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(Microtus oeconomus)
LIJumian® LIUJike~ TAO Shuangun'”
(1 Northwest Plateau Irdtitute d Bidogy , the Chinese Academy d Sdences, Xining, 810001, China)
(2 Cdlege & Environment and Resouross , Jishou University , Jishou , 416000, China)
(3 Cdlege d Life Sdence, Zhgiang University , Hangzhou , 312900, China)

Abdract : The objective df this gudy wasto invedigete the dfects o tannic add on the goath and sunival o svell mammdian herbi-
wvores. Measurementswere conducted with weaned root volesfed with 3% or 6 % tannic add and 10 %or 20 % proteninther des. The
reaitsindcaed that the efect of tannic acid on gowth rate f weaned root voleswas grester when given a lower proten det than a highr
e proten det. After 20 d, with 10 % protein des, mean gowth ratesd the weaned volesfed with 3 %or 6 % tannic addwere - 0.135
g/dand - 0.25 g/d, repectively. When given 20 % protein det , mean goath rates o weaned root volesfed with 3% and 6 % tannic
acidfor 20 d were 0.134 g/d and - 0.116 g/d, repectivdy. Food uilization efidendesd the volesfed with 3% and 6 % tannic acid
detswere dggnficantly lower than thet of the control det a the levd o 10 % protein. When gven the 20 % protein det , food uilization
dfidendes o weaned volesfed with 6 % tannic acid were sgnificartly lower than that o the wolesfed with 3% tannic adid det or the
oontrol det with the 10 % protein dets, the average sunvivd daysd the weaned volesfed with 3% and 6 % tannic acid dets decreased
26. 23 % and 49. 36 % conrpared to cortrols & the end o trid period, repectivdy. With 20 % proten dets, the average sunivd o
weaned woles gven 6 % tannic acid det decreased 39. 41 % conrpared to controls a the end o trid period , dthough weaned voles gven
3% tannic acid had a dight decrease of average sunvivd days The resuts o this Sudy suggested that tannins coud subgartidly dfect
the indvidud perfformance of weaned root voles
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Years o oo-evolution between plants and herbivores wre ounter dfenses Tannins, a dverse gowp o
have resulted in a dverse array o plant ddense and herbi- polar , high nolecdar weigt , polypherolic conpounds
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found in many vascuar plants, eecidly woody perennids,
thet are characterized by ther ahility to interact with prote-
in™. A variety of experiments indicate that foraging patterns
and gowth rates of insects regpond to the concertrations of
tannins present in plantd®® . Numeous gudes do have
found plant tannins dfect many agpects o the consumer’ s
physology and metatolism indudng detary intake , detary
protein avalahlity , dgedive erzyme activity , pos abomp-
tive metatolisr* ™ ® and goath”?.

Altrough Jung et d."™ and Lindroth et . invedi-
geted the dfect of plant sscondary conrpounds on the groath
in mcrotine roderts, the particuar detary levds of diges-
ibe energy , crude protein and fiber were rot gven & the
sae levd in epeinentd dets Wes e d. ™ soned tha
ooncertrations of diet nutrients irfluenced the dgedibility of
protein and neutrd detergent fiber , and dfected the growth
o lactating cows Lindrioh et d.' wetted and hegted the
tannin containing diets during the gudy on the dfect o tan
ninson the gosh of meadow voles (Microtus penrsylvani-
cs) . Rice et d." posuated that when water was added
to the grain, tannin formed inoluble conplexes with grain
proteins, heating enhanced this process Dietz & d.™
found that the det containing 6 % tannin prepared by noig-
ening and hedting a mixture o lab chow had dgnificantly
higher rates o nortdity in meadow woles than the diet with
6 % tanning added drectly to dry chow. Thus, tannin be-
came chemicdly unextractible and protein became nutritional
unavailade.

It is necessary to invedigete the dfect of tannic acid on
the growth and sunvivad o menmdian herbivores a the same
levd of other nutrients, and tannic add is drectly mixed
with other ingredents without wetting and heating.

Root woles ( Microtus osconomows) are digtary gene
rdigs ™™ that encounter a variety of defensve conpounds

inplants, but are unlikdy to inges gopreciable aounts of
plant seoondary conpounds It is well edadlished thet the
root wole is a tannin consuning manmdian herbivore

The ohjectives of this sudy were to invedtigete the -
fectsdof tannic acid on the groath and survivd o root voles
We desgned our experiments to teg the hypothes's thet tanr
nic adid in concentraions smilar to those found in neture
would reduce the gronth of weaned root voles

1 MATERIALS AND METHODS

Bqperimentd woles came from a root vole colony main-
taned a the Northnvest Hateau Inditute of Biology , the Chi-
nexe Acadeny o Siences, Xinng, Qngha, China
Founders for the colony were caught a the Haibe Alpine
Eoo- Sygem Research Sation o the Chinese Acadeny of Sii-
ences in May , 1998 The wleswere toused in pladic cages
with hardanood chip beddng and aotton neding nmeterid in
the lab with the controlled tenperature (20- 22C°) and Pho-
to-period (14. 10D). The animds were meintained on rab-
bit chow and water ad libitum and provided with carrots dai-
ly.

Boerimentd diets were prepared with tannic acid
(Tannin Gorporation, Peatody , MA , USA) . The tannic acid
ponder was nixed directly with other ingredients at concerr
tration o 0%, 3% , and 6 % tannic acid of tota dry neter
d the det, and mede the mixture into pelets with pellet
mechines Dietary leved of tannic acid sected in this gudy
goanned the normd range o pherolicsin plants eaten by mi-
crotine ecies® ™.

T detect the presence of a protein - tannic interac
tion, the levds o proteinsin the experimenta diets were at
10%or 20% The crudefiber , dgegible energy and miner-
dsd deswere a the dnilar levdsto minimize the dfects
d those nutrients (Table 1) .

Table 1 The ingredients and nutritive value o experimental diets

Ingyederts Food 1 Food 2 Food 3 Food 4 Food 5 Food 6
@mn (% 2.0 %0 2.0 11.0 0.0 0.0
Wheat bran (%) 0.0 0.0 0.0 2.0 0.0 0.0
Sybean (%) 0.0 05 10.0 2.0 2.0 2.0
Hay poncer (%) 60.5 60.0 60.0 60.5 5.5 %.5
Minerds (%) 05 05 05 0.5 05 05
Tanric add (%) 0.0 30 6.0 0.0 30 6.0
Sarch (%) 00 00 0.0 0.0 2.0 2.0
CP% 10.0 10.0 100 200 2.0 2.0
DE (KI/g) 219 22 215 214 216 218
o (% 18.19 18.20 18.60 18.70 19.0 1890

CP: Qudeproten; CF: Qudefiber; DE: Digedible energy
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Bqerimenta animds were weaned @ 20 d old  Thirty
weaned voles were then randomly assgned to one o the Sx
detsand housed in plagic cages, dhlings were gven with
dfferent eperimentd des This procedure diminaed
founding gerotypic and meternd efects During a three days
o acdinmetion period , the animd s were fed with a trandtion
de o rabdbt pelets Each eerimentd anima recaved
10.0 g diet once daly for 20 d. The remaining food , ind ud-
ing gillage was weighted each day to cdcuate intake and
the body massdof each wole was recorded daily. Food utiliza
tion eficiency (g tota growth/g total food intake) was cacur
lated as the change in lody mass during the trid period di-
vided by the totd food consumed, gowth rae (g /d) was
cacuaed as the change in body mass during the trid period
dvided by 20 d, and average survivd was cdcuaed as the
totd sunvivd o the animels in each gouyp divided by nunr
bersdf experimentd animels in each goup.

1.1 Satidics andyses

A two-way ANOVA was used to ted whether tannic ac-
id or protein caused a dfference of gowth rate, survivahili-
ty , food utilizetion ficienciesin root volesfollowed by LD
teg with Sysat conputer package. The P <0.05 levd was
oonddered to be dgnificartly dfferert.

2 RESWTS

Andydsd variance d groath rate of root voles dowed
thet the main dfect of tannic acid was dgnificartly different

(F=339,d =2,24, P < 0.05) , and the main &-
fect of protein and their interaction were dgnificantly dffer-
et (F=308,d =1, 29, P<0.05; F=327, d
=2,24, P <00 (Fg 1). The dfect o tannic acid
on gowth rate of weaned root woles was gregter when gven
with the lower protein det (10%) than with the higher pro-
tein det (20%) . With 10 % protein diets for 20 d, mean
growth rates o the woles fed with 3% and 6 % tannic acid
were 0.135 g/d and 0. 25 g/d, repectively (Fig. 1) . With
20 % protein diets, mean gowth rates of the weaned root
wles fed with 3% and 6% tannic acid for 20 d were
0.134 g/d. and 0.116 g/d, reectively.
Asin goath, with 10 % protein diets, food utilizar
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tion dfidencies o the wvolesfed with 3 %or 6 % tannic acid
detswere dgnificartly lower than that of the control diet
(Fg 2) . Food uilization dficiencies dd rot decrease as
much when gven with the 20 % protein det. With 20 % pro-
tein and 6 % tannic acid dets, food utilization dficiencies of
woles were sgnificantly loner than that of the woles fed with
20% protein and 3% tannic acid det or the control diet
(Fg 2 .
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FHg. 2 Food uilizetion dficency of weaned root voles fed
with various tannic add dets

Andydsd the variance of average suniva daysdf root
wle indcated that the main dfect of tannic acid and main
dfect of protein and their interaction was dgnificantly differ-
et (F=2372, d=2,24, P<0.01; F= 13267, o
=1, 29; P<006;, F=148M9, d =2, 24, P<
0.05). Tannic acidin det d had a dgnificant efect on the
average sunviva daysdf weaned root wles The average sur-
vival days o the volesfed 3% and 6 % tannic acid diets de-
creased 26. 23 % and 49. 36 % conrpared to controls a 10 %
protein a the end of trid period, regectivdy (Fg 3). On
the high-protein diet , average d sunivd o weaned woles
dgven 6 % tannic acid diet decreased 39.41 % conpared to
oortrols & 20 % protein a the end of trid period , dthough
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weaned woles gven 3 % tannic acid dowed a dight decrease

o average days (Fg 3) .

Conirol
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20% Protein

Hg. 3 Averae anivd time o weaned root voles

fed with various tannic add dets
3 DISCUSSION

3.1 Qowth rate and food utilization eficiency

Tannins are consdered to be the nmog widepread and
posibly the nmog inportant dfensve secondary conpounds
in plants™™* | and are frequently ingested by generalist her-
bivores  The regponses of mammdian herbivores to the plant
soondary conpounds are different due to their gagrointedi-
nd anatormy and items of diets, feeding niche , physologca
ahility to ded with plant secondary conpounds It has been
suggested that tannins coud bind with protein, and form in-
luble conplex in vito'®* . Feeding trids d o indicated
that tannins inhibited the protein digedihility and suppressed
the gowth and reproduction of manmdlian herbivores™® ™ .
This gudy indicated thet tannic acid sgnificantly depressed
the growth rate and food utilization dficiencies of weaned ro-
ot wlesa alevd o 10% protein (Fig 1 and 2). While &
20 % protein leve , growth rates and food utilizetion dficien
cy of weaned root voles fed with 3% tannic acid det were
undfected by tannic acid. This agrees with the reauts o
Lindoth e d.™ |, whp showed that tannic acid greatly in-
hikited the goath rae o prarie wles ( Micratus ochro-
gaster). It is posible that the gowth depresson of weaned
woles observed in tannin feedng trid s resuited from the in-
take syppresion and the protein digedihility. Voles have en-
larged ceca, cecd microbes metalolize a variety of plant
seoondary conpounds and addition of pherolicsin the diet of
a herbivore dften induces a dhift in the activity and conpos-
tion of its microbid communi-ty'™ . Tannins mey d inter-
act with dgedive ergymes and reduce their activities

Weanling suniva isa crucid processin the life higory
o mammdian herhivores The weanling' s food was changed
to slids containing fiber and défendve aonpounds from nilk
and the weanling’ s regulation o kody tenperature depends
on thermogens's indead of depending on nother’ s ther-
nmogends It is sendtive to the environmenta factors, and
food qudity that can subdantidly &fect the groath and sur-
vival of weanings™ . We found thet root volesfed with diet
containing 6 %tannic acid had sgnificartly lower sunvivabil-
ity than those fed with diets containing 3 % tannic acid or ro
tannic acid. This suggested thet the upper limt of tolerance
to tannin in root wole depends on its conterts and A the
protein in the dets The reauts suggeded thet tannic acid or
their metalolites were toxic to mammes It is posshie that
the loss in body mass observed in this gudy resuted from
the use o fa doresto provide energy for detoxification , and
the depletion of these Joredfat mey have dimulated increase
in the consunption to sudain detoxification proceses When
the rate of aborbed tannins excesses the rate of detoxificar
tion , tannins reach toxic levels, leadng to the death o the
anmds, and this may resut in osillaory ingahility in the
population of woles

This sudy grongy supports the hypothed s that tannins
can subgartidly dfect the indvidud peformance o root
wles There is gowing evidence that the detoxification of
aborbed tannins irfluence the energy for growth and the fa
depogt.
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