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Development of Healthy Veggie Nugget Product from White Kidney Bean
(Phaseolus vulgaris L.)

Porntip Wiriyawattana*, Duenchay Tunnarut**

Abstract

The objectives of this research were to study the effects of soaking and heating time
on the chemical properties of white kidney bean and to develop a healthy veggie nugget
product from beans. Results indicated that white kidney bean soaked in distilled water from
5 hours to 10 hours had significant (p<0.05) increase in moisture content. Additionally, white
kidney bean cooked by boiling from 30 minutes to 50 minutes showed significant (p<0.05)
increase in protein and moisture content. Therefore, the beans were soaked in distilled
water for 5 hours and boiled for 50 minutes used as an ingredient in the development of
veggie nuggets. The effect of ingredients for nugget from white kidney bean was determined
using mixture design. Result showed that the ratio of white kidney bean, wheat flour and
corn flour was found to influence physical and sensory properties of nuggets. Increased
white bean content resulted in lower L* a* and b* values. In addition, increasing white bean
decreased hardness, adhesiveness, cohesiveness and chewiness. Sensory properties were
found that appearance, taste and overall liking increased with increasing white bean
content. The optimum formula of nugget product consisted 59.5% white kidney bean, 17%

wheat flour and 8.5% corn flour.
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Table 1 The proportions of white kidney bean, wheat flour and corm flour in nugget product

formulations
Formulations Component proportion (%)*
White kidney bean Wheat flour Corn flour

Xy) (X2) (X3)
1 70 20 10
2 65 25 10
3 60 25 15
a4 65 20 15
5 65 22.5 12.5

*Total amount of the three components is 85% of total weight of nugget produt formulations.
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Table 2 Effect of soaking and heating times on the chemical properties of white kidney beans

Crude

Treatments Protein Carbohydrate Fat™ Ash Moisture

(%) (%) (%) Fiber (%) (%) content

(%)

5-h soaking & boiling for 30 min 8.35+0.24° 30.85+0.92¢ 2.23+0.70  7.96+0.73% 2.75+0.10° 55.83+0.14°
5-h soaking & boiling for 50 min 8.92+0.13P 26.74+0.81° 1.72¢0.37  8.71+0.54° 2.40+0.04° 60.22+0.46°
10-h soaking & boiling for 30 min 8.56+0.362° 29.18+1.01° 2.07+£0.17  7.32+0.34° 2.51+0.04°  57.68+0.94°
10-h soaking & boiling for 50 min 9.01+0.09° 26.96+0.17° 1.85#0.33  8.10+0.15%°  2.47+0.01%*  59.71+0.24¢

ab

" means that values in the same column are not significantly different (p>0.05).

2. MINAUNGATVBINEANAITNNAAIVI

- Values in the same column followed by different letters are significantly different (p<0.05).

ANETRIMANAMINANNIVIING 5 AT waAIRT Table 3 WU AT L* (ANEI1N) SR

938713 52.71-65.10 A1 a* (Aududung) danegsemnng 1.12-2.10 uagen b* (arandudifen)

fiAneg g 12.42-15.62 Ingusunanivn wlsanduasudanilnalugnsndadaminfngivn

fnanan L* (M1Na319) a* (ANududue) way b* (Anuduiilen) Ausnanatuseieiideddzy

960 (p<0.05) MnUNUANNLEIRDUAUDSY Figure 1 wazluuTaesanneelu Table 6 @133

S UNYANUALNUSTENUTENAENYAUAE LA TAeNUINUSUIUMIU T ANTUAINALAAY L* a* way

b* anas Pegnsh 1 dlan L* a* uag b* useigalleUSeuiieuiugnsaus dmiudSunaudsaniuag

wlsralnediinduaanalyen L* a* uag b* iiuduouiv uenannllfamununazgnsiian AE (A

' =) ' [ % ! a o o w aa d' ~ d'
LHNANUDIE) WANFHINUBY NN UYEIAYNINEDH (0<0.05) I@EJQG]TVI 53a1 AE dINNEA 31NNT

dunandndauminindinnina 5 gas wun Weluleesuldnuasdmviosu-ud Jwgnsi 3 uay

5 fdneuranuananeivgnsdusedaiay

Table 3 Color parameters (L*, a*, b* and AE) of nugget product formulations

Formulations L* a* b* AE

1 (70:20:10)% 52.71+0.74¢ 1.12+0.13¢ 12.42+0.39° -

2 (65:25:10) 55.52+0.17¢ 2.10+0.14° 14.94+0.88° 3.96+0.44°
3 (60:25:15) 62.39+0.04° 1.57+0.05° 13.73+0.16° 9.79+0.03°
4 (65:20:15) 57.11+0.18° 1.92+0.16% 15.60+0.18° 5.49+0.25°
5 (65:22.5:12.5) 65.10+0.572 1.82+0.04° 15.62+0.06° 12.82+0.55°

a,b.

~ Values in the same column followed by different letters are significantly different (p<0.05).

* Numbers in parentheses indicate the amount of white kidney bean: wheat flour: corn flour.
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Figure 1 Contour plots for color parameters (L*, a* and b*) affected by white kidney bean, wheat flour

and corm flour in nugget product formulations
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Table 6 anansnesuIsATwAIus VTSR AN uAndnuME e sramaudala Tnawum
Umnaudwnifist uamalnaazuuuauvouaudnuurUsing saviuazaureulngsay
ity Fegnsil 1 feesuuudinamunniigadlensuifioufugasdug dmiuiimuulaiua
wlaninafifstuamalnezuuunuvoumudnuayUsing sanfuazanuvoulasuanas
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duivensuvesuilne Jslumedanmsgouiuiufivesnunimmaszamduiadesenaunis
pudnuarUsing nausa sawd ieduda wazanuveulaesau TasluinamAarsanlunis
fndenUmnamunauiivmnzauie nodlaiuaziuuruveumalszamdudaluinazaudnve
oglurnsssdurouidinues (6.0) Tuly alafuiifuansdmouiunvessaiinamunaufinnzay
Fauandly Figure 4 Tasnunaseunquitufiluges?i 1, 4 uax 5 Fauszneumeiinuiunsesay
65-70 ulsandsoray 20-22.5 uazwtunilwasesay 10-15 fetuadongnsil 1 FediuTinaan
Tusunaunniigaussiinadnsarnaszamdudaluinazaugeiianlulinnenesausznaunis
willngUszanas (Proximate analysis) Tnewuan SUSunadlusiiusesas 0.18 arslulainsmseuas
21.11 lusfuseras 6.88 wdseuhauawniu 147.55 Alawaaeine 100 nfu Usmaiauleney
SeAY 3.43 USNaNa3euas 2.68 USINaImuiusesas 69.16 LATA1IBLABILOARIR (a,,) WU
0.91 uenaniiflelut3ieTnzna LA MR IULAUNTENUI1 USHIRAunS eV muaImIRY
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(Salmonella spp.) luf18813 0.1 N3U waz 25 N3y muddu deludunanuszniAnsensas
513048 (UUT 364) WA, 2556 FesnAsgIueMIFLAUYISTIIMARTsA TusmsduFagy
wSonuslpavudiivinannsyfivvdetutaduaiulszneundn

Table 4 Texture properties of nugget product formulations

Formulations Hardness Adhesiveness  Springiness™ Cohesiveness Chewiness
(Kg) (g.s) (Kg)

1 (70:20:10)% 20.93+0.62°  0.13+0.01°  0.87+0.12  0.70+0.02°  12.76+1.92°

2 (65:25:10) 25.65+1.09°  0.45+0.05° 0.90+0.07  0.76+0.02°  17.43+2.12°

3 (60:25:15) 35.46+1.43%  0.50+0.06° 1.00+0.01  0.82+0.01¢  29.05+1.30¢

4 (65:20:15) 30.88+1.65°  0.28+0.07°  0.99+0.01  0.81+0.01°  24.74+1.42°

5(65:22.5:12.5) 26.23+0.18°  0.29+0.09°  0.94+0.09  0.77+0.04°  18.99+2.41°

25 Values in the same column followed by different letters are significantly different (p<0.05).

" means that values in the same column are not significantly different (p>0.05).

* Numbers in parentheses indicate the amount of white kidney bean: wheat flour: corn flour.
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Figure 2 Contour plots for texture properties affected by white kidney bean, wheat flour and corm

flour in nugget product formulations

Table 5 Sensory characteristics of nugget product formulations

Formulations Apperance Flavor™ Taste Texture™ Overall
liking
1 (70:20:10)* 7.6+1.3° 6.5+1.6 6.2+1.9° 6.0+1.9 6.6+1.7°
2 (65:25:10) 7.4+1.3% 6.5+1.6 5.9+1.9% 5.7+1.8 6.1+1.8%°
3 (60:25:15) 7.1+1.5° 6.1£1.6 5.8+1.8% 5.8+1.8 6.1+1.9%
4 (65:20:15) 7.4+1.4% 6.3+1.8 5.8+1.9% 6.1£1.5 6.4+1.7%
5 (65:22.5:12.5) 7.3+1.5% 6.3+1.6 5.4+1.8° 5.8+1.6 6.0+1.67

b Values in the same column followed by different letters are significantly different (p<0.05).

" means that values in the same column are not significantly different (p>0.05).

* Numbers in parentheses indicate the amount of white kidney bean: wheat flour: corn flour.
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Figure 3 Contour plots for sensory properties affected by white kidney bean, wheat flour and corm

flour in nugget product formulations

Table 6 Predictive models for physical and sensory properties of nugget product formulations

Dependent variables Predictive models R?
(Yi) (Y, = Bx,+Bx; +Bxs)

Color parameters

L* Yi= 26.248*X,+107.248*X,+138.9813*X,; 0.997
a* Y = -0.0367*X+6.23*X,+2.63*X, 0.967
b* Y; = 10.5187*X+17.1187*X,+30.1853*X5 0.993
Texture properties

Hardness (Kg) Y= =17.8017*X,+75.2317*X,+179.765*X5 0.998
Adhesiveness (g.sec) Y= -1.126%X,+4.274*X,+0.8073* X5 0.973
Spronginess Y, = 0.5823*X;+0.9157*X,+2.849*X 4 0.996
Cohesiveness Yi= 0.396%X+1.1293*X,+2.0627*X5 0.999
Chewiness (Kg) Y = -29.1073*X+60.726*X,+206.7927*X, 0.993
Sensory characteristics

Apperance Yi = 9.0767*X+4.41%X,+3.7433*X, 0.967
Flavor Y, = 7.47*X+5.47*X+2.1367*X5 0.940
Taste Y = 7.1733%X+3.804%X,+2.5067*X5 0.911
Texture Y = 6.98*X,+0.98%X,+8.98%X; 0.922
Overall liking Y; = 8.4767*X,+0.1433*X,+5.4767*X; 0.930

[3 = Regression Coefficient, R? = Coefficient of Determination

X1 = White kidney bean, X, = Wheat flour, X3 = Corn flour
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Figure 4 Optinum regions (shaded areas) obtained by superimposing contour plots for all

attributes of hedonic scaling for nugget product formulations

3. MsfnwINsEasURAAS MR TnInLagUA WG Y1
MNMsAnyINsBeuTURARS It infioguninandanivesynaaeud i 50
AU (Table 7) WU AnfuniinzuuuANveURdsnudn vz INg Ndusa savd iodura
wazamwoulagsI AU 7.3, 6.6, 6.1, 6.2 Uay 6.4 muady Faduazuuunnuveulusedy
youiinuasiissautiuna uenanidanuan yradeusosay 86 souYULAYENAABUTLAE T2
dnaulatondnsunnatinfadeaunmaindann Wesndusdadunidenuuanty lasu
Ustleuaniann wu sk wasiauleve faduiiunauladmiugusian

Table 7 Mean consumer liking scores of healty nugget product from white kidney bean (n=50)

Attributes Liking scores*
Apperance 7.3+0.9
Flavor 6.6+1.1
Taste 6.1+1.4
Texture 6.2+1.5
Overall liking 6.4+1.4

* Scores are rated on a verbal 9-point hedonic scale.

N199AUI1BNANITIY
1. msfnwmavasszazimlunisutthuazmslfanuisusonmuanimaaiivasiavn

sveznalumsuridrmiiuiuiuan 5 $alus 1y 10 alue dwalvdsinamnuiy
dintu esndaiinsgedininlusdadaundu dmsusreznailumslvanuseulnsnis
thdrvnueiludidendunaiuiuiuain 30 wiit Wy 50 wnd demalwusnalusiudiuigy
Lﬁmmﬂﬂ'1'ﬂﬁjmm;aul,ﬂunmmuﬁﬂﬁiﬂ'ﬁqa;wwaqLuﬁﬂﬁagﬂﬁwawa LLazé’qmw?uiﬁLﬁmmﬁ
UanUassaudsznaudue 1wy thanadiazareinle Wsiu wazsiaulsermsiiavareiile (Siah et
al,, 2014; Teixeira-Guedesa et al, 2019) ffunswieudrvnnouilulsduaudszneulunis
fanndnsumnatindnnndnnazgniuusi 5 $alus uazesluduien 50 il
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2. MaRmUNgasvaIHAnAuaitnina2v1

MnAAvsEnSuinfndirmun Uinademdiut uamalnan L a* wag b*
anas TatienadunaunnnaninguazesaUsznoumaniivesiann wamalvunargnsdian AE 7
unnasiu Tasyngnsanansasoadiunuuanansvesdlamenidan (3.0-6.0) laslawzansi 3
uay 5 anansnsonfiuauuanansesdlnesnsdaian (6.0-12.0) (Cserhalmi et al., 2006)

aananRvendeduifalundnsuniniinfivszneumetinluaumanyIaiamn
amalnararuuds (Hardness) n3fingn (Adhesiveness) matdaufin (Cohesiveness) wazA iy
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éaqmmwsmaqﬁmﬁmﬁlﬁ Imsjmil,ﬁuLLJ&%W@IW@iuéaumausuaamamﬁmsﬁﬁﬂLﬁmwﬁmmwmﬁugwqu
(Porosity) ALY (Tenderness) uazUFanailutulundnfunuindy (Mohamed et al., 1998;
Tamsen et al., 2018) 1N 5Anwvad Purcell et al. (2014) W21 nsvaunuLUanElundnsom
Fnifinlnmeud wninavieudswiedwaluuseda (Cutting force) Windu Usunaudanaly
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1Us#u (Protein denature) hazn1suinUdanuda (Crust formation) Lﬁjumyu (Altunakar et al.,
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