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Effect of Ohmic and Water Bath Heating on Flavor Compounds and Free
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Abstract: Ground lamb longissimus dorsi muscles were cooked to a center temperature of 95 °C, in water bath or using ohmic heating
with different voltages (5 VV/cm, 8 VV/cm and 11 V/cm). Taste-active compounds, including free amino acids, succinic acid, 5-nucleotides and
S'-nucleotide degradation products, were evaluated with_high-performance*liquid chromatography (HPLC). Chemical components including
moisture, protein, crude fat, and sodium:chloride were also measured, and the free fatty acid changes during the 20-day storage were evaluated
with gas chromatography (GC). The. results'showed that the samples treated with the low- and medium- voltage (5 VV/cm and 8 V/cm) ohmic
heating had stronger umami taste than those preparedtin the water bath, but the sample treated with high-voltage (11 V/cm) heating had fewer
taste-active compounds. Ohmic_heating promoted.free fatty acid production in a voltage-dependent manner. In the samples treated with
high-voltage heating, the oxidation of polyunsaturated fatty acids in meat was strong during the storage, which may have led to the formation of
unpleasant aroma. In summary, the samples treated with low- and medium-voltage ohmic heating showed relatively good flavor characteristics,
which wereslightly better than those prepared in the water bath.
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Table 1 Sample distribution and post-heating treatments of ground lamb longissimus dorsi muscles

M ZFEAT HanFH Hafh Ty X, ILE Y =P
3"\7 '/%'17 S _ o, N -
R 12 Wbt (bR 5 V. AR OKEEL-18C T ABRER
8 Vviem, 11 Viem) £ WA Ak A 5 KR 2om e A K, AR 0K
7% B B rBR 12 PR 95 Oy RIS BRI 4 CTFASO0. 5. 10, 15. 20d. 4FikF)4R

ZRAFTSEE 95 C

AR A B AT TR AR

1.2 BRI fn

RRUBHIN #5980 3 il AR FEAE . v
TCANRIEAA L . B AELIZ N 3.5 KW RIRT HEL T
(0~250 V) S4iZ (0~50 Hz), At iy FIAR N
50 Hz. hn#s oo — M RIUm A E (K 16em, W
12 4.2 ) FIPAASE N FAR L . PSSR AR FELA T
TR RAE e AE TR O I, RS H AR IR PR
10 cme RIS LM ELTHA =AML (FE—lih
LRI 4L 8,12 cm) AT EHEAT IR EESE o
TN T4 PRRF IR I AL TG, DARRRS AR 725011
Fefph, PR ABESR KR AP 0 22040 9. In#vE
BEI—A 2 10 em. HAAZ) 4 cm (AR b 5]
(AR BE 1) 5 o TR R B S A 5 Bl B Y s B
PR SMEC A PR LAVH BRI AR S 1R
ho#he, PR MEEE MR Z RO E, 2
SANAEAR IR BRI R, SRR

1.3 KB fnk

H 220410 g AIBEREAEE A 42 4 om 2RI A,
FEREARC DY 10 cm. REREARTIE 95 CIEIR/K I HA
BEATINHA U1K R A 5 A 22 B it Lol A
TR, KPR E IR L5 SRR AR .

1.4 HARFEAAIGARN 2

141 Koo

K3 B I e AR E AR (GB 9695.15-2008) i3
74,
142 MEHEZFHNT

A A S E=IE K ER: (GB 50095-2010)
BEATEL
143 M-S ZENE

FENRDT & 2=l i ds bR (GBT 14772-2008)
BEATEL,
144 RHALEZHNT

AL EEANE K EAR (GB 9695.8-2008) i
79,

363



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.12

15 wEaZxmeE (FFA)

WEFERR SR, BX 10 g Wf#T 25 mL 5% — 5 4R
(TCA) W, 4 CFEE 3 h, F Whatman No.4
JEACITIE . BURESL 3 mL, 4 “C R EC (9200 g, 10 min)
J5 H 0.22 pm PVDF JEMEIS 3, BXEVR 1 pL EFE5 AT
ff Agilent-2000 = RCHEAHEREA, EAIEHN
Hypersil ODS C18 column (4.6 mm>250 mm), 454
WIZE, Ky 338 nm. EIAH A A: 8.00 g/L Z
R84, 5.00% 12, 0.50%VYZIRIF, 225 pL/L — 4%,
W pH A 7.20. HiisIAH B 4: 8.00 g/l LR, 2.00%
LR, 40.0% ., 40.0%FH . JRalFHIS 3 FH i 7S
5,40 min, L 0.22 pm JEFBGEIEEEA . BV
FA: 0~27.5min, B AHH 8%ZkMIENE: 60%, 4EfF
B #H 60%, 4min; 31.5~34 min, B i1 60%Z 41 &
100%, iy ImL/min®,

EY &S

T 20 mL 5% (V/V)im S BRIE R IR AR (S
0), EWIEA], fE4°C, 9200 g FES.C 10 min. F2:
UvE, IS 1 M KOH 75 pH £ 4.3, L4k
ERZE 25 ml. FEFLZ 0.22 um JEMETS JE, B 10 pL 3
FESHT.

S H Agilent-2000 & RCHRAH B REAL, (LS
Exformma Technologies Arcus EP-C18 column (4.6 mm
X250 mm), KAMEIIEE, Ky 254 me RH
2% H%/98% 0.05 M BFR — SR rhiR (pH=4.3) %%
BEEZVERE, FLE )y 0.7 mL/min®,

17 T-®maE

U4 ARE 109, BT 20mL sk, 2135,
7£ 10000 g PE5t820 min.  EIEWUT 22 pm AR g,
B 10 pL $ERE 70T

8 Agilent-2000 = RGBAH B REAL, Ak H
Exformma, Technologies “Arcus EP-C18 column (4.6
mm>250'mm), ZAMEIIE, KA 214 nm. i
Zf A FH9 5 mM TR — SN (pH 2.4), B AN
HI . SRIEERREL e, FaiAH A: B 24 90%:10%.
JiiE 0.6 mL/mint,

18 Wk EEME (TAV) DR #esk ik EE

16 #Z#

(EUC) #hif#

WA TEE (TAV, Taste activity value) <P
HRERA IR FE 5 IX ) R AE K PR A LA . B

364

PRI TAV KT 1, WA a=4
58 B PR WA VAR TG 1 o S G R A IR LE K R I BRI 2 IR
Schlichtherle-Cerny & Grosch™

i 1 (EUC, Equivalent umami concentration)
TN E RIS R IS R IR OR
KA, BRI 5 5 - H RN T8 BRI 7T
fik, EUC HJiT# 28 Chen & Zhang™, #%IEUTF A
Xt

Y=Y ab +1218(3 ab > ayb,)

E: Y-8EROREAR (9/1000Q); g R ARERARLS B 89K
JE (g/100 g); b RARE A RBRANSTEE AR (Glus ' 1;
Asp, 0.077); a-H#4P 51z B a9 R (g/100g) (5'-ILHER,
S-MLEER, 5 HEL); AT 54 H BREY AR AT SRR
(5-IMP, 1; 5-AMP, 0.18; 5-GMP, 2.3)s
19 & R

T AR . BUE GRS, IIAZ
AFE-HEE (22D IRAWTEE Lh, 38, A 0.2
AR ER k. (7.3 g/L NaCl, 0.5g/L CaCly), B{»

(4 °C. 2400 g~ 15 min) JEH LJEWifk, 7544 CT
e, HZEETHAEIER. R fig e AN
BELEIR, B T-20 C RGN,

i R IR /M (500 mg, 6 mL) 20 B EsS
NEWIR . Hi& ARV TV M (0.02% T k5
BHRETIECKES) o, HEERR (2%, 98%
2R Pl AWK T . BT i 10% =5
AP B, 7E 50 °C /KIS R 20 min ThiEAT
R, FERLE= I IE CbaR UG TR i 43
#re

SHEESH: AREECYH AR A R GC-2010
AR, ik N PEG-20M (CP-Wax, 30 m,
1.D.0.32 mm>0.25 um), FHEAMF: 120 ‘CLREE 3 min,
L 10°C/min FREEFEFHE 2 190 °C, LA 3 'C/min FHEZE
230 'C, fREE 20 min. ALERE RN 250 °C, s
IR 250 'C, AMAiEE A 1M,

110 SitaAr

FIH SPSS17.0 X HdwdtAT 7 2004, FFAETT %
Iy Mrah BB, N Duncan VAT £ B L.

2 HER5VE

2.1 EARBMIFET
A3 2 AT N, BERAEIEAA A, A DA A S P



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.12

Ky FEROK &R TR, Hrb 11 Viem HEFKT 5
Viem 45 8 Viem 4, /K IFAAK > & 8 B EAR
TR K SRR S IR R R
B EA R BRAINAH T, &R B4R
PRI, HEBARPERIZL, WIAREDRZAK, (AR
PG R R R RS . KA T
RPN, (RN (R T RN, B
LT AN TRy ORI = S QIS EAZRAAS - S VA S
FZ, ANTAEAR /K AL K 3 5 B 2 T BR AN 4
#.

FBAUHER . AR & &R0 5K SR
HHAH S IR o IRAR A, v AR AR R
FHRRNG & B2 m TR AR A . KA
i AR P RN TR 5 Viem 4HY5 8
Viem ZH.. i U BB EE AL SR IR T e R i Tk oy
KRR BRI AR A E A . FAR & .

BRUIN#AAE T, BEHRETHR, SIS ERE T
Bt o KN SN & B B AR T RRA N 5 Viem
415 8 Viem 21 XA HE T Tl A rh UL pbE
TR R KBRS -

< 2 EARIBARARS T
Table 2 Basic physicochemical characterization of ground lamb

longissimus dorsi samples

OH5V/cm OH8V/cm OH 11 V/cm WB

Ko4-81% 74.7140.20° 74.4940.20° 78.5240.19° 72.1146.19°
ARG 1% 3.4530.14° 4.0840.15° 45620.15° 4.9040.14°

FEG % 18.0440.22° 21.1340.220,23.2440.22° | 22.294.22¢
A4b4hi% 4.2530.16° 3.2540.17° 2.8140:16% 12.3940117°

i a~d AT REIm AL IEAKAL A DR B T £
FAREE, p>0.05.
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* 3 MEEER. 5 HHBRNHERSY, T KRS8 (mg/100g)
Table 3 Free amino acid, succinic acid, 5'-nucleotide, and the 5'-nucleotide degradation product content in grounded lamb longissimus dorsi

samples, following ohmic and water bath heating

e S0 OH5 OH8 OH11 wB
AR (Asp) B (+) 3.9540.12° 2.0140.10° 2.1540.21° 1.5740.22°
228 (Glu) gtor (+) 9.8140.13° 7:6940.20° 6.240.10° 8.0940.21°
2 25 (Ser) #oR (+) 4.1640,01° 2.9640.10° 2.6540.08° 4.3930.01°
HA&E (Gly) ek (+) 10.0590.22° 8.9840.20° 6.4640.21° 9.4740.21°
F & (Thr) ok (+) 3.2540.10™ 3.0240.11° 2.1536.09° 3.3540.12°
AEE (Ala) #oR (+) 27.7240.61° 25.5840.50° 18.1640.50° 27.3340.48%
AR (Arg) Fok () 74230.12° 6.69+40.11° 4.6240.10° 7.4620.01°
2B EFR (His) Fk (-) 0. 610.01° 0.1140.01° 0. 124000 0.190.01°
B 2@ (Tyr) Fok () 2.69+40.10° 2.2940.12° 1.5440.13° 2.6140.08%
42 # (Val) FRU) 2.5740.09° 2.3540.10% 1.54:40,08" 2.5240.11°
K AR (Phe) Fok () 2.1140.09° 1.7120.11° 1.1440.09° 1.9740.10°
SRR (lle) ok (-) 2.7430.11° 2.1529.10° 1.4640.11° 2.7430.01°
FEF (Leu) ok () 4.6440.20° 4.3940.21° 2.5440.20° 45140.20°
2B (Met) ok (-) 1.4820.04° 1.2440.02° 0.8840.05° 1.4930.11°
HiAER (Lys) Frk 3.7740.11° 3.2040.09° 2.2240.10° 3.8440.08%
Jit 2% (Pro) Tk 3.1940.12° 7.6440.10° 5.7440.10° 6.3940.09
FEAER (Cys-s) Fowk 0.3340.01° 0.1040.01° 0.1120.00° 0.1640.00°
5-BHE (5-GMP) &k (+) 0.3520.04° 0.710.02° 0.3740.02 0.4920,02°
S-UEE (5-IMP) &k (+) 16.93+.20° 23.55:41.02° 22.6840.99° 13.9440.92°
S-RFE (5-AMP)  dik (+) 2.1940.05% 3.3740.07° 3.06:40.06° 3.8740.05"
RF2% (Hx) Eok () 1.4540.06° 1.6640.04° 1.4340,04° 2.2340,05°
M (1) Fok () 25.43 33 31.1240.89° 26.2740.99° 27.1340.88°
T8 Bk (-) 3.18:4.02° 10.22:4.00° 31.004.01° 30.05:4.00°

iRy
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Table 4 TAV values (only taste-active compounds with TAVs higher
than 0.1 are presented here)

OH5V/cm OH8V/cm OH11V/cm WB

BEFR 03310.01° 0.2640.01° 0.2140.02° 0.2740.01°
FHEB 01540.01° 0.1340.00° 0.0940.00° 0.1540.01
REBE  04640.01° 04320.01° 0.3040.00° 0.4540.00%

S-UEEL  06840.02°0 0.9430.02°  0.9120.02° 0.5640.02°
T=& 0324008 1024007 3.1020.07° 3.0040.08°

E: a~d AT R e AL B LA SAR P A ARR N B F G £
FARRE, p>0.05.
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Table 5 Content of certain types of taste-active compounds and EUC values of grounded lamb longissimus dorsi samples following ohmic and

water bath heating

OH5V/cm OH 8V/cm OH 11V/cm WB
HBEAAREE (FAA) 0.890.02* 0.82:40.02° 0.59140.02° 0.880.02*
SALFBRATENR F M % F 1.3940.03 1.8140.03 1.6140.02° 1.4240.03°
Reriz i ie gt 0.1820.01° 0.2640.01° 0.2440.01° 0.1740.01°
B REREMERIRAE (MSG-like) ? 0.1326.00° 0.1040.00° 0.0826.00° 0.1040.00°
stk REAA (EUC) @ 22.5840.87% 24.3940.86" 18.9340.90° 15.8240).88°
Tk E ! 0.5140.05% 0.5340.06% 0.4240.06% 0.5349.07%
ok A8 ° 0.4740.01® 0.4440.00% 0.3240.01° 0.480.00°

E: a~d R TR AR AL HAAF AR B F ) EFARE, p>0.05; 1 KA HBR=5"- 2 FBA+5- I B+5 - IR Ba; 2
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N
=

2.6 iy Bl i R

F 6N [N B TR TR & 2 S5 4H AT 20 d
TSN A0 B Gt FEAG I H 7S 2 AR R
SFAAFRRERE (C16:0) FRMEyhER (C16:1). HHEARER
(C18:0). MR (C18:1). Wihfg (C18:2) AIHRAR
(C18:3). 7 20d WP, B ki [A] AE K,
BRI R & M 2507 S B R Y I S BT B R P
P TR, FRAEER RS BT R R TR
BRI, — 7 RS =B E A
RS R K AR AR O S TR TR, (e s IR R &
Fhims A7 SRR OUHE AR
FUALFEfR R — RAVEA T, RIS AR ol LS
JE R SR A P B S = A, T RS IR R S T
B i s A T P B T TR K 4 BT, AT RE IR
PR ML FEIME I AE 5. 20 d I, &I e iR &
SRS B R 07 IR o ) B A v B 2 ) S T PR
(37.29%~47.74%) FifHIR (27.03%~31.52%). fififig
i (17.41%~21.84%). MR (4.68%~6.57%)+ FriH
IR (2.25%~2.71%) FUEFRER (0.42%~0.57%), X
5 F RIS BT T 5, EIULA K R A 1
TEE RN ARRAEER . TR BEIRIR AR N 3

AR AT O B N TR & A W52, 20
d TR, KBRS SRR S E M ST &
BER AR 2%, HIRZ 3 (p<0.05) KT/
G IRARAE o Xo TR AR #44, 0~15 d TPRdiAeE] , 11 Viem
AW IRMIR & &2 e & B, 8 Viem LK,
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5 Viem ZHffik. Hrfr 11 Viem AR S BRI 2% 20d WEHEEART 5 Viem 4. X AT BRI RS )
I‘E—J/E'T’kxmggijj( ’ ﬁﬁ’fﬁ& EEE?H/E{’K?FQ%Z%O 15~20 d 7Kﬁ§&&5§&’f{fi&;:§lﬂﬁ;ﬂ% E{]éﬁ%, 8V/cm éﬂff\/ﬂ:
TSR], FRAENEY 11 Viem 405 5 Viem 4 & B g YERI AT RESRT 5 Viem 4.
Ui NS SRR BT, T 8 Viem A ETHECF

%< 6 TEERRIER (mg/g FD)

Table 6 Free fatty acid content of grounded lamb longissimus dorsi samples following ohmic and water bath heating

W,k od 5d 10d 15d 20d
OH5 1.080.01% 2.7640.04% 1.100.022 1.2340.01% 11.0240.07¥
AEAREL OH8 0.7940.01% 4.6440.04°" 3.0340.02% 1.0740.01% 2.7330.07™
(C16:0) OH11 0.5540.01% 8.1240.04% 1.3240.02% 1.7040.01% 12.7740:07%
WB 0.6040.01% 2.5040.04 0.964).02% 1.3640,01% 1.3540.07%
OH5 0.0740.00% 0.1040.00%% 0.040.00™ 0.089.00% 1.1140:01%.
AFARHEL OH8 0.1140.00% 0.1646.00™ 0.1140.00> 0.1040.00% 0.2040.01%
(C16:1) OH11 0.056.00% 0.1240.00%% 0.1240.00" 0:160.00% 1.2240.01%
WB 0.0240.00% 0.0746.00™ 0.0540.00% 0.1546.00% 0:1040.01%
OH5 0.6740.00% 2.7040.04%% 0.8140.01% 0.760.052% 7.0940.05Y
s oo OB 04624000  5.3340.04" 2.9740.01™ 0.6740.05” 1.8640.057
" ' OH11 0.3640.00% 6.3940.04% 0.880.01% 1.1140.05% 8.4240,05%
WB 0.4340.00" 1.68:40.04% 0.5940.01% 0.9840.05% 0.9340.05%
OH5 0.4540.00% 2.5340.06° 1.0540.01% 1.7540.02% 19.4540.13%
ThER OH8 0.5740.00% 2.9046.06™ 2.7740.01% 1.3640.02% 3.4240.13%
(C18:1) OH11 0.4840.00% 12.8440.06% 1,5040.01% 2.6740.02% 21.8340.13%
WB 0.5640.00% 3:1046.06™ 0/0240.01% 1.9140.02% 1.5940.13%
OH5 0.2340.00% 0:48+0.012% 0.260.00™ 0.3490.00% 1.9140.01%
BT OHS8 0.1940.00% 0.5140.01" 0.5240.00* 0.2440.00% 0.4640.01%
(C18:2) OH11 0.17460,00% 0.9640.01%" 0.2540.00™ 0.3840.00% 2.2940,01%
WB 0.1940.00% 0.3946.01% 0.2540.00° 0.3646.00™ 0.2846.01%"
OH5 0.0140.00% 0.050.002 0.0240.00™ 0.030.00% 0.1740.00%
T RER OH8 0.0240.00% 0.04 40.00* 0.0540.00% 0.0240.00% 0.0540.00%
(C18:3) OH11 0.0126.00% 0.14+0.00°" 0.0240.00% 0.0490.00% 0.2140.00%
WB 0.0140.00% 0.0540.00™" 0.0240.00% 0.0340.00% 0.0240.00%
OH5 2.5090.10% 8.6140.842% 3.2840.28% 4.1940.24%  40.7521.56Y
N A OH8 2.1340.10% 13.5840.84"" 9.4540.28% 3.4640.243" 8.7141.56™

Y] R

OH11 1.630.10% 28.57+40.84" 4.0840.28™ 6.0640.24% 46.7441.56Y
WB 1.8140.10° 7.8040.84%" 2.7940.28™ 4.7840.24% 4.2741.56%
OH5 31.7040.46% 16.6040.23% 20.2540.31% 16.5940.26° 9.1940.20%
urdbEA OH8 23.4040.46" 15.3940.23" 16.600.31% 15.0520.26™  12.2440.20%
OH11 26.1440.46% 7.8340.23%" 14.2340.31% 12.8440.26% 9.7640.20%
WB 25.7340.46% 12.2540.23M 21.4740.31% 15.9940.26% 15.2840.20Y
OH5 0.4640.01% 0.1940.002% 0.25+0.00% 0.1940.002% 0.100.00%
PUFAMEA OH8 0.3040.01% 0.186.00™ 0.1940.00% 0.186.00™ 0.1440.00%
OH11 0.3540.01% 0.080.00%" 0.160.00% 0.1540.00% 0.1140.00%
WB 0.3540.01% 0.1446.00™ 0.2740.00% 0.1940.00% 0.18+40.00%

E: a0 A TARR R 18] R Aa i 2L BAAHAR F A ARR) B FE EF AR RE, p>0.05; v~z R TAE R A AL 32 40 ) N g B
BT HAR DB FENEFIREE, p>0.05.
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ML EEAR AT LA, RRAEIFO T RE R KA
BERMMEHEE T, FOIRMIRG = AR BT KIS A T
IR A v FEL s 2E 6T P i /K e P e A P OOR TR
HIR A . IX AT RS2 BRI A BRI 4 e F R 4IRS Tt
P, IR T B S SE R . Rl AR B s
()i 25 M FDT R 2 BB I TR) AR AR FE IO, mT g e HoMl
B AR R 8T, E 5~10 d BAMI G N 3.
JER=E AN S i

B INFRLERE: b A AN VLR i T R -5 LR s B R

B (UFA/SFA) Bl Al iR Keifg -, A8
T HA BEME (p<0.05), Wi BRI FEH AR A R
PR (1) 7K e 72 AR TR RO T UL RT g B R - BRI # 11
Viem 205 7K I FALELLE T J 1 1R AS v R RS 17 1 L 431
IE2 = T RN 5 Viem 405 8 Viem 4, {HA7E 15
d 520 difEAEE (p<0.05) %57, #HH 11 Viem
57K A B B i AN AT R TR = A e
B INILERE b 2 AR IR IR S5 B AN R TR 5
HHTEAE (PURA/MUFA) [ I8 1] i S K T 2 2%

(p<0.05) "R, B0t FE H 22 AR AR T R A
KT AR . 20 d skt 25 A
AR TR RS LA 03 22 5 o R In#AVE FEL H
HEZABPANE TR LG & T =R (5 Viem #4H>8
Viem 4>11 Viem 41), KGN Z AR AR R L
) 235 = TR I 11 Viem 41, 1 5 5 Viem. 8 Vlem
AR . Ut BTE RGN e F R ZH R i -2 AR
PR S Z A

Ui 25 M T e 10 7 A DL B S BEAR A 2 PR R AR IR

DRA: SO B 23R, W TEER P, B 1 e I i
FIRIGeE 26T, PISINARAIT PR IR R M R A
EA NG 1 =11 R N (TP 9/ (K B (= 2 o i
R SR SR 2 5 T IR Sk A T, SRTT, AR
T BT LA 22 AN AN i R T sk A T S 2 Sk PR il
AR R MR o TEARSEIG S KRAR A LI
2 e FE S 2 Py 8 R TR T Ak i S 2 v T/ A
HH, AR XIS e v B SE 5y, TR LK
WINPT R . (5 S 2 e F v 2 A s
TR SE AR FHARCR, | Rl REEE 5 = AR AN Bl Uk

3 g

A3 A AAS A B R RR AR (5 Viem. 8 Viem., 11
Viem) 5K ES ERBEM#AE 95 °C, il
S FoHH B RERA T i, DA% 20 d TR N I
REWTTRI AL . R IR L (5 Viem,
8 Vicm) AT MR oL & 2] LA BIE Gk
TR, HEA HOR I BRI e vk . T AR}

IR R (11 Viem) TIEERESH, BRI & &
BEM TR INA RIHRR IR R R A
UFIATEA o RRABEINFART T R o 7oA i 5 MR iy v ik
FEEA IR, HurE IR A= B3 m TKIG
n#k, Hrp ok, (EdEERBEE . BRIk, RRasn
FRE S LA LRI A SR IR (1) vk . (EL s R 2
UL AR 2 AR R IR A E G, TRERE 5™
ARSI SRE KR, BRI HRZAER
BERA AT RIS, BTGk .
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