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Effects of Reheating Methods on the Quality of Prepared Pork Rib Soup with Carrot and Corn
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Abstract: In order to investigate the effects of different reheating methods (microwave, steam, water bath, and open flame)
on the quality of quick-frozen prepared pork rib soup with carrot and corn, heating characteristics, texture, soup color, taste
substances, volatile components, and sensory quality were determined. The results demonstrated that microwave reheating
was the most efficient, providing uniform heating. In terms of texture, microwave and water bath reheating had less effects
on the hardness, stickiness, and meat firmness of pork ribs, while microwave and open-flame reheating maintained the
hardness and stickiness of corn and carrot significantly better (P < 0.05). The steam reheated soup was golden and clear
in color, whereas the open-flame reheat soup became thick and milky white due to oil emulsification. The steam reheated
soup exhibited a good combination of umami amino acids and nucleotides, presenting the strongest umami taste with
an equivalent umami concentration (EUC) of 178.4 g/100 g, followed by those reheated by microwave, open flame, and
water bath (EUC of 109.9, 100.2, and 56.5 g/100 g, respectively). A total of 61 volatile components were identified across
all samples. In total, 29, 33 and 32 volatile components were found in the microwave, steam and open-flame reheated
samples, respectively, with aromatic substances being the major ones; 31 volatile components in the water bath reheated
sample, alcohols being the major ones. There were significant differences in the contents of some volatile components

(P < 0.05). Sensory evaluation showed that the microwave and steam reheated soups were more favored by consumers in
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terms of color and taste (P < 0.05), with the highest overall sensory score. In summary, steam and microwave reheating are

ideal reheating methods for frozen pork rib soup with carrot and corn.
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Fig. 1  Process flow chart for the preparation of pork rib soup with

carrot and corn
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Table 1  Criteria for sensory evaluation of pork rib soup with

carrot and corn
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TG b E 2 KT HARH, FT A% L AR T Hh
REFDIT M. %0, BRE AR RSB
R RENE R

%2 BRSEHUTR Fr i g

Table 2  Color parameters of pork rib soup with carrot and corn under
different reheating methods
F#T5 L* a* b AE Cx
OEEI 54.2940.92° 0.76+0.14"  9.204+0.45 5511  9.23
FRINEH 553940.86°  0.9240.03" 12.87+0.07" 56.89 13.07
Bk EH 41254038 1.14£0.09° 11.38+£026° 4279 1135
KIBEH 5243+£0.42° 0.794£0.22° 11.4640.14"  53.66 11.44

e ARNEG FEARFRRRA AL RE FRMERDE (P<005) ,
#10[[.

B K E 3G Bz 2 R A 6 B AR R, T
el Tt R IR P M R A LR, SRR R
SRk, (EHIT R AR,

24 G5O PR R RS SRR B B RS

T S B LS KR AT AR BT, MR ' EER
Bk R3WT A, fE4 ARG HRE 5 R
REMSEAEREZER (P<0.05) , AW HE17 F
RAEEMR . Horb, ZEVRE R R I o v Ui S
2B (109.11 mg/100 mL) , [ J5 4 R ik B 4l
(74.60 mg/100 mL) | BHKE A (67.24 mg/100 mL)
KoK EHA (53.40 mg/100 mL) , k. RN
B R R AL, kTS 2SR A
M IR 2 E 3G, MR ERAR R RS E S
TARAIKIBE A, 2570 Re £ T Z2870m# 77 X
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ANF], AR TR B K 2895, T AT FE A8 s 23R
I HBhA. IRl A i 48 AN R B A AT
BEIE R e BRZRVUI LS, o3 2R S SR s R TR
TETMREER, WHENEHY N RHEEET
I B E KR IERE MR E IR, AR A T B
IREIEIE -

#3 AW R IERRAL K e
Table3  Composition and content of free amino acids in pork rib soup with
carrot and corn under different reheating methods

J R/ (mg/100 mL)
WEER RRER WKER KRER
ek G ER 23302147 4470£1.09° 17.94+1.62° 13554085
TR AspRAER  6131041°  6.88£0.12°  6.19£0.09" 5.64+0.52"
U RAR TSk 29.43 51.58 24.13 19.19
Ser2 F i 208£0.15"  2.34+0.09° 1294031 1.0420.04°
Gly H & 4124062 6402048 470£1.01°  3.2140.08°
ik Al R 19.74£1.15" 26.38+2.08' 18.64+1.08° 16234046
TR Proffi%& R 23740.12°  1.34+026° 1204015 0.7440.08°

HHR

Theff &R 1964+0.16"  2.234+0.11°  1.60£0.17°  0.96+0.07°

Met BHR 0.5740.04  049£0.05° 043£0.02" 037+0.04°

FHVR R B 30.84 39.18 27.86 2255
Arghh R 30410190 3.5610.68° 3211046 2724027

His#l 2% 0.86+0.12°  1.17+021"  0.88+0.10' 0.63+0.46"

. ValE R 1.624042°  249+1.01°  19040.14* 1414026
ﬁ‘f‘gﬁ Tle =2 L 0934007 1.01£0.14" 0.7940.05" 0.53£0.01°
Lewr 2R 1.87£0.04 2904065 229+046° 1514013

Phe N A 1.504£0.09°  2.16+0.74"  1.65£0.13° 0.81£0.24°

Trp o 2R 135+043" 1344015 1.39+0.13"  1.26+0.17

TR E 11.17 14.63 12.11 8.87
Tk Lysifi i 1804013 1.78+0.05° 13040.16° 0.98+043"
AR Ty & 136+£026°  1.94+0.73" 1.84+035" 1.81£0.19°
TR 3.16 372 3.14 279
TSR 74.60 109.11 67.24 53.40

TG FERAFR A IS A FRMEREE (P<005) ,
4. 8JA.

TiE B R R B R 10 Ak 3 BT AR B RO FE A
M S e, e HG R, Wkl b i 3 Y HE
S JEORE R AR B T BRI AR SRR L RO A
MR, FIERTEZ S, BRI AT RESE DRE S A Ui B = L R
s, REAG SR A, BT
BRI AR S KRB N Strecker FEfFE ST
TEK O R S Ak 2 e FE s M OB . T A2 e
HFEEER S ENEHE - NERNETRE. KR
HRJGETE B AR G 2w, BUA KT HBC R = E R
RE, DT E G RE R R R FEIE B AE R, SR
M, &R FERRAE S AP ) B AR i 5 1 FE L1 i 75 R
NIRRT
2.5 BHJ7 7R S R RAL R & 1R

GMP. IMPHIAMP B (A% H IR, ©A1 12 4%
EFESEARKEY T, mRZk, @5, k=%
FVER, DAHERE thplah & = A sm gl iink . Hod, #fnk
PIRIMP R A RS 2, 5 B N Hx A, WR4ATFH
4 B O7 ST R R R T SR A v ) R A T IR
YINIMP, H i IR K N16.59 mg/100 mL (GRIKE

O, 21,47 mg/100 mL (B KEHO , Hikk
AMP5GMP. HHEFFEH, 7= & o B 1R 7
MR SHE AR TR S BN ESREY, A
W7 92 A R 1 22 57 1T g R R IE T # oy = i)
AR SRR . 124 T F, A RAFIT+
3 P RIRAZ R SRR R (46.32mg/100mL) , H
IMP (1) 53 = P Hx R In ) A BB K, IR AT RE A2 R I K
BRI TE L R YA H W R PR A AZ R (I B, 17
T 7RV KBRS (R R R SRR E
S, {HZEIR. KB E P& BTl 2 L

#4 AWERITA T AL TR 5
Table4  Nucleotide contents in pork rib soup with carrot and corn with
different reheating methods

JREWRSE/ (mg/100 mL)

U [[OEES EIREL LIPS USRS
GMP 6.874£0.02° 6054002  886+0.09" 5824004
IMP 19.0842.04°  1659+1.86"  2147+321°  17.724£022°
AMP 11724148 1133£0.19" 15994005  11.63£0.07°
GMP+IMP+AMP 37.67 33.97 46.32 35.17
Hx 48740.12°  3.69+0.04°  5.13+0.09"  456+0.08
In 16444049° 15224063 12334058 14234035

26 TR R AR R H R TAV

R SNA A I GEAR T Ui 5 a2 R S & B R
TAV, 4R E/RGlu5AlafITAV &3 & T HAb & LR
(P<0.05) o Hr, #FREIERRGIlul)TAVIE ZIE A
15149, R\ZRE AT RERE L. KA RIRE R
AlafJ TAVG I 40.27~0.44, GluflAla?dr &2 Fl b FE S
B E IR S B 40% A b, SRR v o ) KUR S
iR, X5 R RS & NE T GluflAla gy & i
ERRIP A .

#5  AWERITA FIE TS ZERTAV

Table 5  TAVs based on free amino acids of pork rib soup with carrot and
corn under different reheating methods
bids) B TAV
R (mg/100 mL) oA ZVUER WKER KIBE R
Glu 30 0.78 1.49 0.60 0.45
Asp 100 0.06 0.07 0.06 0.05
Ser 150 0.01 0.02 <0.01 <0.01
Gly 130 0.03 0.05 0.04 0.02
Ala 60 0.33 0.44 0.31 0.27
Pro 300 <0.01 <0.01 <0.01 <0.01
Thr 260 <0.01 <0.01 <0.01 <0.01
Met 30 0.02 0.02 0.01 0.01
Arg 50 0.06 0.07 0.06 0.05
His 20 0.04 0.06 0.04 0.03
Val 40 0.04 0.06 0.05 0.03
Tle 90 0.02 0.03 0.03 0.01
Leu 190 <0.01 0.02 0.01 <0.01
Phe 90 0.02 0.02 0.02 <0.01
Trp ND ND ND ND ND
Tyr ND ND ND ND ND
Lys 50 0.03 0.04 0.04 0.03

E: NDAEKH, TH.
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RKONAF R T7 N BWRAZ R & & B xR
TAV. R ER, IMPHTAVIES FE A5 N & T
AMPHIGMP, Jit EAIMP W] 68 4% it £ BEUERR TTHR &
IMP. GMP. AMP{TAV B RKIiER 1, 37U A5
XF T R T B R MR, H 2 RIR R 1A
A % 5 25 R W 2 T 7 A 1 ) A P 48 e A T E
(1 e ik B0

#6 AWML R ITIRTAV
Table 6 TAVs based on taste nucleotides of pork rib soup with carrot and
corn under different reheating methods

‘ B TAV
(mg/100mL) ol 57 I KBTI KR
GMP 12.5 0.55 0.48 0.71 0.47
MP 25 0.76 0.66 0.86 0.71
AMP 50 0.23 0.23 032 0.23

2.7 EIT7 A S EUCHE R 520

SR R B, B S R B ] T P A 5
LR e E Y. hRTAT A, RRE 07 = SEUC
HEFEE, PhatP M EUCIHRI N4 ANEH, 53N
>1000. 100~1 000, 10~100 g/100 gf1<<10 g/100 g,
FL R vE M B N RV E A (178.4 g/100 )
UMM E R (109.9 g/100 g) HIEY k&
(100.2 g/100 g> , X3 AEMREHLPEUCHL T
F2KF, MEUCH & MKHK R~ KMHEHAH
(56.5g/100g) , AT 3K, VEBHZR. B LK
5T INRRI LT H DR B 7 i () SR R

#7  AHEHITR FMEUCH

Table 7  EUC values of pork rib soup with carrot and corn under
different reheating methods

H#I7L WO R ARRER WIKER KRR

EUC/ (g/100 g) 109.9 178.4 100.2 56.5

28 AFEE TR IGC-MS A Hit

B N EOKHEE 3 18 2 A 72 v T DUE I i 5 A
Ty 365048 I RS F P2 AR K R I BRI AR, R
FHGC-MSEA AT RE it A IR R e AR B 53, 1 Tk —
Ao ST A A KRR FET . HH3R8, 9FT AN, 4 FhiE
T AR N R ORHEE 7 Hh R XU 4 P o
KEEBMAEREER, LRIl M RERY, H
K, RN 2R B A o ke 32, 29 P33 s
RAYERLSY, F5 P RAEIX3 HFE S AR & B, i
IR IR SR I 4 R VR R A3 1 Fl, DABE SR
¥, HHIA34.65%.

AT TR
48  HRVEMSGC-MSHHIEE
Table8 GC-MS analysis results of volatile components in of pork rib
soup with carrot and corn
A%
o PGB m%gijnﬁﬁ&gm T
B4
I 15% kB CH,0 ND 0372002 ND ND
15 RN CHO ND 0262003  ND ND
3 M [ CH,0 ND o 030£003%  ND 08002
42666 [l CaH,0 ND  194H005°  ND 0372006
5 3098 BIE CHO 2662012 31782294 204403 258020
6 3246 KR CH,0 ND ND  002H002 009200
73690 REEl CHO 0684006 ND ND ND
iz
§ 15 R CH,O ND 0512009 ND ND
91057 3 CHO 3264026 10794093 0322007 1064022
10 139 il CHO ND 037£0.10 ND ND
o1 i CHO 0285009 0255005 0072000 0282003
00 bl CHO 0172004 ND ND ND
B 2015 TR CHO 0814010 1831027 0302000  091£021°
4230 PR G0 ND L66E024  ND 027013
5 B0 FEfiE CH,0 ND 0382009  ND ND
6 B7 KR CHO 0272007 016£006 0274008 0162004
7 80 Tk CHO 029004  ND ND  017H004°
18 2869 FIE CHO 2661011 LI3Z00T 0612008 14920.19°
19 3050 R24XCHE CH,CHO ND 0112008 0362008  ND
0305 e CHO,  LI4£012 0102000 0924012 0732009
A 354 WER CHO 0272009 ND 0164006 011008
g
n By FRH CH.0 ND  LOSE009° 0032003 0182005
32000 ¥ CH,O ND ND ND 05005
U200 118 CH,0 ND ND 0112002 ND
5 2020 INEER CHO 066012 ND 030200 0455014
% AN CHERTE  CHO ND 0162003 ND D
7 316 WRE CHO 1284004  ND ND ND
B 45 o CHO  015£006  ND 0214005 ND
9 M0 2k CH,0 0132003 0122006 ND ND
0 3% IR CHO 040012 ND ND ND
72
3 3846 e CHO, 0202008  ND ND ND
2
N6 2T CH0, ND ND ND 0242001
B UM AW CoHy0Cl 0214002 ND ND ND
BoM e CH0, ND ND  009£004  ND
35500 A Cifty0y ND ND ND 0152003
% 270 CRLIR CH,0, ND 0.7320.04 ND ND
7 9 THREE CH0, 0702005 ND ND ND
LI R TR CHO, 0355005 ND ND ND
g
39 3748 TER CoH0, 1342012 0264009 154018 LH+012°
fikk
0 330 Rk CH, ND 2772005 ND ND
a4 3 Bl CH, ND 0452004 D ND
Q4 ¥ Cfg ND 0.6940.03 ND ND
81450 URLES CHO 1482024 0672013 1245002 191403
FERE
43080 T Al CHO  IB08E129° 3342028" 44962436 221+212
223
585 ol Cly 023200 ND 01003 0142002
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L . ‘ HiXEE%

" Wmlin i A BIER KSR BBER RREA
46985 il Coll, 0772008 0091000 0162008 0332007
4 129% )i CoHs 0442009 ND 0184008 0340.10°
48 1406 FriEl Coly  LI0E012 09240.10° 2412020 0642015
9 14y iz CoHy 1924035 0514019 067£0.12° 1524023
500 1560 R ol ND ND ND 0082000
510 1561 RSl CoHy ND ND 0.1620.05 ND
50 08 i Cfly ND ND 011£009  ND
55 1l el Coll 0 ND ND  008£002  ND
54 2540 RAEM Clly ND ND  OT4H007 0672005
552690 26ZFEAETMN G0, ND ND ND 013004
56 2826 & Colly 042015 0371004 0402005 0.94£010°
5T 2840 K CoHy 0342011 ND ND ND
58 2880 eBEYE Chhy ND ND ND 0242007
59 2940 &3 M, ND ND 072020 LIS£019°
60 130 14 HERE CHN, 0243012 ND ND ND
61 1518 - ERAR CHO 0445013 0324009  ND 011008

#9 ARSI AT IR P 5 o S bR
Table 9  Comparison of volatile component classification of products under

different reheating methods

HIKE A KRB Uk AIE A

B e N e B e 8 e
fik 2 3.34 5 3465 2226 4 322
S 9 915 1 1729 8 3.01 9 518
GBS 5 262 3 136 4 0.75 3 0.78
78S 1 0.20 ND ND ND ND ND  ND
(B 3 126 1 0.73 1 0.09 2 0.39
2% 1 134 1 026 1 1.54 1 L1
s 1 148 4 458 1 124 1 191
FitRE 1 18.08 1 334 1 4496 1 221
e 7 5.54 4 1.89 1 574 11 6.21
JRIH 2 0.68 1 0.52 ND ND 1 0.11

FER TR MR AIE R, BAARE. HHNE
MR, DR BB R, T R A R i P R A XU DT R
ANCT i, SEEEAEEE . F. S ME. . RRRE.
FHUR, W& RLARWR B AR F A B AR R
BLAE SR ARSI KOsk ) o AR LA P AR 2 B 2 B
FOKHEE B FE G A R B AR . KIS S RE
KM R B 43 B S ) AR N R e, G DA I
(31.78%) FIEZEEE (1.94%) R, BK. PEFzER
ST B RP AR DA A RE (300 0R2.66% 2.14%
2.58%) NFE.

Be2R AR HEHE b FOKHEE 3 T B AR IR 2 BR AL I
FETAT = A A K R A ST, KR B A BRI T
BRET . B KM IR AN 2895 A T s SR Ak S A
MRS RINL.26%. 0.73%. 0.09%F10.39%, iBFE M
TEH K E POt FE B R T ER 2R R E A, BRI 0 e 1 Tk
TFHHE D T KHEE 2 R ) 5 0 S A A g &<

FERAA YD, Feml & dE R DS, DR LAk R 4K
i, A5 BF SR b i & o0 B A AR a1,
A AR A S S ROKHEE 7 2 R Rl 2 R
FZEARK, BN, 11, 8 FhAN9 Fir, (HI A& EA7
TERCR ZE 5o B KOS JAEHRE o e S 9 R M XU A o 2
BUNCEE (3.26%) FIFMEE (2.66%) , KIBEHMMHE
FUNCEE (10.79%) F2-3E)EE (1.66%) , ZIREHRA
FENCOEE (1.06%) FFEMNEE (1.49%) , Tk EHFE
it B R AR R 5 B AIG, A N3.01% . Ol R A
SREBNLEY, BAEAMER. REK, KEK,
STV H R I AL =, BN it O BT (1 O et
R R 72— SR i CURE AR R A 3
5, o KkmERAEERE, K. BRERAR
2, WIEERAGERIK. AHEGERS S NP
FHEAE, 2-FmlE A 2RHARNRES, IFHER
XS PIFFIR, AR SR AT SR, Tkl R
Wt 90 B2 30T IR0 2 il S R M B, R DA SR
IJEBE R B R RS KIS . KRR iR R AR
fiX, SARUFFEERAM B 7THE A KON In AR (/] 4
Hofth 7 200 . R SRR B 3 R P4 AR AL 0 T 2R R
M E A R, XA S N ROKHER R S XU 32 B T
BRVEH -

e J S R B B v R R A KUk B i NG
ST UG RE S RS R 2R SR 2R R AR X R
A, FEERIEPGHAEE AN E A, ArEEA RE, JOF
GiEH . MRS, J58 A RRRNEES%, &
AR S HURET Bk, KB IR AR E G
T ity m 5 5 0 28 R T A i )RR X R A TN 18.08 %
3.34%. 44.96%. 22.21%, {EFESIERPEDIR B ok g
Ko FA R IR T B SRR L R

Br T EER. BE. BRI, Bk dE kM XK R
Gb, AR T BB EWER T, XL R
R i AR ) B R 4y, P T &M AR T &
M AR PR S b, 2- T T PO R 30 A DA A o AL 1)
T 5 B R R
29 EEIHNY

R PE RN EE B KU AN R4 AN T
SRS A N ERHEE BT LA P . BHR107]
VIP =R Y WO E U N S S = SN E: N & T
oM (P>0.05) , 1 585 1 E0 2 G vk U7 7 2 25 1k
Z5 (P<0.05) o PRSI, WHKERERES R
FARTHR3 AE R XGRS, XA EF NEH
KRG A2 B LA T B TR T 2
B BRERVE T S, K E AT BRI A BARMEUC
TR T BARMIPESy . MR BF, R 7805 5 ke
WAL EEER (P>0.05) , {HEER T U KEH
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AR EHRIE IR (P<0.05) , T W@ R 28 PR
BEERGE R D K HE 7 RE 08 3R AT S 4 IR
S, B S RERI S 2

HR10 AR T S I

Table 10  Sensory evaluation of pork rib soup with carrot and corn under
different reheating methods
- REfT
SRR ‘ — —
ik R LS vk By

Bog s 2234047° 2254041 22.04082° 2224024 89+0.70°

RREM 2331047 2134125" 2234047 22840.62°  89.8+2.81°
BkEH 1704082 22.0+081° 224081 215+41"  825+254°
KBEH 21740470 2074125 2224085 2024085 84.7+2.72°

3 & #®

A 237 O R S S KRS 3 R
O WERR KR B BRI . WRFCR I, B
HAGER A, AR SMR R, FRIRARE SRR
NS, BIE, B ZRTORUK IS 4 HEE R
MREE S T k4 (P<0.05) , Hig. KB
S CHMEM . BRMD X ESEERmE N, X
A 2 DA A 3 7 A 7 Y S R R K A R BN, B
B R LRI KT BR T A LR R AR R R OK
FOBASE D fCRE B A R B o 289K VL S B K
PIL*E, it RAEIEE =, A KE R A
ARG BB, T S e Y o R R T
TE WGV J7 T, 7 B9 5 IR o IR P e o O AR TR A AL
(109.11 mg/100 mL) , 3 Fft 5L 1 52 3 iR o UK 5 o iy
HHI K2 (46.32 mg/100 mL) , {H%54TAVAIEUCTH
3, EZERERAMERZIERGIu TAVIA.49,
AT R T N B3, HAH REMEUCH,
RN KA, Ba AR E#RA, EUCHK
YCN178.4, 109.9, 1002, 56.5 g/100 g. T GC-MS%y
B, It el FERIER Y, T, AR W)
Ky KB E R I H29, 33, 32, 31 Ff, H
T3 Fip 7 I RV R LA B RN &, KB4
AR A E . A HERER G EAREEER
(P<0.05) , W&EME. O, HEWSE, WHEHRTT
AT TGN b FRHEE 777 P R R 5
Wi JBE VAN T, i AR R AR I A R
KA B KRR 53 AR RV 2 3% (P<<0.05) , T
PRIBE R B . SRR Lilkfabs, MR
EWMAGEHE N TKHEE BN, % s B E I E
st J5R AT R

%3
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