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Boscia sene:..cnsis (PERS) LAM . ex Poirs was evaluwted against i stored-
grain insect  *Vhen added 1o cowpeas at 247 twow gl fresh grean d frunts
and leaves ¢ cd 80-100% mortality 1o Callosetruchioo macudaiuy -8 - acults
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INTRODUCTION

Inscct infestation of stored ;  in causes weight and quality fosses that lead to g
reduction of commercial vi  and sced germingtion. Tu reduce this dange.
several control measures has peen taken. which mostly invols ¢ chemical meth

ods. Synthctic insecticides 4 . not only adrain on the furmer’s meager resources
but arc often frequently use  beyond permissible safe limits. The incidernce ot
insecticide resistance i s als | growing problers. Resistance t0 one or more
msecticide(s) has been rep od 1N at least S00 species of msects and mites
(Georghiou, 1990). This s ion has increased the need tor alternativ oy 1o
synthetic pesticides. Botani  insecticides are a less expensive and biodeygrad

able option. The effectiven , of raw parts and plant cxtracts against stored-
grain insects has been desc. ied hy many guthors (Jotuani and Sircar. 963;

Singh et al., 1978: Jacobse  1983: Golob and Webley. [9%8); Grainge ol al..
1985 Lognay ce ar.. 19910 ¢k et al.. 1991 Haubruge et al, 1989),

Wc investigated the ! ogical activity 0t Boscia sencvalensis (PERS.)
LAM. (Capparaceae), apl:  hat is found throughout north-central and northern
Senegal (Bille and Poupon 1972), where 1t iy traditionally used by fiemers
against stored grain insects , 1 addition. we isolated and identified hioloy cally
active components of thisp 1.

HODS AND MATERIALS

Plant tnatcrial was ru.  mly harvested in the region of Thies (Sengal).
Qur material has been idesi  od and deposited at the Jardin Botanique N:itional
de Belgique (BR) as B. s¢i «lensis. Leaves used for tnal | were harvesied in
November 1990, Fruits ane — aves used for trials 2 and 3 were collected 1 My
1991,

Four cxperiments wer inducted with plant parts (teals 1and 23, estracts
(trial 3), and pure molecu!  trial 4) using five stored-grain inscct species. he
test insects, Callosobruch:  naculatus (F. ) (Col., Bruchidace 1. Sitotroga ere-
alella OLIV. (Lep.. Gelee lac), Prosiephanus truncains HOKN. (Col Bos-
trychidac), Tribolium c¢asr wn HERBST. (Col., Tencbrionidae), Sivephilis
zeamaty MOTSCH. (Col.  arculionidac). were reared under controlled con-

ditions (32" + 2°C and + 10% relative humidity ) Bioassays wers also
carried out under these cor ons. All chemicals and solvents were of anay tical
grade.

Trials 1 and 2 . Thes st tw o trials were performed with fresh pround
leaves (FGL). fresh entiy  aves (FEL). dry leaf powder (DLP), and tresh
ground fruits (FGF). The  t materials were added 1o cow pea seeds, Vignu
unguiculata (1) WALP (v Black Eyed) at I- 32% for FGL.. FEL, an: DLP
in trial ] @ and ().5-2% for 7 and FGL n trial 2. FGI. and FGF were propared
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using a small laboraton <Moulinex) I'or 5 min. DLP was similarly = round
and then passed through . )-mesh Jaborutory sieve. Following this proc sdure,
2 0 g of cowpeas were © oughly mixed with plant material at the desired

concentrations 10 Petri (@ 90 mm) gnd infested with [{) unsexed i day-
old C. maculatus adults reated cowpea seeds were similarly infested with
10 insects. Each treatme:  including the control, wis replicated fiv ¢ umes

Mortality assessment wi de after one to two days. Twenty-two day » lata

when F, adults started 1 crge. insects were removed daily and counted o
10 days. Numbers of ho :nd unholed seeds were also counted and percent
damage was calculated.

Data werc subjecte:: malysis of variance followed by a compari-on ot
thc means (Duncan’s mux -range test) at P+~ 0.05.

Trial 3. Fifty gram Yoscia fraits were ground with 200 ml acctome in
a Waring blender and k- £ 2 hr at room temperature. The supernatant~ were
then filtered and concen:: under vacuum Lo a final volume of 50 mi to obtain
4 B. senegalensis acetor At extract (BAFE) containing approximatel. 304%
by volume of water.

Bioassays were cui i watin 825-ml scaled glass desiccators in w iyich 3
ml of BAFE were depo  Five milliliters of acetone were similarty popetted
in another desiccator usc ontrol. After 3 hr at room temperature. the ~olvent
evaporated completely control. One hundred adults of different ~pecies
were then introduced i desiceators. which were closed and placed undes
experimental condition\ r various time exposures. trom |5 10 12 hi. mor-
tality reudings were rec for each treatment. The time required to kit S0%
(LT-,,) of the insects y on determined by transtorming mortality cata to
probita and calculating - ‘hal times (LT) (Snedecor and Cochran. [96:7).

Analysiy of volatile Boscia sencgalensis feaves. Freshly ground feaves
(100 g) were steam-di for 45 min und the agueous distillate (900 mi)
extracted three times w 0 ml diethvlether The cther solution was dehy-
drated with anhydrous n sulfate, concentrated o 4 ml by distiltazion of
the solvent at 38°C, an ty analyzed by gus-liquid chromatography GLC)
using two types o f colt  nder the following conditions: The polar « olumn
was a CP-Wax 52CB long. 0.32 mm 1. 0.2 ym film thicknessy frem
Chrompack: carrier ga- whum at 100 kPu: temperature program from 30
to 240°C at 10°C/min; ‘on-column’ injector and FID detector marntamed
at 250°C: gpparatus; M Packard HP 5880 The apolar column was a CP
Sil 8 CB (25 m long; m D, 0.2 um filin thickness) from Chrovipack:
carier gas was helium kPa: temperature program: from 3 0 10 240 C at
5°C/imin: cold “"on-co! injector and FID detector maintained at s)0)°¢"
apparatus: Carlo Erba * S160.

Analysis of glucos »s. The glucosinotutes were analyzed in B yene

walensis FGE, FGL, an ‘B by reverse-phase HPL.C atier enzy matic desul
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fation according 1o the oflicial EEC method ¢ Iruropean Economic Community,
1990). Identification of BAFL glucosinolates w as performed by GC-MS anul
yses of” trimethylsilylated molecules and by examination of” their degradation
products liberated enzymatically under controlled conditions. For GC-MS inves-
tigations. glucosinolates were enzy matically trunstormed o desulfoglucosine
lates and trimethyl-sily lated tor 20 m i n AU L107C with 50 pub ot g reagen
containing N-methyl-N-trimethylsilyltriffuorobuty amide. 5% mc[h_yIimid;[/nly
in acetone and trimethy lchlorosilune 30 @ 13 3 tvive v), The chromatographic
conditions were as follows: Column SE-53 (25 m long. 0.35 mm [D.0.2 ;in
film thickness) was from Macherly-Nagel: carrier: helium at 50 kPa: temperature
program: SO-780°C ut 20°C/min: ¢old “on-column™ injection. The mass spec
tra were recorded in the El mode ona Nemmag R 10- 10C spectrometer 70 ¢V
source at 130°C. interface at 2807C. mass range scanned trom 100 o 8OO qmu
coupled to 3 Delsi DI-700 gus chromatograph.

For enzymatic degradation of B. senegalensiy glucosinolates, 0. T mlacetate
huffer (pH 4.5) and 50 ulof 10 mg/ml buflered solution of thioglucosidase (EC
3.2.3. 1), purified from Sinapis alba 1. according to Appelgvist and Joserson

(1967). were added to 0. 1 ml of residual aqueous phase from BAFE or o 4
solution of pure methylglucosinolate (glucocapparin, Roth ref. 7485y Alter 24
hr. the degradation products were extracted with 2 ml diethylether and analy zed

hy GLC on polar and apolar stationary phuses. Methylisothiocyanate t MiTC)
from BAFE and glucocupparin were identified by comparison of their retention
times with that of’ g pure reference (Sigmu ret M8632)

Detection of MITC in Volatles Liberated during Biotests. Acetone solutions
of BAFE (5 mb) were introduced into conical tlusks. Atter evaporation of ace-
tone. the vessels were hermeticatly closed and left for 24 hroat 32+ 2°C.
Headspace sampling wus performed by purging the apparatus with nitrogen for
30 min. The volatiles were collected in 3 ml diethylether maintained in i
cryogenic trap at —207C. Ether solutions were submitted to GC-MS i the
aforementioned conditions except that the temperature program rate was fixed
at 5°C/min. MITC wus identified on the basis of retention and mass spectral
data. The mass spectra were compared with EPA-NIH and Wiley libraries

Trial 4 To study the dose-mortality TCSpPONses (0 8. seregaleisis tissues
and MITC. various amounts of FGF and FGIL. from (| to X g/liter (wiv) and
pure MITC from 0 to 3 mg/hiter (ws v) were deposited in 75G-mi glass desiceators
containing 23 adults pf cach insect species. 0 four replications. After 24 hy
under the experimental climatic conditions, insects were transterred 1o clean
Petri dishes and maintained in controlled conditions until the next day for mo
tality readings as indicated by Busvine (1981). Data were subjected (o probut
analysis (Finney, 1964). 1.og dose-probit line was analyzed for goodness of i
by the chi-square test (Busyvine, 198 1), followed by computation of LCs,, values
for cach material.
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RESULTS

Trial 1

Mortality. FGL at a concentration of 4% (w/w) caused 100% mortality
after 24 hr. At2%. 55.6% of the insects died within 48 hroand at 9%, mortality
ranged from 7.4 to 11.1% in one to two days. FEL scored 0-18.5% mortality
and DLP 3.7-40.7% within 24-48 hr (Table 1).

Progeny. FGL completely inhibited the production of C. maculatus prog-
eny at 2%, but at 1% . 21.6 adults emerged. At the same time. progeny ranged
from 36.2 to 87.2 adults for FEL and from 40.2 to 53.2 tor DLP (Table D).

Tagii 1. BIOLOGICAL ACTIVITY oF B. senegalensis Fresy GROUND Lravies (FGL),
Frissit Enrire Leaves (FELY axp Dry Lea Powper (DLP) 1o . muacidans
ADUL TS, By PROGENY . anD DamadGe iMEansy”

Corrected mortality
"

(e
Cone e e
Treutment (%, wiw) 24 hy 4% hr F, progeny Damage (409
FGL ] 7 1 le 2).6bab 22 0b
2 H3.Ob 53 6h ().0h 0.0b
4 100 0 100 }.0b 0 Oh
8 100 Oa 1004 ¢.0b 0.0b
16 100 O 100 ) Ob 0 Oh
32 100 0y 100 0.0 }.0b
Control Ol.6a T A
FEL 1 T 1N Sa A 2h d4 1y
2 [N Cdab 43 6ab RISRVR
4 000 T d4ub oy (ub 49 %4
% 0.0u b LR 6. ¥a
16 SN 0.0b 02 dub 5290
32 0.0a 4.0b 71.8ab 60 Su
Control 61 Gab 6. 34
DLP | I ta 37 3324 67 Sa
2 374 18.54 47.60u 44 dub
4 t lu 25 9a S04 22 dithe
8 [N 33 3y R 33 6b
1o 148 33 3 H).2a 39 T
32 11 da 0.7 45 84 RIVIRS
Control 45.0u 65 lab

“Means followed by the swme letter within a column of ecach treatment are not significantly diflerent
at the 3% level (Duncan’s multiple-riange st
"By Abbutt’s (1925) formula,
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FGL significantly reduced €. macularus progeny. compared to FEL  ynd DL
(Figure 1). '

Damage. FGL gave 100% protection at 2 4 and 23 % damage ar 1 % In
the same conditions. damage was 36.9-64.8% {or FEL and 30.8-67.5% 1o
DLP (Table 1).

Trial 2

Mortalitv. After 72 hr i concentration of 2%, mortality was 93.6% tor
FGF and 24.8%. for FGL. Afier 4X hr, it ranged from 3X t0 79.8% for FGF
compared to O-24.2 % for FGL.. After 24 hr, mortality ranged trom 3. X t073.89%
for FGF and from 0 to 8 4 for FGL (Table 2).

Progeny. At 2%, FGF showed N0 adult emergence while 7.8 and 133 8
adults emerged, respectively, in FGL and the contro] treatment. At | % . 2
adults emerged from FGF compared to 104 for FGL (Table 3).

Damage. A t 1% concentration, damage was 8.7 % for FGF and 634 to
FGL. At 2% concentration. FGF gave 100% protection, while 6, 1 damage was
noted in the FGI. trcatment {Tyble 3).

Trial 3

LTy, values were 2.3 hr for C maculatus and 3.8 hr for P, iruncatus
(Table 4). For §. cerealella all adults died within 1.5 hr.
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Fio. 1. Emergence pattem of C. rraculatus from cowpea seeds treated with fresh ground
leaves (FGL), fresh entire leaves (FEL), ordry leat powder (DLPY of Boscia senegalensis
at 1% conc. (w/w).
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Taptk 2. CoMmparaTIVE Toxicrry or B, sencgalensis Frisu Grounp Frurrs (FGEF)
anb Leaves (FGL) to Comaculats (MEans)?

Corrected morality atter ¢ %)”

Treatment Cone (% . wiwy 24 hr 48 hr 72 hy
FGE .3 3.8b 3K N

1 6.4b RERY A5 gh

2 73 8u 79 Ra 93 6a

FGL 0.5 0.04 (} (b 2340

i 3.8 S Bub 13 Ou

2 8.0 242 AR

“Meuns followed by the same letter within g column of each treatment are not sigpificantly ditferent
at the 5% level (Duncan's multiple-range test.
"By Abbott’s (1925) fornula.

Tapre 3. BrreECT OF COWPEA TREATMENT WITH B, senegalensts FrEsH GROUND
Frutts (FGF) or Luaves (FGL) oN O macularus EMERGENCE AND DAMAGE IN
Cowreas (MEANS)Y

" "y Japeses . N -
Number ol Pereentage Reduction (%)
Cone emeraed Damage e e

wiw) adulty’ (%) Emergence Damage

Treatment

tFGE 0.5 4 22.7a 68.24 73 (a

1 1.6h %.7a Y. Ta 8Y.6u
2 0.0¢ 0.0a 100a 1000
Gl 0.5 PR 4600 11.7b 453.2b
1 3.04 63 0a 223 23.0b
2 i 8h 0.1h 9454 U2 T
Control 4.4 240

“Means followed by the same letter within i column of each treatment are not significantly different
at the 5% level (Duncan’s multiple-runge tesy.
"Log (numbers).

Trial 4

Acute Toxicity of B. senegalensis Fresh Ground Tissues and Pure MITC.
FGF, FGL, and MITC exhibited a differential acute toxicity against three stored-
gruin beetle species. LCsg, values (in grams ground matter per liter volume)
ranged from 1 to 4.23 for FGL and from 0.42 to 1.75 for FGF (Table 5). LCy,
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TabLe 4. LeTHAL TiMeE (LT) VALUEs OF TWO STORED-GRAIN INSECTS EXPOSED 113
VAPORS OF B. senegalensis Frurr Extract (BAFE)

Species” Stope = Sk LYo 959 v br
C. maculatus 447 + 1.7} 231 0101-5 2%y
P. truncatus 421 + 116 3IRO(I92-7 5%

“One-day-old C maculatus. 2-week-old Poorancatie
"Fiductal tmits,

Tasre 5. Acute Toxicny ok B senegalensis FRESH GrousD Fruirs (FGEY ann
Leaves (FGL) 1o Apubrs OF THREE STORED-GRAIN INSECT SPECIES

FGE FGL

Lo

Species” Slope = SE- LC,, 959 FL slope o (955 FL

Tribolium castaneum 8.60 + 100 1.75(1.63-1.86) 6.14 ¢ |.: 2300 11615
Sitophilus zeamats 702 = 079 087 (0.80-0.94y
Callosobruchus macalatus 391 1 075 0.42(0.36-047) 615 + U3 1 00 {088 1.0

“Four repheations of 20 insects were exposed to plant materials for 24 hr betore they were trunstered
to Petn dishes and placed 10 controlled conditions (30°C. 70% relative hunudity ). Momadiy was
counted after 24 hr of pest exposure (Busvine. 1981).

"Grams per liter volume, with Fiducial limits.

for MITC ranged tfrom 0.73 to 2.3% ppm accordimyg o msect species. with €
macularus being the most susceptible (Table 6).

Chemical Investigations

GLC analysis of the volatiles from FGL showed one maor peak (92 % of
the total arca) gt retention times of Y.3 min and 6.5 min, respectively on polar
and apolar columns, which corresponded o those of an authentic sample ol
MITC. The detection of M ITC from B. senegalensis leaves (Figure 23 suggested
that methylglucosinolate (glucocapparin) may be the main precursor of the insee
ticidal compound. Glucosinolate enzymatic degradation leads to several by
products among which isothiocyanates predominate (Tookey et al.. 1980). To
test the aforementioned hypothesis, we analyzed thc residual water phase of
BAFE following a three-step procedure (HPLC, identification of glucosinolate
by-product. and GC-MS). The HPLC retention time of pure desulfomethylglu-
cosinolate (2 min) corresponded (g that of the major peak detected in BAFE.
On the other hand, the elution profiles libcrated enzymatically from BAFE
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Tasle 6. AcurTe TOXICHTY OF METHYL [SOTHIOCYANATE 1O ADULTS O THRIE
STORED-GRAIN INSECT SPECIES

Species” Slope + SE LCq (95% FLY
Tribolium castaneum 7.05 + 0.58 2.3 (2.24-2.52)
Sitophilus zeamais 7.22 + 118 125 (H 14-1.34)
Callosobruchus maculatus 4.81 1+ 0.59 073064 0.82)

“Four replications of 20 insects were exposed to plant materials tor 24 hr before they were transtered
to petri dishes and placed in controlled conditions ¢307C, 70% relative hunudityy. Mortality was
counted after 24 hr of pest exposure (Busvine, [981).

“ppm. with Fiducial limits.

residual aqueous phase and methylglucosinolate are practically identical; MITC
is distinguishable on the two chromatograms but is absent on the blank. The

identiticntion of glucocapparin in BAFE was finally validated by CC-MS A
typical mass spectra is shown in Figure 3. The mass fragments at mie = 103,
117.137. 169. 204, 243. 271. 361 (basc peak), and 451 were generated by the

glucidic moiety of the molecule and were not of interest tor the identification

of the aglycone. Nevertheless, the ions recorded at mie = 613 (M) *. 59¥
(M-CH ", 524 (M-CH,-TMS) und 508 (M-CH,TMSOH) indicated clearly
a glucosinolate bearing a methyl radical. As for gl} other alkylglucosinolates.
the intensities of these characteristic mass fragments were low The methylglu-
cosinolate content of B, senegalensis material tested 1n trial 4 represented 23.6
+ 0.8 umol/g fresh leaves and 38 £ 1.2 pmol/g fresh fruits (HPLC deternu-
nation with sinigrin as internal standard). Headspace sampling conducted undei
the same conditions as trial 3 and trapping the volatiles in diethy | cther at - 20°C
led to detection of MITC from the vapor phase. The total ion current (Figure

4) showed several peaks, among which was MITC (K, = 16.6 min). The mol-

ecule was unambiguously identified by comparison of its mass spectrometric
pattern with EPA-NIH and Wiley libraries and also on the basis of GLC retention
tme.

DISCUSSION

This research has demonstrated a significant biological effect of B, sene-
galensis plant parts und extracts. The evidence in support of these results was
obtained from four experiments. First, B. sencgalensis FGL (when added to
cowpeus a 4% w/w) completely killed C. maculatus adults within 74 br. inhib-
ited the production of F,, progeny and prevented bruchid damage. Under the
same conditions. FEL and DLP had almost no eftect. Sceond, comparative
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Fig. 2. ldentification of methylisothiocyuanate (MITC) from Boscia senegalensis leaves
with apolar column (A and B) and polar column (C and D).

evaluation of’ FGF and FGL. revealed that fruits were more toxic 0 (. maculatus
and reduced both progeny and damage to 4 greater extent, than did leaves
Third, BAFE exhibited a high ' umigant effect on threc siored-grain insect spe-
cles, which had a differential time-mortality response. Finully, we quamiti(:d
the acute toxicity of B. senegalensis fresh ground fruits and leaves as well as
pure MITC and obtained dose-mortality responses for threestored-grain beetles.,

B. senegulensis is ashrub, growing up to 3 m high. that is frequently tound
on abandoned tennite mounds and onbarren and fire-scorched soil of thc Sahel.
[t is distributed from Mauritania to Niger. northem Nigeria. the northwest Cam-
eroons, and across Aftica to Sudan and Ethiopia (Booth and Wickens, 1988).
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Fi. 4. GC-MS total ion current of the volatiles liberated during the bioassays of Bosciu
senegalensis fruit extract,

Leaves and fruits are used as human food and animal fodder (Bernus, 1979:
Baumer, 1981; Maydell, 1983 Burkill, 198.5: Becker, 1983). The leaves. bark.
and roots are widely used in northem Senegal for their medicinal properties
(Kerharo and Adam, 1974; Hooth and Wickens, 1988).
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Alzouma and Boubuacar 11985) reported on the toxicity of B. senegalensis
leaves from Niger. which also reduced Bruchidius arrolineatus Pic. and €.
maculatus oviposition. but they gave no details about the active components.
Kjaer et al. (1973) reported that B. senegalensis leafless twigs contained methy |
and isopropyl glucosinoiates. '

Our bioassays, perfornmied by comparing Boscia tissues and MITC ndicate
that B. sencgalensis fruits. leaves, and MITC were toxic to insects i varous
levels, according to the species and the plant tissue. They also mdicate, con-
sidering LC,,, vaues I'or FGF. FGL. and pure MITC on the one hand. and the
amounts of glucocapparin found in the plant tissues on the other hand. that
Boscia fruits and leaves contained sufficient glucocapparin to liberate MITC
levels comparable to the 1.Cs, of the pure molecule.

These results indicatc that in addition o its medicinal properties (Dalziel,
1948) and utilization ay a famine food (Becker. 1986: Salih et al.. [99]), B.
senegalensiy also haspotential in stored-grain protection due to apotent fumigant
effect on different insect species. B. senegalensis has been traditionally used by
African fat-mers as a grain protectant, but the basis of its effectiveness has never
been explained. Wc have shown that B. senegalensis biological activity 15 linked
to the liberation of methyl isothiocyanatc from a glucosinolate precursor, glu-
cocapparin, contained in its fruits and leaves. As the plant grows spontancously
in some Of the poorest areas of the world (mainly in thc arid sahelian regions),
this research suggests 4 natural insecticide from B, senegalensis as an alternative
to synthetic pesticides i developing countries.
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Meensel for typing the manuseript, Dro J-1. Hempuinne and two anonymous reviewers nusde
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