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Abstract In search for safe and eco-friendly manage-

ment of rodent pests a number of phyto-chemicals have

been evaluated as repellent, antifertility agent, antifeedant

and toxicant etc. Protein rich residue of seed of Jojoba

(Simmondisa chinensis) known as defatted jojoba meal is

reported to possess marked suppressive effect on food

intake in a variety of animal species. In present study the

defatted jojoba meal at a concentration of 5, 10, 15, 20, 25

and 30 % in pearl millet bait (w/w basis) was evaluated

for its anti-rodent properties against Tatera indica, a

predominant rodent pest of Indian subcontinent. Under

no-choice condition the bait consumption during treat-

ment period of 7 days was significantly reduced (3.01 ±

0.40–4.76 ± 0.14 g/100 g bwt/day) in comparison to pre-

treatment plain bait consumption (9.33 ± 0.73–10.37 ±

0.29 g/100 g bwt/day). At higher dosages 50 % gerbils

died. Besides, weight reduction in the range of

10.63–16.67 % was also observed. In choice test mean

consumption of treated food was also significantly

reduced (0.64 ± 0.28–1.44 ± 0.20 g/100 g bwt/day) in

comparison to plain bait (5.80 ± 0.18–8.80 ± 0.29 g/

100 g bwt/day) during 7 days of treatment period. Jojoba

treated pearl millet bait when offered with plain sorghum

bait, after an exposure period of 5 days left an imprinting

effect on Indian gerbil which led to aversion towards plain

pearl millet bait for 10–11 days. The findings showed that

jojoba defatted meal exert strong dose dependant deter-

rence in Indian gerbils and also induces condition aver-

sion learning behavior in the gerbils.

Keywords Jojoba (Simmondisa chinensis) �
Indian gerbil (Tatera indica) � Deterrence �
Choice and no-choice � Conditioned taste aversion

Introduction

Rodents inflict serious loss to food production at pre and

post-harvest stages worldwide. Some estimates from India

indicate 2-15 % damage to standing crops due to rodent

depredations, which may reach to nearly 100 % during

outbreaks [1–4]. Over a dozen species are regarded as

problem species in agriculture and storage. Of these a

complex of 2–5 rodent species inhabit any agro-ecosystems

[5] and the Indian gerbil, Tatera indica is one of the

important species of this pest complex in most of the agro-

ecological regions of the country [1]. Besides, this species

is also regarded as reservoir of plague bacteria. Thus T.

indica is an important pest as well as vector species

impacting food and health security [1, 2].

Present day rodent management technology mostly rely

on use of toxic chemicals (acute and chronic rodenticides),

which provide immediate respite from the problem but are

not considered as sustainable strategy. Besides, rodenticide

associated problems, like toxicity to non-targets, induction

of bait shyness and poison aversion, development of

resistance etc. further limit their repeated applications.

Therefore there is a dire need to develop safe and eco-

friendly means for management of rodent pests [6]. A

number of plant products have been evaluated against

rodents as repellent [7–9], antifertility agent [10–12],

antifeedant [6, 13] and toxicant [14–17] that may be

exploited as an important tool in this direction. It is well

known that the secondary metabolites produced by such

plants play an important role in defense of plants against
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variety of herbivores and pathogenic microorganism [18].

Phyto-chemicals have advantages over broad spectrum

pesticides, as they affect only target pest and closely

related organism, decompose quickly and provide the

residue-free food and a safe environment [9].

The jojoba plant (Simmondsia chinensis) is a shrub

cultivated in arid and semiarid regions of the world for its

oil which is used as lubricant and in cosmetics. The pro-

tein-rich residue of seed left after oil extraction (cake),

known as defatted jojoba meal, has a markedly suppressive

effect on food intake in a variety of species [19]. The

defatted jojoba meal contains several cyanide containing

glucosides, such as simmondsin and its derivatives which

are reported to induce food intake inhibition, emaciation

and occasionally mortality (at higher dosages) in albino

rats [20–23] probably by stimulation of the cholecystokinin

(CCK) system.

The present study is therefore attempted to evaluate the

deterrence or toxic effect of defatted jojoba meal against

Indian gerbil, T. indica a predominant rodent pest species

of Indian agriculture.

Besides possibility of induced conditioned taste aversion

(CTA) due to defatted jojoba meal has also been explored.

Material and Methods

Collection and Maintenance of Test Animals

The test gerbils, T. indica, were live trapped with the help

of single catch Sherman traps from Central Research Farm,

Central Arid Zone Research Institute (CAZRI), Jodhpur,

India (Lat. 26�14054.500N Long.72�59034.0300E). The field

collections were housed in iron mesh cages (5 9

2.5 9 2.5ft) and acclimatized for 15 days for the labora-

tory conditions before starting the experiment. During

acclimatization they were provided with grounded pearl

millet and tap water ad libitum. Hygienic conditions were

maintained by regular cleaning of cages and replenishment

with fresh food and water on daily basis. After acclimati-

zation injured and sick animals and pregnant females were

discarded and only healthy adults were selected for the

study as per the guidelines of European Plant Protection

Organization [24].

Feeding Trials

Defatted remainants of jojoba seeds after oil extraction

(jojoba meal) was used for trials against Indian gerbil in

laboratory. The meal mixed with preferred food (grounded

pearl millet) at different concentration was used for

evaluation of deterrent effect against Indian gerbils. Prior

to exposure of jojoba meal treated food, the test gerbils

were offered known quantity of grounded pearl millet

(20 g) daily for 3 days and their consumption was recorded

as pre-treatment consumption. This provided a base line

consumption data and accordingly jojoba meal treated food

(20 g/day) at different test concentrations was provided to

the test rodents. Three experiments were laid to understand

anti-rodent (deterrent) effects of defatted jojoba meal

against T. indica.

Experiment 1

No-choice feeding trials: Six test gerbils (three males and

three females) of known body weight were used for dif-

ferent test concentrations. Defatted jojoba meals at a con-

centration of 5, 10, 15, 20, 25 and 30 % each was mixed

with the grounded pearl millet (w/w basis). Based on the

pretreatment daily mean consumption (9.33 ± 0.73–

10.37 ± 0.29 g/100 g), the treated food (20 g each) was

offered to test gerbils of different test concentration

simultaneously for 7 days. Tap water was available to the

gerbils ad libitum. No alternate plain food was offered to

the animals during the seven day trial. The consumption for

each test concentration was recorded after 24 h and the

treated food was replenished with fresh treated food daily.

After treatment period the surviving rodents of each test

concentration were offered plain food (grounded pearl

millet) only for 7 days and their daily food intake was

recorded as post treatment consumption. In addition, the

mortality percentage for each concentration, time to death

and final weight were also recorded.

Experiment 2

Choice feeding trials: Six test gerbils (three males and three

females) of known body weight were used for each of the

six test concentration. Defatted jojoba meal at 5, 10, 15, 20,

25 and 30 % was mixed with grounded pearl millet on w/w

basis. Being a choice feeding trial, the plain food (groun-

ded pearl millet) as well as jojoba meal treated food was

offered to test gerbils in separate bowls for each concen-

tration. Tap water was available to the gerbils ad libitum.

The trial was run for 7 days. The position of both the food

bowls was altered daily to avoid site preference on feeding.

The consumption of treated and untreated food was

recorded daily for seven successive days and then treated

food was removed and surviving individuals were provided

with plain food only. Daily plain food consumption was

recorded as post treatment intake. Based on intake of plain

and treated food during treatment period, extent of
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deterrence/avoidance was calculated. Final body weight of

the gerbils was also recorded after 7 days of exposure

period.

Experiment 3

Conditioned taste aversion: Rodents are known to possess

strong conditioned learning behavior. Induction of bait

shyness is a perfect example of such a behavioual mani-

festation in rodents. Therefore this experiment was con-

ducted to understand if exposure of defatted jojoba meal

induces any taste aversion learned behaviour in Indian

gerbils. On the basis of earlier two experiments two

intermediate concentrations (10 and 20 %) of defatted

jojoba meal was further evaluated for this purpose.

Experiments were laid under choice conditions, where a set

of laboratory acclimatized six gerbils (3 males and 3

females) for each test concentration were exposed to two

different types of plain food viz. crushed pearl millet and

sorghum for 3 days. Afterwards 10 and 20 % defatted

jojoba meal were mixed in pearl millet and offered to the

test gerbils along with plain bait of sorghum for five con-

secutive days. After treatment period gerbils of both the

sets were offered plain crushed grains of pearl millet and

sorghum for another 2 weeks. Consumption of both the

foods pre, during and post treatment periods were recorded.

Data-Analysis

For statistical analysis, the absolute consumption data (g)

were converted to relative data (g/100 g body weight) for

each concentration. The variation in body weight during

treatment was calculated according to following formula

proposed by Guidobono et al. [25].

Loss in weight %ð Þ ¼ Initial body weightð½
� final body weightÞ=initial body weight� � 100

The level of significance was assessed with one sample

t test.

The effect of defatted jojoba meals on deterrence was

calculated by following formula:

Percent deterrence %ð Þ
¼ Consumption of untreated baitð½
� consumption of treated baitÞ
= Consumption of untreated bait� � 100

The pre and treatment intake (in experiment 1) and

consumption of treated and untreated food during treatment

period (in experiment 2 and 3) at different concentrations

were subjected to paired t- test for analyzing the level of

significance and drawing further inferences.

Results and Discussion

No-Choice Feeding Trials

The results obtained revealed that mean daily consumption

of plain bait (at pre-treatment stage) was at par ranging

from 9.33 ± 0.73–10.37 ± 0.29 g/100 g bwt/day which

was drastically reduced to 3.01 ± 0.40–4.76 ± 0.14 g/

100 g bwt/day in baits treated with different concentrations

of defatted jojoba meal during 7 days exposure period.

Further probe into the data did not show any significant

variation in day wise intake of baits treated with different

concentrations of jojoba however, daily intake showed a

non-significant decreasing trend from day 1 to day 7.

Maximum variation was observed at highest test concen-

tration (30 %) where the intake was reduced from 4.14 (on

day 01) to 3.01 g/100 g bwt on day seven. The results

further revealed that the intake of food treated with

defatted jojoba meal was significantly lower than the pre-

treatment intake reflecting strong anti-rodent properties in

the defatted jojoba powder (Table 1). Secondly the con-

sumption of treated bait was inversely proportional to the

concentration because the intake of treated food was the

least (3.01 g/100 g bwt) at 30 % concentration (in

5–6 days), which increased to 3.89, 4.03, 4.05, 4.16 and

4.76 g/100 g bwt at 25, 20, 15, 10 and 5 %, respectively in

7 day exposure period revealing a greater deterrent effect

at higher concentrations (Table 1). Intake of jojoba treated

food affected the health of animals as their body weight

was reduced in the range of 10.63–16.67 %, which was at

par irrespective of treatments (Table 1). Even mortality of

test gerbils was also noticed in some cases i.e. 50 % kill at

higher dosages (25 and 30 %) within 5–6 days, and 33.33

and 16.67 % at subsequent lower dosages (20, 15 and 10 %

treatments), however the lowest test concentration (5 %)

did not register any mortality (Table 1). Poor intake

(starvation) and presence of secondary metabolites in the

treated food might have led to mortality of gerbils.

Choice feeding trials: After ascertaining that jojoba

meal has anti- rodent properties through forced feeding (no

choice trials) this experiment was carried out to understand

its efficacy under choice conditions where the test gerbils

had a choice between treated and untreated food during

7-day long experimental period. The pretreatment mean

intake of plain food in this experiment (9.50 ± 0.68–

10.40 ± 0.32 g/100 g bwt/day) was similar to that in no-

choice trials (9.33 ± 0.73–10.37 ± 0.29 g/100 g bwt/day).

Impact of treatments was evident from the first day of

exposure, as the mean intake was highest (2.21 g/

100 g bwt) at lowest concentration (5 %) and minimum

(0.75 g/100 g bwt) at 25 % concentration which was sub-

sequently reduced on following days and reached to least
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i.e., 0.87 and 0.20 g/100 g bwt at lowest and highest

concentration, respectively on 7th day of exposure. Overall

mean consumption (7-day) of treated food was least i.e.,

0.64–0.90 g/100 g bwt/day at higher test concentrations

(20, 25 and 30 %) and was maximum (1.44 g/

100 g bwt/day) at lowest test concentration (5 %). On the

other hand mean consumption of plain/untreated food

showed altogether a reverse trend i.e., maximum intake

(8.80 g/100 g bwt/day) at highest concentrations and least

(5.80 g/100 g bwt/day) at lowest test concentration

(Table 2). However, in comparison to pretreatment intake,

plain bait consumption during treatment period was also

reduced indicating adverse effects on rodent’s appetite due

to intake of jojoba treated bait. As a result, weight reduc-

tion in test gerbils was least (1.94 %) at 30 % concentra-

tion and highest (5.95 %) at lowest (5 %) treatment

(Table 2). The reason for this trend was obvious because

the less intake of treated food at different concentrations

was accordingly compensated by the gerbils with more

intake of plain food. The intake of jojoba meal treated food

in general was significantly lower (P[ 0.05) than the plain

food for all the test concentrations during 7 day long

choice trials (Table 2). This clearly revealed that the

treated food was neither acceptable nor palatable to the

gerbils irrespective of the test concentrations.

Pattern of the intake of plain and treated bait indicated

that the baits with higher concentration of defatted jojoba

meal showed relatively higher deterrence (Table 2). Per-

cent deterrence was over 90 % (at 20 and 30 %), between

80 and 90 % at moderate dosages (10–20 %) and 77.22 %

at lowest concentration (5 %). Higher values ([80 %)

may be considered as an effective indicator of deterrent

properties of defatted jojoba meal against Indian gerbils.

There was no mortality of test animals, probably due to

availability of an alternate food (choice test).The results

of the present investigation reflect presence of strong anti-

rodent properties which deterred the Indian gerbils from

taking defatted jojoba meal at various test concentrations

in choice tests. Even in no choice tests the gerbils lost

11–17 % weight and up to 50 % mortality at different

treatments. It is well known that the secondary metabo-

lites present in the plants play defensive role against a

number of potential enemies [18]. Secondary compounds

may be bitter, toxic, offensively odorant or have anti-

nutritional effect [26]. Herbivores may avoid ingesting

these compounds using several mechanisms, including an

innate ability to taste or smell and learning aversion

conditioning [27, 28]. Either of these mechanisms might

have influenced the consumption of baits treated with

defatted jojoba meal by Indian gerbils. Most plant toxins

show a dose dependent effect [26] as has been observed in

the present investigation also where mortality and deter-

rence was high at higher concentration. Curtis et al. [9]T
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also recorded higher repellency against voles at higher

dosages of most of the candidate species tested. Sim-

mondsin, a glucoside present in jojoba and defatted jojoba

meal has been reported to cause food intake inhibition in

rats by several researchers.

Cokelaere et al. [22] reported that food intake inhibition

by albino rats increased with increase in dose of sim-

mondsin concentration, at 0.1–1.0 % and defatted jojoba

meal. Similarly, Lievens et al. [29], observed that meal

pattern in rats were dose-dependent and it was most severe

at highest concentration. Mortality at higher dose as

observed in the present study under no-choice test may be

attributed to the toxic effect of simmondsin [30]. However

mortality after fifth day of exposure to the defatted jojoba

meal and no mortality in choice test (in the presence of

alternative food) may be due to starvation as root cause of

death. In the present study the consumption of treated bait

was significantly (P[ 0.05) lower than untreated bait with

less consumption at higher dose and vice versa (Table 2).

Earlier Cokelaere et al. [31, 32] had reported that sim-

mondsin, inhibits food intake by increasing satiety through

an indirect interaction with peripheral CCK4 system. Lie-

vens et al. [29] also recorded significantly reduced con-

sumption of treated bait than untreated one by albino rats.

A significant reduction in body weight among different

concentrations of defatted jojoba meal in no-choice test

was observed (Table 1), whereas it was dose dependent in

choice test. These observations are also in line with the

reports of Boozer and Herron [19] who recorded reduced

food intake and reduced body weight with simmondsin

treated baits at 0.15 and 0.25 %, which was more pro-

nounced at higher dosages. Likewise, the authors [19] also

reported non-significant reduction in body weights of

albino rats at 0.015 and 0.05 % simmondsin in baits but

increasing the concentration to 0.15 % led to small but

persistent weight loss and a rapid weight loss of about 6 %

at highest dose (0.50 %). The deterrence for treated food

was noticed at all the test concentrations in choice tests,

however it was more at higher dosages. Similar observa-

tions of higher anti-feedant effect were recorded by Singla

and Parshad [6] with neem based botanical bird repellent

against Rattus rattus.

Conditioned taste aversion: Two cereal baits (crushed

pearl millet and sorghum) were simultaneously offered to

the gerbils for two selected test concentrations (10 and

20 %) of jojoba meal. Prior to treatments mean con-

sumption of pearl millet was slightly higher (5.09 and

5.23 g/100 g bwt/day) than that of sorghum (4.36 and

4.95 g/100 g bwt/day) for respective test concentration

(pre- treatment phase). Thereafter, treatments with defatted

jojoba meal prepared in crushed pearl millet at 10 and

20 % concentration were offered to test rodents on fourth

day.T
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Presence of jojoba meal (10 %) in pearl millet bait led to

sudden drop in its intake (during treatment phase) from first

day itself (3.42 g/100 g bwt) and subsequently continued

to decline recording 0.66, 0.56, 0.87 and 0.84 g/100 g bwt

only on day 2, 3, 4, and 5, respectively. The trend was

reverse in case of sorghum which increased significantly to

5.49, 6.58, 7.09, 8.04 g/100 g bwt on respective days and

remained higher even after withdrawal of treated food

(Table 3; Fig. 1). Mean consumption of treated pearl millet

during 5 days of treatment period was significantly lower

i.e., 1.27 g/100 g bwt as against 7.06 g/100 g bwt for

untreated sorghum. Similar trends were also noticed with

intake of pearl millet treated at 20 % treatments vis a vis

untreated sorghum with relatively more pronounced

effects. The treatment phase registered immediate decline

in consumption of treated pearl millet bait from day 1

(0.25 g/100 g bwt) which reduced to zero levels on day 4

and 5, whereas the intake of untreated sorghum increased

to 9.29, 9.04, 10.3, 7.9 and 7.57 g/100 g bwt on day 1 to

day 5. Overall mean intake of treated pearl millet during

5-day treatment phase was significantly reduced (0.31 g/

100 g bwt) over untreated sorghum (8.82 g/100 g bwt)

(Table 3; Fig. 2). These results further confirmed that

defatted jojoba meal powder possesses dose dependent

deterrence effects on Indian gerbils. During post treatment

phase, when plain pearl millet and sorghum was offered to

the same set of test rodents (after the withdrawal of jojoba

meal treatments), the intake of pearl millet (in the sets with

10 % treatments) although showed increasing trend

(2.35 g/100 g bwt on first day to 3.64 g/100 g bwt on ninth

day) against that of sorghum which showed decreasing

trend (6.6 g/100 g bwt on first day to 4.75 g/100 g bwt)

Table 3 Condition taste aversion by Tatera indica after feeding on jojoba (10% & 20 %) in preferred food (crushed bajra) in choice test

Concent-

ration (%)

Mean Consumption (g/100 g bwt)/day

Pre treatment consumption (mean ± SE

of 03 days)

Treatment consumption (mean ± SE

of 05 days)

Post treatment consumption (mean ± SE

of 14 days)

Pearl millet Sorghum Jojoba meal

treated pearl

millet bait

Sorghum

(plain)

Paired t test

between

4 & 5

Pearl millet Sorghum Paired t test

between

7 & 8

1 2 3 4 5 6 7 8 9

10 5.09 ± 1.09 4.36 ± 0.55 1.27 ± 0.54 7.06 ± 0.48* 6.03 3.64 ± 0.23 5.06 ± 0.17* 3.93

20 5.23 ± 0.79 4.95 ± 0.75 0.31 ± 0.14 8.82 ± 0.49* 22.55 3.18 ± 0.26 5.34 ± 0.11* 6.98

(P = 0.05) (P = 0.05)

* Significant between col. 4 and 5 and col. 7 and 8
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Fig. 1 Conditioned taste aversion by Tatera indica after feeding on Jojoba defatted meal (10 %) mixed in crushed pearl millet in choice test
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during the same period, the intake of pearl millet continued

to be significantly less up to 9 days after withdrawing the

treatment. Similar trend was also noticed in case of 20 %

treatments, but the intake of pearl millet was significantly

lower up to 11 days after withdrawal of treatment. The

consumption of both the baits reached at par after 10 days

(4.18 g for pearl millet and 4.62 g for sorghum) and

12 days (4.32 g for pearl millet and 5.69 g for sorghum)

with 10 and 20 % jojoba meal treatments, respectively

(Figs. 1, 2).

The experiment was run for 14 days after withdrawal of

treatments and the overall mean consumption of pearl

millet (3.64 and 3.18 g/100 g bwt/day at 10 and 20 %

conc., respectively) was significantly lower than sorghum

(5.06 and 5.34 g/100 g bwt/day at 10 and 20 % conc.,

respectively) during post treatment (Table 3).

The significant reduction in post treatment consumption

of pearl millet over sorghum may be due to learned taste

aversion produced by simmomdsin containing defatted

jojoba meal mixed in pearl millet during treatment period.

Indian gerbils associate the taste of pearl millet to negative

feeling produced by simmondsin which lasted for

9–11 days. With albino rats, Lievens et al. [29] also noticed

conditioned taste aversion after receiving simmondsin at

0.15, 0.25 or 0.5 % conc. prepared in saccharine solution.

The authors noted significant increase ([70 %) in prefer-

ence for saccharine solution as compared to simmondsin

treated saccharine. Singla and Parshad [6] also recorded

less consumption of neem treated bait by rats exposed after

10 days of first feeding than those exposed after 50 days of

first feeding.

The findings therefore indicated that the unpleasant

experience with treated pearl millet bait for 5 days had an

imprinting effect on Indian gerbils, leading to acquired

learning through conditioned taste aversion which lasted

for at least 9 and 11 days at 10 and 20 % concentrations of

jojoba meal powder, respectively.

Conclusion

It may therefore be concluded that jojoba defatted meal

exert a strong, but dose dependant deterrence in Indian

gerbils when offered in different concentration in bait.

Mortality was observed at higher dose (in no-choice) may

be due to starvation. The gerbils treated with defatted

jojoba meal mixed in pearl millet showed conditioned

aversion learning behavior also lasting for 9 and 12 days at

10 and 20 % concentration, respectively.
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