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Quality Characteristics of Loaf Bread Added with Tempeh

Hee Jeong Eo, Dah-Sol Kim, and Nami Joo™
Department of Food and Nutrition, Sookmyung Women's University

Abstract

Tempeh is a traditional Indonesian food that is fermented soybeans with Rhizopus spp. and contains high-quality
protein. In this study, tempeh and yeast were set as independent variables following the central composite design
to optimize the nutritional quality and sensory characteristics of high-protein loaf bread added with tempeh. The
optimal mixing ratio was calculated through the response surface methodology. The optimal mixing ratio of tempeh-
added loaf bread was 11.27 g of tempeh and 5.46 g of yeast. A comparative analysis of the quality characteristics
between the tempeh-added loaf bread and the control group produced by the optimal recipe showed that tempeh-
added loaf bread contained higher protein content, lower carbohydrates and fats, and lower calories. Among amino
acids, essential amino acids such as aspartic acid, threonine, glycine, alanine, lysine, and histidine were significantly
higher in tempeh-added loaf bread. Among fatty acids, butyric acid, capric acid, myristic acid, palmitic acid, pal-
mitoleic acid, and heptadecanoic acid were significantly higher in tempeh-added loaf bread, while lauric acid, lin-
oleic acid, and linolenic acid were significantly lower. This study confirmed the suitability of tempeh as an
ingredient for protein-enhanced loaf bread and the potential possibility of it being utilized in bakeries.
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Table 1. Experimental design for response surface analysis of loaf bread added with tempeh

Standard Tempeh Yeast Flour Milk Egg Butter Sugar Salt Water
No. X, 2) (X5, 8) (8 (mL) (8) (€3] (€3] (2 (mL)
1 3.0 1.5 300.5
2 21.0 1.5 282.5
3 3.0 10.5 291.5
4 21.0 10.5 273.5
5 3.0 6.0 296.0
6 1.0 6.0 278.0 100.0 50.0 50.0 20.0 5.0 30.0
7 12.0 1.5 291.5
8 12.0 10.5 282.5
9 12.0 6.0 287.0
10 12.0 6.0 287.0
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A7 A g7t o S e 99 B2 vt
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gepol Be W EEe 9 Fo) ve W Fxun
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5 H7b A W7o WX (lightness; L)= 46.62-61.29,
2 A T (redness; a)= —3.98 - —0.59, &4 &= (yellowness, b)=

Table 2. The physicochemical characteristics of loaf bread added with tempeh

Response
Standard Tempeh  Yeast — - - -
No. X,2 X9 pH Sweetness  Salinity Moisture ~ Baking loss ~ Lightness Redness Yellowness
(7o) (o) (7o) (o) © @ (b)

1 3.0 15 593+0.04" 13.0£0.00 1.20+0.00 36.44+0.11° 7.20£0.00  54.24+1.74* —1.50+0.02° 18.23+0.63*

2 21.0 15 5.80+0.02° 11.0£0.00 1.10+0.00 42.06+0.11° 1.89+0.00  52.90+3.04° —133+0.03* 17.94+0.95°

3 3.0 105 5.60+0.01° 12.0+0.00 140+0.00 37.27+1.94° 9.71+0.00  58.87+0.74® —0.59+0.02° 20.37+0.30
4 21.0 105 5.7240.03¢ 14.0+0.00 1.30+0.00 4244+032° 8.54+0.00  53.21+0.06° —0.86+0.01° 19.24+0.31%

5 3.0 6.0  5.850.02° 11.0+0.00 1.20+0.00 41.63+0.38" 4.57+0.00  56.85+0.53* -141+0.02° 14.95+0.15¢

6 21.0 6.0  5.88+0.02° 12.0£0.00 1.10£0.00 42.39+0.36" 1.61+0.00  61.29+0.60* —1.10+0.11° 19.86+0.05%

7 12.0 15 570+0.01 12.0+0.00 1.30+0.00 41.34+037" 6.57+0.00  46.62+0.88° —0.90+0.05° 16.13+0.28"

8 12.0 105 5.62+0.01° 12.0+0.00 1.30+0.00 44.24+030° 5.13+0.00  46.19+1.53¢ —3.98+0.32" 23.35+0.88"
9 12.0 6.0  5.68+0.00° 10.0£0.00 1.10+0.00 42.68+0.35° 9.13£0.00  51.47+145° -132+0.01* 15.70+0.22"%
10 12.0 6.0  5.68£0.01 10.0£0.00 1.10£0.00 44.14£0.29* 9.00+0.00  51.24+0.69° -0.97+0.02° 18.33+0.12%

The values for all three replicates were expressed as meantstandard deviations.

Different superscripts a-g in the same column mean that the results are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 3. The mechanical characteristics of loaf bread added with tempeh

Response
Standard Tempeh  Yeast
No. (X, (X,g Hardness  Adhesiveness ~Springiness  Chewiness Gumminess ~ Cohesiveness Resilience
(N-s) &) (g/em’) (o) ()

1 3.0 1.5 7.13£0.06" 0.0020+0.0001¢ 0.90+£0.01*  371.29+14.34" 409.00+19.30"  0.56+0.03"  0.23+0.01"

2 21.0 1.5 8.73+0.40° 0.0020+0.0001¢ 0.88+0.03" 448.00+19.64° 497.05+21.02°  0.54+0.02°  0.22+0.01°

3 3.0 10.5  6.85£0.29° 0.0022+0.0001¢ 0.70+0.03¢ 205.66+8.24°  297.20+11.54*  0.45+0.02°  0.13+0.01°

4 21.0 10.5  6.82+0.33° 0.0013+0.0001° 0.64+0.02° 319.91+15.45° 383.01+1839°  0.55+0.01°  0.20+0.01°

5 3.0 6.0 527+0.26° 0.0025+0.0001¢ 0.89+0.01° 282.45+13.14' 297.66+14.06°  0.61+0.01*°  0.27+0.01°

6 21.0 6.0 3.07£0.14" 0.0030+0.0001" 0.68+0.03° 100.92+4.70°  142.95+7.12" 0.45+0.02*  0.13+0.01°

7 12.0 1.5 5.17+0.08" 0.0014+0.0001° 0.73+£0.04*" 158.11+7.83"  216.34+7.47° 0.41£0.02"  0.12+0.01°

8 12.0 105 2.22+0.11%  0.0014+0.0001° 0.78+0.04°  84.26+4.20¢  109.34+4.35¢ 0.48+0.01¢  0.15+0.01¢
9 12.0 6.0  5.65+0.04° 0.0036+0.0001° 0.79+0.02* 198.07+6.40°  286.42+12.32¢  0.50+0.02°  0.15+0.01°
10 12.0 6.0 4.03+0.10° 0.0035+0.0001° 0.80+0.04™ 188.75+5.12°  283.43+7.01  0.49+0.02°  0.16+0.01°

The values for all three replicates were expressed as meantstandard deviations.
Different superscripts a-g in the same column mean that the results are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 4. Sensory properties of loaf bread added with tempeh

Standard Tempeh Yeast Response
No. X, 8) (X5 8) Color Overall flavor Fermented flavor Off flavor Texture Overall taste
1 3.0 1.5 4.9+0.7 4.8+0.6 5.1+1.1 4.2+1.2 4.7+0.8 4.7+0.8
2 21.0 1.5 4.4+1.0 4.0+1.1 4.3+1.1 3.5£1.0 3.5+1.1 3.4+0.9
3 3.0 10.5 4.2+0.9 3.7+1.1 4.0+1.0 3.2+1.5 3.9+1.4 3.2+1.4
4 21.0 10.5 4.1+1.1 3.4+1.1 43+1.2 3.4+0.7 3.8+1.0 3.3+0.9
5 3.0 6.0 4.7+0.6 42+1.0 43+1.1 3.8£1.5 4.3+0.9 3.9+0.9
6 21.0 6.0 4.2+1.4 4.0£0.9 4.0£1.0 4.1+1.1 4.3+0.9 4.1£0.7
7 12.0 1.5 4.5+1.0 4.6+0.7 4.0+1.3 4.3+0.9 4.7+0.8 4.5+0.7
8 12.0 10.5 5.0£0.6 4.6+0.8 4.5+0.9 4.1+1.0 4.7+0.8 4.5+0.9
9 12.0 6.0 6.0+0.6 6.2+0.4 5.6£1.6 6.1£0.5 6.1+0.3 6.3+0.5
10 12.0 6.0 5.9+0.7 6.2+0.4 5.6£1.6 6.1£0.5 6.2+0.4 6.2+0.4
The values for all three replicates were expressed as mean+standard deviations.
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Fig. 1. Perturbation plot and response surface plot for the effect of tempeh (A) and yeast (B) on desirability of loaf bread added

with tempeh.
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Table 5. The proximate composition of loaf bread

Control Loaf bread added with tempeh (;_‘\’/lellllz)
Calorie (kcal/100 g) 326.18+0.77 317.7040.25 % iogg (6);*)*
Crude carbohydrate (g/100 g) 47.38+0.16 45.31£0.20 } 2078 g*l*)*
Crude protein (/100 g) 10.15+0.10 11.22£0.25 ‘(828(7)(5);*
Crude fat (g/100 g) 10.62+0.10 10.18+0.00 (66.30902;
Moisture (2/100 g) 30.14£0.07 31.78+0.05 ‘(2<%%7021*;
Crude ash (/100 g) 1.59+0.01 1.51£0.01 (S(f(i?;
The values for all three replicates were expressed as meantstandard deviations (based on dry matter).
There were significant differences at “'p<0.01 and ™" p<0.001, respectively.
Table 6. Amino acid composition of loaf bread
Amino acid (mg/100 g) Control Loaf bread added with tempeh (;-‘\//lellllee)
Aspartic acid 487242.6 634.348.5 ‘(2<30503081)
Threonin 317.8+3.8 364.7+1.1 b L%%%O;;
Serine 518.8+10.5 583.6:0.5 Eg:gfg
Glutamic acid 3178.5£6.0 3283.5£26.6 Eg.g?g
Proline 7515422 67324319 ((3):3?‘3‘)
Glycine 342.442.8 386.744.2 N 1<20‘.309031*)**
Alanine 339.0+£3.3 407.7+£3.8 —(1<9020%31*;*
Valine 4163£5.5 487.317.9 ‘(3:33(6);
Methionine 147.149.1 144.9£12.8 (gégg)
Isoleucine 361.447.8 406.1£17.5 8’-323;
Leucine 703.723.2 770.0+13.4 zg:ggg;*
tyrosine 260.7+4.1 269.2413.6 (‘09‘-‘8;‘6‘;
Phenylalanine 486.0+5.2 5414469 Ezoogg,;
Lysine 3151448 394.4+41.1 _(2<2di)9()71*;*
Histidine 2107418 2412+38 _(1< 0 ?0%71*;*
Arginine 371.0+2.2 419.6:82 ‘(g:(‘)(zﬁ;*
The values for all three replicates were expressed as meantstandard deviations (based on dry matter).
There were significant differences at “p<0.05, “p<0.01 and “"p<0.001, respectively.
=] e $HH(Song et al, 2021), W7HFAlE 1140-  Fo=A Tl e =3 gstE e W
S1%=E

15.11%2] wo] =0} 9o B2 (Kang et al, 2010) % Zo= *PL%E} 32 FF2 Aol
i

B AFellA A Az A 27HRE tAlst] |EE H7t
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31.78%% WZT(30.14%)E Tt f-2lskA =kt ok, X
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Table 7. Fatty acid composition of loaf bread

Hojer, 2021).
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A} 2T ofvAt 24 vlw A 3= Table 63}

Fatty acid (2/100 g) Control Loaf bread added with tempeh (;szlliz)
Butyric acid (C, ) 0.19+0.01 0.37+0.03 ~7.350"
(0.002)
Caproic acid (Cyy) 0.1620.09 0.14+0.01 (gégg)
Caprylic acid (Cy) 0.06+0.00 0.07:£0.00 (_()2.1%(11(;
Capric acid (C,,) 0.110.00 0.15+0.00 _(103.60(?60)**
Undeanoicacid (C,, ) 0.43+0.01 0.4140.02 ((1)222)
Lauric acid (C,y,) 0.24+0.00 0.20+0.00 1(3;882;*
Myristic acid (C\) 0.46+0.00 0.69+0.02 ‘25556")**
Myristoleic acid (C,,.,) 0.040.00 0.04£0.02 (‘0%28707)
Pentadecanoic acid (C,s,) 0.05+0.00 0.08+0.00 (—0800105(;
Palmitic acid (C,q,) 2.18+0.02 2.42+0.05 —6.364”
(0.003)
Palmitoleic acid (C,,) 0.1120.00 0.15%0.00 _(1()3.60(;)6())**
Heptadecanoic acid (C,,,) 0.03+0.00 0.040.01 E ggf%
Stearic acid (C,q,) 0.75+0.00 1.01£0.06 Egﬁ;‘};
Oleic acid (C g, p0.) 1.9940.04 2.1440.10 (‘01 ~]92175§
Linoleic acid (C,g,q.) 2.28+0.03 1.01+0.08 (2<1 gz)%*l*;
Arachidic acid (C,,) 0.020.00 0.020.00 (‘01 40203(;
y-Linoleic acid (C q.,) 0.02+0.00 0.000.00 (‘01 -1%%(;
cis-11-Eicosenoic acid (C,,,) 0.02:0.00 0.01£0.00 ((1):?(9)2)
Linolenic acid (Cg.,;) 0.25+0.00 0.1420.00 (233%)%*;
Behenic acid (C,,,) 0.000.00 0.0120.00 (‘01 531343)
Arachidonic acid (C,q.4,) 0.00+0.00 0.01+0.01 (—0140302(;
cis-13,16-Docosadienoic acid (C,,.) 0.00::0.00 0.010.01 (‘01 40302(;
Lignoceric acid (C,,) 0.00£0.00 0.01£0.00 (_()2.1%(11(;
cis-5,8,11,14,17-Eicosapentaenoic acid (C,.s,5) 0.00+£0.00 0.0120.00 (_02108(21(;
cis-4,7,10,13,16,19-Docosahexaenoic acid (C,, 4,3) 0.01+0.00 0.03+0.01 (_02 '153%(;

The values for all three replicates were expressed as meantstandard deviations (based on dry matter).
There were significant differences at “p<0.05, “p<0.01 and ““p<0.001, respectively.
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2t} d4 olmial & Ed) 9 W (threonine), 'L (valine),
ofe] /4l (isoleucine), F4l(leucine), 2Fe]4l(lysine), ]2~
E]H(histidine), °}2 4] (arginine) o] thx 2oh A
JolA =A vt W (p<0.05), HlE] 2 (methionine)
2 ¥d ¢2hd (phenylalanine) -2 2l dt xfol7) 1
AT B ofu| Ak FoA = ob 2 TE E AHaspartic
acid), Z&to]| X (glycine), &&Hd (alanine) $HFo] tiET X
o Aol A E=A YERE WHE(p<0.001) Al H(serine), F
Fek(glutamic acid), ZZ 3 (proline), EFO] 22 (tyrosine) Tt
F2 fFom|gk o7k Ui TS waste] Az g
A7} A7 WEsA] v dRt F HUF R R

L olm|ieike] gheFo] E3ky, 53] s 2EHY ¥ of
o|aFAl FEFo] e A8 A Aye 2 A9 4
A7 Ao A tztol H]ste] S| AE|H I} o]o]R7AlL
sheFo] Eolzl Ao} FA}SS tH(Reyes-Bastidaset et al.,
2010). Eell= o, Edled 53 & 4 opr|eit
o] EFalthal YA 9l=H(Grasso et al., 2021), H¥ S
A7belH ol FFE T/ oEHA HE A5 = AxT
Aol FEg A opnigbe] HFo| 7 Ao=

Az,

o

X[gkaE =4

AR hz2e] A 24 Bl A3 Table 73
72t} A3 7to] HEE K butyric acid) 0.37 g/100 g, 7FEE
AHcaprylic acid) 0.15g/100 g, V] 2] 2~E K myristic acid)
0.69 g/100 g, 1] E2Kpalmitic acid) 2.42 g/100 g, Z0| =]
2H(palmitoleic acid) 0.15g/100 g, 3 E}8l] ZH+H(heptadecanoic
acid) 0.04 g/100 g0 2 hZFHT} Foldog =& uhi
(p<0.05), Z+$Z4Klauric acid) 0.20g/100g, =& At
(linoleic acid) 1.01 g/100 g, 2] A Ak(linolenic acid) 0.14 g/
100 g0 & Fro)atA EUTHp<0.01). A3l AFAA % v
ZEZ}, S ELL e 2] §HeFo] Wk R |l H o
A Y =%, Je ] FUER diFoA EWrtRRD &9
2h, | EEch, vl =ELL S EAL JIEHH 7] Shefo)
< Ao =Z YE(http://www.foodsafetykorea.go kr),
T o] WrHRE HHE AIFe 2N et A
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