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FOOD-BASE FLAVOR ADDITIVE IMPROVES
BAIT ACCEPTANCE BY RICEFIELD RATS'

Fish and Wildlife Service, Wildlite Researcn Center. Denver, Colorado 80225
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HOGER W. BULLARD, US
STEPHEN A SHUMAKE, UG

Abstract: Philippine ricefield rats (Rattus rattus mindanensis) that were accustomed to eating rice grain
showed greatly inereased preference for granulated rice when it was enriched by the volatiles fror ground
unpolished vice, This was the best of T formulations involviug 8 rice components that were tested with an
antomated bricf-exposure preference tester. This fornatdation was also highly preferred (P <2 0.005) over
wntreated eranulated rice inoan overnight paired preference test, In a similar test, rice volatiles signifi-
cantly (P 2 0.04) improved the aceeptance of a marginally palatable bait, Inoa test seith groups of rats
in 3- 3 3. enclosnres, the rvice volatiles formulation was preferred (P2 0.03) over whole-grain nice,
imtreated granulated rice, and granulated rice with sovhean oil. Finally, cage tests were conducted to de-
termine if the rice volatiles wonld increase the aceeptance of an acote tovicant hait, Rats given a choice
between granulated vice with and witheut 0.2 percent zine phosphide ate more of the nntreated material
and showed 50 percent mortality; vats given a choice between untreated granulated vice and the rice
volatiles formulation with zine phosphide ate more ¢~ 2>0) of the treated bait and showed 88 peceent
mortality, These results indicate that intensifyving the flavor cnes associated with a familiar or preferred

food is a fritfa] approach in the development of an effective hait enhancer.

J. WILDL. MANAGE. 41(2):290-297

The familiar problem of hait acceeptance
in rat control programs readily applics to
the Philippine riceficld rat. Tn their 1971
Aunual Report (p. 61) scientists o the
Philippine Rodent Researcli Center (Col-
lege Laguna, Philippines) stated: "We sus-
peet that bait acceptance is a major factor
limiting the effcetiveness of acute toxicants
as now used for rodent population redue-
tion in Philippine ricefields: methods to im-
prove acceptance need  further investiga-
tion.” Because ol this need, we began a
program to develop highly palatable baits
for rat control in ricefields.

The food preference behavior of wild
rats is very complex. The drive to satisfy
energy  requirements  affects preference
(Schein and Orgain 1953, Cornwell and
Bull 1967. Brooks and Bowerman 1973).
Novelty also can be important  (Welker
and King 1962, Bronson 1966, Long and

! Investigations were supported by funds pro-
vided t. the U.S, Fish and Wildlife Service by the
Ageney for International Development under the

project “Control of Vertebrate Pests: Rats, Bats and
Noxious Birds” PASA RA(ID) 1-67.
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Tapp 1967, Valle 19700, A novel stimulus
may direct an animal’s exploratory behavior
and lead it to the bait, hut consumption of
the bait may or may not follow, depend-
ing on how much wariness the same novel
cue elicits. As the bait’s novelty decreases,
so does its ability to direct exploratory be-
lavior (Long and Tapp 1967). Further-
more, novel factors such as taste. odor,
color, and texture may provide cues for hait
aversion (shyness),

However, response to a familior food is
more predictable, Previous experience is an
important factor { Rarnett and Spencer 1953,
Jackson 1965, Cornwell and Bull 1967, Reit
1965, Bull 1972, Howard and Marsh 1974).
In tests and observations of feeding be-
havicr, we have found that rats consistently
prefer familiar foods over unfamiliar ones,
The durability and strength of this response
seem to inerease when the familiar food
has been a major diet item and s satisfyving
the animal's  natritional  needs. Tigner
(1972) found that when there is enongh
rice grain in the paddies to sustain rice-
field rats, it makes up 60-835 percent of the

J. Wwildl. Manage. 41(2):1977
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volume of food in their stomachs. Thus, the
most familiar foed of the rats that damage
rice olants is the rice grain itself. Could a
rice fraction that intensified the familiar
flavee cues of rice provide the key to de-
veloping a highly palatable bait? The series
of studies described beiow was designed to
answer this question.

The authors  gratefully  acknowledge
G. Holguin. S, I Gaddis. and K. A, Crane
for their technical assistance thronghout the
project. We also thank €. P. Breidenstein for
statistical assistance and A, L Bean for
critical reviewy of the manusceript.

GENERAL ME1HODS

All test animals were wild ricefield rats
livetrapped in the Philippines, shipped by
air to the laboratory at Denver, and held in
individual cages for acclimation at least 30
davs, For at least 2 weeks before testing
(at least 1 week in phase 3), all were fed
whole-grain, unpolished California Brown
Pearl vice ad libitum (a few rat chow pellets
were also offered in cach cage so that the
rats could balance their nutritional reguire-
ments, but they consitently ate mostly
rice). During laboratory tests (plases 1, 2.
3, and 3), rats were held in individual 20- x
35-cm cages and offered only rat chow pel-
lets hetween testing periods. For nifor-
mity, all tests were conducted with Cali-
fornia. Brown Pearl rice in a granulated
formulation, with or without test materials
added.

We used a domestic rice variety because
import restrictions make it difficult to ob-
tain sufficient quantities of a Philippine
variety for large-scale testing. Our earher
work and that of ITougen 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 in the
Philippines and that the 1 or 2 weeks dur-
ing which the domestic variety was their

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

TEST SERIES

Phase 1: Preference Tests with
Different Rice Grain Fractions

In this first study, we tested S materials
(11 concentrations) representing different
fractions of rice grain to determine if any
of them would increase aceeptance if added
to rice. All fractions were tested as ingredi-
ents ina basie granulated rice fornnidation
prepared by adding 30 il of a 25 percent
ethanol solution of  Plasdone  (polyvinyl
pyrrolidone) to a uniform mixture of 75 ¢
gronnd rice material and 25 ¢ Avicel (cellu-
lose) filler (reference to trade names doces
not imply U.S. Government endorsement
of commercial products). Unless otherwise
specified, the 75 ¢ of rice material was
whole-grain - California Brown  Pearl rice
ground to about 16 mesh size. This moist
preparation was spread ina thin laver for
drving: after the ethanol evaporated, the
material was ground to 2 mm or smaller in
a Wilev mill.

The eight rice fractions tested were as
follows  (none contained preservatives or
other food additives):

(1) Cold-pressed rice bran oil (Hain
brand). A dicthyl ether solation of the oil
was added to a round-bottom flask contain-
ing the granulated rice. The diethyl ether
then was removed by rotary evaporation,
leaving the oil as a uniform 0.2 or 2 percent
coating on the granules.

(2) Acctonitrile extract of cold-pressed
rice bran oil. Hain rice bran oil was ex-
tracted (in a separatory funnel) twice with
equal volumes of acetonitrile. After removal
of the acetonitrile by rotary evaporation, the
oily extract was dissolved in diethyl ether
and coated, as hefore, on granulated rice at
0.2 or 2 percent.
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(3) Dicthyl ether extract of rice. Ground
{40 mesh) California Brown Pearl rice was
extracted in a Soxhlet apparatus for 4 honrs
with dicthyl ether, After removal of most of
the cther by rotary evaporation, the extract
was coated on granulided rice at 0.2 or 2
pereent,

() Endosperm. Vemp  brand - stone-
cround  rice {lowr was mixed 1:1 (hy
weight)  with ground  California Brown

Pearl rice and the mixture was grannlated.

(5) Rice paolish. EI Molino brand rice
polish was inxed 1 with ground Cali-
tornia Brown Pear] rice and the mixture
was srannlated.

(6) Rice bran. Fl Molino brand
bran was mixed 1:1 with aronnd California
Brown Pearl rice and the mixture was gran-
ulated.

(7) Rice bran volatiles. Volatiles from 2
parts (hy weight) of 151 Molino rice bran

rice

were trapped ervouenically onto 1 part of
grantlated California Brown Pearl rice by
the process deseribed below.

(S) Rice velatiles. Volatiles from 2 parts
of sround California Brown Pearl rice were
trapped crvogenically onto 1 part of sranu-
lated California Brown Pear] rice by the
process deseribed below,

A madified rotary evaporator was used
for collecting the volatiles from rice bran
and ground rvice, A cold trap containing the
granulated  rice  replaced  the  standard
Friedrich condenser, The ground rice or rice
braun was placed ina 2-1 round-hottom [lask
that was moditied by having 3 symmetri-
cally spaced depressions (2 em deep) on
the side to serve as baffles. These tiwmbled
the material during rotation, which in com-
bination with a 30 C internal temperature
supplicd by an infrared lamp, provided ap-
propriate conditions for the release of vola-
tiles. A helium gas stream of 20 ml/minute
(measured by soap bubble flow meter)
swept the volati'»s into a cold trap, which

Fravon ENHANCEMENT or Rat Barrs « Bullerd and Shumake

was immersed in an acetone-dry ice hath.
At the end of a 3-hour collection period we
thoronshly mived the trap contents and
then powred theni into a capped bottle that
was held under refrigeration antil testing
{within S hours).

sach of the 11
compared  separately against the control
ferannlated rice formulation without a rice
fraction additivey in standard preference
tests with  the apparatus  deseribed by
Thompson and Grant (1971). The only dif-
ference hetween the control and test formu-
lations was the rice fraction being tested.
This antomatic taste preference tester s
programmed so that the animal samples
Food A alone for 3 seconds, Food B for 3
seconds. chooses A and B
sented simultincounsly faccunmlated 6 see-
onds), siiples Food B saniples Food AL

test formmlations  was

hetween pre-

and Tinally chooses hetween Band A (e
positions reversed . Temporal and spatial
position habits are minimized by alteniately
presenting the foods with sequence and
positions reversed. The accice is placed in
the ral’s home cage so that no animal han-
dling is necessary. Tests are conducted dur-
ing the beginning hours of a reversed 12-
hour light evele in a soond-attenuated room
where the animal is isolated from visual
and auditory mterferences,

Six rats were used for each comparison:
all had been conditioned to eat from the
apparatus and had been tested for uni-
formity of response by the standard proce-
dure described by Shumake et al. (1971).
During the testing period. all were slightly
food deprived by restricting their total
daily ration (including food available dur-
ing tests) to 12 ¢ Fach rat was tested twice
on suceessive davs for a total of 32 choices.
Preference was measured as the percentage
that consumption of the test food contrib-
uted to the total eating time and to the
amount of food caten.

J. Wildl. Manage. 41(2):1977
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Preference scores for the 11 test formu-

lations are summarized in Table 1. Four of

the formulations were signilicantly hetier
than the control (P <20.1) for cither eating
time or food consumption. Because the rice
volatiles formulation was the only one het-
ter than the control for both measurements.,
in addition to having the highest mean pref-
crence score in cach case, it was ranked
nighest and, therefore. selected for ad-
vanced testing,

Phase 2: Paired Preference Test

The  brief-cxposure foods-tozether test
nsed in phase Lis aovery rigid one and sel-
dom reveals great differences. Therefore,
the rice volatiles Tormulation was tested
against the control Dy an alternative proce-
dure widely used in rodent control research,
a paired preference test measuring over-
night conmmnption,

Methods—=Twelve  individually caged
Philippine ricefield vats (6 mades and 6 fe-
matles) were otlered o choice Lo tween the
rice volatiles and control formmlations ¢ sane
as used inophase Ty during 16 Towrs per
night for 4 consceutive nichts, The test na-
terials swere placed S emapart i food caps
at the front of cach cage and their pesitions
were alternated every night to decrease
position habitat hins. Weiched amonnts of
the baits were placed in the case cach
evening and the unconsumed  remainder
was weighed the following morning, The
difference. corrected for any spillage cauclhit
on papers under the cage, was recorded as
the quantity consumed overnight. Prefer-
ence was measured as the percentage the
rice volatiles formulation made up of the
toial food consumed.

Results—The total food consumption of
individieal rvats during nightly periods was
variable (range, 27-23.0 ¢) but showed no
particular patterns. Most of the 12 animals

J. Wildl. Manage. 41(2):1977
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Table 1 Preterence of ncetield rats goen g choice botween
b granulated controf formulation 17N percent groged nce M
percent Celiulene

At treates lermeginthion g et

Plus adiditived, Secratn tested twaone tor ach eatieent

T tatal
eatnie tine
Cimean tosd

total boed

R 1!‘“\”““'\'
I'ieatment et s

200 vicee hran oil Y A P

21 N ST N
0.2 rice bran oil A6.7 2 6.6 IS8+ 24

200 rice bran oil
acctonitrile extract 500 = 8.8 1.7« 501

0.2 rice bran oil

acetonitrile extiact 601 2 2 1S.2 47
200 ground hrown

rice ether extract 529 4 5.6 453 3T
0.2 wround hrown

vice ether extract 528 =% 3.7 S+ 13
00 endospern 51.7 v 6.0 56.0 + 51
3077 rice polah 56,7 4 002 3200 ¢ 135
3077 rniee bran 618 -+ 109" 335 2 82
Trapped riee bran

volatiles SE o+ 89 A7 36
Trapped whole rice

volatiles G685 2 1900 633 -+ 2000

sserbicantiv e eater than the contiol percentane f .
Ml by a 2-taded patred test,

appeared to have some preference for feed-
ine from cither the right or deft food cup:
hecinse the two test foods were alternated,
preference seores for these animals tended
to he cither hicher or lower on nichts 1 and
5 than oo mahts 2 and A4 Nevertheless, tor
the 12 sats over | nights, there were only
10 occasions when animals ate more of the
control thau of the treated food. Overall,
the rice volatiles formulation accounte ! for
6L+ 29 pereent (standard error) of the
total food eaten (range. 26.9-97.9 pereent),
Analvsis by paired f-test showed that the
ditference in consumption due to treatment
was highly signiticant (P2 0.003). Thus,
the rats showed a consistent preference for
the rice volatiles formulation in overnight
consumption tests, in spite of the confound-
ing influence of position habits and post-
ingestional Tactors that have made some
critical of this testing method ( Young 1968,
Thompson and Grant 1971),
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Phase 3: Improving a Marginally
Palatable Food

One of the problems encountered in ap-
plying acute-toxicant baits is the decrease
in palatability caused by the chemical.
Phase 3 was a preliminary check to deter-
mine il rice volatiles would inerease the
acceptance of a marginally acceptable food.

Methods.—By testing a series of granu-
lated rice formulations of inereasing cellu-
lose content, we found that a 75 percent
concentration was the threshold of rejection
(lowest concentration that elicits food re-
jection) for ricelield rats with minimal food
deprivation. Shumake et al. (1971) ob-
tained  similar results with Norway rats
(Rattus norvegicus) and wheat formula-
tions. Consequently, for the contral formu-
lation in this test, we modified the basic
aranulated formulation of phase 1 to con-
tain 25 pereent ground rice and 75 percent
cellulose. The treated formulation was pre-
pared by cryogenically trapping volatiles
from 2 parts of California Brown Pearl rice
onto 1 part of this material, The 2 foods
were compared ina d-night paired prefer-
ence test by the same methods and test rats
as in phase 2,

Results—The rats’ overnight food con-
sumption was variable and similar to that in
phase 2 (range, 1.9-24.7 ¢). Again, some
animals appeared to show a preference for
the right or left food cup, although this pat-
tern was not as pronounced as belore. In
this test, rats ate more of the control than
of the treated food during 16 of the 48 ob-
servations, Overall, the rice volatiles formu-
lation accounted for 62.0 = 336 percent
(SI2) of the total food eaten (range, 21.6-
100 percent); analysis by paired  f-test
showed that the difference due to treat-
ment was significant (P = 0.04). Thus, the
presence of rice volatiles increased the con-
sumption of a marginally palatable food.
Although the mode of palatability change

« Bullard and Shumake

caused by a toxicant may differ from that
caused by high cellulose content, these re-
sults confirmed that rice volatiles were
worth further investigation as a bait ¢n-
hancer.

Phase 4: Enclosure Test

All previous tests had been conducted
with individual animals in laboratory cages.
To determine if group behavior and non-
confinement would change the preference
response, an S-day preference test was con-
ducted with rats in small enclosures.

Methods—Vour rice formulations were
tested: whole-grain California Brown Pearl
rice, the granulated control and rice vola-
tiles formulations of phase 1, and a 1 per-
cent soybean oil formulation prepared by
adding a diethy] ether solution of the oil to
the control formulation and removing the
cther by rotary evaporation to leave a uni-
form  coating, \Whole-grain rice was in-
cluded to evaluate the importance ol tes-
ture, and the sovbean oil formulation was
included becanse it had been the leading
candidate before the development ol the
rice volatiles formulation,

The tests were conducted in four 3- X
3-menclosures within an Ll-m diameter
converted grain storage bin, Each enclo-
sure contained five animals of the same
sex; two held males and two held females.
Temperatures were controlled at 22,5 = 5
C. A reversed 14:10 light:dark eycle was
maintained with lichts on at 1700 and off at
0700. Water and shelter were available in
the center of cach enclosure, Four feeders.
cach containing a different formulation,
were placed in the four corners: their posi-
tions were rotated cach day to counteract
position habits. The feeders, which were
designed to allow simultancous [eeding by
all rats and prevent contamination and spill-
age, were left in the enclesures for 7 hours
a day (0800-1500); no other food was of-

J. Wildl. Manage. 41(2):1977
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Table 2, Daily consumption of four rice formulatiors by ticelield rats (five each) in four enclosures
Grams consumed (mean = sk )
Granulated Granulated
rice with rice with 19 Gramilated Whole=prain
Day rice volatiles suvhean oil rize control rice
| 35.1 =32 22§29 12:95 8.1 % 1.7
2 35.1 =32 21,923 8.4 6.6 2= 2.1
3 39,9 =33 25925 15.5 % & a.d'=% 2.0
| Jhd 28 16 3.0 14.6 G.d = 2.1
5 306+ 2.6 3.0 h8 =+ 2.0
GG 6.8 = 3.1 2.6 o 17
7 30,8+ 2.7 : 0.9+ 2.0
by 324 % 1.7 T4+ 28
Mean 35.0¢ (G.2°

o Mean Tollos ed by detter o is significantly ditferent from taose means oot aving a, those followed by boare signili-

cantly ditlerent from those not having b, cte, (P«

fered. The weight of food missing from each
feeder at the end of the 7-hour period was
recorded as the weight of food consumed.

Results.—The rats" daily consumption of
the four formulations is summarized in Ta-
ble 2. Analysis of variance showed no sig-
nificant differences due to sex, enclosure, or
day, but a signiticant difference among
treatments (P < 0.03). Mcan separation by
Duncan’s multiple-range test showed  siu-
nificantly greater consumption ol the soy-
hean oil formulation than of the whole-grain
rice and granulated rice control (which
not different). and  significantly
areater consumption ol the rice volatiles
formulation than of the other three. Con-
sumption of the rice volatiles formulation
averaged over twice that of the granalated
rice control, a greater margin than shown in
any previeus tests.

were

Phase 5: Paired Test with Toxic Bait

The final step was to determine il rice
volatiles would increase the aceeptance of
a bait treated with an acute toxicant and
result in greater mortality.

Methods—The general testing procedure
was the same as used in phase 2. Test rats
were divided into 2 groups of 16 each (S
males and 8 females). During a 3-day pre-
baiting period, all rats were offered granu-

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

0.05) by Duncan’s new mndtiple-range test,

lated rice in 2 food cups for 7 hours a day;
I cup contained 20 ¢ of granulated un-
treated rice and 1 contained 20 ¢ ol the un-
treated rice volatiles formulation. All ani-
mals were given rat chow pellets ad libitum
during the 17-hour periods between all
choice periods. During the following 3 days
( baiting period), 2 cups were again offered
for 7 hours a dayv; 1 contained 20 ¢ ol un-
treated rice and 1 contained 20 ¢ of the bait
treated with 0.2 pereent zine phosphide (hy
weight). The bait carrier for group A was
nntreated rice; tor group B, the rice vola-
tiles formulation. Both baits were prepared
by uniformly mixing zine phosphide with
the granulated rice material. As before, cup
positions were alternated daily, Consump-
tion from ciach cup was measured at the
end ol each 7-hour period, and mortality
was recorded daily,

Results—Consumption and mortality for
the two test groups are summarized in Table
3. Males and females did not differ signifi-
cantly in any comparison made. During pre-
baiting, both test groups ate significantly
more of the rice volatiles formulation than
of the untreated rice; preference did not
differ significantly between groups, During
baiting, bait consumption was significantly
greater for group B, given the rice vola-
tiles bait, than for group A, given the con-
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Tahle 3
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Bait consumption and mortality in a paired test when ricelield rats (16 per graup) were offered the granulated con-

1ol or tice volatiles formulation treated with 0.2 percent zinc phosphide for 7 hours| per day.

Grams, it /day consumed Cimean = sE)

Total Zn 1, dose,

Test Hait Untreated Untreated mi; kg rat s day (7
Feeday perdod gronip Carrive volatiles control Zu ', bait (e 2 sE) mortality
Prebaiting A 3.0+ 04 17X 03
B 413 S -ER (R O 5 | =i |
Baiting A Granulated 2003 14 =03 19.8 = 3.7 50
B rice
Granulated 152550 D (5 -~ W5 33.9" + 5.3 88¢

rice with
volatiles

AWithin gronps, consimption significantly greater lor untreated rice volatiles than for control Tormulation (P << 0.05) by

padred t-test.

it comsimption and ZngP, dose significantly greater for gronp I than dor gronp A (P < 0.05) by anpaired -test,
o Aontality signibicanthy greater inogronp B tan in gaonp A (F < 00050 by ehi-sguane test,

trol Tormulation bait, In fact, the group B
rats ate more of the zine phosphide bait
than of the untreated rice 66 pereent of the
time, almost twice as frequently as the
group A rats, which did this only 36 per-
cent of the time, The consistently greater
bait consumption in group B was rellected
in the significantly greater zine phosphide
doses (mean, 195 mg/ke in aroup A, 33.9
mg/ke in group B) and the significantly
greater mortality (S dead in group A, 14
dead in group 13).

The 0.2 percent concentration ol zine
phosphide was chosen as moderately toxic
under laboratory conditions. At this level,
we expected about one-hall ol the rats to
hegin experiencing sublethal intoxication
and stop eating the bait betore they re-
ceived alethal dose. This occurred in group
A, but in group B most ol the rats appar-
ently ate the bait fast enough to ingest a
lethal dose before detecting sublethal ef-
feets, Thus, adding rice volatiles to o well
accepted, moderately toxic bait made it
sufficiently attractive to largely overcomne
effects of bait shyness and result in high
mortality.

DISCUSSION
In the laboratory, the rice volatiles formu-
lation worked well as a bait carrier for an

acute toxicant, even though untreated food
wats available, It also improved aceeptance
ol a marginally palatable food. We suspect
that it would work even hetter in the field
as a carrier for a cumulative toxicant such
as an anticoagulant, where bait shyness does
not have to be overcome and the problem is
merely to make the bait more attractive
than the rats’ evervday tood.

During volatiles  collection the weight
increase of aranulated rice in the cold trap
ranged [rom 0,04 to 0.16 pereent depending
on the moisture content of the batch of rice.
To test the inlluence of moisture on prefer-
ence response  additional  replications of
Phase 2 and Phase 5 were conducted, \Wa-
ter (0,09 pereent) was added to the bait
formulations not containing trapped  rice
volatiles, In hoth cases the results were es-
sentially the same as they were in the first
replication. Therefore, the prelerence re-
sponse was due to the volatiles and not to
moisture,

In any baiting program, more rats can be
reached il 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 an attraction, Field tests
are needed for more accurate assessment of
tLis behavior.

J. Wildl. Manage. 41(2):1977
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Naturally, before rice volatiles can be
made into a practical bait additive for the
Philippine farmer, more work is needed.
The volatiles used must correspond in flayor
(compounds and concentrations) to those
in the rice variety familiar to the target
animals. Since the extremely low  vield
would make commercial stripping of the
volatiles from rice too costly, our alterna-
tive is to develop a synthetie rice essence
from the important compounds. Therefore,
the flavor components need to be identi-
fied chemically. To remain effective for a
reasonable time, the volatile components of
the synthetic essence will have to be formu-
lated in a keeper that will slow their re-
lease. Finally. field tests will he required
to show that the final synthetic product is
actually effective in the ricefields. We are
already working on some of these.

From our success with rice volatiles, we
helieve that intensilyving the flavor cues as-
sociated with a familiag or preferred food
will prove to be a good starting point for
the development of additives that increase
bait acceptance by rats, and probably other
species, in many situations.
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