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Abstract: In this study, the effects of different temperature-time combinations of sterilization processes on the texture
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and flavor of Chaoshan beef meatballs under the same cold point F, value were investigated. The samples of beef meatballs were
sterilized by direct steam and packaged aseptically. The effects of different sterilization temperature-time combinations (110 C ,
36 min; 115 C , 13.26 min; 120 C , 6.5 min; 125 °C , 4.5 min; 130 ‘C , 3.33 min) with a similar controlled sterilization F, value
(about 4.0 min) on the texture and flavor of beef balls were examined. The results showed that when the F value was similar,
different thermal sterilization conditions had significant effects on the texture and flavor of beef meatballs, the most acceptable
odor being obtained by the sterilization at 120 “C for 6.5 min, causing the reduction of the content of irritating odor substances by
40.65%. The sterilization at 125 “C for 4.5 min led to the best mouthfeel, 98.84% of the hardness of raw materials, higher odor
sensory score, and lower content of irritating odor substances such as diallyl disulfide. Sulfides accounted for 55.18%~68.76%
of the volatile substances in meatballs.Through multivariate statistical analysis, 2-pentyl-furan, hexanal and nonanal were the
three major substances that distinguished the odors of the beef meatballs subjected to different treatment conditions. The total
content and the SOAV of these three substances were the lowest in the meatballs obtained by the sterilization at 120 C for 6.5 min
and at 125 C for 4.5 min. In summary, accurate high temperature-short time (HTST) sterilization of solid foods could be achieved
by the sterilization process involving direct steam sterilization and aseptic packaging, resulting in commercial aseptic Chaoshan beef
ball products with #, = 4 min, and 120~125 °C is the appropriate sterilization temperature range. This research provides a theoretical
reference for the practical application of the direct steam sterilization-aseptic packaging process and the preparation of commercial
aseptic beef balls with low F, value is provided.
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Table 1 Theoretical time required at a sterilization intensity as ;=4 min of each temperature
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Table 2 Sensory evaluation standard for sterilized beef balls
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Fig.3 Total ion chromatogram of Chaoshan beef balls

HI2 3 AT 50, JEURERT R AL AN % PR R HE K
M RR A TR B AR AE BT X A= e, 7
T Rk PR 2225 B R RSB R BRI TG B, O
FET ORI . WEEESSIRE, BORRE)E, R
BHHA 8 M & BAFAEANFREEE TRE, 556 3 M)
B BT AN, ARRIE R R R
BRAC SRR, MURAL s BE D Y S AR 2
) B E G 2 W R -1- R TR SISk
[Z8E 3t N 7S B St N 7N B4 e L
T ] B K B R SRR G0 ) P SR B L 2,2- —
FEORIESE B LU TS AR, R IE H L
T 34- ISR SRS A . OB
Bes W FPEIESEYI B il TR BN, K
B8 4-PURTE . Tl 2- IR AR5
AR A AR TR R B AU B ORI AL

M 5T 28 ) b, B R SR R
Z, gREMBRK, ST Pk RS R K
55.18%~68.76%, AL G W pl b DL 0 7 2 1t Ak
R TAREE Y T X e AT R B T AR AR
AR IR AP0 ot F) R 22 D9 R Aok, /D B A e A
AR LRI — B SN P AL R R R
AW LR RFFEER, KR AT
BImtE . Fob iR 2R M AT AR R A R
YER T AL WA KR 3, PR e A A — 0
PIEEBRIE . T T Ak TR T P R I A
EA AU, X e R IE S R R I SR U
I, A ALy — A= R A R B B S &
T BAE IR SR 20 Jo 0 — ol mT vl 0 S A A e 7
PEIRH DL /N3 T E M R A FE— AN S5
T, R AR - SRR - AR = ok R AT
rim AL FE, AR DAAE A T TR, S
=R, 2- HUREE N S — 2 h 1 S s e, |
R W SN R 6 KE, ¥

268

U2 PR SR FR PR K 2 A0 5 I DA K AR A o N R g
T Ak R 3 R S Al s B AR R R O St ) B
SRRWALELS, BREERY) S B RE AR AR —
NS, 54 R T A R L R R A
I, B TR B A5 35y DL 7R 56y JE
B Bl Fl =B X SRR R 22 oK H ar 2 R
O FRAE RS, TE R iR BRI I AR R AN R R
FERBR, BASEA M. m2,2- R
Tk 1% — P AE 5 R BT SR TR IR R, FER S I
BRI S EHE, NEAKRETREN
B RERRAEMERER Y. NEEEE, HERY
JR TIN5 T 2 ARG A Ak S0 I AR, 1 oA
W LN —E R R T Xe, BRI TR E A
W (1 BRBE) 0T 2 R B AN I, A sk T AR
2,2- CHUEERERE R . DlssTl, T 120 CREE
(1) C BB i e = 5 ik, O 3 080.83 pg/kg, H
UORAE] 125 ‘CAB I D 416 3 701.85 pg/kg, i fi
FARSRI 115 CRE R B AN 5 i m AR Bk 2R
[ g 6 181.41 pg/kg, A b il FE AR A0 G ARt Tk 2 4)
TRIpSSe ek NIIAR

TN B85 2 MR, ZHFRER4
WAIE RV A KRN OB, b 4-FRIEEA
T, o5 AR A AR ) 26.17%~35.57%
{E RN FLAE R A AL B A 0.32%. PRI SHH
s S P 2R A0 ot 2 R B TR O 2R A 1R B2 A g AT
b, XY SR NS G AR, R R B A
R R S G EE S TR, X—4R54%
AR I G SR 1 2 S DL B AR iE 35 F
MIFE. REE, WRB4T KRE OB —E & 4-
BT, TR A U I AR AR I X =5 .
CLEE /& omega-6 i i B S AL B 1) 32 B Y,
RKESFATMER, KKE TS NTE. #Ek
RFIE R, e R PR D) 2 5 SR AR TR SR . 4- R
T FE VT 2 0 277 o ) B KU A7), PR e i ik
St it A, EEENE RAEZE, A,
ARL. EVERIRE, A TR LR D R
A% R I TR 1) B 2H 5 3% TR i 1) E A B
O RSB, SR8 2 158.15, 109.32
A2 51111, 94.28 pg/kg, 1K 120 C Al 125 C
FEMCHEDYX —H SRS N N1 783.81.
76.72 Al 1 762.08. 75.41 ng/kg, W& 24 5% 6
JEE 5 25 R I TA) 2H 45 1T DA PR R R K =2k . | T
O R T2 e R A o o ) B IR A, ik
HUA 3 1) T 25mT DA £ il 1 n Tk




WY b

SIN 8CL1 ¥98°9C1 JFO'LF £8°6€ IOIPIF96°'LE JFLFI9€E O8TFLYYY 2q86°S F96°'LY vEIT €811 9L°€T  CT-TS-88YCH __ CT-F €
/SN 69°¢9 F9L°STC LYV'SFOSIT 919 F6€°6 OLTFTOL WOV FLIT JLTTFYEO6 8101 9201 86°ST  S-LT-686S Lt 23
19°C¢¢ 6€19 9¢'Ly 19°L¢ Y1I'L9 LS EZ
SIN 85V F 7589 I8 E€EFECT P08 F 68°L pofST F €8°E1 99°0FLT'61 98 S FI00€ 0SET  96T1 ¥0'6C  S°L8-0S0T W= FlAy—

II/SIN SOTCCF1E709 — — — — — LITT 9601 1§61 6-C0-9S1¢CCI

SIN 08V FLSLT pdECTFLOTI poS T F88°L p8l VY F VT el 'O FIEIT €07 F9G°C1 6011 0601 LI'61  1-6S-6L1C
TA/SIN ,¢6°CSOT F 87180 17 ¢80°6CE FTIBEY T (LETIS FEEOIET pr88EFEO68LO T BBLLEF TIPS E (96°0TS FS86E€TC 6601 9L01 L¥V8I  67LS-6L1C
/SN FO'LITF19G6Y  (J6'8EFOLLST  STI8F6£00€  9S58SF88CIE 85°€6 F L8'L0O9 €019 F LY'19C 6  ¢l6  9v'01  0-8S-6LIC
II/SIN - (T8CLFSY VIO (E8VLFOLICS T FTO06CTFVEBOO I (EVPTI F VO CEL (OI'LLTCFTSIIOT  E8I91 FE8TL6  6V8 €68  TO'8 [-88-T6S

SN — L6F F P86 L9V F 10°L9 96FYLLE 91T F €779 WSEEF LY $€9  0EL 61t TEITLLE
v6°6v9S €T T8V S8 T0LE £8°080€ 1+'1819 S1°L99¢
S — LP1F96°€9 JYEIFSTE L8TFS6TI JF6'S F9€°6T LULFILST 8991 66v1 S69€  0-LE-8TI
...... 96°€9 S $6'Cl 9€°6C 1LST
RI/SIN SSTTTF€0TE 659 F88°S 999 FS8°€ SSTFSOL SETFINY 98°S 7 8F°CI 696 086 ILE€l  +-98-16€¢€ EE RSV
SN - 961 72066 JO61 % LESS FSLF89EY 6C0T T TTL OL9T FSL°6S 1€6  L88  LE6 07197065  HRYFh-I
S L8'SSTF L8816 - - - - — 098 L98  SS'8  €-LT-III 21
6'056 6701 TT6S TLos 1€8L €TTL ¥
S STFHh€6 — — — — — TS6 686 PI'VL  L-EI-TI1 g £-C
vh€6 ¥y
DI/SW  LI8'LTF6L9T 887 F 8T+6 FYELFIVSL  ZEEIFTLIL L0+ FTE601 L6LFISE0L  $OIT +OI1  L861  9-61-HCI WF
S — LSEFIVLIT  8SEEFRIOIT  HFSIIFHBOT  ,I¥'0TF9TTOI QLS0TF96°001 €16 €48  19L  0-HE-8£TT9 FYH b
T4/SIN — OESITFITTIS T o€0°9SS F80TIL 1 (o8 6TTF I8°E€8L T 8L FTTFSI'SSI T (W SPIFSL'S69T 908 008  T6'S 1-62-99 2
6L°9C 8TCILT 81'816 €6'896 YL6SY T €2°006 [ XW
Mw Ll = : 2 d M M e SVD Yt
B B/B) E-2 Jxik YWY i &Y

s[[eq J39q ueysoey)) jo spunodurod INB[0A € IqEL
S A 2L 7 MEE € 2

269




(S00>d) HEZFFTYH LY EG Lo el w W artyle 12

S 876 T €9°TLI — — — — — $S8  €9L  66'%  0-8p-IHS wWLE €
S IEFOIIEL — — — — — §$8  0€L  0TY  T-69-8€€ Wzt -d
78°€0€ ¥WEE
DI/SIN  WLPTEFELOST  4uLT6 78986 OTSTFO89L  SHBITFOSLS  ELSIFHIICI JS8IT6599 8001 666 OV 1-SS-L99FT L h = -S€T
S — OE6T F8TEIT  BOSSTTIVLYL 9067 FC08TL  5998TF 8 18T 68T FLOPET  OVOL 886  II'PI  €69-LLLE b YN T
/SN SLLF618E OTISTEETET  TSESTIOSEL  TELTTTSOTL  6S8ITECO66T  JIT0TTF6EHOI  ¥88 106  T66  S-SI-TE9  &EFh—-+¢
76881 €009 T6'6S€ €rTIe v6'1IS S0°SOY ¥
S — 61T+ 96 0L 11°6 ¥ S8°9¢€ SFLSTY SL'SY ¥ ST8S W6 FLLOS voL  ¥9L  10°S  €-88-801 ¥
S — ST FIE91 L TEF99°01 L6'SFTS6 @V TF T EL P TF60°S 86  8S6  ¥9TI  L-TS-001 Wh¥
SN ¥9'SLF99°TLT — — — — — LS9T 888  6£6  SLE06T9 HIWDRF2ET
99°TLT 8T'L8 IS°Ly 1'CL 89'1L 98's¢ ¥$4
RIS 16St 7 80°8LE — — — — — 918 008  T6'S  6°S9-I11 U£
80°8LE ¥y
o sl - - 2 - M T Sl SN Wik
23 B/B) E -2 Jxtik Wx it HEY

270




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.6

AR e L, EREEEFA
FH I 5.45%~7.39%, 7E IR AL 2.30%. 3,4-
TRIREM R BRI, AN iR S BRI R
i, R, k. A eRER. A
WA, 3,4- — FFEEWEWY T RE SRk 5 0 T4 &
Pk 7 350 vy SORE B R IR T R A I AR - T3
AREHE, BURMHERRRE S Z RN RS B
WFFE AR, 0 TR e A I o v ) SR R R A
R 3,4- — B Ry [ A7AE, 10 0 A JE Ok
I E TR A A I EAS . MOz
ARER E AR R, 2- IR S T Ak, W
o S S 7 A 1] R O JEURE A s bR S R B
K ERAE RN, BT RE T AL 2 R 58
JE R R A 2y S B G B PR AE T Strecker B fRPY
IR e R IEE P S 028 1 5 LGS I/, 3 AR L 5
KEfbE, HMHEATT A= E g s ™, At
F, AR RAKEF AT 2- M, 1
2,3,5- = HI LN R D) A AS [F) 7% 82 ) skl , i B BT i L
) 7% R UL BEE 1 G F2 DAL 25 W 20 ot 1 P 2

B Bk =KW Ak, %A LR B AT S 4R
R R AL A WA B A V2 HAl SR W . #E
R IR TR AL BRI A A AL R, AR T O S
B - —E S EN 1-EE-3-1, 25K E,

1-CEE A Y, -4 -3- B WA E AN R RE 2 1) 2
HD . 1-CEA KR ERERIE, —BORE
ROk e R PRSI 1 0 -3 T A B AL R A A
HS AR, 25 0 I ik I AR FE Al AN PR g I R F) S A
W, RTHE R MR USRI, X I RS 2 ok IR
a8 JHk R A A A5 B S L A KD SR, X
A S RURARF AT — S IR, ELAE % 1 PAY AL o
R TIRAR B R A R AE, el E fE
U5 B S A 7 AR JE T A PR AN VAT e SR o 2 ™
KPR A B Bk 225, BT,
[FIFE AT IR R AR ZE Strecker PR AL, A 2,4-%6 =
WEWE R IR =), JLAE R h B IR TR T 4
PCHRRTIIGINT . 2-98 L5 CURR IR A2 AT AR RS
hE, RAAETEIERFGUR R, al@d R &
P A TR AL 5T SR Y, U TR ZR I
F BRI, RORE T A THEIN. 8T
() D-FF I B MG REIE R, IR
IWE S THRERAEY) T, WRIRIREH AN F th
AT RIRAEH G (2 A T A2
24 FHABEREARHERERE (0AV)
#R

PERAAE R A IS PE(E (OAV) 453N
R APR.

x4 BIFRAAIHEIEEESER
Table 4 Odor activity values Chaoshan beef balls

Rkt Sokdik ARGE oAV
(mgke) @ A B C D E
S FERERE 00615 <1 28 35 29 29 41
4- B b i &b, m&E. £ 00042 <1 24 46 26 26 28
e S REFR, A&, BF. BF 00011 24 94 99 70 69 86
2-F A . 4. B8 0.050 2 2 <l <1 <1 <1 <l
1- T8¢ KR BEH. GE 00056 164 <1 <l <1 <l <l
1-F M -3-B% Bk, AR 0.0015 21 8 4 5 3 4
2,6- AT Hh-4- F KRB 54 1.0000 <1 <1 <1 <1 <1 <l
— i R AR FET. KFHF 0.100 0 9 0 16 7 10 15
e AR AR X3 0.0300 136 78 128 66 77 88
s R AR BT FRR 0.1920 <1 <1 <l <1 <l <l
D-A7A M AT HAT 0.034 0 7 <1 <1 <1 <1 <
FI; x 100000 <1 <1 <1 <l <l <l
E ) S FA=. BAE. AP . B 07509 <1 <1 <1 <1l <l <l
R ek, ALFRA 05270 <1 <1 <1 <l <l <l
2- BRI K b, o KR %2 00058 <l 40 31 22 25 46
2,3,5-= F koA T, L. KEHEEHT. L2 03501 <1 <1 <1 <l <l <l
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Fig.4 PCA of beef balls volatile compounds using five kinds

of thermal sterilization process
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Fig.5 PLS-DA of beef balls volatile compounds using five
kinds of thermal sterilization process
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ward algorithm
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