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POST-HARVEST MANAGEMENT AND SPUILAGE OF
TROPICAL SHRIMPS {(Penaeus notialis)

Traditional shrimp processing sites and marketing centres were surveyed toevaluate the
effectiveness of 1 o in of prc

i
f processing  and storage method used.

g:i
EA

Thne major processing areas tnat \upply shiri Hlpb to markets in Accra were identified as
Keta and Ada and ineir “grrounumg vitiages; Cotonou in the Republic of Benin, and
Abidjan in La Cote d’ivoire.

Thne most common snhrimp  species smoked and sun—-dried was Penaeus notialis. T'n‘ree
planis, namely Paspalum vaginatuin, Aristida sp. and Philoxerus vermicufaris were used

Ao

uring traditional processing to impart an orange diossy cofour 1o the smoked Shrimps.

Statistical df!d!yalb of respondaer engaged in Shrimp provessing showed that the trad
t 7

2
RS
v mard i -, - B ~es i oy
70

is dominaled by mostly women 5.8%) between ine ages of 20-50 years with aobout 863.73
naving nhada varving ievels of formal education.
R E e RSN 0 SR - T R R SN S S DR W N < T - W RN IS I T WU Y A4 W S 1Y
Quantitative aerobic bacterial load recorded for fresh shrimps was nign (2.4x10 ® bact/g).
. St e
e

For the sun—dried and smoked marine bd[ﬂpl 25, counts were L,ompdrdt!vely low and o
vaiue 4.3x10°%org/g and 5.1x10% orgs/g expe ctively., Smoked i{agoon \cunp es recorued

s of mouid and yeast counis were recorded especiaily for
10
1

At~ 4 -

7.8x10%0org/g. Negligible levei
<

Lne smoked marine s'r'n’-imps { cfu/y) while the sun—dried marine and smoked lagoon
shrimps recorded 1.4x10 7 and 8":01@!u/9 TEbDb‘CU\/e!y with storage, bacterial count
increased to betweer o/,\‘sC and 2.4x10°% org/g for market samples as compared to
mtgugcole increase in values of sampies stored in tne laboratory over the 4 months
period. Mould count for market sampies also increased to petween 2.3x107' sand 4.6x10°3
cfu/g over the same period.  Increase in microbial count .correfated with decrease in

sensory quality.

Most sampies of cured shrim ps (simoked and sun—dried) , fr Or"
comparatively lower bacterial and mould joad than those
centres. MICroordanisms is:'?“"ed from the shrimps inciude
Fseudomonas, Acinetobacter, Micrococcus, Cor;vnebactef"fwn,‘ Baci
and Mucor,  No patnogenic microorganisin was isolated from t
any pubhic neaith nazard.

p rocessing  sites r‘ad
ined from marketin
rob cter, Aeromona

s Monilia, H"vi_}ef y///
snhrimps  that will pos

5.
% (/" \
& (r. (C

Unhyaienic practices including personal body cleaniiness as well as
and environment at tne processing and especially the marketing cen
contribute to the high levels of contamination of the shrimps.

nciean equipment
res were found to

'ﬂy S1CE| ahaiysis shiowed no significant differences petween thickness values for simoked
r\u sun—dried marine snrimps, the smoked samples however wecgneu 10 times heavier
nan the sun-dried ones. Lengthwise, the smoked "\CUH{J!(;“\ were twice as long as the sun-—

dried SHrimps. agoon samples were apout 1.5 times neavier and larger in size than
marine sampie
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i. INTRCODUCTIGN
Coastal penasid shrimps belonyg o the class of animals Known as Crustaceans and are

apout 40 species divided into six genera. Tne most important species caugnt in the West
R | & v Fipws oo 4
{

African Coast and of commercial  tmportance {(Garcia and Uhomme, 15S77) are Penaeus

notialis  and Parapehaeopsis  atlani/ca.

in Ghana, coastal penasid snrimps are denerally exploiied at two stages of their fiTe cycie:
during the juvenile siage in the estuaries they are fished more or 1ess artisanaily using
asither fixed dears (e.d. trap-vairiers and stake netl barriers) of towed agears (e.g. veach
seine nels),  in their adull stage they are exploited on an indusirial  scaie by trawi
fisnery, which calches bolh immatire and adull shrimps. Artisanal lisherfoik empioy a
peach seine-net, havindg a fine meshn 1o har vest post larvae and juveniies of various smaii
sizes {rom the sea and lagoons.  The larger ones are smoked and the sinaller sized ones

Are sun-—dried.

5 s i : e & aos B e mos Log  ule n @ e o RISy f szua
s die 4d "')’1 SQuUree O NULrigntLs mowne 1orim QP ormirierals (C d U”'},

orotein {(amine acids, nuciectides) as weil as chitin from wnich cnitosan s produced.

Shirimp provessing  indusiries nhave sprung up in Ghana especiaily in towns aiong the
Coast wnere Tishing aclivities are carried out., Major probpiems encountered however, are

J 5, .0 s i - ! 5,

Lhe absence of legistics as to proper manadgsinent of the commodity and attainment of safe

standards in processing Lo curtail spoilage.

shirinips are ¢arried oul in two ways, namsiy by Smoking or sun—drying.
....... i i L2 : 4 ‘'3

nese processes impar it characteristic flavour o the shrimps which togetner with good

" t

patalapiiily are redarded Dy consumers as important factors in i{s use as wnole meals or

condiments  in Ghanatan  dishes. However, poor ff“!ai'ragfsrilerlt of the snrimps  from
narvesiind  ithrougn storaus jeads (o unacoeplably high b’.vn",i Serious economic and puodiic
nealtn conseguences, simce the temperature factor is HL.‘.i_‘bi'r"lf;)i'liJL'C)'('tl", Temperature nas
veen dentified as a oritical variable in the guality of Tishery producis iike Shrimps,

especially since duting nandiing and distiibution, the holding temperature vary such

that it 1s an imoortant need o effeclively  estimate shell life at prevaient tropical
temperatures duiing slorage.

Baclerial numbers in shrimps inmediaiely afier caplure is very low, and to the jevei of
o sk i w i P 4 e 2 iy o T R 252 =, i R ) s s AAAa ¥obs I < R
several nhundred 1o sseveral thousand per gramme (Kartintsev, 13881). owever, after

TS
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10 in the reduction of

-

vecome non-transparent, bedginihing with the darkening of the cephalothotax as a resuit

of concentration  of compiex of proleases  Lhere; and the tail becomes arcned in a
characteristic way while the colour of the shirimps darken. Al this stage, Tiuid begins to
Bt i BBl b -3 [R £, 2% a1 < TR R S R SR T R i
drip from the shrimp, The darkening of the cepnalothorax is believed 1o be caused bDy

catechol oxjdas When continued storage o

£ s = OR[N = ook, A e . 4 3 %z b= -5 X Ve sl s o - . R I e | S . S |
lakes pilace, accici ou ssues  begin, leading on o supsequent pacteriai

deGoimpOs] LiIon

Sensory investigations o© quality of shrimps inciude taste, cdour and texture

which reaches nigh levels of intensities when the shrimps are over exposed and not
processed shortiy., Hence storage time must be as short as possibie.

raditional processing and storadge, as weil as packayging of shrimps continue to be in the
i - ] =) 1 ¥ oo

crude stades where the use of unconventlional packaging materiais are empioyed by

or bolh the storags and relail markets, Effective monitoring, evaiuation and

tanaardization of these aclivities with to improving  reduction  in nuge josses
due o various lapses in handling/processing including  insect infestation nas been

3 il [ '

fructures empioyved 1o process and store shrimps have nol Deen evaiuated with

T ~
Jcikan g, S

the view 10 improvement dupon the ofd evisling ones in us

On shell ife studies of shrinips (Feh mergiiensis)  stored atb different temperatures

randging from 0eC to 3508, 3Shamsh (1930) studied the sensory, microbiological
.

and bicchemical chandes, They a mean asrobic . plaile count of fresn shrimp

7 | . N . 1 S TR * o~ & a Qo bl of = Y ~oat % 2 o ]

/g which increased | Lime 1o 6.4x10%fu/g after 24n. when stored

of 35%eC. Thne was found to be more rapid at nigner

imp with an increase in trimethylaming

IS e T Ll el Wi, Lo I g5 ksl e T Foy b e o 2l dvorosers s B s = P IR BV ol L Fal 1 ok g .
(TVB), pH and indole with respect to time and temperature.  Shneif life of the shrimps was
R o R md AR R R AR e e ad s
found 1o range from 7h al 350C 10 13 days at Gol.
Several studies have bDeen cairied cutl on the microbioiogical  and viochemical changes

resn snrimos during storadge and cominercial nandiing

=

)

S882; Krishnamidriny and rarunasagar,
1936; Zuberi el ai., 1937). Il was obser ved Lhat ice storage of shiimp is not always done

properiy, particuiarly in deveioping  couniries,

[A9)
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Temperature  is a4 ciibtical variable in the qualily of various foods inciuding  fisnery
products.  Since storage/noiding  temperatures for shrimp in commercial nandling  and

distripution vary, the capability 1o estimate shel e at temperalures wnicn prevail is

an iimportant need.

Cobb et al, (1977) siudied shori-term nigh temperature holding on the quality of whit
S 4 reetiani s ) 2 B =7 RN ~ e ¥ Ao (4,‘ A~ e N ' 11 £or A S Wt e T DA Bt
shrimg (P seliferus) within Zan., Matches (1882 reporied ine effeci of lemperature on
the decomposition  of RPacific Joi daing).  host reported work has

seen done o fresh cold water species heild ab low temperature and not on processed

shirimps  heid al elevated

digenous bacteria  isola

~ ORI | =l L Fiye o b o = o
Cyviopnaga {(Koburdger el al.,

e E——
aid Preifer, 1977, iee 3

£ - o 2 ” 3 & ] . (3 i s u Ko ot *
qucroticra were seialed Troim snrimp

FParapensonsis  in

shudied,

these shirimps

ferences, surrounding

s oand sediment, postharvest handling procedures, as well

eimnper q'l‘! .

tse S rom

the prevailing iropicai conditions

N Ghana, carty amicrobial popuiation thal is dominated by Gram positive bacteria such
A Microooocus,  Cot yheferms  and Szac/ivs (Cann 1877; Shewan, 1977 and Liston, 1980)

whner eas cold-waler species narbour  piedominantly  Gram—nedgative microbes, inciuding

Moraxelia, Acineictacier, Pseudomonas, Flavovacierium  and Viviio (Cani, 1877)

s

Vanderzant et al. (187G) observed that quantitatively warm water marine shrimp often

show total aerobic counts of 10°%'g when capiufed, wheireas coid-water species range from

on snrimps are Fhodotorula, Candida

L {1880) chserved that the predominant yeasts A
anda  Toi Uiopsis, Korourger et ai. (1575) isolaled the mouid of the ygenus Fulluleria

(Aurectasidium)  (rom fresn marine shriinps,

cbserved that removal of the heads reduced ithe bacterial joad on the shrimg by 50-80%.

However, deneadind  exposes the shrimps tall muscle 1o bacteria organisms from its own
i P o i [ R i 1t ' ' Eo o 7 - [ R P S e i
digestive system, the hands of the handiers, the knife surface and all contact surfaces

O SN . S an . PO - o L ' 0 < s o Y N DT T (R VR ¢
Moryoimyg  ine contamers 1w wiign Lng snt 1” Py die Kept: Dieiegl gt dl. |
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that there was aiower total pacterial counts, nigher solids contents were maintained and

the organoieptic acceptabiiity was more favourabie for wnoie shrimps than opserved for

aeneaaeqa  snrimps.

naturaily occurring enzymes in snrimp

issde. Chneuk et ai. (1

~*

75) opserved that in Penaeid snrimp, the enzyime tivity
was a good indication o t

torage time and temperature. He observed tha
nucieotide catabolism in the snhrimps correl

jated with Joss of freshiness wnen ne compa
the activity of adenosine deaminase and adenosine monopnospnalte deaminase  with
traditional  spoilage parameters such as total volatile nilrogen, total plate count, and

sensory evaiuation. Fatima et ai. J who used other shrimp species reported simiiar

Currently there is increasing consumer concern about the sa
] 1 34 1 1

snrimps  due 1o the nature and level of unsatisfactory handiing procedures  wnen

narvested from fne sea, during processing, storage and marketing stages.

Taking into account that the major hazard in food production 1s microbiological

contamination, the need to adopt the H
concept wnich is alogical, simpie, bul highiy specialized system of food control desi

i a systematic Tasnion for preventing puontic neaitn and other probiems from occurring

G83) and it is a tecnhnique that applies Lo production through consumption.

nis concept is a two-step system requiring extensive technologicai knowledge in the

production, processing and end—use of the specific food products. The first step of the
process 1s to conduct a comprenensive nazard analysis of the food reiative to its intended

end-use, Inciuding  cunsiderations  of raw mdteriais, i'ng'rédier'uts, roie of manipuiative

processes to control hazards, consumer populations at risk, and epidemiological evidence

refative 1o the potentiai safely considerations of the food {(Hudak-Roos and Garrett, 1988).
The second siep of the HACCP process is ine determination of each step of a processing

or distribution  operation; the nazard(s) associated with each step; definition of the

preventive measures that can be achieved at eacn processing step 1o minimize the
cr

ra{s) 1o acceptabie leveis; identification of the iticai controi points where the

&

Naz:

nazard(s) can be controiied; delermination of monitoring procedures, either Dy

observation and/or physical measurement, which can be rejiied on to demonstrate control

a

L

of hazards; and imntiation of necessary verification procedures (inciuding records)

ensure effectiveness of the controls (Hudak—-Roos and Garrett, 13589).
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Another important problem in shrimp management has been insect infestation whnicn has

ten been amajor probiem experienced by cured shrimp processors, many of whom have

’C‘

resorted to appiying household insecticides, or appiying dyes in order to reduce
b L PR, | { S, I T . s am o e e g T s FURSOVISOIRTS, [N Uiy (. FUOR SO e
esitduion aria uamage UUHHQ processing ana storayge. ne rneea o IHLYUdube bdle,
infestation reduction cannot be over—emphasized. Effective
education of processor nas not been enforced as 1o dangers invoived in excposing
Snrimps in excess during nandling, processing  and storage. Unsanitary conditions that
prevaii at processing sites can be evaiuated by bplowfiy activity. Tnese are notorious

carriers of diseases, particutariy the pathogens that cause common diseases in

e ). e L . " L
deveioping couniries e.d. diarrnhoea,

[{e]

ot

microorganisimns such  as Staphyvlococcus aureus and

Enterobacieriaceae and Vibrionaceae, have Deen isoia
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mvoived in the transmission of tapeworin eggs, which they pick uUp when

numan and animal Tasces (Lawson and Gemmell, 13985).

To ensure pilentifui, nigh quali

oy Em ot <y i IR L T s N | O D | R T T ST (R U
Ltne 1004 'HUU Lry, nerice wne need to inves L gate btU!SU, processeqg snrimps cannot ope

over-amphnasized. in this study, tnerefore, the processing and storage tecnnigues use
in the shrimp industry was investigated and related to the microbiological, nutritional
anu sensory characteristics of the stored products.

5



hS

™)

™)

o

.
—t

W

{\)
Ii

Survey of Snrimp Landing and Processing Centres

A survey of major shirimp landing and processing sites in the Voita Region of Ghana

was carried out by means of a questionnaire (Appendix ). The areas surveved

ne questionnaire served as ameans to obt information toidentify major shrimp

processing  areas from wnich  sampling was carried out

£
[

or phnysico-chemicail,

microvioiogical  and sensory analysis.

Photograpns were taken to depict the traditional processing ovens and equipment
RN T DT S e o = SRR 1 L W & S | Y ST, [, I = e L e
usea; meLnous oi b 151 HHp ndrnum!g, SIMOKINY dra d( Yirg; p'd(., gmg Hl(:‘t”()US

” x;.
[

employed; shrimp storage structures and methods of transportation of shrimps to

marke ng centres.

n a2 ) 2. -

Suivey of Shrimp Marketing Centres
iMarket queens in Accra invoived in large scale retailing of shrimps
5 respondents from each marketl was interviewed uUsing

el q’J(;‘bUUflfl

Qo

ire.

4

e markels surveyed and from which samples were. purchased . for faboratory

analysis were:

“« L TN o W e s L e
I tuesady Indrred

tst Deceinber Makola market

3. Agbogbiosnie mar ket
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Sampiing ‘
Snrimp sainpies of the species Fernaeus hotialis
P b o e ] s s =Y g RS T - | >
purcnasea 1rom processing ana lndrKeung centres.
Fresh snrimp sampies were carried in insulated cold-storage container with ice

pak while smoked and sun—dried sampies were placed in labelled sterile

@)}




poivethyviene bags and seaied.

ne sampie ot from the processing and market sites
9]

were randomiy selected. Five sampie groups of the snrimp were ootained from

eacn site in order to determine any quality variations in relation to the different
areas.
The samples were then sent to the laboratory for physico—chemical, microbiologica

shirimps, sun—dried inarine shrimps and smoked fagoon shrimps) were obtained.
Day O storage time was analysed in the laboratory on the day of
¥ 3.

purcnase Trom the processing site to obtain its gyuality characteristics.

sel was stored for 4 months under market and iaboratory conditions to investigate

Ul

abitity and sheif iife of the shrimps.

After the storage period, represeniative sampies of the stored shrimps were then
anaiysed Tor their physical, cnemical, sensory and microbiological - characteristics

to obtain quaiity indices of the sanpies a

ne processing  and markeling centres and the sampies obtained from eacn area

=

Ja:n 20 oo VN -

were as follows:—

Frocessing Centres: Keta {smoked and sun—dried marine sampies)
Aliteti  ( smoked and sun-dried marine sampies )
& wn Koo coo o Sy o | TS PR | s e ¥ ¥ g o8 ..._._'.,.,’ PP |
Antoga  ( smoked and sun—dried marine and

smoked lagoon sampies)
Mar keting Centres: Tuesds i

uesday { smoked marine an u lagoon sampies and sun-
e8)

dried marine samp

o~ 7 b 1 \
Saiaga { - do - )

W 8 B 7 ; )

Vialata { ~ Go = )
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A 1 e ¥ $.. X
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2.4

picrobiotiogical qualitly evaluation

Qe
.

"C.'"

—h

ion Concentration {(pH):

taboratory pH meter PHM 392 (Radiometer Analyticai A/S - Denmark) was

Approximately 5g of shrimp powder was weighed into plastic pH cups

ool e B ol e e v Ke esn T R N o o 21 ¥ o T E o uf 5 el . R iy o g anl o o ik e g e ok 38 e ¥
ana Simi. O Carpon gioxXiae—ireg aistiiied watlter was daadedq, imixeda, ana Iel 1o

stand for 2 minutes before measurements made with the pH meter previousiy
cadibrated using standard buffer soiution of pH 4.01 and 7.00 at 250C.

£

Aerobic Bacieria Counts {(Pour Flate
Ten grammes of shrimp powder was weighed into sterile stomacher bagds. 7o
o S Ry r'\,._ ,, _ i e Bavep do® oo Y o ol ¥ 5 R S .A___‘,.V.. s O e gn ¥ o
Saline Peplone solution was added and macerated.  Serial
ditutions of 107" - 107% were prepared, pipetted into Plate Count Agar and
incubated for 72h at 30oC (Anorn, 19586).
pMouid and Yeast Count:
Employing the Pour Plate Technique, 1.0ml of the 107V dilution of the shrimp
suspension was pipetted into duplicate sterile petri dishes.,  This was pour—
-
E

xtract Agar, mixed and incubated at 250C for 5 days.

trnterobacteriaceae (Coliforms)
imi. of 10 Tand 1072 dilutions of the shrimp suspension were pipetted into
steriie pelri dishes whnere about 5ml of Tryptone. Sova Agar was added and

PR eTe to

procedures compieted according to Anon, 19352a.

e - -

For airect plating outl, streaks were made onto MacConkey agar plates using
t

= -+

he stock snrimp solution. The piates were incubated

~—

N

Stapnylococcus  aureus
A 59 sampie of snrimp powdetr was aseptlically weigned and placed in cooked
tre

meat medium.  O.imi. of the undiluted stock soiution was ansferred to

Baird-Parker’s medium. Tne imoculum was distribute with a sterile angie
bent giass rod and incubated at 370C for 24-48h as per Anon, 1892b.

Vibrio paranaemoiylicus

This was carried out as per Anon, 1982. A

= ]

& - % B deie o8 Sk o S .z -
incupdtleq, streaks were made onto Thiosul

o
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CBS) agar; after wnich biochemical verification tests were carried out.

Saimoneila bacteria was identified by the method of Anon, 1831. Four

eparate steps were carried out invoiving pre-enrichment in buffered

ff‘

peptone water, selective enrichment in Rappaport-Vassiiiadis broth, plating

: §
a
out in Xyijose—iysir deo‘y’choiate agar and confirmation by subculturing and

. Culture tdentification
Smears of growth from the plates were made on ciean slides with sterile ioop.
These were Gram stained and viewed under the microscope to identify the

morpnoiogy  and Gram reaction.

L
Statistical significance of observed differences among means was evaluated

ysis of variance (ANOVA), and the ifeast significant difference test

s
<
E’
5

e

i = s
{

(LSD) was used for comparison of the means (Steel and Torrie, 1980).

Pnysicai and chemical analysis of shrimps

Average weidnit of each shrimp lype was determined on iot sizes of 100 shrimps
whiie the average size was determined by measuring shrimp iength and thickness
5l o % i 5. i o g s A5 s ¥ T T Iz b Y x: -.. _“ —~h LN s 5
using a peari chrome-piated micrometer (Moore and Wright, Sheffield Ltd.,

Engiand).

Proxiinate composition of sampies was determined by standard methods (AOAC,

1984).

Free Tattly acids content of the sarnp!es was  determined using the
chioroform/metnanol  extraction technigue scribed by Bligh and Dyer (7i959).

Sensory Evaiuation

= . S X

A quantitative descripltive sensory analysis was used to assess the sensory qualiLy‘
(VF.

s invoived a detailed descriptive sensory eval

«©
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javour, aroma anda cnewiness of the snrimps, providaed Dy expert
panetiists (Plahar et al., 1891). For each sample, panellists use u

sensory descriptions  at each end of a 10cm 1ong 1ing

'
~
2
(44
~
%
o
E\
o
9 f "

e
in relation to the description of the attribute (Johnson et al., 1888). The distance
the tail end of the line to the mark was used as the numerical score. For each

attripute, the mean score was obtained from several scores,

Colour Deveiopment in the traditional processing of shrimps

To investigate and identify the active principies in three plants (observed during

the survey) used in colour| process, gthyi

&
u‘
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o
<
@
o
c.
o
©]
&
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lcohol extracts o

£
l

o

the plants, namely Aristida sp., FPaspalum vaginatum and

FPhiioxerds vermiciularis — were mad ne etnyvi alconol was evaporated under
vacuum to avoid loss of voiatiie compounds. urther extracted to

..... - - | Y . A - -

eparate two main groups of compounds, the acid/neutral organi
ne o

!f\

or

r+

Sic organic compounds (inciuding alkaloids) using appropriate Soi‘ve’r‘\té. The

J.

XUr

acts were then subjected to Thin Layer Chromatography (T.L.C.).

('E.
gl

identification of insect and larvae in processed shrimps.

Aduits and larvae of insects were coliecied from smoked and dried, shrimps stored
for 4 months under market conditions. Tne aduits of the insects was identified by
employing  full identiTication key as per Peacock (15875) and by the use of a iow-
power microscope to observe ithe distihguishing chatacters.
The larvas forms were distinguished by their hai‘rmeés and dar k coiour.,

‘)
Laboratory Silorage of Shrimps
The shrimps were packed into sterile polyelnyiene ags and piaced in clean sacks.
These were then tied up and placed in polytanks with lids. The set up was tnen

raised off the ground and stored at 25oC for 4 months

—h
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Tabie 1: WNicrobioiogical Quality of Fresn Lagoon Snrimps from Anloga

Site of Coilection Market
oH 6.1
Total viable count/g 2.4X108

[{]
~~
(ad
--h
&

)

(9]

N
|

viould and veast count/

Cofiforms {(in 0.19) D
E. coii (in 0.19) D
S. aureus (in 5.0g) ND
V. parahaemoiyticus (in 2549) ND
Saimonelia (in 25g) ND

Enterobacter, Aeromonas,
Pseudomonas, Acinetobacter,

MICrococcus  and Baciiius sp

ND = not detected
Bacterial count o h{ 4

f the fresh shrimps was high {(2.4X10 8 bact/g) as shown in Table 1 while
0
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Table 2 Micropiological quality of processed marine shrimpes from Anloga, Keta and Atiteti
TOWDN Anlega Keta Atitety
Type of Shrimps Smaoked Sundried Smoked Sundried Smoked sSundried
]
Site of Collection Process | Market Process | Market Process | Market Pracess | tarket Process | Market Process | Mariket
! ing ng ng ing ing ing i
§ T
pH 7.6 7.5 75 7.7 7.6 7.5 7.5 7.4 7.5 7.5 7.4 b7
i
il Total Viable Count/g 7.ax 10% | g.2x 105 1 5.3x 107 | 2.1x10% | 6.4x 103 | 1.2x 104 | 4.8x 102 | 2.7%10% | 47x 102 | 1.2x 107 | 6.8 107 | 7.0x103
! J i
1‘ =3
il Mould & veast <10 3.1% 102 | <10 3,6X 10 10 <10 1.2x 107 | 3.8x 107 | <10 2.8% 102 | <10 1.0x10!
! Count/g (cfu/a)
{
| |
Coliforms (in 0.19) D D ND ND D ND NOD 0 D NO MD i 0
E.coli(1n0.19) MD ND ND ND ND ND ND "o ND ND Mo ND
S. aureus (in 5.09) ND ND ND ND HD ND MD ND MD MO MD ND
V. parahaemolyticus
(1n 25g) MD ND ND ND ND ND ND MO ND MD MO | ND
Salmonella (in 25g) ND ND HD MD ND ND ND ND #D NO MD i ND
QOthers Coryne Bacillus Bacillus Aero- gEntero- Bacillus Entero- Bacilius Entaro- Bacilus gacilius Entero
bacte- Sp., sp. monas bacter bacter Entero- bacter Aspear- tfucor Bacillus
rium Asper- itonila Bacillus Bacillus Bacillus bacter Bacilius g1ius Coryne
Bacillus | gillus R tMonilia, Mucor Coryne Aero- bacte-
sp. isp - Asper- bacte-~ monas raum
Moniha gillus rium Coryne Mucor
Asper- bact.
gius Monilia
| o
D =

Detected

Not detected



Table 3 snows the micr
markets which recc

wiiite the mouic

Table 3. Microbiological quality of smoked lagoon shrimps from Accra markets

Site of Collection Process- Market Centre
ing Site
Place Anloga Tuesday Salaga Malata 31st Dec. Agbogbio
shie
pH 7.1 7.1 7.7 7.6 7.4 7.5
Total viable count/g 8.7x10% 9.0x104 5.1X10° 5.7x10° 9.8Xx104 8.1x10%
. 4 .
Mould & Yeast 2.0x107 4.6x10" 3.8x103 B8.3X10 2.6X102 7.5x103
count/g (cfu/g)
, 1D B o
Coliforms (in 0.1g) ND D ND
HD B B
E. coli ('n 0.1g) ND f1o ND
ND ND
8. aureus (in 5.0g) ND N Ho ND
V. parahaemolyticus ND HD
(in 259) HO HD ) Ho
ND HO
salmonelia (in 25g) }D HD ND L2
Others ; : Racillus
Micrococci .
Bacillus Bacillus Bacillus Micrococci Micrococci e
Corvne- Micrococci Micrococci Monilia Coryne- Honilia
Bacteriam Monilia Coryne- bacterium
Monilia bacterium tionilia
Monitia
D = detected
ND = not detected

—

D




The increase in counts generally as recorded for samples obtained from the
markets as compared with samples from processing sites may be as a result of
f

contamination of the shrimps by exposure to dust and other environmental factors,

due partly to the open air display method during sales and improper handling

- i -

methods. Also packaging of the shirimps during transportation to the markets are
inadequate enough to protect the shrimps from contamination during the long haul

1o the markets.

fagoon ranged between 7.1 to 7.7

i

The pH for smoked sampies from ihe

3.3 Physical and Cnemical characteristics of processed Shrimps
The pnysical characteristics of smoked and sun—dried marine shrimps obtained

from processing and marketing sites at different locations are presented in Tabie

4, The resuits are given as mean T standard deviation for weignt, length and
Rl Lon b poe se e R A o g Ve aka A <t T T . PR e < LR

(MNICKNess. Artnougn nere l‘\ no ‘\W_JHIf!deL 8] err ences petween t!libk]’)ebb va;ueb
for smoked and sun—dried marine snrimps, the smoked sampies were about ten

times neavier than the sun—dried sampies.

o
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Table 4: Fnysical characteristics of processed marine irimps from  different
Processed type Coliection Weight Lengthn Thickness
and Location Centre {(g/100shrimps) (cim) {cm
i
l Smoked shrimps
Keta Processing 89.4 + 24,2 4.5 #4.3 0.23+ 0,05
) Mar ket 80.2x11.2 3.8 a1 .2 0.23+0.05
l Atiteli Processing 1Q7.8%186:5 108515 U447 2015
Mar ket 90,5 £ 8.1 9.8 & .2 0.47 £0.10
' Anloga Processing 66,0 * 9.5 7.8+0.9 0.30 +0.10
: Market 64.2 = 10.8 o3 2140 0.30 £5.70
. Sundried shrimps
) reta Processing 50x 1.0 2.230.10 0.20 =0.05
) Market 4.6 £0.8 2.1 0,15 .15 20.05
' Atitet Processing 7.8 1.5 4.611.9 0.22 $0.08
| Mar ket 8.6 0.6 3.7+0.8 0.27 ¥0.05
i
l Anioga Processing 5.6+ 1.4 2.4+0.6 | 0.30%0.10
: Mar ket 6.7 £ 1.1 2.7 0.7 0.20 2010
. | —— — —— S
l 17




Smoked sampies were also aboul twice as iong as the sun—dried ones. Vaiues

J .A,,.l

08 i 100

1

randed between 64 and Or the simoked shrimps while the sun—-dried

SOrmMps were petween only 4.8 and 00 pieces. The lengths of the smoke

10.3 cm whiie

= . ok gackiae o e e e g ¢ g |
ne sun-dried samples nad

—*

samples ranged between 3.8 cm and

T T I R S a

lengtns ranging between 2.2 cm and 4.6 ¢m. All the shrimps examine

C_
2

a

]
Q
within a range of 0.2 to G.5 cm. An interesting observation was that within each

iocation shrunps saimpied from ithe processing and marketin

«
7
P
(T
o
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a
physical characteristics. There were nowever, interiocation differences, witn

giton

roim Atitelt being heavier, tonger and thicker tnan samples from Anioga

<. Ldo o £

Lagoon snrimps were found to be heavier and lardger in Size ‘u’ran the marine

sampies (Fig.ic). Smoked sampies of lagoon shrimps obtained frurn various markets
in Accra were all from Anfoga and ranged 133 to 161 g/100 si'nr'n‘r‘ups in weignt, 11.4
to 13.5 ¢m in length and apout 0.4-0.5 cim thick (Tabie 5),

Tabie 5 Physical characteristics of smoked lagoon shrimps from Anioga

Centre Weignt Length Thickness
(g/100snrimps) cimy (cm)
Anioga (Processing) 189.5 + 8.1 i2.5 £ 0.9 0.50
Tuesday market 143.2 + 5.2 13.5 £ 1.0 0.50
Salaga market 147.2% 6.2 12.5 £ 0.8 0.50
Maiata market 1680.6 + 8.1 11.8 & 0.8 0.45
3ist Decemuoer market 132.86 £ 8.0 11.6 £ 0.7 0.40
Agbogbioshie market 136.1 £ 9.3 Piad 2 .50

Sampies Trom ithe processing site at Anioga nad similar fengtn and thickness to
sampies from the markeling cenires but were much heavier. The weignt difference

may nave been due to ioss of moisture during nandling and transportation from the

processing site 1o the marketing centre. This observation isempnasized by values

3

for moisture given in Jabile 7; the moisture content of market sampies of smoked

agoon snhrimps was about 2% less than the moisiure content of sampie

e,
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The chnemical composition of smoked and sun—-dried marine snrimps is presented in
Tapie 6.
Tabie 6: Chemical  chnaracteristics  of processed  marine  snrimps  from  different
locations
Processed type and Coliection Moisture | Protein Fat FFA
Location Centre (%) (%) (%) (% oieic)
Smoked SHrimps
Keta Processing 16.2 53.0 3.1 28.4
- mMarket i5.5 52.9 3.1 23.0
Atitel Processing 15.4 53.8 2.8 26.7
Market 15.0 53.9 2.7 21.7
Anloga Processing i17.2 52.1 2.5 22.2 &
Market 18.1 58.7 2.2 23.0
Sundried shrimps
Kela Processing 15.4 50.8 2.4 38.4
Market 15.8 5Z2.4 2.8 35.9
Atiteti Processing 15.4 53.8 4. 26.9
Market 15:2 52.9 4.0 27.0
Anioga Processing 14.0 50.8 2.4 43.2
tMarket 13.9 50.4 2.7 A1:8
Moisture content ranged from 14 1o 18%, protein from 50 to 58.7%, while fat content
s gl R ~ ans R 4 4~ [ £k p o 88 SO S e ] . e <
ranged petween Z.4% ana 4.1%. rree Taity acias content of the sar ipies was quite
nign ranging beitween 22% and as high as 43% (as olei¢). Sun—-dried sampies were
nigner in FrRA content than smoked samples. The process of sun=drying exposed
WY - iy i i o i P _n‘ o s e o £ - S e Y s . Podi T ” pcamorle Mg cae g e ¥
Lne b 1r!mp\ LO More aeiLerniorauon dgue Lo oxigation witn tne resuitant !H(,f ease i
FrA than the smoking process. Aiternatively, the smoking process may have been
PR T R | E 3 o : 1 1 v B S T A | ~ g S ol A : I 5 = B R ey e FW e Moy s o | RN
capabie of expelling some voilatile free fatty acids, as well as stabilizing fat by
deposits  of phnenoiic antioxidants from the wood smoke.  For each iocation of
sampiing, shrimps from the processing sites nad similar chemical characteristics
as the counterparts from the market centres.

«©




Lagoon snhrimps  from the various marketing centres in Accra were not significantly
SO i e ¥ pe N T e P (W WS JEp— ) s e e e S X 7 i A (I ] -
UHrE['SHI N neir enetrcal COMPOStLIon  tranie /)
Table 7: Chemical characteristics of smoked lagoon snrimps from Anioga
Centre roisture Protein Fat FFA
(%) %) (%) (% oleic)
Anioga (Processing) 17.6 57.8 4.6 22.8
Tuesday market 14.5 66.7 3.5 22.2
Salaga mar ket 14.4 67.5 3.6 221
Maiata market i 13.5 67.5 31 21.9
3ist December market 14.0 68.0 3.1 21.9
Agbogbioshie market 14,0 88.3 3.4 22.1
Moisture content was about 14%, protein 68% and Tat 3% with a free fatty acids
e S - el — L AN p ST . Y Lo ol TN SO SR . S B s Lo e ® L - SURTICIN YO I [T
content of about 22% {as Uiei(,,: ine sampie Trom tne processing site was ngher 18]
moisture (17.6%) and fat (4.6%) with a fower protein content (57.6%).
3.4 Sensory characteristics of Processed Shrimps

ool o B nn w ek g e b Hong o S n
Results of uanutative uescripuve

sampied from different

sun—dried Ssampies,

iocations are pr

esented

sensory analysis o

l‘r..,‘.<.<__ 1T Y. (I S
I processeq marine snrimps

v

& for poth smoked and



apie 8: Quantitative descriptive sensory analysis of processed marine shrimps froim

SES. e e o e _ o POyt
different location:

r,,

% T miins ey — L I <, |
Frocessey ’Cy pe SENsSory scores
and iocation Collection ' ) , o
Centre Colour | Aroma | Fiavour Cnewi— | Appear-—
ness ance
Smoked sNrimps
Keta Processing 4.5 8.2 7.0 5.5 3.0
Market 4.0 8.0 6:5 5.0 3.0
Atiteti Processing 4.2 8.0 6.5 5.2 3.2
Market 4.0 8.0 6.0 5:0 3:5
Anioga Processing 2.0 7.0 8.0 8.0 3.0
Market z2.5 4.5 8.5 5.5 3.0
s sl ol sils s dnaaia: i
Dufldf ed snrimps
. Keta FProcessing i) 7.5 4.8 8.0 7.0
Market 8.0 5.0 4.5 8.0 7.0
Atitetl Processing 8.0 6.2 4.5 7.8 7.5
Mar ket 8.0 8.0 4.5 8.0 8.0
Anioga Processing 8.0 5.8 4.8 8.0 75
Market 8.0 5.5 4.5 7.5 7.5
1Scoring system:
Colour 0 = dark brown, 10 = goiden brown
Aroma 0 = off ouour or rancid, 10 = fresh sweetl smelling
o e ~ ~ 2 = -~ i et o = , k
Fiavour U = Ofr1 figavour, U = Lypicai
~1 . ~ Py ¥ s e 1 - o B
Cnewiness = U = tenuer, 2 = Cnewy, 10 = tougdn
Appearance g = duii, i0 = giossy

in general the sun—dried sampies were goiden Drown in coiour and giossy in appearance
while the smoked samples had colour scores ciose 1o dark brown with a reiatively duil
appearance. Apart from the market shrimp sampie from Anioga which nad a slightly off

resh sweet smeliing.  Sun-dried

shrimp sampies nad aroma scores pbetween 5.0 and 7.5 that wouid describe them as neither
rancid nor fresn sweetl smelfing.,  High scores were recorded for the aroma in smoked
marine snrimps, naving values up to 8.2. Tne flavour of the sun—dried sampies nad iower
scores (4,5-4.8) than smoked sampies (6.0-8.5), the description of wni was ciose to




typicaily fresh. Tne sun-dried sampies were bDetween off flavour and typicai, showing
some  appreciable  degree of deterioration in flavour. in terms of the textural

characteristics, all the smoked samples analyzed were found to be cwewy whiie the sun-
dried sampies were all ciose to being tough in texture. High scores were aiso observed
-4.5) for the

smoked snrimps. Chewiness scores for marine sun—dried shrimps were higher (7.5 =8.0)in

7~

marine sun—dried shrimps (8.0-8.5) as compared to (2.

N

T e iy /= AN B b o o 3 R
contrast witn (5.0-6.0) Tor tne smoked sampies.

ne simoked fagoon shrimps had a brighter c<oiour than the smoked marine species

b i [ ~\
{(Tabie 9).
Table 9: Quantitative descriptive sensory analysis of processed lagoon snrimps from
Anioga
Sensory scores!
Centre . L
Colour Aroma Flavour | Chewiness | Appearance
Anloga (Processing) 6.0 3.0 8.7 5.0 8.5
Tuesday market 6.0 8.8 8.8 5.5 8.5
Salaga market 8.5 8.6 3.0 5.0 8.5
Malata mar ket 5.5 5.0 8.8 5.0 8.0
3ist December mar ket 6.0 3.0 8.8 5.5 8.0
Agbogbiosnie mar ket 6,0 8.6 8.0 5.5 8.5
i '
'Scoring system:
Cge TSI 3 ~ Koo 1 i ) N 4 PP > | S .‘ P
Colour : 0 = dark brown, 10 = golden brown
Aroma O = off odour or rancid, 10 = fresh sweet smeiling
ol P . < ~ ¥ 5 S of » g -~ s yuw o
Fiavour : 0 = off tlavour, i0 = typical
~ = & i i E) A
Crnewiness 0 = tenager, 5 = Cnewy, i0 = tough
Appearance O = duli, 10 = giossy

ne larger size of the lagocon species pernaps prevented excessive Drowning

during the smoking process. ne smoked fagoon sampies were aiso giossy in

appearance (8.0-8.5) witn sweetl smeiling aroma (8.5-9.0) and fiavour scores (8.0—

(C;
Q_.

= § - )

resnly smoked Shiimps as indicated in Tabie 3. All the

<]

.0) that were typical of

sinoked lagoon snrimp sampies were chewy in texture.
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Colour Deveilopment of Smoked Shrimps

Three piants, namely Aristida sp., Paspalum vaginatum and Philoxerus vermicularis
Y

(Fig.2) were opserved to be widely used in shrimp processing areas in the Volta

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

si'lr-imps (Penaeus notialis) during tne traditional smoking process. These plants

=]

ne shrimps are exposed to the smoke generated by the burning o
above named plants, either used singly or in combinatiomn.
snrinps absorbing  the smoke and developing the atiractive orange coiour. The
active principle(s) common 1o these plants may be responsibie  for the colour

i, S R S L s Lt o
Jeveiepment 1 ine b YHHP

-

’ AT

nin Layer Chromatograpny (7.L.C.) resuits showed that the acid/neutrai extracts

of the three piants did not contain any compound of interest apart from traces of

chiorophyli. However, the

£
[

green pigment that may be attributed to the presence o

pasic extracts of all the tnree piants examined contained

getected as a dark spot under Uiltra Violet (U.V.) lgnt and aiso reacted with
iodoplatinate  spray reagent to produce a yeliow spot (RT 0.87) with methanoi:

ammonia (100:1.5) as deveioping soivent.

_c

insect Infestation Shrimps

insects were observed to infest the smoked marine shrimps stored in the market
conditions  far in excess of the sampies stored under controiled laboratory

conditions. Fewer insects were observed oh the "urn—d’r‘ied marine shrimps under
botn conditions.  The infestation was caused mainiy Dy a beetie, Dermestes frischii
and its tarvae (Fig.5), while on a smailer scale ants were found 10 cause Ssome
damage as weil. The Dermestes sp. beiong 1o the insect order Coleoptera and
Family Dermestidae. This species were obServed 1o cause considerable
quantitative and qualitative loss to simoked and dried cured shrimps resulting in

..... e

fragmentation.

N
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a. Paspalum

c Philoxerus vermicularis (local name, Soli

- ¥ 3

Fig. 2. Grasses and herb used in colour development of

shrimps during smoking.

N
~

vaginatum (local name Gbekle)

N

al name,Gbeta)k
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Fig. 5. Dorsal view of adult

and larva of Dermestes frischii infesting

stored shrimps.
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dried fish by Dermestes spp. nave
353 ; Amos, 1368; Osuji, 1575; Peacoct

375 and Coombs, 1981) with estimales ranging from negligible up to 50% weight loss,
depending  on lengln « rage, salt content, moisture conlent, climatic conditions, and

general nhygiene during processing  and storage.

initial infestation of the shiriips may have been due to invasion by fiying aduits, whnich

. '.L..

mayv nave laid their eggs on the dried shrimps, this being ennanced by the unavaiiaoiiity
of fly-screens around and over drving racks which may have helped to reduce Dermestes
£ Axﬁ e B U U | . T R SO | I T oo - PO il
mresta UH pressure aurimyg wne ;,)ro(;essmg stayge, ds opserveu UUHHQ JUJE survey WOTrK.

Also, 1t was ovbserved that the use of clean good—quality <sacks during storage
fransport to ine markeling -centres was non—emxtem, as this prac
to siow down rates of immigration th

x -

Dy Dermesies spp. was reduced wnen jule sacks were ifined with polyethyiene anc

c
ek
c
o

S
J, these sacks and paper were dirty and torn to expose the shrimps Tor easier access
ving aduits and crawliing Dermerstes larvae. No polyelhylene bags were used to
e e sacks and paper were reused several times without adeguate
cleaning  so that infestation was found to be initiated by uits or even their
5 Sme teuizs Y S & oo r LI PO -y IS T T~ e e s e Ll - e et 8 . S S
2d4gs UTEbEHt I TISN resigues ert on tne sacks or paper, Or 0Oy 4aquits eimerdging [ rom
pupation chambers in wooden structures. The risk of such infestation may be reduced
vy improved nydiene and by placing the shrimps on raised structures above the ground
as well as treating the wooden structures with a recommended insecticide.
i = ! ) £ 1. 13

| - o - " PR - U m e -, o T g, SRR, N 3 - - e W pmegr: 1y ¥ e g T - 2. R g e e - S "S- - o
ne two COMmonest species uf vermestes sSpp. tnat inrest CUuraq Tisn i warim ciimatites sucn

as in Gnana are 0. maculatus and 0. frischii {Coomps, 98 witn the latter being

associated with marine nese species nave an optimum temperature in

ine range 30-350C and a minimum of 20eC; an equiiibrium relative 'r'uumidity of 30% or

above, with their optimum being about 70% r.n. (Coomps, 1981). Tne prevaiiing ambient

emperatures  experienced in Ghana therefore provides 0. Tfrischii a convenient
snvironment  wilhin the shrimps to proliferate.

The iife cycle which takes aboul 5-7 weeks or ilonger depending on food type and
physical conditions provides an increased popuiation rate of about 30 times per month
{Howe, 1353), under optimum conditions. Thus the Dermestes aduits iy and easily
disperse to new sources of food or sacks of shrimps under storage due to their iarge

nuimper s,

nN)
(89]
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) reduced a portion {(about 5%) of the stored shrimps to

powder and notiow snrimp structures, the inside of wnicn nad peen eaten out over
er

the 4 months storade period. Economic 0SS over a jonger peri
nave peen enormous considering  the numbers of D. frischii observed and thus
shorter periods of storage with intermilttent smoking or drying coupied witn

proper hygiens and nandling  procedures  would nelp to alleviate the rate of

ek

LW 5 i BT s
infestation.
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3.7 Phiysical and Chemicai Characteristics of Processed Shrimps
The initial physical characteristics of smoked and sun—dried marine shrimps as
well as the smoked lagoon sampies prepared for storage are presented in Table 10,
The resulls are given as imean * standard deviation for weignt, ilength and
thickness, Smoked lagoon sampies were larygest in size with the sun—dried marine
sampies being the smailest. Al the samplies were pnysically intact with no initia
insect or visibie mould infestation.
Table 10: Physical characteristics of processed marine and lagoon Shrimps prepared
for storage (Day Q).
[
I o e | oia e T L e ¥ ome gl i - PR P
Processea ityvpe vergnt Lengtn Thickness
{g/1G0 snrimps) {cm) (crm)
-4
Simoked marine snrimps 83.8 = 10.2 4,1 * 1.3 0.22 * 0.0G5
Sur‘rdr-ied marine 48 + 1.0 2.0 * 0.i 0.18 * 0.05
nrimps
Smoked fagoon strimps i41.3 £ 7.4 2.1 & 0.7 0.45 + 0.05

The chemical composition of the sampies is presented in Table 11. The

P
—r
C
pa
(o))
>
T
C
7%,
s

moisture content ranged

initial

from 60 to 80%, while fat content

ranged between 3.3% and 4.0%. Free fatty acids content of the sampies iranded
:

petween 19% and 36% (as oleic). Sun-dried sampies were hig‘ner" in FFA content

than smoked sampies. The process of sun—drying exposed the shrimps to more

deterioration due tooxidation with the resuitant i‘;'xcrease in FFA than the smoking

g

process.  Under poor storage conditions, the FRA \,aluek are expected to inc

39
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Tabie 11: Chemical composition of freshiy processed shrimps under storage study
(0 montn storage)
Sampie Moisture Protein Fat FFA
as\ far\ fary ~r = = o 1
(%) (%) (%) (% oleic)
Smoked marine snrimps 14.0 70.2 3.6 14.1
un—dried marine
o B el ® e s 4=~ —~ s ~ o~ Fo 3l
Shrimps 5.9 62.4 3:3 35.8
Smoked lagoon snrimps 15.0 79.5 4.0 22.8
3.8 Sensory Characteristics of Processed Shirimps

esults of quantitative descriptive sensory analysis of processed marine and

lagoon shrimps are presented in

[ af A o — | o N e o e ¥ o N N v g o o T i i .
1 £1e :Ufl"d( neu \d”lple wdas gordaern prowrn in Coiour anda diossy 1 dappeardance wmie
the simoked marine sampie had colour scores ciose to dark brown with a reiatively

auil appearance. The smoked marine sampie had a sweetl smeiling aroma whiie the
sun—dried marine sampie had aroma scores that would describe it as neither rancid
the sun—dried sampie scored
ne sun—dried sampie' was petween off flavour and
typical, showing some appreciable degree of deterioration in flavour. In terms of

steristics  the smoked marin

«

sampie anaiyzed was found to be

C
chewy while the sun—diied marine sampie was ciose to being toudgh in texture.

Thne smoked lagoon shrimps had a brighter coiour than the smoked marine species

g_.

arger size of the lagoon species perhaps prevented excessive

s L = Lo a

rowning  during  the sSmoking process, ne simoked fagoon sampies were aiso
glossy in appearance with sweet smeiling aroma and Tlavour scores that were
fresniy smoked shrimps. Smoked fagoon shrimp sampies were

De cnewy In texture.
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iz Quantitative descriplive sensory anaiysis of processed marine and iagoon
shrimps under storage study (Day O samples)

| ~ -
{ Sensory  Scores !
ii Processed type
3 Coiour Aroma Flavour Cnewiness Appearance
i
1}3 Smoked marine snrimps 4.5 8.2 7.0 5.5 3.0
{
e R N g, | b g e ¥ o o - - “ -~ -~
Sun=driedg  marine 35 -5 4.8 8.0 7.0
SNrimps
r\.,.>| o ) $ o e s i e Bag i e v L ~ o~ lo By ~ [ ol f
SMOoKed 1agoon sSNriimps o,u (e 190} 8.0 DD 8.5
'Scoring systen:
P Y S ~ )y 1} Koo -~ TIPS, e e | F—
LOIOUT z U = adirKk Orowrn U = gf tgert OWT
Aroma : 0 = off odour or rancid, 10 = fresn sweet smeiiing -
Flavour : 0 = off Tilavour, 10 = typical
Chewiness O = tender, 5 = Chewy, 10 = tough
Appearance - G = aulli, 10 = glossy
~ &Yy s M L e N e w o B - ot v
3.8 Microbiciogical  Quality of Processed Snrimps

; -

The initial microbiological  guality of processed marine and jageon shrimps 1o be

stored for 4 months under market and laboratory conditions is shown in Table 13.
Analvsis showed pH values of 7.8 Tor the smoked marine shrimps and a vaiue of 7.5

.y

for potn the sundried marine and smoked fagoon snrimps

Low bacterial load was recorded for all the sampiss; whereas sun-dried marine

sampie recorded the iowest value of 4.3X10%0orgs/g, the smoked marine sampies had
o s oy - _ . v T . 1.
5.1X10 % orgs/g and smoked lagoon sampies recorded acount of 7.8X10 *orgs/g.

(03}
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Table 13: WMicrobiological Quality of Processed Marine shrimps and Lagoon Shrimps
under Storage Study (Day O samples
Processed type Smoked Sundried Smoked Lagoon
Marine Marine Shrimps Shrimps
Shrimps -
pH 7.6 1.5 V%
Total Viable count/g 5.1X103 4.3X102 7.8X10 % il
Mould & Yeast count/g <10 1.4X10"7 1.8X10 7
(cfu/g) L
Cotiforms (in 0.1g) ND ND D | ‘
E. coii (in 0.1g) ND ND ND
S. aureus (in 5.09) ND ND ND
Salmonella (in 259) ND ND ND | -
I
Others Bacillus Bacillus, Mucor, Cor‘ynebacterium,
Enterobacter Bacillus, Monilia,
MiG roc,uc.c, i
D = Detected R
ND = Not detected

Negligible levels of mould and yeast counts were recorded: especially 'for the smoked
marine shrimps (<10cfu/g) while the sun-dried marine and smoked ilagoor'n shrimps
recorded 1.4X10" and 1.8X10 ' cfu/g respectively. ‘

No coliform organisms were detected in the simoked and sun-=dried marine shrimps while
these organisms detected in 0.1g of the smoked lagoon snrimps were found not to be of
faecal origin. This is an indication that there was no initial contamination of the shrimps

by faecal matter.

No pathogenic microorganisms, namely £. coli, S. aureus or Salmonella were found in any

of the shrimp samples. However, other microorganisms isolated were Bacillus,

Enterobacter, Corynebacterium, Micrococci, Mucor and Monitia sp.
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The chemical composition of the samples is presented in Tdble 15. Moisture
content of all samples increased after storage indicating | "ti‘ﬁat mbr-e numid
conditions prevailed during the period. Protein levels decrea ed by about 5% for
all samples after 4 months storage both in the laboratory and mar ket. Loss of
protein occurred through breakdown to volatile components bU(,h as ammonia the
odour of which was detected in the stored samples. Fat content aiso decr eased on
storage. Significant increases in free fatty acids occurred in b”luked marine and

lagoon shrimps after both laboratory and market storage. In the case of sun—dried

shrimps the results of free fatty acid analysis did not shovﬂany significant
increase over tne initial high leveis. This may mean that the 'raté of fat oxidation

nad reached tnhe termination stage even before storage was star ted At this stage
non-radical products are formed thus no radicals are available for urtner reaction
withh oxygen (Dugan, 1976).

~
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Moisture (%) Protein (%) Fat (%)
T Storage time (months)
Sampie b
O 4 0] 4 0]

Market Storage
Smoked marine
PR (ST V. oY 4=~ =y, ~ ~ % 4 ~ o~ ~ E
SNrmps 14.0 I 7ol 710.2 64.4 3:6 2.9 28.7
o = o e e o o Moo
Sun-daried marine
SNrimps 15.9 18.1 62.4 61.0 3.3 3.0 34.4
Smoked jagoon
SNFImps 15.0 15.4 73.5 T2t 4.0 Zal 24.3
Laboratory Storage
Smoked marine
SNrimps 14.0 i6.8 70.2 B84.4 3.6 2.5
Sun—dried marine
SNrimps 15.9 17.2 62.4 61.0 3.3 2.8
Simoked iagoorn
shrimps 5.0 i38.0 79.5 72.7 4.0 3.8 z
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Effect of Storage on the Sensory Characteristics of Processed Shrimps
e Ve
f

Resuits of quantitative descriptive sensory analysis o

tagoon  shrimps  stored for 4 months under market and |

aboratory storage
conditions are presented in Table 16. in general, samples stored in the taboratory

showed siightly better sensory characteristics than sampies stored in the market.
ter 4 months storage sun-—dried sampies which were dolden brown in colour had
iost their giossy appearance while the smoked marine sample retained an even

duiier appearance. Aroma  scores for smoked fnarine  samples were not too

adverseiy affected on storage compared to the sun—dried marine samples which

2 P -
I

sampies were not signi

§ o s s

other nand became siightly tougher in texture.

The smoked lagoon shrimps siored in the laboratory retained their bright, glossy
- S A (Y [N I aslbses ne ol Foio Ml o mme g s Mooy oo g W IS T SR A‘..A_,.._.. — L caiis
dappearance wnie tnose stored in tne market were paie and dull. Aroma and flavour

scores were not significantty changed on storage.




Table 160 Quantitative descriptive sensory analysis of processed marine and jagoon
snrimps  under storage study (0 and 4 months)
Sensor Y DCOT’E&Q
Sampie
Coiour Aroma Filavour Chewiness  Appearance
Storage time  {(months)
8] 4 O 4 0 4 0 4 §] 4
Market Storage
Smoked marine
SNrimps 4.5 B85 8.2 6.5 7.0 545 5:5 4.5 3.0 1.5
Sun—dried marine ;
SNrimps 8.5 10 75 5.0 4.8 2.0 8.0 3.0 7.0 4,5
Smoked lagoon
SNrMps 6.0 3.0 8.6 6.0 8.0 6.0 3.5 65 8.5 3D
Laboratory
Storage
Smoked marine
shrimps 4.5 4.0 8.2 7.0 7.0 6.0 5.5 4.5 3.0 2.0
Sun-dried marine
SNrimps 8.5 8.0 T:5 5:5 4.8 24D 8.0 9.0: 7.0 5.0
S‘nuoxe {@goon
SNrimps 6.0 5.5 8.8 5.5 8.0 8.5 3.8 6.5 8.5 10
' Scoring system:
Colour 0O = dark browr, 10 = golden brown
Aroma O = off odour or rancid, 10 = Tresh sweet smelting
[ augt W0 PR -~ < . 4 P TR |
Flavour 0 = OfT Tiavour, 10 = typicai
Chewiness i 0 = tender, 5= Ccnewy, 10 = touygn
Appearance 0 = duil, 10 = glossy
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storage on the microbiological quality of processed marine and

The microbiological quaii‘ty characteristics  of smoked and sun—dried marine
snrimps as welil as s ed lagoon snrimps stored for 4 montns in the market and

under laboratory conditions are presented in Table 17.

Compared to microviciogical quality studied before storage (Day O samples), the

= _'_g =

lapboratory stored shrimps had good keeping duality and storage characteristics
e

than those stored under market condition. This may be attrioutable to the

improved storage structure where the shrimps were initially enclosed in sterile

crawiing insects into the shrimps.

Tne pH of ail the market stored sampies were found o decrease while there was no
change in the vaiues for the sampies stored in the laboratory. A strong ammoniacat
odour of the market samples may be responsibie for the iow pH values. Bacterial
count/g increased from initial value of between 4.3X10%and 7.8X10% orgs/g to
between B8.7X10% and 2.4X10°% orgs/g for the market samples as compared to the
negligible increase in values for the sampies stored in the laporatory over the 4

montns period {(Tabie 17). The mould and yeast aiso increased in number after
4 moning for the markel stored sampies from Day O siorage values of between <i0
and 1.8X10 Tcfu/g to belweenn 2.3X107 and 4.6X10°3 c:ru;/g over the storage period.
With the faboratory stored shrimps there was no significant increase in numbers
of mould and yeast organisms from the Day 0 storage values of between <10 and
1.8X10 7 <10 and 3.3%10 'ofu/d.  in the Day O samples. only the smoked

e
lagoon snhrimps nad coliform organisms  detected, dnd this was present in the
ter 4 months sterage period, However, £. coll was not isolated from any

nis indicates that aithougn coliforms were detected, there were

R T sy i s w i el 2 Ko e o g Bl e o W o o o B s S T g
no faecai coiiforms present on the shrimps; inerefore no faecal material was
introduced during handiing and processing of the shrimps. No pathogenic micro—

organisms investigaled such as S. aureus and Salmoneilla were detected in the
snrimps after the 4 monilhs in either the market or laporatory stored sampies.
However, Bacilius sp. were found to be the most prevalent organisms isolated on

the shrimps after the 4 montns storage period. Other organisms identified were
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Not detected

fable 17: Microbiological Quality of Processed Marine and Lagoon Shrimps under Storage Study (0 and 4 montns)
- . - . z
pH Total Viable Count/g Mould and Yeast Coliform E.Coli S, Salmo-~ i
count/g (cfu/g) s (in (in auraus nelia i Others
0.1g) 0.1g) (in 5.09) | (in 25g) !
Storage time (months)
Sample
0 4 0 4 0 4 ) 4 0 4 0 4 0 5 0 4
Market Storage
Smoked marine ,
shrimps 7.5 7.1 5.1x10° 2.4x108 <10 2x102 | np ! no P wp P owp I nD | D 1 oND | ND ! Bacillus | Bacillus
Micro
coceh
Monilia
Sun-dried marine 7.5 7.2 Lax10%8 8.7x10% 1.4x10! B6%10% 1 ND I ND | MO | MD | ND | ND | ND | ND | Bacillus | Mucor,
snrimps ‘ Mucor, Bacillus
! i ! Entero-~ Coryne
H ) hacter bacte~
! P sum
il Smoked iagoon
shrimps 7+ 7.4 ..BX‘IO4 1.6x105 1..8>><‘;01 2.3)(101 D D ND ND MND MD ND ND coryns GCoryns
bacte~ hacte~
rum, rium
Bacillus Monihia
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iMicirococcr, Corynebacterium, HMucor and Monifia sp. Enterobacter sp. which were

d from the sun-dried marine shrimps before Stor'age was not
ter the 4 months storage period. Tnis deveiopment
may e attrioutable 1o the iarge increase in numbers of Bacifllus sp. which may
nave been antagonistic to the Enteropacter sp. thus preventing further growth

S VN 7. = S = PR, . ) s s Yz
and proiiferation of these organisins,

pplications 1o shrimp products

The ideal process flow diagram identified during the study is presented in Fig.tt,
o e e s 4 n P N T sz ¥ o o | 5, 5 ¥ el o 59
L § o [_)I(_)Q&“\b r,g sceendario 1or tne simokeqy ana bUH—drleU

N » N Sy . N - - e [ . e O ST LI <., S | s ! T o -

snrimps.  Althoughn generically, 14 steps have veen identified in the processing of

smoked and sun—dried shrimps, onty 2 of

[ e )

tnese nave been found to be critical in
Acame N o it 2o .. S [, N | gt o TR I TR he g PSRRI o e
refation 1o microbial pathogens., These are:
a8 o
ine

s Smoking and sun-dryving to ensure proper thermal penetration of

T

snrimps and
orage at appropriate temperature and time to prevent . microbiologicai

growtn of pathogenic bacteria and mouids and hence possible toxin

| NS S 14 - S g e i -, Ve oo [ it 7 O T QI Ty LT | PSRN B LGS e _,.-_._ R -
e traqgyuional pruueb OrsS nave oeen ioung to empioy e 14 bLSp XCe p btepb Sy
&9,i1 and 12 pnameiy freshwater rtinsing, inspection, dgrading, weighing and

a

jabelling.,  The processors use seawaler in certain (,d\et\il.() Finse the shrimps but
in the case where theyv do not Tind much sand partictes on the shrimps, no rinsing
is carried out prior to smoking or dryind. ASs for 3r‘nspect_}on procedures, dgrading,

weighing and ifabelling, itis non existence. T'nerefo‘re, baskets of various sizes are

(j‘n

empioved 1o price the snrimps instead of the use o
since japeliing is not done, the length of time that the shrimps are stored are not
known but rather estimated; and sale of stored products is done on demand, at a

- -
i

period of the vear when the shrimps would feich the processor maximum income.

it was therefore observed that the processors tended to store the shrimps ionger
than was necessary and hence the products became degraded especiaily as the

5

nofding temperature of storage was not controtied.
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Fig. 11: Fiow diagram and critical control points in an ideal smoked and dried
Shrimp process,
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1@ Critical Control points for the processed shrimps.

Tabie 18: Critical Control Points for Processed Shrimps
Fiow Diagram Number Critical Tyvpe of Critical Controi
and Step? Controi
Point
-4 (Receiving,unioading, Determination of holding temperature
fresn water rinsing, CCPZ aind time. Personal hygiene of
draining) nandiers/ processors
o £~
o i) &)UH(J( VIHQ d.HU
SMOKING) CCP1 Sanitation of equipment
7-10  (Cooling, inspection, Temperature; personal hygiene of
grading, packing) CCP2Z nandiers/processors;  equipment
| sanitation
11-13 (Weighing, labeiiing, Personal hygiene; determination of
storing) CCPZ storage temperature and time; .
microbiological  limits for shrimps.
14 {(Transportation) CCP1 Temperature, contamination

2 From Figure 11.

Smoking, sundrying, and transportation have been ciassified as the most important

critical controi point (CCP) for this product and nas been classified as CCP1 as this
;
has been observed as steps that can ensure control of a hazard., CCP2 nhas been

~

identified as the steps that minimize a hazard., Prevention of recontamination of
shrimps after smoking or drying may aiso be considered as.a critical controi point.
Although  the HACCP concept is the bestl for controlling microbial hazards in
shrimps from nharvest to the consumption stage in the food service industry

without the sducation of non professional food nandiers, this svstem may not
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Generaiiy, sampies of cured Penaeus notralis Trom processing sites nad lower fevels
of bacterial and mould contamination as well as moisture content than those

ovtlained Trom the markets,

Temperature and time management in storage of the shrimps heip to maintain its
sical and chemical characteristics.  However, improper or unnygienic nandiing

&

d
resulls in spoilage by microorganisms  and infestation by Dermestes TFischil aduils

it 15 recommended that insect or fiy-screens be constructed around - and over
t

drying racks to reduce Cermestes infestalion pressure during processing. in
ac "'mon, du‘r*i’ng storade and transpori, the use of poiyeihylene bags toiine clean™
5 3 immigr v of Dermestes spp. and

ther insects fike ants. Also cross—infestation may be reduced by the avoidance

of reusing sucn packa

'3.
C
e
ﬁ
r‘P
E’.

Since the life cycie of Dermestes frischii takes about 5-7 weeks, it is recommended

storage should be programmed sucn that intermittently  light smoking or
drying of the shrimps, coupied with preper hygienic and handling procedures pe

carried oul to destroy any potential pest.

There snould aigo De Government controlied inspechion system and regulatory
seafood surveillance programmes by trained personnei, aimed towards consumer

T2 g
[

nis system must involve shoreline sanitary surveys, patrol of narvest

and processing areas, plant inspection and product evaiuation.
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APPENDIX I - QUESTIONNAIRE FOR POST-HARVEST MANAGEMENT OF SHRIMPS

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

Biodata Questionnaire No.

Date:

Location:

1.

2.

~J

Name of respondent:

Sex:

Age:

Marital status: Married/widowed/divorced/single
Number of children:

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

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

54




QUESTIONNAIRE FOR SHRIMP SURVEY

Harvesting of Shrimps

10

How long have you been in the shrimp industry ?

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

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

Do you wash the shrimps after harvesting ?

How many bumper seasons are there for shrimp harvesting (state
months) ?.

Do you prefer shrimp harvesting to fishing ? Give reasons.
Do you belong to a shrimp cooperative group ?

What do you do to protect the shrimps from flies ?

Shrimp Processing

9.

10.

11.

Do you process a) immediately after landing 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 ? :

Do you keep left-over shrimps for processing the following day
in any particular cold storage condition ?

How do you compare shrimp processing to fish processing ?
a) Lucrative

b) Tedious

c) Expensive

d) Time-wasting

e) Other




13.

16.

17.

18.

How do you process your shrimps ?

a) Drying
b) Smoking
c) Other (specify)

............................................................
............................................................
.............................................................
.............................................................

........................................

Do you dry the shrimps before processing ?
Yes
No

For how long do you dry it ?

————— hour/hours
~~~~~~ day/days

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

Do you salt the shrimps before processing ?
Yes (give reasons why) --——-—-—-—-—cmmmmm e

No (give reasons why) —-——v-emmmmmmmm e e e
What traditional ovens do you use in smoking'shrimps ?

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

. What improvements in processing and equipment would you like to

see for a better quality product and higher yield?
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2.1

22 .

Do you add colour to the shrimps before processing to attract
customers/consumers ?

Yes No
If answer to Q.21 is Yes,
a) What colour do you use ?

b) How do you go about colouring it ?

Storage of Shrimps

23.

24

2 5.

26.

27 .

28..

29"

30.

How do you store fresh shrimps before sale ?

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

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)

Do you mix local spices to ward off insects on the stored
products ?

Yes

No

What do you do to prevent insects and moulds on thefstored
shrimps ? f

Do you intermittently dry the shrimps ?
Yes
No

If Yes, how ?

...............................................
............................................................
............................................................
............................................................

.............................................................

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 B 2, 35 4 5, 6, 7, 8, 9, 10, 13, 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 DACKAPIDE USEA s s « s s 5 5 % 5605 v s 55 s o w5 68w ma s @6 s85 88556

............................................................
............................................................

............................................................
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39,

40 .

41.

42,

43 .

Do the shrimps get disfigured on reaching the market ?
Yes
No

If Q.39 is Yes, does it lead to low profit margins after sales
Yes

No
What factors do you use to price the shrimps ?

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

Do you intend to export your products or do you aim only for
the local markets ?
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APPENDIX II - IDENTIFICATION CHARACTERS FOR ADULTS OF THE SPECIES

OF Dermestes

RECORDED FROM CURED FISH.

Recognition characters Dermestes species (see Footnote)‘
ma. | fr. | ca. | 1a. | at. | ha. | pe.
Each side of thorax with a broad band of dense whitish hairs ][Yes Yes | Yes No; No | No | No
Extreme tip of each elytron (on the mid-line) with a sharp Yes| No | No | No. | No | No | No
backwardly-pointing tooth i
Underside of abdomen mainly white with black spots at the sides || Yes | Yes | No No No | No No
and a larger black patch at the 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 the tip of the last segment
Underside of 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 and on both sides of the mid-line ;
Uncerside of abdomen reddish-brown with yellowish hairs No | No No No | ho | Yes | Yes
Elytra evenly dark brown or black (hairs mostly black with some || Yes | Yes | No | No | Yes Yes | Yes
whitish or yellowish, or hairs mostly fine and yellowish)
Elvtra with front half reddish-brown and back half dark brown; No | No | Yes| No | No | No | No
hairs mainly black with small patches of white, but with a band
of golden Hairs nmear the front of the elytra
Elytra with front half clothed in yellowish hairs, except for a No Nio No | Yes !_ No No No
dark patch at each shoulder and three pairs of dark spots '
across the middle; back 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 pn elytra fine and short, not forming a fringe on the - = = = - |-No qu
back edges of the elytra; these hairs mainly pale yellowish S I
* Dermestes species: ma. = maculatus; fr. = frischii; ca. = carnivorus; la. = lardarius:'®
at. = ater; ha. = haemorrhoidalis; pe. = peruvianus ' :
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