. BRI TR 2020 4 6
BB 5 Food Research And Development HMESH1H

DOI:10.12161/j.issn.1005-6521.2020.11.001

B m 4L 22 31 8 ) K ek e 5737 BR 22 0
% "R AT 5

MW, R, R, EE R, MRS, skEI >
(1. P EL M REBEAR ™ S AT, Al AR AR 7= St in T8 s 5286 %, bt 100193 ;2. HrE LR
BeA<r= A i TAFFE AT BN TR ARFFE Be , BEIETT. M /REE 1519005 3. A AE A A BHIAR & F R AT FR 2>
A, ZHCAAE 238000)

B E. RALT %A EMER (solid—phase microextraction) %5 & 4. 48 & 3% 3 A (gas chromatography —mass
spectrometer, GC—-MS) $ A 7R B 7 X (B KA A Z i M S A8 TR Aot by B AR M Rk M AT R e
FHHT, O R B LA R B 4L 32 5 X R A Eofé%%xﬂﬂ B R AR 2 ok R A AR G AR A T 2
JB RS R R R M R3Sk 61 A, 5 A A BEE 10 AP BEE T A IR E 19 A Bk 2 A @ﬁﬂ;& 6 # E5 K 7
Fr Bk 4 A FA R 6 AP A kiﬂéﬁy_ﬁéﬁi'iﬂb’*%/ﬁﬁ%rﬁy LA 30 F, i M e 2 AL 22 40 ok 4 A
B FH, 5 A 75.281.54.206 mg/kg. 2B ET\ra]aﬁﬁuéfcwﬂfﬂivﬂu%i%ﬁs&-7%:’9': Z A Rk 3G A -3 B 4
M PRI, FRARAEEZRL IR Y EZT R, L P AFMREZE AR N £ F BKHEGZ I 7
AT b 2240,

KBRIR A AL I 2 BT S MR M Rk R AR

Effects of Different Heating Methods on Flavor and Isoflavone Content of Tofu
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(1. Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Comprehensive Key
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Abstract: Electronic nose and solid phase extraction (SPME) combined with gas chromatography (GC-MS)
were used to qualitatively and quantitatively analyze the volatile flavor of tofu heated in different ways
(microwave, boiling, steaming, frying and superheating steam) , and at the same time to compare the content
of isoflavones in different treatments.The results showed that 61 kinds of volatile flavor substances were
identified, including 10 types of aldehydes, 7 types of alcohols, 19 kinds of alkanes, 2 kinds of carboxylic
acids, 6 kinds of ketones, 7 kinds of esters, 4 kinds of phenols and 6 kinds of other types.Among them, there
were 30 kinds of volatile flavor substances in the processed tofu, and the contents of flavor substances in the
Fried and steamed processing groups were higher, respectively, 75.281 mg/kg and 54.206 mg/kg.After different
heat treatment, the flavor of tofu decreases or disappears, and its aroma increases.In the detection of isoflavone

content, the content of genistein was reduced during the heat treatment, and the loss of cooking was significant—
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ly different from other groups. The content of several isoflavones in boiled tofu was lower than that in other treat—

ment groups.

Key words: heating treatment ; bean curd; electronic nosevolatile ; flavors ; isoflavones
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BERY BRI RLHE

1 #Rl5H*
1.1 RS

i 7K A E 100 % KA ELE T8 5 3-F -
2 BB AE i« 92 Sigma A F s HEE . LGS L
oA RBFHE A R A A JOK CBE A HTEE (60 C~
90 °C) KM (i ah) bt el A BRA ) 3
(98 %) HE T IE T (98 %) GBI (95 %) K EF
TG 98 % B TR 98 % YR AR ZARMES 98 % bt
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ARG MDA BB A PR A C21-SK2101 LRGN : )
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A A T LA A PR R 5 YZ-3032-T 2 T1fg
KERR . T ARA A B I A1 BR A ] s TABLE-TOP 350
R PGEPERT. H A Naomoto 23 7] ; SER 148 AUJIE
MEAL: BHRA] VECp 24 7] ; BS2SS BUHL -3 A RKAF-
B Z AT HE A TR A
1.3 FEAAEET IR
1.3.1 R E Ty

— PRI A S PO TR EER B 72 CUAE AR
TIE 7= i 1 28 AR ARSCHEICT R SE 4 emx4 emx
1.5 em, AU REE A 90 CCO AR L, AR B
A PO R WA A AN TR AR G oo TR iR
] 90 CI Fr INf 8], 4nz8 1 s .

£ 1 FAEAAXMAEEE 90 CHrErTEAI LR
Table 1 Comparison of the time required to heat tofu to 90 °C in

different methods
Ty =X 90 C
T 6591 s
Al 5.00 min
ZE 1 5.66 min
THLE 3.64 min

T HAZET, 5.02 min

1.3.1.1  fab P

TR A A D% 1300 W, K R it e 48 A Bl
FomA.
1.3.1.2  HLREY

FRIBIK G OKIE>95 °C) ARG 3 4L 5 3
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SN B W O ZE 7K ARAE JERE A S B 7K TR
J& P IRRHER 5 em. 3B DI 2 100 W
1.3.1.3  HLREY ]

ZER PR JKIR>95 °C) , T A ZEH 25
BB IR 2 100 W
1.3.1.4  JhKEALRE

ZYJReIMKERIIIE AL B, KRS 150 <C.
1.3.1.5 g ab

i PGV IR B AL EE, Rk, 28V 4 )
160 °C., Z& V50l S KPS
1.3.2 KTk
1321 AR5 H

D5

W 5 AL FRAF AR S A PRI 1.0 g, 7 HPEEA
15 mL HL 785 F ShERRI, 35 0028 R IO 5 iR
T B S, RS I 3 K A
[ 2h 60 s, ABIRAS WG VRS ] 180 s, HF- 3L B IR A
T 48 s~52 s B EAHE A S 0 A ) 5, SR ] PEN3 H
AR R G AT 3 53 17 (principal component
analysis, PCA) AT B AT,

2) 4 M AU i

W 1.0 g REAE T 15 mL TIZSHRN , 5% FH ARG
BOr AR BGE LML G Y, 8 SO 5 - Bk
OGS A Witk A 743 B 91530

0025 [ AR G AR B . g A 3L 2 BT 43 ) i A
0.5 g Jo/KGEALAN, FIEFINA 4 wL (1% 2-H 5£-3 B
(0.336 pg/pl) Ji , L EPHALR S 2 H TS H , BT
40 CHERBL I HFERS FAEHL, BiPEE%h 200 r/min,
SEA#5 10 min. 3 A 65 wm PDMS/DVB 2Bk, ZEHU
B 30 min, SR ABCLR HIFE T 200 CRYZERE H
HEEIL 2min . HEA TSN G- BTS20 BT o B4
3WEE  BOFE,

SIS (gas chromatography—mass spectro—
meter, GC-MS) Ml & 254 : 11541745 DB-WAX (30 mx
0.25 mmx0.25 ;Lm) s SAHOREE ( gas chromatography,
GC) 4% BT, I 40 °C, 1443 4 min, L) 6 °C/min
Y FHIRE R TR 2 230 °C, FFLL 10 °C/min [ FHEHE R
FEZ 250 C, PRI 5 min; 2N B 2E2010(99.999 %) |
& 1 mL/min, JE /7 112.0 kPa; PERE DS 2 /0 TR HE
SriLEL 20 1 15 MS S50 45 LR EE 230 °C, & IR IR
200 °C; R SCAN FExCHFA T4 43H , R EN m/z=
45~450; L )7 EL 70 eV,

SEPESIHT  FER 28 GC-MS 23 HT 5 , TS5 4 i
K2 AL 25 B E R b e 5 5 RFFEBE (NIST 14

1 NIST 148) S5tk S0 178 Lo, [k 455 AR £ B o
[, A5 ) SCHR S5 BORE 3BT, % 25 #5869
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B, L 223 PEmf o9 AR EA 7 i e T3
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X=fiCsAi/As

X, SRR ) , melkeg; Cs R R
HNERPITR I, ne/kgs As S NARPIRIE TR  Ai e
IR TET AR s fi SRR 3§ X INBRH) s BB A
XPRZIEN 5 AW IRE AL 73 © AR AL
IEHTE4 1,
1322 S & i e

EIEH . C18 M H: (250 mmx4.6 mm, S pm) i
A A :0.1 % LI - KW, Hishil B:0.1 % L1 -
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R2 BUAREGEEIAEREMBELHR
Table 2 Gradient elution table of determination of soybean

isoflavones by high performance liquid chromatography

BfiEl/min A 0.1 %ZBIKIERI% B 0.1 %R NEEHI%
0 90 10
10 80 20
12 70 30
18 60 40
19 0 100
21 0 100
22 90 10
26 90 10

FEA AR RS IE LS ¢ SR RIR , 1E 60 C~
90 “CAMAEBAR 3 h,50 CHRAF PR BT FMAR S
70 % TR 12 10(g/mL) B L BITR A, 875 Ab #
40 min, B.OANFR L0 E] 40 min, #5343 7 000 r/min,
B P IK WS P2 I, B T PRI B, W4 &
50 mL, 4 mL~5 mL £.0>, #4330 10 000 r/min , &0
[ 20 min, i@ 0.45 wm JEHE , =5 2500 AH €157 (high
performance liquid chromatography , HPLC) #EFERGIN .,
S5 BT A AR T L VA AR IR R G SR AT
WE SR 6 U, BN 1 L, i0 45 K05+
TR ERLAAC IS TR AR B A PR 55 i KR X s T i 25
INZ AT FR R 22 (relativestandarddeviation , RSD) /%=
PR 22 (SD) AT 5 A A AP E (X) 100
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Fig.1 PCA analysis diagram of tofu processed by different heating methods
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Fig.2 Gas chromatographic map of tofu samples under different heating treatments
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Table 3 Results of volatile flavor of tofu treated by different heating methods

ity L . . 11 3. — Hik
min JERE ek WL ZEHIE Mk SRR
T 13.810 10254 5.654 8964 37871  7.530
A FE-3-HIIL T 6.245 8.189  ND ND ND ND ND
T 13357 3090 5998 ND 4718 4336 4307 MR 5 AR
AR HT 16158 0285 1006 0985 0921 0793 0910 PR AR
R -2- T 16.5 0.448 0529 0475 0481  0.501 ND HERAFIR
B3 22.074 ND 0674 0710 0537 ND 0.498 BRIV A<
4= BN i 26.825 ND  0.289 ND 0256  ND 0.174
2,4~ HISLR R 24.508 ND ND ND 0878 ND 0.677 AR
2 = (i) J s 19.757 ND ND ND ND 1.017 ND
53K 12.503 ND ND 1.668  ND ND ND
(E,E)-2,4-%% "I 24565 1797 1757 1815 1173 31224  0.963 IMPEERES
Jisifs 12460 5365 0348 3397 2159  3.296
S-FgE-1-C 14629 5816 ND ND ND ND ND
1-piEs 14756 0338  ND ND ND ND ND FEE
IEFRE 17.133  0.807 0413 0348 0348 0776  0.747 AR
12— Uk 31575 0.682  ND ND ND ND ND
2N HE-1- B 10.146 ND 1312 ND 1.108 ND 0.869
1Y S A 11.626 ND 1.405 ND ND ND ND
1EC 12507 4817 2235 ND 1940 1.383 1.680 H R
L 2801 20.176 23.582 17.591 14.771  19.490
T pudE 13475 0309 1706 2.041 1795 1280  1.604
1, 4-A5E IR e 13.665  0.413 ND ND ND ND ND
3-ZIE-2-TPHE-1,3-C 0 1385 0358 ND ND ND  0.743 ND
ET L 18259  0.837 1978 1.069  ND ND ND
PR Sl 25256 0.885 ND 0.465 ND ND ND
1Ek 14.385 ND 3.050 ND 3.070  2.038 2.863
2,6, 11-=HA4 "k 11.375 ND  7.884 6125 4787 0925  3.153
L -2-BEk 11 ND 1.303 ND ND ND ND
4,6- " IA "k 11.165 ND 3.781 ND ND 2.305 ND
2 FHBE 1 (k) e 13.871 ND 0474 0515 0471 ND 0.428
17555 9.944 ND ND 6674 5748 5312 5.170

2,6, 10-=HIF+ "k 10.142 ND ND 1.201 ND 0.769 1.086
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Continue table 3 Results of volatile flavor of tofu treated by different heating methods
e ﬁi%qﬂ,ﬂ/ 2651 5 1/ (mg/kg) .
min JERE Gk AL ZEHNE O ahEED: I HEERR
1=tk 14.383 ND ND 3623 ND ND 0.001 3R
=k 18.258 ND ND 1.404 1278  ND 0.764
2-H LA Wb 25.25 ND ND 0.465 0442  ND 0.443
4-HA T 11.367 ND ND ND ND  0.385 ND
3-[(E)-3-F -1~ T2 - 1-A O s 27.951 ND ND ND ND 0420 ND
2,3 Pk 6.227 ND ND ND ND ND 3.979
TS 24917 ND ND ND ND  0.594 ND SRR
R 0.000  0.000 1.899 1552 0851 0916
RIVAV e 11.628 ND ND 1.604 1552 0851 0.916
2-HH 3R HZIR 25.801 ND ND 0295 ND ND ND
[{EES 4945 1552 0960 0.829 3.589  0.687
3-S5+ N Y 10.167  0.610  ND ND ND ND ND
2NN 11.004 3695  ND ND ND ND ND file L=
AT 19.925 ND 1.010 0960 0.829 0.771 0.687 LSS
XA R 23.197  0.640 ND ND ND ND ND
G WA 25.250 ND 0542  ND ND ND ND
LN 25.261 ND ND ND ND 2818 ND 22 R
&S 3.058  0.895 0384 3367 0402 0578
el HH 1 31.146 ND 0248 ND ND ND 0.335 JEHE IR IR AR
PA LSRR 5 T =T 8.976 ND ND ND 2035 ND ND (CEEERTZSaUS
TENEER E T g 27.605  1.613 ND ND ND ND ND 12 IR Ik
AR R R T 35712 0292 0402 0384 0.753  0.156 ND WA 55 &K
AR g 36733  1.154  ND ND ND ND ND PRI 1 Bk
AR R TR 37.35 ND ND ND 0.268 ND ND JFAR
T AR 25.801 ND  0.245 ND 0311 0246 0243
2 0.550  0.835 1.092 0277 0588  0.361
2,6 RUT B 26.604 ND 0.122 0401 0277 ND ND
3,4- W KR 28.13 ND 0453 0.348 ND  0.588 0.361
A-fifHoR 30.542 0550  ND ND ND ND ND
3,5-TRUT BN 32.608 ND 0260  0.343 ND ND ND
Fifl 9.830 12376 14.265 18.229 15.050  2.458
ES 22742 ND 0991 0953 0.828 0.692 ND RN DF SR
3,4,5- = HIEEHZR 14.033 ND ND 1.068 0912  ND ND
1,2,4,5-PgHIZE 14.256 ND ND 2316 1944 1507  1.689 FEABIEIIN AUk
N-IA R HE -2 (3-F Pk BE-ms| e —1-J%) - L el 15.821 ND ND ND  4.635 ND ND
USSR R 22.739 ND ND ND ND ND 0.770
2.3- IR AR 23702 9.830 11.386  9.928 9911 12.851 ND

HND FoREAH
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Fig.3 Variation of volatile flavor components in tofu after

different heat treatments
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Fig.4 Changes in the content of volatile flavor components of tofu

after different heat treatments

H 3 3, 1 3 ATAL, LR IR R 28 i o K 7R
il LT L2 B VRN T B T R A M XU )
HUTE Y 61 F, 73 IATESE (10 F) (B2 (7 F) ke
(19 Fi) RIRIE (2 Fh) (I (6 F) (EeZE (7 Fi) (19
(4 ) A6 Fl) o AT AL B G AR
A A M R R AR SR A i Y R, 255
3, &4 RN JERE R B ZE R L R

FH AL S R ARG Y 23.27.27.30.,26 i1 26 Flf%E &
PEWIR, & &4 02 47.454.51.453.48.184.54.206
75.281.35.310 mg/kg., #In TANELS , 5285 A9 MU & A4
TR AR DS (RS R e IS DA B A AR
R RIR AT s AR EE AR DR B o 7 a1
TN S 2 AN A & &, (B B
I EWR R R ER ., KPR -2,4-28 0
F | TF S R SRR R R K R i AR
RPN TANEIAEE KR S . R I R B
T2 v i P AT R A A 2 ST Tk 7 RS JRR TR A
1), — M HA BRI A AT, TR EIAHER 5 EHS
W, 2 L HP e B R A SR B A A I R[]
FEEAE o ZEARTRI A B A B Ay | - F A 55 o 34 o
B e A P A AT B, it Ak G Y TR R
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58 R SZY L I SN RTA OISR 1 e ol € 23
SO NCIENEAY L iy il W= & N TRy 017 SELIRT
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PRy BB TP AR (AL A R RATE Y
TR RN 494 22 5000, ARBIFGE A5 S5 18 I #i
R O A TR R B IE OB I A A e
HARBRAIA AR S, it FE e
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Fig.5 Six isoflavones mixed stangdard curve chromatogram
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Table 4 Linear relationship of six soybean isoflavones monomer
2y R BA 15 8] /min [m] )= 75 R’
DS 10.684 y=25.812x+35.879 0.999 9

BN T 11.278 y=11.477x+84.998 0.999 0

PO YN 14.340 y=28.665x+27.419 0.999 9

KEHIT 17.524 y=37.428x+145.99 0.999 2

W ER 17918 y=7.0185x+140.70 0.997 5

PRIARFR 20.754 y=52.115x+232.81 0.999 0

x5 cHREMSENEER
Table 5 Determination of six isoflavone content
pe/g
TiH JEAE T il Zhl meE A HZEIR
W 483.20+8.65" 447.99+4.30" 444,145 64° 465.44+1.36° 479.84+6.79° 453.51+5.62°

W 33.40+3.98" 17.49+2.74° 10.72:1.84° 22.08+2.18° 11.5421.42° 16.23+2.57"
VORY N 601.83+32.29" 579.84+28.06" 579.82:40.59" 645.43+24.39° 646.81+11.26° 613.23+16.94"
KEHIT 65.23+2.56" 57.13+3.23° 61.85+5.06° 43.82+1.47 49.74+5.24* 40.70+8.92*
WUME ND ND ND ND ND ND
PR Z 34.62+3.87° 9.44+1.50" 4.85+2.30" 15.180.42" 12.032.24* 12.8+4.90"

ISSEs T 1218.28 1111.89 1101.38 1191.95 1 199.96 1136.47

T AT R Sk PR AR 2R BAT B35 2255 (p<0.05) 5 [RAT AR T BEl 5= REAR R W 2R 22 5 A .35 (p>0.05) ,ND s Ak i o

R R Ll ity ) L JE AT — E A A, (EHC 5 R A
KW NARR T LA Bk B, 365 R
SLIE AR AL B S R L S e i et BAb I
51 S S AR AL S S A AL, T2 BRI N A
TR A CBERE T, SN —BERE T 5 S BERbE T
KSR RRETY . R R R, I e el D
FeA A P, LS J5URE A X R P A 5 Rl
PR H5 ORI RS B i, QR AR & A
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