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ABSTRACT

The aim of this study was to develop a new and easy to apply technique for
production of protein concentrates and maltodextrins sugar from Daber and Fetarita
sorghum [Sorghum bicolor (L) Moench] varieties by using the heat-stable a-amylase
enzyme (Termamyle), so as to find new opportunities for the industrial use of
sorghum in Sudan to meet the local demand for the forementioned products in the
different food and non-food industries. Production of sorghum protein concentrate
was based on reduction of starch content in sorghum flour by using a heat-stable a-
amylase in a hot-mash processing unit injected with a direct steam (3x10° Pascal).
When the enzymatic digestion of the starch was completed, sorghum protein
concentrate was produced after centrifugation and drum drying of the precipitate. The
enzymatic digest was used for production of maltodextrins sugar after it is dried with
a spray dryer. The average protein percentage in sorghum protein concentrates was
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32.10% for variety Daber and 54.26% for variety Fetarita, on dry weight bases. Also,
the results revealed no marked differences between the percentages of total essential
and non-essential amino acids when compared with those in sorghum native flour
before processing. In general, sorghum protein concentrates were characterized by
high percentages of the amino acids: lucine, isolucine, phenyl alanin, tyrosine, valine
and deficient in lysine amino acid. The latter was considered as the limiting factor for
sorghum protein quality. The net protein value of Fetarita and Daber protein
concentrates were 14.1% and 12.5%, respectively. Also, the results showed the good
quality of maltodextrin sugars, which were produced from the two Sudanese sorghum
varieties (Fetarita and Daber) with respect to their chemical composition and degree
of colour in comparison with a commercial product.

dadia
Ge anl) Gy a3l alanal il o l3al sed Al 50 Tabil A1 Jsal) ST e laged) aay
(Thick porridge) sasac 8ysa 3 L) Glasall 8 1328 lealadin) juanyyy . (3 e Jsal
Capey Lo delial (e el 8 aaid LS ¢(Thin porridge) oS abils s f (Kisra ) sys
QIS L gylall giall e Ul gl Lelia cldaiin) g Yy ((Hullu-mur flakes) VU
paleal) and ajlily dadl) Y Clifig ) Leagd) el (alidy Glbdl e wall Caa
Jie L ) 4l (mlaal) ey 03l aae ) A8LaYL (Lysine) cmedU dald dulud) 4
b Al ity g g Vs i ) ool G2 QY1 (Isoleucing) cussds 315 (LEUCINE) ¢y sl
cany il (il dga ges o (2601) bl 135S 5 e LlS adiay Al g8 Jeall e aal)
SO s ae Lehls Goh e dabll 53 clifgnl A6 el a8y A ¢ Ll
=l Ludlly (Phaseolus vulgaris) sl Wealdl o cald gl o (Amaranthus cudatus)
oaes e dS A (alisily Gl (e L plapb Wolingy e Al (Cajanus cajan)
oo sy e 2l sa Auball o3gd wlal1 Caagdl IS 1A (7 46 <5 ¢4 3) Gausal g3y sl
o Gy eghasadl b Ly o) SSY) s A Aedl) 531 il dpal) ) Gyk
Al e (alal) e e gsime @l A3 kel 21 8 GUE ce leali 2ny Lgalading
Lallal) daall dadiie ((FAO)ie )35 402eY) dakiie (go JS lgoan Al Apngl gl culllindlly i
opmSaglldl Su ozl ALyl 1w FOL(8)(UNU) sasidl ad) dsdlas (WHO)
o Ulae aie el Zlaayl aus el il 4nla@Y) dedll od)) gl mUS (Maltodextrin)
Coating ) cadaill 5aleSs cusSanll el lglal) delia Lals gl cleliall Jaw

-

-(material
iagl) (3 g Agall

ashal) ALY il Cigny e (e ey Kiysid (%70) 8)siall 53 Lda e Jseanl) 5 1algal)
ol 2720- pla dap o odall e Gyl Jg GelST Jaly caliea s cdliglasad) Jlad

cnal) Sllee s Sbally (Shesll Jalaill L) = Loay)
laldie) Lot s 5 3608 alylly gaall b ¢(9) dippla ddauslyy g yally Ayshayll (e SIS i 23 a3k

<o Slls (Total carbohydrates) LI @b g Il e B pass & AIX L(10) daph e

211



Al LIV s 5 Ly (11) diphl Wy 38 3yl e (Available carbohydrates) dalid)
Lapl Laajai 2 il 30aY Sy (Oligosaccarides) asyall oSl claall Wi (12) Ak
& sy Aal) alea¥) Jdas 3 (1050, Switzerland) HPLC- Sl alasin) & LS . (13) dayhy
e lilae) (Net protein value) sl ila dads (Chemical SCOre) islusl lgiad i
.(15) Aapphay Ly o3 2l (S gllal S s ad ) Al WL (14) 4k

Dhall asliall L=l sl dladiuls GrieSaglldl Sas Al Aad)l B S
85 i) day e (JSul 3x10%) Llaull Jaxi dpha san5 Jal (Termamyl, L 120, Denmark)
Qi e (pa o LgiiY) dmg (g ) Apesd 8155 Liall A (yméal elldg dadal) 8 il aaly Jaeary o
DRI Gl oo @AY GlisSa) Lk Aagigall e Laall Glisag i) Jead (Lill Anall ay)
danlg ada Al n )y J5 4 (Decanter Type-P660, Fa-Sharpless, German) i<l
Ling 2”150 3 4ay Ao (N.V. Goudasche Machine Fabriek, Holland) shas) cadas
s EH Jsbaall Wl Jalasll ea) cuad 2720- s daps o Jal) Ao i) (o olsT Jals
adial 2ny (inSogillall Sz ) 8 ol il (e assagall) @3Oa) Dk Adee 22y Juad
?155 )ha 4ay0 e (Spray drier Type, Lab. S1, Anhydro,- Denmark) 3l <hisse ddaulss
Sl Jaia gl dlee (e o LY days ABSN 3 Ja 27 Jarers (U8l 10° X 2.4) 0y iy o
Sl cillead 4l = LaaY) gpad 2220- Bha Aas o Jl AaSan ol (o bS] J3s sl
AzBlial)y gl

(Liquefaction) Al e Lulul Jexy 4ladl s)lad) dapa) aslaadl Sula-U) ol ol cdale diaay
(Hot-mash-process) auball sds & crassinl Al (a85) dyhall dlalaall ol atiila 5 3 Ll
@AY Gl s Aagmgall e Laally Gyl Glia Wl L opinsall JSuy Skl S sy
21150 Bla dap o sl Ciine ddauly Lebiass (Decanter) x$dl Skl Gok oo il
Ciine Alaulyy Chin Al LSl ) el asagall Ll Lol B S auly @lll Cijes
b e 88N (8 Ja 27 Jaeary (JSWL10° X 2.4) o) by 2°155 80a dayn e sl
Sas Al Sl e (Yield %) Slall Zus lawas (2) 5 (1) &) O¥saadls ool S
aiaill Jalye ol i) saldd) 3 (LOSSES %0) iy Sad) ¢y pal) ot ) ALYl (5 il
sl el 8 Gl A o gl Gyedil (DM%) Giladl (il el e elldg cdabial)
LS B s sl Cus DB GEA 8 i) G Gl B s Axd)l 33 dual
( %54.26) Ofsod A gl A Cnall A8l 3 e WS LGl B dsagal) (s
Canall 8 A gl dawsi g i) ) Sld (g3ey 35 . (%32.10) e Caiaall igig ) 3Spally Dlhe
ZUY lam Duae ey &gs cauall of mag ey (%10.2) L caially d5)ie (%16.2) Ly
Eoa (17) Amaranth- by (16) Rice- 5)¥1s "' Caially &jlie 4alal) dadg ) il al
Caaiall Alsje ol Giinagilall Sy il el aiemi Jabe ol ala) salal) b 26l alaee
CONtiNUOUS ) 3ycise Ailany Y1 (IS 13) 4l oSy a8 13y L cppinagillall S 2y (gl
il el Shasl Sl mias (3) 4 Jsaalls o)lad g5t Sley (processing method

212



s pliph A il Al SO bl gyl Gl e ¢ i pudaall
Gl L g Uil e 2l i) WL Caiall Sdl g ) dasy Lyl ( %54.26) gl
) cpelsl SIS L %63.51) Aabidl s Sl ( %51.45) Oligosaccharides — ddabiall
an e (mid e (Hot-mashing and drum drying) desaill djhall clledl il
G B! palalls ol Gl Gaeall Gl Lals disgll GhSal 8 dadd) Galea)
(8 o8 s ) il U HA)) Al o) siney 3l (Cisiag Oofinans) Capl) puaie o (ggiad
Lylie Aal 380 8 Jall ga WS oY) o Ll e 4na) (aleal) A cills didle diay,
oalaal) A gl @lSpall @i WS L Aaisll GBSl G Alud) ) palal) A
LadY) (=lalls ((Alaning) oY) Laeas (Glutamic) clabiglall mes tdalld) e 4
.(Phenyle Alanine) cu¥) Juudll (asss (TYroSiNg) s yis(LEUCINE) Cpsalll (imas tdanly)
IS LSy 6 AY! Ll L) alea¥l aea cilS(LYSINE) Gaad i) Gaelall e Lody
Aaliiag santial) aedl Aaglill Aol 5 A3V Adiia e JS (e el (o) g ally A5l 3515
S baga bl celsl S L5 L8 Jsaall muasy WS (8) saaiall adYl daslay Lpdlall daial)
(¢ Jsaa) Osll Aapas (6 ) Jsan) (LSl Sl Cum (e puall 5 A5 5l e mital) (S sillall
Optnall e miiall CpiuSagilall S 4 dalid) GlpSall L Caly Gua o)l e Lagilie die
4-1 e clasllly gylail) miid) 3 %98.8 Nsay Ljlia Jsill e %96.9 5 %92.5 5 Ay
lealis) & Al GuiuSa dllll S didig ) QSHall s

Oy S

Zaalal wlill 23Y) Lagl i€ sener ¢ pengn Gl [osiSall 36Y) ) lajalls Sl Jpay paid
) Al Al claeluall Laatl) gy (OAD) dpanill daplY) dakiially del)3l (Vienna) Lud
) 13a #lag) 8 IS el

Gluagsilly DAY

e Adlle Basas 491 Aad 53 CuyiuSagilll S dndfign GlSHe gl Al ) duhall cuals
Bygpmr st S LA 8y)all Aayal agliall b= lalY) Al aladiuly g A dad )l 50 sl
Lol \gied ad)] Jasid sana (e ey lasadl 8 dadyll 5 cliall Pliuy) e
Ol GueY) Gmeall B A dlge pe Lehald ey Raaigal) dadyl) 53 CiSped Al Lginaal 3343
oo Adle A o WY (JUbY) s Jlae 8 leaadiy) vie Ule Yo aad 8 @l i
JULY) e il Ll Cannsy 3 (GEOU) Gl S e Yo Hsille Sas bysem 3 Aaliall il &L
OEOU S aan o agia aaad a1 el Csiag Ll (Ll 3 dala

213



REFERENCES
1. Mohammed, M.A. (2002). Production of Cereal-based Infant Food from Local
Food Materials. M.Sc. thesis in Food Science and Technology, Faculty of Agriculture,
University of Khartoum, Shambat, Sudan, 103.
2. Makki, H.M. and Berghofer, E. (2006). Effect of drum drying on amino acids
profile, protein score and net protein value of Feterita sorghum-white bean composite
flour. FRC/Journal of Food Science and Technology, Vol. (1), 8-15.
3. Pedersen, B.; Hallgren, L.; Hansen, L. and Eggum, B.O. (1987). The nutritive value
of amaranth grain (Amaranthus cudatus). 1l. As a supplement to cereals. Plant Food
of Human Nutrition, Vol. (36). 325-334.
4. Gubadda, R. (1989). Development of new technology for the utilization of flours
obtained from local raw materials in developing countries. Industrie-Alimentarie,
(28), 681-684.
5. Dendy, D.A.Y. (1995). Sorghum and Millets. In: Chemistry and Technology.
Published by the American Association of Cereal Chemists, Inc., St. Paul, Minnesota,
U.S.A, 365.
6. Makki, H.M. and Berghofer, E. (2007). Effect of extrusion cooking on amino acids
composition, protein score and net protein value of Feterita sorghum-white bean
composite flour. FRC/Journal of Food Science and Technology, Vol. (2), 126-134.
7. Mohammed, M.A.; Makki, H.M and Mustafa, A.l (2009). Effect of cooking and
drum drying on the nutritive value of sorghum-pigeon pea composite flour. Pakistan
Journal of Nutrition, 8(7), 988-992.
8. FAO/WHO/UNU. (1985). Energy and protein requirements. World Health
Organization (WHO). Technical Report, Series No. 724, WHO, Geneva, Switzerland.
9. AOAC (1994). Official Methods of Analysis. 16" edition, the Association of
Official Analytical Chemists (AOAC), Washington, D.C., U.S.A.
10. MCCRA (1995). Member Companies of the Corn Refiners Association. 6"
edition, Inc. 1701, Pennsylvania Avenue, N.Y., Washington, D.C., U.S.A.
11. West, C.E.; Repping, F. and Temalilwa, C.R (1988). Handbook on the Food
Composition Commonly Eaten in East Africa. Published by Wangeningen University,
The Netherlands, 1-84.
12. Schomuller, J. (1967). Handbook der lebensmittelchemie. Teil: Analytik der
Lebensmittel, Springer-Verlag, Berlin, Heidelberg, New York, U.S.A., Band 11/2.
13. Boehringer-Mannheiem, GmbH. (1995). I. UV. Method for the determination of
D-glucose in foodstuffs and other materials. Cat. No. 716251.
14. Boeh. Ocansey, O. (1989). Development and challenges in Africa's food industry.
Food Technology, Vol. (43), 84-92.
15. Manlan, M.; Matthews, R.F; Bates, R.P. and O’Hair, S.K (1985). Drum drying of
tropical sweet potatoes. Journal of Food Science, Vol. (50), 764-768.
16. Hansen, L.P.; Hosek, R.; Gallan, M. and Jones, F.T (1981). The development of
high-protein rice flour for early childhood feeding. Food Technology, Vol. (35), 38-
42.
17. Guzman-Maldonado, H. and Paredes-Lopez, O. (1994). Production of high-
protein flour and maltodextrins from amaranth grains. Process Biochemistry, Vol.
(29), 289-293.

214



il (piusSagillall jSag Cpigoal) S (e JS Al mililly pSaally Ol quad 1(1) aB) J g2
g dny i 5y

g a8 5 diia
10 16 Al salall & gl %
32 >4 il 3l b ol %
66 67 Al 33l (pa dialaind & 53 g5l %
(recovery %)
22 21 Aa) 5alall dailly geinall isigsl) S5l %
27 39 (recovery Hall salal e atalaia) 5 531 Ll %
%)
24 33 Aal 5alall ailly geinall (Sl S %
46 54 (yield %) zly!) iles %

a2 Y Lew 3 WY1 s
Sl Sy g B S el Jalha s U pAY Balal) B 58 o 1(2) o) Jsia

iail) Jalya o U alad) Salal) & S33Y %
—aianl Cadal) aybal) aladl 8,4 Cila
@b skl 635l ))al)
A< 881 %
46 32 3 4 7 T
54 40 4 5 5 "

D29 Ay 8 5,0 il dyidig pll cliSyall bl qusll 1(3) ) Jgaa

ilall gl JSal | A cilall gl Sl el sl
B
Glall gl el e (%)
94.04+0.03 95.97 £0.03 aalal) 3alall
01.69 + 0.01 01.67+0.02 Aoyl
01.17+0.12 01.04 £0.05 crAll
32.10+0.44 54.26 +0.70 A2 5,
1.53+0.20 1.77+0.50 ALl Caly)
51.45+0.28 30.25+£0.37 [Aabiaa] 48 e il S
(Oligosaccarides)
63.51 41.26 Available ) dabtie cilyya s S
(Carbohydrates

215




ALA) 5300 (88 e ARally il B3 il Aiga¥) Gabaal) cui :(4) by Jsta

B a5, b 3,4l Cila
Gl DO | Al G| el el | alA) Gl ) aleal)

((ofisxeba 100 [ b )

Essential amino acids- dswlul) 4ddy) (alaall

2.12 2.33 1.89 2.14 R fisd
4.50 4.45 4.47 3.90 PRRY
16.20 15.32 16.95 16.32 Cypa sl
2.26 2.90 1.51 2.05 O
1.73 1.97 1.41 1.56 e
1.80 2.11 1.49 1.71 b
3.53 4.08 2.90 327 A, I ) aleaY! Ales
5.96 5.74 6.07 5.71 LYY s
4.62 431 4.67 4.53 s
3.13 321 2.87 4.04 ssd
1.11 1.04 0.98 1.07 g
5.35 5.43 5.24 4.83 ol
48.78 48.81 47.55 46.86 Aoula) L) palaal) dlas
Non-essential amino acids- 4wl & il (alaal)
9.94 9.71 10.42 10.34 oYl
3.30 3.57 2.67 2.97 O |
6.67 7.07 6.81 7.13 ) aea
24.61 23.61 26.37 25.82 Glabiglall aea
2.58 2.86 2.00 2.27 sl
N.D N.D N.D N.D Ol
4.22 4.37 4.2 4.59 Oripes
51.32 51.19 5247 53.12 8 i) palead) Al
L)
95.05 95.35 90.62 88.22 25 Ll alal) %
Ll

s w ol = N.D

216




g

Aisig ) 83 CSoal Goig ) Am iy Apisal) (alaaSl Abassl) Ll £(5) oy Jgoa

i dilall gyl 3l A48 dlall gyl 385l Gl duindy) (alaal)
(Amino acid chemical score ) ixY) (aslall il Zagl)

112 99 Oaicnd
161 160 sl 3l
245 257 s 5]
39 26 Ot
141 116 Ay, A (alaal) dlea
168 170 igyhaall (b dlaa
92 84 sy
101 89 Olgny
153 150 ol
G O T3S 5 L) abeady) sl
39.0 26.0 (%) obisyll dad
12.5 14.1 (NPV%) sl ila G

o ALl sag 4558 5,4 dla (e geilal) CpiesSagillall Sl bassl) GuSal 1(6) A Jgaa

@ gl
Oifusagille S — o -4 8
. “ ey e sl sl
@l s gilla Cresagilla
Glall gl el e (%)

92.15 + 0.04 96.89 £0.04 | 97.64+ 0.02 Zils sole
0.51+0.00 0.82+0.05 0.80+0.02 sl
0.06 £0.07 1.68+0.01 2.03+£0.02 Odig
0.14 £ 0.01 0.62 £0.00 0.45+£0.00 oA

0.00 0.00 0.00 KT
98.82+ 0.28 +0.00 92.45+1.46 (Available dslie ¢y s S
96.59 Carbohydrates)

217




Eile g Al8ally o g 48 3,0 bl e gl Cppiesaillall Sl ol ad 1(7) B Jgaa

TIEN
@l Cniusagille OifuSagille = o | Cpasagille — 45y Gl dad

95.60+0.10 91.90%0.20 91.000.10 L
20.50+0.00 20.70+00 20.20£0.10 a
3.40+0.00 4.2020.20 3.80£0.50 b

20.10 20.20 20.10 b/a

A sl Jalaa

90.40 90.80 90.20 o=l o5t

(Whiteness index)

Daay) sl 5k = b L ead) sl ) Aaailly 5aa¥) ol 505 = @ L pamn) Gslll paag Aaga = L
L) sl ) Al

Ay 8 5,4 cila (4 (p feSagille S p(4) asdagl  pa B ke (e (S gille jSu1(3) aB) As gl

218




