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Abstract

The German cockroach, Blattella germanica, is a prominent housing urban pest
that poses significant public health concerns due to its capacity to transmit various
pathogens. This study investigated the toxicity of several insecticides emamectin
benzoate, spinetoram, indoxacarb, thiocyclam hydrogen oxalate, and metaflumizone
alone and in combination with jojoba oil at concentrations of 250, 500, and 1000 ppm.
Based on the LCsos values of the tested insecticides for the adult of B. germanica, the
most toxic insecticide was emamectin benzoate (0.414, 0.012 and 0.002 ppm), followed
by spinetoram (2.96, 0.093 and 0.056 ppm), indoxacarb (4.88, 0.602 and 0.090 ppm),
thiocyclam hydrogen oxalate (17.04, 0.769 and 0.182 ppm), metaflumizone (96.67,
21.22 and 2.042 ppm) and jojoba oil (350.64, 258.97 and 197.61 ppm) after 24, 48 and
72 hrs. post exposure, respectively. The incorporation of jojoba oil as a synergist
significantly enhanced the toxicity, with pronounced effects observed at higher
concentrations and extended exposure durations. Emamectin benzoate, spinetoram and
indoxacarb showed marked improvements in efficacy when combined with jojoba oil.
In contrast, thiocyclam hydrogen oxalate and metaflumizone remained the least
effective compound, although slight enhancements were observed with jojoba
supplementation. These findings suggest that jojoba oil may function as a valuable
synergist, amplifying the insecticidal potency of conventional chemical agents. Its
integration into pest management programs could improve control outcomes for B.
germanica while potentially reducing the reliance on higher pesticide doses. Future
research should focus on practical, application-oriented strategies to establish jojoba as
a bioinsecticide and explore its combinations with other insecticides.
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Introduction

The German cockroach, Blattella germanica L. (Dictyoptera: Blattellidae) is a
pervasive urban pest known for its rapid reproduction, adaptability, and role in
transmitting pathogens (Shiff, 1998; Kawther et al., 2013; Memona et al., 2017).
Traditional chemical insecticides have been widely used to control its populations;
however, the emergence of resistance and concerns over environmental and human
health have necessitated the exploration of alternative control methods. Recent studies
have focused on evaluating the efficacy of both novel synthetic insecticides and plant-
derived compounds in laboratory settings to determine their potential in integrated pest
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management strategies (Wang et al., 2013). Hence, various control strategies should be
implemented to suppress German cockroach populations. The household agents for
cockroach control (mostly aerosol sprays) usually contain chemical insecticides, e.g.,
pyrethroids (permethrin, tetramethrin, cypermethrin, prallethrin), carbamates
(propoxur) and organophosphates (dichlorvos, chlorpyrifos). However, insecticide
resistance, especially against pyrethroids, has already become common among German
cockroach (Atkinson et al., 1991; Hemingway et al., 1993). In addition, the use of
insecticides has been hindered by a growing concern about possible effects on the
environment and non-target organisms. Control strategies should therefore be redirected
to emphasize the knowledge of the biology and ecology of the target German cockroach
in addition to insecticide use, if any, and should be more selective and less
environmentally polluting (WHO, 1996).

Spinosad is a naturally derived insecticide obtained from the fermentation of
Saccharopolyspora spinosa. It acts on the insect nervous system by targeting nicotinic
acetylcholine receptors, leading to paralysis and death. Laboratory studies have
demonstrated its effectiveness against various insect pests, including the German
cockroach, with minimal impact on non-target organisms (Habbachi ef al., 2009).
Emamectin benzoate, a derivative of avermectin, exhibits its insecticidal activity by
enhancing the release of gamma-aminobutyric acid (GABA), leading to increased
chloride ion influx and subsequent paralysis. While primarily used against lepidopteran
pests, their potential against cockroaches is being explored due to its unique mode of
action and reduced risk of resistance development (Lasota and Dybas, 1991). Indoxacarb
1s an oxadiazine insecticide that blocks voltage-dependent sodium channels in insect
neurons, leading to cessation of feeding and death. Studies have shown its efficacy
against German cockroaches, including strains resistant to other insecticides. Notably,
indoxacarb exhibits horizontal transfer, where exposed individuals can transmit lethal
doses to conspecifics through contact or ingestion of excretions (Buczkowski et al.,
2008).

Metaflumizone, belonging to the semicarbazone class, also targets sodium
channels but with a different binding site than indoxacarb. Its mode of action results in
feeding cessation and eventual death. Laboratory evaluations have indicated its potential
as an effective control agent against German cockroaches, with a favourable safety
profile for non-target species (Nauen and Bretschneider, 2002). Natural bioinsecticides
containing essential oils, such as jojoba oil, have garnered significant interest due to
numerous reports highlighting their effectiveness (Oladipupo et al., 2022). The unique
properties of essential oils disrupt fundamental metabolic, biochemical, and
physiological processes in insect pests (Campolo ef al., 2018). Research has also shown
that essential oils exert neurotoxic effects, ultimately causing paralysis and death in
insects (Jankowska et al., 2017).

Thiocyclam hydrogen oxalate (Evisect) is a broad-spectrum synthetic insecticide
used to control sucking and chewing pets on a variety of crops. It contains thiocyclam
hydrogen oxalate, and its chemical name is N, N-dimethyl- 1,2,3-trithian-5-amine
hydrogen oxalate. It was initially prepared by Sandoz Laboratories, Basle, Switzerland.
It has been usually supplied as a soluble powder or as granules. As it is degraded rapidly,
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residues do not persist in the environment (Celikler ef al., 2010). Thiocyclam hydrogen
oxalate belongs to Nereistoxin analogue group which is used to control major sucking
pests such as aphid and whitefly, is similar to neonicotinoids that act on the nicotinic
acetylcholine (nACh) receptor as a partial agonist at low concentrations with little
difference at high concentrates as channel blocker (Eldefrawi et al., 1980; Suganthan et
al., 2020). It is an effective insecticide that can be used to control cockroaches. It acts
by blocking the nicotinic acetylcholine receptors in the cockroach's nervous system,
causing paralysis and death.

Among bioinsecticides, natural products containing essential oils such as jojoba
oil have enjoyed the most attention, owing to widespread reports of activity (Oladipupo
et al., 2022). The intrinsic properties of essential oils interfere with the basic metabolic,
biochemical, and physiological functions of insect pests (Campolo et al., 2018). Several
studies have demonstrated that essential oils induce neurotoxic effects, leading to the
paralysis and subsequent death of insects (Jankowska et al., 2017). Jojoba oil, while
primarily used as a carrier, may enhance the efficacy of other active compounds (Nerio
et al., 2010).

For the control of cockroaches, boric acid and chemical insecticides have been
studied extensively (Appel and Benson, 1995; Appel and Stanley, 2000; Appel, 2003;
Wang and Bennett, 2006). However, Cockroach resistance has been reported to some
insecticides such as bendiocarb, cypermethrin, permethrin, propoxur, and chlorpyrifos
(Valles, 1996; Wei et al., 2001; Pridgeon et al., 2022). Till now this study considered
one of the few studies to test German cockroaches’ toxicity against insecticides and
jojoba oil mixture in Egypt. The integration of novel synthetic insecticides like spinosad,
emamectin benzoate, indoxacarb, and metaflumizone, along with jojoba oil, presents a
multifaceted approach to managing German cockroach infestations. Therefore, this
study aimed to assess the toxicity of five insecticides from different new groups:
avermectin (emamechtin benzoate), spinosyn (spinotram), oxadiazine (indoxacarb),
nereistoxin (thiocyclam hydrogen oxalate), semicarbazone (metaflumizone) and jojoba
oil alone and combined against the adults of the German cockroaches, B. germanica
under laboratory conditions.

Materials and Methods
1. Insect rearing

This study was conducted at the Laboratory of the Department of Plant Protection,
Faculty of Agriculture, Assiut University. The German cockroaches (Blattella
germanica) used in this study were collected from dairy and food industry laboratories
during January and February 2024 and subsequently reared under controlled laboratory
conditions. The insects were housed in plastic boxes (60 % 30 x 30 cm) maintained at
28 £ 3°C, 50 + 5% relative humidity (RH), with a photo period of 12:12 (light: dark).
The cockroaches were provided with a diet of bread, powdered milk, and cotton soaked
in water. Paper egg cartons were added as shelters, and the cages were sealed using
fabric sleeves.
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2. Insecticides and Jojoba oil

Five commercial insecticides from different chemical groups were tested
emamectin benzoate (Excellent 1.9% EC) —avermectin group, indoxacarb (Sorento 15%
SC) — oxadiazine group, metaflumizone (Krbalent 24% SC) — semicarbazone group,
thiocyclam hydrogen oxalate (Kemclam 50% WP) — Nereistoxin group and spinetoram
(Radiant 12% SC) — spinosyn group. Jojoba oil (Top Healthy 60% EC) was tested as a
representative essential oil alone and combined with other insecticides. Three
concentrations were prepared 250, 500 and 1000 ppm Jojoba oil. Cockroaches were
dipped in each solution for 10 seconds and observed for mortality at the same intervals.
Stock solutions were prepared by mixing each insecticide with water, and serial dilutions
were made to achieve the following concentrations: 1000, 100, 10, 1, 0.1, and 0.01 ppm.
For each concentration, three replicates were prepared.

3. Toxicity bioassay

Toxicity tests were conducted using a dip bioassay method adapted from
Chandrasena et al. (2011). Fifteen adult cockroaches were placed in a metal mesh tea
strainer and immersed in 20 ml of insecticide solution for 10 seconds. After treatment,
insects were transferred to individual jars (5 insects per jar), supplied with food and
water, and sealed with gauze. Mortality was assessed after 24, 48, and 72 hours after
exposer. The toxicity experiment for each tested insecticide and jojoba oil were
performed twice, and the results were adjusted using Abbott’s formula (1925).

4. Statistical analysis

Data were subjected to the Probit analysis using the SPSS program version26 to
obtain the LCso, LCoo, 95% confidence limits (CL) and slopes values for thesepesticides
and jojoba oil according to Finney (1971). A significant level of mean separation (P<
0.05) was based on non-overlap between the 95% confidence intervals of two
LCsovalues and expressed in ppm. As a result, LCso values were utilized to calculate the
toxicity index and relative potency (Sun, 1950), which served to compare the relative
effectiveness of the insecticides tested. All figures and statistical analyses were
performed using GraphPad Prism 5 software (San Diego, CA).

Results

1. Toxicity of certain insecticides and jojoba oil on the adults of German
cockroach, Blattella germanica

The toxic effects of various insecticides and jojoba oil on adult B. germanica were
assessed at 24, 48, and 72 hours post-treatment. The results indicated clear differences
in potency among the tested substances. There are direct correlations between
insecticide and period of exposure (24, 48 and 72 hrs), as the toxicity increases with an
increasing period of exposure. As shown in Table (1), emamectin benzoate exhibited the
highest toxicity, with an LCsq of 0.414 ppm and a toxicity index of 100, serving as the
reference compound. In contrast, Jojoba oil was the least toxic (LCso = 350.64 ppm),
with a toxicity index of 0.12 and the highest relative potency value (846.96). The
remaining compounds ranked in toxicity (from highest to lowest) as follows:
spinetoram, indoxacarb, thiocyclam hydrogen oxalate and metaflumizone. The LCqy
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values further supported these trends, with emamectin benzoate requiring the lowest
concentration (21.19 ppm) to kill 90% of the tested cockroach population. Based on the
relative potency, emamectin benzoate was more toxic for the adults of B. germanica
than spinetoram, indoxacarb, thiocyclam hydrogen oxalate, metaflumizone and jojoba
by (7.15, 11.78, 41.23, 233.50 and 846.96) fold, respectively. These results indicated
that emamectin benzoate, spinetoram and indoxacarb were the most toxic insecticides
against the adults of B. germanica, followed by thiocyclam hydrogen oxalate,
metaflumizone and jojoba (Table 1).

Results as shown in Table (2) indicate that, after 48 hours, the toxicity increased
across all treatments. Emamectin benzoate remained the most effective with LCs, values
(0.012 ppm), followed by spinetoram (0.093 ppm). Notably, the LCsq values of both
indoxacarb and thiocyclam hydrogen oxalate dropped significantly 0.602 and 0.769
ppm, respectively. Whereas jojoba oil remained the least toxic, showing only a marginal
increase in efficacy with LCsq value 258.97 ppm. Comparison between the LCoos of the
tested compounds for the adults of B. germanica showed that the highest effective one
is emamectin benzoate (3.85 ppm), followed by spinetoram (3.98 ppm), indoxacarb
(358.26 ppm), thiocyclam hydrogen oxalate (418.73 ppm) metaflumizone (1066.38
ppm) and jojoba (2077.02 ppm) after 48 hrs exposure, respectively. Based on the relative
potency, emamectin benzoate was more toxic for the adults of B. germanica than
spinetoram, indoxacarb, thiocyclam hydrogen oxalate, metaflumizone and jojoba by
(7.75, 50.17, 64.08, 1768.33 and 21580.83) fold, respectively.

Toxicity continued to rise at 72 hours of expouser (Table 3), with emamectin
benzoate exhibiting the highest toxicity for the adults of B. germanica with LCs (0.002
ppm), reinforcing its exceptional potency. Spinetoram, indoxacarb and thiocyclam
hydrogen oxalate followed (0.056, 0.090 and 0.182 ppm, respectively. Metaflumizone
and Jojoba oil remained the least effective, with LCsq values of 2.042 and 197.61 ppm,
respectively. Comparison between the LCoos of the tested compounds for the adults of
B. germanica showed that the highest effective one is emamectin benzoate (0.376 ppm),
followed by spinetoram (0.986 ppm), indoxacarb (48.53 ppm), thiocyclam hydrogen
oxalate (74.19 ppm), metaflumizone (10.9.40 ppm) and jojoba (736.51 ppm) after 72
hrs exposure, respectively. Based on the relative potency, emamectin benzoate was more
toxic for the adults of B. germanica than spinetoram, indoxacarb, thiocyclam hydrogen
oxalate, metaflumizone and jojoba by (28.0, 45.0, 91.0, 1021.0 and 98805) fold,
respectively. Across all time points, emamectin benzoate consistently demonstrated
superior toxicity against B. germanica, while Jojoba oil was persistently the least toxic.
Spinetoram and indoxacarb showed moderate efficacy, with improved effects over time.
The LCso and LCqq values for all compounds decreased with prolonged exposure,
indicating time-dependent toxicity enhancement. Statistical comparisons based on non-
overlapping 95% CLs confirmed significant differences among treatments.

Assiut J. Agric. Sci. 56 (3) 2025 (138-153) 142



Toxicity and Combined Impact of Certain Insecticides and...

“punoduod pajsa) 91X0) JSOW Y} JO 0T /punodurod pajsa) 91x0) Jsed] 10J 0T = AdUd10d dATR[Y () (7) “[00T x (punoduwoo

Pa1sa) A Jo 0y T/punodwiod pajsay 91X0) JSOW dY) JO 05)T)] = XAPUI AIDIXO], (7 “(de[19A0 10U PIP TD %S6) JUSIANIP APULOYIUSIS SIe SIONA] JUAIIIIP SulALy sanfea 06 ) pue 0sO7 (p

() 9€°0 EVLS8 69169 JIS9EL §0886 100°0 86°€CC Iv'6Ll °19°L61  8€0TF¥CC 1o eqolor
() sL ol €€971 1786 201°601 0'1201 600 [ore 018’1 PTY0C  ¥00FCp'0  UOZIWN[JBIIIA
() 899 9768 I[T'v9 P61 VL 016 ort 86C°0 9¢10 °T81°0 SO0F9Y0 dJe[exo "y L,
() L0'9 10°LS L6t 2eS 8y 0y (144 €clro 19070 90600  v00F¥10 q.reoexopuy
() TToy 101 996°0 9986°0 0°8¢ LS'E 160°0 1€0°0 9900 600 F €0l we.o0jaurdg
() $0'9 :aﬂo 1€°0 mﬁm.w »o; 001 wﬂomo L0000 BC000  LOOTH9S0 djeozudy “H
Jaddn IIMO0] (Ndd dudog Xapuj Jddn IIMO (Wdd)
UP)ex SHIWI] DUIPYUO)) 9,6 L0 | sza«_om m_u_xch (TD) syl DUIPHUOD) %S6 05 as Fadorg DILIELIELERN |

3ansodxd *say 7/ I8 »I1uUDIIS g ‘YILOII0 UBULIIL) JO S}NPE 3y} uo [10 eqolol pue sIpIondasur uredd Jo AJNIXoL, € dqeL

“punoduod pajsa) 91X0) JSOW Y} JO 0T /punodurod pajsa) 91x0) Ised] 10J 0T = AdUd10d dATR[Y () (7) “[00T x (punoduwoo

P18} 3y} Jo 05y /punoduwiod pajsa) OIx0} JSOUL 3y} JO 05)T)] = Xaput ANDIXO], () (de[I9A0 10U PIP D %S6) WAIPJIP APUBOYTUTIS dIB SI19119] JUSIIJIP SUIARY SIN[BA 06 )T Pue 057 ()

(v) 8t'1 1€TIvE LT'LTOT  9TO'LLOT  €8°08SIT ¥00°0 9¢°LIE 98981 9L6'8ST  $E0FS0T 1o eqofop

(#) SLYO  8€'10TI SI'618 P8E9901 €€°89LI 90°0 €€°LT L PTTIT  €00FHE0  uoZIWNpERIN

() 15761 1€9LY S1°88¢ o¢L'81Y 809 9$°1 9L6°0 805°0 969L°0  YOOFLPO  dre[exo -y

() L8°€ STELE vI€Te Q9T'8S¢€ L1°0S 66'1 8L8°0 69t°0 92090  €0°0FSE0 qredexopuy

() ST°6T 98t 9T'€ ©86°¢ SLL 06°Cl vI1°0 L00°0 €600 90°0 FE8'0 weaoyourdg

() ¥8°S €6'y LY'€ BGR'¢ 00'1 001 61070 000 BZI00  SOOFISO  9yeozudg ‘j
0P toddn Tomoy Awmm& @&duNod () xopug taddn Tomoy WdD) oo adorg symouneon,

SHWI IUIPYUOD) %S6 o1 APEPY  HPIXOL (D) SHWI] PDUIPYUOD %56 o |

3ansodx?d *Say g 1938 YI1UDULIIS g ‘YILOII0) UBULIIL) JO S}NPeE 3y} uo [10 eqolol pue saprondasur uredd Jo AJNIXoL, ‘7 dqeL

“punoduod pajsa) 91X0) JSOW Y} JO 0T /pPunodurod pajsa) 91x0) Ised] 10J 0T = AdUd10d dATR[Y () (7) "[00T x (punoduwoo

Pa1sd) A} Jo 05y T/punodwod paisa) JIX0} JSOW 9} JO 0S)T)] = Xopul AJIITXO], ) “(dB[I9A0 10U PIP TD %S6) JUSIANIP APUBOYTUSIS S8 SINS] JUSISJJIP SUIARY SIN[BA 06 )T PUR 05T (1)

(¥) €581 0T9S1L €TIYI9 9059 96'9%8 1o 61'ST ¥8'99C %9°0S€  T€0F IS8T 110 eqofop

() 8L8°0 1S 19v€ 11°6€TC 901°€06C  0S'€€T 340 LTH0T 6v'LL PL9°96 €00 F6C0  UOZIWIN[FERA

(¥) 990°0 vL'9861 T8'9TLI P8ES8LI €TIY €T L9VT 99°CI OM0'LT  FOOFEH0  de[exo YL

(¥) 08°CI v1'106 ST'189 OETH9L 8L'TI 88 L9S 9L'¢ 88ty  €0'0F9E0  qIedexopu]

(v) 8T°Ce L1°89C LT01T ay1°6Te ST'L 86°¢1 10 8T°1 Q96'C  €00F 140  weropurdg

(p) g1l 8€'LT 9791 eI 1C 00'1 001 960 6€€°0 e[p'0  SOOFSLO  deozudq J
ap).x roddn ono () 0 AouNog g Xapu roddn ono (wdd) 4S Fadols SJUdUIYBIL],

('TD) $IWIT DUIPYUOD) %S6 06T ANEPRY  ANIXOL (D) sPWIT AUIPYUO)) %se ("1

ansodxa *say $7 19)Je »I1UDULIAS g ‘YILO0II0d UBULIIN) JO S)[NPE Y} U0 [10 eqofof pue sapIdndIsul uredd Jo AJNIXO], °I dqelL

143

Assiut J. Agric. Sci. 56 (3) 2025 (138-153)



Saad et al., 2025

2. Toxicity combined of tested insecticides and jojoba oil against adults of
German cockroach, Blattella germanica

Table (4) shows the toxicity of emamectin benzoate, spinetoram, indoxacarb,
thiocyclam hydrogen oxalate, metaflumizone mixtures with different concentration of
jojoba oil (250, 500 and 1000 ppm) after 24 hrs. exposure. Emamectin benzoate
remained the most effective with LCsq values (0.273, 0.046 and 0.001 ppm), followed
by spinetoram (1.810, 0.123 and 0.003 ppm), indoxacarb (2.047, 0.319 and 0.006 ppm),
thiocyclam hydrogen oxalate (4.023, 0.414 and 0.170 ppm), and metaflumizone (11.81,
0.804 and 0.240 ppm) with different concentration of jojoba oil 250, 500 and 1000 ppm,
respectively. Based on the relative potency, emamectin benzoate was more toxic for the
adults of B. germanica than spinetoram, indoxacarb, thiocyclam hydrogen oxalate, and
metaflumizone by (6.63, 7.50, 14.74 and 43.26) fold, (2.67, 6.93, 9.0 and 17.48) fold,
and (3.0, 6.0, 170.0 and 240.0) fold, with 250, 500 and 1000 ppm of jojoba oil,
respectively.

Based on Table (5) the combined toxicity of various insecticides with jojoba oil at
concentrations of 250, 500, and 1000 ppm against the adults of B. germanica after 48
hours of exposure. Emamectin benzoate was consistently the most potent insecticide,
exhibiting the lowest LCsq values (0.01, 0.009 and 0.002 ppm), followed by spinetoram
(0.083, 0.011 and 0.003 ppm), indoxacarb (0.117, 0.015 and 0.0072 ppm), thiocyclam
hydrogen oxalate (0.212, 0.0320 and 0.010ppm), and metaflumizone (1.223, 0.184 and
0.100 ppm) at concentrations of 250, 500, and 1000 ppm jojoba oil, respectively.
Acoreding to the relative potency, emamectin benzoate was more toxic for the adults of
B. germanica than spinetoram, indoxacarb, thiocyclam hydrogen oxalate, and
metaflumizone by (8.3, 11.7, 21.2 and 122.3) fold, (1.22, 1.67, 3.56 and 20.44) fold, and
(1.55, 3.6, 5.0 and 50.0) fold, with 250, 500 and 1000 ppm of jojoba oil, respectively.

Initially, the combined effect of different concentration of jojoba oil significantly
potentiated the toxicity of tested insecticides against the adults of B. germanica after 72
hours of exposure (Table 6). All three concentration of jojoba oil (250, 500 and 1000
ppm) decreased significantly the LCso values of emamectin benzoate, spinetoram,
indoxacarb, thiocyclam hydrogen oxalate and metaflumizone. Comparison between the
LCsos of the tested insecticides for the adults of B. germanica showed that the most toxic
insecticide was emamectin benzoate (0.001, 0.0006 and 0.0001 ppm), followed by
spinetoram (0.045, 0.0080 and 0.0010 ppm), indoxacarb (0.110, 0.0120 and 0.0021
ppm), thiocyclam hydrogen oxalate (0.165,0.0151 and 0.0095ppm), and metaflumizone
(1.108, 0.136 and 0.090 ppm) at concentrations of 250, 500, and 1000 ppm jojoba oil,
respectively. In addition, based on the relative potency, emamectin benzoate was more
toxic for the adults of B. germanica than spinetoram, indoxacarb, thiocyclam hydrogen
oxalate, and metaflumizone by (45.0, 110.0, 165.0 and 1108) fold, (13.33, 20.0, 25.17
and 226.67) fold, and (10.0, 21.0, 95.0 and 900.0) fold, with 250, 500 and 1000 ppm of
jojoba oil, respectively.
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Discussion

Recently, essential oils have demonstrated insecticidal properties against a variety
of insects, including cockroaches, as observed in several studies (Alali, et al., 1998;
Phillips and Appel, 2010; Alzogaray et al., 2013; Isman, 2017;2020; Boné et al., 2022;
Azmy, 2024; Manzanares-Sierra et al., 2025). These oils are concentrated liquids
extracted from plants through processes such as distillation or solvent extraction. They
contain numerous secondary metabolites, such as terpenoids, phenols, alkaloids, and
other phytochemicals, which play a vital role in protecting plants against herbivores.
The chemical components of essential oils can act as direct insect toxins, function as
repellents, or enhance the toxicity of other insecticidal constituents (Isman, 2000; 2006).
Due to their minimal toxicity to mammals and limited environmental impact, plant
essential oils are considered a promising alternative to traditional insecticides. While
they have been developed and commercially used as pesticides and repellents for
household and garden pests over the years, their application as cockroach biopesticides
remains limited (Alzogaray et al., 2013; Isman, 2017, 2020; Boné et al., 2022; Azmy,
2024; Manzanares-Sierra et al., 2025).

The present study provides valuable insights into the toxicological effects of
several insecticides alone and in combination with jojoba oil against the adult German
cockroach, B. germanica. Across all time points (24, 48, and 72 hours), emamectin
benzoate demonstrated the highest efficacy, showing the lowest LCsq values and serving
as a consistent reference for toxicity index and relative potency calculations. This
confirms previous findings that emamectin benzoate is a potent insecticide effective at
low concentrations against cockroach populations. Along with Lee et al. (2022), the
results from the present study suggest that emamectin benzoate could be an excellent
active ingredient for the control of otherwise-resistant German cockroach populations
regardless of population size, cross-resistance profiles, or prior insecticide exposure
history.

Spinetoram can be effective against German cockroaches, especially when used in
bait formulations or applied as a residual treatment (Kritikou, 2011; Kiicliksari and
Tunaz, 2021). It is a biopesticide derived from bacterium and works by overexciting the
nervous system of insects. Kii¢liksari and Tunaz, (2021) reported that spinetoram can
cause high mortality in German cockroaches when applied at certain concentrations.
According to the study, this insecticide possessed acute toxicity alone and combination
with different concentrations of jojoba oil (250, 500 and 1000 ppm) against the adult
German cockroach, B. germanica after 24, 48 and 72 hrs. exposure. Other insecticides
showed varying degrees of synergism when combined with jojoba oil where spinetoram
showed moderate toxicity enhancement, with LCs, values significantly decreasing at
higher jojoba oil concentrations (1000 ppm). After 72 hrs at 1000 ppm jojoba oil, the
LCso dropped to 0.0021 ppm. Habbachi et al. (2009) reported that a non-lethal dose of
spinosad causes adult male and female German cockroach, Blattella germanica, to
exhibit altered responses to their aggregation pheromone as well as to have a changed
cuticular hydrocarbon profile.

Indoxacarb works effectively through both contact and ingestion. With its ability
to target various insect pests while maintaining relatively low toxicity to mammals (U.S.
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Environmental Protection Agency, 2000), it stands out as an ideal pesticide choice for
combating cockroaches. Indoxacarb showed improved toxicity over time, with
substantial reduction in LCsg, especially at 1000 ppm jojoba oil (LCsq = 0.0010 ppm at
72 hrs.). All three concentration of jojoba oil (250, 500 and 1000 ppm) decreased
significantly the LCso values of indoxacarb. The result of this finding agrees with that
of various authors (Appel, 2003, Liang, 2005, Agrawal and Tilak, 2006; Chuks ef al.,
2014) on the toxicity of indoxacarb gel bait to different cockroach species.

Thiocyclam hydrogen oxalate is an insecticide that can be used against German
cockroaches, but it is not specifically labeled for cockroach control and may not be as
effective as other cockroach-specific insecticides. It primarily acts by disrupting insect
feeding and digestive processes, as well as interfering with growth and development.
Thiocyclam hydrogen oxalate demonstrated lower efficacy compared to other
insecticides but did exhibit enhanced toxicity with increasing jojoba oil concentrations,
especially notable after 72 hrs exposure. While thiocyclam hydrogen oxalate and
Metaflumizon were less effective individually, their toxicity also improved with jojoba
oil addition, though to a lesser extent compared to the other insecticides. Metaflumizon,
in particular, showed the highest LCs, values even in combination treatments, indicating
limited practical use against B. germanica under these conditions. Metaflumizone
demonstrates a very high level of toxicity against German cockroaches, particularly
effective when used in baits or other contact methods (Hempel et al., 2007). Its
mechanism of action involves blocking sodium channels in the cockroach nervous
system, leading to paralysis and death. metaflumizone, although the least effective in
general (LCso = 11.81 ppm at 250 ppm jojoba oil after 24 hrs), showed improved
performance with time and higher jojoba oil levels, albeit still significantly less potent
than other insecticides. Plant extracts, such as jojoba oil, exhibit a wide range of
activities against various pests, making them appealing alternatives to synthetic
chemical pesticides for pest management. They are favored due to their minimal
environmental impact and low risk to human health (Abdel-Razik & Mahmoud, 2017).
The harmful effects of plant extracts or natural/synthetic compounds on insects are
evident in several ways, including their toxic properties, induction of mortality,
antifeedant effects, growth inhibition, suppression of reproductive behaviors, and
reduction in fecundity or fertility. Plants are well-known producers of diverse chemical
compounds, many of which play a critical role in defending against different types of
pests (Isman and Akhtar, 2007). Plant extracts and isolated metabolites have been the
focus of extensive research, driven by concerns over the detrimental effects of
conventional insecticides on both human health and the environment.

The incorporation of jojoba oil significantly enhanced the toxicity of all tested
insecticides, confirming its role as a synergist. This effect was more pronounced at
higher jojoba oil concentrations (500 and 1000 ppm) and with extended exposure times.
The most notable synergistic effects were observed with emamectin benzoate,
spinetoram and indoxacarb, which exhibited substantial reductions in LCsq values when
combined with jojoba oil. This suggests that jojoba oil may increase insecticide
penetration, reduce detoxification mechanisms, or otherwise facilitate increased toxicity
(Alzogaray et al., 2013; Huang et al., 2020; Manzanares-Sierra et al., 2025). Jojoba oil
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can act as an antifeedant, reducing insect feeding activity, and can also inhibit the growth
and development of some insect pests. The decline in LCsq values over time for all
compounds and combinations indicates the importance of exposure duration in toxicity
assessment, with longer exposure providing more accurate estimates of insecticidal
efficacy. These findings highlight that the combined use of insecticides with jojoba oil
can potentially reduce the required doses of synthetic chemicals, minimize
environmental impact and delay resistance development.

Conclusion

The synergistic effect of jojoba oil with multiple insecticides presents a promising
avenue for enhancing pest control efficacy against B. germanica. These results indicated
that, emamectin benzoate, spinetoram and indoxacarb have shown good efficacy against
the adults of B. germanica alone and in combination with jojoba oil. The enhancement
effect was more pronounced with increasing jojoba oil concentration and longer
exposure durations. Future research should explore the mechanisms underlying this
synergy and evaluate field applications to establish practical recommendations for
integrated pest management programs.
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