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ABSTRACT KEYWORDS
Elephant grass (EG) shoots can make useful contribution in human nutri- Acharg;
tion. Nutrient-rich EG (1.0 g protein, 0.12% Ca, 0.07% P, 182-221 ng /g Canning;
carotene, 195-260 ng/g a-tocopherol) is distributed in tropical countries Packing medium;
such as Africa, South America, southern United States, Puerto Rico and Quality.

Philippines. Tender EG shoots are predominantly utilized fresh and this
limits its availability and shelf-life. This study examined the sensory and
storage characteristics of EG cuts preserved in two media. Blanched EG
cutspackedin 1% (w/v) citric acid or NaCl were vacuum-sealed in 300 x 208
enamel cans, heat-processed in a vertical retort for 15, 20, 25, 30 min at
115.6°C and stored for 0-3 months. Sensory and microbial properties of
canned EG cuts were evaluated monthly for 3 months using standard pro-
tocols and its optimum processing conditions (20 min, 115.6°C, 1% (w/v)
citric acid, 300 x 208 can size) were established. After 3 months shelf stor-
age, evidence from microbial assay of canned EG cuts showed no growth
inthe citric acid-packed sampleswhile NaCl-packed cuts had some micro-
bial growth inadecreasing trend as heating timeincreased. Sensory scores
(6-point scale) of optimally processed canned EG cuts stored for 3 months
showed that cuts packed in citric acid medium had higher sensory scores
(colour: 4.69, aroma: 4.14, appearance: 4.63, taste: 3.46, texture: 4.14, accept-
ability: 4.31) than NaCl-packed cuts(colour: 2.63, aroma: 3.17, appearance:
2.57, taste: 5.00, texture: 5.00, acceptability: 2.97) except for taste and tex-
ture. This indicates consumer acceptability and good storage quality for
citric acid-packed cuts which retained most of its sensory qualities after 3
months. Effectively preserved and stored EG shoots can serve as a shelf-
stableveggie product in mal nutrition i ntervention programsfor target popu-
lations. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION heet processing sufficiently to enablestoring thefood at

norma hometemperaturesYl. Vegetables, sometoma-

Canned vegetablesrepresent thelargest segment  toes, figures, al mests, fish, mushrooms, seafoods, and

of the canningindustry. Canningisamethod of pre- somedairy foodsarelow-acid. Theacidity measure of
sarvingfoodinair-tight vacuum-sealed containersand  afood that differentiateslow-acid (pressure canning)
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from high-acid (boiling water canning) ispH 4.6123.
Abovethisinvisiblefence, low-acid foodsmust bepro-
cessed at temperatures of 240°-250°F™ to ensurethat
anaerobic pathogens (e.g. Clostridium botulinum
spores) do not grow!. Thistemperaturerange usudly
dictates heating under pressure subsequent tofillingand
sedlingin hermetic packages.

Canned vegetables can be classified as canned
productsin sdt brine, tomato juice or invegetableoil™.
They provideavariety of vitamins, minerals, fibreand
arelow infat. USDA nutritionistsrecommend 3to 5
servingsfrom the vegetabl e group each day and count
asaserving % cup cooked vegetable or % cup veg-
etablejuice®. Vegetables are normally blanched be-
fore being packed into cansto (a) remove gas from
tissuesof theraw materid; (b) shrink thismaterid; and
(c) inhibit enzymatic reactions, whichif not checked,
will adversdly affect thecol our and nutritivevaueof the
food. Onestudy™® on somequdity parametersof canned
mushroom (colour, weight and grade) using different
blanching timesand two brines (with and without ascor-
bic acid) indicated that blanching improved the colour
of the mushroom and decreased lossesin itsweight
and grade. In another report!”, green asparagus spears
blanched for ashort or long period by steam, water or
microwaveintwo different sysemsshowed that spears
withsimilar or higher shear forcevaluesandlower vita-
min C were obtained by microwave blanching than by
steam or water.

Achara(Pennisetum purpureum) commonly known
as elephant grass belongs to the grass family of
graminead®. Itisgrown mainly for thestemsand leaves
—portions eaten by animals. The fleshy stems are eaten
by humans, and are made up of very tender layers of
ped swhich aregreenish-whitein colour. Thedegree of
tendernessincreasesasthelayersareremoved. At op-
timum maturity, thestemsare cut by handand heldin
bundles. Pennisetum purpureum, widely availablein
tropical Africaand most countries?, isatall, clumped
perennial of 3-5min height propagated by stem cut-
tings of 3-4 nodes*?. One hundred gramsof fresh el-
ephant grasscontains77.8 gwater, 1.0gprotein, 0.5g
fat, 17.6 g total carbohydrate, 3.1 g ash, 0.12% Ca,
0.07% B, 182-221 nug/g carotene and 195-260 pg/g
a-tocopherol®. Themain free sugarsin € ephant grass
areglucose, sucrose and fructose, with fructose con-
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tent dwayshigher than glucosg™. Acharacuts, predomi-
nantly consumedinitsfreshform, areusedin soupsand
salads— dishes valued as nutritious delicacies by most
consumers. Despitetheuse of fresh acharashootsasa
nutrient-rich food resourcein south eastern Nigeriafor
generations (especialy asaremedy for micronutrient
deficiency in consumers), thereisno report onitspres-
ervation or the effect of processing conditions (e.g. can-
ning process) on the chemical, sensory and microbial

quality of acharacuts. Thereforethisstudy amsto (a)

examinetheinfluenceof heating timeand packing me-
dium onthequality of canned acharacuits, (b) establish
optimum canning conditionsfor the vegetable, and (c)

provide pertinent informationonitschemical, microbia

and sensory qualities. The canning processturned the
highly perishableacharacutsinto asafe, nutrient-dense,

well-preserved and easy-to-handl e vegetabl e product.

Acharashootsarehighinmoistureand bland in taste,

and will not affect theflavour of foodswhen used asan
ingredient. Thisreport highlightsthe potentiasof achara
cutsasahigh quality canned vegetable product which
can meet thenutritional needsof some consumers.

MATERIALSAND METHODS

Sour ce of materialsand sample preparation:

All chemicas(NaCl, CaCO,, KCI,HNO,, citricacid
powder, H,O,, crysta violet stain, iodinesol ution, acetone-
acohol solution, neutra red) used were certified reagent
grade (Fisher Scientific Co., Fairlawvn, NJ, USA).

Raw materialspreparation:

Fresh, edible achara shoots were purchased in
batchesfromamarket in Umuahia, Nigeria. Samples
collected from each batch were thoroughly washed and
peeled manually to carefully removethetough, wild
pedls. Thefleshy, tender acharacutsof desired lengths
(about 1-2 cm) were obtained manualy from the peced
shoots.

Packing medium:

Two packing mediaA (10g citric acid/1000 mL tap
water) or S(10g NaCl/1000 mL tap water) were used
inthisstudy. The use of tap water was considered ap-
propriate sincethisisthe conventional water usedin
most commercia food productions.
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Canningof acharaand experimental design

Acharabatches used for canning were randomly
dividedintofour samplelots. Each samplelot waspro-
cessed under four conditions (salt brine; citricacid so-
lution; water; fresh sample served ascontrol) and each
treatment wasreplicated 3 times. Theexperiment was
conducted intwo stages. In stage one, aseries of ex-
periments were conducted to produce canned achara
cutsand characterize the vegetable product in terms of
itssensory, microbid and chemicd properties. Thestudy
examined 3fixedand 2 variablefactors. The2 variable
factorsin 8 experimentsinclude heatingtime (15, 20,
25, 30 min) and packing medium (brine, citricacid so-
[ution) whilethe 3 fixed factorsinclude can size 300 x
208 (3 inch diameter x 2 %2 inch height), processing
temperature (115.6°C) and packing medium concen-
tration (1%, w/v). Because acharaisalow acid food
with pH>5.0 and very high water activity, itssteriliza-
tion wasperformed at 115.6°C (240°F) to ensure the
destruction of C. botulinum and its spores. USDAM
stipulated that the canning temperaturesfor low acid
vegetables, meat and poultry in apressure canner are
240°-250°F. A combination of acceptable quality char-
acterigtics(e.g. microbid load, sensory score, packing
medium, heating time) was used to determinethe opti-
mum conditionsfor canning acharacuts. In stagetwo,
experimentswerecarried out to verify theoptimum pro-
cessing conditions (115.6°C, 1% (w/v) citric acid, 20
min, 300 x 208 can size) for canned achara cuts ob-
tained in stage one(i.e. confirmatory testswere per-
formed at these optimum conditions). Achara cuts
canned in water without storage and fresh achara
samplesserved ascontrol.

For the canning operation, respective sample por-
tion was blanched in hot water for 2-3 min at boiling
water temperature (>100°C) and the hot-blanch water
decanted. Therespective packing medium (brineor cit-
ric acid solution) was heated to boil. The blanched
acharacutswerefilled into thoroughly washed and stex-
ilized 300 x 208 canswhile each heated packing me-
dium was poured separately into therespectivefilled
cans, and quickly sealedin ahand sealer (model 23H;
Dixie Canner Co.,Athens, GA, USA). Theseded cans
wereimmediately stevilized inastainlesssted vertical
retort (model 921; All American Pressure Canners,
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Hillsville, VA, USA) for 15 minat 115.6°C (240°F).
Theremaining samplelotswere processed asdescribed
abovebut at different times: 20, 25, 30 min. At theend
of each operation, the cans were cooled in cold tap
water, hand-dried, labelled and stacked for storage.
This operation was conducted in batchesand achara
cutscannedin brineor citric acid solution were stored
for 1, 2, 3 months prior to respective quality assess-
ment. All experimental parameter measurementswere
doneintriplicates.

Chemical assessment

All measurements were donein triplicates. The
Officia Methods of Analysis'? was used to determine
theproximateand minera (Ca, Na, K) composition of
canned acharacuts. Carbohydrate was determined by
difference (by subtracting the other valuesfrom 100).
Energy was cal culated from proximate composition
according to standard method™34,

For minerd content: thestandard curvesfor thethree
minerals (Figure 1) were calibrated by using various
concentrations of standard CaCO,, NaCl and KCl
solutions. Exactly 0.62g CaCO, powder, 0.32g NaCl
and 0.48g K Cl powder were separatdly dissolved, first
in12.5mL 1N HCI and later in 500 mL deionised wa-
terin separate 500 mL volumetricflasks Fina dilutions
containing 0.2, 0.4, 0.6, 0.8 and 1.0 ug/mL CaCO,
and NaCl were prepared separately by pipetting 1, 2,
3,4 and 5 mL, respectively, of theworking solution
with 5individua 50 mL volumetricflasks. Final dilu-
tionscontaining 0.4, 0.8, 1.2, 1.6 and 2.0 ng/mL KCl
were prepared by pipetting 2, 4, 6, 8and 10 mL, re-
spectively, of theworking solutioninto 5individua 50
mL volumetric flasks. The contents of theflaskswere
made up to volumewith deionised water. Each sample
dilution wasread against ablank in aSherwood flame
photometer, model 410 (Sherwood Scientific Ltd.,
Watford Herts, UK). The percent absorbance obtained
was used to obtai n the standard curvesshown in Fig-
urel.

Exactly 0.5g of finely-ground oven dried sample
wasweighed into acrucible; thenit wasignitedina
mufflefurnacefor 6-8 hr (or overnight) at 450-500°C
to obtain greyish ashes. It wascooledand 5mL of 1N
HNO, solution were added and evaporated to dryness
on a steam bath or hot plate (at low heat in afume
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chamber). The sample was returned to the furnace,
hested at 400°C for 10-15 min until a white or greyish-
white ash was produced and cooled. Exactly 100 mL
of 1N HCI were added and filtered intoa50 mL volu-
metricflask. Thefilter paper and cruciblewerefurther
washed with 0.1 N HCI to make up to mark. The ab-
sorbance of the sampleswas read using aflame pho-
tometer. The sodium, potassium and cal cium concen-
trationswere cd culated from the standard curves (Fig-
urel).

Microbial assay
Microbid examination of thecanned acharasamples

120 1

100

oK
O Na
A Ca

Abhsorbance (%)

0 0.4 0.8 1.2 1.6 2 2.4

Concentrations (pg/mL)

Figure 1 — Standard calibration curves for potassium, sodium
and calcium

was performed after 3 months of storageusing the pro-
tocols devel oped by theAPHAS and AOACH2,

Platecount method:

Aerobic place counts (A PC) were made by inocu-
|ating poured-platesof nutrient agar (using aseptictech-
nique) with 0.01 mL inoculumfromthepackingmedia A
Serilewird oopwasused todigtributetheinoculumevenly
over themedium surface. The plateswereincubated at
37°C for 24 hr (overnight). The colonies were counted
withthead of aLa caDarkfid d Quebec Colony counter,
model RE-3325 (Fisher Scientific Inc., Epsom, UK).
Thetotd count wasca culated asfollows:

Tota count = colonies counted x 1/amount plated
=count/g
Gram gtaining:

A thinfilm of adistinct colony was prepared by
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smearing it onthe didewith adrop of delonised water.
The smear wasdried and fixed using aflame, and the
didewasflooded with crystal violet strainand alowed
tostand for 10 sec. The stain waswashed off withio-
dine solution which was applied for 10 sec; thiswas
rinsed off with running cold water and the remaining
stain was decol ouri zed with acetone-al cohol solution.
Thiswas counter stained with neutral red for 10 sec,
and then rinsed off with water and dried between sheets
of blotting paper. The didewasthen viewed under a
CX21 compound microscope (Olympus UK Ltd.,
London, UK). Thegram positive cellsstained purple
by theviol et-iodine combination whilethegram nega
tivecellsstained red by theneutra red.

Identification tests:

Two confirmatory testswere performed asfollows:
1) Coagulasetest: Withtheaid of awireloop, athinfilm
of thedistinct colony was prepared by smearingitona
cleanglassdidewithadrop of seriledeionised water to
form an emulsion. A drop of human plasma (Baxter
HedthcareLtd., Liverpool, UK) wasadded and further
smeared or emulsified. It wasobserved for agglutination
asthe presence of agglutination would be positivefor
Staphylococcusaureus. 2) Catalasetest: A drop of hy-
drogen peroxide (H,O,) wasput on acleanglassslide
and thetest organismwaspicked upwithawird oopand
dropped into theH,O,. The presence of bubblesshows
apositivereaction for Staphyl ococcusaureus.

Sensory evaluation

Therespective canned acharasamples (4 cans/soup)
were used to prepare separate achara soup (achara
cutsarepredominantly usedin soups). Each acharasoup
was scored by a 35-member untrained panel for at-
tributesof colour, taste, texture, aroma, appearance and
overall acceptability using a6-point scalewhere6 =
excellent, 5=good, 4 = satisfactory, 3=fair, 2= poor,
and 1= unacceptable. Analysisof variancewas subse-
quently performed on the datd®l.

RESULTS

Nutrient composition of canned achara

The nutrient components of canned acharaare pre-
sentedinTABLE 1. Theprotein content of thesamplesdid
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not show any trend and did not vary very much a different
hesting times. Theresultsshowed atrendinfat content of
thecanned acharacutspackedintwo different media, cuts
packedincitric acid solution (2.88%) had higher average
fat content thanthosepackedin brine(1.70%). Alsoshown
iInTABLE listheaveragecarbohydrate content of brine-
packed (12.1%) and citric acid-packed (13.62%) cuts.
Freshacharacutshad higher carbohydratecontent (15.38%)
than canned cuts. Theaverage energy content of canned
acharapackedinbrineand dtricacid solutionis3.19and
3.95kIJgsample, respectively (TABLE 1). Ash content of
thecanned vegetabl e product varied among packingmedia
with samplespackedin brine(4.88%) higher in ash than
thosepackedinditricacid solution (2.78%).

Microbial profileof canned achara

Total aerobic plate count (APC) of canned achara
cuts is presented in TABLE 2. Results showed no
growth in thecitric acid-packed samples, confirming
the bactericidal efficacy of citric acid. Brine-packed
canned acharacuts had microbia growth and thedata
had adecreas ng trend asthe processing timeincreased.

Sensory characteristicsof canned achara

The mean scores of sensory attributes of canned
acharacutsarepresented in TABLE 3. Theresultsshow
that citric acid-packed achara cuts are quite accept-
able. The colour, aroma, appearance and overall ac-
ceptability of the vegetable product did not differ sig-
nificantly (P<0.05) between heating time (15, 20, 25,
30 min) and storagetime (1, 2, 3 months) except for
thearoma (3.06) and acceptability (3.74) of 25 min-
processed samples stored for 3 months. In contrast,
the colour, aroma, appearance and overall acceptabil-
ity of brine-packed samples differed significantly
(P<0.05) between heating and storagetimesand did
not follow any trend.

Optimum processing conditionsfor canned achara

Usngthedatashownin TABLES 1-4, an optimum
processing conditionsfor canned acharacutswas de-
veloped. Heating time: 20 min; Processing tempera-
ture: 115.6°C; Packing medium: 1% (w/v) citric acid
solution; and Cansize: 300 x 208 (3inch diameter x 2
Y5 inch height).

Natural Products
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TABLE 1: Composition of canned (115.6°C, 20 min) achara cuts
after 3 months of storage (%)°

Packing medium

Component  Fresh achara® Salt Citricacid
Moisture 73.00+141 7850+1.63 77.50+0.71
Protein 3.72+0.14 3284044 346+0.14
Ether extract 3.90+0.28 150+£039 3.65+£0.28
Ash 4.00+£0.14 515+014 230+042
Carbohydrate* 15.38+0.54 11.57+0.76 13.09+0.04
Energy (kJ/g) 4.67+0.03 3.05+£017 4.15+028
K (mg/g) ND 10.00£0.71 27.00+0.71
Na (mg/g) ND 28.00+0.71 14.00+ 0.66
Ca(mg/g) ND 0.08+0.03 0.08+0.02

®Mean + SD; *By difference; ND = Not determined.

TABLE 2 : Total plate counts (bacteria) of canned achara cuts
processed at 115.6°C after 3 months of storage: Effects of pack-

ing medium.

Packing medium-Heating time : EAPC/g
(min) Colonies sample
A-15 0 0
A-20 0 0
A-25 0 0
A-30 0 0
S15 ++ + TNTC
S-20 43 4300
S25 5 500
S-30 1 100

A = Citric acid solution; S = Brine; Dilution = 1:100
EAPC = Estimated aerobic plate count; TNTC = Too humerous
to count

TABLE 3: Mean scores of sensory properties of canned achara
cuts processed at 115.6°C: Effects of heating time, packing me-
dium and storage time.

Colour Aroma Appearance  Acceptability

Stor age time (months)

M-H 1 2 3 1 2 3 1 2 3 1 2 3
A-15 4.37 406 451 449 423 429 4.31 400 4.46 4.17 4.17 4.29
A-20 4.03 457 4.69 4.17 4.49 4.14 3.97 451 463 4.11 457 431
A-25 4.23 440 406 451 4.34 3.06 4.17 4.34 400 4.17 4.66 3.74
A-30 4.20 4.49 4.34 431 4.26 4.09 4.14 443 4.29 4.26 4.43 411
S15 223 5.09 454 351 4.63 4.14 2.20 503 4.49 257 491 4.29
S20 4.69 2.77 2.63 4.37 3.54 3.17 4.60 2.72 257 4.46 3.17 2.97
S25 2.60 3.43 3.29 3.46 3.31 3.66 2.54 3.37 3.29 2.74 3.46 3.60
S-30 229 346 4.23 3.34 3.34 3.83 2.26 3.40 4.17 2.49 3.43 4.00
M-H = Packing medium-Heating time (min); A = Citric acid
solution; S = Brine

Scores: 1= unacceptable; 2 =poor; 3=fair; 4 = satisfactory; 5=
good; 6 = excellent
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TABLE 4 : Mean scores of sensory properties of achara cuts
canned under optimum conditions (20 min, 1% (w/v) citric acid
solution, 115.6°C, 300 x 208 can size) after 3 months of storage.

Packing medium Taste* Texture*  Acceptability*
Acid-packed 346°+021 4.14°+021 357°+0.14
Brine-packed 5.00°+0.26 5.00°+0.16 4.97°+0.23
Water-packed**  5.34°+0.14 5.40°+0.18 5.49°+0.16

*Mean + SD. For a given parameter (taste, texture, acceptabil-
ity), column values with different superscripts are significantly
different (P<0.05); ** Samples were not stored for 3 monthsand
served as control.

DISCUSSION

Nutrient composition of canned achara

Theprotein content values(TABLE 1) indicatethat
higher heating timeexamined in thisstudy (up to 30
min) was not detrimental to the protein content of
canned acharacuts. Thisfindingissimilar to earlier re-
portgt”18 which stated that proteins (plusfat and car-
bohydrates) are not significantly affected by canning.
Another study on canned potato, carrot and green beans
(retort temperature: 110, 120, 130°C) showed that
higher temperatures produced vegetableswith better
retention of texture and desirable colour*®. However,
the packing medium affected theresultssince samples
packed in brine (3.13%) had lower average protein
content than those packed in citric acid medium
(3.48%). Thiscould bedueto thefact that salt (brine)
solubilized someof theproteininthe vegetable product
and madeit moreavailableintheliquid portionthanin
theacharacuts. Theprotein content washardly affected
by canning sincetheresult wasfor theacharacutsaone
and did not includethe packing medium. However, the
results of this study were higher than that of Duke®
which showed that the protel n content of fresh el ephant
grasswas 1.0%. Oneexplanation for thedifferencein
the results could be attributed to the species and ge-
netic make-up of theacharacuts.

Higher fat content of acharacuts(TABLE 1) packed
inditricacid solution suggeststhat salt may havediluted
thefat inthe brine-packed acharacuts, thusloweringit.
Our result onfresh acharacuts (3.9%fat) ishigher than
that reported by Duke® for fresh e ephant grass (0.5%
fat). Thismay be dueto thetypeof cut or speciesof the
elephant grass. Percent carbohydrate (CHO) data
showed that fresh acharacutshad higher CHO content
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than canned cuts. Itis practical that some soluble CHO
inthe canned sampl es solubilized in the packing me-
dium, indicating that canning wasnot detrimenta tothe
carbohydrate content. The presence of salt (NaCl) in
the brine accounted for the observed higher ash con-
tent of canned acharacuts packed in brine. Analysis of
theash content (TABLE 1) showed that canned achara
cuts are good sources of mineralssuch as potassium
(K), sodium (Na), and calcium (Ca). On the average,
samplespackedincitric acid (26 mg/g) werehigher in
potassium (K) than those packed in brine (11.5 mg/g).
However, brine-packed (19 mg/g) sampleshad higher
sodium (Na) content than citric acid-packed (11.3 mg/
g) samples, thereason being the sdt inthebrine. Pack-
ing medium did not ater the calcium content of the
canned vegetablesamples. Overdl, canned acharacuts
packed in citric acid solution had higher nutrient com-
position than those packed in brine, except for ashand
sodium content. Obvioudy, thesdt inthebrineexplains
the higher ash and sodium content of samples packed
in brine. Generally, the datademonstrated that fresh
acharacuts had dlightly higher nutrient content than
canned samples. Itisknown that oncevegetablesare
harvested, deterioration of qudity (nutritiona, organo-
leptic and biol ogical) takes place dueto the activity of

theenzymesystems.
Microbial profileof canned achara

Total aerobic plate count (APC) of canned achara
cutsispresentedin TABLE 2. APC indicatesthelevel
of microorganismsin aproduct?”. For instance, APC
of fish andfishery products generally do not relate to
food safety hazards, but sometimes can be useful to
indicatequdity, shelf lifeand post hegt-processing con-
tamination. Fresh fish and fishery productsoften have
an APC of 10*10%g, although there are exampl es of
seafoodswith an APC of 10°-108/g without objection-
ablequality changes?!. Thebactericidal effect of citric
acidwasevident intheresultssincetherewasno growth
inthecitric acid-packed samples (TABLE 2). Inare-
view on the mechanisms of microbia inactivation of
chelators, Brul and Coote? reported that citric acid
inhibitsgrowth of gram-negativebacteria(e.g. C. botu-
linum) duetoitsCa?* chelating activity. Effect of chelat-
ing agentson theouter membraneof gram-negetivebac-
teriahad been discussed®. In addition, citricacid acts
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by lowering the pH of product, thereby inhibiting mi-
crobial growth and spoilage. These properties com-
bined with heat processing explain why citric acid-
packed acharacuts had no microbia growths.

Microbid growth occurred in brine-packed canned
acharacuts; the growth decreased asheating timein-
creased. Growth was highest in 15 min-processed
samplesand lowest in samplesprocessed for 30 min.
The decreasing trend indi cated that thelonger the pro-
cessing timethe higher thedestruction rate of spoilage
organisms. Thesoleaim of al food preservation pro-
cesses, especially canning operation, isthetotal de-
struction of al spoilage organisms. Salt (NaCl) isa
widely used preservativein food processing and the
growths could be dueto contamination from the salt
source. Gram-negativeand gram-positive bacteriawere
suspected and the assay confirmed the gram-positive
bacterium as Staphylococcus aureus. Nevertheless,
results showed that therewerefew colonies, suggest-
ing that the brine-packed canned acharacutswere till
safe after 3 months of storage on the shelf except for
samplesprocessed for 15 min.

Sensory characteristicsof canned achara

A look at theeffect of heating time (15, 20, 25, 30
min) and storagetime (1, 2, 3 months) on the sensory
score of canned achara cuts showed that cuts packed
in citric acid solution had good sensory appeal except
for the aroma (3.06) and acceptability (3.74) of cuts
heat-processed for 25 min and stored for 3 months.
However, brine-packed cuts had lower scoresin the
colour, aroma, appearance and overall acceptability,
indicating that cuts packed in brinewerenot as accept-
ableasthose packed in citric acid solution. The colour
stabilizing effect of citric acidisbased onitsability to
chelatetracemetals(e.g. Fe, Cu) which may causehaze
formation or deterioration. Also, citric acid lowersthe
pH of themedium, and thus prevents oxidation and mi-
crobial activity which lead to colour and aromadete-
rioration.

Optimum processing conditionsfor canned achara

Thenutrient composition of canned achara(TABLE
1) indicatesthat citric acid-packed sampleshad higher
mean nutrient val uesthan brine-packed samples ex-

cept for ash and sodium. Therefore, the citric acid-
packed canned acharacould be considered to be more
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nutritious than the brine-packed samples. Datafrom
themicrobia assessment (TABLE 2) showed that there
was no microbial growth in the citric acid-packed
canned achara while growth occurred in the brine-
packed samples. Thisobservation supportsthat citric
acid isabetter preservative and thus makes samples
packed in citric acid solution safer. The sensory scores
(TABLE 3) indicate canned acharapackedincitricacid
to bebetter in most of the organol eptic attributesthereby
making citric acid abetter preservativethan salt. Due
to the adverse effect of prolonged heat treatment on
thenutritiveand sensory qudities of vegetables, appro-
priate processing timesfor citric acid-packed samples
were narrowed down to 15 and 20 min. However, 20
min was deemed to be the most appropriatefor pro-
ng acharacuts. Based on thefindings highlighted
above, an optimum processing conditionsfor canned
acharacutswasestablished asfollows: Processingtime:
20 min, processing temperature: 115.6°C, packing
medium: 1% (w/v) citric acid solution, and can size:
300 x 208 (3inch diameter x 2 2 inch height).

The taste, texture and acceptability scores of
canned achara cuts processed using the devel oped
optimum conditionsare presented in TABLE 4. Re-
sults show that panellists preferred thetaste and ac-
ceptability of brine- and water-packed samplestocitric
acid-packed samples (the water-packed samples
served ascontrol). It isevident that the inherent sour
taste of citric acid aswell asthe concentration (1%)
used accountsfor thelower scores. Texture of citric
acid-packed sampleswasrated lower although the
difference between treatments was not significant
(P<0.05). Thematurity and section of acharacutsmay
explainthetextura differencesincethesampleswere
not graded before canning.

CONCLUSIONS

Acharacutswere used to produce nutritious, safe
and acceptable canned vegetabl e product. It retained
most of itssensory quaitieswhen packedincitricacid
thaninbrine. However, acharacutscannedincitricacid
had sour taste at 1% concentration and thisinfluenced
itsacceptability. Thisnovel canned vegetable product
provides basi ¢ nutrient requirements such as protein,
ash, fat and especidly mineralswhichisthemain con-
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tribution of leafy vegetablesin human nutrition. Of the
heating times examined, 20 min wasthe most appro-
priate. Thisstudy providesbenchmark information on
canned Nigerian achara. Acharacuts canned incitric
acid solution and heat-processed for 20 min could serve
asaspecidty ingredient in human nutrition.
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