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Fermentation Process of Aspergillus oryzae and Aspergillus niger of
Kelp Paste Optimized by Response Surface Methodology

ZHONG Zhihong"?, SU Jinhan'?, CHEN Jingru’, ZHENG Baodong'?, ZHANG Yi'?, ZENG Hongliang"*"

(1.Engineering Research Center of Fujian-Taiwan Special Marine Food Processing and Nutrition, Ministry of Education,
Fuzhou 350002, China;
2.College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: In order to study the optimal fermentation process of kelp paste, the effect of four single factors (the ratio of wet
kelp to wet soybean, the ratio of Aspergillus oryzae to Aspergillus niger, the salt concentration and the amount of brine
addition) on the amino nitrogen of kelp paste was investigated. Based on the single factor experiments, the fermentation
process of kelp paste was optimized by response surface methodology. Results showed that, the optimal fermentation
conditions for kelp paste were as follows: 3:1 of the ratio of wet kelp to wet soybean, 2: 1 of the ratio of Aspergillus oryzae
to Aspergillus niger, 14.5% of salt concentration, and 77% of the amount of brine addition. The amino nitrogen was up to
0.76%+0.04% under these conditions, which was basically consistent with the theoretical prediction value. This indicated
that using these conditions to make kelp paste could increase the amino nitrogen content and enhance the umami taste.
Meanwhile, the nutritional components of the kelp paste were as follows: 171.33£1.15 kJ/100 g of energy, 3.224+0.04 g/100 g
of protein, 1.92+0.03 g/100 g of fat, 5.68+0.06 g/100 g of carbohydrate, 2633.00+£1.00 mg/100 g of sodium. Among them,
the amino nitrogen content conformed to the requirements of the standard of GB/T 24399-2009 "Soybean Paste". This study
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could provide a certain technical guidance for the development and utilization of fermented sauce products.

Key words: kelp paste; Aspergillus oryzae; Aspergillus niger; fermentation process; response surface methodology
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Table 2 Design scheme of response surface methodology
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Fig.2 Amino nitrogen content of kelp paste
with different seed ratios
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Fig.3 Effect of salt concentration on amino
nitrogen content in kelp sauce

2.1.4 HoKEShERHEE s 4 Bos, SoKEshng:
i R W AR R A A SRS RS e mT
AEAEVISC AR . BEE /KBS IE ARG, 2SR
E 52 B S 3 0 e BEAR Ay o 24 $hoK 38 b 7e
50%~75% Z[AIF, m T3 i 5K o0 & AT 2, Kl
FE PRSP B A i 1% 1, IR 5315 A BN S,
AT S TR B RO E L, 8T EE AR
Jos [R)EsF, BEE ER KBS IR O, Ehifk A 5 4
IR, 3 2 1 ER S BEAB I i) 7 A P 20 B 1) R B0
AR TH S AR, DI, SRS S
I, FEAEER ARG GE R 75% B}, 2 B EUE A B i
o HERKESINELE T 75% B, Fhok b i3k B2t
TR, A B ASRAEB AR, SR 32 R
7K G355 i FE 53 i, Xk E P T PR A 3 5T I A
JH, TR, ik B e It 2 X Bl i ™ A fe o i il /e
H, EABUMEATE A, BAS A S BB,
2B 45 R 5 R A5 Y Y WE S 4 SRARL, PR, 1k
B 75% RyEhKEs e, AR mgEG v, SCREAS I
A FRAEYI ARSI, FEES RS kB .

050 1 L 'l 1 L
50.0 62.5 75.0 87.5 100.0

KBS (%)
Bl 4 ERRES X i AR R R R
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Table 3 Design and results of response surface experiment
for kelp paste fermentation

SRS A B C FIEE (%)
1 -1 -1 0 0.65
2 1 -1 0 0.54
3 -1 1 0 0.60
4 1 1 0 0.57
5 -1 0 -1 0.62
6 1 0 -1 0.59
7 -1 0 1 0.64
8 1 0 1 0.59
9 0 -1 -1 0.69
10 0 1 -1 0.67
11 0 -1 1 0.69
12 0 1 1 0.70
13 0 0 0 0.78
14 0 0 0 0.74
15 0 0 0 0.76
16 0 0 0 0.76
17 0 0 0 0.75
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Table 4 Results of variance analysis
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B 0.0001125 0.0001125  0.581180812 0.4708
C 0.0003125 0.0003125 1.614391144 0.2445
AB 0.0016 0.0016 8.265682657 0.0238

AC 0.0001
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A? 0.063442368

1
1
1
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1 0.0001 0.516605166  0.4956
1
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B? 0.008621316 1
1
7
3
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0.000225  1.162361624 0.3167
0.063442368 327.7465527 <0.0001
0.008621316 44.53816275 0.0003

c? 0.002684474 0.002684474 13.86812973 0.0074

iz 0.001355 0.000193571
KA 0.000475 0.000158333  0.71969697  0.5903
4l 0.00088 0.00022
MEZE 0089552941 16
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Fig.5 Response surface diagram of seed ratio and salt

concentration to amino nitrogen content
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