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Figure 18.1 Schemartic representation of the inverted pyramid concept of new product development, also
known as the innovation funnel. 17
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A case formulation study

Quality evaluation of millet-soy blended extrudates
formulated through linear programming

e the present study has been planned to
optimize the process parameters to develop
protein rich low cost extruded snack food
using linear programming.



* Preparation of composite flour

 The raw materials viz., pearl millet (Pennisettum typhoides),
finger millet (Eleucine coracana), and soybean (Glycine max)
were procured from local market and were cleaned to remove
all foreign matter, broken and immature grains, if any.
Soybean was decorticated using multi grain pearler. All the
grains were ground in burr mill separately to get fine flour
(0.589 mm) sieve. Then composite flour was obtained in
desired proportion by mixing in flour mixer. Flour samples
were then extruded through twin screw extruder.



* Linear programming formulation

Nutrisurvey computer software (2004), employing linear
programming model, was used to formulate low cost composite
flour mixture based on pearl millet, finger millet and soybean to
fulfill Recommended Dietary Allowance (RDA) the protein,
energy and calcium requirement profile (ICMR 1989).
Formulation was designed with varying quantities of the
ingredients as shown in Table 1. Three types of restrictions were
set upon the variables: 1) minimum and maximum quantities of
ingredients to be included; 2) protein, calcium and energy
supply of each ingredient; and 3) material balance.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/#CR24
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/table/Tab1/

FﬂéNutriﬁur?Ey for Windows

File Edit Calculakions Food Extras Help

ol el 2wl
B | Ta| %] Fa|mal N
Food Amount |keoal price protein |fat ﬂ Total amnalysis:
1 breast milk 550 357.6 0,0 5.5 2 energy 1342, 0 kcal
. ) _ price 0,0
2 rice. plain. bhoiled 200 260,0 0.0 4,8 | |protein (13%) 45,1 g
. fat (44%) 68,3 g
3 lentil 50 hd .1 0,0 4.5 I carbohyde. (42%) 141.2 g
4 |milk. cow 500 329 .8 0,0 16,0 1: [|dietary fiber 6.1 g
phytic acid 431, 0 mg
5 fizsh 50 42 .1 0,0 7.4 ; calcium 9.5 mg
Ca absorb. 249 5 mg
[ eqgy 50 71,6 0,0 6,3 - |magmesium 148, 5 mg
zinc 5.0 mg
) pumpkin. india A0 10,0 0.0 0,3 [ % abs_Zn 7 4 mg
- iron 2.5 mg
I

8 soybean oil 20 176 .9 0,0 0,0 2 ivon sh=orh . 0. 2 mg
9 |banana 50 30,0 0,0 0,3 gojt. Bl 0.6 mg
_ Tit. E2 1,5 my
i0 Niacin equir. 12,9 mg
‘ f Tit. Bé 0,9 mg
11 pantoth. acid 5.1 mq
folic acid eq. 213.0 pg
12 Tit. EB12 4,3 ng
13 Tit. C 34,0 mg
Bet. eguivw. T03,.5 ug
14 Grainz rootz 2000 g
Legumes nuts 50,0 g
15 Dairy products 5000 g
Flezh food 50,0 g
G Eggs 50,0 g
17 Vit A frui_ veqg o0 g
- ||0th_fruits wveqg 00,0 g
P I _'I—I Fats oils=s 2000 g
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Table 1

List of variables, ingredients, and cost for LPP food formulation

Variabe  Ingredient  Cost® (Rs/kg) Protein (%) Energy (Keal) Caleium (mg)

X Pear] millet 07.00 11.6 161 42
X Finger millet 08.00 7.3 128 144
Xq Decaticated sovbean 20,00 43.2 432 240

"Prices as of December 2009

74




* The objective function established was:
MMZZQK

* where, Z is the cost per kilogram of formulation; C, is the cost
of ingredient; and X, is the proportion in which ingredient are
used in the formulation. Based on the data given in Table 1,
food formulation was developed by using linear programming
software (Arsham 2003). Following assumptions were made
(i) Serving size: 150 g, (ii) LPP was performed for 100 g sample
and (iii) 1/3 of RDA for sedentary workers was taken.

* The low cost composite flour (Rs 12/kg) obtained using linear
programming is pearl millet (81.68%), finger millet (7.02%)
and decorticated soybean (11.29%) (Table 2).


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/table/Tab1/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/table/Tab2/

Table 2

Formulation through linear programming

objective fanction V][N 7 1 (.7 X1 +2X7 + 0.8X3

Constraints Equation Test results

Frotein (g/d) 11.6X; +43.2X5 + 7.3X3 = 20 = 20 mue(20-20)
caborifievaie (k) 3] X + 432X +328X3 > 800  mwetsazz500)
calum mg/d) 42 X + 240 Xp +344 X3 =135 muetss-15)

Ingredient (serving sizel X] + ]_X2 + ]_ X3 p— ]_'5 True (1.5= 1.5)
Limitation 0 Xl .|. 1X2 .|. 0X3 — 0 ]5 True (0.10573= 0,15
Status: Optimal MIMN 7: 1.2030
Degeneracy: No Xy=12253
Test to constraints: Ok Xqo =0.1053

X = 0.1604
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* Experimental design

« The effects of extrusion cooking conditions on millet-soy
based extrudates properties were studied. Results from
preliminary trials were used to select suitable extrusion
cooking conditions including screw configuration and die size,
and to reduce the number of variables in the experimental
design. Linear programming formulated composite flour was
extruded through twin screw food extruder at different feed
rate (6.5, 9.5, 11.5 and 13.5 kg/h), screw speed (200, 250, 300
and 350 rpm) at constant feed moisture (14% wb), barrel
temperature (120 °C) and cutter speed (15 rpm). The
extrudates prepared from millet-soy blended extrudates using
twin screw extruder are shown in Fig. 1.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/figure/Fig1/

Feed
Rate
(kg/h)

Main Screw speed (rpm)

6.5

9.5

IT:S

200

250

300

350

Constant feed moisture (14% wb). Cutter speed (15 rpm)

Fig. 1

View of extrudates with experimental design layout for constant feed moisture (14% wb) and

cutter speed (15 rpm) at barrel temperature of 120 ° C
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/figure/Fig1/

Extrusion cooking condition

The raw grains were conditioned to moisture level of 14% (wb) and kept
for overnight to equilibrate the moisture (Singh et al. 2000) and mixed
with ribbon blender. Extrusion cooking was performed on a twin screw
food extruder (BTPL lab model, India), driven by 10 hp AC motor. The
feeder and cutter were controlled with 0.5 hp DC motor, separately. The
length to diameter (L/D) ratio of the extruder was 5:1. The composite flour
was fed into the extruder with a pre-calibrated twin-screw volumetric
feeder. The screws were heated or cooled at two sections by a separate
water circulation system. Barrel wall temperatures were measured by
thermocouples. Steady-state conditions were assumed to have been
reached when there were no visible drifts in percent torque, pressure and
product temperature at the die for at least 5 min. Extruded rods through
3 mm circular die were cut through a constant cutter speed (15 rpm).
Extruded samples were collected, cooled to room temperature under
natural convection conditions and stored in low density polyethylene
(LDPE) bags for further analyses.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/#CR40

Determination of products

The extrudates produced were dried at 105 °C for 3 min
before further analysis.

Expansion index

Sectional expansion index (SEI)
Specific length

Product density

Color values(HunterLab LabScan)
Water absorption index (WAI)

Textural evaluation (Texture analyzer) :Hardness, puncture
force and breaking strength of extrudates

Breaking strength



* All the experimentation was replicated five
times and data was analyzed using Statistica
(99 edition, kernel release 5.5, Statsoft Inc,
USA).
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/figure/Fig1/
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/figure/Fig1/
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550888/figure/Fig4/

Conclusion

Feed rate and screw speed were at constant barrel temperature (120 °C) and
feed moisture (14%) shown to have a little effect on the expansion behaviour
of pearl millet (81.68%), finger millet (7.02%) and decorticated soy bean
(11.29%) composite flour as obtained through LPP. The maximum expansion
index (2.31), sectional expansion index (5.39), specific length (130 g/mm) and
density (0.25 x1073 g/mm3) were obtained for feed rate and screw speed
combination 9.5 kg/h and 250 rpm, 6.5 kg/h and 350 rpm, 9.5 kg/h and
300 rpm, respectively. Thus, it is understood that the process variables affects
the various product quality and organoleptic qualities of extrudates. Hence,
the pearl millet based expanded snacks using twin screw extruder shows
promising features for the production of low cost of extrudates.



b o sie (i 1 Jpana (sl ga )8

W e ¢ ol (glo gra T () g g0 i drn 53 )
Shalid | ) J pana age A8 ld (K55 54l 3 g0 aga
Jyana (A4S palsa L) a4y 1) a5l sale ja  20S
dale SO Ol sie 4y o (JUa () €20S ol

4 5 28 e B |y Qe 5 O srad gal 02K gadl sl
Al e (e P



i/

s Aadrd )

el g g ol a0 S e Jie Gilide S 5 3 (o138 il

o g g ) ead JSCES Gl 5 (e ) gee b iy g
gl e 02l (Nutrient) e sale ol

a3 g0 4t (sla A4S 200 aalaT (g sk Ab 258 A (3E 44l ),
Al Gald o) g ol b Gy Alalis) g ea g

U2 gl saldin) Wb (gdra 3l go et ) i Oy gt ga y8 SO uad )
Al g8 Jalata (5138 S

(0 ) 1D e)S Gl s g Jease ) 5
oo Gaali ge Jara Al g 9 # Okl ) de o(piig 9 Sl g S
A sa (oa (pal



OOl WN =

Six Classes of Nutrients

Carbohydrate
Protein

Fat

Vitamins
Minerals
Water
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Fullness Factor

Low Calorie 5
A

Coffee,Tea,Water

Vegetables,Fruits,Lean Meat

Foods| Position

Candies,Cakes,

Butter,Cooking Oil
Calorie Dense

0

Nuts,Seeds,Cereals

>D

Not Nutritious

Nutritious

ND Rating(Nutrient Density)
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Balanced 40:30:30 (e.g., £one™

Ciet)

Traditional 60:30:10

A

Low-Fat Low-Carb (e.q., Atkins™ Diet)
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Z e N &
(S (e
Sugar Crystalline Relative
Sweetness (RS)

Fructose 180
Sucrose 100
Glucose (a, b) 74, 82
Lactose (a, b) 16, 32
Raffinose 1

Note: Sucrose is reference value = 100

Artificial Sweeteners
Non-Carbohydrates

o Cyclamate 30x

o Acesulfame K 200x
o Saccharine 300x
o Aspartame 300x
o0 Sucralose 600x
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N < AR
(DS adld
High GI >70 potatoes, white bread
Low GI <bb pasta, whole grain bread

U Y Ol el Gadld L I gcelu ¥ U Y Y0 el (edld b )i
Algd e U LES oo Job cela ¥

Examples of Gl values o sad 4l )y ) Jsaa 5 Jlie 2ia
Food 61 Serving Size
Apple juice, unsweetened 40
Coca Cola ® , soft drink/soda 63 250ml
Pizza, thin and crispy Pizza 30+ 4 100g
enriched white bread 72+4 30g

Whole grain bread 46 30g
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Table 1

Experimental plan of mango jam preparation with alternative sweeteners at pH = 3.4

and 1% pectin (basis = 100 g mango pulp).

sucrose % Sucrose Amount of Stevioside Sucralose
level replaced sucrose (g) (mg) (mg)
60 0 60 0 0
60 25 45 30 25
60 50 30 60 50
60 75 15 90 75
60 100 0 120 100
65 0 65 0.0 0
65 25 48.75 32.5 27.08
b5 50 325 65.0 54.16
65 75 16.25 97.5 81.25
65 100 0 130 108.33
70 0 70 0 0
70 25 52.5 35 29.16
70 50 35 70 5833
70 75 17.5 105 87.50
70 100 0 140 116.67
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I ga g3 Jha e sl

Product Fat Level Formulation Strateqy
Milk ~5% —> <1% - Adjust Protein, Water,
Yogurt Carbohydrate Ratio
Pudding - Add Low Levels of
Cottage Cheese Texture Modifying
Ingredients
Spreads 70-80% — < 2% - Fat Replacement:
Dressings Substitute or Mimetic
Physical

replacement

Modify nonfat comp.

Control Moisture
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|
Table 1

Formulations for regular cakes (9) and low-
fat, sugar-free cakes (8) prepared for con-

sumer evaluation . 2 d‘ & o
] -
Ingredients Regular Low-fat, . R
sugarfres  aijy) SoS gV g R e
Swans Nown “ e
A 11U [ W R WAL 198% (N ﬁu \3 w& é) ¢
Non-fat dry milk® 2.5% 2.5%
Egg white solids® 1.7% 1.7%
Baking powder® 1.6% 1.6%
Salt® 0.6% 0.6%
Vanilla extract® 0.8% 0.8%
Water 31.6% 33.5%
Shortening’ 11.2% —
Sucrose? 30.0% —
Lactitol” — 29 8%
Amalean " —_ 4.0%
Dur-lo emulsifier — 50%
Methocel gum — 0.29%
Xanthan gumk — 0.01%
Encapsulated
aspartame' — 0.44%
Acesulfame K™ — 0.06%
Total energy of
the baked
cake
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