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Abstract: In order to optimize the simmering process of bone broth for hotpot soup, a single-factor experiments of bone
ratio, material-liquid ratio, simmering time and simmering temperature was conducted using cow, pig and chicken bones as
raw materials. The total nitrogen dissolution rate (TNDR) and sensory score of the bone broth were used as evaluation
indexes. The Box-Behnken response surface methodology was employed to optimize the bone broth stewing process.
Flavor analysis was conducted using an electronic nose and headspace solid-phase microextraction/gas chromatography-
mass spectrometry (HS-SPME-GC-MS) detection, with relative odor activity value (ROAV) combined with quantitative
descriptive analysis (QDA) for flavor analysis, and orthogonal partial least squares-discriminant analysis (OPLS-DA) to
correlate characteristic volatile organic compounds (VOCs) in bone broth from different raw materials with electronic nose
data. The results showed that when the bone ratio (cow bone:pig bone:chicken bone) was 3:5:2, the material-liquid ratio was
1:4, the simmering time was 5 h, and the simmering temperature was 96 °C at atmospheric pressure, the TNDR of the bone
broth under these conditions was the highest of 64.88%, and the organoleptic score was the highest of 86.45 points, and the
bone broth was milky in color, with a strong fragrance and a mellow texture. Analyzed by electronic nose and HS-SPME-
GC-MS, a total of 49 VOCs were detected in the four samples. The mixed bone broth yielded more benzene and amine
flavor substances, and also increased the response values of W1S, W1W, W2S, and W2W, with a more significant flavor.
There were 25 key VOCs specifically analyzed for ROAV=1. A total of three key VOCs for the four samples were octanal,
nonanal, and 6-methyl-5-hepten-2-one. A strong correlation was found between the electronic nose signals and the 12
characteristic VOCs that had high flavor contributions (ROAV=1 and VIP=1). This study can provide a basis for the
industrial flavor optimization of bone broth in hotpot soup and the innovative application of modern cooking technology.
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Table 1 Braised bone soup sensory scoring criteria
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Table 2 Box-Behnken factors and levels

It AR H Bt (C) CHEiZ A (h)
-1 1:3 90 4
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1 1:5 100 6
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Table 3 Electronic nose chemical sensors and their main
response substances
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1.2.8 GC-MS 43#r 4514 50 AT AL 21 : RS 56 FREL
3 g KERGHZSE N 15 mL BYTRESIHE, BHi v 25 76 T5
S 60 °C /KA 5 min, THZASALHL 55 min,
_EHL 250 °C f#HT 5 min,

3% & 1F . GC 2% <. He, GC ¥iii#E 0.8 mL/min,
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Fig.1 Effect of raw bone ratio on the quality

of bone broth in hot pot soup
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Fig.2 Effect of solid-liquid ratio on the quality
of bone broth in hot pot soup
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Fig.3 Effect of braising temperature on the quality of bone
broth in hot pot soup
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Fig.4 Effect of braising time on the quality of bone broth

obtained from hot pot soup

2.3 Box-Behnken iRIE@4ER S5
2.3.1 W)W A ARIERIE A R AR PR AN FE AU SR 4E

5, f# FH Design-Expert 8.0.6 ' 1) Box-Behnken i
ATiEe T, L TNDROY ) AU P43 (Y ) S
B, BHE L (A) | R (B) Fdig mta (C) 2y 3 A48
i, #A7 3 EE 3 KPR . Rt 58 R0
% 4,

#% 4 Box-Behnken M ik 645 5

Table 4 Box-Behnken response surface test results

R A B C TNDR (%) B TR
1 0 1 1 53.14 85.12
2 0 0 0 66.53 85.78
3 1 0 1 62.54 76.72
4 0 0 0 67.21 82.96
5 1 1 0 58.36 69.68
6 0 0 0 65.75 86.29
7 -1 -1 0 41.45 7225
8 0 0 0 64.35 85.43
9 0 1 -1 56.73 73.16
10 1 -1 0 41.62 72.22
11 0 -1 1 48.07 72.59
12 -1 1 0 55.57 75.25
13 -1 0 -1 55.52 75.56
14 -1 0 1 57.14 71.71
15 0 0 0 66.82 84.56
16 1 0 -1 59.17 64.48
17 0 -1 -1 31.81 71.36

2.3.2 TNDR FURE V4304 BN A AR AL 42 N7 K2 7 2555
B Design-Expert 13 44, XF DU LL . Jli
it D o =i |21 W W PN i i i O B M 6 el i = A W B
VE3LA, 153 [ 7

TNDR: Y ,=66.13+1.50A+7.61B+2.21C+0.6550
AB+0.4375AC—4.96BC—2.86A’—14.02B*—4.68C>,

TR VRS Y,=85.00—1.46A+1.85B+2.70C—1.38
AB+4.02AC+2.68BC—8.05A>—4.61B*~4.84C>,

J7 224530 WEE 5, TNDR [EIH#R P<0.0001, 3%
HFZAR) 2 i S 3. 3BT P=0.1480>0.05, {5t AL
RUSAUITA {35, BORURYIRAE FREL R?=0.9896., R* s 4=
0.9762, # 5 SEBREGIR LA R R 4. ARYE F{E
M PAEVR]AN, A &2 5 2520 (P<0.05); C Fil A” 24Kk
25 0E (P<0.01); B, BC. B2 il C? 5L =51 8 552
M (P<0.001) . H FAEWTHL, &K ZE 0 E% TNDR
MIURIT A B>C>A, BV > i TR >R L .

SR P4 BI85 P<0.001, 3% W 322 485 75U w2y
BE W% . AU P=0.0710>0.05, 13 B A% 55U J¢ ) 15
AN 3, BERL I B E R R°=0.9548, R®,;;=0.8967,
F I 55 SEFRECIR UL G R R R 4f. #RYE F A0 P E T
1, B. C A1 BC & W 3520 (P<0.05); AC. B* fil C?
S W SE I (P<0.01) 5 A 225 BE W 2 52 (P<
0.001). FH FAERTHN, £ R 252 B3R E Tk
J¥2R: C>B>A, BV A Ta] > i >R L .

233 FEBRZEAEHSGHT HIE 5Ca. bl o)A,
B Al C %I TNDR [ 5% i i £ 151 35 5 340, iR B
i1 C X1H% " TNDR P32 BAE K B2, XE7Hh
TNDR SR . 1 A A0 C 14 i T B 355 8580 1
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Table 5 Results of regression analysis of total nitrogen dissolution rate and sensory score regression

TNDR EE
T ZERR — —
S H ¥y Fld PfH T FA AW ¥5 FIH PH T
(el 1636.53 9 181.84 73.92 <0.0001 ok 713.36 9 79.26 1643 0.0006 ok
A 18.03 1 18.03 7.33 0.0303 * 17.02 1 17.02 3.53 0.1024
B 462.84 1 462.84  188.16  <0.0001 ok 27.34 1 27.34 5.67 0.0488 *
C 38.98 1 38.98 15.85 0.0053 ok 58.21 1 5821 12.07  0.0104 *
AB 1.72 1 1.72 0.6977 0.4312 7.67 1 7.67 1.59 0.2476
AC 0.7656 1 0.7656  0.3113 0.5943 64.72 1 64.72 1342 0.0080 ok
BC 98.51 1 98.51 40.05 0.0004 ok 28.78 1 28.78 5.97 0.0446 *
A? 34.52 1 34.52 14.04 0.0072 ok 272.65 1 272.65  56.52  0.0001 ok
B2 827.45 1 827.45 33639  <0.0001 ok 89.37 1 89.37 18.53  0.0035 ok
2 92.06 1 92.06 37.43 0.0005 ok 98.61 1 98.61 2044  0.0027 o
FR T 17.22 7 2.46 33.77 7 4.82
ES e 12.10 3 4.03 3.15 0.1480 ENTE 26.95 3 8.98 5.28 0.0710 ARF
2l 5.12 4 1.28 6.81 4 1.70
pavl! 1659.18 16 747.13 16

1 0.01<P<0.05, 5.3 “*”; 0.001<P<0.01, H R “**7; P<0.001, = 3 7

< \““\\\\\

s
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Fig.5 Response surface of interaction of various factors on total nitrogen dissolution rate (a, b, ¢) and sensory score (d, e, f)

2%, PLHASX T K 22 %7 TNDR (938 BAE S 3,
XTEZ T TNDR W52, 53 5 45598 H] .
IE 5(d. e. A%, A 1 C, B Fll C XHEKE
3RS iR 2R R B R R, BB A 1 CL B Al C X
BBV AE BAE AR B2, XHEA M E T
SRR, T A R B i EE /N, R
PRI BB P53 S8 AR PSS B i, XHE i P74y
BRI, 53R 5 45 RARTE]
2.3.4 KERIENY B B AR S0 S S0 E
i Design-Expert 13 443081, 15 H K87 81
G RAERLZ T2 DR b 1:4.017, Bl TR
JF 96.213 °C, JiZZ M} [E] 5.263 ho LEIM LT KR
7 BB 7 P B TNDR SR 67.122%, J8&CH 343 R

85.712, LHGSCbR T AU E MM AT, 422 R dne A4,

2B L 14, BB IRE 96 °C, M RTE] S he
DL T 2555 ) 3 R S50 6 LG UE, H TNDR 2y
64.88%, BB P4 M 86.45, TIMAE 5 S200(H HLA 12
TR AH DG RE, FEBIASERIDL A A0 hy, B 1220 17 TTASE
T S BT A LT AT o
24 AEEZEFESH

3 ik S AR AR AR BE (B AE XU TR IS & 6

(a), ] 1A [F) JEURHl 22 04 F 920 A i I (18 25 53 558K
Rk Z SR, NG 75 W1C 1 W3C B (I
FHALBE T B, (HAE WIS, WIW., W2S
T W2W [0 8 B 257 /N1 H At B 28 T R 2 1 B 1 o
i HH 0% T IG 1 ZG #E W1C F1 W3C 14 i (B
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Fig.6  Electronic nose radar and PCA analysis

of different bone soup

R, HH ] 7™ HY BT 22 B RIS XK 5T, [l

mig AL, A B 2 A FE R PR T . KRR INZE H .
o i P I AR B nT LA 2B R4 A,
B S A IR R 0 O (B EA 7 A B A5 2 DU B
FESR 2258 PE . ARG PURPAS [R] R R v ) A
T AZES, AWFOERH F S5 8T (PCA) X HL -5 A%
JERAN N Y AB AT T M 4EANFE . PCA Z5 52 (8] 6b) i
7R, B—F S (PC) 55— F 4 (PC2) HY BRI5T
BRZIE T 70%, i — 4EB0S K Be g 5 - Hb 2
W AR B A U5 R . FEEID, AR PUF B AR
AL T e A S, HA N PATAE SRR B,
XTI Ha SRR AT AR AR AN R B R
PEFREUE B, PUFE 0 R IE A A E 25 5, 2
LIl FEHBIX 4. HH e NG, JG. ZG 3 PC1 #iid
SECTE U, I AT BEAS [R]RRsR b, XUy 5T (an
R & it AR R 4L 1925 57 e, iX ] B J& PC1
SRESIIRIE . FE PC2 AR A RBRZERE |, A5 [H]
TAAER B H R 2257 . PC2 AT RENIZR T 1% PC1 &
TR Z MO HAMRIARAE B, U AR (14 2 Sk R
B, A k25 5, Rt AU 22 5 10 e 2
FRZR . MWy PC2 s e e /R T k22 5, an
PRI N F= IR . XGRS AN EEA RS
FAAMRR A XU A BR PR T EDUL A IEYE
2.5 AREEZ GC-MS #&MZE R o4
2.5.1 AFEEEIRBREST 8T FIFH HS-SPME-
GC-MS BFXT 4 PP R B #AE S VOCs 55 Fi
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Fig.7 Total ion flow chromatogram of volatile flavor components in different bone soups (a), Venn diagram (b)
and column diagram of VOCs species (c¢) and relative content (d)
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Table 6 Different volatile compounds of bone broth
AT B (%)
FF51 Fh2k VOCs CAS

HH IG NG 7G
1 ZEmE 112-31-2 0.36+0.03 0.38+0.03 0.43+0.07 0.29+0.10
2 (2E)-2-FJs s 2548-87-0 0.54+0.08 0.24+0.01 0.17+0.00 0.15+0.00
3 H kL 112-54-9 - - 0.13+0.00 -
4 T 2385-77-5 0.02+0.00 - - -
5 (2E, 4E)-%%-2,4-— i 25152-84-5 0.5+0.06 0.15+0.08 - -
6 [ P 626-19-7 0.07+0.00 0.03+0.00 0.030.00 -
7 AR 100-52-7 0.56+0.05 0.16+0.08 0.15+0.08 0.62+0.00
8 (2E)-2-Z4)7i % 3913-81-3 1.48+0.10 0.54+0.04 - 0.24+0.00
9 A FEAERE 106-26-3 4.84+1.38 0.34+0.08 0.28+0.06 0.5+0.25
10 s 66-25-1 0.77+0.13 0.34+0.04 0.29+0.02 0.48+0.05
11 S 124-13-0 0.47+0.08 0.30+0.02 0.28+0.10 0.28+0.07
12 T 124-19-6 2.92+0.11 1.60+0.10 2.13+0.66 2.60+0.50
13 (B)-T--2-4ie 18829-56-6 0.700.09 0.27+0.04 0.17+0.00 0.22+0.06
14 T 2765-11-9 - 0.070.04 - 0.12+0.00
15 2,4-%% IR 2363-88-4 - 0.23+0.00 - -
16 PR 111-71-7 - 0.12:£0.00 - 0.23+0.00
17 FrigmE 5392-40-5 6.56+1.47 - - -
1 L 111-27-3 0.25+0.05 - - -
2 1-(4-HUBERHE ) 201 536-50-5 0.13+0.00 0.09+0.01 - -
3 S 111-87-5 0.42+0.06 0.1120.00 - 0.15+0.00
4 o T 98-55-5 0.40+0.02 - - -
5 Bk JF R 78-70-6 - 0.410.00 0.20+0.12 0.27+0.14
6 B 112-42-5 - 0.12+0.00 0.110.00 0.07£0.04
7 L7ATiifi 10482-56-1 - - - 0.08+0.00
8 iy 106-24-1 0.78+0.00 - - 0.11+0.00
9 FeeAR st 470-82-6 0.26+0.06 - - -
10 P 111-70-6 0.10+0.05 - - -
1 TR T TR 109-21-7 0.17+0.14 — - -
2 FH R 5 1 TR 115-99-1 0.42+0.00 - - -
3 _— LR 150-84-5 0.36=0.00 0.07+0.00 - -
4 L% i e i 2432-77-1 - - - 0.02:£0.00
5 LRI 115-95-7 0.35+0.00 - - -
6 R 624-54-4 0.13+0.00 - - -
1 R KL P i 110-93-0 0.48+0.02 0.08+0.00 0.04+0.00 0.18+0.02
2 —_— PR 5 2 0 5L 78-94-4 - - - 0.040.00
3 2-F 112-12-9 0.29+0.08 0.10+0.00 - -
4 3-FR5E-2- T 513-86-0 0.24+0.18 0.07+0.00 - -
1 sk 3387-41-5 1.48+0.18 - - -
2 a—FA T 99-86-5 0.08+0.04 0.09+0.00 0.01+0.00 -
3 (+)-Frisedis 5989-27-5 1.97+0.20 3.43+0.40 1.55+0.20 0.65+0.06
4 fife ks et 555-10-2 6.06+0.40 2.58+0.23 - 0.34+0.17
5 R = 535-77-3 - 0.08+0.00 - -
6 R 527-84-4 - 0.08+0.00 - -
7 At 123-35-3 - 0.58+0.30 0.26+0.14 0.1620.00
1 T2 112-05-0 0.59+0.05 - 0.44+0.33 0.35+0.18
2 + e 629-59-4 - - 0.01+0.00 -
3 HAthk (+)-vk R 507-70-0 0.30+0.15 - - -
4 2- L L 24295-03-2 0.09+0.00 0.07+0.04 0.0340.01 -
5 2,5- A Jknkigg 123-32-0 - - 0.19+0.00 -

T —FRARKE I
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2026 4F 1 H

49 F VOCs, GRS 17 B, 5525 10 F, BE2& 6 Fh,
HAZS 4 Fh, fkae2ds 7 Fh, DL HABXWRYI T 5 Fh .

HRYEE 7(0)FEE T LIERIAE S VOCs
RGO, UG RE S TP A YA 10 4, FE
ZEE . (2B)-2-"F Ui . AR E | RS . U . Sl
T, (B)-T-2-00 . () -Frisdas . B 3% Ba i .
HH FE S A& H 35 > VOCs, IG FE S A& H 29 4~
VOCs, ZG FE SR 23 4~ VOCs, NG FE &l 46 70l
20 > VOCs, R#EEEHEY HH>IG>ZG>NG, &
A4 HH ' VOCs 2 . HH "B 251k & 9 A0 X+ T
NG FI1 ZG 4353 hn T 3 B, 2 Fh, @RS ARXT
JG. NG F ZG ¥4n71T 3 Fr. 5 F . 2 Fp, BRI 59
FAXT IG. NG F ZG #6001 4 Fr. 5 Fh. 4 Fh, BEZE1L
APAXTTF NG Fl ZG ¥ T 2 F .1 F, Wre2iie
BT F NG f1 Z2G #IEI T 1 F (& 7¢) . HH.
JG. NG Fl1 ZG PUFPFE S I VOCs AN & iy 22
W43 i 2, B JRAE R & B A m Ak S 2, AH
XFE AN 19.73%. 4.52%. 3.72% Fll 4.83%; B
FEAEXT BTN 1.74%. 0.3%. 0.24% 1 0.46%;
fif S A0 T & =2 5 B A 1.19%. 0.73%. 0.02% F1
0.22%; M 25 #H Xt &% & 43 5 S 1.01%. 0.14%.
0.01% F1 0.2%; ¥ & JE AH X & & 43 3 b 9.58%.
6.72%. 1.83% F1 1.04%; HAth 2 A0 Xt & 2 4 51 R
0.97%. 0.07%. 0.47% 1 0.35% (& 7d).

AP Y R L B T b, TR RS
5, X SF R SRR ARG, &, AT
SRR XUREO, Akl B, RO ss R ARV PR
SR NIINGT T 22K, /NG T 2 KPR K i A BRI s 4
FEWRET . Bizh VOCs 22 iy e i N | B
FAEEIR MR VT o SE AL SN S5 AR P, B TR Y
IKFFANEACAR A WTINTGS, 77 A AL ES | PSR
FAEY) . BN FEZERURAL G YRS, B E
FHEWIZEFSY, BRISFHFIEENST . ARSI
Kl M S 17 Fp, Hisp HH 8254 13 F, AT T
NG Fil ZG Fp2&35hn, IR 255 . B3RS 51
AR )38 35 BT 0 U B AR 5T, A i 8 i R v,
AATAE EAER, AR 2R, L G PPl
FeEH TREE S ENE AR & 8 e T E,
SNBSS . ANUFINR TR =R RS
RHAEAC TN, AN R =k T AR DT BR I RS F 5 BN
[, AT e B b 25 % . HH3R 6 W, HH g
ST AERT 5 B LR — 7 T RS TR X 5 B
F1o BEZEYBT B AR Bl EE AR BERT
WAEBE A A B a3, T HH M i &<
T-EEGHAEE)E HH., JG. NG, ZG FAEXS & 5451
K 2.92%. 1.60%. 2.13%. 2.60%; Frisets (R a1
TE HH A6, AT R 6.56%; &L (F H 8 ) 1E
HH T AER & B (0.77%) , /& 2G(0.48%) 1 1.6
. BRI, BE . a5 ETR AR HH FTREN
BT AR BT vy, 7 AR TR 2 S T, T R vk

HRAINR TR o

B =R w, BRI TR I B AL REAE, T
T EGRAABI R, I A IS S T his &)
Wl AR AL B S 2 Bl 2 s B A R A ARG T
10 FhEE2E Yy T, Horp HH H=oFE52(0.42%) . & s
(0.78% ) AHXT & 1 fnd 28 v T HAAE 7 (3R 6), nIHEil
o AU B S (A= 128) B 5 B S22 IR . BB
HA—E PRI 3 PUIRE RN SR, iX
SR AT AR A R E A D AR SR T XU R T
J&%, 3T AT AN AR = A R ]

Mgt — R E TR T WL &Y, 2 gy
TR 114 A it R R A 20, RS AR S A e
FERST, AR EATTAT AR Ry Ho A8 32 B AR sl B
JEITAETE . BRSEY)IAE O i b EAS 5 iR S5 A &
A AR AR, FE ORI T RS & BB R
AT DS USRI . B SR, o iR
Py ] e SRy RV R B AR Y 111 /8%, S
Rk, (HARISAE N XBR MR R AT 0. Py
ARE S LRI 6 FRERZS, HH A 5 FhiEs2E CE
i 1.43%), T PR THR(0.17%), 1] BESE IS
AR, HE T R R R

B2 4 o3 3= 28 FH BB T 43 fi IS A A A B, TR
W) T 38 BAE T BATE R XU i A v &
¥E T E RGVE, A3 B B0 XU NS B R
FH 5L B0 1] CRE ARG 85 ) Sy A5 i o, HHL oA X 2 4
(0.48%) M ZG(0.18%) I 2.7 4%, ] G & ik iz
R sRAC A PN

JEIEY TR T Ao B R W 5T, S
R e S8 Ak I F RTS8 o DU RE S AGI 2]
B 7 FEIEIEYIR . HH 1 -25 2405 (P T, 6.06%) .
(+) A0 (MG T, 1.97%) . Kl (AT, 1.48%) #H
XF s Y, HEWSKRIR TR i &), STEkiE B
TR0 HAh—LE VOCs AT E1ZE R 7 | 1R 1Y
YEH, BAT A UK, X3RRI —E 1 BTk .
2.5.2 ROAV ST AN [FI'E 7K VOCs s sl
W R PER AN SR 2, JTAR AP B B 1
B IURARAL 258 H TrRkE, B XU BTk
B T B R A BB/ N SR ROAV S34r
KHEMER . ROAV {EAEK M4 BT i A AU
B TR LR . ROAV =1 B & BT 43 B ke il 4
FERRURAL ST, 0.1 <ROAV<1 BI¥ T HE 514 5
P XUt ELAT HE 2 sV o

Nk 7, ROAV =1 W K4#E VOCs 25 Ff, U4~
GRS 3 AR . TEE . W
FLPE IR, R AER A R ER . HHB %
ROAV=1 WA 20 Fp, HiA s 8 Fl, @25 3
B, RS 2 B, ERE 3 R, ks 2 B R A ) TR
2 i, JG FII NG FESLH ROAV =1 B HA 10 F,
ZG FE5L ROAV =1 s 7 #h, Hirp, X HH XU
RS2 R B K SR AT IE ROAV 28 100, BEdE—FPR
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Table 7 ROAYV of four different flavor substances of bone broth

2 ik VOCs (Eﬂ{i) — T — ok
1 Lk 2.95 10.2 0.13 6.78 0.52 RHE &<
2 (2B)-2-3F 4l 3 0.32 0.08 2.67 0.26 NEWTAUE
3 T 0.03 12 - - - PR
4 (2E, 4E)-%%-2,4- "% 0.25 3.84 2.18 - - X075 A
5 IR 0.75 1.44 0.25 9.33 431 IR
6 - (2E)-2-38 Il 0.25 11.04 2.18 - 5.03 i
7 L 45 0.32 0.08 3.11 0.56 BHRAM
8 R 03 2.8 1.02 4333 4.87 E v
9 TwE 1 45 1.6 100 13.6 NE 57
10 L 1 - 0.07 - 0.63 -
11 B 3 - 0.03 - 0.4 A
12 it 0.12 100 - - - R
1 (@Y 0.0056 85.71 - - - VIS
2 VB 0.1258 5.72 0.8 - 6.22 MG R A
3 _— ol B 12 0.6 - - - i
4 B 0.7 - 0.15 0.008 0.53 MG . RBLR A
5 iy 40 0.04 - - 0.01 BORAET
6 i 0.0054 44.44 - - - WA
1 TR TR 0.4 0.9 - - - SERAR
2 fifizk e o 1 5 0.07 - - HFRE
3 LRI HERR 1 5 - - - HBARRA
1 FH B e J 0.068 12.35 1 29.41 14 RHE&<
2 (GBS 2-F 0.0055 87.27 18.55 - - HMARE R
3 3-F25E-2- T 0.014 34.29 4.86 - - BiEA
1 sl 0.98 2.82 - - - i
2 Kk o P THUR 0.08 1.5 1.28 5.75 - RHERES
3 (+)-Frihs 34 - 100 - 100 FERER
4 ()= 7E kR 0.8 - 0.09 - - -
1 T 9 0.09 - 2.33 0.2 N7
2 ke 1 - - 0.47 - -
3 HAtb2E (+)-vK 0.18 3.33 - - - AR
4 2- LT E M 0.003 40 22.67 - - IRPRFSR
5 2,5- H Stk 1.75 - - 5.14 - S EOWAING kil =S

TE: —FRAAG 5 BB A R 13 (T 4 S5 55 200 AR ik I8 PubChem (https: //pubchem.nebinlm.nih.gov) .

IR R, WA WA IE T . 230 . FHE. (2E,
4E)-2%-2,4- % RHIEE . (2B)-2-28 MM . 2F . T
i) ROAV =1, 2R FE . IEF . N8I SRS
Fo HH AP R E = A T RE SR R Sk b i iR
g R H Sl e A S AL RN, A2 A FRIEEZEAE N
2R MEALEY) . AP E N — e i ESS
Yo, v REEIX — b R b F SRR AR T SR i TR
i E AR R = . SRR N A FEIR S 1A
Z 8] A A WA E AR A8 S, 2= A A R T A Y
M Z R XU AA), TR AR Tl Sk T i B B 2
Oy A FEIR, XSS LR B S TP R o R A S
PIPES N, BE— LN TP I & B . JG Fl
7G () -FrEEE I ROAV Bk, T REE R 38 -E-Fi
BE PRI —E BB AE L ML G, XLk
AT R A R P AT RE SRR AL () AT T
WNEIZ PP, AW ER, RFEE &R

G RMERRALG Y0 & B WA R, NG
TMERY ROAV i K, A REE K 4 B ekl o R b
BT e R A AR A N, 2B A T N i 2=
HERMALEY) . TIEVE MRS =4, 2 =<
A RPRERERRY R — EThEARS
W R AEFEPIAEIN, IX —id AR A S T IEAE N
M Z PR RIRAG &Y . TIEAS & Boa s Fie
TSR, B e A SRR A BTy A PR R Z08E, DA
T R T B R0 52 2t S HRAR
2.5.3 AAB@HESAIFMEPEN ST So8e E2hE o
GC-MS 132 [F B0 VOCs, R4#E%E 7 'h ROAV
=1 B EZEF WA R, 2RI
R EEE. BRE . BE . MARE. HEA,
XTAS [A] B 17 W0 A SRR 3E AT 2 5 1 I M e A
(quantitative descriptive analysis, QDA), 55 ILIA 8,
ik E2E S —E R LT R B S
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KUR2E5: . HH 4545 1 = FRRIEZERE TR, 24
XL SRS A, 2 AR A AR E AR, AT HE
PR AR E B, AR R AR BN . 1t
S, IREE P RIIRIT AR R, X AR
WARHIE 22N . HH ARl A rh 8 o 0 i o A
HEARZE SN A P | 2- TR REEME | (+) - UK B A5
Tzh, NI 7B E . FUEBEER
W] HH FR 4R S5 R R G i 2, X KB
AR TTHR A5
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Fig.8 Evaluation of aroma characteristics
of different bone soups

2.5.4 OPLS-DA i ANFE'EZFHE VOCs OPLS-
DA A] LIEH VOCs H AT 28005 B I AR ERAS [R R &
TR P 2ZESEOL, EFSAFET T 2 N, &
FH TR B 2 TS O, RiE— 2B 5 AN IRl Bz
ih B VOCs FI TS 452, >Rl OPLS-DA X H
VRE S VOCs #7438, niE 9(a) s, HH 53
frE—. WA, IG. ZG Fll NG 43 ffE . =41,
X A B 4, HH AR AR AR AT LAZE Hh 2H ] 2285, P4k
kR n] DAFE H 2 PN Y 2210, 3 B JHCELAT e ) U %
R, 45A ROAV B A& B, HH 1 R B B 55 2
THABLAG LTI A SRR E
Bz B A O, R HH M4 A MRS W Bt ik,
T REH:E TRk T AR XK R . AR 9(c),
PR BB R R M 0.728, #AKRTIMAE ST O° M
0.229, FHHZAR R B A RERe 1. hitt—2
K gSA R, B A 56 200 YR R F O MY AR I 4351
Sk 0.13 Fl1—0.476, WE 9(c) ras, O* #ilE<o, 3f H
RS O [MIALk 5 R bR3E X, HAS T y Sl i 24,
UL IZAR AN A . UF—25%) NG il HH 22
PR HE R o AT AR i 4% 52 3 2 M (variable
importance in projection, VIP) 53#T. VIP E A i i
OPLS-DA 7 ZR 5 (A EE AR, BENSfU RS A B>
() 532 50 B4 5 i) JBE T e 110, VIP AE R R AR
RIS TTER LS, MIE 9(b)VIP=1 1 VOCs H
TR HEAS 2] 19 FURAE VOCs, 43 2 (B) -T--2- M1 .
2-ZEHEEE | () -Frisiha . BRI SFIE . TRE . DR

202645 1 H
a = HH
8+ G
6 H NG
7G
4
2 L — [ e
Wl
0 oun
-2+ .
—4
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-8 L
_10 L

-15 —10 =5 0 5 10
1.00454[1]
R2X[11=0.481 R?X[2]=0.246 Ellipse: Hotelling’s T2 (95%)
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Fig.9 OPLS-DA score chart (a), VIP value (b) and
displacement retention chart (c) of volatile compounds

in different bone broth samples

B o~ En . A . (2E)-2-2807ME . CLFE. (2E)-
2-EIETE . U L B-IF A0 L ATERTE L 6-H J-5- P -
2-fi | Ak L R 2- T —P . ASFECRFE FER B E]
AR AR T, SRSk T i8R BT 2 R AN [R]
MZHEIR . X EE S KR S5 R A SEPIAE R N, 234
JEAS PR R YT . ARYRIHZE Y 19 B VIP=1 19
SHERUBRAL S, TRA G AT HAGROC R i IS 2
T HH 450F KUK B9 AR it 4 43, i i 2 D)2 pi A [A)
B IEAEISN MR B, B T KRR SRS AL
Wi ISR SCHE2E MY, U RS SAE NG 5
HH & A R ) S ASTEAR, S il e ZRUBR i
E A DE TR 2R
2.6 HFE5XE VOCs BIHEXM ST

i GC-MS FlE F &£ 437 & 8 HH 5 s —
JG. NG. ZG f+ & w F 25, ikl ROAV=1 H
VIP=1 By 12 Fh3&H#E VOCs 5 HL T 55 S A0 G Bk .
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Fig.10 Correlation between main volatile compounds and electronic nose
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