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Relationships among Water-holding Capacity, Intra- and Extracellular Gaps of Myocytes and
Water Status in Fresh Pork
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Abstract: In order to investigate the location of fresh pork drip channels and to complement the mechanism of
drip loss, the study chose 20 pork longissimus dorsi muscles to measure the relative contents of bound water (Pyy),
immobilized water (P,;) and free water (P,;) in the muscles at 12 h and 24 h post-mortem, and the distance
between the myofibrillar and the myocyte membrane (the intracellular gaps) and the distance between the
myocytes (the extracellular gaps) at 45 min, 3 h, 9 h, 12 h, and 24 h post-mortem. The results showed that P, in
the high drip loss group was significantly lower than the low drip loss group (P < 0.01) and P,; in the high drip
loss group was significantly higher than the low drip loss group (P < 0.01) at 24 h post-mortem. The intracellular
gap at 45 min post-mortem and the extracellular gap at 9 h post-mortem in the high drip loss group were
significantly larger than those in the low drip loss group (P < 0.05). The intramuscular gap at 45 min post-mortem
was positively correlated with drip loss (P < 0.01), which explained 24.8% of P,, variation at 24 h post-mortem
and45.3% variation of drip loss. Py, at 24 h post-mortem was positively correlated with drip loss (P < 0.01),
explaining 39.5% of the variation of drip loss. The above results suggest that during the rigor of fresh pork, the
contraction of myofibrils will cause intra- and extracellular drip channels to be formed. The intracellular gap of
myocyte at 45 min post-mortem could explain the variation of free water content and drip loss better. The larger
the intracellular gap at 45 min post-mortem, the more free water in muscle, the higher the drip loss, and the worse
the water-holding capacity.
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Fig. 1 Dendrogram of cluster analysis for drip loss of samples
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Table1 Meat quality indexes of high drip loss group and low drip loss group

R BIRR R A (n= FETRIR R RA (n=
10) 10

PHLS min 5.98+0.10 5.63+0.02*
pHasn 5.76 % 0.06 5.65+0.02

L 45 min 41.27 £2.66 5242+ 171"

@45 min 7.27+0.85 8.03 +0.41

545 min 6.43+0.56 7.17+0.34

Lo 40.07 £2.62 4597 +2.57
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Fig.2 Distributions of T, relaxation times of muscles at 12 h and 24 h post-mortem
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Table 2 Changes of three relative water contents in muscles
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12h
24h

2.94 +£0.328 3.05+0.122 95.89+0.372 94.96 + 0.36* 1.29 +0.348 1.99 +£0.332
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Fig.3 The TEM micrographs of muscles with different drip loss at 45 min (A and B) ,12h (C and D) and 24 h (E and
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F) post-mortem
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Table 3 Differences of intra- and extracellular gaps in low drip loss group and high drip loss group

IR R (n= EVTRIR AR HRA (n=
100 10)

WL (um)

45 min 0.23 £ 0.08b 0.54 +0.122"
3h 0.26 £ 0.10b 0.46 + 0.08°
9h 0.43 + 0.0920 0.48 + 0.07%
12h 0.57+0.112 0.80+0.132
24 h 0.57 +£0.082 0.78 £0.112>
WLZmEAaEIBE (um)

45 min 2.58 +0.40° 3.35+0.29°
3h 2.75+0.28b 3.67 +0.38°
9h 2.89+0.31b 4.38 +0.432"
12h 434 +£0.522 5.00 + 0.442
24 h 445+ 0.642 3.82+0.35°

VE: R B1E R AR R R OR AR A 2R B (P<0.05) ;
FRIA AT SRR 2 R BE (P<0.05) 5 (EITRNFHIE + bR,
2.5 WLAHME P AREIRR . ASFRRAS 7K 20 FE X 5 B AN R %6 8] (AR R P R [ U1 43 B
BB 7T 45 KB HL B K EA G IREIK 2T EFAHR (P < 00D, AER3IKEHH
IKEWEZE AR (P<0.01), AEPRBKZFGFIEME “B87, RFFREREZMHEL (WE D,
TESEJG 12 h, Pyp5 Py REFZ MK (P <0.05), Py5 Py RREZEMAHIK (P<0.01). fE5%)G 24
h, Pp5 Py R2RFZHHMHILE (P <0.05), Py5 Py BMEENAK (P<0.01). FH 3 FRAKHL
WERFHMBIFTIR: SHKE “BR” NARGREIK, A5RsKS HBKITURAME “&487,
R4 PARASRBR. RIFEREK SR & AR R AR A4

Table 4 Correlation analysis of intra- and extracellular gaps, relative water contents in different status and drip loss

Py, P Py drip

12h 24h 12h 24h 12h 24h loss
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45 min 0.081 -0.171 -0.618" -0.446" 0.660"" 0.537** 0.694™"
3h -0.251 -0.033 -0.259 -0.423 0.452 0.410 0.482"
9h -0.123 -0.325 -0.142 0.032 0.185 0.223 0.108
12h -0.054 0.073 0.205 -0.082 -0.157 0.018 0.185
24 h -0.415 0.192 0.311 -0.335 -0.141 0.155 0.188
L4 i S )R

45 min 0.357 -0.379 -0.535" -0.027 0.390 0.318 0.407
3h 0.299 -0.203 -0.229 -0.275 0.106 0.406 0.409
9h -0.083 0.209 -0.058 -0.449" 0.065 0.245 0.518"
12h 0.127 0.083 -0.002 -0.196 -0.036 0.113 0.101
24 h -0.637" 0.276 0.299 -0.329 0.017 0.084 -0.316
Pop12n -0.293 -0.465" 0.358 -0.051 -0.097 0.198
Popoan 0.568"" -0.301 - 0.446 -0.503" -0.126
Pai1an 0.257 -0.818™ -0.673" -0.601™
Pr12an -0.473" -0.673" -0.605™
Prion 0.793™ 0.537"
Proan 0.646™

W RORHRMEREE (P<0.05); “RRMHIMRESE (P<0.0D),

JULAH A P 8] B AE 52 i 45 min 552 )5 12 h A1 24 h () P,y 2R Z 7S (P<0.05) (£ 4). UL
HMEIBRAESE J5 45 min 555 12 h ) Py B2 REF AR (P <0.05), E£%/F9h5%E24hi P,y 2
BEFAK (P<0.05) (F4). )5 9h KVLEHAMNEFRAERE T 525 24 h Py B R 15.7% (R 5),
KR = W EERE =-0.449. ULHASE)S 9 h PINLANARAMAIBE XS 52 J5 24 h (R 5 i 8l /K 52 ma
R, WA REAMABREE R, ARGk e il .

525 45 min (OGN A IAIBR 5525 12 h f1 24 h () Py, EAREE IEAK (P<0.01) (R4, R
TS5 24 h P BRI 24.8% (R 5). ULHIENIAMRA SMAIBR A, 52)5 45 min (NLA0AR A [RIBR X Pa,
MEHECIECR, )5 45 min (VLA A BREOR B K S =R 2

£5 NARKSNTRBIEEIE 24 h 1 Py A Py, 2B RIE S B HA

Table 5 Stepwise regression models for the variation of P,; and P,, with intra- and extracellular gaps

[RI A5 7 HE AT A B R F (R EARNEEY o GIEVEES 4 P
P 24n LZmBEAMAIER o 0.157 4.551 - 0.449 -0.251 0.047
Pasn JULE B P TED B 45 i 0.248 7275 0.537 0.947 0.015

JULEH L P9 [R] BRAE 52 )5 45 min A1 3 h SRR R R R EIEMSC (P < 0.05), WI4HM4AM A BRAE S
J5 9 h SRARERFEIEMHL (P <0.05) (R4). )5 45 min (FVLLHHR A RIBRAR TV HRIL A
RAZEN 45.3% (K 6). VLHIZEST 45 min UL A 18] BEOGH TR 2R R W sTik ek, BARHELLIENA
RBORARE RBFERNIE, £WIE G 45 min [LL0HPY 1) BEUEOK, TR 28 B

TESEJG 12 h 124 h, Py, 5T A FHEA BEMHKIE (P> 0.05), Py 5iTRRARERE
ZHHK (P<0.0D), Py H5iTHRAEREEZEIEMIL (P<0.05) (4. RFLEKGITRRKE
KEAK, ALK B HAKSATH R R Z R BT, X580, F4507F] Bertram P23
VN FT 45 R — 5. RSS2 5 12 h A1 24 b (1 3 FRRES/K AR & & 5l R R @iz b e
BB (R 6), SERRAFEE 24 hif) P BENER, MR T IHRIR R ZAE R 39.5%, ArdEfb[EIH &R
Hik 0.655, AR ZRECN 0.646. £ 3 FOIRZES/KH B AR KRR ER R, HHKBRZ,
TR R .

R 6 LRSI AR FIRA K S & BB R VO A i (5 I

Table 6 Stepwise regression models for the variation of drip loss in myocytes with intra- and extracellular gaps and relative
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water contents in different status

HAR & AR AR B W R2 F AR (AR ES- it (51 2 5 P
JLZm i g A ET B JLZR A P TRTBR 45 min 0.453 16.755 0.694 2.774 0.001
AFERA Ko AR E Pyoan 0.395 12.762 0.655 1.559 0.002
3 &

AR AR E IR T, WU T2 Wi 2 3 SUVLER IR A AL I AR08 B R s T .
TR A i (K UL B Y (DB T R ey ARV R R AL LR AR A (] BRAE 52 )5 45 min ©F
B2, TIUAMAMNEBRAESE S 9 h AH 2 5. %5 45 min MULEHRE P[] BT LA I fd e B B
IKE BT R F AL S, 5 45 min FULAEHIN RIBEECR, JEIIULAD A K& E8E, R
TRF M, K.

SR

[1] Livestock and Poultry: World Market and Trade[EB/OL]. (2019-10-10) [2019-10-28].
https://apps.fas.usda.gov/psdonline/circulars/livestock _poultry.pdf

[2] BARBERA, S. WHCtrend, an up-to-date method to measure water holding capacity in meat[J]. Meat Science, 2019,152(6):134-140.
DOI:10.1016/j.meatsci.2019.02.022

[3] HUFF-LONERGAN E.Improving the Sensory & Nutritional Quality of Fresh Meat[M]. Cambridge: Woodhead Publishing, 2009:147-
160. DOI:10.1533/9781845695439.1.147

[4] WARNER, R D. Lawrie’s Meat Science[M]. 8th ed. Cambridge: Woodhead Publishing, 2017: 419-459. DOI:10.1016/b978-0-08-
100694-8.00014-5

[5] PUOLANNE E. New Aspects of Meat Quality[M]. Cambridge: Woodhead Publishing, 2017:167-190. DOI:10.1016/B978-0-08-
100593-4.00009-6

[6] ALEX M, BADR A, MAGOMED M, et al. Theoretical Basis and Application for Measuring Pork Loin Drip Loss Using Microwave
Spectroscopy[J]. Sensors, 2016, 16(2):182-195. DOI:10.3390/s16020182

[7] HUFF-LONERGAN E, LONERGAN S M. Mechanisms of water-holding capacity of meat: The role of postmortem biochemical and
structural changes[J]. Meat Science, 2005, 71(1):194-204. DOI:10.1016/j.meatsci.2005.04.022

[8] HUFF-LONERGAN E, LONERGAN S M. New frontiers in understanding drip loss in pork: recent insights on the role of postmortem
muscle biochemistry[J]. Journal of Animal Breeding & Genetics, 2007, 124(s1):19-26. DOI:10.1111/j.1439-0388.2007.00683.x

[9] ZEfk, AR, GRAEHE, 45 U B A Rl it P v 20 PP 56l it 7 B /K P RS D]. Rk T RE 244, 2016, 32(2):236-
243. DOI:10.11975/j.issn.1002-6819.2016.02.034

[10] SCHAFER A, ROSENVOLD K, PURSLOW P P, et al. Physiological and structural events post mortem of importance for drip loss
in pork.[J]. Meat Science, 2002, 61(4):355-366. DOI:10.1016/S0309-1740(01)00205-4

[11] KRISTENSEN L, PURSLOW P P. The effect of ageing on the water-holding capacity of pork: role of cytoskeletal proteins[J]. Meat
Science, 2001, 58(1):17-23. DOI:10.1016/s0309-1740(00)00125-x

[12] BERTRAM H C, SCHAFER A, ROSENVOLD K, et al. Physical changes of significance for early post mortem water distribution in
porcine M. longissimus.[J]. Meat Science, 2004, 66(4):915-924. DOI:10.1016/s0309-1740(03)00188-8

[13] LAWSON MA. The role of integrin degradation in post-mortem drip loss in pork[J]. Meat Science, 2004, 68(4):559-566.
DOI:10.1016/j.meatsci.2004.05.019

[14] Fh3CH, BIR, T8, et al. (RIGRZMEILIRAE S P it K 230005 55 20 A b X 2 T FE e (0], & Bk, 2019,40(15):346-
351. DOI:10.7506/spkx1002-6630-20180903-024

[15]HAN M, WANG P, XU X, et al. Low-field NMR study of heat-induced gelation of pork myofibrillar proteins and its relationship
with microstructural characteristics[J]. Food Research International, 2014, 62(8):1175-1182. DOI:10.1016/j.foodres.2014.05.062

[16] WARNER R D, KAUFFMAN R G, GREASER M L. Muscle Protein Changes Post Mortem in Relation to Pork Quality Traits[J].
Meat Science, 1997, 45(3):339-352. DOI:10.1016/S0309-1740(96)00116-7

[17] 48, kAR, X1, & ML S = oA sf A 5 Ja ORI e i SRR AL LR )], B2, 2015, 36(8):254-259.
DOI:10.7506/spkx1002-6630-201508048

[18] 375, RFESE, JDLE, % REHICIRIE LR PI oK 23 ARSI AR i 222 B 22 4R, 2017, 8(6):70-
75. DOI:CNKI:SUN:SPAJ.0.2017-06-013

[19] LUO X, ZHU Y, ZHOU G. Electron microscopy of contractile bands in low voltage electrical stimulation beef[J]. Meat Science,
2008, 80(3):948-951. DOI:10.1016/j.meatsci.2008.03.017

[20] HONIKEL K. Reference methods for the assessment of physical characteristics of meat[J]. Meat Science, 1998, 49(4):447-457.
DOI:10.1016/S0309-1740(98)00034-5

[21] &EER SRR BORZ pi 2. BRI ST A BN R IE S VERL 30 GB/T4882-2001[S]. ALt: [ bkt AL, 2001.
http://www.gb688.cn/bzgk/gb/newGbInfo?hcno=55264A621099714C39AE824C295F3FB8

[22] ML, EIRT, SRAEEE, &6 AR PR R S LA SIS R (T, P E R m 2R, 2018, 18(9):245-253.
DOI:CNKI:SUN:ZGSP.0.2018-09-031

[23] CHMIEL M, SLOWINSKI M, JANAKOWSKI S. The Quality Evaluation of REN and PSE Pork Longissimus Lumborum Muscle
Considering Its Microstructure[J]. Annals of Animal Science, 2014, 14(3):737-747. DOI:10.2478/aoas-2014-0035

[24] Babyk, XIZEA, HELE, & ARIAHERIIR 0T R 5 5 B FE Hh 1K 3284 3], £ 5 Dl RHE, 2017, 38(21):73-77.
DOI:10.13386/j.issn1002-0306.2017.22.014

[25] WRBHL, 250k, SRAFHE, &5 (RDAEHEIEIRIENE TR S h A RR S K> SR 1]. B2, 2015, 31(1):90-94.
DOI:10.13526/j.issn.1006-6144.2015.01.020

[26] MOHAN K, BANERJEE R, MAHESWARAPPA N B. Meat Quality Analysis[M]. London: Academic Press, 2020:81-99.
DOI:10.1016/b978-0-12-819233-7.00006-9



W BRRZ RETY

[27] HUGHES J M, OISETH S K, PURSLOW P P, et al. A structural approach to understanding the interactions between colour, water-
holding capacity and tenderness[J]. Meat Science, 2014, 98(3):520-532. DOI:10.1016/j.meatsci.2014.05.022

[28] VEISETH-KENT E, PEDERSEN M E, RODBOTTEN S B, et al. Can postmortem proteolysis explain tenderness differences in
various bovine muscles?[J]. Meat Science, 2018, 137(3):114-122. DOI:10.1016/j.meatsci.2017.11.011

[29] SMAN R G M V D. Modeling cooking of chicken meat in industrial tunnel ovens with the Flory-Rehner theory[J]. Meat Science,
2013, 95(4):940-957. DOI:10.1016/j.meatsci.2013.03.027

[30] ZEF5MH, Wi/, SREIE, S SRR R T p-calpain JJUUEAF4E R CEAGRRE IR (0 AR D], TP ELRLERL, 2015, 48
(12): 2428-2438.DOI:10.3864/j.issn.0578-1752.2015.12.016

[31] BhLodn, B, SHEOLC 55 AR ORK T E SR br Al SIS A L USRI pHoyp AHREBFTE[]. AL, 2014,
35(21): 50-56. DOI:10.7506/spkx1002-6630-201421011

[32] BERTRAM H C, ANDERSEN H J, KARLSSON A H. Comparative study of low-field NMR relaxation measurements and two
traditional methods in the determination of water holding capacity of pork.[J]. Meat Science, 2001, 57(2):125-132. DOI:10.1016/S0309-
1740(00)00080-2.

[33] BERTRAM H C, PURSLOW P P, ANDERSEN H J. Relationship between Meat Structure, Water Mobility, and Distribution: A
Low-Field Nuclear Magnetic Resonance Study[J]. Journal of Agricultural and Food Chemistry, 2002, 50(4):824-829.
DOI:10.1021/jf010738f



