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POST-HARVEST MANAGEMENT i-\ND SPOjLAGE OF

TROPiC,\L SHRijviPS (Penaeus notiaiis-j

ABSTFfACT

Traditional ::5mifflp processing sites and rnarketing centres were surveyed to evaluate the
effectiveness of tr-aditional rnethods of processing and storage rnethod used.

The major processing areas that supply sfirirnps to markets in Accra were identified 0.::;

Keta and ,c,da and their surrounding villages; Cotonou in the Republic of Benin, and
;c,bidjan in La Cote d'jvoir-e:

The most comrnon shriir!p species s(rloked and sun-dried was Peneeus notietis. Three
plarJt:s, f!aFfieiy Paspa/urn vaginatulfi_, Ar;sUcla si: and Philoxerusverrnicu!aris were used
!Juring traciiticmai processing to impart an orange glossy colour to the smoked shr-imps.

Statistical analysis uf respondents engdged in shrirnp processing showed that the trade
is dorninated by mostly women (98.8%) between the ages of 20-50 years with about 69.7%
having had vat-ying levels of fonnal education.

Quantitative aerobic uact.er ial load recur ueu ior fre::;rl shrirnps was high (2.4x10 8 bact/g).
For the sun-dried and srnoked maririe sarnples, counts were comparatively low and of
value 4.3x102 org/g and 5.1x_103 orgs/g respectively. Smoked lagoon sarnples recorde.d
7.8xlO 4 or--g/g. Negligible levels of rnould and yeast counts were recorded especially for
the srnoked marine shrirnps «10 cfu/y) while the sun-dried marine and smoked lagoon
shrinqJs recorded 1.4)(10 1 and 1.8:<101 du/g respectiveiy. 'vVith storage,' bacterial count
increased to between 8.7x103 and 2.4)(1060rg/g for rnarket samples _as compared to
negligible increase in vetlues of sarnples stored in the laboratory over the 4 months
period. iviould count for rnarket sarnples also increased to between 2.3:<10 1 sand 4.6xlO 3

du/g over the same period. increase in rnicrobial countcot-reiated with decrease in
sensory qual ity.

iviost samples of cured shri(nps (smoked and sun-dried) ,horn processing sites had
cotnparativel y lower bacterial and mould load than t hose obtained I rorn market inq
cemreS. iviicroorganisrns isolated horn the shrirnos include Eriterobeoter; Aetomones,
Pseudomonas, Acineiobecter, Micrococcus, Corynebacterium, Becillue Monllie, Aspergi//us
and Mucor. i--Jopathogenic nlic(oorganisr-rl was isolated f rom the shrirnps that will pose
any publ ic heaith hazard.

Unhygienic practices including pet sOflal body cleanliness as well as unclean equipment
and envi ronmerrt at the processing and especialiy the rnarketing centres were found to
conhi bute to the hi gh ievels of contarni nation of the shr-imps.

Physical analysis showed no significant differences bet,'Jeen thickness values for smoked
and sun-dried marins shritnps, the srnoked sarnples however weighed 10 tirnes heavier
than the sun-dried ones. Lengthwise, the smoked sarnples were twice as long as the sun-
dried shr inlPs. Lagcon sarnples were about 1.5 times heavier and larger- in size than
rnar-ine samples.

VII
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L ii-lTRODUCTiON

Coastai penaeid shr iPI[Js beiuflS:j Lu l he clas s 01 animals knowrl as Crustaceans and are

about 40 species uivided into six. gene(3. The rfJust irnpot tant species caught in the West

p, frican ,,-.. ...•.. __ .1 •. Co _ .< •• __ ••• _'." IL.Ud~l dflU UI corruuer Cld.! (Garcia and L'hornme. 1977) are Peneeus.
notielis and Parapt:tiaeops:'s aUant ice.

in Ghana, COdStd.i penaeid sfJritflps ar", \Jenetctiiy e;~[Jioited at LV,,;O slctges of their ii·'e cycle:

duriil:d t:·le juveniie stage itl the estuaries they are fished more or iess arti sanall y usingI ~i l her rixerJ geaf s (e.g. l r ap-ua.t r ier S o'l.fl!.1sLak'::! net bdj r iet s) ur 1.0yved geat s (e.g. beach

I
I
I
I
I
I
I
I
I
I
I

selfle flets). in their (iduil ::-;t8\J8 Lrley dre e"fJluited ()fJ an in dus tr ial scale by trawl

fisher y, I'vhicCJ catches boi.h itlHJlctLUre aflu adult s hr ir(!p~. Arli sana] fisheifoik employ a

uee.ch seifie-tlet, [1<"1.villg a firie tnt:!sh L') (leI! 'lest [Just ial vae and juveniies of various small
..,.....1 t .... _. •• _ • _. _ _ _ 1 . I _. I .1.'-. _. _ .. II _.. " _ '_ ... 1 _. _! fir:; kif \:Jel or ie s elf e ~fl!Uf,eU cHIU UH:o suiaue: ~fLeu ufle~

like L''' _.II~rl, In the for III 01 tninerais (caiciurn),

Coast whet e fishiflg activities are carr ieu ou l. ivi8.jot Pi abler-os encountered however, are

"

,
These proces ses irnpar t character istic [iavour to the Sfli i(n~s which together viith good

cunuifllents HO'lJ8Ver, POOi rnana9~ffletlt 01 the shr imps ftorn

\.jU(i.li ly of i·)touucts i i Ke Srl( imps,

I 8d.\.:Lt'1 i:3.1 flUin()ers If I shf inl[Js irfltlledidLeiy aiter capture is very low, and to the ievel of

~:;everai hUtlur eu ;_0 se veral thousand per gt amrne (Karl i n tsev, 1981). However', after

•--------------~--------------------------------~.~



I

I UdOUi, drip as \,'·/ell as colOUr and textural i;h8tlyes. Rigu( tfiOt tis causes the shr irnps to

(_'8corne fl()il-tr(ifIS[)d(t'nt, LJeginniilg ~'Ji Lh the d.::tr kenirlg 01 l he cephaiuUlot a,\ as a result

I or cUn':;etllratiotl of Cutnpi8>\ CI f..1iuLeClses l het e: dtlrJ the tail becomes arched In a

charader istic "vay whii~ Ule colour UI the Sri! if"ps darken. At Ulis stage, f lui d begins to

I drip fru,-n tile SfJiirlip, The Ja.t kenirlg of the cephaiuthura\ is believed to be caused by

I
Lakes piace, flaccidity UI the leading un to sul!sequent bacterial

_ c .• , . ~.' __ .
()! u ie u~~ue.

I Sen sory investigatiuns 0-1 'Jenera! lluaiiLy uf srlfirTips itlclude taste, odour and texture

which ,-eaches high levels of intensities whetl the shrirrlps are over exposed and notI processed shortly. Hence storage titrl8 rnust be cIS short as possible,

I Tf aditiunal pru(..essiflg cHIc! storage, as \'ieil as pacKayiflg or shr irnfjs continue to be in the

I
p((.;r::;es:O<)ls fur boLiI l he sLeH Ctge and t eL,-(ii rllar kelso Effective inunitcting, evaluation and

sLa.ntl,:ou diz.·3i:iufJ cf these 8.cLivitit:~s with l he v iew to irnpruvitlg r eduction iT! huge losses

indudillg inSect infestation has ueenI iackirl9. SU UCLlJr 8S e(lipiuyt:'di~c\ pi Uc~~s dtld sLur e Srlt ilrqJS have rio l been evaiuateu with

HIt:' '!i(~y.! lo in!provef!lerJi~ 1_!fXHl the u!d evi;:;L;tlg ones in use,

I u F s IH i f IIfY:: (Pt='flffeUS SLut'eu at difietetlt ternperatu(es

I
J . I I ...•........-...-. \

8l 0.1. \! ::"::1'-',1 ~;tudied ,'the sensor-)" nli(;(ouioiogicai

Tl iey recur ded a n.lean cterobic· plat e count of fresh s hr irnp

I
i nCr edSeu i;v i lh I' ...• 1 ,-........-.. q. r .. 1_tifi!t) eu O,4XIU-C:1U/S) after 24h. when stored

at a terrlfJt'rature uf 35oC. ~'.
! rle Ir!~ ..":r eaSe 1: ... _ I.our u. tlJ be t110i8 rapi d at highet

tefnpef2,tul es afld 1_:0'[ elated with t iie r apiJ deer ease in ser-Isur y quality (odout, COlour,

_ texture) of the srHi!!lp v,iUI cHI it!(;ted::~e it! tr irnethyl&rrine (n,u-\J, total volatile bases

(TV8), pH an d itlduie ;,.,.itfJ r eHJecl to Lillii::' and teilffj8taLUr t'. Sheif iife uf the sbrirnps wasI round lo range rll.Jlrl if! ai 3::;oC to 13 derys 01. GoC,

, .
fY:'erl caT tied 8.nd [Jiuc[!ernical changes

si.utdge al!d cUtr'rrl18tcial handii:lg (WaiKer et ai., 1970;__ .. .' _ _ ' .. r. .. _, I .•..... _

UC(:IH rillS If I 1r 8::o:;r;~f1llrrlfJ~

2
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I T(~illper;jtu(t!!~ c1,ci iticaiv'o1 i('d)le itl the quaiii.y of v ar iutJS foods i[!ciuding fishery

pi oducts. Since stet a::Je/hoidiiJ9 Lerrlpet aLUtes lOt Srlf irflp in c:orntflerciai handling andI dish ibutiun vary, the cCiiJd.L,iiity to estinlCtLe sheif life at terflperaLut es which prevail is

CHI imoortant need.

on the quality of white

I sfll irnp (P. scilrerus) '8iLhi!1 24[1. i,;,iLdies (1982) re por Leu the efied of Lerrlperature Uti

I I. I Inelu These t 8S88.rchet S
I ..... . ..1.. I

nave r epor Leu

proces.sed

dominant

illdigenuus bacteriC:t i:,-;ui8tf:'d itl fresh JJ!df !fle :3ht i((lps to iriciuJe F'lavouacteriurn,I Cyl.Oprldgct (I<UiJV1 g~f ei: al", 197:\ ,Ar UJi Uij(:tCLf7i, Bac.i!l[ls.A(>!iC'(cJllacter, Cytopha!:]a (Lee

allei Pfei!8r, I~rl!; Le~ dnd ~<{)1bE~J19n.~); 'v';hi'(] C:.r",d A·:~l/d.~~fd/..~ (Cobb 8t al., 1976). Thes~

I
I

1.1 _. . I .' _. _ '._ " ILrJe:;'e ~rlr Irrlp~ ~:,',I(.1!'='U,

. - I _, , ' I _ • I _ ~.

(trlU <)!:-~r.llf!I!:::ll.j ~H)~~trl(:tr \re~L fl(indiitl~ procedures, as weii
.. ' .. , I .. k' ... .I ,. __ . _ '., .
i.:~~ IrlC!')UdL!Ufl u:~rrlpt!r d~"I.)re~

I - ._,' . , '_ I ._ .. 1 _ I'

d ql'( ...!UUldl PUf-'UicHI(HI by Gr'a1n oosi'ti v e bacter ia such
- I •....•• _ 'I' .'
d I) f) .~!·-t(.f I,' US i 977 citld LiSLotl,

I
I Vam}e!zant et et. (1970) ob serveo that quantitatively war tn' water marrne s hrimp often

s[IU'tj total aerobic counts of 106/9 when CafJLUreJ, whet eas cuid-\vater species t'ange from

102
- 103/9 (Zapati,a an d Bartu1oiJleO, 1973).I

L;:-:::tun (1930) uu::-:erved that Lrlf-; or eUc)(nifidnt yeCists on SrI! irllps are Riiodotorute, Candida

.u ,,3 TUi uiup:::;is. Kor i)ur~er e i al. (1975) is(jlaL~rJ the if!uuirJ uf the getl\)S Pul l ulet in

I
uLISer \led that r enKJVai ()I the heads r educed the bctde; iCii iuad on trle shrirnp by 50-80%.

3
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I that ther8 was a lower total bacLer ial counts, higher solids contents were rnaintained and

the organoleptic acceptabi I i l.y was more favourable for whole shrimps than obser-ved for

I
I
I

deheaded shrimps.

Spoilage of shrimps is pritnaril y due to bacterial action, but loss of -fr-eshness preceedinq

spoiiage invoives autoiytic reactions as a resuit of natur ally occurring enzyrnes in s hrimp

rnuscie tissue. Cheuk et ai. (1979) observed that in Penaeid shrimp, the enz yme activity

was a good indication 01 post-harvest storage tinle and temperature. He ob.served that

nucleotide catabol isrn in the shr imps corr-elated with loss of freshness when he comparedI the activity of adenosine dea.rninase ar id auerlosirle trlufluphosphate uearninase with

tradi tionai spoi lage patame l.ers sUcJ] as Lotal vulati le ni Lrogen, total plate count, and

I
I
I

serlSOty evaluation. Fatitna et al , (1981) who used ol her shrinlp species reported sirniiar-

correlatioris.

Currently there is increasing cons urner concern about the safety of seafood such as

s hrimp s Jue to the nature and ievel 01 unsatisfactor y handl ing procedures -, when

harvested !torn the Sea, during pro(;eSSirlg, storage and rnarketing stages.

I Taki(lg into account that the major hazar d It I food production is rnicrob ioloqical

contanlination, the need to adOpt the HazarJAt1alysis Critical Control Point (HACCP)

I
I
I
I
I
I

concelJt which is a iogical, simple, but highly specialized system of food control designed

in a systernatic iashiorl for IJteverlLing Dubiic health and other probierns f'rorn occurring

(FSiS, 1989) 8JlJ it is CJ. technique that apIJiie::; to produr.:;tion through consumption.

This COflCeIJt is a two-step s y stem t eqUI r 1r!9 extensive teohnological knowiedge in the

pro duction, prucessing atld end-Use of the specific Food products. The first step of the

prOCeSS is tu conduct a compr ehetlsive hazdrd analysis of the food relative to its intended

end-use, i tleluding consi det ations uf raw ruater ials, itlgt edienl s, role 01 mani oulati ve

processes to cunhai hazards, consutner populations at ri sk ,' and epi dernioloqical evidence

rei8_tive to the potential safety consider ations of the food (Hudak-Roos and Garrett, 1988).

The st',,-;O(IIJ step of Lhe HACC? prucess is lfle ueterrnination of each step of a processing

or dishi bu lion oIJer at.ion: the hazatd(s) associated vJith each step; definition of the

Pi everit ive measur es that can be achieved at each processing step to minimize the

hazard(s) to acceDtable level s: iJentificatiotl of the critical cont rol points wher-e the-I haz ardrs) can be controlled; determination of rnonitoring procedures, either by

observation and/or physical measureruent, which can be rei ied on to dernonstrate control

•

of hazar ds; and initiation of necessary . . .. ~ . .a- _ _..L' _ .'vern rca uor i procedures (includino recor-ds) tc

errstrre effectiveness of the controls (Hu dak.-Roos and Garrett, 1989) .



I

I
Another irnponant prob lern It 1 shr-irrl[.JtnCinagetrlent has been insect infestation which has

often been a rnajor prob lem experienced by cured shrimp p(ocessors, marry of whom have

resoned to applying household insecticides, Or applying dyes in order to reduce
... .c. . _..L _.L' __

I fll e::;LCil1Ufl and darnage during processing and storage. The need to introduce safe,

alternati ve rnethods of infestation reduction cannot be over+ernuhasized. Effective

education of processor has not been enforced as to dangers involved in excposiriqI shrimps in excess durin q handling, orocessino arId storage. Unsanitar-y conditions that

prevai l at processing sites can be evaiuated by biowfiy activity. These are notorious

I carriers of diseases, particuiari y the pathogens that cause common diseases in

developing courlLries e.g. diarrhoea, dyserrtery and cholera, Food poisoning

I rnicroorqariisrns such as Steph ylococcue euretrs and faecai indicators, beionging to

Enterobacteriaceae and Vibr.ionaceae, have been isoid_teu ,roin a biowf ly, C. meqeceohete,

I
col iected at processitlg sites (Anggaltvati Biowfiies are also thought to be

involve d In the transmlss.on of tapewonn eggs, which they pick up when feeding on

hu(nan and anirnai faeces (Lawson arid Gernrneii, 1985).

I
To ensure plentifui, high quality, but above ail, safeiood supply is of great concern in

I the food industry, herice the neeJ to investigate sfored, processed shrimus cannot be

uvei-enlphasi2eli. in this stuJy, therefore, the processing and storage techniques used

I in the shrirnp inJustry was investigated and related to the rnicrobioloqical, nutritional

and sensory characteristics 01 the store d f)t oduct s.

I
I
I

I
I

I
I
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I 2. MATERIALS AND METHODS

2.1 Survey of Shrimp Landing and Pr-ocessing Centres
I

I
A sUrvey of major shrirnp !aneling ariel Ptoc8ssitlg sites in the volta Region of Ghana

was carried out by means of a questionnaire (Appendix l ). The areas sur-veyed

were Anioga, Atiteti and Keta.

I The questionnaire serveu as a ([leans to obtain infunnation to identi-fy major shrimp

processing areas frorn \vhich sarnpling was carrie d out for physico-chernical,

I nlictobiolo~ical and serisory analysis.

I

Photographs we r e taken to depict the tr-aditional processing ovens and equipment

useu; methods of shtirnp handling, stnoking and drying; packaging methods

eruploye d, shrimp storage structures and rnethods uf transpor-tation of shriri-ips to

tnarketing centres.

I

I 2.2 Sur-vey of Shr imp Marketing Cerrtres

A survey 0'1 iviarket queens in Accra involved In large scale retailing of shrimos

was undertaken. A total of 5 respondents frorn each market was irrterviewed using

a quesLiotHlaire.
I
I
I

The rnarkeLs surveyed ar id !torn whicfl sample s were· purchased, for iaboratory

anal y si s were:

I
1. Tuesday market

2. 31st Dec.einuer iviakula (rlat kel

I 4. ivi."Jlata mark et

5. Salaga market

I 2.3 Sarnpi ing

I
I

Shrimp SatfllJies of the species Pet iee ue not/ails found to be most prevalent was

purchased horn processing and rnarketing centres.

Fresh s hrimp sampies were canieu in insuiated coid-storage container with ice

pak while smok ed and sun-dried sarnples were placed In labelled sterile

I 6
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pOlyethYlene bags and sealed. The sarnple lot fton! the processing and market sites

vter« ranclO(nl y seiecteu. Fi ve sample gr 0U/JS of the sht imp were obtained horn

each site in order to deter mine etr1Y qtral ity variations in (eiation to the different

areas.

The samples wefe thetl sent to the labor atory for physico-chernicai, rnictobioiogicai

and sensory analysis.

For storage tesls, two batches of sarnpies for each shrirnp type (srnoked marine

sfirin!ps, sun-uried marine shrimf.Js anu snlukeu laguon s hritups ) were obtained.

One set labelieel Dd.y 0 stor age time was anaiyseu in the labor atory on the day 0"1

purchase f rorn the processing site to obtairl its uuality characteristics. The other

set was storedfo( 4. iliOilths under rnarket dnd laborator y conditions to investigate

the s lor age stabiiity anu s helf iife of the s hrimp s,

Artef the sturage per iud, tepr esenLative sctrnpies of the stOt ed shr imps were then

anaiyseu fur their ~lhysicai, chernical, serrsory and rnicr obioloqical characteristics

to ubtain quaii ty illdices of the sairlpies alter ::;torage.

The ptocessirlg and ,nar keLing cetlt! es and the sa(npies obtaineu horn each area

were as foiiows:-

Processing Centres:

Ati teti

(sirJoked and sun-dried marins sarnpies)

(strokeu and sun-dr:ied rnarine sarnpies

Anioga ( s(T!oked and sun-dried rnarine _ .... 1

WI U

iviar keti n 9 Cet Itt es: Tues day (sflluked tnatine arid lagoon samples and sun-

utieu marine samptes) :

I Saiaga do

iviaiata uo

I do )

A~bu\:;lblosflie do

I
I
I 7
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2.4 Microbioiogicai quaiity evaluation

a. Hydr-ogen ion Concentration (pH):

Laboratory pH meter PHivj 92 (Radiometer Analytical A/S - Denrnark) was

used. Approximately 5g of shrirnp powder was weighed into plastic pH cups

and 5rnl. of carbon dioxide-free distilled water was added, mixed, and left to

stand for 2 (ninutes bdor e (rleasurernet'LS made with the pH meter previously

caiibrated using s l.ar.dar d buffer solution of pH 4.01 and r.oo at 25oC.

b. Aerobic Bacteria Counts (Pour- Plate Technique)

Ten grarnrnes of shrimp powder was weighed into sterile stomacher bags. To

this 90rn!. of Saline Peptone solution was added and rnacerate d. Serial

di lutions of 10-1
- 10-5 were prepared, pi petted into Plate Count Agar and

incubated for 72h at 300C (Anon, 1986).

c. Mouid and Yeast Count:

Employ iriq the Pour Plate Technique, 1.0rnl of the 10-1 dilution of the shrimp

suspension was pipettad into duplicate sterile petri dishes. This was pour--

plated with Malt Extract Agar, mixed and incubated at 250C for- 5 days.

(Anon, 1987).

d. Enterobacteriaceae (Coiiforms)

lnil. of 10-1 and 10-2 dilutions of the shrirnp suspension were pipetted into

sterile petri dishes where about Stnl of Tryptone. Soya Agar. was added and

procedures cOlnpieted according to Anon, 1992a.'

For direct plating out, streaks were rnade onto fviacConkey agar plates using

the stock shrimp solution. The plates were incubated at 370C for 48h.

I

e. Staphylococcus aureus

A 5g sarnpie of shrimp powder was aseptically weighed and placed in cooked

meat medium. O.lrni. or the unuiluted stock solution was transfer-red to

Baird-Parker's nlediurn. The inoculurn was distributed with a sterile ar'igie

bent giass rod and incubat.eu at 370C fur 24-48h as per Anon, 1992b.

f. Vibrio pararlaernoiyticus

This was carried out as per Anon, 1982. After dilutions were prepar-ed and

incubated, streaks wer e rnaue onto Thiosuifate-citt ate-biie salts-sucrose
I
I 8

I
I



(TCBS) agar"; after vvhich biochernicai vet ification tests were carried out.

g. Salrnonelia sp.

Salrnonei ia bacteria was '.1 __ ....••..•..£ •. 1

1uer i LI lieu by ..•. 1. _

Lr18 rnethod of Anon, 1991. Four

separ-ate steps ;"/ere carried out invoiving pre -enrichment in buffered

peptone water, selective enrichmer rt in Rappaport-Vassiiiadis br-oth, plating

out in Xyiose-iysin-deoxychoiate agar and confirmation by subculturing and

biochemicai tests.

h. Culture Identificalion

Smears of g((Jwth from the plates were made on clean slides with sterile loop.

These were Gram stained and viewed Wider the rnicroscope to identify the

morpholoqy and Gram r-eaction.

I. Statisticai Analysis

Si:.atisticCi.1 significance or ob serve d difler erlces arJlong means was eva(uated

by analysis of variance (ANOVA), and the least significant difference test

(LSD) was useu fot cOfnpCi.r"ison of the means (Steel and Ton-ie, 1980).

2.5 Physicai arU] chemical analysis of sht imps

Aver age weight of each srlr ifnp type Vias detennined on iot sizes of 100 shrimps

while the average size was deter t-nined by rneasuting ahrimp iength and thickness

using a pearl chrorne-plated microrne ter (lvioore Cl.hd Yhight, Sheffield Ltd.,

Engiand).

Proximate coruposi tion of samples was detenni ned by standard rnethods (AOAC,

1984).

acids content of the samples was deter mine d using the

chlorofornl/rnethanol ex-traction technique uescribed by Bligh and Dyer (1959).

2.6. Setlso(y Evaluation

A quantitative descriptive sensor y analysis was used to assess the sensory quality

of the shrirnp sarnpies. This invol ve d a detaiied descriptive sensory evaluation of

9
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panellists (Plahar et al., 1991). For each sarnp!e, panellists used an unstructured

the colour, flavour, aroma and chewiness of the shrimps. provided by expert

score card with sensory descriptions at each end of a tocm long line to make (narks

in relation to the description of the attribute (Johnson et ai., 1988). The distance

01 the ta: i end of the i ine to the mar k vias used as the numer ical score. Fot""each

attribute, the [{Jean score V.fdS obtained f rom several scor es.

2.7 Colour Develoljrnenl In the traditional prucessing 01 shrimps

To investigate and identify the active pr-inciples in three plants (observed during

the survey) used in colourin , srlrirnps during traditional srnokir\g process, Ethyl

alcohol extracts of the plants, narnel y Aristide sp., Pespelum vaginatum and

Philoxerue vetmiculerisi Were rnade. The ethyl alcohol was evaporated under

vacuunl to avoid loss of volatile compounds. The residue was further extracted to

separate two main groups of cornpounds, the acid/neutral organic compounds and

the basic organic compounds (including alkaloids) using appropriate solvents: The

8/x:tracts were then SUbjected to Thin Layer Chronlatography (T.L.C.).

2.8 identification of inS8ct and larvae in processed shrirnps.

Adults and larv ae of insects were colie(.;led from srnoke d and dried shrirnps stored

for 4 months under rnar·ket conditions. The adult s of the insects was identified by

emplo yi nq full identification key as per Peacock (1975) and by the use of a iow-

power rnicroscofje to uU:=;(jive lhe distitl9Uishin~ characters.

The , ..
kH Vd.e runtlS d!~LirlSJuiSr18d and dark colou r.

,'::.::1 Laboratory Storage of Shr itfips

The sfirirnps were p8.ckeu into stet i le poiyeUlylene bags and placed in clean sacks.

These were then tied up and piaceu in poly tanks with lids. The set up was then

raised off the ground anu stored at 250C for 4. trlonths.

I 10
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I

Iflethocls to oreserve Shr!rfqJS vi8(e sun-dr yirlSj and srnoking. Two types or kit

I
I. Freshwater shrirnps 8.nu

11. ivict(ine sh(jrnps

I Aitr'IOugh processing techrJiqu8s invoived in the two types of shrirnpswer"e tot.

not to be different, freshwater shr-i(nps vias found to be more attt"active

appearance, contained less debris and sand: and harder to the touch. On the oti

hand, rnarine shrin:pswer e soft and easi! y breakabie.

to be:

I
Cotonou ,n the Republic ()~ Benirl

I 11,

..
" r:.eta and surrounding viliages in the volta Region of Ghana

I i v . Ada anu su(rounuirl~ viilages in the Greater-Accra Region of Ghana.

I
,

Perieeus notietis was found to be the most p(ev~ient s[](irrJp species. Statisti,

analysis of the results of the survey shov'Iedthat 87.25'; of respondents It

eng8ged In the shrinlp 'lraue (s'floi<ing and sundrying) wefe between the ages

I 20-50 years. About 10.67; It/ere below 20 years and; 2.2;';; were above 50 yeats of a

A total of 69.7% were found to h8.ve haJ any fo((ncd~ education .. it was observed t

1.2;-,; of respondents were rnen whi!e 98.87; Wfxe women.

I 3.2 pl;iaobioiogicai quaiity of Penaeus tiuLia/is

i'o';i\..f ouioiogic2i e:"0.1,,1 naLlut; of the sht ifnps i Peneeu-s nOLla//s) sho,ved that ((I

I
san!p!eS collected fr orn the processing sites had IO'tier- bacterial load and her

lower le vel s of bact.erial contarninatiorJ tharl those obtairleu from rnarf<eting centr

I The f)H ul Lhe fresh lag(1)(1 shr iinps (Fig.la) was 6.1 (Table I) whiie that of

sinukeu iflarlne (F:g. ib) anu s un drie d (Fig. t c ) tarlS:!eJ bet\'Jeen 7.4-7.7 (Table

I 1 i
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I Table 1: iviicrobioloqical (Juality of FreSr-l Lagoon Shrirrlps f'rom Anloga

I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I

IIII Site of Coiiection
II
II pH

IIII Total viable count/g
IIII iviouiJ and yeast (;ount/g (du/g)

IIII Coliforms (in 0.1 g)
II
II E. coli (in O.lel)II ;:}
II S. aureus (in 5.0g)
II
II V. parahaemolyticus (in 25g)
II
II Sairnoneiia (in 259)
II
II Other-s
II
II
II
II

Ii
II
II
II
II
II
II
II
II
II
II

II
II
II
II
II
II
II
II
II
It.
II
II
II
II

6.1

2.4-:\108

D

o

ND

NO
ND

Enterobacter,_ Aerornonas,
Pseudornonas,_ Acinetobacter,
iviic(ococcus and Baciiius sQ.

"

D = detected

i~O = not detected

Bacterial count of the fr"esh shrimps was high (2.4-X10 8 bact/g) as shown' in Table 1 while

the smoked samples had a range of 4-.7XIO 2 to 8.2Xl0 6 bact/'9 (Table 2). The rnould and

yeast ioad recorded was between <10 to 3.1 Xl0 2 cfu/g (Tab l'e 2). The sundried samples

had bacterial load of 4-.8Xl0 2 - 2.7XIO 5 cfu/g, and a moulo ..levei of <10 - 3.8XIO 3 cfu/g

(Table 2).
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Fig. la. Fresh lagoon shrimps

Fig. lb. Smoked marine shrimps
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Fig. le. Sundried marine shrimps /left)
and smoked lagoon shrimps (right)
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Table 2: iviic(ouioiogicai quaii ty of proces sed rnarine shrirnps ftorn Anioga, Keta and Atiteti

'Ii Town II: Anloga Iii Keta i At1tet1 1
I I"
II I I I I ! , II

II Type of Shnmps I sm~ked i SUn~r1ed I SmO,f<ed I sun~ned I smO,ked I sun~ried 11

II Site of cc nect-on ! Process j ~larl<et I process! ,'·lar!<et ! Process I Narket I Process ! f~arket I process! Market I PrOC2SS ! t·larl<et II
I ! 1ng I ' ins 1 ! mg I I 1ng I I mg! , mg! 'I

{ , i ii' I (

H I - 1 -! i"1 I I i l 4 ! r: i . - ! -~ 11
;! pH ! 7.15 ! 7.0 ; 7.5 i 7.. i 7.0 , 7.5 I' 7.5 : 7.. : 7.') ! 7.15 I 1.4 : I.::; i.
iI I!!! Ii! I I I i ,I
!! Total viao ie Count/9 i 7.4,~ 11):' I 8.2X 106 I 5.3X 10:' i 2.1X 105 i 6.4,x 103 I i.zx 104 I 4.SX 102 1 2.7)\ 105 I «.r: 102 i 1.2X 103 ! s.ax 102 I 7.0X103 iI
!\ i i i I I ! i I : Iii Ii
li I I 1 Iii Iii ill II
!I r·lould r, Yeast I <10 I 3.1X 11.12 i <10 I 3.5X 1O!- I :.10 I <10 I 1.2X 101 I 3.8X 103 I <10 I 2.5X 102 I <10 i 1.0X101 11
II count/g (cfu!9) I i I I I I I I ! I I I II
Il I I ! ! I ! I I ! i 1 ! II
Ii : I i I I I I I I I 1 I II
!IcOlrformS(ino.1g) 10 10 INO INO 10 INO INO 10 10 INO !NO iO Ii
II. I I I I I I I I I I I . I II
iIE.eo11(1no.lg) !NO INO INO ItID INO INO INO I lID INO NO 11'/0 IIW II

!I s. au reus (m 5.0g) I NO I NO I NO I NO I IW I NO I NO I NO I NO i NO i NO I NO II
II v parahaemolytieus I I I I I I I I I I I I il
II . (1n 759) I NO I NO i NO I rID I NO I NO I NO I NO ! NO I NO i NO I NO II
II - I I Ii! I I I ! ! I I II
II Salmonella (m 259) ! NO I NO I NO ! NO ! NO I NO I NO I NO ! NO I NO I fill j NO II
II : I I I 1 I I j I I ! I II
il Others I Cory ne I aacinus 1 l3acillus I .D,ero- I E ntero- I Bacillus I E ntero- I saciuus I E ntero- j Baclllus I sac-nus i E ntero II
II I bacte- i sp., I sp , I monas I bacter I I baeter I Entero- i Meter I Asper- I tlUcor I saciuue !I
II I nu m I Asper- I r,!on1l,a I Bacillus I Bacillus I I Bacillus I oacrer I Bacillus I g111us I I Gory ne II
II I Bacillus.l. 9.i~lUS . I l t·!omiia, I I ! Mucor I Coryne I I Aero- I I bacte- II
iI I sp. 1 sp I - 1 Asper - I I I I bacte- I I monas i ! r1U m II
II I Mm11a I I I 9111US i I I I r1Um! I Coryne I I Mucor II
II II! I I I I I Asper- I ! bact.. I I II
II I I I I I I I I g111us I I t~0n1l1a I i II
II I I I I I I I I I I ! I /I
I( ! I ! I I I I i I I I I II
/I ,/!!! I I" 1 ! I ! ; II

D = Detected

NO = Not detected



Table 3 shows the rnicrobioloqical quality of lagoon srnoked shrirnps (Fi q.f c) from Accra
marke'ts which recorded a bacter ial load of between 9.0X104- 8.1X106bact/g of sample,
whiie the mould ievel recorded was 4.6X101 -8.3xI04cfu/ 9

Table 3: 1,1icrobiological quality of smoKed lagoon shrimps from Accra marKets

I

IIII Site of Collection Proeess- I HarKet Centre III, ing Site I I'
II

Place Anloga
,

Tuesday Salaga 1,1alata 31st Dec. Agbogblo ,I, srns
I I

'I pH 7.1
,

7.1 7.7 7.6 7.4 7.5 I
II

, I
Total viable eount/9 8.7X104 I 9.0X 104 5.1X105 5.7X105 9.8X 104 8.1X106 I

II I
8.3X 104 II

140uld & Yeast 2.0X 101 I 4.5X101 3.8X 103 2.5X 102 7.5X103 II
1\ eount/g (cfu/g) I II
/I NO , D II
II Coliforms (in O.1g) I Nll 0 NO 0 II
II NO I 0 II

"
E. coli (111 O.1g) I NO flO NO 0 II

II no I NO II
II

S. au reus (in 5.0g) I NO NO NO Nll

"V. parahaemolyticus I I'ID

11-'
/I NO I(in 25g) NO 1m NO NO

II NO I ND

" Salmonella (in 25g) I HD NO FlO ND II
II I "II Others 1-1tcr ococct I Bacillus II
II I Bacillus Bacillus I-licrococci 1-1icr ocoeei Bacillus

IIBacillus
\I I I-Iicrococci F-licrococci f.1onilia Coryne- I-lonilia

cor vne-
II bacterium I ~lonilia Coryne- bacterium II
II F-lonilia I bacterium t-1onilia

1\
II I 1·1onilia

/1 I
I 'I

D = detected

ND = not detected
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The increase in counts generally as recorded for sampiss obtained trorn the

markets as compared with samples frorn processing sites may be as a result of

contarnination of the shrirnps by exposure to dust and other environrnental factors,

clue partly to the open air- display met hod during sales and .moroper handling

methods. Aiso packaging of the shrirnps during transportation to the market.s are

inadequate enough to protect the shrImps horn corrtarnination during the long haul

to the market s.

The pH for srnoked sarnplesfrorn the lagoon ranged between 7.1 to 7.7

3.3 Physical and Chemical characteristics of pr-ocessed Shrirnps

The Jjhysicai chara(;teristics of srnoked and sun-dried marine shrirnps obtained

rrom processing and rnarketing sites at diff'ererit locations are presented in Table

4. The results ate given as (nean ± standar-d deviation for- weight, length and

thickness. Aithough there is no significant differences between thickness values

for smoked and sun-dried marine shrirnps, the srnoked samples were about ten

times heavier than the suri-dr ieu saruples.

Tabie 4: Physical characteristics of processed marine shrimps from different

locations.

II Proces.sed type II Coliection ¥'veight Length Thickness III
!I and Location II Centre (g!WOshrirnps) (ern) (ern) I
II 1/ II
It-I ------------ill-- IIIISrnoked shrirnps II II
II Keta II Processing 89.4 ± 24.2 4.5 ±·1.3 0.23± 0.05 II
II II iviarket 90.2 ± 11.2 3.8 ± ,1.2 0.23 ± 0.05 II
II II II
\I Atiteti I' Pr-ocessing Wi.8±16.5 1O.3±1.5 0.4i±0.15 IIII II iviarket SO.5 ± 8.1 S.3 ± 1.2 0.47 ±O.IO II
II Anioga II ~.r_CJ~essing 66.0 ± 9.5 7.8±0.S 0.30±O.10 II
II II IVIGtrl<,et 64.2 ± 10.8 7.3 ±: 1.0 0.30 ±O.!0 II
!i II II
II Sund rie d shrir-nps II II
II II II
II Keta II Processing 5.0 ± t.o 2.2 ± 0.10 0.20 ±O.OS 1\II II iviarket 4.6 ± 0.8 2.1 ± 0.15 0.15 ±0.05 II
II AtiLeti II Pr-ocessing 7.8 ± 1.9 4.6 ± 1.9 0.22 ±0.08 IIII II iviarket 8.6 ± 0.6 3.7 ± 0.8 0.27 ±0.05 II
II Anioga II Processing 5.6±1.4 2.4±0.6 0.30±O.10 II
II II iviarket 6.7 ± 1.1 2.7 ± 0.7 0.20 ±O.10 ,II,
II II
l_I,-=_=======_",", =_= ..--J.""I=__===._. __=__=_._ = =_ =---L,-,--= __=_=_ """'_~.. '_==..~_=__=_=_~_=_~__=__====__"---==_ =""======--'_ I,
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I
I Srnoked samoles were also about twice as long as the surr-dried ones. Values

r-anged between 64 and 108 g pet 100 for the smoke d shrirnpswhile the sun-dried

shrimps were between orJiy 4.6 arId 8.69 pet 100 pieces. The lengths of the smoked

samples ranged betlt,/een 3.8 cn] and 10.3 ern while the sun-dried samples had
I
I lengths ranging between 2.2 ern and 4.6 ern. till the shrimps exarnineu had thickness

within a range 01 0.2 to 0.5 err I. An intetestijl9 obsetvat ion was that within each

I location shrirnps sarnpled trom the Pi ocessing and rnarketing sites had sjmilar

physical characteris tics. There were however, inter-location differences, with

samples horn Atiteti being fleavier, longer and thicker than samples from Anloga

and Keta.I
I

Lagoon shrimps were found to be heavier and larger in size than the marine

samples (Fi q.f c). Srnoked samples of lagoon shrirnps obtained frorn various markets

I
in Aceta were all f(cjrn Anioga ctiid rangeu 133 to 161 g/100 shrirnps in weight, 11.4

to 13.5 ern in length and about 0.4--0.5 ern thick (Table 5).

I Table 5: Physical characteristics of smoked lagoon shrimps fmrn Ai-lioga

I
= IiII

Cerrtre Vveight Length ThicknesssII II
1/ (g/1 OOshrimps) (ern) (ern) II
II II"II Anloga (Processing) 189.9 ± 8.1 12.5 ± 0.9 0.50 II
II IIII
II Tuesday market 143.2 ± 5.2 13.5 T 1.0 0.50 IIII
II .-.. - I __ . _ market 147.2± 12.5 ± 0.8 0.,50 II
1\ ;:,ctl ct~ct O.L II
II II
II ivialata mar ket 160.6

,
6.1 11.8 ± 0.6 0.45 II::!:

\I ,

IIII 31st Decenluer mark et 132.8 + 6.0 11.6 ± 0.7 0040II II
II II
II Agbogbloshie mar ket 136.1 ± 9.3 11A ± 1.2 0.50 II
II /I
l1 II

I
I
I
I Sanlples f rom the processing site at Anloga had s imil ar length and thickness to

I
samples f r om the rnar-keting centres but were much heavier. The wei ght diff'erence

(n8.Y have been due to ioss of rnois ture uUting handling and transportation trom the

processing site to the rnarketing centre. This observation is ernphasizeu by values

I for mois ture given in Table 7; the ruoi s tute content of marke t sarnples of srnoked

lagoon shrimps was about 2;6 iess thatl the moisture content of sarnples frorn the

I processing site.
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The chelnicai conroosi tiun of Sfrloked and sun-Jried maririe shr imps is presented in

Table 6.

Table 6: Chemical character istics of pr (;c;~ss~d rnar !(le shr imps horn uiHer-ent

iucations

I
iiI Processed type and I Coliection I ivioistu(e Protein I Fat I FFA II

Location , Cen l r e ,(%) (%), (7~) ,(% oleic) II
II " I I IIIrl-----------------------4I-----------I~--------r_------_+I------_+I--------~1III Srnoi<ed Shrirnps I I I I' II
II Keta I Processing I 16.2 53.0 I 3.1 28.4 II
II ., iviarket I 15.9 52.9 I 3.1 , 29.0 II
II " 'I II
'I,!I Atiteti , Procassinq ] 15.4 53.8', 2.8 II 26.7 ','II Market I 15.0 53.9 I 2.7 21.7

1,1,1 Anloga I Processing I 17.2 52.1 I 2.5 ,I 22.2 '11\.'
I Market I 18.1 58.7 I 2.2 23.0

IISun drie d shrimps I I I! II
II Keta I Processing' 15.4 50.8 I 2.4 I 38.4 II
II , iviarket I 15.8 52.4 I 2.8 I 35.9 II

II Atiteti , Pt·ocessing I 15.4 53.8 I, 4.1 I 26.9 II
II , Mark et ,15.2 52.9 4.0, 27.0 II
!,II :'r.-,1'u-g'" I I I I 1,1,

r-v LA , Proces si ng I 1/.t.O 50.8 I 2.4 43.2
II , i'Aatket I 13.9 I 50.4 I 2.7 I 41.9 II
IL_____ J=. === ....-1_ _L__ _ .~ 1_ ,=_._=. ==L====-:JI

ivioisture cOntent tanged ironl 14 to 18%, protein horn 50 to 58.7%, whi le fat content

ranged between 2.4% and 4.17~. Free fatty acids content of the sarnpies was quite

high ranging between 22% and as fligh as 43% (as oleic). Sun-dried samples were

higher in FFA content than sfnoked sampies. The process of slH1~drying exposed

the sbritups to niore deLet ior aLiun due to ox idat ion with the r esultant increase in

FFA that, the sirrokitig fJrOCeSS. Aiternativeiy, the srfloking process may have been

capabie of expeiiing some vuiatiie free fatty acids, as weii as stabiiizing fat by

deposi ts of phenoiic antioxidants f rorn the woud smoke. For each location of

samplinq, shrimps Irom the processing sites haJ similar chenlical character+sties

as the coun ter pans frorn the matke t centres.
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Laguon sf"irirnps f rorn the var ious mark e l i rl9 cenUes III Accra wet eliot significantly

ciiHerent in their chemical CotrJposition (Table 7).

Table 7: Chemical char acter istics of snloked ia<::)oo(1s hrirnp s f rorn Anioga

il r i

Centre I jv!oisture Protein Fat FFA "II I I II
II I (%) /,., "\ r ", ..•

I (% oleic) II\~) \:t>}
II I II
/I I I IIII Anioga (Pt ocessing) I 17.6 57.6 4.6 I 22.8II I I II
II I I II
/I Tuesday market I 14.9 66.7 3.5 I 22.2 IIII I I
II Saiaga mar ket I 14.4 67.5 3.6 I 22.1 II
/I I I /II
II I I II
II Maiata rnarket 1- 13.9 67.6 3.1 I 21.9 II
II I I II
/I 31 st Decernber market I 14.0 68.0 3.1 I 21.9 II
II I I II

" I I /I

"
Agbogbloshie market I 14.0 68.3 3.4 22.1 1-'

II I I ,III I

ivioisture content was about 147;, protein 68% and fat 3% with a ftee fatty acids

content of about 22% (as oleic). The sample frorn the processing site was higher in

rnoisture (17.6%) and fat (4.6%) with a iower protein content (57.6%).

3.£1 Sensor-y characteris'tics of Prucessed Sht imps

Results uf quantitative descriptive sensory ar ralysi s 0,1 processed nrarine shrirnps

sampled ftOrf! different locations are presented in Table 8 for both smoked and

sun-ur iell samples.

I
I
I
I
I
I
I
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Table 8: Quantitative descriptive sensor y anal ysi s of processed [f'I<irine shrimps trom
different locations

. 1i
'I Pr-ocessed type II Sensory scores' II
1,1, and location \I Collection i i

II III'Centre Colour Arorna Flavour' Chew.- 'APpear- "
11---------11--1 --II-- __ --t- -+I_t_-le_-s_-s_+I_a_n_c_e__ 11

II Srnoked shrimps I I II

II .Keta .Procesainq 4.5 8.2 7.0 I 5.5 I 3.0 II
II Market 4.0 8.0 6.5 I 5.0 , 3.0 "
/I , , "
II Atiteti Processing 4.2 8.0 6.5' 5.2 I 3.2 IIII II iviarKet 4.0 8.0 6.0 I 5.0 I 3.5 II
II Anioga II ~.t~?~~~sing 2.0 7.0 8.0 I 6.0 I 3.0 IIII II,v,o_rKeL 2.5 4.5 8.5 I 5.5 I 3.0 II
II Sundried shrimps II , , II
"II , , II

II Keta II r,~~;?~:tSing ~:~ ~:g ::~ I ~:g ! ~:g II'
II Atiteti II Process: rIg 8.0 6.2 4.5 II 7.8 I, 7.5 111\

II II Market 8.0 6.0 4.5 8.0 8.0l: i!~;~~~~~s;ng~:gH~·~ !:~nJ ~:~!~:~JI
'S(;uring system:

Colour o = dark btown, 10 = goiden brown

Aroma 10 = fresh sweet sinellingO = off odou( Or rancid,

Flavour o = off f iavout, 10 = typical

Chewines s o = terlder-, 5 = chewy, 10 = tough

Appearance o = dull, 10 = giossy

in gellerai the sun-orieu samples were goiden brown in colour anu glossy in appearance

whiie the smoked samoles had colour scores close to dark brown with a relatively duli

appearance. Apart horn the rnarket s+rrimp samp!e f rom Anloga which had a slightly off

odour, ail the smoked sarnples had an aroma close to fresh sweet srneliing. Sun-dried

shrirnp samples had aroma scores between 5.0 and 7.5 that woul d describe t.hern as neither

rancic nor f(esh sweet srneiling. High scores Were recor-deuror the amtna in smoked

rnarine sfl(i(nps, having values up to 8.2. The flavour of the sun-dried samoles had lower

8CO(8S (4.5-4.8) tf"liin smoked salllpies (6.0-8.5), the descr iption of which was close to
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I

sorne appreciable degree of ueterior'ation in flavour. in terms of the textu ral

I typically fresh. The sun-drieu sarnples V-iere between off flavour' and typical, showing

I characteristics, all the smoked samples analyzed were found to be chewy while the sun-

dried samples were all close to being tough in texture. High scores were also observed

I
I

for the colour of rnarine sun-dried shrirnps (8.0-8.5) as compared to (2.5-4.5) for the

srnoke d s hrimps. Chewiness scor es for mar ine sun-dried shr irnps wet e higher (7.5 -8.0)in

contrast with (5.0-6.0) for the Stflukeu sarnples.

The smoked lagoon shr irnps had a brighter colour- than the srnoked rnarine species

(Tab!e 9).

I
Table 9: Quantitative descriptive sensory analysis of pr-ocessed lagoon shrimps from

I
I

Anloga

I

I I

II Sensory scores? rII I
II Centre II
I Colour Flavout Chewiness Appearance I
\I Anloga (Processing) 6.0 8.1 5.0 8.5 II
II \I

II Tuesday market 6.0 8.8 8.8 5.5 8.5
1\
II

\I 1\
\I Salaga mark et 6.5 8.6 9.0 5.0 8.5 \I
1\ II
II ivialata rnarket 6.5 9.0 8.8 5.0 8.0 \I
1\ II
\I 31 st Dece(nber rnat ket 6.0 9.0 8.8 5.5 8.0 II
II II
II II
II .Agbogbloshie mar ket 6.0 8.6 8.0 5.5 8.5 1\
II "II 'I

I
I

I
'Scoring syster!!:

I Colour o = dar k browr i, 10 = golde!! b(~)wn

o = of I oduut (.'1 rancid, 10 = ft esh sweet srneil ing

I Flavour o = off fl avour , 10 = typical

Chewiries s 0 = tender, 5 = chewy,

0 I .1' 10 •. 1.,= UUII, = 'J1ussy

10 = tough

I Appearance

I
The larger size of the lag(;f,:m species perhaps prevented excessive browning

during the stfloking process. The smoke d lagoon samples were also glossy in

appearance (8.0-8.5) with SVieet sineiling aroma (8.6-9.0) and flavour scores (8.0-

I 9.0) that were typicai or freshiy SJlIOKeu shrirnps as indicateu in Table 9. Ail the

sinuked iagoon shrilnp sarnples were chewy in texture.
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3.5 Colour Development. or Srnoked Shrimps

Tr-rr-eeplants, namely Aristida so., Paspalum vaginCifum and Phiioxerue vermiculeris

(Fig.2) were ob setved to be widely used in shrirnp pr-ocessing areas in the Volta

Region of Ghana to impart a bright light orange to brown glossy colour to the

shrimps iPeneeue notietis) during the traditional srnoking p(Ocess. These plants

were placed in stoke holes of varying types and sizes of traditional ovens (Fig.3

and 4) and ignited to generate .LL. __. __ I ..

i ne :::rllul<_(::.

The shrimps are e:x:posed to the smoke gener-ated by the burning of any of the

above narned plants, either used singly ot in cornbination. This r-esults in the

sht imps absorbing the smoke and developing the attractive orange colour. The

active principleCs) common to these plants may be responsible for- the coIour

cie1ieloprnent in the shrinlps.

Thin Layer Chrornatoqtaphy (T.L.C.) results showed that the aCid/neutral extracts

of lhe three plants did not contain any compourrd of interest apart f'rom traces of

green J)igrnent that may be attr-ibuted to the presence of chlorophyll. However, the

basic extracts of all the thr-ee plants examined contained a compound that was

uetected as a dark spot under Ultra Violet (U.V.) light and also r-eacted with

iOc1oplatinate SPr"CtY teagent to produce a yel low spot CRf 0.87) with rnethanol:

anlifionia (100:1.5) CtSdeveloping solvenL.

3.6 insect Infestation of Shrimps

insects were observed to infest the smoked rnarine shrlmos stored in the rnarket

conditions fat- In excess of the samples stored un der controlled laboratory

conditions. Fewer insects were observed on the sun-dried marine shtimp s under-

both conditions. The infestCttion was caused mainl y by a beetle, Dertneetes trischii
am! its larvae (Fig.5), while on a srualler scale ants were found to cause some

datnage CtSwell. The Dermest es sp. belong to the insect order Coleoptera and

Fami Iy DennesLi dae. This species to cause _ •...• _ •• J .•. _ ~ L I _coris ruer auie

quantitative and qualitative loss to srnoked and dried cured shrirnps (esulting in

fragrnentatiotl.
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a. Paspalum vaginatum (local name Gbekle) b. Aristida sp. (local name,Gbeta)"

c. Philoxerus vermicular-is (local name, Soli)

Fig. 2. Grasses and herb used in colour development of
shrimps during smoking.
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a. Round mud oven (local name, Togodo)

I

I

I
I
I
I

I
I b. l1etal Oven (local name, Akpaclo)

I Fig.3. Type of traditional ovens used for smoking and
colouring shrimps.

I
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a. Rectangular oven (Chorkor oven) with wide stoke holes

b. Round oven w it h grass (Aristida sp.) in stoke hole

Fig.4. Improved traditional ovens with small sized wire mesh.
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I
I Quaiity loss was also caused by the pr esence of insect bodies and cast skins of larvae.

Tfie extent and value of quantitative lOSSeScaused to drie d fish by Dermeetee sot». haveI been assessed by v-ar-ious investigators (Howe, 1953 ; Ainus, 1968; Osuji, 1975; Peacock,

1975 and Coombs, 1981) with estirnaLes r-anging trorn negligible up to 50% Weight loss,

I depenclirJ9 on length of storage, sctit content, moistur e content, climatic conditions, and

gener al hygierle dw-ing iJrucessing aiH.J slur age.

I initiai infestatiotl of l he shritllps ruay have beep dUe tu invasion by flying adults, which

((lay have laid their eggs en the dried shr iHIPS, this beitl~ enhanced by the unavailability

I of fl y-screens around and over dry i tiS racks which may have hel ped to reduce Dertnestes

infestation pressure JUt ing the processing stage, as ob served during the sur-vey work.I Also, it was observed that the use of ciE:'an good-qual ity sacks dwir1lg storage and

transpor t to the t-narketingcenttes was non-existent, as this practice may go a long way

I to SlOWdowtl rates 01 irnmiqration of the insects. Osuj i (1975) found that cross-infestation

I

by Der trtest.es: sp/,). WCi.S (educed when jute sacks were iined with polyethylene and thick

br own paper. Althuughfruirl the survey, it WetS observed that sacks were used (FIgs. 6

to 9), these sack s and paper were ditty and tOtTI to expose the shrirnps "for easier- access

to flying adults and crawling Dermerstes larvae. j~o polyethylene bags wer-e used to

serve as a barrier. The sacks and paper were reused several times without adequate

cieaning so that infestation was found to be initiated by the lar-vae, adults or even their

I

I eggs present infisi-I residues ieft on sacks Or" paper, or by adults ernerging trom

I
fjupatiun chambers in woouen structur es. The risk of such intestation may be reduced

by irnprove d hygiene and by placing the shrirnp s on r-aised structures above the ground

as well as treating the woodeil structures with a recurrHflenued inSecticide.

I ,
The t','1Ucornmonest species of DetrfJestes spp. that infest cured fish in warm cl imat es such

as in Ghana are D. macula/us and D. trisctiii (Coomhs, 1981) with the latter being

I associated ~Yilh filar itle fish and shrimps. These species haVE(an opt irnum ternpetat ure in

I
tile range 30-350C and a (nininlurn of 20oC; an equilibriurn reiative hurui dit y of 30% or-

above, wi l h their op l imum beinSl about 70% I.h. (Coombs, 1981). The prevailing ambient

ternper atures excerienced itl Ghana therefore ptoviJes u. triscriii a convenient

environrnerrt w i Lhin the shrirnp s to pr oliferate.I
I

The I'..c_IIle cycle which takes about 5-7 weeks or longer depending on food type and

ph y s icai conditions provides an increased popuiation rate of about 30 ti(nes pet rnonth

(Howe, 1953), under optimum condi t.ons. Thus the Dermeetes adults "fly and easilyI dis per se to new sour ces of fc'Od or sacks of shrirnps under storage uue to their- large

nurnber s.
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Fig.6. Typical storage structure for shrimps
(note smoke-generating wick used to drive

aitJaY insects).
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I a. Sun-dried shrimps

I
I
I
I
I
I
I

b. Smoked shrimps,
Fig.7. Processed shrimps packaged in sacks, brown paper

and baskets for transportation to the market.,
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Fig.S. A typical open market scene for processed shrimps.
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Fig.9. Display of processed shrimps for sale at the
market centre.
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The adults then feed on the shrimps: the larvae also burrow into the flesh as they

feed on it and as they moult, ieave their cast iarvai skins which look unsightly.

This was observed on the ((Jarket s tor eu shrimps where the activities of D. frischii

aduit and larvae (Fig.l0) reuuced a portion (about 5%) of the stor-ed shrirnps to

powder- and hollow shritnp structures, the inside of which haJ been eaten out over

the 4 months storage period. Economic ioss over d 10tJ~er period of storage would

have been enorrnous considering the number's of D. frisc;;i; observed and thus

shorter periods of stor age with inter (nittent srnoKing Ot- drying coupled with

proper hygiene a.tlu handling p(o(;':::!dutes would help to al lev iate the rate of

inJestation.
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Fig.lO. Larva of Dermestes frischii (arrowed) in stored
smoke-processed shrimps.
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3.7 Physical and Chemical Char-acteristics of Processed Shrimps

wei I as the Sff!OK8c.i lagu'')rl sarnpies prt::~pcHed fur stordge are presented in Table 10.

The results at e giver! as ir:eail ± st8.rlu;:lj d deviatiurl for \t'leight, length and

thickness. S.n!Okeu 18.9(:0(1 sarnpies were lar ~est in size with the sun-dried rnari ne

sarnples being the srnaliest.AII the sairllJies were physically intact with no initial

insect or visible rnould inlestation.

I

'y'-ieight Length Thickness II
II

(g/100 shrirnps) r ____ '\ (ern) I!,l;rrl}

89.8 ± 10.2 4.1 T 1.3 0.22 ± 0.05 II
II
1I

4.8 ± 1.0 2.0 ± 0.1 0.18 ± 0.05 II
II
II

141.3 ± 7.4 12.1 ± 0.7 0.45 + 0.05 II
II
II
II

=.1J

Table 10: Physical character sties or processeu marme and iagoon shrimps prepared
for storage (Day 0 .

IIII Processed type
III~I------------------------------~4_----------------_+----------------+_--------------
II Srnoked marine sbrimosII
II
II Sun-dried marine
II sbrimps
II
IIII Smoked iagoon shrimps
II
II
~===============================b================d===============~============

The chernicai cornpos.tion of the sanrpies is presented in Table 11. The initial

moisture content ranged f rom 14 to 16%, pr-otein horn '60 to 8070, while fat content

ranged between 3.37~ and 4.0%. Free fatty acids content of the sarnples ranged

between 19% anu 36% (as oleic). Sun-dried sarnpies were higher in FFA content

than srnoked sarnples., The proces s of sun-dryirlg exposed the sht-irnps to more

deterioration due to oxidation with the resul tant increase in FFA than the srnoking

prOCeSS. Under poor SLOra\:je cundi tions, the FFA values are expected to increase.
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Table 11: Chemical comoosi tiOfl of freshly processed sht imps under storage study

(0 rnonth storage)

i i

/I •.•....•- ___..• I _

ivioisture Protein F t FFA /I
II ;)wrlple a II
II I,.,J \ I •.•~'\ (%) (% oleic) II
II Vol \.70) II
II II
II •.•....•.___ J. _ .1

mar: ne shrirnps 14.0 70.2 3.6 19.1 II
\I ;:,rrlOKeu II
II II
Ii IIII Sun-dried marine
II II
II shrimps 15.9 62.4 3.3 35.8

IIII
/I
II

Smoked lagoon shrimos 15.0 79.5 4.0 22.8 II\I
II II
II II
II .,II
\I IIu I(

3.8 Serisory Char-acteristics of Processed Shrimps

Results of quantitative descriptive sensory anal ys is of processed rnar-ine and

iagoon shrirnps are rJresetlted in Table 12 for both srnoked and sur--dried samples.

The sun-dried sarnpie vvas goiden br own in colour and giossy in appearance while
"

the sinoked rnarine sarnpie had colour scores close to yarK brown with a reiativeiy

dui i appearance. The srnuked mar irie sample had a SWeet smel i ing aroma wr-li le _the

sun-dr-ied rnarine salftpie had arorna scores that would describe it as neither rancid

no/fresh sweet srneiling. Sirni larl y, the flavour of the sun-dried sample scored

lower than the smoke d sarnples. The sun-dried sample: was between off flavour and

typical, ~)hlJWing some ap preci ab le degree of deteriotatiof in flavour. In terms of

the texturai char-acteristics the smoked rnarine sample analyzed was found to be

chewy whiie the sun-dried trlC:!tine sample was close to being tough in textur-e.

The srnoked lagoon shr irnps had a br ighter colour tharl the smoked marine species

(Table 12). !fIe larqer size of the lagoon speCies perhaps prevented excessive

browning Juring the sinoi<ing p(OCeSS. The smoke d lagoon sarnpies were also

giossy in appearance with sweet srneiling atonia and flavour SCQt-eS that were

typical of freshly smok ed s hritup s. Srlloked lagoon shrirnp sarnples were Tound to

be chewy in texture.
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I
I Table 12: Quantitative descriptive serisory CHldIY::;I::; of processed rnarine and iagoon

shrimos under storage study (Day 0 sarnpies)

Ii
!I Pr oces.se d typeI.

If--I ---

II
I. Sr-noked rnarine shrimps
f!

H
Ii Sun-dried marine
II shrimosil I'-'

II!I Srrloked lagoon shrirnps
II1'---

I
I

Sensory Scores' II
I

1\~-
1 I III Colout At olna Flavour Chew ines s Appear-ancet- I I
I 4.5 i ~ ~ 7.0 5.5 3.0 II
I I o.t.::: II
I i III co ~ I 7.5 4.8 8.0 7.00.:::',

I III
I I II
I 6.0 I 8.6 8.0 5.5 8.5 \I
I I II
I I II, I -- "

'Scoring systelll:

Colour:
Aroma
Flavour
Chewines s
t,ppearance

O = dark or own, 10 = gol den browr i

0= off ooour or rancid, 10 = fresh sweet srneli!ng
0= UII IldVOUf, 10 = typical
0= tender, 5 = chevvy, 10 = tough
0= dull, 10 = glossy

3.9 iviicrobiological Quality 01 Pr ucessed Shrimps

The iflitia.l rfJic(ubioiogic;ai qual i ty UI processed rnaririe 8_ncl lagO'-':'>rJshr imps to be

s tor eu !ur 4 rnorlths under nli:J.r ke l and lai)oratorY lurldiLions is shuwn in Table 13.

Am:dysis showed pH values or 7.6 lor the srr:uked mar ir'~ sflt irnps and a value of 7.5

!ur- LluLh tfle SUrlr)r ic·d rr1clf i!I~:' <'-JJldsilloi~ed lCi.gC1(j(lshrinlps (Tab!e 13).

i.ow bacterial ioad ,,{as recurded lOr all the san!f::Jies; . whereas sun-dried rnarine

S8JIlpie r e(.;Orded the :o,',;est value of 4.3X10 20(9S/9, the smoked marine sampies had

S,iXI030rgs/g and srnoked id.g(y~H: ~;aniljies recorded a.courrt of 7.8Xl040rgs/g.
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Table 13: iviicrobiological ouality of Proces sed iviar-ine
under Stor-age Study (Day 0 samples)

shrimps and Lagoon shrimps
!

II Processed type I smoked Sundried
! I

Srnoked : Lagoon

I Marine Marine shrimps Shrirnps:

II
Shrirnps i

I ,

II pH I
1

7.6 7.5 7.5 ;

;

II Total Viable count/g 5.1X103 I 4.3X10 2 7.8X10 4: I

II Mould & Yeast
I I 1

count/g <10 1AXIO' 1.8XI0':
I i !II (cfu/g)

,
!

I iII Coliforms (in O.lg) ND I ND 0 i

I I ' , !I, E. coli (in 0.1g) I NO I NO NO , I

i

II I I i ;

S. aureus (in 5.0g) NO NO NO ;

I Salmonella (in 25g) NO NO NO I
1

i
-,

I
Others I Bacillus Bacillus, Mucor, Coryrtebacterium,

I Enterobacter Bad IIu:s~ MoniIia,
Mic rococc i

! :
1

o
NO

= Detected
Not detected

I
I
I

! l

=

Negligible levels of rnould and yeast counts were

marine shrimps «10cfu/g) while the sun-dried

recor-ded 1AX10' and 1.8XI0'cfu/g respectively.

r-ecorded 1 especial! y ! for the smoked
I

I '

marine and smoked : lagoon shrimps

No coliform organisms were detected in the smoked and sun+dried marine shrimos while
, ;

these organisms detected in 0.1g of the smoked lagoon shrirnp s were found not to be of

faecal origin. This is an indication that there was no initial contamination of the shrimps

by faecal matter.

I
I
I
I,

I i

No pathogenic microorqanisms, namely E. coli, S. eureus or setmonette were found in any

of the shrimp samples. However, other microorqani sms isolated 'were Bacillus,

Enterobecter, Corynebacterium, Micrococci, Mucor and Monilia so.
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The chemical composition of the samples is presented in Table 15. MoistUt'e
. . . : ii'

content of all samples increased after storase Indicating that more humid, ,
1 i

conditions prevailed during the period. Protein levels decreased I by about 5%for
, ; I

all samples after 4 months storage both in the labot-atory and! market. Loss of
, ' i

proteln occurred through breakdown to volatile components such as ammonia the
,I !

odour of which was detected in the stored samples. Fat content .also deereased on
, I
1 , '

s'toraqe. Significant increases in free fatty acids occurred in smoked marine and
I

lagoon shrimps after both laboratory and market storage. In the case of sun-dried
, I, ,

shrirnps the t'e!3ults of free fatty acid analysis did not show! any significant

increase over the initial high levels. This may mean that the ratJ of fat oxidation,
I

had reached the terrnination stage even before storage was started, At this stage
: I

non-radical products are forrned thus no radicals are available f'~rifurther' reaction

with oxygen (Dugan, 1976).

,
, i

I

!
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Table 15: Chemica] composition of freshly processed shrimps under storage study

(0 and 4 months )

1/ Samp ie I Stora\:je tirne (rnonths) 1/
II 1--0----4--.-i--0----4--rI--0---4--1 0 4 II
II~--------------fll----~----~I----~---+I----~---+II----~--~II
II Market storage 1 I I I 1 I II
II I I I I I I \I
II Srnoked rnat-ine I I I 1 1 I II
II shrimps 114.0 17.2 170.2 164.4 13.6 2.9 119.1 126.7 II
II Surr-dried rnarine I I I I ~ ~ I I \1
II shrirnps \15.9 18.1 I 62.4 I 61.0 I J.J 3'°135.8 1 34.4 II
II ~~:·I(~~_e.d.lagoon I . ~ ~ I ~~ ~ 1 ~~ ~ I. 0 I ~- I ~~ 8 I ~. ~ IIII :iflrIIIIJJ:i I I J.U 19.4 I I ::J.J I I L. I I 4. I L. I I LL. I L4.J \I
II I I I I I I I "1/ Laboratory Storage I 1 I I I I I ., II
II Srrloked rnarine 1 1 I I I I I II
" sh rirnps I14.0 16.8 I 70.2 I 64.4 I 3.6 I 2.5 I 19.1 I23.7 II1/ I I I I I I I II
II ~,u_n_~~!}ed marine I 1~~. I~, r-» I ~ ~ I ~ ~ I I 3~ ~ II
II snrirnps \15.9 17.2 IOLA IOI.v IJ.J IL.O 135.8 I O.::J II
II I I I I I II
II Srnoked lagoon I I 1 I I I I II
II shrtrnps 115.0 19.0 1 79.5 I 72.7 I 4.0 II 3.8 I 22.8 ,I 25.1 \I

ll _ 1 I L.. __I 1 J!
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4.1 Effect of Stor-age on the Sensory Char'acteris tics of Processed Shrimps

Resuits of quantitative descriptive sensory analysis of processed marine and

iagoon shrimps stored for 4 months under rnarket and laboratory storage

conditions ate presented in Tabie 16. in general, samples stored in the laboratory

showed siightly better sensory characteristics than sarnples stored in the market.

After- 4 months stotage sun-elr ied sarnpies which wete goiden brown in colour had

iost their glossy appearance while the SITIOked rnarine samp!e retained an even

duller appear ance. .1: __ . __ .. 1 ... 1lor :::;rllUKeu rnarine sarnples were not too
adversely affected un storage corupare d to the sun-dried marihe samples which

had aroma scores that would deSlfiue theifl as rancid with consequent poor flavour

scores. in ter ms 0, the tt:'."tural character istics the smoked mati ne and lagoon

s8JIJplesvvere not sigt1iiicantly aHecteu by storage. The sun-dried samples on the

other hand bS'canle slightly tougher In texture.

-,
The srrloked lagoutl sfirirnps stet ed itl the laboratory r-etained HlE:~i(bright, glossy

,
appear-atlce while those stored in the rnarke t were pale and dull. Aroma and flavour

scores were not signiFicantly changed on s toraqe,
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Ta.ble 16.: Quantitative descriptive serlSOty analysis of processed rnatine and lagoon
shrimps under storage study (0 and 4 rJronths)

l
r

I
I
I
r

,

I
I
~
r'

I
c

~,

= -.II I Sensory Scotes' II
II I II
II I II
II Sample I II
II , II

II I Colour Aroma Flavour Chewiness Appearance IIII I
\I I Storage time (rnonths) II
Ii I , , . i II
II I 0 4 I 0 4 I 0 4 I 0 4 I 0 4 \I
II I i I i I i I i I i IIII Market Stor-age I I I I I I I I I
II I I I I I I I I I I II
1\ I I I I I I I I I IISmoked rnarine 1
II I I I I I I I I I I II
II shrimps I 4.5 I 3.5 I 8.2 I 6.5 I 7.0 I 5.5 5.5 I 4.5 I 3.0 1.5 IIII I I I I I I I I I
II Sun-dried marine I I I I I I I I I \I
II shrirnps I 8.5 I 7.5 I 7.5 I 5.0 I 4.8 I 2.0 I 8.0 I 9.0 I 7.0 , 4.5 II
\I I I I I I I I I I II
\I Srnoked lagoon I I I I I I I II
II I I I I I I I I I 1-' IIII

shrirnps I 6.0 I 3.0 I 8.6 I 6.0 I 8.0 I 6.0 I 5.5 65 8.5 I 3.5
I I I I I I I II

II Labor-atory I I I I I I I I I II
/I Storage I I I I I I I I I IIII I I I I I I I I I
II Smoked mati ne I I I I I I I I \I
II shrimps I 4.5 I 4.0 I 8.2 I 7.0 I 7.0 I 6.0 I 5.5 I 4;5 I 3.0 I 2.0 1\

I I I I I I I I I I II
II

Sun-dried maririe
I I I I I I I I I I \I

II I I I I I I I I I I II
\I shrirnps I 8.5 I 8.0 I 7~5 I 5.5 I 4.8 I 2.5 I 8.0 I 9.0, I 7.0 I 5.0 II
II I I I I i I I I I II
II Srnoked lagoon I I I I I I I I I II
II shrir'nps I 6.0 I 5.5 I 8.6 I 6.5 I 8.0 I 6.5 I 5.5 I 6.5 I 8.5 I 7 r 1\
II I I I I I I 1· I I I~I
~ L _ .. -- _J ___ --

_1.. _ .I __ _ ____ _L ____ L _.1, , _ ..1. __. __1 1 I

1 Scoring system:

Colour 0= dark brown, 10 = golden brown
;',(urna 0= uff odour or t ar rci d, 10= fresh sweet srneii ing
Flavour a = olf f lavour, 10 = typical
Chewiness 0= tender, 5 = chewy, 10 = Lough'
Appearance a = dull, 10 = glossy
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4-.2 EfFect of storage on the rnicr'obioloqical quality of processed marine and
iagoon shrimps

The microbioloqical qual ity characteristics of smoked and sun-dried marine

shrunps as well as stnoked lagoon shrimp s store d for 4-mont hs in the markef and

under laboratory con di tiuns are i-lt'esenLed in Table 17.

Compared to microbioloqical quality stuJied before storage (Day 0 samples), the

laboratory stored shrimps had good Keeping quality and storage characteristics

than those stored under mar ket condition. This may be attributable to the

improved stor-age structure where the shrirnps wer-e initially enclosed In sterile

poiyethylene bags which were further piaced in clean sacks and placed in

polytanks with lids. This s tr ucture was then raised off the groUnd to avoid any

crawling insects into the shritnp s.

The pH of ail the rnarket stor-eJ samples were found to decrease while there was no

change in the values for the samples stored in the laboratory. A strono ammoniacal

odour of the market samples may be responsi ble for- the low pH values. Bacterial

count/g increased from initial value of between 4-.3X102and 7.SXW 4 or9s/g to

between 8./XiO;o arid 2.4.XIO 6 or9s/9 For the mark et sarnples as compared to the

negli~ibie inet'ease in vaiues for the sarnpies stored in the labor-atory over the 4-

mon ths pet iod .~\
! , ). after(Table and yeast aiso ineteased in nurnber

4-(rK)nths for the marke t stored s8jllple~ !rOirl Day 0 storage values of between <10

ant.! 1.8\10 1 cfLJ/g to beLweE:~il2.3XWl arid 4.6XW3 cr~('g over the storaqe period.

V'lith the iabordlory stored s~Jriir'i)s t here was no sigi;)ific;arlt increase in rrurnbers

of mould and yeast. urganisr(ls fiOtrl l he Day 0 stotCtge values of bet weeu <10 and

i .8:<10 1 to betweeil <iO cHid 3..3:<101 cfu/g. i il tf-le Day 0 samples only the smoked

lagoon shrirnos had coiiforrn or ganisrfls detected, anu this was present in the

shrii!lps after 4. rnonths s tor age period. However, E. coli was not isolate d f rorn any

01 the samoles. This indicates that Ct,itrlougft coliforrns were detected, there were

no f8,ecai cui i iO(fnS present on the srlr irnps; therefore no faecal material was

introduced eluring handling aild plocessing or the shrirnps. No pathogenic rnicro-:

organisrns investigated such as S. eut eue and Seltnonelle were detected in the

shtirnps after the 4 rnorlLhs in either the market or laboratory stored samples.

However, Becill us Sf). were found to be the most prevalent orqanisms isolated on

the s.hrimp s after the 4-months stor age period. Other orqanj sms identified were
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Table 17: Microbioiogical Quality of Processed tviarine and Lagex)(] Shri(nps under Storage Study (0 and 4 months)

II I I I . I i 'iII 1 pH 1 Total Viable Count/g i ~·lould and Yeast co nror m E.Coli S. I Salmo- j I,II I I I count/g (CfU/g) s (in (in aureus I nella j Others II
II i' 0.19) 0.19) (11'15.09), (11'1 25g) I II
ii, I Storage time (rnorrtris ) !!
I . Ii
II i' I I I I " il
11 sample I I I I i I I I 11
II ,0 410 4 0 4 ,04104104'04 0 4!II i I I I· I . I I I II
1/ ;,! I I I i I I I I I I I i I II

Ii Market Storage I I I I ! , ! I Ii! ! I Iii II
!I Smoked marine I ! I I ! I I I I I I I I I I I II!I shr tm p s ! 7.6 ! 7.1 ! 5.1X103 I 2.4Xl06 I <10 I 1.2Xl02 I NO ! NO ! NO I NO I NO I NO I NO I NO I Bac111us I Bacillus jl
11 I J! ! ! , 'I I I I I I 'I I Micro iI
II I I i I ! ! I i I I I I I I I ! COCC1 1I
II i i! I I I I I I i I. I I Iii /·lonilia iI
Ii I! I ! i Iii I I I I ! I I i H
II 'I I I. I I ., I I I i I I I , , . I IIil Sun-dned mar-ine i 7.5 I 7.2 I 4.3Xl02 I 8.7XlO.3 I 1.4 X 101 1 4.6XlOV I NO I no i ~!O I NO I NO I ND I NO , NO i sacinus I Hucor, Ii
II srir imp s I I! Ii! I Iii I I I I ! tJIJCOr, I ~ac1nus !i
Ii I! i ! ! l ; I i Iii i I i Entero- ! vGryne !i
;1 : ii, i ; I·; I' i I I , I bacter I bacre- II!i ! I! I ! ! . I! i!! I I ! r iu m Ii
II Smoked iaaoon i I; i i i ; i j I I I I I I i II

11 snr im p s - I ! 7.5 I 7.4 ! 7.8X104 ! 1.6Xl05 I 1.8X101 I 2.3X101 ! 0 I 0 I NO ! NO ! NO I NO I NO ! NO I Coryne I Coryne jl
Ii I! I i I I ! I I 1 I I I I I bacte- I bacte- d
II I I I ! I I !! I I ! I I I ! r iu m, ! riu m i!
II I i Iii Ii! I I i I I I ! BaC1llus I t·lomlia II
!I I!!! I I i I I I I I I I I Momlia I ~lucor, II
II Laboratory storage I ! I ! l I I I I Ii! I I ! t~icro- I Bacillus II
II ! I I ! I i I I I I I I I I I cocci I II
II Smoked mar ine I I I ,I . I I I I I ! I I I I I I II
II snrimps I 7.6 I 7.6 I 5.1Xl03 I B.8X103 I <10 I <10 I NO I NO I NO I NO I NO I NO i NO I NO I sac-nus i Bacillus II
II . . I I! I I I I I i I i I ! I I I II
II Sun-dned manne I I I I· i ! I I ' I I I I I I . I . IIII anr im p s I 7.5 I 7.5 I 4.3X102 ! 7.2X103 !1.4X101 I 2.7X101 I ND ! NO ! fW I NO I NO I NO I NO I NO ! Bac111us I Baclilus II
il I' i· ... r .! I I I I I I I I I I ~lucor. I ~11cro- II
1 . I • I . 1 1 . Entero- COCCl J
d ! I! I I I I! I ! ! ! I I I baeter ! t~onilia II
II Smoked lagoon I I i I I I I I I I I I I I I I ,I
1,lshnmps ! 7.5 ! 7.5 I 7.BX104 I 9.6X104 ! l.BX101 ! :3.3X101 I 0 I 0 ! NO ! NO " NO I ND II NO I, NO ,I Coryne I Mon1lia !!
I I I! ! I I I I I I I bacte- I ~1icro II
II I I! I Ii! I i I I I I I I r iu m, I cocci II
II I I I I I . I I I I I I . I I . ' .. . 'I·I j. Ii I . 1 . I I Bac,llus ! Bacillus I
il I I I I ·1 I I i I I I I I I i /~onilia I II
II 'I I I I I I I I I I I I I I ~licro- j II
II I I I I I I I I I I I I I I I cocci I II
f I

o
NO

Detected
Not detected

=
=



Micrococci, Corynebacterium, Mucor and Moni/ia sp. Enterobecter sp. which were

initially isolated f rom the sun-urieu marine shrimps before storage was not

detected frorn the samples after the 4. rnonths storage per-iod. This development

may be attributable to the large increase in number's of Becillus sp. which may

have been antagonistic to the Enterubactet sp. thus preventing further- growth

and pr-oiiferation of these organisrrls.

4.3 HACCP applications to shrimp products

The ideal process fiow diagranl iuentified during the study is piesented in Fig.11,

indicating each step of a pr ocessin~ scenar io for the srnoked and sun-dried

shrimp's. Aithough genericaily, 14 steps have been identiFied in the processing of

srnoked and sun-dried shrirnps, onl y 2 of these have been found to be critical rn

r-elation to micr obial pathogens. These ate:

r. Srnokirrg and sun-dry;ng '-0 ensure proper thermal penetration of the

shtinljY3 and

II, Storage at appropriat e tetnperature and t ime to prevent· rnicrobioiogical

growth of pathogenic baderia and moulds and hence possible toxin

elaboration.

The t(auitional processors have been found to employ the 14 steps except steps 3,

8,9,11 and 12 narnely fres hwat er rinsing, inspection, grading, weighing and

labelling. The processors use seavvater- in certain cases, to rinse the shrirnps but

in the case where they do not find much sand particles on the shrimps, no rinsing

is car-ried out prior to srnoking Or drying. As for inspection procedures, grading,

weighing and labelling, it is non ex isterrce, Therefore, baskets of various sizes are

employed to fJrice the shrinqJs instead of the use of weights measure. in addition,

sin'~e laueliitlQ is not done, the letlgUl of tirne lhat the shrirnp s are stoted ate not

k rrowr: uut rather estirflated; arId Scde of stored products is done on dernand, at a

per iod of the year whetl the shr;rnps would fetch the pr-ocessor rnax imum incorne.

i l was therefor e observed that the pr uceSSurS terlded to store the shr imps longer

Hldrl was "ece::;~;ary arId rretlce the pr oduct s uecarfl8 degraued especially as the

hulding tenqJerature oFsturage was [Jot controlied.
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Fig. 11: Flow diagr-arn and cr-itical control points In an ideal smoked and dried
shrirnp process.
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Table 18 indicates the Cr itical Control points [or the processed shrirnps.

Table 18: Critical Control Points for Proces sed Sht·irnps

II I I IiII Fiow Diaqrarn Number I Cri tical I Type of Crit.ical Cont rol II
1\ and Step a I Control I II
II I Point I II
II I I II
II i I II
IIIII1-4 (Receiving,unioading, II IIDeterrnination of holding temperature IIIII

fresh water r itlsing, CCP2 dild l irne. Pet sonal hygiene of
II draining) I I riCHHjiers/ processors II
II I I II
II 5--6 (Sundtying and ! I IIIii
II smokinq) I CCPl I Sanitation of equipment
II I I II
II 7-10 (Cooiing, inspection, I I TernperatutE::; personal hygiene UI IIII gt'ading, packing)· I CCP2 I handiers/i~lrocessots; eljuiprnent II
II i I sanitation II
1\ I I II
II 11-13 (vVeighing, labeiiing, I I Per-sonal hygiene; determination of IIII storing) I CCP2 I storage Lernperatute and t.ime; II
II I I tnictobiuiogical lirnits tor shrimus. II
II I I II
II 14 (Transpor'tation) I CCPl I Ternperature, contarnination II
II I I II
IL=.=======~~~~~ ...J-J ==~=._= ....,I.,.,L=_._=_ .. _=_.=... ~.. =__=..=__=....=..============,-'1

a From Fig u( e 11.

Srrloking, sundtying, and Lrci.tlsportatiun have been ciassifieu as the most imoortant
,

critical c:onttol point (CCP) f(w this product and rlas been cI,assified as CCPl as this

rlas been observeJ as steps that can ensure cuntroi of a hazard. CCP2 has been

identified as the steps that rniniiliize Ct haziird. Pr eventiori of reconLarnination of

Shf irnr.)s after sl!luking Or uryin!:l Inay also be considered as.a critical controi point.

AiU10US!11tile HACCP com;ept is the best for controliing rnicrobiai hazards In

shrirrlfjs harvest to the COtlSiJiliption stage in the serv ice industry,C. _ .'

IUUU

without the education of non ptofessional Iuod handlers, this system may not be
.. f:.c _...L'el IeCl! ve,

48



5. CONCLUSiON AND RECOMMENDATiONS

Generaiiy, samples of cured Peneeue not ielis from [Jtocessing sites hael lower ievels

of bac;teriai and mould contamination as weii as moisl ure content than those

o[:JLairled from the rrlar"kei~s.

Ternperal ur e and titlle r[l8.nagenlerlt Ifl stu(8.ge of the sh(irn~s help to rrlaitltain its

physical and chenlicai cI!ar8"cteristics, However, imptoper or unhygienic handiing

resul ts in spoilage by if!!crctQrganistns anu infestation by Derrnestes frischi; adults

aml larvae.

it is recornrnended that insect or fiy-screens be constructed around and over

drying racks to reduce Detmestes irllestatiorl ures sure during processino. in

adelition, dur"ing ::;tOI age ariel transpot L, the use of polyethylene bags to line clean .",

gooel-quality sacks will slow down the rate uf iirlffligration of Oermestes sop. and

other insects like ants. Also (;fClss-infestation may be reduced by the avoidance

of reusing such packaging material.

Since the Ii Ie cycle of Dertnest.es (riscliii takes about 5-7 weeks, it is reconunen ded

tflat storage shoulu be pt"ogt arnnled such that int er m.ttently light srnok irrq or

drying of the shtinws, coupled with proper hygienic and handling procedures be

car r ieJ oui. to destroy any pot enl ial pes t.

Ther e shuuid also t)e Gov et rltnerl L Curll roiled i i Ispec;i:iotl sys lern arlu regulatory

seaFoud surveiiiance prograrrlrnes by trained pet sonriel, airned towards consurne(

safe l y. This system must involve shotel itle sanitar y surveys, patrol of harvest

and processing areas, piant inspectiorl anu product evaluation.
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APPENDIX I - QUESTIONNAIRE FOR POST-HARVEST Iv'IANAGEl1ENTOF SHRIHPS

POST HARVEST MANAGEMENT OF SHRIMP
(GHANA/NETHERLANDS ARTISANAL FISH PROCESSING PROJECT)

Biodata Questionnaire No.:
Date:

Location:

1. Name of respondent:

2. Sex:

3. Age:

~ 4. Marital status: Married/widowed/divorced/single

5. Number of children:

6. Occupation: a) Fisherman
b) Shrimp retailer
c) Trader
d) Housewife/home keeper
e) Other (specify)

~ 7. Level of Education:
a) No formal education
b) Primary school
c) Middle school/JSS
d) Secondary school/SSS
e) Other (specify)
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or---------------------------- ---

QUESTIONNAIRE FOR SHRIMP SURVEY

Harvesting of Shrimps

1. How long have you been in the shrimp industry?

2. Do you harvest shrimps mainly or do you get it in your net as a
by-product when fishing ?

3. How long does it take after harvesting to get the shrimps to the
landing site?

4. Do you wash the shrimps after harvesting?

5. How many bumper seasons are there for shrimp harves~ing (state
months) ?

6. Do you prefer shrimp harvesting to fishing? Give reasons.

7. Do you belong to a shrimp cooperative group?

8. What do you do to protect the shrimps from flies?

Shrimp Processing '.
9. Do you process a) immediately after landi~g the shrimps?

b) the left-over after sales the same day?
c) the left-over after two days ?
d) the left-over when it is seen to be

spoiling/deteriorating ?

10. Do you keep left-over shrimps for processi~g the following day
in any particular cold storage condition?

II. How do you compare shrimp processing to fish processing?
a) Lucrative
b) Tedious
c) Expensive
d) Time-wasting
e) Other
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a) Drying
b) Smoking
c) Other (specify)

12. How do you process your shrimps?

13. Describe the process used .

. . . •. .. . .. . . .. .. . .. . . . .. .. .• .• .• .. .. .• .• .• .. .• .• .. •. •. .. .. .• .. .. . . .• . . .. .• •. •. . .• •. . .• , .

14. Do you dry the shrimps before processing?
Yes
No

15. For how long do you dry it ?
----- hour/hours
----- day/days

16. Under what conditions do you dry the shrimps?
a) on the bare floor in the compound of my house
b) on sea sand at the shore
c) on mats spread on the floor
d) on mats placed on raised structures
e) in baskets to drain
f) on fine wire mesh

'.

17. Do you salt the shrimps before processing?

Yes (give reasons why) ---------------------------------------

No (give reasons why) ---------------------------------------

18. What traditional ovens do you use in smoking shrimps?

19. When the shrimp is processed, what criteria do you use to show
that it is dry enough for storage ?

20. What improvements in processing and equipment would you like to
see for a better quality product and higher yield?
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21. Do you add colour to the shrimps before processing to attract
customers/consumers ?

Yes No

22. If answer to Q.21 is Yes,

a) What colour do you use?

b) How do you go about colouring it ?

~torage of Shrimps

23. How do you store fresh shrimps before sale?

24. What significant characteristics do you observe on the shrimps
that indicate spoilage after storage for some time.

25. After processing, how do you store the shrimps ?
a) in baskets
b) polyethylene bags
c) cement paper
d) leaves (plantain, banana or other leaves)
e) jute sacks
f) other (specify)

26. Do you mix local spices to ward off insects on the stored
products ?
Yes
No

27. What do you do to prevent insects and mou~~s on the stored
shrimps ?

28. Do you intermittently dry the shrimps?
Yes
No

29. If Yes, how?

30. At what intervals do you dry the stored shrimps?
a) monthly
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b) every two months
c) every three months
d) six months

31. How long can you store the processed shrimps if sales are to be
made for greater profit during the lean season?

1 2, 3 , 4, 5 , 6 , 7, 8, 9, 10, 11, 12 months

32. What problems do you encounter with the stored product?

............... - .....

Retailing of Shrimps
33. What type of shrimps do you retail?

a) fresh
b) sun-dried
c) smoked
d) fermented
e) other

34. Where do you get your supply from? (state town or fishing
village)

35. What time of the year do you get your major shrimps supply ?
a) Jan Mar "-
b) Apr - Jun
c) Jul - Sept
d) Oct - Dec

36. What quantity do you sell in a day?

37. How do you transport the shrimps to the market?

a) on the head (in open pan or basket)

b) loaded in trucks

38. Describe packaging used.
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39. Do the shrimps get disfigured on reaching the market?
Yes
No

40. If Q.39 is Yes, does it lead to low profit margins after sales
Yes
No

41. What factors do you use to price the shrimps?

42. What is the price of an averagely small-sized basket or
American tin of processed shrimps ? (give dimensions 'of basket)

43. Do you intend to export your products or do you aim only for
the 16cal markets ?

"
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APPENDIX II - IDENTIFICATION CHARACTERS FOR ADULTS OF THE SPECIES
OF Dermestes RECORDED FROM CURED FISH.

IRecogniti~d~~ I~~- species (see footnote)*

ca. la. at. ha, pe.ma. fro

Each side of thorax ",ith a broad band of dense whitish hairs Yes Yes Yes No: No No No

Extreme tip of each e lytron (on the mid-line) ",Hh a sharp Yes No No No No No No
backwar-d 1y-poi nt ing tooth ,

Underside of abdomen ma in 1y white with black spots at the sides Yes Yes No No No No No
and a larger black oat.ch at th€ tip of the last segment

Underside of abdomen mainly white with black spots at the sides No No Yes No No No No
but no black patch at tile tip of the last segment ,

UnCle,..-sideof abdomen entirely dark brown or black No No No Yes No No No

Underside of abdomen golden brown with rows of darker brown No No No No Yes No No
patches at each side anc or. both sides of the mid-line

Unoerside of abdomen reddish-brown with ye llowi sh hairs Ho No No No, ~o Yes Yes

Elytra evenly dark br-own or black (hairs roostly black with some Yes Yes No No Yes I Yes Yes
whitish or yellowish, or hairs roostly fine and yellowish)

Elytra with front half reddish-brown and back ha If dark brown; No No Yes No No No No
hairs mainly black with small patches of white, but with a band
of golden /'lairsnear th€ front of the elytra

,
Yes IElytra with front half clothed in yellowish hairs, except for a No No No No No No

dark patch at oach s~~lder and three pairs of dark spots ,

across the middle; bac k half of elytra clothed with black hairs

Hairs on elytra coarse and quite long, projecting over the back - .- - - - Yes No
edges of the elytra as a thick fringe; these hairs mainly dark ,
brown or black with yellowish hairs occurring singly

Hairs on elytra fine and short, not forming a fringe on the - - - - - No y~
back edges of the elytra; these hairs mainly pale yellowish '.1 f-

* Dennestes = ITIdCU latus; fro Fr isch i i : carnivorvs: la. lnrder ius ; , especies: ma. = ca. = =

at. '" ater; ha. = heoror-rbo ide lis; pe. = oerov t snos
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