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Mineral Content Analysis and Nutritional Evaluation of Rana chensinensis in Liaoning Province
ZHU Bingya, QI Zhenzhen, YU Haoyang, LI Yansheng"

(Liaoning Provincial Center for Disease Control and Prevention, Shenyang 110172, Liaoning, China)
Abstract: To investigate the content range of nutritional value of nine mineral elements, including potassium,
sodium, calcium, magnesium, phosphorus, iron, manganese, copper, and zinc, in the meat and eggs of
Rana chensinensis in Liaoning Province. The samples were digested using a microwave digestion method and
analyzed by inductively coupled plasma emission spectrometer (ICP-OES). Nutritional evaluation was con-
ducted using the index of nutritional quality (INQ) method. The results showed that both the meat and eggs
were rich in the nine mineral elements, though significant differences in content were observed between them.
The calcium content in the meat was significantly higher than that in the eggs, while the content of phospho-
rus, zinc, and iron in the eggs far exceeded that in the meat. In addition, the INQ values for most of the nine
mineral elements in the two samples were greater than 1, indicating that the meat and eggs are high-quality
sources of minerals. These findings provide a scientific reference for dietary nutrition.
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EHIZG LN T2 — o AR PRI A OGS 32 %
SRARAE MR ik A 24 B TS5 8 R (B 100, 6 ARl A
AR BTSN 224 PR IR IR kAR R R
TR S5 E 3R A3 TR X AR ) TG 3R A R R
G R . BT R R AR DT ANRERRZ
— A U L 2 B 2 Gy RSB 08 TR
M2 AT S UL PA T 5 WA 24 45 A L) e v e S B A
FHUT ST AT FE R (Rl AR 1820k B b
DA b e B AR A R D R R B 4 B IR R O
(inductively coupled plasma emission spectrometer, ICP-
OES) {22255 5 Horp 9 Fi W) BT 3R i35 i, IR 455
H F7 B 45 50 (index of nutritional quality, INQ)IE#EFT
EARVEAN , DU A it 64 20 FH O (T 6 B S e 8 £t
AT AR AR A

1 #R5RA&®
L1 AR

MR TR R VEE R LB LB B S AR
JiT (1000 weg/mL) : ' E T B2E 05T B 5 bl W AR HED)
J5i (GSB-15) « ] b 5 ) 2 g 47y 34 b Bk Ak 27 0 A5 BfF 5
BT s iR (L2 4E) « FE E Merck 23 7] 5 i B4 & (2%
afi) « [ 245 48 B R0 A FR | 5 R 56 FH /K AR 4k
LB TR,

1.2 U5 E&

LR A 45 B T R AR (2100DV) : £ ETA 4
BIR BN ) D b (BF51841C-1) : 35 [E Thermo 24
Al W2 —HFRF(BS110) : L 3 2 R KA
BR8] 5 v T v R BRI 9 A% AL (MARS6) : 22 |8 CEM
Corporation 7y 7 3 88 4l /K ML (Genie PURIST) : [ ¥ ZR A
YR A BR S A5 EERR AL (BHW-09A) « I 138 1k
LR A B AT
1.3 Rk
1.3.1  FESHBYRTALEE

RIEE AR i (74) ) 5 - BUMRHER AR 28 AR Al K v I 36
FEr B A B M LA 5 MR B AR i 5 L HRobRleE PR 25 R
L PN R A R, A B R G R S A A 2, PR
FER B ZB AR T E S AL R R R
HURE S 0.5 g(HERA 2 0.001 )& T i s b, in A
5 mL ASFRFN 2 mL 2 AL &, N 35 S R, Ik H 4
SRR | SBAAT RO . T RSSO A
Ji L A 38 XUt b 2248 0 55 HESC, B 4Lk Z2 9k gk i
TEN 55 K T R B 2R, T 120 “CHn#A 60 min
EEMR 2B 4% 1 A Bl S ALK E R =
50 mL b4 b aiAKOE 25 IR o R A7 2
FRE , BB ik SR — 3. e Fe v, SR B D
B I [v) A A B DL B0F 5 ik R

®1 MKHEBSH

Table 1 Parameters of microwave digestion system

[Ead TH R L/ °C J&FHsF 8] /min 7 I I 1] /°C
1 120 5 5
2 160 5 30
3 190 10 60

1.3.2 FafEMh Al

WEDRRSIUCER B R EE BT VS AN BE BRI T
W 10 mL T 100 mL 22 i, 5% SR i W2 45
BLiil B 100 pg/mL MR GARERE W . BB RN

0.1.0.5.1.0.5.0.10.20.100 mg/L [IBRAE RN EW . %
TURUE W 2,

R2 ERIIRE

Table 2 Standard series concentration

mg/L
e ﬁ/fﬂﬁ ff/fiﬁ‘m ﬁiﬁ‘(ﬁ ﬁiﬁ‘m ﬁﬁﬂﬁ ﬁiﬁ:fﬁ
W1 2 W3 W 4 WS w6
bl 0 1.0 5.0 10 20 100
kel 0 1.0 5.0 10 20 100
5 0 1.0 5.0 10 20 100
B 0 1.0 5.0 10 20 100
W 0 1.0 5.0 10 20 100
B 0 0.1 0.5 1.0 5.0 10
fih 0 0.1 0.5 1.0 5.0 10
il 0 0.1 0.5 1.0 5.0 10
B 0 0.1 0.5 1.0 5.0 10

1.3.3 &0k
1.3.3.1 ek K e it

A GB 5009. 268—2025 (£ it %4 FH ZhRifE 1
it HH 22 T ER I ) v E B G A T ARG A A
AR I 2, 45 A MR AR 5 S A | O 3ok o SR
w TR IE LR . BRI K W 3,

R3I IMTRAMIELINK

Table 3 Analysis of spectral line wavelength for the nine mineral

elements

o — M - . TR
g TH WK /nm b LR P /mm
1 A 766.491 6 R 239.562
2 Gl 589.592 7 i 257.610
3 5 315.887 8 4 324.754
4 B 279.079 9 B 206.200

5 W 213.618

1.3.3.2 ICP-OES {¢#s 514

SEp ARSI 12.5 Limin; B F 0.5 L/min;;
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EALER A 0.8 L/min; BAEINE 3 1K,
1.3.3.3 WM 7 =ye i

ICP-OES ‘& FH W 45 2 A 455 7K ~F- X0 00 R 2 5 00
P 1 i T i £ A7 05
R TR ARE A AE SR EERE A ) B0 A R4
A P XL SO 0 45 5 - A A/ L X35, T A 00 2 i 2k
TR0 5 AR, TS B v VR B S BT BT
PRI 5 1 T T 28 i 25 SR8 AR ST G R
BB B B R FH IE BN AR, XA AR EE VPOR
ISR
1.4 EIREEEM

SR INQ 35 X MRl PR B bk e B v 9 b 47 I oG
R EFR2EAN 0, EFRAREOTE AR .

12?

oL R E SRR X RE IR D 100 g FE 5
R STR &5 ARS B EERA R A Y A hE
B 100 ¢ FE A O REE(E 5 KA H 7 e &
AR A

AFRKECTEBRIEEERRESEHERA
Hw——2023 R )P, P HCLL T S 4L 85 800 me/d | Al
2 000 mg/d 1 1 500 mg/d B 720 mg/d BE 330 mg/d Bk
12 mg/d  5¥ 12 mg/d i 0.8 mg/d 4 4.5 mg/d, fig & 4k
AR A 9 835 kJ/d.
1.5 A e

iz JH Excel 2019 #AFX 80s A7 s 510925

2 GBRESWH
2.1 HnifE g Kok R

Lh 2% TEPRVE R 25 1, W Am o 2R 90 5 0 e Wk 32 P
= BIMIE A 1ICP-OES 4%, LA 550 B A AL, A o
TR B R AR b, bRl 28 . 9 FPoT R4tk
& AHOC R EA PR WL R 4,

R4 IMITREMEFTEMXRBREHIR
Table 4 Linear equation, correlation coefficient and detection

limit of the nine mineral elements

% ] R ﬂ?n:/fg
Gl Y=157.003 4X+18.731 3 1.000 0 0.02
£l Y=571.072 3X+129.251 0 0.999 7 0.02
4t Y=58 456.307 4X+3 884.988 0 0.999 1 0.02
Bt ¥=90.899 4X+1.628 5 0.999 5 0.02
s Y=30.284 7X+2.555 4 0.999 9 0.02
e Y=6 502.162 3X-0.652 0 0.999 9 0.002
i Y=55334.147 3X+1.039 6 0.999 8 0.002
i Y=9 480.303 9X+16.169 2 0.999 9 0.002
(=2 Y=4763.467 4X+2.022 6 0.999 9 0.002

% 4 A1, 9 Fhp ) o o0 R B Am i il 2R 4 1k ¢
FRAF AHCRE(RD IR T 0.999, Frikki th BRAK, B
JCE A JGIH B T34 5l S RE S A Bk
2.2 Rk A bk B T 5 o AT

e TR 5 AR B R O R A G R A R LA 1
5K 2,

600

400 |

£t/ (mg/100 g)

200

it
1 HENSRENFEETENEE
Fig.1 Content of major elements in the meat and eggs of R.

chensinensis
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Fig.2 Contents of trace elements in the meat and eggs of R.

chensinensis

A L2 AT, I B & S0 e R R
SR AREE R ) T B 596 me/100 g, AR
BEI R 799 mg/100 g, MRuEBE A 57 8 5 i B Wl i
M PR . e bR B HR B B i (567 me/100 g) &M
Y 2.34 1%, X SRR G AN A RE F AR5 A% R &
%) S B FH %8 DA G 5 Ml B 8 75 12 (5.62 mg/100 g)
JEAREE R 3.16 5, W RE S EES S I R A S IR
Jif 32 PR ek PR 45 A 5 5 BREE Bk (6.32 mg/100 g) A4
(1.20 mg/100 g) & &t B S 7 T pRk P, 2k DA I 21 R
JERAFTE IR RRE I R 58 4 B i 4 ROk, di 0 2 5
AACYIE ARG A B, PR IR G 2 A B o AR Y
HEG B 1 (115 mg/100 g) S ARIEBE Y 4.4 £, 85 & &
(19 mg/100 g) fEARIEEGN A 2.1 775, 31X 555 BEAE A A
B SRS RGN R RO R B VI, I
b BRI PR B A R A B
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ST 5, Ml A S AR B P ) R OGRS AT A
NIRE FR TR NIRRT SR K AYES B A e R &
SR, BAN T AT 5 1 R NG R
SETUE S AR hE G 1 A SR AV FE XU 537,
2.3 [ElieR

SR FH B3 D0 A v 4 TR0 A 0k R s, &%

s,

HHE% 5 a2, 0 Fh™ W i T 2% B9 RHIKCRTE 95.5%~
102.6% =2 [8] , 3¢ B A J7 92 vEAf vy, 3 2 RE o0 A
gif_{o
2.4 MREEHE Y FOCE S FEMEEN S5 0T

M PR S5 AR B ) BT R 1Y INQ (B WL 6.

RS5 9 MFYRTRHEEE (n=3)

Table 5 Recovery rates of the nine mineral elements (n=3)

. il 7 U 3 -4 TR N .

R &ﬁggo Z) (ﬁﬁﬁ)z 5::51{050 g/) <L1J£;> ﬁﬁﬁj goﬁimg/ IR/ ATHEE%
w 0.82 0.86 0.78 0.82 0.88+0.07 95.5 0.04
B 1.15 1.13 1.18 1.15 1.15+0.06 102.6 0.02
BE 0.178 0.172 0.177 0.176 0.174+0.06 101.1 0.03
Gl 0.42 0.49 0.43 0.45 0.46+0.04 97.8 0.04
il 1.35 1.40 1.37 1.37 1.34+0.18 102.2 0.03
B 76 74 78 75 75+3 100.0 3.06
5 0.072 0.068 0.076 0.072 0.075+0.009 96.0 0.04
S 39 38 44 40 41+5 97.6 3.21
i 19.7 18.9 18.3 19 19.2+1.2 99.0 0.32

F6 ITTHRTREFREH
Table 6 Nutritional indices of the nine mineral elements

Rl 249K W By B h il BE 5 B i Hit
M PR 9.08 1.37 1.56 2.12 24.3 3.87 3.88 4.68 3.00 54.02
il 5 21.30 0.99 0.74 0.20 40.5 12.60 0.88 14.20 1.32 92.73

HH 22 6 AT, AR 5P () 4 T 0 2R 8 SR AR B A
9 92.73 it i FAKIE A Y 54.02, HFI#E 9 R 95 oc
R INQ [EKZ KT 1, F WMl A -5 b B 25 4 11
BT Py Bab sk R . HARCER  MREE N TR T R
INQ {2 R ARk A Y 2.35 £, S AN FE i T 2 A A ik
P B BT R INQ [t Bt & T AR 1A, 1A
R B AE R FEIX R G T 2R T TR LA A AR A
B BEITER MY INQ R TAREEDD , IS SRS E
TR . AN, PIEE TR A INQ AL, $En
EAER A OTR TN E RN EAR . EEEEN
S MO R OT R INQ fH R T AREE DN, (0 2% & 2 H4 0T
R H A B A, Ha R A 0T 6814 s i e
JAUBS: , At B A IR AR R P A A BRI B oK

3 WigEH&ie

ARAEE IR 5 325G TE {5 H ATIFSE 2 2 P A
AR, XoF e PA) B A B ) 7 00 B G 3R 0 A 5 A e
Zo AWFFERGEMGE 1L T Hb AR A SARE B 9 Fh
W BOCR R & I TP TE SR, 4R R W] AR
e PS5 PR B R S 9 MW ROT R (H 5 2 S ]
o AREEDT R B BRI JTER S R e T AR, T
MREEA AT BE BT AR OGRS i R XA A

2 5 55 Rl AN [) 20 2 A A ER T B B DA 6 - R D
SIRIG B A& 70 R B SR, TP PR DU 55 i 2
PARIZ B SR K o Mol A S AR B 9 B I
JLEM INQ i RZ KT 1, RUIWH I L5 9
JRANFEARR o FLrh bR B AR Kb SRR VBE R TR
T LA A Rl PR DR A BT A RAPOR R . T 2R
HTARE H BB IR R RS H B A . ARIFS
K FH MO W i B 45 4 TCP-OES H AR M E 0¥ it &
i OB ICRTE 95.5%~102.6% Z 1], 6k LR R
U, ] SRy bR Kz H At K 7 B P O R A BT RS
% AT 4G AT R ORI T D e S
R BEBERL AR | R0 i RS S FR IS TRt S %
Rk AT HE— 5 I MR ) T T R AR W R R
5 RIS IS TR A
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