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Abstract: To promote high-value utilization of by-products from the processing of cultured pufferfish, the nutritional composition of the bones of
cultured Takifiigu obscurus was evaluated. The fish bones of 7. obscurus were rich in proteins (19.46%) and minerals (6.30%), but with little fat (2.19%).
The total amino acid content was 20.07%, of which the contents of indispensable and flavor amino acids were 34.53% and 48.77%, respectively.
Tryptophan was the first-limiting amino acid. The bones of 7" obscurus provide adequate protein to meet the nutritional requirements of young children
(DIAAS of 76), as well as of adolescents and adults (DIAAS of 98). The bones also contain abundant collagen (34.92%), which is the major protein
component (34.92% of the total) of fish bones. The fatty acid content was 0.3%; the percentage of unsaturated fatty acids reached 70.06% and was mainly
composed of C22:6n-3 (DHA), C18:1n-9, and C18:2n-6. Moreover, the sum of the contents of C20:5n-3 (EPA) and DHA was 29.20% of the total fatty

E[BE W

I P PRI, B0, 55 SR SUR i i1 RV E SR S 0 A S VP 0] DA G R i RH2,2023,39(8):21-29

PAN Nan, CHEN Xiaoting, CAI Shuilin, et al. Nutritional composition and evaluation of bones of cultured 7akifiigu obscurus [J]. Modern
Food Science and Technology, 2023, 39(8): 21-29

ks BER: 2022-09-05

HEWB: ERESHEITRIIE (2018YFD0901102) ; 1A R ATERHATTAIEAREIN (2021R10130014) ; REEEGF Sl EEHEREL T (2021HYIG20)
EE®EIN: B (1985-) , &, Ht, BIEMIRER, MxRAE: KRN I54EFIA, E-mail: pannancn@163.com

wEE: XESH (1972, B, #t, BIEESKIRF, FRAE: KERMISLEEFIA, E-mail: 13906008638@163.com

21



R EmiB Modern Food Science and Technology 2023, Vol.39, No.8

acid content. The ratio of saturated fatty acids (SFA), mono-unsaturated fatty acids (MUFA), and poly-unsaturated fatty acids (PUFA) was 1:0.68:1.66.
The major mineral components were calcium (20.33 g/kg), phosphorus (13.92 g/kg), and zinc (39.23 mg/kg), with a calcium-to-phosphorus ratio of 1.46.
In general, bones of cultured 7. obscurus are rich in proteins and minerals, rendering them nutritionally valuable and warranting further exploration and

utilization. This research provides basic data on the characteristics of fish bones from cultured pufferfish as raw materials for high-value utilization. The

findings are of vital reference value for the development of the cultured pufferfish industry.
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Fig.1 Fish bones of cultured T.obscurus
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Table 1 Nutritional composition of different fish bones (g/100 g)
&S K5 Eam RE EHE

Ra  ERNE%

FIAREL AR Frtili Cultured Tukifigu obscurus — 72.99+0.81  19.46+0.08 2.1940.11 ND 6.30£0.23  57.61£2.85
Frahi4r8% £ a1 Cultured Tukifugu rubripes  64.82£1.41  16.51£1.75 1.28+0.29 - 15.40+0.17
% & "Gadus macrocephalus 64.70£0.80  18.20+1.00 1.90+0.30 0.20+0.01  13.20+0.30

& &4 & "Lateolabrax japonicus 59.78+0.70  16.65+1.70 3.03+0.44 - 8.37+0.74  33.17£2.35
iz i & " \Lophius litulon 76.26+0.04 13.28+0.86  0.002 5+0.000 9 - 12.32+0.05
488 8" rachinotus ovatus 50.20£1.49 12.00£0.08  29.97+0.10 - 7.63%0.12
RUE, & Engraulis encrasicholus 59.72£1.16  1647+0.38  15.50+0.78 - 7.60+0.55

i ND AFAad; -AFAHE.
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2 FERBNAR A S AL R il B R RERLLAR (2/100 g)
Table 2 Amino acids composition of the bones of cultured T. obscurus and T. rubripes (n=3) (g/100 g)

BABR RIS Rl B F  FRIALTSE K & g

A 85 (His)

FERE (1le)

S

KRR (Phe)
BERER (Tyr)
% &8 (Thr) "
&2 (Trp)
HRER (Val)
AR (Ala) ™
RAZB (Asp) ©
BR2E (Glu) "
H&F (Gly) *
HRE (Arg)
JHEER (Pro)
2 Z@# (Ser)
AR (Hydro-Pro)
#H 2B (Hydroxylysine )
S44°
AAAb
I4°
YIAA
YDAA
SFAA
YIAA/YDAA

1.83+0.01 0.4
3.54+0.03 0.7
6.53+0.02 1.1
7.09+0.03 25
2.92+0.04 0.9
0.73+0.04 0.1
3.55+0.02 0.9
2.77+0.01 0.2
4.00+0.02 2.0
0.72+0.14 -
4.35+0.01 2.1
7.52+0.03 12.7
8.40+0.03 42
13.07+0.02 7.4
11.56+0.08 36.4
7.29+0.06 4.1
6.71+0.06 10.8
4.22+0.03 44
3.20+0.15 8.1

- 1.0
3.65+0.08 1.00
6.33+0.02 1.10
9.90+0.10 18.90
34.53+0.15 10.60
65.47+0.15 89.40
48.77+0.13 67.10
52.74+0.34 11.86

E -RTAIE; TRTEARAR; YIAA HX%FE RABMEE; YDAA HIELEREBLEE; YFAA ASRRARE T, YAA
A RAEBEE. a Sulfur Amino Acids (Cysteine+tMethionine): 4L RILE(F A RB S F L& EL); b. Aromatic Amino Acids
(Phenylalanine+Tyrosine): 5 &7 2B (KA RB+EARBR ); cImino acids (Proline+Hydroproline): L& EER (Al R BER+F20H 2 BR ).

2.2 IRPENGSUR T R B R B AL K AT

e RN

I 5 I SR T il Ao LA I 19 P BRI
(#2), 8 N2007g/100g faf, Hrep: BFEE
IR (JAA) &8N 34.53%. JELFTFEEEIR (DAA) &
BN 65.47%, —HAEHN 52.74%, ZLHIH BT
FRIH LT EE R Tt (11.86%); WRIEMR SEAN
9.90%, HCZH iz B AN ER I Z R 175 1 5 e S (1) 34
Fase e, ARPHIRRE . BURoRE B AR, ffnka 3t
RE BN 48.77%, B RAR T 37 58 4168 7R Ty il #41 oy

(64.80%) 1, JKP R A KM= A SR AL
AR SR LB R IERS, ANH R
BRSO EE A R B L REA
IR, SFRFERE SUR T il AN SR B 4T 06 7R 7 i 1
(R IR & B R, AlEI B [EARSE b
B FRVEE T, AR T . BT RSN TRES
FAR, W EA B XU (1 F7 B o] ol £ 15 R R R
VATl 0 TR A, AT T A ) e
R g%,
BEEEARTEERS S0 RS Sl
W, YRS & B R LA e 5 e
Hur, ©FZHriksd e 2 iLmE 7= UV
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EEHRME, A% RS (AAS). 15T
4 (CS). F|HAFBCKRL (PER). AWEMME (BV)
R AFH R IER RIS (PDCAAS) %P,
AL TR IR TP (DIAAS) R4iE FAO/WHO
T 2013 A4 AR T/ N A CRP R A G B9
3 FIEIERRIEITEIT R R, HRBR T & &R
REMR I AR, RN 2%, LE 2 S RRH
NN T RZAA R, RERSTE AT FEEHPEAN B TR0
BP9, 2 H AT AZEE F 5 1 AR A BN i

3 RE T 7 FE IS SUR J7 i 1 (1) 28 R R VP 70
(AAS). HEPF5r (CS) FIRT VAL 7R Z LR VP4
(DIAAS) (58 3. 4), I 3 AAS {HM CS HEL K
F 4 AFFH B DIAAS%E AT AT, Ba R N FRFHIS A

ROl S — BRI Z LR, %45 RS FHREESUR
Jyfilite gz AHEN), AR4E DIAAS AR 118 X4 8 5
i1, 1 DIAAS=100 I “ttf”; 75<DIAAS<99 I}
R DIAAS<75 I i, th 4 w1, %t
6 ™H UL LIN 5, FREERTSUR 7 il i 1) DIAAS
E4 38, HTLRFREAERMLLEEANL. EFIRMAEN,
I AE SVENPIA LR E RIS MR T 6 MH
&3 BHYLEM S, TSIt E 1 DIAAS
HR 76, LHEFEMRMLER L. EFRMERL,
ZFR B NG G RO T TR L2
HAERMBNN T, FRIEARSIR il AE 1) DIAAS
B 98, BrEEIRS, HRVFAERUBLERL,
BFRNERLT, ATLMEAZER AREH H a7,

< 3 FEBUEAHiIE FNEERITSLETS
Table 3 The amino acid scores and chemical scores of cultured T. obscurus bones

EPL " s < cs
BL(kEZ6/MA) ILE (6AMAZE3Y) BRLE. FUVHF. RA
His 0.91 0.95 1.19 0.86
lle 0.66 1.14 1.22 0.68
Leu 0.70 1.02 1.10 0.78
Lys 1.06 1.28 1.52 1.04
SA4 1.14 1.40 1.64 0.66
A44 0.69 126 1.59 0.70
Thr 0.93 133 1.64 0.87
Trp 0.42 0.85 1.09 0.42
Val 0.81 1.04 1.12 0.68

&k 4 FERBSURA A BN ERERITS
Table 4 The digestible indispensable amino acid scores ofcultured T. obscurus bones

& £ A IAA HALER] DIAA A# %
B Mpaa/ (mg/g) o N N N R
Ak REHC WA Z6AA) ILEGAMAZESY) BROILE. FV4. RA
His 16 85 0.77 0.81 1.01
Tle 34 93 0.62 1.06 1.13
Leu 61 91 0.64 0.93 1.00
Lys 68 93 0.98 1.19 1.41
S44°* 34 90° 1.03 126 147
A44° 56 87° 0.60 1.09 1.38
Thr 39 95 0.89 126 1.56
Trp 7 90° 0.38 0.76 0.98
Val 40 90 0.73 0.94 1.01
DIAAS% 38 (Trp) 76 (Trp) 98 (Trp)

7E: EHC R BEfREL & & ARIE M A N R BABRAR K, P AT Deglire #= Moughan 7 #2 49 # A=l B BUH (LR T, 2. 4
FREIRBUNALE R S T AR A LA A 1, 0,57 Bk RURBRUN AL F R SO0 R R R B AR BB 1L F Sad Ao P 34481,

CARYE 2011 4 FAO MR LALR+ RERF A1F 4545,
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2.3 FRFEEESUR 7 8 B 0 RE T ER AL R AT

KH GC-FID 2l & FFEIE SR Ty i fhi TRI R P
FRALIR, S5 RUNF 5 Fim. 2507t AP Al g 7 1258,
FRIEME BUR J7 i e gy (L SR TR & AR, SO
&= 0.30%, HEEH 8 MR, . AN
g (SFA) &8N 30.01%, 7 nl & FRiEiR A iGN ;
AEHNENTEE (UFA) & &EIS 70.06%, LA C22:6n-3

(DHA). C18:1n-9 Al C18:2n-6 ¥, MUFA &N
20.26%, ME—HBNMER; PUFA &84 49.80%,

C20:5n-3 (EPA) Al C22:6n-3 & & HEJEIR & &1
29.20%, n-3 PUFA 5 n-6 PUFA —# Ml 3.09, =T
FAO/WHO £ n-3/n-6 H# & & LUAE (0.10~0.20);
HIFEINTR (SFAD. HAEAMNENIEE (MUFA) fiZ
ANHAIREIR (PUFA) =32 0N 1:0.68:1.66, K
FrGET e B ANARE R . FRIERE SUR Ty il iy
IR RR AL 5 et PIARIY), 5 A gEtyita gl 4
fig UL AR b, Al PUFA & BB EH B
(P<0.05). %L, FREEBESUR T i e e &
HRAK. AOFFEERS, A5 BIR A AR
TR H ) ot 5 ) AL T 5 7 A

5 FEMBUE A EHAEIERLEM (/100 g)
Table 5 Fatty acids composition of cultured T. obscurus bones

(n=3) (9/100 g)

Jié o B Ena Yz ST
Cl16:0 20.14+0.37 EPA+DHA  29.20+1.09
C18:0 9.88+0.44 >'SFA 30.01+0.60

Cl18:1n-9  20.26+0.77 > MUFA 20.26+0.77
C182n-6  9.94+0.24 >PUFA 49.80+1.22
C20:4n-6  3.67+0.26 >n-3 PUFA  37.35+1.21
C20:5n-3  5.17+0.36 >n-6 PUFA  12.38+2.07
C22:5n-3  8.20+0.12 n-3/n-6 3.09+0.66
C22:6n-3  24.03+0.81

24 FRFARGSUAR 7 L E N M UL R 24T

WS SR Tt e R, ARG R, &
ERREE IR, e PO B T e AR AU
(CaHPO,) FHEm AR 2 IEERRES (Cayo(PO4)s(OH),) s
KW Ca®". Mg*. Na'. CI'. HCO> MR
BRTMBE TP Bk, FREERESUR J7tfite B i 4
otk (R6) i, s ERE, HEN 146,
G HADREE AL, A NAFERY, MRk
Brg R, HABRRZ . ST RR T RAEE. Fik
MEBHBOCRZ —, ASEYFME . NIAMEH
S WSS, BEMSAEFES), RANUALER S

TE IRy, WYRHg s E KT,
AT, F5E8FRERS S T BE b LR SR R T I 2
Fa UG Mty T IO RN YRR R A T i

(TGase AR H_EREIR M ¢ 23 SR EARN
y PR 2 (AT L e, IS B B ikE 1 it f
(RVEFR. R, FRAARESUA 7 it i) LA AR AR
FYETE R AN O™ i B PR PR £ vt A £ BE e
JRSG A A i, AU ISR 3, RN e
R FEFEIT N T A G BE 2 225 e

*® 6 FERNLRAHETNT YIRTRER
Table 6 Mineral elements of cultured T. obscurus bones (n=3)

FEAE 4¥lgke MELE 4 F(mgke)

45(Ca)  20.33+0.57  4%(Zn) 39.23+1.53
#(P) 13.92+6.42  4&(Mn) 12.17+0.58
47(K) 1.68+0.05  %k(Fe) 9.28+0.13
4(Na)  1.10£0.04  4B(Cu) 0.70£0.02
#Mg)  031£0.003  #B(Se) 0.310.01

2.5 FRFEMESUR U7 ob B o R A A A AT

W LA H10.95%40.44%

O WUREF4E3 1919.41%40.52%
B BRAME R 17.53% £ 1.07%

O YIER E A38.82% 1 1.92%

m FEEATEWRT.49%+0.04%

[E 2 FRIERESUR T e H R E A RER
Fig.2 Protein composition of cultured T. obscurusbones (n=3)
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& WURS4EEE (19.41%) FigEtEEE (17.53%)
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A E BN Sy . KA HPLC VAN EmE 80U Ty fifi
BRI ER S BN 641037 mgkg, HWIEAN (9
HHREEASEN 6.80 g/100 g fH, LM, M
JE J 43 ) o L3S B &R 11 89.95% i B (111
34.92%, NfERERRZNEAR. URA4EEA
BFENERES. Vg PshERER. D& A
AR A5, 2T RBE S ] A ) E .
S5RINEA4EEASE (50%~55%) AL, BESUR
Jrtififa g R4 A R RR>, KSR
A L B SR AE IS FRAATE AR 5 b, FRMH

27



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

WSO i B R AR PR R RS ERE, WP
P i £ B A SR BRI . AR TETRLEE . RIS L AT
SERACVE BT TC,  HE— B IF R IR it B

W= g,
3 Zig

T o0, RBR. TARRRIES, SR>
I LRI BRI, BER RS0 T T FREREA
AR 7 R E SRR Y, IR Tt B R
MRAET AR il BRI, BRIV ER — PR
BHEM; FEARGRNR, ERMETEILE. F
DEERENTR R ENIR & AR, AMBNTERE &
W BOTRFEE, PEEIs o E A PUNRIR
AU AT 4ERR (1, R WISRFAI Bt 5 RO
A BE— B IR IR SRR R, IR A
BT S R AR e A SR A, AU
i FIAELRY, RN B REFIIASTat. AN
FRIA LN TR YR A LR S RIS T BORAN
BB SRR

A Lk

[1] Noguchi T, Arakawa O. Tetrodotoxin-distribution and
accumulation in aquatic organisms, and cases of human
intoxication [J]. Marine Drugs, 2008, 6(2): 220-242.

[2] AR E i SR B, 4 [ A RO,
K7 S g A Y 2 AR S5 (M. B 5T T AN Bk,
2022.

[3]1 FAO. FAO Yearbook. Fishery and Aquaculture Statistics
2019/FAO annuaire. [M]. Rome, 2021.

[4] Zhang N, Yang Y, Wang W, et al. A potential flavor seasoning
from aquaculture by-products: An example of Takifugu
obscurus [J]. LWT - Food Science and Technology, 2021,
151: 112160.

[5]  ARHEE, @R, KA 57 S ] 1 S M. AL s
A AL, 2021

[6] Khoder R M, Yin T, Liu R, et al. Effects of nano fish bone on
gelling properties of tofu gel coagulated by citric acid [J].
Food Chemistry, 2020, 332: 127401.

(71  PHERAL, 2 a2 45 0 m A5 o M S 6 BoRBT 7L
BEREL] a5 714,2019,40(1):194-200.

(8] ARSCREIREM, P E A5 B S AL B A ] & 1 e i
Wk T 2] P A 5 544H,2020,20(5): 148-156.

(91  ¥b/INg, T A, I A8, 55 B o IR I R H AR At 1L
fife £t £ [0 5 AR T, 2018,44(12):174-179.

[10] FAO. Dietary protein quality evaluation in human nutrition

28

[11]

[12]

[15]

[16]

[18]

[19]

[20]

[M]. ROME: FAO, 2013.

Hashimoto K, Watabe S, Kono M, et al. Muscle protein
composition of sardine and mackerel [J]. Bulletin of the
Japanese Society of Scientific Fisheries (Japan), 1979, 45(11):
1435-1441.

Ryglovéa S, Braun M, Hiibal M, et al. The proportion of the
key components analysed in collagen-based isolates from fish
and mammalian tissues processed by different protocols [J].
Journal of Food Composition and Analysis, 2021, 103:
104059.

PRI, S O, V-5, 56 U Ay i £, Rl A1 #81 PAJ R 77 1 70
TSI ] DU R R, 2020,36(1):69-77.

Sohn J H, Taki Y, Ushio H, et al. Lipid oxidations in ordinary
and dark muscles of fish: Influences on rancid off-odor
development and color darkening of yellowtail flesh during
ice storage [J]. Journal of Food Science, 2005, 70(7):
490-496.

Wang S, Sun X, Zhou D. Physicochemical and reactive
oxygen species scavenging properties of collagen and
collagen hydrolysates from farmed globefish (Fugu rubripes)
bone [J]. Journal of Aquatic Food Product Technology, 2017,
26(5): 527-542.

Peter J Bechtel. Properties of different fish processing
by-products from Pollock, cod and salmon [J]. Journal of
Food Processing and Preservation, 2007, 27(2): 101-116.
I, A DARI, BRI, 55, 15 Al 40 B JREACE SR O3 70
M) BAR S R 2,2019,35(9):265-271.

] 2 R VAT e, A5 Ml £ 1 TR S R BRI L 2.
i Tl RH,2018,39(5):185-190.

I, FRZ ) R P I B B A2 SR B <t 1 il )
AL 5 R TR 2 R 7 T (9] £ Al RH2,2017,38(18):280-
285.

Gencbay G, Turhan S. Proximate composition and nutritional
profile of the black sea anchovy (Engraulis encrasicholus)
whole fish, fillets, and by-products [J]. Journal of Aquatic
Food Product Technology, 2016, 25(6): 864-874.

Zhang X, Xu S, Shen L, et al. Factors affecting thermal
stability of collagen from the aspects of extraction, processing
and modification [J]. Journal of Leather Science and
Engineering, 2020, 2(1): 19.

Rt v O i 2, 55 2 T i 1 B A L AL
BEYIRIRLAH) 25 [J]. £ S RH42,2018,39(4):282-289.
Meng Q, Zhou J, Gao D, et al. Desorption of nutrients and
flavor compounds formation during the cooking of bone soup

[J]. Food Control, 2022, 132: 108408.



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

[24]

[25]

[26]

Shaheen N, Islam S, Munmun S, et al. Amino acid profiles
and digestible indispensable amino acid scores of proteins
from the prioritized key foods in Bangladesh [J]. Food
Chemistry, 2016, 213: 83-89.

Mir N A, Riar C S, Singh S. Effect of pH and holding time on
the characteristics of protein isolates from Chenopodium
seeds and study of their amino acid profile and scoring [J].
Food Chemistry, 2019, 272: 165-173.

Wolfe R R, Rutherfurd S M, Kim 1 Y, et al. Protein quality as
determined by the digestible indispensable amino acid score:
Evaluation of factors underlying the calculation [J]. Nutrition
Reviews, 2016, 74(9): 584-599.

Moughan P J; Gilani S, Rutherfurd S M, et al. True ileal

amino acid digestibility coefficients for application in the

[28]

calculation of digestible indispensable amino acid score
(DIAAS) in human nutrition [Z]. 2011 FAO Consultation on
“Protein Quality Evaluation in Human Nutrition”. Rome:
FAO, 2012: 1-58.

Boutinguiza M, Pou J, Comesafia R, et al. Biological
hydroxyapatite obtained from fish bones [J]. Materials
Science and Engineering: C, 2012, 32(3): 478-486.

Yin T, Park J] W. Effects of nano-scaled fish bone on the
gelation properties of Alaska pollock surimi [J]. Food
Chemistry, 2014, 150: 463-468.

Wang H, Yang Z, Yang H, et al. Comparative study on the
rheological properties of myofibrillar proteins from different
kinds of meat [J]. LWT - Food Science and Technology, 2022,

153: 112458.

29



