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SuperGrainBag: A Hermetic Bag Liner for Insect Control of
Stored Cocoa Beans in Ghana

W. A. Jonfia-Essien' * ,S. Navarro® and J. V. Dator’

Absrract; This paper reports the development of hermetic storage in Ghana by highlighting the
scientific research conducted using GrainPro SuperGrainBag™ in controlling insects of stored cocoa
beans as an alternative to chemical treatment. Three stacks,all of which were composed of hermetically
sealed bags of SuperGrainBag™ of 40kg dry cocoa beans each inserted into standard cocoa jute sacks
were built in the same warehouse close to each other for sampling and observation at the Research De-
partment, Quality Control Division of Ghana Cocoa Board facilities in Tema, Ghana. Two additional
stacks of 64 kg per bag of dry cocoa beans were also built for sampling and observation ;one stack for
conventional storage (without fumigation) the other for standard storage (fumigated with phosphine).
Oxygen concentration inside the SuperGrainBag'" of cocoa beans was monitored daily. Sampling was
done after 30 days to observe changes in insect density. There was a steep decline in oxygen concentra-
tion in all SuperGrainBag™ during the storage with the lowest concentration of 0. 0% being recorded
from the fifteenth day of storage. This depleted oxygen concentration was maintained throughout the
storage period. The depleted oxygen atmosphere was attributed to activity of all living organisms within
the SuperGrainBag™ | including the micro organism activity due to the cocoa beans moisture content
which was 7% . Although this level of moisture content reflects the normal storage conditions in Ghana,
it still permitted the generation of a depleted oxygen atmosphere. After 30 days of storage,100% mor-
tality of high populations of insects were observed in all cocoa beans stored in SuperGrainBag™ liners
except one single bag in which a few individual insects were alive. The insect population consisted of a-
dults of Carpophilus hemipterus and Tribolium castaneum. The conventional stack containing the control
bags remained highly infested with insect counts reaching 88 live insects/64kg bag of cocoa beans. The
standard stack recorded 100% mortality of insects in each 64kg bag of cocoa beans. These trials indi-
cate that hermetic storage provides an environmentally safe solution for preventing development of in-
sects in cocoa beans and thus avoid the use of chemical fumigations.
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Introduction

In recent times airtight storage or hermetic
storage , also known as sealed storage technolo-
gy, has generated a lot of interest as one of the
methods of quality preservation for stored prod-
ucts. Substantial literature on sealed storage
technology or airtight storage has been summa-
rized''*' . Its principle has been employed since
ancient times in underground pits that are still
used, particularly in semi-arid regions of the
Mediterranean basin and Sahel***'. The inher-
ent advantage of the hermetic storage of dry
grain lies in the bio-generation of an oxygen-de-
ficient and carbon dioxide-enriched inter-granu-
lar atmosphere of the storage ecosystem,a con-

dition produced by the aerobic metabolism of
insects and microorganisms.

Stored product protection is enabled by the
use of storage containers with hermetic
seals”*)  one of which is the SuperGrain-
Bag"™  which provides an airtight environment.
The basic principle of protection”*® lies in the
fact that from the time of sealing until the in-
sects consume the volume of oxygen in the Su-
perGrainBag' , damage is negligible. If the in-
sect population is low, the insects may survive
causing minimal damage to the produce since it
has been established that to obtain a complete
kill, the oxygen tension must drop to two per-
cent (2% ) or below””.

At present, the conventional and standard
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storage technologies are employed to preserve
cocoa beans. These conventional storage meth-
ods involve stacking of bagged beans on wooden
pallets inside the warehouse. The cocoa beans
are then protected from pest infestation with a
combination of hygiene ,sanitation and chemical
control. However, this method is inadequate in
preserving beans quality for long periods of
time. Hence, the need for alternative storage
technology that is technically feasible and cost
effective. Therefore , this project explores the "
hermetic , gastight or airtight" storage technolo-
gy as an alternative using the SuperGrainBag""
as liners.

Materials and Method

Three stacks, all of which were composed
of hermetically sealed bags of SuperGrainBag"
(SGB) of 40kg dry cocoa beans each inserted
into standard cocoa jute sacks were built in the
same warehouse close to each other for sam-
pling and observation at the Research Depart-
ment, Quality Control Division of Ghana Cocoa
Board facilities in Tema , Ghana.

The dry cocoa beans which were already
naturally infested with Araecerus fasciculatus,
Lasioderma serricorne, Carpophilus hemipterus
and Tribolium castaneum were re-bagged into
jute sack by placing the SGB inside the jute
sack as liners before the cocoa beans were
poured in. The upper free plastic portion of the
SGB were twisted and closed with cable ties
with the aid of a cable gun. These bags of cocoa
beans with SGB liners were stacked on pallets
and stored for 30 days.

A butterfly needle was connected to the in-
let side of the pump for measuring oxygen ( O, )
concentration in the SGB. The needle was per-
manently inserted in the SGB and sealed with
packaging adhesive tape and epoxy to eliminate
any possible air/gas leakage. The hose end of
the needle has a built-in plug for quick-connec-
tion to the pump. Temperature and oxygen con-
centration inside the SuperGrainBag' " of cocoa
beans were monitored daily. Temperature was
measured using data loggers inserted into each
bag and for oxygen concentration in air, a
GrainPro Oxygen Meter, a portable oxygen ana-
lyzer using electro-chemical sensor was used.

Two additional stacks that served as con-
trols and contained 48 bags each, with 64 kg
per bag of dry cocoa beans were also built for
sampling and observation; one for conventional
storage ( without fumigation ), the other for
standard storage ( fumigated with phosphine ).

Insect sampling was done when the bags were
filled,and again after 30 days to observe chan-
ges in insect density and mortality.

Results and Discussion

There was a steep decline in O, concentra-

tion in all SGB during the storage with the low-
est concentration of 0. 0% being recorded from
the fifteenth day of storage (Fig. 1). This de-
pleted 0O, concentration was maintained
throughout the storage period. The depleted O,
atmosphere was attributed to activity of all liv-
ing organisms within the SGB ,including the mi-
cro organism activity due to the 7% cocoa
beans moisture content. Although this level of
moisture content reflects the normal storage
conditions in Ghana, it supports an equilibrium
relative humidity ( ERH) of about 67% at 27-
29°C"* . This ERH permits a moderate level of

microflora activity'”’ that eventually leads to
CO, generation and a depleted oxygen atmos-

phere.
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Fig.1 Daily percent oxygen concentrations

measured inside three hermetic Super Grain
Bag™ over 30 days pf storage period.

Temperature of the cocoa beans inside the
bags fluctuated throughout the storage period of
30 days within the range of 27°C and 32°C.
The temperature of the warehouse where the
bags were stored was also within the same
range.

After 30 days of storage,100% mortality of
high populations of insects were observed in all
cocoa beans stored in SGB liners, except one
bag in which a few individual insects were a-
live. The insect population consisted of adults of
Carpophilus hemipterus and Tribolium castane-
um (Table 1). The depleted oxygen concentra-
tion achieved in these trials was apparently due
to microflora activity and not due to insect ac-
tivity as investigated for dry grains'”’. In dry
grains at ERH below 65% the microflora activi-
ty is negligible and the ERH values are below
the critical levels for respiration and creating a
depleted oxygen atmosphere in sealed stora-

291



Proceedings of the 8th International Conference on Controlled Atmosphere and Fumigation in Stored Products

ges>'. In dry commodities like cocoa beans , de-
pleted oxygen atmospheres can be generated in
a short time as in Fig. 1 ,when the insect popu-
lations are sufficiently large, the temperature is
adequate for insect development, and the
. . . [10,11]

gastightness permits hermetic storage

11231 The reason for the insect survival in the
sealed bag marked A might be due to the de-
layed reduction in oxygen concentration when it
reached the level of less than 1% after 23
days. However,such low level of infestation and
under the hermetic conditions achieved insect
damage was estimated as below the economic
threshold limit for practical uses. It is quite
likely that extended exposure to such low oxy-
gen levels would have caused complete mortali-
ty of these two species.

Table 1. Population of live adult C. hemipterus
and T. castaneum in one SuperGrainBag™ — A

C. hemipterus T. castaneum

SGB-A
Larvae Pupae Adult Larvae Pupae Adult

1 0.0 0.0 2.0 00 00 1.0

The conventional stack containing the con-
trol untreated bags remained highly infested
with insect counts, reaching 88 live insects/
64kg bag of cocoa beans (Fig.2). The standard
stack was fumigated using phosphine at a dos-
age of 2 —4 g/m’ in which 100% mortality of
insects was recorded in each 64kg bag of cocoa

beans
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A. fasciculatus L. serricorne C. hemipterus T. castaneum

Insect pests

Fig.2 Mean population density of live
insect pests in a 64kg bag of the
conventional stack.

At the end of the storage period,the cocoa
bean samples taken from the hermetic and con-
trol bags were examined for quality control,and
they were found within the standards set for
commercial purposes by the Cocoa Board of
Ghana. These trials indicate that hermetic stor-
age provides an environmentally safe solution
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for preventing development of insects in cocoa
beans'®' and thus avoid the use of chemical fu-
migations.

Conclusion

In view of the above findings,it is conclu-
sive that SuperGrainBag'" is a good alternative
to other pests control measures, especially dur-
ing long term storage when it is used as a liner.
The use of SuperGrainBag' as liners thus a-
voids the use of chemical fumigations in stor-
age.

Acknowledgements

We wish to express our heartfelt apprecia-
tion to Mr. Tom de Bruin, President, GrainPro-
Philippines, Inc. and Mr. Nana Yaw Obeng,
Managing Director, Agri-Mat, Limited for their
cooperation and support in the conduct of the
study. Thanks are also due to Mr. Theophilus
Asigbee of Agri-Mat, Limited for his bright ide-
as, personal and technical assistance, to the
staff of Research Department, Quality Control
Division ( COCOBOD) , especially F. M. Amo-
fa,D. Djan, F. Botchway, D. Arday, Y. Bogoe,
S. Afloe, A. Yamoah, A. R. Abaidoo and L.
Aboagye for their help in building the experi-
mental stacks,daily monitoring of gas and tem-
perature ,and in the laboratory analyses of sam-
ples.

References

[1] De Lima,C.P.F. Airtight Storage ; Principle and
Practice. In: Calderon M and Barkai — Golan R
ed. Food Preservation by Modified Atmos-
pheres, CRC Press,1990:9 - 19
2] Navarro, S. Modified Atmospheres for the Con-
trol of Stored — Product Insects and Mites. In:
Insect Management for Food Storage and Pro-
cessing,2" ed. Heaps,J. W. ed. AACC Interna-
tional , St. Paul , MN,2006:105 - 146
3] Gilman,G. A. and Boxall R A. The storage of
food grains in traditional underground pits. Trop-
ical Stored Product Information ,1974 .28 19 —
38
[4] Curride,D. J. and Navon, A. Iron Age pits and
the Lahav (Tel Halif) grain storage project. In
PhD dissertation ( Curride ) , Archaelogical in-
vestigations into the grain storage practices of 1-
ron Age Palestine. Chicago, University of Chica-
20,1986 .67 - 78

[5] Navarro,S. ,Donahaye,E. ,and Fishman,S. The
future of hermetic storage of dry grains in tropi-
cal and subtropical climates. Proceedings of the
6th International Working Conference on Stored
— Product Protection , ed. Highley E, Wright E
J,Banks H J, et al. Canberra, Australia, CAB
International , Wallingford , Oxon, UK, 1994 ; 130

—

—



Application Technologies and Safe Practices of CA and Fumigation Treatments

[6]

[7]

-138

Navarro, S. ,De Bruin,T. , Montemayor, A. R. ,
et al. Use of biogenerated atmospheres of stored
commodities for quality preservation and insect
control, with particular reference to cocoa
beans. Integrated Protection of Stored Products
IOBC/wprs Bulletin ,2007 ;30 (2),197 -204
Bailey, S. W. Airtight storage of grain;its effect
on insect feats. Iv Rhizopertha dominica (F.)
and some other coleoptera that infest stored
grain. Journal of Stored Production Research ,
1965:1,25

Gough,M. C. A simple technique for the deter-
mination of humidity equilibria in particulate
foods. Journal of Stored Products Research
1975.11,161 - 166

[9]

[10]

[11]

[12]

Lacey,J. ,Hill,S. T. and Edwards, M. A. Micro
— organisms in stored grains: Their enumeration
and significance. Tropical Stored Product Infor-
mation ,1980:38,19 —32

Oxley,T. A. and Wickenden,G. The effect of re-
stricted air supply on some insects which infest
grain. Annals of Applied Biology,1963.51,313
-324

Hyde,M. B. , Baker, A. A. ,Ross, A. C. ,et al.
Airtight grain storage. FAO Agricultural Services
Bulletin ,1973 .17 ,71p

Navarro, S. , Donahaye, E. , Kashanchi, Y. , et
al. Airtight storage of wheat in a P. V. C. cov-
ered bunker. In;Ripp B E et al. ed. Controlled
Atmosphere and Fumigation in Grain Storages,

Amsterdam , Elsevier,1984 .601 - 614

293



