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Abstract: [Background] Hermetia illucens (HI) used for the treatment of organic wastes such
as kitchen waste is rich in amino acids and nutrients, serving as a high-quality and economical
source of protein. [Objective] To prepare peptone with H. illucens larvae (HIL) for bacterial
culture and provide a new idea for the application of HI. [Methods] Peptone was prepared from
HIL by enzymolysis. The optimal enzymolysis conditions were determined by single factor
tests, and the biochemical and functional properties of HIL-derived peptone and commercial
tryptone were compared. Escherichia coli ATCC25922 was cultured with two peptone products
and the growth kinetics was compared. [Results] The optimal conditions for preparing
HIL-derived peptone were enzymolysis with the enzyme complex (trypsin:alkaline
protease=1:1) added at 1.3% (mass fraction ) and at pH 7.0 and 54 °C for 4 h, under which the
hydrolysis degree of defatted HIL was (19.34+0.15)%. The functional and biochemical
properties showed no significant differences between HIL-derived peptone and commercial
tryptone (P>0.05). The Xuax, and 4 of E. coli ATCC 25922 grown in the medium supplemented
with HIL-derived peptone were 6.44 and 2.45, respectively, and those of E. coli ATCC 25922
grown in the medium supplemented with commercial tryptone were 6.14 and 3.19, respectively.
The Xpnax, and A showed no significant differences between HIL-derived peptone and
commercial tryptone (P>0.05). [Conclusion] HIL-derived peptone can replace commercial
tryptone as a component of the medium for culturing E. coli.

Keywords: Hermetia illucens larvae; peptone; bacterial culture; growth kinetics
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T EREE, 2 A AR LTS 2 A 5 BOK ff A
HABEA AN, B AR 2 N T
VIR F% , AR 2000k W 5 3% 3 1 T A A
SyUSP B, AR UM P A AR S R R T
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1.1 #&
1.1.1  #&

HIL % 400 [ H R B 3w A P4 R A BR
N K HIL BB b P2 0 5 823X 00 41
. KI%FFH# (Escherichia coli) ATCC 25922
Pidt G R A E = h DR KB E
(Escherichia coli) 8099 GDMCC1.180. Z %l
1 %2 70 '] K I (Salmonella  paratyphoid /)
GDMCC1.224 , 4 ¥ 0 1) %5 2K 1% (Staphyl ococcus
aureus) GDMCC1.441 , i &5 K (Shigella
dysenteriae) GDMCC1.236 #l /™ S 5 +F
(Enterobacter aerogenes) GDMCC1.544 ¥l 5t
R T TE RS
1.1.2 FEAFFUEE

B B I, 1L AR BERMRE A TR FR A
Al BREE NG, BEEEAANE AN, BT ARE
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MG S ARA IR
1.1.3 EFE

FRVEE 21 PRI AR A (/L)  JREE 1% 10.0,
R A LT (0.5%) 10.0, AL 5.0, BEERER
AR RS R 3 (/L) BRER R 7.0, BER
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A 5.0, A 5.0 1% MR R (/L) -
JRE R 10.0, FAbEN 5.00 2% I RIIR B
FHE(g/L): BEAME 20.0, AfkEh 5.0, Bl
10.0, LB }i7#3(g/L): FEREH; 5.0, BEEE A
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1.2 &
1.2.1 EEIRFRHNE

HIL % 1) /K fi# i (degree of hydrolysis, DH)
M SE - A Sl I R R R S SRS A
o, FEAAROITERY, BASREE
FFHELIR E A2 (GB 5009.5—2016)2%; i fij
TR 7E V2 (GB 5009.235—2016) 1 7 2 HE S A
5z 2o

DH (%)=

B 2 SRR S A (/100
FEL TR ,%ﬁﬁ(g/(lg 00g) 2100 (1)
1.2.2 BEEFRRKRE

FRIC— & BB i HIL Uk, ok B 25
WK RZEASHE N 8.0%, A 0.1 mol/L ) NaOH
W% 0.1 mol/L 1) HCL W4 BIVRTT 4 FpdE (g
IKFFARZR ) pHo IKFRES G KT 90-95 °C
K 10 min {2 UG8 2536 PE, 5000 r/min 25
O 5 min S BCE I IR HOK AR B Al R G
SEMENEACGT IR I LV, B R URTEE
60 Hifi, 15 HIL & .
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JREE T . BT RN A AR 11 /K 7 A HIL 1)
S, i A R R A, R Rkt
FoKENZR 1R,

x1 BRFRRNEAKER
Table 1  Single factor test level

R K HE

Name Level Factors
Jon it it P R pH
Enzyme Time Temperature
addition (%) (h)  (°C)
WrEE 1 0.5 1 40 7.0
I il 2 0.7 2 45 7.5
Alkaline 5 0.9 3 50 8.0
protease
4 1.1 4 55 8.5
5 13 5 60 9.0
[ M 1 0.2 1 30 6.5
Trypsase ) 0.4 2 35 7.0
3 0.6 3 40 7.5
4 0.8 4 45 8.0
5 1.0 5 50 8.5
ok it 1 0.1 1 40 6.5
Trypsin =~ 5 0.3 2 45 7.0
3 0.5 3 50 7.5
4 0.7 4 55 8.0
5 0.9 5 60 8.5
ARE 1 0.5 1 40 6.0
I il 2 1.0 2 45 6.5
Papain 1.5 3 50 7.0
4 2.0 4 55 7.5
5 2.5 5 60 8.0

VR B A o A5 25 25/ ) T
WATE AT, 5 BRSO b, PA
AT — 2k
1.2.3 HIL EBFREE B BRI AR

E R R e . Pkt SRR e
P ATBEEAA . IR RE S i 2 )
SCHER[131A9 T3 1% o
1.2.4 HIL EBFEREE B FREE IR I8N

b E g . e AT () . A
V-P i 50 (2 Bt H 3 i) . vl A R AR K
B IR I e 228 SCER[2 7100 7 s o
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22.0 XEHE TG AR B, I Sh R A A
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21 BEHEZRESER
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JE K R 1M R N AR R M, BHRHIEY S5
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WE 2 iR, BEREMER, 4 FEA
fitg %) HIL 2 1K it B S R BUe T = e T
LRI FEIRD AN R —E R E LT,
Bl B[R] () B, WS R i FE 1 IR B, il
TGP R TR, R N AN 1 28 T Tl T T A
i E GWTESLT THIG B B R 5 A 25
A, HWRESETEE . Bl 2R N R
TEVEF 4 h i), KM EE 5350 R 8.26%F1 12.45%,
JER R AA N B AEAE T 4 h B, KRR EE 4301
H 18.66%F1 8.99%, H. kA& i FAR N & A
Tt 1) 7K S B AR A AN S 2, Rl R R 2 1 il 1Y)
K fife o BE AR AL R 2 B I TR A REG R Y
KA R TG LY S B () 5K 3 R 3 B
KM e, ILARS T3 At 3 FhEG, B E)
A A8 A T g T A £ 2 7 P 2 M) 50 SR B B 25
2.1.3 REXT 4 FhEGIKAE HIL K RE MR
BEE IR T, 4 FRER AR HIL EH
M7 AR B 3 LSS BT R R R (E 3),
Tt P A b S 07 8 2R 37 U B A AL ) L SR . —
Dy TE, 5 4T R N AR FR 1 L T S i il 4
A A RN A L PR B4 6 1, DAY o e il 7K fige
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1 1 1 1 1 ] 1 1 1 1 1 ]
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[}
9.0
& 53F &
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Enzyme addition (%) Enzyme addition (%)

1 fnEgE xS 4 FhEE/K AR A AIFZAT
Figure 1 Effect of enzyme addition on the degree of hydrolysis of the four enzymes. A: Alkaline protease. B:
Trypsin. C: Trypsase. D: Papain.

207 -+ Alkaline potas o A5 T b 0B A S R 2 R, Sl
= AL, 5T 5 R A, T
S} : AP PRI , RO . 7 LA R
Bl [T IE 4 45 ©CRR, TR 11 B 19 55 KK A
% 12t B4 BN 9.49%F1 19.30%; 4iJE N 55 °CH,
2 1o} B 28 1R AC TV F A 05K 7 FE 43 50
SRR — e 8.55%7 8.75%, HLIBEEE I . B ML 1 B FIA

| e IR (TR S S AR 3, R 07K A

L R ASAL L RT3 FhEG, TEAGRT T

y ER 4 MR R I (AR 7R I B SR AAIR, AR 3 AR R
S RIEIPS IK AR R F2 S R b s 2 . i
Figure 2 Effect of time on the degree of hydrolysis PR A R SRR, PR AR SRR A
of the four enzymes. JR T2 7K ff i g HIL A9 e R e 5
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20 o Alkaline protease 18 ?lkaline prolease
Trypsase rypsase
18F : Trypsin
Tryp:?:n 16 Papain
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S 16k =
) S 141
E1af 8
2 212t
2 12F <
< 10 e —
= = 3
8t = 3 : =
B -
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| 1 1 1 1 1 1 4 u
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Temperature (°C)

3 REEXT 4 MERIKREE AN
Figure 3 Effect of temperature on the degree of
hydrolysis of the four enzymes.

2.1.4 pH X} 4 FhEg/K #E HIL 7K B2 E A9 52
WK 4 Fis, BEE pH 7284k, 4 FhaE 11
X HIL 2 0 7K A A 35 52 B8 N 5 AR i)
A B R AL B R AR AR SO IR A AE—
WIS pH,  CET A A R T ik 25 10 16 1 5L 1A
KB A AR 5, 5 IS B B KRR B 1 25
G AR REIR B I RAR 5 T 58 05 pH B
Bt At £ O T P SRR A 1 i 3 32 207 R B, 7K
il BE T RAA . 24 pH (R 7.0 B, JBER AT AR
B AR B R BE f KB, 43508 17.39% 1
8.75%, MiHidix pH H)E, KM TGERRAL;
4 pH {E R 7.5 B, B 2R 1 i AP 2R Y K
fREE R IR, A3 9.25%F1 11.17%. AL,
AHAS T HAD 3 R, JRBGERAS pH (E T A 7Kf#
JE . BRIEE AR AN, mibEE . A
AN (X 3 it 1) /K ek AR A 14 |8 3, pH
(AR AR XTI 3 e A e T B AR BE i
H PR R 2 B0 446 R T S K R T
02 G il (J g Mk A R ST A LA 1) Nl i
1.3% (250 . pH 7.0, #RE 54°C. {EHR
6] 4 h, HCATZKARERIHESIE AN 20.78%, TEiX%

6.0 6.5 7.0 75 80 85 9.0 95 10.0
pH

4 pH Xt 4 MEGIK R E Y2
Figure 4 Effect of pH value on hydrolysis degree
of four enzymes.

FAEAT 3 REIEPE R, 5 2IBAE HIL /7K
ffEBE N 19.34%+0.15%, 5PS{EMAIXTRZE N
6.93%, PiF Z 25T A 8 (P>0.05), it
AL DL, ARG i A5 R TR LA A s g T A T R
Gp el SR, A e A A SR A R A K
filt 25551 o PRI MGt P 5 1 T AR i o) 5
fE HIL MoK 2 e 1.3% (Biasr
), pH 7.0, L 54 °C, fEHMRE] 4 h,
2.2 HIL &R REE BRI ge R4
22.1 FEARKERAMFMEAREENESER
M 5 AI%0, BEE pH ERF S, Bl SA |
HIL & PR B AR R ) v Pk 2 B T % e
IR, | 5B R HIL 85 R
(e e R TS T RS pH E
TE 5.0 A0, PR FURRIA B SR 0, I
BT RAL, HRMARE MRS . X LR
AT LA 1, HIL & AR R T
{FL 2 EF ] BT A P LR T R LT B, TR
SN GeLy/ P
222 ZEBRFRIAUMHMALRBEENELER
H I 6A AT, B pH {HAYFH S, HIL &
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R R0 2 1R i LA S B TS TR R Y
s, B 6B T HIL & A AR A IR FL 1k
et R B RS BT %s, pH 7E 5.0 &£
AEE, PR RS BN S, IR SR
IR CE M AR, XFH 2 A R T L
A, HIL 2 R0 LA A 2L A e e 1k 8 4
=, UL HIL 2 PR ok R A7, &btk
T AT AR I - K LR IR B RE T 5 TRIFE,

A
20

_— = =
N R O
T T T T

Foaming property (%)
S
T

—=—HIL peptone
Tryptone

.0 4.0 6.0 8.0
pH

RS N A N 0
T

12.0

10.0

FLAR RS e U I A 5 LR R e T BE
15
2.2.3  INREMIRIEMLE R

R 2 Fron, HIL & PR R iR
RO & i I 3 22 5 (P>0.05), [ 1 it Ag
HIL il 25 (1%9 HIL 25 15 R0 i 5 AR 11 R Y o &
FAR—2, B HIL & [ ReT Dk 2y
KR,

o]
i
S
T

o I
W S W
T T T

NN
S W
T T

Foaming stability (%)
W
IS
T

—=— HIL peptone
Tryptone

5 1 1 1 1 ]
2.0 4.0 6.0 8.0 10.0 12.0
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5 7A[E pH &4 T AH#HEBBRAE B A) MBI EMB)
Figure 5 Foaming property (A) and foaming stability (B) of two peptones at different pH values.
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Figure 6 Emulsifying property (A) and emulsifying stability (B) of two peptones at different pH values.
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% 2 HIL EAKMBRERAKRIGEMEIREMEE R
Table 2 Results of functional properties of HIL
peptone and tryptone

i H HIL A BREA
Item HIL peptone Tryptone
TEEEAR 0.33+0.05b  0.43+0.04a
Coagulable protein nitrogen

(%)

FR & Nitrogen (%) 0.07+0.00a 0.05+0.00a
i & Peptone nitrogen (%) 0.03+£0.01a 0.03+0.01a

[F) A5 04 7 BEAN [F] 3R 22 57 .35 (P<0.05), “FREAH R R
£ 2R EE(P>0.05)
Different letters for peer data in the table indicate significant
differences (P<0.05), and the same letters indicate non-significant
differences (P>0.05).

2.3 HIL EREMEREEARARF ALK
MEER

W 3 Fiw, A YE R (R R
R AR 2 R — 2 B SRR,
FEWTTIR A AL, RHEMR N, RIESR
FAatAs Sy B, AR Ay, AR R A
AL A, EBPERN; feR AR, Kig
FRE P BE L0, SEPHPER N, B P9I
Herts, CHRRIEDTTIREA ST, 2
FIME R N s V-P g, =A™ 2

#*3 HIL ZEEBFMRERKRAREFRIQNEGR

LR, SLRHME RN, BRGNS et
21, KBFEA = S L, 2R
Ny AR EEERA IS, KA R 2 R R
FEVT TR AT R4, B ; A KE
FRRB R, KT B 0 4 o 0 8 7 BR A 10 R
HARHLE 1.0 mm L E, BIZERRAE PR E A%
B E AR KO B4 25 EFrR, HIL &
F R AR A IR AR5 A Y il e a5 2R,
FhEE IR Z B EATC 2 5, AT A HIL
A RAE R AR TREE A,
REAR A P 1R 35 35 AR
24 HIL EEBMEREEBFRS KBITFE
ATCC 25922 E#RE KBS
2.4.1 KIAFFE ATCC 25922 HIEIEME AN
EER

mEl 7 s, BEE ARG, KT
PAE HIL 25 PR K5 SR B P R B R S v i
A KB N EBAR R BE ETHE TR BER . M
FhEETE 2.0% (RFRBOR, Kk #7E HIL &
PR 37 BE W AR MR 2 3K B 5 K, ODgoo N
0.40; YRR KT 2.0% (HFSEON, Hik
WA SR RS MM

Table 3 Bacteriological test results of HIL peptone and tryptone

i H B v 5k L3 HIL & 1 e R
Project Culture medium  Strain HIL peptone Tryptone
Hydrogen 1% peptone Salmonella paratyphoid B GDMCC1.224  + +
sulfide test medium Shigella dysenteriae GDMCC1.236 - -
Indigo matrix Escherichia coli 8099 GDMCC1.180 + +
test Salmonella paratyphoid B GDMCC1.224 - -
V-P reaction Phosphate Enterobacter aerogenes GDMCC1.544 + +

peptone medium

Fermented sugar Acid fuchsin

Escherichia coli 8099 GDMCC1.180 - -
Escherichia coli 8099 GDMCC1.180 - -

test peptone medium

Growth nutrition 2% peptone agar

test medium

Salmonella paratyphoid B GDMCC1.224 - -

Escherichia coli 8099 GDMCC1.180
Saphylococcus aureus GDMCC1.441

Colony diameter>1.0 mm, smooth surface

Colony diameter>1.0 mm, smooth surface

+r PHTE; - B

+: Positive; —: Negative.
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Figure 7 Determination of the optimum inoculum
for Escherichia coli ATCC 25922.

4.0% (RFRAEORE, KIGHFF R AL E 57
P B AR K, ODgoo M 0.42; 445 FIE
KT 4.0% (EFEORS, TEAREE I IR AR,
PRRR A9 A A B T S e A R e, D i
BN, AR IE R ARG, RO R . SR
MR R RR, EEFRE R E R —E R
KT, AR EMES SR E SR
Py Jo et Bsf ) A T R, (R EHAGI  ) R d
TR, X B R A = A I, AR R
AETT, TR AU BRI
2.42 KBFFFE ATCC 25922 £ K HZHINE
#R

B RIBFFE ATCC 25922 BYRh ¥k LA i
FERh R 2.0% (IR 04 3 HIL 8 1 R A
iRt DARIE R 4.0% (KB 0880 T
LB AR F2 369 . 43 2 h B4 A K 4R p il 2
5t R wE A KSR A S SR AERK )
HHBHAUNE 4 iR

WK 8 Frow, KIGAT AL R EE 1 R3S 57
FHPMAERSETT 3 BB L XHEUE
KImiaE . b 2 h, EkRAERK IR
M, SRIGHE 2-10 h Z AR Bk, i i

& 4 IRE Logistic HEAX T EERMEKT
hESHER

Table 4  Results of growth kinetic parameters
generated according to the logistic model formulation

R EIEZ R R HIL AR
Growth kinetics parameters Tryptone HIL peptone
fmax (K7 0.65+£0.04a  0.93+0.12b
Xiax (CFU/mL) 6.44+0.06a  6.14+0.09a
A (h) 2.45+0.21a  3.19+0.30a
R.i 0.996 2 0.989 4

[F) A5 040 7 B AN [F] 2 22 57 .35 (P<0.05)
Different letters for peer data in the table indicate significant
differences (P<0.05).

T I I
g " .:, ;'I'
~ 6 T - =¥ &
=) E 1
E A !
= 5+ //=
Ly /
(@ /
z 4t g
% J/
73k /
23 /
E 2k / = HIL peptone
a3] i/ » Tryptone
/l Tryptone fitting curve
1r — HIL peptone fitting curve
0 .7-'/171/ 1 1 1 1 1
0 5 10 15 20 25

Time (h)

B8 XMHFE ATCC 25922 £ KEHFHEAH
BESREERE B R Irek
WA K 8 122 2R A X ()35 A2

Figure 8 Growth curve and fitting curve of
Escherichia coli ATCC 25922. The scatter diagram
is the experimental data; The line diagram is

generated by fitting equation (2) according to the
growth kinetic parameters.

PR ARG R, A LA 24 U,
WA BN, A KRR IR K, ZJ5/7 10 h,
R AERKEA TRED, JBHREPHESR
WA AR R A, AR AT A 2]
AV, TE HIL 8 RIS, RIGH =
7E 12 h B AP R IR S T 6.51x10° CFU/mL )
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B KRAE, TREE R R A NTE 14 h 3830 T
6.61x10° CFU/mL [ fx KA ¥4t . % 4 # HIL &
1 35 3% 08 K T 1T 1 e KA K 3 2 (pman) N
0.93 h', AHES T FIERE IR timax (0.65 07
HK 43.07%, If HiX 22 50 2 1 (P<0.05),
AFL 55 R LE W (Ko P HE SR () 1) 22 OE R 8
F(P>0.05), SVAKE, KEHFFETEH H /Y HIL
B 1R 57 5 v ) B KR K TR 5 TR AR
PR R 3E, (HAEE R SR R, P Y
ARFCORMEAR K, BT Z5E, ks
BE Jit £ 7 -4y R 1 2% 04 B R T AR A R
I RAE A I A 5 SR B 53 o X —BIF SR 45

A Y SRR T A R AL TR, o
SEBE It £ 7K -y SRy B R PR AR TR B RT R

3 &

FEXIAF T, LA BE A 7K %)) U Sy
JEUR 3 o A R R A R A 8 1 R PR
Fia ol LDME AEER T2, H4& 8T HIL
FEE M. A 2B A 7K 4l JUl (HIL) by 5
K, I A K AR, FRATHI A T HIL
B A W A K % T2 40F, B 1.3%
(it /340 . pH 7.0 {EE 54 °C. fERIRSIE] 4 h,
SCIR T 19.34%+0.15% K ff B2 . 51850 1 R
FRAE L, g REN], HIL EHPREIRE
MR A Myt E LB 225 fEXF K
H® ATCC 25922 py5F %, &3 HIL &
IR R R 1 S am e &R 2.0% (R4,
7 4% 45 1) IR AR 11 JUR 5 37 35 1) B i 4 P o 1y 4.0%
(ARB D) . X —E5 R, HIL & A RFEE N
55 32 3 B RLRE TR AS 0 T 15 G0 i JBE AR 1 R
SLR AR RS T R B E L R A PET . R AY
BT RIRA RS IR, BT AR R SR
RS, #E— B ERIA T HIL & A
VN AE B SR I 0008 D1 o AW N A P b

IR H A TR AL TR R B, R IE S S B
it 71 7K B 4hy HORy 0 R B AL TR AT . HIL
FEAMEA S —FEal . ST MMA kR
BT, A REEB UL A R R A
TR X AH 56 77l Y 2 S Rk A 7 A R R
R RS BE I A 7K i B PR B (AR R, T AR
B ENIREE . QIR SMEE . Aok aks:
TRALXT HIL $l 48 AR T2, e
FRAAE e HIL 8 RIS IR 36 P i AR KR,
DL HIL 8 1 R A Aty FH T s 0
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