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Abstract The present study was to investigate the effects of feeding time on growth of the Chinese soft-shelled turtle.
The experiment was carried out with a photoperiod of 12L (light):12D (dark) with lights on at 06:00 and off at 18:00.
Turtles were maintained at a temperature of 32 ± 0.2 °C in tanks throughout the length of the experiment. The turtles
in group 1 to group 6 were fed respectively at 00:00, 04:00, 08:00, 12:00, 16:00 and 20:00 with 60 turtles each (Initial
body weight 88.27 ± 0.09 g). Acrophases of postprandial RNA/DNA ratio in liver in each group was shown between
5h and 7h after feeding. A positive linear correlation could be seen between specific growth rate (SGR) and RNA/
DNA:SGR=1.1586RNA/DNA–0.7097 (r = 0.9328, P = 0.0066). The results indicated that the values at the acrophases
of about 6h after feeding might be used as an instantaneous growth index in the Chinese soft-shelled turtle. The turtles in
group 1 grew better than group 3, group 4, group 5, group 6, because they ate more, but they ate more and grew slower
than group 2, whose feed conversion rate was also higher. Meanwhile, the SGR and feeding rate of turtles fed at 12:00
were the lowest from the six groups (P < 0.05) . Turtles fed in group 1, group 2 and group 6 developed more heavy final
body weight (FBW), higher feeding rate and SGR than the other three groups. This probably suggested that turtles fed
in scotophase grew better than that fed at photophase in total.
Keywords Feeding time, Growth performance, Pelodiscus sinensis, RNA/DNA ratio

1. Introduction
Studies have reported that different feeding times in
fishes may affect their behavior and physiology (Vera
et al., 2013; Boujard et al., 1995). Feeding time might
also affect the feed conversion rate (FCR), protein
retention, and food utilization (Boujard et al., 1992).
Periodic feeding during daytime can affect the daily
rhythms of the thyroid hormone and digestive enzymes
(Montoya et al., 2010). A scheduled feeding time could
help synchronize the expression of several clock genes
(Feliciano et al., 2011). It was observed that rainbow
trouts (Oncorhynchus mykiss) fed at dawn or in the early
morning weighed more than those fed at any other time
of the day (Gélineau et al., 1996). Essentially, it plays a
*
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very important role in affecting a large number of aquatic
species. The lanternfish (Diaphus chrysorhynchus) was
observed to prefer feeding at night (Tanaka et al., 2013).
Similar results were observed in a study on juvenile
Florida pompano (Trachinotus carolinus), in which the
fish that fed in the evening were found to have longer
body length and food conversion efficiency than the
fish that fed in the morning (Heilman et al., 1999).
The Chinese soft-shelled turtle (Pelodiscus sinensis), a
poikilotherm, is a carnivorous commercial reptile that
is widely cultured throughout Asia for its nutritional
and medicinal properties. For this turtle, feeding time
is an important factor that might impact its growth, a
characteristic similar to that observed in rainbow trout
(Boujard et al., 1995).
It has been reported that the RNA/DNA ratio is an
effective tool to evaluate the nutritional status of released
and wild Japanese flounder (Paralichthys olivaceus)
juveniles and larval Pacific bluefin tuna (Thunnus
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orientails) (Gwak et al., 2003; Tanaka et al., 2008).
Genetic information is considered to be transmitted as
DNA→RNA→Protein; moreover, the concentration of
DNA per unit mass is always stable. It has been observed
that RNA/DNA ratios varied with the time of the day in
Crassostrea angulata, and were higher at night (Chícharo
et al., 2001). It was confirmed that RNA/DNA ratios
exhibited a significantly positive correlation with recent
growth rates in young-of-the-year tautog (Tautoga onitis)
under field conditions (Mercaldo-Allen et al., 2006).
Furthermore, the variation in RNA/DNA ratios in Calanus
sinicus reflected the radical changes in their growth (Ning
et al., 2013). Moreover, significantly positive correlations
between growth rate and RNA/DNA ratio were observed
in Paracentrotus lividus (Frantzis et al., 1992). Therefore,
RNA/DNA ratio is a reliable measure to evaluate the
instantaneous growth in aquatic species. In Japanese
flounder, the variation in the RNA/DNA ratio exists while
it might be species specific in fed Crassostrea angulata
(Chícharo et al., 2001). These variations could probably
be attributed to postprandial rhythms, and could cause
serious problems if left unchecked. A correlation between
postprandial acrophase values of RNA/DNA ratio and
growth might better explain this phenomenon. However,
very few studies have reported the effects of feeding time
on postprandial RNA/DNA ratio.
Most of the previous studies that evaluated the
correlation between RNA/DNA ratio and growth in fishes
were performed in a natural or semi-natural environment
that was easily affected by several factors such as
temperature, illumination etc., and hence, do not explain
the exact effect of feeding time on instantaneous somatic
growth. Since the results of these studies were conflicting,
the exact effects of feeding time on the growth of some
specific animals remain unclear (Nunes et al., 2006).
We used the Chinese soft-shelled turtle as the laboratory
animal in the present study.
This study aimed to investigate the effects of feeding
time on growth performance and to identify whether
the acrophases of postprandial RNA/DNA ratio values
exhibited a correlation with growth in the Chinese
soft-shelled turtle under well-controlled experimental
conditions.

2. Materials and Methods
2.1 Feeding and acclimation of turtles Powdered feed
was provided by Hebei Haitai Technology Corporation,
Hebei, China. The feed was processed into small wet
pellets (approximately 2 mm in diameter) and stored
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at −20°C (21.4% moisture content) until use. Juvenile
Chinese soft-shelled turtles (weighing approximately
10 g) were purchased from Shijiazhuang Kangtai Turtle
Aquafarm (Luquan, Hebei, China). The experiment was
carried out under a photoperiod of 12 h L (light):12 h D
(dark), and illumination by fluorescent light (about 70
lux) was provided from 06:00 to 18:00. Air was supplied
twice every day at 09:00 and 17:00, for 30 min each.
The turtles were maintained at 32 ± 0.2°C in tanks filled
with approximately 60 L of aerated water (pH 7.0–8.0;
20% renewal every day). The laboratory and the water in
the tanks were sterilized once a week. The turtles were
acclimated for 20 days; they were fed to satiation once at
08:00 every day, and the leftover feed was siphoned off.
2.2 Experimental procedure After acclimation, a total
of 360 turtles with an initial body weight (IBW) of 88.27
± 0.09 g were divided into 6 treatment groups; each
group included 10 replicates, with 6 turtles per replicate.
The turtles from treatment group 1 to treatment group
6 were fed at 00:00, 04:00, 08:00, 12:00, 16:00, and
20:00, respectively. The trial duration was 30 days. The
experimental conditions were the same as those in the
acclimation period. The feed pellets were prepared about
5 minutes before each feeding time, and were manually
offered to each tank as a single meal every day. About
30 minutes later, the residual pellets in the tanks were
collected, dried, and weighed every time, until the end
of the trial. The dry weight of the feed consumed each
day during the trial was recorded in 60 replicates. Based
on these data, the cumulative consumption (CC) was
calculated.
At the end of the experiment, the first sample from
each group was collected at its corresponding feeding
time. Subsequently, one replicate per group (6 turtles)
was collected every hour (Table 1). The possibility of
any error in weight measurement was minimized by
wiping the water on the surface of the turtle’s body with
gauze. The final body weight (FBW) of each turtle was
recorded. Based on these data, the weight gain (WG),
specific growth rate (SGR), and FCR of each replicate
were calculated. The turtles were then euthanized
immediately. Their liver samples were preserved in liquid
nitrogen immediately after collection and transferred
to a laboratory freezer at −70°C until the measurement
of RNA/DNA ratio. Nucleic acids in the liver samples
of 3 turtles in each replicate (6 turtles) were randomly
selected. DNA in the liver was determined using the
Cell and Tissue Genomic DNA Extraction kit (Columntype; Shanghai Generay Biotech Co., Ltd., Shanghai,
China), while RNA was determined using the Total
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Table 1 The order and its corresponding time of the replicate- (2) Specific growth rate (% d−1): SGR = 100 × (LN FBW
collection in the turtles of the present research.

Clock time

Treat groups
1

2

3

4

5

6

0:00

(1)

1:00

(2)

2:00

(3)

3:00

(4)

4:00

(5)

(1)

5:00

(6)

(2)

6:00

(7)

(3)

7:00

(8)

(4)

8:00

(9)

(5)

(1)

9:00

(10)

(6)

(2)

10:00

(7)

(3)

11:00

(8)

(4)

12:00

(9)

(5)

(1)

13:00

(10)

(6)

(2)

14:00

(7)

(3)

15:00

(8)

(4)

16:00

(9)

(5)

(1)

17:00

(10)

(6)

(2)

18:00

(7)

(3)

19:00

(8)

(4)

20:00

(9)

(5)

(1)

21:00

(10)

(6)

(2)

22:00

(7)

(3)

23:00

(8)

(4)

0:00

(9)

(5)

1:00

(10)

(6)

− LN IBW)/t, where t is the duration of the trial
(3) Feeding rate (FR) (%): FR = CC/([IBW + FBW]/2) ×
100
(4) Feed conversion ratio: FCR = CC/WG

2.4 Statistical analysis One-way analysis of variance
(ANOVA) was used to analyze the effects of feeding time
on WG, SGR, FR, and FCR of growth performance in the
Chinese soft-shelled turtle. Duncan’s multiple comparison
was used if the differences in the effects between groups
were significant. The correlation of SGR with RNA/
DNA ratio was analyzed by linear regression. Data were
analyzed using STATISTICA 6.0 (StatSoft). P < 0.05 was
considered statistically significant.

3. Results

2:00

(7)

3:00

(8)

4:00

(9)

5:00

(10)

Note: Number (1)−(10) in column in Table 1 represented the replicate
collection order in each group. Each replicate had 6 turtles and each
replicate was collected every hour. The turtles from treatment group 1 to
group 6 were fed respectively at 00:00, 04:00, 08:00, 12:00, 16:00 and
20:00. The trial’s duration was lasting for 30 days.

RNA Extraction kit (Trizol-column; Shanghai Generay
Biotech). The postprandial RNA/DNA ratios of the
replicates in each group after every hour and 9 h after the
last feed were determined after cultivation.
2.3 Calculations Data used for analysis were the
averages of each individual replicate of the 6 turtles.
(1) Weight gain (WG) (g): FBW (g) − IBW (g)

3.1 Effect of feeding time on growth performance
Total survival rate was 98.9%. Turtles from group 2
gained approximately 52% more weight than those from
group 4 (Table 2). There were significant differences in
WG (F1,59 = 2.582, P < 0.05) and SGR (F1,59 = 2.521, P
< 0.05) between turtles from group 4 and those from the
other 5 groups. The WG and SGR in scotophase were
observed to greater than those in photophase. Feeding
time had a significant effect on FR in the trial among
the groups (F5,54 = 4.16, P < 0.05). Turtles fed at 00:00
h exhibited significant differences compared with those
fed during the photophase (F5,54 = 2.58, P < 0.05). The
FR in scotophase was greater than that in photophase.
There were no significant differences in the FCR among
the 6 groups of the Chinese soft-shelled turtle (P > 0.05).
The FCR was minimum at dawn (04:00 h; 0.98 ± 0.03
[mean ± S.E]) and maximum at noon (12:00 h; 1.25 ±
0.07 [mean ± S.E.]) (Table 2). The feeding time did affect
the FCR in all the turtles; however, the effect did not
significantly differ between the groups.
In this study, the FR, WG, and SGR in the present
research in group 1, group 2, and group 6 were more than
those in the other 3 groups, indicating that turtles that
fed in scotophase consumed greater feed and exhibited
greater growth than turtles that fed in photophase.
3.2 Effect of feeding time on postprandial variations
of RNA/DNA ratio The relationship of linear regression
between RNA/DNA ratios and feeding time (hours after
feeding) was analyzed. The regression equation was:
RNA/DNA = 0.0344T + 2.0596 (F 2,160 = 6.395, P =
0.0124, T = hours after feeding), from which a positive
correlation between RNA/DNA ratio and feeding time
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Table 2 Growth performance of the Chinese soft-shelled turtles reared under different feeding times.
Treat group
1

IBW(g)
88.17 ± 0.24

FBW(g)

WG(g)
a

166.19 ± 6.44

a

SGR(% d-1)

FR(%)
a

78.03 ± 6.46

a

a

2.22 ± 0.06

ab

FCR

a

1.19 ± 0.14

a

2.09 ± 0.15

2

88.16 ± 0.22

171.60 ± 5.36

83.44 ± 5.34

2.07 ± 0.03

2.21 ± 0.10

0.98 ± 0.03

3

88.55 ± 0.25

164.88 ± 5.20a

76.32 ± 5.25a

2.00 ± 0.09bc

2.06 ± 0.11a

1.02 ± 0.07

b

c

4

88.30 ± 0.23

143.33 ± 5.59b

55.03 ± 5.46

1.88 ± 0.05

1.59 ± 0.12b

1.25 ± 0.07

5

88.36 ± 0.16

163.01 ± 8.91a

74.65 ± 9.01a

1.98 ± 0.07bc

1.99 ± 0.20a

1.12 ± 0.11

88.21 ± 0.22

a

a

ab

a

1.09 ± 0.03

6

164.68 ± 4.40

76.47 ± 4.30

2.16 ± 0.05

2.07 ± 0.09

Note: Data mentioned in Table 2 were mean ± S.E. of each group. Data in the same column with same or no superscripts are not statistical significant
under Duncan’s multiple comparison (P > 0.05). The turtles from treatment group 1 to group 6 were fed respectively at 00:00, 04:00, 08:00, 12:00,
16:00 and 20:00. The trial’s duration was lasted for 30 days.

was revealed. Most acrophases were observed about 6 h
(from 5 h to 7 h) after feeding (Figure 1).
3.3 Correlation between SGR and RNA/DNA ratio
The peaks of the RNA/DNA ratios at 6 h after feeding in
groups were selected to assess regression with growth.
A positive linear regression was observed, with the
following regression equation: SGR = 1.1586 RNA/
DNA − 0.7097 (r = 0.9328, P = 0.0066) (Figure 2). On
the other hand, the mean RNA/DNA ratios of each group
were selected to assess regression with growth. A negative
correlation was observed (P > 0.05). A similar result was
observed when the correlation between SGR and the
maximum RNA/DNA ratio was evaluated (P > 0.05).

4. Discussion
4.1 Growth performance at different feeding times It
has been demonstrated that feeding time affects growth
in a large number of fishes (Vera et al., 2013; Sveier and
Lied, 1998). In the present study, the SGR of the turtles in
the 3 groups that fed in the dark was considerably higher
than that of the turtles in the other groups that fed during
daytime. This result was in agreement with that observed
in a study on the European sea bass, Dicentrarchus
labrax, L., in which the lowest SGR was shown by the
group that fed at 12:00h (Azzaydi et al., 2000). Same
reports could be seen in sea bass (Madrid et al., 1997).
However, conflicting results have also been reported in
silver carp (Hypophthalmichthys molitrix) (Wang et al.,
1989). The overall growth performance could be affected
by various elements and factors, such as the feeding
strategy and the photoperiod and it is also the result of a
combined action of genes, the environment, and nutrition
(Taylor et al., 2006). Compared to the previous studies,
however, the turtles fed in dark grew better than those fed
during daylight, probably because of the growth hormone
mRNA expression activities and the active metabolism

activities (Ayson et al., 2007). The turtles in group 1 grew
better than those in group 3, group 4, group 5, and group
6, because they consumed greater feed; however, they
grew slower and exhibited a higher FCR than the turtles
in group 2, probably because of decreased digestibility
coefficient and nutrient uptake efficiency owing to too
much food intake. Nevertheless, turtles that fed at night
exhibited the highest growth.
Turtles that fed at different times showed different
WG, CC, and FR. Food availability was one of the main
factors affecting the growth of Alboran Sea sardine larvae
(Sardina pilchardus), and played an important role in
controlling the growth of Calanus sinicus in the fields
(Ramírez et al., 2004; Ning et al., 2013). The results of
the present study showed that turtles that fed at 04:00
h exhibited the least FCR without the least CC, which
could be attributed to a high enzymatic activity, similar
to that observed in tilapia (Oreochromis niloticus) (Luo
et al., 2014). Turtles that fed in scotophase exhibited
better growth, probably because the feeding times
synchronized with their growth rhythm, which was
different from the fish that grew better by feeding at
daytime, and improved their nutrition deposition rate,
which consequently led to maximum somatic growth rate.
4.2 Postprandial variations of RNA/DNA ratios
Relationships between RNA/DNA ratio and growth
have been reported in several fishes (Tanaka et al.,
2008; Gwak et al., 2003). Positive correlation between
the RNA/DNA ratios and growth rates were recorded
in larval cod (Gadus morhua) reared under controlled
conditions (Buckley, 1979). Studies in winter flounder
(Pseudopleuronectes americanus) indicated that RNA/
DNA ratio was a valid indicator of growth and nutritional
condition (Mercaldo-Allen et al., 2008). We used linear
regression to assess the relationship between RNA/
DNA ratio and time (hours after feeding), and observed a
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Figure 1 Postprandial variations of RNA/DNA ratios in liver of juvenile turtles fed at different times. G1−G6 represented group1 to group
6. The DNA in liver were determined using the Cell and Tissue DNA Extraction kit (Column-type). The RNA in liver were determined using
the Total RNA Extraction kit (Trizol-column). Both kits were got from Shanghai Generay Biotech Co., Ltd.

significant positive correlation. Visual inspection in Fig.
1 found a rising tendency of association in each group,
and was consistent with the results of linear regression,

indicating that the RNA/DNA ratio increased after
feeding in the Chinese soft-shelled turtles.
Most studies on fish concentrated on the variations
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Figure 2 The regression of SGR with postprandial RNA/DNA ratios
in the Chinese soft-shelled turtle. Data of SGR were shown as total
means of each group. The data of RNA/DNA ratios were values 6 h
after feeding times.

in the RNA/DNA ratio over a long experimental period,
which were calculated in days or months. However, the
current study aimed to evaluate the postprandial variation
in RNA/DNA ratio within 9 h after feeding. We found that
the acrophases of the turtles that fed at 00:00, 04:00, and
16:00 were 5–6 h, 6 h, and 6–8 h, respectively, while that
of the turtles in the other groups was approximately 6–7 h
(Figure 2). Overall, the acrophases of RNA/DNA ratio
scatterplots appeared approximately 6 h after feeding.
We obtained a linear equation using the acrophase values
(6 h after feeding) from each group and assessed their
regression with total SGR. However, the postprandial
RNA/DNA ratio at 1 or 2 h after feeding in some groups
exhibited a high standard error. Further studies to
minimize this error are warranted.
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