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P IEASRIGIERT AL T & Bk S EO AR 2 TFE . R LM MG T a (W, BT & BEHMEmMSH 5 TR
LPERA TR, S5 RRY, RN R E RO : SR = AT bk (a1 (AT Ak (B N e . A
WIS, ARk e I, e rP s AT b I K X AR AR 35 RS (P<0.01), FRYRIBEIARI K o o AT ik i) B Ao
Ko AR IE R K B (P<0.05)s S22 E LME RS a T RFE R BN : S nt k. KR
7w N 11 R 01 I SO 17N LT o s SN (1517 S N I SN /¢ A S S 0 7 S S SN 71 LN TR (R SN (1L g
MBS Ky BRI K (AT S G, AR el s A X SR B LHE A IR B 0 (P<0.01), XE4E o [HA &
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1 MREFX

1.1 RIEwR

1.1.1 &A%

BERAE AT E B LA I PR A W 4 R bR L T
SPE S = e B AR (HEIE TR A < (K A A X
KABAD, DYL), JFELE90+10) kg H N Hi & R At
N 39~42 °C, Wbk KR F -5 BT 7E Al Wbk AR
] B3R A 23~26 “CHRH K.

1.1.2 REE¥EEAIRE

THA KX FE 8 9 mx6 mx3.2 m, A HIY 5] %
B 8 ST EHEMRAARRHIE K& 9 AWUNISIREE, BF
i B BRI E S A E 1, 2 R, BRARmER T 1E
BB 24 AR A T, WEMERIFEZ) 40 cm,
ZWEMEE TAE/KIE 3 MPa, “SJE 1 MPa I 3 iR F
1% D,s5p=221.82 pm, WIFHEM 120~150°, WilE4E TS
Ja TR K S nf B S T E k. b E WG R
234 kW. 4 XUJE 28 Pa. 4z X 24 900 m*/h ¥4 KL,
HUIB AR ATE N 0.5~2.0 m/s, JFENIRE 4~7 C, MR
£ 96%~100%-

1 ARHL 2. BEHARIETE 3. SHPIEZESEE 4. B SEE
1. Chiller 2. Spray chilling pipes 3. Frame for installing hanging tracks 4.
Tracks for hanging pig carcasses

B{1 AEAEA
Fig.1 Layout of cold storage

LS 2. K 3. WIWE 4. &Rk S HUE
1. Gas pipe 2. water pipe 3. Spray nozzle 4. Tracks for hanging pig carcasses

B2 #smEdsimnE
Fig.2 Physical map of spray chilling pipelines
11,3 maRALES
EHER 7 (A5 HP-C200, iR

AMRATD: BRI (EFE 500 kg, K5 0.2 kg, My
PR Z OhED AFD; WA CRaiRmA 198+
8) cm?, JFEN(0.98+0.02) g, _bHEZRTEEIEACLA R A
"D HERR (EFE 200 g, AN 0.01 g, RIEERIRK )
HLF s )s
1.2 RWAHE

5 NI 5 8 PR R R e 3% J 3 S B S B B T T
AEERPIE LA, SAIRIEFE 40 Sk (3R 25 4,
1 000 3K), BARFEFL BT T 2T BIMEE, 24 h
&, FRHRFREMA . WE AR, IR GE.
1.2.1 XE&%t

R H IR 42 2 THD AE AN [51¥ 20I5F 1] 7K 43 25 R 22 1 A
], K AN Wb Ik A2 20 g [0 B T 0 A5 6 P v A0 3 AR ] o
B (A1 K IR AT B o R A N 2 AT IR B s i, &
AR FEIAIBRA E] Ry ATtk ), DA A b 78 HL R THI Al K
a5, ZE RSN S E A SO SR (DL FIR
AR (B AR ARk B &R (O, BPFEREATI K
B WG, AR K C, SR )5 R TISK B AImEk
VeV, WIIEHAEE. 4. B, C =FiL: A=(B+On,,
For ny A S I ERAE L R E 2 mBOA B
W A4 J5, AR EE A, R iz ) B K DLk
ATARATEIAR, TR, 1200 P T AR 2 5 5 B R B AR
K (B RS RIH (D). ARSIk A B (B,
Wik S S FE AR, Hi 2 D=(B+E)ny, i ny NE
AMEAT B AR E L IR B WO S K T=4+D

1) BRI Z KT 4. C e

A BT T AE AT R, AEIET 2. 4 h T
FELIH 24 h BARTHRED N 49%. 64%, BIFFE-EE
TEREITF=A, N IRFO AR R T REAT 1~5 h (=5
WK PR FERR, IR A% 1. 2. 3. 4. 5h5PKF.

NREH R A3 1 AT AR A BRI K C, AT F0m ik i
KM E I, iR CRBAKT, BIZFERRBIKEE)R,
AN T BT b Y R THD T 4R 78 56 T AR A, R e
KR, M T A EIE /N T(1.3520.05) g, TURA M
RO T N—IRBOHRELE, TR i e 4
T, BRI AT 77 197K 73 26 A I (8] B A 67 3 B 75 5 itk
&K KA ZE RIS H45 R a0k 1 (30 min A—
41, 7 2 h WA Bk 43 28 8 T 75 I 18] 2024 2~8 min,
M C & 1. 3. 5. 7. 9min 5 PNKF

&1 AT 2h B ERK 5 7% % Bt (8]
Table 1 Evaporating time in early two
hours of carcass middle part

AR TR K 53 7% R I 18]

Evaporation time of water on
carcass surface/min

Y I ]

Cooling time/min

0~30 2.50
30~60 491
60~90 7.19
90~120 7.95
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2) RHIEIN & D, E KT IIHE

4 HIF 78 5% T % bk s B K A T B e R B dn e 2
B, HAGEERRY, SUKMEER KT 12 h,
% 2 THI B ¥ s B5OR K AT B A B 2 B KU, R
I ] 47 7% THI 4% 181 9 FE A Rl 2 AR SR, R0 e Kt
WMERK TR 13h. TR =4+D, HAjHmm
ALK A4 EEU KN 1~5 h, K& D B 4~8 h,
RIELK A 4. 5. 64 7. 8 h, AI{RIEMHEHINERIN T
N 5~13h; SRR 2 A & SCHR BT I AR AP Ak (3] B A
K, AEXFEFEKFEAT, 24 E 810, 20 30, 40.
50 min.

Fz2 NXEHPEANZEHERSE

Table 2 Parameters for spray chilling used
in related literatures

ik R W K
Reference Total time of spray chilling/h Interval time of spray chilling /min
(6] 10 15
[7] 4~16 30
[15] 10~17 15
[16] 6 10

3) BRI K B IR E

TE MR Ik A2 O %% R 4 2 THT 7K 70 PR 0 12 BT
V4 Rl Ak 2 THT R AR TR i — J2 /K IS I A S 2, 58 42T
KIS, ARARRTE A KR vE Ehm, e
AR sLmTAR . FHITAREE B AR sk, ABRAA R ) T
UK E R 52 2T BOKIELI T 10~50 s, N4k E T+
SISO, IR B ik 100 20, 30, 40. 50 s 5
KFo
1.2.2 RBFHE

BT AT 72 BITBA R R AT, 25 30047 4 T RS
M FREAT 5K, AMUTAERK, BAAERIAK. A
A IEASEE LI RIS A e, @it 4y
MrEAZ R4 ] 1 TR B oL, el T 2 e,
AARIIEH S IR, 5K F, FHEZFAKFRME 3, HM
WIUERZE Lys(5OBATIERZ WY, Hb L FRIELR,
25 IRIGREL, 5 K, 6 NEE (A ks B, W
H1HRZFE.

%3 EXREWARKFE&RIT
Table 3 Factors and levels of orthogonal test
it LA 3 oY 16 N /N 7 1 o N 17 9 oY A T R N 1

ks 1K Total time of A B4 Interval & Total time of 4 Interval
Levels SPray chilling Single timeofhigh  spray chilling time of low

with high spray frequency spray ~ withlow  frequency spray
frequency 4/h time B/s period C/min  frequency D/h  period E/min
1 1 10 1 4 10
2 2 20 3 5 20
3 3 30 5 6 30
4 4 40 7 7 40
5 5 50 9 8 50

1.2.3 AWML
TAEAEN BRI AR IR 5 AR i, £

T 24 h JE PRI HER S, T8 R MIFEAR:
R=[(Wy =Wo) | Wi]x100%, XA Wy AR BN B S o o
(kg); Wo NHERTRE (kg

EEAH A G O BRF DR T 7 CTBD
SARIETY B TR UEAT > BN FR,  BLR S KAR S B S
B HEE . ATRESEERALY, SR A AT AR T2
Xof 3K e A 3R THT E B S, A3 S U R (R
165~185 mm). JEF#AH Ly (JEFE 45~52 mm). HIfEAH 0
(JEJE 106~130 mm) REANENEZENE m, HKERE
i B A (BB, B BN Blbsic v 238 .
T (B 3). B&T 24 h AEEIRAE T AZES GR
FE N 14~20 °C) % 10 min, JEBUEIRAR) FE. B,
TNEREME, SMOCHR[25-26], M KA RN L*A a
B, LMEIEEN 0~100, L*EKZE I FrRE & 2 ks,
a [EIEHEN-128~127, a IERL 1, a MESE, o HT
Y NHE KR L s SR R, RFZHRIGE 10 Sk
FE S AT 8 2200 5 - B4

b3 Upper part

F¥E Central part

T8 Lower part

B3 giRARE &R E SN E

Fig.3 Sketch of sample points on pig carcass surface

1.2.4 Zagas

K SPSS 22.0 HAFHEAT B M AT Z2 0 WS 2
BN THE, LEA o (R0 5 SN AR R
Hoath & BEER RS TRMLIERT XA .

2 HR5HH

HRHE IEAS RIS R 3R K, BB i 42 15 v A s
ML ZHATHONRAH G, SRE 4 Pos. DEE—4RK
5N, HmER T 20, BRI 10 s, A7 IR A ER
1 min, #F4E 1h, J5HIERRIAE 10 min, #7424 h, Wk
RN 5 h, AR
2.1 BEEWTFE. LME. aEHEE
2.1.1 BREM TR

X IEAS RIS 45 Rl AT B AW 57 Z 0 irfek 5,
W, B B AT A B R 22 AT R 2R KT R AR AL X F b
SN R RN, WZER, RUTZFE R R br I 52m kR,
W2 /N R B RE MR /I, 7 22 43 B 0T 4 BB DR 35 0 i b e 2%
gE R 1 B2 T R E S R, B TR
W EMFEAR IR N: A C. Ev B\ D. BEEHE 4 KF
s, FRERE TR, HALFR KM THEE 4 FIRFE
FEEE RN, MTEDERTH, HK 4 MNTHE
W F Hm (P<0.01), & B, C. EXTHAREY
M (P<0.05), &K D XTFEEMALEE.
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Table 4 L,5(5%) design table and results of orthogonal experiment

K ZE /K F Level of factor

WRIGEE S Experimental results

FATIBEAR BRI EOREAR ARSI fE ATk
BB AREHE (RERE K JENIENS EIEERS

s

No. Total time of Single Interval time Total time ap 7

Interval time 7 ater 1oss

. Color difference

L*E L* value aff avalue

spray ch%lling spray of high of isp‘ra}: Idle of low rate i i - e thg N
}’:elg;gﬁl; tl?e S;Z(}l/u;;(i;zd vf/llltlliligsv Flement s;eac}l/u;;(i:z)/d R% Up[irﬁf)a it Central Lovj/\;fl;a it Upper Central Lovj;fl;a it
A C frequency D E part part part

1 1 1 1 1 1 1 1.22 63.52 76.32 73.24 5.90 2.33 4.13
2 1 2 2 2 2 2 1.42 64.99 75.90 68.21 3.00 0.16 3.15
3 1 3 3 3 3 3 1.38 71.92 75.70 75.81 1.37 0.38 2.27
4 1 4 4 4 4 4 1.41 64.64 76.32 69.64 4.09 0.35 4.96
5 1 5 5 5 5 5 1.40 66.53 75.63 70.01 3.57 0.28 3.95
6 2 1 2 3 4 5 1.23 73.27 77.44 72.52 1.17 1.11 3.17
7 2 2 3 4 5 1 1.02 72.28 78.52 74.10 0.35 -0.86 2.08
8 2 3 4 5 1 2 1.02 73.14 77.96 7531 -0.24 -1.28 1.96
9 2 4 5 1 2 3 1.22 72.64 76.34 71.99 0.81 -1.69 2.60
10 2 5 1 2 3 4 0.91 71.42 78.28 76.03 2.02 -0.61 0.65
11 3 1 3 5 2 4 0.99 72.56 78.28 74.85 1.41 -1.13 4.55
12 3 2 4 1 3 5 1.19 67.64 77.82 69.93 1.92 -0.44 3.29
13 3 3 5 2 4 1 0.85 75.45 78.35 7642  -0.24 -1.65 1.09
14 3 4 1 3 5 2 0.73 76.02 79.01 77.03 1.83 -2.18 2.75
15 3 5 2 4 1 3 0.82 76.43 78.53 78.31 1.09 -2.93 0.22
16 4 1 4 2 5 3 0.98 70.29 77.43 76.62 4.84 -1.63 3.00
17 4 2 5 3 1 4 0.91 73.70 7791 78.70 2.10 -2.66 -0.40
18 4 3 1 4 2 5 0.63 76.11 78.47 78.22 0.61 -0.58 1.90
19 4 4 2 5 3 1 0.60 77.16 79.30 78.87 2.33 -0.09 2.48
20 4 5 3 1 4 2 0.85 74.77 78.55 7545  -0.49 -1.64 1.71
21 5 1 5 4 3 2 0.86 75 79.73 75.62 0.95 -2.28 0.82
22 5 2 1 5 4 3 0.53 73.42 80.59 75.44 2.24 -0.98 3.98
23 5 3 2 1 5 4 0.83 72.1 78.95 71.57 2.32 -2.45 1.94
24 5 4 3 2 1 5 0.69 75.52 80.18 78.25 1.52 -2.36 0.13
25 5 5 4 3 2 1 0.52 78.63 81.07 75.88 0.26 -1.38 2.49

2.1.2 &RE LM, ald %

PLIEAZ 5075 2 1 FFENBE AL bR, X B I - 5B 1Y
L*, a NN, WA BIASERBALN) L a [ERETFER
BB AE 4 B, S8 4a w51, EMFETRET,
HRER R LHEAR S oAb ER ALK, LI 4b v & H A EBE o {8
FAXTEEN, ARG, %A T Al 5 A 4% 5
HILREAR A BFEBZNE, BT AT TR b R
B, WOARSCULR BRI L*. a (AR NWE RN BT B
WTAI T 2 53T

SR A LAME A E RN RIF IR AN As Es C. D-
B, HARE A X LEAEREZEREMN (P<0.01), E X}
LHMEA B3E#m (P<0.05), B, C. D % L*EMIA LR
E; W a HRERHEEIFHKIKN: 4. C. E. By D,
R& A4 X o [HA SEFW (P<0.05), B. C. D, EXta
AT .

2.2 RERZSTHEMEAEE KBRS EMIE

5] U 43 BT A FE AT T B 5 2 TR A 5% o A I 2 it =, %ot
H A8 & A R AR 2 1) AR Sh i AL G R R A AT R
W—F it ik, JBEERENG, A K
A FREAT BB VRS, e R BT R A5 1 06 & kAT
HES RO, i s S B S5 S TR A C R,
DM AWk S HOE PR IR AR, DAIESS 50 i 25 S v 5
YU, RPN TRER MR E (P<0.05) MHEE 4. B, C,
E NEAE,IER SPSS 22.0 G iH # At AT 2 e R 40 #7
BT R (%) 58 EFERRZEIMLMERNETFEN:
R=1.326—0.1654—0.004B+0.027C+0.004E . [A]JA# BI04
RIS E 2B R*=0.886, MATRE s, SEMEK
F Sig=0<0.05, BARE; SHNEREERREL/DN
FEEF 0.013, fE45 € T E MK a=0.05 B4 FAER &
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Table 5 Variance analysis and range analysis of water loss rate and meat color for pig carcass
F#E water loss rate HE LB L* value of the middle part & a{H  a value of the middle part
[ 207 SR Q17 N 7L D 377 N5 N R 1751y N 5 7L 0 7 7 L7 e 0/ A 1 SO 1L (19,7 L
S mE MR MR I B W IR SRR A G R TR ORI AR
2K Total time J#ff} Interval — Total  Interval Total  j#kisF Interval Total time Interval Total time Single Interval Total time Interval
Z of spray K timeof timeof timeof timeof K  timeof ofspray timeof ofspray spray timeof ofspray time of
Parameters chilling Singl high spray low Spray  Gingle high chilling low chilling  time high chilling low
with high .~ frequency chilling frequency chilling spray frequency with low frequency withhigh B frequency with low frequency
frequency spray  Spray withlow  spray  withhigh e spray frequency spray frequency spray frequency spray
A time period frequency period frequency p period D period A period D period
B C D E A C E C E
K 1.366 1.056 0.804 1.062 0.842 75.97 71.84 7853 71.6 78.71 0.70  -032  -0.40 -0.78 -0.33
K, 1.08 1.014  0.980 0.970 0.976 77.71  78.15 78.02 78.03 78.23 -0.67 -096 -0.84 -1.22 -1.44
K; 0916 0.942 0.986 0.954 0.986 7840 77.89 7825 78.23 77.72 -1.67 -1.12 -1.12 -0.95 -1.37
K4 0.794  0.930 1.024 0.948 1.010 7833 7823 78.12 78.31 77.95 -1.32 -1.19 -0.88 -1.26 -1.30
Ks 0.686  0.900 1.048 0.908 1.028 80.10 7841 77.59 78.35 77.91 -189 -126 -1.60 -0.64 —0.40
W#% R 0.680  0.156 0.244 0.154 0.186 413 0.572 0942 0.756 0.994 2.59 0.936  1.196 0.62 1.114
J5 ZEH SS 1.417 0.083 0.184 0.065 0.108  44.161 1.149 2369 1.922 2986  21.673 2.880  3.830 1.460 6.512
HHE df 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
¥ MS 0.354  0.021 0.046 0.016 0.027 11.040 0.287 0.592 0.480 0.747 5418 0720  0.958 0.365 1.538
F{H Fvalue 11564 6.77 15.05 5.32 8.82 113.510 2.950 6.090 4.94 7.670 0.044 0531 0425 0.761 0.265
E%Al‘é sk * * ES sk ¥ ¥

T KONHERE R MPIME, W2 R A K PRIRKERER/ME, Hhi=1. 2. 30 4. 5 #FREMREE (P<0.0D), *RREMEE (P<0.05).
Notes: K; is the mean value of the sum of the factor’s value, Range value R is the result of maximum value of K; minus the minimum, which i =1, 2, 3, 4, 5; **represents

highly significant (P<0.01), *represents significant (P<0.05).

¢ ¥ Upperpart oo 2tk Linear (-3 Upper part)
® i¥f Middle part -+ £&#: Linear (%8 Middle part)

& = % Lower part 281 Linear (F#B Lower part
6

N A
[}

09 14713 1.5

(=3

a1 a Value

045707

L* {H L* Value

S

|
N

05 07 09 L1 13 15 TF#E Water loss rate/%
F#E Water loss rate/% b.afH
a L*{H b. a Value
a. L*value

B4 JRRERE TR AL L*. o (AT 40 TR
Fig.4 Change of L* value and a value of pig
carcasses surface with water loss rate

F o BRI B AR R s ik 5] U T FE FULA B v

gl A 1R 2250 B 2 B A0 7 22 43 i a5 R % R
2, AT SHOE R LR FM I TR 1%4 4 8101,
BT e A b B R TR R MR R, AR E R
2 h, EATIIEARAIRE I KA 5~9 min; 1T FRLVR TR
ey ARATME bk [B) BRI 406 FFE RIS 8L, Al P 4y
S E A 10~20 s A1 30~50 min, VAR &I VR
LRI 5 TR S BT K TR B & 5
i, FrUArl A S 4h BRE, LLRD N TR
WA IBAT I T

3 i i

TRIG S5 F AR, I AR A 3547 i AR ok v A 2L
FEARIL 24 h TVAT-HE, E S Mimsibk S ng B, FERERL
LT, 2ERIM 24 h BEITHEN 0.52%~1.42%,

AN RE R SCRR P TR AR T-FE 1.85%—3.5% K 14
AR, HAR Tz ARl R AW 55 4T 8 B ARG £ 1 h Wik
10 s (WEkENL BB TAIZ) 9 h) N LWk T 253
1.5%. ZEHFMREPIN Tk 1.72%. I Eas
% 1.42%01 Vadimir 2519, 222200 i — By A J13 10
I3 RIS F) 1.4%. 1.66% K174 58, 53k a4 Jones
220 Greer PR AL GBI 8~12h A Re T
FEPFIRZE 1% A AL, AT FR R AT AT 2 h 5598k 50 s (7]
B 1 min, J5 5h [A8 40 min W T2, R 7h Biwf
BT HEFEACE] 0.91%CEE 10 456 ), 7 4 46 BE ke 8] 1~
5 he EEFERAET: AEATHERARRE KR, Rk
Oy AL, T AT I T 3 B D 7 AR A 2% T R K
Gy, A RANE T AR MO S BE A IR AR BR
i, KOZERANE, RHREYHRAERRRERE 9~
12 CJa, FHAT ek ok G K Bk, AN B RERL
BRI, BRI OFREE,

AR WY B R B PR A 1 R A 2 T €4 R T
5, BEE TR, ARRRIER LHEEIN, o [HRh,
M HIIAR = AIKEIINE, X 5K RTEE . Jones 2520,
Greer? VS [\ 745 1 — 80, IR, AbATTRIBEFOE R I,
TS ek i R 2R R (R =0.875), T A L AR
Bt AT P RS R (R =0.522), XAl fg
MR T T e AR GRS 2, B Mk
SIS, TR R, AR e AT
SRR P FE R B35, S R AR R T RERS AR K,
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Spray chilling with different frequency period for reducing weight loss
and improving surface color of pig carcass
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Nanjing Agricultural University, Nanjing 210095, China; 2. Jiangsu Food Group Co., Ltd, Nanjing 210031, China)

Abstract: The evaporation of moisture on the surface of pig carcass results in its weight loss during the cooling process, which
leads to great economic loss to the enterprises. The purpose of this study was to solve the problems that the water loss rate of
pig carcasses is high within 24 h for high body temperature in early stage, and the traditional operation of spray chilling needs
more time, as well as the effects of spray chilling on meat color of pig carcass are lacked in the existing related articles. The
spray chilling technique of high frequency at early stage and later low frequency was used, the effects of spray parameters on
water loss rate, L* value and a value of pig carcasses were discussed, and the linear regression equation of water loss rate with
the spray parameters was established as well. The results showed that, the order of importance of the spray parameters which
affected the water loss rate from high to low was total time of spray chilling with high frequency, interval time of high
frequency spray period, interval time of low frequency spray period, single spray time, and total time of spray chilling with low
frequency; the total time of spray chilling with high frequency had extremely significant effect on the water loss rate (P<0.01),
and the single spray time, interval time of high frequency spray period and interval time of low frequency spray period had
significant effect on the water loss rate (P<0.05); the order of importance of the spray parameters which affected the L* value
from high to low was total time of spray chilling with high frequency, interval time of low frequency spray period, interval
time of high frequency spray period, total time of spray chilling with low frequency, and single spray time, and that affecting
the a value was total time of spray chilling with high frequency, interval time of high frequency spray period, interval time of
low frequency spray period, single spray time, and total time of spray chilling with low frequency. Total time of spray chilling
with high frequency had extremely significant effect on L* value (P<0.01) and significant effect on a value(P<0.05), while
other parameters had no significant effect on L* value (except interval time of low frequency spray period) and @ value. The
linear regression equation of water loss rate with the spray parameters was established. According to the equation, on the
condition that the total time of spray chilling with high frequency was 2 h, the single spray time was 10-20 s, the interval time
of high frequency spray period was 5-9 min, the total time of spray chilling with low frequency was 4 h or even shorter, and
the interval time of low frequency spray period was 30-50 min, the water loss rate within 24 h was 1%, the L* value was 72-78,
and the a value was -0.5-3, which not only met the demand of cutting down the water loss rate, but also could get a better meat
color of pig carcass; the total time of spray chilling of 1-5 h could be saved compared with the traditional technique. This
research can provide a reference for the selection of spray chilling method and parameters.

Keywords: spraying; color; optimization; pig carcass; chilling; water loss rate



