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Abstract    We separated tertiary egg membrane (TGM) from 2- and 25-day-old eggs of cuttlefish 
Sepiella maindroni de Rochebrune, and revealed its ultrastructure, physical (solubility, barrier property) 
and biochemical (histology, histochemistry, nutritional components, bacteriostasis) characteristics. The 
results show that TGM could not be dissolved with natural seawater, alcohol, ether or hydrochloric acid 
(HCl), but it could be dissolved with 2-chloroethanol, diethylamine, and sodium hydroxide (NaOH). The 
black TGM was more effective in blocking off mud particulates, microorganisms (Chlorella vulgaris, 
Vibrio alginolyticus) and lighter than the white TGM. The elasticity of black and white TGMs was 1.8 N 
and 1.5 N, respectively. There were some ink particulates and rod-shaped bacteria in the black TGM. The 
nutritional components were different between black and white TGMs: Lipid content was lower and 
protein content was higher in the black TGM. TGM could also inhibit the growth of Vibrio alginolyticus. 

Keyword: Cephalopoda; tertiary egg membrane (TGM); physical and biochemical characteristics; embryo 
development 

1 INTRODUCTION 

Cephalopods are an important fishery resource 
globally. Cuttlefish is one of the most important 
groups of cephalopods, as it is relatively easy to 
culture because it has large eggs with direct embryo 
development and high hatchling survival (Pascual, 
1978; Forsythe et al., 1994; Domingues et al., 2001, 
2002), is resistant to diseases, crowding and handling 
(Forsythe et al., 1994). Cuttlefish are becoming an 
important component of the aquaculture industry 
along coastal China, with successful artificial 
propagation of several species: Sepiella maindroni 
de Rochebrune (Wang et al., 2006; Fan et al., 2008); 
Sepia esculenta Hoyle (Zhao et al., 2004); and 
Octopus variabilis (You et al., 2006; Zheng et al., 
2009).  

S. maindroni is favorite seafood in China. Its 
viscera contains an ink sac, which is composed of a 
pipe, ink gland, ink sac wall and many vesicles with 
melanin (Wang et al., 2008). Ink is excreted by the 
ink sac and ejected for defense when S. maindroni is 
confronted with a predator. Moreover, the ink is a 
part of the tertiary egg membrane (TGM), and also 
plays an important role in reproduction. TGM of 
S. maindroni lies outside the egg shell. The 

membrane is secreted by the oviduct, and its 
subsidiary gland or other glands (Shi, 1991). Zhang 
et al. (1965) determined that the black TGM is 
secreted by the nidamental gland, accessory 
nidamental gland and mixed with the ink, whereas 
the white TGM is produced without ink. 

TGM plays an important role in reproduction 
when viscous eggs of S. maindroni are incubated (Li, 
1986). However, the function of the TGM is not well 
known, although it has been suggested that it protects 
the embryo and assists with its development (Zhang 
et al., 1965; Li, 1986; Shi, 1991). In this paper, we 
studied the physical and biochemical characteristics 
of the TGM. The aim was to investigate its function, 
especially the protective role during reproduction. 

2 MATERIALS AND METHODS 
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2.1 TGM collection 

The eggs of S. maindroni were supplied by the 
Ningbo Choupijiang Fishery Company, Ningbo, 
Zhejiang Province, China. TGMs were separated 
from 2- and 25-day-old eggs, rinsed with sterilized 
salt water (salinity 25), and then the thickness of the 
TGMs was measured with vernier calipers (Chinan 
Corp., Shanghai, China).  

2.2 Analyses of physical characteristics 

2.2.1 Solubility of TGM  

TGMs were placed into solutions of natural 
seawater (Salinity 25), as well as 30%, 70%, and 
100% of alcohol, ether, hydrochloric acid (HCl), 
2-chloroethanol, diethylamine and sodium hydroxide 
(NaOH). Triplicates were set up for each level of 
each treatment. Solubility was observed, and 
immersion time was recorded. 

2.2.2 Barrier properties of TGM  

Using a vacuum filtration device (Millipore Co., 
MA, USA) (1 and 2 in Fig.1), the barrier properties 
of TGMs against mud particulates (diameter 
5–10 μm) and microorganisms (Chlorella vulgaris 
(diameter 3–8 μm) and Vibrio alginolyticus 
(diameter 3–5 μm) were measured. The filtered 
speeds were 10 ml min-1 and 40 ml min-1 for mud 
particles and microorganisms, respectively. The 

optical density (OD) values were recorded before and 
after filtration. The barrier rate was calculated as 
follows: 

Barrier rate = (ODB–ODA)/ODB ×100%  

where ODB and ODA are the OD values before and 
after filtration, respectively. 

2.2.3 Elasticity of TGM  

The same device used in Section 2.2.2 was used to 
measure the elasticity of the TGMs. The filtered 
speed was increased gradually and the time when the 
TGM broke down was recorded. Elastic force was 
calculated by the following formula: 

Elastic force = ρwater×vwater×t×π×(d/2)2×g 

where t is time, d is the diameter of the hole in the 
device, and g is the gravity coefficient. 

2.2.4 Filtered property of TGM to light  

 A cool white fluorescent lamp was used as the 
light source. A hole (about 1 cm diameter) was made 
in a box and completely covered with the TGM. The 
inside was kept completely dark. A control box was 

set up where the hole was not blocked by TGM. A 
light meter (LI-250A Light Meter, LI-COR 
Bioscience, NE, USA) was placed under the hole in 
the box and the light intensity was recorded with and 
without the TGM, respectively. The optical filtered 
rate was calculated as follows: 

Optical filtered rate = (Ln–Lm)/Ln×100% 

where Lm and Ln are light intensity with and without 
TGM, respectively. 

2.3 Analyses of biochemical characteristics 

2.3.1 Sample preparation 

TGM samples for paraffin wax sections were fixed 
in aqueous Bouin’s solution and dehydrated in a 
graded ethanol series; trimmed and embedded in the 
paraffin wax. Five-micrometer sections were stained 
with hematoxylin and eosin (Zhu et al., 2005).  

TGM samples for transmission electron 
microscopy (TEM) were cut into 0.5–1 mm3 pieces. 
They were fixed for 24 h with 2.5% glutaraldehyde at 
4℃, followed by osmium tetroxide for 1 h, and then 
washed with 0.1 mol/L PBS three times, dehydrated 
with a graded ethanol series, embedded in Epon12 
epoxy resin, after which 90 nm sections were cut and 
stained in uranyl acetate and lead citrate (Zhu et al., 
2005).  

Samples for scanning electron microscopy (SEM) 
were fixed for 24 h in 2.5% glutaraldehyde at 4°C, 
washed three times in PBS (0.1 mol/L), fixed for 
1.5 h with the osmium acid, washed by 
doublely-distilled water, dehydrated in a graded 
ethanol series, kept for 30 min in an isoamyl acetate 
solution, critical point dried (PiloFD5, SIM, USA), 
and observed with a HITACHI S-570 SEM (Zhu et 
al., 2006).  

HgBpB methods and the PAS reaction were used 
to display protein and polysaccharide, mucopoly-
saccharide and mucin (Pearse, 1983).  

2.3.2 Nutritional components of TGM 

Water content was determined by the 
drying-constant weight method at a temperature of 
105°C. Crude protein was measured by the 
micro-Kjeldahl method and crude fat by soxhlet 
extraction (Yang, 1994). Ash was determined by 
digestion with the furnace incineration method and 
carbohydrate by the phenol sulfuric acid method 
(Yang, 1994).  

2.4 Bacteriostasis of TGM 
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Vibrio alginolyticus, supplied by the Key 
Laboratory of Applied Marine Biotechnology, 
Ningbo University, was inoculated into LB medium 
in plate culture at 30°C for 24 h to culture the 
bacteria. 

One microgram of Vibrio bacteria was collected 
from the plate and mixed with 20 ml LB culture 
medium in a test tube. Suspended bacteria solution 
had been prepared after 10-minute shaking. A series 
of different concentrations of Vibrio were added to 
TGM (0, 0.25, 0.5 g TGM/mL) and then cultured in 
an isothermal incubator (Yierda Co., Wuxi, China) 
for 12 h at a temperature of 30°C. The OD value was 
measured. The inhibitory rate of TGM was 
calculated as follows (Du et al., 2004): Inhibitory 
rate = (OD12hcOD12h)/ OD12h×100%, where OD12hc 
and OD12h are OD values after 12 h in the control and 
treatment groups, respectively. 

The agar medium was put into a plate (cylinder 
plate method, Shen et al., 1999). After 0.5 ml 
bacterial suspended solution was added and smeared 
uniformly, about 0.5 cm diameter size of TGM was 
put on agar medium and cultured in an isothermal 
incubator for 12 h at 30°C. The diameters of the 
bacteria around the TGM were recorded and counted. 

2.5 Data analysis 

Significant differences between the black and 
white TGMs were determined using an ANOVA. 

Differences of nutritional components, barrier rate 
and inhibitory rate between TGM were analyzed 
using a Student’s t-test with the software package 
SPSS 13.0. 

3 RESULT 

3.1 Physical characteristics 

3.1.1 TGM’s Classification   

TGM of S. maindroni could be divided according 
to color as either black or white TGM. The TGM 
thickness of day 2 and day 25 eggs was 3–4 mm and 
0.3–0.5 mm, respectively and there was no different 
between that of black and white TGMs. 

3.1.2 Solubility of TGM 

TGM could not be dissolved in seawater, alcohol, 
ether and HCl, but could be dissolved in 
2-chloroethanol, diethylamine and NaOH. In these 
solvents, the white TGM dissolved faster than the 
black one (P<0.05) (Table 1). The dissolving time 
decreased with increasing concentration, was similar 
for both TGMs, and the velocity of dissolution was 
not significantly different (P>0.05) when the 
solvents were at the highest concentration. 
Furthermore, the dissolution rates were significantly 
different in different solvents of 30% concentration 
(P<0.01), different (P<0.05) at 70% concentration 
between 2-chloroethanol and NaOH, but not 
significant at 100% (P>0.05). 

Table 1 Solubility property of TGM in different solutions 

Black TGM White TGM 
Solution Concentration (%) 

Solubility property Dissolved time (min) Solubility property Dissolved time (min) 

Seawater 100 Not dissolved — Not dissolved — 

Alcohol 30, 70, 100 Not dissolved — Not dissolved — 

Ether 30, 70, 100 Not dissolved — Not dissolved — 

HCL 30, 70, 100 Not dissolved — Not dissolved — 

2-chloroethanol 30, 70, 100 Dissolved 43.9±0.66 36±0.6 29.7±1.16 Dissolved 40.9±0.65 33±0.6 27.2±0.97

Diethylamine 30, 70, 100 Dissolved 41.9±0.6 34.8±1.06 27.9±0.56 Dissolved 38.2±0.93 31.1±0.57 25.9±0.46

NaOH 30, 70, 100 Dissolved 38.9±0.74 32.9±0.85 26.9±0.45 Dissolved 33.9±0.26 27.9±0.75 25±0.45

 
3.1.3 Barrier property to sediment, Chlorella vulgaris 
and Vibrio alginolyticus  

TGM could block off the sediment mud 
particulates, and some microorganisms (Chlorella 
vulgaris and Vibrio alginolyticus) from entering the 
cell. The barrier role at the speed of 10 ml min-1 was 
better than that at 40 ml min-1 (P<0.05). The barrier 
property of black TGM was better than that of     
the white one at a thickness of 3–4 mm (P<0.05), but 

same at a thickness of 0.3–0.5 mm. Both for black 
and white TGM, the barrier rate of 3–4-mm-thick 
TGM was significantly higher than that of the thin 
one (0.3–0.5 mm) (P<0.05) (Table 2). This suggests 
that the barrier property of TGM in the early stage 
(black TGM, Day 2 eggs) of incubation was better than 
that of TGM in the later stage (white TGM, Day 25, 
eggs), and the black TGM in the early stage (thicker) 
was better than that in the later period (thinner).
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Table 2 Barrier property of TGM to the different materials 

 Black TGM White TGM 

Thickness (mm) 3–4 0.3–0.5 3–4 0.3–0.5 

Filter things A B C A B C A B C A B C 

OD before barrier 1.922 
±0.002 

1.412 
±0.003 

0.949 
±0.002 

1.922 
±0.002

1.412 
±0.003

0.949 
±0.002

1.922 
±0.001

1.412 
±0.003

0.949 
±0.002 

1.922 
±0.002 

1.412 
±0.003 

0.949 
±0.002

OD after barrier 
(10 ml min-1) 

1.289 
±0.003 

0.985 
±0.002 

0.675 
±0.002 

1.725 
±0.002

1.305 
±0.002

0.883 
±0.002

1.493 
±0.002

1.010 
±0.001

0.743 
±0.001 

1.743 
±0.003 

1.332 
±0.003 

0.895 
±0.003

OD after barrier 
(40 ml min-1) 

1.437 
±0.004 

1.065 
±0.001 

0.775 
±0.002 

1.833 
±0.003

1.358 
±0.003

0.912 
±0.003

1.675 
±0.001

1.217 
±0.002

0.842 
±0.002 

1.841 
±0.002 

1.369 
±0.002 

0.921 
±0.002

Barrier rate 
(10 ml min-1)% 

32.9 
±0.1 

30.2 
±0.1 

28.9 
±0.2 

10.2 
±0.2 

7.5 
±0.2 

6.9 
±0.2 

22.3 
±0.1 

28.5 
±0.1 

21.7 
±0.1 

9.3 
±0.2 

5.6 
±0.2 

5.6 
±0.2 

Barrier rate 
(40 ml min-1)% 

25.2 
±0.2 

24.6 
±0.03 

18.3 
±0.1 

4.6 
±0.1 

3.8 
±0.1 

3.8 
±0.1 

12.9 
±0.1 

13.8 
±0.01 

11.3 
±0.1 

4.2 
±0.2 

3.0 
±0.2 

2.9 
±0.2 

A. sediment (d: 5–10 μm); B.Chlorella vulgaris (d: 3–8 μm); C. Vibrio alginolyticus (d: 3–5 μm) 

Table 3 Barrier property of TGM to the light 

 Black TGM White TGM 

Light intensity before 
barrier (µmol m-2s-1) 

10±1 135±2 860±2 10±1 135±2 860±2 

Thickness (mm) 0.3–0.5 3-5 0.3–0.5 3–4 0.3–0.4 3-5 0.3–0.4 3–4 0.4–0.5 3-5 0.4–0.5 3–4 

Light intensity after 
barrier (µmol m-2s-1) 

0 0 0 0 16.4 9.5 3.76±0.6 4.52±0.57 88.9±1.7 78.1±3.3 392±2.4 474±2.8

Barrier rate (%) 100 100 100 100 98.1±0.2 98.9±0.2 37.5±0.1 43.8±0.1 34.3±0.1 42.1±0.2 54.4±0.2 63.5±0.2

 
3.1.4 Barrier property to light  

TGM could also block off the light. The filtering 
rate of the black TGM was significantly higher than 
that of the white one (P<0.01) (Table 3). The barrier 
rate of black TGM to visible light of 10 µmol/m2 s 
and 135 µmol/m2 s was 100%, and to 860 µmol/m2 s 
light was 98.5%±0.47%. However, at the same light 
intensity, the white TGM only blocked off 
34.3%–61.9% of the light (Table3). The black TGM 
could build a stable and dark environment for 
embryo development. 

3.1.5 Elasticity 

The elastic forces of black and white TGM were 
1.8 N and 1.5 N, respectively. During embryo 
development, TGM gradually elongated (the long 
and short diameters changed from 7.67±0.32 mm to 
12.38±0.33 mm and from 4.84±0.28 mm to 
9.57±0.23 mm, respectively) and became thinner 
(from 4–5 mm to 0.3–0.4 mm). It shows that TGM 
had good elasticity and protected the embryo during 
its development. 

3.2 Biochemical and structural characteristics 

3.2.1 Paraffin wax sections, TEM, SEM and 
histochemistry   

The black and white TGMs have a folded structure, 
with many discontinuous membranes (Fig.1e, f). The 

inside was osmiophilic and could be stained in red 
(Fig.1c). Numerous ink particles of different sizes 
were distributed unevenly in the black TGM (Fig.1d). 
There were also some rod-shaped bacteria in it 
(Fig.1d). However, no holes or channels in either 
black or white TGMs were observed by SEM (data 
not shown). Histochemistry showed that there was 
some protein (HgBpB method) (Fig.1e) and glucose 
(PAS reaction in the TGM) (Fig.1f). The main 
composition of TGM was probably glycoprotein (Ma 
et al., 1996). 

3.2.2 Nutritional components of TGM 

There were differences in the nutritional 
components of the black and white TGMs (Table 4). 
The significant differences were in the crude lipids 
and crude proteins. Crude lipid content in black TGM 
was 2.7% wet weight of the egg, about half the value 
of the lipid content of white TGM (5.2%). The 
protein content in the black TGM (7.79%) was twice 
that in the white TGM (3.89%). Other components 
(ash, carbohydrate) were similar between black and 
white TGM (Table 4). 

3.2.3 Bacteriostasis of TGM 

 The bacteriostasis effect of TGM was shown in 
Fig.1 (g, h). The inhibition rates were shown in Table 
5. Both black and white TGMs could inhibit growth 
of Vibrio alginolyticus, and the contents of TGMs  
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Fig.1 a. Barrier device (H: the hole in the device; EM: screw cap; SC: embolization); b. Barrier device; c. Histology of tertiary 
egg membrane, H&E, ×100; d. Ultrastructure structure of the tertiary egg membrane, ×10 000. (RB: rope shaped bacteria; 
IP: ink particle); e. HgBpB reaction of tertiary egg membrane, ×200; f. PAS reaction of tertiary egg membrane, ×200; g. 
Inhibitory property of black tertiary egg membrane to Vibrio alginolyticus; h. Inhibitory property of white tertiary egg 
membrane to Vibrio alginolyticus 

 

Table 4 Nutritional components of TGMs 

 Black TGM White TGM P 

Moisture (%) 86.56±0.2 88.01±0.2 >0.05 

Crude lipid (%) 2.7±0.1 5.2±0.2 <0.05 

Protein (%) 7.79±0.1 3.89±0.2 <0.05 

Ash (%) 2.39±0.2 1.93±0.1 >0.05 

Carbohydrate (%) 0.56±0.1 0.97±0.1 >0.05 

Table 5 Inhibition rate of TGM to the Vibrio alginolyticus 

 Black TGM White TGM 

Concentration 
(g/ml) 

0.25 0.5 0.25 0.5 

OD of control group 2.023±0.002 2.023±0.002 2.023±0.001 2.023±0.001

OD of test set 1.696±0.003 1.665±0.001 1. 801±0.002 1.726±0.003

Inhibitory rate 19.28±0.01 21.50±0.02 12.32±0.01 17.03±0.01

P <0.05 <0.05 <0.05 <0.05 

 

at 0.5 g in 1 ml suspended bacteria solution was better 
than that at 0.25 g (P<0.05). At the same 
concentration, the inhibition rate of the black TGM 
was better than that of white one (P<0.05) (Table 5). 
This implies that the ink in black TGM had a 
bacteriostasis function. 

4 DISCUSSION 

4.1 Structure of TGM and its protection function 

There were no holes or channels in TGM but some 

material (such as water, oxygen) could go through it. 
At the beginning of embryonic development, TGM 
of S. maindroni was 3–4 mm in thickness (Day 2 
eggs), coating the eggs and playing a protective role. 
Then, it was elongated and became thinner gradually. 
When the juveniles hatched, the thickness of TGM 
had been reduced to 0.3–0.5 mm (Day 25 eggs). 
Initially, TGM provided a favorable environment to 
the embryos and guaranteed the development of 
oosperm (blocked off light, mud particulates, 
microorganisms etc). At the later stage, the TGM 
became thin and weak. It might help the juveniles 
adapt to the outside environment and in hatching. 
Therefore, TGM with a folded structure played an 
important role with its barrier property, hatching of 
juveniles, and strong elasticity. 

The black TGM could completely block off light 
at the early embryo stage. The embryo had no 
phototaxis behavior. With embryo development, the 
TGM became thinner, the light-filtering rate 
decreased, and the embryo gradually exhibited 
positive phototaxis. Shen et al. (1983) also found that 
a cuttlefish embryo had a strong positive phototaxis 
behavior at the post-oviposition stage, which was 
significantly different from other developing stages. 
We suggested that the cuttlefish gradually adapted to 
sunlight; thus avoiding the release of ink when 
stimulated by strong light after hatching.  
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4.2 Composition and dissolution of TGM 

The difference between black and white TGMs 
was due to ink particles in the black TGM. The 
membrane was a mixture secreted by the nidamental 
gland and accessory nidamental gland (Zhang et al., 
1965). The black TGM had some ink in it which was 
secreted by the ink sac (Wang et al., 2008). TGM 
became white when the ink sac ran out of ink. 
Because of low fat and high protein contents in the 
ink, black TGM had lower fat and higher protein 
than white TGM (Table 4). 

The composition of the TGM was mainly 
glycoprotein and ink, which would not dissolve in 
seawater, alcohol, ether, strong acid (HCl), but 
dissolved in 2-chloroethanol, diethylamine and 
strong alkali (NaOH). In different solvents, the 
dissolution time was different at different solvent 
concentrations, and generally longer for black TGM 
than for white TGM, similar to what Ma et al. (1996) 
found for Sepia esculenta Hoyle. 

4.3 Inhibition mechanisms of TGM 

TGM could not only block off bacteria, but also 
could inhibit growth of bacteria. The barrier function 
came from its folded structure. There were two 
possible reasons. First, some bacteria were in the 
TGM in situ and could excrete antibiotics to inhibit 
other microorganisms, such as Vibrio alginolyticus. 
Second, ink particles in the TGM could inhibit 
bacteria. Mochizuki (1979) found that adding ink 
into a squid-based food product (Ika-Shiokara) could 
prolong its preservation. Du et al. (2004) reported 
that the extract of ink could inhibit Staphylococcus 
aureus and Escherichia coli. The bacteriostasis of 
black TGM was stronger than that of white TGM, 
also proving the ink’s function (Table 5).  

David (2004) isolated 21 bacterial strains from the 
accessory nidamental gland and TGM of Hawaiian 
bobtail squid, Euprymna scolopes, Sepia officinalis 
and Sepia pharonis. He pointed out that the bacteria 
in the nidamental gland and TGM were different in 
different areas and different species. The function 
and composition of native bacteria in the TGM of 
S. maindroni needs further study. Considered that the 
bacteria of the TGM came from the background 
water. However, Zhang et al. (1965) reported that the 
bacteria came from the accessory nidamental gland. 
They proposed that bacteria located in nidamental 
gland migrated into the TGM during its formation. 
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