
Abstract In order to assess the effect of different types
of milling methods on protein and lipid composition of
whole wheat flour, two types of wheat varieties belong-
ing to strong and weak wheat type were selected and
milled in different mills such as plate, hammer, stone and
roller mills. The temperatures generated during grinding
of wheat in stone, plate, hammer and roller mills were
90, 85, 55 and 35 °C respectively. The studies on SDS-
PAGE indicated degradation in proteins of whole wheat
flour obtained from stone and plate mills, especially in
the high molecular glutenin regions. Greater loss of total
amino acids was also observed in the above milled flours
when compared with that of hammer and roller milled
samples. Free lipid content was lower in flours milled in
stone and plate mills when compared with that of flours
milled in other mills. Unsaturated fatty acid content, par-
ticularly linolenic acid, was lower in stone milled flour
(1.3%) followed by plate mill (2.2%), hammer mill
(2.8%) and roller flour mill (3.8%). The trends in the
above values as influenced by different milling methods
remained similar both in the weak and strong wheat
types.
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Introduction

Chapati and other variants form the staple food of major-
ity of population of India and its subcontinent. The ma-
jor portion of wheat produced in these countries is utili-
sed for this purpose after processing it into whole wheat
flour in plate mills known as chakki [1]. Among the dif-
ferent types of grinding mills, the plate mill was found
superior as it yields chapati with softer texture, sweetish
taste and greater pliability [2, 3]. Such milled flour ab-
sorbs more water than flour milled in other type of mills
such as hammer, pin and roller and the same has been at-
tributed to higher damaged starch content due to greater
severity of grinding [4, 5]. There is considerable infor-
mation on the various chemical and physico- chemical
characteristics of flours and their functional characteris-
tics milled in different types of mills [2, 6, 7]. It has been
reported that the development of temperature is greater
in flours milled in plate and stone mills (90–98 °C) as
compared to other types of mills. Therefore, it is likely
that there would be changes in the quality of protein and
lipids due to the high temperatures generated during
milling, thereby altering the functional characteristics.
Since such reports are not available on differently milled
flours, studies on the above are undertaken and reported
in this paper. The out come is likely to be useful for
large-scale manufacture of whole wheat flour, as plate or
stone mills have limited capacity.

Materials and methods

Materials

Two types of commercially available aestivum wheat varieties
were procured from the local market and 5 kg lots were ground in
different mills such as a plate mill (PM), stone mill (SM), hammer
mill (HM) and roller mill (RM). The plate mill (model: Mini kek
mill) [5] consists of two chilled cast iron plates (Brinnel hardness
number, 350; diameter 30 cm; thickness 20 mm) placed vertically.
One of the plates is stationary, while the other rotates at 500 rpm.
The plates have about 120 corrugations of 3–4 mm in depth. The
cleaned grain is fed through a hopper in between the two plates
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and ground into flour by shearing action as well as friction. The
flow emerges through the outlet located at the bottom of the plate.
The mills are driven by a 7.5 bhp electric motor and have a grind-
ing capacity of 100 kg of wheat per hour. In the stone mill
(Bemco) instead of corrugated iron plate, chiselled emery stone is
used. The hammer mill type (Kamas model Apex) was used with
the sieve size of 800 microns. A Buhler laboratory flour mill
(Model Mlu 202) was used to obtain roller milled flour. The bran
and shorts obtained were reground by reducing the gap between
the rolls of the break as well as reduction systems. The ground
bran and shorts, which passes through 80-mesh sieve, were added
to straight run flour. The over tailing of sieves was ground in a
Kamas Hammer type mill and added to the straight run flour [6].

Analytical grade reagents, distilled and dry solvents were used
throughout the study. Fatty acid and amino acid standards were
procured from Sigma chemicals, USA.

Methods

Physicochemical characterisation. Hardness and hectolitre weight
of wheat samples were determined using standard procedures [8].
Moisture, ash, SDS-sedimentation value damaged starch and pro-
tein content of whole wheat flours was determined by AACC
methods [9].

Electrophoretic characterisation. Electrophoretic characterisation
of flour protein was carried out by SDS-PAGE according to the
method of Laemmli [10] and as modified by Singh and Shepherd
[11].

Amino acid analysis. Amino acids content of flour samples were
carried out using HPLC according to the standard method [12].

Fatty acids analysis. Total free lipids from flour samples were ex-
tracted according to the standard methods [9]. The fats extracted
were saponified and methylated with 14% boron tri-fluoride (BF3)
in methanol in order to prepare fatty acid methyl esters (FAME)
[13]. The FAMES were analysed by capillary GC (14B Shimadzu,
German) with an omega wax capillary column (Supelco, Belle
fonte, PA, USA) (30 m×2 mm i.d.) fitted with a flame-ionisation
detector and connected to an online CR-4 A chromatorpac integra-
tor. The operating conditions were column temperature 160 °C, 
injection temperature 210 °C and detector temperature 250 °C.
Column temperature was programmed to increase at a rate of
10 °C/min and the final temperature was 240 °C. Nitrogen gas
(30 ml/min) was used as carrier. Individual fatty acids were identi-
fied and quantified by comparing their authentic standards. Each
sample was done in duplicate.

Results and discussion

Quality characteristics of wheat

The two types of wheat used in the different types of
milling methods had the following physical characteris-
tics: hardness values:9.1 and 11.2 kg; hectolitre weight
71 and 86 kg/hectolitre and physiochemical characteris-
tics on 14% mb: ash 1.6 and 1.8%; SDS-sedimentation
value 49 and 60 ml and protein 9 and 13.5% respective-
ly. Based on protein content values the type I and II has
been classified into weak and strong varieties respective-
ly [9]. The total free lipid content in wheat types I and II
were 1.8 and 2.0% respectively.

Effect of grinding methods on the quality characteristics
of wheat flours

Chemical characteristics. Table 1 summarises the effect
of grinding on physicochemical characteristics of whole
wheat flours obtained from strong and weak varieties.
The major differences were observed for damaged starch
and free lipid content. Damaged starch content was high-
er in flours ground in plate and stone mills due to greater
severity of grinding which is reflected in higher tempera-
ture generated during milling. Earlier reports indicate
that among the different types of grinding mills, the plate
mill was found superior as it yields chapati with softer
texture, sweetish taste and greater pliability [2, 3]. Such
milled flour absorbs more water than flour milled in oth-
er types of mills such as hammer, pin and roller and the
same has been attributed to higher damaged starch con-
tent due to greater severity of grinding [4, 5]. As report-
ed, damaged starch content was lower in flour made
from weak wheat as compared to strong wheat using any
grinding methods compared.

The free lipid content was low in stone milled fol-
lowed by plate milled flour when compared to hammer
and roller milled flours (Table 1). The lower content was
attributed to binding of free lipids to other constituents
due to heat [14].
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Table 1 Effect of grinding on the physicochemical characteristics of wheat varieties

Physicochemical Hammer mill Plate mill Stone mill Roller mill
characteristics

A B A B A B A B

Moisturea (%)b 9.5±0.08 9.2± 0.06 8.7±0.05 8.5±0.05 7.5±0.05 7.3±0.05 9.9±0.09 9.5±0.06
Ash (%)b 1.6±0.01 1.8±0.02 1.5±0.02 1.7±0.03 1.7±0.04 1.9±0.04 1.5±0.03 1.6±0.02
Protein (%)b 11.1±0.1 9.5±0.08 11.0±0.1 9.5±0.07 11.3±0.1 9.4±0.09 11.3±0.1 9.6±0.09
Fat (%)b 1.9±0.03 1.7±0.02 1.8±0.02 1.5±0.01 1.6±0.02 1.3±0.01 2.0±0.06 1.9±0.05
Damaged Starch (%)b 9.0±0.05 8.0±0.07 14.5±0.2 11.9±0.1 16.3±0.2 12.8±0.2 7.0±0.07 5.3±0.05
Temperature (°C)c 50 50 78 78 85 85 32 32

a Moisture in wheat – 10.9% and 10.5% in strong and weak wheat
respectively
b Values on 14% moisture basis and means of quadruplicates

c Recorded at the respective mill at the point of discharge
A – strong wheat flours; B – weak wheat flours



Electrophoretic pattern. SDS-PAGE pattern of flour
samples milled in different types of mills is shown in
Fig. 1. The pattern indicated that there is slight degrada-
tion of protein in the samples obtained from the stone
mill as well as plate mill in both types of wheat varieties.
This could be due to greater heat generation, during
grinding in these mills, which in turn is likely to lead to
aggregation of some protein fractions. In the case of
hammer or roller milled flours more intense bands were
seen. This could be due to the lower heat generation
when comparing with other milling methods because of

lower severity of grinding [2, 6]. The intensity of bands
particularly in the glutenin region reduced as the severity
of grinding or the product output temperature increased.
Rearrangement of disulfide bonds might be possible on
heating, but a reducing agent was used during prepara-
tion of samples for SDS-PAGE. This leads to a complete
recovery of high molecular weight sub units. However,
on heating, degradation or aggregation of proteins by co-
valent, non-disulfide linkages may take place. This leads
to an irreversible change of the composition of the SDS-
PAGE samples. This might more likely be the reason for
the different electrophoretic patterns. Similar kind of re-
ports regarding effect of high temperature on the protein
fractions especially glutenin fraction are reported by sev-
eral workers [15, 16, 17].

Amino acid composition. Table 2 indicates amino acid
composition of flour samples ground using different
types of milling methods. The amino acid content
showed considerable variation among the flours milled
in different mills. The total percentage of amino acid
content ranged from 6.7 to 9.3% in the case of strong
wheat while it ranged from 5.9 to 8.5% in the case of
weak wheat. In both cases amino acid content of roller
milled flours were higher followed by hammer, plate and
stone mills (Fig. 2). The total amino acid content was
lower in flours milled in stone and plate mills, possibly
due to loss of amino acid as a result of heat generation
[18]. Apart from decrease in total amino acid content, a
decrease in some essential amino acids such as arginine,
histidine, threonine, valine, lysine, and methionine was
observed in the case of stone mill grinding when com-
pared with other milling methods (Table 2). A decrease
in the content of some amino acids by increasing the
temperature is due to reaction of these amino acids, e.g.
by the formation of covalent linkages via isopeptide
bonds. The decrease of the content of some of essential
amino acids such as lysine and arginine might be due to
the Maillard reaction by formation of condensation prod-
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Fig. 1 SDS – PAGE pattern of whole wheat flour samples: lanes
1–4 are soft wheat samples and lanes 5–8 hard wheat samples:
lanes 1, 5 – plate mill; lanes 2, 6 – roller mill; lanes 3, 7 – hammer
mill; lanes 4, 8 – stone mill

Table 2 Amino acid composi-
tion of weak and strong wheat
flour obtained from different
types of milling

Amino acid RMa HMa PMa SMa

A B A B A B A B

Aspartic acid 266.1 256.5 239.6 255.3 247.4 196.9 222.8 177.5
Glutamic acid 3052.2 2631.6 2385.2 2398.0 2149.9 2221.3 2198.4 1900.6
Serine 423.9 365.1 235.9 243.2 213.1 238.3 229.7 192.9
Glycine 463.2 438.9 439.1 428.6 430.0 439.6 461.8 362.4
Histidine 231.6 135.0 89.0 124.0 86.6 101.0 78.8 97.0
Arginine 464.0 370.0 323.3 312.3 280.6 287.0 312.8 244.6
Threonine 240.9 217.5 181.8 162.7 167.4 165.7 166.5 145.1
Alanine 321.8 248.9 177.5 183.7 171.4 123.9 188.6 150.4
Proline 1120.7 1042.0 1006.5 1038.8 1021.7 1071.2 1072.5 881.7
Tyrosine 224.2 222.5 162.0 251.3 211.9 123.0 224.9 175.0
Valine 540.4 475.3 274.4 274.2 272.8 277.3 287.5 227.1
Methionine 232.0 545.0 170.0 500.4 220.0 490.0 150.0 480.0
Cystine 100.0 65.6 101.6 63.3 72.9 79.3 77.2 58.0
Isoleucine 340.0 276.3 245.3 250.8 284.2 277.2 257.6 219.5
Leucine 703.0 638.2 462.6 476.8 456.5 476.6 420.6 375.0
Phenylalanine 414.4 389.9 319.4 383.4 329.9 379.7 298.1 272.0
Lysine 167.2 165.8 100.0 94.0 101.2 134.2 80.0 80.2

a mgs/100 gm of flour and 
values are means of quadrupli-
cates
HM – hammer mill; PM – plate
mill; RM – roller flour mill;
SM – stone mill
A – strong wheat; B – weak
wheat



ucts between carbohydrate and amino compounds. The
amino acid content in hammer or roller milled flour sam-
ple was similar but much higher than that the flours
milled by other mills. Most of the amino acids were re-
duced by the grinding methods used. 

Free lipids. Free lipid content was higher in flour ground
in the hammer mill (1.9%) and roller mill (2.0%) when

compared to that observed for the plate (1.8%) and stone
mill (1.6%). This may be due to binding of free lipids to
other flour constituents such as starch and protein due to
heat generation. However, the actual mechanism of bind-
ing of free lipids with these flour constituents is not
known. Similar lowering of free lipids on heating was
observed by other research workers [14]. The trend re-
mained similar in both strong and weak wheats. Howev-
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Fig. 2 Percentage of total amino acid content in whole wheat
flour samples obtained from different types of milling: HM – ham-
mer mill; RM – roller mill; PM – plate mill; SM – stone mill

Fig. 3A,B Percentage of fatty acid content in whole wheat flour
samples obtained from different types of milling: A palmitic acid;
B linoleic acid: HM – hammer mill; RM – roller mill; PM – plate
mill; SM – stone mill

Table 3 Fatty acid composi-
tion of strong and weak wheat
flour obtained from different
types of milling methods

Fatty acid HMa PMa RMa SMa

A B A B A B A B

Myristic acid (C14:0) 1.7 1.6 1.3 1.4 1.9 1.7 1.3 1.2
Palmitic acid (c16:0) 19.4 18.3 22.0 20.9 14.2 14.7 27.5 25.5
Stearic acid (C18:0) 0.9 1.8 2.2 2.1 1.3 0.9 2.3 2.2
Oleic acid (C18:1) 21.0 20.1 20.2 19.2 24.0 22.0 18.5 17.5
Linoleic acid (C18:2) 54.1 55.5 52.1 54.5 54.8 56.9 49.1 52.4
Linolenic acid (C18:3) 2.9 2.7 2.2 1.9 3.8 3.8 1.3 1.2

a Area percentage based on fatty acid methyl ester basis and values are means of quadruplicates
HM – hammer mill; PM – plate mill; RM – roller mill; SM – stone mill
A – strong wheat; B – weak wheat



er strong wheat had higher lipid content (1.9%) as com-
pared to weak wheat (1.6%).

Fatty acid composition. Table 3 indicates fatty acid com-
position of flour samples ground in different types of
milling methods. The highest content of palmitic and
stearic acid was found in the stone and plate milled sam-
ples in both types of wheat varieties (Fig. 3A) as com-
pared to flours milled in other types of mills. In contrast,
the levels of unsaturated fatty acids particularly linolenic
acid was lower in the flours milled in the above mills
(Fig. 3B). This could be attributed to reduction of unsat-
urated fatty acids to saturated acids due to heat. Similar
observations were made by other workers when fat is
subjected to heat treatment [19]. This trend remains sim-
ilar for both weak and strong wheat varieties. 

As expected palmitic acid is the major saturated fatty
acid and linoleic acid is the major unsaturated acid in
both strong and weak wheat varieties. This was in line
with the report made by MacMurry and Morrison [20].

Conclusion

The study indicates that heat produced during grinding
of wheat in normally used plate mill/stone mill denatures
the protein, and reduces the amino acid content. In addi-
tion, a decrease in the unsaturated fatty acid content is
also observed. This shows that there is slight loss of
some essential fatty acid and amino acids on grinding of
wheat in plate/stone mills.
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