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ABSTRACT: Millet seeds were ground into flour and used as a replacement for hard wheat flour in the ratio 

of 5, 10, 15, 20 and 25%. The rheological effect of the millet flour levels on wheat flour was studied using 

Farinograph and Extensograph. The water absorption, dough development time (except 5%), dough stability, 

Farinograph quality number, energy (except 5% and 10%), and extensibility (except 5%) were significantly 

decreased with increasing the level of millet flour; however, degree of softening (except 5% and 10%), ratio 

number (except 5%, 10% and 15%) and both resistance to extension and maximum resistance (except 15%, 

20% and 25%) were increased. Biscuits were prepared using different levels of millet flour then evaluated for 

chemical composition, nutritional quality and sensory properties. The contents of minerals (K, Mg, and Fe ), 

total essential amino acids were increased with increasing the replacement level of millet flour in biscuit and 

also the in-vitro protein digestibility, protein efficiency ratio and chemical score were improved, however, no 

substantial increase was noticed in lysine and threonine and still considered as limiting amino acids. Millet 

flour could be replaced with wheat flour up to 10% level without any observed detrimental effects on biscuit 

overall acceptability. 
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INTRODUCTION 
 

Biscuits are the most popular bakery items consumed nearly by all levels of society. This is 

mainly due to its ready to eat nature, good nutritional quality, and availability in different 

varieties and affordable cost. Soft wheat flours (generally low extraction, low protein) are 

uniquely suited for the production of cookies (Biscuits), most cakes, wafers, cake dough 

nuts, and similar baked products (Yamazaki and Greenwood, 1981). 

In Saudi Arabia, hard wheat flours (relatively low protein type) mostly used for 

biscuit and other pastry products, due to the lack of soft wheat production. Type of gluten 

proteins of hard (strong) wheat flour are different of those of soft (weak) wheat flour. 

However, hard wheat flours produce thinner and tougher biscuits than those of soft wheat 

flours. 

Pearl millet (Pennisetum typhodies) is a small-seeded annual grass, of minor 

importance in developed countries, but a staple in the diet of some areas in Africa and Asia 

(Skouron and Lorenz. 1976). Millet is a good source of dietary protein, carbohydrates, fat, 

vitamins, and minerals (Hulse et al., 1980). Protein in millet varies from 5.6 to 14.8% and it 

contains no gluten. Millets have high values of essential amino acids especially lysine. 

(Lorenz, Disalver, and Bater, 1979).  

Millet flour can be partially used to replace wheat flour in breads, cookies and pasta 

products (Badi et al., 1976; Lorenz and Dilsaver, 1979).  
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In order to improve the functional properties of hard wheat flour that used to 

produce biscuits by weakening its gluten proteins, increase the nutritional values, and 

decrease the potential of coeliac disease (Taylor and Shewry, 2006). 

The addition of millet flour could enhance the suitability of hard wheat flour for 

biscuits, cake, and pastries products. 

This work was carried out to study the influence of the partial replacement of wheat 

flour with different levels of millet flour on rheological, chemical, nutritional and sensory 

properties of wheat flour biscuits. 

 

MATERIALS AND METHODS 
 

Materials 

The pearl millet planted in Al-Madinah area was purchased from local market at Buraidah 

(Al-Qassim, Saudi Arabia). The millet grains were cleaned from dust, damaged and all 

foreign materials then milled using Dimant Mill, model 500 mm (Denmark). The millet 

flour was screened to pass through an 80-m mesh sieve (British Standard Screen) and 

backed in air-tight kilner jars then kept in a refrigerator at 4°C until used. The wheat flour 

used was derived from hard wheat obtained from Grain Silos and Flour Mills Organization, 

Saudi Arabia. The extraction rate of the wheat flour was 72%.  

Millet flour replaced wheat flour to produce blends with 5%, 10%. 15%. 20% and 

25% millet flour. 

Farinograph measurements 
Farinograph (Brabender, Duisburg, Germany) was used to study the effect of millet 

flour on the farinograph parameters according to AACC standard method 54-21(2000). 

Extensograph measurements 

Extensograph (Brabender, Duisburg, Germany) was used to study the effect of 

millet flour on the extensograph parameters according to AACC standard method 54-10 

(2000).  

Preparation of biscuits 

 Biscuits were prepared as the following method of Sai Manohar and Haridas Rao 

(1999). Sugar (90 gm) and fat (60 gm) were creamed for 3–4 min in a Hobart mixer. Dough 

water containing sodium and ammonium bicarbonate (1.5 and 3 gm), and sodium chloride 

(3 gm) was added to the above cream and mixed for 5 min to obtain a homogenous dough. 

Wheat flour (300 gm) sieved twice with baking powder (0.9 gm) was added and mixed for 

3 min. The dough was formed using biscuit formation machine (thickness of 3.5 mm and 

circular diameter 45 mm) and placed on an aluminium tray, baked at 160°C for 10 min and 

then allowed to cool.  

Sensory studies 

The trained panel consisted of nine members selected randomly from laboratory 

staff and lecturers of the Food Science Department. They were trained and instructed to 

rate the score of color, appearance, texture, flavor and overall acceptability of the biscuits. 

A rating scale of l-7 points (1 = dislike very much; 7 = like very much) was used (Peryam 
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and Pilgrim, 1957). Biscuit was evaluated, 3 hr after baking. Panelists evaluated all biscuit 

samples at the same time in an open area without special lighting. Water was provided for 

rinsing purposes. 

Analytical methods 

Chemical composition: Moisture, fat, ash, crude fiber, and protein (N6.25) were 

determined as described by AOAC (1990).  

Minerals: Minerals were determined after wet ashing by concentrated nitric acid and 

perchloric acid (1:1, v/v). Na, K and Ca were determined by flame photometer (Corning 

410, England), while Mg, Mn, Zn and Fe were determined using an atomic absorption 

spectrophotometer (Perkin-Elmer, Model 2380, USA).  

Amino acids: Amino acids were determined using a Mikrotechna AAA 881 automatic 

amino acid analyzer (Model 118/119 CL, Czech Republic) according to method of Moore 

and Stein (1963). Hydrolysis of the samples was performed in the presence of 6 M HCl at 

110C for 24 hr under a nitrogen atmosphere. Sulfur-containing amino acids were 

determined after performic acid oxidation. Tryptophan was chemically determined by the 

method of Miller (1967). 

In-vitro protein digestibility (IVPD), chemical score and protein efficiency ratio: IVPD 

was determined as described by Salgó et al. (1984) measuring the change in the sample 

solution pH after incubation at 37C with trypsin-pancreatin enzyme mixture for 10 min. 

Chemical score of amino acids was calculated using the FAO/WHO (1973) reference 

pattern. Protein efficiency ratio (PER) was estimated according using the regression 

equation proposed by Alsmeyer et al. (1974): PER = - 0.468 + 0.454 (leucine) - 0.105 

(tyrosine). 

Statistical analysis 

Results are expressed as the mean value of three replicates (each replicate was 

presented by a mean of three determinations), except for the minerals and amino acid 

contents, which were determined in duplicate. Data were statistically analyzed using 

analysis of variance and least significant differences (P<0.05) between means using SAS 

(1985).  

 

RESULTS AND DISCUSSION 

Farinograph properties 

Farinograph data of wheat flour (control) and those contained different levels of 

millet flour are shown in Table 1. The water absorption was decreased significantly   due to 

the presence of millet flour at all levels. The observed low water absorption of wheat flour 

blends may be due to the decreased hydration capacity of millet flour. Generally, these 

results agree well with those reported by El-Adawy and Bakr (1998). They found that water 

absorption decreased substantially by addition of sweet cheese whey powder and 

ultrafiltrated sweet Ras cheese whey at all levels to wheat flour. Dough development time 

was significantly low in wheat flour-millet flour blends (except blend containing 5% millet 

flour) than control. Generally, the decrease in dough development time may be due to the 

differences in the physico-chemical properties of millet flour and that of wheat flour as 
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previously detected and reported by Morad et al. (1980) for different protein absorption 

compared with other sources. Dough stability time (a major index for dough strength), 

which refers to the ability of gluten net work to resist the mechanical effects of mixing, was 

decreased significantly by increasing the levels of millet flour in blends. These results 

agree well with those reported by El-Adawy (1997), who found that the high replacing 

level of sesame protein concentrate and isolate may have been responsible for decreasing 

the dough stability time. The addition of millet flour significantly increased the degree of 

dough softening over the control (except the blends contained 5% and 10% millet flour) 

This softening of dough could be due to the presence of sulphahydryl groups in millet flour 

which cause the dough softening (El-Farra et al., 1981). Farinograph quality number was 

decreased significantly with increasing the level of millet flour in dough blends. 

 

Table 1. Farinograph properties of wheat flour replaced by different levels of millet flour. 

Blends 

Water 

absorption 

(%) 

Development 

 time (min) 

Stability 

(min) 

Degree of 

softening  

Farinograph 

quality 

number 

Wheat flour (control) 63.93a 9.63a 17.53a 2.33c 175.67a 

95% wheat flour + 5% millet flour 62.07c 9.93a 14.47b 2.33c 157.00b 

90% wheat flour + 10% millet flour 61.80cd 8.47b 11.80c 7.33c 131.67c 

85% wheat flour + 15% millet flour 62.67b 7.57c 9.77d 18.67b 115.33d 

80% wheat flour + 20% millet flour 62.50bc 7.57c 9.67d 14.67b 111.00d 

75% wheat flour + 25% millet flour 62.73b 6.47d 7.63e 37.33a 93.67e 

Means in the same column with different letters are significantly (p0.05) different. 

 

Extensograph properties 

Table 2 summarizes extensograph results of wheat flour dough as well as those 

replaced by different levels of millet flour. The total area under the curve which represents 

the energy required for dough mixing, reported in Cm
3
, was significantly decreased due to 

the presence of millet flour at the high levels (over 15%), while, no significant differences 

were observed at the lower levels of millet flour (5% and 10%) showed non-significant  

differences compared to wheat flour. The resistance to extension (elasticity), which is 

usually defined as the ability of the dough to regain its shape after extension, depends on 

the amount of glutenine in the dough. The resistance to extension of the dough significantly 

increased due to the presence of millet flour at the high levels (20% and 25%), while, the 

lower levels of millet flour (5%, 10% and 15%) showed non-significant differences 

compared to wheat flour. Extensibility of the dough is the ability of the dough to extend or 

stretch. It depends on the gliadin proportion in the dough. Dough extensibility significantly 

decreased with increasing the replacing level of millet flour in all blends (except blend 

containing 5% millet flour) as compared to the control. Maximum resistance and energy 

under extensograph can be used as indicators of dough strength. No significant differences 

were observed in maximum resistance of dough containing 15%, 20% and 25% millet flour 

and control. While the blends containing 5% and 10% millet flour had significantly higher 

maximum resistance. Ratio number is the ratio of resistance to extension/ extensibility. 
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Ratio number was significantly increased due to the presence of millet flour at the high 

levels (20% and 25%), while, non-significant differences were noticed with the lower 

replacement levels of millet flour (5%, 10% and 15%). Generally, millet flour is known to 

have weakening effect on dough properties. The decrease of extensibility or resistance to 

extension at high level of millet flour blends (20% and 25%) may be due to the glutathione. 

It is claimed that the glutathione activate the proteolytic enzymes which in turn serve to 

modify the gluten quality of the dough. The alternative explanation of the action of 

glutathione is that it reduces disulphide linkages in the gluten, thus weakening the gluten 

(Aly, 2000). 

 

Table 2. Extensograph properties of wheat flour replaced by different levels of millet flour. 

Blends 

Extensograph properties at 135 min  

Energy 
 (Cm

2
) 

Resistance 
to extension 

(BU) 

Extensibility 
 (mm) 

Maximum 
 resistance 

(BU) 

Ratio 
number 

Wheat flour (control) 131.0a 509.3b 142.7a 669.7b 3.6b 

95% wheat flour + 5% millet flour 127.0a 560.3b 132.7ab 720.3a 4.2b 

90% wheat flour + 10% millet flour 117.7a 574.3b 125.0b 711.0a 4.6b 

85% wheat flour + 15% millet flour 102.0b 525.7b 123.0b 634.0b 4.3b 

80% wheat flour + 20% millet flour 88.0bc 643.0a 97.7c 695.7b 6.7a 

75% wheat flour + 25% millet flour 80.7c 642.3a 94.0c 673.7b 7.0a 

Means in the same column with different letters are significantly (p  0.05) different. 

 

Chemical composition of biscuits 
Table 3 shows the proximate composition of biscuits containing different levels of 

millet flour. Total protein was significantly decreased with increasing the level of millet 
flour in biscuit blends except biscuit blend containing 5% millet flour. No significant 
differences in total ash and crude fiber were observed between wheat flour biscuits and 
biscuit formulated with different levels of millet flour. Total fat and total carbohydrates 
were significantly increased with increasing the replacing level of millet flour in biscuit 
blends (except biscuit blends containing 10% and 15% millet flour). Generally, the same 
trends were reported by El-Adawy and Bakr (1998) for protein, ash, lipids and total 
carbohydrates. 
 
Table 3. Chemical composition of wheat biscuit formulated by different levels of millet 

flour (on dry weight basis). 

Biscuit samples 
Total 

protein 

Total 

ash 
Total fat 

Crude 

fiber 

Total  

carbohydrates* 

Wheat flour (control) 17.86
a
 1.61

a
 14.43

d
 4.40

a
 61.70

d
 

95% wheat flour + 5% millet flour 17.47
ab

 1.61
a
 14.65

cd
 4.35

a
 61.92

cd
 

90% wheat flour + 10% millet flour 17.10
bc

 1.60
a
 14.88

bc
 4.29

a
 62.13

bc
 

85% wheat flour + 15% millet flour 16.73
cd

 1.59
a
 15.10

b
 4.24

a
 62.34

b
 

80% wheat flour + 20% millet flour 16.33
de

 1.59
a
 15.32

ab
 4.18

a
 62.58

ab
 

75% wheat flour + 25% millet flour 15.99
e
 1.59

a
 15.55

a
 4,13

a
 62.74

a
 

Means in the same column with different letters are significantly (p  0.05) different. 

* By difference. 
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Mineral content of biscuits 
Table 4 shows the elemental contents of biscuit blends formulated with different 

levels of millet flour. The elements of K, Fe and Mg were slightly increased, while Zn, Mn, 
Ca and Na were decrease with increasing the levels of millet flour in biscuit blends 
compared to the control biscuit. These results are mainly related to millet flour which is 
poor in Zn, Mn, Ca and Na. These findings agree well with those reported by Gassim and 
Osman (2008). 
 
Table 4. Mineral content of wheat biscuit formulated by different levels of millet flour 
(mg/100g-dry weight basis). 

Biscuit samples 
Macro-elements Micro-elements 

Na K Ca Mg Mn Zn Fe 

Wheat flour (control) 74 46 500 125 2.14 2.61 6.64 

95% wheat flour + 5% millet flour 70.95 46.25 493.75 131.25 2.08 2.57 6.68 

90% wheat flour + 10% millet flour 67.90 46.50 487.50 137.50 2.03 2.52 6.72 

85% wheat flour + 15% millet flour 64.85 46.75 481.25 143.75 1.97 2.48 6.75 

80% wheat flour + 20% millet flour 61.80 47.00 475.00 150.00 1.91 2.43 6.79 

75% wheat flour + 25% millet flour 58.75 47.25 468.75 156.25 1.86 2.39 6.83 

Average of two determinations. 

 

Amino acids content of biscuits 

Amino acid compositions of biscuit blends are shown in Table 5. All essential 

amino acids were increased with increasing the level of millet flour in all biscuit blends 

(except phenylalanine, total aromatic amino acids and tryptophan) comparing with control. 

All biscuit blends containing millet flour are rich in total essential amino acids, leucine, 

total aromatic amino acids, tryptophan and valine as compared with the FAO/WHO (1973) 

reference pattern. All biscuit blends had lower levels of isoleucine, lysine, sulfur-

containing amino acids, and threonine as compared with the reference pattern. These 

results agree well with those reported by Gassim and Osman (2008). 

In-vitro protein digestibility and biological values computation of biscuits 

In-vitro digestibility and biological values computation of biscuit blends are given 

in Table 6. Biscuit blends containing millet flour showed significant differences for in-vitro 

protein digestibility as compared to control biscuits. The digestibility of biscuit blends was 

increased with increasing the level of millet flour up to 15% then decreased at 20% and 

25% millet flour but still higher than control. Protein efficiency ratio (PER) and chemical 

score (CS) were improved with increasing the replacement level of millet flour in biscuit 

blends. Lysine was the first limiting amino acid, while threonine was the second limiting 

amino acid in all biscuit blends. Gassim and Osman (2008) reported that the first and 

second limiting amino acids in pearl millet seed protein were lysine and threonine, 

respectively. 

Biscuits sensory properties 
Sensory properties data of biscuit blends are presented in Table 7. No significant 

differences were observed in color and texture among all biscuit blends up to 10% millet 

flour. Also, the differences were not significant in appearance, flavor and overall 

acceptability among all biscuit blends up to 15% millet flour. Panelists rejected all biscuit 
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blends containing high levels of millet flour (20% and 25%). Matthews et al. (1970) 

mentioned that substituting high levels of sunflower flour resulted in deterioration of crumb 

color with grain and texture of the bread. 
 

Table 5. Amino acid composition of wheat biscuit formulated by different levels of millet 

flour (gm/16gm N) 

Amino acid 
Biscuits blends containing millet flour at FAO/WHO 

FAO|WHO (1973) 0.0% 5% 10% 15% 20% 25% 

Isoleucine 3.22 3.29 3.37 3.45 3.53 3.61 4.00 

Leucine 6.91 7.02 7.13 7.24 7.35 7.46 7.00 

Lysine 2.70 2.75 2.80 2.85 2.90 2.94 5.50 

Cystine 1.85 1.87 1.88 1.90 1.92 1.93 - 

Methionine 1.12 1.14 1.16 1.18 1.21 1.23 - 

Total sulfur amino acids 2.97 3.01 3.04 3.08 3.13 3.16 3.5 

Tyrosine 3.14 3.16 3.18 3.2 3.22 3.24 - 

Phenylalanine 6.15 6.11 6.07 6.03 5.99 5.95 - 

Total aromatic amino acids 9.29 9.27 9.25 9.23 9.21 9.19 6.00 

Threonine 3.10 3.14 3.19 3.23 3.28 3.32 4.00 

Tryptophan 1.96 1.94 1.91 1.89 1.87 1.85 1.00 

Valine 5.74 5.78 5.83 5.87 5.91 5.96 5.00 

Total essential amino acids 35.89 36.20 36.52 36.84 37.18 37.49 36.00 

Histidine 2.27 2.27 2.26 2.26 2.26 2.26 - 

Arginine 4.77 4.78 4.78 4.79 4.80 4.80 - 

Aspartic acid 5.57 5.80 6.03 6.27 6.50 6.73 - 

Glutamic acid 35.74 35.01 34.30 33.57 32.82 32.11 - 

Serine 5.26 5.28 5.30 5.31 5.33 5.35 - 

Proline 1.54 1.51 1.47 1.44 1.40 1.36 - 

Glycine 4.42 4.39 4.36 4.32 4.29 4.26 - 

Alanine 4.54 4.76 4.98 5.20 5.42 5.64 - 

Total non- essential amino acids 64.11 63.80 63.48 63.16 62.82 62.51 - 

Average of two determinations. 

 

 

Table 6. In-vitro protein digestibility and biological value of wheat biscuit formulated by 

different levels of millet flour. 

Biscuit samples IVPD*
1
 PER

2
 CS

3
 (%) 

Limiting amino acids 

First Second 

Wheat flour (control) 75.32c 2.34 49.09 Lysine Threonine 

95% wheat flour + 5% millet flour 78,54b 2.39 50.00 Lysine Threonine 

90% wheat flour + 10% millet flour 79.83a 2.44 50.91 Lysine Threonine 

85% wheat flour + 15% millet flour 80.32a 2.48 51.82 Lysine Threonine 

80% wheat flour + 20% millet flour 79.88a 2.53 52.73 Lysine Threonine 

75 % wheat flour + 25% millet flour 78.45b 2.58 53.45 Lysine Threonine 

* Means in the same column with different letters are significantly (p  0.05) different. 
1
 In vitro protein digestibility 

2
 Protein efficiency ratio. 

3
 Chemical score. 
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Table 7. Sensory properties of wheat biscuit formulated by different levels of millet flour. 

Biscuit samples 
Properties 

Color Appearance Texture Flavor Overall acceptability 

Wheat flour (control) 6.36a 6.18a 5.15a 6.18a 6.36a 

95% wheat flour + 5% millet flour 5.73a 5.73a 5.10a 5.55a 6.18a 

90% wheat flour + 10% millet flour 5.44ab 5.62a 5.07ab 5.50a 5.98a 

85% wheat flour + 15% millet flour 5.10b 5.55ab 5.00ab 5.36ab 5.60ab 

80% wheat flour + 20% millet flour 4.28c 5.36ab 4.91b 4.77b 5.00b 

75% wheat flour + 25% millet flour 3.73c 4.64b 4.91b 4.35b 4.90b 

Means in the same column with different letters are significantly (p  0.05) different. 

 

 

CONCLUSION 
 

Millet flour addition at different levels was found to significantly affect certain quality 

parameters of dough and biscuit. Farinograph and extensograph results show that addition 

of millet flour had significant effect on dough rheological properties. Control biscuit and 

biscuit with 5% and 10% millet flour had the highest total sensory evaluation scores and 

acceptable results. The use of millet flour in biscuit preparation caused an increase in total 

essential amino acids and also improved the in-vitro protein digestibility, protein efficiency 

ratio and chemical score.  
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الخصائص الريولوجية والكيميائية والحسية والغذائية لمبسكوت المصنع من خمط دقيقي 
 القمح والدخن

 
 محمد صالح العمري

 ية عموم األغذية والزراعة، جامعة الممك سعودقسم عموم األغذية والتغذية، كم
 ، المممكة العربية السعودية11611الرياض  0642ص.ب.  

 

، 11، 12، 1تم في ىذه الدراسة إضافة حبوب الدخن بعد طحنيا كبديل لدقيق القمح  اللحمب بنسحب خمحط الممخص: 
الفارينوجراف واالكستينسحوجراف. ييضحا تحم ٪. ثم درست الخلائص الريولوجية ليذه المخاليط باستخدام جيازي 01، 02

تلححنيا البسححكويت لممخححاليط السححابقة باسححتخدام مسححتويات مختمفححة مححن دقيححق الححدخن ثححم تححم تقيححيم تركيبححو الكيميححائي وجودتححو 
 الغذائية وخلائلو الحسية. ويمكن تمخيص النتائج المتحلل عمييا في النقاط التالية:

سوجراف ين نسبة امتلاص الدقيق لمماء وزمحن تكحون العجينحة سباسحتثناء نسحبة يظيرت نتائج الفارينوجراف واالكستين -1
٪( واالنسححيابية 12، 1والطاقححة سباسححتثناء نسححبتي الخمححط ٪( وزمححن ثبححات العجينححة ورقححم جححودة الفححارينوجراف 1الخمححط 

٪( انخفضحت معنويحام محا زيحادة مسحتو  خمحط دقيحق الحدخن، بينمحا ارتفعحت قحيم درجحة الطحراوة 1سباستثناء نسحبة الخمحط 
٪( وكححم مححن المقاومححة لم ححد 11، 12، 1٪(، الححرقم النسححبي سباسححتثناء نسححب الخمححط  12، 1سباسحتثناء نسححبتي الخمححط 

 ٪( ما زيادة مستو  خمط دقيق الدخن. 01، 02، 11مقاومة سباستثناء نسب الخمط ويقلى 
زاد محتحححو  البسحححكويت محححن المعحححادن س البوتاسحححيوم والمغنيسحححيوم والحديحححد( واألحمحححاض األمينيحححة األساسحححية محححا زيحححادة  -0

 مستو  استبدال دقيق الدخن في البسكوت الناتج.
نسححبة فاعميححة البححروتين والححرقم الكيميححائي بزيححادة نسححبة دقيححق الححدخن فححي تحسححنت القيمححة اليضححمية المعمميححة لمبححروتين،  -3

 عينات البسكويت، بينما لم يمحظ يي زيادة في الميسين والثريونين ومازالت تعتبر يحماض يمينية محددة. 

٪ فحي لحناعة البسحكويت دون ظيحور يي تحتثيرات 12يمكن استبدال دقيق القم  اللمب بدقيق الدخن حتى مسحتو   -6
 ممحوظة عمى درجة القبول العام.

 


