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Production of Corn-Based Breakfast Cereal
By Twin Screw Extruder
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ABSTRACT

The research on production of corn-based breakfast cereal by using Hermann Berstorff laboratory Twin
Screw Extruder ZE 25 X 33 D was carried out. The objectives were to find out the suitable quantity of soy
flour fortified into corn formulate mixture to produce good texture, high nutritional value, low cost and good
protein quality product.

Breakfast cereal formula R”, 350 rpm, in which 16% defatted soy flour was fortitied into 77% corn
grit 5% sugar 1% CaCO; 1% mixed vitamins and 2% cocoa powder of total weight was obtained by feeding
into extruder at 300 g/min feed rate, employing 350 rpm screw speed. The product was coated with chocolate
flavoured for sensory evaluation. It gained the highest overall acceptability score 7.33 (9-Point Hedonic Scale)
compared to NL.MLO, O.V.T.C and formular R’ 350 rpm when tested without fresh milk and it's score 6.95
when they were tested with fresh milk. It beared factory cost of 2.40 baht per 25 gms in OPP/Metallite PET
with retait price of 5.00 baht or 200 baht per one kilogram or 170.65 baht per 100 gms of protein in the product.
Nutritionally, the formula R, 350 rpm contained per 100 gms, 11.72 g or 3.16 g of protein per 100 kg-cal.,
1.86 g. fat, 4.0 g ash, 1747.8 L. U vitamin A, 0.48 mg vitamin B, , 0.43 mg vitamin B, , 0.37 mg vitamin
By, , 2.98 mg niacin, 723.8 mg calcium, and 3.03 mg iron, 119.7 g/l apparent density and 3.42 expansion ratio
when compared to 9 samples of commercial breakfast cereal which costed 233.30-390.90 baht per one kilogram

or 300.50-698.00 baht per 100 gms of protein in product which 4.7-9.2 g or 1.07-2.43 ¢ of protein per 100
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kg-cal. The breakfast cereal formular R’y 350 rpm was the cheapest in retail price and the highest in nutritional

value. Beside it's protein content (3.16) is above the standard limit regular human food which should contain

at least 2.5-3.0 grams of reference protein per 100 kg-cal. The protein quality of the breakfast cereal also showed

higher chemical score of lysine, 73 and methionine + cystine, 117 compared to 31 and 165 of corn grit. And

the corn-based breakfast cereal contained a very good source of essential amino acids (> 80 % of FAOQ pattern)

except lysine. Thus it can conclude that the corn-based breakfast cereal from this research is high nutritive

value, low cost and good for consumption.

Key words : corn-based breakfast cereal, extruded breakfast cereal, defatted soyflour, corn grit, twin screw

extruder
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Table 1 Chemical composition, protein-calorie ratio and organoleptic evaluation of flavoured corn-based breakfast cereals.

% Chemical composition

Protein-calorie ratio Organoleptic evaluation

Ingredients in 13 formulae (%)
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2 2
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3 . 2 2 £ 3
O & v £ 8 g 3
= 2 ER § £ E &
5 3 s £ % £ 5 £ & e = 7 g
E £ 2 g 5§ 2 : 2 2 3 E v w g5 £ g S
5] & K] = 2 = < ) S ] e = = = = 2
= = A~ &S O &3 a 3 = = < O a 3 = O O
‘; Rl 487 10.68 1.87 77.69 37030 2.88 7.13a 720 6.73b 6.85b 81 12 - 5 1 1 -
2 R2 422 1182 1.84 7690 37140 3.18 7.35a 7.60ab 7.05a 7482 77 16 - 5 1 1
G R3 436 1329 1.60 7559 369.90 3.59 7.33a 7.652 7.33a 7.50a 73 20 - 5 1 1 -
“'; R4 428 985 290 7821 37830 2.60 6.852 6.952 6.48¢ 6.53¢ 8l - 12 5 1 1 -
2 R5 406 1126 320 76.62 380.30 2.96 6932 7.052 7.18 7233 77 - 16 5 1 1 -
S R6 432 1246 3.66 7440 38040 328 7.03a 7.00a 6.83b 6830 73 - 20 5 1 1 -
‘; Rl 475 1065 227 7746 37290 2.86 7.40a 7.53a 7252 7482 8 12 - 5 1 1 2
g R2 438 1172 234 7642 37363 3.14 728 7452 7452 758 77 16 - 5 1 1 2
S RB3 434 1320 2,12 75.16 37250 3.54 7.182 7.28 7.15a 7.30a 73 20 - 5 1 1 2
: R4 425 9.84 340 77.70 380.80 2.58 7.28a 7.23a 690b 690b 81 - 12 5 1 1 2
2 R’5 410 11.18 371 76.07 38240 292 7.43a 7.40a 7,8b 738 77 - 16 5 1 1 2
5 R6 428 1243 406 7406 382.50 3.25 7.30a 738 738 748 73 - 20 5 1 1 2
C
RO 449 648 235 8244 376.80 1.72 6.95b 6.80b 6.50b 6.53¢ 93 - - 5 1 1 -
'g_ R2 6.90b 7.13ab 7182 7.10ab
5 R2 438 11.72 234 7642 37363 314 7.282 735 7.40a 738
© RS 6.801ab 6.93ab  6.63b 6.73bc
RS 410 11.18 371 76.07 38240 2.92 7.00ab7.15ab 7.33a 733a
In a column, means with the same letter are not significantly difference at p <0.05
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Table 2

Organoleptic evaluation and characteristics of flavoured corn-based breakfast cereals extruded at various screw speeds.

Organoleptic evaluation

Product characteristics

Extruder conditions

2 = =

g 5 5 . g © 2 ? - g £ g % E § % =
S g ° 2 2 ¢ BE OER 5 BC

m 5: A d = § o0
R’ 7.10abc  695¢d  6.85¢  6.23¢  6.30¢ 1535 295 250 130 162 15
250 rpm
R’ 7.15abc 7352 723b  7.13b  7.08b 123.8 3.16 300 130 162 15
300 rpm
R’ 7332 7.632 7802 8032 793 119.7 342 350 130 162 15
350 rpm
R’s 6.85¢  6.73d 6354 533d  5.35d 159.8 2.59 250 130 162 15
250 rpm
R’s 6.95bc  7.08bed  6.83¢  6.10c  6.13¢ 147.5 293 300 130 162 15
300 rpm
R’s 7.23ab  7.3Qabc  725b 7106 7.00b 1355 3.23 350 130 162 15
350 rpm

In a column, means with the same letter are not significantly difterence at p <0.05

v WY 1€ WL CRUL) LBBLBLBAUT €

LEY



Table3 Comparison of the chemical composition in flavoured corn-based breakfast cereals to commercial breakfast cereals available in
supermarket.

Moisture Protein Fat  Ash Fiber Carbohydrate Energy  Protein/  2Vit. A 2VitB; 2Vit.B, 2Vit.B¢ ¥Niacin 2Ca 2/Fe

£m gm gm gm am 2m Kg.-cal. 100 Kg-cal LU. mg mg mg mg mg mg
R’; 350 rpm 3.6 11.72 1.86 4.0 1.88 76.94 371.4 3.16 1747.8 0.48 043 0.37 298 7238 3.03
O.V.T.C - 8.0 - - - 87.4 371.0 2.15 616.0 - - 6.4 - 520 -
NL.MLOYV 2.5 92 31 25 44 78.3 378.0 243 - 1.4 1.6 2.0 18 - 14
Donae Choco 1.5 47 10.0 20 - 81.8 436.0 1.07 - 0.6 0.5 - 3.0 - 4.5
Donae Strawberry 2.0 52 6.0 20 - 84.8 414 1.25 - 0.82  0.49 - 5.91 - 518
Nestle’Honeyl/
Star 2.5 56 84 13 1.6 80.6 420.0 1.33 - 1.4 1.6 2.0 18.0 - 14
Nestle'V/
Apple putls 25 6.1 37 1.6 1.8 84.3 395.0 1.54 - 1.4 1.6 2.0 18.0 - 14
Kelloggsl/
Rice Krispies 3.8 56 13 - 33 87.1 367.0 1.52 - 1.86 2.6 - 18.6 - 16.6
Ovaltine
crispy - 5.0 - - 2.1 60.2 401.0 1.25 825.0 - - 3.0 345 L7

V Imported breakfast cereals.

2/ Source : Division of Biological, Depl. of Science Service: Ministry of Scicnce. Technology and Environment.
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Table 4 Comparison of the essential amino acid contents in flavoured corn-based breakfast cereals to
raw materials and FAO/WHO standard (1973) in milligrams per gram of protein.

Essential amino acids Corn gritZ Full fat soy flour/ R, | FAO/WHOY
350 rpm 350 rpm
16 % 16 % 1973
Defatted Soy  Full Fat Soy
isoleucine 30 28 34(85) 34 40
Leucine 80 37 96(137) 95 70
Lysine 17 31¥ 39(71) 40(73) 39(71)¥ 55
Methionine + Cystine 58(165) 13(37)¥ 41117 41(117)¥ 35
Phenylalanine + Tyrosine 88 42 94(157) 88 60
Threonine 32 28 37(93) 36 40
Tryptophane *6 8 11(110) 9 10
Valine 39 30 41(82) 41 50

Source : 1/ Amino acid content of Thai foods. Nutrition Division, Health Dept; Ministry of Public Health. Jan

2533. ISBN 974-7955-60-1 39 p.
2/ Div. of Biological. Dept. of Science Service
3 Limiting amino acid.
() Chemical score is the percentage of limiting

; Ministry of Science, Technology and Environment.

essential amino acid content in foods, compared to the

content of the same essential amino acid in the tables of recommended contents.
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Table 5

441

Organoleptic evaluation of the best acceptance of flavoured corn-based breakfast cereals

formula R’2 350 rpm and R’5 350 rpm compare with O.V.T.C and NL.MLO, which are the
breakfast cereals on sale in the market today.

Eating without milk

Eating with milk

- 3 8 8 8
Formula or ;;3 % g % g 5’ s_.?) § qé §
brand name = = % & ;8) = = % & §
NL.MLO 6.904 6.58b¢  595b  690ab 6650 698 7.082 623b 7232 £95a
R,350pm  7.258 7408 743 7202 733 7.002 6.802b 738 693 6950
O.V.T.C 6.38°  6.20¢ 628 6.200  6.18" 6.60° 658 653 6.53" 633"
R’5350 rpm 6.902 7.08a 6981 6.60bc 668> 698 653  7.10a 6550 6.63ab

In a column, means with the same letter are not significantly ditference at p <0.05
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Table 6 Production cost of the flavoured corn-based breakfast cereal.

Cost of raw material before extruding (Bath/kg)

Cost of plain breakfast cereal after extruding, yield 83.5 % (Baht/kg)

Cost of plain breakfast cereal + Operating cost (Bath/kg)

Cost of chocolate flavouring solution (Bath/kg)

Cost of flavoured breakfast cereal (yield 95 %)

Cost of flavoured breakfast cereal after drying (Baht/kg)

Cost of flavoured breakfast cereal (Baht/25 gms)
OPP/Metallite Pet bag + Labour cost for packing (Baht/bag)

Total cost of production of flavoured corn-breakfast cereal (Baht/pack 25 gms)

13.78
16.50

16.50 + 18—34.50

26.08

129.58 Baht/4 kgs or 34.1 Baht/kg

36.10
0.9025
1.20+0.30
2.40

Table 7 Comparative cost of the flavoured corn-based breakfast cereal to the commercial breakfast
cereal available in supermarket in Bangkok.

Brand name Weight/packet  Cost/packet Cost/kilogram  Cost/100 g. Cost/100 Kg-cal Energy
breakrast cereals (gm) (Baht) {Baht) protein (Baht) Kg-cal/100 g
Energy (Baht)

IR¢»- 350 rpm 25 5 200.00 170.65 5.40 371.4
20.VT.C 180 49 272.20 340.25 7.30 371.0
3NL.MLO 170 47 276.50 300.50 7.31 378.0
2Donae Choco 180 42 233.30 496.45 5.35 436.0
3Nestle Honey star 150 42 280.00 500.00 6.65 420.0
3Nestle Apple puffs 170 47 276.50 453.25 7.00 395.0
3Kelloggs Rice Krispies 110 43 390.90 698.00 10.35 376.0
2Donae Strawberry 180 42 233.30 448.70 5.60 414.0
3Kellogs Honey Nuto’s 250 73.75 295.00 340.40 7.65 384.0
2Qvaltine crispy 180 46 255.50 511.10 6.35 401.0

I - Flavoured corn-based breakfast cereal

2 - Commercial breakfast cercals.

3 - Imported breakfast cereals.
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