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Characteristics

of seasoning pastes fermented by Aspergillus oryzae and

Bacillus subtilis using edible insects

Huiling Zhao', Joo-Hyoung Cho', and Chang-Ho Chung"*

'Department of Culinary Science and Foodservice Management, Sejong University

Abstract The aim of this study was to develop a seasoning paste fermented by Aspergillus oryzae and Bacillus subtilis
using three edible insects: Tenebrio molitor larvae, Gryllus bimaculatus, and Bombyx mori pupa. No significant changes
in pH and titratable acidity were observed between the insect pastes and soybean control during a 5-week fermentation
process. The amino nitrogen was 0.35-0.50% (w/w) in the early stage of the fermentation and increased to 0.72-0.78%.
The total nitrogen was 2.36-3.62% (w/w) in the early stage and was preserved during the fermentation period. Free amino
acids of the insect pastes were similar to those in soybean paste. In general, the fermented insect pastes showed a lower
flavor and color than soybean paste but B. mori pupa-fermented paste did not show any significant difference in preference
from soybean. Glutamate, aspartate, lysine, phenylalanine, arginine, and serine were found to affect taste preference. It was
possible to ferment edible insect protein to produce a fermented seasoning paste like Korean doenjang.
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Table 1. Formula of fermented seasoning pastes with different

edible insect meju (Unit: g)
Ingredients SBPY T™MP GBP SPP
Soybean Meju 136 - - -
Molitor Meju - 136 - -
Gryllus Meju - - 136 -
Pupa Meju - - - 136
Rice koji 90 90 90 90
Salt 50 50 50 50
Water 224 224 224 224
Total 500 500 500 500

YSBP: Doenjang with soybean meju; TMP: seasoning paste with
Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste with
Gryllus  bimaculatus; SPP: seasoning paste with Bombyx mori
(silkworm) pupa
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Table 2. pH, triable acidity, total nitrogen, amino nitrogen, protease activity and NDR of soybean and edible insect meju

SM* ™ GM PM F-value
pH 7,240,032 7.162£0.10° 6.83£0.01° 6.58+0.00° 102.76+#%)
Titratable acidity (%) 1.08+0.00¢ 1.56+£0.21°¢ 2.28+0.10° 2.64+0.10* 91.33***
Total nitrogen (%) 8.73+0.020¢ 13.49+0.18* 10.06+0.05° 10.11+0.33° 267.533%**
Amino nitrogen (%) 0.94+0.02° 1.19+0.04° 1.34+0.03* 0.96+0.02¢ 157.376%**
Protease (unit/g) 200.95+3.79° 478.20+8.06%° 263.65+4.54% 671.65+£5.18* 32.90%*
Nitrogen degradation ratio (%) 10.80+0.12° 8.85+0.22° 13.36+0.34° 9.51+0.28° 181.707***

"Mean+SD

2\eans in a row by different superscripts are significantly different at 5% significance level by Tukey HSD test.

INS: not significant, *p<0.05, **p<0.01, ***p<0.001

YSM: Meju with soybean; TM: Meju with Tenebrio molitor larvae powder; GM: Meju with Gryllus bimaculatus powder; PM: Meju with Bombyx
mori pupa powder

Table 3. Moisture, salinity, pH and titratable acidity of soybean and edible insect pastes

Fermentation Paste seasoning 5

. F-value?”
period (weeks) SBP? TMP GBP SPP

Moisture (% 0 47.70+£0.48" 47.38+0.32 47.58+1.69 47.03+0.40 NS?
oisture (%) 5 47.85+0.64 49.58+0.52" 47.58+0.26" 47.58+0.43" 16.05%%*
Salinity 0 11.1940.15° 10.83+0.34 10.53£0.00 11.04+0.28" 91.00%*+

(%) 5 11.56+0.17 11.48+0.45 11.34+0.15 11.99+0.24 NS

0 6.83+0.01% 6.94+0.01° 6.77+0.18% 6.710.03" 4.45%
1 6.75+0.02° 6.94+0.01° 6.48+0.03¢ 6.71£0.03° 268.3 1%+
i 2 6.73+0.01° 6.29+0.10° 6.46+0.10° 6.61£0.03* 2877+

p 3 6.63£0.01 6.48+0.29 6.38+0.08 6.56+0.04 NS
4 6.51£0.05° 6.13+0.12° 6.300.13° 6.530.04° 17.05% %+
5 6.37+0.04% 5.69+0.19¢ 6.25+0.14° 6.51£0.05" 34,6455+

F-value? 152.49%++ 39.13%** 9.84x*+ 21.74%%+

0 0.540.00° 0.72:£0.00° 1.08+0.00°" 0.99+0.10° 91.00%**
1 0.90:£0.00° 1.08+0.00° 1.26+0.00° 1.35+0.10° 59.00%%*
Titratable acidity 2 1.08£0.00° 1.53+0.10° 1.26+0.00° 1.55+0.09° 45.15%%%
(%) 3 1.26+0.00° 1.80-+0.00° 1.44+0.00° 1.62+0.15 40.00%**
4 1.440.00° 1.85+0.09° 1.58+0.09% 1.71£0.10% 18.00%++

5 1.58+0.09° 1.58+0.09° 1.76+0.09% 1.80+£0.15° 771%%

F-value 423 40*++ 21024+ 88.80%** 25.08%*+
"Mean+SD

IThis F-value is confirms statistical significant between samples using ANOVA test

IThis F-value is confirms statistical significant between fermentation time (weeks) using ANOVA test

"Means in a samples (row) by different superscripts are significantly different at 5% significance level by Tukey HSD test.

INS: not significant, *p<0.05, **p<0.01, ***p<0.001

9SBP: Doenjang with soybean meju; TMP: seasoning paste with Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste with Gryllus
bimaculatus;, SPP: seasoning paste with Bombyx mori (silkworm) pupa

E=8(p<0.001), GM°] 1.34%= 7P =A Jeldal, TMS 1.19% 2 7P A YEE GM3 PME 10.06, 10.11%=2 B3
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Table 4. Color parameters of soybean and edible insect pastes

Fermentation Color Seasoning paste
. F-value
period (weeks) value SBPY TMP GBP SPP

L 52.93+1.60*2 39.76+0.95¢ 38.18+1.31°¢ 45.60+0.71° 125.38%*%3)

0 a 1.33+0.31¢ 2.60+0.23° 1.89+0.17¢ 3.29+0.25* 125.38%**
b 15.58+1.11°* 9.06+1.23° 4.44+0.47° 16.02+1.39* 101.01%%**
L 49.39+1.13° 37.96+1.63¢ 34.79+0.91¢ 44.1840.96" 119.31%***

1 a 3.24+0.27° 3.2440.20° 2.88+0.36" 422+40.19° 18.87%%:*
b 23.14+1.17° 9.19+0.53¢ 5.8440.53¢ 16.08+0.81° 362.43%%*
L 46.57£0.51° 36.13£0.54° 31.06£0.66° 44.15+1.00 412.60%**

2 a 4.36+0.48" 4.07+0.52* 3.16£0.41° 4.22+0.19* 6.58%**
b 22.47+1.16* 10.59+1.62° 7.61+£0.41¢ 16.05+0.84° 142.44%%*
L 42.97+0.47" 34.43+0.91° 29.09+1.07° 41.67+£0.37° 290.90%**

3 a 5.33+£0.25% 3.80+0.42° 3.17+0.33° 5.42+0.35% 42,99
b 21.39+2.01° 10.33£1.56° 6.34+0.68¢ 18.03+0.66° 103.26%%**
L 41.12+1.01° 36.94+0.50° 28.06+0.89¢ 39.58+0.46" 245.05%**

4 a 5.87+1.10* 4.06+0.35° 3.31+0.15° 5.64+0.17* 17.67%**
b 20.98+1.70" 9.87+1.49° 6.51+0.34¢ 17.12+0.56° 126.19%%**
L 39.84+0.52* 35.25+£0.21° 27.85+0.73¢ 38.77+0.38° 473.22%**

5 a 6.50+£0.21* 4.46+0.13° 5.954+0.17° 5.92+0.23° 85.58%**
b 19.12+0.77° 8.70+0.25¢ 5.95+0.18¢ 17.35+0.33" 828.10%%**

"Mean+SD

2\eans in a row by different superscripts are significantly different at 5% significance level by Tukey HSD test.

D5p<0.05, **p<0.01, **%p<0.001

YSBP: Doenjang with soybean meju; TMP: seasoning paste with Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste with Gryllus

bimaculatus; SPP: seasoning paste with Bombyx mori (silkworm) pupa
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Fig. 1. Reducing sugar (%) of soybean and edible insect pastes.
YSBP: Doenjang with soybean meju; TMP: seasoning paste with
Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste with
Gryllus bimaculatus; SPP: seasoning paste with Bombyx mori
(silkworm) pupa
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Table 5. Changes in total nitrogen, amino nitrogen, and NDR" of soybean and edible insect pastes during fermentation (Unit: %)
Fermentation Seasoning paste Fvalue
period (weeks) SBP" TMP GBP SPP
0 0.35+0.03*"? 0.45+0.03* 0.50+0.04* 0.36+0.01° 21.17%%%)
1 0.55+0.02° 0.63+0.01* 0.63+0.01* 0.52+0.02° 63.80%**
Amino-type 2 0.66+0.02* 0.66+0.02* 0.64+0.01* 0.53+0.02° 49.44%**
nitrogen 3 0.75+0.02* 0.70+0.00° 0.66+0.00° 0.56+0.02¢ 100.86***
4 0.72+0.02* 0.75+0.02* 0.64+0.01° 0.56+0.02° 85.41%**
5 0.75+0.02% 0.78+0.01* 0.72+0.02° 0.61+0.02° 52.775%**
0 2.26+0.24¢ 3.18+0.07" 3.05+0.04° 3.62+0.09* 73.12%%*
1 2.19+0.09" 3.25+0.03* 3.15+0.04* 3.15+0.04* 305.49%*x*
Total nitrogen 2 2.294+0.06° 3.29+0.03* 3.10£0.04° 3.29+0.03* 475.98%**
3 2.96+0.11° 3.34+0.02* 3.39+0.20" 3.21+0.06" 10.72%*
4 2.33+0.06° 3.4420.06" 3.33+0.03" 3.48+0.11° 264.64%**
5 2.33+0.06° 3.59+0.05* 3.39+0.05" 3.34+0.66" 409.83%**
0 15.53+0.99° 14.08+0.97 16.30+1.60* 9.86+0.28° 28.96***
] 1 24.89+1.36" 19.23+0.19° 20.02+0.13° 16.05+£0.62° 94.16***
di\lglrtartgifign 2 28.91+0.69* 19.95+0.50° 20.53+0.48° 16.11+0.64° 340.59***
ratio 3 25.45+1.31* 20.99+0.11° 19.57+0.95° 20.28+0.80° 34.44%**
4 30.74+1.28* 21.71+0.81° 19.04+0.41° 16.12+1.12¢ 171.68***
5 32.30+1.59* 21.59+0.52° 21.09+0.54° 18.30+1.05° 144.23%**

UNDR, nitrogen degradation ratio
IMean+SD

*dMeans in a row by different superscripts are significantly different at 5% significance level by Tukey HSD test.

Pp<0.05, **p<0.01, **%p<0.001

9SBP: Doenjang with soybean meju; TMP: seasoning paste with Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste with Gryllus

bimaculatus;, SPP: seasoning paste with Bombyx mori (silkworm) pupa
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Table 6. Free amino acids of soybean and edible insect pastes (Unit: mg/kg)
Week SBP" T™MP GBP SPP
Amino acid 0 5 0 5 0 5 0 5

Aspartate 1424.0 5456.0 1301.7 37454 1360.9 3490.3 957.7 3450.5
Glutamate 4673.2 11921.6 4406.8 7114.8 4173.1 6557.1 2960.6 5672.4
Serine 1057.7 3075 624.9 1388.8 580.6 1794.2 523.6 1789.6
Histidine 862.0 1916.3 1769.1 2392.2 863.6 1372.9 2404.0 2281.3
Glycine 847.7 2314.8 1127.9 2326.2 809.8 1765.3 7474 1709.2
Threonine 1026.9 2247.2 1397.9 2626.4 703.1 1925.5 1045.7 2265.1
Arginine 379.8 535.7 514.2 469.4 3034 484.7 590.5 462.6
Alanine 1455.0 3153.8 2507.0 4547.5 2217.3 3545.5 1697.0 3053.9
Tyrosine 678.7 2273.4 771.8 2365.4 411.5 1700.8 651.0 1415.7
Valine 1147.5 2339.1 2325.1 32233 1485.8 22342 1579.2 23734
Methionine 463.9 724.0 461.1 612.3 634.3 786.7 622.2 790.6
Phenylalanine 1400.6 2519.3 1369.5 1856.5 1601.1 2014.1 1302.0 1805.7
Isoleucine 1048.8 2535.3 1469.5 2285.9 1150.3 1879.6 931.2 1778.3
Leucine 1396.7 3533.8 2114.6 3492.8 2022.9 2991.7 1287.5 2510.8
Lysine 2289.5 4846.0 3036.3 4164.5 3494.0 4209.3 2811.2 3977.6
Proline 891.1 2557.4 1643.4 2534.6 868.3 2306.5 4449 1352.1

Total 21043.1 51948.8 26841 451459 22680.1 39058.5 20555.7 36688.8

YSBP: Doenjang with soybean meju; TMP: seasoning paste with Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste with Gryllus
bimaculatus;, SPP: seasoning paste with Bombyx mori (silkworm) pupa

Table 7. DPPH scavenging activity of soybean and edible insect pastes (Unit: %)
Fermentation Seasoning paste
. F-value
peroid (weeks) SBPY TMP GBP SPP
0 11.23£1.11¢'2 24.31+0.32° 24.67+1.25° 80.99+0.36" 3812.72%*9
2 18.21£0.90¢ 33.05+0.85° 54.87+1.82° 79.78+0.21* 1765.29%**
3 22.34+4.70° 32.61+1.78° 56.68+2.59° 79.70+0.14* 247 27***
5 31.73+0.66° 41.08+2.64° 63.42+1.14° 80.95+1.22* 579.61%**
"Mean+SD

2*\eans in a row by different superscripts are significantly different at 5% significance level by Tukey HSD test.

D%p<0.05, **p<0.01, ***p<0.001

YSBP: Doenjang with soybean meju; TMP: seasoning paste with Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste with Gryllus
bimaculatus;, SPP: seasoning paste with Bombyx mori (silkworm) pupa
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Fig. 2. PLSR loadings illustrating the relationship between 16 amino acids (X) and taste characteristic (Y) (A) with soybean and edible
insect pastes (B). SBP: Doenjang with soybean meju; TMP: seasoning paste with Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste
with Gryllus bimaculatus, SPP: seasoning paste with Bombyx mori (silkworm) pupa

Table 8. Preference scores of soybean and edible insect pastes

Color Flavor Taste Overall

acceptance

SBPY 4.25+1.45Y  3.60+1.45%2 3.68+£1.49® 4.05+1.50%
TMP 425+1.35  3.08+1.79* 2.80+£1.57* 3.43+1.62%
GBP 3.88+1.36  2.38+1.35° 2.65*£1.53° 2.73%1.50°
SPP 423+1.59  3.28+1.63% 323+£1.61* 3.65+1.58%
F-value NS? 12.58%** 16.72%** 13.06%***

YMean+SD

2*dMeans in a row by different superscripts are significantly different
at 5% significance level by Tukey HSD test.

D%p<0.05, **p<0.01, ***p<0.001

YSBP: Doenjang with soybean meju; TMP: seasoning paste
Tenebrio molitor (Mealworm) larvae; GBP: seasoning paste
Gryllus  bimaculatus; SPP: seasoning paste with Bombyx
(silkworm) pupa
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