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e KA KPR RGARIE/ KILZF T RERAEED T VG ELEHKFIRIEAR P/
Akl 1 E, KX 430070

FEE ORISR R E AR A WLP S B SEBAR B AR A4S IR0 1 1 (13.59+0.25) g B [ ESHF 360 )2, b
HLAT R A AL FREZH 43 1145 M BE AR KR (%5 FB control check, CK) HR 0.5 %% M #5 2 HUKT 1 ( Bacillus subtilis ,BS) |
AN 0.5% 8 i B2 41 (sodium humate , HNa) FIEE S AR 1 0.5%0 J85 5 BR4M +0.5 %6 i o0 ZE f 4T 21 (BS-+HNa) [ 15
RE ARG FE IR AR B A A X e S B MR SR A A B R PR A A R e SR R
FEAL LT T, BS-+HNa 4L P AL ER (1 LR D5 AR 3 & 38 b 3 v T R R BS 4. WL PR B4R P 5 1
BS-FHNa 41 952 B L LT BEAE o B3 5 T HARAS 2, 36 0 M 0" 25K T Hofh 45 4 5 O L 4130 P Ay it i
JBE TS M HEL P RO PN SR 4 S v T A A 2 o A MR B T, 6 R ZH  BS 2H \HNa 41 F BS+HNa 4l
TR IR 3 551 S 7 1Y 36,39 .34 30 Rl & MEALA 4, Horp BS \HNa . BS-+HNa 4 JI5 5 B PR A5G 09 4 5t A A i
1 T AL PR R R AR SE I 120 - 3 I i (IR A o LA R R P A R A BS
TN ZHL AL PAT 4905 A TR e 7 e A0, S 38 0 T At A% 2L e TR e o 7 ey, W 38 i T MR 28 1 Bk
A 0.5 YOS TETRENAN 0.5 Yo B0 2F F0FT BT A% U8 N R 4 38 B3 v PR ISEBE R AL AN A4 75 SR 4B LI b BRI, O ELIG

I TF BT
KA

FESZES  S966.12 TERARIRAD A

T2 G R MR (Procambarus clarkii) , {5 FRIR K /N
TedF 5 TS X 2023 4F FRAE P B L ik H
316.1 77 t% R IR H T E A 2P IRKIFE . BEE I
J SR T 5 SR A AN W O, LR A 8 B 1S K DRt
st BT AN R 45 IR R B0 o TG 5 28 A PR B A L UL A
FEAK RT3 ) 5 v D B 4 & I
BCR 2 BT R, ZF AT I8 (Bacillus subtil-
is) & —Fh s 2 [CBAPE AR 4B B, o] LA™ AR B 25 A4
R R R (TR AT AT 9 28 WA ARDRE S fn 25 A AT 5
AE 5 0 IS A pH (B AR K 7, eies ) el i
BRI bR SR SRR S R BT R A
FA IR R EL , mT LAYE 5 5 58 2l ) W 1 pH R A 45

Wk H ). 2024-09-30

JEFEBREN 5 R HZEFAT IR 5 o ECJRUES IR 5 LA o
XEHS 1000-2421(2025)03-0136-11
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BRABTYIS

SRR R KT IR TR AR RAIE SR A R B, B
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822 5 TR Al B 2 FEAT T -5 0 P k2B 45 A oo
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1 #MRIERE
1.1 RWIEIT R FERE

RIS XF G2 R v QSRS UE , AT B o [ i 5 0 4]
R SRR CRLER 1 K7 3026 KRR 7K F-
6.0 ) 5 75X HE AL KR A4 A V8 o0 s 30 P A (kL i
TR AT BRAS R 5 A0 E 99 %6 ) MRS 55 2F AT 1
CFF 06 AR PR 2 A BR A W) 5 A %00 TR 8 =1.0 X 10"
CFU/g) . 50 H 5 [ JE A A ph 4 rprogeall R 24 Bk
XL SR B 1 (1) B ) St | 37 5l U0 26 i1 b
PUTTAE HP AL A f IR /K S 08 S b TR B G PR /K 55
PR G AT . IR IR T RAE T, 2 A S O
B AHAT AR ORI o ER R S I 360 2 [ ) 4 4
J it (13.5940.25) g, AL S i 4 41 - % B 2H (con-
trol check, CK) $8 M L At fm)de} , 1056 21 152 A vl v 2 1
FF 5 TS I 4 (Bacillus subtilis, BS) | J& 78 BR 4N 7S i 22
(sodium humate, HNa) FIIEE & @ 4l (BS+HNa) .
BS 41 75 £ Al 4 RE b R 0.5 %6 A B 2E AT 1 , HNa
2 AF LAl AR R AR i 0.5%6 85 AR R 84 , BS+HNa 21
FE SR ARL AR I 0.5 0 JB5 5 R £ 1 0.5 %6 Al 5 2 41
FRBE o 0 A1 20 8 7L 1R B TR 5 2R T B 1 fi 2
WK S R B0k L P T 45 O
HF B KSR T 10%, A& HEGEFET
—20 “CvkAH &

TR0 MR 73 205 5 7% B ke Ay RS U S A ok
IK T 4 3% 385 55 FE BT (1.20 m < 0.60 m < 0.45 m) 1,
BAFOE 15 PVC & (25 cm X 7.5 e) 1 i 56
HR AR 23 i o 16 A ), g K feff IR <0 B ke K 3
K 30%~40%0 LhHEFEFR I K R (R 2, FR 5 7K
JECIE O 2 K IR 24.1~26.8 °C |, ¥ il 4B & i 5.7~7.6
mg/L, pH {H 7.2~8.1, & % 0.032~0.071 mg/L.
K 08:00 il 18 : 00 H M, 4 M f Sy dR 44 ot 5t 1) 2 06~
3%, B R D AT R S R R R S L il
FH im0 3 % 6k 5 B AR VS 5 A 288 R B U O R 1R
158 1Y FRDRLBE T 2 T, T Al SRR AR
IR 5 o FE e S 5 R AR O e S, AR 3R R
768,
12 Hm*RE

FEIH R 25 S T A RS AR B 24 h, T T A
JRR I , 4 2H Bt WL PR 18 12 BE A, 4l 4 4%, 43 5010 2
B TR LA A R LA R K 70 B LA
GRS 3 AN I BEALER B 12 B, 43 5 T 7

W AR AE KR 5T
1.3 EFEEHHH

FHHHLR E Ak (GB/T6432— 1994 ) il & H 5&
F i R R R SB35 (GB/T6433—2006 ) I
LR W it R HH 3R 58k (GB/T6438—
1992) I 5 1K 43 % & 5 2R 105 “CHE R ML+ (GB/
T6435—2006) M & 7K 53 it o WLREZK 7 09I 7
A AR S ROk 11,
1.4 LA RSN E

e G R AE 3 2, A CREIE B 14 5 [ R 2 IR
A K H & 7 min S5 85 R K i) JE B 2~
STHEIWLA, VI 1 em X 1 em X 1 em MY IE 7K, %
FH TA-XT Plus A0 2 5 T 5 5 ES 4R LY
& B FE R , IR AL P/36R , >R FH TPA BT
FEG AT 2 AR, B R 1.0 mm/s U 22
1.0 mm/s . IR E 5.0 mm/s | 2 Y 4 i 8] 8] BE
5 s EGE R 506 Sk & 11 E R 49 m- N, B AR
w617,
1.5 ABENE

i F CR-400 €8 2248, 28 ¥ MR e I, 0 2 220 il
J ) o R D B R 55 2~ 3 71 0 UL PR R ) v ) €
Bl 3R, B RAFE 6 A FAT . 153 5% EEE (light
ness, L") (£ FE{H (redness, a") Fl1 8% £ (yellowness,
6") 3INZH . o >0 RRFEMARLL , o <<0 FRIRFE i
Tk, 6”0 F/RFER IR , "0 F/RFE i I i o
1.6 EZMEXLRYRNE(SPME-GC-MS)

DGC-MS Wil & . FREC4 g o [QJRE MR T AL
P, B R BEALA S BT 20 mL TS i, A
4 mL 88 (0.18 g/mL)EWIHIR A5 . R
23 [ AH 1 A B (HS-SPME ) 25 & <5t B AL (GC-
MS) e o R J5E 28 0 AL PR e ) 44 2 XU B 4 24 7
N o A 0 1) 1) 2 2 XU i 43 R NISTT 3% 22 3
FrEPERRIA , 2 B SRR 12 5% F 04 1 B —fk k31
LA LY AN i

2) WRAL B P ITANY o SR AR SR B {E (rel-
ative odor activity value, ROAV) ik & X ROAV=>=1
(1) 42 P XU 1 3 oA e G 2880 M 174) S XU B 4
X e A XA A O B ) e AR H 5 0.1<SROAV<T1 Y
M AU 873 oA o [ D 28 I 1) 2 28 XU B 4, %oF
SR KR B A s AR A S B
mki13],
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944 %

1.7 ALAZRRNE

SR T HEL 75 U0 7 W PR 4 9 R AR AR H 3 & AR
JEASTERE LR 1. 275 SOk 14 [R5 B IR A DD fe
JEARECLS g, A 100 mL 258 77K, ## 30 min, 5T
A A R AL 10 000 r/min #5.0> 10 min, BV,
1 38 “CF 7 30 min, 57 AP =F il 8, WA U
WAFIN . g 2H B 6 2 i R AOTR A | B AR A 12 A4
FA7 .
1.8 HURESH

B4l 1K SPSS 19 B AF #4743 B, e kA7 5
M (One-way ANOVA) FIXS 5 5% (Duncan’s
test) (P<C0.05) , #& J& >R I XU &R J7 22 43 #r (Two-
way ANOVA) Tl Ji 5 i £h ARG B 27 AT B 0T 5 [
JRZEAF T HA L HAEM . 25 R PP EARifEZE
(mean+SD)FI/R . BREEE L7555, B 4151
ToMFir. By HAERNRERGEHNH
Taste Analysis System Application ¥4 43 #r , i H
Origin 2021 #4347 #1550 P43 81 (discriminant fac-
tor analysis, DFA) FlIE 1k (415 E il 4F:

2 ZEREHH

21 AEBEBMIMEEFAFERMAETR
REEIRALAE RS

W3 1 iR, BS+HHNa 41856 4R LA i HLE (A
SRR, M (20.240.17) %, B s T H Ul 4% 41
(P<<0.05) , HHLAG WG K 43 5 Wik 35 e 1%k B4 0
BS 41 (P<<0.05) , {H 5 HNa 2 & @ & 7E % 5 (P>
0.05) ; BS+HNa 41 LA 7K 70 7% i e fIK, B 5K
HAh A2 (P<<0.05) o Fi A5 Ab S (L 2R 11 AL AR
FIUR 43 7K 40 4 35 8 % B 41 (P<<0.05) . RUH %
O MTEE A B — R 25 R o a5 AR UL A 1
KAy FHLEE (& i i B 35 (P<<0.01) , X K 43 7
A FZ A 3 (P<<0.05) 5 B — R F Al 5 2F J AT P
i, SRS L PR 7K 40 19 5 M A 2 3 (P<<0.01) , XL
EE SR R (P<0.05) . JE 5 B Ah FIAS L
ZEFUAT R 19 28 B X6 AR JIL PR 64 7K 73 3 6 5% T
B3 (P<<0.05) o £ I ] VB VS 0 JE 58 1R 4k A
B ZEFRAT BRI AR 1Y) R = 0 R

®1 FARBEBRMEEFAFERINKETEREZERNIAERES GERE)

Table 1 Muscle nutritional components (wet weight) of Procambarus clarkii under different levels

of sodium humate and Bacillus subtilis addition %
215 Group 7K Moisture A Crude protein AHBENG Crude lipid W5y Ash

CK 79.1840.24a 18.16+0.47c 1.09-40.03¢ 1.4740.04c

BS 78.2040.30b 18.78+0.11b 1.2240.05b 1.53+0.02b

HNa 78.5440.28b 19.19+0.12b 1.23+0.11ab 1.56+0.03ab

BS+HNa 76.38+0.26¢ 20.24+0.17a 1.32+0.05a 1.59+0.02a
HNa <20.001 <20.001 0.013 0.001
Pi{aﬂl_ue BS <20.001 0.001 0.022 0.017
HNa+BS 0.005 0.196 0.552 0.456

T < [ B0 0 - RE Blbr A ) 2 B 2R 25 5 i 35 (P>>0.05) 5 AR FREFR R 25 57 1 3 (P<C0.05) . “HNa” F7n R IR N ; “BS” Frm Al 7L
ZEAOFTTE s “HNa+BS” &7 8 58 BR 40 ARG B 2F AT B A AR, T 16 . Note : Within the same column, values without letters or shar-

ing the same lowercase letter indicate no significant difference (P>0.05) , while different letters denote significant differences (P<C0.05).

“HNa” represents sodium humate; “BS” represents Bacillus subtilis; “HNa + BS” indicates the interaction between sodium humate and Bacil-

lus subtilis. The same as below.
22 AEBEBRMNANMEFAFERIMAKETRE
FREZARAL IR 1L 45t

Ak T O 5 B T A R B 2 LA TR o i
FCUR A L PR 2 B 0 2 AN 2 2 T, BS+HNa 41 19 52
FEAH L™ 2L FEAE o Fe i, 39 00 25 B v T 0 B4 (P<<
0.05) , 5 BS 21 Al HNa 41 ¢ i # 22 5% (P>0.05) ;
BS-+HNa 20 8 FE 1A 6" /el , 7 5.61£0.99, . Z LT
HoAth 4 2H (P<<0.05) , H.BS £H #1 HNa 2H 1) 6" {8 1, i
FAL T XA (P<<0.05) o AU Ty 22 70 i 45 3L &

71N, P DR 25 A R A X Aty 2 A AT TR 3K 56 L A
) o™ (R M (2 2 (P<<0.01) , X3 6 MR LA A4 L0
a {H 2 i 2 (P<<0.05) , IF H & 28 B AEHXT 6
B 152 i 2 (P<<0.05) o

2 56 U UL PR RS AN K D R AE 3 3 TR,
BS-+HNa 250 iR LA 85 B 5 SR D) Il
PE PR RN KR 2K ) 34 s, Horp BS+HNa 411K
5 TR UL PAY A R PN R T R TR A B v T At 4
(P<<0.05) ,{H HNa4H .BS 2H 5 % BE2H 24 0 I 35 95 5
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F2 AEGHEBNAMEFEFERMAET
EREZERINANEE
Table 2 The color intensity of Procambarus clarkii
muscle under different levels of sodium humate

and Bacillus subtilis addition

(P>0.05) ,BS-+HNa ZH#F 57K 7 b 3 5 T B2
(P<C0.05) ,{H HNa £ Fl BS 4L LA $57 7K 1 5 % B 21
Jo i % 2 5% (P>0.05) , $#£78 BS-+HNa 41 i 5 #F AL
PRI 11 JR8% it B0 A0 B2 O 8 A T M 3 2 AT R
2 DL KR R . XUR 2R A3 45 S R, B PR R R A

4151 FREMEL LG EEES T2 1M SR R 2 LA TR DX B P i 2 R B A4 SR K ) 52
Group Lightness Radness Yellowness ﬂ@ EB'% (P<OO5) , /ﬂ‘: ':P $ [ﬁ] %F{%ﬁgﬁ%m Xj‘ﬁ EE J}i?ég
b sumeorms ooiom s T UANIEBERMILEE (P00, MARME
S .2840.67ab  0.63%0.35a .3974-0.48¢ s "
HNa 81.29+1.25ab 0.7740.26a  8.8740.58b %@*?@Xﬁﬁﬁ%)ﬁ%%ﬂﬂ@ E’\J@EIH ﬂﬂﬂ%‘l"i"%} ﬂrﬁﬂﬂ
BS+HNa 81.98+0.73a  0.87+0.58a  5.61+0.99d E%(P<001> ’ﬁm)ﬁ%&m:ﬂn@ﬁ*@%gu*fqﬁﬁﬂ
e BS 0.040 0.043 <0.001 Ji S R AL PR A B | PR R R L R 1 2 e S 3
HNa+BS 0.938 0.283 0.011 (P<<0.05),
F3 AEIEEBRNARAEFRTERMAKE T 5 KEZMRAL R A R4S ERREK A
Table 3 The texture properties and water-holding capacity of Procambarus clarkii muscle at different
levels of sodium humate and Bacillus subtilis addition
Y15 Group iz /g ‘ %Tit ] V\]%‘éﬁ [ ’Ef&t IJ‘HHE‘%‘&/ g %7]9‘]/ % A
Hardness Springiness Cohesiveness Resilience Chewiness Water binding capacity
CK 833.74+44.63¢c 0.70+0.02b 0.56+0.02b 0.28+0.01b 324.89+18.78¢c 86.27+2.68b
BS 1049.50+117.52b 0.71+£0.01b 0.55+0.03b 0.28+0.02b 356.24+13.90¢ 89.77+1.51ab
HNa 879.07+57.80c 0.72+0.01b 0.56+0.03b 0.28+0.01b 406.37+25.15b 90.08+1.93ab
BS+HNa 1395.70+86.15a 0.74+0.01a 0.65+0.02a 0.33+0.02a 548.33436.62a 94.2745.07a
Pl HNa 0.003 0.009 0.002 0.020 <0.001 0.045
Pvalue BS <20.001 0.011 0.004 0.024 <20.001 0.061
HNa+BS 0.013 0.626 0.002 0.097 0.005 0.783

23 ARBHEBRMNMEEFATERMAKETE
R TR B R AL A A4 & 14 RUBR 0 R

W 4 iR, A 50 A v [ R 2 AR UL PR o LS
W 54 B4 K PEE G 9, %R BS .HNa .BS-+HNa
ZH 4 50 0R 40 1 5 a2 M 36,39 .34, 30 R IE K Ak A

Yy, A RS 11 A (BES S P RS A Fh RIS 3R

B2E 6 Fh otk 14 A 5 e 8 Fh AL A AL 5 9 3
Fh, XFHE BS F BS-+HNa 21 v [ R L UR LA 5 &
PERIRA G W) & iem Y B R 2R G 8, Hak
R

F4 FREBEBNIAEEFAFERRMKETE REZERNANIELERNKENREE

Table 4 The content of volatile flavor substances in Procambarus clarkii muscle under different levels

of sodium humate and Bacillus subtilis addition %

¥ERMEAL AW Volatile compounds CK BS HNa BS+HNa
2% Phenylacetaldehyde — 1.64 — 1.76
1% Nonanal 2.50 2.50 2.37 2.54
2L Decanal 0.70 0.29 0.67 —
+—fi% Undecanal — — 0.49 —
A 2-(2,5- A FLFHIL)NEE 2-(2, 5-Dimethoxyphenyl) propionaldehyde 0.37 — — —
Aﬁﬁide JVRERE( —%el%) Lauraldehyde — 0.71 0.64 0.73
(Z)-9- MM (2)-9-Tetradecenal 2.42 4.67 0.80 —
M -11-+ 7 bekis i Cis-11-Hexadecenal — — 0.62 —
(Z)-T-T75WMilE (2)-7-Hexadecenal 3.13 6.18 2.57 8.95
RS Palmitaldehyde 3.27 o — —
+ /sl Octadecanal — 1.51 0.51 0.84




140 RES L N A N = 544 4
4£3% 4 Continued Table 4 %
18 KRB Volatile compounds CK BS HNa BS+HNa
2-2,3E-1-CU g 2-Ethyl-1-hexanol 3.24 2.60 3.35 2.14
1-34 -3 (2)-1-Octene-3-ol 4.24 3.39 — 2.99
Bk (£)-a-ZLIZESE Alpha-bisabolol — — — 0.40
Aleohols 3 7 11 153, 7,11, 15- U B 3-2- A5 el - 1- - - Lo -
3,7,11,15-Tetramethyl-2-hexadecen-1-ol o
il 9-Octadecen-1-ol, (2)- — — 0.98 —
2-(2-2F )85 3E)- BRI Cyclopentanone, 2-(2-octen-1-yl)- 0.26 0.33 — —
[EGES B-4 Wil Beta-ionone 0.47 0.54 — —
Ketone g4 145 Cyclopentadecanone 0.94 — — —
1-(2,2- = HLIR O 3E) i 1-(2, 2-Dimethyleyclohexanone) 1.04 — 1.27 1.26
ik 1-2 - 1- I LE R M2 1- Aminocyclooctane-1-carboxylic acid 1.27 1.40 2.44 0.93
Acids 3-48-2-(2'- )R ) - 1 ) ke £ 182 Tasmonic acid — — — 0.47
JFE-9--1- DU AR Myristoleic acid — — _ 0.60
SR B R S-methyl 3-methylbutanethioate — 0.26 — —
i Lo vt =0 [=1 Tin=3
- ;gi—Trifh}lfl—gl ,?peﬁaﬁlijlﬁizmmyrale 113 068 o 0-89
f:'i T2 242 4% Y S Meethyl jasmonate 1.37 1.20 1.85 2.21
FrHE R 5 Il Isopropyl palmitate — 0.82 0.49 —
% — 1§ — T 1% Dibutyl terephthalate 8.04 5.38 10.70 7.43
4% — I — T % Dibutyl phthalate 1.33 1.28 2.99 2.63
3,3-HIFE B 3, 3-Dimethylhexane 1.51 0.62 0.75 0.39
4,4-T g 4 4-Dimethyloctane 0.67 0.38 0.58 0.42
2,6,10-=H ¥+ —%e2,6,10-Trimethyldodecane 1.18 0.32 1.85 —
+PukE Tetradecane 4.68 3.73 3.54 3.87
2,6,10- =W F+PukE 2,6, 10- Trimethyltetradecane 1.86 1.30 1.64 3.18
fekk 1-(2- BT 30388007 1-(2-Methylbutyl) cyclopentene — 0.55 — 0.53
Alkanes IE+75%¢ Hexadecane 20.06 20.96 30.05 20.08
IE/\%E n-Octadecane 6.39 4.40 9.25 8.86
+JUkE Nonadecane 2.52 1.62 2.33 —
Z1%¢ Eicosane 1.62 2.87 3.04 6.46
ZF—%¢ Heneicosane 0.49 1.62 1.18 3.73
B 4% Neophytadiene 2.56 — — —
75kt Hexacosane — 2.08 — —
1-iF. £.3£-1H-Ei 1H-Indene, 1-ethylidene- 0.64 1.47 — —
%% Naphthalene 0.70 0.55 0.46 —
1,6--H1 32 1,6-Dimethylnaphthalene 0.36 1.97 — —
FAEHE 2,7- "W %28 2, 7-DiMethylnaphthalene — 0.95 — —
Aromatics 2 4-— f5 T 38} 2,4-Di-tert-butylphenol 5.64 6.98 5.00 4.34
2,6-BUT 3FEME 2, 6-Di-tert-butylphenol 3.35 2.83 — 3.75
2-Vi-4,6- - T FEA W 2-Bromo-4, 6-di-tert-butylphenol — — 1.17 —
4.6-—RUT FE2E ) 4, 6-Di-tert-butylresorcinol — — 0.48 —
o 2,5- "Ik 2, 5-Dimethylpyrazine 4.85 5.27 0.65 3.98
Others N,N-=THH I N, N-Dibutylformamide 3.69 3.25 3.78 3.21
1,2-98-+ %t 1,2-Dibromododecane 1.53 0.88 0.41 0.42
"R AR iz A&, Tl Note: “—” indicates that the compound was not detected. The same as below.



% 33

KT S B RR AN RURS RE ZEHAT X d FQJF B AR IL R AL 43 . BRARAREME | IXUBR 0I5 A8 A 1) 5 i) 141

W 1R R R G YRR BS Hi %,
FYk g % BEZH A HNa 41 , BS+HNa 41 i 4% & v o
P2t /b  $Em BS 1 40 B AT BB 0 be ke 2 IR 2
BERALS YA I H BS+HNa 415 & YY) B fh 26
TR 2 W SR 25 22 T LA A5 AL, O A T RN R 2 )
P HAA . A 2 PR A LRI B 15 &)
AR ot A I R X R e L X R AL BS
40 . HNa 21 . BS+HNa 4 & & 43 5 y 43.54% .
40.45% .54.21% .\ 47.52% . BS AbHRffi 15 e k225 1)
JT /D BRI 5 A AR A 3 0 5 1l HNa Ab 34

O HAth2% Others O % &% Aromatics O HE/E2% Alkanes

45O RS Esters O 525 Acids O il 2% Ketone
40l O F#2E Alcohols O REE Aldehyde
35F

w
(=]
T

I\
U
T
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o
S

151
101
5 b
0 1 1 I 1 1 1 1L ]
CK BS HNa BStHNa
2H 51 Group

E1 AEEEBMNEEFRTERMAET
ERFEERINAER ELEMFAE

Fig. 1 The types of volatile compounds in the

muscle of Procambarus clarkii at different levels

of sodium humate and Bacillus subtilis addition

O HAth2% Others O % &% Aromatics O HE/&2% Alkanes
Ofig2E Esters @2 Acids O fili 2% Ketone

O %24 Alcohols OE52% Aldehyde
100

90F —

%) S — T
70k
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40k
30k
20k
1ot

L 1 L 1 L 1 L |
v CK BS HNa BS+HNa

7 Group
B2 AEEEEBRNMEEFBETRRMKET
RREZENIIREZELZEXEDENEE

Fig. 2 The relative contents of volatile compounds in

AR /%
Relative content

the muscle of Procambarus clarkii at different levels of
sodium humate and Bacillus subtilis addition

5 Jot e FE R S35 K5 Ak BE 2 Jot e FE AN i 2R W)
G0, 55 A W B A, B B 7 AR A A
2

%

=

ﬂmﬁ-%ﬁﬁE‘J*HXU‘%‘E@TE%ET&F%ENN%
(9 5T BR AN % 4 1A AE R , R M) 35 ROAV JF
V5, BE— 28 3 W A [ 4 P 1 %o B PR XU ) 5T K
REE . P2 5T, SR R M KUK ) R Bk R

x5 AEBEBMNNFBEFATEIMKETEREE
REZE A XK Y R B SR E E
Table 5 The relative odor activities of the main volatile

flavor substances of Procambarus clarkii at different addi-

tion levels of sodium humate and Bacillus subtilis

R SR, X DR S
o (ng/kg) j‘%mﬁ. Relative odor activity value
X . Odor descrip-
Volatile Perceived i BS+
on N P
compounds  threshold CK BS  HNa HNa
RO
Phenylacet- 4 ﬂ; %? — 1640 — 17.16
rul
aldehyde v
USRI
. s e A
TE 1 *‘ 5 87.50 100.00 100.00 100.00
Nonanal Grassy,
greasy, fishy
s TR
2 A FE R 12.25 580 14.07 —
Decanal .
Grassy , soapy
o . kREEE i
Undecanal ’ Fruity, floral '
HRERE( KN
—5ire) 1.07 RRA — 26.54 25.12  26.61
Lauralde- Buttery,
hyde woody
R EEE R
13 e
(2)-1-Oc- 1.5 L 100.00 9040 — 7774
. Earthy, mush-
tene-3-ol )
room, fishy
Utpe
'I‘Zmdjr 1000 Bk Tk 0.16  0.15 0.15 0.15
) Alkane-like ' ' ' '
ane
7% RN
Naphtha- 60 Camphora~ 0.41 0.37  0.32 —
lene ceous
i1 S
RS, g
fT@H 260 ﬁﬁﬂ* 0.18 0.20 0.48 0.39
Dibutyl Aromatic
phthalate
2,5-—H
FEn g IR
2,5-Di- 800 Wk 0.21  0.26 0.03 0.19
methylpyr- Nutty, roasty

azine
A KUK A A >k A M 3 (femaflavor. org/flavor-library) o

Note: Some flavor descriptions are from the website (femaflavor.org/

flavor-library).
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B R BIHE L e, X BB 2 1- M -3 B, BS 41
HNa 41 F1 BS+HNa 41 3 %25 & 1 Kk 9 o0 T
T 345 R PEY B ROAV (B E 100, %F HiAth 4y
AT 00T, 0 2 ROAV=>0.1 B35 & PEW Bt . X IR
20 . BS 41 . HNa 2 A1 BS+HNa 4 #F 4 £ 5 19
ROAV=>1 1 SCEEH4 & W) 03 43 5 A 3% 5% (4 Fp

;H] 4*‘1:10
24 AEBEBNAMHEFATERMKETR
BRI 2 BN AL PO 2 R 45

s 3 s, F 534 - DF1L.DF 2 (%) 5T ik %
G390 98.80% . 1.18 %, RALTTHRFZ) R 99.98 %, P
HTTHOR Z AR 1, B R AR S B A R,
VLI DFA 25 5 BEAS S5 2510 56 4 A PR A 38 (A AR A
J . XTI BS HNa . BS—+HNa ZH (1932 M 58 BR 43 51143
MAESD = = 2 W, B4R A B (5 X
[ ANEAE A X R I R A EAA 7R . 2500 . DF1
TR =>90 %5 , 1] Z0& DF2 4, 238 3 DF 1 1E £ %
Sy AT 4 1] 22 5+ BS \HNa  BS-+HNa 41 i) &b B {1545
JHRAE DF 1B 5 h , 500 BRZH 25 S350k, vl e X
IR R R (4 1

20
= CK
® BS
| 154 A HNa
v BS+HNa
s 10
oo}
&<
:’ T T 5 T T T
& | -100 =50 0 °7 50 100 150
a

DF1 (98.80%)
B3 AEEEBNANHEEFRTFERMAET
R RIREZMRALAKEF & DFA ST E
Fig. 3 Analysis diagrams of the electronic tongue DFA
of Procambarus clarkii muscle at different levels of
sodium humate and Bacillus subtilis addition

& 7 AL AR, AHS . CTS . NMS,
ANS (SCS 73 AR ER I | JBU B R A oy DR EURE
PKS \CPS it F A% B , — i FH ok B e Ass R 5 7y
BAUEVR . A 4 TR 45 R 0 41 T EC 5 AR 7R
CTS.SCS & &A% I 1Y 25 5 M e K, BS+HNa 41 1
o7 5 B F K, AR T H A 45 41 (P<<0.05) , 48 /R H:
TR AR AR T HA A4 . 1 BS-+HNa 21 NMS A
o7 5 R v (2 247.67+8.90) , .3 i T BS 4L A IR

ZH (P<C0.05) ,HNa £H ANS Wi )i & 5 5 , 5 BS+HNa
HEA BEZEF(P>0.05), BEE T BS YA g4
(P<<0.05) , #2/1% BS-+HNa 21 56 0 A4 11/ e o) R 28
FEINEEE . XUR F Ty 22 T R AN 2% 6 R | JE B R
PRI B ZE AT TR 1 5 B AR D X Ml Y2 A 1)
U/ FR LT DR P A A ik 2 5 (P<<0.001) .

AHS ~m-CK

v— BS

7000 A HNa
e BS+HNa

6000

5000} PKS

ANS CTs

CPS NMS
B4 AEEEREMNEEFRTERMKET
EREZERINMAMEFETEE
Fig. 4 Electronic tongue radar images of Procambarus

clarkii muscle at different levels of sodium humate and

Bacillus subtilis addition

F6 BFEINTE KRR A BB 5
WNEEFESHPE
Table 6 Two-factor ANOVA P-value of taste analysis

of Procambarus clarkii muscle by electronic tongue

el 2k

The name of the HNa BS HNa+BS
sensor
AHS <<0.001 <<0.001 <<0.001
PKS <<0.001 <<0.001 <<0.001
CTS <<0.001 <<0.001 <20.001
NMS <<0.001 <<0.001 <<0.001
CPS <<0.001 0.003 <<0.001
ANS <20.001 <20.001 <20.001
SCS <<0.001 <0.001 <<0.001

3 i #

3.1 BEBMAMMEFAFHEXZKRERIA
kAl

IR it B4 it JOE LAY £ 5 5 A0 (R RY it o 2
FE B IR G A B 0 R R R A A

=X
H
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AW, JERET 5T 32 B R R XU RN A S 4
B RN LD S TR B AR
H ARDARE I G R R RTRG R 2 AT T R DA
PR TR LG D 0 & 5, BRAROK 2335 &, O FLEK
B 5 B I B Bk B 2 AR AT TR ZER 2 1 KO e s AT
REJZ I RR AN B3 T R S il SR BT i ik
R R ZERUFF B 45 25 A e Al ™, T B T 37 sh P i
THALFIW I RE Ty AR R e . IR SRR W 46
TR R AR RS e 2 AR T A S I ] AR T v [ i B R 1Y
BEIRMA , HABDE 5T 5 AW 7 45 8 — 2, ks
R R ZE SRR R IT LA S T LA T X RS
(Acipenser persicus)"" B UR 543 oML 11 KL 5
(49 LU A1) 5 (B AT A 9T A rh I m s B 1 xof Je 2
B ARy 4 T B OB ORI 73 & R W
B V200 000 S A R A A R KB R T 3R 8 A
49 R SO R R T8 TR M R A B 2 64T T a0 ] 5 i
i, QR B R LA & B T AR (A ML A 5 B — A
I
32 BEBMMHEFAAENTREZTNA
AL R 2 i

7 LA Y A A R > — Y s
(L) 2L (a") VBB (07) & PE AL G5 3445
b, Hor LB Ry LPR 5 BB 5 o (BB R, PR B
A 5 o (A TG, A TR 2 2 AR S G R A
Rl R 2 LT TR EC G S I e i R Y L o
K40, o™E 3 T R, U0 R 5 R AR A 2 AT I
AL DL 2 4 T v D 2 A 0 UL A ot Jo 5 BT 92 5 B A
o a OIS AR Y B B SRS A G,
I 2T 8 AN LEL AR 11, m]RE R JE FE I 4 MR 5525 1
FFH T A AE ™ PR A LA R A i — 25 Uk
NG 7 A 3o BE UAR, B4 T 2 BE AR 2 e I
A H AR AN 310" CFU/ kg A B 2EF AT B O A 5T
WAT BRI AR

FEoK I 02 LR DR F B 7K 3 RO e o1 >k 7K 43 18
RE 1, LA H K AR, BRI ZK 43 i 2R e, ml s Pk 2R
FRR B P, FUE2E AARFI T A5
HHIBR -G VAS I B TR BRI R 2 R T 1T S 4 v AR
PRIREZK 7, 000 B 1R A R Rty e 2 0 A T 19 0 AR Al
PRI Al 2 s 2 v, AT 32 T+ 1 LA 2H 2L £
IK T BRI 2 A1, T8GR R BRI B ZF AT T 09 58 AR
FHIE 2 2 BT 7 26 A L PAT A 2 A R A A L g
P WFE R I N2 S BUK A S LA AR 0 T, fi
A5 PR 5 7K T 0 5 R 200 9 FLBR TP AR AR T

P T A 208 S D P A A T Tl S A R A
i AT B BT T IS MR AL A P SE L RE T A
REPERE Uk A B OO T B T 1L P B AR B, 5
Yang %5 2SR AH A9 — 85, A AR R B 2R AAT T AT
DAAR FE K A Sl LD 0 B R LR R ] A 25
L T R RIOR R 2F R TR AT DA S 3 O e TR
FEUR 0 LA FE A T, LA AL AT R R
5%
33 BHEBMNMHEFANEXNRKEZEIRANA
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e PG R A A XU = 2 O T 9 1 XU
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Effects of sodium humate and Bacillus subtilis supplementation
on nutritional components, physicochemical properties,
flavor substances and taste of Procambarus clarkii muscle

ZHANG Qian',GUO Wei',MO Aijjie!', YANG Huijun', GU Zemao"*, YUAN Yongchao"*

1.College of Fisheries ,Huazhong Agricultural University, Wuhan 430070, China;
2.Shuangshui Shuanglii Institute , Huazhong Agricultural University/ Engineering Research Center of Minis-
try of Education for Green Development of Aquatic Biological Industry in Yangtze River Economic Belt/ Hu-
bei Engineering Technology Research Center for Breeding and Healthy Aquaculture of Famous Fish/ Hubei
Hongshan Laboratory, Wuhan 430070, China

Abstract To enhance the muscle quality of Procambarus clarkii and provide a high-quality protein
supply, 360 P. clarkii with an average weight of (13.594-0.25) g were randomly divided into 4 groups.
Each group was fed one of the following diets : a basal diet (control check, CK) , a basal diet supplemented
with 0.5% Bacillus subtilis (BS) , a basal diet supplemented with 0.5% sodium humate (HNa) , and a bas-
al diet supplemented with 0.5% Bacillus subtilis and 0.5% sodium humate (BS -+ HNa) , respectively. The
effects of sodium humate and B. subtilis on the nutritional composition, texture , volatile flavor compounds,
and taste of P. clarkii were investigated. The results showed that in terms of nutritional composition, the
crude protein, crude fat, and ash content of the shrimp meat in the BS + HNa group were significantly
higher than those in both the control group and the BS group.Regarding the physical and chemical proper-
ties of the muscle, the L™ and " values of the BS + HNa group were significantly higher than those of the
other groups, while the 6" value was significantly lower.Moreover, the elasticity , hardness, resilience , chewi-
ness, and cohesiveness of the shrimp meat in this group were significantly higher than those of the other
groups.In terms of volatile substance detection, 36,39, 34, and 30 volatile compounds were identified in the
control, BS, HNa, and BS + HNa groups, respectively. Among these compounds, the content of lauralde-
hyde, which is associated with a fatty aroma, was significantly higher in the BS, HNa, and BS + HNa
groups compared to the control group.Conversely the content of 1-octen-3-ol, which is related to a fishy
odor, was significantly lower in the experimental groups than in the control group.In terms of muscle taste
characteristics detected by the sensor, the BS + HNa group exhibited the lowest responses to bitterness
and saltiness , which were significantly lower than those of the other groups.Conversely, this group demon-
strated the highest responses to sweetness and umami, surpassing those of the control group.In conclusion,
the combined addition of 0.5% sodium humate and 0.5% Bacillus subtilis can significantly improve the nu-
tritional composition and muscle quality of P. clarkii, and this combined approach is superior to the individu-
al additions.

Keywords sodium humate; Bacillus subtilis; Procambarus clarkii; muscle quality ; trophic compo-

nent
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