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B LS TN E BT A BT, SRR
sk, s B EM), TLIRA LA
o] A TRPRUES , R = KAV EORA RA A
FEARER AT | VAR . NaOH . KOH , =5 LR (43 Hr4k),
25 B A AR A BR A ) 5 Je 2 2, Bl T 5 (|
M)A FR/AF]; Fast Green FCF, 3£ [E Sigma A F .

12 HB5EE

UV1601 48R, dbatsm Al s AT A
Al BB EIR K S, TEORE N T ZRE SE B AR A
#]; Eppendorf AC22331 Hamburg B.0>HL, fEE %
AL Ay o w5 WOBILR A Wi, PR E 2R KA
Al; CR-400 A1, HAMJE-RERER; LC-20AD
FEARAH AT, HASEHA R S-433D 4 H sz &
PR M AL, fEE Sykam Aw]; FRpU80 R AT
PAL-1, HZK ATAGO A7,

1.3 EIEF*

131 L& s kingHl & B 11 e Sk
Ak, FURNE AN > w22 B ) 30 min, W& BN
AZ 50 mL KT, Ak (250+5) g AidE 50 s
FAAE AR TIKCERBREE N 1 1 6) KK (98°C)
3 30 min, SRJGHE/NK(90°CHEH, AATERRE R
0. 30. 60. 90. 120 Al 150 min BN 1% (W) EIES
b MECERTE R 150 min, &GRS LR,
BN 2 WA T R 8L AT o e B R P iR
TR E, WLDERTREL N AT IRFRR 45%
132 REpwEanz K FHAR AR 1 1700
(Lowry et al, 1951), FA- L35 8 bR vE S B AR FR
HEMZE, 25301 ¢/100 mL %R .

133 ¥4Em K PR Wy~ R 1% (Cheng et al,
2019), M40 4580 B S mL BES T B0, A 2 mL
10% B9 2R By 3 W U0 JE 8 A1 T, 10 min J5 B D
(4000 r/min, 15 min), Y8 FVER, BT mL A 1 mL
KE(5%), RIEEEMARER, BRER, TR
N 20 min, R HSALE 470 nm R E OB, 45
HLL mg/100 mL s,

1.34 Kpynlz B3 mL sk e IR,
FH/N KB 2 TG A B b i 4~6 h, R A1)
AT AR PRE . 4558 1L ¢/100 mL £oR .

135 BEX#Hezn Al B ) F R
FHREE I

1.3.6 M E %% Qiu Z£(2016) )71, HL
5 mL FEAG AT 10 mL B EFR(10%)EA 2 min, A
10 min J5 &> 30 min (8000 r/min, 4°C)JfUcsE ik
W, WER 2 K, fJE M NaOH ¥ G pH A2
6.0, FHE 5 EIE WO Bk R S0 mL, HE
RS A LU, IR AR A, RSO A A R
53T
137 & RABRMNE 28 Tanimoto %£(2013)
BT K 2 mL RS AT 1S mL =5 ORIRE, #E
ALFE 10 min JFERFE 1 ho SRJFE5.0 10 min (10 000 r/min,
4°C), B 5 mL F3EBIHTT pH £ 2.0, VK EZRE 10 mL,
R R WA RIRR AR . R4 H ShE BRI
iy oalll 8
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2 ZERE5H5H

2.1 BAmxakahEaRNSES=ERNEN

i1 PR R 3 B A LER B R8N 4R DA R
WIBREE A VSR 254 R A SR Tt EA,
FE—E B FomE N REs A, I, fERCE SR
AR IS R A 1 7 R . LA
TR RBE 2L S5 5 SR W BT e B 20 v o AN R A
BN 37 v 6 1A 3RO 7 H A 2 e LR 1o 1 1 mT
#&A 60 min BN, A Tt , 107 90 min
55 60 min JC i P 22 5 (P>0.05) sk fE L & i Rt
A RA L PEREIR , 7E 60~90 min B i A1 %
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PR AR P68 £ Sk 2 40 rp 9 B TR $ P R I i
K, M7E 90 min LS NEL, b E S ] W
R, X T AE 5 K R R) 2K 8 5 BOE (TR g T
G RARETRER &, MIENTA NaCl &4
AR UMEHS &R R AAEAE P ERE(Cui e al,
2018; Chen et al, 2018; Lanier et al, 2005), R
(2012) & B, 7E 40 45 By Bom A & b 5, X i
(Aristichthys nobilis)ffi sk 17 24& , W HEFEE R
VR 03 f 2 B [A) 28 4 T B n o #a TR, Ak
S T ) AR SR AN BT L 1 2

7 it KU A i) BT A ) 2 — . th R 1 AT
ML, BRI BEAE S EA L, 7E 90 min fNER
037 S o B R, 60 min IMERAT MBS R,
H 2 2 ) SR TG 0 1 25 5 (P>0.05) . TTiIFE 120 min
o 150 min BF IR, BB 2 2 I BT 60 min
JnEL 4 (P<0.05), X AT g5 28 5 RS i pE A 2
FEPR 1B e R AE R N A o

I /K% H Water-soluble protein
B 5B Total sugar

KRR
Water-soluble protein content/%

(=]
Total sugar content/(g/100 mL)

0 30 60 9 120 150
Jinkit[E] Salt-adding time

BT TR ER I )% £ Sk 37 rhoKs 2 1 A
SHIE RS 152 )
Fig.1 The migration of water-soluble protein and total
sugar in the soup at different salt-adding time

ARG TR s K PR & A e 4 m] 25 57
A RIING T RE R S AT R4 IR 22 57(P<0.05)
Different uppercase letters indicate significant difference in
water-soluble protein content between groups, and different
lowercase letters indicate significant difference in total sugar
content between groups (P<0.05).
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sk

U B AT R 0 o A A i i oY —

S hR(Santos et al, 2012), MNE 2 7] USR], kA
THBEOIEEEIE Y, SRAE LT M
Db, BT RS0 B 2 2 ER B AL S i o AR5
#5590 min JINERAL W BEE W& 8 im0 R (2012)
3B 55 0007 78 2 0 I B ZCE R R RE G, SR
WL W, A BIFEHEE 2.5~3.0 h Z[AFEAL
- o

1337 T K A & A2 B BCE A B sE ), H
IR BEALGT AT 3RS AR fb a3 5 ] i DR
YIRS AEARL . N 2 WA, £E2%3E 90 min A}
Ik, GRS E R RS T A A 2H(P<0.05) . KA
R, Sl A LR AR TR R, [FRE, B
Oyt Bt 25 AT AT s, A £ SR T ARG, A NaCl
J& , Na'Fl CIi s A= A £ 8 S 45 4 i — 20 e
R, PRI Ca’ Rl Mg S BT a8
JRAy e W3 N . M E 2478 120 min A1 150 min F
JA NaCl, T ERB R, AR,

I A EITE Y& B Water-soluble solid

14 B RAGEE Ash q12

%12' B 10 -
i S 10 F g8
4t 8 18 8
]2 st I =
ﬁ%é A _6$@
Ha 6 A g
33 A A _4%‘2
S 4 A 8
= =

£, b 2 2

B
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JnkAdE] Salt-adding time

K2 ASRmER B 3k 37 rh ] P [ 4 &
JR 3 HIE RS B 52
Fig.2 The migration of water-soluble solid and ash in the
soup at different salt-adding time

ARG PR AL R R )5 A fE 4L ) 22 5%

ANRINE b Fn Koy 5 AT AR 20 R] 22 57 (P<0.05)
Different uppercase letters indicate significant difference in

water-soluble solid content between groups, and different

lowercase letters indicate significant difference in ash
content between groups (P<0.05).
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AP E T 30 2R R AAZ R S AT AR
YT 58k %, 2020; Motono, 1982), Hrf 5-IMP.
5'-GMP il 5'-AMP & £ 2L 2 B (24, 2010).
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PR FH 13k 1] 37 0 B R A 8 R, BN R S I %)



208 ook B

544 %

RS EFHE T I, 90 min B Y ISR 20 A R 75 o f
Fro I, TARHFE 90 min AFNER A EEAE, 60 min
BEINER IR Z o 55 IR, AT IR KR I8 B At T
WAEL TSR, (IR IS Lt HA FEE

—_ —_ —_
(=] N e
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BETREE
Nucleotides content/(mg/mL)

S N A &

0 30 60 90 120 150
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K3 RN HLG 7 A% R 1T B R 0
Fig.3 The migration of 5'-nucleotide in the soup
at different salt-adding time

AN )N B3R 2 (B A AE W 3 25 57+ (P<0.05)
Different lowercase letters indicate significant difference
between groups (P<0.05).
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Ui 185 B R PR 2 B ) 1 v IR B ) — A B &R
NERBRFFIE B AT 43 A SR | i A RT R R 24 R G A,
2019; Yu et al, 2018; Zhou €t al, 2020; Bermudez et al,
2014; B FFAE, 2019). B 4 SR T 4 41RE S i
SRR AL RIS I, 03k 37 v 5 R B Ui S A R
FF R R B R IR . 60 min JNER4LFT 90 min
PN A R S el A e i N
(P<0.05), 17 IR 2 FE R 1) & 2 7E 60 min ERZH
H1 90 min JELZH %5 5 (P<0.05) . LAk, ASHFST A 5 5
KT AR, A R A Sk v L HT Y B T R

_ [ #RE LR Bitter amino acids [l 4-%#R Taurine
B 0RE IR Umami amino acids [ At Others
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N oo
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HHAR SR

Free amino acid content/(mg/100 mL)
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Fig.4 The migration of free amino acid in the soup
at different salt-adding time

43, REMEA I R T A0 PN S B kD L, BB
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AR i P 2F B R 5 B die 5, 90 miin AR AR S b A i
PR B R 22 o HoM R LR o N B SR (i
B R, ARz B R AL sE A, ARk
Lk BERRIE R A S RAL, A S FEE AR
PB4, 2009), — 712 SRR LF 48 % A 40
JHLRSERY M R , A0 PR 50 114 i 5 3 R R A% 21K
T B—J7m, BEE Na', CUAYIIA, 2 Bl 143
MR FERR P LR B Z LA AR, S 8UE A RS
PE— s, BRI 2RI, TEIERTT, AT
AE & AR IR DT S B0 B8 S SE R I RS 1E
X AR 5 85 0 [ B850 . B A AR A5 %
(BEEETR4E, 2019),

25 mMERYIELZEFHZMD

BAMSLAHE LY. a* . b* LA BEEINE 1R
AL, LA LUh R A E IR I
T, ARSI A, SEHER RS B R &
HAERRAR . FRAERTINER S 90 min AnEh 4 i W
F T HAZH (P<0.05), 1 120 min JNER4HF1 150 min
TNER2H 1 (1 BEAE G, AT e 00k (1) 20 5 AR DT
A KT WA, 2019).

26 WMMEHMELER

R G2 B B W AN TR 40 MNPs, &5 5L 0
5, 40 MNPs JESAT R 2250 7E 90 min Bl
B, TP -BRXaTYRMEA . IR, WRERE
R, U ZIBRL(E 5d), T 60 min B &R 1)
i 7E 483 2o S 0 2 R AR Y BUZ BRIE /)N
WiRL(E Sc). % I 4 (2019)4R i 4 # 1 (Thunnus
obesus)k 7 E 5 , MR R PRI H KERK/NA—1
WZERTERRL, H RS ARda ).

PEEE 60 min MERZLFN 90 min SNk 2H kAT E—
ML, S5RIE 6, 3k 17 I e A R — B2
P TFIEAR ., IR SRR RSN ER
(2016) & B, B 17 AN K BB T2 B 2H B 0 2
AT R « 28 BEIEUA AL TR SE 7o
WE 6A Fras, AERAENAE 2T B9 BROR H- il = 1R Jk:
FZNLT MNPs [0, T A RREE R, o
AAE H I = ER 0 A Bl b A SR, B 6B R, 5
90 min HIEL AR L , 60 min NERZH AY H b = Fe f&E A
SO SN Y 5 M o3 A 7R f Sk b TR EGE SRR R S N
) NaCl & 5B Bl i b R A 45 A e — i,
B R R T Y R — e R R, B0 TR R
B S, SEGXEE MNPs ¥4 HE s, mite
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Tab.1 The color of fish head soups at different salt-adding time

pilIE=NER N Lt a b’ H
Salt-adding time/min Whiteness

0 39.12+1.04¢ ~1.62+0.08° 2.39+0.10° 38.88+0.21°
30 35.12+0.97° —0.86+0.12¢ 5.53+0.16° 34.88+0.01%
60 35.25+0.41° ~0.96+0.04° 3.98+0.09° 36.39+0.41¢
90 38.64+0.52° ~1.61+0.15° 4.38+0.22° 38.39+0.11°
120 35.51+0.34° —0.78+0.06" 5.09+0.15¢ 35.30+0.02°
150 35.15+0.21° -1.03+0.17° 5.42+0.26¢ 34.5140.42¢

TE: RS0 IR]HAT AN W) 5 BE A £ 22 52 18 25 (P<0.05).
Note: Data with different letters in the same column differ significantly (P<0.05).

K5 Otk BB MEs b i Bk g &
Fig.5 Morphology of particles in the soup by optical microscopy

a: 0 min; b: 30 min; ¢: 60 min; d: 90 min; e: 120 min; f: 150 min

K6 OGS EUEEHIh = BE A Y o A
Fig.6 Distribution of triglycerides and proteins of MNPs in the soup at different salt-adding time

A: 90 min; B: 60 min
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03517 Y MNPs 14 2 HA 3R et
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JEAE KA S 22 51 BAE B(PDIT AR il B B 113k 7
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25 BT, 60 min AR AU FR ki 42 A0 PDI E B
AN, ARFRANFRE , XS HORES SR 45 R — 3k,
EEAE (2020) X AN [0 R B[] 42 46 0037 25 & L R vy
iEH UL S MNPs 2545 (I8 AR e PR IR SR R, AN
(i) Jom 6 B[] X6 4 A £ Sk 1 B SR TR RS A
FHRE , 7R 150 min BFANER, e faskim b
FEW) T )AL 3R B K o U AN W] 0 A e 2 v
BRYTTLL L MNPs 4548 (1018 % 5 54 5 T A
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40r B
C be be
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Z5ME B Polydispersity (PDI)/%
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K7 gk kL7 MNPs B2 1 952 1R
Fig.7 Effect of salt-adding time on the stability of the MNPs in the soup

A: “FHRifE; B: PDI
A: Hydrodynamic radius; B: Polydispersity index
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Effect of the Time of NaCl Addition on Nutrient Migration and Micro and
Nanoparticles of Channa argus Head Soup

SU Li'?, LI Xin', GAO Ruichang'”

(1. School of Food and Biological Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China; 2. Administrative
Committee of Grape Industrial Zone of Ningxia Helan Mountain East Foothill, Yinchuan, Ningxia 753000, China)

Abstract Channa argus is a bottom-dwelling freshwater fish with high nutritional and economic
value and, in China, is known as the "treasure of fish”. C. argus meat is mainly used to produce fish fillets;
however, head and bone are occasionally utilized in food production. The head of C. argus is rich in
mineral elements, amino acids, and unsaturated fatty acids and is commonly used in China for fish head
soup. The preparation of fish head soup is particularly time-consuming and can take several hours.
Therefore, a high demand exists for the research and development of instant fish head soup products. With
the development of modern food colloid research technology, the formation of micro/nanoparticles
(MNPs) in soups and the biological effects of the tissue units as active ingredients have attracted
increasing attention. In terms of the cooking process of fish soup, in addition to the heating method and
cooking time, the seasoning added during cooking is also an important factor. In particular, salt is a key
determinant of soup flavor. Although the content is the same, the addition of salt affects the dissolution
and migration of nutrients from the fish head during the cooking process. However, the effect of the
addition time of salt on the nutritious flavor during the preparation of fish soup has not been studied
clearly. Furthermore, the stability of fish soup has not been adequately evaluated.

In this work, the C. argus head was chosen as the base material for the soup and the nutrient
migration and particles in the C. argus head soup were studied. Water-soluble protein, total sugar, total
minerals, solids, nucleotides, free amino acid content, and colloidal particle stability were chosen as
indicators to evaluate the transfer of nutrients and flavor. In addition, the morphological structure and
distribution of MNPs in the soup were observed using laser scanning confocal microscopy (LSCM). The
results showed that the content of water-soluble proteins first increased and then decreased with the delay
in salt addition time. The migration trend of total sugars was similar to that of the proteins. Meanwhile,
the ash content in the soup generally increased and then decreased. The change in the content of soluble
solids could represent changes in various nutrients. The migration of solids and the content of ash peaked
when the salting time was at 90 min. The boiled samples with salt added at different times showed
significant differences in the migration of nucleotides. It could be concluded that salting was ideal at
60 min or 90 min, based on the changes in the total amount of nucleotides. Furthermore, the contents of
total free amino acids and umami-flavored amino acids were also the highest in the samples with salt
added at 60 min or 90 min. When the addition time was 60 min, the stability of the MNP system in the
fish head soup could effectively be improved by inhibiting the aggregation of macromolecules, which
would promote the retention of various nutrients. The particle size and polydispersity (PDI) were lowest
in the samples with salt added at 60 min. In addition, the zeta potential value of the sample with salt added
at 60 min was higher than that at 90 min. Therefore, the system was relatively stable at 60 min, which was
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conducive to nutrient retention. This is consistent with the results of the microstructure analysis.

The maximum dissolution of nutrients and flavor substances occurred when salt was added after
boiling for 60 min. Meanwhile, MNPs in the soup were stable, uniform, double-layer, spherical particles.
The results of LSCM showed that nonpolar triglycerides self-assembled into spherical particles, which
were located in the center of the particles, and protein molecules dispersed around or were bound to the
surface of the particles. The fish head soup system was the most stable under the conditions of particle
size, potential, and polydispersion index. Therefore, adding salt after boiling for 60 min was the optimal
procedure for making fish soup with high nutritional value, delicious taste, and stable content. This study
provides a baseline procedure for C. argus head soup with high and stable nutritional content.

The results provide technical support for preparing a convenient and delicious fish head soup. People
can enjoy delicious food shortly after a hard day’s work. In addition, the results showed that the timing of
adding salt had a significant impact on the nutrition of fish head soup, which suggests that attention
should be paid to the timing of adding salt when preparing fish head soup at home. C. argus head, a
by-product of processing, can increase in value and provide a solution for producers to decrease waste and
increase profits.

Key words Channa argus head soup; Addition time of salt; Nutrient migration; Micro and nano
particles



