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Effects of Cooking Methods on the Quality and Polycyclic Aromatic Hydrocarbon Content of Sauce-Marinated Beef

HU Gaofeng', WANG Yong®, SUN Suyue', XING Wei', CHEN Conggui', CAI Kezhou"*
(1.Engineering Research Center of Agricultural Bio-Chemicals, Ministry of Education, Hefei University of Technology,
Hefei 230009, China; 2.Anhui Dongsheng Food Co. Ltd., Bozhou 236000, China)

Abstract: In this work, we compared the effects of six cooking methods (steaming, boiling, deep-frying, pan-frying, roasting
and microwaving) on the quality (sensory evaluation score, color, texture, moisture content, pH value, and thiobarbituric
reactive substances value) and polycyclic aromatic hydrocarbons (PAHs) content of sauce-marinated beef. The results
showed that roasted, steamed, and boiled beef products had better color quality; the moisture content of roasted, fried, and
pan-fried beef products was lower, with significant differences being observed compared to the other groups (P < 0.05).
Steamed sauce-marinated beef maintained its moisture content well, and it had good texture characteristics; roasted and
deep-fried beef had a high degree of fat oxidation (£ < 0.05), while steaming resulted in the lowest degree of fat oxidation;
compared with the other groups, the sensory evaluation score of the steamed beef group was higher. The total content
of the four PAHs, benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene and chrysene was higher than 7.0 pg/kg
in roasted, deep-fried and pan-fried beef, and about 3.1 pg/kg in steamed and microwaved beef. In general, steaming
could be an effective cooking method for sauce-marinated beef as the quality of steamed sauce-marinated beef was
closer to that of traditional braised beef.
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AFl; ARLI40/CHF RPN (R AR
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1.3 Hik
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2120 g-

RO %A W 1.5%)\fi~ 1.3% R 1.5% 5
0.68% 7 M 0.71% T FH1.65%AEHL (DL oy 3
), ML LK FBREEM /N K &2 h,  §1#52£9900 mL X
W, T4 CIp % o
13.12 FRRIES

2% FREW I, JEREAEEh . EE100 mLx
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Table1 Criteria for sensory evaluation of sauce-marinated beef

BEHRE 1~3% 3~5 0 5~14 7~9 %

wp OPLZEEG, RN RZRAE, WER MAZRAG, R AMUZRLE, DT
TOWhAR, ARBAN  WINAL, AN WERRAG. RN WHVEAE, TN
i VTURENUR B ENURE EEREK, EEDRIRE, AT
OBBNRERN, LRU ERW BORE AEOE R BUR RISRKEFHRA

WIREH, DRVRAE A, HORGER AREH, ERRME S, B
ik AMGHRER Bk AERER R, BOBSAEER RREd, Tk
I AR [l 3 BN B

1.3.4  (APENE

FAW SF43 6 5 A3 52 28 A [R] Ak 7 =X Ak 2 s 2 A
P, DIE R RELERORE R T By By F3 AN
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1.3.5  JFirE
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FTPAREI, R APSOP R B AR GRS, I s
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MR N EED, ik 15 g, 2 YR LE A BRI ]S s .

1.3.6  pH{EM &
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pHAE M ) B0 HARERAE N BUIRE S MR AE4 gn
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P8, DR AR IE S I pH AT I E .
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KA ) PO BT R
1.3.8 AR EE 2218 [ W) (thiobarbituric acid reactive
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Z M GB 5009.181—2016 (& &4 EFRbrE &
ai R R R E ) PR R A Y BE VR . SR TS
B RV AR AW, MAF T O bR AE 2R
y=1.209 4x—0.007 9. TBARSs{H LLAET 5o A A 7 —
B BRI
1.3.9 PAHsZ®IE

Z W Nie WenZPIW ik, FHs(Esh, HAAREE
W FEARPEEL: HUS gBYREAIRE T50 mLES O &S,

A25 mLIF b, &R A G T8 A 4Ch#E A 15 min,
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Florisil [ A 2 BURE EAT 76 4k o K 1 33 VBN [ A 26 BUR:
o H9 mLI Oke- T (3:1, VYD) TRA G M
FHAREEUA:, FIER 75 R A (45 °C, 30 t/min, 15200 Pa)
WAV R 1~2 mL, BRI F 10 mL &0 F
o MA2 mLOBE, BAEEMEE, FH0.22 pmflAL g
JEEBERR R, E A T A I 25 ) R RO i A
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V
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s XA TPAHS S &2/ (uglkg) 5 p AfKIEbRiHE
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VIR S A MR B 26 58 AR AR /L moRE it o B/ g o

g% F: Eclipse PAHEIEME (250 mm X 4.6 mm,
5.0 pm) 5 BEFEREE20 pL; AIE35 °Cs JE ] mL/min; i
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K2 wIHBEERRER
Table2  Mobile phase gradient elution procedure

I [ /min FE AR HU% TRANAIBARAL) $0/%
0~10 65 35
10~20 70 30
20~25 75 25
25~35 80 20
35~50 90 10
50~55 100 0
1.4 HdiabE

SIS K s R Origin 9.03K - #E1T 81+ 50, 45
PLFIME + brif 223K 78 s K H Duncan’s A AT B3
MR, P<0.05FnmZRHA 5 ERE .

2 GRS

20 RIS R 2 P R V)

£33 AREBATRE G AR ARBE RS

Table3 Sensory evaluation of sauce-marinated beef cooked by
different methods

Mt ARTS RREY P WHESETS B
Fe i 6.57+0.66" 3671042 620+£029"  5.07+0.76"  21.5140.83"
ik 797+045°  433£039° 6013006 527+040° 23.58+037
Sl 8234045 4274039  6.18+037°  53010.50°  23.98+0.61°
2 6431026°  6.59£1029"  7.53+017° 6711014 27.26+0.18"
Tt 5831048  551+0.12° 7671017 637+0.09° 2538+0.12°
i 7374050 6702057 7304028 6671025 28.04+0.65"

s RPN FREAR, RoREREE (P<005) . #4~5[H.
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EHR3AT AN B, R, e B 2E s XA 4 A
M 5 AR A H T B2 2R, HRIR, K
A2 R R (P<0.05) ¢ AHELT &SI
A, A B KUK DR 1 g A A 1SR T
B2, HERDMBEM RN O FE. BEmE, 26
PACALS AT 2 BN, W A% ) A 5 o
JRUR A DA RS RY i JS S A I TR S s R A
2.2 AT S KU A A EL A ) R

4 FREBATKE GRS ARk
Table4  Color parameters of sauce-marinated beef cooked by
different methods

24k 550 L* ax b
925 il 69.87+2.48" 19.74+3.90" 72.79+0.63%
] 71.49+5.53" 18.64+3.60° 75.88+3.24
S ] 62.60+4.47" 17.93+1.43" 64.72+3.19%
Z& 1 69.99+2.19° 21.66+1.21° 60.29+1.24°
T 77.80+1.08° 6.51+0.20° 66.67+0.86
A 72.15+2.04° 19.41+1.19* 85.434+2.59"

EHERART RN, Tl b 8 i UK ZF IL* (77.80)
L, HEAME, 6 K XKWL LR ZER. Xt
T8 i AR AR Rax, 7Z&60 A Beomr s O B ik 4 B
ik, HERMEAA S, HAMLEEZER . Mk
PN AN BTG, Eon AR 1A) R, ok A A i
BRI 58 . 6 FhEIK Ab B o KU 2 A b 2 R
K, HpZhbds ik, HE5HMA NG EEZER
(P<0.05) , Z&HIZALA b5/, 7T BEAE 2% 2L
IV, A LA O S RT3 P i A S 30
23 BT 3N 1 RO A PR SRS ) R T

RS ARBANRE G ASRT AR RN EER

Table 5 Texture properties of sauce-marinated beef cooked by
different methods

LR BN filia WEE EE (Nemm)  EEmm
Pl 1641471£177098° 069009 0591007 659556194949 0.26+0.05°
M 660834+127632°  078£006°  0.61+006°  3098.024508.06  0.25+0.05°
fEHl 97966248655 0811003 06810060 5437.15£89942° 030005
Rl 96012746397 0763004 0621002  453642£380.66™  0.28+0.02°
Bk 5441474109902 076£011° 065008 271688192645  0.28+0.04°
il 5797994226609 075£004°  0.67+000° 286438197511 0.26+0.02°

HERS TR, % i) 20k % i AR - BB FE ek, H
HHMMAZEREE (P<0.05) , XA 5kH b4
PI7K 73 0 R AR FE R 0%, 28 RN Tl ipte 20 e 28 52 652 /)
HEAREZES, AUf]. KR 2 20 T35 xRk
A DR B () 0 22 S R B2 . MEL MR 5 5 AR A 2
FRTE], 928 o) A A 20 % o UK 2F R P I P e v, L S
HoAt b7 M b 22 5 B 3% (P<<0.05) , 1 Z& il Btk 4
NI (4 536.424380.66) N+ mm) T EF, X
Lk 2= P G5B AL . % Bk 21 6 o KUk 2 P )
P WERMRRIEW R EZER .

2.4 RIS 3O R A LK 23 2 B

g0

O el wuml el Bl AH Bk
LR
INEFRARRE, FoREREE (P<0.05) . E2~3[H,
B1 RRRAH AR RS A & B

Moisture content of sauce-marinated beef cooked by
different methods

Fig. 1

KOG EATFN RS RN EES R —. HEL
AURD, JEH S R RYE S 3 Ak 75 2 T KU 2 ALK
e ERL, HEHAMANESREE (P<0.05) , XAf
REAE T IX3 ROy SR AL BRIE B B v, B s e Bk A
KO E BRI AT B AR M ] A 2R A 2 PR 8 K 1) D
BRl. tHECT S, 7861, ZHIPVLH Z m KD &R0
XS, UL ZE ) Bk BB BT b OR KR o KUK 2R AT
IKGY .

2.5 BVE T 2N e JRUER A A pHAR (1 5 1

6.4
6.2k be bc
6.0
T 581
5.6
5.4
52

ab a

T R e T R R
TR
B2 R R B g AUk R pHE

Fig.2  pH value of sauce-marinated beef cooked by different methods

HE2RT &0, AR, 6 Fl ik 77 3035 s KUK 4
WpHE 6.0~6.2, & il b 4HpHAE Sy, 25 1l 24
ke, HAESIAAH S AR LI0H (R HI A H
) ZIAZEREFE (P<0.05) o &HIEEE & XER
KGR S, XA AR T EA RIpHE & = 1R A .
2.6 LTS 2N e KUK A AR AR A AR B 5 T

1.0
208} a
)

Eosl
T 04r c

% AR AN}

P /I L1/ 5 23 B < I ¢4
S Vi
3 FRRATTRE 5 Ak 4 P TBARSH
Effect of cooking methods on TBARs value of sauce-marinated beef
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P 02+

Fig. 3
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R I e = 2 — 5 L SRVEAN IR 0 A A FR B . HHE3
AR, 6 Fl ik 75 20 KUK 2 AL HH TB ARSE Y
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I) A 0] 3 BT AU 21 A TB AR 520 22 il 50K
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TBARS{E I, X5 7k LA 78 3 1) 2 18 % o 09 B i
AT A R 3. 45 BRTIR, AR EVE RS AT &K
3 1) 1 IRV 2 PR D g T SR AR B
2.7 BT 3R AU A IAIPAHS & 5 R 52 MR

£6  RREBALH R AR HIPAHS & &
PAHs content of sauce-marinated beef cooked by different methods

nglkg
PAHs il HIH JET il #il LU
BaA  136£0.13" 1372023 125+0.11° 0372034 0702035 0.58+0.09"
CHR  136+0.12" 130£021° 1.17£0.11° 035+0.16" 0.67£0.05° 05142007
BbFA  2.77£0.16° 2.82+021° 1424+0.14° 0.96£0.14° 1.24£0.12° 0.89+0.03
BaP  2.81£0.15" 3.04+0.09" 3.28+020° 142+021° 157+0.10° 1.13£0.17*
BEE 8301174 853039 7.024044° 3114054 4.18+048" 3.1040.04°

Ee TN FEEAR, RrZEREE (P<0.05) .

WP Tt fEhPAHs KZ T E R RAETR
M TARE . IMEE— RIVE R ERBIE R, 50
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(P<0.05) o £ FRTiR, i o Rk A4 N A E )
JRPAHsI & &, MARJGPEZER] . o2 Fhaddb oy 2.
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