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Comparison of Recovery Rate and Fatty Acid Composition of Dried Sea
Cucumbers Apostichopus japonicus Dried by Hybrid Heat Pump
Decompression and by Hot Air
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Approximately 80% of the world’s sea cucumbers Apostichopus japonicas are processed into dried sea cucumbers.
The hot air-drying method is currently used in industry, but it has many problems, such as a short drying time, severe
browning, high nutrition loss, and low recovery. In this study, the moisture absorption rate, dry recovery rate, and
lipid nutrient composition of sea cucumber dried by heat pump decompression and with a hybrid dryer were inves-
tigated. The moisture absorption rates for hybrid-dried sea cucumbers at 24, 48, 72, 96, and 120 h were 241.3%,
427.7%, 652.0%, 721.0%, and 742.2%, respectively. The moisture absorption rates for hot air-dried sea cucumbers
were 155.8%, 240.0%, 390.3%, 655.5%, and 667.4%, respectively. Thus, moisture absorption was faster and greater
with hybrid drying than with hot air drying. The dry recovery rate at 24 h was greater for hybrid-dried sea cucumber
(70.7%) than for hot air—dried sea cucumber (59.8%). Saturated fatty acid contents of the hybrid- and hot air-dried
sea cucumbers were 30.0% and 37.5%, respectively. Moreover, greater £n-3 polyunsaturated fatty acid content was
found in hybrid-dried sea cucumber (15.8%) than in hot air-dried sea cucumber (11.7%).
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Fig. 1. Moisture absorption rate of hybrid dried and commercial
heated-air dried sea cucumber Apostichopus japonicus. Difterent
letters indicate significant differences (P<0.05).
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Fig. 2. Dried recovery rate of hybrid dried and commercial heated-
air dried sea cucumber Apostichopus japonicus at different mois-
ture absorption time. Different letters indicate significant differ-
ences (P<0.05).
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Table 1. Proximate compositions of hybrid dried, commercial heated-air dried, and no-dried sea cucumber Apostichopus japonicus

(%)
. Nutrient content
Sample Moisture - —
Protein Lipid Ash Carbohydrate*
HD' 5.68+0.022 51.12+0.10° 1.55+0.03° 23.22+0.06° 18.43+0.022
CD? 7.21+0.02° 50.03+0.08° 1.53+0.022 23.19+0.082 18.04+0.022
NO-D 3 91.82+0.20° 3.76+0.032 0.48+0.002 2.78+0.002 1.16+0.022

'HD, Hybrid dried sea cucumber. 2CD, Commercial heated-air dried sea cucumber. *NO-D, No-dried sea cucumber. Nutrient content date
were calculated on a dry matter basis. Data with different letters in the same column means significant difference among different diet treat-

ments (P<0.05). *Carbohydrate=100-(crude protein+crude lipid-+ash).

= Fig. 20 Yepd viet At} A% 5982 st S5
I Asfptol] EE FAIX the A2 24 AxS
ZAsiatel FFHlE YeRgint stolBejE= % dike] Ak
of| w2 HAE-2 24A1%L, 48A17E, T2A1ZE 96 ATl A 242}
70.6%, 69.3%, 67.3% L 65.6% = LFERE O H(P<0.05), =
Az AR 747 59.8%, 55.3%, 53.6% 2 51.6%= LFERTH
(P<0.05). o] A slo|He| =% Flite] Bego] BE F9
A BEAzx sAte] BUE Rt =7 YER S H(P<0.05), 3t
o|B | EX % 4] 9= 24417k o] HE] {204 AolE
Ho|Z| AFFARKP<0.05), FFx d4ke] 9= 484Xk
A Gopxl o n, 11 o] FHE = 2ol F Kol 2] (rTHP<0.05).

=
Uty

N

SB3)EE 5.68%, ZHHNA 51.12%, A& 1.55% 18] 23]
= 2322%% o, AR it He SRS 7.21%,
Zeh A 50.03%, A2 1.53% 183 235 23.19%%ct 7
Z A a4k ANt E2 = EEEF 91.82%, A 3.76%,
A2 0.48% 18|31 Z3)E 2.78%% ) o|AY slo|HE|=EA
Z o GFAx dlate] 2ot 224 dl 25|18 gere
FAALZ FoZ3l A}olE HolA] LU TH(P<0.05). HHH 3]
o|lHYEAZR st} dFAX At R Fe- 2+
5.68%%F 721%2 F A8 B A 7120l 12%0]5+2
Zohgl 2o QAN slo]| B = & Sj4ke] = Eglefo] W
7 © & YERFTHP<0.05).

5 2/

-

I~

slolHeledz sl dE A% ajite] & A, H24A
2 W 24 20) Gk Table 29 LFEW vk} 2e. sfol
dedz st dEAz il § AL 27 1.55%2)
1.53%2A] 7Jo]7} i AR UERIA I P<0.05), % 74
Zoll 4 H] 24 8l S o) A vl 8-S 247} 32.81%9)
38.33% 2 67.19%2} 61.67%= T A& 7F )= U FA %
A o] Aol 2 HYTHP<0.05). A2 HAHIFHAY
33.5%, A1 66.5%)7 8] w, sfo| el =% o)

Table 2. Total lipid, neutral lipids and polar lipid contents of hybrid
dried, commercial heated-air dried, and no-dried sea cucumber

Apostichopus japonicus (%)
Lipid classes
Parameter
TL* NLS PL®
HD' 1.55+0.032 32.81+0.632 67.190.86°
CD? 1.53+0.022 38.3310.34° 61.67+0.57°
NO-D?® 0.48+0.002 33.4640.48° 66.540.23°

'HD, Hybrid dried sea cucumber. *CD, Commercial heated-air
dried sea cucumber. * NO-D, No-dried sea cucumber. *TL, Total
lipids (%/dry sample). NL, neutral lipids (%/total lipid). ¢ PL,
polar lipids (%/total lipid). Values are mean+SD (n=3), and dif-
ferent superscript letters indicate statistically significant difference
(P<0.05).
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Table 3. Total lipids fatty acid profiles of hybrid dried, commercial Table 4. Non-polar lipid fatty acid profiles of hybrid dried, com-

heated-air dried, and no-dried sea cucumber Apostichopus japoni- mercial heated-air dried and no-dried sea cucumber Apostichopus
cus (%) Japonicas (%)
Fatty acid Sea cucumber Fatty acid Sea cucumber

HD' CD? NO-D? HD' CD? NO-D?
14:0 1.72+0.02 1.74£0.02 1.41£0.03 14:0 1.52+0.02 1.97+0.03 1.25£0.04
15:0 2.42+0.01 2.220.01 2.2810.05 15:0 2.40+0.03 2.52+0.08 2.13£0.08
16:0 12.10+0.25  17.41£0.40 7.09+0.18 16:0 7.80+0.31 8.52+0.36 7.77+0.28
16:1n-9 1.29+0.04 1.20£0.02 1.20£0.02 16:1n-9 1.65+0.02 1.36+0.08 1.03+£0.04
16:1n-7 5.71+0.07 5.73+0.04 12.27+0.18 16:1n-7 5.94+0.24 6.50+0.35  13.26+0.52
16:1n-5 1.44x0.03 1.73x0.03 1.10+0.03 16:1n-5 1.240.03 1.960.03 1.37+0.03
16:2n-9 0.77+0.02 0.49+0.02 0.69+0.02 16:2n-9 0.39+0.01 0.55+0.02 0.78+0.02
16:2n-4 0.72+0.01 0.81+0.02 0.63+0.01 16:2n-4 0.43+0.01 0.92+0.03 0.81+0.04
16:3n-4 0.24+0.01 0.43+0.01 1.32+0.06 16:3n-4 0.62+0.02 0.49+0.02 1.59+0.08
16:3n-1 1.00£0.02 1.00£0.03 0.89+0.02 16:3n-1 1.27+0.03 1.1340.03 1.0840.06
16:4n-3 0.31+0.01 0.05+0.00 1.04+0.01 16:4n-3 0.31+0.01 0.06+0.01 1.31£0.05
16:4n-1 2.21+0.03 1.84+0.03 1.8840.03 16:4n-1 2.57+0.06 2.08+0.03 2.16+0.08
17:0 1.83+0.02 1.68+0.03 1.72+0.02 17:0 1.72+0.04 1.91+0.06 1.47+0.06
18:0 9.67+0.11 11.88+0.29 7.06+0.06 18:0 9.87+0.16 9.38+0.20 7.04+0.06
18:1n-9 6.62+0.06 5.75+0.10 4.60£0.10 18:1n-9 6.97+0.07 6.52+0.08 5.17+0.16
18:1n-7 0.97+0.01 0.58+0.02 3.82+0.08 18:1n-7 1.22+0.03 0.65+0.02 3.50+0.09
18:2n-6 2.70+0.03 2.41£0.08 1.38+0.05 18:2n-6 2.68+0.07 2.73+0.03 1.22+0.05
18:3n-6 2.14+0.01 2.01£0.06 1.9340.03 18:3n-6 2.31+0.05 2.27+0.06 2.38+0.03
18:3n-3 0.31+0.01 0.29+0.02 0.40+0.02 18:3n-3 0.68+0.02 0.33+0.01 0.49+0.02
20:0 2.31+0.03 2.59+0.06 1.79+0.08 20:0 2.20+0.04 2.94+0.09 1.80+0.06
20:1n-9 4.75+0.08 4.75+0.08 4.49+0.03 20:1n-9 4.99+0.09 5.39+0.10 4.70£0.03
20:1n-7 1.80+0.03 1.80£0.03 1.0840.08 20:1n-7 1.78+0.03 2.04+0.08 1.2740.08
20:2n-6 1.05+0.02 0.97+0.05 0.95+0.03 20:2n-6 1.42+0.02 1.10£0.05 1.22+0.02
20:4n-6 9.70+0.26 8.40+0.13  11.04+0.09 20:4n-6 10.12+0.46 9.53+0.62  11.31+0.93
20:3n-3 1.33x0.03 1.23+0.02 0.75+0.06 20:3n-3 1.690.05 1.400.03 0.75+0.06
20:5n-3 9.44+0.22 7.17+0.43  11.05£0.32 20:5n-3 9.18+0.22 9.15+0.33 6.94+0.52
22:0 1.90+0.04 1.91£0.03 1.70£0.06 22:0 2.07+0.06 2.16+0.09 1.63+0.06
22:1n-9 1.15+0.02 1.15+0.06 1.62+0.09 22:1n-9 1.66+0.02 1.31£0.03 1.64+0.09
22:1n-7 2.35+0.08 2.250.09 2.17+0.08 22:1n-7 2.42+0.07 2.550.09 2.5410.18
23:1n-9 3.85+0.09 3.62+0.04 3.58+0.03 23:1n-9 4.37+0.08 4.10£0.12 4.05£0.23
22:5n-6 1.29+0.03 1.30£0.02 0.71+0.01 22:5n-6 1.30£0.03 1.47+0.04 0.72+0.06
22:4n-3 0.26+0.01 0.21+0.02 0.35+0.01 22:4n-3 0.26+0.02 0.23+0.01 0.33+0.02
22:5n-3 0.47+0.02 0.45+0.02 0.43+0.03 22:5n-3 0.32+0.01 0.51+0.03 0.40+0.01
22:6n-3+24:1n-9  4.1840.03 2.96+0.04 5.58+0.02 22:6n-3+24:1n-9  4.61+0.19 4.27£0.12 4.88+0.26
SFA* 30.04° 37.522 21.36° SFA* 25.51° 27.242 21.46°
USFA® 69.96° 62.48° 78.64° USFA® 74 49° 72.76° 78.54°
Jn-6 PUFAS 20.732 18.71° 19.59° Jn-6 PUFAS 22.19° 21.212 20.90°
2n-3 PUFA 15.57° 11.71¢ 18.812 2n-3 PUFA 16.482 15.212> 14.38°
n-6/n-3 0.75 0.63 0.96 n-6/n-3 0.74 0.72 0.69
'HD, Hybrid dried sea cucumber. 2CD, Commercial heated-air 'HD, Hybrid dried sea cucumber. 2CD, Commercial heated-air
dried sea cucumber. *NO-D, No-dried sea cucumber. “SFA, Satu- dried sea cucumber. *NO-D, No-dried sea cucumber. “SFA, Satu-
rated fatty acid. SUSFA, Unsaturated fatty acid. ‘PUFA, Poly un- rated fatty acid. SUSFA, Unsaturated fatty acid. ‘PUFA, Poly un-
saturated fatty acid. The values are mean+SD (n=3). **Different saturated fatty acid. The values are mean+SD (n=3). **Different
superscript letters within rows represent significant differences superscript letters within rows represent significant differences

between treatments (P<0.05). between treatments (P<0.05).
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Table 5. Polar lipid fatty acid profiles of hybrid dried, commercial
heated-air dried and no-dried sea cucumber Apostichopus japoni-

cus (%)
Fatty acid Sea cucumber

HD' CD? NO-D?
14:0 1.47+0.02 1.46+0.03 1.42+0.07
15:0 2.06+0.01 1.87£0.02 2.28+0.01
16:0 15.90£0.34  21.49+0.47  11.80+0.68
16:1n-9 1.10£0.06 1.01£0.03 1.3110.04
16:1n-7 8.06+0.08 7.10+0.04 9.44+0.12
16:1n-5 1.23+0.03 1.46+0.03 0.99+0.03
16:2n-9 0.66+0.02 0.41£0.02 0.61+0.02
16:2n-4 0.61+0.01 0.68+0.05 0.57+0.01
16:3n-4 0.21+0.01 0.36+0.01 1.18+0.00
16:3n-1 0.85+0.03 0.84+0.03 0.80+0.06
16:4n-3 0.26+0.02 0.05+0.00 0.93+0.01
16:4n-1 1.88+0.04 1.55+0.03 1.69+0.08
17:0 1.55+0.04 1.42+0.06 1.54+0.06
18:0 12.23£0.12  16.07+0.28 9.46+0.08
18:1n-9 5.63+0.08 4.84+0.13 4.19+0.14
18:1n-7 0.83+0.03 0.49+0.02 3.42+0.02
18:2n-6 2.30+0.06 2.03+0.08 1.24+0.05
18:3n-6 1.82+0.02 1.69+0.06 2.04+0.03
18:3n-3 0.26+0.01 0.24+0.02 0.36+0.02
20:0 1.96+0.04 2.18+0.09 1.60£0.08
20:1n-9 4.04+0.09 4.00£0.12 4.18+0.03
20:1n-7 1.53+0.03 1.52+0.08 0.97+0.08
20:2n-6 0.90+0.02 0.82+0.05 0.85+0.03
20:4n-6 8.25+0.46 7.08+0.80 9.90+0.03
20:3n-3 1.13+0.05 1.04£0.03 0.67+0.06
20:5n-3 10.44+0.42 7.56+0.63  12.24+0.32
22:0 1.62+0.06 1.61£0.04 1.52+0.06
22:1n-9 0.98+0.03 0.97+0.06 1.45+0.09
22:1n-7 2.00+0.06 1.89+0.09 1.95+0.08
23:1n-9 3.28+0.08 3.05+0.03 3.84+0.03
22:5n-6 1.10£0.12 1.09+0.04 0.64+0.06
22:4n-3 0.22+0.03 0.17+0.06 0.31+0.06
22:5n-3 0.40+0.02 0.23+0.03 0.39+0.03
22:6n-3+24:1n-9  3.24+0.11 1.74+0.12 4.22+0.08
SFA* 35.18° 44 .49° 28.09¢
USFAS 64.82° 55.51¢ 71.912
Jn-6 PUFAS 17.64° 15.76° 18.49°
Jn-3 PUFA 15.34° 10.62¢ 18.422
n-6/n-3 0.87 0.67 1.00

'HD, Hybrid dried sea cucumber. 2CD, Commercial heated-air
dried sea cucumber. *NO-D, No-dried sea cucumber. “SFA, Satu-
rated fatty acid. SUSFA, Unsaturated fatty acid. ‘PUFA, Poly un-
saturated fatty acid. The values are mean+S.D. (n=3). **Different
superscript letters within rows represent significant differences
between treatments (P<0.05).
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