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Abstract

This study explored the effects of the mixed cultivation of Planorbarius corneus and Egeria densa
Planch on the growth and health of Xiphophorus maculatus. Three groups of treatments were car-
ried out through the mixed cultivation of two different species (T1: X. maculatus + P. corneus; T2:
X. maculatus + E. densa Planch; T3: X. maculatus) conducted regular water quality monitoring and
biological sample collection for each group under the same indoor normal temperature and pres-
sure conditions, and analyzed their impact on the growth, feeding, survival rate, reduced gluta-
thione (GSH) enzyme activity and water quality indicators (such as pH, TDS, dissolved oxygen,
nitrogen and phosphorus nutrients in water) of X. maculatus. Data analysis revealed that the con-
centrations of ammonia nitrogen, phosphate, and residual chlorine were all (T1 > T3 > T2, P <
0.01), and the turbidity changes also the trend of T3 > T1 > T2 (P < 0.01). In addition, other key
indicators of water quality such as nitrite concentration, oxidation-reduction potential (ORP),
dissolved oxygen (DO), conductivity, total dissolved solids (TDS), salinity, etc. are maintained
within appropriate ranges. The average content of reduced glutathione (GSH) in three groups of
X. maculatus is about 0.34484 mg/g, while the GSH content in snails is 0.08418mg/g, reflecting
the good physiological state of X. maculatus in a specific aquaculture environment. Overall, it can
be concluded that aquatic plants have a significant promoting effect on the cultivation of X. mac-
ulatus and the improvement of water quality. P. corneus have a stabilizing effect on aquatic ecol-
ogy in the early stages of cultivation, and appropriate selection of species and allocation ratios
can help form a stable aquatic ecosystem.
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1. 518

H Y8 (Xiphophorus maculatus)#2 7 H (Cyprinodontiformes) #£ i £l (Poeciliidae) &1 2 2 J& (Xiphophorus)
I, R—FVEGIRNT, SRRz l], KRR AMRFIERS A& ST M2 2 2 k. 1ot
3 AR TEAEIR Y 18°C~28°C [2], pH 7.0~7.4 [3]HI/KAE . Forb, JRURSRRR. EIREIRIR. GSH B
PESEADDARFRAE) 2 N TP TAFR R BRI 55 . teAbh, ANRIP0Fh (5 e g A A R s W 3 £ AR K T A
BMEZERERZ —. EASNCT HOGEKRIAE I8 E0 ARk € 2 fid Fesoma iR Fu i/, BT T 6l
AR RIS 0 N IR RCRIEFE[4], R CA AL AL AN [F) A A 2 ) B VeI AL 5], LN H
RIEER 6], HBFFRAMNZE & 78 A AR AR, SO0 5 0 R b SN F B AN AT sk 4 35 3
T FEAS FHERCOC R N ORI AR KA SRR, 7m0 R 5 7K 25 50nr H Ol 0] = IR 85 1) HLAR R i,
A N RZERAE SR SR AR . RN, AU R T — KA AR R B AR FB,

DOI: 10.12677/aep.2025.154050 430 IR AT


https://doi.org/10.12677/aep.2025.154050
http://creativecommons.org/licenses/by/4.0/

e &%

i SR RS H K (GSH) B V5%, DUEHER I PPAL PRSI 55, AL B A0 iR B SR A AR S R S 14
EEMZ%

2. MBSRE
2.1, SEHAAHL

1) SEibth. FOutasE AR A S T, GRS OMEIR S SN Tk BUY T AR FRR L R
U, BASEEST, RS RBIILEAE AR R, WIRSCFEAY) —M . SCIO R fLAE kTR, HEkr
SR

2) BRFRE. SF 452 (Planorbarius corneus) XARSE SRR, 2y BEAKSIYIIT], FEEH, WMEBIER. ik
FARTYIE R 35379 S SRR SIS ARl . SERIBTE R KIS R AR g, HA BB KA BNV A
FSEALE FR T AER, XA 6 R A 2R

3) JKEMIFIE: 7KZEH (Egeria densa Planch) & /K ¥Rt 2 MFAE YUK BEAR . ARSEIGERUE KHERS . 7
fE R I K 2 A s ARl e K2 B — Bl WK ZE R, RS IRBOK R IS FR B, 1K, TR
B A e R A RN S )RR . 7ESEI0 I, FRA LR B fR /K 28 S i) A KR R4, DAERR IR IR B 1)
e M.

4) IAYEE: ZSHOKTA BONL, T, TR, iR RS

2.2. SEHTER

AT AN RIS R R IR Ot Bl IS A TR AR HE S QHTSZ2 (TL11TE
ILXFRAKRABRAR]), FREEMR, X5 min AR ERE. ZEE L i i, e HARE
AR BR, K, W HRE—KE & Omega-3 IR KT DNA FEMIEELHE R .

2.3. KT

IRAE LI BT, EE NI EAF N, SRiRItinE 3 4k, HHES 3K, WE 5k, 20k
T1: 6 kOt MmahE +6 HERIR: T2: 6 ZH LMAIH + /KE(10cem): T3: 6 K H ML,

AU S i S AR S G 5 AR TR L0 B 30 om,  EEEBELAE 15 em)BEATAA %, SEIGTTAANT, AN[E
AL IR R R AR B, SR KNI L R B RAK, KR 17 om 4, ENEERE, K
Pedid i A I T AR E I AT B SR KRR, KIEN(23 £1)C, BEHERRME, iR & AT
IR AL, BAIUIRSOT (MR D2 W), eI, SRR E, &5 KK 1K,
BRI 13 LJZIEK[7], 2~3 KX /K BB FR bRdhAT — Al (H19828, Hanna, Italy), #/K &
KRR A BERREE . ANERER . WRIRE . KA. MUEEE BRI & HIE AR KA E, IR
ARG EREIRGLIAT NI, WHAREIE . AR REE NS,

2.4. WG 57
2.4.1. MEIEFR
e AR AR E . pH. A WERE:. M. WHEREE. R SOEFEMER b H IS

2.4.2. BABNETE

s S50 e E PR 7750 DO. pH. ORP KA £ 2K 70 HT{X (H19828, Hanna, Ita-ly)Jll &,
RAKHNAFI EyE, WRHRRE. WMRRER AR EE, BSRRHBESRMEENE, B
I% £5 K F GBIT9727-2007 4k 2% W 2 £h il s e FH /7%, RECK A DPD 3 6t 2.
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2.4.3. EKIEFRRONE

S FEC R A1 25 RN 39 0 5 B4 Hh AN (144K (Body Length, BL). #4515 (Body Weight, BW)H14%
R, PRAEPREA em g, FEGTHSAN LB I BIE

THEAXWT:

1) R E() = RIEQ) - HFEQ);
2) AR (em) = RIKMEAEK (cm) — IR E &K (cm);
3) A R=FT = (g)/FMEE(g) x 100%;

2.4.4. BEMABHER(GSH)RRIESZE:

R JE MR B H AR F 2 e e e, B B bR 77847, B4t GSH & i (mglg B 5)id
SKSEEEE, BE AR ] Excel2003 Hift, LR ER T Z MK SPSS27.0 Giit i, BEKIF NP <
0.05, FF5AMHK, RREREE; HANERERNSEE.

3. &R
3.1. AbIEx A A4 KRR

Table 1. The effect of experimental treatment on the body length and weight of X. maculatus on different sampling dates

% 1 STIGANEERT A 8 (X. maculatus) HyPRKFOIA E BB

SzI6 H 3] Test date

EFR Index ALFE Treatment
5.31 6.07 6.12 6.22 6.28

T1 1.933 £0.056 2.052 +0.087 2.350 +0.040 2.508 £0.022 2.577 £0.032

f&+ Body Length/cm T2 2,288 £0.052 2335%£0.090 2.493+0.056 2.570+0.043 2.648 +0.043
T3 1.733£0.067 1.967 £0.052 2.153+0.069 2.273+£0.05 2.350+0.053

T1 0.100 £0.008 0.163 £0.039 0.279 £0.005 0.361 +0.010 0.385 *0.005

A E Weight/cm T2 0.149+£0.011 0.171+£0.014 0.303 £0.007 0.347 +£0.012 0.370 £0.011
T3 0.087 £0.010 0.126 +0.009 0.270+0.014 0.287 +£0.012 0.328 +0.008

311 HELWHALENEKEN

MRG58, T1 (2R ) otk K ~(1.12+0.34) cm, T2 (fAFIEFR)4 M(1.78 +0.34) cm, T3
XA HFA)HN(A55+0.34)cm. EFRER, T2 HMEKERK, T3HKRZ, T1H /. XRPIKEE
LEF R R BRI A e g R AR K 8], LT HBVR IR A IR, B R, RIBVRIE TR, T1 4

SERR ARG B AT RE TR 7 A Ot B [0], HF B LR

e, DA T2 ARERREAT R H et IR -

3.1.2. BLBARENEETL

%

FARIVAS

B EAFESES[10], SHAmAK

WL 1 odrel 5, AYCEEAFESLIGAEE N AR R E o an . T2 A1 T3 44 A ik E 2 A

EMK, T1HAEAH(0.3698+£0.03) g, (ESLEAT RIS KIRRERECR, JuHZ26 H4HFI6 H7H
IR KR IR 3 T 25%0A |, T2 41k E 44k 4(0.3845 £0.03) g, T3 4iAEAF (K 4(0.3278 £0.03) g. —
HIGKHARR LR T1>T2>T3, T1. T2 WAKEPBKEIMED “S” AoAm, HKERLEIL L
FHE FERES S, T3 HEMES KRS
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Table 2. The effect of experimental treatment on morphological indicators of P. corneus and E. densa Planch on different

sampling dates

2. FEANEINE B EASLIE AL ER R 3 SRR K EE B TSR AR AR

845 Index KEFE Treatment

SEI6 H 3 Test date

5.31 6.07 6.12 6.22 6.28
5% Shell width/mm 5.968 £0.103 6.058 +£0.237 6.340£0.153 6.627 +£0.125 7.020 £0.051
5K Shell length/cm T1 1.213+£0.028 1.327+£0.019 1.358+0.009 1.383+0.008 1.412+0.011
7t Shell weight/g 0.573+0.033 0.609+0.018 0.662+0.012 0.691+0.005 0.700 + 0.003
HKE Length/cm 17.517 +0.487 18.198 +0.042 19.158 +0.012 19.817 +0.032 20.698 + 0.024
ELJii & Weight/g T 0.666 £0.004 0.815+0.006 0.933+0.006 1.042+0.006 1.100+0.008
Table 3. Changes in water quality and nutrient index during breeding experiment of X. maculatus
3. ERNXEFESLEHEKREFRBIEFHEL
¥z Index Qb ¥ Treatment K FI Test date
5.31 6.07 6.12 6.22 6.28
T1 0.647 +0.024° 0.617 + 0.009° 0.480 + 0.006° 2.870 + 0.006% 2.540 + 0.006¢
Z % Ammonia nitrogen (mg/L) T2 0.667 +0.009¢ 0.670 + 0.006° 2.277 + 0.009¢ 2.930 + 0.006® 1.010 + 0.006°
T3 0.467 +0.027% 0.433 + 0.003? 0.217 + 0.009% 2.617 + 0.009% 0.460 + 0.006?
T1 0.757 +0.0092 0.760 + 0.0062 0.490 + 0.023" 0.587 +0.038¢ 0.653 + 0.022¢
Wil £k Phosphate (mg/L) T2 1.683 + 0.033 1.760 + 0.006° 0.607 + 0.035¢ 0.520 + 0.052 0.313 + 0.024°
T3 0.857 +0.0192 0.795 + 0.029" 0.383 + 0.018% 0.530 + 0.026® 0.273 + 0.020?
T1 6.343 £ 0.012° 6.330 £ 0.049° 6.313 + 0.026° 6.060 = 0.221° 6.353 + 0.081°
FHER £ Nitrate (mg/L) T2 5.067 £ 0.026% 5.138 £ 0.0432 5.157 + 0.0472 5.153 +0.043? 5.180 + 0.061?2
T3 5.603 + 0.027° 5.603 + 0.012° 5.573 + 0.034® 5.633 + 0.029% 5.623 + 0.055°
T1 0.153 +0.007¢ 0.160 + 0.006° 0.143 +0.003¢ 0.117 +0.003° 0.150 + 0.006¢
4% Residual chlorine T2 0.130 +0.006° 0.117 + 0.0032 0.080 + 0.006° 0.110 * 0.006% 0.110 + 0.006"
T3 0.117 £ 0.003% 0.113 + 0.003 0.060 + 0.058% 0.083 + 0.003* 0.090 + 0.006?
T1 5.193 +0.012°¢ 5.210 + 0.006° 6.230 + 0.006° 4.640 + 0.006¢ 5.730 + 0.006°
PEJE Turbidity T2 3.157 £ 0.009? 3.170 £ 0.0062 3.070 + 0.006% 3.370 +0.006% 4.983 +0.0032
T3 4.877 +0.055" 4.970 + 0.006° 8.440 + 0.058¢ 4.557 +0.009® 7.210 + 0.006¢
T1 1.333 £0.022° 1.360 + 0.006° 2.450 + 0.012° 1.310 £ 0.006° 1.280 + 0.006°
EAEIR 2L Nitrite T2 1.147 £ 0.0222 1.110 + 0.006? 1.210 + 0.006% 0.815 *0.003" 0.740 * 0.006°
T3 1.237 +0.028 1.260 + 0.006° 1.680 + 0.006" 0.610 +0.006% 0.410 + 0.006%

T BRI EE, [R5 (R A BRAS R NS 5 RS A I G271 Duncan A 36 2 2% 2 54k, BL

WEZE (P) 5% A 3V bRtk o

3.2. FRIGEFR, FEEKHFMD

IKEFIMEAE %K AR R G I BB A oy, AR ORI R A — e Bk, fRIEE 2 45 R EoR: K
RS K(3.78 £ 0.16) cm, H R (0.448 + 0.01) g, HILGHIEA SHIETLASHEL EIA4GR, W]
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Re 5 (TGN B G 08, BRitbz oh, SRR A E 15K (0.16 £ 0.006) g, FE L35 (1.05 + 0.005)
mm, EEK(1.411 +£0.005) mm, MUNEAE L, A S SYRIEEE NG K.

3.3. FEEMKEEFR, KEEUEFRELHRM

P 3 SLER IR, SIS EN KR A S A R E (P <0.01). T1 HEE S B A(1.21£0.4)
mg/L, T2 HEE S ERAEN(0.72£0.4) mg/L, VHHET/KE RS ZAMBRIA[11], TSHARSTEN THE
2 [f°4(0.93 + 0.4) mg/L.

W EE B EoR, AFX B £ & B TP < 0.01). W/KFRIAIE ¥ B £V — N 0.1~0.5
mg/L, JHZE[L2[3R A NBEE 2 20 A el FaG s & . AR FERAY, BRESBAEIER
DA B, T1 ZH (IR %) BERR £h & B 9(0.653 + 0.022) ppm, I T3S b2 b FHas, T2 4H(MBRR)
749(0.313 +0.024) ppm,  PRI/KZi = i) BR A FH A BT 1 F%[13]: T3 2H5(0.273 + 0.020) ppm.

R AT o, AT K ARk B BLAT 35 (P < 0.01). FEARFIFRIESAME T, T3 4L H St Kk g
i, 153(6.28+0.77) NTU; 1M T1 441 T2 A EAUIS, 43790 4(5.45 £0.77) NTU H1(3.65+0.77) NTU,
IEH R K FRFE K A b P JE I 7E 10 NTU BUR, (RIS S8 208 745 & I b

P AT ERE, AHX KA pH A B (< 0.01), 4EFREE K pH (X 4EY K 5 R e A
Kl FEE e E B, M faE K pH JEEN 7.2~7.4, 5 PH A T1 414(7.14+£0.006), T2 4179(7.28
+0.007), T3 41 H(7.37 £0.006), =41 pH JE [l &4t T HidE A KRN .

BRI BoR, KB KA REA BEZW(P < 0.01), REFRKEHEESQMEIY DT
WEREERRZ —. AEAERRFREFZA T, RATEZERAL: T1 A(EBRRF)RERE, UWHE
N(5.45+0.77) mg/L; T2 HikzhK, fEEWE(E, YUl J9(3.65+0.77) mg/L; T3 HizhEH, H(6.28+0.77)
mg/L. REHINEE T2 > T3 > Tl, mRENAEaAE, NAME M RILEZ S, RiEA
H{ R

SEOGAEAER, ALFEXT TDS A B M(P < 0.01). TDS Sk st B A i i s B, & TDS
AP R E KT e 22 [14], FRAEEE R EoR: T1 4 TDS {8 M(564 + 3.27) mg/L, T2 41 TDS {8 }(559 +
3.27) mg/L, T34 TDS 1 4(553 + 3.27) mg/L, UMK P REMAE, K& 55 [17E H 6 M i) AW itk e
TAFRE AR R A e IE B AR B KB P A A7, RIAF G SRia i . [F L r 8, [l BE IR I (A1
Bhn, KFE A TDS Bl &4 — @ FEE R . =41 TDS XF ELIRWA T1>T2>T3, XK B /K40 5 (1) 2
B 7 0 7 R SR 0 AR B ) 8K A4 1) TDS AHXS T RA AL T3 2w -

SEIRAE R EIR, AFENT PSU BB EH(P < 0.01). HYGHAERFIEF R R/K AN PSU HfiAr
Rt R T1 tadEIR R4 € 45 5~ (0.56 + 0.08), T2 41 kiR IE4 45 5 4(0.55 + 0.08), T3 xR (CE
SR 2R) 45 5 04(0.54 + 0.08), —2H PSU EAARIE AN HL/IN . #h B F B B @ AR K AR AR I AR 2
ARERPEAE RN . — R EARR VRS R T, R (AR RS AR M A R A (4 4 ot A2 e A e B ) AT
T3 TG IRNE, IR R

BRI S BoR, 4B DO A B35 (P < 0.01). DO i B /KA iEME & B — N RES K.
Aot FAE K BAIH DO 45 3R T1 A AIBIRFEE DO i 4(4.21 + 0.08) ppm, SERUZLE
— R B AT DU oK VA AR A A, MK I RS BT, S Rt 2 ) CASR T A
[15]. T2 4 )9t B0yR 750 & DO 18 (4.41 £0.08) ppm, /KZHEJE T UK, TUKEAE BITFHIMERE ),
Ae s K5 S A 16], $RTHKT DO {E, T3 ZHill5E DO 1 4(4.13 + 0.08) ppm.

IIWTEE BB, ALEEX) ORP A B 2 540 (P < 0.01), ORP 7E /K44 th 7 (42 S AL IE 7 Hi A7 (Oxidation-
Reduction Potential ). H Yt 7EA R ALEE /K BRI ORP 2B 4L 4~ : B BEF= 0 (B 38 hn, Kk
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rhEALIE IR AT ORP & R [ a3,

T1 4H/K4k ORP (141 + 0.4) mV, T2 4lfaEiEsF ORP }(143 + 0.4)

mV, K FEAERUTUKEYIFETE ORP AR B3, fE/KAEMWIER T, /Kik ORP 2 % 2 Lyl 4 K iR
[17], T3 41 ORP {5 T2 41AH1{LlA(143 £ 0.4) mV.

Table 4. Changes in water physical and chemical indicators during breeding experiment of X. maculatus
4. A& A BRI IEFRRI 1L

845 Index QL3 Treatment

SEE H 1 Test date

531 6.07 6.12 6.22 6.28

pH T1

T2

T3

ORP (MV) T1
T2

T3

DO (PPm) T1
T2

T3

HL 5% us/cm T1
T2

T3

TDS (PPm) T1
T2

T3

PSU T1

T2

T3

7.573+0.009° 6.30+0.006 7.44+0.006° 7.27+0.006* 7.147 +0.003?
7.647 +£0.012°> 6.960 £ 0.006° 7.417 +£0.003* 7.25+0.006 7.177 +0.009°
7.663 +£0.012°> 7.217 £0.003¢ 7.453 +£0.003° 7.25+0.006* 7.300 + 0.006¢
143.9+0.115° 146 +0.058° 149.4 +0.058* 136.47 +0.033? 120.73 + 0.0672
146.23 +0.088 145.8 +1.0022 153.53 +0.033° 138.8 +0.058" 121.7 +0.058°
47.60 +0.058° 145.57 +1.3172 152,57 +0.088> 139.63 + 0.033° 123.2 + 0.058°
7.06 £0.012° 4.733+0.009® 4.717 £0.003¢ 2.97 +0.006° 2.09 + 0.0062
6.333+£0.009°> 5.247 +£0.009¢ 3.757 +£0.007% 2.643 +0.333* 2.930 + 0.006°
6.157 £0.012 4.410 £ 0.006* 3.977 +0.012° 2.697 +£0.009° 2.540 + 0.006°
988.67 +1.2022 1222 +0.577° 1080.3 +0.882% 1123 +0.577° 1177.3 +0.333°
1136 £0.577¢ 1038 +0.5772 1082 +0.577% 1119+0.577% 1144 +0.577¢
1082 +1.155° 1039.3 +£0.333% 1087 £0.577° 1131+0.577° 1162.3 +0.333°
531.33 +0.8822 611.33 +0.333° 541 +0.577% 562.67 +0.333% 588.67 + 0.882¢
567.33 £1.202° 519+ 0.5772 541.67 £0.333% 558 +0.577° 573.67 +0.333%
541 +0.577° 250.67 +0.333" 544.33 + 0.882° 566 +0.5772 581+ 0.577°
0.530 +0.006* 0.610 +0.006° 0.537 +0.003° 0.567 +0.003" 0.580 + 0.006°
0.557 +£0.003" 0.513 +0.003% 0.543 +0.009* 0.570 +0.006° 0.580 + 0.006%
0543 +£0.003% 0.513 +0.003* 0.540 +0.003* 0.573 +£0.007% 0.577 +0.003%

T BUEFRONTIME £ iR, A S 8T e RN R /NS T BER R A S T2 Duncan 436 25 22 5k

LAREA (P) 5911 o 5t 25 1 5E Bndf o

34. WMBE, MEH
3.4.1. BEENTLI R

Table 5. The effect of mixed feeding of P. corneus and E. densa Planch on the feeding rate of X. maculatus
F 5 ERBEKBERFAINAXERREENZI

SEI6 H 3 Test date

5 ¥ Index Kb Treatment
5.31 6.07 6.12 6.22 6.28
T1 83+1% 75 +3% 74 +2% 66 + 2% 65 + 1%
=R Feeding rate T2 94 £ 1% 93 £ 2% 84 + 1% 81+ 2% 80 £1%
T3(HHR) 91 £ 2% 85+ 1% 86 = 1% 81+1% 77 £2%
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AR S TR AR R Y H Ot R 0.002 g/%%, SRR 0.0005 g/ R, BEAE TR G N TA)RE K £ AR RIS SR
WA, AR H iR RN 0.001 g/%k, &4 HSERENN 0.001 g. BEE R FRE I N, T1. T2
HEE R b R EI K ML, T2 AR BARER, HREMNBAZ ML LM 2R 5). EEA
ARG N, LRI AT FRAR[18],  H a1 it A7 8 5 R 7 1A RE 700 W 3 N [19], - [R]is 9
ARG M AT RESR &, T AARTERR N FEERIE LT, ek 2 MR ME R . Fit,
TR 2O A E I T RS, ARSI R4 R AT SEhr A BB A 4E 1 .

3.4.2. A& RBHEREAMHEK(GSH)ME S

Table 6. Determination of GSH enzyme activity in body tissues from X. maculatus and P. corneus during breeding experiment
72 6. FRIASCIGHAIE A S FERIZA GSH BEEMHNE

H 6 ek 51 GSH (mg/g)
T1 Hokf X. maculatus 0.46138 £ 0.004
T2 H>tfa X, maculatus 0.31418 + 0.004
T1 3 5LE P. corneus 0.08418 + 0.002
T3 Hotf X. maculatus 0.25898 + 0.003

Table 7. Comparison of GSH enzyme activity of X. maculatus body tissues in different treatments

= 7. FELHHEAELLIER A KER GSH BEiEERIEER

H AL X. maculatus Parts AL ¥R Treatment GSH(mg/g)
T1 0.32453 £ 0.002
H ot k3 X, Maculatus Head T2 0.28934 + 0.006
T3 0.31675 £ 0.002
T1 0.55568 + 0.004
Hotf A iE X, maculatus Viscera T2 0.58643 + 0.005
T3 0.46325 £ 0.002
T1 0.46138 £ 0.002
At lLA X. maculatus Muscle T2 0.31418 + 0.002
T3 0.25898 + 0.003

B H L SR B — )2 A TR B DL B BE VIS 2R B 3R S R4 N D BE G . R 6
AT DAZIE T1 40 H Sk 7 %2 bt H K (GSH) T 3416 9(0.46138 + 0.16) mg/g, T2 41 H Sk i 2 e H
FE(GSH)F-34){E 9(0.31418 £ 0.16) mg/g, T3 £H H Y fid JE P2 bt H K (GSH) ¥ #4118 4(0.25898 + 0.16) mg/g,
AR 09(0.08418 + 0.16) mg/g: H HOGEIPEATIER], 4 B S, WIE, KR =ER0r, AN
k34 J5 P 2 B H IR (GSH) 9(0.55568 + 0.34) mglg, = TSk AL AIAAL DA S H J6 B4k GSH (32 7).

FRAHEE (PH) X GSH s P A SEIA 7K (AR B EE (pH) & — A B L /K B8 bR, & 2 B 2 0 A PR
Dhae ARG 3. pH (AR5 GSH BERITE ME AR E . TEMIMEM B T, GSH Bgr R & KAl T
A, NI 5078 HG 2 () 5 AL RV VR A, BOBE M P [20]. TIAERRMERA G T, GSH g nJ fig 2> 32 B A L
i, AEHIETE RS, pH RIS T RERZ M GSH FIA B &%, [H4/EH T GSH By TE 14

BIRER R L T &M, HSH5a PR REE . KRR E R, HotfanselE
SREMNE, FEURNIEEA(ROS)IRE. RNMATILEE, Hytfs i GSH BgEtE, bt a B,
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AL GSH 5 ROS R M, {474 il G il A5 5 o (HACHABRE 0T RE I 55 GSH B, sema L4 b
EE[21] [22].

H—J7, DENENKEESRGE WG, THarx A=A e itk kAR En
ROS it f, WIHHIFEL GSH BEEPETH = LAERR ROS, (HEFEEm R AT THLIE A 2R, 52m GSH &
ORI AE, SRS VS R % [23] [24], PR EERE ) 240 TAHRR Eh R WAL R (Al =4, XF
HREFME. KT & B S R b R AR T, 51 R ERERI AL . N I
RAE, Aottt Rt dbBite, W1 GSH BgiE LT se T, TH RIS 2 G . (B RFEE AN IR £h il 234
FHARAEFIHLEE, 0 GSH BE& 5 TEME, & R EUBEME T FE[24]

4. g
4.1. SEROMrER K RIBIL R EFFEL T BT

AR K AE TR RN B B E M. LR T1 HBERRER W, 7T REVR T A HRME . 1
BHR B SOKAEAA L . NFEARTER & &, VR AMRBEERE ., SR KR E3h S e & 8, R g
PIRIFIEZ . SeR IS R 28] ROWT FE 45 R — 2, S 1 /K™ FR A oK S 2R AN 3 24

FERRA ST, S s R SR ZE 5 T2 BRI T /K4 5E, K5 P i 2 A & 3 PRI
M TLHMER S BB R . LS 27 EEAMG, Wk 7 A R AR EES, /£ T1 AR
W A K SB35 PR 7 gtk P 2 1) ] REAFAE TG S 00, AT S BUA RS BT MR
XS SRR A B Bl S K A A AT Somi, ARAE A 3 IOECR AT RN, T1 ZH A B AR e v, XA I AR K
JRIASE AT BE 0] 37 SRR AL DB RE 07 AR TS, A L BB AR PRI, e i S A Rt A B K P R
BET S A BAE KA AW R . WARRSLIG AT A0, FEBCTE AT FRAH R SEIR I, BE58 70 5 8 Seie 2 R LA
Gy ENINEATE S -

ANTE AL 7K BT B AR bt B 3 R . ZHAREE N KR pH EBSTRRRAS, (HAFG H b IR gAR
#E, o T3 4K pH AHECT HAR PR AR LU, XU T 8 — AW R A AT LASE M 2K AR BB, 177 T2
A R GBI AR AEIRAE ], BROHTT pH o XFSIE ROV RIBAES KGR T
O e FLIE BB AR A BRI B2, SR AR IR T E R K AR B A &/ AT AR,
KA AN 5 7K AR R i A 2 F) B ZE 4 [25]

ML, T3 A, ATREIR R A e HEI ) AE S AR BT, T A b B e, AT REZ SRR
(RIHEHE) U AR K BB TR (94T 09, (45 58 2 (G BURLHE A KA, X R BIAN R A4 9 A 25 3T PR A
PRURE SO KR M A B AR R, JTLAMERTR R T, FELREH ISR Y ke, gk
Gudd FEHG N KA EE o T2 vty P A IR R W K 2 0 R PO R0 ), oS Y K ZE R 58K R K 5 AL E
71[26]. FESEFRNI A, AT CAR K AR AR A R e AR AR PR A B, T AT S8 BRI, Sk it AR
UL TL, T3 s, BB SEA. WHRR R0 RN, S8IKER B RSN, XKELED
ZATIG BN, KARIIRE, pH (& AR B AT B BRI S 5T 2 5 A% SRR A SR SR i U 5 5
Ro RESKAEKWINL. A RN, FAREHER T EEOLEERE. 75 dTEE TR
SRR PR R S VR, 0 2 (A5 K A i R S SRR P AU R 2R v o T )R 2

T2 Z4 ORP {HIXK, W HES/KZIFIETE ORP AR A K. AR HRGE[LTIMNIE —5, MEiRsR
KR ORP A H ILAE 14:30~19:30 Z [, R W] FRIRN /KA SAALIE FUR A AR . T1, T34
TDS W, T1 A RIRERNEFE. Fetb bl AR RE T, 4 TIRZ WA, 5K+
BRI E 2 o T2 NSRS RO /K 4 S R SO PR LR N 9%, b TR IR X R AR 2R,
NRELEYSRBE T — DR E R IR IR R R T, 7 Z ) A MR M TR IR &, @ % TDS
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L E[27]. KR AT RESON PRI 0 SR AEAF A R SCHEIN 2R, T 4L ig Uik, aIRe NS
SERMRIR IR, AEVM IS e, SEOLREK, RS, |EVIGEEAEREN, #h
KA AN R FBUEYIE o E A KNS . T2 40 DO AR T AL A B m, XU /K28 B VA R A &
RORFE, BRI RO T — Mg @SBRI AN, KEE AR KRR, W
AT AR E TR, B BRI, H il T B R R ARG F £E CRAE A2 7 I W AR /KT [27]
T3 AR R T, (RN T AR b S B R, T1 A b3 RARE PSU [IZME AN
WIS, X UL AR Y SR A R o R AT — S IR AT, T2 4 PSU fRAFAGEARES, AT LA Hh /K4 50
T ER B F R AR

g b, AFAEEETT 30N SRR 28 SRR KA S AR bR 77 28 T AN I RE R B2, K 25 R AE U 4
K5 T W A O3, i SRR AN AE — e RE P 5 1 /KA R A AL 2 R B IR
BRI L AR IR, XTI K AE AR IR ded AR AR T DL RO ROK IR SR BA
HE AR SR S .

4.2. TANZFESRIER At & HI R

Sedo 2 LR TR A BTN TR R . RS D R ) R,
DR T SRR EE D T F et T HOR I f O, (6 Bk 7 R 2 2% T
A, TR T A KT, RSN, SRR SRR P VAR K IR R 2
AR T, A SRR RN, BTRCIIRGE, KORIE ARG, NS, ¥ SReRos
PRV 7 PR T A R ST IR IO KR L 2000 F G 62 K R
BRI B T I, (LA PRI S A2 100%, S B S YR FHR AL I A fF , VKR KRS,
980 A RO SRR Y SR A R AT P o B TP A VOIS, (D9 SR R B
M A RO R HIAE R A SEA T, DA RO R A . 3t A U Wt A
EAERSEH BRI, (RPN T, IR EA7

ST MM SRABRS F G 1 SUAT 0] RA, RATALSE BN RO ST ALK o S A
(VR BERIA LA PT A i 3 S AR BRI AE ), RESBARII R Pl K1 LI 9
AZEFRAR, WA ok IG5 S PIVREE . LA, AR I A9 K e OB R T 3
YRR, (R T B A KRS, e —beicie TAKIRPREE. JATTT, JRTMBVERES), 158 ],
SCUOAUKIRY pH (HBRAETAIIRAL, AT R b T3 SRS (R o7 T BRI, K RN
P T SR, (LRI, RPNt 04 KA e B 3 51 R

SIS, MK RS0 R S T AN, S BB R T bt O R
Ko TN, KHEREEREIOK P E FRO0IT, WL B, ABDT I A B 90, AESE A IR
SO B R 2 AR FL G 02 AR T R RO KT 2 K P L T 58 5 O
MR T. B T FI 2 IR 6 LA R, R R MR, LA, KZEREIERE
4 A SR WA
4.3. B FER AT BRI & 7 AR B

R A A 3 0 SRS TSR EF  ARREIEA . T i, JUH B TR
Mo S M TR , 2 AL I 25 ORI T AR IR 46 1 O T2 503 254 6 0
0P A 0 5 SRR B8+ B0 TS0 RO, B SOR BT RS R ORI R A1[28]. A
SCIRLESGLR, F G AN SR B R (GSH) 77 RS0 T Sk DALt L IS5 LT
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AR S PE[28] [29], X TESRAN 3030 X B £ &)y 8 4 S A 1 e R s g F 7 vt A AR B, w7 A
B EI P A B M I 2 s T LRI 2R . bl T /K 2 R S SRR SR A I P b mT e 22 B NAS R R 1Y)
AT (AN R WL o = AR ) DT 5 X S SR 5 T T FL S P I A R 7 A S A
oj- AT

BT DA 450 GSH BgiE 1 57K 8 AR JCIRHLH 20 BT a0~ . T2 25 B T 7K 28 0 1) Bk 801 AR s
BASERRBE =HE R LM T1>T3>T2, 5 GSHEHEMIE T1>T2>T3 A SRR KR, 45
WEBH,  — B VR FE I /KT U PT R £ I o e A AR U SR GSHY AR il — i I TR (e A
., KEERLAAAE R REsm T2 AEM DU R g, A gn AR, fffafk GSH Mg At T-Ha0E H
RREKF, SHPREEART [ 4Edr Sk A= A= P BE RSP (0 4k RE SR AL BT IR 42

5. AKRE

S 45 SRAE 52 B S o R P PR 75 E— 2D IRAIE . ARSR T AREAT 52 ELAE FI I TR 5t S R AF R K 25 55
SRR A e A KIBTEm, DURANFEDK AR 2 M A ELOC &R o 34T Bl T 56 4 T B A 2E 25 1A
T IE] AR LA AL

Hoe A, fEE NSNS B — R RTE, AHTFUE 0 A D AU A O s, %
T TR SIR T %, B E KA EASERRM A AR T, At EAR Ot T OB A KA.
ST IER A e AR TS AR, A AT 1 EH AR IZA I S i 7T, B RR TR FI
S, Y IRE G BRI OCHT FE SR T AR R R . BRI, RSO R BIEAME R, 1
B S L R e A R [31], IR REfEBE N A SR GRS A RS E 5 50U, R HESAH SC A )
KR FAT B L,

e HE

YV T RN R JE T KRI(2023GX018) s HE H2E A E B RN B AT H (220601018015222); 2022 41l 4R
GRS R ER IR A PR 7] S AE R AR 2024 4F 13 G S 556 Ml & VR A 83 30 A A 0 SR B A i 1R

H

L o

S E 3wk
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