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Abstract  Juvenile Spinibahus smensis{ nitial weight20 g) was breeded by canpound feed with four d iffe rent prolein con-
ent( 2604, 3004, 3490 and 3690 ) for 78 days The test sudied the poiein danand of juvenile of S. sinensis  The ne-
sulls showed,  the S. sinensis in 300 pmicin group had the highest body weight gain 380 and 380 was the nexi 260
was the lwest For fod coefficient 3000 gronp was the lwest  nexiwas 349 and 369 grup 2670 group was the ligh-
est for absolute ncreaseweight A group was the highest nextwas 3490 and 3690 group 2690 group was the kwest
for specific grow th mis k1l gmup was he highest  nextwas 344 and 3606 g o 265 group was alwo the bwest The
aurvival mie of all group was 100845, The test indicated that 3004 profen conkenl suits the pmien denands of uvenilke
S« sinensis betler
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Study on the enzymes activity of enterocytes brush border membrane
of three cultured fishes with different feeding habits

QIAN Jing, LI Qing—ie, XI Chao-qun. TANG Hong—u, LI Qin
{ Department of fisheries science, College of animal science and technology .
Southwest University, Beibei 400716, chongging, China)

Abstract: The activities of five enzymes, sucrase, maltase, alkaline phosphatase, y-glutamyliranspeptidase | 4-CT)

and succinate dehydrmgenase of the enteroeyies brush border membrane ( BBM) of Crenopharyngodon idellus . Micropierus
safmoddes and tiploid Carassivs auratus was invesligated by means of enzymes analyses. The results showed that the su—
erase and maltase of the intestinal BBM of the foregul were higher than the midgut and the hindgut in the M. salmoides amd
C. idellus.  as for wiploid C. auratus, the activity of suerase and maltase was midgut > foregut > hindgut, in addition. the
sucrase and maltase activities of €. idellus were significantly higher than { P < 0.05) the triploid C. awrefus and the
M. salmoides. The y-glutamyliranspeptidase ( v-GT) activity of the M. salmoides and the C. idelfus were mainly distributied
in foregut and midgut, while The y-glutamyltranspeptidase { y-GT) activity of the wiploid €. auratus was mainly distribu-
tied in midgut and hindgut. The alkaline phosphatase activity was found to be the highest in the foregut of all species com—
pared to other regions of the intestines.  The y—glutamyliranspeptidase ( y-GT) and alkaline phosphatase activities of the
M. salmoides and triploid €. auratus were significantly higher ( P <0.05) than the €. idellus. The succinate dehyvdrogenase
activity of the M. salmoides was significantly higher { P <0.05) than the C ideflus and the wiploid . guwrarus . while the
succinate dehydrogenase activity had no significant different in all regions of the intestines.

Key words: feeding habits: enterocytes brush border membrane:  enzymes activity
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Effects of short-time fasting and feeding frequencies within 24
hours on histology, cholecystokinin and trypsin enzyme activities
of digestive organs in black bream, Megalobrama pellegrini
(Tchang, 1930), juvenile

Wenyu Li**®, Hongyu Tang' & Xiaogang Lin'?, Feifan Ma'?, Kaicheng Zhang', Wenqi Zhang', Qin Li""

1 College of Fisheries, Southwest University, 2 state Key Laboratory of Freshwater Ecology and Biotechnology, 3 Key Laboratory of Freshwater Fish
Reproduction and Development

Keywords: Black bream, Cholecystokinin, Fasting, Histology, Trypsin
hitps:dol orgM0.4R989/001C 126357

Israeli Journal of Aquaculture - Bamidgeh
Vol. 76, Issue 4, 2024

To study the regulation and feedback mechanism of cholecystokinin and trypsin in Black
bream, Megalobrama pellegrini (Tchang, 1930) 60 days after hatching under 15 days
short-term fasting and different feeding frequencies within 24 hours during the same
period, Black bream (wet weight 183.75 £ 61.16 mg, total length 20.74 = 4.08 mm)
developed in a recirculating aquaculture system (RAS) were selected. In the short-term
fasting trial, body weight, trypsin, and cholecystokinin {CCK) of the feeding control group
(FCG) were higher than those of the fasting trial group (FTG). Trypsin and CCK in FTG
reached the lowest value on day 9, and CCK content reached the highest value on day 11.
In the 24-hour daily rhythm experiment, juvenile fish were randomly assigned to (A) once
feeding, (B) twice feeding, (C) three times feeding, and (D) fasting. CCK showed a
minimum at 1:00+ in group A, a peak at night in group B\C\D, and a maximum in group
C, and a single satiety stimulus can lead to increased hunger. The four treatment groups
had an apparent closed-loop regulation, while the control point of the fasting group (D)
shifted forward to the next day. In this study, we found only negative feedback regulation
of CCK and trypsin at the end of fasting, considering whether the secretory site or
anti-inflammatory response caused the increase of CCK. The damage of epithelial cells in
the villi of the foregut was greater than that in the hindgut and hepatopancreas, and the
detachment of epithelial cells and the striatal margin was the main damage. Different
feeding frequencies in a single day did not directly affect the long-term fluctuation of
CCK and trypsin diurnal rhythm. Three meals per day may be more conducive to the
long-term growth of juvenile Black bream. This study aimed to provide a reference for the
feeding strategy of juvenile Black bream in the RAS.

INTRODUCTION velop intensive rearing methods to meet the increasing de-
mand.!

Megalobrama pellegrini (Tchang, 1930), the Black bream, is The cholecystokinin (CCK) gene was first discovered in
a type of fish found in the middle and upper reaches of the gastrointestinal tract of dogs® and has since been found
the Yangtze River in China. It belongs to Cypriniformes in humans,3 Oncorhynchus mykiss, Rainbow trout,® and
Cyprinidae, Culterinae, and Meglobrama, and it is econom- Sﬂ"""’l salar, A'rlantic salmun,.5 ChﬂL‘Idh[‘iﬁrCDﬂﬁlﬂ'ﬂEd that
ically important in the upper reaches of the Yangtze River. CCK is a typical postprandial satiety signaling factor.

There is a lack of studies on the digestive physiology of Murashita® proposed that the expression pattern of CCK in

juvenile Black bream in recirculating aguaculture systems different species is dynamic and changes with environmen-

(RAS), which hindered the development of high-quality, tal factors. In Atlantic salmon, the expression of CCK in

low-cost breeding processes. Therefore, it is essential to de- the brain significantly increased three hours after a meal.
Liddle” demonstrated that the concentration of CCK in hu-

a These authors contributed equally to this work and should be considered co-first authors.
t These authors contributed equally to this work and should be considered co-first authors

¢ Corresponding author, Qin Li, E-mail: ligin@swu.edu.cn
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man plasma significantly increased within 15 minutes after
a meal. Tartaglia® reported that CCK can affect digestion
and feeding in aquatic animals. The expression of CCK in
the foregut decreased significantly after 72 hours of fasting
in Pelteobagrus fulvidraco, Yellow catfish® and Megalobrama
amblycephala, Wuchang bream. 10

According to Rojas-Garcia, Morais, and Rennestad, !
CCK is involved in an individual’s daily digestion, and its
fluctuation rhythm is affected by the frequency of eating.
The main biological effects of cholecystokinin (CCK) are to
stimulate gallbladder contraction and bile secretion, pro-
mote the secretion and synthesis of trypsin, and regulate
intestinal peristalsis. Additionally, it acts as a satiety factor
to regulate food intake. CCK can release satiety signals,
which are related to the secretion of trypsin. Then, CCK is
released from the enteroendocrine cells of the enterocytes
into body fluids and acts on target cells in the pancreas to
induce the secretion of digestive enzyme precursors into
the intestinal lumen. High intestinal trypsin activity acts
as a negative feedback control on CCK release, suggesting
a regulatory loop between these two factors.!2 This regula-
tory loop has also been reported in Gadus morhua, Atlantic
cod larvae,!® Atlantic salmon.'* A negative feedback loop
between CCK and trypsin was observed in the daily rhythm
test of juvenile Senegalese sole, Sole fish.!5 However, little
is known about the changes of CCK and trypsin in juvenile
Black bream. Few reports have focused on the relationship
between CCK and trypsin in this species.

Increasing fasting duration can harm the digestive sys-
tem and negatively impact CCK levels. Feeding frequency
is a crucial aspect of aquaculture management that affects
fish growth, feed utilization, and management costs. It also
influences the metabolic state and body composition of the
fish. In intensive agquaculture, feeding frequency can re-
duce size differences between individuals in the same batch
and improve water quality. The effects of fasting and feed-
ing frequency on fish digestion have been extensively stud-
ied. Our research group has also conducted significant re-
search on fasting and re-feeding of Black bream. However,
there are few studies on monitoring CCK content or feed-
back regulation through fasting and changes in feeding fre-
quency, with most of them focusing on marine fishes. The
short-term daily rhythms of Atlantic cod,!3 Sole fish juve-
ni]e,js and Clupea harengus L, Atlantic herring!! had been
reported after changing the feeding frequency and other in-
fluencing factors during individual development. The im-
pact of fasting and refeeding on the growth and digestive
enzyme activities of juvenile Black bream has been reported
extensively. Additionally, research has reported the effects
of refeeding on biochemical and non-specific immune pa-
rameters.

It has been documented that about 80 % of CCK in fish is
produced by the central nervous system of the head, while
only 6-10 % of CCK is secreted in the digestive tract.!! To
accurately observe the regulation mechanism of CCK and
trypsin in the intestine and remove the influence of head
hormones, we took special treatment dissection steps (re-
moving the head, back tissue, and tail peduncle of the indi-
viduals) during sampling.
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This experiment selected Black bream, which has just
entered a relatively stable development stage, for fasting
and short-term circadian rhythm experiments. The aim was
to explore the effects of CCK and trypsin on feeding in this
critical period and supplement the theoretical basis for cul-
ture in a recirculating aquaculture system (RAS).

MATERIALS AND METHODS

LARVAL REARING IN RAS

Black bream larvae were obtained from Dongping Aquacul-
ture Co., Ltd, Chongging, China. The recirculating aguacul-
ture system (RAS) was established in a fish rearing room
with a constant temperature of 28°C with air conditioning,
and the water temperature was maintained at 28°C = 0.5°C.
On the ffth day after hatching (DAHS), fish larvae were
randomly placed in the glass tanks of the RAS after being
treated with 5000 ppm salt water for 15 minutes. Each tank
had a volume of 40 L and a flow rate of 0.2 L/s. The RAS uti-
lized LED tubes and was illuminated at a daily rate of 1200
Ix from 7:00 to 19:00. The individuals were cultivated in
tanks until DAHSY before the experiment, and the culture
density was gradually reduced to 1.25 ind L (40 tails per
glass tank) as the individuals grew. The fish were fed with
Floating Fish Species Matching Feed (Shuangliu Zhengda
Co., Ltd., Type I-F1). The main nutrient values were: crude
protein = 36%, crude fiber = 8.0%, crude ash £ 16.0%, crude
fat » 3.0%, and moisture £ 12.5%. Individuals were fed
three times a day until apparent satiation (at 9:00, 13:00,
and 17:00). After each satiation, any remaining bait in the
cylinder was removed. The dissolved oxygen and ammonia
nitrogen in RAS were monitored (DO > 4 mg/L, NH** € 0.1
mg/L, NO,-N = 0.02 mg/L). Dead fish were cleaned daily,
and data were recorded.

SHORT-TERM FASTING TRIAL

For the short-term fasting trial on DAHS9, six glass tanks
with a water volume of 32 liters were selected. A total
of 240 juvenile individuals with an initial body weight of
183.75 + 61.16 mg and length of 20.74 + 4.08 mm were ran-
domly divided into the 15-day fasting test group (FTG) and
the three times-a-day feeding control group (FCG), with
three replicates for each group. The stocking density was
40 individuals in each tank. During the test period, growth
data such as weight gain rate (WGR) and specific growth
rate (SGR) were measured using the method described by
He et al.!® The tanks were emptied after each feeding. In
the fasting trial, three individuals were randomly sampled
from every three tanks of the two experimental groups.
Three individuals were collected from each group randomly
in the morning on days 1, 3, 5, 7, 9, 11, 13, and 15 from
DAHG60 to DAHTS. Three individuals were randomly sam-
pled at each sampling point, frozen, and analyzed in tripli-
cate.
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DAILY RHYTHM EXPERIMENT

Four glass tanks with a water volume of 32 liters of recir-
culating aquaculture system (RAS) were selected to prepare
for different feeding regimes within 24 hours. One hundred
and sixty juvenile individuals (DAH62) were randomly di-
vided into four groups (40 individuals in each tank) with
an initial body weight of 238.71 = 68.84 mg and a length
of 22,81 £ 2.42 mm (mean and SD). After a one-day fast,
four tanks were assigned to each of the following feeding
regimes on DAHG4: (A) feeding once at 9:00, (B) feeding
twice at 9:00 and 17:00, (C) feeding three times at 9:00,
13:00, and 17:00, and (D) fasting. The fish were fed to ap-
parent satiation at each feeding time, with the proportion
of feed being approximately 5.6% of individual body weight.
Sampling was conducted at seven different times through-
out the day: 9:00, 13:00, 17:00, 21:00, 1:00*+1: P00 1~
and 9:00*!, to study the daily feeding rhythm within 24
hours. Three individuals were randomly sampled from each
group at each sampling point, frozen, and analyzed in trip-
licate.

SAMPLING PREPARATION

The tests and procedures of Black bream in this study were
approved by the Laboratory Animal Centre of Southwest
University, and the qualification was obtained as a Labora-
tory Animal Practitioner (SWU _LAC-20210794).

Body weight and total length were measured at each
sampling. Body weight was calculated by weighing a sub-
sample of individuals using a millimeter analytical balance.
The total length, measured from the tip of the maxilla to
the end of the notochord in millimeters, was determined
using a caliper. The subjects were anesthetized with tri-
caine MS5-222 (120 mg/L) and subsequently dissected on
ice, with only the abdominal viscera being retained. The
head, dorsal muscle, and tail were frozen using liquid nitro-
gen and stored in 2 ml enzyme-free test tubes at -80 °C un-
til analysis. All samples were taken before feeding.

The study analyzed individual samples for CCK and
trypsin enzyme activity using highly sensitive methods, as
reported by Neda et al,!¥ which allowed for the resolution
of both factors at the individual level. Previous research has
indicated that a significant amount of CCK can be found
in the head, primarily in the central nervous system, which
may obscure changes in CCK in the gastrointestinal tract.!!
Thus, all analyses in the current study were conducted on
juvenile dissections, excluding the head, back muscles, and
tail.

ANALYSIS OF CCK AND TRYPSIN ENZYME ACTIVITY

The samples were homogenized in 0.05M PBS (pH 7.4) at a
ratio of 1:9 using a tissue grinder. After centrifugation at
2500 rpm for 20 minutes at 4°C, the samples were immedi-
ately analyzed. All assays were performed in triplicate.
Trypsin activity was measured to detect total protein
content using assay kits from Nanjing Jiancheng Bioengi-
neering Institute. Prior to conducting the experiment, the
diluted supernatant was further diluted tenfold with 0.05 M
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PBS (pH 7.4). Enzyme activity was determined by measur-
ing the change in absorbance.

The detection method used was based on the protocol
developed by Neda et al.!3 All groups were analyzed using
the Fish Cholecystokinin (CCK) Elisa Assay Kit from Nan-
jing liancheng Bioengineering Institute, which employs a
competition method to measure the CCK content.

HISTOLOGY

In the short-term fasting trial, Black bream underwent rou-
tine histology and hematoxylin-eosin (H-E) staining. The
samples were fixed in 4% paraformaldehyde for 24 hours,
washed, dehydrated, cleared, and embedded in paraffin.
Sagittal sections (5 pm) were cut using a conventional mi-
crotome (RM2016, Shanghai Leica Instrument Co., Ltd.),
placed on gelatin-coated slides, rehydrated, and stained.
The tissue sections were analyzed using a Leica four-cam-
era digital camera and Image]|, after being observed under a
light biomicroscope (B302, Chongging Aote Optical Instru-
ment Co., Ltd.).

STATISTICAL ANALYSIS

The mean = SD expression of CCK content and trypsin en-
zyme activities in the abdominal extracts of Black bream
were evaluated. Homogeneity of variance and normality
tests were conducted. The specific activity of CCK was as-
sessed using one-way ANOVA. Multiple comparisons of en-
zymatic activity over time were performed using the Dun-
can test. The analysis of variance between groups was
conducted using an independent samples t-test. Histolog-
ical sections were analyzed with Image | (National Insti-
tutes of Health). The statistical analysis was conducted us-
ing IBM® SPSS" Statistics26 (IBM, International Business
Machines Corporation), and the graphs were created using
Origin 2021 (OriginLab Corporation). A significance level of
P < 0.05 was utilized.

RESULTS

SHORT-TERM FASTING TRIAL
TRYPSIN ENZYME ACTIVITY AND CCK CONTENT

All groups exhibited an increasing trend in body weight of
Black bream from DAH60 to DAH75 (Fig. 1), with a signifi-
cant difference between groups (P < 0.05). The weight gain
of both groups did not significantly increase during the first
three days. The weight gain of the FCG was significantly
higher than that of the FTG (P < 0.01). There was no signifi-
cant difference in the weight gain of FTG (P > 0.05), and the
SGR of FTG was 0.49%. The SGR of FCG reached 8.68 %.
There were no extreme values of trypsin activity in FCG,
and the final trypsin activity level was higher than the ini-
tial value (Figs. 2,5). FCG exhibited a higher level of trypsin
activity compared to FTG (Fig. 4). The trypsin activity of
FTG showed a decreasing trend on the first day of fast-
ing and reached its lowest value of 279.43 U/mgprot on the
ninth day of fasting (DAH72), which was significantly dif-
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Figure 1. Body weight (mg) of FTG and FCG within 15
days of the fasting trial.

Feeding in FOG was performed as usual at 9200, 13:00, and 17:00 three times a day. The
dotted line represented FOG, and the solid line represented FTG. Data were presented as
mean £ standard deviation (n - 3 individuals, all groups n - 3 tanks). Lowercase letters
represent intra-group significance, and P < 0.05 is used. The growth rate and specific
growth rate during the experiment were as fillows (°-T* denotes FTG, "-C* denotes
FOG):

WGR (%) = (FEW-IBEW) /WD

SGR{%) =[{InFEW - InJBW) / €]« 100%

WGR-T=T.61%

SGR-T=0.4%%

WGR-C=-267.63 %

SGR-C-B.68 %

Incheding FEW is the final welght of the Black bream. IBW is the initial welght and ' is
the time.
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Figure 2. The trypsin activity (U/mgprot) of FTG and
FCG of the fasting study.

The grey strips indicates the experimental group and the white stripe indicates the con-
trol group (feeding at 9:0d), 13:00, and 17:00, three times a day as usual). Data are pre-
sented as mean * standard deviation (n = 3 individaeals, all feeding treatments n - 3
tanks} and P < 0,05 is used, "** represents the significant diference within & groop.

ferent from other time points (P < 0.05). After a slight in-
crease, the trypsin activity fell to a level lower than the
initial activity on the fifteenth day of fasting. There was
a significant difference in trypsin enzyme activity between
FTG and FCG (P < 0.05). The values of each point in FCG
were greater than those in FTG (Fig. 2).
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Figure 3. CCK content in FT'G and FCG of the fasting
trial.

The grey strip indicated FTG and the white strip indicated FOG (feeding at 9:00, 13:00,
and 17:00, three times a day s usual). ¥-axis coordinates were processed with break-
points between 5000 and 9000 scales. Data are presented as mean * standard (o= 3 indi-
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nificant difference within a group, * ** * indicates an extremely significant difference.
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Figure 4. CCK content and trypsin activity of FTG and
FCG are statistically analyzed between groups.
Dark grey represents CCK content, white box line represents trypsin (TRY). Data are pre-

sented &5 mean = standard (n - 3 individuals, all feeding treatments n = 3 tanks) and <
0.05 is used, * ** * indicates an extremely significant difference.

The trypsin enzyme activity test revealed significantly
higher levels in FCG on days 11 and 13, with peaks exceed-
ing adjacent points (Fig. 5). The enzyme activity levels of
all sampling points in FCG were higher than the baseline
value. FTG exhibited two downward trends, reaching a low
of 279.43 U/mgprot on the ninth day of fasting (Fig. 6). The
enzyme activity level of FTG was lower than the baseline
value on the fifteenth day of fasting (Fig. ). The enzyme
activity level of FCG was consistently higher than that of
FTG, with a significant difference between the two groups
(Fig. 4).

The CCK content in FCG exhibited two upward fluctua-
tions, with the second peak occurring at DAH70, reaching
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Figure 5. The feedback regulation curve between CCK
and TRY in FCG. The solid line represents the value of
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Figure 6. The feedback regulation curve between CCK
and TRY in FTG. The solid line represents the value of
CCK, and the dotted line represents the value of TRY.

Diata were presented as mean + standard deviation (n = 3 individuals, all groupsn =3
tanks). Lowercase betters represent intra-group significance, and £ < 0005 is used.

the highest value of 18583.85 ng/L (Figs. 3.5). In FTG, a
continuous upward trend was observed after the lowest
value of 77.41 ng/L on day 9. During the first 14 days, there
was no significant fluctuation of CCK in FTG (Fig. 6). How-
ever, on the 15th day, the CCK content reached its high-
est value of 3777.26 ng/L, which was still significantly lower
than that in FCG. When compared with the mean values
(Fig. 4), the CCK content in FCG remained significantly
higher than that in FTG. The final values of both groups
were significantly higher than the initial values.

During the test, the control group experienced multiple
negative feedback fluctuations, although these were not
stable due to factors such as developmental stage. The fast-
ing group, on the other hand, only showed a reverse trend
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on the 15th day. Additionally, the CCK content did not
change with the variation of trypsin in the early stage of the
experiment.

HISTOLOGY

On the first day of fasting, intact intestinal chorion and
a single layer of enterocytes were observed (Fig. 7a). The
intestinal tissue structure appeared healthy, with goblet
cells distributed among the intestinal epithelial cells. The
muscular mucosae and basement membrane were closely
arranged, and the connective tissue in the lamina propria
was dense. On the ninth day of fasting (Fig. 7b), there was
evacuation between the monolayer of enterocytes of Black
bream. The number of goblet cells significantly decreased
compared to the first day of fasting, and the muscular mu-
cosa was loosely arranged within the chorion. On the 13th
day of fasting, partial detachment of the striated border was
noted (Fig. 7c). The degree of villus shrinkage increased,
and the villus height decreased. The intestinal mucosa ex-
hibited necrotic enterocytes that sloughed off, edematous
lamina propria, and a looser shape than on the 9th day of
fasting (Fig. 7b). On the 15th day of fasting, complete gob-
let cells were difficult to observe (Fig. 7d), although the area
of a single goblet cell did not significantly change (Table
1). On day 15, the intestinal chorion had partially detached,
the monolayer of columnar epithelial cells showed signs of
vacuolation and degeneration, and the loss of the striated
border was more pronounced than on the 13th day of fast-
ing (Fig. 7c). The lamina propria’s connective tissue was
loose, and the mucous membrane and basement membrane
were somewhat damaged. The mucosal muscle was loose
and deformed, and the gap between the mucosal muscle
and the lamina propria increased.

The Black bream lacks an independent liver and pan-
creas, instead having a combined hepatopancreas in its di-
gestive system. After one day of fasting, the hepatocytes
contained large lipid vacuoles, causing the nuclei to be dis-
placed and the cells to become compact (Fig. 8a). By the
third day, the liver cells displayed noticeable cord-like con-
nections, with the dense pancreas embedded within them
(Fig. 8b). On day 9, the volume of liver cells significantly
decreased, intracellular fat decreased, intercellular spaces
became loose, cells became irregularly arranged, cell bor-
ders blurred, and the alveolar cells of the pancreas shrunk
{(Fig. 8c). The degree of vacuolar degeneration of liver cells
increased, pancreatic cells gradually shrank and became
loose, and the nucleoli of pancreatic cells deformed and
displaced on day 11 (Fig. 8d). After 13 days of fasting, the
liver cell vacuoles were observed to have degenerated, the
cell borders were blurred (Fig. 8e), the nuclecli were se-
verely displaced, and the zymogen particles were reduced
(Fig. 80). On the last day of fasting, the hepatocytes had al-
most no cytoplasm, the intercellular space of liver cells in-
creased, and the vacuoles were almost damaged and rup-
tured (Fig. 8h). Additionally, the pancreatic acinar cells
gradually shrank (Fig. 8g).
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Figure 7. The first day of the fasting trial intestinal
(middle and anterior intestinal tract) corresponds to
figure a, figure b is the ninth day of fasting intestinal
slices, figure c is the 13th day of fasting intestinal
slices, and the 15th day of fasting intestinal slices was
shown in figure d. HE staining, microscope eyepiece (=
40) observation.

MS: muscular, SCE: simple columnar epitheliom (enterocytes), ML: mucous layer, BM:

basement membrane, TP: tunica propria, S8: striated border, MM: muscularis mucosae,
GC: goblet cell

DAILY RHYTHM EXPERIMENT

There were no significant differences in body length or
weight among the four groups in the daily rthythm experi-
ment, and this trend continued throughout the experiment.

The CCK content of the first group (Fig. A) peaked at
17:00, which was the only peak at this time among the four
groups. It then showed a downward trend until an upward
trend began after the lowest level appeared at 1:00*! the
next day. The CCK content at 1:00*! and 5:00*! the next day
was significantly different from other nodes. The trypsin
activity of group A tended to increase after the first feed-
ing and to decrease after 17:00, but there was no significant
difference between the trypsin activities in this group.

The CCK content of the second group exhibited a single
peak at 21:00 (Fig. 9B), which was significantly different

from the other three groups. After 21:00, a significant de-
creasing trend was observed, which was also significantly
different from the trypsin activity at 5:001,

In group C, two peaks of CCK were observed at 13:00 and
1:00*! (Fig. 9C), with the CCK content at 1:00%! being sig-
nificantly increased. Trypsin activity peaked at 13:00 and
showed a continuous downward trend until 1:00*!. Group C
exhibited higher trypsin activity levels in the first 12 hours
compared to the other groups.

The CCK content of the fasting group (Fig. 9D) reached
its maximum at 1:00*! and continued to decrease to a min-
imum at 9:00. At 13:00, the CCE content of this group
was significantly lower than that of the third group. The
CCK content at 9:00 AM was 236.01 ng/L, which was sig-
nificantly lower than that of the second and third groups.
In the fasting group, trypsin activity exhibited two peaks
at 17:00 and 1:00*!. The peak at 1:00*! was significantly
higher than the levels before and after, while a significantly
low level was observed at 5:00*!. The change in CCK con-
tent and baseline at 5:00*! was less than that at 9:00*1.

DISCUSSION

The objective of this study was to examine the feedback-
regulatory effects of short-term fasting and different feed-
ing frequencies in a single day on the secretion of CCK and
trypsin in juvenile Black bream. The juveniles had an ini-
tial body weight of 183.75 + 61.16 mg. Although this was
not strictly a growth test, the FCG still exhibited a better
growth trend. This may suggest that the experimental indi-
viduals were still in the early stages of ontogeny.

SHORT-TERM FASTING TRIAL

Extended fasting can cause damage to the epithelium of the
digestive tract and the hepatopancreas. The degree of dam-
age to the digestive system is directly proportional to the
duration of fasting. While there are numerous reports on
fasting experiments, there are relatively few studies on the
effects of fasting during the early stages of individual devel-
opment. Hunger is a significant obstacle to individual de-
velopment and a major negative factor, assuming the same
commaodity feed. To obtain more reasonable experimental
data, this study selected Black bream in its juvenile stage as
the test subject. The results of WGR and SGR indicate that
FTG was significantly lower than FCG, suggesting that dur-
ing the juvenile stage of Black bream, the individual was in
the rapid development stage of nutrient accumulation. In

Table 1. Effects of short-term fasting on intestinal epithelial cells.

Days Villus height (pm) Villus width (pm) Goblet cells area (um) Muscle layer thickness (pm)
1 23247 £ 1907469 26456+ 21284 67245+ 1618130 15742+ 65873
3 76242 £ 6875b 25693+ 38173 29300+ 398.692 72.39 £+ 180560
g 66348 £ 126,430 25912+ 504630 298.17+ 10876 ° 52.16+14.450
13 514.05 £ 49.97°C 22191+ 39680 250.20+ 529.882 75.30+21.430
15 44841 £ 87.25° 14126 +£2042° 552.35+ 3346930 13744+ 22782
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Study on the difference of enzymes activities of enterocytes brush border
membrane of wild and farmed Mystus macropterus

Xl Chao-qun, QIAN Jing, TANG Hongwu, ZHENG Yong-hua, LI Qin
| College of Animal Science and Technology, Seuthwest University, Chongging 400715, China!

Abstract: The activities of five enzymes, suerase, maltase, alkaline phosphatase, y-glutamyliranspeptidase | 4-4GT)
and Na® K" ATP of the enterocytes brush border membrane | BBM! of wild and farmed Mystus macropterus was investiga—
ted by means of engymes analyses.  The results showed that: [ 1) The activity of Na* K" -ATP in wild and that in farmed
M. macropterus was oot significant different from each other in all regions of the intestine, and both of the enrichment factors
of Na’ K" -ATP were higher than 1.0; [ 2] The distribution characteristics of sucrase, maltase, alkaline phosphatase
and y-slutamvltranspeptidase | v-GT) of the enteroeytes brush border membrane | BEM] were the same. as well as, the
activities of sucrase, maltase and alkaline phosphatase were foregut > midgut > hindgut, meanwhile activity of y-glutamyl-
transpeptidaze | y-GT) was midgut > hindgut > foregut. | 3] The data rules of activities of the same enzymes in different re—
gions of the intestine in these two fishes were that activities of the farmed M. macropterus”s enzymes were higher than the
wild M. macropteris®s, excepl that the wild M. macropterus®s alkaline phosphatase activity in the midgut was higher than
farmed M. macrapteriss.

Key words: Mystus macropterus.  wild, farmed,  enteroeyvtes hrush border membrane,  engymes activity

FCBEWE (| Mystus macropterus) XM ARk TE  ATHEPRREEMHETEER HATES.
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ST, KILTHER LS. HAEARRME, KOS SR SIVER 2 T HA T80 8F R s
BRIEER L, TALEGE,. fTEMSA AR, & K mES KSR AERENE KRR ER
RO TR YR SR TR, . B, WP AR K 0T S
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24 h, fk1(26.08 +3.29) em, (& (130.56 =
38.07) g.

Wi AR fF T OKEEEE 2014 SF9 H . ABERRIT
S NBCE 2 W o BE o 40 B, MR SRR ab B,
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Table 1 Principal water quality parameters of culture ponds during aquaculture period

WHGE AR

e [ = M
i i EWE REAR 0 e
Tosriia DO content/ pH Diaphaneity/ TN content” . - CoDs

(mg/L) cm (mg/L) i ot (mg/L)

{ mg/L) (mg/L)

'{E—'FFW_:.#RE 5.83+0.38 7.53+0.21 28.76+3.39 3.80=0.16 1.17+0.20 0L05x0.01 9.11+0.81
Circulating flume
LB
Intensive culture 4.74£0.52 T.31x0.19 30.06+3.27 4.56+0.43 1.41+0.25 0.08+0.02  10.55+0.38
pond
1.1.2  FRFEIREE R 1.2 #ENER

17 2 37 A Pl 7 B AR 50 (0 T Bk b PN, 3% TR
40 H (1 B =666.67 m®) , # % iE 54 45 8 05 2R 7
K6 (25 mx5 m) , AR EH 125 m*, A ik
BER0.1~0.3 m/s, HAH b iFe e UHER |
¥E BERSFHTRENI SR IENEZES
R E R . R R m R 8
PSR, LA 2 AN 3 kW A
HEEL.
1.1.3 #MatH
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Frill g . B IS LA HCE T-18 TR
fr, T e 45 bri 2
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can PRO {42 {{ , 32 [ HunterLab %% 7] ; Bt § WBS
( warner-bratzler shear) 7] B ] TX =700 8 4] /14
TR E L, E R (Fl) B AR AR, ZH®
GC7890 SUHHE L, REZHER AR Har
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RO

8 2 L A R R IR R R

i Grass carp cultured in

Grass ¢ cultured in
Amino acids i

circulating flume intensive culture pond

HER Ala*"” 4.98+0.15 5.01%0.12
EEEE R Cys® 0.2820.01 0.2820.01
HEEE Val® 4.10x0.11 4.10£0.08
i S A Met” 2.30=0.006 2.40+0.06
R ER e 3.83+0.13 3.81=0.00
B Leu” 6.77=00.22 6.77+0.15
B E B Tyc*™ 2052012 2.92+0_06"
N FE Phe™ " 3.3520.27" 3.19=0.06"
i B AL Lys” 7.49+0.30° 7.21+0.21"
# H A His® 2.28+0.11" 2.17+0.03"
WA Arg® 5.07£0.13 5.05+0.14
B A% Pro® 2.57=0.19 2.5920.16
HER S E TAA 77.11+2.46 76.61+1.84
SHE R SR TDAA 35.65+1.36 35.41x1.69
Wty EALRE B A TEAA 31.52+1 44 31.10£1.34
ey AR B THEAA 2.95x0.12 2.02+0.06
A EAE R B TNEAA 45.50=1.57 45.77+1.82
2R AR B A G EAL SR A i TDAA/TAA 46.10£0.21 46,0620, 10
O AR R R G E AL S A T TEAA/TAA 40.87+0.29 40.43+0.15
g SRR S S W AEAR S I H i . THEAA/TAA 3.82+0.04 3.80£0.02
P rff A S E RS B E T TNEAA/TAA 59,130,209 59.53%0.15

r -_:E'ﬁ E{Eﬁi essential amino acids ; % ,_}Eﬁ:ﬁﬂéﬂ delicious ammo acids ; @ . {Edh g S A% non-essential amino acids

2.5 ALes RS RA AR B 37.32% , Z A0 AAG 7 8% ( PUFA ) 5 B 9 A 0
M7 Mim, ERAFR K AEREANED  8932.36%  FEbiER R a LA p M B 11 #
AEAG I B 10 R NS by AR, H A iR A0 B I EE ( SFA) 3 He My de, Horp SFA 3, 5 BE G G B2 09 18.58% ,
oG RSN AR R 21.78%, A BE FAZ UFA 8 ®, 5 B I &% & & ) 68. 4%, UFA 1h
(UFA) T B, SR 1 5 1Y 69.68% , UFA th i MUFAAT 2 #h, 5 B I 8% 2555019 31.19% , PUFA &5
AG0LFAE 5 82 ( MUFA ) 45 2 Fh, o8 05 5 &G 2 /Y 1 7 2 5 Y 37.25%

£7 RRAAEFREESENHEEREEUAERRENNLE

Table 7 Comparison of muscle faity acid composition between grass carp cultured in circulating

flume and intensive culture pond (n=6) %
S— EFRRR SR buEtiE L ]

ki s Grass carp cultured in Grass carp cultured in

Huary s circulating flume intensive culture pond

HEERE Cl14:0 0.88+0.16° 0.74+0.13"

Ak Cleo 17.10%0.26° 14.33+0.60"

EHEE clel 3.05+0.28 2.35+0.41

R lEAR C18:0 3.84=0.02 3.50+0.24

WAk C18:1n-9 34.33+0.71° 28.83+1.72"




958 #om OB R ¥ M 2%

Analysis on Nutritional Quality between Grass Carp Cultured in
Circulating Flume and Intensive Culture Pond

ZHOU Bin' TANG Hongyu'® ZHU Chengke® ZHENG Yonghua' FAN Silin' LIU Changjiang'
(1. College of Animal Science and Technology, Southwest University, Chongging 400715, China: 2. College of
Animal Science, Rongchang Campus of Southwest University, Chongging 402460, China)

Abstract: This experiment was conducted to analyze the difference of nutritional quality between grass carp
cultured in circulating flume and intensive culture pond. Twelve grass carp cultured in circulating flume [ aver-
age body weight: (723.89+£71.54) g, average body length:(340.86+8.88) mm ]| and intensive culture pond
[ average body weight: (680.35+155.13) g, average body length: ( 334.00£21.40) mm ] and fed the same
feed source were selected, respectively, which were used to analyze morphological indices, and muscle texture
characteristics, color, shearing force, the contents of common nutrients, amino acids, fatty acids and mineral
elements. The results were as follows, 1) the hardness, gumminess, chewiness, resilience and shearing force
of grass carp cultured in circulating flume were significantly higher than those of grass carp cultured in pond in-
tensive ( P<0.05). 2) The muscle moisture content of grass carp cultured in circulating flume was significantly
lower than that of grass carp cultured in pond intensive grass carp ( P<0.05) , the muscle crude fat was lower
than that of grass carp cultured in pond intensive grass carp, and the muscle crude protein and ash contents
were higher than those of grass carp cultured in pond intensive grass carp, but no significant difference in mus-
cle crude fat, crude protein and ash contents ( P>0.05). 3) The total amount of amino acids( TAA) , the total
amount of essential amino acids ( TEAA ) and the total amount of delicious amino acids { TDAA) in muscle of
grass carp cultured in circulating flume were higher than those of grass carp cultured in pond intensive grass
carp, but the differences were not significant ( #>0.05). The TAA of grass carp cultured in circulating flume
and intensive culture pond was 77.11% and 76.61% , and the TEAA and the TDAA accounted for were
40.87% and 40.43% , 46.10% and 46.06% , respectively, of the TAA. 4) The proportion of unsaturated fatty
acids ( UFA) in total fatty acids ( 69.68% ) in muscle of grass carp cultured in circulating flume was higher
than that of grass carp cultured in intensive culture pond ( 68.44% ), but no significant difference { P>0.05).
The proportion of saturated fatty acids ( SFA ) in total fatty acids in muscle of grass carp cultured in circulating
flume and intensive culture pond was 21.78% and 18.58% , respectively, and the difference was significant
{ P<0.05}. Eicosapentaenoic acid ( EPA) was not detected and the content of docosahexaenoic acid { DHA)
was (1.44% in muscle of grass carp cultured in circulating flume, and the contents of EPA and DHA in muscle
of grass carp cultured in intensive culture pond were 0.10% and (.55% , respectively. 5) The contents of po-
tassium ( K), magnesium (Mg), iron (Fe) and copper (Cu) in muscle of grass carp cultured in circulating
flume were significantly higher than those of grass carp cultured in intensive culture pond ( P<0.05) , while the
contents of sodium ( Na) and zinc ( Zn) in muscle were significantly lower than those of grass carp cultured in
intensive culture pond ( P<0.05). To sum up, the nutritional quality of grass carp cultured in circulating flume
is slightly better than that of grass carp cultured in intensive culture pond.[ Chinese Journal of Animal Nutri-
tion, 2020, 32(2).948-958 |

Key words. cultured in circulating flume; grass carp; muscle quality; texture characteristics; amino acids;

fatty acids

= Corresponding author, associate professor, E-mail; 1845738234@ qq.com (FE2E FTEH)
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Analysis and evaluation for the nutrition components of
Schizothorax griseus muscles

WANG Siwu', ZHENG Yong-hua'®, TANG Hong<u'”,
YIN Jiang-ping', LI Juan', ZHAO Shu-hai’, LI Zhi-hong’
[ 1. Department of Fisheries, College of Animal Science and Technology, Southwest University, 400715,
Beipei Chongging, China, 2. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
Key Laberatory of Aquatic Science of Chongging, Southwest University, 400715, Beipei Chongging, China;
3. Dali Bai Autonomous Prefecture Fishery Station, Dali 671000, Yunnan, Ching

Abstract: Conventional bicchemical analysis methods were adopted 10 analyze and evaluate the content of nutdents, amino
acids, faiy acids and minerals in Schizothoray griseus muscles. The analysis resulis showed that the flesh content was
71.22% , the rough protein in wel samples of muscle reached 22, 98% . with the fat was only 1. 35% . There were 18 ami—
no acids in the dry samples of muscles, the total content of amino acid contained 77.02% . in which essential amino acid
took up 31, 69% . The EAA composition mel the Foowd and Agriculiure Organization/ World Health Organization stand—
anl. According 1o the nutritional evaluation on aeid seore | AAS! aml chemical score [ CS) . the st limited amine acid was
tryptophan | Trpl + with the lysine | Lys! baving the highest score of 2. 28 and 1. 76, respectively. The content of flavor a—
mino acids was 34, 735 . The content of saturated fatty acid | SFA) . monounsaturated fany acid | MUFA) and polyunsatu—
rated fatty acid | PUFA] was 24, 4% , 41.3% amd 25. 6% , respectively. Total 8 minerals | Fe-Mn. Zn. Cu. Ca. Mg.
K. Nal were tested in this study. The proportion of these minerals were reasonable. According 1o the results, S, griseus is
nutritious and delicious in taste, it has high nutritional value and great potential to develop.

Key words: Schizothoray grisens; rouline nutrients composition; amine acids; fatty acids. minerals
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ABSTRACT

Rice-fish integrated farming model has become one of the main directions for sustainable agricultural
development due to its good ecological and environmental effects and ability to produce green rice (Oryza
sativa L.) that meets the market’s food safety needs. Its study characterizes soil bacterial community
structure in this model for the improvement of planting and breeding technology and realization of
ecological regulation. The community structure of soil microorganisms was compared between two models
of rice-frog (black-spotted pond frog; Pelophylax nigromaculatus Hallowell, 1861) co-cropping (DW) and
rice monoculture (DD) at tillering stage, full heading stage and maturity stage. to accumulate data for
research on ecology of rice-frog integrated farming and provide a theoretical basis for optimization of this
production technology. Main bacterial phyla occurring in rhizosphere soil of rice fields in both models under
three stages were Proteobacteria, Chloroflexi, Acidobacteriota, Bacteroidota, Firmicutes, Actinobacteriota,
Nitrospirota and Desulfobacterota. Compared to DD, DW group had more Actinobacteriota in the dominant
phyla at maturity and less Desulfobacterota throughout the growth period. The main dominant genera were
norank | Anaerolineaceae, norank | norank o novank ¢ Thermodesulfovibrionia, norank [ norank o SBRI031,
norank | norank_o Vicinamibacterales, unclassified k norank d Bacteria and Thiobacillus. There were five
categories  with  significant  difference,  norank f Anaerolineaceae,  norank f norank o SBRI031,
norank [ norank o Vicinamibacterales, Thiobacillus and unclassified & norank d Bacteria; all were higher in
relative abundance in DW than in DD group. It indicates that rice-frog crop model promotes the growth of
these five types of bacteria, which have a boosting effect on rice growth. The bacterial Chao index and
Shannon index of rhizosphere soil of rice field increased after introduction of frog in DW group. The two
models showed less variation in seil bacterial community structure in root system from full heading to
maturity stage, and co-cropping model showed less variation compared to rice monoculture.

Key words: Oryza sativa, Pelophylax nigremacularus, relative abundance, rice-frog farming, soil bacterial,
tiller stage.

INTRODUCTION

Soil microorganisms, as the main participants of the ecosystem processes, actively participate in all aspects
of the C and N cycle, such as C and N mineralization, nitrification, denitrification and other processes
(Edwards et al., 2015). And through its own metabolism and turnover, it promotes nutrient cycling and plant
effectiveness, becoming an important source of effective soil nutrients. Soil microbial diversity and function
are the most sensitive indicators of soil quality (Zak et al., 1994). For the study of soil microbial community
structure, the high-throughput sequencing technology used obtains a large number of gene sequences and
can detect non-culturable and trace microorganisms, which has become an important tool for studying the
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diversity of microbial communities (Han et al., 2016: Zhang et al., 2016). Rhizosphere is the direct interface
of material and energy conversion between plant roots and soil (Prashar et al., 2014; Zhang et al., 2018),
rhizosphere microorganisms are closely related to plant health, pest and disease defense and yield (Li et al.,
2007). Some studies have shown that each plant has a specific rhizosphere microbiome (Zhang et al., 2017a),
and the rhizosphere soil microbial diversity of different varieties of oleander differed (Zhang et al., 2017b).
The rice (Oryza sativa L.) variety used in this experiment is giant rice, and it is important to study the
composition and diversity of the rhizosphere soil microbial community of giant rice to ensure the production
of giant rice and promote the development of giant rice industry.

Frog is a native amphibian in rice field, and introducing frog into rice field is a more ecological and
natural rice planting mode. Many studies have shown that the introduction of frogs can effectively reduce
the populations of rice pests such as rice lice, and improve the nutrient status of the soil (Chang et al., 2021).
To a certain extent, it increases soil microbial biomass and soil dehydrogenase, peroxidase, acid phosphatase
and other soil enzymes, thus promoting rice growth and seed yield of rice. In addition, the rice-frog crop
model also has the potential to reduce greenhouse gas CH, emissions. Studies have shown that a variety of
paddy ecological farming models have the ability to influence the structure of soil microbial communities,
the soil microbial population and microbial biomass C in the rice-duck crop model were significantly
increased (Dexin et al., 2005). And the integrated rice-loach farming has certain influence on soil microbial
community structure (Zhao et al., 2021). Little research has been reported on the changes in soil microbial
community structure of giant rice paddies with rice growth. This experiment compared the diversity
characteristics of soil bacteria in the rhizosphere under two modes of rice-frog crop and paddy monoculture,
and explored the dynamic changes of soil microbial community structure and composition in the rhizosphere
of rice under the two cropping modes at different periods of rice growth, in order to reveal the internal
relationship among frog metabolism, rice growth and soil microbial community structure.

MATERIALS AND METHODS

Experimental field description

The experimental site is located in Renshou City (29°51'15.58" N, 104°12'41.56" E), Sichuan Province,
China. This area belongs to the central subtropical humid monsoon climate zone with an average annual
temperature of 16.8 °C, an average annual rainfall of 1153.7 mm, an average annual number of rainfall days
of 159 d. and an annual frost-free period of about 310 d.

The experimental field is the first year of implemented rice (Oryza sativa L.)-frog integrated farming.
The experiment was designed with two treatments, the rice-frog integrated farming group (DW) and the rice
monoculture group (DD), with three replicates of each treatment (six fields), each with an area of 667 m*
and a 1.5 m wide ridge between the fields. Each rice-frog integrated field is surrounded by 1 m wide food
table, of which the inner side is a | m wide and 50 cm deep ring ditch, and the central rice planting area of
about 450 m*. Each field is surrounded by an anti-escape net, which covers food table with one side 30 cm
below the ring ditch and the other side 1 m above the food table. The rice, giant rice *Jufeng No. 57, was
transplanted on 20 May with a plant spacing of 30 cm ¥ 30 ecm. Rice harvesting was carried out on 29
September.

The breed of frog is the black-spotted pond frog (Pelophylax nigromaculatus Hallowell, 1861). About
100000 tadpole fries were placed in each field on 5 April, and 2.5 + 0.5 kg powdered forage was fed to each
field every day. and the survival rate of tadpoles was about 30%. Tadpoles begin to metamorphose in mid
to late May. During the metamorphosis period, tadpoles rely on the absorption of the tail as a source of
nutrition and do not need to feed. After metamorphosis into juvenile frogs. feed small pellets with 40%
animal protein according to 2%-3% of the frog’s body weight. When they grow into adult frogs atter 40 d,
large pellets were fed with 38% animal protein according to 2%-3% of their body weight in the morning
and evening. Fertilizer was not applied to rice-frog integrated fields, while rice monoculture fields were
fertilized with base fertilizer and topdressing. The first time before rice transplanting, 450 kg ha potassium
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sulfate type compound fertilizer (N:P:K = 24%:9%:18%) was applied, and the second time 40 d after rice
transplanting, 90 kg ha™ were applied.

Soil sampling and measurements

Soil samples were collected on 1** April (before planting and raising), 27 June (tiller stage), 27 August (full
heading stage) and 27 September (maturity stage) in 2021 respectively. In the tiller stage, DW group is
recorded as aal and DD group is recorded as aa2. In the full heading stage, DW group is recorded as aa3
and DD group is aa4. In the maturity stage, DW group is recorded as aa5 and DD group is aa6. The five-
point sampling method was used to select five points in the four corners and center of each paddy field,
taking soil around the root system at 10-20 cm depth, then mixing the soil from the five points into one
sample, with sample numbers DW1, DW2, DW3 and DD1, DD2, DD3. Samples were taken back to the
laboratory in 5 mL centrifuge tubes and stored at -80 °C for microbial diversity analysis. In addition, take
five points of soil from 10 to 20 cm and mix well, remove plant and animal residues, weeds and stone
impurities and then use for soil physical and chemical property testing. Soil physical and chemical property,
including soil pH, organic matter (OM), total N (TN), total P (TP), total K (TK), available P (AP), available
K (AK) and alkali hydrolyzed N (AN), were measured with experimental methods according to Bao (2000).

Soil DNA extraction, PCR amplification and sequencing

The soil samples were weighed (0.3 g), extracted with the Rapid Soil Genomic DNA Extraction Kit (Sangon
Biotech, Shanghai, China) and detected by 1% agarose gel electrophoresis, then stored at -20 °C in a
refrigerator. The common primers 515F (5-GTGCCAGCMGC-CGCGG-3") and 907R  (5-
CCGTCAATTCMTTTRAGTTT-3") were used to amplify the high variant region V3 ~ V4 of 16S rRNA
gene. Each sample was repeated three times, after which the PCR products were recovered by gel cutting
using the AxyPrep DNA Gel Recovery Kit (Axygen Scientific, Union City, California, USA), eluted with
Tris HCL: detected by 2% agarose electrophoresis. The PCR products were detected and quantified by
QuantiFluor, -ST Blue Fluorescence Quantification System (Promega Corporation, Madison, Wisconsin,
USA), after the concentrations of each sample were normalized. mixed and sequenced. The sequencing
platform was the MiSeq PE300 platform from Illumina (San Diego, California, USA).

Data processing and analysis

After 1658 rRNA MiSeq sequencing, the quality of reads was quality-controlled filtered by using the software
Trimmomatic and FLASH, and data filtering was completed afier the operation process of removing low-
quality bases and splice contamination sequences to obtain high-quality target sequences that can be used
for subsequent analysis. The follow-up bioinformatics operations were done using USEARCH and mothur
softwares, the source of the comparison data was Silva’s bacterial database, and the data statistics and
graphing were done using R language. The differences in soil physicochemical property data, microbial
diversity index data and relative abundance of major genera in the paddy fields under the two models were
analyzed by one-way ANOVA and Duncan method using SPSS 16.0 software (IBM, Armonk, New York,
USA), and P < 0.05 indicated significant differences.

RESULTS AND DISCUSSION

Physical and chemical properties

There was nonsignificant difference (P = 0.05) in the physical and chemical properties of the soil between
the two modes before the start of the experiment (Table 1). Compared with the DD group, the DW group
had significantly higher soil total N (TN) and alkaline N (AN) content throughout the growth period, higher
soil total P (TP) and available P (AP) content at the full heading and maturity stages, and higher soil available
(AK) content at the tiller stage. From the tillering stage to the full heading stage. soil pH, organic matter
(OM), total N (TN) and total P (TP) increased significantly in both groups, and from the full heading stage
to the maturity stage. soil TN and TP, alkaline N content decreased significantly in both groups.
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Table 1. Soil properties of paddy field in two models. The same lowercase letters mean
nonsignificant differences (P > 0.05) in this indicator between the two modes during the same
period, while different lowercase letters mean significant differences (P < 0.05) between two
modes. The same uppercase letters mean nonsignificant differences (P > (0.05) in the same mode
at different times, while different uppercase letters mean significant differences (P < 0.05) in the
same mode at different times. OM: Organic matter; TN: total N; TP: total P; TK: total K; AN:
alkali hydrolyzed N; AP: available P; AK: available K;: DW: rice-frog co-cropping; DD: rice
monoculture; aal, aa3, aa5: average values of DW group of three fields for tillering, full heading
and maturity stages, respectively; aa2, aad, aa6: average values of DD group of three fields for
tillering, full heading and maturity stages, respectively.

Treat
Period  mes g OM ™ it X AN AP AK
gky! mg by
Befire plntme DV 8012008 11612026C 06050080 (038200¢ 16602098  g657=S4C G040 TII0206

and rassinp DD SM£010* 114050055 066008 0360048 16932067 GTATE62D  TMR:03FE  1987151F
Tiler stage al 7009 BB0SEE 146007 042001 1617:1015 1666724 1571428 142675364

ml o TS0:0068 185704380 [10:004E 04020008 W47=0098  1L46T214E 121020848 1140024608
Fullbeadie a3 74720008 31372035 2330000 0782013 1772048 18433263 51032408 1460022514
stape ml TETE0IRR JTI0L244M  [SHaQIR 0900 1607=085A 20026 17604106% 1436744108
Mibritystage 5 S17:00M  2633:5388 18620208 (5420058 17802035 D0ETZ18418 BET:IMM 1280028868

@ V00 1463052 081003 0390058 15402067  §SO3:B4MC 1110808 1134011668

Overview of MiSeq sequencing and diversity analysis

The average total sequence numbers obtained from MiSeq sequencing of rice-frog co-cropping and rice
monoculture root soils were 4.21x10° £ 6.27x10° and 3.66x10° + 1.04x10* at tiller stage, 2.44x1(° + 1.84x10*
and 2.21x10° £9.32x 10" at full heading stage. 2.62x10° + 2.44x10* and 2.00% 10° £ 1.41x 10" at maturity stage.
After removing the primers, ambiguous bases and sequences with chimeras, the total effective sequence
number finally obtained was 5 938 318, with sequence lengths ranging from 360 to 400 and average fragment
length of 376 bp. At the operational taxonomic unit (OTU) classification level of 97% similarity, the
sequencing coverage reached about 98%, reflecting that the sequencing results were sufficiently representative
of the real situation of the microorganisms in the samples. In addition, to ensure the same sequencing depth of
the samples used, we selected 172 155 (i.e., the one with the lowest number of valid sequences among all
samples) valid sequences from each sample for normalization and used them for the next data analysis.

The results of soil microbial diversity analysis of rice roots under two modes showed that the Chao index
and Shannon index of soil bacteria in the root system of the rice-frog co-cropping mode were significantly
higher than the rice monoculture mode in all periods (P < 0.05) (Figure 1). The Chao index and Shannon index
of soil bacteria in both models were highest at the tiller stage and significantly higher than those at the full
heading stage and maturity stage (P < 0.05), and there was nonsignificant change in the two groups from the
full heading stage to maturity stage. It indicates that farmed frogs can increase the diversity and richness of
soil microorganisms in paddy fields, and the changes of soil microorganisms in paddy fields are more obvious
at the tiller stage.

Among the 22 086 OTUs obtained at 97% similarity, 4612 OTUs were shared by six groups, accounting
for 20.88% of the total OTUs, indicating that there were some differences in the composition of microbial
species among the groups (Figure 2). The OTU species specific to the DW group were higher than those in
the DD group in all three periods, indicating that frog farming can increase soil microbial richness in rice
fields. Both the DW group and the DD group had the most unique OTU species at the tiller stage, accounting
for 13.15% and 8.35%, respectively. The number of unique OTU species in both groups decreased sharply at
the full heading stage. and did not change much at the maturity stage.
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Abstract: In order to explore the effects of integrated rice-frog farming on the water quality, soil physicochemical properties, and yield
of giant rice in paddy fields. this experiment collected water and soil samples from the tillering stage, full heading stage, maturity stage,
early overwintering stage, mid overwintering stage, and late overwintering stage of frogs, and evaluated soil fertility using the Nemero
comprehensive index method. The results showed that compared with monoculture of giant rice, the integrated rce-frog farming had a
lower dissolved oxygen content in the water during the rice growth period, reaching the lowest level at  (3.54 + 0.18) mg/L during the
full heading period. The pH significantly mcreased during the maturity period (P < 0.05), and the total nitrogen, total phosphorus, and
nitrate mitrogen content in the water significantly increased during and after the full heading period (P < 0.05). The soil pH and organic
matter under the integrated rice-frog farming were significantly higher than those under the single cropping mode of rice (P < 0.05)
during and after the maturity stage. The soil pH in rice monoculture fields significantly decreases during the mature and overwintering
stages, indicating that the rice monoculture model may lead to a decrease in soil pH. The pH is 6.9 in the mid-winter stage, while the
mtroduction of the black spotted frog can mamtain a pH of 7.9, which can effectively prevent a decrease in soil pH. The total nitrogen,
total potassium, and alkaline nitrogen in the soil of the rice frog intercropping model were significantly higher than those of the rice
monoculture model throughout the entire period (P < 0.05). A comprchensive evaluation of soil fertility was conducted, and the soil
fertility index of the integrated rice-frog farming was the highest at the full heading stage, reaching level IL indicating that the soil was
fertile at this time. In the remaining periods, the soil fertility index of rice-frog co-culture and rice monoeulture fields were both at level
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111, befonging to the general fertility level, and the fertility index of nice-frog co-culture fields was higher than that of nice monoculture

fields. The thousand-grain weight and effective number of grains per panicle of rice under the rice frog co-culture mode were

significantly higher than those under the rice field monoculture mode (P < 0.05), while there was no significant difference in nce

setting rate. From this, it can be seen that the soil fertility of the integrated rice-frog farming can meet the needs of rice growth and

promote rice growth. However, the soil total phosphorus content in the rice monoculture mode is insufficient. Therefore, it is necessary

to combine local conditions, stabilize nitrogen fentilizer, and increase phosphorus fertilizer application.

Key words: nemero fertility index; soil fertility; rice quality
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Tab. 1 Background data of experimental felds

L IRAE T soil indicators
pH B.01-8.13

KIIETR detection result

HHLE OM Ag-kg™ 11.61-12.40
48 TN fAg-ke™) 0.60-0.76
LRETP Nz ke) 0.36~0.40
28 TK fg-kg) 15.67~17.60
BRI S AN g k™) 61.39-73.92
A7 AP f{mg kg ™) 6.40-8.38
SR AK Amg-kg) 77.00~82.87
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FRERSHT, SREaA: ERTAY S8 A SRR N 433 x10% ind. , SFEEERE A 0.79 x 107 ind. /d,
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The early resource quantity and spatial distribution of Gobiobotia filifers
in Youxi section of the upper Yangtze River in 2015
WANG XiaoHeng' *, YIN Jiang-ping', TANG Hong+u', ZHENG Yong-hua',

{ 1. College of Animal Seience and Technology . Seuthwest University . Chongging 400715, China:
2. Chongging Dahonghu Aquatic Products Co. Ltd. | Chongging 401223, China)

LI Hong—e'

Abstract: The eges of Gobiobotia filifers were collected fromYouxi river of Jiangjin District in Chongging province from May
e July in 2015 1o investigate and protect fishery resources in the upper of the Yangtze River The total runofl of epggs was
4.33 x 10" ind. the mean total runoff was 0. 79 % 107 ind. withthe max runoff density of 1.94 % 107ind. The egas were col-
lected and existed no significant peak during the monitoring period. The difference between the left bank and the rght bank
was nol significant. The difference between the left bank and the middle was significant. Meanwhile, the left bank showed
significant difference with the right bank. The overall horizontal distribution was higher in both sides than that in the middle;
The difference in the overall vertical distribution was not significant. Analogous historical data in recent years, the propor—
tion of G, filifers eggs increaged and the early resource quantity of G filifers showed increasing in fluctuation, which might
be related to its biological characteristics and the adapration ability o the environment.

Key words: the upper Yangize River; Gobiobotin filifer: spatial distribution
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Ak (Chinese Joumnal of Feology 2023 ,42( 2) - 342-351 DOI: 10.13292 /. 1000-4890.202302.013

TEEEiE, VEER, Bracwd, SR, grarME, dPacte, FEHLE. 2023, 1UKE fdlfn i S ol e n A, R Rde, 42
(2): 342-351.

Long ZM, Zhu FY, Duan XB, Guo J, Yu LX, Zheng YH, Tang HY. 2023. Responses of locomotor ability of juveniles of the four ma—
jor Chinese carps 1o predation stress. Chinese Jowrnal of Ecology, 42( 2) - 342-351.

M X 3K & %) & iz 3h 6E 71 X 45 R B8 /Y M Kz

EB#H" REK BRER B AT RIe HAL ERF
('S d R FAR S ER, FE 400715 Tf BRAHFEH LRI R FHLA, KL 30223: *HEREXFESBEFER, iz
45 214081)

W OE (A kAR aRR) PRskNEsgh SR ED e RFRTRAM
B. #FEaEagE A EbENE e, R LEER Y& ( Channa argus) ﬁﬁjﬁr’:ﬁr_t}ﬂ { Silurus meridio—
nalis) 1 # & & . F & Mvlopharyngodon piceus) % & ( Ctenopharyngodon idellus) . % ( Hypophthalmichthys meli-
trix) &k ( Aristichthys nobilis) 9 X ¥ £ 4h & L s . B e 5542 TH &( E%P;ﬂ} JEHE(BEMBLE) AE
WE(EEPB) EATERHAME BEHKA2 0T Md = AP HEMLEARERHFAESESD
WER HFTENAREHENREFEREFEAEIEFAREHARP(HEMKPHEEE) THE
REHE. FRXNDARENRIHATRERTRAE ) Z R FERE, A HA B A ERER
HBEAENALT. GREAZRATREES, DAFXERNXANCERBREHHRBRR . EhBEHTH
PHGRRETEAT | MARAA . ERMEEF 2 MEAEGENERRENT DARXENARFEFAE
REZH FEFRESUBEREHF I T EARES AEHAE N RERS TRELN G SEK
HEBBAXRFTHXRAHEENEERENFREAALAR . GRABEKETEmRAHEARER
B HAERIBERH A URSRARE AT ELFE R ABEAS EAETEF.

FEE Habd Rk vEEH; WAKS2

Responses of locomotor ability of juveniles of the four major Chinese carps to predation stress. LONG Zhen-
man'~, ZHU Feng+yue’, DUAN Xin-bin®, GUO Jie™, YU Lixiong”, ZHENG Yong-hua', TANG Hong-syu"

{ Lﬂ'oﬂege qf Fishertes, Southwest Unimrsﬂ'}'. Efumgqing 400715, China; Elhntg.lze River Fisheries Research Institute ,
Chinese Academy of Fishery Seiences, Wuhan 430223, China; *Wuxi Fisheries College, Nanjing Agricultural Univer—
sity. Wuxi 214081, Sfiangsu. China) .

Abstract: Predation stress ( both duration and intensity of the siress) affects locometor ability of fish. The escape
strategies of prey [lish are different when encountering predators. We investigated the responses of locomotor ability
of the juvenile black carp ( Mylopharyngodon piceus) , grass carp ( Clenopharyngodon idellus) . silver carp { Hypo—
phthalmichthys molitrix) and bighead carp ( Aristichthys nobilis) ( four major Chinese carps) 1o predation stress
from snakehead fish ( Channa Argus) and Southern eatfish ( Silurus meridionalis) . The prey fish were subjected to
predation stress under no-predation ( eontrol) . low-predation ( net-separated stress. i.e. indirect stress) and high-
predation ( direct stress) , with three duration levels of 0, 7, and 14 d. The differences of locomotor ability among
the four Chinese carps were compared, and the adaptability of steady and unsteady swimming ability under different
levels of predation stress was investigated. The results showed that there was a trade-off between steady swimming
and unsteady swimming for the four Chinese carps. In response to the predation stress, the fast-slan swimming per—
formance was mainly enhanced, whereas the eritical swimming performance tended to decrease. The four Chinese
carps all showed the C4ype faststan swimming pattern., with body rotation was mainly completed in stage 1 and the
speed perlormance was maximized in stage 2 during the fast-start process. Under the predation pressure. there were
interspecific differences in the escape strategies of the four Chinese carps. The main escape strategy of black carp
and grass earp was to shorten the response latency, which showed stronger reduction with increasing predation

s T 0 H ( 2008YFDOS00902) | o [ K 7™ 84 52 8 5 B 0 8 [ BA 3 H ( 2020TD09) #1¢ B AR 7 27 00 9 B A 42 Fek 0 o 3 28
{ 2021CG02) WEdh-

HoES A 8- 2021-11-22 S AR: 20220322

= fi{EE E-mail: thy1970@ 163.com
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intensity. Silver carp showed a significant reduction in response latency and an increase in escape angle under low
predation stress, and an increase in escape velocity under high predation stress. Bighead carp adopted increasing

escape velocity as the main response strategy after predation stress, and the response latency tended to decrease,

but the response was not significant.

Key words: predation stress: critical swimming: fast-start: four major Chinese carps.
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Phytoplankton community structure and its redundancy correlation
with environmental factors in Hanfeng Lake during the early stage
of the operation of Wuyang Regulating Dam

HU Xin. YIN Jliangping, TANG Hong-vu, ZHENG Yong-hua
| Department of Fisheries, College of Animaf Seivnee and Technology, Southwest University, Key Laboratory
of Frestoeater fish Reproduction and Development. Ministry of Education:  Key Laboratory of Aguatic Science of
Chongging . Southwest University, Chongging 400715, Chinal

Abstract: The phytoplankion community and water quality of Hanfeng Lake was investigated from Oetober 2016 o October
2017 in order 1o understand the situation of Hanfeng Lake in the early stage of the Wuyvang regulating dam officially put into
operation. A 1otal of 114 species rom 7 phyla of phytoplankion were detected. The dominant algae were Chlorophyta and Ba—
cillariophyta with a ratio of 39. 47% and 38. 60% , respectively. Synedra acus, Cyelotelln meneghiniana and Cryptomons
erosa were dominant species. The average density of phytoplankton was 864 % 107 ind. /L. Meanwhile, the average binmass
was 2. 03 mg/L The Margalel index (o, | of phytoplankion was between 1. 69 ~5. 23, the Shannon — Wiener index| H'

e of phytoplankion was between 1. 12 =2, 75 amd the Pielou’s uniformity index( J | was between 0. 45 ~0. 96. Scope of the
change for water lemperature, permanganate index, total phosphorus, total nitrogen and ammonia nitrogen were 12,7 —

3L5C, 1.54-4.92 mg/L, 0.01 ~0.18 mg/L, 0.20 ~1. 11 mg/L, 0.10 ~0. 81 mg/L, respectively. Redundaney a—
nalysis! RDA! results showed that phytoplankton in Hanfeng Lake was positively correlated with permanganate index. total

phosphorus, nitrate nitrogen and ammonia nitrogen, and pegatively correlated with transparency.
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Chen Z, Hu X, Tang H Y. Metabolomics study of Hydrlla verticillata under heavy metal stress of lead and 2ine [1]. Asian Journal of Ecotoxicology, 20232,
17(4): 405-416 (in Chinese)
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Metabolomics Study of Hydrilla verticillata under Heavy Metal Stress of
Lead and Zinc

Chen Zhuo, Hu Xin, Tang Hongyu’
College of Fisheries, Southwest University, Chongging 400000, China
Received 11 August 2021 accepted 14 November 2021

Abstract, Hydrilla verticillata, a common submerged plant in freshwater of China, has a certain adsorption effect
on heavy metals, which made it play an important role in water environment protection. Excessive lead accumula-
tion could affect the growth and physiological metabolism in plants, meanwhile, even cause plant death. As the as-
sociated metal of lead, zinc is one of the necessary elements of organisms, but when its content exceeds the micro-

demand required, it will cause a certain degree of damage to the body. Three hundred and forty-two primary me-
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