
 

De and Daniyan (2005) Nig. J. Biotech. t6 ( t ) SS - 64 55 
A comparative study on preservation of soy flour (Glycine max.(l.) Merr.) 

using sodium benzoate, a chemical preservative and · Aframomum 

melegueta (grains of paradise), a natural preservative. 

*De, N.and **Daniyan, S. 

*Department of Microbiology 
Federal Universi ty of Technology. Yo la. 

Department of Biological Sciences 
Federal University of Technology, Yola 
* To whom all correspondence should be addressed 

Abstract 

Th is investigation has explored the pos ibil it~ of using ethanolic extract of seeds of ~ 111ell!g11<1a at 
concentration of I mg, I Og soy flour and sodium benzoatt' <II a cont:entrntioh of I mg I Og so~ flour for 
preservation of oy flour over a period or ~ i x t~ dfl) \ It IH'h been shown that the pH or the 5amples ti t'iltt'd 
with sodium benzoatt' WU!> Ill the range Of 6 )0-6.80 \\ here;i, lor ,;imp!.:' treated \\ llh !>t:t:ds of .·I lll l!fr,:th'ICI 

was in the range of 6.62- 6.86 over sixty da)s pt'nod of storage. The pl I of untreated samples \1as 111 the 
range of 6.40-6.55 over the periods of s10rage. Th<' bm:terial and fu ngal isolates identified on 60'11 da) of 
storage from the untreated samples were Swphylucocrn1· e111re11.1. IJ11ci//11s subt ifo. Escherichio coli. 
Aspergi//us sp. Pt!nici//i11111 sp .. Afurnr sp . Rhi: up11.1 sp and Cwulic/11 sp. whereas the organisms isolated 
from the samples treated wi th sodium bt'llloale \\t:rt' found to be B .. rnb11/is. B. cereus. Candida sp. and 
..Jspt!rg1ll11l sp The organ1>11ts isolated from samples treated with extract of seeds of .-1 111eleg11e1a \\ ere 8 
\11h11fo. B ,·erl!w. S a11r,•11.1. Rh1: u1111.1 sp anJ ~'/'<'n:1//111 'ii' The total bacterial count· for the untreated 
samples. sampk> treatt'd with soJ1un1 t>c:n1oatt' .ind sa111pb. treated \ I 1th st.'eJs of A 111eleg11t!tu wt:1 e 
9.9x l0 111. 7.5\10° and 6.0xlO" rt.'spc:ct1vel) on 60"' da~ ol \IOntge lhe total fungal count for u1111t.'<llt:d 
samples. samples treatt.'d "ith sodium benzoate anJ samples treated \1 ith seeds of .~ 111eleg11t!ta w.:re 
9.9x l010• 9.0x lO" and negligible. The prote111 co111ent (25 l°'o) and the fat content (18.0%) for unt reatt:d 
samples were less than those of samples treated with sodium benzoate (32 .0% and 19.0%) at 1.0 mgt lOg SO) 

nour and samples treated with seeds of A. 111ell!x11ew (35.0°0 and 19.2°0) at 1.0 my I 0 g SO) nour. 
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Introduction 

Flour is generally regarded as a microbiological ly safe product and it is a low water acti\ ity 
commodity. Although the growth of pathogenic bacteria may not be supported under uch 
conditions, pathogens that contaminate fl our may survive for extended periods. There nre 
fe\.\ :·~ported incidents of food poisoning resulting from contaminated flour. Australian. 
European and United States of America studies indicate that Salmonella sp .. Escherichia 
coli, Bacillus cereus and spoilage microorganisms are present in wheat fl our at low levels 
(Cicognani et al., 1975; Ottogali and Galli. 1979: Richter et al .. 1993). In 195~. an 
outbreak of salmonallosis caused by Salmonella parotyphi B phage type I occurred in ew 
South Wales, Australia where flour was implicated. but the orga11ism was never isolated 
from the suspected flour (Dack, 196 1 ). 
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Soybean is a good source of leci thin and it 1s "idcly used 111 mal--ing pastries and sauces. 
Soy flour has many applications \\'Orldwide namely Com-soy milk (CSM), wheal soy blend 
and soy sauce (Obatolu ct al .. 1993). 
There is little information on the nutritional and microbial changes of soy flour during 
storage and it s preservation using preservatives. Many spices have been reported to possess 
antimicrobial properties and have been successfully used as preservatives (Shelef, 1983 ). 
A/i"a111011111111 meleguela Roscoe (Hausa name: Chila mai koko) is a perennial herb 
cu ltivated in tropical Africa and the seeds arc used as a condiment or spice. It belongs lo 
the famil y or Zingeberaccae. Gincrols. shagaols and paradols have been isolated from the 
grains or A . 111eleg11etu. The crude extracts showed considerable bactericidal activities 
against £. coli, P.aernginosa. B .. rnhtilis. P. 1·11lgaris. K. p11e11111011ioe and S. 111arcesce11s 
and fungicidal activities against C. alhicans. T. mentagrophytes, and A. niger (Oloke and 
Kolawak 1987). In this study. an alll.!mpt was made to presene soy flour using extracts of 
seeds of A. 111eleg11e10 and compare the preservative effect of seeds of A. 111elegueta or 
paradise with that of sodium benzoate. a chemical preservative. 

Materials and Methods 

Coffectio11 <?(materials 
One thousand grams of soybean seeds, TGX 536-021 , was collected from the Crop 
Production Department in the School or J\gricultural Engineering. Federal University of 
Technology, Minna, igeria. The seeds of A. mefeguetu \\~:re purchased from Minna main 
market and \\ere sun dried and kept in Laboratory cabinet for further use. Sodium bcnzoatc 
was purchased from 13DI I (England). 

Preparation of materials 

(A) Soy flour and Sodium benzoate 
Preparation of soy nour from soy seeds started \\'ith cleaning and scouring of seeds to 
separate and remove non-seed material. Then the seeds \\Cre "ashed and o,·en dried at 
55°C for 2-1 hours. The dried seeds were then ground 11110 line po\\der using a mil ling 
machine as described by 1'onan and Agbo. 1997. After sieving. the powdered SO) bean was 
kept in a sterik container fo r further e-.;peri ments. 

(8) Extract ofsecds of A. 111eleg11ew 
Dried seeds were ground into pO\\ d1:r using an electric blcndl.' r. !"hen I 00 g of dried 
powdered samples was ex tral'ted "ith ..+00 ml of ethanol 111 a 2 lit re conical flask for 2-1 
hours. The extract was then reco' ercd b~ fi ltra1ion usinc; \\'ha1111an no. I filter parer :\ 
rotar) evaporator was used. in \·acuo. ;1t -IO"C tn cl\ncentr;1tc the l'\t ract I Ill' dried c:-.trall 
( 12. 1 g/100 gof grains ofraradiseJ \\<ls uscJ f111 presl.!n.il1l111 puq1\lse 

Treat111e11t <~( .wy.f7011r 111itfi .wdi11111 he11 :oate 

Fifty milligrams or sodium benznatc was d1ssoh·ed in ) ml 01· <lCl' tonc (concentration I() 
mg/ml) for this purpose. One mil lil iter or thi s solution \\as added to 100 g of soy flour 
(concentration I mg I Og) and mi\ed \\ ith the flour uslll)! a -; tl.!rilc spoon. Su) !lour S<l 
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prepared was distributed in I 0 polythene bags each containing I 0 g and the bags containing 
the samples were sealed and stored at room temperature for 60 days. The samples \\ ere 
withdrawn at regular intervals for microbiological and biochemical analysis. 

Treatment of soy flour with the seed extract 
Thi rty milligrams of extract of seeds of A. melegueta was disso lved in 3 ml of acetone to 
obtain a stock solution or l 0-mg/ml concentration . To I 00 g or soy flour I ml of this 
solution was added to get a concentration of l mg/ I Og soybean flour and mixed with the 
flour vigorously using a sterile spoon. The treated soy bean flour was dispensed in I 0 
polythene bags t:ach containing l 0 g and were scaled with an electric ·ealer and kept for 60 
days at room temperature. Soy !lour\\ ithout a11:i c\tract \\as used as control and also kept 
for 60 days for comparison. The samples were withdrawn al regular intervals for analysis. 

Q ua lity assessment of t r eated and un treated samples 

(a) Determination or pH 
One gram of each of the treated and untreated samples was added to 10 ml distil led water 
and after vigorous shaking, the pH was measured using a pH meter (M icro pH 33 10 
Crison). 

(b) Isolation and enumeration of fungal and bacterial isolates 
Each of the samples (0. 1 g) was added to 9.9 ml of distilled water and using this as a stock 
solution, serial dilution up to I o·6 were made following the procedure of Fawole and Oso 
( 1988). An aliquot (0. 1 ml) of each dilution was introduced onto agar medium (for bacteria. 
Nutrient agar, NA and for fungi, potato dextrose agar. PDA. was used) and the plates \\ ere 
incubated at 28°C and 37°C for PDA and NA plates respective I;. . The bacterial isolates 
were identified using the procedure of Hudson and Sherwood ( 1997) and fungal isolates 
we~'? identified using the procedure developed by Smith ( 1977). 

(c) Determination of moisture, fat and crude protein content 
The moisture content (% of flour) was determined using an electric protimeler grain masrer 
2000. The fat content (%) of the treated and untreated soy flour was determined by soxhelet 
extraction using petroleum ether as solvent. Two grams of soy flour fo r each sample was 
used for this purpose (A.0.A.C, 1980). The total nitrogen content of the samples were 
determined by K.jelda'.hl method (Bermner, 1965) and then the crude protein content of O) 

flour was determined by multiplyi ng the total nitrogen content by a factor of 6.25. Two 
hundred fifty milligrams of soy flour was used fo r determ ination of crude protein. 

Resu lts 

Quality assessment of treated and untreated samples 

(a) Determination of pH 
For sodium benzoate treated samples and for seeds of A. 111eleg 11ew treated samples. thi.: 
pH range was 6.50-6.80 and 6.60-6.90 respectively whereas for tht: untrt:<1ted samples the 
range was 6.35 to 6.65. 

(b)ldentification of isolates 
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The predominant bacterial isolates on 0 day or stornge \\'Crc H.111hrili.1 (40%) followed h)· 
S. a11re11s (35%) and B.cen:11.1· (:20° o) The rclnli\·c distribution t\r bactt'rial iso lates on 60'11 

day of" Storage fo r control samples \\'Crt' f1 C!'rt'//\ (7()%) l\lllu\\'i.:d h\ /{ .111htt/11 (20%) . . \ 
c111re11.1 (6%) and F. coli (4°0). f·nr all the treated s;11npk". lht' prcdo111i11ant h;1t·tc11<il 
isolates \VCrC lJ. CC/'el/.\ (80-9011.i) rullO\\ CJ h\ .\ (////'(' //.I ( >- 1 l!"o) ClllJ /f .111/1///l.1 ( J-) 1~ 11), 

The relati ve di stri bution of runga l isolatt:S in ~ny !lour Oil tl Ja) or SLlrage n11J 60'11 J a) 11r 
storage was rhpcrgi/lus sp. 20- ]0°10. Penict!/11111 sp . .'\0° o-3?0 o . . \(1rcr1r spe1.-1cs 20-30°'0. 
Rhi:o1ms sp I O'Y.1- 15°0 and ( '1111dido sp 5°11- I 0°11. For the s.1111pks trea ted \\1th snd i11111 
be11/.0atc and seeds or ,- I 111cl<!g11c111. thc pruln111111ant b;1ctcnal isolates wcrc /I ccn·r11 

followed by.\' ( l/ //"C!ll.\ :1 11d f/ rn/>/i/i1 l'he prt:dOllllllHnt l'llll b.:li ISPlillt'S !'or S()U l ll lll ht' ll i'O<l ll' 
treated samples \\ nc ( 'ondir/11 sp. fol l\l\\ cd h) . I 1pagi//111 :-.p 

(c) Enumeration 
r:or contro l samples. the initial bacterial count w::is 1.1xI 0111 and on 60111 day or storage the 
count was 9.9x I 010. For sodium benz.oatc treated samples the bacteria , count and the rungal 
count were 7.5x I Ox and 9.0x I o" respectively on 60th day or s torage. The bacteria l count fo r 

grai ns o r paradise treated samples was 6.0x I 08
. The results arc shown in Table I . 



i abk 1 · 'l otal numhcr of hactcrial ·rnd fungal isolates in untreated (llTS) and sodium hcnzoatc (SB) and seeds of A . mde:;t•ela 
\:\I;) \n·alt'd :-am pks (mt·an± SE\!; 11= J). 

lime 
(Da:) 

0 

7 

I..+ 

30 

(>() 

H 

l .h l0\::0.3 

I . ..+'\ I O~i: 0.3 

9.0:-. I 010::: 0.3 

9.0.'\ I 0111
± 0.2 

'J.9" I 0 111
..!:: 0.2 

UTS 

F 

I .9x I 08± 0.2 

3.2.'\ I 011± 0.3 

..+ .3x 1 o' 0
J: 0.2 

5.lxl010± U.2 

lJ.9xl010± 0.I 

Sl3 

B F 

l.lxl 08±0. 1 l.9x l08±0.2 

9.0x \08±0.1 2.lx l 07± 0.2 

8.7xl08± 0.3 l.7x 107± 0.2 

7.7x10R± 0.2 1.l x l07± 0.2 

7.5xl08± 0.2 9.0x I 06± 0.3 

NCi-ncgligihk: B- bactaial count (cfu/g); F- fungal count (cfu/g) 

Af 

B F 

1. l.'\ 108± 0. 1 l.9x108± 0.2 

9.Sx I 08± 0. 1 4.0x I 06± 0.3 

8.3x 108± 0. 1 NG 

7.5xl08± 0.2 NG 

6.0x I 08± 0. 1 NG 

(d) lkt:.:r111111at:on ol'mllisture. fat and crude protei n content of treated and untreated samples. 
I he initi.il niniswre rnunt ot' the s.m1pks of soy Dour was 17.6%. The moisture content or treated and untreated samples of soy !lour 
on ih. 1..+1h. ;o:~ and 601

h da: of storage are li sted in Table 2. 
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Table 2: Determination of moisture con lent (%) a nd fa t content ('%) of trea ted a nd untreated sa mples 

(mean± SEM; n=3) .. 

T ime 
(Day) 

0 

7 

14 

30 

60 

UTS 
F M 

20.0±0.1 16.9.LO. I 

19.4±0.2 16.0i O.O 

19.0±0.2 16. 1±0. l 

19.8±0. 1 16. I :i:O. l 

18.0:::0.0 16.3±0.0 

SB AF 
F M F 

~0.0.1:0. 1 16.9±0.1 20.0.±:0.1 

19.6±0.1 17.5±0.2 19.2±0.2 

19.6±0.2 15.3±0. l 19.2±0. 1 

19.2±0. 1 14.2.10.0 19.8.10.0 

19.2±0 2 14. 1.LO 1 19.2±0.2 

M 

16.9±0. l 

14.2±0.0 

15.2±0.1 

16.7±0.0 

16.8±0.1 

UTS- untreated samrles: SB- sodium 0cn/\1<.1te treated samrk-.: ,\I-- seeds of I\ mekgueta trea1ed sampks: 
F- fat coment (0 ·o): i\.1-moi"ture c1>111ent (" .. 1 

The fot content or -,11~ 11.)ur SJn pk-. nn t; d:!~· ,,·as 20.l)fl 1°·(, l 1111..· fat content t 1 able 2) for treated and untreated samples 1emained 
almost constant. 

60 

The mean reducu,m in crude pn11e1n 1 °~.1 J..1, lnr the unrn:at..:d s3m rles was 0.3-l wht n:as for the sodium benzoate treated samples and 
seeds of'.-1 mf!il!,l!.l•t'la .;Jn1pk~ the· r'' ' l'<-'l.'.ll \ t \ alut'" \\ci c ll ~I .111d 0 . J 5 The results ar..: sho"n in Tabk ~-
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Discussion 

Whole soy flour used in this study contains 40% protein and 20% fat (dry weight). This 

agrees with the crude protein (42 %) and fat content (20 %) of the whole soy flour prepared 

by Bressani (1981). This study revealed that there arc three types of bacteria present in so~ 

flour namely B. cereus, S. aureus and B. subtilis. The fungi isolated on 0 day or storage 

were species of Aspergillus , Penicillium, Mucor, Rhi:opus and Candida. The ini tial 

bacterial count was I. Ix I 08 whereas the count was 9.9x I 010 on 60 days of storage for 

control samples. Microbiological guidelines for flour have been proposed for va rious 

countries (Potus and Suchet, 1989; Richter ct al., 1993). /\ survey by Richter ct al. ( I 993) 

found US flour contained mean counts of I 03-1 04 cfu/g, depending on wheat type. Spicher 

(1986) reported German flour contained mean counts of I 04 cfu/g, coliform counts of I 02 

cfu/g and mould counts of I 03 cfu/g. Pot us and . uchct ( 1989) detected I 0 1 cfu ~ lut.tl 

aerobes and 103 cfu/g moulds in French flour . Bcrgholc r el al. (200]) detected the prcscnLc 

of B. cereus in Australian wheat flour but at low le\'eb. f"h..: initial fungal cnunl \\ ;1~ 

I .95x I 0 10 and on 601
h day of storage the count was 9.90x I 01". Some workers claim that 

15% or above moisture permits good fungal growth. Allatoxin is not considered a prohle111 

in soybean storage. Hesseltine et al. ( 1966) were unable to detect atlatoxin on soybeans 

inoculated with 14. jlavus although Farag el al.( 1986) detected atlatoxin in stcril i7cd and 

non sterilized soybeans inoculated with A.parasiticus. E.coli was detected in untreated soy 

flour samples on 60th day of storage. Graves et al. (1967) fo und E.coli in only I of 16 lJS 

flour samples but Richter el ai.(1993) reported 12.8% of US flour contained E.coli. 

Sodium benzoate was selected to preserve soy flour because it is very effective at acidic 

pH and it has been used extensively as an antimicrobial agent in foods (the maximum level 

of benzoic acid permitted in food is 0. 1 %). It has been shown that the seed extract inhibited 

the growth of B. theobromae, A. niger, species of Mucor, Rhizopus, Fusarium and A. jlavus 

(Oloke and Kolawole, 1987). The mean reduction in crude protein (%) for the control over 

60 days of storage was 0.34 whereas for sodium benzoate it was 0.2 1 whereas the value 

was 0.15 for seed extract treated samples. For seed extract treated samples the fungal count 

is negligible but the bacterial count was in the order of I 08
· This value is high compared to 

the standard of quality flour set by Berghofer et al. (2003). A. melegueta may be a useful 
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preservative for soy flo ur though the pn;scnce o f 13. cere111 is a 1. <1 u:-.e n! l l111"cn· b.:l'~ll1'>1.' 

th is might cause food poisoning and it also can withstand heat ( H!;1!..c) .111d 1'1 •L','.t. 198(1) 
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