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ABSTRACT 
Tempering of  the  wheat  samples  with  d ifferent  amounts  of  water  was done to  

obtain  f lour  t rea tments  having different  moisture  levels  i .e .  T1  (13.5%),  T2  (13%),  T3  
(12%),  T4  (11%),  T5  (10%) and T6  (9%) af ter  mil l ing.  These treatments  were separately 
packed in  polypropylene and paper  bags.  During the s torage per iod of  60 days,  each 
t reatment  in  both polypropylene and paper  bags  was evaluated for  proximate 
composi t ion,  insect  infestat ion,  mold growth and to tal  i ron.  The crude protein  and crude 
fa t  decreased with  s torage per iod.  Mois ture  content  (m.c)  in  T1  (13.5% m.c.) ,  T2  (13% 
m.c. )  and T3  (12% m.c.)  decreased.  Changes  were minimum in  T4 (11% m.c.)  and 
increasing trend was seen in  T5  (10% m.c.)  and T6  (9% m.c.) .  The changes  were more in  
polypropylene than in  paper  bags.  Changes in  ash  and f iber  were non s ignif icant  dur ing 
the s tudy.  Insect  infestat ion and mould growth were also  favored by higher  mois ture 
content  of  f lour .  Paper  packaging was found to  be sui table  against  insect  infestat ion and 
mould growth.  Total  i ron also showed a decreasing t rend with s torage per iod.  Lower 
f lour  mois ture  (T6= 9%) and paper  packaging were found to  be sui table  for  s torage 
s tabi l i ty & longer  shelf  l i fe  of  wheat  f lour .  
______________________________________________________________
 
INTRODUCTION 
         In  Pakis tan,  wheat  is  mainly 
mil led  to  whole wheat  f lour  for  the 
product ion of  unleavened f lat  bread 
local ly  known as  “Chapat i”  while  rest  
is  used for  o ther  bakery products  l ike 
bread,  b iscui ts ,  cakes,  pastr ies ,  pizzas 
etc .  The annual  product ion of  wheat  in 
Pakistan  is  19.23 mil l ion tones and the 
area covered is  8 .69 mil l ion hectares  
(Anon.  2003).  

Mois ture  content  of  f lour  is  
very important  regarding i ts  shelf  l i fe ,  
lower  the f lour  mois ture ,  the  bet ter  i ts  
s torage s tabi l i ty.  The deter iorat ion of  
baking qual i ty  is  a lso less  a t  lower 
moisture content  which can be credi ted 
to  retarded respirat ion and act iv i ty  of  
microorganisms (Staudt  and Zeigler ,  
1973)  
 Mois ture  is  an  important  factor  
in  control l ing grain  infestat ion.  Insects  
that  l ive  on s tored grains  and their  
products  depend upon the mois ture  
supply.  General ly ,  moisture  content  of  
9% or  lower  restr ic ts  infestat ion.  
Mois ture  is  a lso  of  great  importance 
for  the safe  s torage of  cereals  and their  
products  regarding microorganisms,  

par t icular ly cer tain species  of  fungi .  At  
lower mois ture  fungi wil l  not  grow but 
a t  about  14% or  s l ightly above,  fungal  
growth takes p lace (Hoseney,  1994) .  
 Higher  l ipolyt ic  and proteolyt ic  
act iv i t ies  are  related  to  h igher  moisture  
content ,  which fur ther  lead to  loss  in  
nutr ients  (protein  and fat)  and 
product ion of  more FFA resul t ing in  
infer ior  sensory character is t ics .   
          In  modern age,  food packaging 
has  become very important  because  of  
protect ion of  the product  f rom 
contaminat ion by macro & micro-
organisms and their  f i l th ,  prevent ion 
from loss  or  gain of  moisture ,  
shield ing the product  f rom oxygen and 
to  faci l i ta te  handl ing (Bal l ,  1960) .  

Good packaging actual ly serves 
two purposes,  which are  essent ia l ly 
technical  and presentat ional .  Technical  
aspects  in  packaging aim to  extend the 
shelf  l i fe  of  the food by bet ter  
protect ion from al l  the hazards dur ing 
s torage.  Presentat ional  aspects  are not  
concerned with  shelf  l i fe  but  such 
packaging increases  sales  by creat ing a 
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brand image that  the  buyer  instant ly 
recognizes  (Peter  and Axtel l ,  1993) .  

Presently packaging mater ia ls  
being used in  Pakis tan  for  f lour  are 
ju te ,  cot ton and polypropylene.  These 
packages do not  protect  the wheat  f lour  
proper ly  f rom contaminat ion by insect  
pests ,  microbes,  sand,  dust  and 
environmental  moisture .  

In  cl imate l ike Pakistan  the 
shelf  l i fe  of  f lour  is  a  ser ious problem 

and due to  weather  condi t ions i t  is  
inevitable  to  explore  proper  packaging 
mater ial  & moisture content  to  over  
come exis t ing di lemma.  
      The present  project  was designed 
to  extend the shelf  l i fe  of  f lour  by 
determining the proper  moisture  and 
packaging mater ia l  for  safe s torage and 
to  f ind out  most  sui table  combinat ion 
of  mois ture  content  and packaging 
mater ial  for  f lour  s tabi l i ty .  

  
M A T E R I A L S  A N D  
M E T H O D S  
          Wheat  Polypropylene bags and 
mult iwal l  (3  layers)  kraf t  paper  bags 
were purchased from the local  market  
of  Faisalabad.  
Preparat ion of  Whole  Wheat  Flour 

Samples  
          Tempering of  wheat  samples 
was done at  d ifferent  moisture  levels  
which were fo l lowed by mil l ing and 

packaging to  obtain  wheat  f lour  
samples  having different  moisture  
content  i .e .  13.5 ,  13 ,  12,  11,  10 and 9% 
(Table 1) .  

Moisture content of flour after Packaging ( %) Treatment Moisture content 
of  wheat   (%) 

Moisture content of 
tempered Wheat  ( %) Polypropylene bags Multiwall paper bags 

T1 8.4 17.50 13.51 13.51 
T2 8.4 17.00 13.02 13.02 
T3 8.4 16.00 12.01 12.01 
T4 8.4 15.00 11.01 11.01 
T5 8.4 14.00 10.02 10.02 
T6 8.4 13.00 9.00 9.00 

 
Table 1.  Different Treatments Used In Study 
 
 
 
 
Analysis  of  Different  Treatments  of  
Whole-Wheat Flour During Storage  
Proximate Analysis  
 Each treatment  was analyzed 
for tn ight ly up to  60 days  for  mois ture,  
crude protein,  crude fa t ,  crude f iber ,  to tal  
ash,  and NFE by fol lowing their  respect ive 
procedures  descr ibed in AACC (2000).  
Estimation of  Iron 

I ron content  was es t imated with  the 
in terval  of  15 days up to  2  months by 
using spectrophotometer  according to 
method descr ibed in AOAC (1990) .   
Counting of  Molds 

Counting of  molds was done by 
ser ia l  d i lu t ion or  agar  p la te  technique on 
Sabouraud agar  medium at  0 ,  15,  30,  45 

and 60 days us ing the  method descr ibed by 
Beneke (1962).  
Insect  Infestat ion 
 Insect  eggs in wheat  f lour  were 
observed by iodine  method and insect  hairs  
were determined by clove oi l  method 
for tn ight ly for  two months  of  s torage,  
according to  method descr ibed in AACC 
(2000) .  Visual  observat ion was also 
carr ied  out  to  observe insect  larvae and 
adul ts .  
Stat ist ical  Analysis  
 The data obtained from each 
t reatment  was subjected to  s ta t is t ical  
analysis  to  determine analysis  of  var iance 
within  the  t reatments,  packaging mater ia l  
& storage in tervals  and in teract ions among 
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these parameters  as  descr ibed by s teel  et  
a l .  (1997) .  

RESULTS AND DISCUSSIONS 
Proximate Composit ion of  Whole-Wheat 
Flour During Storage 
 The mois ture  content  was affected 
s ignif icant ly  due to  s torage,  t reatments ,  
packaging and their  in teract ion (Table 
2,3 ,4) .   

The moisture  content  of  T1 ,  T2 ,  T3 ,  
and T4  decreased with  s torage per iod upto 
45 days  and then increased af terwards.  The 
in i t ia l  decrease was due to  rela t ively low 
rela t ive  humidi ty  in  a tmosphere.  After  45 
days  of  s torage,  h igher  re lat ive humidi ty 
in  a tmosphere  caused the f lour  mois ture  to  
increase upto  end of  s torage.  However,  the 
changes  were more  in  samples having 
higher  in i t ia l  moisture content .  The 
moisture  in  T5  and T6  increased throughout 
the s torage per iod.  This  increase was due 
to  their  lower in i t ia l  moisture  content .  
Between the packaging mater ia ls ,  the  f lour  
in  paper  bags showed less  change in  
mois ture  content .  These changes  in 

moisture  content  dur ing s torage were due 
to  the hygroscopic proper t ies  of  f lour .  The 
resul ts  are col laborated by the ear l ier  
f indings of  Rehman and Shah (1999)  and 
Kirk and Sawyer (1991).  

The resul ts  per ta ining to  the  crude 
protein  content  showed a decreasing trend 
with  s torage.  Among the treatments  the 
decrease  was more in  t reatments having 
higher  mois ture  because  higher  mois ture 
content  in  wheat  f lour  favored proteolyt ic  
act iv i ty.  After  45 days the crude protein of 
the samples having higher  moisture levels  
increased due to  insect  infes ta t ion and 
microbial  growth.  Changes in  protein  in  
paper  bags were  a lso  lower  than in  
polypropylene bags.  These resul ts  are  in 
c lose  agreement  with  the resul ts  obtained 
by Leelavathi  et  a l .  (1984)  and Upadhyay 
(1994) .   
 The crude fa t  decreased during the 
s torage per iod.  The decrease may be 
at t r ibuted to  the l ipolyt ic  act iv i ty  of  
enzymes i .e .  l ipase  and l ipoxidase.  The 
l ipolyt ic  act iv i ty  was lower in  paper  bags 
than in  polypropylene.      

   
 
Table 2     Mean values for effect of treatments on proximate composition, total 
iron, & colonies of molds 
Treatments Moisture 

content  
(%) 

Crude 
protein 
(%) 

Crude 
Fat 
(%) 

Crude 
Fiber 
(%) 

Total  
Ash 
(%)  

NFE 
(%) 

Total  
Iron 
mg/Kg  

Colonies  
of  
Moulds 

T1 11.84  10.95 2.06 2.49 1.72 69.78  40.17 709   
T2 11.67  11.10 2.07 2.48 1.71 69.94  40.17 641   
T3 11.33  11.30 2.08 2.49 1.71 70.27  40.06 560   
T4 10.95  11.37 2.09 2.49 1.70 70.72  40.17 463  
T5 10.57  11.40 2.09 2.50 1.7 71.03  40.21 390  
T6 9.79  11.42  2.10 2.49 1.7 71.88  40.19 328   

T1= 13.5% m.c.  T2= 13% m.c.     T3= 12% m.c. 

T4= 11% m.c.  T5= 10% m.c.         T6= 9% m.c. 

Table 3     Mean values for effect of storage period on proximate composition, 
total iron, & colonies of molds 
Storage 
Period 
(Days)  

Moisture 
content  
(%) 

Crude 
protein 
(%) 

Crude 
Fat 
(%) 

Crude 
Fiber 
(%) 

Total  
Ash 
(%)  

NFE 
(%) 

Total  
Iron 
mg/Kg  

Colonies  
of  Moulds

0 11.43   11.93 2.12   1.71 1.72 70.01 41.26 152   
15 11.16   11.80 2.10   2.5 1.71 70.44 40.72 241   
30 10.86   11.72  2.08  2.49 1.70 70.83 40.20 575     
45 10.74  11.60  2.07  2.49 1.70 70.92 39.56 685  
60 10.83   11.49  2.05   2.49 1.70 70.80 39.07 926  
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Table 4   Mean values for effect of packaging material on proximate 
composition, total iron, & colonies of molds 

Packaging 
Material 

Moisture 
content  
(%) 

Crude 
protein 
(%) 

Crude 
Fat 
(%) 

Crude 
Fiber 
(%) 

Total  
Ash 
(%)  

NFE 
(%) 

Total  
Iron 
mg/Kg 

Colonies  
of  
Moulds 

Polypropylene 
bags 10.97 11.79 2.08 2.49 1.70 70.56 40.14 521 

Paper bags 10.98 12.04 2.09 2.49 1.70 70.63 40.15 494 
 
Table 5    Mean values for effect of storage, packaging material and treatments on the 

insect infestation in whole-wheat flour 
Storage Period 

Treatment Packaging Material  0 days 15 Days 30 Days 45 Days 60 Days

-  -  + ++ +++ 
T1 Poly propylene bags 

Multiwall  paper bags  -  -  -  -  + 

Poly propylene bags -  -  + ++ +++ 
T2 

Multiwall  paper bags -  -  -  -  + 

Poly propylene bags -  -  -  + ++ 
T3 

Multiwall  paper bags -  -  -  -  -  

Poly propylene bags -  -  -  -  + T4 
Multiwall  paper bags -  -  -  -  -  

Poly propylene bags -  -  -  -  --  T5 
Multiwall  paper bags -  -  -  -  -  

Poly propylene bags -  -  -  -  -  T6 
Multiwall  paper bags -  -  -  -  -  

+++ = Infestation with the presence of live insects     ++= Infestation with the formation of lumps    
   +  =   Slight infestation with the formation of lumps    - =   No Infestation                                    

Paper  bags  provided more 
protect ion against  the oxygen in the 
a tmosphere  to  come in  contact  wi th  f lour .  
The resul ts  c losely resemble the resul ts 
obtained by Har idas (1983)  and Leelavathi  
et  a l .  (1984)  who also  repor ted the s imilar  
t rend of  decrease in  crude fat  dur ing 
s torage.  Crude f iber  and ash were not  
affected during the s tudy.   
Iron Content  
         Total  i ron decreased with s torage 
per iod;  however ,  packaging mater ial ,  
t reatments  and in teract ion did  not  have 
impact  upon th is  decrease(Table 2 ,3,4) .  
Resul ts  are  col laborated  with  Rubin et  a l .  

(1997)  and Misfa et  a l .  (2000)  who also  
observed reduct ion of  iron dur ing s torage.  

Colony Count of  Molds 
The resul ts  for  colonies  of  dur ing 

s torage showed that  the  molds  d iffered 
s ignif icant ly  with  respect  to  t reatments ,  
s torage per iod packaging materia l  and 
interact ion between al l  these  parameters  
(Table 2,3,4) .  Higher  moisture content  
favored mold growth.  Mold growth was 
also  less  in  paper  bags than in  
polypropylene bags.   
         Resul ts  of  present  invest igat ion are 
comparable with  those found by Bothast  et  
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al .  (1991)  and Upadhyay  e t  a l .  (1994)  who 
also seen s imilar  t rend dur ing s torage.  

 
Insect  Infestat ion  
       Insect  infes ta t ion in  d ifferent  
t reatments  in  both  packaging was 
monitored by observing insect  eggs,  insect  
hair  microscopical ly and adul ts  by visual  
examinat ion.  The resul ts  obtained with 
regard to  insect  infes ta t ion indicated that  
infes ta t ion was  favored by higher  mois ture 
in  f lour  (Table  5) .  Paper  bags provided 
more protect ion against  insect  infes ta t ion 
than polypropylene bags as .  Similar  resul ts  
were found by Leelavathi  e t  a l .  (1984)  and 
Upadhyay  e t  a l .  (1994) .  
  
CONCLUSION  
          The present  s tudy reveals  that  T6 
having 9% moisture content  and T5 having 
10% moisture  content  in  mult iwal l  kraf t  
paper  bags provided maximum protect ion 
against  insect  infestat ion and mold growth.  
The physico-chemical  changes were also  
lower in  these t reatments .  Mult iwal l  kraf t  
paper  bags were found to be effect ive 
against  mould growth,  insect  infestat ion,  
l ipolyt ic  activ i t ies ,  proteolyt ic  act iv i t ies  
and moisture  changes.  So the f lour  having 
9% moisture  content  (T6)  was proved to be 
most  appropr iate  regarding the shelf  l i fe  of  
wheat  f lour .                               
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