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Fig.1

Histology of crop, salivary gland and stomach in O. sinensis

A BRERYIT ; B: WRERGORPE; C: BRENZ; D HIMERAREYIT; E. J5MERREEUIE; F. BRI,
G: B, H: B/ 1. BAUZ; Bme: WEHMERWANL; By: M4 ; Co: HARAM: Ci: £FE; Cu: $0E;
Cm: ¥Wl; Ed: 3WFE; Ege: WEMRMENRLR T IAANM; F: F%; L. BE; Lm: Y0 M: ZEZ; Mc: AUZ;
Muc: ZifSEZ0M; Sc: HIE; Su: 4MWHAL; SM: Bl NE,
A: Cross-section of the crop; B: Crop fold and cuticle; C: Crop mucosal layer; D: Cross-section of the anterior salivary glands;
E: Cross-section of the posterior salivary glands; F: Cross-section of the stomach; G: Stomach cuticle; H: Stomach fold;
I: Stomach muscular layer; Bmc: Basophilic mucous; Bv: Blood vessel; Cc: Columnar cell; Ci: Cilia; Cu: Cuticle; Cm: Circular
muscle; Ed: Excretory ducts; Egc: Eosinophilic granular secretory cell; F: Fold; L: Lumen; Lm: Longitudinal muscle; M: Mucosal
layer; Mc: Muscular layer; Muc: Mucosal cells; Sc: Stomach cavity; Su: Secretory units; SM: Submucosa.
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Fig.2 Histology of caecum, digestive gland and intestine in O. sinensis

A: E%*ﬁiﬂ]ﬁ, B: E%Hﬂa}%, C: E%ﬁ\ﬁzﬁg, D: E%ﬂﬂﬂ?@ﬁ?%ﬁ%, E~F: Hﬂlﬁﬁﬂﬁ, G: Hﬂﬁﬁlﬁ, H: %ﬂﬂx%ﬂl

Ce: HIRZHMI; Ci: £F%&; Cm: HL; CV: Fdedrfik;

Dda: JHLBRE M Bp: L&JZ; HC: JF4UMY; HS: JFILEE; IF: BRE4%; LO: HF/hih; Pce: IREJZLFEBAAR LI
M: FiE)ZE; Mc: W25 MC: BRI, MG: FEME; Mu: B N: 4k,

A: Cross-section of the caccum; B: Caecum muscular layer; C: Caecum secondary fold; D: Caecum free end of side fold;
E~F: Cross-section of the digestive gland; G: Cross-section of the intestine; H: Intestine muscular layer and fold; I: Intestine
muscular layer; Bss: Blind sac side; Bv: Blood vessel; BD: Bile duct; Cc: Columnar cell; Ci: Cilia; Cm: Circular muscle;
CV: Central vein; Dda: Digestive duct appendages; Ep: Epithelial; HC: Hepatocyte; HS: Hepatic sinusoid; IF: Intestinal folds;
LO: Hepatic lobule; Pce: Pseudostratified ciliated epithelium; M: Mucosal layer; Mc: Muscular layer; MC: mucous cells;
MG: Mucous glands; Mu: Mucosa; N: Nucleus.
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Fig.3 The activities of trypsin in different tissues of O. sinensis after feeding
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Fig.4 The activities ofamylase in different tissues of O.sinensis after feeding
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Fig.5 The activities of lipase in different tissues of
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Fig.7 Changes of plasma glucose (A) and muscle
glycogen (B) of O. sinensis after feeding
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The Histological Structure and EnzymeActivitiesin the
Digestive System of Octopus sinensis

LI Xuemei'?, WANG Xinggiang', CHEN Siging?, LI Fenghui’,
CHANG Qing’, DANG Baocheng?, WEI Shouyong”, BIAN Li*"

(1.College of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222000, China; 2.Yellow Sea Fisheries
Research Ingtitute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract The East Asian common octopus (Octopus sinensis), is mainly distributed along the
southeast coast of China. It has become an important aquaculture species in the coastal areas of the Fujian
and Guangdong province due to its excellent culture features such as high conversion rate, fast growth rate,
large size, and high market price. The main culturing methods of O. sinensis are industrialized, indoor, and
cage culturing. The density is high during cage culturing. If the feed is insufficient or the feeding interval
too long, there are attacks and cannibalism among individuals, which adversely impacts the culturing
income. Therefore we urgently need to undertake digestive physiology research to explore the digestive
functions of O. sinensis. This research will provide valuable information to identify an appropriate feeding
frequency and reduce the economic loss caused by cannibalism. At present, there is no relevant research on
the digestive physiology of O. sinensis. In this study, the histological structure of each digestive organ of
O. sinensis was observed to explore the relationship between the tissue structure and digestive function.
We investigated the trypsin, amylase, and lipase activities in the anterior salivary gland, posterior salivary
gland, crop, digestive gland, stomach, cecum, and intestine before and after feeding. The changes in
plasma glucose, plasma triglyceride, plasma total cholesterol, plasma total protein and muscle glycogen
before and after feeding were analyzed to determine the digestion and absorption duration in O. sinensis.
O. sinensis is an aggressive carnivore with a highly developed digestive system. The histological
results showed that the crop, stomach, cecum, and intestine of O. sinensis is composed of three layers,
the mucosal, submucosal, and muscular, and the inner wall contained many folds. Both the anterior
and posterior salivary glands were compound tubular glands, which were composed of oval and
circular gland tubes with many secretory ducts. The crop widens and expands from the esophagus into
a large lumen, and the cuticle of the mucosal layer was thin (with a thickness of approximately
2.57-5.44 um). The stomach was spherical, the gastric cavity was biased to one side, and the inner
wall contained many folds. The muscular layer of the gastric wall was the most developed layer with
the cuticle approximately 99.97-383.82 um. The cecum was double helix and the inner wall contained
rich long folds and secondary folds. The submucosa at the free end of some of the long lateral folds
contained some mucous glands, and the mucosal layer without any cuticle. The digestive gland was
the largest proportion of the digestive system and was composed of hepatic lobules. The boundary of
the hepatic lobules was difficult to distinguish. The diameter of the intestine was approximately
2.50 mm, the tube wall was thin and the mucosal layer had no cuticle. The intestinal mucosa forms
wavy longitudinal folds in the mucosa, including a pair of longer folds, which occupied almost the
entire intestine. The analysis of the digestive enzyme activities and nutrient metabolism showed that
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trypsin activity was significantly higher than that of lipase and amylase. The trypsin activity in the
digestive gland reached (148.74+21.25) U/mg, and the amylase activity in the digestive gland and
stomach reached (3.684+0.59) U/mg and (2.48+0.64) U/mg, respectively. The lipase activities did not
vary between the different tissues. After feeding, the plasma total protein concentration reached the
lowest levels of (161.50+67.51) mg/mL at 120 min, and then increased. The plasma glucose and
muscle glycogen concentrations of O. sinensis reached maximums of (1.54+0.44) mmol/L and (4.75+
0.13) mg/g at 200 min, respectively. Feeding had little effect on the plasma lipid concentration in
O. sinensis, the plasma cholesterol concentration did not vary significantly while feeding (P<0.05),
and there was limited variation in the plasma triglyceride concentration. The digestion process was
divided into two stages. The first stage occurs in 0~60 min as food entered the crop and stomach, and
the digestive gland secreted large doses of trypsin. Initially, the trypsin in the stomach mixed with the
food, resulting in decreased trypsin activity. At this stage, only small amounts of nutrients are
absorbed and the body needs to consume nutrients to supply energy for the digestion process.
Therefore, a decrease in plasma glucose, plasma protein, and muscle glycogen content occurred. The
second stage occurs in 120~300 min and involves high trypsin activity. In the progress of extracellular
digestion and intracellular digestion, the trypsin activity of various digestive organs decreased
gradually, and nutrients increased gradually. At 400 min, the trypsin activity, plasma glucose, plasma
protein, and muscle glycogen returned to the pre-feeding levels, indicating the end of the digestion and
absorption process. The whole digestion and absorption process of O. sinensis lasted approximately
400 min. Therefore, the appropriate feeding interval for O. sinensis culture is 6~7 h.

Key words Octopus sinensis; Digestive system; Histology; Digestive enzymes; Digestion time



