
mentation might help gut colonization against pathogens in
neonates; however severe colitis was observed in human
patients who had extremely higher lactate in the colon [13].

Diarrhea brought a significant decrease in fecal VFA,
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Comparison of fecal pH, ammonia, lactate and volatile fatty acid (VFA)

levels between diarrheic and recovered status in individula calves. a-u, individ-

ual calves.

NI | -El ectronic Library Service



Japanese Society of Veterinary Science

FECAL LACTATE AND VFA IN CALF DIARRHEA 119

Table 1. Comparison of ammonia, lactate and volatile fatty acid (VFA) concentrations between in diarrheic and recovered feces
in young calves
Age Feces pH  Ammonia Lactate VFA  Acetate  Propionate  n-Butyrate i-B+V?
(week) (mM) (mM)  (mM) (Molar %)
<3 Diarrheic Mean 6.41 14.6* 22.8* 67.0%*%  62.1%* 22.8 10.5%* 4.6*
(n=11) SD 0.82 12.1 29.4 313 13.1 84 5.6 3.9
Recovered Mean 6.52 20.1 10.6 100.6 52.8 24.0 16.0 7.1
SD 0.52 10.8 14.4 32.0 8.3 3.6 44 4.5
3-8 Diarrheic Mean 6.41%*  164* 8.4* 99.2 50.6 29.4%* 13.9 6.1*
(n=10) SD 0.58 9.8 10.1 44.8 12.3 7.9 3.9 3.8
Recovered Mean 6.91 279 1.0 105.0 48.7 249 15.7 10.7
SD 0.35 14.4 1.2 424 12.2 4.6 3.8 6.5

Diarrheic and recovered samples were obtained from the same individuals within 10 days of clinical advancing, and plural data within
each individual were averaged.

Eleven (<3 weeks old) and ten (3-8 weeks) sets of diarrheic and recovered fecal samples from the individuals were statistically

evaluated by paired #-test.

* *%: Significance compared to recovered feces (* P<0.05, ** P<0.01). *: Sum of i-butyrate and valerate.
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