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Ah'tro: I'lhiliplile ricefieid rats ( tiattts ratlus nibtdattis ) that wre accustomed to eating rice graii
 
showed trratly il etd prrfetiete filr ,granlated rico wilt it was inridhed by tih volatiles front grtund
 
lillplishd I iut,. Thi \%v~ lti. h st of I I fottrillati llsill\ it-isi ! 8 rice c.ttpttttlts that w tr tested with an
 
ailtttmattd ITicf'-cporr pitrtrl"Tcu tistcr. Titis fnlvtulatini also pr ( 0.005)
was bitltly feirrd tt' over 

ic tIvIto\. i, test vti( atjlsIltiratc L! Ir;trttrlttItIt it all ihIt paired p reire tee test.t a similar rit e ignifi
tamtly (1': 0.l) itlpirvd the acceptattce if a.ri raally palatahi bait. Ill a test %kith 'rtoups of rats
 
itt3- '.-1 tic]ttt tt, titr ric , \olatis formuation swas p ril.ed (1)- 10.05) vr whoie-hgrain rlce,
 
,lihlahed glaw.]at d rice, ilf] L!allolatu'd rice \\'ith sroy].all o1il. ci]\' khq\\c'r'conlduc'ted to c-Flf, ( 

Ih,rite- volaihs, tio auceptletc if acte ttoxicalrt atfinmil if tutd, illrctsa ar lv.il. hats gis'et chotice 
betwct-.1 gl;,lllht.(l licc \6i11 and \vithcut 0).2 lwc'icvt ziic phosphide ate' llorw o the'lintr-ated Ilate~rial 

it,) mortalit; a choice LrIt ll aid 

\,olatttir iolatijlu 2' o t hait 


and sh,,s,'-t pturtit als gkc\i ItWI iI tIltiteItd d ritict itht rict 
wiith zil phosphide alt, tort ( - ) it roathd itd shl ',iit 8S pi:'clnt
 

aiortality. rt.. results indi(ath thal iotllsifyin.l the'flitir ciiis assitciatId with a ttinliar il pe'ferred
 
tod is aIruiltilhd ill diec upillinit otf alt eifitiNc ai i
appl)tat'h titt s i allttcr. 
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The hitoilial prol)hll (t lait tcceptance "'aipp 1967. Valle 1970)...\ tnovel stimulus 
ill not control pro r'als i('adilh applies to 1tay direct ItII anitttal's (xploratto.y lelhaxiio 
the l'hilippili ritcefield rat. Ili their 1971 atid lead it tot the bait, but 'oisumption of 
Anntual Report (p. 61) scitiitists it' the the bait tmta'ttItv ttttt tollow, depeild

lPhilippitte Iittlt lh1smich (Xtuter (Col- il ott how Much wariits* the saltle ttove] 
lege I'agtha, Phtlilippites) stated: "We sus- ette elicits. .\s the lit's lovltv decreases, 
pect that loit aceeptatte is a ttojo actor so dtes its ability to direct exploratory be
litoitillwt the elcetivetess tf acute toxicatnts lmvior ( Lowg and Tapp 1967). Further
as ttowlUsed for rodentt )ol)altionl t(d(lc- more, novel factors such ts taste, odor., 
tion in Ihilippine riccfields: methods to itl- color, ald te\tulre tttay provide clies fr 1)'it 
prove acceptatuce lved ftrtlher ittestiga- aversion (shlness 
tion." lecatuse of this teed, we began It lowever, response tt a familiar food is 
prograii to dev(op highly palatable baits tttore predictable. lrexious experience is atn 
for rat control itl ricefields. important factor ( arett and Spencer 1953, 
The food prefereitce behavior of wild Jackson 1965, Cortwell ttd BIId 1967, Rei 

rats is VerT Ctttplex. The (drive tt satisf\' 1969. Bull 1972, IHoward and Mharsh 1974). 
energy retluirelmnts affects preference Il tests ailtd observatits of feedinlg be
(Schein and ()rgait 1953, Coruwell and h we have fotit d that rats consisteithw\'iou 
Bull 1967, Brooks al(l Bowerntatt 197:3). prefer familiar foods over uttfattiliat (tites. 
Novelty diso ci be important (Welker The dlrabilitv tltd stretgth of this respontse 
and Kittg 1962, Bronsont 1966, Ltong and seem to itcre'ase \when the familiar food 

has been a major diet itettt tlld ts satisfiyiig 
IInvestigations were supptrted by fttnds pro- the al's tt,,tritia I eds. Ti g l,tllill e'l 

vided t,, (1972) fottid tht whe there is enoughthe U.S. Fish and Wildlife Service 1Nytt' 
Agency for Internatiotal Iw)evelopment ,nditr thi rice grrin illthe paddies to susti, rice
project "Control of Vertelnrate Pcsts: Rats, Bats and 
Noxitus Birds" PASA RA(ID) 1-67. field rats, it makes up 60-85 percent of the 

J. Wildl. Manage. 41(2):1977 290 



FLAVOR ENIIANCEMFNT 

volume of food in their stomachs. Tliis. the 
most familiar food of the rats that damage 
rice 'lammts is the rice graini itself. Could a 
rice fraction that intellsin'ied the familiar 
flavc;c cues mftrice provide the kiv to de
velopimig a highly palata l, bait, 1Ite series 
of studies described bmmIvowas desigmed to 
allswelr this (mIestiom. 

The authors grateIIIlv acknowved-'c 
G. 1ommi. S. F. Caddis. aid K. A. Cramic 
for their tecnlimical assistance throummmmt the 
)roject. \We aiso thamk (C P. B,'eidhistei lot 

statistical assistammue and A. II. Heiaii for 
critical revie'w of the mamiscript. 

GENERAL MEl HODS 
All test aimMIals \ ere wild ricefield rats 

livetrapped imithe Philippines, shipped liv 
air to the laboratory at Demver. and he'ld ill 
individual rages for acclimation at least 30 
days. For at least 2 weeks 1before testi mg 
(at least i week imiphase 5). all were fed 
whole-graim, unpolished (alifoilia lli-mvl 
Pearl rice ad libitum (a few rat chow pellets 
were also offered in each c,tge so that the 
rats could balance their mutritional refiire-
ments, lbut they comsi..,e mtv ate mostv 
rice). DImning laboratory tests ( phases 1,2. 
3, and 5), rats were held iiiindividual 20- X 
35-cm cages and offered onl' rat chiw pe-
lets betweenm testing periods. Fmr unifor-
mity, all tests were conducted with Cali-
forilia Brown Pearl rice ill a gramdimated 
formulation, with or without test materials 
added, 

We used a domestic rice variety because 
import restrictions imake it difficult to oh-
tain sufficient quantities of a Philippine 
variety for large.scale testing. Our earlier 
work and that of Ilougen et al. (1971) in-
dicated that the flavor of California Brown 
Pearl rice was close to that of the varieties 
the rats had probably encountered iiithe 
Philippines and that the 1 or 2 weeks duir-
ing which the domestic variety was their 

J. Wildl. Manage. 41(2):1977 
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principl diet was sufficient to assure that 
it was a familiar food. 

TEST SERIES 

Phase 1: Preference Tests with 
Different Rice Grain Fractions 

III this first study, we tested S materials 
I I coimenmtrations )represeitillr differeit 

fractionls of rice graill to (letermiimme if anv 
of tlhemIm would imicrease .cceptmmee if added 
to rice. All fractions were tested is imliredi
ents ill ii masic Ll'amuilated iit Iiirmiuitioi 
prepred by addii, 30 ml (f a 25 pt'rcent 
ethamnol solutim off Plasdome (plvviyl
pyrrolidm e) to a mimiformIm mixture of 75 g 
ground rice material and 25 g Avicel (cello
lose ) filler (refernmce to trade niamies does 
iiiit imply U.S. (Cvemimiemit emidorsemimemit 
of commercial products). Unless otherwise 
specified, the 75 g t" ice imaterial was 
\v'hole-1,raii California Browmn 'earl rice 
gmrouiid to almt 16 mmesh size. This moist 
preparation\was spread ill a thini laver for 
drving af ter the etliaiol evaporated, the 
material was ground to 2 mim or smaller iii 
a Wilev mill. 

The eigihit rice fractions tested were ais 
follows (ioie contained preservatives or 
other food additives) : 

(1) Cold-pressed rice brani oil (Ilain 
brand). A diethy l ether so!lmtiom of the oil 
was added to a roimid-bottom flask contain
imig the gramilated rice. The diethyl ether 
thmeim \\as removed by rotarv eval)oration, 
leavin, the oil as a uiform 0.2 oir 2 percent 
coatimig oi the grammlies. 

(2) Acetonitriie extract omfcold-pressed 
rice bmran; oil. Ilaii rice bram oil was ex
tracted (iii a separatorv fummel ) twice with 
emImmal volumes of aeetoitrile. After removal 
oifthe acetomitrile by rotary evaporation, the 
oily extract dissolved imm etherwas diethyl 
and coated, as before, on gramlated rice at 
0.2 or 2 percent. 
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(3) Diethvl ether extract of rice. Ground was immersed iiian acetone-dry ice hath.
 
(40 mesh ) Califorlia Brown Pearl rice was :\t the end of' a 3-hour collection period we
 

extricted ii a Soxhlt apparatuis for-1 lli's thol';)lzldy mixed the trap coitelits and
 

with diethylv ether. After reitioval of most of thn ponIled the(ni into a calpped botthe that
 

tile (tier liv rotarv ('vapotratioli. the extract \as held1111der reftrirerition until testing
 

was ('oatc(i o gronuilated rice at 0.2 or 2 ( withiii -IShours
 
perceml it. lach of the II test formlatiols was
 

(.) I': l( . \eii 1 ibnld compared scparately a4'aiilst lie colitrolip stoi'-
gr'oilid rice loil" was mixed 1:1 (lhy gruillat(l rice forliiiatioml witlit aVarie 

weight ) with gro n(d C alifoir'nia Brown traction a(lditivi' in staiill'd prefereice 

Pearl rice ;111(1 the mixtuire \\,it" rallillateI, tests with the apparatus d(es,.riibed 1)' 
(5) Rice polish. L']iliii bril'i rice Thompsoin and (;taiit ( 1971). il(oinlv dil

polish was imxcd 1:1 with groillld Cali- fereice iietw('cl the co-litr)l aiid test forio
"
foria Brown Pe;l rice id the Iilillr(' latioiis \\as the rice fraction, 1i'iiig tested. 

was raiiuilatild. Tis alitomiatic taste pref reice tester is 
(6) Hice bimn HI Nnio r (i l' )Ilgramilhed so that the limilal0 Siiil)ies 

l)rlill was lllixcd I :I with grou(d Cal ifiriiia foi 3 sicoi(ls. F'oioidFood A ailni B for 3
 
-
frowvl Pearl rice and the mixture was grail- s.oiids. chooses Im-twcui :\ imid plre 

lilat(l, wtact(d shi l~tin, u slv ( 'acu('mmiatc'd6 s'c'

(7) Rice branii 'olatiles. \'olaties from 2 on(), s;imip's I"ood B. sa;mples I"ood A. 

prts (I' vcight )of 'lMoiio rice 1rii ;mid ftailifll bwecile)t" h,ai)s('s A (i.e.. 

were trapp(d cryoeiicailli. )positiolsri\rsed . T , maii.h spat ialoito I part of nl 
gramlalitcd (lifrib Peal-' p~osition halhits ai' mililizAd by\ alt itctv'ia Brown rice by 
tlhe priicss descrilmd lhow. presci itiii tle food" with sci(I dlice nid 
(8) Bice vi latilc;. Volatil's frm 2 parts positihos ri'ecrs(d. The (.icc is p!lac(d ill 

of :,,rould (;lif'oriia Brown Pearl rice wei the rats himic cat(' so) that no ;milmll hi;
traplwd crvogi'ically onto Ipart of g'rai- (lliii is ii'c('ssi\. lcsts a' (,omiilcte(d (ill.
lated (alifornia lBrowi\\ Pearl rice' by the ill" thliv(' a 12eimii lioins of 'is(' 
proce(ss de'scribe'd b7elow. hloilr light cvch' illi sollmd-atteillat'd room 

A mo(iifi(d roiltary e'vaprilatiir sas used where the animal is isil'at('d frint visual 
for cliectiiigs il vilatil5 froun rice b7ran aid aulditl)rv nt'rferences.
 
and "rolili rice..A cold trap co(ntaillill thl(' Six ritts w'er lised lt.each co mp~arison,:
 

grlilliatled rice replaced till stal(ltldll had i)l'i to 'at from the
al! ('liditioll(d 
l'iedrich(' (i'lnser.Thei'gri1l(ind ri0'iriC' al)laratus adi lahad 1)1',1 ti'st('d for iili

l)rim \\-is placed in a 2-1 roulld-i)ittoill flask foirmitv of rspi)iMib'li til stailiM'd 1rod'

that was modified hy haviiiii .3s'mmctri- (u'e ('scril)ed lv Slhlmak(, ct il.(1971). 
Caily Spac'ed de)r('ssions (2 cm deep) o1 During thelt('stiii pl'riod. all wll'r slightl. 
the side to serve its1bffh's. These tumlcd food dheprived byv restr-icting- th(wir totald 

the milterial dluril rotati)n, which ill coii- dailh ratioli (ilcluding fond aVailailil dur

hinatioli with a 50 C internal teilperatulre ing tests ) to 12 r.IEach rat was tt('ed twice 
supplied i :miinfrared lamp. provided ap- ol slcces:\''i days for a total iof 32 choices. 
pl'iipriate ('ionditions for the release iof vola- Pref('rl'lcl' was i'asur'(ld as the pereviltage 
tiles. A hielium gas stream of 20I ml/mintite that L-0o1SHIIItiol 01' theC test food c'lit,'il)

(measured lv soap bubble flow meter) oted to the total eating time and to the 

swept tile slolat'"s into a cold trap, which amount of food caten. 

J. Wildl. Manage. 41(2):1977 
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t t' 'r of (hoPreference scores for the I I ts f n- T.H o 1 Preth rorico riceTd ,t! !t; p a:t 'I.,
 

latiolls are sulllrized il Taihe 1.F(o ' of ,, :It,,. toctuot t::,rt ,r :',7 , r,,r ..
 

tlhe for la1jtiolIs w e r i jlili(,jIn l\- e t r ,,,,~t',! ;, 'i! t'~+d t... ,rit ,,t', 

thall the colltrol ( ) - 0.1) ft either e'ltiwlg
 
timel( l()(1( Be -i(¢"Usrtll(- ~ .t, ,,,
 or t'olulimllptioll. ricel d' 

tttI, ltat llrut' I I , 11121i~t 

\'ohitih' ().llll;ItiolU onv'hct- ",.,,,,........,. ,, ,
\\.is the oill\ .... .... .


t (rt llut i iol i l l ' I I'Nt111 'l1)1(1-1". 2 ' 'ictI irmiil 9.T t 12T .7 S , 1.1
 
Iiilla 0.2(; 1io',Il i.".: IsS. 


1 2'; ii',him ioil
 
IiIC' S It'-r ill ('c;'Ih c \\.ilsl'llk(,d ,l t LO 2: 9.7 5.1
 

ill ildditi. ll li ill--th 'llh,Illst prc.t- -l lt .6 2 ,9 

se, it (cttit 1.() .8 

;1'iheSt mid, thel, fr,t ' , lti',t]- 0).2:'"<ri, brl i
schected ,il 


V IIL'(c'(tvodillu
r 

o lilvih. Ili. - 18.2] ..T
 a;t u'0,10~t'1 2..4 
m,, 2'.;trm il lmmn 

Phase 2: Paired Preference Test lic, thir \l,,lt. 52.9 ± 5. 15.. :1 .7 
0.2 r'; ,i(it I i \\II ,of1)1 

- ,ilil S 52.1 51.1 


iiSed illpli ts I isit Xvl'" rid (1 c 'ir 51.t 5'i.0 


T r ltl i~tjl r h )1i tIh r,,\lr; (It 15.7 .21 
l50' midiit( i ll l osp 5.1 

at)nit e ,outnll (' il ri'2ti'aii tml 1;ii ,cpI 5(i.- 52.1i i3.5itiii('iiu.'l'u' I l .50" lIl :_ .1.ii' 
i'iI)- I il I.,t 61.8 - i i' 55.,ii09, ,.2

till('rit (' l 's 1 ()i lu(iii li \\;i[, I d Tili p d i t(tl h lai' si ii(t i .i the cm iild b\' mi ,illi I- '_ 8,,9 I i lls ilali\ t. o)l'm o.litih, .1 1 

h r widlh lt'd ii i it1)1 I i(" tr(l' LiI.I!p( d lodi I 2 - 7 il
 

ii r('d i ItI;(-(tt Iiii ( M s.5s:1 ).(i5.t -f2.0
i a i ir li' l t'I t ratsil,.ii 


lii})li~illl.,) ioih,s i i i i i , l l i t1,.,,,.,tolat ,it iiiil.lo ut
(t~llq lll I lie 2 t~uh.,l ' t,.l.iitlslfiiI'uo iig 


otaih il idih ' ltt e
ood.s.--'l ,Ihr lkr cit 

Philippiu i c''iutoal i t ok iil t
;ili iii t.-
 ' ii'lit of sitio IiitietS anl otat n eliid, ilg'trlnli u tiiit IP(lli 


ice li lic s )]ro'lm dcil h il ti ]il(ulr ii ' ' 1- i ile .t e 1iIt o ,l l o d c p
 

i 'ili \ ai% dii(ii iiiti ,,as +ictuu ht son1c 

lllr 
, 


itsliiislei l'll iv .7-it2\3.)I Ilt sittloi ll tistil t etlio t (l
i- cil'itica('iito d enii illg 


i l aih -liso. lt. ni maI o fIont em1)ll
Ior stto ti' 1 ls Ililno aidm 1 7 o l i lills 
I illhe i t ils 2.'.il l llung.h1s I("wuiepIm. -)1'7 ( 

iltthf 'li- l t ( cttch ( a';tu wit Jhi :1ut1;1 2 .1iithe. VliJ.-Iials , il, rt ; t ,)l)( 

l ,itiwl:s .filli,T t oldr~ \ lei's loh 

w\ere ilte rni h'w c'\clV t tol dc(.I-('l;l(' )'.; ili Iiil n s ,l,11(1' itlud Ilii.-J (- \h u 

l~o~lhm ]ut~il~t\\'i~lud illi)lllt~ oclnl ol'us if lti 'nhls'Ite( oft!].Ikls 10 l el l ()vore 

postio ha t i.ll tillitoc l' im't t .i\Vbitat bl' W cdi U '1 rlh( ( li wliiltcd ll Ov.era)ll.tt 

(til 1 N' liiwere p liled iill lit(tia-c ,ial l(('r.1 . .v)ol)(ruil'' l-lLtill m'rrcl' lit f' l' 

s \v t'ilu'd t h e' I l ii i l'"i t c ol~ i c. 2 (.)- 9 7 .9 p e ri 

diff'erencice, cot-re'(ctc.A fo)rilliV spll]il-t, tallo~lit \nak\sis by ivl;iil'd /-i(est thiit the 

wita I(llo \, 1, . I'll "' ho ll f olod 'i ( i,t c vtl . 

.- .N}u)\\I'd 

(l )I lti ' s Illit']' the ci loc,' \\'its i-tccttided titi'', WCtt IllClli due to,tritilli tio I illiptillll 

tlhe (Illiitit\v Ih'cI \\.its ( 1),.(-10 "'His,tcoliicIetoveuiliiti. r- hli-hik' sit'liticiit 0 5). 

eliice \\'Jits H l'suredt ;islii(. |pcri'c'til,(, the tht, rilts show\ed ,iclil istcill |)r(elterle, fotr 

r'icetvo'tlt's illi ll e o l, ll(' rice \vollitleh ill o 'eiliihtt('iiirm itttio 11 (fl s tl'iiiilliltio)ll 

t()iLitl c'Olis;lliption tests, ill Spite of' the t'till)llli(food Coltlilllii(ld. 

Rcs,'tv.-TFiv Itohid [t(d conlisumpi|tioni of' il( infllenuile t)] ~ositionl haIbits liildp'ost

inldi\'idi,.a ilt, ll t (liolds hi t]ilitctlois hilve .',;ti]ii' perl\ \\.is illisto thiat ilild~e 

\mriiileh ("r111o,.,, g )but sholwed c'iiticid oftihlis te.stingl_ ( Younlg2.7-2:3.0 not incthod 19,(J 

1)irutictiihir lrii.. Thonmpson ind (Granit1,9-11Dpit Most1 ()fticl12. uiitiui] 
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Phase 3: Improving a Marginally caused by atoxicant may differ front that 

- Palatable Food caused by high cellulose content, these re-

Oefofithe problems encounte-ed illu that rice volatiles.' wereap -S tiltsconfirmed 

- plying acute-toxi caiIt I aits-is' tIo dc,as--_ith e
 

inl palatability caused by the chemical, h...cer.
 

Plhase 3 Wis a preliminary cleck"io"deter-

Phase 4: Enclosure Test

mine if rice volatiles would increaIs the 
All previous tests had l])cel conducted" acceptance of a marginally acceptable food. 

AMet Ids.-3y testing aIseries of grami- with individual animials inl lab~oratory cages. 
lated :.iCerformulations of increasing cellu- "'o determine if group behavior and non

lose content, we found that it 75 percent confinement would change the preference 
was the threshold of rejection response, an 8-day preference test was conconcentration 

that elicits food reJ- dicted with rats ill small enclosures.( lowest concentration 
jection) for ricefield rats with minimal food 
deprivation. Shuniake et al], (1971) o)-
taimed similar results with Nor\a\ rats 

(Mathis' orvel~icus) and wheat formula-
tions. ColseIllently, for the cont rol formu-
lation in this test, we modified the basic 
granulated formulation of phase 1 to conl-
tam, 25 percent ground rice and 75 lp,,rcent 
ccllulose. The, treated formulatioin was prc-
pared, by cryogenically trapping volatiles 
from 2 pam s of California Brown Pearl rice 
onto 1 part of this material. The 2.foods 

vri, compared in I 4-night paired prefer-
eice test b, the same methods aid test rats 
as in phase 2. . 

Results,The rats' overnight food con-
sumption was variable and similar to that il 
phase 2 (range, 1.9-241.7 g). Again, some 
animals appeared to show a preference for 
the right or left food cup, 'although this ),t-
tern was not as pronounced as before. hI C. A reversed 14:10 light:dark cycle was 
this test, rats ate more of the control than 
of tile treated food during 16 of the i18 oh-
servations. Overall, the rice volatiles forinu-
lation accounted for 62.0 ± 3.36 percent 
(SE) of the total food eaten (range, 21.6-
100 percent); analysis by paired f-test. 
showed that the difference due to treat-
nent \,as significant ('= 0.04). Thus, the 
presence of rice volatiles increased the con-i 
sunmption ofa marginally, palatable food. 
Although teil mode of palatability change 

U 

.. 

Methods.-IFour rice formulations were 
tested: whole-grain Califoria Brown Pearl 
rice, the granulated control and rice vola
tiles formulations of phase 1, and a I per
cent soYbean oil formulation prepared by 
adding I diethyl ether solution of the oil to 
tile coIntrol formulation and removing the 

ether by rotary evaporation to leave a nli
hrn coating. Whole-grail rice was iln
cluded to evaluate the ipotance of t:.

tore, and the soybean oil formulation was. 
inclIded because it had beel the leading 
caindidate before the development of the 
rice volatiles formulatiol 

The tests were conducted in four 3- x 
3-mn enclosures within an lin diameter 
converted grain storage bin. Each enclo
surle contained five aninals of the saime 
sL-x; two held males and two held females, 
Temperatures were ,ontrolled at 22.5 ± 5 

. mailtailed vith lights oilat 1700 and off at 
0700. Water and shelter were available ill 
the center of each enclosure. lou" feeders. 
each containing a different formulation, 
were placed in the four corners; their posi
tions were rotat{ed each day to counteract 
position habits, The ' fee'ders, which were. 
designed to allo\ ,simultaneous feeding by. 
all rats and prevent contamination and spill
age, wXere left ill tile enclwuires for 7 hours 

day (OSOO-1500) ; no other food was of

.J. Wildl. Manage. 41(2):1977 
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Table 2. Daily consumption of four rice tormulatiors by ticetield rats (five each) In four enclosures. 

Granulated Granolated 

I~.... ; 
Iice with 

rice volatiles 
rice with 1% 
soyhean oli .i .. 

Cd:: , Granll ted 
r eeintroi 

1 35.1 ±3.2 228±:t2.9 129-2.7 
35.1±3.2 21.9±2.3 8.9± 1.6 

z <:.1 -3 35.9 L :3.33.1. -+-2.8 25.9 ± 2.516A -t3,0 15.5 t 2.71.1.6 :t 2.9 

5 3 1.0 ± 2.6 19.8 ± 3.0 12,0 ± 2.3 
6 36.8i± 3.1 21,6± 2.6 15.6 ± 2.6 
7 35.8 2.7 15.0 L2.2 18.9 _.2.4 

tMean 
8 32-I ± 1.7

35.0' 
21.9 ± 3.0

20.6" 
19.1±3.3

1-1.71 " 

t.h,,:,full;m ed by lethter a is sig eificantl,y dltfcet.,t frmIotlh-se ,iiio nt hacviug it; those 
c,,utlv lil Icrelit fromi hose otihaving 1). etc.e P < 0.05) by I)nnc a's iew niultilie-ranigve test. 

r'W ic'I g rain 
. ricoc....ri-

8.1 ±1.7. 
6.0 ±21 , 
5.3 ± 2.0:O'A,t "2.41 

5.8 - 2.0 
4I.5 - 1.7 
5.5 - 2.( 
7,0 ± 2.8

6.2' 

flho ed by b) are signili

fered. The weight of food lissing from each 
feeder at the end of tile 7-houir period wias 
recorded as the weight of food consumed. 

Results.-The rats' dily consumption of 
tilte four fol1nultions is sumimirized in Ta-
ble 2, Analysis of variance show'ed n10 sig-
nificant differences due to sex, eiclosuire, or 
day, but 
tia tinllents 

Dtnlcal's 
nificantly 

a significait difference mnong 
(P < 0.05). Mean separaition by 

multiple-range test showved sig-
greater consumption of the so\'-

)bean oil formulation than of the \hole-grain 
rice and granulahted rice control (which 
were not different), and significaitlv 
greaterconsumption of tile rice volatiles 
formiuiatiol thani of the other three. Con-
Sumllption of tile rice volatiles formulation 
averaged over twice thit of the grniulated 
rice control, I g-elter ma1rgin than shown in 

ally previous tests. 

Phase 5: Paired Test with Toxic Bait 
'The final step mN'as to determine if rice 

'volatileswould increase the acceptance off 
atbait treated with an acute toxicant ilil 
result in greater mortality. 

Methods.The general testing procedure 
-wasthe same ats used in plase 2. Test rats 

Were divided into 2 groups of 16 each (8 
males aid 8 females). During a 3-day pre-
baiting period, all rats were offered grau-

J. wildl. Manage. 41(2):1977 

lited rice in 2 food cups for 7 hours i cay; 
I cup contained 20 g of grainuliated in
treated rice and 1 contained 20 g of the Uli
treated rice volitiles forullation. All ani
inals were given rat chow pellets ad libituin 
during the 17-holir periods betweeil all 
choice periods. During the following 3 days 
(baiting period), 2 cups were again offered 
for 7 hours i dlay; 1 contained 20 g of tin
treated rice iind I contained 20 g of the bait
treitedwith 0.2percentzincphosphide(by 

weight). The bait carrier for group A was 
untreateitd rice; for group B, the rice vola
tiles formulation. Both baits were prepared 
by uniformly inixing ziic phosphide with 
tile graiulated rice inaterial. As before, cup 
positions were ailternated daily. Consullp
tion from elch cup wais measin-ed it the 
eild of ec-.;h 7-hour period, and milortality 

was recorded daily. 
Results.-Consuinption and mortality for 

the two test groups are siumlarized in Tahle 
3. Males and f'emales did not differ signifi
cantly ill iny comparison imade. During pre
biting,a both test groups ate significantly 
Illore of the rice volatiles formulation tilan: 
of tile untreited rice; preference did not 
differ significtintly between groups. During 
baiting, b)ait consumption \vas significantly 
greater for group B, given the rice vola
tiles bait, tlani for group A, given tile con
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- .:: 
.: ::Tale 3, Bait consum~ption aind mnortalit'y in a paire~d lost when rfl r at 1. .. 16 per grouJp) were offered 
.... ii~~tolo r Tco volatiiles. formltuation. . .eaotedwith 0.2 perceont zinc ph0sPhida.. . .. .e for .7,hours per day. :{": : " :est1;1!t " I e1e 

the granulated con . 

' . ': ::;;:; 
-

: 
,i 

" . :Total ,,,d(lse, 

Bailing A Grcoupi m atdri i a s 2.0 0.3l t. 0.3rp 19.8 3.7 50 

tlrcotlf Granulated 0.-- p i 12p 2.orturs .5 33.9o 5p3 88 

\jlhin gl oup, 

aiiAtd t-test.td 
Hailait'cmgiS ol onlp3,iIinti 

I Molh il5 signific dt 

vTiilI-ice wvith,,olatilds-ur, 

mpt.osoiinificanlyr I grvtater lor 

. se sign ficai tl greaterf 

' rdue.i g Iiantl greateir 11 tItn itl t 

unoti 

. 
or gm 

goA (11 < 

itedt 
i 

%olatilts tia:H for control (orlillatioll(1) < 0.05) ' 

03 . ± . 
11 thanat fo il A (1 < 0, 5) by llpaiu redI -test. 

f g0,005) bb ciii-squarr tt-st. 

trol fornutlatiott biait. III fact, the grtoup B 
rats ate ttmore of the zinc phosphide bait 
than of the untreated rice 66 percent of the 
time, alttost twice as frequently as the 
groitp A rats, which did this only 36 per-
cett of the tite. The cottsistently greater 
bait contstmption in)gIotp I waS reflected 
itt the sigitificaittly greater zinc phosphide 
dosts (Iican|, 19.8 mg/kg in grottp A, :33.9 
tug/kg in grottp B) and the sigtiicattly 
greater mortlity (8 dead iu group A, 14 
dead itt group B). 

'I'lIe 0.2 percentt concentration of Zinc 
phosphilc was ctosen as moderately toxic 
linder laboratorv contditions. At this level, 
we Cxpected ahtout otte-ltalf of tie rats to 
begin experie|nci||g sublethal itttoxicatiott 
and stop eating the bait before they tre-
ceived a lethal dose. This occurred ill group 
A, but i) groulp I1most of the rats appar-
ently ate the lait fast enough to ingest a 
lethal close before detecting sublethal of'-
fects. Thus, adding rice volatiles to a well 
accepted, m(erately toxic bait made it 
suifficiently attractive to largely overcome 
effects of bait shyness and result in high 
mortality. 

DISCUSSION 

acite toxicatnt, even| though lretreated food 
was available. It also improved acceptance 
(f a itargittally palatable tood. We suspect 
that it would work even better ill the field 
as a carrier for a Citltative toxicant such 
as alt ai tticoagulat, where bait shyness does 
tot have to he overcot e and the problem is 
tuerely to make the lait more attractive 
than the rats' everyday food. 

)uring volatiles collctiott the wv'eight 
ittcrease of' gratitlated rice it the cold trap 
ranged ft|in 0.04 to 0.16 pe-ccnt depending 
oit the toisttre cotttent of the batclt of rice. 
To test the intiletice of illoisttlre on prefer
ence response additiontal replications of 
Phase 2 attd Phlse 5 were cotducted, Wa-
tetr (0.09 percentt) was added to the l)ait 
fioritttatioits ttot containing tr'apped rice 
volatiles. Itl both cases the results weie es
sentially the same as they were in the first 
replication. Therefore, the preerelic-e re
spottse \\as'itdec to tte Volatiles and not to 
moisture. 

In any baititg prograin, more rats can be 
reached if olfactory attraction draws them 
from distances of several feet. Part of the 
excellent performance of the rice volatiles 
formulation in the enclosure test may have 
been due to such aln attraction. Field tests 

, 

, 

Iii the laboratory, the rice volatiles foritU-
lation worked well as a bait carrier for an 

are needed fir more accurate assessment of 
tlis behavior. 

J. Wildl. Manage. 41(2):1977 
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Naturalli, before rice volatiles cal be and repellents oilthe feeding behavior of Rat;:,:,,1 ,,
:,:,;h'... ,Z.,;;;, i l,: ,,mi ,';, !h z  !::,.tus : orreg cu, Proc. Vertebr. Pest c0,f. - ;<? .. 
made into aIpractical bait additive Ifor the nreiuPo.~etb.Ps of

5:154-160.

Philippine farmer, more work is needed. CoonWELL, P. B., AND J.0. BULL, 1967. Taste
 
'rhevolatiles used must correspond in flavor preferences in rodonticide developnent, Pest
 

(coiripoutads Tand cohceintraitions)-to- those Coiii-i35(.( 5,!,18,JO,20j,6.1.,
 
I OUGEN, 1F. Ws., NI. A. QUILLIAMI AND) W. A. C1iiin the rice variety familiar to the target ii 197 1". ;ds.ace vapors from ceral
 

alnimals. Since the extremely low yield grains. J. Agric. Food Chem. 19(1):182-183,
 
would make commercial stripping of the
olati fro rice to cotlyorlt(t-lt coiltrol Iual, lk'st Control 42(8) :SiIp
.volatileS rice too Costly, Olr ahernl-
fronm plement. l7pp.

tive is to develop a synthetic rice essenice JACKSON, W. B. 1965. Feedii.g patteis in do

'rom the important compounds. Therefore, imestie rodents. Pst Cnitlll 33( 8):12, 13, 50,
 
52.the ftlavor components need to be : identi- loN( .i J, AN) J. T. 1967.16. einforciugC 1 -r"AIi'L C J., AN TA11 Heinf 

fied chemically. To remain effective' for it properties of odors for the albino rat, Psycholo. 3i
 

reasonable time, the volatile coniponents of Soi. 7 1):17-18,.

he synthetic e e ' o be forni IM', N. 1969. Investigations of naltiral and 
the svnthetie essencs to fo1"11- nihet odoriferous SHI)st""CUS which in ratsn oe 

lated in a keeper that will slow teir re- Mid mice release stimulating effects, Aeta
 
. -'lease. field *tests he reqnired "rrop. 13(4) :289-318.
Finially, Will , . field tests will he required SCIN, . W., AND 11. On1GAIN. 1953. A pie

to show that the final synthetic product is liminary analysis of garlibage as food for tie
 
actually effective in the ricefields. We are niorway rat. Am. J.Trop, Nied. Ilyg. 2(6):
 
already working on some of these. 1117-1130. AN" . ,
\1 \V" SiuMAKE, S. A.,, 1I. 1). riMo.i NDsoC,.
 

Fromo)rIO sIccess with rice \'o tiles, we CA, . . 1971., Taste preference behavior
 
believe that intensifying the lavor cues Is- of laboratory versus wild norway rats. J.
 

sociated with a failiar or Preferred food \\'Comp. Pliysiol Psychol, 77(3):489-494.

o1,TiuoisoN, 1. 1., AN D C, V. CHANT. 1971. Auwill prove to bie ag0od starting poiit for tomated preference testing apparatus for rat

the developmeit of additives that inel'tise ing palatability of foods. J. Exp. Anal. Behav.
 
])ait acceptance by rats, and probably other 15(2):215-220.

species, i many si'ua s I. .11 1972. Seasonal food habits of Rat
specis, sit...i, athis nindacnsis.(the Philippine ricefield
 

rat) in central Luzon.lll). Thesis. Univ. of
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