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FEREE T BS M HNad By w5 R B KSR URACR B 2w T gl . bk ii , BS+HNa
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B R A5 (EL 3 R o 2 5 S50 A A SR I 4 2 40 i
T3, BV R U B 0 5 %) 0 2] 2P0 A 7 A
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1 MBEFE
1.1 KRt nEFERE

TR X 5 Ry e I R, DL T 6 v 1G i B A )
R FEAl R CRLEE 11 BT F R 3050 5 FHAR 7K~
696) 5 FEXT B AL FR)RR A% SE Ak 78 fn g i A 4 (i
FE YR A BRA AL 48 99 %) A, B 2E AR 1R
(RFIE AR A BR A E A 800 A =1.0X
10" CFU/g) . FEAREEE b Ui A rhglk kK
P f FREIR K % B b R B AR PR OK FRIE R G AT .
T R I T AR L 2 8 5 B OIS AR I AR R
A R 0 e Q5L A 360 R [ 90 4R 14 Bt 4 (13.59 &
0.25) g, BEMLA: A 4 21 - X6 BE 2 H5 R LAt A ek, 1 56
ZH 1 Ry b L ZE AT TR S N 2H (Bacillus subtilis , BS) |
JG5 A 1 s 4 (sodium humate , HNa) FiEe & 78
#1(BS+HNa). BSZLESEA AR PRI 0.5 %6 A 5
ZEFUAT TR, HNa 2 7E Al a4 i 0.5 26 Ji GE R A
(1, BS -+ HNa 21 75 5 fift 17 4} o 75 0 0.504 J8 B iR
F0.5%0 Al RE ZEAEAT IR o X 90 iy S 5 1 9 2 ) R A
B SRR PR i B0 B K rp, SR A s TR B AR |
FEE T 45 CHEAT Mt 2ok 0 & 1R T 1000, T A
FHARE BT 20 CUKFE & .

TR IR 0 2 5 e A B e A e A A R S R
K I EF 2 5 55 SR8 6T (1.20 m X 0.60 m><0.45 m) i,
FEAELCE 15 PYC 4 (25 em X 7.5 em) /E Ry il 50
IR AR . XS ], B KA A RS A SR K 3
7K 30%6~40%0 LAZEFF 758 7K M 1 il BRER 2, SR BE K
JAE B KR 24.1~26.8 °C, ¥ it S & R 5.7~7.6
mg/L, pH {f 7.2~8.1, &% 0.032~0.071 mg/L.
K 08:00 Fl 18: 00 $5 M , 5 M 3t by MR 44X J0T 5 1) 206~
3%, B KA SRR B M AL S I R 5 IR B )
el FH T W2 3k B 83 7 L ATV S 104 S 0 R R T o A
158 By BDRERE T 2 AR ST a7 AR A R FE A
50 B S B B AR AR I g s A 3R K O
176 ).
12 HmRE&E

FRIA IR A R G IR AR & 24 h, BB
TE B3 2 R H T A 1 RR I, 1 oi 24 OR AR J5T i (final
body weight, FBW ) | JHFJig it J5 2 1 2 5 L IA) ot 3 LA
115 4% 5 K (weight gain rate, WGR) 55 4 KR
(special growth ratio, SGR) . il ¥} 2 %k (feed conver-
sion ratio, FCR) | £& H Jii 8 % (protein efficiency ra-
tio, PER) {71 (survival rate, SR) & [t (hepat-

osomatic index, HSI) fil tH A % (dressing percentage,
DP) i BAXS Bk [14]. i 1 mL JCHEES
i M A Sk ey B I 30 30 AC O 0, 4 ERC0.5 mL ifin ik EL
A 1.5 mL A SR hrsE i s 08 N 4 CRE 4 h
J& 12 000 r/min B.0> 20 min, B3 WARTE 3 20 85
JFRERR A ZUE T 1.5 mL #0488 5 H 8% 2 -80 ‘CrkAH
HRAE , LIRS S0 A0 R G2 il 16 K-
1.3 MHKBEMFFRERELEN . RREBEN
ME

HU/D B F BB A 2025 A 2 mL B0 48, I 9 £ ik
R T8 A= B K AT WL AT 2%, T 4 °CTF 2 500
r/min #5010 min, Y FIEWR S . SR Bt #g
A=) T AR AR5 P i 70) 6 DU 2 o [ J5E 88 R i g L2 R
JBE IR B B B R AL BE T (T-AOC) | i3 % 1k A il
(CAT) . 8 A b Wy i 4k il (SOD) | B M ol 12 il
(AKP) F1 B2 P W B2 i (ACP) 4 3% P LA K 9 — 18
(MDA) By & 1, /" A% 4% BRUL A 5 A T4
1.4 HIBEBSH

B 4% H SPSS 19 #E it 41 50, etk A7
Z 1 (One-way ANOVA) FIXS 5 B 2 W 22 46
5% (Duncan’s test) (a=0.05) , SR J5 K F XA & )y 2247
T G 65 T L I M AR e 2 AT TR 0 e T i 2 o A5
171622 T AR (Two-way ANOVA) , 45 3 DL F 3
{H = FrfEZE (mean+SD)FE/R .

2 GRE5HMH

21 =REERMAEKERE

PR 1T, 35655 VA o0 I R R 2R A AT
LRI IR A LR T i (FBW) B TR (WGR) FlIgR
FEAE KR (SGR) ¥ e, ¥ 3 & TR (P<
0.05) , FF FLFifi 25 J65 5 1 B RNV 525 28 60T B 5 2 114
JHE  FBW . WGR I SGR A H i i #4345, {H BS 4 |
HNa 21 5% R4 2 [ 3 A 18 35 22 5+ (P=>0.05) ; BS+
HNa 21 1 17 A} 2 20 (FCR) H X , BS+HNa, BS #ll
HNa 2105 R FCR ¥ 2K F X B4 (P<<0.05) .
XUR R AT 285 S R AR R A FBW 32 31| B — [N 2
i B 1 M 4 5% T f 25 (P<<0.05) s WGR HI SGR % 5
PR — PR ZEA R ZE AT B 5 ) I 2 (P<<0.05) ; S AR
i B TR 5 2 AT B 1) 22 AR G e A K P e
() 4 5 R 7 A 2 S (P=>0.05) , iy B 20 1 &
YEH .

Hi 2 2 n] 41, BS-HHNa 41356 45 (19 2 7 RSCR
(PER) f7 1% % (SR) 1 i1 A 28 (DP) ¥ 8 5 5 , BS .
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Table 1 The growth performance of Procambarus clarkii under different supplementation levels
of sodium humate and Bacillus subtilis
JEFH RS/ Vo ok el V] G AT g KRR/ g WER/ Y KA/ (Y/d)  REREL
Sodium humate Bacillus subtilis Initial body weight FBW WGR SGR FCR
0 0 13.62+0.21 23.15+1.69b 70.08+14.93b 1.26+0.22b 1.95+0.17a
0 0.5 13.34+0.29 24.31+2.62ab 82.06416.50ab 1.42+0.22ab 1.59+0.15b
0.5 0 13.76+0.09 24.59+1.53ab 78.78+12.41b 1.38+0.16ab 1.58+0.12b
0.5 0.5 13.6340.24 27.8440.98a 104.204-4.49a 1.70£0.05a 1.35+0.04b
HNa 0.044 0.073 0.087 0.003
PAH P value BS 0.067 0.037 0.045 0.005
HNaXBS 0.344 0.395 0.445 0.448

VE R F B JC 7 R sl b AR IF) 7R 3R A B35 25 5 (P=>0.05) s AN ) T RE RN A 1E 1.3 22 57 (P<<0.05) . “HNa” KR AR 15 “BS” 4%
RGBSR  “HNa X BS” 3875 J85 58 B2 4 FIARS R 28 AT B (W AH ELVE T, R 3R 16 o Note: Within the same column, values without letters
or sharing the same lowercase letter indicate no significant difference (P>>0.05) , while different letters denote significant differences (P<<

0.05). “HNa” represents sodium humate; “BS” represents Bacillus subtilis; “HNa X BS” indicates the interaction between sodium humate

and Bacillus subtilis. The same as below.

HNa #1 BS+HNa 2H i) PER 4 i 3 &5 T % B 2H (P<<
0.05), H BS+HNa 21 PER i % & T BS #1 HNa 41
(P<<0.05) ; HNa 41 1 BS+HNa 41 i) DP & & & T
BS 41 FIX} R (P<<0.05) , (HA&- 4l Z B () SR % A .
F %5 (P>0.05) . BS-+HNa 41 5 iF /9 BT 14 L

(HSD eI, 2 T HAL A4 41 (P<<0.05) . GLit4h
IR G AR R DP 52 21 50— DX 3R 8 5H 1R 64 1Y 52
) 2 3 (P<<0.05) 5 5L 4R ) PER I HSI 52 314 £
ZF AT TR SRR Sh B9 5 2 2 (P<<0.05) , [ H
A 1 B AR FH , o 11 B0 35 1 58 T T (P=0.05)

x2 BEBWNHEFATEARRMAE T REZERNESRIE FEE AELLNHAE

Table 2 The protein efficiency ratio, survival rate, hepatosomatic index, and dressing percentage of Procambarus

clarkii under different supplementation levels of sodium humate and Bacillus subtilis

JESBHR N/ Vo 2 ST/ HEHABRCER G/ AL/ % AR/ 2
Sodium humate Bactllus subtili PER SR HSI DP

0 0 1.7240.15¢ 73.331+3.33 7.88£0.59a 10.32£0.47b

0 0.5 2.10£0.19b 77.784+6.94 7.492£0.06a 10.21£0.39b

0.5 0 2.112£0.16b 77.78410.18 7.37£0.28a 11.55+£0.49a

0.5 0.5 2.47+0.07a 83.33+3.34 6.16£0.45b 12.34£0.76a
HNa 0.002 0.226 0.004 0.001
P{H P value BS 0.002 0.226 0.008 0.313
HNaxXBS 0.908 0.888 0.110 0.189

22 mEREESRAMLEE A MDA 5 it 152 00 12 3 2% (P<<0.001) , X 1056 4F

2 3 A1, BS+HNa 4 IfiL ik B CAT .SOD 1%
PEFI T-AOC K38 e , 3 4 35 & T % R 20
(P<<0.05), I H.CAT &M A T-AOC KV B & m T
BS 2 F1 HNa 41 (P<<0.05) ; BS+HNa 44 # MDA &
R, B E AR T BS 41 . HNa 41 #il %F 18 20
(P<<0.05) , Jf H. BS #il HNa 4H iy MDA & & i 3 1%
FXFHRAL(P<<0.05) . WHE e R BN, m—]H
3565 B 1R k0T 3 36 R 0l 94k T A9 CAT . T-AOC 7K

I 94K B2 B SOD 37 P 19 5% il d 2 (P<<0.05) 5 5 — A
2R B 2F A AT T R I 56 R i 9 A9 CAT 3% e A
MDA 5 5 [ 5% M B i 25 (P<<0.001) , X6 56 8F 1 34k
ELAY T-AOC /K- 1 5% i) 2 3% (P<<0.05) 5 J& 5 12 £
AR R 28 60 FT TR 9 28 B A 6 056 A I b B2 MDA
()£ B 52 B2 2 (P<<0.05) , X I8 HF if ik EL CAT .
T-AOC 7K F 1 SOD i ¥ & /= 4 W 3% ¥ m
(P>0.05) , Ry Eafif) & e H
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Table 3 The antioxidant capacity of hemolymph in Procambarus clarkii under different supplementation

levels of sodium humate and Bacillus subtilis

JEEBEIREN/ M ZEAUAT R/ 0

Sodium humate Bacilles subsilis CAT/(U/mL) MDA/(nmol/mL) SOD/(U/mL) T-AOC/(mmol/L)
0 0 4.294-0.72¢ 5.5240.24a 5.3611.24¢ 0.5640.10c
0 0.5 7.64+£0.43b 2.91+0.14b 8.30=£1.18bc 0.98+0.14b
0.5 0 8.054+1.91b 2.3740.20c 12.39+4-2.28ab 1.22+0.35b
0.5 0.5 11.89=21.05a 1.47£0.14d 15.494-4.75a 1.712£0.05a
HNa <20.001 <20.001 0.002 <20.001
PAE P value BS <20.001 <20.001 0.095 0.004
HNaxXBS 0.613 <20.001 0.963 0.753

2% 4 ] 1, BS+HNa 256 MR PR ) CAT
SOD W& P T-AOC W73 e iy, ¥4 3 5 TXF
W4 (P<<0.05) , Hr CAT 3% 1 2 % % T BS .HNa
ZH (P<<0.05) , J& X IR ZH Y 2.94 1%, T-AOC 7K 5
BS FTHNa @ A 3% 22 55 (P>>0.05) . BS+HNa#i
12456 0 JHF JR AR 1 MDA & & 45 ik, 7 (13.13+1.08)
nmol/mL, B Z KT BS .HNa FIX} 4 (P<<0.05),BS
T HINa 413280 56 1R AT AR 09 MDA &5 s o 216 T X

HRZH (P<<0.05) . MR R/ Ara R R, o — KR JE
B R AR X B0 U FFE IS AR B CAT 35 PE AT MDA 55 152
M 8% Jid 2 (P<<0.001) , B — PR 2 B 2 00T P e it
IR BT I B B CAT 3% 1 A MDA & 5 5% Wi ) i 3%
(P<<0.001) , X 2 56 4 JFF 9 B 1) SOD 37 M 5 ) {3
(P<<0.05) 5 A B ZF AT P 1 7 2 9 1) 3¢ B AR R G
AN A Nl T A R A P A N A 2
(P>0.05).

R4 BEBRWBEZFEATEARRRMAE TR REZEIRFREROTAL T

Table 4 The antioxidant capacity of hepatopancreas in Procambarus clarkii under different supplementation

levels of sodium humate and Bacillus subtilis

JEEFEIREN/ o MR ZF AT/ 70

Sodium humate Bacillus subsilis CAT/(U/mL) MDA/(nmol/mL.) SOD/(U/mL) T-AOC/(mmol/L)

0 0 17.6640.67d 33.56+1.63a 97.46+24.23b 0.70+£0.09b

0 0.5 37.98+3.24b 21.07+£2.52b 122.45+11.21ab 0.760.12ab

0.5 0 30.13+2.73¢ 21.95-£4.04b 111.73419.54b 0.84+0.16ab

0.5 0.5 51.92+3.51a 13.1341.08¢ 153.50+8.44a 1.244-0.46a
HNa <20.001 <20.001 0.051 0.065
P{H P value BS <20.001 <20.001 0.010 0.151
HNaXxXBS 0.657 0.250 0.420 0.274

2.3 RREERYREREEE

ry ¢ 5 0] 41, BS-+HNa 41 2 56 45 1 g4k & A0
iR AKP A1 ACP (5 e g, 359 8 3% % T BS \HNa
FOREREZH (P<<0.05) , JF H 5% B 4140 [t , BS #il HNa
L 56 M o 6K B R BRI 1 AKP L ACP 36 43 18 3%
%5 (P<<0.05) ,{H BS Fll HNa 21 2 6] 56 A i & 2% &
(P>0.05) . MUHZRSHras R BoR, 5w R IR il i
EEL R0 i JIR F ACP AT AKP 15 14 57 5] 63 %8 182 0 ARG
LSRR T Y S B3 (P<<0.05) , Ho RS 2 AT
T 6 0T M i B AP 375 B S e A . 25 (P<<
0.001) , 17 Ak e 2 £ AT T8 G 5 R b 1) 52 HLAE T

X o5 I JE #E R 1f 9k B s ACP L AKP G . 3 52 Wi
(P>0.05).

3 i i#
3.1 BEBRNAMHEFATRN R KEZEREK
4 e B9 22 01

T Ak v VR T L P A R 2 AL AT T R
A 3 AR R B B I A P RE M I TE (R B, AT
HR TR S IR B 2 ST T R B R 1k T A R
5 0 PR AR P 2R MR i M B R AR R
JROCR RIS RE A 1A% 25 [ AR L AR 28 BT
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Table 5 The immune enzyme activities of Procambarus clarkii under different supplementation levels

of sodium humate and Bacillus subtilis U/mL
B RN % B SEHAT I 1Lk Hemolymph JIF B Hepatopancreas

Sodium humate Bacillus subtilis AKP ACP AKP ACP

0 0 0.98=+0.16¢ 4.25+0.69¢ 24.20+7.26¢ 100.134+11.32¢

0 0.5 1.2940.23b 6.41+1.17b 43.41+4.92b 123.484-6.04h

0.5 0 1.4340.07b 6.44+1.27b 37.71+7.14b 128.18+8.6b

0.5 0.5 1.75+0.11a 8.94+0.77a 65.12+4.32a 145.89+7.12a
HNa 0.001 0.004 0.001 0.001
P{H P value BS 0.008 0.004 <20.001 0.003
HNaXxXBS 0.986 0.783 0.274 0.582

P, I ELAR Ll BP0 il 5 28 6T VT 58 58 1R A 1Y
TR G E R R SRR RN Y P R R
WF5E % BRARDRE R 0 360 mg/kg B JE i R M) T LA
W A o B 11 A P R RN ARDRE R FHRCR (A NS
B R 25 T SO AR A 4 23850405, S AR I8 45 SR AT
Y 2, MR H S 0 ek v 7 A T SR TR S I A
GEF R BV IR B ZF AT B AT DA i 3 4 vay £ RS I
(Cherax quadricarinatus)""" F1 JL 44 1% %t 5F (Litope-
naeus vannamei) AT R R 1K SRR R
AR, 5B AR, C A BRI 5 R
AT LS 38 i 2 0 M 8 T K R AT AT AR 1
Fr G S W) ) SRR I, I LGS B R 4 2 R A 2 A
FIER 2 AT L8 I i 30 T RE A 2 TR A A A
F AT B AN A 25 A= TR TE I 18 AR B AT LG i —
WEREFRY T (g R K 44 R By, Az i
B2 ) 2 R AN FE SR S A IR T R A ST R
AR AR R S i 15 5 TG 2 R A0 2 K PR e i 2 42
Tt A0 2K 731 TP BL N 8 A 7 i 57 4 B A 4
TR AT
32 BEBMMHBEEFAAENREREZITRE
L BE IR0

A WA R I P SR AR R B A Bl AT L R
HRASHEATHE , 235 | AR G I iy 2o B2 484, 7= AR B
A EPEEE R MDA 48 bR S e T AL AR5 4510
FREE  BUAE AL R G0 AT DLy i it B2 09 A bl 2, 2L
PR PR W 72 A s AR R 2, AR S v B
SR A5 VIS O L 2 M R 2 AT BT ) i 3 e o
PG i 285 A L 94 E28 R AT JB % 69 CA'T L SOD 35 1 1 T -
AOC IR, FEAR MDA F5 i, 3 HLECS U AR I8 T
BRI TR | B T )RR R 2 AT PR R B G

FEMR LR T P MDA & B B RRAR ™42 T B E B 3E |
YER o 7F Deng 25 V5 v, A0 3 %6 1465 7 I 4 i
W E T E B Bk a0 AR K PR RE R T g O BT A A
Ae ABXT BRI CAT .SOD 3% P JC i #5200,
SRR AR — 0 022 5, W H 7225 8h ) e
I577 0 A S I 96K B, JT LT i 3 WG WAL I 2N R i )
R T A 2% T A A R LR R s AR K
B R DL R Oy R NV TE S N |
Barg ) PrA bt Re, I H B &R MDA & &,
SRS R, SOD 1% 5 FL IR =F B IEAH
5, MDA 25 AL B AOBUEE FT 1 = B 7 R 5627,
77 25 B T 27 R G 5 2 AT T 2 T A ot L
DR FIDSUE AT T 1) 2 A, DA T 48 s AL BT S A RE T, 3
BRI 2550087 P9 77 A T R 2 T R 3 1o 9 49 B i pH
(BRI AR B 2 AL AT B A KR, R B 2E ST
S 38 2 A3 WA AR ) 3 i 6 E R AN Y Bt AR Ak s
SR gE b O R IR A TR IR R 2E ST 1 A
B PR M BB $E 5 v PG B R B S A R B RE ) L (= R
P RN 1 ELAAR BIL AT i 2k — 2D R R
33 BHEBMIHEFAFEMNRTREEITGEE
By & M 220

TR S e ek E A, Bt ke
95 S I B BRI T AILAAR 53 0 11 22 ol 440 i B AR B 95
120 o, ACP FI AKP J2 5 % 1 4 S Pk f s
B2, FE LA ) AR I A 928 B s 95 80 255 )y ThD R ¥ 5
FEAEH WP A IR A IR A AT LA AR T e %
B AR 1 R G RE T R, B AT T 0T LR
LA T X6 AR S 0 38 BR AR 1 KT, X 5 A ST 4%
AL, A 5 v Bl I AR oS I R A 2
FOAT BT AT dod 35 R o i 28 M a9k 2L R AR ACP
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FTAKP 35 Pk, I BLECA U I8RO0 T S b as i o
O A B9 UE S B 2R TR A5 W] DA™ AR 2 Rl
PR G 200 TR 2R A 2 AT O R N R T PR R
25 WTTT M8 580 55 9 S B0 10 D A S Ik
SRR AT g 2 O G R 4N IR Ay R 2F T DA R AR T
B E T R A AR AR R S e e R Ty o BK A
U 00 R 2 AR TR R B R A AT BT R T b EC R
LA AL N AR AR I ks A = 2 1 A N T =i oy
BN 0 RE B AR AR AL BA A R Tl — 245 5T .

A5 AR B BRI AR 0.5 %6 T 5 1R M
0.5 %0 Al B 25 AT TR RE AT R 1= o [G L 2 IR 4 AR
(A KRl T SA AL M R AN S B BTG KO, O H
I B (o FH AR B A, A o A 28 R 7 i o e v G
A ol FH O B 2 R R 2R AT T, DA IR B TR 47 14 25
B IR
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Effects of sodium humate and Bacillus subtilis on growth
performance, antioxidant capacity and immunoenzyme activity of
Procambarus clarkii

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 Research Institute , Huazhong Agricultural University/ Engineering Research Center
of Ministry of Education for Green Development of Aquatic Biological Industry in Yangtze River Economic
Belt/Hubei Hongshan Laboratory, Wuhan 430070, China

Abstract To enhance the stress resistance of Procambarus clarkii and improve the economic and eco-
logical benefits of its aquaculture by identifying suitable feed additives, this study selected 360 P.clarkii
[ (13.59£0.25) g] and randomly divided them into four treatment groups.The subjects were fed a basal di-
et (control, CN) , a basal diet supplemented with 0.5% Bacillus subtilis (BS) , 0.5% sodium humate
(HNa) , or a combination of 0.5% sodium humate +0.5% B. subtilis (BS+HNa) , respectively, to investi-
gate the effects of sodium humate and B. subtilis supplementation on the growth performance , antioxidant
capacity , and immunoenzyme activity of P. c¢/arkii. The results showed that, regarding growth performance,
the feed conversion ratio in the BS, HNa and BS+HNa groups was significantly lower than that in the CN
group.Conversely , the protein efficiency ratio in the BS, HNa, and BS+HNa groups was significantly high-
er than that in the CN group.Additionally, the feed conversion ratio in the BS+HNa group was significant-
ly lower than that in the BS and HNa groups. The weight gain rate, specific growth rate, and protein effi-
ciency ratio in the experimental groups were significantly higher than those in the CN group.Regarding anti-
oxidant property , the activities of catalase (CAT) and total antioxidant capacity ( T-AOC) in the hemolym-
phatic and hepatopancreas tissues of the BS+HNa group were significantly higher than those in the other
groups. Additionally , the malondialdehyde (MDA) content was significantly lower than that in the other
groups, and the superoxide dismutase (SOD) level was significantly higher than that in the CN group.
Moreover, sodium humate and B. subtilis exhibited significant interaction in reducing MDA levels in shrimp.
Regarding immunoenzyme activity , the alkaline phosphatase (AKP) and acid phosphatase (ACP) activities
activity levels in the hemolymph and hepatopancreas of the BS, HNa and BS+HNa groups were signifi-
cantly higher than those in the CN group.Furthermore, the activity levels in the BS+HNa group were sig-
nificantly greater than those in the BS and HNa groups. These results indicate that both individual and com-
bined supplementation with 0.5% sodium humate and 0.5% B. subtilis both improved the growth perfor-
mance, antioxidant capacity , and immune performance of P. clarkii, with the combined supplementation
showing superior effects compared to individual theatment. Therefore, the combined use of sodium humate
and B. subtilis is recommended.

Keywords Procambarus clarkii; sodium humate ; Bacillus subtilis ; growth performance ; antioxidant

capacity ; immunoenzyme activity

(FTHE%E . DPHT)



