
www.elsevier.com/locate/foodchem

Food Chemistry 95 (2006) 53–57

Food
Chemistry
Storage effects on nutritional quality of commonly consumed cereals

Zia-Ur-Rehman

Food & Biotechnology Research Centre, PCSIR Laboratories Complex, Ferozepur Road, Lahore 54600, Pakistan

Received 9 August 2004; received in revised form 13 December 2004; accepted 13 December 2004
Abstract

Storage effects on nutritional quality of commonly consumed cereal grains are studied. Freshly harvested wheat, maize and rice

grains were stored at 10, 25 and 45 �C for six months. A significant decrease in pH and an increase in titratable acidity was observed

during storage of these three cereal grains at 25 and 45 �C. A gradual decline in moisture, total available lysine and thiamine con-

tents was observed during storage. Total available lysine contents decreased by 6.50% and 18.5% in wheat, 14.3% and 20.7% in

maize and 23.7% and 34.2% in rice during six months of storage at 25 and 45 �C, respectively. Six month�s storage of rice, maize

and wheat grains at 25 and 45 �C resulted in reduction of thiamine contents by 16.7% and 29.2%, 17.2% and 24.1% and 21.4%

and 29.5%, respectively. About 36.4–44.4% decrease in total soluble sugars at 45 �C and 9.30–31.8% increase in total soluble sugars

were observed at 10 and 25 �C during six months storage of these cereal grains. Protein and starch digestibilities of cereal grains also

deceased during six months of storage at 25 and 45 �C. No significant change in nutritional quality was observed during storage of

cereal grains at 10 �C.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Wheat, maize and rice are used as sources of energy

and protein in the human diet throughout the world.

These cereal grains are usually stored in jute begs and
earthen pots under adverse conditions of temperature

and moisture in Pakistan. It has been reported in the lit-

erature that fluctuations in temperature and humidity

and prolonged storage result in considerable nutrient

losses (Kumar & Singh, 1984; Onigbinde & Akinycle,

1988; Shah, Rehman, Kausar, & Hussain, 2002; South,

Morrison, & Nelson, 1991). Marshall and Chrastil

(1992) observed that protein quality was adversely af-
fected by storage of cereal grains at elevated tempera-

ture. The findings of Pajic, Babic, and Rodosvljevic

(1992) revealed that carbohydrate composition of sweet

corn was changed during storage. The moisture contents
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in the grains or humidity and storage temperature have

also been shown to cause some changes in the acidity

and pH of the cereals and cereal products (Huyghcbact

& Schoner, 1999; Savich & Joldaspaeva, 1993; Zeleny &

Coleman, 1938; Zhang, Wang, Zhou, & Zhang, 1997).
Changes in physical characteristics have also been ob-

served during storage of cereal grains by Kent (1974).

The association between the physical changes and the

changes in the chemical composition of food has made

the biochemical and nutritional quality control of the

stored products increasing essential. The objective of

the study was to investigate the effects of storage temper-

ature and time on the nutritional quality of different cer-
eal grains (wheat, maize and rice).
2. Materials and methods

Freshly harvested wheat, maize and rice samples were

obtained from Ayub Agriculture Research Institute,
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Faisalabad (Pakistan) and stored at 10, 25 and 45 �C for

a period of six months. All these samples were free of in-

sect infestation and no chemicals were used for preserva-

tion. About 100 g of each sample with about 11–14%

moisture were placed in screw-cap plastic bottles of uni-

form size. Three bottles of each treatment were ran-
domly selected at the end of each three months;

contents were pooled and thoroughly mixed together

for nutritional evaluation.

The samples were analyzed for pH, titratable acidity,

moisture, total available lysine, soluble sugars, protein

and starch digestibility before and after storage. The

pH was determined on a filtrate of a 2 g ground sample

(80 mesh size) in 20 ml distilled water using a glass elec-
trode pH meter (PYE Unicam, England). The titratable

acidity was expressed as sodium hydroxide required to

neutralize the acids in a 100 g sample, using phenol-

phthalein as an indicator (AOAC, 1990). Moisture was

determined using the standard method of AOAC

(1990). Total soluble sugars were estimated by the phe-

nol–sulphuric acid method of Dubois, Gilles, Hamilton,

Rebers, and Smith (1956), using sucrose as the standard.
The dye-binding method was used for the estimation of

total available lysine in sample after hydrolyzing with

6 N HCl (Hurrell & Carpenter, 1979). The principle of

the method is a quantitative binding of the azo dye, acid

orange 12, by the basic groups of protein. Lysine con-

centration was determined by a difference method in

which measurements were made with spectrophotome-

ter (Hitachi 220S) at 475 nm, before and after blocking
the lysine with propionic anhydride. In vitro protein

digestibility (IVPD) was measured after digestion with

pepsin–HCl solution at 37.5 �C for 24 h (Price, Butler,

Rogler, & Featacrson, 1979). Starch digestibility in vitro

was determined after digestion with pancreatic a amy-

lase in 0.1 M phosphate buffer at 37 �C for 2 h (Costas,

1982). All determinations were carried out in triplicate
Table 1

Storage effects on pH, titratable acidity and moisture contents of cereal grai

Storage time (months) Moisture (%) pH

10 �C 25 �C 45 �C 10 �C

Rice

0 11.06 ± 0.4a 11.06 ± 0.6a 11.06 ± 0.4a 6.01 ± 0

3 11.04 ± 0.5a 10.0 ± 0.6b 9.0 ± 0.6b 6.01 ± 0

6 11.02 ± 0.3a 8.5 ± 0.5c 7.0 ± 0.7c 6.01 ± 0

Maize

0 12.50 ± 0.2a 12.50 ± 0.3a 12.50 ± 0.4a 6.43 ± 0

3 12.45 ± 0.2a 10.70 ± 0.4b 9.40 ± 0.4b 6.03 ± 0

6 12.32 ± 0.4a 8.50 ± 0.4c 6.40 ± 0.5c 6.40 ± 0

Wheat

0 13.75 ± 0.6a 13.75 ± 0.3a 13.75 ± 0.4a 6.57 ± 0

3 13.65 ± 0.5a 12.00 ± 0.2b 12.70 ± 0.3b 6.50 ± 0

6 13.50 ± 0.4a 11.00 ± 0.4b 10.00 ± 0.5c 6.50 ± 0

Means ± SD of triplicate determinations.

Mean values within a column with different superscripts are significantly diff
and standard deviations (SD) were calculated according

to the method of Steel and Torrie (1980). Duncan�s mul-

tiple range test was used to determine significant differ-

ences (P < 0.05).
3. Results and discussion

Nutritional changes in cereal grains occurred, to var-

ious extents, during storage at different temperatures.

The range of storage temperature included in this study,

i.e., 10–45 �C, covered the atmospheric temperatures

that the cereal grains would encounter in Pakistan.

It is apparent from Table 1 that there was no change
at all in pH and titratable acidity of cereal grains kept at

10 �C for six months. However, significant (P < 0.05)

changes in pH and titratable acidity occurred on storage

of cereal grains at 25 and 45 �C for different time peri-

ods. A decrease in pH and an increase in titratable acid-

ity started appearing after three months of storage at

25 �C. The mean titratable acidities of the stored rice,

maize and wheat grains were 4.20, 4.50 and 3.80 mg
NaOH/100 g at 25 �C and 4.83, 4.70 and 4.00 mg

NaOH/100 g at 45 �C, respectively, after six months of

storage. However, titratable acidities for freshly har-

vested rice, maize and wheat grains were 3.00, 3.25

and 2.85 mg NaOH/100 g, respectively; pH values of

the freshly harvested rice, maize and wheat grains were

6.01, 6.43 and 6.57, respectively. After six months of

storage, pH values became 5.50 at 25 �C and 5.00 at
45 �C for rice, 5.90 at 25 �C and 5.60 at 45 �C for maize

and 5.87 at 25 �C and 5.40 at 45 �C for wheat grains. No

further significant change in pH and titratable acidity

value was observed after six month�s storage of these

cereal grains. These results are consistent with the find-

ings of Onigbinde and Akinycle (1988), who reported an

increase in acidity during storage of corn grains and
ns (means ± SD, triplicate samples)

Acidity mg NaOH/100 g

25 �C 45 �C 10 �C 25 �C 45 �C

.1a 6.01 ± 0.1a 6.01 ± 0.2a 3.0 ± 0.1a 3.00 ± 0.3a 3.00 ± 0.2a

.1a 5.70 ± 0.1a 5.20 ± 0.2b 3.0 ± 0.1a 3.80 ± 0.1b 4.40 ± 0.2b

.2a 5.50 ± 0.2b 5.00 ± 0.2b 3.0 ± 0.2a 4.20 ± 0.2b 48.3 ± 0.1c

.1a 6.43 ± 0.2a 6.43 ± 0.2a 3.25 ± 0.2a 3.25 ± 0.2a 3.25 ± 0.1a

.2a 6.10 ± 0.3a 5.80 ± 0.2b 3.18 ± 0.1a 4.00 ± 0.1b 4.30 ± 0.1b

.2a 5.90 ± 0.2b 5.60 ± 0.1c 3.00 ± 0.1a 4.50 ± 0.1b 4.70 ± 0.2c

.1a 6.57 ± 0.1a 6.57 ± 0.1a 2.85 ± 0.1a 2.85 ± 0.1a 2.85 ± 0.2a

.1a 6.43 ± 0.2a 5.82 ± 0.2b 2.80 ± 0.2a 3.20 ± 0.2b 3.27 ± 0.2b

.2a 5.80 ± 0.1b 5.40 ± 0.2c 2.80 ± 0.2a 3.80 ± 0.2c 4.00 ± 0.2c

erent at (P < 0.05).
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flour. The increase in the acidity of the stored grains

could be attributed to the increasing concentration of

the free fatty acid and phosphate, which resulted from

increased grain deterioration (Morrison, 1963). The

binding of the amino group of amino acids, short chain

peptides, and protein, leaving the carboxylic ends free
and the presence of acid byproducts of advanced Mail-

lard reactions are other possible causes of the increased

acidity of the cereal grains stored at elevated tempera-

tures (Fargerson, 1969; Gardner, 1979).

A gradual decline in the level of moisture took place

at 25 and 45 �C while there was no change in moisture

contents during storage of cereal grains at 10 �C after

six month�s storage (Table 1). The decrease in moisture
contents became significant after three month�s storage

at 25 and 45 �C. Moisture contents of freshly harvested

rice, maize and wheat grain were 11.06%, 12.50% and

13.75% which decreased by 23.14%, 32.00% and

20.00% at 25 �C and 36.70%, 48.80% and 27.27% at

45 �C after six months of storage. These observations

are consistent with the findings of Onigbinde and Akiny-

cle (1988).
Total available lysine contents in freshly harvested

rice, maize and wheat grains were found to be 1.90%,

2.80% and 2.92%, respectively, which decreased to vari-

ous extents during storage (Table 2). Total available ly-

sine contents decreased by 23.7% and 34.2% in rice, 14.3

and 20.7% in maize and 6.50% and 18.2% in wheat

grains during six months of storage at 25 and 45 �C,
respectively. However, decrease in total available lysine
contents was 5.26%, 7.14% and 6.50% at 10 �C during

six months storage of rice, maize and wheat grains,

respectively. Decrease in total available lysine at 25

and 45 �C was significant (P < 0.05) while it was found

to be non-significant at 10 �C during six months of stor-

age. The decrease in total available lysine during storage

at different temperatures could be the result of some
Table 2

Storage effects on total soluble sugars, total available lysine and thiamine co

Storage time (months) Total soluble sugars (%) Total ava

10 �C 25 �C 45 �C 10 �C

Rice

0 4.40 ± 0.2a 4.40 ± 0.1a 4.40 ± 0.1a 1.90 ± 0.1

3 4.50 ± 0.3b 5.10 ± 0.1b 4.10 ± 0.2b 1.80 ± 0.1

6 4.65 ± 0.1c 5.80 ± 0.2c 2.80 ± 0.2c 1.70 ± 0.2

Maize

0 3.60 ± 0.1a 3.60 ± 0.2a 3.60 ± 0.2a 2.80 ± 0.2

3 3.90 ± 0.2b 4.00 ± 0.2b 3.00 ± 0.2b 2.70 ± 0.1

6 4.15 ± 0.2c 4.35 ± 0.2c 2.00 ± 0.3c 2.60 ± 0.2

Wheat

0 3.44 ± 0.2a 3.44 ± 0.3a 3.44 ± 0.4a 2.92 ± 0.2

3 3.58 ± 0.2b 3.68 ± 0.1b 2.83 ± 0.1b 2.82 ± 0.2

6 3.76 ± 0.3c 3.85 ± 0.1c 2.16 ± 0.2c 2.73 ± 0.1

Means ± SD of triplicate determinations.

Mean values within a column with different superscripts are significantly diff
structural changes which inhibited proteolysis and ami-

no acid solubility (Martin-Cabrejas et al., 1995; Sow-

unmi, 1981).

Significant (P < 0.05) changes in total soluble sugars

were observed during storage of cereal grains for six

months (Table 2). Total soluble sugars in rice, maize
and wheat decreased by 36.4%, 44.4% and 37.2% at

45 �C during six months of storage. About 9.30–17.9%

and 11.9–31.8% increases in total soluble sugars, respec-

tively, were observed during six months storage of cereal

grains at 25 and 45 �C. The increase in the soluble sugars

could be the result of activity of endogenous amylases

(Kramer, Guyer, & Ide, 1949) whereas the decrease in

soluble sugars at 45 �C might be due to their involve-
ment in Maillard reactions (Glass, Ponte, Christensen,

& Gedder, 1959).

Thiamine contents in freshly harvested rice, maize

and wheat grains were 12.0, 29.0 and 21.0 mg/100 g,

respectively (Table 2). Six month�s storage of rice, maize

and wheat grains at 25 and 45 �C resulted in reduction

of thiamine contents by 16.7% and 29.2%, 17.2% and

24.1% and 21.42% and 29.52%, respectively. However,
thiamine contents in these cereal grains remained un-

changed during six months of storage at 10 �C. These re-
sults are consistent with the findings of other workers

who found reduction in thiamine content by 32% on

storage of cowpeas for six months (Onayemi, Osibogun,

& Obembe, 1986). Similar losses of thiamine were also

observed by other workers during storage of chickpeas,

lima beans and other cereal grains at elevated tempera-
tures (Burr, 1973; Sudesh & Kapoor, 1994).

Protein and starch digestibilities of cereal grains were

significantly (P < 0.05) affected at 25 and 45 �C, whereas
they remained unchanged at 10 �C during storage (Table

3). Initially, protein digestibilities of rice, maize and

wheat grains were 69.0%, 77.0% and 74.0%, respectively.

On storage for six months at 45 �C, protein digestibility
ntents of cereal grains (means ± SD, triplicate samples)

ilable lysine (%) Thiamine (mg/100 g)

25 �C 45 �C 10 �C 25 �C 45 �C

a 1.90 ± 0.1a 1.90 ± 0.1a 12.0 ± 0.2a 12.0 ± 0.1a 12.0 ± 0.2a

b 1.00 ± 1.0b 1.40 ± 0.1b 11.8 ± 0.3a 11.0 ± 0.2b 9.7 ± 0.2b

c 1.45 ± 0.2c 1.25 ± 0.1c 11.5 ± 0.2a 10.0 ± 0.2c 8.5 ± 0.1c

a 2.80 ± 0.2a 2.80 ± 0.2a 29.0 ± 0.4a 29.0 ± 0.5a 29.0 ± 0.4a

b 2.50 ± 0.2b 2.45 ± 0.2b 28.8 ± 0.3a 26.0 ± 0.3b 24.0 ± 0.4b

c 2.40 ± 0.2c 2.22 ± 0.2c 28.7 ± 0.2a 24.0 ± 0.3c 22.0 ± 0.3c

a 2.92 ± 0.2a 2.92 ± 0.1a 21.0 ± 0.2a 21.0 ± 0.3a 21.0 ± 0.3a

b 2.64 ± 0.1b 2.48 ± 0.1b 20.7 ± 0.3a 18.0 ± 0.3b 16.5 ± 0.3b

c 2.39 ± 0.1c 2.26 ± 0.2c 20.5 ± 0.3b 16.5 ± 0.2c 14.8 ± 0.3c

erent at (P < 0.05).



Table 3

Storage effects on protein and starch digestibilities of cereal grains (means ± SD, triplicate samples)

Storage time (months) Protein digestibility (%) Starch digestibility (%)

10 �C 25 �C 45 �C 10 �C 25 �C 45 �C

Rice

0 69.0a 69.0a 69.0a 70.0a 70.0a 70.0a

3 69.0a 65.0b 63.0b 70.0a 64.0b 62.0b

6 69.0a 63.0c 60.0c 70.0a 61.0c 57.0c

Maize

0 77.0a 77.0a 77.0a 58.0a 58.0a 58.0a

3 76.8a 72.5b 71.0b 57.9a 55.0b 52.0b

6 76.5a 70.0b 65.0c 57.5a 50.0c 46.0c

Wheat

0 74.0a 74.0a 74.0a 62.0a 62.0a 62.0a

3 73.9a 70.0b 67.0b 62.0a 58.0b 56.0b

6 73.5a 67.0b 61.0c 61.5a 55.0c 51.0c

Means ± SD of triplicate determinations.

Mean values within a column with different superscripts are significantly different at (P < 0.05).
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decreased by 13.0%, 15.6% and 17.6% in rice, maize and

wheat grains, respectively. However, decreases in pro-
tein digestibilities were only 8.69%, 9.09% and 9.45%

after six months storage of rice, maize and wheat grains,

respectively, at 25 �C. Similarly, starch digestibility val-

ues for freshly harvested rice, maize and wheat grains

were 70.0%, 58.0% and 62.0%, respectively (Table 3).

Decreases in starch digestibilities were 17.1%, 20.7%

and 17.7% at 45 �C and 12.9%, 13.8% and 11.3% at

25 �C after six months storage of rice, maize and wheat
grains, respectively. These results are consistent with the

findings of earlier workers who found a distinct decrease

in protein digestibility of wheat, maize and cowpeas dur-

ing storage (Burr, 1973; Onayemi et al., 1986). Decreases

in protein and starch digestibilities could be the result of

Maillard reactions, during which free amino groups of

protein and carbonyl groups of reducing sugars form

complex intermediate compounds by interacting with
each other during storage. These complex compounds

might have inhibited the activity of proteolytic and amy-

lolytic enzymes which ultimately caused distinct reduc-

tions in protein and starch digestibilities (Marshall &

Chrastil, 1992).
4. Conclusion

Nutritional quality of cereal gains was adversely af-

fected as a result of storage at elevated temperatures.

Protein and starch digestibilities of cereal grains de-

creased to various extents on storage at 25 and 45 �C
for six months. Significant losses of lysine and thiamine

occurred on storage of cereal grains at 25 and 45 �C. At

45 �C, losses in soluble sugars were also observed during
six month�s storage of cereal grains. In view of these

facts, it is suggested that cereal grains (wheat, maize
and rice) should not be stored above 25 �C in order to

minimize nutrient losses during storage.
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