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ABSTRACT

Themoisture content for optimum stability of full fat soy flour was studied
over arelative humidity range of 10 - 90% using the static gravimetric
method at room temperature (27 + 2°C). About 3g of the flour wasputina
petri dish of known weight (uncovered), the dish was then placed inside a
desiccator containing saturated salt solution. The flour was alowed to
equilibrate over aperiod of 7 weeksand the EM C was cal cul ated at theend
of the period. It was found that the equilibrium moisture content for the
flour ranged between 5.80 to 24.50% and that it increased with increasing
relative humidity. The monolayer moisture content, determined using BET
equation at Relative humidity less than 50% was found to be 6.99% (db).
This suggests that a good storage stability of soy flour would be obtained
when kept at conditions of relative humidity of 50% and below at room
temperature and the moisture content less than 6.99%. Since thisis less
than the average environmental moisture content, it shows that the flour
has a higher capacity for absorbing more moisture, suggesting its poten-
tial suitability for baking purposes. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Soybean’s superiority to all other plant foods as a
sourceof proteingreatly influenced itsuseasafortifier
or supplement in many foods. Soybeans contain be-
tween 30-40 % high quality proteind®” and 13.5 and
24.2%fat content(®, Itsprotein quality isalmost equal
tothat of milk, egg and mesat. Soy proteinscontainall
the essentia amino acidslike other legumeshowever,
thoughit hasminima amountsof thesul phur-containing
amino acids, methionind™, Theutilization of soybeans
whether domesticaly orindustrialy isgeneral ly acoept-
ablewhen converted toflour, theform fromwhich other
formsof products are prepared®?., If thisproduct is

not well processed and stored, its shelf life could be
reduced dueto microbia attack, insect infestation, ran-
cidity or moisture uptakewhich areclosdly related to
its moi sture content!*8, The problem of poor keeping
quality of many dehydrated foodsinthetropicsisre-
lated to their moi sture uptake during merchandising
because of poor packaging material sand themoisture
levelsat which they were preparedi*”. K nowledge of
moi sture sorption of most dehydrated or formul ated
food isimportant for predicting quaity stability during
storage. Thereexistsarelationship between the water
content of afood and itsperishability. However, vari-
ousfoodswith thesamemoisture content differ signifi-
cantly in perishability. Another term“water activity” (a, )
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was devel oped to takethisfactor into account anditis
abetter indicator of food perishability than water con-
tent. Itistheequilibrium relative humidity (ERH) of a
foodstuff that determineswhether it will gain or loose
moistureinaparticular environment andthat ERH is
morerel evant to storage behavior than moisture con-
tent?, Under agiven vapour pressure of water, (rela
tivehumidity or water activity) inthesurroundingair, a
food materia attainsamoisture content inequilibrium
withitssurroundingsand thisiscaled Equilibriummois-
ture content(*”?°1, The quantity of water absorbed or
desorbed, whichisareflection of theequilibriummois-
ture content of food products dependson theenviron-
mental vapour pressure, the product temperature and
the physical characteristics of the product!*®. Therdla-
tionship between the water activity and the moisture
content of afood-stuff isimportant in predicting quaity
stability during drying, storage and the selection of ap-
propriate packaging materiasfor retail purposes®. The
efficient processing and storage of soybean anditsflour
requires that the moisture content be reduced to ap-
propriate levels by drying which requiresthe knowl-
edge of theequilibrium moisture content and the Equi-
librium relative humidity (water activity) relationship at
different temperatures827,

A plot of theEMC and the Equilibrium rd ative hu-
midity or g, of theair inequilibriumwiththefood at a
giventemperatureiscalled moisturesorptionisotherm.
Therelationship between g, and EMC Equilibrium
moi sture content is described by the Braunner Emmet-
Teller (BET) equation(>24,

ay 1 (c-Day

M—a, M, M, oM,
Where M _ = equilibrium moisture content, a, = water activity,
M, = monolayer moisture content, ¢ = constant

Plotof g /(1-aMeagainst 3, givesastraight line
with slope (b)= c-1/M ¢ and intercept (1)= /M ¢
where M = 1/I+(b) = monolayer moisturevaluein
gH_,0/ 100g dry matter.

It has generally being observed that B.E.T plots
arelinear plotsonly at water activities, g, < 0.5. For
water activity (g,) > 0.5, deviationfromlinearity isob-
servedwith upswing of theB.E.T plot indicating that at
higher water activities, |lesswater isadsorbed than that
predicted by the B.E.T equation®. Whilemuch data
exist on the sorption properties of starchy vegetable

products such aspotato flakes, cassavaproducts, there
Isscanty published information on sorption character-
isticsof soy flour. Few researchershave however, car-
ried out studies on the moisture sorption isotherm of
soybean, itsflour or its products[K uye and Sannit*?,
for soy flour, Osundahunsi and Aworh® (Soy-tempe
fortified maize based complementary food),
Oluwamukomi et al.,*® (soy-melon enriched gari),
AviaraandAjibold¥, (soybean)]. Inall these studies
themonolayer moisture content and the optimum con-
dition of storage for soy flour were not determined.
Therefore the objectives of this study wereto deter-
minethe sorptionisotherm of soy flour, itsmonol ayer
moi sture content and itsopti mum storage condition.

MATERIALSAND METHODS

Samplepreparation (Soy flour)

The soybean bought from Akuremain market, was
winnowed and sorted to remove broken beans, dirts,
stonesand other extraneous materiads. Thereafter it was
hydrated (ratio 1:8) in 0.2% NaHCO, for 6 hours at
room temperature. It wasthen drained, dehulled manu-
aly by rubbing through the pamsand parboiled (1:8) in
water at 100°C for 30 minutes?4. It was then cooled
and dried at 105°C to constant weight in the hot air
oven. Following drying, the beansweremilled toflour
using thelaboratory mill. It wasthen packaged in seded
cellophane bag prior to use.

Sor ption isother m deter mination

A static gravimetric method was used for the ex-
periment. About 3g of freshly prepared soy flour samples
were placed in petri dishesand placed over salt solu-
tionsof RH (11-85%) in desiccatorsasdescribed by
Onayemi and Oluwamukomi"?!, Saturated solutions
of sodium hydroxide, lithium chloride, calclum chloride,
magnes um chloride, manganese chloride, sodium ni-
trite, sodium nitrate, potassium chloride, and barium
chlorideand potassium sulphatewereusedto maintain
constant atmosphere of relative humidity inthedesic-
cators. Excesssdt wasmaintained ineach solution. The
desi ccators containing sat solutionsand samplesof soy
flour were placed inside a temperature controlled
Gallenkamp DV 400 incubator, which was set at
27+2°C. The temperature was monitored to within
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+1.0°C. The samples were weighed daily using a
Mettler PC 2000 e ectronic balance with an accuracy
of 0.001 g. Equilibrium was considered to have been
attained whenthreeidentical consecutive measurements
wereobtained. Thedry matter content was determined
by ovendryingat 103°Cfor 72 h. The equilibrium mois-
ture content was cd culated and aplot of EMC against
the%RH wasmadeto givethesorptionisotherm curve.
Threereplicationswere madefor each of the determi-
nations

RESULTSAND DISCUSSION

Theresultsshow that theequilibrium moisture con-
tent for theflour rangesfrom 5.80 to 24.50%. There
was anincreasein equilibrium moisture content with
increasing relative humidity™™. The EM C increased
sharply a higher a, . Below 50% relativehumidity, small
increaseintherelative humidity led to corresponding
littleincreasesin moisture content thismeansthat there
will belittleor no detrimentd effect onthekeeping qual-
ity of theflour during storage below ERH of 50% and
bel ow. Thesorptionisotherm curve (Figure 1) showed
thetypica sgmoid shape confirming typell classifica-
tionwhichischaracteristic of biologicd materid, which
sorbsrelatively small amount of water at |ower water
activitiesandlargeamountsa high rd ative humidity!>,

TheEM Cincreased up tothewater activity of about
0.32whenit remained dightly constant until it shot up
again after thewater activity of 0.5. Thegradua slope
of theisotherm at water activity below 0.32ischarac-
teristic of such productswith high protein and fat con-
tent. Rockland®® found that productswith such chemi-
ca composition havebeenfoundtoexhibit gradud dop-
ingisothermat |low water activity.

Thegradual slope of theisotherm of soy flour at
RH bel ow 50% iscons stent with the chemica compo-
sition of the product. The steepnessof the curveisnot
well pronounced dueto the high fat content (22%) of
theflour sincefat isknown to be hydrophobicin na-
ture?, The moi sture sorption characteristics of aprod-
uct have been shown to beinfluenced by itscomposi -
tion, processing treatment; temperature and relative
humidity™**%, Theprotein content of theflour might have
played some part. Dueto the hygroscopic nature of the
product, a high relative humidity, theflour could suffer

de Spoi Ige. At lower relative hu-
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Figure1: Sorption isotherm of soy flour at 27+ 2°C
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Figure2: BET plot of soy flour at 27°C

midity levels, small increasesin the humidity

of thestorage environment will havelittleor no ef-
fect onthequality of theflour becausemould growthis
inhibited whiletheeffectsincreases significantly above
50% relative humidity. Thisisdueto thefact that the
quantity of adsorbed moistureincreaseswithanincrease
ing,, indicatingthat morewater isavailablefor binding
at theactivesite of thesolidg™.

The Monol ayer moi sture content wasfound to be
6.41% db (Figure2). Thehigh coefficient of 0.941 and

Hn Tudian Jounual



BTAIJ, 2(3) December 2008

J.A.V.Famurewa et al. 173

thelinearity of the curves show that the BET modd fits
very well at RH lessthan 50%. Thisisconsistent with
thefindingsof Igless asand Chirifé*!. Thisaso agrees
with the range of values of 5.5t0 7.7% for Tempe-
fortified productd?”, 3.2%d.b to 5.2% for the soy-
melon enriched and un enriched gari®; 7.36%db for
starchy foods on the temperature range 20-30°CI*Y,
3.0t0 6.0%db for potatoes in the temperature range
40-70°C Wang and Brennan (1991); 4.0-6.5% for
some un-supplemented cassavaand yam products*7.
Salwin?® al so predicted arange of 5.4-7.0%. All these
werefar lower than the range of storage moisture con-
tentsof 13- 15% usually recommended as suitablefor
storage of sometropical foodg**,
Thisgivesanindication of along and stable shelf
lifeof the product, provided post processing exposure
isavoided. It canbeinferred that adequately processed
full-fat soy flour would keep well when stored at rel &
tive humidity bel ow 50% and optimum moisture con-
tent around 6.41% (db), thiswould avail itsusein most
food application. The monolayer moisture content isof
importancetothe physical and chemicd stability of de-
hydrated foodswith regardsto lipid oxidation, enzyme
activities, non enzymic browning, flavour components
preservation and structural characteristicg™?. Itisthe
amount of water needed to form acontinuous, adsorbed
monolayer over the surface of adried foodstuff.

CONCLUSION

Having established that the sorptionisotherm of full
fat soy flour had thetypical curve characterizing most
hygroscopic foods and that its moisture content in-
creaseswithincreasing g, , it can beinferred that ad-
equately processed undefatted soy flour would keep
well when stored at rel ative humidity bel ow 50% and
optimum moisture content around 6.41% (db), this
would avail itsusein most food application.
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