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0.01)% . (32.85+0.04) % 1 (14.71£0.05) %, %4
SAALFUMBAE BRI | oo — B2 T5E | B— 6 11 R T K 0] 4 it
SER AR B R R R T BT B 25 48 A AR N B i
AP, o OT 4l ki B i, X R Ak
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SR ET A8 N 2 1 SR Y 2 4 A O R B O,
BRI L1 BB TF WD Jie D 28 11 B 1) SROM AT 3 45 4 1Y
ok it T T A ) B I JER T 24 1 e R, 0 T 3R A B
JELF e AR ) DRI 3 e 0 K R
= Il AR VS i L GAG ¥ Hh i R A
XF 43T it 43 A0 R 28 BRI & it , AT R FEA [F] b 31 5%
PFF I i 21 Ak R e il R 2 S (A AL 3 2% R P2 M
RIRA i GAG i & 8 H BUAR X 3 B i 4
A F R IR R 5 £ 2—F 4 R, HE
Sa) b)) AT 1, AN ) Ak B 4 A i AR A A
GAG ¥ tH i Bt b PR [A] 1) B 4 52 B Th e 34,
t O 20 ETHIREE RN, X AT BBJE B T AR R AR B
A, A AR s Ab B 48 b J5, T 41F0 OT 211
FRIH TRV A GAG 5 3 i E 1, B 2R
F 5 75 P TR i T T D 2T 24 45 ) P e R A B i, L
AL S IR S 2 A R B A AR B L iX 5 SEM WLEE 3
HY4E R —3 Y. Z. Huang & WF98 R B, 7EAR IR 3R
S PRI R SRRE N F AR A GAG iR 1Y
Wi 25 A S ) P A 2R i R I, AR SR 45 A R
o, H1& Sc) Al Bl A BRI ] ) 2R 4K 45 A B2
P14 WA AT T FR K29 S DRI 1 K VS H DB i 22, O 4
P FEEELL 10 kDa(18 min) ZEA B A E 3, H
Bt b B 1] %) S0 R A8 3 i 5 38 5 A 743 230 kDa
(9 min) .25 kDa (15 min) F1 4 kDa (20 min) %5 [
Ji, T AH OT 2 /& 1 B AR XS 4y F B i 2
10 (18 min) ~4 kDa (20 min) , K4> 77 1 & &

5 =~ 180r Z 150
A 104 H o)
4 \E( lSO-DTgﬁ {0 ? %T%
- 4 o Prmmora | BEREC O
3 LSRPN) o Y
o 3t s s 90 :
&H E 90' g dpa ‘dg .
R 2 El = 60 ooy 20
b 5 o e o off gﬁ izl
g 1 ﬁ% 300 x“"g h xd g 30
e e B S v m . B U e pa e T VR g 0901 3 6 12 24 48
AbFRAF [E]/h Kb FEAT[E]/h AbFERF [E]/h
a)HH R 7 bR & BT R
CPRES VSRS PP TR T EN T T PR VS SE v

Fig. 4 Changes in free radicals residue, dissolution of carbonyl and free sulfhydryl of collagen fibers

under different treatment conditions
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Table 2 Water-soluble amino acid content of collagen fibers under oxidative treatment mg/g % )&

20 531 REHAR INATR YA TR BRI HEm® R AR SR
O#-0h 0.17+0.02" 0.07+0.01" 0.08+0.01° 0.18+0.02° 0.05+0.02" 0.14+0.02" 0.10£0.01° 0.03=0. 00"
O4-1h 0.320.03"  0.09+0.01" 0.11x0.01° 0.32+0.03° 0.10+0.00° 0.21+0.02" 0.22+0.02° 0.04=0. 00
O#H-3h 1.77+0.16° 0.62+0.03° 0.55+0.06" 1.47+0.13" 0.41x0.02" 0.64+0.07° 0.84+0.08" 0.29+0.01°
O4-6h 2.11+0.19° 0.75£0.04" 0.64+0.07" 1.72+0.16" 0.45x0.02" 0.72+0.07° 0.97+0.09" 0.38+0.02"
OZ1-12h 2.98+0.27" 1.08+0.05° 0.93£0.10° 2.46+0.22° 0.67+0.03° 0.97+0.10" 1.34£0.12° 0.58x0.03°
O#41-24h 3.33+0.30" 1.26+0.06" 1.07+0.11" 2.82+0.26" 0.73+0.04" 1.07+0.11" 1.53+0.14" 0.68=0.03"
OZ1-48 h 3.84x0.35" 1.48+0.07"° 1.23+0.13" 3.24+0.29" 0.83+0.04" 1.21x0.12" 1.73+0.16" 0.79+0.04"

205 SRR KN LEY AR AR =R it
O#41-0h 0.07+0.01° 0.05+0.00° 0.05+0.01" 0.02+0.00° 0.04+0.00° 0.05+0.00° 1.01+0. 07"
OZ1-1h 0.08+£0.01° 0.02+0.00° 0.11+0.01" 0.08+0.00° 0.09+0.01¢ 0.07+0.01° 1.76+0. 13
O4-3h 0.56+0.06" 0.03+0.00° 0.50+0.05° 0.22+0.01° 0.59+0.06° 0.44=0. 04" 8.93+0. 63°
O4-6h 0.74+0.08° 0.04£0.00° 0.59+0.06° 0.31+0.01° 0.70+0.07° 0.49=0. 04" 10. 60+0. 74"
O#-12h 1.08+0.11" 0.05+0.01° 0.82+0.08" 0.57+0.03" 0.98+0.10" 0.72+0.07° 15.23+1. 16°
O41-24h 1.23+0.13" 0.18%0.01" 0.92+0.10" 0.65+0.03" 1.10+0.11" 0. 84+0.08" 17.42+1. 16"
OZ1-48 h 1.40%0.14" 0.73+0.03" 1.07£0.11* 0.59+0.03" 1.27+0.13" 1.01x0.09" 20. 42+1. 32°
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Table 3 Water-soluble amino acid content of collagen fibers under thermal treatment mg/g % M J&

2053 REHAMR INATR 2B R B AR HHEm® AR AR SR
TZH-0h 0.20£0.02" 0.08+0.00" 0.16+0.02" 0.28+0.03" 0.10+0.002% 0.17+0.02" 0.11=0.01" 0.03+0.00°
T4-1h 2.90+0.26° 1.15+0.05° 1.00+0.10° 2.54+0.23° 0.79+0.04" 1.10+0. 11" 1.40+0.13° 0.52+0.02"
TH4-3h 3.17£0.29° 1.17£0.06° 1.03x0.11° 3.10+0.28° 1.74£0.08° 1.59+0.16° 1.35+0.12° 0.55+0.03"
T4-6h 515+0.47" 1.96+0.09° 1.74+0.18" 5.32+0.48" 3.22+0.15" 2.67=0.28" 2.16+0.20" 0.96+0. 05
T4I-12h  6.95£0.63° 2.55+0.12° 2.34+0.24° 7.61£0.69° 5.68+0.27° 4.09+0.42° 2.71+0.25° 1.30=0.06"
T4 -24h 9.42+0.86" 3.38+0.16" 3.20+0.33" 10.55+0.90" 7.59+0.36" 7.43+0.77" 3.48+0.32" 1.210.06"
T4-48 h 13.79+1.25" 4.91+0.23" 4.85+0.50" 16.28+1.48" 10.26+0.49" 12.3+1.27" 4.65+0.42" 2.69=0. 13"

209 SRR KN AR HAER RN = R it
T4-0h 0.06+£0.01° 0.05+0.03% 0.07+0.01° 0.04x0.00" 0.06=0.01" 0.42+0.04' 1. 40+0. 09*
T4-1h 0.9420.10" 1.01+0.05" 0.91x0.09" 0.28+0.01° 1.01x0.10° 0.78=0.07° 16.32+1. 03"
T4-3h 0.88+0.09" 0.81x0.04° 0.85+0.09° 0.25+0.01° 1.39+0.14° 1.270.12° 19. 15+1. 18°
T-6h 1.49+0.15° 1.29+0.06° 1.17+0.12° 0.35+0.02° 2.48+0.26" 2.25=x0.21" 32.21+1.97°
T4-12h 1.90£0.20" 1.47+0.07° 1.32+0.14° 0.39+0.02° 3.72+0.38° 3.57+0.32° 45.61£2.73°
T4-24h 2.14+0.22" 1.84£0.09" 1.63+0.17" 0.49+0.02" 5.42+0.56" 5.14x0.47" 62.90+3. 95"
T#41-48 h  3.37£0.35" 2.41x0.11° 2.10+0.22" 0.63+0.03" 9.16£0.94* 8.61=0.78" 96. 00+6. 22°
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Table 4 Water-soluble amino acid content of collagen fibers under oxidative synergistic thermal treatment mg/g 245

2053 REHAR INATR YA TR B AR HEmR MR eI LR
OTZH-0h 0.46+0.04% 0.15+0.01% 0.17£0.02% 0.45+0.04° 0.19+0.01% 0.24=0.02" 0.19+0.02% 0.05=0.01"'
OT4-1h 2.93+0.27" 1.04£0.05" 0.93+0.1" 2.47+0.22" 0.80+0.04" 1.08+0.11° 1.35+0.12" 0.46=0.02°
OT#1-3 h 3.62+0.33° 1.58+0.14° 1.17£0.10° 3.2420.27° 1.27+0.04° 1.45£0.15° 1.66+0.10° 0.77+0.08"
OT4-6h 5.07£0.29" 2.13+0.15" 1.63+0.13" 4.73x0.35" 2.62+0.18" 2.21+0.19" 2.17+0.16" 1.08=0. 09"
OTZH-12 h 7.13+0.45° 2.85+0.18° 2.30+0.19° 7.19+0.54° 5.48+0.34° 3.58+0.42° 2.71+0.18° 1.49=0.12°
OT ZH-24 h 12.83+0.19" 5.05+0.06" 4.53+0.02" 14.88+0.04" 11.59+0.22" 8.97+0.22" 4.14+0.01" 2.41+0.49"
OT 41-48 h 28.76+0. 03" 10.45+0.34" 12.13+0. 22" 36.33+0.39" 10.41+0.09" 20.79+0.5" 8.34+0.15" 3.92+0.03"

20591 SRR KN AR HAER RN RNz it
OTZH-0h 0.06+0.01% 0.03+0.04° 0.13+0.01¥ 0.2+0.01¢ 0.14+0.01" 0.12+0.01" 2.38+0. 17¢
OTZ41-1h 1.00£0.10" 0.06+0.00° 0.81+0.08" 0.4+0.02" 0.98+0.10° 0.75+0.07° 15.05+1. 04
OTZH-3 h 1.28+0.12° 0.09+0.01° 0.99+0.08° 0.78=0.06° 1.24x0.13° 0.99x0. 15° 20. 13£1.76°
OT4-6h 1.67+0.12" 0.34+0.02° 1.23+0.09" 0.90+0.07" 1.93+0.15" 1.61=0.06" 29.32+2. 03"
OTZ4-12 h 2.02+0.17° 1.37£0.10° 1.4320.11° 0.66+0.05° 3.33%0.31° 3.12£0.21° 44. 66+3. 38"
OT41-24 h 3.11+0.21" 2.57+0.01" 1.89+0.01" 0.55+0.01" 8.22+0.04" 7.70+0.01" 88. 43+0. 69"

OT 41-48 h 5.60+0.09" 4.38+0.10" 3.05+0.07" 1.28+0.04" 22.8+0.43" 21.54x0.35" 189. 77+2.17°
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Effects of oxidation and heat on the collagen fibers structure of the sea cucumber

body wall during low-temperature long-time thermal treatment

NI Zhong' ,CHU Pengfei’, LIN Ying',LIU Yuxin'
1. School of Food Science and Technology/SKL of Marine Food Processing & Safety Control/National Engineering Research Center
of Seafood/ Collaborative Innovation Center of Seafood Deep Processing , Dalian Polytechnic University , Dalian 116034, China
2. Dandong Yuanyi Seafood Precision Products Co.,Lid., Dandong 118399 , China

Abstract; Fresh sea cucumber was used as the object to study the effect of oxidation and heat on its texture
properties during low-temperature (60 “C) long-time thermal treatment. Then intact collagen fibers were extracted
from the fresh sea cucumber body wall, and were subjected to oxidation, thermal treatment and the combination of
both. Differential scanning calorimetry ( DSC), cryo-scanning electron microscopy (cryo-SEM) , fourier transform
infrared spectroscopy (FTIR) , electron spin resonance ( ESR) were used to study the changes in thermal stability,
microstructure , protein secondary structure, and oxidation degree of collagen fibers during low-temperature long-
time thermal treatment. The results showed that single oxidation treatment had only oxidative degradation effect on
collagen fibers, and single thermal treatment caused oxidation, denaturation, degradation and dissolution of

collagen fibers. Oxidative synergistic thermal treatment resulted in more pronounced structural degradation and

(T4:% 57 )
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antioxidants ( phenolic substances, vitamin C) and antioxidant activities of sprouts were reviewed, and the possible
regulatory mechanisms were analyzed. Compared with the same mature vegetables, microgreens contained more
bioactive substances such as B-carotene, chlorophyll, phenolic substances and vitamin C, and had higher
nutritional value and stronger antioxidant activity. LED light source provided the optimal wavelength matching the
absorption spectrum of photoreceptors and photosynthetic pigments (such as chlorophyll and carotenoids) in the
plant body, which played a crucial role in optimizing plant growth and development, photosynthesis, and secondary
metabolites synthesis, thereby maximizing plant production efficiency. Red-light, blue-light, red-blue combined
light, and green-light promoted the synthesis of nutrients and antioxidants, and increased antioxidant activity in
microgreens. Future research will focus on the light-quality ratio, LED light coordination with other factors, and the
regulatory effect and mechanisms of LED light on the storage and preservation of microgreens, so as to provide
theoretical foundation and technical reference for the production, processing, storage, and preservation of
microgreens entire industrial chain.
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[ FrAE % 4 M e 4R |

(E#% 31 )

destruction of collagen fibers compared to single oxidation or thermal treatment. After one hour of oxidative
synergistic thermal treatment, the proteoglycan bridge in collagen fibers was obviously broken. After 24 hours, a
new thermal absorption peak appeared near from 15~24 °C, indicating that the collagen fibers was gelatinized.
With the prolongation of treatment time, the aperture of collagen fibers network was further contracted and broken.
Oxidative synergistic thermal treatment promoted the oxidation degree of collagen fibers by thermal treatment,
which resulted in the degradation of macromolecular proteins and the dissolution of soluble substances such as
hydroxyproline and glycosaminoglycans ( GAG ). Therefore, oxidative synergistic thermal treatment can cause
oxidation, denaturation, aggregation and degradation of collagen fibers, which in turn affects the textural properties
of the sea cucumber body wall.

Key words:sea cucumber body wall; collagen fiber ;low-temperature long-time thermal treatment ; oxidation ; texture
property
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