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Introduction

The polyphenolic compounds (tannins) have been the subject of considerable

study because of their action in inhibiting ruminant digestion when they are pre-

sent in feeds(l,ll). Polyphenolics have also been reported to inhibit digestion in

monogastric animals. However, the native diets of some animals, including the

red squirrel, are high in polyphenolic compounds. In digestion studies with red

squirrels fed laboratory diet supplemented with tannic acid, one of the less toxic

polyphenolics, dry matter and lipid digestion were found to be unaffected by up

to 5 percent dietary tannic acid after a two week period of adaptation to the

diet(12). This ability to adapt to a high tannic acid diet could be the result of

changes in enzymatic levels in the squirrels, changes in the gut microflora, or both.

The well-documented sensitivity of many bacteria to tannic acid, as well as

several reports of bacteria and fungi which can tolerate tannic acid or even use

it as a carbon source(3-ll,13-16,18,19), led to the examination of the effects of

dietary tannic acid on gut microflora. If the gut microflora were essentially un-

changed in quantity and composition, then a bacterial role in adaptation to dietary

tannic acid would be highly unlikely. Changes in the microflora might reflect sen-

sitivity to tannic acid without any effect on digestion. In this case, however,

microflora composition could prove to be indicative of the animal's natural diet

at the time of evaluation. On the other hand, floral changes could be highly signifi-

cant to the squirrel's ability to utilize tannic acid containing diets.

Fecal samples were chosen because bacteria from the whole gastrointestinal

tract were of interest; fecal samples should contain bacteria from the stomach

and small intestine as well as colon organisms; and a series of diets could be

tried on the same animals. Total bacterial counts were chosen to evaluate the

overall effects on gut bacteria since they should reflect primarily populations

of anaerobes. Finally, a series of selective and differential media were chosen

to quantitate the populations of the predominant facultative organisms.

Materials and Methods

Red squirrels (Tamiasciurus hudsonicus) were live trapped and housed in 45

cm by 45 cm by 25 cm metal cages on the same cage rack. Thus there was no

direct contact between animals, and opportunities to coprophagy were reduced.

However, there was no attempt to strict isolation, nor was the diet presterilized.

Squirrels were fed ad libitum on a balanced rodent ration from Bio-Serv Inc. which

contained 18.5% protein, 5.05% fat, 2.99% ash. The diet was supplemented with

0, 0.5, 0.75, 1.0, 2.0, or 5.0 percent tannic acid which replaced undigestible fiber.

Tap water was provided ad libitum.

Fecal samples were collected within 24 hours after capture and after 7 days

on the given diet. Other collection times are indicated in the results. Samples
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were aseptically weighed and uniformly suspended in sterile saline at a 1/100

dilution. Further ten-fold dilutions were made in trypticase soy broth and plated

on trypticase soy agar (TSA), KF streptococcal agar(KF), Mitis-salivarius agar(MI),

Levine's eosin methylene blue agar(EMB), Salmonella-shigella agar (SS), Mannitol-

salt agar (MS), and Rogosa SL agar(SL). After plates were incubated 48 hours

at 37C in candle jars, characteristic colonies were selected, gram-stained, restreak-

ed, and identified as to group by conventional bacteriological methods. A sample

of bacteria diluted 1/100 in saline was preserved in ten percent formalin and

counted on a Petroff-Hauser counter for total counts. A total of 9 squirrels were

evaluated in three different experiments. In two experiments increasing amounts

of tannic acid were fed sequentially. In the third experiment the control diet

was followed immediately by five percent tannic acid. Data were analyzed using

a one-way analysis of variance.

Results

Direct bacterial counts on squirrels which had received the control diet for

7 and 13 days averaged 3.5 x 10 11 bacteria per gram of feces. Total counts averag-

ed 4.2 x 10 11 per gram feces on days 1 and 7 after a change to a 5% tannic acid

diet and 3.5 x 10" per gram feces on days 2 and 7 after a return to the control

diet. There were no statistically significant changes in direct counts. Total

facultative counts for the control diet at 7 and 13 days averaged 8.5 x 10 8 or

.04 % of the total count. Therefore, the direct counts represent chiefly anaerobes,

and the total anaerobe population was not significantly altered by the tannic acid

in the diets.

Quantitative changes were observed in the facultative gut microflora. There

was approximately a 1000 fold decrease (p<.05) in the counts of the genus Lac-

tobacillus when tannic acid was included in the diet (Table 1 and Figure 1).

Gram negative enteric bacilli, staphylococci, yeasts, and enterococci were

also isolated. However, there was no statistically significant relationship of their

population sizes to tannic acid in the diet (Table 2). The mean log enteric count

on the control diet was 6.9 with a standard deviation of 1.24. However, patterns

with individual animals were quite variable; 4 squirrels showed moderate to ex-

tensive decreases with increased tannic acid levels; 1 showed a progressive in-

crease; and 3 showed no pattern at all with wide fluctuations in enteric levels.

Four squirrels failed to have detectable levels (greater than 1000/g feces) of

enterococci; 2 only developed them at the 5% tannic acid level; 1 had an erratic

pattern; and 2 showed moderate increases in enterococcus levels. Variations among

animals were also seen with the staphylococci and yeasts. Although there was

Table 1 . Fecal Lactobacillus counts ofred squirrelsfed artificial diets with variable

tannic accid content for a period of 7 days.

DIET LOG VIABLE COUNT3 NUMBER
°/o Tannic Acid Per Gram Feces

(Mean + standard dev.)

7.90 ± 0.54 6

0.5 5.51 ± 1.01 3

0.75 6.10 + 0.84 6

1.00 5.44 ± 1.71 6

2.00 5.23 ± 0.47 5

5.00 4.70 ± 1.42 8

Lactobacillus counts were made from MI, KF, and TSA plates, which gave consistently higher counts than

Rogosa SL medium.
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Figure 1 . Seven-dayfecal Lactobacillus counts ofred squirrelsfed artificial diets with

variable tannic acid content.

no decrease in population levels of staphylococci or yeasts in squirrels with detec-

table populations (1000 or more), there appeared to be a tendency towards reduc-

ed numbers of animals with detectable levels in the presence of higher dietary

tannic acid levels (Table 2). However, these reductions were not statistically signifi-

cant at the 5% level (Chi square test).

One important question concerned whether the results obtained at 7 days

on a diet represented a period when lactobacillus counts were still falling or a

time at which they had reached their lowest levels. Secondly, we needed to know
how rapidly populations returned to control levels. Lactobacillus counts were made
at 7 and 13 days on the control diet; then animals were switched to a 5% tannic

acid diet, and samples were assayed on days 1 and 7 on the 5% diet. Finally,

animals were returned to the control diet and samples were assayed on day 2

(Table 3). It appears that the 7 day sample underestimates slightly the initial

effect of tannic acid on levels of fecal lactobacilli but does provide a reasonable

time point for comparing the effects of various dietary tannic acid levels. Recovery

of the population levels appeared to be essentially complete in 2 days.

Finally, comparisons between population levels at capture and after 7 days

on the control diet showed only 2 instances where an organism which had not

been present in detectable levels at capture became detectable on the new diet.

A staphylococcus reached population levels of 1.8 x 10 5
in a squirrel which had

had less than 10 3
/g feces at capture, and a squirrel with undetectable lactobacillus

levels at capture reached populations of 1.5 x 10 8
/ g. Populations of enterics and

lactobacilli each increased in 5 of 6 squirrels when they were put on the control diet.

Discussion

Polyphenolic compounds appear to be important plant defenses against her-

bivores, and digestibility by herbivores is often reduced by high phenolic content

(1,11). Native squirrel diets, however, contain large amounts of phenolic compounds.

In controlled feeding studies using tannic acid supplemented diets, reduced dry

matter and lipid digestibility were observed on the first diet fed (0.5% tannic

acid), but then the animals appeared to adapt to tannic acid, and digestibility

on the subsequent diets (0.75% to 5.0% tannic acid) returned to control levels (12).



320 Indiana Academy of Science

Table 2. Facultative fecal counts ofred squirrels fed artificial diets with variable

tannic acid content for a period of 7 days.

DIET PREVALENCE LOG VIABLE COUNT
°/o Tannic Acid Detectable Squirrels with counts only

Total ( /g feces)

GRAM NEGATIVE ENTERIC BACILLI"

0.5

0.75

1.0

2.0

5.0

ENTEROCOCCIb

0.5

0.75

1.0

2.0

5.0

STAPHYLOCOCCI

0.5

0.75

1.0

2.0

5.0

YEASTd

0.5

0.75

1.0

2.0

5.0

6/6 6.90 ± 1.24

3/3 3.95 ± 0.98

4/6 6.27 ± 0.72

5/6 6.25 ± 1.29

2/5 6.21 ± 1.77

6/8 6.81 ± 1.36

3/6 5.98 ± 0.23

2/3 3.76 ± 1.07

2/6 6.04 ± 0.00

2/6 5.51 ± 0.99

1/5 3.30 ± 0.00

3/8 4.25 ± 1.23

6/6 4.49 ± 0.54

2/3 5.52 ± 0.34

4/5 4.26 ± 1.07

3/6 3.85 ± 0.81

4/5 4.30 ± 0.86

3/8 5.14 ± 0.43

3/6 5.86 ± 0.97

1/3 4.30 ± 0.00

3/5 5.66 ± 1.33

1/6 5.51 ± 0.00

0.5 •--

2/8 7.31 + 0.30

a. Enteric counts were made from EMB and TSA plates.

b. Enterococcus counts were made from KF and MI plates.

c. Staphylococcus counts were made from MS plates.

d. Yeast counts were made from TSA, EMB, MI, and RSL plates.

One of the frequently reported actions of tannic acid is to bind to proteins

thus reducing protein digestibility and inactivating enzymes (11). Therefore, the

adaptation to dietary tannic acid could involve the increased secretion of digestive

enzymes by squirrels. However, a number of aerobic and facultative bacteria and

fungi have been reported which can degrade tannic acid, and some can use it

Table 3. Fecal Lactobacillus counts ofred squirrels fed artificial diets containing

0% and 5% tannic acid for varying time periods.

DIET DAY LOG VIABLE COUNT 3 NUMBER
°/o Tannic Acid Per Gram Feces

(Mean + Standard div.)

8.24 ± 0.07

4.76 ± 1.87

5.78 ± 0.53

7.73 ± 0.22

Lactobacillus counts were made from MI, KF, and TSA plates, which gave consistently higher counts than

Rogosa SL medium.
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as a sole carbon source (4-11,14,18,19). Therefore it is reasonable to examine the

population levels of yeasts and bacteria in the gastrointestinal tract to deter-

mine their potential involvement. Bacteria have often been reported to vary in

their sensitivity to tannic acid, so that even if they do not participate in tannic

acid degredation, they may serve as indicators of dietary tannic acid (or

polyphenolic levels). Fecal samples allow us to monitor bacteria from various parts

of the gastrointestinal tract and of course permit repeated sampling from the

same squirrel.

Total direct bacterial counts were made to determine if there were a quan-

titative effect on the overall anaerobe population, and none was found. The

anaerobe counts, approximately 10 11
/g of feces, are similar to those reported for

rats, mice, and ground squirrels (2,17). This does not rule out changes in composi-

tion of the anaerobic flora; in fact such a change would be expected.

The facultative organisms isolated belonged to groups commonly found in

the gastrointestinal tract and feces of mammals. Not all groups were represented

in all squirrels at capture, which is not unexpected. The use of separate cages

apparently prevented the free exchange of microflora. Therefore, the pattern of

change in floral levels with increased dietary tannic acid often varied with the

squirrel. Studies are presently underway in this laboratory to see if these differ-

ing patterns are due to differences in sensitivity of the isolates to tannic acid

and/or their ability to utilize tannic acid as a carbon source.

Only Lactobacillus populations showed a significant decrease in the presence

of dietary tannic acid. This was anticipated since gram positive organisms have

been reported to be more sensitive to tannic acid than gram negatives (18), and

that has been confirmed in our laboratory. Also, the lactobacilli are found

predominantly in the mammalian stomach(17), and that would be the area of highest

exposure to tannic acid. Timed studies were done in an attempt to confirm this

finding; and in fact lactobacillus populations were lower in all squirrels on day

1 after introduction of tannic acid into the diet than on day 7. This was not found

to be the case with the other facultative microbes. Although we cannot say that

day 7 represents a steady state condition, it does appear to represent a reasonable

sampling time. Recovery of the Lactobacillus populations was essentially com-

plete two days after return to the basal diet. Perhaps this is related to the reduc-

ed digestibility of the 0.5% tannic acid diet. If dietary tannins are responsible

for a decrease in fecal lactobacilli, one could predict that freshly captured squir-

rels would have lower counts than after one week on the basal diet, and this

was found to be the case.

In general, changes in dietary tannic acid levels did cause perturbations in

the facultative gut microflora while overall anaerobe levels remained essentially

constant. These changes may or may not be related to the ability of the squirrels

to adapt to tannic acid in the diet. However, changes in lactobacillus counts do

appear to be related to dietary tannic acid levels, and perhaps to the levels of

other tannins.
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