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A sensory preconditioning effect
after a single flavor-flavor pairing

SAM REVUSKY
Memorial University ofNewfoundland, St. John 's, Newfoundland A IC 5S7, Canada

Rats received pairings in which vinegar solution was consumed for 5 sec and then another
flavored solution (either salt or sugar) was consumed for -5 sec. Later, the second flavored
solution was subjected to aversion conditioning through lithium sickness. The result in a
subsequent test was that consumption of the vinegar solution was less than that of appro­
priate controls. This effect was not a noticeable function of the number of flav or-flavor
pairings (1, 2, 4, 8, or 16)and was significant after a single flavor -flavor pairing.

The sensory preconditioning (SPC) procedure has two
phases. In the first phase SI is followed by S2, where SI
and S2 are CSs. In the second phase, S2 is followed by a
US. SPC is said to occur if S I elicits a CR similar to the
CR conditioned to S2.

SPC can occur after few SI-S2 pairings. Hoffeld ,
Kendall , Thompson , and Brogden (1960) found the
SPC effect was maximal after four SI-S2 pairings and
diminished with additional pairings; they used cats ,
telereceptive CSs, and a shock US. Using rats in a similar
experiment, Prewitt (1967) found a maximal effect
after four pairings, but it did not diminish with
additional pairings. Lavin (1976) adapted the SPC
procedure to the flavor aversion paradigm by training
rats to drink saccharin (S I) and coffee (S2) solutions in
rapid succession and then pairing the coffee (S2)
solution with lithium sickness. SPC was measured by
testing the preference for the saccharin solution, which
had not been directl y paired with sickness . When Lavin
(1972) compared the effects of 5, 10, 20 , and 40 flavor­
flavor pairings, he found no significant difference , but
the trend of his results suggested that, if there was any
effect, SPC might be most pronounced with five
pairings.

The present experiment deals with the relative
effects of I, 2, 4 , 8, and 16 flavor-flavor pairings and of
the concentration of flavoring in the SI solution on the
magnitude of the SPC effect. The experimental design
was 2 by 2 by 5 by 2 factor ial. Factor A was whether
an SPC procedure or a control procedure was used.
Factor B was the flavored solution to be directly paired
with toxcosis: For half the rats , it was 20.0% (w/v)
sugar solution ; for the other half, it was 2.0% (w/v)
salt (NaCl) solution. Table I outlines the different
procedures for these factors during both the SPC phase
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Table I
Description of Factors A and B of the Experimental Design

Level SPC Phase Aversion Phase

a l b l Vinegar....NaCl NaCI--+LiCl
a2 b l Vinegar-sSugar NaCl--+LiCI
a l b 2 Vine gar-Bugar Sugar--+LiCI
a2 b2 Vinegar....NaCl Sugar-s-l.ICl

and the conditioning phase . Levels al and a2 indicate
experimental and control procedures, respectively ;
Level bl indicates that NaCI solution was S2, and
Level b2 indicates that sugar solution was S2. Finally,
although it is not indicated in Table 1, each rat was
given equal exposure to both sugar and NaCl solutions
during pretraining. For instance , a rat given vinegar-s
sugar pairings was also given access to NaCl solution in
the absence of vinegar solution , so that it was equally
familiar with the NaCI and sugar flavors. This was meant
to insure that the aversion to the S2 solution would be
similar for experimental and control groups ; otherwise ,
aversions would be slightly weaker in the experimental
groups because they would be more familiar with the
S2 flavor (Klein, Mikulka , & Hamel, 1976 ; Lubow,
1973 ; Revusky & Bedarf, 1967).

Factors C and D of the experimental design are too
straightforward to be outlined in Table 1. Factor C was
the number of flavor-flavor pairings: 1, 2, 4, 8, or 16.
Factor D was the nature of Sl ; in all cases, it was vinegar
solution, but for half the rats the concentration was
1.0% (v/v) , and for the other half, the concentration
was 4.0%.

METHOD

Subjects, Groups, and Materials
The 200 individually housed male Sprague-Dawley rats

ranged in ad-lib weight from 163 to 215 g on the day prior to
the experiment and were factorially divided into 40 groups of 5
each according to the 2 by 2 by 5 by 2 ex perimenta l design . There
were two repli cations of thi s experiment. The rust replicat ion
included three rat s in each group subjected t o 1.0% vinegar solu­
tion and two rat s in each gro up subjec ted to 4 .0% vinegar , and
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Testing
Beginning 2.0-6.5 h after the final NaCI or sugar aversion

trial, the rats were given 2 days free access to unflavored water
and then were completely deprived of fluid for 3 successive
days . On each of the next 3 days, they were given 10 min daily
access to unflavored water. Testing on the following day
consisted of 10 min access to the earlier concentration of vinegar
solution.

Figure I shows the mean consumption of the vinegar
solution on the test day . Each quadrant shows results for
SPC and control rats (Fa ct or A of the exp erimental
design) subjected to different numbers of S I-S2 pairings
(Fa ctor C). The quadrants are arranged factorially
according to the levels of Fact ors B (rows) and 0
(columns) . The top row shows results when NaCl was
paired with UCI , and the bottom row shows results
when sugar was paired with UCI. The left column shows
results when 1.0% vinegar was the SI solutio n, and the
right column , when 4.0% vinegar was SI. Statistical
analysis was through four-dimensional ANOVAs
performed in each of two ways for the sake of gener ­
ality : The first way was simply to use the amount
consumed by each rat as a score ; the second was to use
the logarithm of this amount as shown in Table 2.
The degrees of freedom for error were 168 throughout
and the degrees of freedom for each effe ct are shown.
Each of the main effects shown in Table 2 was signifi­
cant at p < .005 regardless of the type of ANOVA. No
interactions were significant in the ANOVA based on

Figure 1. Amount of vinegar solution consumed for rats
subjected to an 8PC procedure (crosses in solid line) and those
subjected to a control procedure (circles in dashed lines). The
different quadrants show data for different vinegar concen­
trations and different 82 flavors.

Adaptation
The rats were first deprived of water for 2 days. Then , for

another 2 days, they were allowed 10 min/day of access to
unflavored water. If they failed to drink at least 5 g, they were
given additional 10-min sessions until they did so. On the nex t
day, each rat was subjected to eight water-water pairings
administered at least 30 min apart. First one spout of unflavored
water was presented and was removed 5 sec after drinking began .
After 2 sec, a second spout of unflavored water was present ed in
the same way for another 5 sec of drinkin g. These presenta tions
were made by hand and were timed by stopwatch. After a few
trials, the rats eagerly waited for the second spout after the first
had been removed and began drinking immediately upon its
presentation . After the eight water-water pairings were
completed, the rats were given 5 min free access to unflavored
water.

vice versa in the second replication . There was no noticeable effect
of replications, and they were ignored for statistical purp oses.

The rats had free access to dry Purina Chow, but access to
fluids was restri cted to indi cated periods. All experimental
procedures were administered in the wire-mesh home cages
except injections . Fluid s for experimental procedure s were
presented in glass spouts of the type described by Parker and
Revusky (1975) .

The 81 solution was either 1.0% or 4.0% (v/v) of Heinz
cider vinegar. The 82 solution was either 2.0% (w/v) of NaCI
(commercial table salt) or 20.0% (w/v) of sucrose (commercial
sugar). The lithium chloride (LiCl) toxin was administered
intraperitoneally in a 2.0% (w/v) solution so that the injections
contained 20 mg/rnl.

Sensory Preconditioning
Each rat was administe red four pairings/day for 4 days. These

pairings were either water-water pairings, as in the adaptation
phase, or similar pairings in which the vinegar 51 solut ion was in
the first spout and the NaCl or sugar 52 solution was in the
second spout. The rats designated to receive 16 8 I -52 pairings
did not receive any water-water pairings in this phase ; the
remaining rats received successive water -water pairings until they
could receive their designated number of 81-82 pairings in
succession. At least 15 min prior to each 81-52 pairing, the rats
received 5 sec access to the flavored solution that did not have
the role of 52; for instance , rats assigned to vinegar-ssugar
pairings received 5 sec access to NaCI solution . There was no
counterpart to this 5-sec access period when rats were adminis­
tered water-water pairings. As in the adaptation phase, the
interval between pairings was at least 30 min, and the rats
received 5 min access to unflavored water after the daily pairings
were completed.

Flavor Aversion Training
During each of the 3 days following 8PC, the rats were

allowed 5 min to drink the flavored solution designated to be
paired with lithium sickness. If 2 g had not been consumed,
2 ml of the flavored solution were passed over the rat 's tongue
by means of a syringe as the bottle was removed. Each rat was
then injected with LiCl solution. The dose was .5 ml of 2.0%
LiCI solut ion after the first trial , 1.5 ml after the second trial ,
and 2.5 ml after the third trial (10.0, 30.0, and 50.0 mg of liCl,
respectively) . About 6.5 h after the second trial, the rats were
given 10 min free access to unflavored water ; 20 of the 200 rats
did not drink 5 g of unflavored water (probably due to adipsia
resulting from lithium sickness) and were administered
additional sessions until they did so.

The mean amount of NaCI solution consumed by the rats
trained to have an aversion to it was 9.98 g on the first trial ,
2.63 g on the second trial , and .67 g on the third trial. The
corresponding mean amounts of sugar solut ion consumed were
10.56 ,3.61 , and .75 g.
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Table 2
Results of ANOV As for Vinegar-Consumption Tests Based on

Absolute Amount Consumed or on its Logarithm

absolute consumption, and only two interactions were
significant when logarithms were used ; even these
interactions were far weaker than the main effects. The
significant A effect indicates that the SPC was obtained.
The significant main effects of Factors B, C, and D do
not indicate that they had any effect on SPC. Their
effects on SPC would be manifested through interactions
of these factors with Factor A, not by their main effects .
The B effect, lower vinegar consumption if NaCI was
paired with LiCI than if sugar was paired with LiCI,
reflects more stimulus generalization between vinegar
and NaCl than between vinegar and sugar (Parker, 1979).
The C effect , increased vinegar consumption with more
S I-S2 pairings, reflects the increase in preference pro­
duced by increased familiarity with a flavor (Revusky
& Bedarf, 1967). The D effect was that the rats tended
to drink less of the 4 .0% vinegar solution than of the
1.0% vinegar solution.

The main findings were the lack of any apparent
change in the magnitude of the SPC effect as a function
of S I-S2 pairings and that one pairing was adequate to
produce SPC. The latter was confirmed through a 2 by 2
by 2 ANOV A (Factors A, B, and D of the ANOV A in
Table 2) using only the data from rats subjected to a
single SPC pairing [F(1 ,32) = 9.96 on an absolute basis
and F(1 ,32) = 11.93 on a logarithmic basis, ps < .005] .
Although Hoffeld et al. (1960) claimed to have obtained
SPC in cats after a single pairing, they had no specific
statistical comparison to prove it.

Minor details are as follows . The significant A by D
interaction obtained in the ANOVA on logarithms
means that the decrement in vinegar consumption
produced by the SPC procedure was proportionately
greater when the vinegar concentration was 4 .0% than
when it was 1.0%. The significant C by D interaction
obtained with the ANOVA on logarithms means that

*p < .025. **p < .005. t p < .001.
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the effect of the number of prior S I-S2 pairings on
vinegar consumption was proportionately more marked
when the concentration of vinegar was 4 .0% than when
it was 1.0%.

Finally , I must show the results cannot be artifactual.
As Lavin (1972) pointed out, SPC results from two
associations: the SI-S2 association and the S2-DS
association. Increased prior exposure to S2 is likely to
weaken the capacity of S2-DS pairings to produce the
S2-DS association (Lubow, 1973). If so, SPC rats, sub­
jected to S I-S2 pairings prior to S2-DS pairings, would
be bound to develop weaker S2-DS associations than
controls subjected to S2-DS pairings without prior expo­
sure to S2. Thus presentations of S2 alone were added to
the control procedures. For instance, when SPC rats were
subjected to vinegar-rsugar pairings to be followed by
sugar-+LiCI pairings , the controls were subjected to
vinegar--Naf'l pairings instead of vinegar-rsugar pairings.
Alone, this control procedure would have been likely to
produce stronger sugar aversions among the controls
than among the SPC rats because they would have been
less familiar with sugar (Klein et aI., 1976). To balance
this extraneous factor, such controls received equivalent
exposure to sugar solution alone prior to the sugar-el.it'l
pairing. However , it was conceivable that this balancing
procedure was excessive , since presentations of S2 alone
might produce more latent inhibition than SI ·S2
pairings. For instance, with vinegar-rsugar pairings, the
taste of vinegar might conceivably interact with the
taste of sugar, or the vinegar might act as an external
inhibitor (Pavlov , 1927) and interfere with latent
inhibition of the sugar taste . If so, the sugar S2 solution
might be more novel to such SPC rats than to their
controls and produce stronger aversions to S2, which
might, through stimulus generalization, yield stronger
aversions to Sleven without any SPC effe ct.
Fortunately, the data were insignificantly contrary to
any such hypothesis. On Training Day 2 , the mean
consumption of the S2 solution among the SPC rats was
3 .24 g, and that among the controls was 3 .00 g. The rats
drank practically nothing on Training Day 3, so a test
for that day would have been meaningless. Incidentally,
in the course of this analysis, I confirmed the latent
inhibition effect in flavor aversion learning (Revusky &
Bedarf, 1967). Averaged over all other conditions, the
mean consumptions on Day 2 of training after 1, 2, 4 ,
8, and 16 pairings were, respectively, 2.79, 2.61, 3 .02,
3.48, and 3 .68 g [F(1,160) = 6 .03, p < .02, for the
trend based on the logarithm of the number of pairings] .

HOFFELD. D. R.. KENDALL, S. B., THOMPSON, R. F., & BROGDEN,

W. J. Effect of amount of preconditioning training upon the
magnitude of sensory preconditioning. Journal ofExperimental
Psychology, 1960,54,198-204.

Log

51.9t
10.3**
18.8t
57.9t

.04
1.90
6.42*

.19

.79
3.31*

.90
2.98

.62
2.01

48.0t
15.9t
15.8t
50.3t

1.50
.26
.58
.26
.05

1.58
.82

1.80
.81

2.07

Absolute

1
1
4
1

1
4
1
4
1
4
4
1
4
4

dfFactor

A: SPC vs. Control
B: NaC1.....UCI vs. Sugar.....LiCI
C: Number of SI-S2 Pairings
0 : 1% Vinegar vs. 4% Vinegar in SI

A by B
A by C
A by 0
B by C
B by 0
Cby 0
A by B by C
A by B by 0
B by C by 0
A by B by Cby 0



86 REVUSKY

KLEIN, S. B., MIKULKA, P. J ., & HAM EL, K. Influence of
sucrose preexposure on acquis ition of a cond itioned aversion .
Behavioral Biology, 1976,16,99-104.

LAVI N, M . J . The establishment of the sensory precondit ioning
effect using distinct fla vors as sensory preconditioning stimuli.
Doctoral dissertation, Northern Illinois University, 1972.

LAVI N, M. J . The establishmen t of flavor-flavor associations using
a sensory precondition ing procedure. Learning and Motivation,
1976, 7, 173-183.

LUBOW, R. E . Latent inhibition. Psychological Bulletin, 1973,
79,398-407.

PARKER, L. A. Suppression ofconsummatory behavior elicited by
a lithium condit ioned flavor. Doctoral dissertation, Memorial
University of Newfoundland, 1979.

PARK ER, L. A., & RE VUSKY, S. Failure of Sprague-Dawley
ra ts to transfer taste-aversions by odor-marking the spout.
Behavioral Biology, 1975, 15,383-387.

PAVLOV, 1. P . {Conditioned reflexes] (G. V. Anrep, Trans.).
Oxford: Oxford University Press, 1927.

PREW ITI, E. P . Number of precondition ing trials in sensory
precondition ing using CER training. Journal of Comparative
and Physiological Psychology , 1967,64,360-362.

R EV USK Y, S., & BEDARF, E. W. Associat ion of illness with the
prior ingestion of novel foods . Science, 1967, ISS, 219-220.

(Received for publication November 15,1979.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




