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Production of Gluten Free Bakery Products Based on Sorghum (Sorghum 

bicolor L. Moench) and Maize (Zea mays L.) Flours Supplemented with 

Chickpea (Cicer arietinum L.) Flour and Improvers 

Ph.D. 

Mohammed Abdelrahman Hussain Ahmed 

ABSTRACT 

Gluten free products were formulated to utilize decorticated sorghum and maize 

(90%extraction) supplemented with chickpea flour at different ratio (0%, 10%, 20% 

and 30%) and improvers to produce biscuits, balady and tin breads. Raw material and 

final products were analyzed. Sensory evaluation by panelists, semi trained panelists 

and celiac disease patients. Physical properties of the raw material and final products 

were conducted. Statistical analysis was done. Results showed that protein of 

decorticated sorghum, maize and chickpea was 12.15%, 11.12% and 23.18%, 

respectively. Protein digestibility was 62.4%, 63.74% and 60.78%, respectively; 

starch digestibility was 62.07%, 63.76% and 60.82%, respectively. Tannin was 41.60, 

80.00 and 305.00mg/100gm for decorticated sorghum, maize and chickpea, while, 

phytic acid was 75.03, 117.01 and 299.65mg/100gm, respectively.  Bulk density of 

decorticated sorghum, maize flour supplemented with chickpea flour with (0, 10%, 

20% and 30%) ranged from 0.45 to 0.50gm/ml for sorghum and from 0.51 to 

0.57gm/ml for maize, respectively. Whereas, sorghum water retention capacity 

ranged between 210 and 230ml/100gm, therefore, from 210 and 270ml/100gm for 

maize, respectively. While, fat absorption capacity of sorghum ranged between 208.3 

and 225ml/100gm, whereas, maize fat absorption capacity ranged between 205 and 

240ml/100gm, respectively. The biscuits, balady and tin breads made from 

decorticated sorghum and maize (90%extraction) supplemented with chickpea flour 

at different ratio (0%, 10%, 20% and 30%) results showed that protein content 

increased significantly (P≤0.05) with increasing the level of chickpea from 12.84 to 

15.89%for sorghum biscuits and from 11.14 to 15.50%for maize biscuits, then, 

sorghum balady breads protein increased from 11.26 to 15.90%, and from 10.57 to 

15.54% for maize balady breads. Therefore, sorghum tin breads protein increased 
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from 11.26 to 16.89% and so maize tin breads protein increased from 11.15 

to16.96%. Sorghum biscuits Protein digestibility increased significantly (P≤0.05) 

with increasing the level of chickpea from43.51 to 58.60%, and from 48.13 to 

60.29% for maize biscuits. So, sorghum balady breads Protein digestibility increased 

from 39.41 to 46.20%, whereas, maize balady breads from 47.70 to 56.38%. Also, 

sorghum tin breads protein digestibility increased from 43.35 to 48.22, and maize tin 

breads from 50.78 to 58.54%. Starch digestibility increased significantly (P≤0.05) 

with increasing the level of chickpea from 46.81 to 60.36% and from 62.65 to 

67.16% for sorghum and maize biscuits, respectively. Therefore, balady breads starch 

digestibility increased significantly (P≤0.05) with increasing the level of chickpea 

from 62.17 to 65.35% and from 65.57 to 67.22%for sorghum and maize, respectively. 

Likewise, sorghum tin breads starch digestibility increased 62.55 to 66.11% and so 

maize tin breads from 66.77 to 67.41%. Mineral elements analysis showed that Na, P 

and K elements were found to be the most dominant mineral in all the products 

studied. However, Na, P and K elements increased significantly in both sorghum and 

maize biscuits on increasing the level of chickpea. Spread ratio of biscuits was 

between 6.99 and8.16 cm for sorghum, and 7.10 and 8.21cm for maize. Balady bread 

specific volume ranged between 2.32 to 2.72cc/gm for sorghum, and from 2.14 to 

2.24cc/gm for maize. Likewise, loaf specific volume of tin bread showed sorghum 

bread got the highest value 2.79cc/gm. generally increasing the inclusion of chickpea 

in bread making decreased the bread specific volume. General acceptability of 

products showed no significant differences between sorghum and maize products. 

The scores of general acceptability ranged from acceptable to highly acceptable and 

indicated that those gluten free products samples were generally appreciated by the 

panelist and celiac disease patients. Finally, sorghum and maize gluten free products 

supplemented with chickpea satisfied the need of such products for celiac disease 

patients and enhanced the nutritional value.    
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طحين  الذرة الشاميت مضافا إليهما طحينو  الذرة طحينإنتاج مخبىساث خاليت من الجلىتين إعتمادا على 

المحسناث الحمص و  

 

 ذكتىراةال

 محمذ عبذالزحمن حسين أحمذ

 الخلاصت

ٚ ( الاسخخلاص ِٓ٪ 90)اٌشا١ِت   ٚاٌزسة )ؽابج( اٌزسة بإسخخذاَ اٌغٍٛح١ٓ ِٓ خا١ٌت ِٕخداث إػذاد حُ لذ

 اٌبٍذٜ ٚاٌخبض اٌبسى٠ٛج لإٔخاج ٚاٌّحسٕاث٪( 30 ٚ٪ 20 ٚ٪ 10 ٚ٪ 0) ِخخٍفت بٕسبت اٌحّض دل١ك إػافت

اٌّم١ّ١١ٓ  ٚشبٗ ، لبً اٌّم١ّ١١ٓ ِٓ اٌحسٟ اٌخم١١ُ. إٌٙائ١ت ٚإٌّخداث اٌخاَ اٌّٛاد حح١ًٍ حُ. ٚخبض اٌمٛاٌب

 حح١ًٍ إخشاء حُ. إٌٙائ١ت ٌّٕخداثا ٚ اٌخاَ ٌٍّٛاد اٌف١ض٠ائ١ت اٌخظائض أخش٠ج ٚلذ. اٌس١ٍ١ان ِشع ِٚشػٝ

٪ 11.12 ٚ٪ 12.15 واْ ٚاٌحّض اٌشا١ِت ٚاٌزسة اٌزسة ِٓ اٌخاَ اٌّٛاد بشٚح١ٓ أْ إٌخائح ٚأظٙشث. إحظائٟ

 إٌشا ٘ؼُ ٚواْ اٌخٛاٌٟ، ػٍٝ ،٪60.78 ٚ٪ 63.74 ،٪62.4 اٌبشٚح١ٓ ٘ؼُ ٚ. اٌخٛاٌٟ ػٍٝ٪ 23.18 ٚ

 ٌٍزسة خُ 100/  دٍُِ 305.00 ٚ 80.00 ٚ 41.60 اٌخا١ٔٓ ٚواْ. اٌخٛاٌٟ ػٍٝ٪ 60.82 ٚ٪ 63.76 ،62.07٪

. اٌخٛاٌٟ ػٍٝ خُ 100/  دٍُِ 299.65 ٚ 117.01 ٚ 75.03 ف١خ١ه حّغ واْ ب١ّٕا ٚاٌحّض ٚاٌزسة اٌشا١ِت

 ٚ٪ 20 ٚ٪ 10 ٚ 0) اٌحّض ؽح١ٓ اٌّؼاف إ١ٌٗ اٌزسة ٚؽح١ٓ ، اٌزسة اٌظا٘ش٠ت ٌطح١ٓ اٌىثافت حشاٚحج ٚلذ

 ح١ث. اٌخٛاٌٟ ػٍٝ ٌٍزسة اٌشا١ِت ًِ/  خُ 0.57 إٌٝ 0.51 ِٚٓ ٌٍزسة ًِ/  خُ 0.50 إٌٝ 0.45 ِٓ٪( 30

  ٌٍزسة خُ 100/  ًِ 270 ٚ 210 ٌٍزسة ِٓ خُ، 100/  ًِ 230 ٚ 210 ب١ٓ اٌّاء احخباط ػٍٝ اٌمذسة حشاٚحج

 خُ، 100/  ًِ 225 ٚ 208.3 ب١ٓ ٌٍزسة اٌذْ٘ٛ اِخظاص ػٍٝ اٌمذسة حشاٚحج ح١ٓ فٟ. اٌخٛاٌٟ اٌشا١ِت، ػٍٝ

 اٌبسى٠ٛج. اٌخٛاٌٟ ػٍٝ خُ 100/  ًِ 240 ٚ 205 ب١ٓ ٌٍزسة اٌشا١ِت اٌذْ٘ٛ اِخظاص لذسة حشاٚحج ح١ٓ فٟ

اٌّؼاف ( الاسخخلاص٪ 90) ٚاٌزسة اٌشا١ِت اٌزسة ِٓ ؽح١ٓ ِمشٛس اٌّظٕٛع ٚخبضاٌمٛاٌب اٌبٍذٞ ٚاٌخبض

( P≤0.05) ِؼ٠ٕٛا صاد اٌبشٚح١ٓ ِحخٜٛ أْ٪( 30 ٚ٪ 20 ٚ٪ 10 ٚ٪ 0) ِخخٍفت بٕسبت اٌحّض إ١ٌّٙا ؽح١ٓ

اٌزسة  ٌبسى٠ٛج٪ 15.50 إٌٝ 11.14 ِٚٓ اٌزسة ٌبسى٠ٛج٪ 15.89 إٌٝ 12.84 ِٓ اٌحّض ِسخٜٛ ص٠ادة ِغ

 ٌٍخبض٪ 15.54 إٌٝ 10.57 ِٚٓ ،٪15.90 إٌٝ 11.26 ِٓ اٌبٍذٜ  ِٓ اٌزسة  اٌخبض بشٚح١ٓ صاد ثُ اٌشا١ِت،

بشٚح١ٓ  صاد ٚأ٠ؼا   ،٪16.89 إٌٝ 11.26ِٓ   خبضاٌمٛاٌب ِٓ اٌزسة صاد بشٚح١ٓ وزٌه،. ٌٍزسة اٌشا١ِت اٌبٍذٞ

 ِؼ٠ٕٛا   اٌزسة بسىٛث بشٚح١ٓ ٘ؼُ ٔسبت صادث٪. 16.96 إٌٝ 11.15 ِٓ اٌشا١ِت اٌزسة اٌمٛاٌب ِٓ خبض

(P≤0.05 )اٌزسة  ٌبسى٠ٛج٪ 60.29 إٌٝ 48.13 ِٚٓ ،٪58.60 إٌٝ 43.51 ِٓ اٌحّض ِسخٜٛ ص٠ادة ِغ

فٝ اٌخبض اٌبٍذٜ ِٓ  ، ب١ّٕا٪46.20 إٌٝ 39.41 ِٓ بشٚح١ٓ اٌخبض اٌبٍذٜ ِٓ اٌزسة ٘ؼُ صاد زٌهوٚ. اٌشا١ِت 

 إٌٝ 43.35 اٌبشٚح١ٓ فٝ خبض اٌمٛاٌب ِٓ اٌزسة ِٓ  ٘ؼُ صاد أ٠ؼا،٪. 56.38 إٌٝ 47.70 اٌزسة اٌشا١ِت ِٓ

 ٍِحٛظ بشىً إٌشا ٘ؼُ لاب١ٍت صادث٪. 58.54 إٌٝ 50.78 ِٓ ِٓ اٌزسة اٌشا١ِت اٌمٛاٌب ٚخبض ،48.22

(P≤0.05 )اٌزسة ٌبسى٠ٛج٪67.16 إٌٝ 62.65 ِٚٓ٪ 60.36 إٌٝ 46.81 ِٓ اٌحّض ِسخٜٛ ص٠ادة ِغ  ٚ
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 ِغ( P≤0.05) ٍِحٛظ بشىً ٌٍخبض اٌبٍذٜ ٘ؼُ إٌشا لاب١ٍت ٔسبت ٚاصدادث. اٌخٛاٌٟ اٌزسة اٌشا١ِت ػٍٝ بسى٠ٛج

. اٌخٛاٌٟ اٌشا١ِت ػٍٝ  ٚاٌزسة ٌٍزسة٪ 67.22 إٌٝ 65.57 ِٚٓ٪ 65.35 إٌٝ 62.17 ِٓ اٌحّض ِسخٜٛ ص٠ادة

 ٌب ِٓااٌمٛ ٚأ٠ؼا خبض ،٪66.11 إٌٝ 62.55 ٘ؼُ إٌشا فٝ خبض اٌمٛاٌب ِٓ اٌزسة ِٓ صاد ٚوزٌه ،

  ١ّٕ٘ت الأوثش Na ، P ٚ K ػٕاطش أْ اٌّؼذ١ٔت اٌؼٕاطش ٚأظٙشحح١ًٍ٪. 67.41 إٌٝ 66.77 ِٓ اٌزسةاٌشا١ِت

 اٌزسة ِٓ بسى٠ٛج وً فٟ ٍِحٛظ بشىً Na ٚ P ٚ K ػٕاطش صادث رٌه، ِٚغ. اٌّذسٚست إٌّخداث خ١ّغ فٟ

 ، ٌٍزسة سُ 8.16 ٚ  6.99 ب١ٓ اٌبسى٠ٛج إٔخشاس ٔسبت ٚوأج. اٌحّض ِسخٜٛ بض٠ادة  اٌزسة اٌشا١ِت ٚبسى٠ٛج

سُ 2.72 إٌٝ 2.32 ب١ٓ اٌبٍذٜ اٌخبض اٌحدُ إٌٛػٝ حشاٚذ. ٌٍزسة اٌشا١ِت سُ 8.21 ٚ 7.10 ٚ
3

 ، ٌٍزسة خُ/ 

سُ 2.24 إٌٝ 2.14 ِٚٓ
3
 اٌزسة ِٓ اٌمٛاٌب ٌخبض اٌحدُ إٌٛػٝ أظٙش ٚوزٌه،. ٌٍزسة اٌشا١ِت ٚبإٌسبت خُ/  

سُ 2.79 ل١ّت أػٍٝ
3
 .إٌٛػٝ ٌٍخبض اٌحدُ خفغ اٌخبض طٕاػت فٟ اٌحّض إػافت ص٠ادة ػِّٛا. خُ/  

 ٚحشاٚحج. اٌزسة اٌشا١ِت ٚ ِٕخداث اٌزسة ب١ٓ إحظائ١ت دلاٌت راث فشٚق ٚخٛد ػذَ ٌٍّٕخداث اٌؼاَ ٚأظٙشاٌمبٛي

 ٘زٖ ٍٛح١ٓاٌد ِٓ اٌخا١ٌت إٌّخداث ػ١ٕاث أْ إٌٝ ٚأشاسث ٌٍغا٠ت، ٚاٌّمبٛي اٌّمبٛي ب١ٓاٌؼاَ  مبٛياٌ دسخاث

اٌشا١ِت   ٚاٌزسة اٌزسة ِٕخداث ٚأخ١شا،. ِشع اٌس١ٍ١ان  ِشػٝ اٌّم١ّ١ٓ ٚ لبً ِٓ ػاَ حمذ٠ش ِٛػغ وأج

 اٌم١ّت ٚػضصث اٌس١ٍ١ان ِشػٝإٌّخداث  ٘زٖ ِثً حاخت   أسػج   اٌحّض اٍّٛح١ٓ اٌّؼاف إ١ٌٙاٌد ِٓ اٌخا١ٌت

 .اٌغزائ١ت

 

 

 


