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Comparison of Proximate Composition Characteristics of Sea Cucumbers
Apostichopus japonicus Resource Types and Chondroitin Sulfate Extraction
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Establishing appropriate process selection criteria for chondroitin sulfate extraction requires consideration of both
the proximate composition characteristics of sea cucumber Apostichopus japonicus resource types and the result-
ing extraction performance. Accordingly, this study evaluated various extraction and hydrolysis processes for pre-
paring chondroitin sulfate (CS)-containing extracts from sea cucumber. Various physical, chemical, and enzymatic
extraction processes including hot-water extraction, autoclaving, acid hydrolysis, alkali hydrolysis, and enzymatic
hydrolysis, were systematically compared using extraction yield and CS content as common evaluation indices.
Non-enzymatic methods demonstrated varying extraction efficiencies under different processing conditions, whereas
enzymatic hydrolysis generally resulted in higher extraction yields with comparable CS recovery. Among the tested
methods, enzymatic hydrolysis using alcalase provided a balanced outcome in terms of extraction yield and chondroi-
tin sulfate recovery, suggesting its viability as a standardized process for CS extraction. This study provides practical
insights into process selection for the industrial utilization of sea cucumber-derived functional materials.
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M B S5 FRE /M0 ST, FAS 5 R TS U
Ell= Ao 2 e A Qlck(Farrag et al., 2023; Ustyuzhanina
Sfl4k(sea cucumber Apostichopus japonicus)e =1 E-=5 etal., 2023). H 2] ALEL a4k -2l S} thgA| o] A7
(Phylum Echinodermate), 3ll4}+73(Class Holothuroidea)ol] < 7154 9 522 7ReAS e EA I xR A teFA Tt 7)
St thEA9l Sfof RARFER ohat Aok F2 AL 5 W9 Husta gk oo met CSFCSE Qg Ho) 1
= T2 A8l FRolH, o] Qo= gt 9 Safiito] vkt A A FE-55T 5 e FE 78l 7E 3471
AL Q1o o5 FY F(species) 02 7 E= F4k Abelo] < 7o) aAdo] A7 = AL ek(Ustyuzhanina et al., 2020;
CHKim et al.,, 2024). 342 3 %F 7] 91 2] A2 oAl & o Yin et al., 2022). 1990t Zuke] A 20006 th % Afolo] af
ke Ao 2 FEatol ghiot] DB A E FIAS BER 4} A 9 2Ao] CSFCS7F ZAFITHE AMle] BaEgo
o|elZHiH(fucosylated chondroitin sulfate, FCS)> ZE20[€ (Gu et al., 1999; Landeira-Fernandez et al., 2000; Park et
24K chondroitin sulfate, CS) Z4 0 F22.2 7] 71 AgH al,, 2001), 0|3 225 @ AHAH TEA} SFo) A e T4
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Fig. 1. Changes in yield and chondroitin sulfate (CS) content of
water soluble extracts from sea cucumber homogenate according
to heating (a) and autoclave (b) treatment time. The homogenates
were extracted with 10 volumes per weight (v/w) of water (pH
6.8) at 100°C and 1 kgf/em? or at 121°C and 1.5 kgf/em? for vari-
ous time intervals. Different letters indicate significant differences
within each parameter (P<0.05).
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Table 1. The proximate composition of sea cucumbers Apostichopus japonicus

Color-based morphotype of sea cucumber

Items Red Blue Black
Meat Intestine Meat Intestine Meat Intestine
Moisture (%) 93.02+0.08 91.84+0.10 94.62+0.04 90.37+0.03 94.10+0.15 92.18+0.13
Crude protein (%) (4?5.%%1%.173)1 (5;19.123011()(59866) (;'27.;2(1):%) (555i43i¢06.()772) (327'.2948106%17) (4%?79011069767)
Crude lipid (%) 0.84+0.1 1.66+0.05 0.6940.1 1.71£0.29 0.46+0.01 1.53+0.03
(11.97+1.39) (20.34+0.6) (12.74+£1.77)  (17.76£3.02) (7.69+0.09) (19.51+0.33)
Crude ash (%) 2.35+0.07 1.45+0.05 2.30£0.02 1.65+0.05 1.94+0.02 1.56+0.00
(23.97+0.02)  (14.75+0.05) (23.46+0.02)  (16.84+0.01) (19.78+£0.02)  (19.78+0.02)
Carbohydrate (%)? 0.60 (8.52) 0.70 (8.58) 0.51(9.32) 0.88 (9.26) 0.62 (10.69) 0.71 (9.09)

"Numbers in parenthesis mean dry values. 2100-(crude protein+crude lipid+crude ash).
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Fig. 2. Changes in yield and chondroitin sulfate (CS) content ac-
cording to hydrolysis time under acid (a) and alkali (b) treatments.
The homogenate was mixed with 0.1 N HCI (pH 1.0) or water
adjusted to pH 9.0 with 0.1 N NaOH at a 1:10 (v/w) ratio and hy-
drolyzed at 100°C. Different letters indicate significant differences
within each parameter (P<0.05).
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Table 2. Yield, sulfate ester content' and chondroitin sulfate con-
tent of sea cucumber Apostichopus japonicus hydrolysates? ob-
tained by various proteases

Sulfated ester Chondroitin

Enzymes Yield (%)

(%) sulfate (%)?
a-chymotrypsin 75.4+1.3° 4.0+0.3° 8.8+0.66°
Papain 38.7+0.5° 5.6+0.4° 12.32+0.88°
Complex-enzyme 55.3+0.8° 6.7£0.5%  14.74+1.1°
Alcalase 76.9+1.32 6.80.5° 14.9611.12

"Moisture free basis. Sea cucumber was hydrolyzed under the
optimal conditions of each enzyme for 4 h. *Chondroitin sulfate
content was obtained by applying a conversion factor of 2.2, rep-
resenting the molecular weight ratio between chondroitin sulfate
and barium sulfate.
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Fig. 3. Changes in yield and chondroitin sulfate (CS) content of
sea cucumber extracts according to reaction time during alcalase
hydrolysis. The homogenate was mixed with water at 10 volumes
per weight (v/w) of the homogenate and hydrolyzed with 2% (v/w,
substrate dry basis) alcalase at 55°C, pH 9.0. Different letters indi-
cate significant differences within each parameter (P<0.05).
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