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Effects of protein, fiber, and tannic acid on food intake of Microtus fortis
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Abstract; To maximize fitness, animals must choose food appropriate for their physiological status and dependent on the
food available in the environment. Tannic acid, protein and fiber content of food affects the physiology of herbivorous
mammals, so we studied the effects of these factors on food selection of Microtus fortis. We used laboratory paired-choice
tests with four experimental diets: 10% protein + 2.25% fiber with 3 % and 6 % tannic acid content (foods 1 and 2,
respectively) , 20% protein + 2.25% fiber with 3% and 6% tannic acid content(foods 3 and 4, respectively). The four
diets were presented to M. fortis in six paired combinations; food 1 with foods 2, 3, and 4, and food 2 with foods 3 and 4.
and food 3 with food 4 . M. fortis ate more of the diets with 3% tannic acid than those with 6% tannic acid , regardless of
protein content(4.41 vs 1.83 g; 4.00 vs 2.36 g for the low and high protein diets, respectively, P <0.001) . Further,
they ate significantly more of the 6% tannic acid diet when it was coupled with 20% protein vs. 10% protein (2.36 g vs
1.83g, respectively; P <0.05). Unexpectedly, when tannic acid was low (3% ) : voles ate much more of the 10% protein
diet than the 20% protein diet (3.21 g. vs 2. 01 g, respectively; P < 0. 001). However, there was no significant
difference between the intake of low and high protein diets when coupled with high (6% ) tannic acid. Overall, Microtus
fortis food intake was most strongly determined by tannic acid content, then by fiber content, and lastly by protein content

(but there was no statistical difference between protein and fiber when tannic acid content was 6% ).
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BYRBEEZS YN EER P RENEYMHRE L TR, 21 ERNAESEN TR, 53 E 5
A DR 25 KRB R W T R B UIARSE N o X /NBY B, b T R AR I R fal HL 7 A A L B
RERFERE AR R H AP R YR B R B NEE, RMWHHEE EHRRR EHBERE
T B B T SR R R e B DA SE 24 B 3R ) o e, BT AT AR B R
WA [ ol R A TR BB R e B 2 5

ETFHEYEFR BN Y EYEREMNBIR A KBRIGE . MR HREWERNIE, 24
AR S 3o R (R UARORE B A 15 % B T R SR 4 ) 2% 25 2R T UG Pl 2 e B2 T R D A R B R
TR o A SCE S HIHEE R H R R TR B B RA 4R X AR 7 B Rk & msm, 50
AR5 H R YR,
1 #R5FH=E
1.1 B3

SEE BN 2008 A 6 H ZE IR 4 TR EE ) XA 1L 4R 37 i MR 3K 0 7R 7 B R ( Microtus fortis) o ¥4 3R 1
KB T 43cm x32em x 19em ¥R ]I FF , DASEA B o dort , (44 78 2 M B W AOK , 1RDR R A B it i i % F
R ARRE . LI IR 18—25°C KM 12L:12D,
1.2 ZBEY

T RER R A E TR TR WK R LR E MY E B TR E B AR s vk
PRI , S 30 BT F) B B O [ 2 4 T AL 23300 PR R A 72 B A i Ak 2385 . 2 B8 Lindroth 1 Batali'™!
M7 B R R TA FIVRBEBCE N 3% M1 6% KW & FURWE BB N 10% f120% 1 R ERE
H2.25% F14.51% ) o N BRI 3R B RO, K i RE R RIS B ) T 4 SRR A 1 7 )
—IKF. BYNEREETEMRE KRR, LR AT 4 F Wb

Y1 10% BHEMR +2.25% FHE +3% BT

Y2 10% BHEMR +2.25% FHE +6% LT

BY3 20% EHEE +4.51% F4E +3% BT,

B4 20% BHEE +4.51% FHE +6% HTHR,

HRIH AR ICEFMERE 1,

F1 FHEHRXBRVOERREFRNE
Table 1 Composition and nutritional values of experimental food fed to Microtus fortis

1843 Composition B4 1 Food 1 4 2 Food 2 %) 3 Food 3 B4 4 Food 4
E & Com/% 25.2 22.5 11.2 8.5
KK Rice/% 25.0 25.0 12.5 12.5
¥ Wheat flour/% 14.5 13.5 10.0 9.0
5K Soybean cake/% 4.3 5.3 36.5 37.5
# %k Wheat bran/% 11.0 9.5 14.0 12.5
F 4 Sugar/ % 10.7 10.9 6.8 7.0
% Milk powder/ % 1.5 2.5 1.2 2.2
&1k Salt/% 0.8 0.8 0.8 0.8
CaHPO,. 2H,0 /% 4.0 4.0 4.0 4.0
BT R Tannic acid/% 3.0 6.0 3.0 6.0
EFEHr {8 Nutritional values

FH H i Crude protein/% 10.00 10.00 20.00 20.00
#F 4% Crude fiber/% 2.25 2.25 4.51 4.51
1L AE Digestible energy/ (kJ/g) 1.59 1.59 1.60 1.60
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1.3 aYEEER

B m ICSC-H AR St = R B K A BV R X B Hsc . mE 1 FoR, &P 4, —
R BRI IR R ISk L AL A 7 — - BENA RV & LEERRYENRARER#ikE. aY&
AL ACIR R S B iR R, R CE S I RS R R AR R o DRI, o B AT R T2 3h 4
R RRHR

1 BEEX|RMEEE
Fig. 1 Cafeteria food selection cage

1.4 SLEITHE

EFAMAAR AR 7 H B S 208 B 2 JA] & S I R 45 & (2R O Y B ORE AR . AR Bk 64 HUREE
FEIE SR A MEVEAR T FH B (50.4 £1.8) g, 500 6 4,55 1—4 A4 12 1 ,5—6 HEH 8 X, ARk
BREN WG T FUBURIRRHE 37 B — BB ACIR BB GE R 7d, 56 8 RIT IR #EAT L%
1.4.1 JURERTERNART H RGN EEO M EREE —-BRRAT, HESHETR3% M
6% PIFP IR EEAL BB Y . ASLI eSS 1.2 HARTTH 6 1 3R EtaEY | MRy 2 THRERLEAR
e ik A RS 2 AN IR 3 R 4.
1.4.2 JEEERMALERN AR H R AWK B RS R TRKE -BRAMT, ES 10% E
FUR +2.25% £F4ER T 20% EEIR +4.51% S HERPIFL K R&Y) . ALK 3 HATTHRRAR
Y1 A 3 THFEENILE A mB R, 254 AN aa ey 2 g 4.
1.4.3 QTR GE B RN 4ERXAR T H R Y M AR 72 5 T IR B B R A ERRE A
ER RN T iE—E T RAE IR =ZFMEAE XA T H R AR, RLRERRE S HAR77H R
RAEY 1 a4 LA REE 2 6 AsiNIRARY 2 FIgd) 3,

ERR XA RYER 1RV GLALINT, &L 6d ME RV ELHARYBABRTRRE, RYHE
AR =HAR -FRE. EXRHEFERNLEARYERRLESTRAVFIEERE 1/10 FHK.
L5 SEitath

A HAERR XA T RS0 R 735 0 AT B0 T AR (B R (2T 48 3R B ELAE R AR T R e B A i
2 #HR
2.1 BFRXARITHREWEER RN

e BT B AR T R BRI, LR B R P R TR SR 3% M6% K2 Mk, K2
MIZER B, 7E 10% EHE R +2.25% SR MR A S, 7R 77 H BN & 3% B TREVWHFHEEEN
(4.41 £0.90) g, MXt 6% HTRREVWHIHE RN N(1.83£0.10)g, “HEEZRMBE (1 =17.124,df=5,P <
0.001) . NEBRKBERERE, ARKHHRNE 3% LTRNBYHHRREMEE ST 6% LTRNEY. £
20% AR +4.51% SRR E A, RT7H R 3% BT REY KRR RN (4.00 £0.12) g,
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Xt 6% B TEREVAHRAERN(2.36 £0.21) g, " FZRWKBE (£ =7.726, df =5, P=0.001), \EFX
ISR ERE BR T5R 3 KFIZE S RO, ARITHERX 3% Ml 6% B TREYVBRBEEZZRREBE . A, K H
BUTE 10% 2 FR MR B 45T 6% BB TRR BV RN 1. 83, M7E 20% H H R E T 6% R TR EVHERE
B 2.36g, " EZFEE(P<0.05) ERGRUIHE TR AR T H RERA BB HI /R, s ik R
HRAI AN B E R TRAEYERR.

x2 FAREETERAEVWEZHTHEFAFHREBRE (g, Mean £SE)
Table 2 Food intake/ ( g,Mean + SE) of Microtus fortis fed with different content of tannic acid diet

BERA R 1R 2 % 3% 4K %5 % %6 % Py
Content of TA 1* day 2" day 3" day 4% day 5% day 6" day Average
10% CP +2.25% CF
3% BT R 3% TA 4,32 +£0.34 4.62 +£0.26 4.62 +0.49 4.18 £0.57 4.15 +£0.38 4.58 £0.53 4.41 £0.90
6% BT % 6% TA 1.67 £0.27 1.48 +0.24 1.78 £0.28 1.88 +0.44 2.01 £0.43 2.17 £0.45 1.83 £0.10
T 7.301 8.093 4.335 4.258 3.880 3.019 17.124
P 0.000 0. 000 0.001 0.001 0.004 0.015 0.000
JF0 Total 5.98 +0.50 6.10 £0.31 6.39 £0.46 6.06 £0.87 6.16 £0.59 6.75 £0.58 6.24 £0.12
20% CP +4.51% CF
3 BT 3% TA 3.57+£0.35 4,25 +0.34 4.16 £0.44 4.20 +0.34 4.11 £0.36 3.73 £0.22 4.00 £0.12
6% BT P 6% TA 1.64 £0.37 1.83 £0.41 2.57 £0.46 2.43 £0.51 2.95 +£0.47 2.73 £0.31 2.36 £0.21
T 3.028 3.378 1.967 2.442 1.662 2.224 7.726
P 0.011 0. 006 0.075 0.033 0.125 0.048 0.001
JF0 Total 5.22+0.34 6.08 £0.25 6.73 £0.37 6.63 £0.47 7.06 £0.50 6.45 £0.29 6.36 £0.26
B2 A H T 58 3 FI5E 4 AR5 H RERAHIN 3% 8C o+ R
BT 6% BT ERAC IR R MR BUE . R AT A, s B2+ Rt
07 B R R W R RAZRTROKEEWE M, ABX 2 [
B ERRA BEXER (1=1.262,df=5,P=0.263> £3 4
0.05), @< ;
(=]
2.2 FEAEFEAERX AR H RS EN N =
S8 B AT 45 0 AR 7 H R Y kB 0 5 3 " 5 5
W, SEIR B T 10% B R +2.25% L4521 20% & B ] Time/d

FR +4.51% SHERWANAEBE . WNRIATUEH 3
BT TRUE N 3% B, R 757 B R 10% HE R +2.25%
FHERBYHTFIITAREN(3.21 £0.08) g, MXf 20%
BT +4.51% FHERRYHFIREEN(2.01 +

B2 AABRMARRELTRABARWERIEE (s
(Mean = SE)

Fig. 2 The total food intake of Microtus fortis fed with different
content of tannic acid

0.07)g, “HELRFWEZE (r=10.91,df=5,P <
0.001) , NBRMBEERRE,RE 1 RHE 3 KON HESKATHEN ER-HEYHEREEERHD
¥, YHTRRIRE N 6% B, R FBRXT 10% EHE +2.25% 4R SWHESEEE N (2.74 0. 18) g, X
20% BEHEE +4.51% FHEZ YN EHEREN(2.72£0.09) g, “HERFAEE(1=0.124, df =5, P =
0.906 >0.05) , HAF HREBRX LR 2 HEYHBEEEMRAREESR . SRR . ERKERTRAMH
T, AHERX AR T H R EEEEEm L E B K B SR E R TRAM T, B FREORRBS AR TR
IR EARIE R LR SEE R, AT R H R B S mERNR B E

Bl 3 2zl 758 1 #0562 AR H R IEAR RV BE R A 4 R A3 v, R X 5 3% 1 6%
TR AEER. NETRTLUE S, R HREBREBA MR EAZEDRMA4ERKENZ N, mHS
KEBEAFRHEEREBEEF(1=0.496, df=5, P=0.641 >0.05) ,

http ://www. ecologica. cn



43 TRER 5 EE,FERMETRIART HREENE R 945

®3 TEREBEARMALRFGTHRAHREBRE (s, Mean £SE)
Table 3 Food intake( g, Mean + SE) of Microtus fortis fed with different content of protein and fiber diet

EHEPGIE R ¥ g HIXR 2R IR Ha4R HSRKR EPN I fE
Content of CP and CF 1* day 2™ day 3" day 4% day 5% day 6" day Average
3%TA.10% CP.2.25% CF 3.23 +0.36 3.33 +£0.37 2.96 £0.36 2.98 £0.34 3.33+£0.38 3.41 +£0.48 3.21 +£0.08
20% CP.4.51% CF 2.03 +0.41 1.79 +0.30 2.14 +£0.22 1.88 +0.23 2.26 +0.23 1.94 +0.32 2.01+0.07
T 1.634 2.506 1.767 2.531 2.479 3.284 10.991

P 0.130 0. 029 0.105 0.028 0.031 0.008 0.000

LN Total 5.26 £0.25 5.13 £0.29 5.10 £0.38 4.85+0.39 5.59 £0.45 5.35+0.68 5.21+0.10
6% TA ,10% CP.2.25%CF 2.18 +£0.40 2.70 £0.35 2.97 +0.34 2.31+0.41 2.89 +0.40 3.38 +0.44 2.74+0.18
20% CP.4.51% CF 2.78 +0.60 2.82+0.49 2.61 +0.51 2.31+0.76 2.88 +0.53 2.90 +0.40 2.72+0.09
T 0.711 0. 168 0.672 0.000 0.017 1.687 0.124

P 0.492 0.870 0.515 1 0.98 0.120 0.906

S Total 4.96 £0.56 5.52+0.49 5.58 +0.68 4.62 £0.97 5.78 £0.80 6.28 +0.79 5.45+0.24
2.3 TAEABEMAHERNREERANRTHBREY Y R R L

iz edinh A

JPEY TR R HU R AT 4E R A EAE X AR T
H R EYEERZm, A% 5.6 Ak, 5 0#H T8
Wil+gWa MEY?2+8Y3 WEY B BRAEFHEL
I, 2R NEKA, FAHRENEY 1+ B4 A ) S ,
R EFER, X EW 1 (3% TR + 10% EH K 1] Time/d
+2.25% AR WP LB A R (4.32 0. 1) 6, M gy o gy r e R R A B RS B
XTEY 4(6% TR +20% HHAR +4.51% FHER)K (4 Mean 2 5E)
FHREEERN(2.03£0.86)g, —HEEFWMMNEE(t= Fig. 3 The total food intake of Microtus fortis fed with different
15.659.df=5,P <0.001) ., NERIEEKE,% 1 K content of protein and fiber diet
BRBEESR, HE S KM 2 HEVHBEEREFE
BEZER, EXNEY 2 + B8Y 3 LAY RN, K77 HEX &Y 2(3% B TR +20% EHJT +4.51%
HHR) M HREEN(4.32£0.14) g, AW 3(6% TR + 10% HHEJT +2.25% 4R ) WiRBEEN
(2.03£0.86)g, —FHERWKN B2 (1=26.869,df=5,P <0.001) , NERIZEERKRE,F 7 HEX Bk
2 Mk AR R ERFEREESR

F4 FHHBRMARRERTR.ZEARMALEZLEBERWERE (g, Mean £SE)
Table 4 Food intake( g, Mean + SE ) of Microtus fortis fed with different content of tannic acid and protein and fiber diet

BB R & HIR H2R ERPS RS L RPN L PN FHHE
Content of CP and CF 1* day 2" day 3" day 4% day 5% day 6" day Average

3% TA,10% CP,2.25% CF 4.08 +£0.53 4.72 £0.45 4.50 +0.48 4.23 £0.46 3.80+0.44 4.56 £0.45 4.32+0.14
6% TA ,20% CP ,4.51% CF 2.06 £0.54 1.86 £0.42 1.91 £0.39 2.17 £0.40 1.81 £0.40 2.36 £0.42 2.03 £0.86

E1:2: 1958
Total food intake/g
O = N W s O o

T 2.011 3.435 3.193 2.629 2.375 2.620 15.659
P 0.084 0.011 0.015 0.034 0.049 0.034 0.000
LN Total 6.14 £0.38 6.58 £0.24 6.41 £0.33 6.40 £0.35 5.61 £0.12 6.92 +£0.22 5.45+0.24

3% TA ,20% CP,4.51% CF 3.89+0.44 4.76 £0.27 4.63 +0.43 4.86 £0.29 4.33+0.23 4.85+0.21 4.32+0.14
6% TA ,10% CP,2.25% CF 1.70 £0.30 2.54 £0.64 2.15+0.52 2.12£0.18 2.13+£0.32 2.40 £0.16 2.03 £0.86

T 3.258 2.838 2.821 6.640 4.941 11.689 26.869
P 0.014 0.025 0.026 0. 000 0.002 0.000 0.000
LN Total 5.59 +£0.34 7.30 +0.60 6.78 £0.38 6.99 +0.26 6.45+0.32 7.25 £0.31 6.73 £0.26
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B4 255 T B TR R H R ME 4 R BAERN X AR H BB R BB AR HBRER 3% $
TR +10% HEEJR +2. 25% R (B 1) AIRA M 6% TR +20% FEHK +4.51% F 4R (B 4) b3
HEYHSIRER S5 3% TR +20% HEHK +4.51% 4R (Y 3) FAT 6% H TR +10% HE i
+2.25% AHFR(BY2) MHEARY SBERERAREER (1=1.883,df =5, P=0.118 >0.05) , FiRZER
VLR TR R 1 URAF 4 R M BN AR A BB R BIRR BE
3 itig

(=}

r oY+ 84 m 2P+ 1Y
EHEERETBORAT ATERRERA  § s
FERMKERTRORY. X SETREGRIER 25 of
YIRS AL B 25 R B I A B B 0 ﬁ§4—
s R AT EEIENE R A EARN S 2
10% B2/ , B BRAHAR F L8 1 R L SR S

5} i) Time /d

Ve FET 2 e B 8 T A 3 o (LK A 1 4R R B
EERWE MM, XA LHEL - B4 FHAARMFAARE TA.BEARNFLERWRRAR
20% B F RS T, R0 H BT 6% B TR Y R (8, Mean £SE)
[2[3 {ﬁﬂfﬁ ﬁ%— 3':‘ 10% % El D'"i ﬁ"%o Brooker /;‘\-_‘%[16] ?A j{] ﬁ Fig.4 The total food intake of Microtus fortis fed with different
L2 T LA RRA R 26 T O R 2 B M R ORI g e of T o proteln and fiber diet
XFAIER, RE I E RS AT RSN —FERNEEY, TR 430 E B — R 5k R
(Streptococcus caprinus) REH FEMEXFIE B4 . (HXF B BT, B AT AT LUE 1 40008 5 25 I 20 B8 F e Yk
FKERE TS . B HEEZ—E RIS A TRER AR, iR & T R W
RAATRERGR T B 5 M R R X S R fe S MMM L BRI SR . EE R
KUV B, RN T I BE BRI R R ARSI AR A T RR BRI, BT R0 B S X B i
Pehrson A A ShxT I H kR B AR, RS EEFE FHATRERELEYHEFRRET
S B AR B

TE 3% BTN , 48 J7 B UBCR B AR 1) T 10% B R +2.25% SR &y, Tk 20% & [ R +
4.51% SR WY . XA REAA 7 H BUR B RS , 75 F RLZETR 68 1 X 3 BEEOAT WA o i B A AR ok
FEPE R, BTHAEXE RS SRR, AR ER A TRAE T, FEZ YR ES
JER . AR TR T, & BRI AR, Widr i iR AR, R 5 H B R Z s AR
X JEL A BRI S R E R . BAME 6% BT REME T , AR J7 HI U 10% 8 IR +2.25% 4R 4R Zf120% &
FIR +4.51% AR XFHSYREREE BELR H—SIEHT LR WA. BRESERENIRED LR
PR AR Y, R E HOE A BER BRI, X ANIE R AL HI AR T A5 45 77 I B AR MR IR 478 S8, b Fro A 25 4
VR AR 42, 8 LI DX A VR BB B R A AR AL B2 A

FEMSE TA B BRAILF 42 3 MR 3 BAE FAR 2R 7 H B e B i (5 AR b L 5 F LB 2 b
3% TA W), TR W BE 8 R AR 24 E PR B AN o F AT 0, B0 TR N 75 7 B
BRI  HLE FUR RS R R AR T AE -5 5 A S 0 0 rp SR BB B T BRVR BE AR, R 7 P RN v vk
BB TRREAYEABEMNA R, TEHGALR AT, XA HREERE Y, RS EHEE FEEm
FEKSE B T R HEATIUAE , YR 42 B 0. 13% ,0.22% ,0.21% 1 0. 11% . R M, 24 ¥y 20 7 BR vk 35 34
I 3% F1 6% B, 2T ERIIH BEk R Z 7 H B W e B e R R, LB B 32 R T IR AR X A8/

EshY RN E R NP IR ZE R A SRR R RSP EZ R SRR
B DR AEYRS, DI BT T A RS B R R A R AT e B K P R
i, B LA R S A R R (K ), T2 e 30 Ak 0 ) A5 /N BT 00, S5 T £ J SR e T R R
5 XL B8 7 [ ROAAF . Anne L. Rutten 25 3 3 e o Vg B 2R BUR K /MO TR ST A8 AR LB 258 . B 5518
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VA S i A e Bl o LAY B R R A B S SRR 0 & B MR Y L AR T 1 AR S i B R AL 2
B DAL A5 R B2 B — 2 AU BR ] o Burritt F1 Provenza "' A% & 5 A My R BB BUR THEY) B FR 10
FEMEGBULSHEEMESSHER. Fi, iyt By & fpy TR AR K —FE 3RS
RiXT 5. 5 EEAFEIURERE , ERME RN R AR B 2H%, SRESS ERFAEFHFRE TR
TR H R SR TRE) , SREY B % A T AR IURMYLR + EWE K 3h
W2 ) Ve PR A I A S B B0 o 3 A ey T B R e R 035 B8 SR SR B A, — TR 3 5 8 45 B
BB ES S R R RS M TR RV AR ED B, AMRERE 25 S LS R v
P BN o MR VRS YE B YRR AE 4 AR 3 3 A A R o R AR A RS 3 5 B TR I SRR &
BRI EY' . Boyle and McLean " A Jg 3Bt Uk A W1 I 14 30 4 2 76 A2 BRRITE 25 b 7= 2 A8 £k, BRI T RE A 22
ZEENEE EUGEHEWEED, B ERE L SENRNEY . B2, BYHEER R I LR
HE A LIS AR, RS TE K B B SR AL I AR IR AR — S SR B

ARAELUITE 10% B AFRAMT R E BXT 3% f1 6% TA FEWIRBETE 1—5d B8 E s 4%, =
7E20% BB RS , % 3% Fl 6% TA R #8536 FE LAR T , A Tk 7T B2 AR FH BRLXY TA 38 i A9 25 31
RTATFFR LSRRI, 10% B RS 20% B A FRALTA 3% BT S 6% 3 T RRACIRLH LA B 35 6 /F Fl & Ab 38
] SRR ERRA BEER . XWTRER M TEXRELRMNT, K7 HEIE3 7 MR, ErEEREE R A K
SERBUSE—BURE . AR TR LR RVR B I TA Fris B B Bt AT BB AR A, R XX — TR 4 7
A TSI ) HE— R
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