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ﻓﺘﺮﺍﺕ ﺍﻹﺻﺪﺍﺭ
ﻧﺼﻒ ﺳﻨﻮﻳﺔ ﰲ ﺍﻟﻮﻗﺖ ﺍﳊﺎﺿﺮ ﻭﻻ ﺗﻮﺟﺪ ﺭﺳﻮﻡ ﻧﺸﺮ ﻟﻠﻤﺠﻠﺔ ﻭﳝﻨﺢ ﺍﳌﺆﻟﻒ/ﺍﳌﺆﻟﻔﻮﻥ
ﻧﺴﺨﺘﲔ ﻣﻦ ﻋﺪﺩ ﺍﻠﺔ ﺍﻟﱵ ﻧﺸﺮ ﻓﻴﻬﺎ ﲝﺜﻪ.
ﺳﻴﺎﺳﺔ ﺍﻟﻨﺸﺮ
 -١ﳍﻴﺌﺔ ﺍﻟﺘﺤﺮﻳﺮ ﺣﻖ ﺍﻟﺒﺖ ﰲ ﺻﻼﺣﻴﺔ ﺍﻟﺒﺤﺚ ﻟﻠﺘﺤﻜﻴﻢ.
 -٢ﲣﻀﻊ ﲨﻴﻊ ﺍﻟﺒﺤﻮﺙ ﺍﻟﱵ ﻳﺘﻢ ﺗﻘﺪﳝﻬﺎ ﻟﻠﺘﺤﻜﻴﻢ ﻣﻦ ﻗﺒﻞ ﻣﺘﺨﺼـﺼﲔ
ﻣﻦ ﺫﻭﻱ ﺍﳋﱪﺓ ﻭﺍﳌﻜﺎﻧﺔ ﺍﻟﻌﻠﻤﻴﺔ ﺍﳌﺘﻤﻴﺰﺓ.
ﺤ ِﻜ ﻤﻴﻦ ﺍﺛﻨﲔ ﻋﻠﻰ ﺍﻷﻗﻞ ﻟﻜﻞ ﲝﺚ ﻭﳚـﻮﺯ ﻟـﺮﺋﻴﺲ
 -٣ﺗﺴﺘﻌﲔ ﺍﻠﺔ ﲟ 
ﺤ ِﻜ ﻤﻴﻦ.
ﺍﻟﺘﺤﺮﻳﺮ ﺍﺧﺘﻴﺎﺭ ﳏﻜﻢ ﺛﺎﻟﺚ ﰲ ﺣﺎﻟﺔ ﻭﺟﻮﺩ ﺧﻼﻑ ﺑﲔ ﺍ ﹸﳌ 
 -٤ﻳﻌﺘﱪ ﺭﺃﻱ ﺍﶈﻜﻤﲔ ﺍﺳﺘﺸﺎﺭﻳﹰﺎ ﳍﻴﺌﺔ ﺍﻟﺘﺤﺮﻳﺮ ،ﻭﻟﻠﻬﻴﺌﺔ ﻭﺣﺪﻫﺎ ﺍﳊﻖ ﰲ ﻗﺒﻮﻝ ﺃﻭ
ﺭﻓﺾ ﺭﺃﻱ ﺍﶈﻜﻤﲔ.
 -٥ﳜﻄﺮ ﺭﺋﻴﺲ ﺍﻟﺘﺤﺮﻳﺮ ﻣﺆﻟﻒ ﺍﻟﺒﺤﺚ ﺑﺼﻼﺣﻴﺔ ﺍﻟﺒﺤﺚ ﺃﻭ ﻋﺪﻡ ﺻـﻼﺣﻴﺘﻪ
ﻟﻠﻨﺸﺮ ﺑﺄﺳﺮﻉ ﻭﻗﺖ ﳑﻜﻦ.

ﻗﻮﺍﻋﺪ ﻋﺎﻣﺔ
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ﺃﻻ ﻳﻜﻮﻥ ﺍﻟﺒﺤﺚ ﻗﺪ ﺳﺒﻖ ﻧﺸﺮﻩ.
ﺃﻻ ﻳﺰﻳﺪ ﻋﺪﺩ ﺻﻔﺤﺎﺕ ﺍﻟﺒﺤﺚ ﻋﻦ  ١٥ﺻـﻔﺤﺔ ﺷـﺎﻣﻠﺔ ﺍﳉـﺪﺍﻭﻝ
ﻭﺍﻷﺷﻜﺎﻝ ﻭﺍﳌﺮﺍﺟﻊ.
ﻻ ﳚﻮﺯ ﺳﺤﺐ ﺍﻟﺒﺤﺚ ﺑﻌﺪ ﺇﻗﺮﺍﺭ ﻧﺸﺮﻩ ﰲ ﺍﻠﺔ.
ﻻ ﺗﺮﺩ ﺍﻟﺒﺤﻮﺙ ﺍﳌﻘﺪﻣﺔ ﻟﻠﻤﺠﻠﺔ.
ﺃﻥ ﻳﻜﻮﻥ ﺍﻟﺒﺤﺚ ﻣﻜﺘﻮﺑﹰﺎ ﺑﺄﻱ ﻣﻦ ﺍﻟﻠﻐﺘﲔ ﺍﻟﻌﺮﺑﻴﺔ ﺃﻭ ﺍﻹﳒﻠﻴﺰﻳﺔ ﻋﻠﻰ ﺃﻥ
ﻳﺮﻓﻖ ﻣﻠﺨﺺ ﺍﻟﺒﺤﺚ ﺑﺎﻟﻠﻐﺔ ﺍﻷﺧﺮﻯ.

ﺗﻌﻠﻴﻤﺎﺕ ﻋﺎﻣﺔ

 -١ﻳﻘﺪﻡ ﺍﻟﺒﺤﺚ ﻣﻦ ﺃﺻﻞ ﻭﻧﺴﺨﺘﲔ ﻭﺗﻜﻮﻥ ﺍﻟﻜﺘﺎﺑﺔ ﻋﻠﻰ ﻣﺴﺎﻓﺔ ﻣﺰﺩﻭﺟﺔ
ﻭﻋﻠﻰ ﻭﺭﻕ ﻣﻘﺎﺱ ) (A4ﻋﻠﻰ ﻭﺟﻪ ﻭﺍﺣـﺪ ،ﻭﺗـﺮﻗﻢ ﺍﻟـﺼﻔﺤﺎﺕ
ﻼ .ﻭﺗﻘـﺪﻡ ﺍﳉـﺪﺍﻭﻝ ﻭﺍﻟـﺼﻮﺭ
ﻭﺍﳉﺪﺍﻭﻝ ﻭﺍﻷﺷﻜﺎﻝ ﺗﺮﻗﻴﻤﹰﺎ ﻣﺘﺴﻠﺴ ﹰ
ﻭﺍﻟﻠﻮﺣﺎﺕ ﻋﻠﻰ ﺻﻔﺤﺎﺕ ﻣﺴﺘﻘﻠﺔ ﻣﻊ ﲢﺪﻳﺪ ﺃﻣﺎﻛﻦ ﻇﻬﻮﺭﻫﺎ ﰲ ﺍﳌﱳ.
 -٢ﻳﺘﺼﺪﺭ ﺍﻟﺒﺤﺚ ﻣﻠﺨﺺ ﰲ ﺣﺪﻭﺩ  ٢٥٠ﻛﻠﻤﺔ ﺗﻮﺿﺢ ﻫﺪﻑ ﺍﻟﺒﺤـﺚ
ﻭﻃﺮﻳﻘﺘﻪ ﻭﺃﻫﻢ ﺍﻟﻨﺘﺎﺋﺞ.
 -٣ﺗﻨﺴﻖ ﺍﻟﻜﺘﺎﺑﺔ ﲢﺖ ﻋﻨﺎﻭﻳﻦ ﺭﺋﻴﺴﺔ ﻫﻲ ﺍﳌﻘﺪﻣﺔ ،ﻭﻃﺮﻕ ﺍﻟﺒﺤﺚ ﻭﻣﻮﺍﺩﻩ،
ﺍﻟﻨﺘﺎﺋﺞ ﻭ/ﺃﻭ ﺍﻟﻨﺘﺎﺋﺞ ﻭﺍﳌﻨﺎﻗﺸﺔ ﻭﺍﳌﺮﺍﺟﻊ.

ﺍﳌﺮﺍﺟﻊ

ﻳﺸﺎﺭ ﺇﱃ ﺍﳌﺮﺍﺟﻊ ﰲ ﺍﳌﱳ ﺑﺎﺳﻢ ﺍﳌﺆﻟﻒ ﻭﺳﻨﺔ ﺍﻟﻨﺸﺮ )ﺩﺍﺧﻞ ﻗﻮﺳﲔ( ﻭﺗﺮﺗﺐ
ﻗﺎﺋﻤﺔ ﺍﳌﺮﺍﺟﻊ ﺗﺮﺗﻴﺒﹰﺎ ﺃﲜﺪﻳﹰﺎ ﻃﺒﻘﹰﺎ ﻻﺳﻢ ﺍﳌﺆﻟﻒ ﻭﺳﻨﻮﻳﹰﺎ ﻃﺒﻘﹰﺎ ﻟﻠﻤﺆﻟﻒ ﺍﻟﻮﺍﺣﺪ،
ﻭﲝﻴﺚ ﻳﺸﻤﻞ ﻛﻞ ﻣﺮﺟﻊ ﺍﺳﻢ ﺍﳌﺆﻟﻒ )ﺃﻭ ﺍﳌﺆﻟﻔﲔ( ﻭﺳﻨﺔ ﺍﻟﻨـﺸﺮ ﻭﻋﻨـﻮﺍﻥ
ﺍﻟﺒﺤﺚ ،ﰒ ﺍﺳﻢ ﺍﻟﺪﻭﺭﻳﺔ ﻭﺭﻗﻢ ﺍﻠﺪ ﻭﺃﺭﻗﺎﻡ ﺍﻟﺼﻔﺤﺎﺕ ﺍﳌﻨﺸﻮﺭ ﻓﻴﻬﺎ ﺍﻟﺒﺤﺚ.
ﻣﺜﺎﻝ )ﲝﺚ ﰲ ﺩﻭﺭﻳﺔ ﻋﻠﻤﻴﺔ(
ﻋﻠﻲ ،ﳏﻤﻮﺩ ﺃﲪﺪ؛ ﺑﺎﺷﺔ ،ﳏﻤﺪ ﻋﻠﻲ؛ ﺩﺳﻮﻗﻲ ،ﻓﺮﺣﺎﺕ .(١٩٩٩) .ﺗﺄﺛﲑ
ﺑﻌﺾ ﻣﻨﻈﻤﺎﺕ ﺍﻟﻨﻤﻮ ﻋﻠﻰ ﺍﻟﺴﺮﻃﺎﻧﺎﺕ ﻭﺻﻔﺎﺕ ﲦﺎﺭ ﻭﳏﺼﻮﻝ ﺃﺷﺠﺎﺭ ﺍﻟـﺘﲔ
ﻭﺍﻟﺮﻣﺎﻥ .ﳎﻠﺔ ﺟﺎﻣﻌﺔ ﺍﳌﻠﻚ ﺳﻌﻮﺩ )ﺍﻟﻌﻠﻮﻡ ﺍﻟﺰﺭﺍﻋﻴﺔ(.١٦٩-١٥٧:(٢)١١ ،
ﻭﰲ ﺣﺎﻟﺔ ﺍﻟﻜﺘﺐ ﻳﺬﻛﺮ ﺍﺳﻢ ﺍﳌﺆﻟﻒ )ﺃﻭ ﺍﶈﺮﺭ( ﻭﺳﻨﺔ ﺍﻟﻨـﺸﺮ ﻭﻋﻨـﻮﺍﻥ
ﺍﻟﻜﺘﺎﺏ ﻭﺍﺳﻢ ﺍﻟﻨﺎﺷﺮ ﻭﻣﻜﺎﻥ ﺍﻟﻨﺸﺮ ،ﺃﻣﺎ ﺍﻟﺮﺳﺎﺋﻞ ﻓﻴﺬﻛﺮ ﻋﻨﻮﺍﺎ ﺑﻌـﺪ ﺍﺳـﻢ
ﺍﳌﺆﻟﻒ ﻣﻊ ﺫﻛﺮ ﺍﳉﻬﺔ ﺍﳌﺎﳓﺔ ﻟﻠﺮﺳﺎﻟﺔ ﻭﺗﺎﺭﻳﺦ ﺍﻟﺮﺳﺎﻟﺔ ﻭﻋﺪﺩ ﺻﻔﺤﺎﺎ.

ﻣﺜﺎﻝ ﻟﻜﺘﺎﺏ )ﺗﺄﻟﻴﻒ(
ﻋﻮﻳﻀﺔ ،ﻋﺼﺎﻡ ﺣﺴﻦ .(١٩٩٧) .ﺃﺳﺎﺳﻴﺎﺕ ﺗﻐﺬﻳﺔ ﺍﻹﻧﺴﺎﻥ .ﺟﺎﻣﻌـﺔ ﺍﳌﻠـﻚ
ﺳﻌﻮﺩ ،ﺍﻟﺮﻳﺎﺽ ،ﺍﳌﻤﻠﻜﺔ ﺍﻟﻌﺮﺑﻴﺔ ﺍﻟﺴﻌﻮﺩﻳﺔ .ﻋﺪﺩ ﺍﻟﺼﻔﺤﺎﺕ.
ﻣﺜﺎﻝ )ﻟﻔﺼﻞ ﻣﺆﻟﻒ ﰲ ﻛﺘﺎﺏ – ﲢﺮﻳﺮ(
ﺷﻠﻴﻨﱪﻗﺮ ،ﺝ .ﺃ .(١٩٧٨) .ﺇﻧﺘﺎﺝ ﻭﺍﺳﺘﺨﺪﺍﻣﺎﺕ ﺍﻟﻘﻤﺢ ﰲ "ﻛﻴﻤﻴﺎﺀ ﻭﺗﻘﻨﻴﺔ
ﺍﻟﻘﻤﺢ )ﲢﺮﻳﺮ  .(Y. Pomeranzﺍﳉﻤﻌﻴﺔ ﺍﻷﻣﺮﻳﻜﻴﺔ ﻟﻜﻴﻤﺎﺋﻲ ﺍﳊﺒـﻮﺏ،
ﺳﺎﻧﺖ ﺑﻮﻝ – ﻣﻴﻨﺴﻮﺗﺎ – ﺍﻟﻮﻻﻳﺎﺕ ﺍﳌﺘﺤﺪﺓ ﺍﻷﻣﺮﻳﻜﻴﺔ .ﺭﻗﻢ ﺍﻟﺼﻔﺤﺎﺕ ).(٨-١
ﻣﺜﺎﻝ )ﻟﻔﺼﻞ ﻓﺼﻞ ﻣﺆﻟﻒ ﰲ ﻛﺘﺎﺏ(
ﺍﻟﺪﺭﻳﻬﻢ ،ﻳﻮﺳﻒ ﻧﺎﺻﺮ .(١٩٩١) .ﺍﺳﺘﺨﺪﺍﻡ ﺍﻟﻔﲑﻭﻣﻮﻧﺎﺕ ﰲ ﳎﺎﻝ ﲪﺎﻳﺔ
ﺍﳊﺒﻮﺏ ﰲ :ﺁﻓﺎﺕ ﺍﳊﺒﻮﺏ ﻭﺍﳌﻮﺍﺩ ﺍﳌﺨﺰﻭﻧﺔ ﻭﻃﺮﻕ ﻣﻜﺎﻓﺤﺘﻬﺎ) .ﺍﳌـﺆﻟﻔﲔ(.
ﺟﺎﻣﻌﺔ ﺍﳌﻠﻚ ﺳﻌﻮﺩ ،ﺍﻟﺮﻳﺎﺽ ،ﺍﳌﻤﻠﻜﺔ ﺍﻟﻌﺮﺑﻴﺔ ﺍﻟﺴﻌﻮﺩﻳﺔ ،ﺭﻗـﻢ ﺍﻟـﺼﻔﺤﺎﺕ
.١٧٥-١٦٩
ﻣﺜﺎﻝ ﻟﻜﺘﺎﺏ )ﺗﺮﲨﺔ(
ﺫﻳﺐ ،ﻓﻮﺯﻱ ﺳﻌﻴﺪ؛ ﺍﻟﻌﻤﻮﺩ ،ﺃﲪﺪ ﺍﻟﻌﻤـﻮﺩ )ﻣﺘﺮﲨـﺎﻥ( .(١٩٩٧) .ﻧﻈـﻢ
ﻭﻋﻤﻠﻴﺎﺕ ﺍﻟﺮﻱ ﺍﻟﺴﻄﺤﻲ )ﺗﺄﻟﻴﻒ  .(K. Melvynﺟﺎﻣﻌﺔ ﺍﳌﻠﻚ ﺳﻌﻮﺩ ،ﺍﻟﺮﻳﺎﺽ،
ﺍﳌﻤﻠﻜﺔ ﺍﻟﻌﺮﺑﻴﺔ ﺍﻟﺴﻌﻮﺩﻳﺔ .ﻋﺪﺩ ﺍﻟﺼﻔﺤﺎﺕ.
ﻣﺜﺎﻝ ﻟﺮﺳﺎﻟﺔ
ﺍﻟﺮﻭﻳﻠﻲ ،ﻣﺸﺮﻑ ﻋﻮﺽ .ﳕﻮ ﻭﺣﻴﻮﻳﺔ ﺍﻟﺒﻔﻴﺪﻭﺑﻜﺘﺮﻳﺎ ﻭﲢﻠﻴﻠﻬﺎ ﻟﻠـﱪﻭﺗﲔ ﰲ
ﺣﻠﻴﺐ ﺍﻟﻨﻮﻕ ﻛﺎﻣﻞ ﺍﻟﺪﺳﻢ .ﺭﺳﺎﻟﺔ ﻣﺎﺟﺴﺘﲑ ،ﺟﺎﻣﻌﺔ ﺍﳌﻠﻚ ﺳﻌﻮﺩ.(١٩٩٧) ،
 ١١٤ﺻﻔﺤﺔ.

ﺍﻻﺧﺘﺼﺎﺭﺍﺕ ﻭﺍﻟﻮﺣﺪﺍﺕ

ﲣﺘﺼـﺮ ﻋﻨﺎﻭﻳﻦ ﺍـﻼﺕ ﻭﺍﻟﺪﻭﺭﻳــﺎﺕ ﻃﺒﻘـﹰﺎ ﻟﻠﻘﺎﺋﻤــﺔ ﺍﻟﻌﺎﳌﻴـﺔ
ﻟﻠــﺪﻭﺭﻳﺎﺕ ﺍﻟﻌﻠﻤﻴــﺔ The World List of Scientific
 .Periodicalsﺗﺴﺘﺨﺪﻡ ﺍﻻﺧﺘﺼﺎﺭﺍﺕ ﺍﳌﻘﻨﻨﺔ ﺩﻭﻟﻴﹰﺎ ﺑﺪ ﹰﻻ ﻣﻦ ﻛﺘﺎﺑﺔ ﺍﻟﻜﻠﻤﺎﺕ
ﻛﺎﻣﻠﺔ ﻣﺜﻞ :ﺳﻢ ،ﻣﻢ ،ﻡ .ﻛﻢ ،ﺳﻢ ،٢ﻣﻞ ،ﻣﻠﺠﻢ ،ﻛﺠـﻢ … ٪ ،ﺍﱁ ﻣـﻊ
ﺿﺮﻭﺭﺓ ﺇﺗﺒﺎﻉ ﻧﻈﺎﻡ ﺍﻟﻮﺣﺪﺍﺕ ﺍﻟﻌﺎﳌﻲ ).(SI

ﺍﳉﺪﺍﻭﻝ ﻭﺍﻷﺷﻜﺎﻝ ﻭﺍﻟﺼﻮﺭ

ﳚﺐ ﺃﻥ ﺗﻜﻮﻥ ﺍﳉﺪﺍﻭﻝ ﻭﺍﻟﺮﺳﻮﻣﺎﺕ ﻭﺍﻟﻠﻮﺣﺎﺕ ﻣﻨﺎﺳﺒﺔ ﳌﺴﺎﺣﺔ ﺍﻟﺼﻒ ﰲ
ﺻﻔﺤﺔ ﺍﻠﺔ ﻋﻠﻰ ﺃﻥ ﺗﻜﻮﻥ ﺍﻟﺼﻮﺭ ﻭﺍﻷﺷﻜﺎﻝ ﻭﺍﺿﺤﺔ ﺍﻟﺘﻔﺎﺻـﻴﻞ ﻭﻳﻜﺘـﺐ
ﺧﻠﻒ ﻛﻞ ﺷﻜﻞ ﺃﻭ ﺻﻮﺭﺓ ﺑﺎﻟﻘﻠﻢ ﺍﻟﺮﺻﺎﺹ ﻋﻨﻮﺍﻥ ﳐﺘﺼﺮ ﻟﻠﺒﺤـﺚ ﻭﺭﻗـﻢ
ﺍﻟﺸﻜﻞ ﺍﳌﺴﻠﺴﻞ.

ﺗﻌﻠﻴﻤﺎﺕ ﺍﻟﻄﺒﺎﻋﺔ

ﺗﺘﻢ ﺍﻟﻄﺒﺎﻋﺔ ﻃﺒﻘﹰﺎ ﻟﻠﱪﻧﺎﻣﺞ IBM-MS World Latest Version
ﻧﻮﻉ ﺍﳋﻂ  Simplified Arabicﻭﺣﺠﻢ ﺍﳋﻂ ﻟﻠﻌﻨﻮﺍﻥ ﺍﻟﺮﺋﻴﺲ  ١٦ﺃﺳﻮﺩ
 Boldﰲ ﻣﻨﺘﺼﻒ ﺍﻟﺼﻔﺤﺔ ﻭﺣﺠﻢ  ١٤ﻋﺎﺩﻱ ﻟﻠﻨﺺ ﻭﺍﳊﻮﺍﺷﻲ ،ﻭﺫﻟﻚ ﺇﺫﺍ
ﻛﺎﻥ ﺍﻟﺒﺤﺚ ﺑﺎﻟﻠﻐﺔ ﺍﻟﻌﺮﺑﻴﺔ .ﺃﻭ  Times New Romanﺇﺫﺍ ﻛﺎﻥ ﺍﻟﺒﺤﺚ
ﺑﺎﻟﻠﻐﺔ ﺍﻹﳒﻠﻴﺰﻳﺔ ﻋﻠﻰ ﺃﻥ ﻳﻜﻮﻥ ﺣﺠﻢ ﺧﻂ ﺍﻟﻌﻨﻮﺍﻥ ﺍﻟﺮﺋﻴﺲ  ١٤ﺃﺳﻮﺩ Bold
ﰲ ﻣﻨﺘﺼﻒ ﺍﻟﺼﻔﺤﺔ ﻭﺣﺠﻢ ﺍﳋﻂ ﻟﻠﻨﺺ ﻭﺍﳊﻮﺍﺷﻲ  ١٢ﻋﺎﺩﻱ.

ﺍﳌﺮﺍﺳﻼﺕ

ﺭﺋﻴﺲ ﺍﻟﺘﺤﺮﻳﺮ – ﳎﻠﺔ ﺍﳉﻤﻌﻴﺔ ﺍﻟﺴﻌﻮﺩﻳﺔ ﻟﻠﻐﺬﺍﺀ ﻭﺍﻟﺘﻐﺬﻳﺔ
ﻛﻠﻴﺔ ﻋﻠﻮﻡ ﺍﻷﻏﺬﻳﺔ ﻭﺍﻟﺰﺭﺍﻋﺔ – ﺟﺎﻣﻌﺔ ﺍﳌﻠﻚ ﺳﻌﻮﺩ
ﺹ ﺏ ٢٤٦٠ :ﺍﻟﺮﻳﺎﺽ  ١١٤٥١ﺍﳌﻤﻠﻜﺔ ﺍﻟﻌﺮﺑﻴﺔ ﺍﻟﺴﻌﻮﺩﻳﺔ
ﻫﺎﺗﻒ ٩٦٦ – ١ – ٤٦٧٩٧٣٢ :ﻓﺎﻛﺲ٩٦٦ - ١ – ٤٦٧٩٧٣٣ :
ﺑﺮﻳﺪ ﺇﻟﻜﺘﺮﻭﱐtarboush@ksu.edu.sa :
ﺃﻭ food@ksu.edu.sa :ﺃﻭksufood@gmail.com :

ﻣﻮﻗﻊ ﺍﳉﻤﻌﻴﺔ ﻋﻠﻰ ﺍﻟﺸﺒﻜﺔwww.ksu.edu.sa/sites/Colleges/ArabicColleges/CollegeOfAgriculture/SSFS/default.aspx :

ﻤﺠﻠﺔ ﺍﻟﺠﻤﻌﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﻟﻠﻐﺫﺍﺀ ﻭﺍﻟﺘﻐﺫﻴﺔ
ﻤﺠﻠﺔ ﻨﺼﻑ ﺴﻨﻭﻴﺔ
ﺘﺼﺩﺭ ﻋﻥ ﺍﻟﺠﻤﻌﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﻟﻠﻐﺫﺍﺀ ﻭﺍﻟﺘﻐﺫﻴﺔ-ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ

ﻫﻴﺌﺔ ﺘﺤﺭﻴﺭ ﻤﺠﻠﺔ ﺍﻟﺠﻤﻌﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﻟﻠﻐﺫﺍﺀ ﻭﺍﻟﺘﻐﺫﻴﺔ
ﺃ.ﺩ .ﺤﻤﺯﺓ ﺒﻥ ﻤﺤﻤﺩ ﺃﺒﻭ ﻁﺭﺒﻭﺵ

ﺭﺌﻴﺴ ﹰﺎ

ﺃ.ﺩ .ﺤﺴﻥ ﺒﻥ ﻋﺒﺩ ﺍﻟﻌﺯﻴﺯ ﺍﻟﻤﺎﻨﻊ

ﻋﻀﻭﹰﺍ

ﺃ.ﺩ .ﺤﺴﻥ ﺒﻥ ﻋﺒﺩﺍﷲ ﺍﻟﻘﺤﻁﺎﻨﻲ

ﻋﻀﻭﹰﺍ

ﺃ.ﺩ .ﺒﻜﺭﻱ ﺤﺴﻴﻥ ﺤﺴﻥ

ﻋﻀﻭﹰﺍ

ﺃ.ﺩ .ﻤﺴﻔﺭ ﺒﻥ ﻤﺤﻤﺩ ﺍﻟﺩﻗل

ﻋﻀﻭﹰﺍ

ﺩ .ﻋﺒﺩ ﺍﻟﺭﺤﻤﻥ ﻋﺒﻴﺩ ﻤﺼﻴﻘﺭ

ﻋﻀﻭﹰﺍ

ﻋﻨﻭﺍﻥ ﺍﻟﻤﺠﻠﺔ
ﻤﺠﻠﺔ ﺍﻟﺠﻤﻌﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﻟﻠﻐﺫﺍﺀ ﻭﺍﻟﺘﻐﺫﻴﺔ
ﻜﻠﻴﺔ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ﻭﺍﻟﺯﺭﺍﻋﺔ – ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ
ﺹ.ﺏ ٢٤٦٠ .ﺍﻟﺭﻴﺎﺽ ١١٤٥١
ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ

ﺍﻟﻤﺤﺘﻭﻴﺎﺕ
ﻤﺠﻠﺔ ﺍﻟﺠﻤﻌﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﻟﻠﻐﺫﺍﺀ ﻭﺍﻟﺘﻐﺫﻴﺔ
ﺍﻟﻤﺠﻠﺩ ) (٥ﺍﻟﻌﺩﺩ )٢٠١٠ (٢ﻡ

ﺍﻟﻘﺴﻡ ﺍﻟﻌﺭﺒﻲ
ﺩﺭﺍﺴﺔ ﻤﻘﺎﺭﻨﺔ ﻟﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻋﻠﻰ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ
ﻟﻸﻜﺴﺩﺓ ﻭﺩﻫﻭﻥ ﺍﻟﺩﻡ ﻓﻲ ﺍﻟﺠﺭﺫﺍﻥ

ﺩﻴﻨﺎ ﻤﺤﻤﺩ ﻁﺭﺍﺒﺯﻭﻨﻲ ﻭﺤﻤﺯﺓ ﻤﺤﻤﺩ ﺃﺒﻭﻁﺭﺒﻭﺵ ..........................................................

١

ﺍﻟﻘﺴﻡ ﺍﻹﻨﺠﻠﻴﺯﻱ
ﺍﻟﺘﻐﻴﺭﺍﺕ ﻓﻲ ﺍﻟﺘﺭﻜﻴﺏ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﻭﺍﻟﻜﺭﺒﻭﻫﻴﺩﺭﺍﺕ ﺍﻟﻤﺘﺎﺡ ﻭﺍﻷﺤﻤـﺎﺽ ﺍﻷﻤﻴﻨﻴـﺔ ﺃﺜﻨـﺎﺀ ﺍﻟﻨﻘـﻊ
ﻭﺍﻹﻨﺒﺎﺕ ﻷﻨﻭﺍﻉ ﺍﻟﺫﺭﺓ ﺍﻟﺭﻓﻴﻌﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ
ﺇﺒﺭﺍﻫﻴﻡ ﺍﻟﺯﻴﻥ ﻋﺒﺩﺍﻟﺭﺤﻤﻥ ﻭﻤﺠﺩﻱ ﻋﺒﺩﺍﻟﻭﻫﺎﺏ ﻋﺜﻤﺎﻥ ......................................................

١

ﺍﻟﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ :ﺍﺴﺘﺨﻼﺼﻬﺎ ﻭﺘﻔﺭﻴﺩﻫﺎ ﻭﺍﻟﺘﻌﺭﻑ ﻋﻠﻴﻬﺎ ﻤﻥ ﺒﻌﺽ ﻤﺨﻠﻔﺎﺕ ﺍﻷﻏﺫﻴﺔ ﻭﺍﺴـﺘﺨﺩﺍﻤﻬﺎ
ﻜﻤﻠﻭﻥ ﻁﺒﻴﻌﻲ ﻓﻲ ﺍﻹﺴﺒﺎﺠﺘﻲ

ﺼﺒﺤﻰ ﻤﺤﻤﺩ ﻤﺤﺴﻥ ،ﻭﺍﺌل ﺃﺤﻤﺩ ﺒﺎﺯﺭﻋﻪ ،ﻤﺤﻤﺩ ﺤﺎﻤﺩ ﺸﻤﺱ ﺍﻟﺩﻴﻥ ﻭﻨﺠﻼﺀ ﺸﺩﻴﺩ .......................

١٣

ﺍﻟﺨﺼﺎﺌﺹ ﺍﻟﺭﻴﻭﻟﻭﺠﻴﺔ ﻭﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﻭﺍﻟﺤﺴﻴﺔ ﻭﺍﻟﻐﺫﺍﺌﻴﺔ ﻟﻠﺒﺴﻜﻭﺕ ﺍﻟﻤﺼﻨﻊ ﻤﻥ ﺨﻠﻁ ﺩﻗﻴﻘﻲ ﺍﻟﻘﻤـﺢ
ﻭﺍﻟﺩﺨﻥ

ﻤﺤﻤﺩ ﺼﺎﻟﺢ ﺍﻟﻌﻤﺭﻱ ...................................................................................

ﺍﻟﺤﺸﺭﺍﺕ ﻜﻤﺼﺩﺭ ﻤﺴﺘﻘﺒﻠﻲ ﻟﻠﺒﺭﻭﺘﻴﻥ

ﻋﺒﺩ ﺍﻟﻘﺎﺩﺭ ﺍﻟﻤﺘﻭﻟﻲ ﻏﺎﻟﻲ ﻭﻓﻬﺩ ﻨﺎﺼﺭ ﺍﻟﻜﻌﻴﻙ ...........................................................

٢٨

٣٨

ﺩﺭﺍﺴﺔ ﻤﻘﺎﺭﻨﺔ ﻟﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻋﻠﻰ ﺍﻹﻨﺯﻴﻤﺎﺕ ........

١

ﺩﺭﺍﺴﺔ ﻤﻘﺎﺭﻨﺔ ﻟﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻋﻠﻰ ﺍﻹﻨﺯﻴﻤﺎﺕ
ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ ﻭﺩﻫﻭﻥ ﺍﻟﺩﻡ ﻓﻲ ﺍﻟﺠﺭﺫﺍﻥ

ﺩﻴﻨﺎ ﺒﻨﺕ ﻤﺤﻤﺩ ﻁﺭﺍﺒﺯﻭﻨﻲ ﻭﺤﻤﺯﺓ ﺒﻥ ﻤﺤﻤﺩ ﺃﺒﻭ ﻁﺭﺒﻭﺵ

ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ ،ﻜﻠﻴﺔ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ﻭﺍﻟﺯﺭﺍﻋﺔ ،ﻗﺴﻡ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ﻭﺍﻟﺘﻐﺫﻴﺔ
ﺍﻟﻤﻠﺨﺹ :ﻫﺩﻓﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﻤﻌﺭﻓﺔ ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ ﻋﻠﻰ
ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ ،ﻭﺩﻫﻭﻥ ﺍﻟﺩﻡ ﻓﻲ ﺍﻟﺠﺭﺫﺍﻥ .ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺴﺘﻴﻥ ﺠﺭﺫﹰﺍ )ﺫﻜﻭﺭ( ﻤﻥ ﻓﺼﻴﻠﺔ Wister-albino

ﺒﻌﻤﺭ ﺜﻤﺎﻨﻴﺔ ﺃﺴﺎﺒﻴﻊ ﻭﻭﺯﻥ ١٠±١١٠ﺠﻡ ،ﻭﻗﺴﻤﺕ ﻋﺸﻭﺍﺌﻴﹰﺎ ﺇﻟﻰ ﻋﺸﺭ ﻤﺠﺎﻤﻴﻊ ﻜل ﻤﺠﻤﻭﻋﺔ ﻤﻥ ﺴﺘﺔ ﺠﺭﺫﺍﻥ .ﻏﺫﹼﻴﺕ

ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻷﻭﻟﻰ ﻋﻠﻰ ﻋﻠﻴﻘﺔ ﻤﺭﺠﻌﻴﺔ ﺘﺤﺘﻭﻱ ﻋﻠﻰ  ٪٤ﺯﻴﺕ ﺼﻭﻴﺎ ،ﻭﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻷﺭﺒﻌﺔ ﺍﻟﺘﻲ ﺘﻠﻴﻬﺎ ﻋﻠﻰ ﺘﺭﻜﻴﺯﺍﺕ

ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ) ،٪٠,٥ﻭ ،٪١ﻭ ،٪١,٥ﻭ ،٪٢ﺃﻜﻤﻠﺕ ﻜل ﻤﻨﻬﺎ ﺤﺘﻰ  ٪٤ﺒﺎﺴﺘﺨﺩﺍﻡ ﺯﻴﺕ

ﺍﻟﺼﻭﻴﺎ( .ﻜﻤﺎ ﺤﺼﻠﺕ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺴﺎﺩﺴﺔ ،ﻭﺍﻟﺴﺎﺒﻌﺔ ،ﻭﺍﻟﺜﺎﻤﻨﺔ ،ﻭﺍﻟﺘﺎﺴﻌﺔ ﻋﻠﻰ ﻋﻠﻴﻘﺔ ﻤﺩﻋﻤﺔ ﺒﺘﺭﻜﻴﺯﺍﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ
ﺨﻠﻴﻁ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ) ،٪٠,٥ﻭ ،٪١ﻭ ،٪١,٥ﻭ  ،٪٢ﺃﻜﻤﻠﺕ ﻜل ﻤﻨﻬﺎ ﺤﺘﻰ  ٪٤ﺒﺎﺴﺘﺨﺩﺍﻡ

ﺯﻴﺕ ﺍﻟﺼﻭﻴﺎ( .ﻭﺘﻨﺎﻭﻟﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻌﺎﺸﺭﺓ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻓﻘﻁ ).(٪٤

ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﺯﺩﻴﺎﺩ ﻨﺸﺎﻁ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ )ﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﺭﻴﺩﻜﺘﻴﺯ ،ﻭﺍﻟﺴﻭﺒﺭﺃﻜﺴﻴﺩ ﺩﻴﺴﻤﻴﻭﺘﻴﺯ،

ﻭﺍﻟﻜﺘﺎﻟﻴﺯ( ﻓﻲ ﻤﺼل ﻭﺒﻼﺯﻤﺎ ﺍﻟﺠﺭﺫﺍﻥ ،ﻭﻜﺎﻨﺕ ﺍﻟﻔﺭﻭﻕ ﻓﻲ ﻨﺸﺎﻁ ﻫﺫﻩ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ ﻤﻌﻨﻭﻴﺔ

) (P<0.05ﺒﻴﻥ ﺠﻤﻴﻊ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺫﺍﺕ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ،ﻭﺨﻠﻴﻁ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ
ﺍﻟﺒﻜﺭ ﻤﻊ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﻜﺫﻟﻙ ﺒﻴﻥ ﺠﻤﻴﻊ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﻭﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ،ﻭﻜﺎﻥ ﺃﻋﻠﻰ ﻨﺸﺎﻁ ﻟﻬﺫﻩ
ﺍﻹﻨﺯﻴﻤﺎﺕ ﻟﺩﻯ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻨﻔﺭﺩﹰﺍ.

ﻟﻡ ﻴﺅﺩ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ ﺇﻟﻰ ﺘﺄﺜﻴﺭﺍﺕ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ ﻤﻌﻨﻭﻴﺔ

) (P≤0.05ﺒﺸﻜل ﻋﺎﻡ ﻋﻠﻰ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﻜﻠﻲ ﻭﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﺭﺘﻔﻌﺔ ﺍﻟﻜﺜﺎﻓﺔ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ.
ﻭﺃﺩﻯ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ) (٪٤ﻤﻨﻔﺭﺩﹰﺍ ﺇﻟﻰ ﺍﻨﺨﻔﺎﺽ ﺫﻱ ﺩﻻﻟﺔ ﻤﻌﻨﻭﻴﺔ ﺇﺤﺼﺎﺌﻴﺔ ) (P≤0.05ﻓﻲ ﻜﻭﻟﺴﺘﺭﻭل
ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﻭﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ،ﻓﻲ ﺤﻴﻥ ﻟﻡ ﻴﻜﻥ

ﻟﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺒﺘﺭﻜﻴﺯﺍﺘﻪ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻨﻔﺭﺩﹰﺍ ﺃﻭ ﻜﺨﻠﻴﻁ ﻤﻊ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺃﻱ ﺘﺄﺜﻴﺭ ﻤﻌﻨﻭﻱ ﻋﻠﻰ ﻫﺫﻴﻥ
ﺍﻟﻤﺅﺸﺭﻴﻥ .ﺃﺩﻯ ﺍﺴﺘﺨﺩﺍﻡ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻨﻔﺭﺩﹰﺍ ﺇﻟﻰ ﺍﻨﺨﻔﺎﺽ ﻤﻌﻨﻭﻱ ﻓﻲ ﺘﺭﻜﻴﺯ ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ ﻓﻲ

ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ،ﻭﺒﺎﻟﺭﻏﻡ ﻤﻥ ﺃﻥ ﺨﻠﻴﻁ ﻫﺫﺍ ﺍﻟﺯﻴﺕ ﻤﻊ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﺤﻤﺽ
ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻗﺩ ﺃﺩﻯ ﺇﻟﻰ ﻨﻔﺱ ﺍﻟﻨﺘﻴﺠﺔ ،ﺇﻻ ﺃﻥ ﺍﻻﻨﺨﻔﺎﺽ ﺍﻷﻜﺒﺭ ﻓﻲ ﻫﺫﺍ ﺍﻟﻤﺅﺸﺭ ﻜﺎﻥ ﻋﻨﺩ ﺃﻋﻁﺎﺀ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ

ﺍﻟﺒﻜﺭ ﻤﻨﻔﺭﺩﹰﺍ .ﻭﻋﻠﻰ ﺍﻟﻌﻜﺱ ﻤﻥ ﺫﻟﻙ ﻟﻡ ﺘﺅﺩ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺇﻟﻰ ﺍﻟﺘﺄﺜﻴﺭ ﻋﻠﻰ
ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻋﻤﻭﻤﹰﺎ.
J. Saudi Soc. for Food and Nutrition., Vol. 5, No. 2; 2010
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ﺒﻠﻎ ﺃﻗﺼﻰ ﺘﺭﻜﻴﺯ ﻟﻠﻤﺎﻟﻭﻨﺩﺃﻟﺩﻫﻴﺩ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﺍﻟﺘﻲ ﺃﻋﻁﻴﺕ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻨﻔﺭﺩﺍﹰ ،ﻭﺃﻗل ﻗﻴﻤﺔ
ﻟﻪ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ،ﻤﻊ ﻭﺠﻭﺩ ﻓﺭﻕ ﻤﻌﻨﻭﻱ ﺒﻴﻥ ﺍﻟﻘﻴﻤﺘﻴﻥ ﻓﻲ ﻫﺎﺘﻴﻥ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ،ﻭﺒﻴﻥ ﻫﺎﺘﻴﻥ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ
ﻭﺒﻘﻴﺔ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ.

ﻴﺘﻀﺢ ﻤﻥ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻟﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻤﻨﻔﺭﺩﹰﺍ ﺃﻭ ﻜﺨﻠﻴﻁ ﻤﻊ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺃﻭ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ

ﻤﻨﻔﺭﺩﹰﺍ ﺩﻭﺭ ﻓﻲ ﺯﻴﺎﺩﺓ ﻨﺸﺎﻁ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ،ﺇﻻ ﺃﻥ ﺘﺄﺜﻴﺭ ﻜل ﻤﻨﻬﻤﺎ ﻤﻨﻔﺭﺩﹰﺍ ﺃﻭ ﻜﺨﻠﻴﻁ
ﻋﻠﻰ ﻤﺴﺘﻭﻯ ﺩﻫﻭﻥ ﺍﻟﺩﻡ ﻜﺎﻥ ﻤﺘﻔﺎﻭﺘﹰﺎ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﻤﻔﺘﺎﺤﻴﺔ :ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ،ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ،ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ ،ﺩﻫﻭﻥ ﺍﻟﺩﻡ.

ﺍﻟﻤﻘﺩﻤﺔ
ﺘﻠﻌﺏ ﻤﻀﺎﺩﺍﺕ ﺍﻷﻜﺴﺩﺓ ﺍﻟﺘﻐﺫﻭﻴﺔ ﻤﺜل ﻓﻴﺘﺎﻤﻴﻥ ﺝ ،ﻭﻓﻴﺘﺎﻤﻴﻥ ﻫـ ،ﻭﺒﻴﺘﺎ ﻜﺎﺭﻭﺘﻴﻥ ،ﻭﺍﻟﺴﻴﻠﻴﻨﻴﻭﻡ،
ﻭﺍﻟﻨﺤﺎﺱ ،ﻭﺍﻟﺯﻨﻙ ﺩﻭﺭﹰﺍ ﻤﻬﻤﹰﺎ ﻜﻭﺴﺎﺌل ﺩﻓﺎﻋﻴﺔ ﻓﻲ ﺍﻟﺠﺴﻡ ) .(Capel, 1988ﻜﻤﺎ ﺃﻥ ﺍﻟﻐﺫﺍﺀ ﻴﺤﺘﻭﻱ ﺃﻴﻀ ﹰﺎ
ﻋﻠﻰ ﻤﻀﺎﺩﺍﺕ ﺃﻜﺴﺩﺓ ﺃﺨﺭﻯ ﻤﺜل ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻓﻲ ﺍﻟﻠﺤﻭﻡ ﻭﺍﻷﻟﺒﺎﻥ (Park and Pariza,

 2007; Kramer et al., 1998; Chin et al., 1994ﻭﺍﻟﻔﻴﻨﻭﻻﺕ ﻭﺍﻟﺘﻭﻜﻭﻓﻴﺭﻭﻻﺕ ﻓﻲ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ
ﺍﻟﺒﻜﺭ ) .(Nevin and Rajamohan, 2004ﺇﻀﺎﻓﺔ ﺇﻟﻰ ﺫﻟﻙ ﺘﻌﺘﺒﺭ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ
ﺍﻟﻤﻭﺠﻭﺩﺓ ﺩﺍﺨل ﺍﻟﺨﻼﻴﺎ ﻭﺴﺎﺌل ﺩﻓﺎﻋﻴﺔ ﻤﻬﻤﺔ ﻀﺩ ﺍﻟﺠﺫﻭﺭ ﺍﻟﺤﺭﺓ ﻭﻴﻌﺩ ﺍﻟﺴﻭﺒﺭ ﺃﻜﺴﻴﺩ ﺩﻴﺴﻤﻴﻭﺘﻴﺯ،

ﻭﺍﻟﻜﺘﺎﻟﻴﺯ ،ﻭﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﻤﻥ ﺃﻫﻡ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻜﺎﺴﺤﺔ ) (Scavengersﺍﻟﻤﺴﺌﻭﻟﺔ ﻋﻥ ﻤﻨﻊ ﺘﻜﻭﻥ ﺃﻨﻭﺍﻉ
ﺍﻷﻜﺴﺠﻴﻥ ﺍﻟﻔﻌﺎﻟﺔ ).Reactive Oxygen Species (ROS
ﻭﺘﻨﺘﺞ ﺍﻟﺠﺫﻭﺭ ﺍﻟﺤﺭﺓ ) (Free Radicalsﻓﻲ ﺍﻟﺠﺴﻡ ﺒﺎﺴﺘﻤﺭﺍﺭ ﻭﺘﻠﻌﺏ ﺩﻭﺭﹰﺍ ﻫﺎﻤﹰﺎ ﻓﻲ ﺍﻹﺼﺎﺒﺔ
ﺒﺎﻷﻤﺭﺍﺽ ،ﺇﺫ ﺃﻨﻬﺎ ﺘﺅﺩﻱ ﺇﻟﻰ ﺘﻠﻑ ﺍﻷﻨﺴﺠﺔ ) ،(Levy et al., 1998ﻭﺘﻜﺴﻴﺭ )ﺘﺤﻁﻴﻡ( ﺍﻟﻔﻭﺴﻔﻭﻟﻴﺒﻴﺩﺍﺕ

ﺍﻟﻤﻭﺠﻭﺩﺓ ﻓﻲ ﻏﺸﺎﺀ ﺍﻟﺨﻠﻴﺔ ،ﻭﺨﺎﺼﺔ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ (Low Density
)] ،Lipoprotein cholesterol [LDL-cﻤﻤﺎ ﻴﺅﺩﻱ ﺇﻟﻰ ﻅﻬﻭﺭ ﺒﻴﺭﻭﻜﺴﻴﺩﺍﺕ ﺍﻟﺩﻫﻭﻥ (Lipid

) ،(Ferrari et al., 1992) peroxidationﻭﻨﺘﻴﺠﺔ ﻟﺫﻟﻙ ﺘﺤﺩﺙ ﺒﻌﺽ ﺍﻷﻤﺭﺍﺽ ﻭﻤﻥ ﺃﻫﻤﻬﺎ ﺘﺼﻠﺏ
ﺍﻟﺸﺭﺍﻴﻴﻥ ) ،(Eder and Kirchgessner, 1997ﻭﺃﻤﺭﺍﺽ ﺍﻟﻘﻠﺏ ﺍﻟﻭﻋﺎﺌﻴﺔ ).(Jun-Jun et al., 2000
ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﺫﻟﻙ ،ﻓﺈﻥ ﺍﻟﺠﺫﻭﺭ ﺍﻟﺤﺭﺓ ﻟﻬﺎ ﺍﻟﻘﺩﺭﺓ ﻋﻠﻰ ﺘﺤﻁﻴﻡ ﺒﻌﺽ ﺒﺭﻭﺘﻴﻨﺎﺕ ﻭﺇﻨﺯﻴﻤﺎﺕ ﺍﻟﺤﻤﺽ
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ﺍﻟﻨﻭﻭﻱ ﺍﻟﺭﻴﺒﻭﺯﻱ ﻤﻨﺯﻭﻉ ﺍﻷﻜﺴﺠﻴﻥ ) ،(DNAﻤﻤﺎ ﻗﺩ ﻴﻨﺘﺞ ﻋﻨﻪ ﺍﻹﺼﺎﺒﺔ ﺒﺎﻟﺴﺭﻁﺎﻥ (Parthasarathy

).et al., 1998
ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ )] (Conjugated Linoleic Acid [CLAﻋﺒﺎﺭﺓ ﻋﻥ ﺨﻠﻴﻁ ﻤﻥ

ﺍﻟﻤﺘﻨﺎﻅﺭﺍﺕ ﺍﻟﻬﻨﺩﺴﻴﺔ ﺍﻟﻤﺤﺘﻭﻴﺔ ﻋﻠﻰ ﺭﺍﺒﻁﺘﻴﻥ ﻤﺯﺩﻭﺠﺘﻴﻥ ﻓﻲ ﺍﻟﻤﻭﺍﻗﻊ ) ،(١١ ،٩ﻭ) ،(١٢ ،١٠ﻭ)،٨
 ،(١٠ﻭ) ،(١٣ ،١١ﻭﻴﻭﺠﺩ ﻋﺩﺩ ﻤﻥ ﻤﺘﻨﺎﻅﺭﺍﺕ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﻁﺒﻴﻌﻴ ﹰﺎ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ،ﻭﻤﻥ ﺃﻫﻡ ﻫﺫﻩ
ﺍﻟﻤﺘﻨﺎﻅﺭﺍﺕ ﺍﻟﻤﻭﺠﻭﺩﺓ ﻓﻲ ﺍﻟﻐﺫﺍﺀ )ﺴﻴﺱ ،٩-ﺘﺭﺍﻨﺱ (١١-ﻭ )ﺘﺭﺍﻨﺱ ،١٠-ﺴﻴﺱ .(١٢-ﻴﻭﺠﺩ ﻨﺤﻭ
 ٪٨٠ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﻓﻲ ﺍﻟﻠﺤﻭﻡ ﻭﺍﻟﺤﻠﻴﺏ ﻭﻤﻨﺘﺠﺎﺕ ﺍﻷﻟﺒﺎﻥ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻋﻠﻰ
ﺼﻭﺭﺓ ﺴﻴﺱ ،٩-ﺘﺭﺍﻨﺱ١١-ﻭﻗﺩ ﺃﻅﻬﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺘﺄﺜﻴﺭﺍﺕ ﻓﺴﻴﻭﻟﻭﺠﻴﺔ ﻤﻔﻴﺩﺓ ﺴﻭﺍﺀ

ﻋﻠﻰ ﺍﻹﻨﺴﺎﻥ ﺃﻭ ﺍﻟﺤﻴﻭﺍﻥ ) (Pariza et al., 2001; Belury, 2003ﺸﻤﻠﺕ ﺩﻭﺭﻩ ﻜﻤﻀﺎﺩ ﻟﺘﺼﻠﺏ
ﺍﻟﺸﺭﺍﻴﻴﻥ  ،ﻭﻤﻀﺎﺩ ﻟﺘﺭﺍﻜﻡ ﻭﺘﺼﻨﻴﻊ ﺍﻟﺩﻫﻭﻥ ﻓﻲ ﺍﻟﺠﺴﻡ ) .(Kang et al., 2003ﻭﻗﺩ ﺃﻭﻀﺤﺕ ﺩﺭﺍﺴﺔ

ﻗﺎﻡ ﺒﻬﺎ ) Flintoff-Dye and Omaye (2005ﻗﺩﺭﺓ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻜﻤﺎﺩﺓ ﻤﺴﺎﻋﺩﺓ ﻟﻸﻜﺴﺩﺓ ﻤﻥ
ﺨﻼل ﺃﻏﻨﺎﺀ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺒﻤﺘﻨﺎﻅﺭﺍﺕ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺒﺘﺭﻜﻴﺯﺍﺕ
ﻤﺨﺘﻠﻔﺔ .ﻭﻗﺩ ﻟﻭﺤﻅ ﺯﻴﺎﺩﺓ ﺃﻜﺴﺩﺓ ﺍﻟﺩﻫﻭﻥ ﻋﻨﺩ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻥ ﻤﺘﻨﺎﻅﺭﺍﺕ ﺤﻤﺽ ﺍﻟﻴﻨﻭﻟﻴﻙ ،ﻤﻤﺎ

ﻗﺩ ﻴﻔﺴﺭ ﺘﺄﺜﻴﺭﻫﺎ ﻜﻤﻭﺍﺩ ﻤﺴﺎﻋﺩﺓ ﻷﻤﺭﺍﺽ ﺘﺼﻠﺏ ﺍﻟﺸﺭﺍﻴﻴﻥ .ﻭﻫﺫﺍ ﻴﺘﻌﺎﺭﺽ ﻤﻊ ﺍﺩﻋﺎﺀﺍﺕ ﺍﻟﺸﺭﻜﺎﺕ
ﺍﻟﻤﻨﺘﺠﺔ ﻟﻬﺫﺍ ﺍﻟﻨﻭﻉ ﻤﻥ ﺍﻟﺯﻴﺕ ،ﻤﻤﺎ ﺃﺩﻯ ﺇﻟﻰ ﺘﺩﻋﻴﻡ ﺒﻌﺽ ﻤﻨﺘﺠﺎﺕ ﺍﻷﻟﺒﺎﻥ ﺒﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ
ﻤﻥ ﻗﺒل ﺒﻌﺽ ﺸﺭﻜﺎﺕ ﺍﻷﻟﺒﺎﻥ ﻭﺍﺴﺘﺨﺩﺍﻤﻪ ﻤﻥ ﻗﺒل ﺍﻷﺸﺨﺎﺹ ﻓﻲ ﺼﻭﺭﺘﻪ ﺍﻟﺩﻭﺍﺌﻴﺔ ،ﺍﻟﺘﻲ ﻏﺎﻟﺒﺎ ﻤﺎ
ﺘﻜﻭﻥ ﻋﺒﺎﺭﺓ ﻋﻥ ﺨﻠﻴﻁ ﻤﻥ ﺍﻟﻤﺘﻨﺎﻅﺭﻴﻥ ﺴﻴﺱ ،٩-ﺘﺭﺍﻨﺱ ١١-ﻭﺍﻟﻤﺘﻨﺎﻅﺭ ﺘﺭﺍﻨﺱ ،١٠-ﺴﻴﺱ.١٢-
ﻭﻟﺫﻟﻙ ﺘﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺍﺴﺘﺨﺩﺍﻡ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺍﻟﺫﻱ ﻴﺤﺘﻭﻱ ﻋﻠﻰ ﺨﻠﻴﻁ ﺒﻨﺴﺒﺔ ﻤﺘﺴﺎﻭﻴﺔ
ﻤﻥ ﺍﻟﻤﺘﻨﺎﻅﺭﻴﻥ ﺴﻴﺱ ،٩-ﺘﺭﺍﻨﺱ ١١-ﻭﺍﻟﻤﺘﻨﺎﻅﺭ ﺘﺭﺍﻨﺱ ،١٠-ﺴﻴﺱ.١٢-

ﻭﻟﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺃﻴﻀﹰﺎ ﺘﺄﺜﻴﺭ ﻤﻀﺎﺩ ﻟﻸﻜﺴﺩﺓ ﻓﻘﺩ ﻭﺠﺩ ﺃﻥ ﺘﻨﺎﻭل ﺍﻟﺠﺭﺫﺍﻥ ﻟﺯﻴﺕ ﺠﻭﺯ
ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻗﺩ ﺃﺩﻯ ﺇﻟﻰ ﺯﻴﺎﺩﺓ ﻤﺴﺘﻭﻯ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ ﻭﺍﻨﺨﻔﺎﺽ ﺒﻴﺭﻭﻜﺴﻴﺩﺍﺕ ﺍﻟﺩﻫﻭﻥ
ﻓﻲ ﺍﻟﺠﺭﺫﺍﻥ ﻭﻜﺎﻥ ﺘﺄﺜﻴﺭﻩ ﺃﻓﻀل ﻤﻘﺎﺭﻨﺔ ﺒﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﻌﺎﺩﻱ ).(Nevin and Rajamohan , 2006
ﻭﻗﺩ ﻴﻌﺯﻯ ﺫﻟﻙ ﺇﻟﻰ ﻁﺭﻴﻘﺔ ﺍﻻﺴﺘﺨﻼﺹ ﺤﻴﺙ ﻴﺴﺘﺨﻠﺹ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﺒﺎﺸﺭﺓ ﻤﻥ ﻟﺏ ﺠﻭﺯ

ﺍﻟﻬﻨﺩ ﺍﻟﻁﺎﺯﺝ ﺘﺤﺕ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﻤﻌﺘﺩﻟﺔ ) .(Mildﻭﻁﺭﻴﻘﺔ ﺍﻻﺴﺘﺨﻼﺹ ﻫﺫﻩ ﺘﺘﻔﺎﺩﻯ ﺃﻱ ﻓﻘﺩ ﻓﻲ
ﺍﻟﻤﻜﻭﻨﺎﺕ ﺍﻟﺼﻐﺭﻯ ﻤﺜل ﻤﻭﻟﺩ ﻓﻴﺘﺎﻤﻴﻥ ﺃ ) ،(Provitamin Aﻭﻓﻴﺘﺎﻤﻴﻥ ﻫـ ،ﻭﺍﻟﻔﻴﻨﻭﻻﺕ ﺍﻟﻌﺩﻴﺩﺓ ﻭﺍﻟﺘﻲ
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ﺩﻴﻨﺎ ﺒﻨﺕ ﻤﺤﻤﺩ ﻁﺭﺍﺒﺯﻭﻨﻲ ﻭﺤﻤﺯﺓ ﺒﻥ ﻤﺤﻤﺩ ﺃﺒﻭ ﻁﺭﺒﻭﺵ

ﻗﺩ ﺘﻔﻘﺩ ﺨﻼل ﺍﻟﺘﺠﻔﻴﻑ ﺒﻭﺍﺴﻁﺔ ﺃﺸﻌﺔ ﺍﻟﺸﻤﺱ ﻓﻲ ﺇﻋﺩﺍﺩ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﻌﺎﺩﻱ ﻤﻥ ﻟﺏ ﺠﻭﺯ ﺍﻟﻬﻨﺩ
ﺍﻟﻤﺠﻔﻑ ).(Nevin and Rajamohan, 2008
ﻭﻗﺩ ﻋﺭﻓﺕ ﻫﻴﺌﺔ ﺍﻟﻤﻘﺎﻴﻴﺱ ﺍﻟﻔﻠﺒﻴﻨﻴﺔ )] ،(Philippine National Standard [PNSﺯﻴﺕ ﺠﻭﺯ

ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻋﻠﻰ ﺃﻨﻪ ﺍﻟﺯﻴﺕ ﺍﻟﻤﺴﺘﺨﺭﺝ ﻤﻥ ﻟﺏ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﻁﺎﺯﺝ ﻭﺍﻟﻨﺎﻀﺞ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻁﺭﻕ
ﺍﻟﻁﺒﻴﻌﻴﺔ ﺃﻭ ﺍﻟﻤﻴﻜﺎﻨﻴﻜﻴﺔ ،ﺒﺎﺴﺘﺨﺩﺍﻡ ﺃﻭ ﻋﺩﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﺤﺭﺍﺭﺓ ،ﻭﺒﺩﻭﻥ ﺇﺠﺭﺍﺀ ﺃﻱ ﻤﻌﺎﻤﻼﺕ ﻜﻴﻤﻴﺎﺌﻴﺔ ﻤﺜل
ﺍﻟﺘﻜﺭﻴﺭ ،ﻭﺍﻟﺘﺒﻴﻴﺽ ،ﻭﺇﺯﺍﻟﺔ ﺍﻟﺭﺍﺌﺤﺔ ،ﻭﺍﻟﺫﻱ ﻴﻘﻭﺩ ﺇﻟﻰ ﺘﻐﻴﺭ ﻓﻲ ﻁﺒﻴﻌﺔ ﺍﻟﺯﻴﺕ ) .(BPS, 2004ﻭﻴﻌﺘﺒﺭ
ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﻤﻥ ﺍﻟﺯﻴﻭﺕ ﺍﻟﻨﺒﺎﺘﻴﺔ ﺍﻟﻐﻨﻴﺔ ﺒﺤﻤﺽ ﺍﻟﻠﻭﺭﻴﻙ ) ،(Hui, 1996ﻭﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﻫﺫﺍ
ﺍﻟﺤﻤﺽ ﻭﺍﻟﺫﻱ ﻴﻜﻭﻥ ﺤﻭﺍﻟﻲ  ٪٤٦ﻤﻥ ﻤﺠﻤﻭﻉ ﺍﻷﺤﻤﺎﺽ ﺍﻟﺩﻫﻨﻴﺔ )،(Nevin and Rajamohan, 2008

ﻓﺈﻥ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻴﺤﺘﻭﻱ ﻋﻠﻰ ﺃﺤﻤﺎﺽ ﺩﻫﻨﻴﺔ ﺃﺨﺭﻯ ﻤﺘﻭﺴﻁﺔ ﺍﻟﺴﻠﺴﻠﺔ (Medium Chain
)] Fatty acid [MCFAﻤﺜل ﺍﻟﻜﺎﺒﺭﻴﻙ ،ﻭﺍﻟﻜﺎﺒﺭﻭﻴﻙ ،ﻭﺍﻟﻜﺎﺒﺭﻴﻠﻴﻙ ﻭﻗﺩ ﺃﺸﺎﺭ (German and Dillard,

) 2004ﺃﻥ ﻤﻥ ﻤﻤﻴﺯﺍﺕ ﺤﻤﺽ ﺍﻟﻠﻭﺭﻴﻙ ﻭﺍﻷﺤﻤﺎﺽ ﺍﻟﺩﻫﻨﻴﺔ ﻗﺼﻴﺭﺓ ﺍﻟﺴﻠﺴﻠﺔ ﺍﻟﻤﺸﺎﺭ ﺇﻟﻴﻬﺎ ،ﺃﻨﻬﺎ ﺘﻌﺘﺒﺭ
ﻤﻀﺎﺩﺓ ﻟﻠﻔﻴﺭﻭﺴﺎﺕ ﻭﺍﻟﺒﻜﺘﺭﻴﺎ.
ﻜﺎﻥ ﺍﻟﻬﺩﻑ ﻤﻥ ﺇﺠﺭﺍﺀ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻤﻌﺭﻓﺔ ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ

ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ ﻋﻠﻰ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ ،ﻭﺩﻫﻭﻥ ﺍﻟﺩﻡ.

ﺍﻟﻤﻭﺍﺩ ﻭﻁﺭﻕ ﺍﻟﺒﺤﺙ
ﺯﻴﺕ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ )Conjugated Linoleic Acid (CLA

ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻰ ﺯﻴﺕ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻤﻥ ﺸﺭﻜﺔ  Cognisﺒﺠﻤﻬﻭﺭﻴﺔ ﺃﻟﻤﺎﻨﻴﺎ ﺍﻻﺘﺤﺎﺩﻴﺔ
]ﺍﻻﺴﻡ ﺍﻟﺘﺠﺎﺭﻱ ﻟﻠﻤﻨﺘﺞ ﺘﻭﻨﺎﻟﻴﻥ  ،(Tonalin® TG 80) [٨٠ﻭﻴﺤﺘﻭﻱ ﻫﺫﺍ ﺍﻟﺯﻴﺕ ﻋﻠﻰ ﺤﻭﺍﻟﻲ ٪٨٠

ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ،ﻭﻫﻭ ﻤﺸﺘﻕ ﻤﻥ ﺯﻴﺕ ﺩﻭﺍﺭ ﺍﻟﺸﻤﺱ ﻭﻴﺤﺘﻭﻱ ﻋﻠﻰ ﻨﺴﺒﺔ  ٥٠:٥٠ﻤﻥ

ﺍﻟﻤﺘﻨﺎﻅﺭﺍﺕ ﺍﻟﻔﻌﺎﻟﺔ ﻟﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ )ﺴﻴﺱ  ،٩-ﺘﺭﺍﻨﺱ  ١١-ﻭﺘﺭﺍﻨﺱ  ،١٠-ﺴﻴﺱ -
.(١٢
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ﺩﺭﺍﺴﺔ ﻤﻘﺎﺭﻨﺔ ﻟﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻋﻠﻰ ﺍﻹﻨﺯﻴﻤﺎﺕ ........

٥

ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ )Virgin Coconut Oil (VCO
ﺍﺴﺘﺨﺩﻡ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺍﻟﻤﻌﺭﻭﻑ ﺒﺎﺴﻡ Certified Organic Virgin Coconut Oil

ﻭﺍﻟﻤﺘﻭﻓﺭ ﻓﻘﻁ ﻓﻲ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻤﺘﺤﺩﺓ ،ﺤﻴﺙ ﺘﻡ ﺍﻻﺘﺼﺎل ﺒﺎﻟﺸﺭﻜﺔ ﺍﻟﻤﻭﺯﻋﺔ ﻟﻬﺫﺍ ﺍﻟﻤﻨﺘﺞ ﻋﻥ ﻁﺭﻴﻕ
ﺍﻻﻨﺘﺭﻨﺕ ﻋﺒﺭ ﻤﻭﻗﻌﻬﺎ ) (http://www.virgincoconutoil.co.ukﻭﻤﺼﺩﺭ ﻫﺫﺍ ﺍﻟﻤﻨﺘﺞ ﺠﺯﺭ ﺍﺴﺘﻭﺍﺌﻴﺔ
ﻓﻲ ﻤﻨﻁﻘﺔ ﺒﺠﻨﻭﺏ ﺍﻟﻤﺤﻴﻁ ﺍﻟﻬﺎﺩﻱ .ﻴﺼﻨﻊ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻥ ﻟﺏ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﻁﺎﺯﺝ
).(www.coconut-connections.com
ﻋﻠﻴﻘﺔ ﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﺘﺠﺎﺭﺏ Experimental Animal Diet

ﺤﻀﺭﺕ ﻤﻜﻭﻨﺎﺕ ﺍﻟﻌﻠﻴﻘﺔ ﻁﺒﻘ ﹰﺎ ﻟﺘﻭﺼﻴﺔ ﺍﻟﻤﻌﻬﺩ ﺍﻷﻤﺭﻴﻜﻲ ) (Reeves, 1997ﻭﺘﻡ ﺍﻟﺤﺼﻭل
ﻋﻠﻴﻬﺎ ﻤﻥ ﺸﺭﻜﺔ ﺩﺍﻴﺕ ) ،(Dyets, Inc., Bethlehem, PA, USAﻤﻊ ﺍﺴﺘﺒﺩﺍل ﺍﻟﻜﺎﺯﻴﻥ ﺒﺒﺭﻭﺘﻴﻥ ﺍﻟﺼﻭﻴﺎ
ﻻﺤﺘﻭﺍﺀ ﺍﻟﻜﺎﺯﻴﻥ ﻋﻠﻰ ﻨﺴﺒﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ،ﻭﺒﺩﻭﻥ ﺇﻀﺎﻓﺔ ﺃﻱ ﻨﻭﻉ ﻤﻥ ﺍﻟﺯﻴﻭﺕ )ﺠﺩﻭل
ﺭﻗﻡ  ،(١ﺤﻴﺙ ﺃﻀﻴﻔﺕ ﺃﻨﻭﺍﻉ ﺍﻟﺯﻴﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﻠﻌﻠﻴﻘﺔ ﺤﺴﺏ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ .ﺘﻡ ﺘﺤﻀﻴﺭ ﻭﺨﻠﻁ
ﺍﻟﻌﻠﻴﻘﺔ ﻤﻊ ﺍﻟﺯﻴﻭﺕ )ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ،ﺯﻴﺕ ﺍﻟﺼﻭﻴﺎ ،ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ( ﺃﺴﺒﻭﻋﻴ ﹰﺎ ﻋﻠﻰ
ﺃﺴﺎﺱ ١٠٠٠ﺠﻡ ،ﻭﺤﻔﻅﺕ ﻋﻨﺩ ﺩﺭﺠﺔ °٤ﻡ.
ﻭﻜﺎﻨﺕ ﻨﺴﺒﺔ ﺘﺭﻜﻴﺯ ﺍﻟﺯﻴﻭﺕ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﺍﻟﻌﻠﻴﻘﺔ ﺤﺴﺏ ﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺤﻴﺙ
ﺃﻋﻁﻴﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻷﻭﻟﻰ )ﺍﻟﻀﺎﺒﻁﺔ(  ٪٤ﻤﻥ ﺯﻴﺕ ﺍﻟﺼﻭﻴﺎ .ﻭﺃﻀﻴﻑ ﻟﻌﻠﻴﻘﺔ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺜﺎﻨﻴﺔ
ﻭﺍﻟﺜﺎﻟﺜﺔ ﻭﺍﻟﺭﺍﺒﻌﺔ ﻭﺍﻟﺨﺎﻤﺴﺔ  ٠,٥ﻭ ١ﻭ ١,٥ﻭ ٪٢ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ ﻭﺃﻜﻤﻠﺕ ﻨﺴﺒﺔ
ﺍﻟﺯﻴﻭﺕ ﻓﻲ ﻜل ﻤﻨﻬﺎ ﺇﻟﻰ  ٪٤ﺒﺯﻴﺕ ﺍﻟﺼﻭﻴﺎ .ﺃﻤﺎ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺴﺎﺩﺴﺔ ﻭﺍﻟﺴﺎﺒﻌﺔ ﻭﺍﻟﺜﺎﻤﻨﺔ ﻭﺍﻟﺘﺎﺴﻌﺔ
ﻓﺄﻀﻴﻑ ﺇﻟﻰ ﻋﻼﺌﻘﻬﺎ  ٠,٥ﻭ ١ﻭ ١,٥ﻭ ٪٢ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻋﻠﻰ ﺍﻟﺘﺭﺘﻴﺏ ﻭﺃﻜﻤﻠﺕ ﻨﺴﺒﺔ
ﺍﻟﺯﻴﻭﺕ ﻓﻲ ﻜل ﻤﻨﻬﺎ ﺇﻟﻰ  ٪٤ﺒﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ .ﺍﺴﺘﺒﺩل ﻓﻲ ﻋﻠﻴﻘﺔ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻌﺎﺸﺭﺓ ﺯﻴﺕ
ﺍﻟﺼﻭﻴﺎ ﺒﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺒﻨﺴﺒﺔ .٪٤
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٦

ﺠﺩﻭل .١ﻤﻜﻭﻨﺎﺕ ﺍﻟﻌﻠﻴﻘﺔ ﺍﻟﻤﻌﺩﻟﺔ ﻋﻠﻰ ﺃﺴﺎﺱ ﺒﺭﻭﺘﻴﻥ ﺍﻟﺼﻭﻴﺎ  AIN-93Mﻭﺒﺩﻭﻥ ﺃﻱ ﺩﻫﻭﻥ ﻤﻀﺎﻓﺔ
) ٩٦٠ﺠﻡ/ﻜﺠﻡ(*.
ﺍﻟﻤﻜﻭﻨﺎﺕ

ﺠﻡ/ﻜﺠﻡ

ﺒﺭﻭﺘﻴﻥ ﺍﻟﺼﻭﻴﺎ

١٤٠

ل -ﺴﺴﺘﻴﻥ

١٫٨

ﺴﻜﺭﻭﺯ

١٠٠

ﻨﺸﺎ ﺍﻟﺫﺭﺓ

٤٦٥٫٦٩

ﺩﺍﻴﺘﺭﻭﺯ

١٥٥

ﺕ -ﺒﻴﻭﺘﻴل ﻫﻴﺩﺭﻭﻜﻴﻨﻭﻥ

٠٫٠٠٨

ﺴﻴﻠﻭﻟﻭﺯ

٥٠

ﻤﺨﻠﻭﻁ ﻤﻌﺎﺩﻥ

٣٥

ﻤﺨﻠﻭﻁ ﻓﻴﺘﺎﻤﻴﻨﺎﺕ

١٠

ﺒﻴﻭﺘﺭﻴﺕ ﻜﻭﻟﻴﻥ

٢٫٥

ﺍﻟﻤﺠﻤﻭﻉ

٩٦٠

*ﺍﻟﻤﺼﺩﺭ(Reeves, 1997) :
ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻭﺨﻁﻭﺍﺕ ﺍﻟﺘﺠﺭﺒﺔ Animals and Experimental Protocol

ﺘﻡ ﺍﺨﺘﻴﺎﺭ  ٦٠ﺠﺭﺫﹰﺍ )ﺫﻜﻭﺭ( ﻤﻥ ﻓﺼﻴﻠﺔ  Wister-albinoﺒﻌﻤﺭ ﺜﻤﺎﻨﻴﺔ ﺃﺴﺎﺒﻴﻊ ﻭﻭﺯﻥ
١٠±١١٠ﺠﻡ .ﻭﻗﺴﻤﺕ ﻋﺸﻭﺍﺌﻴﹰﺎ ﺇﻟﻰ ﻋﺸﺭ ﻤﺠﺎﻤﻴﻊ ﻓﻲ ﻜل ﻤﺠﻤﻭﻋﺔ ﺴﺘﺔ ﺠﺭﺫﺍﻥ ﻭﻭﻀﻊ ﻜل ﺠﺭﺫ ﻓﻲ

ﻗﻔﺹ ﻤﺴﺘﻘل ﻤﺼﻨﻭﻉ ﻤﻥ ﺍﻟﺼﻠﺏ ﻏﻴﺭ ﺍﻟﻘﺎﺒل ﻟﻠﺼﺩﺃ ﻭﺫﻟﻙ ﻓﻲ ﻤﺭﻜﺯ ﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﺘﺠﺎﺭﺏ ﺍﻟﺘﺎﺒﻊ ﻟﻜﻠﻴﺔ

ﺍﻟﻁﺏ )ﻤﺴﺘﺸﻔﻰ ﺍﻟﻤﻠﻙ ﺨﺎﻟﺩ ﺍﻟﺠﺎﻤﻌﻲ ﺒﺎﻟﺭﻴﺎﺽ  -ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ( .ﺘﻤﺕ ﺃﻗﻠﻤﺔ ﺍﻟﺠﺭﺫﺍﻥ ﺒﺘﻐﺫﻴﺘﻬﺎ
ﻋﻠﻰ ﺍﻟﻌﻠﻴﻘﺔ ﺍﻟﻤﺭﺠﻌﻴﺔ )ﺍﻟﻀﺎﺒﻁﺔ( ﻟﻤﺩﺓ ﺃﺴﺒﻭﻉ ﻗﺒل ﺒﺩﺍﻴﺔ ﺍﻟﺘﺠﺭﺒﺔ.
ﺤﺼﻠﺕ ﺒﻌﺩ ﺫﻟﻙ ﺍﻟﻤﺠﺎﻤﻴﻊ ﺍﻟﻌﺸﺭﺓ ﻋﻠﻰ ﺍﻟﻌﻠﻴﻘﺔ ﺍﻟﺨﺎﺼﺔ ﺒﺎﻟﺘﺠﺭﺒﺔ ﻟﻜل ﻤﺠﻤﻭﻋﺔ ،ﺒﺤﻴﺙ ﻏﺫﻴﺕ
ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻷﻭﻟﻰ ﻋﻠﻰ ﺍﻟﻌﻠﻴﻘﺔ ﺍﻟﻤﺭﺠﻌﻴﺔ ،ﻭﺤﺼﻠﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺜﺎﻨﻴﺔ ،ﻭﺍﻟﺜﺎﻟﺜﺔ ،ﻭﺍﻟﺭﺍﺒﻌﺔ ،ﻭﺍﻟﺨﺎﻤﺴﺔ
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٧

ﻋﻠﻰ ﻋﻠﻴﻘﺔ ﻤﺩﻋﻤﺔ ﺒﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺒﺘﺭﻜﻴﺯﺍﺕ  ،٠,٥ﻭ  ،١ﻭ  ،١,٥ﻭ  ٪٢ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ.
ﻜﻤﺎ ﻏﺫﻴﺕ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺴﺎﺩﺴﺔ ،ﻭﺍﻟﺴﺎﺒﻌﺔ ،ﻭﺍﻟﺜﺎﻤﻨﺔ ،ﻭﺍﻟﺘﺎﺴﻌﺔ ﻋﻠﻰ ﻋﻠﻴﻘﺔ ﻤﺩﻋﻤﺔ ﺒﺘﺭﻜﻴﺯﺍﺕ ﻤﺨﺘﻠﻔﺔ
ﻤﻥ ﺨﻠﻴﻁ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ،ﻭﺤﺼﻠﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻌﺎﺸﺭﺓ ﻋﻠﻰ ﻋﻠﻴﻘﺔ
ﻻ ﻤﻥ ﺯﻴﺕ ﺍﻟﺼﻭﻴﺎ .ﻤﻊ ﺘﻭﻓﻴﺭ ﺍﻟﻤﺎﺀ ﻟﺠﻤﻴﻊ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ
ﻤﺩﻋﻤﺔ ﺒﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺒﻨﺴﺒﺔ  ٪٤ﺒﺩ ﹰ

ﻋﻠﻰ ﻤﺩﺍﺭ ﺍﻟﻴﻭﻡ .ﺘﻡ ﺒﻘﺎﺀ ﺍﻟﺠﺭﺫﺍﻥ ﻓﻲ ﺍﻷﻗﻔﺎﺹ ﻟﻤﺩﺓ ﺴﺘﺔ ﺃﺴﺎﺒﻴﻊ ،ﻤﻊ ﺇﻤﺩﺍﺩﻫﺎ ﺒﺤﻭﺍﻟﻲ ٢٠ﺠﻡ ﻤﻥ
ﺍﻟﻌﻠﻴﻘﺔ ﻴﻭﻤﻴﹰﺎ ﻟﻜل ﺠﺭﺫ ،ﻤﻊ ﺍﻟﻤﺤﺎﻓﻅﺔ ﻋﻠﻰ ﺍﻟﻅﺭﻭﻑ ﺍﻟﻤﺼﺎﺤﺒﺔ ﻤﻥ ﺤﺭﺍﺭﺓ )°٢٣-٢١ﻡ( ﻭﺭﻁﻭﺒﺔ
) (٪٥٥ﻭﻀﻭﺀ ) ١٢ﺴﺎﻋﺔ ﻀﻭﺀ ﻭ ١٢ﺴﺎﻋﺔ ﻅﻼﻡ( ﻁﻭﺍل ﻓﺘﺭﺓ ﺍﻟﺘﺠﺭﺒﺔ ،ﻜﻤﺎ ﺘﻡ ﻭﺯﻨﻬﺎ ﺃﺴﺒﻭﻋﻴﹰﺎ
ﻁﻭﺍل ﻤﺩﺓ ﺍﻟﺘﺠﺭﺒﺔ ﻤﻊ ﻭﺯﻨﻬﺎ ﻗﺒل ﻋﻤﻠﻴﺔ ﺴﺤﺏ ﺍﻟﻌﻴﻨﺎﺕ ﺒﻭﺍﺴﻁﺔ ﻤﻴﺯﺍﻥ ﺇﻟﻜﺘﺭﻭﻨﻲ ﺤﺴﺎﺱ (Mettler

).PM2000, Switzerland

ﺼﻭﻤﺕ ﺍﻟﺠﺭﺫﺍﻥ ﻋﻨﺩ ﻨﻬﺎﻴﺔ ﻓﺘﺭﺓ ﺍﻟﺘﺠﺭﺒﺔ ﻟﻤﺩﺓ  ١٢ﺴﺎﻋﺔ ،ﻭﺘﻡ ﺘﺨﺩﻴﺭﻫﺎ ﺒﻭﺍﺴﻁﺔ ﻤﺎﺩﺓ ﺜﻨﺎﺌﻲ
ﺇﻴﺜﻴل ﺍﻷﻴﺜﺭ ) (Diethyl etherﻭﺴﺤﺏ ﺍﻟﺩﻡ ﻋﻥ ﻁﺭﻴﻕ ﻭﺨﺫ ﺍﻟﻘﻠﺏ .ﻭﺠﻤﻊ ﺍﻟﺩﻡ ﻓﻲ ﺃﻨﺎﺒﻴﺏ ﺨﺎﺼﺔ
ﻟﻠﻤﺼل ) (Serumﻭﺃﺨﺭﻯ ﺨﺎﺼﺔ ﻟﻠﺒﻼﺯﻤﺎ ﺘﺤﺘﻭﻯ ﻋﻠﻰ ﺍﻟﻬﻴﺒﺎﺭﻴﻥ ،ﻭﻫﺫﻩ ﺍﻷﻨﺎﺒﻴﺏ ﻤﻥ ﻨﻭﻉ
).(Vacuette
ﺍﻟﺘﺤﺎﻟﻴل ﺍﻟﻜﻴﻤﻭﺤﻴﻭﻴﺔ Biochemical Analysis Methods
 .١ﺘﻘﺩﻴﺭ ﻨﺸﺎﻁ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ Antioxidant Enzymes Estimation
 -ﺇﻨﺯﻴﻡ ﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﺭﻴﺩﻜﺘﻴﺯ )Glutathion Reductase (GR

ﺘﻡ ﺘﻘﺩﻴﺭ ﺇﻨﺯﻴﻡ ﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﺭﻴﺩﻜﺘﻴﺯ ﺘﺒﻌﹰﺎ ﻟﻁﺭﻴﻘﺔ ) (Goldberg and Spooner, 1983ﺒﺎﺴﺘﺨﺩﺍﻡ
ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ ﺍﻹﻨﺯﻴﻤﻴﺔ ﺍﻟﺠﺎﻫﺯﺓ ﺍﻟﺘﻲ ﺘﻨﺘﺠﻬﺎ ﺸﺭﻜﺔ Biodiagnostic, Cat. No. GR 25 22, Cairo,

 ،Egypt.ﻭﺍﺴﺘﺨﺩﻡ ﻓﻲ ﺍﻟﺘﻘﺩﻴﺭ ﺠﻬﺎﺯ  Visual Biomerieuxﺍﻟﺫﻱ ﺘﻨﺘﺠﻪ ﻨﻔﺱ ﺍﻟﺸﺭﻜﺔ.
ﺇﻨﺯﻴﻡ ﺍﻟﺴﻭﺒﺭﺃﻜﺴﻴﺩ ﺩﻴﺴﻤﻴﻭﺘﻴﺯ )Superoxide Dismutase (SOD

ﺘﻡ ﺘﻘﺩﻴﺭ ﺇﻨﺯﻴﻡ ﺍﻟﺴﻭﺒﺭﺃﻜﺴﻴﺩ ﺩﻴﺴﻤﻴﻭﺘﻴﺯ ﺘﺒﻌﹰﺎ ﻟﻁﺭﻴﻘﺔ ) (Nishikimi et al., 1972ﺒﺎﺴﺘﺨﺩﺍﻡ

ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ ﺍﻹﻨﺯﻴﻤﻴﺔ ﺍﻟﺠﺎﻫﺯﺓ ﺍﻟﺘﻲ ﺘﻨﺘﺠﻬﺎ ﺸﺭﻜﺔ  Biodiagnostic, Cat. No. SD 25 20ﻭﺘﻡ ﺍﻟﻘﻴﺎﺱ

ﺒﺎﺴﺘﺨﺩﺍﻡ ﺠﻬﺎﺯ .Visual Biomerieux
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٨

ﺇﻨﺯﻴﻡ ﺍﻟﻜﺘﺎﻟﻴﺯ )Catalase Assay (CAT

ﺘﻡ ﺘﻘﺩﻴﺭ ﺇﻨﺯﻴﻡ ﺍﻟﻜﺘﺎﻟﻴﺯ ﺘﺒﻌﹰﺎ ﻟﻁﺭﻴﻘﺔ ) (Aebi, 1984ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ ﺍﻹﻨﺯﻴﻤﻴﺔ
ﺍﻟﺠﺎﻫﺯﺓ ﺍﻟﺘﻲ ﺘﻨﺘﺠﻬﺎ  Biodiagnostic, Cat. No. CA 25 16.ﻭﺘﻡ ﺍﺴﺘﺨﺩﻡ ﺠﻬﺎﺯ Visual Biomerieux

ﻟﻠﺘﻘﺩﻴﺭ.

 .٢ﺘﻘﺩﻴﺭ ﺍﻟﻤﺅﺸﺭﺍﺕ ﺍﻟﺨﺎﺼﺔ ﺒﺩﻫﻭﻥ ﺍﻟﺩﻡ Lipid Profile Estimation
ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﻜﻠﻲ )Total Cholesterol (TC

ﺘﻡ ﺘﻘﺩﻴﺭ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺘﺒﻌﹰﺎ ﻟﻁﺭﻴﻘﺔ ) (Richmond, 1973ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ ﺍﻹﻨﺯﻴﻤﻴﺔ
ﺍﻟﺠﺎﻫﺯﺓ ﺍﻟﺘﻲ ﺘﻨﺘﺠﻬﺎ  Ortho-Clinical Diagnosticﻤﻥ ﺸﺭﻜﺔ  Jhonson & Jhonsonﺍﻷﻤﺭﻴﻜﻴﺔ ﻭﺘﻡ
ﺍﺴﺘﺨﺩﺍﻡ ﺠﻬﺎﺯ  Vitos 250ﺍﻟﺫﻱ ﺘﻨﺘﺠﻪ ﻨﻔﺱ ﺍﻟﺸﺭﻜﺔ ﻟﺘﻘﺩﻴﺭ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﻜﻠﻲ.
ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﺭﺘﻔﻌﺔ ﺍﻟﻜﺜﺎﻓﺔ

High Density Lipoprotein Cholesterol

)(HDL-c
ﺘﻡ ﺘﻘﺩﻴﺭ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﺭﺘﻔﻌﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺘﺒﻌ ﹰﺎ ﻟﻁﺭﻴﻘﺔ (Lopez-Virella et al.,

) 1977ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ ﺍﻹﻨﺯﻴﻤﻴﺔ ﺍﻟﺠﺎﻫﺯﺓ ﻤﻥ  Ortho-Clinical Diagnosticﻭﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ
ﺠﻬﺎﺯ  Vitos 250ﻹﺠﺭﺍﺀ ﺍﻟﺘﻘﺩﻴﺭ.

ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ Low Density Lipoprotein Cholesterol
)(LDL-c
ﺘﻡ ﺘﻘﺩﻴﺭ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺘﺒﻌ ﹰﺎ ﻟﻁﺭﻴﻘﺔ (McNamara et al.,

) 1995; Cohen, 1995ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ ﺍﻹﻨﺯﻴﻤﻴﺔ ﺍﻟﺠﺎﻫﺯﺓ ﺍﻟﺘﻲ ﺘﻨﺘﺠﻬﺎ  Diagnosticﺍﻟﺘﺎﺒﻌﺔ
ﻟﺸﺭﻜﺔ  .Roche, Mannheim, Germanyﻭﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺠﻬﺎﺯ  Cobas Integrea 400 plusﺍﻟﺫﻱ ﺘﻨﺘﺠﻪ
ﻨﻔﺱ ﺍﻟﺸﺭﻜﺔ ﻟﺘﻘﺩﻴﺭ ). (LDL-c

ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ Very Low Density Llipoprotein
)Cholesterol (VLDL-c
ﺘﻡ ﺘﻘﺩﻴﺭ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ ﺘﺒﻌ ﹰﺎ ﻟﻁﺭﻴﻘﺔ ;(Viikari, 1976
) Widhaim and Pakosta, 1991ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ ﺍﻹﻨﺯﻴﻤﻴﺔ ﺍﻟﺠﺎﻫﺯﺓ ﻤﻥ ﺸﺭﻜﺔ BioVision
 Research Product, CA94043, Mountain Veiw, CA, USA.ﻭﺍﺴﺘﺨﺩﻡ ﺠﻬﺎﺯ Visual Biomerieux

ﺍﻟﺫﻱ ﺘﻨﺘﺠﻪ ﻨﻔﺱ ﺍﻟﺸﺭﻜﺔ ﻟﺘﻘﺩﻴﺭ ).(VLDL-c
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ﺩﺭﺍﺴﺔ ﻤﻘﺎﺭﻨﺔ ﻟﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻋﻠﻰ ﺍﻹﻨﺯﻴﻤﺎﺕ ........

٩

ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ )Triglycerides (TG

ﺘﻡ ﺘﻘﺩﻴﺭ ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ ﺘﺒﻌﹰﺎ ﻟﻁﺭﻴﻘﺔ ) (Fassati and Prencipe, 1982ﺒﺎﺴــﺘﺨﺩﺍﻡ
ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ ﺍﻹﻨﺯﻴﻤﻴﺔ ﺍﻟﺠﺎﻫﺯﺓ ﻤﻥ  Ortho-Clinical Diagnosticﻭﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺠﻬﺎﺯ Vitos 250ﻟﺘﻘﺩﻴﺭ
.TG
 .٣ﺘﻘﺩﻴﺭ ﺍﻟﻤﺎﻟﻭﻨﺩﺃﻟﺩﻫﻴﺩ Malondialdehyde

ﺘﻡ ﺘﻘﺩﻴﺭ ﺍﻟﻤﺎﻟﻭﻨﺩﺃﻟﺩﻫﻴﺩ ﺤﺴﺏ ﻁﺭﻴﻘﺔ ) (Ohkawa et al., 1979ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺴﺘﺤﻀﺭﺍﺕ
ﺍﻹﻨﺯﻴﻤﻴﺔ ﺍﻟﺠﺎﻫﺯﺓ ﻤﻥ  Biodiagnostic, Cat. No. MD25 28ﻭﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺠﻬﺎﺯVisual Biomerieux

ﻟﺘﻘﺩﻴﺭﻩ.

ﺍﻟﺘﺤﻠﻴل ﺍﻹﺤﺼﺎﺌﻲ
ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﺘﺼﻤﻴﻡ ﺘﺎﻡ ﺍﻟﺘﻌﺸﻴﺔ ﻭﺒﺎﻟﺘﺎﻟﻲ ﺍﺴﺘﺨﺩﻡ ﺘﺤﻠﻴل ﺍﻟﺘﺒﺎﻴﻥ ﻓﻲ ﺍﺘﺠﺎﻩ ﻭﺍﺤﺩ ﻭﺇﺠﺭﺍﺀ

ﺍﻟﻤﻘﺎﺭﻨﺎﺕ ﺒﻴﻥ ﻤﺘﻭﺴﻁﺎﺕ ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﺨﺘﺒﺎﺭ ﺩﻨﻜﻥ ).(SAS, 1997

ﺍﻟﻨﺘﺎﺌﺞ ﻭﺍﻟﻤﻨﺎﻗﺸﺔ
ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ ﻋﻠﻰ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ
ﻓﻲ ﺒﻼﺯﻤﺎ ﺍﻟﺠﺭﺫﺍﻥ
ﻴﻭﻀﺢ ﺠﺩﻭل ﺭﻗﻡ ) (٢ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺒﺘﺭﻜﻴﺯﺍﺘﻬﻤﺎ ﺍﻟﻤﺨﺘﻠﻔﺔ
ﻭﻜﺫﻟﻙ ﺨﻠﻴﻁﻬﻤﺎ ﻋﻠﻰ ﻨﺸﺎﻁ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ ﻓﻲ ﺒﻼﺯﻤﺎ ﺍﻟﺠﺭﺫﺍﻥ ،ﺇﺫ ﺍﺯﺩﺍﺩ ﻨﺸﺎﻁ ﺇﻨﺯﻴﻡ
ﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﺭﻴﺩﻜﺘﻴﺯ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﺒﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻓﻲ ﺍﻟﻌﻠﻴﻘﺔ .ﻭﻜﺎﻨﺕ
ﺍﻟﻔﺭﻭﻕ ﻓﻲ ﻨﺸﺎﻁ ﻫﺫﺍ ﺍﻹﻨﺯﻴﻡ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ ﻤﻌﻨﻭﻴﺔ ) (P<0.05ﺒﻴﻥ ﺠﻤﻴﻊ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﻤﻥ
ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ،ﻜﻤﺎ ﻜﺎﻨﺕ ﺍﻟﻔﺭﻭﻕ ﻓﻲ ﻨﺸﺎﻁ ﻫﺫﺍ ﺍﻹﻨﺯﻴﻡ ﺫﺍﺕ ﺩﻻﻟﺔ ﻤﻌﻨﻭﻴﺔ ﺇﺤﺼﺎﺌﻴﺔ ﺒﻴﻥ
ﻜل ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﻭﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ.

ﺃﺩﻯ ﺨﻠﻁ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻊ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺇﻟﻰ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ )(P<0.05

ﻓﻲ ﻨﺸﺎﻁ ﺇﻨﺯﻴﻡ ﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﺭﻴﺩﻜﺘﻴﺯ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ﻭﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺤﻤﺽ
ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻓﻘﻁ ﺒﺘﺭﻜﻴﺯﺍﺘﻪ ﺍﻟﻤﺨﺘﻠﻔﺔ ،ﻭﻜﺎﻥ ﺃﻋﻠﻰ ﻨﺸﺎﻁ ﻟﻬﺫﺍ ﺍﻹﻨﺯﻴﻡ ﻋﻨﺩ ﺍﺴﺘﺨﺩﺍﻡ ﺯﻴﺕ ﺠﻭﺯ
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ﺩﻴﻨﺎ ﺒﻨﺕ ﻤﺤﻤﺩ ﻁﺭﺍﺒﺯﻭﻨﻲ ﻭﺤﻤﺯﺓ ﺒﻥ ﻤﺤﻤﺩ ﺃﺒﻭ ﻁﺭﺒﻭﺵ

١٠

ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻓﻘﻁ ) (٪٤ﺤﻴﺙ ﻭﺼل ﻨﺸﺎﻁ ﺍﻹﻨﺯﻴﻡ ﺇﻟﻰ  ٠٫٤٦ ±٨٣٫٩٧ﻭﺤﺩﺓ/ﻟﺘﺭ ،ﻤﻘﺎﺭﻨﺔ
ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ﺍﻟﺘﻲ ﻜﺎﻥ ﻓﻴﻬﺎ ﻨﺸﺎﻁ ﺍﻹﻨﺯﻴﻡ  ٠٫٣٧±٦٠٫٧٩ﻭﺤﺩﺓ/ﻟﺘﺭ.
ﺠﺩﻭل  .٢ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ ﻋﻠﻰ ﻨﺸﺎﻁ ﺍﻹﻨﺯﻴﻤﺎﺕ
ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ ﻓﻲ ﺒﻼﺯﻤﺎ ﺍﻟﺠﺭﺫﺍﻥ.
ﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﺠﺭﺒﺔ

ﻨﺸﺎﻁ ﺍﻹﻨﺯﻴﻤﺎﺕ
ﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﺭﻴﺩﻜﺘﻴﺯ

ﺍﻟﺴﻭﺒﺭ ﺃﻜﺴﻴﺩ

)(U/L

ﺩﻴﺴﻤﻴﻭﺘﻴﺯ )(U⁄ml

ﺍﻟﻜﺘﺎﻟﻴﺯ )(U⁄ml

ﺍﻟﻀﺎﺒﻁﺔ

i

CLA* ٪٠٫٥

٠٫٣٧±٦٠٫٧٩

h

CLA ٪١

٠٫٣٣±٦٥٫٠٤

g

g

CLA ٪١٫٥

٠٫٢٩±٦٨٫٧٢

f

١٫١١±٤٨٫٥٤

f

CLA ٪٢

٠٫٤٤±٧١٫٣٤

e

١٫٣٩±٦٤٫٣٧

de

e

VCO**+CLA ٪٠٫٥

٠٫٦٣±٧٤٫١٠

d

١٫٧٠±٧٤٫٤٨

d

٠٫٠٠٣±٠٫٢٩

e

VCO+CLA ٪١

٠٫٣٦±٧٥٫٢٣

c

٠٫٨٦±٨٤٫٩٩

e

٠٫٠٠٤±٠٫٢٦

d

VCO+CLA ٪١٫٥

٠٫٢٧±٧٨٫٢٩

c

١٫٢٠±٨٩٫٣٢

c

٠٫٠٢±٠٫٣٢

c

VCO+CLA ٪٢

٠٫١٩±٨٠٫٢٢

b

١٫٩٦±٩٦٫٦٨

b

٠٫٠١±٠٫٣٨

b

VCO ٪٤

٠٫٤٠±٨١٫٧٨

a

١٫٥٠±١٠٩٫٤٥

b

٠٫٠١±٠٫٣٩

a

٠٫٤٦±٨٣٫٩٧

٢٫١٤±١٠٧٫٨٤

a

a

٠٫٠٠٤±٠٫٦٣

h

١٫٠٠٤±١٣٫٨٨

g

٠٫٠٠٤±٠٫١٩

١٫٥٣±٣٠٫٨٢

f

٠٫٠٠٣±٠٫٢٢

e

٠٫٠٠٤±٠٫٢٧

٠٫٠١±٠٫٢٥

ﺍﻟﻘﻴﻡ ﺫﺍﺕ ﺍﻷﺤﺭﻑ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﻨﻔﺱ ﺍﻟﻌﻤﻭﺩ ﺘﺩل ﻋﻠﻰ ﻭﺠﻭﺩ ﻓﺭﻭﻕ ﻤﻌﻨﻭﻴﺔ ﺒﻴﻨﻬﺎ ﻋﻨﺩ ﻤﺴﺘﻭﻯ ﺩﻻﻟﺔ >.٠٫٠٥
* : CLAﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ

**  : VCOﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ.

ﺴﻠﻙ ﻨﺸﺎﻁ ﺇﻨﺯﻴﻡ ﺍﻟﺴﻭﺒﺭ ﺃﻜﺴﻴﺩ ﺩﻴﺴﻤﻴﻭﺘﻴﺯ ﻨﻔﺱ ﺍﻻﺘﺠﺎﻩ ﺍﻟﺫﻱ ﺴﻠﻜﻪ ﻨﺸﺎﻁ ﺇﻨﺯﻴﻡ ﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ

ﺭﻴﺩﻜﺘﻴﺯ ﻤﻥ ﺤﻴﺙ ﺘﺄﺜﻴﺭ ﻜل ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺒﺘﺭﻜﻴﺯﺍﺘﻪ ﺍﻟﻤﺨﺘﻠﻔﺔ ،ﻭﻜﺫﻟﻙ ﺘﺄﺜﻴﺭ ﺨﻠﻴﻁ ﻜل
ﻤﻥ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ .ﻭﺒﺎﻟﺭﻏﻡ ﻤﻥ ﺃﻥ ﻨﺸﺎﻁ ﺇﻨﺯﻴﻡ ﺍﻟﻜﺘﺎﻟﻴﺯ ﻗﺩ ﺃﺨﺫ
ﻨﻔﺱ ﻤﻨﺤﻰ ﻜل ﻤﻥ ﺇﻨﺯﻴﻡ ﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﺭﻴﺩﻜﺘﻴﺯ ﻭﺍﻟﺴﻭﺒﺭ ﺃﻜﺴﻴﺩ ﺩﻴﺴﻤﻴﻭﺘﻴﺯﻤﻥ ﺤﻴﺙ ﺯﻴﺎﺩﺓ ﺍﻟﻨﺸﺎﻁ
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ﺩﺭﺍﺴﺔ ﻤﻘﺎﺭﻨﺔ ﻟﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻋﻠﻰ ﺍﻹﻨﺯﻴﻤﺎﺕ ........

١١

ﺒﺎﺴﺘﺨﺩﺍﻡ ﺘﺭﻜﻴﺯﺍﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ،ﺇﻻ ﺃﻨﻪ ﻴﺒﺩﻭ ﻁﺒﻘ ﹰﺎ ﻟﻠﻨﺘﺎﺌﺞ ﻓﻲ ﺠﺩﻭل ) (٢ﺃﻥ ﺘﺭﻜﻴﺯ
 ٪٢ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻜﺎﻥ ﺃﻜﺜﺭ ﻓﻌﺎﻟﻴﺔ ﻓﻲ ﺯﻴﺎﺩﺓ ﻨﺸﺎﻁ ﻫﺫﺍ ﺍﻹﻨﺯﻴﻡ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺘﺭﻜﻴﺯﺍﺕ
ﺍﻷﺨﺭﻯ ﻤﻥ ﺍﻟﺤﻤﺽ .ﻜﻤﺎ ﻴﺘﻀﺢ ﻤﻥ ﻨﻔﺱ ﻨﺘﺎﺌﺞ ﻫﺫﺍ ﺍﻟﺠﺩﻭل ﺃﻥ ﺨﻠﻴﻁ ﺯﻴﺕ ﺍﻟﺠﻭﺯ ﺍﻟﺒﻜﺭ ﺒﻨﺴﺒﺔ
 ٪١,٥ﻤﻊ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻫﻲ ﺍﻷﻓﻀل ﺇﺫ ﻟﻡ ﺘﻜﻥ ﻫﻨﺎﻟﻙ ﺍﺨﺘﻼﻓﺎﺕ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ

ﻤﻌﻨﻭﻴﺔ ﺒﻴﻥ ﻫﺫﺍ ﺍﻟﺘﺭﻜﻴﺯ ﻭﺯﻴﺎﺩﺓ ﺍﻟﺘﺭﻜﻴﺯ ﺇﻟﻰ  ٪٢ﻓﻲ ﺍﻟﺨﻠﻴﻁ.
ﻭﺘﺘﻔﻕ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﺤﺎﻟﻴﺔ ﻤﻊ ﻨﺘﺎﺌﺞ ﺩﺭﺍﺴﺔ ) Nevin and Rajamohan (2006ﺤﻴﺙ ﻭﺠﺩ
ﺍﺭﺘﻔﺎﻉ ﺘﺭﻜﻴﺯ ﺍﻹﻨﺯﻴﻤﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻜﺴﺩﺓ )ﺍﻟﺠﻠﻭﺘﺎﺜﻴﻭﻥ ﺭﻴﺩﻜﺘﻴﺯ ،ﻭﺍﻟﻜﺘﺎﻟﻴﺯ ،ﻭﺍﻟﺴﻭﺒﺭﺃﻜﺴﻴﺩ
ﺩﻴﺴﻤﻴﻭﺘﻴﺯ( ﻟﺩﻯ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻷﺨﺭﻯ )ﺍﻟﺘﻲ

ﺘﻨﺎﻭﻟﺕ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﻌﺎﺩﻱ ﺃﻭ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺯﻴﺕ ﺍﻟﻔﻭل ﺍﻟﺴﻭﺩﺍﻨﻲ( ،ﻭﻗﺩ ﻴﻌﻭﺩ ﻫﺫﺍ ﺍﻟﺘﺄﺜﻴﺭ ﺍﻟﻔﻌﺎل
ﻟﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻻﺤﺘﻭﺍﺌﻪ ﻋﻠﻰ ﻜﻤﻴﺎﺕ ﺃﻋﻠﻰ ﻤﻥ ﺍﻟﻔﻴﻨﻭﻻﺕ ﺍﻟﻌﺩﻴﺩﺓ ﻭﻓﻴﺘﺎﻤﻴﻥ ﻫـ (Noguchi

).and Niki, 1999
ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ ﻋﻠﻰ ﻤﺴﺘﻭﻯ ﺩﻫﻭﻥ ﺍﻟﺩﻡ ﻭﺃﻜﺴﺩﺓ
ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ
ﻴﺒﻴﻥ ﺍﻟﺠﺩﻭل ﺭﻗﻡ ) (٣ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ

ﻋﻠﻰ ﺩﻫﻭﻥ ﺍﻟﺩﻡ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ،ﻭﻴﺘﻀﺢ ﻤﻥ ﺍﻟﺠﺩﻭل ﺃﻥ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻷﻋﻠﻰ ﻤﻥ  ٪٠,٥ﻤﻥ
ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻟﻴﺱ ﻟﻬﺎ ﺘﺄﺜﻴﺭ ﻋﻠﻰ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﻜﻠﻲ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ،ﻓﻲ ﺤﻴﻥ ﺃﻥ
ﺍﻟﺘﺭﻜﻴﺯ ﺍﻟﻤﻨﺨﻔﺽ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ) (٪٠,٥ﻗﺩ ﺃﺩﻯ ﺇﻟﻰ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل

ﺍﻟﻜﻠﻲ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ.ﻜﻤﺎ ﻟﻭﺤﻅ ﻤﻥ ﺍﻟﺠﺩﻭل ﺃﻥ ﺨﻠﻴﻁ ﺯﻴﺕ ﺠﻭﺯ
ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻊ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺒﺘﺭﻜﻴﺯﺍﺘﻪ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﻡ ﻴﺅﺩ ﺇﻟﻰ ﺃﻱ ﺍﺨﺘﻼﻓﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻋﻠﻰ ﺘﺭﻜﻴﺯ
ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﻜﻠﻲ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ﺃﻭ ﺍﺴﺘﺨﺩﺍﻡ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ
ﺒﻤﻔﺭﺩﻩ .ﻜﻤﺎ ﺃﻥ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺴﻭﺍﺀ ﺒﻤﻔﺭﺩﻩ ﺃﻭ ﻜﺨﻠﻴﻁ ﻤﻊ ﺯﻴﺕ

ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺃﻭ ﺍﺴﺘﺨﺩﺍﻡ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺒﻤﻔﺭﺩﻩ ﻟﻡ ﺘﺅﺩ ﺇﻟﻰ ﺍﺨﺘﻼﻓﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺘﺭﻜﻴﺯ

ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﺭﺘﻔﻌﺔ ﺍﻟﻜﺜﺎﻓﺔ ) (HDL-cﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ
ﺍﻟﻀﺎﺒﻁﺔ ﺃﻭ ﻓﻴﻤﺎ ﺒﻴﻥ ﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﺠﺭﺒﺔ.

J. Saudi Soc. for Food and Nutrition., Vol. 5, No. 2; 2010
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١٢

ﺠﺩﻭل .٣ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ ﻋﻠﻰ ﺩﻫﻭﻥ ﺍﻟﺩﻡ ﻓﻲ
ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ.
ﺍﻟﺘﺭﻜﻴﺯﺍﺕ

ﺍﻟﻜﻭﻟﺴﺘﺭﻭل

ﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﺠﺭﺒﺔ

ﺍﻟﻜﻠﻲ

)(mg/dl
ﺍﻟﻀﺎﺒﻁﺔ

bc

CLA* ٪٠٫٥

a

CLA ٪١

c

CLA ٪١٫٥

c

CLA ٪٢

c

١٫٣٤±٤٨٫٥٠

٢٫٤٣±٣٩٫٦٧

a

٢٫٠٣±٦١٫٠٧

abcd

bc

٢٫٠٩±٥٨٫١٧

٥٫٢٤±٤٣٫٠٠

a

٥٫٤٩±٧٣٫٢٢

a

a

٠٫٨٨±٤٦٫٣٣

١٫٢٠±٣٥٫٦٧

a

٢٫٨٢±٦٤٫١٦

abc

b

٠٫٩٦±٤٦٫٥٠

١٫٣٣±٣٨٫٦٧

a

٥٫٠٤±٧٠٫٦٦

ab

b

٠٫٥٢±٤٦٫٠٠

١٫٨٤±٣٦٫٥٠

a

٢٫٤٨±٥٨٫٦٢

bcd

b

٢٫٩٤±٥٠٫٥٠

٣٫٨١±٣٨٫٦٧

a

٢٫٨٢±٥٣٫٦٥

cde

cde

٤٫٣٣±٥٧٫٥

٣٫٥٦±٣٩٫٦٧

a

٣٫١٣±٥٠٫٢٥

de

de

٣٫٧٨±٥١٫٦٧

٣٫٠٣±٤٠٫١٧

a

٤٫٥٦±٦١٫٦٢

abcd

bcd

٤٫٩٤±٥٠٫٦٧

٢٫٨٠±٣٧٫١٧

a

٦٫٢١±٦٣٫٣٢

abcd

e

١٫١٤±٤٦٫١٧

١٫٧٦±٤٢٫١٧

a

١٫٤٠±٤٥٫٣٤

e

e

VCO**+CLA ٪٠٫٥

abc

VCO+CLA ٪١

ab

VCO+CLA %١٫٥

abc

VCO+CLA ٪٢

abc

VCO ٪٤

ﻜﻭﻟﺴﺘﺭﻭل
ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ
ﺍﻟﺸﺤﻤﻴﺔ
ﻤﻨﺨﻔﻀﺔ
ﺍﻟﻜﺜﺎﻓﺔ
)(mg/dl

ﻜﻭﻟﺴﺘﺭﻭل
ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ
ﺍﻟﺸﺤﻤﻴﺔ
ﻤﺭﺘﻔﻌﺔ ﺍﻟﻜﺜﺎﻓﺔ
)(mg/dl

ﻜﻭﻟﺴﺘﺭﻭل
ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ
ﺍﻟﺸﺤﻤﻴﺔ
ﻤﻨﺨﻔﻀﺔ
ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ
)(mg/dl

c

ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ
ﺍﻟﺜﻼﺜﻴﺔ

)(mg/dl

١٫٥٤±٢٨٫٧٢

b

٢٫٣١±٣٦٫٧٠

a

٢٫٨٥±٣١٫٥٧

c

٠٫٨٠±٣١٫٨١

bc

١٫١٢±٣٢٫٥٣

b

٠٫٥٦±٢٥٫٦٧

d

٠٫٣٩±٢٤٫٢٠

d

١٫٥٧±٢٨٫٤٣

c

١٫٢٢±٢٣٫٢٢

d

١٫٣٠±٢٢٫٧٣

e

٢٫٦٧±١٥٥٫٠٠
٢٫٤١±١٧٥٫١٧
٢٫٦٥±١٤٥٫٠٠
٣٫٥٠±١٤٩٫٥٠
١٫٠٣±١٥٦٫٠٠
٢٫٣٣±١٣٢٫٦٧
١٫٢٠±١٢٦٫١٧
٢٫٢٦±١٤٢٫٣٣
٥٫٩٨±١٢٦٫٠٠
٢٫٠٣±١٠٤٫٦٧

ﺍﻟﻘﻴﻡ ﺫﺍﺕ ﺍﻷﺤﺭﻑ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﻨﻔﺱ ﺍﻟﻌﻤﻭﺩ ﺘﺩل ﻋﻠﻰ ﻭﺠﻭﺩ ﻓﺭﻭﻕ ﻤﻌﻨﻭﻴﺔ ﺒﻴﻨﻬﺎ ﻋﻨﺩ ﻤﺴﺘﻭﻯ ﺩﻻﻟﺔ>.٠٫٠٥

* : CLAﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ

**  : VCOﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ.

ﺍﺘﺨﺫ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ) (LDL-cﻨﻔﺱ ﺍﻟﻤﻨﺤﻰ )ﺠﺩﻭل  (٣ﺇﺫ
ﻟﻡ ﻴﻅﻬﺭ ﺍﺴﺘﺨﺩﺍﻡ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺒﺘﺭﻜﻴﺯﺍﺘﻪ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻨﻔﺭﺩﹰﺍ ﺃﻭ ﻜﺨﻠﻴﻁ ﻤﻊ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ
ﺍﻟﺒﻜﺭ ﺃﻱ ﺍﺨﺘﻼﻓﺎﺕ ﻤﻌﻨﻭﻴﺔ ) (P<0.05ﻋﻠﻰ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﻤﻘﺎﺭﻨﺔ
ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ،ﻓﻲ ﺤﻴﻥ ﺃﺩﻯ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻨﻔﺭﺩﹰﺍ ) (٪٤ﺇﻟﻰ ﺍﻨﺨﻔﺎﺽ ﺫﻱ ﺩﻻﻟﺔ
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١٣

ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺘﺭﻜﻴﺯ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ )١,٤٠±٤٥,٣٤ﻤﻠﺠﻡ/ﺩﺴل(
ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ) ٢,٠٣±٦١,٠٧ﻤﻠﺠﻡ/ﺩﺴل(.
ﻜﻤﺎ ﻟﻡ ﻴﻼﺤﻅ ﺃﻴﻀﹰﺎ ﻅﻬﻭﺭ ﺃﻱ ﺍﺨﺘﻼﻓﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﻗﻴﻡ ﻜﻠﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ
ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ ) (VLDL-cﺒﻴﻥ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﻲ ﺃﻀﻴﻑ ﻟﻬﺎ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ
ﺒﺎﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻭﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ )ﺠﺩﻭل ﺭﻗﻡ  .(٣ﻓﻲ ﺤﻴﻥ ﻜﺎﻥ ﻟﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ
ﻤﻨﻔﺭﺩﹰﺍ ) (٪٤ﺃﻭ ﻜﺨﻠﻴﻁ ﻤﻊ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺒﺘﺭﻜﻴﺯ  ٪٢ﺘﺄﺜﻴﺭﹰﺍ ﺨﺎﻓﻀﹰﺎ ﻭﺒﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ
ﻤﻌﻨﻭﻴﺔ ) (P≤0.05ﻋﻠﻰ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ
ﺍﻟﻀﺎﺒﻁﺔ.
ﻜﺎﻥ ﺍﻻﺘﺠﺎﻩ ﺍﻟﻌﺎﻡ ﻟﻠﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻤﺸﺎﺒﻪ ﺒﺸﻜل ﻋﺎﻡ ﻤﻊ ﺍﺘﺠﺎﻩ
ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ )ﺠﺩﻭل  (٣ﻭﺃﻅﻬﺭ ﺍﻟﺘﺤﻠﻴل ﺍﻹﺤﺼﺎﺌﻲ
ﻭﺠﻭﺩ ﻋﻼﻗﺔ ﺍﺭﺘﺒﺎﻁﻴﺔ ﻤﻭﺠﺒﺔ ﻀﻌﻴﻔﺔ ) (r=0.558ﺒﻴﻥ ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ ﻭﻜﻭﻟﺴﺘﺭﻭل
ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ )ﺸﻜل  (١ﻭﺘﻅﻬﺭ ﺍﻟﻨﺘﺎﺌﺞ ﺘﺒﺎﻴﻥ ﺘﺄﺜﻴﺭ ﺇﻀﺎﻓﺔ ﺤﻤﺽ
ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺒﻤﻔﺭﺩﻩ ﻋﻠﻰ ﺘﺭﻜﻴﺯ ﺍﻟﺠﻠﺴﻴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ .ﻭﻋﻠﻰ ﺍﻟﻌﻜﺱ ﻤﻥ ﺫﻟﻙ ﻓﻘﺩ ﺃﺩﻯ ﺯﻴﺕ
ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺴﻭﺍﺀ ﻜﺎﻥ ﻤﻨﻔﺭﺩﹰﺍ ) (٪٤ﺃﻭ ﻜﺨﻠﻴﻁ ﻤﻊ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺒﺘﺭﻜﻴﺯﺍﺕ
ﻤﺨﺘﻠﻔﺔ ﺇﻟﻰ ﺍﻨﺨﻔﺎﺽ ﺫﻱ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ ﻤﻌﻨﻭﻴﺔ ) (P≤0.05ﻓﻲ ﺘﺭﻜﻴﺯ ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ ﻓﻲ
ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ،ﺇﻻ ﺃﻥ ﺍﻟﺘﺄﺜﻴﺭ ﺍﻷﻜﺒﺭ ﻟﺨﻔﺽ ﺘﺭﻜﻴﺯ ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ
ﺍﻟﺜﻼﺜﻴﺔ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﻜﺎﻥ ﻋﻨﺩ ﺍﺴﺘﺨﺩﺍﻡ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻤﻨﻔﺭﺩﹰﺍ ﺇﺫ ﺒﻠﻎ ﺘﺭﻜﻴﺯ
ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ  ٢,٠٣±١٠٤,٦٧ﻤﻠﺠﻡ/ﺩﺴل ﻤﻘﺎﺭﻨﺔ ﺒﺘﺭﻜﻴﺯﻩ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ
) ٢,٦٧±١٥٥ﻤﻠﺠﻡ/ﺩﺴل(.
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r = 0.556
p = 0.000

ﺸﻜل .١ﺍﻟﻌﻼﻗﺔ ﺍﻻﺭﺘﺒﺎﻁﻴﺔ ﺒﻴﻥ ﺍﻟﺠﻠﻴﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ ﻭﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ﺠﺩﹰﺍ ﻓﻲ
ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ.

ﺘﺸﻴﺭ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﻭﻀﺤﺔ ﻓﻲ ﺍﻟﺸﻜل ﺭﻗﻡ ) (٢ﺃﻥ ﺍﺴﺘﺨﺩﺍﻡ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﺒﻤﻔﺭﺩﻩ ﺃﻭ
ﻜﺨﻠﻴﻁ ﻤﻊ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺒﺎﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺃﻭ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺒﻤﻔﺭﺩﻩ ﺃﺩﻯ ﺇﻟﻰ
ﺯﻴﺎﺩﺓ ﺫﺍﺕ ﺩﻻﻟﺔ ﻤﻌﻨﻭﻴﺔ ﻋﻠﻰ ﺘﺭﻜﻴﺯ ﺍﻟﻤﺎﻟﻭﻨﺩﺍﻟﺩﻫﻴﺩ ﺒﺎﻟﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ﻭﻜﺎﻥ ﺃﻋﻠﻰ ﺘﺭﻜﻴﺯ
ﻟﻬﺫﺍ ﺍﻟﻤﻌﻴﺎﺭ ﻋﻨﺩ ﺍﺴﺘﺨﺩﺍﻡ ﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﺒﻤﻔﺭﺩﻩ.
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١٥

 :CLAﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ )ﺘﻡ ﺤﺴﺎﺏ ﺍﻟﻨﺴﺒﺔ ﻋﻠﻰ ﺃﺴﺎﺱ ﺃﻥ ﺯﻴﺕ ﺍﻟﺘﻭﻨﺎﻟﻴﻥ  ٨٠ﻴﺤﺘﻭﻱ ﻋﻠﻰ  %٨٠ﺤﻤﺽ ﻟﻴﻨﻭﻟﻴﻙ ﻤﻘﺘﺭﻥ(.
 :VCOﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ.

ﺸﻜل  .٢ﺘﺭﻜﻴﺯ ﺍﻟﻤﺎﻟﻭﻨﺩﺃﻟﺩﻫﻴﺩ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ
ﻭﺨﻠﻴﻁﻬﻤﺎ.

ﺘﺘﻔﻕ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﺤﺎﻟﻴﺔ ﻤﻊ ﺒﻌﺽ ﻨﺘﺎﺌﺞ ﺩﺭﺍﺴﺔ ) ،(Cooper et al., 2008ﻤﻥ ﺤﻴﺙ ﺘﺭﻜﻴﺯ
ﺩﻫﻭﻥ ﺍﻟﺩﻡ ،ﺇﺫ ﺃﻥ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ
)ﺘﻭﻨﺎﻟﻴﻥ (٨٠ﻭﺍﻟﺫﻱ ﻴﺤﺘﻭﻱ ﻋﻠﻰ ﺨﻠﻴﻁ ﻤﻥ ﺍﻟﻤﺘﻨﺎﻅﺭﻴﻥ )ﺘﺭﺍﻨﺱ ،١٠-ﺴﻴﺱ ١٢-ﻭﺴﻴﺱ،٩-
ﺘﺭﺍﻨﺱ (١١-ﺒﻨﺴﺒﺔ  ،٪٠,٥ﻟﻡ ﻴﻜﻥ ﺒﻴﻨﻬﺎ ﻓﺭﻭﻕ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﻜل ﻤﻥ ﺘﺭﻜﻴﺯ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ

ﺍﻟﺸﺤﻤﻴﺔ ﻤﺭﺘﻔﻌﺔ ﺍﻟﻜﺜﺎﻓﺔ ) ،(HDL-cﻭﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ) (LDL-cﻟﺩﻯ
ﻫﺫﻩ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﻭﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ .ﻜﻤﺎ ﺘﺘﻔﻕ ﻨﺘﺎﺌﺞ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻤﻊ ﺩﺭﺍﺴﺔ (Akahoshi et al.,
) 2003ﺤﻴﺙ ﻟﻡ ﻴﻨﺨﻔﺽ ﺘﺭﻜﻴﺯ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﻭﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ )(LDL-c, VLDL-c
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ﻟﺩﻯ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺘﺭﻜﻴﺯﺍﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﻋﺩﺍ  ٪٠,٥ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺔ
ﺍﻟﻀﺎﺒﻁﺔ ،ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﻋﺩﻡ ﻭﺠﻭﺩ ﻓﺭﻭﻕ ﻤﻌﻨﻭﻴﺔ ﺒﻴﻥ ﺘﺭﻜﻴﺯﺍﺕ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ
ﻤﺭﺘﻔﻌﺔ ﺍﻟﻜﺜﺎﻓﺔ ) (HDL-cﻟﺩﻯ ﻫﺫﻩ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﻤﻥ ﺠﻬﺔ ﻭﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ﻤﻥ ﺠﻬﺔ ﺃﺨﺭﻯ.

ﻭﺃﺸﺎﺭﺕ ﺩﺭﺍﺴﺔ ) (Rahman et al., 2001ﺇﻟﻰ ﺃﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻟﻡ ﻴﺅﺜﺭ ﻋﻠﻰ

ﻤﺴﺘﻭﻯ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ،ﻤﻤﺎ ﻴﺘﻔﻕ ﻤﻊ ﻨﺘﺎﺌﺞ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ .ﻜﻤﺎ ﺃﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺩﺭﺍﺴﺔ (Risérus et al.,

) 2002ﺒﺄﻥ ﺘﻨﺎﻭل ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻟﻡ ﻴﺅﺜﺭ ﻋﻠﻰ ﻤﺴﺘﻭﻯ ﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ
) (VLDL-c, HDL-c, LDL-cﻭﻟﻡ ﻴﻜﻥ ﻫﻨﺎﻙ ﻓﺭﻕ ﻤﻌﻨﻭﻱ ﺒﻴﻥ ﻫﺫﻩ ﺍﻟﻘﻴﻡ ﻭﻗﻴﻡ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ،
ﻤﻤﺎ ﻴﺘﻔﻕ ﻤﻊ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﺤﺎﻟﻴﺔ ﺒﻭﺠﻪ ﻋﺎﻡ.

ﻭﻗﺩ ﺍﺘﻔﻘﺕ ﻨﺘﺎﺌﺞ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻤﻊ ﺩﺭﺍﺴﺔ ) (Flintoff-Dye and Omaye, 2005ﺒﺄﻥ

ﺍﻟﻤﺘﻨﺎﻅﺭﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻋﺒﺎﺭﺓ ﻋﻥ ﻋﺎﻤل ﻤﺴﺎﻋﺩ ﻷﻜﺴﺩﺓ ﺍﻟﺩﻫﻭﻥ .ﻭﻜﺎﻥ
ﺍﻟﻤﺅﺸﺭ ﻓﻲ ﻜﻠﺘﺎ ﺍﻟﺩﺭﺍﺴﺘﻴﻥ ﻫﻭ ﺍﺭﺘﻔﺎﻉ ﺘﺭﻜﻴﺯ ﺍﻟﻤﺎﻟﻭﻨﺩﺃﻟﺩﻫﻴﺩ ﻋﻥ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ ،ﺒﺎﻟﺭﻏﻡ ﻤﻥ
ﺍﺨﺘﻼﻑ ﻁﺒﻴﻌﺔ ﺍﻟﺩﺭﺍﺴﺘﻴﻥ ،ﺤﻴﺙ ﺃﺠﺭﻴﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﺤﺎﻟﻴﺔ ﺩﺍﺨل ﺍﻟﻜﺎﺌﻥ ﺍﻟﺤﻲ ) ،(in vivoﻭﺘﻡ ﻗﻴﺎﺱ
ﺍﻟﻤﺎﻟﻭﻨﺩﺃﻟﺩﻫﻴﺩ ﻤﺒﺎﺸﺭﺓ ﻓﻲ ﻤﺼل ﺍﻟﺠﺭﺫﺍﻥ ﺍﻟﺘﻲ ﺘﻨﺎﻭﻟﺕ ﺍﻟﻌﻼﺌﻕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺍﻟﻤﺤﺘﻭﻴﺔ ﻋﻠﻰ ﺘﺭﻜﻴﺯﺍﺕ
ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻭﺯﻴﺕ ﺠﻭﺯ ﺍﻟﻬﻨﺩ ﺍﻟﺒﻜﺭ ﻭﺨﻠﻴﻁﻬﻤﺎ .ﺒﻴﻨﻤﺎ ﺃﺠﺭﻴﺕ ﺘﺠﺭﺒﺔ

 Flintoff-Dye and Omayeﺨﺎﺭﺝ ﺍﻟﺠﺴﻡ ﺍﻟﻜﺎﺌﻥ ﺍﻟﺤﻲ ) (in vitroﻭﺘﻡ ﻓﻴﻬﺎ ﺃﻜﺴﺩﺓ ﻜﻭﻟﺴﺘﺭﻭل
ﺍﻟﺒﺭﻭﺘﻴﻨﺎﺕ ﺍﻟﺸﺤﻤﻴﺔ ﻤﻨﺨﻔﻀﺔ ﺍﻟﻜﺜﺎﻓﺔ ) (LDL-cﻋﻥ ﻁﺭﻴﻕ ﺘﻘﺩﻴﺭ ﺍﻟﻤﺎﻟﻭﻨﺩﺃﻟﺩﻫﻴﺩ ﺃﻴﻀﹰﺎ .ﺘﺩل ﻫﺫﻩ
ﺍﻟﻨﺘﺎﺌﺞ ﻋﻠﻰ ﺃﻥ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻫﻭ ﻋﺒﺎﺭﺓ ﻋﻥ ﻤﺎﺩﺓ ﻤﺴﺎﻋﺩﺓ ﻟﻸﻜﺴﺩﺓ ) (Pro-oxidantﺴﻭﺍﺀ
ﻜﺎﻨﺕ ﺨﺎﺭﺝ ﺠﺴﻡ ﺍﻟﻜﺎﺌﻥ ﺍﻟﺤﻲ ﺃﻭ ﺩﺍﺨﻠﻪ .ﻭﺒﺎﻟﺘﺎﻟﻲ ﻓﺈﻨﻪ ﻴﻤﻜﻥ ﺍﻟﻘﻭل ﺃﻥ ﺘﺄﺜﻴﺭ ﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ
ﻋﻠﻰ ﺘﺨﻔﻴﺽ ﺘﺭﻜﻴﺯ ﺩﻫﻭﻥ ﺍﻟﺩﻡ ﻭﺍﻟﻭﺯﻥ ﻴﺒﺩﻭ ﻭﺍﻀﺤ ﹰﺎ ﺒﺼﻔﺔ ﻋﺎﻤﺔ ﻋﻨﺩﻤﺎ ﻴﻜﻭﻥ ﻤﺴﺘﻭﻯ ﺍﻟﺩﻫﻭﻥ ﻓﻲ

ﺍﻟﻌﻠﻴﻘﺔ ﻤﺭﺘﻔﻌﺎﹰ ،ﺃﻭ ﻭﺠﻭﺩ ﻨﺴﺒﺔ ﻤﺭﺘﻔﻌﺔ ﻤﻥ ﺍﻟﺩﻫﻭﻥ ﻓﻲ ﺠﺴﻡ ﺍﻟﻜﺎﺌﻥ ﺍﻟﺤﻲ .ﺒﻴﻨﻤﺎ ﻟﻡ ﻴﻜﻥ ﻫﻨﺎﻙ ﺘﺄﺜﻴﺭ
ﻟﺤﻤﺽ ﺍﻟﻠﻴﻨﻭﻟﻴﻙ ﺍﻟﻤﻘﺘﺭﻥ ﻋﻨﺩ ﺍﺴﺘﺨﺩﺍﻡ ﻭﺠﺒﺎﺕ ﺫﺍﺕ ﻤﺴﺘﻭﻯ ﻤﻨﺨﻔﺽ ﺃﻭ ﻤﻌﺘﺩل ﻤﻥ ﺍﻟﺩﻫﻭﻥ .ﻭﻫﺫﺍ
ﻴﺘﻔﻕ ﺃﻴﻀﹰﺎ ﻤﻊ ﻨﺘﺎﺌﺞ ).(Riserus et al., 2004
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A Comparative Study on the Effect of Conjugated Linoleic Acid and
Virgin Coconut Oil on Antioxidative Enzymes and lipid profile in Rats
Dina Mohammad Trabzuni and Hamza Mohammad Abu-Tarboush
King Saud University, College of Food and Agricultural Sciences, Department of Food Science and Nutrition
ABSTRACT: The purpose of this study was to evaluate the effect of conjugated linoleic acid (CLA), virgin
coconut oil (VCO) and their mixtures on antioxidant enzymes and lipid profile in rats. Sixty male Wisteralbino rats (eight weeks old and weight 110± 10 g) were randomly assigned to ten groups of six rats in each
one. The first group was fed a control diet containing 4% soy bean oil. Four groups were fed different
concentrations (0.5, 1.0, 1.5 and 2.0%, each increased to 4% using soy bean oil ) of CLA plus soy oil, the
other four groups were fed different concentrations of CLA (0.5, 1.0, 1.5 and 2.0%, each increased to 4%
using soy bean oil) plus VCO and the last group was fed VCO (4%) alone.
Results showed an increase in the activity of antioxidant enzymes (glutathione reductase, superoxide
dismutase and catalase) in rats fed CLA alone and in mixture with VCO, and the differences of the activities
of these enzymes were significant (P<0.05) among all groups. Moreover, such differences were also
significant among studied groups and the control group. The highest activities of these enzymes were noticed
in groups fed VCO alone.
CLA, VCO and their mixtures had generally insignificant effects in total cholesterol and highdensity lipoprotein cholesterol (HDL-C) in the serum of rats. However, VCO alone decreased significantly
(P<0.05) the level of low-density lipoprotein cholesterol (LDL-C) and the very low- density lipoprotein
cholesterol (VLDL-C) in serum of rats compared to the control group. On the other hand, the different
concentrations of CLA either alone or as mixtures with VCO had no significant effect in these two indicators.
Furthermore, VCO alone or as a mixture with CLA significantly decreased (P<0.05) the concentration of
triglyceride (TG) in the serum of rats compared to the control group. However, the highest decrease in TG
was noticed in the group fed VCO alone. On the other hand, the different concentrations of CLA alone had
generally no effect in the concentration of TG in the serum of rats.
Rats fed VCO alone had the highest concentration of malondialdehyde in the serum, whereas the
lowest concentration of malondialdehyde was in the serum of the control group and there was a significant
difference between these two groups. Moreover, there was a significant difference in the concentration of
malondialdehyde between these two groups and the other groups in this study.
In conclusion, the results suggest that CLA alone or in combination with VCO increased the activity
of antioxidant enzymes in serum of rats. However, the effect of CLA and VCO alone or in combination in
plasma lipids was variable.
Key words: CLA, VCO, antioxidant enzymes, lipid profile.
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Changes in Chemical Composition, Available Carbohydrates and Amino
Acids Content during Soaking and Germination of Saudi Sorghum Cultivars
1

Ibrahim, E. Abdel Rahma1 and Magdi, A. Osman2
IDAC LABS Riyadh-Al-Kharj P.O. Box 7133-Al-Kharj 11492 Kingdom of Saudi Arabia
2
Department, Food Science & Nutrition, College of Food & Agricultural Sciences,
King Saud University, P.O. Box 2460 Riyadh, 11451 Saudi Arabia.

ABSTRACT: Three sorghum varieties Hamra, Shahla and Baida were soaked and germinated for 5 days.
Changes in chemical composition, total soluble sugars, starch content and amino acid composition were
studied. Investigation showed that over-night soaking at room temperature was found to cause no change in
protein, fat, ash, and total carbohydrates of the three cultivars except for slight decreases in soluble sugars
and starch., On the other hand, germination was found to cause a significant increase in protein and ash
contents of sorghum with a parallel decrease in fat and total carbohydrates. Germination significantly
increased the total soluble sugars, reducing and non-reducing sugar contents of sorghum varieties that
coincide with decrease in starch content. Amino acid analysis revealed slight decrease in most of essential
amino acids with an exception of lysine, which was markedly increased during germination.
Key words: Sorghum, germination, proximate composition, reducing and non-reducing sugar, starch, amino
acids.

INTRODUCTION
Sorghum is the fifth most important cereal crop grown in the world and the third most
important cereal crop grown in the United States. The United States is the world's largest
producer of grain sorghum followed by India and Nigeria. In developed countries, sorghum
is used as animal feed but also processed into ethanol as biofuel. In developing countries,
sorghum is traditionally been used in food products and is principal provider of energy for
human. Sorghum is used in a variety of foods such as, Tortillas (Latin America), thin
Porridge (Africa and Asia), stiff Porridge (West Africa), Couscous (North Africa), Injera
(Ethiopia), Nash and Kisra (Sudan) and expanded snakes and cookies (USA and Japan)
(Dicko et al., 2006). Several methods have been employed to improve the nutritional
quality of sorghum. The grain is traditionally processed by either germination or
fermentation prior to consumption. Numerous investigators have proposed, germination as
way to improve cereal nutritional quality and sensory value. Germination of sorghum is
important for the preparation of weaning foods with low paste viscosity and high energy
density (Malleshi and Desikachar, 1986). Gupta and Sehgal (1991) reported a decrease in
phytic acid content of cereal grain used for preparation of weaning foods as results of
soaking and germination. Soaking and germination of cereal and legumes were also found
to reduce trypsin inhibitor activity level (Mibithi-Mwikya et al., 2000; Osman, 2007;
Sangronis and Machado, 2007). Similarly, Elmaki et al. (1999) found a decrease in tannin
content and increase in protein digestibility in high and low tannin sorghum during 72 hr
germination. An increase in protein, essential and non-essential amino acid content has
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been reported for pearl millet when germinated for 5 days (Osman, 2009). Biological
evaluation of germinated, germinated and fermented and fermented sorghum revealed that
germinated sorghum was superior to others in supporting growth in rats (Shayo et al.,
2001).
In Saudi Arabia, sorghum is grown in different regions, but it is the main cereal
crop in the southwestern regions (Chaudhary, 1989). Sorghum is processed to several types
of foodstuffs such, porridge, fermented and unfermented breads (Gassem, 1999). The
objective of this study is to examine the biochemical changes occurring during over-night
soaking and germination for 5 days of three local sorghum cultivars (Hamra, Shahla and
Baida).

MATERIALS AND METHODS
Germination of sorghum
Seeds of three sorghum (Sorghum biocolor L. Moench) varieties locally known as Hamra,
Shahla and Baida were obtained from a grain market in Jazan region (South-West Saudi
Arabia), were carefully cleaned and freed from foreign materials. Two kg of sorghum
grains were soaked in distilled water overnight at room temperature. The soaked grains
were then spreaded on trays covered with a wetted cloth and kept wet by frequent spraying
with distilled water once a day for 5 days at room temperature (25-30°C) in the dark.
Germination was carried out for 5 days. Soaked and germinated sorghum grains were dried
to constant weight in an air dried oven at 60°C [Bavimed LABSCO, Germany] and milled
into fine flour in a mechanical mill [Relsch, GMBH. Germany] Flours obtained were kept
in airtight bottles in a cold room between 5ºC and 10oC until analyzed.
Chemical analysis
Proximate composition
The proximate analyses of the raw, soaked and germinated samples for moisture,
ash, total nitrogen and fat content were carried out in triplicate using the methods described
in AOAC (1995). Crude protein was calculated by multiplying the nitrogen content of the
samples with the factor of 5.7.Total carbohydrates was calculated by difference.
Available carbohydrates analysis
Total soluble sugar was extracted by refluxing in 80% ethanol (Cerning and
Guilbot, 1973). Starch from the sugar-free pellet was extract in 52% perchloric acid at
room temperature (Clegg, 1956). Quantitative determination of total soluble sugars and
starch was carried out according to the colorimetric method of Yemm and Willis (1954).
Reducing sugars were estimated by Somogyi´s modified method (Somogyi, 1954). Nonreducing sugars were determined by calculating the differences between total soluble
sugars and reducing sugars.
Amino acid analysis
Amino acid profiles of the sorghum flour were determined by the Spackman et al.
(1958) method. The samples were defatted, hydrolyzed in 5ml 6 N HCl in sealed evacuated
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tube (24 hr at 110ºC) and evaporated by rotary evaporator. Amino acid analysis was
performed on reverse phase –high-pressure liquid chromatography (Shimadzu LC-10 AD,
Shimadzu Corporation, Kyoto, Japan). Samples were analyzed on Shimpack amino-Na
type column (10 cm X 6.0 mm) obtained from Shimadzu Corporation. The Post column
samples were derivatized with O-phthaldialdehyde (OPA) and data were integrated using
an integrator model C-R7A (Shimadzu Chromatopac data processor).
Statistical analysis
Results are expressed as the mean values of three separate determinations, except
for the amino acid contents, which were determined in duplicate. Statistical analysis was
performed using analysis of variance (ANOVA) and means were separated by Duncan’s
multiple range tests (Steel and Torrie., 1980).

RESULTS AND DISCUSSION
Proximate composition
The effect of soaking and germination for 5 days on protein, fat, ash and total carbohydrate
on a dry weight basis of Hamra, Baida and Shahla are presented in Table 1. Protein content
of untreated cultivars was 11.94, 13.28 and 13.28% for Hamra, Baida and Shahla
respectively. These values are in agreement with those reported by Basahy (1995), but it is
lower than those reported by Gassem and Osman (2004) for the three local cultivars. While
soaking did not change protein content in the three local cultivars, germination
significantly increased protein content from 11.95 to 12.6%, from 13.28 to 14.0 and from
13.28 to 14.33% for Hamra, Baida and Shahla, respectively. Many researchers observed
significant increase in protein content of cereal and legumes (Traore et al., 2004; Hassan et
al., 2006; Oloyo, 2004; Alonso et al., 2000). This increase in protein could be due to
preferential metabolism of carbohydrate and lipid as energy source during germination.
The increase in protein might also be due to protein synthesis. The fat content was 4.0,
4.03 and 3.84% for Hamra, Baida and Shahla respectively. Values obtained here were
within range given by Ahmad (1988) who gave range from 3.70 to 4.00%. Soaking was
found to cause no change in fat content of the three sorghum cultivars, whereas,
germination caused significant decrease in fat content. The decrease was from 4.0 to 3.36%
for Hamra, 4.03 to 3.34% for Baida and from 3.84 to 3.13% for Shahla. These results agree
with Inyang and Idoko (2006) who reported reduction in fat content in malted millet during
production. The decrease in fat content could be attributed to increase in lipolytic enzymes
during germination or due to break down of fat by B oxidation for energy purpose in
embryo development. Ash content of Hamra, Baida and Shahla seeds flour were 1.98, 2.00
and 2.01% respectively. The values obtained in this study, agree with those reported for
local and Sudanese cultivars (Basahy, 1995; Abdel Rahman, 2000). For the three cultivars
over-night soaking of the seeds was found to have no significant effect on ash content.
Germination, on the other hand significantly increased the ash content of the three
cultivars, from 1.98 to 2.41, from 2.00 to 2.43 and from 2.01 to 2.34 for Hamra, Baida and
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Shahla, respectively. The apparent increase in ash content in germinated over the raw and
soaked sorghum due to utilization of lipid and carbohydrates as energy source. The results
for total carbohydrates of the three sorghum cultivars as function of soaking and
germination are presented in Fig. 4. The total carbohydrates content of Hamra, Shahla and
Baida were 82.16, 80.78 and 81.2% respectively. The carbohydrate content of the cultivars
is in agreement with those reported by FAO (1995), but higher than those reported by
Neucere and Sumrell (1980) for American cultivars. This variation could due genetic and
environmental factors. Similar to protein and fat, soaking was found to cause no change in
carbohydrate. However, significant reduction was observed as the result of germination.
Total carbohydrate contents decreased from 82.16 to 80.65, from 81.76 to 80.29% and
from 81.2 to 80.2% for Hamra, Baida and Shahla, respectively. A similar trend of decrease
in carbohydrate during germination was observed in sorghum, pearl millet, finger millet,
fenugreek, cowpea, mung bean and African oil bean (Muyania et al., 2003; Inyagn and
Zakari, 2008; Akubor and Obiegbuna, 1999; Opoku et al., 1983; Mbithi-Mwikya et al.,
2000; Spriyriya et al., 1997; Mansour and El-Adway, 1994; Giami, 1993; Mubarak, 2005;
Enujiugh et al., 2003). The decrease in total carbohydrate content could be attributed to
the utilization of carbohydrates as source of energy during germination. The lower than
expected, decrease in total carbohydrate could be due to increase in tannins content during
germination (Ahmad et al., 1996; Al-Jasser, 2005). Tannins are known to form complex
with hydrolytic enzymes and inactivate them.
Table 1. Changes in the proximate composition during soaking and germination of
sorghum varieties
Varieties
Hamra

Baida

Shahla

Treatment
Raw
Soaked
Germinated
Raw
Soaked
Germinated
Raw
Soaked
Germinated

Protein%
11.94 ±0.02
12.06±0.05b
12.64±0.05a
13.28±0.11b
13.37±0.28b
14.00±0.08a
13.28±0.04b
13.31±0.28b
14.33±0.08a

Fat%
4.00±0.16a
3.98±0.11a
3.31±0.11b
4.03±0.04a
3.97±0.05a
3.34±0.22a
3.84±0.19a
3.64±0.19a
3.13±0.14b

Ash%
1.98±0.03b
2.01±0.12b
2.41±0.14a
2.00±0.05b
2.06±0.05b
2.43±0.11a
2.01±0.04b
2.08±0.11b
2.34±0.12a

Carbohydrates%
82.16±0.22a
81.98±0.14a
81.65±0.09b
80.76±0.22a
80.62±0.16a
80.29±0.26b
81.20±0.28a
81.00±0.28a
80.21±0.29b

Results are means of triplicate determinations ±SD
Means not sharing a common superscript letter in a column are significantly different at
P<0.05, as assessed by Duncan's multiple – range test
Protein percentage (N x 5.7)
Carbohydrates content calculated by difference
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Available carbohydrate content
The effect of soaking and germination on total soluble sugars, starch content, reducing and
non-reducing sugars of the three sorghum varieties is shown in table 2. Soaking of
sorghum grains was found to cause slight decrease on total soluble sugars, starch content,
reducing and non-reducing sugars. This slight decrease in total soluble sugars might have
been due to leaching out during soaking of grains. On the other hand, germination
markedly increased total sugars, reducing sugars and non-reducing sugars. Total soluble
sugars increased from 0.54 to 3.83%, from 0.54 to 4.89% and from 0.41 to 4.41% in
Hamra, Shahla and Baida sorghum varieties, respectively. Reducing sugars increased also
from 0.44 to 2.01, from 0.46 to 4.65 and from 0.30 to 4.21 4.65, 4.22, whereas, nonreducing sugars increased from 0.1 to 0.19, from 0.08 to 0.24 and from 0.11 to 0.19 during
the period of germination for the three varieties respectively. The increase in the simple
sugars during germination would be due to mobilization and hydrolysis of oligosaccharides
and starch to simple sugars by enzymes, (Khetarpaul and Chauhan, 1990). Similar trend
was reported during germination of sorghum (Tarore et al., 2004; Muyanja et al., 2003),
pearl millet (Ocheme and Chinma, 2008), finger millet (Nirmala et al., 2000; Sripriya et
al., 1997) and Legumes (Jood et al., 1986; Ologhobo and Fetuga, 1986). Soaking the seeds
was found to cause very slight decrease change in starch content of the three cultivars.
Starch content progressively decreased during 5 days germination in the three cultivars. It
was reduced from 75.86 to 70.56%, from 74.8 to 67.41% and 75.51 to 71.06% in Hamra,
Shahla and Baida respectively. The decrease in starch content during germination
coincided with increase in soluble sugars. The starch breakdown during germination may
be attributed to the increase in amylase and phosphorlyase activity in respiratory
metabolism (Koller et al., 1962). Our findings are in agreement with those reported by ElMaki et al. (1999), who observed that germination reduced starch content in low tannin
sorghum from 68 to 33.5% whereas in the high tannin sorghum the starch was reduced
from 75 to 44%. Similarly, Nithya et al. (2007) reported that germination of pearl millet for
48 hr decreased starch content from 53.65 to 45.08%. Mbithi-Mwikya et al. (2000)
reported reduction in starch content and increase in maltose, sucrose and reducing sugars
during 96 hr germination of finger millet. Fermentation of germinated cereal grain was
found to further deceases starch and increase total and reducing sugars (Sripriya et al.,
1997; Obizoba and Atii, 1994; Khetarpaul and Chauhan, 1990).
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Table 2. Effect of soaking and germination on total soluble sugars, reducing sugars, nonreducing sugars and starch content of sorghum varieties flour (g/100g, on dry matter basis)
Varieties

Hamra

Shahla

Baida

Treatment

Total soluble
sugars%

Reducing
sugars%

Non-reducing
sugars%

Starch%

Raw

0.54±0.0

0.44±0.0

0.1±0.0

75.86±0.02

Soaked

0.36±0.07

0.31±0.04

0.05±0.01

74.84±0.03

Germinated

3.83±0.08

3.64±0.06

0.19±0.03

70.56±0.03

Raw

0.54±0.02

0.46±0.02

0.08±0.03

74.80±0.09

Soaked

0.47±0.04

0.39±0.01

0.08±0.03

74.12±0.03

Germinated

4.89±0.11

4.65±0.07

0.24±0.04

67.41±0.01

Raw

0.41±0.01

0.30±0.02

0.11±0.01

75.51±0.04

Soaked

0.33±0.0

0.28±0.0

0.05±0.0

75.09±0.09

Germinated

4.41±0.01

4.21±0.01

0.19±0.01

71.06±0.06

Results are means of triplicate determinations ± SD
Amino acids composition
The change in amino acid composition contents during soaking and germination of
sorghum varieties is shown in table 3. Our results indicated that soaking grains, did not
affect the content of the amino acids in the three cultivars. Germination of sorghum grains
for 5days resulted in decrease in most of essential amino acids except lysine in the three
cultivars. Lysine content increased from 2.09 to 2.19%, from 1.73 to 2.13% and from 1.45
to 2.11% while leucine decreased from 12.50 to 10.84, from 11.67 to 9.36% and from
12.09 to 10.26% for Hamra, Shahla and Baida, respectively. Aspartic acid content also
increased from 6.04 to 7.06, from 5.66 to 7.57 and from 5.31 to 7.83 for the three cultivars,
respectively. However, the germination did not affect the content of other amino acids.
These results agree with those Wang and Fields (1978), who observed a decrease in most
of essential amino acids content except for lysine during sprouting of corn and sorghum.
Similarly, Folker and Yemm (1958) observed 65% increases in lysine content of barley
after 10 days of germination. On the contrary, Osman (2009) reported increase in essential
and non-essential amino acids after 5 days germination of pearl millet. The increase in
lysine is probably due to degradation of prolamine into lower peptides and free amino
acids group, which is possibly used through transamination to synthesize lysine (Chavan
and Kadam, 1989).Glutamic acid and proline have implicated in providing nitrogen for
synthesis of lysine and other essential amino acids (Folker and Yemm, 1958).
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Table(3). Changes in the amino acids value during soaking and germination of sorghum
varieties.
Sorghum
varieties

Hamra

Shahla

Baida

Raw

Soaked

Germ

Raw

Soaked

Germ

Raw

Soaked

Germ

Asp

6.04

5.54

7.06

5.66

5.62

7.57

5.31

5.40

7.83

Thr

2.78

2.56

2.68

2.51

2.56

2.56

2.49

2.54

2.71

Ser

3.52

3.00

3.31

3.16

3.16

3.06

3.16

3.36

3.23

Glu

19.67

18.75

18.14

18.57

19.46

18.90

19.12

19.18

18.79

Gly

2.70

2.10

2.45

2.30

2.25

2.34

2.11

2.31

2.38

Ala

8.51

7.90

7.46

8.03

8.33

6.58

8.04

7.80

7.12

Val

4.51

4.14

4.19

4.16

4.26

3.93

4.05

3.78

3.95

Meth

1.13

0.92

1.03

1.29

1.14

1.08

1.19

1.00

1.10

Ileu

3.67

3.38

3.41

3.34

3.53

3.09

3.46

3.15

3.11

Leu

12.50

11.60

10.84

11.67

12.32

9.36

12.09

11.47

10.26

Tyr

2.68

2.01

2.00

3.01

2.57

2.53

2.91

2.08

2.69

Phe

4.89

4.56

4.61

4.66

4.76

3.99

4.64

4.43

4.32

His

1.92

1.74

1.91

1.67

1.71

1.63

1.60

1.61

1.79

Lys

2.09

1.82

2.19

1.73

1.61

2.13

1.45

1.63

2.11

Arg

3.17

2.75

2.75

3.00

2.71

2.55

2.51

2.60

2.56

Amino
acids

All values are two determinations
Raw = Sorghum as purchased
Soaked = Sorghum soaked in distilled water overnight
Germ = Sorghum germinated for 5 days

CONCLUSION
In this study, germination was found to increase protein, ash, free sugars and lysine. These
increases were accompanied by decrease in fat, starch, total carbohydrates and most of the
essential amino acids. High protein content and low fat content of germinated sorghum
may represent a nutritionally and economical useful to the semi arid land countries.
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ﺍﻟﺘﻐﻴﺭﺍﺕ ﻓﻲ ﺍﻟﺘﺭﻜﻴﺏ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﻭﺍﻟﻜﺭﺒﻭﻫﻴﺩﺭﺍﺕ ﺍﻟﻤﺘﺎﺡ ﻭﺍﻷﺤﻤﺎﺽ ﺍﻷﻤﻴﻨﻴﺔ ﺃﺜﻨﺎﺀ ﺍﻟﻨﻘﻊ
ﻭﺍﻹﻨﺒﺎﺕ ﻷﻨﻭﺍﻉ ﺍﻟﺫﺭﺓ ﺍﻟﺭﻓﻴﻌﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ

ﺇﺒﺭﺍﻫﻴﻡ ﺍﻟﺯﻴﻥ ﻋﺒﺩﺍﻟﺭﺤﻤﻥ ١ﻭﻤﺠﺩﻱ ﻋﺒﺩﺍﻟﻭﻫﺎﺏ ﻋﺜﻤﺎﻥ

٢

١ﻤﺨﺘﺒﺭﺍﺕ ﺇﻴﺩﺍﻙ ،ﺹ.ﺏ ٧١٣٣ .ﺍﻟﺨﺭﺝ  ،١١٩٤٢ﺍﻟﺭﻴﺎﺽ ،ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ
٢ﻗﺴﻡ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ﻭﺍﻟﺘﻐﺫﻴﺔ ،ﻜﻠﻴﺔ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ﻭﺍﻟﺯﺭﺍﻋﺔ ،ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ،
ﺹ.ﺏ ٢٤٦٠ .ﺍﻟﺭﻴﺎﺽ  ،١١٤٥١ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ
ﺍﻟﻤﻠﺨﺹ :ﺍﺴﺘﺨﺩﻤﺕ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺜﻼﺜﺔ ﺃﺼﻨﺎﻑ ﻤﻥ ﺍﻟﺫﺭﺓ ﺍﻟﺭﻓﻴﻌﺔ ﻫﻲ ﺍﻟﺤﻤﺭﺍﺀ ﻭﺍﻟﺒﻴﻀﺎﺀ ﻭﺍﻟﺸﻬﻠﺔ ﺤﻴﺙ ﻨﻘﻌﺕ ﺜﻡ

ﹸﻨﺒﺘﺕ ﻟﻤﺩﺓ ﺨﻤﺴﺔ ﺃﻴﺎﻡ ﻭﺸﻤﻠﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﺘﻐﻴﺭ ﻓﻲ ﺍﻟﺘﺭﻜﻴﺏ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﻭﺍﻟﺴﻜﺭﻴﺎﺕ ﺍﻟﺫﺍﺌﺒـﺔ ﺍﻟﻜﻠﻴـﺔ ﻭﻤﺤﺘـﻭﻯ ﺍﻟﻨـﺸﺎ

ﻭﺍﻷﺤﻤﺎﺽ ﺍﻷﻤﻴﻨﻴﺔ.
ﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﺍﻟﺘﻨﻘﻴﻊ ﻟﻤﺩﺓ ﻟﻴﻠﺔ ﻭﺍﺤﺩﺓ ﻋﻨﺩ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﻐﺭﻓﺔ ﻟﻡ ﻴﺤﺩﺙ ﺘﻐﻴﺭ ﻓﻲ ﻨـﺴﺒﺔ ﺍﻟﺒـﺭﻭﺘﻴﻥ

ﻭﺍﻟﺩﻫﻥ ﻭﺍﻟﺭﻤﺎﺩ ﻭﺍﻟﻜﺭﺒﻭﻫﻴﺩﺭﺍﺕ ﺍﻟﻜﻠﻴﺔ ﻓﻲ ﺍﻷﺼﻨﺎﻑ ﺍﻟﺜﻼﺜﺔ ﻋﺩﺍ ﻨﻘﺼﺎﻥ ﻁﻔﻴﻑ ﻓﻲ ﺍﻟﺴﻜﺭﻴﺎﺕ ﺍﻟﻜﻠﻴﺔ ﺍﻟﺫﺍﺌﺒﺔ ﻭﻤﺤﺘـﻭﻯ
ﺍﻟﻨﺸﺎ .ﺃﺩﻯ ﺍﻟﺘﻨﺒﻴﺕ ﻟﻤﺩﺓ ﺨﻤﺴﺔ ﺃﻴﺎﻡ ﻤﻥ ﻨﺎﺤﻴﺔ ﺃﺨﺭﻯ ﺇﻟﻲ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﻨﺴﺒﺔ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺍﻟﺭﻤﺎﺩ ﻤﻊ ﻨﻘﺼﺎﻥ ﻤـﻭﺍﺯ

ﻓﻲ ﻨﺴﺒﺔ ﺍﻟﺩﻫﻥ ﻭﺍﻟﻜﺭﺒﻭﻫﻴﺩﺭﺍﺕ ﺍﻟﻜﻠﻴﺔ ،ﻜﻤﺎ ﺃﺩﻯ ﺃﻴﻀﹰﺎ ﺇﻟﻲ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺍﻟﺴﻜﺭﻴﺎﺕ ﺍﻟﺫﺍﺌﺒـﺔ ﺍﻟﻜﻠﻴـﺔ ﻭﺍﻟـﺴﻜﺭﻴﺎﺕ

ﺍﻟﻤﺨﺘﺯﻟﺔ ﻭﻏﻴﺭ ﺍﻟﻤﺨﺘﺯﻟﺔ ﻭﺫﻟﻙ ﻤﻊ ﺘﻁﺎﺒﻕ ﻓﻲ ﻨﻘﺼﺎﻥ ﻤﺤﺘﻭﻯ ﺍﻟﻨﺸﺎ.

ﺃﻅﻬﺭ ﺘﺤﻠﻴل ﺍﻷﺤﻤﺎﺽ ﺍﻷﻤﻴﻨﻴﺔ ﻨﻘﺼﺎﻨﹰﺎ ﻁﻔﻴﻔﹰﺎ ﻓﻲ ﻤﻌﻅﻡ ﺍﻷﺤﻤﺎﺽ ﺍﻷﻤﻴﻨﻴﺔ ﺍﻟﻀﺭﻭﺭﻴﺔ ﻋﺩﺍ ﺍﻟﺤﺎﻤﺽ ﺍﻷﻤﻴﻨﻲ

ﺍﻟﻠﻴﺴﻴﻥ ﺍﻟﺫﻱ ﺯﺍﺩ ﺒﺼﻭﺭﺓ ﻭﺍﻀﺤﺔ ﺃﺜﻨﺎﺀ ﺍﻟﺘﻨﺒﻴﺕ.
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Carotenoids: Extraction, Fractionation, Identification from Some Food
Processing Wastes and Utilization as Natural Colorant in Spaghetti
Mohsen, S.M. 1; Bazaraa, W.A. 1*; Shams El-Din, M.H.A. 2 and Shedeed, N. A. 2
1 Food Science Department, Faculty of Agriculture, Cairo University, Giza, Egypt.
2 Food Science Department, National Research Centre, Dokki, Cairo, Egypt.
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ABSTRACT: Carotenoids from tomato processing wastes (TPW), mango peels (MP), corn gluten (CG) and
agriculture dill waste (DW) were extracted by different methods and identified by thin layer chromatography.
Extraction with acetone: hexane (2:3,V/V) was found as the most efficient method in extracting carotenoids
from TPW, MP and DW. Meanwhile, the ethyl alcohol (95%) was the most efficient solvent in extracting
carotenoids from CG. Lycopene and β-carotene represented the highest fractions in TPW and MP,
respectively. Zeaxanthin was the major pigment in CG, while lutein was the predominant in DW. Spectral
characteristics of the isolated pure fractions were measured. Carotenoids extracts were used for coloring
spaghetti. Spaghetti was dehydrated by hot air oven and microwave. Drying caused loss in carotenoids
content. Supplementation of spaghetti with 0.5 or 1% carotenoids extracts significantly improved its color
scores and the overall acceptability with no change in the preference of appearance and flavor.
Key words: food processing wastes, extraction, fractionation, identification, spaghetti, lycopen, β-carotene,
zeaxanthin, lutein, stability

INTRODUCTION
Color plays a major role in determining the appeal of most foods and is often used as index
of freshness and wholesomeness. Color may be changed during processing, storage, or
preparation in ways that affect food appealing. Thus controlling, changing, and/or
stabilizing the color of foods is a major objective for food scientists (Cramer et al., 2001).
The use of artificial dyes in food industry has become a common practice. However, a great
concern about their potential effect on human health has been raised (Dias et al., 2009) and
therefore the utilization of natural products as alternative food colorants gained an
increased interest (Favati et al., 1988). Natural colorants include: anthocyanine, betalains,
caramel, carmine, carotenoids, chlorophylls and riboflavin. The concentrated juices or
powders of beet, cranberries, raspberries, elderberries, grape, etc.. can occasionally be used
to color certain food products compatible with the acidity and the flavor of the fruit
involved (Kopsell and Kopsell, 2006). Carotenoids pigments such as annatto (bixin, as the
main pigment), paprika extract (capsanthin), alfalfa and tagetes extracts (xanthophylls,
mainly lutein), tomato extract (lycopene) and carrot extract (β- carotene) are widely used as
food coloring additives (Santamaria et al., 2000). These pigments can be used in coloring
dairy products, margarine, processed cheese and cereal products (Richardson and Cowan,
1995). The processing of tomatoes, mango and corn into different products generates large
amount of wastes. When these wastes remain unutilized, they are not only added to the
disposal problem, but also aggravate environmental pollution (Shams El-Din and Abd ElKader, 1997; Hang, 2006). Therefore, the extraction, identification, fractionation and
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utilization of carotenoids, as natural colorants, from such wastes have been studied
(Hamed, 1985; Roger et al., 1993; Rizk et al., 2002).
The present study aimed to evaluate and compare some carotenoids extraction
methods, as well as the fractionation and identification of these compounds. Also, the
evaluation of the use of these carotenoids as an additional source of natural pigments in
spaghetti processing was conducted.

MATERIALS AND METHODS
Materials
Tomato processing wastes (TPW) and mango peels (MP) were collected from the Juice
Extraction Unit, Food Technology Research Institute, Agriculture Research Center, Giza,
Egypt. Corn gluten (CG) was from the National Company for Maize Products (10th of
Ramadan City, Egypt), while agriculture dill wastes (DW) was from the Agriculture
Research Center farm, Giza, Egypt. Wheat flour (72% extraction) was purchased from
North Cairo Mills Company (Cairo, Egypt), whereas fungal enzymes (pectinase and
cellulase) and tween 80 were obtained from Sigma Chemical Co. (St. Louis, MO, USA).
Analytical grade hexane, acetone and ethanol were obtained from El-Nasr Pharmaceutical
Chemical Co., (Cairo, Egypt), while, d-limonene was from KATO Aromatic Company
(Harrania, Giza, Egypt).
Preparation of food processing wastes
Fresh materials were washed and dried (over night) in a hot air oven (40ºC), ground
to a fine powder using an electric mill and kept refrigerated (4ºC±1) in polyethylene bags
for further uses.
Extraction of carotenoids from wastes
Carotenoids from different wastes were extracted using different methods as
follow: 85% acetone (Ting and Hendrickson, 1969), hexane (Megahed, 1985), acetone and
hexane (2:3, v/v) (AOAC, 2000), 95% ethyl alcohol (Minguez-Mosquera et al., 1992), dlimonene (Rosenberg et al., 1983), pectinase followed by cellulase (Wisland, 1972) and
0.1% Tween 80 (Milicua et al., 1991). Each extract was concentrated by rotary evaporator
under vacuum at 40°C.
Saponification
Each concentrated extract was saponified to remove the fixed oils and chlorophylls
(Gross et al., 1971). Two grams of the concentrated extract were dissolved in 98 ml ether
and an equal volume of 10% methanolic KOH (100 g potassium hydroxide, 750 ml of
methanol and 250 ml water) was then added. The mixture was kept over night in a dark
place to complete saponification, then a saturated sodium chloride solution was added and
2 layers were formed. The aqueous methanolic layer was extracted twice with ether. The
combined ether extract was washed with distilled water, dried over anhydrous sodium
sulphate, filtered on Whatman No. 40 filter paper (Whatman International LTD.
Maidstone, England) and concentrated under vacuum in a rotary evaporator at 40ºC. The
spectrophotometric quantitation of carotenoids was then carried out according to Gross et
al. (1971) and Davies (1976). The extracted carotenoids were identified by 2 TLC systems
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as reported by Davies et al. (1970a) and the isolated fractions were scraped, extracted with
hexane and filtered using Whatman No.42 filter paper. The absorbance of the clear filtrate
was then spectrophotometrically measured at the maximal predetermined wavelengths
(472, 451, 510, 474, 443, 444, 447, 466 and 458 nm) for lycopene, β-carotene, zeaxanthin,
capsorubin, violaxanthin, antherxanthin, lutein, canxanthin and echineone, respectively.
The concentration of carotenoid fractions were then calculated using the following
equation:
C=A/E

1%

X 100

1cm

Where,
C = concentration of fraction (mg / ml)
A = absorbance at maximum wavelength
E = specific extinction coefficient of each fraction (Boliger, 1962; Davies et al.,
1970b).
Processing of spaghetti samples
The crude carotenoid extracts of TPW, MP, CG and DW were individually blended
with wheat flour (72% extraction) at 0.5 and 1% level. The spaghetti samples were
prepared according to the recipe of Yaseen (1993) using Pasta Matic 1000, (Simac
Machine Corporation, Millano, Italy). Prepared spaghetti was dehydrated for 15 min at
room temperature and then dried in cabinet dryer (at 40ºC for 14 hr) or in microwave oven
(Gold Star, ER-535 MD, Egypt) at a high power level (2450MHz) for 1 min. Dried
samples were cooled for one hour at room temperature and packed in polyethylene bags for
further evaluation. Color of the dried spaghetti was then extracted (Ting and Hendrickson,
1969) and spectrophotometrically identified at the wavelength of maximum absorption of
carotenoids at 472, 451, 447, 510 nm for lycopene, β-carotene, lutein and zeaxanthin
extracted from TPW, MP, CG and DW, respectively. Spaghetti was cooked (10 min) in
boiling water, washed with cold water and color was then measured at the same
wavelengths previously mentioned.
Sensory evaluation of cooked spaghetti
Cooked spaghetti supplemented with different carotenoids extracts were given
three digit codes and organolyptically evaluated by 10 untrained panelists from the Food
Science Department researchers, National Research Center, Dokki, Giza, Egypt. All
samples were evaluated for color, appearance, flavor and overall acceptability as described
by Matz (1959) using ten points hedonic scale. Samples were compared with a control with
no added carotenoids extract.
Statistical analyses
Data were statistically analyzed using one-way analysis of variance, ANOVA (Rao
and Blane, 1985). All data were the average of 3 replications.
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RESULTS AND DISCUSSION
Extraction of carotenoids
Acetone (85%), hexane, acetone: hexane (2:3, V/V), ethyl alcohol (95%), d-limonene,
enzymes (pectinase and cellulase) and tween 80 (0.1%) were evaluated for their suitability
for the extraction of natural carotenoids from TPW, MP, CG and DW. The obtained
results (Table 1) indicated that extraction with acetone: hexane (2:3, V/V) was the most
efficient method in extracting carotenoids from TPW, MP and DW, followed by acetone
(85%), tween 80 (0.1%) and ethyl alcohol (95%). This may be due to the polarity wide
range of the acetone: hexane (2:3, V/V) mixture which resulted in higher extraction ability.
Meanwhile, no significant differences (at the 5% level) between the yield of carotenoids
extracted with acetone (85%) and tween 80 (0.1%) could be observed. These results are in
agreement with those reported by Lin and Chen (2005) and Baumy (1997). Tween-80 was
used by Milicua et al. (1991) to solubilize carrot carotenoprotein with the yield of 80 µg.g1
. On the other hand ethyl alcohol (95%) was the most efficient solvent in extracting
carotenoids from CG, followed by tween 80 (0.1%), acetone (85%), acetone- hexane (2:3,
V/V) and enzymes (pectinase and cellulase) (Table 1). Nagodawithama and Reed (1992)
reported that pectinase and cellulase were applied to disintegrate the plant tissues to
improve the yields in pigment extraction. Usually a combination of cellulolytic and
pectinolytic enzymes accelerates the rate of hydrolysis for achieving complete liquefaction.
No significant differences (at the 5% level) could be observed in carotenoids yield from
TPW, MP and DW when d-limonene and water-enzymes extraction methods were applied
(Table 1). These two methods gave the lowest carotenoid yields in all tested materials
compared to other extraction methods. Meanwhile Rosenberg et al. (1983) reported that
high amounts of Valencia peel- carotenoids (about 4.5 g. Kg-1) were obtained, when
extracted by d-limonene.
Table 1. Total carotenoids yields of tomato processing wastes (TPW), mango peels (MP),
corn gluten (CG) and agriculture dill wastes (DW) as affected by extraction methods.
Extraction methods
Acetone (85%)
Hexane
Acetone: Hexane (2:3, v/v)
Ethyl alcohol (95%)
D- Limonene
†Enzymes
Tween80 (0.1%)

*Carotenoid yield (mg .100g-1) ± SD
TPW
MP
CG
DW
83.0b±1.9 101.0b±2.0 201.0c±1.5
178.0b±1.5
70.0d±1.6
79.0d±1.3 145.0e±1.3
134.0e±1.2
90.0a±1.5 105.0a±2.7 190.0d±2.3
193.0a±3.2
c
c
a
75.0 ±1.3
91.0 ±1.5 221.0 ±1.2
165.0d±1.6
60.0e±1.3
69.0e±1.0 129.0g±1.3
120.0f±1.2
e
e
f
63.0 ±0.9
74.0 ±1.1 140.0 ±1.4
124.0f±1.1
81.0b±1.1
99.0b±1.2 211.0b±2.2
169.0c±2.2

*Means followed by different superscripts (within columns) are significantly different at the 5% level.
†Enzymes: pectinase (1.5 u, 1.0 h) followed by cellulase (1.5 units, 3.0 h) for TPW, pectinase (1.5 u, 2.0 h)
followed by cellulase (1.5 u, 2.0 h) for MP, pectinase (1.5 u, 1.0 h) followed by cellulase (1.5 units, 1.0h) for
CG and pectinase (1.0 u, 2.0 h) followed by cellulase (1.5 u, 1.0 h) for DW.
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Spectrophotometric characteristics of the extracted carotenoids
Results indicated the presence of 3 maximal absorption values for lycopene (444,
472 and 508 nm), β-carotene (425, 451 and 479 nm), zeaxanthin (425, 479 and 510 nm),
capsorubin (420, 474 and 501 nm), violaxanthin (401, 447 and 452 nm), antherxanthin
(420, 444 and 472 nm) and lutein (420, 447 and 477 nm). On the other hand echineone
showed 2 maximal absorption values at 456 and 480 nm, while canxanthin exhibited only
one peak value at 466 nm. These results were in very close agreement with those reported
by Karrer and Jucker (1950), Goodwin (1955) and Davies (1976). However, Goodwin
(1955) reported only 2 maximal absorption values for capsorubin (474.5 and 504 nm)
which agreed well with those obtained in this study.
Results (Figs. 1-4) indicated the spectral characteristics of the crude carotenoids
extracted from different wastes and it is clear that each waste showed a characteristic
spectrum where, crude carotenoids from TPW (Fig. 1) indicated the presence of six peaks
at 443, 447,451, 464, 472 and 474 nm. Meanwhile, the crude carotenoids from MP and CG
(Figs. 2 and 3) showed five peaks for each at 444, 447, 451, 465 and 475 nm for MP and
438, 447, 451, 479 and 510 nm for CG. Furthermore, the DW carotenoids (Fig. 4) had
only four absorption peaks at 440, 443, 447 and 510 nm. The same findings were reported
by Baumy (1997) who studied the spectral absorption curve of acetone extract for tomato
processing waste. He reported that pigment exhibited intense absorption in the visible
region between 472 and 477nm and the maximum absorbance was at 474 nm. Also,
obtained results are in agreement with those obtained by Gross et al. (1971) and Davies
(1976) who indicated that carotenoids possessed absorption in the visible region (400-600
nm), which could be widely used for their identification.
1

Absorbance

0.8
0.6
0.4
0.2
0
400

450

500
Wavelenght (nm)
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600

Figure 1. Spectrum characteristics of TPW carotenoids extracted by hexane.
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Figure 2. Spectrum characteristics of MP carotenoids extracted by hexane.

1

Absorbance

0.8
0.6
0.4
0.2
0
400

450

500
Wavelength (nm)

550

600

Figure 3. Spectrum characteristics of CG carotenoids extracted by hexane.
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Figure 4. Spectrum characteristics of DW carotenoids extracted by hexane.

Chromatographic Identification of the extracted carotenoids
The crude carotenoids from TPW, MP, CG and DW extracted with acetone: hexane
(2:3, V/V) (as the best representative of the tested organic solvents), enzymes and Tween
80 (as natural, safe and relatively new extraction methods), were chosen for fractionation
using 2 thin layer chromatography (TLC) systems (Davies et al., 1970a). The RF values of
the separated fractions were calculated and the color of each fraction was recorded (Table
2). The first system was successfully useful in isolating lycopene and β- carotene with RF
0.15 and 0.84, respectively. MP, CG and DW were characterized by the absence of
lycopene. On the other hand, the second system was able to isolate the other 7 carotenoids
fractions namely: zeaxanthine, capsorubin, violaxanthine, antherxanthin, lutein,
canxanthine, echineone. Zeaxanthine (RF 0.53 with light orange color) was found only in
CG and DW extracts, while echineone was only found in TPW. Results also indicated the
presence of capsorubin, violaxanthine, antherxanthin and lutein in all tested wastes. The
calculated RF values of the identified fractions were quite similar to those previously
reported by Davies et al. (1970 a, b) and Hamed (1985). Furthermore, the color of each
fraction in the visible region was also similar to that reported by Yokoyama and White
(1967) and Hamed (1985).
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Table 2. The RF values and color of different carotenoids using thin layer chromatography
(TLC) systems.
**TLC
system
1

name

*Obtained RF ±SD


Lycopene

0.15

TPW
0.15g ± 0.01

ß carotene

0.84

0.84b ± 0.05

Zeaxanthine

0.53

……..

Capsorubin
2

†Standard RF values

0.20

f

0.20 ± 0.05
e

MP
…….

CG
………

DW
……..

color
Dark red

0.83a ± 0.05 0.83a ± 0.05

0.83a ± 0.05

Light orange

0.53c ± 0.05

0.53c ±0.06

Light orange

……..
e

0.20 ± 0.10
d

f

0.21 ± 0.49
e

f

Yellow

e

Yellow

0.20 ± 0.01

Violaxanthine

0.35

0.34 ± 0.01

0.34 ± 0.08 0.35 ± 0.82

0.34 ± 0.6

Antherxanthin

0.40

0.39d ± 0.10

0.40c ±0.07 0.40d ± 0.24

0.40d ± 0.05

Yellow

Lutein

0.57

0.56 ± 0.92

057 ± 0.64 0.56 ± 0.57

0.57b ± 0.21

Light orange

Canxanthine

0.82

……..

0.82a ± 0.14 0.82a ± 0.01

0.82a ±0.00

Yellow

…….

Dark red

Echineone

0.90

c

a

0.90 ± 0.05

b

………

b

……

*Means followed by different superscripts (within columns) are significantly different at the 5% level.
**1-Adsorbent, Ca (OH) 2: silica gel G (6:1), Solvent system, petroleum ether: benzene (98:2 v/v)
2- Adsorbent, Activated silica gel G, Solvent system, benzene: ethyl acetate: methanol (75:20:5 v/v/v)
† As reported by Boliger (1962), Yokoyama and White (1967) and Davies et al. (1970a)
 TPW: tomato processing waste, MP: mango peels, CG: corn gluten, DW: agri.- dill wastes.

Quantitative determination of carotenoid fractions
After separation of the TPW, MP, CG and DW carotenoids into fractions using
TLC, each fraction was quantitatively determined using spectrophotometer at the specified
maximum wavelength for each fraction and the obtained results are summarized in Table
3. As a general observation, lycopene, zeaxanthine and lutein were the main carotenoids
fractions followed by ß carotene in TPW, CG and DW, respectively. On the other hand ß
carotene was the major carotenoids fraction in MP followed by capsorubin and lutein. In
case of TPW, extraction with acetone: hexane (2:3, V/V) resulted in the highest lycopene
yield followed by tween 80. No significant differences (at the 5% level) could be observed
between extraction yields of lutein, violaxanthin, antherxanthin and echineone when
extracted by the three tested methods. In MP, ß carotene represented about 46-48% of the
total carotenoids and the extraction with acetone: hexane (2:3, V/V) was the method of
choice. Capsorubin and lutein followed ß carotene in their contents and the extraction with
acetone: hexane (2:3, V/V) significantly (at the 5% level) was the best method for their
extraction. However, tween 80 method showed no significant differences (at the 5% level)
in capsorubin extraction when compared to acetone: hexane (2:3, V/V). In CG, tween 80
significantly improved the yield of zeaxanthine and capsorubin when compared to the
other extraction methods. On the other hand, acetone: hexane (2:3, V/V) and tween 80
exhibited similar effect on the extraction of both violaxanthin and lutein. DW was
characterized by the presence of high amount of lutein followed by ß carotene. The
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extraction with acetone: hexane (2:3, V/V) generally could be considered the best method
maximizing the extraction of the different carotenoids fractions. The same results were
previously reported by Heinonen et al. (1989).
Table 3. Carotenoids fractions of the tested wastes as affected by the three chosen extraction methods.
*methods

Pigments

Carotenoid concentration (mg/100g. dry wt.) ±SD


TPW

MP

CG

DW

1

Lycopene
Β-carotene
Capsorubin
Violaxanthine
Antherxanthine
Zeaxanthine
Lutein
Canxanthine
Echineone

**50.1a ±2.2
10.1bd±1.2
6.2dc ±0.9
4.2ed ±0.6
4.6ec ±0.5
………..
7.6cd ±0.9
……….
5.9d±0.7

…….
49.6aa ± 2.0
13.3ca ± 1.1
8.7ec ± 0.8
9.4db± 0.9
……..
14.7bc ± 1.2
7.8eb ± 1.0
……..

…..
23.8bc ± 1.4
12.7 ca ± 1.1
24.1ba ± 1.4
9.8db ± 1.0
80.7a a± 3.0
24.3bb ± 1.6
12.9ca ± 1.2
……..

......
34.4bb±1.7
9.2e b±0.8
14.1db ±1.0
13.6d a±1.1
30.2c b ±2.0
78.1a a±3.2
12.2da ±1.1
…..

2

Lycopene
Β-carotene
Capsorubin
Violaxanthine
Antherxanthine
Zeaxanthine
Lutein
Canxanthine
Echineone

27.9ac±1.4
8.6bd±1.0
5.6cb ±0.8
4.0dd±0.6
4.2d c±0.5
……..
6.6cd±0.7
......
5.4ca±0.8

…..
27.5aa ± 1.3
11.1ba± 1.1
7.6d c± 1.1
8.1 cb ±1.0
…….
11.8b c± 1.3
6.4ec ± 0.8
.......

…..
18.7 cc ±1.4
11.4da ±1.0
18.9ca ±1.3
9.6ea ±1.0
52.3aa±2.5
20.2bb ±1.6
11.7da ±1.4
……

….
25.1bb± 1.3
6.1fb± 0.7
11.7db ± 1.0
7.8eb ± 1.0
21.1cb ± 1.6
50.3aa ± 2.7
10.6deb±1.1
…..

3

Lycopene
Β-carotene
Capsorubin
Violaxanthine
Antherxanthine
Zeaxanthine
Lutein
Canxanthine
Echineone

42.2a±1.9
9.7bd±1.1
6.1dc±0.8
4.4ed±0.5
4.4ec±0.6
………
7.5cd±1.0
.......
5.6d±0.6

……
45.7aa±2.0
13.6ba±1.2
8.1cc±1.0
8.9cb±1.1
……
13.9bc ±1.0
8.1cc ±1.1
……

….
24.5 cc±1.6
13.6d a±0.9
24.9ca±1.5
11.1e a±0.9
93.6aa±3.6
27.3bb±1.7
13.6da ±1.1
…..

….
30.2bb±1.6
7.6eb±0.9
12.4cb±1.0
9.4db±0.9
27.1b b±1.6
56.3a a±2.6
11.9cb ±1.0
……

* Extraction method, 1 = acetone: hexane (2:3, V/V), 2 = enzymes, 3 = Tween 80 (0.1%)
 TPW: tomato processing waste, MP: mango peels, CG: corn gluten, DW: agri.- dill wastes.
**Mean values within each method followed by different superscripts (within columns) and different
subscripts (within raws) are significantly different at the 5% level.

The stability of carotenoids in spaghetti dried by different methods
Color is a major quality factor of processed spaghetti. The high yellow pigment
content is one of the most desirable quality attributes in the production of pasta (Haber et
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al., 1978; Shams El-Din et al., 1997). Therefore, color of spaghetti was assumed to be
directly affected by the presence of carotenoids. The effect of drying on percent retention
of carotenoids in spaghetti using either air dryer at 40°C for 14 hr or microwave oven are
given in Table 4.
Data (Table 4) generally revealed that spaghetti drying resulted in partial loss in
carotenoids content, where the loss ranged between 17.9 to 29.9% and 43.2 to 50.9% for
samples dried by hot air oven and by microwave oven, respectively. Also, it was clearly
noticed that the loss obtained due to cooking was significantly (at the 5% level) lower than
that resulted from drying in all tested samples. Different levels of supplementation with
carotenoids showed no effect on carotenoids loss in both tested drying methods. Obtained
results also indicated that the highest loss in carotenoids content was 29.9% for TPW and
50.9% for TPW in samples dried by hot air oven and microwave, respectively. Similar
results were found by Pereira et al. (1999) who studied the effective levels of β carotene
for fortification of soft wheat pasta brands in Brazil and reported a total carotenoids range
of 0.9 to 5.9 µg/g with no apparent loss due to cooking.
Table 4. The effect of drying and cooking on carotenoids stability of spaghetti.
*Total carotenoids (mg. 100g-1 dry wt.) ±SD
air dryer (40°C / 14 hr)
Microwave
Dry
Cooked
Dry
Cooked

**Carotenoids
sources

% addition of
carotenoids

TPW

0.5
1.0

353.0f± 8.6
700.6c±12.4

307.2e± 7.2
610.6c±10.3

240.5e±3.8
510.2b±6.7

202.6e±3.0
432.4b±4.8

MP

0.5
1.0

382.5e± 8.3
760.5b±12.8

350.8d± 8.0
700.2b±13.1

284.0d±4.6
560.3a±6.9

257.6c±4.0
512.7a±5.5

CG

0.5
1.0

407.5d ± 8.9
820.8a ±12.9

365.1d± 8.8
740.8a±12.9

282.5d±4.0
570.2a±6.9

251.4c±3.7
504.6a±5.6

DW

0.5
1.0

397.5de± 7.3
800.0a ±12.0

354.6d ± 8.2
720.0ab±13.4

248.5e±4.0
490.6c±6.6

216.2d±3.2
428.3b±3.1

*Means followed by different superscripts (within columns) are significantly different at the 5% level.
**TPW: tomato processing waste, MP: mango peels, CG: corn gluten, DW: agri.- dill wastes.

Sensory evaluation of spaghetti
Spaghetti supplemented with carotenoids extracted from TPW, MP, CG and DW
were organoleptically evaluated and the results are recorded in Table 5. Generally, the
addition of different sources of carotenoids at two tested levels (0.5 and 1.0%) didn’t affect
the appearance and flavor of spaghetti. On the other hand, such addition significantly (at
the 5% level) improved color and as a result, the overall acceptability was also improved.
In case of MP, CG, and DW, the addition of 1% carotenoids showed high color and overall
acceptability scores (with no significant difference between them) than those obtained with
0.5%. While, the concentration of 0.5% of TPW carotenoinds was the concentration of
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choice by the panelists. This could be attributed to the increase in the, unpreferred, red
color of lycopene present in TPW at the concentration of 1%.
Table 5. Sensory characteristics of spaghetti supplemented with carotenoid extracted from
different wastes.
*Carotenoids %Carotenoids
sources
added

Mean ± SD**
Color

Appearance

Flavor

Overall
acceptability

Control

Non

5.6e ±0.6

7.5a± 0.7

7.2a± 0.6

5.8d± 1.4

TPW

0.5
1.0
0.5
1.0

8.5a ± 0.9
6.7d ± 0.9
7.4b ±0.8
8.9a ± 0.7

7.9a ±0.8
7.7a± 0.8
7.5a± 0.5
7.8a± 0.5

7.6a± 0.8
7.8 a± 1.1
7.5a± 1.3
7.7 a± 0.9

8.4 a±0.8
6.3c± 0.6
7.2b± 1.1
8.6a± 0.9

0.5
1.0
0.5
1.0

7.0d ±0.8
8.7a ± 0.9
7.2c ± 0.9
8.7a ± 0.8

7.8a± 0.8
7.9a± 0.7
7.5a± 0.6
7.9a± 0.8

7.4a± 1.3
7.5a±1.2
7.2a± 0.9
7.6a± 0.8

7.4b± 0.6
8.7a± 0.9
6.7c± 1.1
8.5a± 0.8

MP
CG
DW

*TPW= tomato processing wastes, MP= mango peels, CG= corn gluten and DW= dill wastes
**Means followed by different superscripts (within columns) are significantly different at the 5% level.

CONCLUSIONS
It could be concluded that natural carotenoids could be extracted from some food
processing wastes such as tomato processing wastes, mango peels, corn gluten and
agriculture dill wastes. These wastes were found to contain lycopene, beta-carotene,
zeaxanthine and lutein as the major carotenoids fractions, respectively. In addition, the
utilization of these food processing wastes in the production of carotenoids or fortification
of some food processing such as pasta could greatly reduce the contamination problems
and improves the economics. In addition, the supplementation of spaghetti with TPW, MP,
CG and DW improved the sensory quality characteristics.
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ﺍﻟﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ :ﺍﺴﺘﺨﻼﺼﻬﺎ ﻭﺘﻔﺭﻴﺩﻫﺎ ﻭﺍﻟﺘﻌﺭﻑ ﻋﻠﻴﻬﺎ ﻤﻥ ﺒﻌﺽ ﻤﺨﻠﻔﺎﺕ ﺍﻷﻏﺫﻴﺔ
ﻭﺍﺴﺘﺨﺩﺍﻤﻬﺎ ﻜﻤﻠﻭﻥ ﻁﺒﻴﻌﻲ ﻓﻲ ﺍﻹﺴﺒﺎﺠﺘﻲ

٢

ﺼﺒﺤﻰ ﻤﺤﻤﺩ ﻤﺤﺴﻥ ،١ﻭﺍﺌل ﺃﺤﻤﺩ ﺒﺎﺯﺭﻋﻪ ،١ﻤﺤﻤﺩ ﺤﺎﻤﺩ ﺸﻤﺱ ﺍﻟﺩﻴﻥ ،٢ﻨﺠﻼﺀ ﺸﺩﻴﺩ
١ﻗﺴﻡ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ،ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ،ﺠﺎﻤﻌﺔ ﺍﻟﻘﺎﻫﺭﺓ ،ﺍﻟﺠﻴﺯﺓ ،ﻤﺼﺭ

٢ﻗﺴﻡ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ،ﺍﻟﻤﺭﻜﺯ ﺍﻟﻘﻭﻤﻲ ﻟﻠﺒﺤﻭﺙ ،ﺍﻟﺩﻗﻲ ،ﺍﻟﻘﺎﻫﺭﺓ ،ﻤﺼﺭ
ﺍﻟﻤﻠﺨﺹ :ﺘﻡ ﺍﺴﺘﺨﻼﺹ ﺍﻟﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ ﻤﻥ ﻤﺨﻠﻔﺎﺕ ﺘﺼﻨﻴﻊ ﺍﻟﻁﻤﺎﻁﻡ ﻭﻗﺸﻭﺭ ﺍﻟﻤﺎﻨﺠﻭ ﻭﺠﻠـﻭﺘﻴﻥ ﺍﻟـﺫﺭﺓ ﻭﺍﻟﻤﺨﻠﻔـﺎﺕ
ﺍﻟﺤﻘﻠﻴﺔ ﻟﻠﺒﻘﺩﻭﻨﺱ ﺒﻌﺩﺓ ﻁﺭﻕ ﻭﺘﻡ ﺘﻔﺭﻴﺩﻫﺎ ﻭﺍﻟﺘﻌﺭﻑ ﻋﻠﻴﻬﺎ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻜﺭﻭﻤﺎﺘﻭﺠﺭﺍﻓﻴﺎ ﺍﻟﻁﺒﻘﺔ ﺍﻟﺭﻗﻴﻘﺔ .ﺨﻠﻴﻁ ﺍﻷﺴـﻴﺘﻭﻥ :
ﻫﻜﺴﺎﻥ ) ،٣:٢ﺡ/ﺡ( ﻜﺎﻥ ﺍﻷﻜﺜﺭ ﻜﻔﺎﺀﺓ ﻓﻰ ﺇﺴﺘﺨﻼﺹ ﺍﻟﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ ﻤﻥ ﻤﺨﻠﻔﺎﺕ ﺘﺼﻨﻴﻊ ﺍﻟﻁﻤﺎﻁﻡ ﻭﻗﺸﻭﺭ ﺍﻟﻤـﺎﻨﺠﻭ
ﻭﺍﻟﻤﺨﻠﻔﺎﺕ ﺍﻟﺤﻘﻠﻴﺔ ﻟﻠﺒﻘﺩﻭﻨﺱ ،ﺒﻴﻨﻤﺎ ﻜﺎﻥ ﻜﺤﻭل ﺍﻹﻴﺜﻴل ) (٪٩٥ﻫﻭ ﺍﻷﻓﻀل ﻓﻰ ﺤﺎﻟﺔ ﺠﻠﻭﺘﻴﻥ ﺍﻟﺫﺭﺓ .ﻤﺜﹶـل ﺍﻟﻠﻴﻜـﻭﺒﻴﻥ

ﻭﺍﻟﺒﻴﺘﺎ ﻜﺎﺭﻭﺘﻴﻥ ﺃﻋﻠﻰ ﻨﺴﺒﺔ ﻤﻥ ﺍﻟﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ ﺍﻟﻤﻭﺠﻭﺩﺓ ﻓﻰ ﻤﺨﻠﻔﺎﺕ ﺘﺼﻨﻴﻊ ﺍﻟﻁﻤﺎﻁﻡ ﻭﻗﺸﻭﺭ ﺍﻟﻤﺎﻨﺠﻭ ﻋﻠﻰ ﺍﻟﺘـﻭﺍﻟﻲ.
ﺍﻟﺯﻴﺎﺯﺍﻨﺜﻴﻥ ﻤﺜﹶل ﺍﻟﻨﺴﺒﺔ ﺍﻷﻋﻠﻰ ﻤﻥ ﺍﻟﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ ﻓﻰ ﺠﻠﻭﺘﻴﻥ ﺍﻟﺫﺭﺓ ﺒﻴﻨﻤﺎ ﻜﺎﻥ ﺍﻟﻠﻭﺘﻴﻥ ﻫﻭ ﺍﻷﻋﻠﻰ ﻓﻰ ﺍﻟﻤﺨﻠﻔﺎﺕ ﺍﻟﺤﻘﻠﻴﺔ

ﻟﻠﺒﻘﺩﻭﻨﺱ .ﺘﻤﺕ ﺃﻴﻀﺎ ﺩﺭﺍﺴﺔ ﺍﻟﺨﺼﺎﺌﺹ ﺍﻟﻁﻴﻔﻴﺔ ﻟﻠﺼﺒﻐﺎﺕ ﺍﻟﻨﻘﻴﺔ ﺍﻟﻤﻌﺯﻭﻟﺔ .ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﻤﺴﺘﺨﻠﺹ ﺍﻟﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ ﻓـﻰ
ﺘﻠﻭﻴﻥ ﺍﻟﻤﻜﺭﻭﻨﺔ ﺍﻹﺴﺒﺎﺠﺘﻰ ﻭﺍﻟﺘﻲ ﺘﻡ ﺘﺠﻔﻴﻔﻬﺎ ﺒﺄﻓﺭﺍﻥ ﺍﻟﻬﻭﺍﺀ ﺍﻟﺴﺎﺨﻥ ﻭﺍﻟﻤﻴﻜﺭﻭﻭﻴﻑ .ﺘﺴﺒﺏ ﺍﻟﺘﺠﻔﻴـﻑ ﻓـﻰ ﻓﻘـﺩ ﻓـﻰ

ﺍﻟﻤﺤﺘﻭﻯ ﺍﻟﻜﻠﻲ ﻟﻠﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ ﻭﺃﻅﻬﺭ ﺍﻟﺘﺩﻋﻴﻡ ﺒﻤﺴﺘﺨﻠﺹ ﺍﻟﻜﺎﺭﻭﺘﻴﻨﻴﺩﺍﺕ ) ٠,٥ﻭ  (٪١ﺘﺤﺴﻨﹰﺎ ﻤﻌﻨﻭﻴﹰﺎ ﻓﻲ ﺍﻟﻠﻭﻥ ﻭﺩﺭﺠﺔ
ﺍﻟﻘﺒﻭل ﺍﻟﻜﻠﻲ ﻟﻠﻤﻜﺭﻭﻨﺔ ﺒﺩﻭﻥ ﺃﻯ ﺘﻐﻴﻴﺭ ﻓﻰ ﺍﻟﻤﻅﻬﺭ ﺃﻭ ﺍﻟﻨﻜﻬﺔ.
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Rheological, Chemical, Nutritional and Sensory Properties of Biscuits
Based on Wheat-Millet Flours
Mohammed S. Alamri
Department of Food Science and Nutrition, College of Food and Agricultural Sciences, King Saud
University, P.O. Box 2460, Riyadh 11451, Saudi Arabia
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.
Key words: millet flour, biscuit, rheological properties, nutritional quality, sensory properties.

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-µm 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 (N×6.25) 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
110°C 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 37°C 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

J. Saudi Soc. for Food and Nutrition., Vol. 5, No. 2; 2010

Mohamed S. Alamri

31

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)
95% wheat flour + 5% millet flour
90% wheat flour + 10% millet flour
85% wheat flour + 15% millet flour
80% wheat flour + 20% millet flour
75% wheat flour + 25% millet flour

63.93a
62.07c
61.80cd
62.67b
62.50bc
62.73b

9.63a
9.93a
8.47b
7.57c
7.57c
6.47d

17.53a
14.47b
11.80c
9.77d
9.67d
7.63e

2.33c
2.33c
7.33c
18.67b
14.67b
37.33a

175.67a
157.00b
131.67c
115.33d
111.00d
93.67e

Means in the same column with different letters are significantly (p<0.05) 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 Cm3, 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.
Extensograph properties at 135 min
Resistance
Maximum
Blends
Energy to extension Extensibility
resistance
2
(Cm )
(mm)
(BU)
(BU)
Wheat flour (control)
131.0a
509.3b
142.7a
669.7b
95% wheat flour + 5% millet flour
127.0a
560.3b
132.7ab
720.3a
90% wheat flour + 10% millet flour
117.7a
574.3b
125.0b
711.0a
85% wheat flour + 15% millet flour
102.0b
525.7b
123.0b
634.0b
80% wheat flour + 20% millet flour
88.0bc
643.0a
97.7c
695.7b
75% wheat flour + 25% millet flour
80.7c
642.3a
94.0c
673.7b
Means in the same column with different letters are significantly (p < 0.05) different.

Ratio
number
3.6b
4.2b
4.6b
4.3b
6.7a
7.0a

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).
Total
Total
Crude
Total fat
protein
ash
fiber
Wheat flour (control)
17.86a
1.61a
14.43d
4.40a
95% wheat flour + 5% millet flour
17.47ab
1.61a
14.65cd
4.35a
90% wheat flour + 10% millet flour
17.10bc
1.60a
14.88bc
4.29a
cd
a
b
85% wheat flour + 15% millet flour
16.73
1.59
15.10
4.24a
de
a
ab
80% wheat flour + 20% millet flour
16.33
1.59
15.32
4.18a
e
a
a
75% wheat flour + 25% millet flour
15.99
1.59
15.55
4,13a
Means in the same column with different letters are significantly (p < 0.05) different.
* By difference.
Biscuit samples
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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
Wheat flour (control)
95% wheat flour + 5% millet flour
90% wheat flour + 10% millet flour
85% wheat flour + 15% millet flour
80% wheat flour + 20% millet flour
75% wheat flour + 25% millet flour
Average of two determinations.

Na
74
70.95
67.90
64.85
61.80
58.75

Macro-elements
K
Ca
46
500
46.25
493.75
46.50
487.50
46.75
481.25
47.00
475.00
47.25
468.75

Mg
125
131.25
137.50
143.75
150.00
156.25

Micro-elements
Mn
Zn
Fe
2.14
2.61
6.64
2.08
2.57
6.68
2.03
2.52
6.72
1.97
2.48
6.75
1.91
2.43
6.79
1.86
2.39
6.83

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, sulfurcontaining 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)
Biscuits blends containing millet flour at
0.0%
5%
10% 15% 20%
25%
Isoleucine
3.22
3.29
3.37
3.45
3.53
3.61
Leucine
6.91
7.02
7.13
7.24
7.35
7.46
Lysine
2.70
2.75
2.80
2.85
2.90
2.94
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
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
Threonine
3.10
3.14
3.19
3.23
3.28
3.32
Tryptophan
1.96
1.94
1.91
1.89
1.87
1.85
Valine
5.74
5.78
5.83
5.87
5.91
5.96
Total essential amino acids
35.89 36.20 36.52 36.84 37.18 37.49
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.
Amino acid

FAO/WHO
FAO|WHO (1973)
4.00
7.00
5.50
3.5
6.00
4.00
1.00
5.00
36.00
-

Table 6. In-vitro protein digestibility and biological value of wheat biscuit formulated by
different levels of millet flour.
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.
Biscuit samples

IVPD*1

PER2

CS3 (%)
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Table 7. Sensory properties of wheat biscuit formulated by different levels of millet flour.
Biscuit samples
Wheat flour (control)
95% wheat flour + 5% millet flour
90% wheat flour + 10% millet flour
85% wheat flour + 15% millet flour
80% wheat flour + 20% millet flour
75% wheat flour + 25% millet flour

Properties
Color Appearance Texture Flavor Overall acceptability
6.36a
6.18a
5.15a
6.18a
6.36a
5.73a
5.73a
5.10a
5.55a
6.18a
5.44ab
5.62a
5.07ab 5.50a
5.98a
5.10b
5.55ab
5.00ab 5.36ab
5.60ab
4.28c
5.36ab
4.91b
4.77b
5.00b
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 ﻟﻠﺒﺴﻜﻭﺕ ﺍﻟﻤﺼﻨﻊ ﻤﻥ ﺨﻠﻁ
ﺩﻗﻴﻘﻲ ﺍﻟﻘﻤﺢ ﻭﺍﻟﺩﺨﻥ
ﻤﺤﻤﺩ ﺼﺎﻟﺢ ﺍﻟﻌﻤﺭﻱ

ﻗﺴﻡ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ﻭﺍﻟﺘﻐﺫﻴﺔ ،ﻜﻠﻴﺔ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ﻭﺍﻟﺯﺭﺍﻋﺔ ،ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ
ﺹ.ﺏ ٢٤٦٠ .ﺍﻟﺭﻴﺎﺽ  ،١١٤٥١ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ
ﺍﻟﻤﻠﺨﺹ :ﺘﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻀﺎﻓﺔ ﺤﺒﻭﺏ ﺍﻟﺩﺨﻥ ﺒﻌﺩ ﻁﺤﻨﻬﺎ ﻜﺒﺩﻴل ﻟﺩﻗﻴﻕ ﺍﻟﻘﻤﺢ ﺍﻟﺼﻠﺏ ﺒﻨﺴﺏ ﺨﻠﻁ ،١٥ ،١٠ ،٥
 .٪٢٥ ،٢٠ﺜﻡ ﺩﺭﺴﺕ ﺍﻟﺨﺼﺎﺌﺹ ﺍﻟﺭﻴﻭﻟﻭﺠﻴﺔ ﻟﻬﺫﻩ ﺍﻟﻤﺨﺎﻟﻴﻁ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺠﻬﺎﺯﻱ ﺍﻟﻔـﺎﺭﻴﻨﻭﺠﺭﺍﻑ ﻭﺍﻻﻜﺴﺘﻴﻨـﺴﻭﺠﺭﺍﻑ.
ﺃﻴﻀﺎ ﺘﻡ ﺘﺼﻨﻴﻊ ﺍﻟﺒﺴﻜﻭﻴﺕ ﻟﻠﻤﺨﺎﻟﻴﻁ ﺍﻟﺴﺎﺒﻘﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻤﺴﺘﻭﻴﺎﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺩﻗﻴﻕ ﺍﻟﺩﺨﻥ ﺜﻡ ﺘﻡ ﺘﻘﻴﻴﻡ ﺘﺭﻜﻴﺒﻪ ﺍﻟﻜﻴﻤﻴـﺎﺌﻲ
ﻭﺠﻭﺩﺘﻪ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻭﺨﺼﺎﺌﺼﻪ ﺍﻟﺤﺴﻴﺔ .ﻭﻴﻤﻜﻥ ﺘﻠﺨﻴﺹ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﺘﺤﺼل ﻋﻠﻴﻬﺎ ﻓﻲ ﺍﻟﻨﻘﺎﻁ ﺍﻟﺘﺎﻟﻴﺔ:

 -١ﺃﻅﻬﺭﺕ ﻨﺘﺎﺌﺞ ﺍﻟﻔﺎﺭﻴﻨﻭﺠﺭﺍﻑ ﻭﺍﻻﻜﺴﺘﻴﻨﺴﻭﺠﺭﺍﻑ ﺃﻥ ﻨﺴﺒﺔ ﺍﻤﺘﺼﺎﺹ ﺍﻟﺩﻗﻴﻕ ﻟﻠﻤﺎﺀ ﻭﺯﻤﻥ ﺘﻜﻭﻥ ﺍﻟﻌﺠﻴﻨﺔ )ﺒﺎﺴﺘﺜﻨﺎﺀ

ﻨﺴﺒﺔ ﺍﻟﺨﻠﻁ  (٪٥ﻭﺯﻤﻥ ﺜﺒﺎﺕ ﺍﻟﻌﺠﻴﻨﺔ ﻭﺭﻗﻡ ﺠﻭﺩﺓ ﺍﻟﻔﺎﺭﻴﻨﻭﺠﺭﺍﻑ ﻭﺍﻟﻁﺎﻗﺔ )ﺒﺎﺴـﺘﺜﻨﺎﺀ ﻨـﺴﺒﺘﻲ ﺍﻟﺨﻠـﻁ (٪١٠ ،٥
ﻭﺍﻻﻨﺴﻴﺎﺒﻴﺔ )ﺒﺎﺴﺘﺜﻨﺎﺀ ﻨﺴﺒﺔ ﺍﻟﺨﻠﻁ  (٪٥ﺍﻨﺨﻔﻀﺕ ﻤﻌﻨﻭﻴﹰﺎ ﻤﻊ ﺯﻴﺎﺩﺓ ﻤﺴﺘﻭﻯ ﺨﻠﻁ ﺩﻗﻴﻕ ﺍﻟﺩﺨﻥ ،ﺒﻴﻨﻤﺎ ﺍﺭﺘﻔﻌﺕ ﻗـﻴﻡ

ﺩﺭﺠﺔ ﺍﻟﻁﺭﺍﻭﺓ )ﺒﺎﺴﺘﺜﻨﺎﺀ ﻨﺴﺒﺘﻲ ﺍﻟﺨﻠﻁ  ،(٪١٠ ،٥ﺍﻟﺭﻗﻡ ﺍﻟﻨﺴﺒﻲ )ﺒﺎﺴﺘﺜﻨﺎﺀ ﻨﺴﺏ ﺍﻟﺨﻠﻁ  (٪١٥ ،١٠ ،٥ﻭﻜﻼ ﻤﻥ
ﺍﻟﻤﻘﺎﻭﻤﺔ ﻟﻠﺸﺩ ﻭﺃﻗﺼﻰ ﻤﻘﺎﻭﻤﺔ )ﺒﺎﺴﺘﺜﻨﺎﺀ ﻨﺴﺏ ﺍﻟﺨﻠﻁ  (٪٢٥ ،٢٠ ،١٥ﻤﻊ ﺯﻴﺎﺩﺓ ﻤﺴﺘﻭﻯ ﺨﻠﻁ ﺩﻗﻴﻕ ﺍﻟﺩﺨﻥ.

 -٢ﺯﺍﺩ ﻤﺤﺘﻭﻯ ﺍﻟﺒﺴﻜﻭﻴﺕ ﻤﻥ ﺍﻟﻤﻌﺎﺩﻥ ) ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻭﺍﻟﻤﻐﻨﻴﺴﻴﻭﻡ ﻭﺍﻟﺤﺩﻴﺩ( ﻭﺍﻷﺤﻤﺎﺽ ﺍﻷﻤﻴﻨﻴﺔ ﺍﻷﺴﺎﺴﻴﺔ ﻤﻊ ﺯﻴـﺎﺩﺓ
ﻤﺴﺘﻭﻯ ﺍﺴﺘﺒﺩﺍل ﺩﻗﻴﻕ ﺍﻟﺩﺨﻥ ﻓﻲ ﺍﻟﺒﺴﻜﻭﺕ ﺍﻟﻨﺎﺘﺞ.

 -٣ﺘﺤﺴﻨﺕ ﺍﻟﻘﻴﻤﺔ ﺍﻟﻬﻀﻤﻴﺔ ﺍﻟﻤﻌﻤﻠﻴﺔ ﻟﻠﺒﺭﻭﺘﻴﻥ ،ﻨﺴﺒﺔ ﻓﺎﻋﻠﻴﺔ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺍﻟﺭﻗﻡ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﺒﺯﻴﺎﺩﺓ ﻨﺴﺒﺔ ﺩﻗﻴﻕ ﺍﻟﺩﺨﻥ ﻓـﻲ
ﻋﻴﻨﺎﺕ ﺍﻟﺒﺴﻜﻭﻴﺕ ،ﺒﻴﻨﻤﺎ ﻟﻡ ﻴﻼﺤﻅ ﺃﻱ ﺯﻴﺎﺩﺓ ﻓﻲ ﺍﻟﻼﻴﺴﻴﻥ ﻭﺍﻟﺜﺭﻴﻭﻨﻴﻥ ﻭﻤﺎﺯﺍﻟﺕ ﺘﻌﺘﺒﺭ ﺃﺤﻤﺎﺽ ﺃﻤﻴﻨﻴﺔ ﻤﺤﺩﺩﺓ.
 -٤ﻴﻤﻜﻥ ﺍﺴﺘﺒﺩﺍل ﺩﻗﻴﻕ ﺍﻟﻘﻤﺢ ﺍﻟﺼﻠﺏ ﺒﺩﻗﻴﻕ ﺍﻟﺩﺨﻥ ﺤﺘﻰ ﻤﺴﺘﻭﻯ  ٪١٠ﻓـﻲ ﺼـﻨﺎﻋﺔ ﺍﻟﺒـﺴﻜﻭﻴﺕ ﺩﻭﻥ ﻅﻬـﻭﺭ ﺃﻱ
ﺘﺄﺜﻴﺭﺍﺕ ﻤﻠﺤﻭﻅﺔ ﻋﻠﻰ ﺩﺭﺠﺔ ﺍﻟﻘﺒﻭل ﺍﻟﻌﺎﻡ.
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research and technology. However, this increase in food production has not been enough to keep up with the
world’s population growth due to an uneven distribution of available food across the world. Despite the
efforts of protein substitutes such as single cell protein, fish protein concentrate and soybean protein there are
still an estimated 800 million people suffering from calorie and protein deficiencies. In addition, increased
livestock and biodiesel production has taken land away from crop production and put strain on farming and
food industries. The protein quality of the diet is generally enhanced if animal foods are consumed as most
animal protein contain all the essential amino acids humans require in their diet. Since livestock consume
more dry matter per day on a weight basis than humans, the world needs to shift its emphasis away from
these traditional meat sources. One solution is to utilize the seemingly inexhaustible supply of insects as a
protein source for human consumption in order to alleviate the world protein deficiency and maintain the
diets of the ever increasing human populations. Entomophagy, the art of eating insects, has been practiced
since the dawn of man. Insects formed a critical part of the diet of early man as they still do in many cultures
today. Although small in size, insects due to their prodigious numbers exceed in weight all other animal
matter. This great mass of material possesses genuine food value. It is, therefore, conceivable that insect
farming will be a part of a new agricultural system and through proper marketing techniques they will
become a widely excepted food source.
Keywords: entomophagy, insects, human, protein, crisis, quality, deficiency, malnutrition

MALNUTRITION/PROTEIN CRISIS
If the current birth rates continue, the earth’s population will grow from the current 6.7
billion to an estimated 9.2 billion by the year 2050, most of which, will be in the less
developed countries (WHO/UN, 2007). In 2000, 36 million people died due to hunger or as
a direct consequence of hunger (FAO/SD, 2001). Of the 10.9 million deaths among
children under the age of 5 in the developing world in 2001, 60% were attributed to
malnutrition (WHO, 2002). Furthermore, at the dietary levels of 2001 – 2003, an additional
856.4 million people were considered malnourished (FAO, 2006a). The worldwide
distribution of the malnourished populations is shown in Figure 1. If the world cannot feed
those now living it would be impossible to feed 9.2 billion people without greatly
increasing the earth’s food producing capacity.
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Figure 1. Percentage of undernourished population by country (FAO, 2009a).
In recent years, food production has risen due to advances in research and
technology. This increase in food production has not been enough to keep up with the
world’s population growth. Table 1 shows the world food production during the period of
1962-2007, while Table 2 shows the percent increase of the most significant foods in the
world during same period. All foods showed positive growth in production with soybeans
increasing most rapidly with a 713.2% increase from 1962-2007. Soybeans, maize, fresh
vegetables, sugar cane, rice, cassava and wheat all showed a greater percent increase than
the population growth of 110.1% over the 45 years time frame.
From the 1960’s till the late 1990’s food availability (measured in kcals per capita
per day) increased steadily. The availability of food increased globally by 450 kcal per
capita per day with developing countries experiencing an increase of upwards of 600 kcal
per capita per day (WHO/FAO, 2002). However, this increase in food production was not
spread evenly across all regions of the world. The least developed countries experienced a
9.9% reduction in per capita food production in 1991-93 compared to 1979-81 while 56
developing countries experienced lower food production growth rates compared to
population growth rates over the same period of time (Pinstrup-Andersen and PandyaLorch, 1996).
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Table 1. World food production.
Food Product

1962
437
316
253
250
226
205
149
105
88
75
65
27

1967
519
350
296
294
277
272
233
119
103
89
68
38

Sugar Cane
Cow milk
Potatoes
Wheat
Rice paddy
Maize
Sugar beet
Sweet Potatoes
Barley
Cassava
Vegetables
Soybeans
Source: (FAOSTAT, 2009).

1972
569
371
272
343
307
309
240
121
133
101
73
47

Quantity (million tonnes)
1977 1982 1987 1992
735
907
990 1116
406
433
465
460
280
265
279
277
382
477
505
565
369
422
461
529
372
449
453
534
289
292
300
282
143
129
134
123
156
161
175
166
119
129
138
162
82
96
132
147
74
92
100
114

1997
1252
469
303
613
577
586
268
121
155
162
175
144

2002
1331
510
317
575
570
605
257
136
137
185
231
182

2007
1591
567
309
606
660
792
247
108
133
215
245
221

Table 2. Percent increase in world population and quantity of food produced from 19622007.
Parameter
Percent Increase (1962-2007)
Soybeans

713.2

Maize
Vegetables
Sugar cane
Rice, paddy
Cassava
Wheat
Cow milk

286.5
279.4
264.1
191.3
187.4
142.1
79.4

Sugar beet
Barley
Potatoes
Sweet Potatoes
World Population

65.4
50.9
22.3
2.3
110.3

Source: (Nation Master, 2009).
World livestock production has grown over the years at an enormous rate and
continues to grow, driven by an increased demand for high-value animal protein. Table 3
shows recent increases in worldwide meat production. However, there is a great variation
in meat consumption in different regions of the world with an estimated 80 kg or more
being consumed per person per year in developed nations compared to an average of 28 kg
J. Saudi Soc. for Food and Nutrition, Vol. 5, No. 2; 2010

41

A. E. Ghaly and F. N. Alkoaik

in developing nations (Delgado et al., 1999). It is predicted that the annual meat production
will increase from 218 million tonnes in 1997-99 to 376 million tonnes by 2030
(WHO/FAO, 2002). However, this increase in livestock production could lead to a decline
in overall food production due to the low feed conversion rate of livestock. It has been
estimated that the number of people who could be fed per hectare used for potatoes or rice
production in one year is 22 and 19, while the annual number of people who could be fed
per hectare used for beef or lamb is 1 and 2, respectively (Spedding, 1990).
Further exacerbating the situation, the recent increase in biofuel production has lead
to a higher demand for grains and cereals. In addition to taking grains and cereals away
from food production, it is estimated that the increased demand due to biofuel production
will raise the current global price of corn and oilseed seeds (soybean, rapeseed and
sunflower) by 26% and 18% in 2020, respectively (Braun, 2008). It is also, estimated that
devoting all corn and soybean crops grown in the U.S. to ethanol and biodiesel production
will result in a mere 12% and 6% reduction in gasoline and diesel demand, respectively
(Hill et al., 2006).
Table 3. World meat production.
Quantity (million tonnes)
Meat Product
2004 2005 2006 2007
Bovine Meat
63.1 64.3 65.7
67.2
Poultry
78.9 81.9 85.4
89.5
Ovine Meat
12.7 13.0 13.3
13.7
Other Meat
100.4 103.7 101.7
98.8
Total Meat Production 260.3 268.1 271.5 274.7

2008
68.0
92.9
14.0
100.6
280.9

Percent Change
2004-2008
7.8
17.7
10.2
0.2
7.9

Development of novel proteins
Efforts have been made in the past to develop novel protein sources in order to
alleviate this protein crisis. Single cell protein (Tannenbaum and Wang, 1975; Ferrianti
and Fiechter, 1983), fish protein concentrate (Pariser et al., 1977; Sikka et al., 1979) and
soybean protein (Mendez, 2002; Bahaia and Greer, 2008) have made significant
contributions toward lessening the world’s protein deficiency.
Source: (FAO, 2006b; FAO, 2009b).The production of single cell protein (SCP) as
a novel protein was carried out by the oil companies in the 1950’s, using waste by-products
as a substrate for the single cells to produce protein (Verkerk et al., 2007). There were
initial concerns that SCP might contain aromatic hydrocarbons from the substrate used,
therefore, extensive testing was performed for toxicity and carcinogenicity, but no adverse
effects were discovered. Japan still place an all out ban on all petrochemical derived
proteins while governments in Europe requested further research and testing to be
performed. Eventually, SCP was allowed to be produced and marketed but only in limited
amounts. However, as oil prices increased and the substrate required became more
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expensive SCP, could not compete with other protein sources such as fish and soy
(Israelidis, 1988).
Fish protein concentrate (FPC) gained popularity since the 1950’s as an alternative
source of high quality protein. FPC is produced by the extraction and drying of oil from
fish, resulting in a final produce with a higher concentration of protein (and lower ash
content) than the original fish (Stilling and Knobl, 1971). FPC has been produced with
protein contents of 90% and higher (Sikka et al., 1979). A number of studies have been
performed incorporating FPC into food products such as pasta, crackers, cookies, soups,
tortillas and beverages (Sidwell et al., 1970). Bread containing 5% FPC was found to be
acceptable in both texture and flavour (Sikka et al., 1979). However, due to high
processing costs, FPC is not widely available in the developing world where new protein
sources are most needed. In 1978, the leaders of the United States government project on
fish protein concentrate stated that FPC was a technological application conceived in the
industrialized world for application in the developing worlds without proper consideration
for the constraints on capital, resources and expertise in those countries (Carpenter, 1986).
Soybean protein (SBP) gained popularity in the Western world during World War I
as a result of a shortage of oils and fats leading to the need for imported soybean oils
(Horan, 1974). Soybean meal had primarily been used as feed in the poultry and livestock
industries but over time has become a common food product among humans. SBP is an
important protein substitute as one acre of land used to grow soybean can produce 25, 10
and 5 times more protein than one acre used for beef, milk or wheat production
(Christiansen, 1948). Unlike animal protein sources, SBP is also low in saturated fat and is
known for its hypercholesterolemic effect, or ability to lower cholesterol (Messina, 1995).
These factors have lead to the continued use of SBP as a protein and food product for
humans.
Another protein substitute that has also found some success as a meat alternative
and protein source is mycoprotein. Mycroprotein is produced by the fungus Fusarium that
grows on molasses (Israelidis, 1988). This product is still available today under the name
Quorn.
Protein quality and deficiency
Despite the efforts of SCP, FCP and SBP, there are still estimated 856 million
people suffering from calorie and protein deficiencies (Jacques, 1995). Although there is
no single unit for measuring the nutritional quality of a diet, protein content is a widely
accepted indicator of nutritional quality (Young and Scrimschaw, 1979). Most foods rich
in protein are also comparatively good sources of many of the other nutrients required for a
healthy diet (DeFoliart, 1999). However, the quality of the protein, as well as the quantity,
is an important factor when determining the nutritional value of a diet. If animal proteins
supply part of the total diet, the protein quality of the diet is generally enhanced as most
animal protein contain all the amino acids humans require in their diet (Table 4), whereas
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most plant protein lack one or more of these essential amino acids (Tables 5 and 6).
Chicken, lamb and caterpillars contain all the amino acids. Mushrooms, soybean, apples,
grapes, oranges and strawberries contain all the essential amino acids, though with the
exception of soybeans, the quantity is much less than that of meat. Rice, potatoes, almonds,
asparagus, spinach and bananas all lack tryptophan. In addition to supplying the highest
quality of protein, animal foods are a rich source of B vitamins while many plant foods are
deficient (MacFarlane, 1978). Because the body’s need for protein is related to its rate of
growth, the need for protein is much greater in infants than in older children or adults
(Verkerk et al., 2007). Protein-energy malnutrition contributes to high death rate among
infants and children of the less developed countries and among the survivors causes
debilitating weakness, higher susceptibility to disease and irreversible brain damage
(Ramos-Elorduy, 1997; Verkrek et al., 2007).
Table 4. Amino acid content of various meat products.
Amino Acid
Isoleucine
Leucine
Lysine
Methionine
Cystine
Phenylalanine
Tyrosine
Threonine
Tryptophan
Valine
Arginine
Histidine
Alanine
Aspartic acid
Glutamic acid
Glycine
Proline
Serine

Meat Product (mg/100 g food)
Chicken
Lamb
Other
Fish

Beef

Caterpillar

(Bos Taurus)

(Gallus gallus)

(Ovis agnus)

(Suidae)

(Gadiformes)

(Bombycomorpha sp)

852
1435
1573
478
226
778
637
812
886
1118
603
1033
1590
2703
860
668
713

1069
1472
1590
502
262
800
669
794
205
1018
1114
525
682
1834
3002
1059
829
781

778
1203
1275
383
200
625
515
733
198
790
1075
428
1033
1373
2305
925
730
655

608
897
961
321
133
496
426
583
162
616
756
391
654
1060
1718
676
542
496

797
1450
1703
574
199
860
666
879
889
1121
500
1134
1817
2687
794
666
849

700
943
979
272
454
909
1237
651
197
919
634
471
989
1533
1946
792
841
707

Source: (FAO, 1970).
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Table 5. Amino acid content of various plant products.
Plant Product (mg/100 g food)
Almond

Asparagus

Mushroom

Potato

Rice

Soybean

Spinach

(Prunus

(Asparagus

(common unsp.)

(Solanum

(Oryza

(Glycine max)

(Spinacia

amygdalus)

officinalis)

tuberosum)

spp.)

Isoleucine

700

55

83

76

300

1889

106

Leucine

1267

96

136

121

648

3232

208

Lysine

454

96

165

96

299

2653

159

Methionine

518

28

17

26

183

525

46

Cystine

172

19

19

12

84

552

36

Phenylalanine

975

55

77

80

406

2055

133

Tyrosine

593

44

71

55

275

1303

110

Threonine

492

60

100

75

307

1603

116

Tryptophan

-

-

38

-

-

532

-

Valine

1053

79

94

93

433

1995

133

Arginine

1976

83

218

100

650

3006

139

Histidine

450

34

50

30

197

1051

56

Alanine

784

121

171

89

474

1769

139

Aspartic acid

1908

230

165

248

808

4861

217

Glutamic acid

4426

442

260

204

1622

7774

257

Glycine

1056

72

94

76

393

1736

113

Proline

982

121

189

75

369

2281

105

Serine

710

68

100

83

427

2128

104

Amino Acid

Source: (FAO, 1970).

J. Saudi Soc. for Food and Nutrition, Vol. 5, No. 2; 2010

oleracea)

45

A. E. Ghaly and F. N. Alkoaik

Table 6. Amino acid content of various fruits.
Plant Product (mg/100 g food)
Amino Acid
Apple
Banana
Grape
Orange
(Malus sylvestris)

Isoleucine
Leucine
Lysine
Methionine
Cystine
Phenylalanine
Tyrosine
Threonine
Tryptophan
Valine
Arginine
Histidine
Alanine
Aspartic acid
Glutamic acid
Glycine
Proline
Serine

13
23
22
3
5
10
6
230
58
250
170
120
280
1300
700
240
200
270

(Musa spp.)

32
53
46
22
30
44
29
38
45
84
84
50
118
104
47
46
44

Strawberry

(Vitis sp.)

(Citrus sinensis)

(Fragaria sp.)

6
14
15
23
11
14
12
19
3
19
51
25
29
84
143
21
23
33

23
22
43
12
10
30
17
12
6
31
52
12
51
114
99
83
45
23

18
42
32
1
7
23
27
25
9
23
35
16
42
182
120
32
26
31

Source: (FAO, 1970).Since livestock consume more dry matter food per day on a
weight basis than humans (Table 7), the world needs to shift its emphasis away from these
traditional meat sources to the utilization of the seemingly inexhaustible supply of insects
as a protein source for human consumption in order to alleviate the world protein
deficiency and maintain the diets of the ever increasing human populations (Flachowsky,
2007). Insects can be easily reared to efficiently convert low quality substrates into high
quality proteins providing a sustainable and nutritional supply of protein for human
consumption (Kok et al, 1991). Insects are very efficient converters of feed to protein
(more than five times that of beef) and fast growing organisms (DeFoliart, 1992). They can
be reared on materials not fit for human consumption, thus creating a pathway for the
conversion of otherwise inedible food into food fit for human consumption, unlike
livestock which require grains and feed that could be used to feed humans. Careful
production, processing and marketing procedures would make insects as acceptable as
FPC, SCP and SBP. This will require substantial research and innovation in food
production and processing technologies (DeFoliart, 1992; Bukkens, 1997; Verkerk et al.,
2007).
Since livestock consume more dry matter food per day on a weight basis than
humans (Table 7), the world needs to shift its emphasis away from these traditional meat
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sources to the utilization of the seemingly inexhaustible supply of insects as a protein
source for human consumption in order to alleviate the world protein deficiency and
maintain the diets of the ever increasing human populations (Flachowsky, 2007). Insects
can be easily reared to efficiently convert low quality substrates into high quality proteins
providing a sustainable and nutritional supply of protein for human consumption (Kok et
al, 1991). Insects are very efficient converters of feed to protein (more than five times that
of beef) and fast growing organisms (DeFoliart, 1992). They can be reared on materials not
fit for human consumption, thus creating a pathway for the conversion of otherwise
inedible food into food fit for human consumption, unlike livestock which require grains
and feed that could be used to feed humans. Careful production, processing and marketing
procedures would make insects as acceptable as FPC, SCP and SBP. This will require
substantial research and innovation in food production and processing technologies
(DeFoliart, 1992; Bukkens, 1997; Verkerk et al., 2007).
Table 7. Estimated dry matter consumption by humans and livestock.
Species
Human
Cattle, buffaloes, horses, camels
Sheep, goats
Other
Poultry
Total (animals)

World Population
(billions)
6.30
1.60
1.80
0.95
17.40

Consumption (per animal)
(kg/day) (billion tonnes/year)
0.45
1.00
10.00
5.80
1.00
0.60
1.00
0.35
0.70
0.45
7.20

Source: (Flachowsky, 2007).
Eating insects
Humans consume a staggering variety of foods (meats, vegetables, fruits, grains
and more). Humans eat to be healthy and often simply for enjoyment. When deciding what
to eat and whether or not they enjoy eating the food, an individual may judges the food by
a number of criteria such as nutrition, taste, texture and presentation. Insects meet these
criteria, they are nutritious with a pleasing taste and texture when properly prepared.
However, insects simply lack presentation when it comes to being an acceptable food
product. In the Western world especially, insects are looked upon with disgust and this is
enough of a deterrent for most people to avoid their consumption. There are, however,
many foods commonly consumed by people that would be difficult to defend their
consumption based upon their presentation. Humans in the Western world consume
oysters, crabs, squid and lobsters as shown in Table 8.
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Table 8. Shellfish landings for the Atlantic region of Canada in 2007.
Shellfish
Quantity (billion tonnes)
Shrimp
185,974
Snow Crab
90,273
Scallops
65,054
Lobster
43,474
Squid
244
Source: (DFO, 2007).

(DFO, 2007) and in the Middle East eat lizard (Abu-Tarboush et al., 1996).
Lobsters are a relative of insects, belonging to the same phylum (Arthropoda). It is,
therefore, hard to imagine how someone can look upon a grasshopper and not a lobster
with disgust. Holt (1969) suggested that the food upon which an animal feeds should be a
criterion when determining whether an animal is fit for human consumption. Since many
insects feed solely on plant matter such as leaves, nectar and vegetables, it is again hard to
imagine why humans choose to feed on the foul feeding lobster. He, also, highlights that
the pig is still considered by many cultures to be “unclean animal” with the same objection
as the Western world shows to the insect.
Entomophagy
Entomophagy, the art of eating insects, has been practiced since the dawn of man.
Insects formed a critical part of the diet of early man as they still do in many cultures today
(Taylor, 1975). Bukkens (1997) stated that most of the insects consumed in significant
quantities belong to one of the following six orders: Lepidoptera (butterflies and moths),
Coleoptera (beetles), Orthoptera (locust, crickets and grasshoppers), Isoptera (termites),
Hymenoptera (ants, bees and wasps) and Hemiptera (bugs). In general, the stage of the life
cycle collected and consumed is the large, soft-bodied form, often the larvae or grubs
(DuFour, 1987).
Although small in size, insects due to their prodigious numbers exceed in weight all
other animal matter (Banjo et al., 2006). This great mass of material possesses genuine
food value. Many cultures have been able to subsist on meagre rations supplemented with
insects during unproductive periods, while others are known to consume insects all year
long and would not be able to survive without them (Taylor, 1975; Harris and Ross, 1987).
As well in the cultures in which insects are considered a traditional food source, they are
not merely a means to ward off starvation, but are incorporated as a regular part of the diet
(DeFoliart, 1989).
In Australia, the Natives collect large quantities of the bugony moth (Agrotis
infusa) in bags, roast them in hot coals and eat them (Taylor, 1975). The Chinese consume
the pupa of the silkworm once the silk has been unwound for use in the silk industry. The
pupa are fried in butter or lard with the yoke of an egg and seasoned with pepper, salt and
vinegar (Holt, 1969). The manna (surgery honey dew) excreted by aphids and scale insects
is used as a sweet by peasants in Turkey, Iraq and Iran and about 175,000 kg are collected
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and sold in Iraq annually (Bodenheimre, 1951). Locusts have been eaten in Arabia, Iran,
Madagascar, India and parts of Africa (Bodenheimre, 1951; Holt, 1969; Taylor, 1975;
Abu-Tarboush et al., 2001). They are prepared by a variety of methods such as, powdered
and baked into cakes, fried and seasoned with salt and pepper, or boiled till they turn red in
color. In Thailand, grasshoppers and locust were seen as an agricultural pest and pesticides
were used to decrease their numbers. However, farmers began collecting the insects for
food after the pesticide spraying program in 1983 was found to be ineffective (Expat
World, 1992). When farmers discovered that the sale of a harvest of grasshoppers from
their fields was worth more than the corn itself, the government discontinued the practise
of pesticide spraying in many districts and published number of grasshopper recipes.
Similarly, in the Phillippines, increased consumption of grasshoppers and locust has
coincided with a decrease in the use of pesticide spraying (DeFoliart, 1999).
In regions of Zambia, caterpillars are considered the most important source of
nutrients during the so called hunger months of November to February when the only other
widely available fresh foods are mushrooms (Richards, 1939). They are sold (roasted and
dried) for quite a good price in the main urban centers or exchanged for grain, salt,
tobacco, beads, soap, or clothes in rural areas (Thomson, 1968). In the Congo, the weevil
larvae, Rhynchophorus phoenicis, termites, caterpillars and grasshoppers are sold in local
markets (Nkouka, 1987; Bani, 1995). Brandon (1987) reported about a Botswana-based
company, Albert’s Mopanie Worms, that sells dried, pre-packaged Mopanie caterpillers
(Gonimbrasia belina). In Zambia, insects are included in the food composition tables and
their consumption is widely encouraged by local nutritionists (Kumar, 1990). A Saturniid
caterpillar, known locally as the mumpa, is considered a pest by forestry officials in
Zambia because of the damage done by people illegally collecting them in the nation’s
forests. This has prompted the hiring of watchmen to protect these forests from this
damage (DeFoliart, 1999). In Nigeria, Cirina forda larvae have been known to sell for
around twice the price of beef (DeFoliart, 1999). The Pedi people of South Africa are said
to prefer a quarter pound of Mopanie worms to a pound of beef (Quin, 1959).
In Mexico, pupae of two species of Liometopum ants, known as escamoles are in
great demand and are on the menus of urban restaurants. They have a very delicate flavour
and are served fried alone with black butter or fried with onions and garlic. People who
collect escamoles, by digging them from their underground nests, can sometimes earn
more during the collecting season than most rural workers during an entire year (Conconi,
1982). Mercer (1993) watched villagers near Lae, Papua New Guinea, collecting the grubs
of Hopocerambyx serverus in large number from the bark of the Anisoptera polyandra
trees which were found in a logging area that is accessible only by climbing 1000 meter
from the village, displaying how important these insects are to the villagers. The giant
water bug (Lethocerus indicus) is imported from Thailand and sold in California
(Pemberton, 1988).
Some insects are considered a great delicacy in some cultures such as the
Rhynchophorus larvae (Curculionidae) and alate ants (Formicidae) by the Tukanoan
Indians in the Northwest Amazon (MacFarlane, 1978). In Jamaica, the local people
consider a plate of crickets a compliment to the most distinguished of guests (Taylor,
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1975). The Aztees prized an ear of corn containing maize stalk borer larvae more highly
than one without them (Taylor, 1975).
In other cultures, insects are so highly prized and valuable that their nests are
claimed as private property. Vara-asavapat et al. (1975) noted that some villagers in
Thailand placed signs on certain dung piles to indicate that they were already reserved for
the collection of Scarabaeidae beetles. In some regions of South America and Africa,
termite colonies are often staked out as the private property of individuals or groups in
these parts of the world (Taylor, 1975). In Paraguay, palm weevils (Rhynchophorus) are
collected by felling logs in the forest and leaving them to decay for 1–3 months, were upon
the weevils are collected. During this time, the felled logs are considered private property
(Clastres, 1972).
Many other insects commonly form constituents of human meals such as
cockroaches, praying mantis, lice, stink bugs, dragonflies, fleas and spiders (Bodenheimer,
1951; Holt, 1969; Taylor, 1975).
The Western View
Entomophagy is practiced in many cultures around the world but in the West it is
often looked upon with disgust. Although, some insects are seen as a delicacy and
consumed on occasion, insecst in general are not widely recognized as a food source in the
Western world. However, consumers have ingested insects on numerous occasions without
knowing it, as they are practically omnipresent within all food products of plant origin
(Kurtz and Harris, 1962). Table 9 shows the levels of insect infestation allowed in food
products by the USFDA. As well, insects are used as coloring agents in foods such as
Smarties and yoghurt (DeFoliart, 1999).
The high nutritional value of insects can help the poor and malnourished of the
developing world. Since insects are known to be a direct source of essential nutrients,
individuals or organizations concerned with alleviating world hunger and developing
greater food self-sufficiency among rural populations at risk of malnutrion should promote
insects as a food source (DeFoliart, 1989). However, the eating of insects must not be
viewed solely as a means of cheap food for the poor who cannot afford fish and meat.
Insects should be viewed as a nutritional food for all people whether in urban or rural areas
of developed and developing country.
Morris (2004) suggested that eating insects is often seen as a primitive activity and,
therefore, is looked down upon as a country progresses toward development. Eating insects
is viewed as a remnant of the hunter/gatherer nature of our ancestors. This mentality
produces a stigma that entomophagy is an uncivilized practice. DeFoliart (1989) highlights
the possible repercussions of such an attitude, stating that the attitude by observers that
entomophagy is repulsive may cause indigenous populations to conceal or even
discontinue their consumption of insects so as to avoid being looked upon as uncivilized.
Quin (1959) when referring to the Pedi people of South Africa, declared that we should
encourage the eating of traditional foods as they could be a means of alleviating
malnutrition and disease. Holt (1969) suggested the developed world return to its
hunter/gatherer nature suggesting that one could collect wood-lice from under rotting
pieces of wood in gardens, that farmers could collect cockchafers (Melolontha vulgaris)
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larvae dug up while ploughing their fields, that people could feed on wasp larva instead of
merely disposing of their nests or that caterpillars can be plucked from the garden and
prepared as a meal.
Table 9. Maximum permissible levels of insect infestation or damage.
Product
Maximum Level
Coffee beans
10% by count insect infested or insect
damaged.
Cherries (fresh, canned or frozen)

4% by count insect infested.

Citrus fruit juices (canned)

5 per 250 mL Drosophilia and other fly eggs or
1 maggot per 250 mL.

Peanut butter

30 insect fragments per 100 grams.

Asparagus (canned or frozen)

10% of spears by count infested with 6
attached asparagus beetle eggs or egg sacs.

Spinach (canned or frozen)

8 spinach leaf miners per 100 grams or 4 leaf
miners 3 mm or more in length per 100 grams.

Tomato puree

20 fruit fly eggs per 100 grams, or 10 fruit fly
eggs and 1 maggot per 100 grams or 2 maggots
per 100 grams.

Source: (USFDA, 2005)
Holt (1969) gave an example of why humans must eat insects, stating that nature
exists in a balance, each species is in balance with another inside an ecosystem. However,
when humans alter an ecosystem by growing crops and then killing birds to protect these
crops, we destroy nature’s balance. Since many birds eat insects, killing those birds leads
to increased populations of insects which farmers need to kill. This can be done through
pesticides, which will further impact the environment, or it can be done by simply
harvesting and consuming the insects.
The view by Western societies that entomophagy is a primitive activity must be
changed in order to combat the growing number of individuals suffering from protein
deficiency and malnutrition. If the views of Western societies spread to other cultures of
the world, it will further limit the availability of food and exacerbate the food crisis. Steps
need to be taken to promote insects as a food source, not only for the malnourished and
poor, but as a universal food source consumed all across the globe. Insects are a source of
animal protein that can play a major role in eliminating or reducing protein deficiency in
all parts of the world.
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Nutritional value of insects
Insects compare favourably with other food products and are very high in protein
and fat contents. They contain the essential amino acids required for human growth and
many vitamins and minerals. Table 10 shows the nutritional value of insects compared to
that of traditional foods. Insects have a substantially higher protein content (30.0–63.8%)
compared to traditional foods (3.5 – 23.4%). They, also, possess a high fat content (10.8–
36.0%) and high energy content (268–655 kcal/100g) compared to that of traditional foods
(1.2–31.4% fat and 66–347 kcal/100g). Directly comparing the nutritional value of
grasshoppers to that of beef, grasshoppers contain roughly three times as much protein
with similar values for fat and energy contents.
Insects, like other animal meats, have been found to contain all of the essential
amino acids required for human growth (Table 4) even containing higher quantities of
cystine, phenylalanine, tyrosine and proline as compared to traditional meat products.
Insects, also, contain many essential micronutrients similar to other animal protein sources.
B vitamins are prevalent in many insect species, the iron content of insects are similar to
that of beef and the calcium content in insects is higher than that of traditional meats,
though still lower than that of whole milk (Bukkens, 1997). It is clear to see that insects
compare favourably to traditional foods and in many ways prove to be superior.
The presences of chitin within the exoskeleton of insects has lead to concerns about
the digestibility of insect protein, as the human stomach lacks the enzyme, chitinase,
required to properly digest chitin (Bukkens, 1997). This means the measured protein
content of insects does not accurately display the amount of available protein due to the
nitrogen trapped within the chitin. This is especially true for insects with hard exoskeletons
such as ants, termites, locust and grasshoppers (Dreyer and Wehmeyer, 1982; and DuFour,
1987).
Studies by Ramous-Elorduy et al. (1997) showed that the protein digestibility of
insects was as high as 77.9 – 98.9%, the values at the lower end belonging to the insects
with harder exoskeletons. Even considering the digestibility of chitin, insects (especially
those with soft exoskeletons) still provide a substantial quantity of protein well in excess of
beef and other traditional meat products. Bukkens (1997) claimed that insects with higher
levels of chitin contain fibre contents similar to those of grain products.
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Table 10. Nutritional value of selected animal food products and insects.

Water

Ash

Carbohydrates

Protein

Fat

Kcal

(?)

(?)

(?)

(?)

(?)

(/100g)

Beef (Total edible, trimmed to retail
level)

56.7-63.9

0.8-0.9

0

17.4-19.4 15.8-25.1 225-301

Lamb (Legs, lean rib and shoulder,
trimmed to retail level)

56.3-62.5

1.2-1.3

0

15.4-16.8 19.4-27.1 247-310

Pork (Shoulder and spare ribs
trimmed to retail level)

52.6-59.5

1.0-1.2

0

14.6-23.4 22.7-31.4 276-347

Chicken (Broiler and rosters, light
and dark meat without skin)

73.0

10

0

20.6-23.4

1.9-4.7

117-130

Fish (Lake trout)

70.6

11

0

18.3

10.0

168

Fish (Atlantic and Pacific Halibut)

76.5

14

0

20.9

1.2

100

Milk (Whole)

87.2

0.7

4.9

3.5

3.7

66

Egg (Whole)

73.7

1.0

0.9

12.9

11.5

163

Termites (Isoptera) – Fried

15.0

7.9

11.1

30.0

36.0

508

Grasshoppers (Othorptera) – dried

7.1

9.2

12.7

54.0

17.0

327

Butterflied (Lepidoptera) - smoked

16.7

1.9

16.9

47.7

16.8

268

Beetles (Coleopteran) – dried

15.1

3.6

2.3

53.1

29.5

464

House fly larvae (Depteral) – dried

13.7

5.2

2.4

63.1

15.5

655

Spiders (Melopoensalbostriatus) –
roasted

13.7

6.4

5.3

63.8

10.8

452

Product

Selected Foods:

Selected Insects:

Source: (Holt, 1959; Taylor, 1975; and Ramos – Elorduy, 1997).

J. Saudi Soc. for Food and Nutrition, Vol. 5, No. 2; 2010

A. E. Ghaly and F. N. Alkoaik

53

Mass rearing of insects
Mass rearing of insects has been practiced for years in many parts of the world. In
China, the silkworm (Bombyx mori) has been raised for 5000 years for the production of
silk. The pupas of the silkworm are a by-product of silk production and have become a
food product in many of the countries of Eastern and South-eastern Asia (DeFoliart, 1995).
Bees have been grown in large quantities for centuries as honey producers (Velthuis and
van Doorn, 2006). Boll weevils have been mass reared for pest control (Miller et al., 1975;
Harrel et al., 1980, Garth and King, 1981; Webb et al., 1981). Mealworms have been
produced on a commercial scale as food for birds and reptiles (Ebeling, 1975). As well,
efforts have been made to produce flies from livestock waste for animal consumption (Eby
and Dandy, 1962; Morgan and Eby, 1975; Booram, 1975; Burchell, 1989).
In the light of current protein deficiency and population growth, there is a need for
novel protein production as an alternative to meat production. Species that have proven to
be high in protein and nutritional contents, display rapid growth and have a high energy
conversation of feed to protein are good candidates for mass rearing. A supply of low
substrates (waste materials such as manure) can be used as a food source and be converted
by insects into edible protein.
Since insects are very efficient converters of feed to protein, a farm system can be
designed that can accommodate for changes in demand. Table 11 shows the mass doubling
time of various organisms. Livestock are on a scale of weeks to months, whereas insects
are on a scale of days. The integration of insects into the current agricultural production
system will create a symbiotic relationship with other species by utilizing waste products.
This will improve the system efficiency and insure its sustainability.
It is, therefore, conceivable that insect farming will be a part of a new agricultural
system. In the near future, it will be possible to construct small but efficient insect farms
that have high volumetric production rate of protein. Insects are in size between SCP and
farm animals, they yield structured animal protein, require much less energy for processing
than SCP and less space than farm animals but still large enough to be reared and harvested
using automated systems.
Table 11. Mass doubling time.
Organism
Bacteria and yeast
Mold and algae
Yellow mealworm
Grass and some plants
Chickens
Hogs
Cattle
Human

Mass Doubling Time
20 – 120 minutes
2 – 6 hours
5 – 6 days
1 – 2 weeks
2 – 4 weeks
4 – 6 weeks
1 – 2 months
¼ - ½ years

Source: (Steinhouse, 1967; Israelidis, 1988)
Note: this is taken at maximum growth rate.
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Marketing of insects as food
The task of marketing insects as human food to the Western world is not an easy
task. There has been a long history of insects depicted as loathsome and disgusting that has
lead to an ingrained prejudice against entomophagy. Whether the insects to be sold are in a
recognizable form or have been processed in a way that alters their appearance (such as
grinding into a powder) the fact is that Western consumers are reluctant to accept such a
food source (Taylor, 1975; DeFoliart, 1999). Insects have high nutritional values compared
to traditional foods and many of them have an agreeable flavour. Generally, fresh insects
enjoyed more popularity than commercially available insects (Bukkens, 1997). Holt (1969)
stated that raw grasshoppers are pleasant to taste and delicious when cooked. He also
reported that cockchafer worms steeped in vinegar, rolled in flour and fried were
acceptable at banquets given in Paris for the purpose of evaluating insects.
Another stigma that must be overcome is the idea that eating insects is a primitive
activity, left over from the hunter/gather lifestyle of early humans. Insects have been eaten
by the Greeks and Romans who are looked upon as great civilizations and are still
consumed by numerous other cultures across the world.
Insects may also be produced in an unrecognizable form, such as grinding them
into a powder. This high protein powder can then be used as an ingredient in existing
products to provide a more nutritional food product. This has been performed successfully
with fish oil a number of products (Ocean Nutrition, 2009).
Insects are a valuable source of protein waiting to be made available to a world
dying for a new food source. Steinhouse (1967) stated that the day may come when the
protein of the most common and readily available insects will be utilized to supplement the
world’s food needs. Taylor (1975) stated that when a product such as SCP (bacteria and
yeast grown on animal waste, sewage, petroleum by products and other fibrous residues)
can be rendered acceptable, the step to use insects as a food source represents a challenge
to innovation in food technology. Bukkens (1997) stated that insects are likely to be used
as a side dish to beef and pork, snacks or a delicacy in western countries and efforts should
be made to propagate the tradition of entomophagy given their nutritional value. DeFoliart
(1999) stated that insect food will continue to provide significant nutritional, economical
and ecological benefits for developing countries and western countries should be more
aware of the fact that their bias against insects as food resulted in gradual reduction in the
use of insects without the replacement of lost nutritional benefits. Verkerk et al. (2007)
stated that insects are a promising novel source of protein because of their high nutritional
value, high quality, high digestibility (70%), and high concentration of amino acids (46–
96%).
Pirie (1075) stated that the following necessary steps must be taken for successful
marketing of a novel food such as insects as acceptable food: (a) obtaining knowledge of
the existing patterns of the consumers, (b) locating the type of food preparations in which
the novel food can be incorporated, (c) developing and standardizing suitable recipes for
the novel food, (d) testing the standardized new recipes and ensuring their acceptability, (e)
imparting nutrition education to parents and others on the benefits of the novel food and (f)
advertising the novel food through the press, radio, TV and other media.
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CONCLUSION
The world is in need of a new protein source and with an ever increasing population; the
demand for good quality protein will continue to rise. Growing meat consumption and
biofuel use have also put strain on the food industry by limiting the output of food
produced by farmers. Efforts have been made to alleviate the protein deficiency through
the use of SCP, FCP and SBP however there is still more that needs to be done. Though
each product has found success, it has not always translated to developing countries where
the protein crisis is much worse. Insects are found all across the world in a great abundance
and can be utilized as a protein source for humans. Entomophagy is already practised in
many cultures and insects compare favourably with traditional meat products even proving
superior in nutrition and taste in some instances. One obstacle is the Western world`s bias
outlook on insects as disgusting and a remnant of the primitive hunter/gatherer lifestyle.
Such an attitude can lead cultures to hide or even end their practise of eating insects so as
to not be labelled uncivilized, leaving a world already desperate for protein to ignore
nutritious protein source. Since insects are efficient converters of food to protein and can
therefore be grown on low substrate materials it is conceivable that insect farming will be a
part of a new agricultural system where insect are farmed much like livestock. However,
marketing techniques must be employed in order to show the importance (and joy) of
entomophagy. This may include informing the public of the nutritional value of insects,
developing and advertising insect products or producing insect protein in an
unrecognizable form, such as a powdered that can be used to boast the nutrition of a
current food product.
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ﺍﻟﺤﺸﺭﺍﺕ ﻜﻤﺼﺩﺭ ﻤﺴﺘﻘﺒﻠﻲ ﻟﻠﺒﺭﻭﺘﻴﻥ
ﻋﺒﺩ ﺍﻟﻘﺎﺩﺭ ﺍﻟﻤﺘﻭﻟﻲ ﻏﺎﻟﻲ ،ﻓﻬﺩ ﻨﺎﺼﺭ ﺍﻟﻜﻌﻴﻙ
ﻗﺴﻡ ﺍﻟﻬﻨﺩﺴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ ،ﻜﻠﻴﺔ ﻋﻠﻭﻡ ﺍﻷﻏﺫﻴﺔ ﻭﺍﻟﺯﺭﺍﻋﺔ ،ﺠﺎﻤﻌﺔ ﺍﻟﻤﻠﻙ ﺴﻌﻭﺩ ،ﺍﻟﺭﻴﺎﺽ ،ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ
ﺍﻟﻤﻠﺨﺹ :ﻤﻊ ﺍﺴﺘﻤﺭﺍﺭ ﻤﻌﺩل ﺍﻟﻨﻤﻭ ﺍﻟﺴﻜﺎﻨﻲ ﺍﻟﺤﺎﻟﻲ ﺴﻭﻑ ﻴﺯﺩﺍﺩ ﻋﺩﺩ ﺴﻜﺎﻥ ﺍﻟﻌﺎﻟﻡ ﻤﻥ  ٦.٧ﺒﻠﻴﻭﻥ ﺇﻟﻰ  ٩.٢ﺒﻠﻴﻭﻥ ﻓﻲ
ﻋﺎﻡ  ،٢٠٥٠ﻭﺴﺘﻜﻭﻥ ﻤﻌﻅﻡ ﻫﺫﻩ ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﺍﻟﺩﻭل ﺍﻟﻨﺎﻤﻴﺔ .ﻭﺤﻴﺙ ﺃﻥ ﺍﻟﻌﺎﻟﻡ ﻻ ﻴﺴﺘﻁﻴﻊ ﺘﻘﺩﻴﻡ ﺍﻟﻐﺫﺍﺀ ﺍﻟﻼﺯﻡ ﻟﻠﺴﻜﺎﻥ
ﺍﻟﺤﺎﻟﻴﻴﻥ ﻓﺈﻨﻪ ﻤﻥ ﺍﻟﻤﺴﺘﺤﻴل ﺘﻭﻓﻴﺭ ﺍﻟﻐﺫﺍﺀ ﺍﻟﻼﺯﻡ ﻟـ  ٢.٥ﺒﻠﻴﻭﻥ ﺁﺨﺭ ﺒﺩﻭﻥ ﺯﻴﺎﺩﺓ ﺇﻨﺘﺎﺠﻴﺔ ﺍﻷﺭﺽ ﺤﻴﺙ ﺃﻥ ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ

ﺇﻨﺘﺎﺝ ﺍﻟﻐﺫﺍﺀ ﻓﻲ ﺍﻟﻭﻗﺕ ﺍﻟﺤﺎﻟﻲ ﻻ ﺘﺘﻨﺎﺴﺏ ﻤﻊ ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﻋﺩﺩ ﺍﻟﺴﻜﺎﻥ ﻭﺫﻟﻙ ﺒﺴﺒﺏ ﺍﻟﺘﻭﺯﻴﻊ ﻏﻴﺭ ﺍﻟﻌﺎﺩل ﻟﻸﻏﺫﻴﺔ ﻓﻲ

ﺍﻟﻌﺎﻟﻡ .ﻭﺒﺭﻏﻡ ﺍﻟﺠﻬﻭﺩ ﺍﻟﻤﺴﺘﻤﺭﺓ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺒﺩﺍﺌل ﺒﺭﻭﺘﻴﻥ ﻜﺒﺭﻭﺘﻴﻥ ﺍﻟﺨﻠﻴﺔ ﺍﻟﻭﺍﺤﺩﺓ ،ﻭﺒﺭﻭﺘﻴﻥ ﺍﻟﺴﻤﻙ ﺍﻟﻤﺭﻜﺯ

ﻭﺒﺭﻭﺘﻴﻥ ﻓﻭل ﺍﻟﺼﻭﻴﺎ ﻓﻤﺎﺯﺍل ﻫﻨﺎﻙ ﺃﻜﺜﺭ ﻤﻥ  ٨٠ﻤﻠﻴﻭﻥ ﻤﻥ ﺴﻜﺎﻥ ﺍﻟﻌﺎﻟﻡ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﻨﻘﺹ ﺍﻟﺴﻌﺭﺍﺕ ﺍﻟﺤﺭﺍﺭﻴﺔ
ﻭﺍﻟﺒﺭﻭﺘﻴﻥ .ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﺫﻟﻙ ﻓﺈﻥ ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﺍﻹﻨﺘﺎﺝ ﺍﻟﺤﻴﻭﺍﻨﻲ ﻭﺇﻨﺘﺎﺝ ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﺇﻨﺘﺎﺝ ﺍﻟﺩﻴﺯل ﺍﻟﺤﻴﻭﻱ
ﻨﺘﺞ ﻋﻨﻬﺎ ﻨﻘﺹ ﻓﻲ ﺍﻷﺭﺍﻀﻲ ﺍﻟﺯﺭﺍﻋﻴﺔ ﺍﻟﻼﺯﻤﺔ ﻹﻨﺘﺎﺝ ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﺯﺭﺍﻋﻴﺔ.

ﻟﻘﺩ ﺃﺜﺒﺘﺕ ﺍﻷﺒﺤﺎﺙ ﺍﻟﻌﻠﻤﻴﺔ ﺃﻥ ﺇﻀﺎﻓﺔ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﺤﻴﻭﺍﻨﻲ ﻟﻠﻭﺠﺒﺔ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻴﺤﺴﻥ ﻤﻥ ﺨﻭﺍﺼﻬﺎ ﻟﻭﺠﻭﺩ ﻤﻌﻅﻡ

ﺍﻷﺤﻤﺎﺽ ﺍﻷﻤﻴﻨﻴﺔ ﺍﻟﺘﻲ ﻴﺤﺘﺎﺝ ﺇﻟﻴﻬﺎ ﺍﻹﻨﺴﺎﻥ .ﻭﺤﻴﺙ ﺃﻥ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺘﺴﺘﻬﻠﻙ ﻤﺎﺩﺓ ﺼﻠﺒﺔ ﻏﺫﺍﺌﻴﺔ ﻓﻲ ﺍﻟﻴﻭﻡ ﺍﻟﻭﺍﺤﺩ ﺃﻜﺜﺭ
ﻤﻥ ﺍﻹﻨﺴﺎﻥ ،ﻓﺈﻨﻪ ﻻﺒﺩ ﻤﻥ ﺍﻟﺒﺤﺙ ﻋﻥ ﻤﺼﺩﺭ ﺁﺨﺭ ﻟﻠﺒﺭﻭﺘﻴﻥ ﺍﻟﺤﻴﻭﺍﻨﻲ ﻭﺍﻟﺫﻱ ﻴﻤﻜﻥ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻪ ﻤﻥ ﺍﻟﺤﺸﺭﺍﺕ ﺍﻟﺘﻲ

ﻴﻤﻜﻥ ﺍﺴﺘﺨﺩﺍﻤﻬﺎ ﻜﻤﺼﺩﺭ ﺩﺍﺌﻡ ﻟﺘﺩﻋﻴﻡ ﺍﻹﻨﺴﺎﻥ ﺒﺎﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﺤﻴﻭﺍﻨﻲ ﻭﺤل ﻤﺸﻜﻠﺔ ﻨﻘﺹ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻌﺎﻟﻡ.
ﺍﻹﻨﺘﻭﻤﻭﻓﺎﺠﻲ ﻫﻭ ﻓﻥ ﺃﻜل ﺍﻟﺤﺸﺭﺍﺕ ﻭﻗﺩ ﻤﻭﺭﺱ ﻤﻨﺫ ﺒﺩﺍﻴﺔ ﺍﻹﻨﺴﺎﻥ ،ﻭﺤﻴﺙ ﺃﻥ ﺍﻟﺤﺸﺭﺍﺕ ﻜﺎﻨﺕ ﺠﺯﺀﹰﺍ ﻤﻬﻤﹰﺎ ﻤﻥ

ﺍﻟﻭﺠﺒﺎﺕ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻟﻺﻨﺴﺎﻥ ﻭﻤﺎﺯﺍﻟﺕ ﺘﺅﻜل ﺒﺎﻟﻌﺩﻴﺩ ﻤﻥ ﺍﻟﻤﺠﺘﻤﻌﺎﺕ ﻓﻲ ﺍﻟﻭﻗﺕ ﺍﻟﺤﺎﻀﺭ .ﻭﺒﺭﻏﻡ ﺼﻐﺭ ﺤﺠﻤﻬﺎ ﻓﺈﻥ ﻜﺜﺭﺓ
ﻋﺩﺩﻫﺎ ﺠﻌﻠﻬﺎ ﺘﺯﻴﺩ ﻓﻲ ﺍﻟﻭﺯﻥ ﻋﻥ ﻜل ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻤﻭﺠﻭﺩﺓ ﻓﻲ ﺍﻟﻌﺎﻟﻡ .ﺃﺜﺒﺘﺕ ﺍﻟﺘﻘﺎﺭﻴﺭ ﺍﻟﻌﻠﻤﻴﺔ ﺃﻥ ﺍﻟﺤﺸﺭﺍﺕ ﻟﻬﺎ ﻗﻴﻤﺔ

ﻏﺫﺍﺌﻴﺔ ﻋﺎﻟﻴﺔ ﻭﻴﻤﻜﻥ ﺃﻥ ﻴﻜﻭﻥ ﻫﻨﺎﻙ ﻤﺯﺍﺭﻉ ﺤﺸﺭﺍﺕ ﺁﻟﻴﺔ ﻓﻲ ﺍﻟﻤﺴﺘﻘﺒل ﻜﺠﺯﺀ ﻤﺘﻜﺎﻤل ﻤﻥ ﺍﻹﻨﺘﺎﺝ ﺍﻟﺯﺭﺍﻋﻲ .ﻭﻤﻥ
ﻻ ﻟﺩﻯ ﺍﻹﻨﺴﺎﻥ.
ﺨﻼل ﺍﻹﻨﺘﺎﺝ ﻭﺍﻟﺘﺼﻨﻴﻊ ﻭﺍﻟﺘﺴﻭﻴﻕ ﺍﻟﻤﻨﺎﺴﺏ ﻓﺈﻥ ﺍﻟﺤﺸﺭﺍﺕ ﻤﻤﻜﻥ ﺃﻥ ﺘﻜﻭﻥ ﻏﺫﺍ ﺀ ﺠﻴﺩﹰﺍ ﻤﻘﺒﻭ ﹰ
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