










































































































































4.5 Optimum formulation of composite flour 

Table 4.5.1 Summery of simplex lattice mixture design for 2 components and 4 responses 

Component 1 Component 2 Response 1 Response 2 Response3 Response 4 
SWF (%) Tulla- Cookies' Cookies' Cookies' Cookies'beta-

OFSPF(%) spread overall energy (Keal) carotene content 
acceptability (flgjlOOg) 

87.500 12.500 8.693 7.750 458.663 1509.700 
62.500 37.500 8.462 7.000 453.169 3505.700 
100.000 0.000 8.693 7.688 461.731 149.700 
50.000 50.000 8.392 5.500 450.262 3730.900 
75.000 25.000 8.612 7.750 455.925 2609.100 

According to the results obtained above in section 4.2 and 4.3, cookies made from soft 
wheat flour and Tulla-OFSP composite flours had better physical quality (larger spread) 
and sensory acceptability in terms of color, crisspiness, taste, flavor and overall 
acceptability than cookies made from soft wheat and Kulfo-OFSP composite flours; that 
means the primary qualities of cookies, before nutritional improvements, were found 
better when the OFSP flour in the composite flour is from Tullo than Kulfo cultivar. 
However, the nutritional quality in regard with �~�-�c�a�r�o�t�e�n�e� content, was less in Tulla­
cultivar. There was no expectetion of parallel increase or decrease for all important 
qualities. parameters of cooki es during incorporation of non-gluten flour to wheat flour. 
Rather, the improvement of one quality caused the decrease of the other parameter. For 
instance, during serial addition of OFSP flour to wheat flour for cookie development, the 
more OFSPF in the composite flour, the high �~�-�c�a�r�o�t�e�n�e� content (nutritional improvement) 
but negatively affected the physical and sensory quality of cookies required by consumers. 
This indicates, to obtain high quality cookies, compromisation of all the quality indeces is 
very important. Therfore, the formulation of the composite flour from Tulla-OFSP and SWF 
for development of acceptable 'and �~�-�c�a�r�o�t�e�n�e� rich cookies was optimized by giving equal 
degree of importance for all responses using numerical Optimization technique. 

Table 4.5.2 Goals of responses for optimization 

Name Goal Lower limit 
SWF In range 50 
OFSPF In range 0 
Spread Maximize 8.392 
Acceptability Maximize 5.5 
Energy Maximize 450.262 
Beta-carotene Target (2925) 149.7 
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Upper limit 
100 
50 
8.693 
7.75 
461.731 
3730.9 

) 



Criteria were set to achieve cookies that have high ~-carotene content and the desired 
quality characterstics; high energy value, large spread and high acceptability. Beta-carotene 
content was targeted to fu lfil 100% of RDA for pre-school ch ildren from 200 g of cookies 
and the either characteristics were maximized as much as possible. 

Table 4.5.3 Suggested models for each responses 

Res~onse Name ofres~onse Minimum Value Maximum value Suggested model 
Y1 Spread 8.392 8.693 Linear 
Y2 Acceptability 5.5 7.75 Quadratic 
Y3 Energy 450.262 461.731 Linear 
Y4 Beta-carotene 149.7 3730 Quadratic 

.:. Response 1: Cookies' spread 

The suggested model for spread was linear model and the final equation in terms of actual 
components was expressed as; 

Spread = 0.08737*SWF + 0.0807060FSPF with prediction value of 8.54418 

Desig,..e~pert® Software 
Component Coding: AClual 
spl'llad 

···CI Bandl 

Xl: A: SWf 
X2 = B: OFSPf 

Figure 4.5.1 Cookies' spread against blending ratio 
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.:. Response 2: Cookies' o.verall acceptability 

The suggested model for overall acceptability was quadratic model and the final equation 
in terms of actual components was expressed as: 

Overall Acceptability = 0.076094* SWF - 0.05346* OFSPF + 0.001771 'SWF*OFSPF 
with prediction value of7.50227 
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Figure 4:5.2 Cookies' overall acceptability against blending ratio 

.:. Response 3: Cookies' energy value 

-. ---. 

• -.. 
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The suggested model for energy value was linear model and the final equation in terms of 
actual components was expressed as: 

Energy value = 4.616364*SWF + 4.388908*OFSPF with prediction value of 455.055 
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Figure 4.5.3 Cookies' energy against blending ratio 

.:. Response 4: Cookies' beta-carotene content 
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The suggested model was quadratic and the final equation in terms of actual components 
was expressed as: 

Beta-carotene= 
value of 2925 
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Figure 4.5.4 Cookies' beta-carotene content against blending ratio 
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.:. Desirability 

Table 4.5.4 Desirability (overlay of the desired responses) 

Component 1 Component 2 Response 1 Response 2 Response 3 Response 4 
SWF (%) Tullo· Cookie' Cookie' Cookie' Cookie' beta-

OFSPF(%) spread overall energy (Kcal) carotene 
acceptability content 

71.065 28.935 8.54418 7.50227 455.055 2925 

The primarily selected formulation of Tul/a-OFSP and soft wheat composite flour for 
development of beta-carotene rich cookies to satisfy 100 % RDA of pre-school children 
from 200 g of cookies with the desired quality characteristics of cookies was 71.065SWF: 
OFSPF 28.935 with prediction value of 0.714 

Desjgn-Ex~® Softwartl 
Component Coding: Actual 
Oesinlbi lily 

XI" A: S WF 
X2 " B: OFSPF 

, .. 
Prediclion 

' .000 

'''' 

,= 

Actual '2NVF 50.000 

Ac;1 ...... 0fSR' 50.000 

Figure 4.5.5 Desirability against blending ratio 
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5. Conclusion and Recommendations 

5.1 Conclusion 

In order to tackle vitamin A deficiency by increased consumption of OFSP, development of 
OFSP-based finished product and evaluation of the product in terms of it's quality 
parameters is an important step before recommending the product to consumers. This 
paper tri ed to investigate the possibility of incorporating OFSP flour to wheat flour for 
producing ~-carotene rich cookies with their desired quality characteristics. For this effect, 
OFSP flour (from two cultivars namely Tullo and Kulio) was supplemented to wheat flour at 
different blending ratio based on blending points obtained from the s implex lattice design. 
Cookies were then developed and their physical, sensory; and nutritional qualities were 
evaluated as a function of blending ratio and cultivar. Moreover, functional properties of 
the composite flours were also analyzed. The research output demonstrated that 
supplementation of OFSP flour to wheat flour for cookie making can contribute for 
increased ~-carotene content and other nutrients with their required physical quality and ----- -sensory accepta6i1ity. 

The study indicated that increasi ng the ratio of OFSP flour in the OFSPF-SWF blend 
generally increased cookies' ash, fiber, moisture, beta-carotene and Calcium content. This 

---was-I·a-rgely-d·u Hl the high content-ot-fihel,dsIr,-b-eTa-car6tene ana-ra1clUm In UFSPF----­
compared to wheat flour but decreased the protein, fat, carbohydrate and Iron content of 
cookies and energy value of cookies which could be due to low content of protein, fat and 
Iron in OFSPF and high content of fiber and ash in OFSPF respectively than wheat flour. 
Similarly, the other parameters, spread and sensory acceptability in terms of color, 
crispiness, taste, flavor and overall acceptability were also significantly affected (p<0.05) 
due to bI.ending ratio. The highest scores for sensory property, except color, and physical 
property were for cookies made from 100% SWF (control). However, cookies from 25% 
OFSP and 75% SWF blend had similar overall acceptability witncookie from 100% SWF. 

The study also showed that cookies made from Tulla-Cultivar OFSPF and SWF composite 
flour was significantly better (p<0.05) than cookies made from Kuifo-Cultivar OFSPF and 
SWF composite flour in terms of spread ratio, sensory acceptability (color, crispiness, taste, 
flavor, and overall acceptabi'lity) and nutrients like protein and phosphorous but 
significantly lower for nutrients like beta-carotene, calcium and fiber. The other nutrients 
like Iron and carbohydrate content of cookies were not significantly influenced (p>O.O.S) 
due to cultivar type. Generally, OFSP flour can be supplemented to wheat flour for 
development of sensory acceptable, beta-carotene rich and nutritious cookies. Hence, the 
ratio of flours in the composite flour to produce beta-carotene rich cookies with their 
desired quality characteristics (large spread, high acceptability and high energy) was 
optimized and found that cookies developed from 71Jl.655 . .!Y.O-SWF and 28.935% Tulla--OFSPF blend could be the best to attain all the desired properties optimally with prediction 
value of 0.714 for desirability. In general, the result of this study indicated that 
supplementation of orange-fleshed sweet potato flour to wheat flour is possible and very 
promising to develop ~-carotene rich cookies. 
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5.2 Recommendations 

Based on the study result, supplementation of orange-fleshed sweet potato flour to soft 
wheat flour is very promising to develop p-carotene rich cookies. Therefore, the following 
recommendations are made . 

• :. In order for communities benefit from high p-carotene content of OFSP and to 
combat VAD through finished products, trials and efforts for development of various 
OFSP-based value added products should be encouraged . 

• :. Agricultural sectors should play role to adopt and cultivate various cultivars of OFSP 
roots to increase the availability, accessibility and consumption of OFSP throughout 
the country . 

• :. All stakeholders who involve in combating VAD in the country should involve and 
take part to promote the potential benefit of OFSP by developing various OFSP­
based finished food products and advertising them through mass media . 

• :. Further studies on bioefficacy of cookies made from the OFSP-SWF composite flour 
on pre-school children is needed to be studied . 

• :. Studies on level of Anti-nutrients of OFSP at different processing stages also need to 
be studied. 
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Appendices 

Appendix-I: Score sheet for sensory evaluation of cookies 

Panelist cOd; .... :; .. : .. : ,:: ..... . Sample code................... Date ........................ . 
-:"".'- - -'-;'''''4 -,.~. ,-.,,,"",,,-. 

~ .. ~: ,·..;·,--~/':;,::·\~~.~~t«~"' .. \· ,. ';', ~", 

Please evaluate each of the Samples of cookies provided on the white tray for the sensory attributes '· ;:'> 
being evaluated in order from the left to the right as shown on the table and indicate holY much you like.!, 
or dislike the coded

c 
sample for each attributes by checking the appropriate phrase. ~;~ .. :-

Oltegory scale Q)lor 

Like EXtremely 

Like Very much 

(}ispiness Taste Ravor Overall 
Aa:eptability 

----L1ike..MDd.e.r.atel'l---__________________________ --l 

Like Slightly 

N either like nor dislike 

Dislike Slightly 

Dislike Moderately 

Dislike Very much 

Dislike EXtremely 

Q)mments: -

Thank you 
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Appendix-II: Water absorption capacity (WAC) of composite flours 

ITests of Between-Subjects Effects 

Dependent Variable: WAC 

Type III Su m Mean 
Source of Squares df Square F Sig. 
Corrected Model 13.451" 9 1.495 9.489E4 .000 
hltercept 66.092 1 66.092 4.196E6 .000 
Blending ratio 13.248 4 3.312 2.103E5 .000 
Cultivar .135 1 .135 8.570E3 .000 
Blending ratio * Cultivar .068 4 .017 1.076E3 .000 
Error .000 10 1.575E-5 
Total 79.543 20 
Corrected Total 13.451 19 

la. R Squared = 1.000 (Adjusted R Squared = 1.000) 

Appendix-III: Physical properties of cookies 

3.1 Diameter 

,- -_._----------------------" 
Tests of Between-Subjects Effects ,1.1 

Dependent variable: Diameter 

I Type III Sum Mean 
Source of Squares df Square l' Sig. 
Corrected Model 17.028- 9 1.892 21.328 .000 
Intercept 27035.584 1 27035.584 3.048E5 .000 
cultivar 1.088 1 1.088 12.266 .006 
blend 15.419 4 3.855 43.451 .000 
cu ltivar * blend .521 4 .130 1.469 .283 

IError .887 10 .089 
ITotal 27053.499 20 
Corrected Total 17.915 19 

a. R Squared = .95 0 (Adjusted R Squared = .906) 
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3.2 Thickness 

Tests of Between-Subjects Effects 

Dependent variable: Thickness 

Type III Sum Mean 
Source of Squares df Square F Sig. 
Corrected Model .029a 9 .003 1.291 .347 
Intercept 371.255 1 371.255 1.473E5 .000 
cult ivar .001 1 .001 .553 .474 
blend .022 4 .006 2.213 .141 
cu ltivar * blend .006 4 .001 .553 .701 
Error .025 10 .003 
Total 371.309 20 

I
corrected Total .054 19 

a. R Squared - .537 (Adjusted R S uared - .121) 

3.3 Spread 

Tests of Between-Subjects Effects 

Dependent Variable: spread 

Type III Sum Mean 
Source of Squares df Square F Sig. 
Corrected Model .440a 9 .049 8.516 .001 
Intercept 1462.871 i 1462.871 2.547E5 .000 
cultivar .057 1 .057 10.005 .010 
blend .279 4 .070 12.147 .001 
cultivar * blend .104 4 .026 4.511 .024 
Error .057 10 .006 
Total 1463.369 20 
Corrected Total .498 19 ____ .. __________ J a._R Squ~!.·ed = .885 (Adjusted R Squared = .781) 
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Appendix-IV: Sensory characteristics of cookies 

4.1 Color 

[Test; of B;t;~e~~S~biectsEff~cts ----------·-------------1 

i . I I 
IDependent Variable: Color 

Source 

Corrected Model 

!Intercept 
! 
!Blending ratio 

jCu!tivar 

i Blending ratio * Cultivar 
I 

[Error 
ITotal 
! 

Type 111 Sum I 
of Squares df Mean Square F Sig. I 
114.775- 9 12.753 11.808 .000 

8037.225 1 8037.225.7441.875 .000 

75.650 4 18.912 17.512 .000 

9.025 1 9.025 8.356 .004 

30.100 4 7.525 6.968 .000 

162.000 150 1.080 

8314.000 160 
ICorrected Total 276.775 159 
! 

4 .2 Crispiness 

f·--------~----~--·--·-·-------------·---------------'.--.--'- -------------------l 
iTests of Between-Subjects Effects 
! 
IDependent Variable: crispiness 
! 

I . Type 111 Sum 
!Source of Squares 
i 
!CorrectedModel 119.131-

[Intercept 8658.306 
I 

ICultivar 
I I Blending ratio 

1.056 

116.912 
iCultivar * Blending ratio 1.163 
I 

IError 

iTotal 
i 

37.563 

8815.000 

df 

9 

1 

1 
4 

4 

150 

160 
ICorrected Total 156.694 159 

Mean Square F Sig. 

.000 13.237 52.859 

8658.306 

1.056 

29.228 

.291 

.250 

34575.599 .000 

4.218 

116.718 

.042 

.000 

1.161 .331 

I 
1~~Sq_~ared = .760 (AdjustedR Squared = .746) 

I 
.. __ .. _________ ._J 
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4.3 Taste 

Tests of Between-Subjects Effects 

Dependent Variable: Taste 
Type III Sum 

Source of Squares df Mean Square F Sig. 
Corrected Model 160.006' 9 17.778 43.056 .000 
Intercept 7659.056 1 7659.056 18548.673 .000 
Cultivar 10.506 1 10.506 25.444 .000 
Blending ratio 143.975 4 35.994 87.170 .000 
Cu ltivar * Blending ratio 5.525 4 1.381 3.345 .012 
Error 61.938 150 .413 
Total 7881.000 160 
Corrected Total 221.944 159 

a. R Squared = .721 (Adjusted R Squared = .704) 

4.4 Flavor 
I 

I ' I 
Tests of Between-Subjects Effects 

Dependent Variable: Flavor 

Type III Sum 
Source of Squares df Mean Square F Sig. 
Corrected Model 190.400a 9 21.156 . 55.309 .000 
Intercept 7756.225 1 7756.225 20277.712 .000 
Cultivar 13.225 1 13.225 34.575 .000 
Blending ratio 168.837 4 42.209 110.351 .000 
Cultivar· Blending rati o 8.337 4 2.084 5.449 .000 
Error 57.375 150 .382 
Total 8004.000 160 
Corrected Total 247.775 159 

a. R Squared = .768 (Adjusted R Squared = .755) 
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4.5 Overall Acceptability 

Tests of Between-Subjects Effects 

Dependent Variable: Overall Acceptability 

Type 1Il Sum 
Source of Squares df 
Corrected Model 164.006a 9 

Intercept 7603.806 1 
Blending ratio 147.912 4 
Cu ltivar 9.506 1 
Blending ratio' Cultivar 6.587 4 
Error 71.187 150 
Total 7839.000 160 

Mean Square, F Sig. 

18.223 38.398 .000 

7603.806 

36.978 

9.506 

1.647 

.475 

16022.068 .000 

77.917 .000 

20.031 .000 

3.470 .010 

I 
a. R Squared = .69~JAdjusted R Squared = .67~,-) ___________ . ____ J Corrected Total 235.194 159 

Appendix-V: Proximate composition of cookies 

5.1 Moisture 

Tests of Between-Subjects Effects 
·------·----------·-i 

Dependent Variable: Moisture 

Type III Sum 
Source of Squares df Mean Square F Sig. 
Corrected Model .212a 9 .024 881.239 .000 
Intercept 554.910 1 554.910 2.078E7 .000, 
Cultivar .004 1 .004 144.727 .000 
blend .206 4 .052 1.932E3 .000 
Cultivar' blend .002 4 .000 14.914 .000 

I 
Error .000 10 2.670E-5 I 

I 

Total 555.122 20 J Corrected Total .212 19 
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5.2 Ash 

rT-;;~t; of Betwee~-Subjects Effects 
I . 
I 
IDependent Variable: Ash 

I Type III Sum 
ISource of Squares df 
! 
I Corrected Model .700' 9 

Iintercept 51,961 1 

Cu ltivar .030 1 

Iblend 

I
'cultivar * blend .012 

Error .005 

.658 4 

4 

10 , 
jTotal 52.666 20 

Mean 
Square 

.078 

51,961 

.030 

.165 

.003 

.000 

F Sig. 

161,964 .000 

1,082E5 .000 

63.491 .000 

342.518 .000 

6.027 .010 

ICorrectedTotal .705 19 

l a~.~R ... S_q ~~~re~d _=~.~9~_3 (~d jll_s t~~.::d~R~S-,-q",u.:.::a::..r-,-ed,,--=_.c 9--,,8,-7-,-) __ _ 
I 

. _____ .~_I 
5.3 Crude protein 

iTests of Between-Subjects Effects 
i 
IDependent Variable: Protein 

~ ~ ~--~-~-~--~-~----~~"~-'l 

I 
I Type III Sum Mean 
ISource of Squares df Square F Sig. 
,Corrected Model 6.765' 9 .752 267.599 .000 
[Intercept 561,175 1 561.175 1,998E5 .000 
ICultivar .147 1 .147 52.232 .000 
Iblend 6.543 4 1,636 582.292 .000 
Cu ltivar * blend .076 4 .019 6.747 .007 
Error .028 10 .003 
Total 567.968 20 

!Corrected Total 6.793 19 
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5.4 Crude Fat 

Tests of Between-Subjects Effects 

Dependent Variabl e: Fat 

Type III Sum Mean 
Source of Squares df Square F Sig. 
Corrected Model .061' 9 .007 7.570 .002 
Intercept 6831.132 1 6831.132 7.681E6 .000 
Cultivar .030 1 .030 33.768 .000 
blend .014 4 .004 4.035 .033 
Cultivar' blend .016 4 .004 4.555 .024 
Error .009 10 .001 
Total 6831.202 20 
Corrected Total .069 19 

a. R Squared = .872JAdjusted R Squared = .757) 

5.5 Crude fiber 

Tests of Between-Subjects Effects 

Dependent Variable: Fiber 

Type III Sum Mean 
Source of Squares df Square F Sig. 
Corrected Model 9.044" 9 1.005 1.864E3 .000 
Intercept 96.743 1 96.743 1.794E5 .000 
Cultivar .016 1 .016 29.395 .000 
blend 9.019 4 2.255 4.182E3 .000 
Cultivar ' blend .009 4 .002 4.079 .032 
Error .005 10 .001 
Total 105.792 20 
Corrected Total 9.049 19 

a. R Squared = .999 (A:Ijusted R Sq~.ared = .999) 
.. _-----_.-
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5.6 Carbohydrate 

1---------------------------
ITests of Between-Subjects Effects 
I 
IDependent Variable: CHO 
! 
I Type III Sum 
Isource _ of Squares df 
: Corrected Model 2_489a 9 

Intercept 90177.347 1 

Cultivar .030 

blend 2.448 
; 
ICultivar * blend .011 
I 

IError .064 

ITotal 90179.899 

1 

4 

4 

10 

20 
: 
;Corrected Total 2.552 19 
! 

Mean 
Square 

.277 

90177.347 

.030 

.612 

.003 

.006 

I -

la. R Squared = .975 (Adjusted R Squared = .953) 
! 

Appendix-VI: Energy value of cookies 

F 

43.366 

1.414E7 

4.747 

95.967 

.419 

------l 
I 

Sig. 

.000 

.000 

.054 

.000 

.792 

[T~~t~~r_B~t;;~~-:S~bj;~t~iii~~t~--------- ----------------------------1 

I i 
IDependent Variable: Energy 
I 
I Type III Sum 
ISource of Squares df 

I Corrected Model 308.656a 9 

Iintercept 4160760.394 1 

iCultivar .523 1 

Iblend 307.933 4 
iCu ltivar * blend .199 4 i _ 

lEn-or 
I .477 10 
iTotal 4161069.52720 
ICorrected Total 309.133 19 
I 

Mean 
Square 

34.295 

F Sig. 

718.876 .000 

4160760.39 8.722E7 .000 

.523 10.968 .008 

76.983 1.614E3 .000 

.050 1.044 .432 

.048 

1~_~_Sq~ared = .998 (Adjusted R Squared = .997..-')'------____ _ 
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Appendix-VII: Beta-carotene content of cookies 

--, 
~ests of Between-Subjects Effects 

Dependent variable: Beta-carotene 

I 
Type III Sum I Mean 

Source of Squares df Square F Sig. 
Corrected Model 4262.928' 9 473.659 5.636E3 .000 
Intercept 12519.958 1 12519.958 1.490E5 .000 
Cultivar 80.806 1 80.806 961.569 .000 

I 
Iblend 4149.495 4 1037.374 1.234E4 .000 
ICultivar * blend 32.627 4 8.157 97.063 .000 
Error .840 10 .084 
Total 16783.727 20 
Corrected Total 4263.769 19 
la. R Squared - 1.000 (Adjusted R Squared - 1.000) 

,'------- - ---------' -l IAppendix-VIII: Mineral content of cookies 

Is.1 Phosphorous (P) 

I i 
ITests of Between-Subjects Effects 

Dependent Variable: Phosphorous 

Type III Sum Mean 
Source of Squares df Square F Sig. 
Corrected Model 4.675' 9 .519 38.926 .000 
Intercept ' 2053.756 1 2053.756 1.539E5 .000 

!clIltivar 3.050 1 3.050 228.535 .000 
Iblend .039 4 .010 .724 .595 , 
!cultivar * blend 
I 

1.587 4 .397 29.726 .000 
IEn"or 
I 

_133 10 .013 
'Total 2058.565 20 
Corrected Total 4.809 19 

,a. R Squared = .972 (Adjusted R Squared = .947) , , 
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8.2 Calcium (Ca) 

Tests of Between-Subjects Effects 

Dependent Variable: Calcium 

Type III Sum Mean 
Source of Squares df Square F Sig. 
Corrected Model 942.843' 9 104.760 616.087 .000 
Intercept 11963.533 1 11963.533 7.036E4 .000 
cultiva r 26.803 1 26.803 157.627 .000 
blend 902.161 4 225.540 l.326E3 .000 
cultivar' blend 13.879 4 3.470 20.405 .000 
Error 1.700 10 .170 
Total 12908.076 20 
Corrected Total 944.544 19 
a. R Squared = .998 (Adjusted R Squared = .997) 

8.3 Iron (Fe) 

Tests of Between-Subjects Effects 

Dependent Variable: Iron 

Type III Sum Mean 
Source of Squares df Square F Sig. 
Corrected Model 1.651 a 9 .183 138.955 .000 
Intercept 63.297 1 63.297 4.795E4 .000 
cu ltivar 2.000E-5 1 2.000E-5 .015 .904 
blend 1.651 4 .413 312.638 .000 
cultivar' blend 3.000E-5 4 7.500E-6 .006 1.000 
Error .013 10 .001 
Total 64.961 20 
Corrected Total 1.664 19 

a. R Squared = .992 (Adjusted R Squared = .985) 
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