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The optimization of pomelo peel solid-state fermentation condition by
Aspergillus aculeatus for naringinase
WANG Song' LIU Yan-Ling' JIANG Ze-Dong'*® NI Hui'*® CAI Hui-Nong'*?
XIAO An-Feng'?*®  ZHU Yan-Bing"** LI Li-Jun"*""

(1. College of Food and Bioengineering, Jimei University, Xiamen, Fujian 361021, China)
(2. Fujian Provincial Key Laboratory of Food Microbiology and Enzyme Engineering, Xiamen, Fujian 361021, China)
(3. Research Center of Food Biotechnology of Xiamen City, Xiamen, Fujian 361021, China)

Abstract: [Objective] The study aims to optimize solid-state fermentation conditions of citrus
processing by-products with Aspergillus aculeatus for naringinase production. [Methods] The
naringinase activity was detected by a high performance liquid chromatography method. The effects of
solid water ratio, loaded sample, inoculation quantity and culture temperature were investigated on
producing naringinase by single factor experiments and the fermentation conditions were further
optimized with 3 factors at 3 levels in an orthogonal experimental design. [Results] Single factor
experiments showed that solid water ratio, loaded sample and culture temperature had significant
effects on the yield of naringinase, while inoculation quantity has no significant effect. The optimized
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fermentation conditions for A. aculeatus are: solid water ratio of 1:1 (W/V), loaded sample of
5 g/250 mL triangular flask, inoculation quantity of 1 mL at 30 °C for 8 days. Under optimal culture
conditions, the activity of naringinase reached 8.19 IU/g dry substrate, which was 7.38-fold higher than
that achieved before optimization. [Conclusion] There is significant improvement in naringinase
production in pomelo peel solid-state fermentation by A. aculeatus after optimization. This study
established a high-efficiency fermentation process for naringinase production.
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Table 1 Different levels of factors on the solid-state
fermentation of naringinase

FEK (A, Brmik

FHAE®B, g WEC, °0)

KT |
Level FALE) Loaded Temperature
cve Solid water ratio sample (g) °C)
wiv)
1 1:0.5 2.5 25
2 1:1.0 5.0 30
3 1:1.5 7.5 35
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B PR UETR 2 mL o K5 SIS A AR SV
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Figure 1 The effect of solid water ratio on the solid-state
fermentation of naringinase

T FP AR i) B4R EE a, b F ¢ FORAREK LS
2 I 1 HA 2257 (P<0.05).

Note: The superscript letters a, b, ¢ on naringinase curve indicate

that there is a significant difference among content of various solid
water ratio (P<0.05).
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Figure 2 The effect of loaded sample on the solid-state
fermentation of naringinase
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Note: The superscript letters a, b, ¢ on naringinase curve indicate

that there is a significant difference among content of various
loaded sample (P<0.05).
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Figure 3 The effect of inoculation quantity on the
solid-state fermentation of naringinase
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Note: The superscript letters a, b, ¢ on naringinase curve indicate
that there is a significant difference among content of various
inoculation quantity (P<0.05).
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AL LIRS, S R MR P 430 S A 1 sl P
AR TR A S 1 (A SPSS 17.0 1E
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Figure 4 The effect of culture temperature on the solid-
state fermentation of naringinase

e EIP R EES AR L0 AR a L b Fl ¢ R ER
FEZ [ ) B W3R 2E 5(P<0.05).

Note: The superscript letters a, b, ¢ on naringinase curve indicate
that there is a significant difference among content of various
temperature.

1o, DRI S R T A it )3 IR B B RIAE 30 °C
25 EXREHHEESYE

e R IR LS R AR b, SEREEK L, 38
PR LA SR 3 MHER A Ly 3H#&RMAT 3 HE 3
IR IEASIL S, DI BERS 1 ot s hm . 45
W 2 o, £5 PRI B 0 52 ma (%) R/ NI 3
FEK E(A) > T (C) > 2R (B); XFIEAC RIS
AT T, S AERIBC LA AoBIC,, HITTE
KL 11 (BUEARFR L), ReFERh 2.5 g, IR 30 °C,
20 E VAT F R 3), TR HE AR B S O B
A E I RZIA TR X R 5 25 5N
= HTHERRRRE P AR R4 g 55 g2
()22 5 A 3 (18] 2), RebE i 8 g 55 10 g ZHIZE A
B, HAZRM2ERIRR BEKE, HELPRrk
FIFIFR, KRR Ee bt Eoh 5.0 g/250 mL
MR AE . B, B T ES LRI
2k KL 11 (B L), 3R 30 °C,
250 mL =il aekEE 5.0 g RINZEMETR
RS, AAFEEIS 1o 8.19 TU/g TWIR(E 4),
WU AR AT 71 (1.11 TU/g THIBOSE R 7.38
f(P<0.05).

55 AN AT ST 045 A HL R, ABFSE A
PRA AT FRA5 RO I 2 T e s T a5 PR GE Y
TR 2 1 25 % 1 8 AR A BTG /7 (7.12 TU/g T
W) | R T 5T T o o R 1 S % A S Ry
8 d 77 Al BEBETG 0(5.81 TU/g T4 0) . =Tt
A S 1 S S DBOSG6 WAS & 3 d = M T
fit1% J1(276 U/mL)FI Ni Z5EH358 19 2 i 2% DB056
WAKEE 7 d 77 B BB TE J7(2.5 TU/mL),
5T Mendoza 5238 1 22 R BB ARG Kz S
Tl g [ A 8 d 7 A IR /7(2.58 TU/mL),
5T Kumar ™ S35 (60 il Bz 1175 5 Aspergillus niger
1344 KW 7 d P AT GG TS 71(7.48 TU/mL), 5 Puri
AT R AT A BRI MAK2 WA 1595 36 h =1
HE AR TG 7(8.45 TU/mL)AH 24 . 1 $o4h S35 B AT
SO 1 81 25 T T 2% A4 i A s 44 v b 1 G 1) &
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Table 2 Orthogonal experiments for improving naringinase production using solid-state fermentation

s AR B bR C iE D %51 Ml s
Number Solid water ratio Loaded sample Temperature Blank (HEJI/]gZ}g:; s?lcl;ls‘t]rlze)
1 1 1 1 1 1.86
2 1 2 2 2 4.15
3 1 3 3 3 0.05
4 2 1 2 3 11.12
5 2 2 3 1 8.03
6 2 3 1 2 4.75
7 3 1 3 2 3.17
8 3 2 1 3 3.61
9 3 3 2 1 6.69
K 2.02 6.05 3.41 5.53
K 7.97 5.26 7.32 4.69
Ka>Ke>Ksg)
Ks 5.16 3.83 4.42 4.93
R 5.95 2.22 3.91 0.84

HE: Ki: R 1 FTX N B R R Z 5 Ka: K 2 BTSRRI TR Z s Ks: 7KK 3 BT R IRMR IR bR 2 5 R: #4228, "L
F A PR R TR R bR B SE K
Note: K;: The sum of test index which is corresponding to the level one; K,: The sum of test index which is corresponding to the level two;

Kj3: The sum of test index which is corresponding to the level three; R: Rang, it can be used to judge the primary and secondary influence of
various factors on the test index.

#3 EXABEREZREZEST

Table 3 Significant analysis of the factors of the orthogonal experiment

S i 225 B Flt F I S g
Factor Sum of Square Degree of freedom F-ratio F critical value Significance
7|
5 FHS . 53.10 2 47.58 19.00 &
Solid water ratio
2 =
S8 7.60 2 6.81 19.00
Loaded sample
I 24.76 2 22.19 19.00 &
Temperature
N=}
s 1.12 2
Error
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Table 4  The result of Verification test
s KA ) mﬁﬁﬁ?/
Project Fermentation conditions TR e U
substrate)
L GE S A ImL, BEKE: 11 (REAEFIL), 2REE: 5.0 ¢/250 mL =F)f, -
Initial medium PFRIREE: 27 °C :
e 21 Febit: 1mL, KM 10 (BUEfARREL), ReMEhE: 5.0 g/250 mL =, 2108

Optimize medium KiFRRE: 30°C

T ASECSR SRR AU . AR 5 g, BRRATHL: 10% (Tiikll), MEBHRT : 1.5% (Bt th), RPEEE 15 mrY AR

B a il b FOR XA S HA B M2 5 (P<0.05).

Note: Culture conditions: Pomelo peel: 5 g, Diammonium hydrogen phosphate: 10% (W/W), Yeast extract: 1.5% (W/W). The superscript
letters a and b on enzyme activity indicate that there is a significant difference among content (P<0.05).

B R, R TR SR ST A 0 e R I T AR A
THENTASHER.

3 4

TERTYIRFSE ZERE L, DAk A 5Ok, i e
PR 2% 3 0 1 A2 e e Ak 1 e i 25 ) R AR
TR A A W A ) S o 5 SRR
IKEL L R R SRR B A il e o R
Wel, TR AN s AR K L R
5 R IR I B2 R A0 IR I 2 v A AR in T ) 7 4 1]
SRR R R AT 30 A Bl 2 A e T
2O K 101 FTEARERLL), ReFEE S g/250 mL
=S, AR 30 °Co TR ARF TR HEFT 1 mL filF
BIFWOTARE 8 d 5, AlH GRS /)R 8.19 TU/g T
YT, LEAIERBE TR A S 18R 7.38 £ .

2 % 3 Wk
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