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1 E:R#&AfR&EAEE (Edible bird's nest, EBN) 49y £ £ (o R K 2 Foyk@anhRidn. AT
BREZHEF, FANERPRARESOARREY, AFAHOFEERFRETOEOR. AR, 2RBRFg
WRAEFERBRD AR TR EATLEAZTFAEFR TR, HAHRBFmR I ZRKD 354 (Partial
least squares regression, PLSR) #HiTR A AR BEF AN ik, ZRAY, Tl 2 iBAEITPRES
BEFRRD, DA bR T EE Y 63.09%~67.79% F7 7.22%~10.41%. Z A . MAK. FARFKAARLEE T
ERWGLTERAR, 2AR., RAARPAHARA L ZOELTALR, LRGP LFRAR L E ALY
(45.76%~47.60%) & THA B RME /R LA M (FAO/WHO) HEMKRE G 40% ik, BRTEY
T (66.70~67.79 g/100 g>63.09~66.28 g/100 g) Foek i B2 (10.41 g/100 g>7.22~7.88 g/100 g) ¥4 EHZ T A%, @
FEG AR AT WAL ELELFSTE& (P<0.05) « 5 —7 &, PLSR 94T T ARG ERS5RERX
F, HSe. Fe. I. Mn, Cu M EAZRERER G AREFWRBAS . AREAMELRM AN EE L EHBER
#, BRE L F RN T G A LR 9IRS,
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Abstract: House edible bird's nest and cave edible bird's nest are two main types of EBN. However, the key differential
components, which can cause the differences of these EBN are not clear. In order to explore the differences between house
EBN and cave EBN and effectively discriminate between different EBN samples, protein, amino acid, sialic acid, mineral
elements and other nutritional components, as well as the hazard factors such as nitrite and heavy metal elements in four
kinds of house EBN and cave EBN were determined, respectively. Moreover, cluster analysis and key differential
components screening were carried out using heatmap and partial least squares regression (PLSR), respectively. The results
showed that protein and sialic acid were the most important nutritional components, accounting for 63.09%~67.79% and
7.22%~10.41% in the total EBN, respectively. Leucine, valine, threonine and phenylalanine were the main essential amino

acids in EBN, while serine, aspartic acid and proline were the main non-essential amino acids. In addition, the proportion of
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essential amino acids in total amino acids (45.76%~47.60%) was higher than 40% of the standard according to the high-
quality protein recommendation from FAO/WHO. The contents of protein (66.70~67.79 g/100 g>63.09~66.28 g/100 g) and
sialic acid (10.41 g/100 g<7.22~7.88 g/100 g) in house EBN were higher than those in cave EBN. The contents of amino
acids and mineral elements in cave EBN were significantly higher than those in house EBN (P<0.05). On the other hand,

house EBN and cave EBN could be well distinguished by PLSR analysis. Trace elements, such as Se, Fe, I, Mn, Cu, not

only were the key differential components between the two EBN, but could be used as the basis to discriminate the origin of

EBN species. Cave EBN has an advantage in the content of basic nutrients, and the detection of trace elements can serve as

a basis for distinguishing different EBN samples.

Key words: house EBN and cave EBN; amino acids; mineral elements; hazard factors; partial least squares regression
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M55 (Edible bird's nest, EBN) J2: HH FR #HER} 4> 22
FETE BEHH 2= 43 ol HH B MV -5 2P B A R AR 7 ki
BEBELS B EES, AT 00 M E4fiie ., Hess &
TP TEIEEJE VO . ShoRVE. . 8 = FTER R 55 2R e IE.
E LA K E R HM . e P E AR Dy R R
WRFEPI (AT 618~907 A7), IURHTFRZRM, 1
JoT SR ARe BT h R LAY E IR ST, o RS 50%., e
WIS MR R | i KILEY . E R W YTOT
REZMEFAST, HALA . biR. brEfb. bow
AR BRI . (R TR B E 2R,
ARSI WFREST R IR THE, RI) 4 227ReF ORI el
FEUMEE FOUEL, FH YR BRI T e i £ FHHE
o 20 M4 80 AR LK, AN/ EI IR K e = 0y
M, 38 AL A 22 JHEAVS 5 b U R SR, R 5 | 4 22 THE T
SRHUE ., EMENY R AT EA T R, A F] Tt
B TR BT A, A TRE S LR T,

AR, MBI T FZEAR PR MERT 1oy . PR
HARE] T2 B S T A, Horhiess s
TP A4 BT A AN L S ) — BB A b T
FEE A . INEFEMES TR, P2 H A AR A
TR A 4 22 R ILVR, X A4 38T B = i Ak,
PRI A AR 2 D SRR e ) (HSERR TS
TRIFHE A I 25 IO AR ST 0 . X T BN SES, F
Z AN NG B A THE ST R A . gL o O xs s I THE
(BNRFHE) , sZmaiess Al i & o, vl O, W B
JE FHE 5 IR FHE S 57 25 S A BE T A5 Sl e T [ 0 e 1
AR, T WA 3 1 X 3 5 R T 2 A RIHE 55
bk R 2 CEE . HETC A FR T =
SRR AT T X b WFSER A, R FHENRE
PR 1 v TIRIHE, TI)HE 2 A B E e A AR IR ER .
Shim 5021 Fi] FHF 4 HL 358 RGO &2 0 e 5
A 7 Mt A A 1 Az THE S T JHE 22 S Y O . b AR,
6 W 5T 38 o o 2R 2H B %) = JHE RN FRE E AT X 4y, A
Ma &5 XRe s ) B e 2R A TR, I FHER P
5347 (Linear discriminant analysis, LDA ) 45438 X
YU A LA Na/Ca Sh78 B LDA il A5 8 i
A HERG X SR AE SRS, [AIFE Ang 250 R W™
W J LU 500 FHE IR FHEAE AS A 732 i [l A U 34T
FhFE Mg/K ZH B AAASE I T A X SR s A IS BR

W BT R A, Lee 451 8 o v RO AH (431 (High

performance liquid chromatography, HPLC) &4 & 5

ZE T BRI e N S F BN AT, LAk
R A FE bR AR FH eSS 7= X ) 251

RN, IR 5T A X} 22 34 5 1T JHE v 114 35 32 1
5y Ko G R F A7 A R R T b, XT3 i 25 5,
A LI B 1 B 1 G R B FE IR A FE R A T IX 4y
3T AL, EIFA R B v e SR He T 3R 25 S oG
B Sy, FET I, AR SCLAR ISR FHE AT 52, Fl
FH HPLC. A A 55 5 714 5 1% 7% (Inductively
coupled plasma mass spectrometry, ICP-MS) | & %t
BRATATAL SE L2 Fh B AR T BT eSS v SR B A S 32 5y
LA R A3 - T A i, 3857 3 Ui oy i 2=
5o X EERIAEIIST, AT AE A PLSR S34)riHE
BRSNSy, T T R IR S R THELH A oy A S 2
S, WL AT BT T - X Sz e SR He g o
FEZESE, MHE G B B IR 2 0 SR A
MZZ M E
1 MREREE
1.1 MRS

H a3 Fe ik 2R s 14 1 R AN Sk PEIE
ENREEJeVE .. AR pE A, P AR+, 5
SRVEV.. BRREJE P AR e A Fe i/ R aRe st O, (ks
BRI HE 1 2R [ RS 7 AR B R REZE SR A5 D
(2017 4F56 66 5 ) H BHIM AL TR (L F i/ 2 [ JHE
BET, RUEASTFIE I A 4 Fhatess 5ok 51 R W T
e vy W5 22 1= . P s =R ¥ > TL1-Cave EBN
Fi1 TL2-Cave EBN, PiFP PV EHES MAS1-House
EBN 1 MAS2-House EBN ., & %55 JFUR| SR 4] )5 fiff 6%
T DR E ST

ToKWE  Eigal, LGSRl g R
Hl; R ordral, dbat i BHE R B R A B F;
FPAETREN . TRIR S EM . ~FTR . iR . & A fkeh 43T
ali, EZGHERMEEGAT BRA Al m sl st
255 AT BR AN F 5 16 P L mbriE it (N
FER . HER . WER . HER . TRER. AKNE

M. AR AR AR AR ik, b
R TRHA R A TR wGAG AARSHL
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) MERIR gkl iR s (bR A R E]
Mettler AG135 BISHHTRF S M4 828 A
101-0AB BUE AT X THEFE  MOBRME (L) R
o5 Hl 5 1260 YR AH (435 . Agilent ZORBAX SB-
C,5(4.6x150 mm, 5 pm) BANE AIEFE 361 Agilent
ONF]; LC-16AAA B4 [ ShEIERR ST . Shim-pack
Amino-Na(6.0x100 mm, 5 pm) fa3%4:  H 4 B
NG
1.2 EWHE
1.2.1 SREBAYR  F8ess ThaR B A =25 =
HR{GB 5009.5-2016 £ &H R FH BT A9 E YL E
AILIAT.
1.2.2 AR A
1.2.2.1 PRSI FESIHRIES TS S R e )
FPIBIFSE, BGE B HERS AL T 105 °C HEF 2 h, AR
BFAN TR ST . FREL 0.5 g HeEs TRy TR A v,
A 10 mL 6 moVL B IF W, A5 T 110 C 1Y
FEL PR XU TR AR N KR 22 he KARLE RS B, ¥
M. BoKRGaE e %= 50 mL FEIH P, 55
FRERIRS] . HESUEL | mL JEW = 508,
40 °C EASMWRT, JH 1 mL 0.2 mol/L ¥rslRfigs mhiss
WIS IR ST, 0.22 pm FLAAA WLIERT I8 5 _TARERS
Mo P AT R AN S v A v SR R 19.6 g
FHAEBRENANA 500 mL 58T /KEfE, LA 16.5 mL
IR I KBS 1000 mL 1824, JH 6 mol/L £h}ig
VWY 500 g/L A SE AN IA R pH2.2,
1.2.2.2 AR A o ik R4 A sha
LR Sy BT SO FHE S I P S SRR 2H A TSI, (i
FFHYZA Shim-pack Amino-Na(6.0x100 mm, 5 pm).
BHE GBI E TAERIEANEIERR H 3590, =
A IIG1064—2011 2 LR 53 BT A IR R AN U,
B A5 DURHE A S EOM PG I BC L A TR . 4521
FEFRARUESS . TR A EIEFRARUE T AR SRE S I W
S IAHEUARR A AN Z LR 53 AT S, il A X EeAE & b
I H 11 2 R 5 2 SR AR 1 s ) AR B B TR R4
P, ISR IR 0 A AR S SRR TR . T
ZAE A B BINFTIERRENES R, TishAH C 2 0.2 mol/L
M EARENIE T . Horh i sh A A PSR R FR
0 19.6 g #P IR ENFEME T 800 mL 228 F /K, %
fin 55.3 g JGIK L BE, 22.75 g i 4L . 0.1 mL =514,
e 1 L A hKoE 28, &, %W pH 2970
3.24; HiishAH B PYTECHI Tk : FREX 58.8 g FrA&eiiRen .
12.4 g AIBRYSM# T 900 mL 25 77K H, INA 0.1 mL
1% . 32.5 mL 4 mol/L M ERALNIER, =
1 LA sl K & 25, ok &, %W W pH 4 R
10.00, Z& 3 RATAEWGH . 2 1. 28 2 W5 ik
0.6. 0.2 mL/min, ##£ 58 20 pL, 43 S AE RN
60 °C, fiTAATAEIR ] 130 °C, Kl g5 Ky L2 4T TLGAS:
2%, KM P g 570 nm F1 440 nm.  EAR G IR
P 1.

#1 BRIV (%)

Table 1 Elution program of amino acids detection (%)
1 2 3
T WAMA  WEMC s
(min) Pt £k Frig A
FRENIA TR AR PREMI R
0~9 100 0 100
9~13 100~93 0~7 100
13~17.2 93~92 7~8 100
17.2~17.21 92~89 8~11 100
17.21~20.8 89 11 100
20.8~20.81 89~50 11~50 100
20.81~22 50~42 50~58 100
22~22.01 42~0 58~100 100
22.01~29.3 100 100
29.3~29.31 0~100 100~0 100
29.31~33 0~100 100~0 0 100
33~45 100 0 100

1.2.3  MEEIR A

1.2.3.1 FEREIE B ERWREEDY (7 Bl SRR
i FREL 10 mg FHE%BS T8y, IMA 0.5 mol/L AIRRLAR &
KM 1 mL, T 80 °C 7K /KR 30 min, /KIALE
REF AR A = FIR G TATAE AL N o B IR
200 pL, ILA 20 mg/mL ZPA — 4L % ER (0.25 mol/L
PRI IR SN TS IR A A# ) 200 pL, BT 80 °C /KiBH
In# 40 min. KIGESIRERH B IR, FHIZFR T
8000 r/min. 4 °C 5/} FE5.0r 5 min, £ 0.22 pm fLi%
AW B DRI . MERARIUE R R AR v b
10 mg, i A 0.5 mol/L iR RN /K IF WM E K E
2 mL, 35 5 mg/mL YRR A X g
K H R R S AR B B B TRl A T e e, AR
PRk rE L .

1.2.3.2 HPLC 4387  >RJH 1260 I AH (33545 X He
B ER) e PR E AT R I, VR AE £ A RS S
Agilent ZORBAX SB-C 18(4.6x150 mm, 5 pm) . £
7k 2 B R AR A FEFEA RIS, BAR T LA R
WA A oK, B AR 20 . TS A G IR AR )T R -
0~10 min, 10% B; 10~11 min, 10%~95% B; 11~20 min,
95% B; 20~21 min, 95%~10% B; 21~30 min, 10% B.,
TRBIAHFE S 1 mL/min, £:180 25 °C, KB N
330 nm, #FEI 10 uL,

1.2.4 JCERMKSI e bS5, ah . BEL Bk AR, .
BEL AT AR IR S EPR(GB 5009.268-2016 B
T ZICER AN e ) i BRI G S5 B AR BT R B
il 2% E 1R (GB 5009.87-2016 £ 5k B Hg I 5 )
SR MR S22 AR (GB 5009.267-
2020 £t H LI E ) SR L R SRR =2
EFR(GB 5009.17-2021 PSR XA PR AME )
T2 A RIS ERR(GB 5009.12-
2017 B i DT E Y B P IO GRS 59
A, I 2 2% [ AR  GB 5009.15-2014 €5 5 AR 48 i il
REDs B AN 22 EAR(GB 5009.123-2014 £ 4
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RN AE ) o
1.2.5 SPAEARER AR JHEE PO S R ER A AN =
% FEHR{GB 5009.33-2016 &4 VAN PREL SRR ER
A E YR oGRS .
1.3 #HIELIE

B P i35 K FH Excel 2019(Microsoft, USA) i
175 WEEME2ZE SR FH IBM SPSS 25.0(SPSS Inc.,
Chicago, IL, USA) {4 Duncan test Fll T-test 178
K2 Jr 225781, P<0.05 #m 2257 B35 . PLSR 4347
B SIMCA 14.1 Sy #rsil, 85 15 5 B mfe i iR A2 K &
Hi Sigma Plot 14.0 53rBFr4il), FHLR A . K H R
4.1.1 Srtresile
2 HBRESH
2.1 EBRKMERERER ST

B B N R VR P S HE B P B LA IR . A
E 1 Rl DAIE Y 4 Fhaiess FORHE 0T i 63.09~
67.79 g/100 g, &= T Z BUAFST St po e ss i 1 o
TE 50%~60% Z[H7, AL T 532, 4 22 e T 2219
BN FE, 30 R TR TR =, N A 22 R B
ZEp ], AT PR RS T A B 2 B AL,
AT T FRE S 51 DR TR ZRHE 5T, 31T RE 2 HE 3 2 1oL
T g E R S R S AR N
BEEFRES LA R (DRDFEAHFENBIE 65 g/d

70+ .
T 1
E
0 68 1
2 — A
= 66+
&n
g
& 64
=
\:E[ 62
e
60 —
0
D e S
\C‘A& ,LC%& ‘(\0\)%@ V\o\f"e
<M <V \th‘\ §BP5$
FEA A F5
14 .
& 12
g 10
EX
iy
NT 6
%
& 4
=
2
‘ N o
© © © ©
qﬁ?’ qa@ \)sa@ \\e@@
(o) (o) $O 2O
AV RS G Y
WP
FEAR A FK

1 gl 1 T R M R o AR A
Fig.1 Bar charts of protein and sialic acid contents in EBN

LE: ] T-test K gt AT V22 520 Hr, Horh*38R P<0.05.

etk 55 g/d"), kA 100 g #HEws T g A A% H 42
R R E MR ESE . TL1-Cave EBN 3B R &
H/ 63.09 g/100 g, AR T HAD 3 FhaHeBs L5, (P<
0.05). ¥R TL2-Cave EBN H2E [ )F & E IR S5
FiEFHEAR T B R R 25 5 (P>0.05), (Hif 21T
LIE N EMET AR M BT & s TR, nl a2 B st
PR S PR R 22 SE I TACHE, tE N T T-10 R =
FHE WG B B EE 0 TR HE, PRSP B A2 i 2, b
Gh, TP LA AR R s R S R 2 R E R
Z—, FER e e 25 S Tl 22 R AR AT AR B
REAFSNE], BEnsEmE s g s st e E
PrEsT 2 Y 50% LA, FHATHEST & R i ok
Pio D E et — S ur o LA R PR L i, LU AT
HbFRATFARE BT (2 1 BRI

MEVR IR X 44 N-Z PR a1, J&—38 80 9-ik
B IR TR BAE, E RN & b, PSR
SO SRR 7)) 0 0 N S L 2N o S DA B 1 - = = A
AAEE EEIVEARPY, Hes EMERIR 1 EERIR, 4
Z WIS R I &R T 0 TIAE BB T e R 1Y
TEAER 2, ARBFE Y, 4 B JEURHEE R R & 7 B oY
7.22~10.41 g/100 g, JE7HE 5 HE Hh MEIR PR 5t AN [A],
F AR FE MAS1-House EBN 5 TL2-Cave EBN Ff
dm IR & B S I 35 22 5 (P<0.05), {H 3R {4k
6 7 THE TP ME VR R B v TRIRE . MRV R O i A7 b
SRIFANA: 7= FREE 2], Sh 3R P8 MV R ZR FEAS [A] <A
FE A B E 22 e AR 1 ST 25 5, 3 T 5 i W YA P
w7, BRyCHLEENN SN, Sr 223N n AR AR R R B
S CERIRN . AT A H SRR AR R AN
FS e G =7/ D 5 SN W 1 b N =1 Y ESE LA VN (T B2
T A PR 2SSO TR 1A A A
22 FEBERDN

SAFEIR S 20 B T T Y AR G544 R T, S AR
BEATIE R AR HERr A an i T kait . AT A THE
B LRI ) 16 Fha FERR, L 4E 8 Fh s 2 FEMR
( Essential amino acid, EAA) : %= & i® ( Leucine,
Leu) . %2442 (Isoleucine, Ile) . ZH 44 /% (Histidine,
His) . 4§ & & ( Valine, Val) . 75 24 % ( Threonine,
Thr) . 2% A 4 BR ( Phenylalanine, Phe) . & & 2
(Methionine, Met) . #i%(l& (Lysine, Lys) #ll 8 Fhif.h
T2 L2 (Non-essential amino acid, NEAA): TNZ& R
( Alanine, Ala) . 2Z 44 1% ( Serine, Ser) . K& & iz
(Aspartic acid, Asp) . H& % (Glycine, Gly) . #5 2%
( Arginine, Arg) . JJii 2 %% ( Proline, Pro) . %% 2 g
(Glutamic acid, Glu) . E&Z % ( Tyrosine, Tyr), 16 Fft
AR 5B S [ DL 2.

4 Fharess JFURH R 2 FER (Total amino acid, TAA)
ErRVE N 43.82~47.04 g/100 g, ELAAR S HE LA 2,
TEITA AL S T, Leu, Val, Thr Fll Phe J& F 211
EAA, Ser. Asp Al Pro & F 21 NEAA, iX5 Chan-
takun 250" F Chua 854 pYRFFEEE RIS 1A}, 2
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Fig.2 Total ion chromatography of 16 amino acids in the
mixed standard
H: LRA R Asp; 2,90 & R Thr; 3.22 & R Ser; 4.5 & R
Glu; 5. H &M Gly; 6. NEMR Ala; 742 MR Val; 8 FEZ R Met;
9.5 5 AR Tle; 1052 2R Leu; 11 22 Tyr; 128 &R
Phe; 13.41 %2 His; 14461502 Lys; 1S K2R Arg; 16 22
Pro.

B LT A R ERR o I P25 . XS R, R
&= BEAA &£ (20.81~22.04 g/100 g) B & &5 T-2F 4%
(2.9 g/100 g) . WHE(11~17 g/100 g) F1ZL 40 LI #y
(9.6 g/100 g)PY, FeHHHEST & R 41 M 2 FL R R IR, =)
Er M E IR AT BT AR RIS . (EAR R
), FHEES TR AETE Y Lys 76 R H0 Y 85 [ it #8
ANAFAERY, X R HESE v LU 3R A PR AT Sy 58
ELfkskH, TL1-Cave EBN M40 & E 55,
S 47.04 g /100 g, [ Glu Il His #b, %M TEHAYE
FEAR Er i By PRI R A3, TL2-Cave EBN B4
1 EAA EEJEFIN 20.81~22.04 g/100 g, H TL1-Cave
EBN>TL2-Cave EBN>MASI1-House EBN>MAS2-
House EBN, H:A il EAA & & TREME(P<
0.05). EAA #8 AMKTCIA G Al al & a2 Jo 0 2
HUARTTR, T N BRI . 4 Fhaess JFURE
WS A BRI N S A BRI LU AE 45.76%~47.60%
Z ], 774 FAO/WHO #E3F DL AR BT 40% kR
#E. Shim 25021 DA Ay 5118 KA VAR 1R 25 1 P R
GO L i, AT IR AL 2 R OO R 1 TP E AR
SR E, P REATGI HE sk o S LR 1) 5 B, 3 fit
BE T RIFRELE P RP SR _ AN (SO 3AA IEAL
AR RN . A A AR R S a5 XU
R 1 BB A 3R, AR S SRR v R A3 S R | SR AN

Fo MR EIEMRAINL AR (g/100 g)

Table 2 Composition and content of amino acids in EBN (g/100 g)

GBS TL1-Cave EBN TL2-Cave EBN MAS1-House EBN MAS2-House EBN
AR Ala 1.52+0.05° 1.47£0° 1.36+0.01° 1.47+0.01°
2254 IR Ser 3.56+0.03" 3.48+0" 3.41+0.02° 3.44+0.06
SRR Lew 3.60+0.10° 3.50+0.04° 3.21+0.01° 3.55+0.01°

KA Asp 4.57+0.13° 4.35+0.06 4.03+0.04¢ 4.51+0%
SreE R e’ 1.67+0.06* 1.61£0.03* 1.42+0.02° 1.65+0°
H&H Gly 1.9120.05" 1.87+0.01° 1.70+0.03° 1.90+0.01°
TR Arg 3.19+0.08° 3.18+0.04° 2.89+0.03" 3.1940°
ZH %R His 3.37+0.25" 3.54+0.04™ 3.8740.19* 2.7240.01°
TR Val 3.7240.13* 3.65+0.05° 3.2140.05° 3.7240.02°
I 2R Pro 3.8840.09° 3.8420.07° 3.45+0.01° 3.83+0.01°
IR Thr 3.43+0.05° 3.29+0.02° 3.13+0.01° 3.27+0.01°
KRR Phe” 4.01£0.11° 3.8940.03° 3.97+0.09 3.67+0.05°
AR Met” 0.33+0° 0.28+0° 0.29+0° 0.29+0°
A AR Glu 3.37+0.11° 3.27+0.07" 3.08+0.07¢ 3.59:+0.01°
154 Lys 1.91+0.07* 1.850.04% 1.75+0.03" 1.95+0°
fi% 22 Tyr 3.010.08" 2.88+0.01% 3.04+0.05" 2.74+0.08"
IR SRR 7.93+0.24(16.86%) 7.62+0.13°(16.58%) 7.12+0.11°(16.25%) 8.10£0°(17.81%)
AR AL 14.29+0.21%(30.38%) 13.95+0.10°(30.36%) 13.05+0.05°(29.78%) 13.90+0.06°(30.56% )
TR LR 24.8120.01°(52.75%) 24.38+0.12°(53.06%) 23.65+0.09°(53.97%) 23.48+0.11°(51.63%)
WL EAA 22.04£0.05° 21.61£0.11° 20.86£0° 20.81+0.03¢
LT HILER NEAA 25.00:£0.04° 24.34+0.24 22.96+0.25 24.67+0.13
BESLR TAA 47.04+0.46" 45.96+0.35 43.8240.25° 45.48+0.17°
EAA/TAA (%) 46.85+0.34° 47.0340.13 47.60+0.27° 45.76+0.09°

1 2T ESLRE A Leu, Ile, His, Val, Thr, Phe, Met, Lys; IE 0575 & LR M Ala, Ser, Asp. Gly. Arg, Pro, Glu, Tyr; SR ZILRR N GluFll Asp; FHIRE S
i} Ala, Pro. Gly. SerfllThr; F7EE LA JyPhe. Leu. Met, Val, Arg. Ile. Lys. HisFlTyr; 558 LOSE Y bR fE22 2R, AT h AR R TR FRREEAR Z 7] 24

B 2(P<0.05), 7237,
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B Tl B

2023 4F 11 H

PR FEIRC, H AT SCRRA RS SRR LR
BCHATH3HT, AMIFSE X JaaHe S5 He S R S e 5 b A
B TRIER . 3 SRR R S LR R e T SR rh A3 A
A3, D7 IR 2 LR 2 HE 5T v e R SRR 2 A
12, 5 ik 50%, GBRE LR IR =, i Jo J fef A 24
FEMR . o] L JE HE 5 TIv] HE S R 2 R 2 i, IRl aHe PRk
TR IR 2 R R 5 5 W 35 e TR ME(P<0.05) , MAS2-
House EBN R ET LML £ 1 (8.10 g/100 g) fe (5 Ltk
(17.81%) ¥y m, FRZE M FRHE. Glu F1 Asp 2l
B EER LR, IR R S IS MR A AR AE
i Glu B4, HmiRAFE T Glu & & 2 35 KT MAS2-
House EBN(P<0.05), fi MAS2-House EBN 4 ff b
FAFEMR i Ry o T AR LI 1 R DA A A R
FIFIR, AH bb T 2 70, I e 7E sk Sh 2 BL R i) & i 3
AP, DT AR R R S R 2 e o g
23 TEERSH

MEET Py EEE Y TS s AN 3 s . TL2-
Cave EBN ' ¥ i o E FHEH& & (11.71 g/kg), I
K & TL1-Cave EBN( 11.33 g/kg) . MAS2-House
EBN(6.60 g/kg) Il MAS1-House EBN(5.54 g/kg) o
Ca Fl Na JE&He55 P i =F & W™ 0L, & ey sl 4350
A 4706.67~9426.67 mg/kg Fll 251~5049.67 mg/kg, H:
Y2 Mg(360.67~937.00 mg/kg), X 5 2 B pIRFIT 45
g =H R AMAL TR BT, Ca &l
R RISy D S 0 M T E e S ey e | INAS T
Na 4ife 86 AR T . 1235 R P, 1 Mg 158
Tt U5 70, JHE S 1) VR A o AR RE T AR e
BE IRYTE IR R Iy T TP AR SR
2EHETE, Na, Ca il Mg IBUAE AIEEE R RS %
AT (DRD 43524 1500 | 800 F1 330 mg/d", 7t
FELE R R, B 100 g TL2-Cave EBN A] g A {442 {1t
HFRFTEE 118% 14 Ca Al 28% Y Mg, TL1-Cave EBN
AT HRAL 30% 1Y) Na, AT ULHE ST 2 R4 r T ) B IR o
{HAS I BRI, A PR TEFE ST W rh A 2] P,
A RESEE s o P& I TSR 1 BRIT S, AH
SKCHRHETESS P S ARG, {2 0.03~6.79 mg/

3

100 g1,

BrE TR/, M A Fe(3.39~16.07 mg/kg).
Zn(3.12~7.39 mg/kg) . Cu(3.12~4.10 mg/kg) . 1(2.54~
3.47 mg/kg) . Se( 0.29~0.58 mg/kg) Al Mn( 0.90~
4.22 mg/kg) 6 FIAELICER, Fe 85 h & fdne i 19
AR ITER, IR e Y B s R HE 3~5 £F, Fe™' i)
FAL R FEURMEE LT O E R R, AT
ANEE 100 g FEEE Al DL AR R &AL % /D 35% 19
Cu. Cu ENRMINRZE T X R E510, R fE Ut 2s
FRGLL SRR B, XA e tg s (Rt 2 K B 1Y
TR P Ak, ReE 4 R 80 Pk
JUE i P TEME, R E EITERE SRR E M
AT 2 1%, B S E  222 7 (P<0.05), Al HE/ZH
TEEET Y Bs Aiess bl A AL TR, Bl JHe
PRI A TS AR 7 SRR T, B R b &l
e Na, Ca, Mg fll K LD,

24 RERFERSH

MEETFENAEFEETFEELSRILE 3, &2
FEHEHA) 7 2R NH, iDL Matess T b FREE i 75 4y
SEAEET PO PR ER 1Y FZERIR, AL, ey A\ T2
Hl R 2 ROV AR EL MY 772, 40 2011 4F R AEH
FEES IV AH PR ER " S ARG © LAHE” SFAAFCT VAN RR
FRRIEEYT, PRI AR SR B it — BRIl e s &
SVERI SRR Z — o ASTFSEAGINAY 4 Fhatess 5okt
H MAS1-House EBN W ifigEh &0 83.74 mg/kg,
AT TR E e B 3 O RS AR ER Eh & E AN L
30 mg/kg MIPRIEPY DI W] BRJR B AR AS i 1 )
Wi, R g SR A 22 ), B0 HEAE & ol
PR EL & B . MERIAREE P 2 I 25 Rk F,
MAS1-House EBN #EAS - A A: F A= (b Fa bR df R 52
FINVARFREL B E RS . B SEASYRASTIN, & BRI A
AR E] AN TR AT BES X ROkt BT sese ], RIS
LS IR A A R v OB  BRITE R SR
ZIAFAERI S ER . T2-Cave EBN HIEANIR £ &
15T MAS2-House EBN(P<0.05), 1fij 55— Fhil 3
T1-Cave EBN JioR 5 225 7 (P>0.05) .

R TR A M & = (mg/kg)

Table 3 Composition and content of mineral elements in EBN (mg/kg)

Fhzk TL1-Cave EBN TL2-Cave EBN MASI-House EBN MAS2-House EBN

5 Ca 5890.00+173.49° 9426.67+28.87" 4706.67+263.12¢ 5280.00+209.52°

WP nd nd nd nd

B Mg 360.67+2.52¢ 937.00+12.17° 566.33+3.79¢ 813.67+5.86°

£ Na 5049.67+182.77° 1313.33+15.28° 251.00+5.00¢ 491.33+9.02°
WEILHE 11300.33£99.45" 11677.00£10.39° 5524.00+269.29¢ 6585.00+208.18¢

£k Fe 10.90:£0.40° 16.07+0.21° 3.39+0.14° 3.59+0.12°¢

¥ Zn 3.46+0.16° 3.12+0.03¢ 7.39+0.04° 3.60+0.08°

i Cu 3.45+0.04° 3.1240.05¢ 4.10+0.03* 3.66+0.17°

L1 2.54+0.10° 2.92+0.09° 3.47+0.16° 3.4240.16°

fifi Se 0.58+0.01* 0.54+0.03" 0.37+0.03° 0.29+0.02°

i Mn 4.22+0.04° 3.47+0.18° 0.90+0.03¢ 2.60+0.07°
It ER 25.15+0.35 29.24+0.29° 19.62+0.36° 17.16+0.28¢
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Fig.3 Boxplots of the content of hazard factors in EBN
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FH TR HERA IR T 25 S F0 s, IR FHE JE] e iU A 3 A5
HEMA) 2 9l AN B 2 = A S A R L, PR b Tl 2R F ST A
fiRER o AT LLEME SO, Ah, WASRRER & i sE
e o FHE 5 U A €2, SRS DA A v A R R 15t Rk
E=R P o R LiEL =S AL R EEN O PN [

BRIVAERERAN, Cd. Cr. Hg. Pb, As S5 H 4Rt
ST RIS B L e K 2, RIS He A R
B, B EFEMNSERGHRIRNSZ . ASBFFRAE PUFhHE
5 FCRH R U E) He Fl As PIFP R 4Rt R, %
KT 0.05 mg/kg, TL2-Cave EBN ' Hg &t
I 3 = T AP R JHE (P<0.05), B4R TL1-Cave EBN
' Hg & 18K T MAS2-House EBN, {H Jf 5 &2 31
i E 22 5 (P>0.05) . WF52ANFE TL2-Cave EBN
R R As, FRERS B R A ATFIE SR, 2471
AR RGBS 11475 Yl S R 53 T AP E T 4w s
ENES: S PS I
25 BRESH

R EUHL N T 4 FhaHeE s OB R A4 s
Sy LRI ZE R (8 4 A) o BRI 80% DA Y2 3%
PR $5) SR ASFE IR & L3R4, 5 PR APl 9HE M. MAS2-
House EBN £ 2 i 25 1A%, HoAr Met., Ser A1 Thr
5 TL1-Cave EBN FEASAHSC PRSI, IR MIZFEAR
ISR E FE PR . BRI 5. MEVR IR . AN PR 5k DL &
Cu. Zn. I =FpIoEE AL THUE 5, 35 5 FmE i iR
SRz G B 58, MAS1-House EBN HY Zn Al

MEABBRER B = B W i T HAh e 55 5okl . His, Phe F1
Tyr ¥5 MASI1-House EBN JEELH T smAH M, =
F R B ARG 1 24 512, H. Phe 1 Tyr fF4E
FARLAS A RIS RN, X AT R S UL AW
FEERH SRAHSEME MR 22— BB, PRI IRE, 51
J& TL2-Cave EBN 540 ¥ J5i ot 28 S B g 35 15 A
ST #E— 2 X S5 T S T HEARE i, (R
22 T LA 45, ASPFFE AT PLSR 4387, ACAYMY
RZ M 0.761, R 2N 0.968, O0* g 0.923, KW iZAH A
T LA 1 g REAS IR0 5 R EAL S I 2R it 22
5o PLSR 43F#HT AT A F 448 B T B 22 1Y
76.1%, AIfERRFEA Y RERS3-F B (K 4 B) o AN[E]tE
R RMRIR L& R 25 5] LIARS- Hwle 53,
8 RV L= VAR R R 271 a ] s 111 I SR = =) ] B
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13 Fhigy o (A8 S B2 FEELM: (Variable importance in
the projection, VIP)>1(I¥] 4 C), f1}% Se. Fe. I. Mn,
Cu. Zn fE Y 6 P& JC 3R, Ser. Thr I Ala 7E
i 3 PR FLRR, Ca 1 Na 7E N Y 2 Fi Eon R A K
e Y78 PR AR B 1L BT, B AT TR AR Y Ty 2 HLA 35 i 19 BT ik
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