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Development of Inosine Monophosphate and Its Degradation
Products during Aging of Pork of Different Qualities in Relation
to Basic Taste and Retronasal Flavor Perception of the Meat
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Inosine monophosphate (IMP) and its degradation products, ribose and hypoxanthine, are all
considered to be important constituents in meat flavor formation and development. The present study
explored the fate of IMP during the aging of two qualities of pork (pH >5.7 and 5.5 < pH < 5.6) and
the potential relationship between IMP, hypoxanthine, and sensory attributes of pork registered both
as retronasal and basic taste responses in whole meat, meat juice, and the remaining meat residue.
During aging the concentration of IMP decreased with a simultaneous increase in the concentrations
of inosine, hypoxanthine, and ribose. The rates at which IMP was degraded to inosine and inosine
to hypoxanthine during aging were found to be in agreement with the known rate constants of the
dephosphorylation of IMP and the hydrolysis of inosine, respectively. Moreover, high-pH pork resulted
in a significantly higher concentration of hypoxanthine throughout storage compared with low-pH
pork due to an initially higher concentration of IMP in high-pH meat. The sensory analysis showed
increasing intensity in bitterness and saltiness of pork as a function of aging, with the intensity being
most pronounced in the meat juice. The increasing bitterness of the pork as a function of aging
coincided with the higher content of hypoxanthine in these samples, thereby suggesting that
degradation of IMP to hypoxanthine might influence pork flavor. In contrast, IMP was associated
with nonaged meat and the sensory attributes meaty and brothy.
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INTRODUCTION (AMP), inosine monophosphate (IMP), and guanosine mono-
The flavor of meat develops largely through the cooking phosphate (GMP), are also important in r_ngat flavor perception,
process; however, fresh meat contains nonvolatile constituents@S they hold umami taste characteristics 8). Umami
that are essential flavor precursors and contribute to the basiccOmpounds have a characteristic savory quality, first character-
taste of cooked meat)1Consequently, many of the constituents ized for monosodium glutamate. Besides the characteristic
in fresh meat undergo substantial changes during the cookingumami taste, umami compounds have flavor-enhancing proper-
process and subsequently provide roasted, boiled, fatty, andties and are reported to enhance meaty, brothy, mouth-filling,
species-related flavors, as well as the characteristic meaty aromaglry, and astringent qualities and to suppress sulfurous n@yes (
associated with cooked meats. Model experiments have sug-Interestingly, the Sribonucleotide, IMP, may indirectly also
gested that the Maillard reaction between amino acids and contribute to meat flavor through its secondary degradation
reducing sugars is one of the main pathways in the formation product, hypoxanthine, which together with several free amino
of many of the aroma compounds identified in cooked meat acids and anserine, carnosine, and other dipeptides might
(2—5). One of the main reducing sugars in meat is the pentose,contribute with bitter flavor characteristics.
ribose, originating from the degradation of ribonucleotides (6).  Considering that IMP, ribose, and hypoxanthine in this way
However, the 5'-ribonucleotides, adenosine monophosphateall are to be considered important constituents in meat flavor
formation and development, an understanding of the post-
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Scheme 1. Enzymatic Breakdown of ATP
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of IMP is reported to be both temperature- and pH-dependent
due to the residence of weak chemical bonds, for example,
glucoside and ester bondt2). Consequently, pH in the fresh
meat must be expected to influence IMP degradation through
aging and cooking.

Interestingly, the concomitant formation of ribose upon
hydrolysis of inosine is not considered in the literature even
though ribose, as mentioned above, is known as a major reactant
in the Maillard reaction that takes place in meat.

Most flavor studies related to meat have been carried out in
model systems or in spiking studies where potential flavor
precursors have been added to meat or meat broth with
subsequent chemical or sensory analysis.

The present study aims to elucidate for the first time both
the chemical and sensory fate of IMP in two different meat
qualities (normal versus “high” pH) during storage. Initially,
the chemical degradation of inosine monophosphate during
aging and cooking of pork is investigated. Subsequently, a
sensory study of nonvolatile flavor precursors including IMP
and its degradation products of pork of two different qualities
in relation to basic taste perception and retronasal flavor
perception was carried out.

MATERIALS AND METHODS

Experimental Design, First Study.Four pigs (cross-breeds of Duroc
boar and Danish Landrace Yorkshire dams) reared and slaughtered
at The Danish Institute of Agricultural Sciences (DIAS), Foulum,
Denmark, were included in the experiment. The pigs were stunned by
85% CQ for 3 min, exsanguinated, scalded at°62for 3 min, cleaned,
and eviscerated within 30 min. M. longissimus dorsi was dissected from
the area of the last rib. Rectangular meat samples @ x 2 cm),
from which all visible fat and connective tissue were removed, were
cut, vacuum-packed in pairs, and stored &C4for 1, 3, 5, and 9 days
after slaughter. From all meat samples, 400 mg subsamples were taken
at different times of aging to determine inosine monophosphate, inosine,
and hypoxanthine in the raw meat.

The meat samples were cooked in an oven at A5Q@o an inner
temperature of either 70 or 9 and subsequently cooled to room
temperature. From each cooked sample two subsamples from the outer
layer 1 mm and from the center part, respectively, were obtained.
Subsequently, extractions were carried out according to the procedure
described below for the determination of inosine monophosphate,
inosine, and hypoxanthine.

Experimental Design, Second StudyPork carcasses were randomly
selected at the slaughter line at Danish Crown, Ringsted, Denmark,
according to hot carcass weight (789 kg) and meat percent (58:5
63.0%), and 28 carcasses were chosen and grouped according to
ultimate pH, with mean values of 5.5 and 5.7 for normal-pH and high-
pH groups, respectively (16 carcasses with §.pH < 5.6, “normal
pH”, and 12 carcasses with pHb.7, “high pH”). The pH was measured
with a Knick Portamess pH-meter 751 (Berlin, Germany) equipped
with an Ingold LOT glass electrode type 3120 (Mettler Toledo, Urdorf,
Switzerland). Both loins from the carcasses were excised the day after
slaughter, vacuum-packed, and aged &€ Zor either 2 days (16 loins
with normal pH and 8 loins with high pH), 15 days (8 loins from each
pH group), or 21 days (8 loins from each pH group), before they were
frozen and stored at20 °C until further analysis.

Sensory Analysis.For sensory analysis the loins were thawed at 5

Several studies have reported a heat-induced increase in ATPC over a period of 20 h. Samples for chemical analysis were obtained,

metabolites during cooking of different muscle foods, and a
significant increase in [inosine] and [hypoxanthine] during
cooking has been demonstrated in goat’s and sheep’s @at (

and subsequently the loins were roasted in an oven at@Q6 a core
temperature of 78C. The roasted loins were allowed to rest for 30
min at room temperature before they were cut into five 1.5 cm thick
slices. The meat was served as whole meat, meat juice, and residue.

Moreover, increasing cooking temperatures have been foundyeat juice and residue were obtained by squeezing two-thirds of the
to I'eSU|t na S|gn|f|cant rise in the concentrations Of Cl’eatlnlne, remaining part of the roastin a pneumatic presQQl kg of pressure)_

IMP, and AMP in beef broth, with IMP showing the highest
correlation to the sensory data of the broii), The stability

The meat juice was centrifuged (1000 rpm, °X2, 5 min) to remove
dissolved fat globules and subsequently brought t&G30sing a water
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bath before serving, whereas whole meat and the residue were served The derivatization of carbohydrates by reductive amination was
at room temperature. performed as described by Andersen et &B)( with minor modifica-

The sensory attributes included in the analysis were salty, sour, sweet,fion. Twenty microliters of internal standardthyminose (12.5 mM)
bitter, umami, meaty, brothy, piggy, fatty, and cooked root vegetables. Was added to 10L of a pure ribose solution (standard) and to 100
The intensity was evaluated using a 15 cm nonstructured line Sca|e_0f the redissolved pUriﬂed elute from the anion eXChanger. Addltlona"y

The panel for the sensory analysis received basic training based 0n12.5/4L of 0.15 M tryptamine (dissolved in 10% propanol) was added

ISO, ASTM-MNL 13, DIN 10964, and DIN 10952. The panel consisted '© the mixtures and heated for 10 min at 90 Subsequently, 4,5l
of eight assessors—six female and two male—all living in or around of aqueous sadium cyanoborohydride solution (0.3 g/imL) was added,

Roskilde, Denmark. All assessors were familiar with pork and descrip- ang.tg]e mixtuTes. were hea;ed atd‘.lg for 6% min. lectronh . N
tive analysis. Prior to the analysis, the panelists were given four training ABI ! z%ia:_? yis V‘ll.a?j pg_r ormed by ?:apl aryce_ ec E?Ap oresis slyJ/\s/em
sessions on both basic tastes and the samples represented in th - (Applied Biosystems, Foster City, ) using

experiment. They were also trained in how to distinguish between Ce;eé:g\o_n.tFor ctiata processtljngT,r? Shm:ﬁdéu_ (}éyoto,‘gagabn) ih(rjomatopatc
retronasal flavor perception and basic taste. - Integrator was used. The method Is described by Andersen €

. . . ) al. (13).
engh;ng]r:g?escljtyw\i,}’ﬁs& el\il'?ﬂlgisg llJéT%/:r;?nzThnoTnhSetr;(s:tsL:erssdolrIQ(\a/vZ?:Ie’ The concentration of ribose in meat was calculated by the equation
served either two identical meat samples or two identical samples of Ciipoee (umolig) =
dry matter residue (k 2 cm). The meat juice (£520 mL) was served ribose
in small plastic cups. Panelists used nose clips when evaluating the (RNAipose X Cinternal standardMOI) X RRFp000/Mynes(9)
first sample (basic taste perception) and no nose clip when evaluating
the second sample (retronasal flavor perception). During training, the Where RNAiose = NAribosdNAintemal standardNAvribose = (AvibosdM T ribosd),
following reference compounds were used: sour (citric acid, 2 g/L), C = concentration, MT= migration time, NA= normalized area, and
sweet (saccharose, 12 g/L), bitter (quinine hydrochloride, 0.01 g/L), RNA = relative normalized area.
umami (-glutamic acid monosodium salt, 2 g/L), brothy (Knorr, pork For the quantification of ribose, relative response factors (RRF) to
stock cube), and greasy (decoction of oxtails). All three fractions from the internal standamkthyminose were calculated. RRF was determined
the same animal were served in the same session in a randomizec®S Oo-inyminoséCiiose Wherea. is the slope of the calibration curve of
design. pure ribose solutions (0.0025—0.1M).

Analysis of Inosine 5'-Monophosphate, Inosine, and Hypoxan- D_ata Analysis.Data analysis was p_erformed_ using S.AS v. 8.02 (SAS
thine. Pork samples (50 mg) for chemical analysis were homogenized '"Stitute Inc., Cary, NC) for analysis of variance with the MIXED
(Polytron PT-MR 2100) for 10 s in 3 mL of ice-cold 0.6 M perchloric proce_du_re and Unscrambler v. .9'1 (Camo Process AS, Oslo, Norway)
acid (PCA) containing a pH indicator (0.004% bromthymolblue and ©F_Principal component analysis (PCA). . .
0.004% phenolphthalein). The samples were left on an ice bath for 15 The ANOVA m_odel f°T analyzmg chemical d‘?‘ta contained _anhlmal
min before neutralization with 2.7 mL of ice-cold 0.8 M KOH and the 25 random effect in _the first e_xper_lment and animal nested W|th|n_pH
addition of 0.125 mL of ice-cold KHPO, buffer. Subsequently, the in the _second.experlme_nt. Aging t'me. anql treatment were set as'flxed
mixtures were mixed for 10 s (IKA MS 2 Minishaker), and the pH effect n the first experlmt_ent and aging t_|me an(_j pH group as flx_ed
was adjusted to78 using either KOH or PCA. Finally, the mixtures effect in the second e_xperlment, and_the |nteract|ons_were set as fixed
were centrifuged at 4000 rpm for 10 min a@ (Multifuge 3 S-R, effects in both experiments. Interactions were kept in the model for

Heraeus, Germany), and 1 mL of supernatant was transferred to ancalculating necessary least-square means (LSM). The concentrations
Eppend(;rf vial and frozen at80 °C until further analysis of IMP and inosine were used in the model as covariates when inosine

. . and hypoxanthine, respectively, were analyzed.
The samples were thawed and centrifuged at 10000 rpm for 5 min Data analysis was performed separately on data as to whether a nose
at 4 °C (Eppendorf centrifuge 5417R), and the supernatants were

A . clip was used or not and separately for each fractioeat, meat juice,
transferred to cold HPLC vials and placed in a thermostated autosampler, P P y J

; e e and residue.
(1-2°C) (G.A.F. 4). Analysis of inosine’smonophosphate, inosine, The ANOVA model for analyzing sensory data contained animal
and hypoxanthine was carried out by high-performance liquid chro-

; nested within pH as random effect, aging time, pH group, and the
matography (HPLC) (Hewlett-Packard HPLC system series 1100 jyieraction as fixed effect. The concentrations of IMP and hypoxanthine
Germany) using UV detection (210 nm). A 20 sample was injected

. ; were used as covariate in the models for analyzing brothy/meaty and
on the column (Lichrospher 250 4 mm RP18, Germany) from which e /saity/piggy taste, respectively, and removed from the model when

the three compounds were separated by isocratic elution using aso"’enhonsignificam. LSM andb values inTable 2 are calculated with a
based on a buffer containing 10 mM tetrabutylammonium hydrogen gjmiiar model without separating the fractions, excluding chemical data
sulfate and 215 mM KEPO, to which 7.5 mL methanol/L was added. g including assessors as random effect.

The following flow gradient was used to obtain optimal separation:  pear5on correlation coefficients together with probability values are
0.5 n_1L/m|r_1 for 5 min, increasing to :_L.5 mL/min during 1 min, gnq used for correlation analysis.
keeping this flow for 9 min before a final decrease to 0.5 mL/min in PCA was performed on whole meat, meat juice, and the residue

0.5 min. Quantification was based on standard curves using externalg s ion, respectively, in combination with the flavor perception method
standards and calculations carried out in the included software (HP inq )| cross-validation without standardization of the observations.
Chemestation). In the first study, the sample size and extraction volume

were |ncr§ased _8 times. . . RESULTS

Analysis of Ribose.The concentration of ribose was measured on
six samples of high-pH meat. Three milliliters of 70% methanol was ~ Experiment 1. Figure 1 shows the concentrations of IMP,
added to 2 g ofminced meat in a 10 mL centrifuge tube. The mixture inosine, and hypoxanthine in fresh pork during aging. The
was homogenized (Ultra Turrax T 25, Janke & Kunkel, Staufen, concentrations of IMP and hypoxanthine were constant through-
Germany) for 1 min at moderate speed, followed by centrifugation at gyt the first 72 h, whereas the concentration of inosine increased
2000gfor 3 min. The procedure was repeated three times in all, and gjgnificantly from 24 to 72 h. From 72 to 216 h the concentration
the F’fOO'eq S“pe.rgatams were d.e"af’orgt.ed to dryfness by "’.‘I'I'f' Theof IMP decreased with a simultaneous increase in the concentra-
(I\:/Ie_n_tn ugation residues were redissolved in 4 mL of water (Mill-Q, o~ oo T hypoxanthine.

illipore, Bedford, MA) of which 2 mL was subjected to group s .
separation by ion exchange chromatography as described by Andersen, Significant correlfanor']s were found between the concentra-
etal. (13). Ribose was eluted with 4 x 4 mL of water, subsequently ~ tions of IMP and inosineR = —0.68, p = 0.0035), and
evaporated to dryness, and finally redissolved in 20@f water before tendencies to correlation were seen between the concentrations
reductive amination and high-performance capillary electrophoresis Of inosine and hypoxanthineR(= 0.44,p = 0.0910) during
(HPCE) analysis. aging, whereas no significant correlation was found between



7772 J. Agric. Food Chem., Vol. 54, No. 20, 2006 Tikk et al.

Table 2. Sensory Scores of the Different Meat Fractions Assessed as Retronasal Flavor Perception (WO) and Basic Taste (W)

whole meat dry matter residue meat juice pvalue
aging normal pH high pH normal pH high pH normal pH high pH aging? fraction pH?
days WO W wobP w wo w wob w WO Wb wo Wb WO W WOandW WO w
sour 2 564 478 45 334 377 258 355 191 732 735a 662 6.56b

15 559 456 477 368 384 219 313 214 778 7.75a 556 553a ns ns ek ok fkk[k kg [k
21 583 49 433 326 3.63 225 294 211 786 799 674 6.69b

salty 2 163 179 144 122 141 112 131 098 437 738 394 6.01
15 195 208 159 146 153 108 1.1 0.83 456 7.36 6.45 5.17 ns ns ok * ns/insf**
21 218 242 153 168 145 083 136 09 484 745 442 339

bitter 2 105 065 070a 059 138 095 110a 082 199 161 204 137
15 142 099 109a 077 128 076 1.30a 081 206 136 218 176 s ns ok ns ns
21 139 077 191b 1 184 102 192b 116 256 18 277 198

umami 2 075 01 058 04 058 0.08 093 012 324 152 322 201
15 1.03 061 081 015 057 015 038 0.03 336 173 253 171 ns ns x ns ns?

21 08 035 053 02 062 026 03 013 356 229 374 161
pork flavor 2 789 066 75 113 562 025 6.68 047 7.08 217 6.82 187

15 746 119 8.09 108 646 037 6.36 023 703 19 6 174 ns ns ek ns ns
21 805 116 7.37 092 618 035 563 027 749 185 6.38 201

brothy 2 292 067 037 051 153 038 233 021 6.89 204 633 173
15 321 081 276 08 174 026 212 04 725 179 546 16 ns¢ ns x ns ns
21 344 073 258 057 167 034 111 029 596 204 594 19

greasy 2 025 004 023 0.07 016 0 0.05 0.04 364 244 344 264
15 013 0 0.12 006 006 O 0.1 003 34 279 346 2.78 ns ns ok ns *Ins/ns

21 004 O 0.36 02 005 0 0.1 0 36 31 361 317

a|f the level of significance was different for the three fractions, the levels are stated as whole meat/dry matter residue/meat juice. ® Different letters in the same column
show significant difference for the attribute. €A small significant interaction (p = 0.03) between pH and aging was seen for the dry matter residue fraction. A small
significant interaction (p = 0.02) between pH and aging was seen for the meat fraction.
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Figure 1. Influence of heating on the concentration of IMP, inosine, and hypoxanthine in the center of meat samples as a function of aging: 1c90, 1
day of aging of a center sample heated to 90 °C; r, fresh meat. Letters on bars indicate significant differences between aging time (a—d) within treatment
of a metabolite and significant differences between treatments (x—z) within aging time of a metabolite.
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the concentrations of IMP and hypoxanthine during aging (R inosine at the surface increased independently of aging compared

= —0.31,p = 0.2367). with the concentrations in the fresh mekigure 2).
The sum of the concentration of IMP and its degradation = Experiment 2. Table 1shows that IMP, independent of pH,
products reached the highest point at 72 h of aging. in the fresh meat decreased significantly<{ 0.0001) both in

Figure 1 also shows the concentrations of IMP, inosine, and the samples aged from 2 to 15 days and in those aged from 2
hypoxanthine in fresh meat and in the center of the pork samplesto 21 days. The difference in the concentration of IMP between
aged for different time intervals and heated to a center pork samples from the normal-pH and high-pH groups, with
temperature of 70 and 9, respectively. the concentration being highest in the high-pH group, was only

Independent of aging time, cooking resulted in a decrease in statistically significant after 2 days of aging.
the concentration of IMP with a concomitant increase in the  The decrease in the concentration of IMP preceded a
concentration of hypoxanthine. The concentrations of IMP and simultaneous increase in the concentrations of both inosine and
inosine in the center of the cooked samples decreased indepenhypoxanthine in meat samples of both qualities aged from 2 to
dently of time of aging, whereas the concentrations of IMP and 15 days and from 2 to 21 days, respectively.
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Figure 2. Influence of heating on the concentration of IMP, inosine, and hypoxanthine in the outer layer of meat samples as a function of aging: 1090,
1 day of aging of a surface sample heated to 90 °C; r, fresh meat. Letters on bars indicate significant differences between aging time (a—d) within
treatment of a metabolite and significant differences between treatments (x, y) within aging time of a metabolite.

Table 1. Change in Concentration of IMP, Inosine, and Hypoxanthine of Meat with High and Normal pH as a Function of Aging Expressed as LSM?
with Standard Errors

aging IMP (nmol/mg) inosine (nmol/mg) hypoxanthine (nmol/mg)
days high pH normal pH high pH normal pH high pH normal pH
2 4.22 +£0.16 ax 376 £0.11 bx 1.63+0.23x 1.75+0.15x 0.74 £0.08 ax 0.52 + 0.06 bx
15 252+0.16y 239+0.15y 3.02+0.16y 334+0.16yy 1.38 +£0.07 ay 1.15+0.07 by
21 210+0.16y 1.86+0.16 z 343+0.19 ay 4.24+0.21bz 1.61+0.07 az 1.24 £ 0.09 by

2 Means with different letters (a, b) within a row of a metabolite indicate significant differences between pH groups (within aging time), p < 0.05. Means with different
letters (x—z) within a column indicate significant differences in concentration of a metabolite between aging times (within pH group), p < 0.05.

The samples of the high-pH group analyzed for the con- p = 0.0014; and basic taste perceptiprs 0.0001). Moreover,
centration of ribose had mean values of 0#20.38 and the sensory attribute salty identified only by basic taste
1.33+ 0.41 nmol/mg of meat at aging times of 2 and 21 days, perception was significantly influenced by pH in the maat (
respectively. The concentration of ribose showed tendencies to= 0.006) and meat juice (& 0.0134) with pork with normal

significant correlation to the concentration of IMR€ —0.74, pH being more salty. Finally, the sensory attribute bitter tended

p = 0.0912) and inosine (R 0.75,p = 0.0831). to be more pronounced in the pork juice fraction from the high-
The scores for the sensory attributes by retronasal flavor pH quality (p= 0.0793).

perception are shown iffable 2. There was a significant The sensory attribute bitter determined by retronasal flavor

difference between the fractions for all attributes, independent perception in the pork residue was affected by aging of the meat
of pH and aging, with the highest scores in the meat juice. The (p = 0.0359), as the residue became more bitter upon prolonged
differences were most pronounced for the salty, sour, umami, aging. Moreover, the sensory attribute piggy seemed to be more
greasy, and especially the brothy attributEable 2 also gives pronounced in whole meap & 0.0791) and meat juicg(=
the sensory attributes obtained as basic tastes. Even though th8.0363) determined by basic taste perception and in whole meat
difference between fractions in the brothy attribute was not as (p = 0.0513) determined by retronasal taste perception. Finally,
pronounced as obtained by retronasal flavor perception, theaging of the meat had a positive effect on the sensory attribute
overall pattern was the same independent of the perceptionsalty in whole meat determined by both retronasal flavor
mode. The pork flavor attribute was most intense in the whole perception (p= 0.039) and basic taste perceptior=.0297)
meat obtained by retronasal flavor perception; however, both and in pork residuep(= 0.0722) determined by basic taste
the residue fraction and the meat juice fraction also scored highperception.
for this attribute. To compare data obtained by sensory analysis with the
Performing sensory analysis with and without nose clips chemical data on the meat as a function of aging, PCAs were
clearly showed that the basic taste attributes, salty, sour, bitterperformed on the data. PCA was carried out on data from whole
and umami, resulted in almost the same scores independent ofneat, meat juice, and the residue, respectively, and on sensory
mode of perception, whereas the scores of the other sensorydata obtained both with and without nose chigures 3and4
attributes, for example, meaty, brothy, and fattigcreased show score and loading plots of whole por&) (and the
drastically when the sensory analysis was performed with a nosecorresponding meat juicé) and residued) on retronasal flavor
clip. perception and chemical data. figure 4a, PC3 expands the
Independent of the two sensory analysis approaches, theaging time and PC2 the meat quality (normal, 5.H < 5.6
sensory attribute sour was as expected found to be significantlyand high, pH>5.7), whereas PC1 expands aging time and PC2
more pronounced in pork of normal pH (retronasal perception, the meat quality in both panelsandc of Figure 4. Panelsa
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Figure 3. Score plots from PCA of meat (a), meat juice (b), and residue samples (c) using retronasal flavor perception. Rectangles represent samples
of normal pH, and circles represent samples of high pH.

and c of Figure 4 show that the sensory attribute brothy is Subsequent correlation analysis showed that brothy determined
associated with meat aged for only 2 days (fresh meat) and IMP. by retronasal flavor perception was significantly correlated with
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Figure 4. Loading plots from PCA of meat (a), meat juice (b), and residue samples (c) using retronasal flavor perception. Plots include pH groups
(normal, high), aging times in days (2.000 = 2, 15.000 = 15, and 21.000 = 21 days), chemical data (IMP, inosine, hypoxanthine), and sensory scores
(sour, salty, sweet, hitter, meaty, brothy, and piggy). “WO_brothy _t" represents the brothy taste experienced by retronasal flavor perception.

IMP in the pork residueR = 0.36,p = 0.0265). Moreover, associated with meat aged for 21 days and the presence of high
Figure 4 clearly shows that the sensory attribute bitter is concentrations of hypoxanthine. Subsequent correlation analysis
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showed that hypoxanthine and bitterness determined by retro-temperature or the fact that the flavor attributes included in the

nasal flavor perception tended to correlate positivBly=0.31, sensory analysis do not reflect ribose or ribose-related flavor
p = 0.0621). compounds. Further studies are needed to exploit this.
Finally, Figure 4 confirms that the normal meat quality is The difference in perception of salty, sour, bitter, and umami
associated with the sensory attribute sour, as also found byattributes (basic tastes) and the other sensory attributes, for
analysis of variance. example, meaty, brothy, and fatty (flavor), depending on whether
sensory analysis was performed with or without nose dlgb{e
DISCUSSION 2) suggests that this approach fulfills the required distinction

The fate of the umami compound, inosine monophosphate between basic taste perception and retronasal flavor perception.
and its secondary degradation products, ribose and hypoxanthine, Brothy fl_avo_r in beef and ppr_k brqth has bee_n shown to
in pork during storage and cooking and their subsequent increase with “".‘911'14)' anditis bell_eved to be |nf|_uenceq
influence on the flavor development in pork is far from well by the prpteolyﬂc breako!own of proteins to free amino acids
established. This is so despite the fact that such an understandin nd peptides. However, |n_the present study we were not able
could provide valuable information of importance in the 0 see any developme_nt inthe brothy flavor attribute as a
marketing of pork products with high eating quality. consequence of ag|r.19 t',me' .

The present data showed a decrease in the concentration of COmPounds contributing to a specific pork flavor, such as
IMP and a simultaneous increase in the concentrations of inosinez-methyl-3-furanth|ol, an(_j cqrrespondlng disulfide from the
and hypoxanthine in fresh pork during aging and, hereby, thermal degradation of thiamin have bgen reported to havg an
resemble data previously reported by Kato and Nishimiu. ( extremely low odor threshold (17), confirmed also by the high

However. in contrast to the results from Dannert and Pearson Scores for pork flavor attribute for all fractions in the present
(15) on ’beef we were not able to confirm a temporary study. The fact that the pork flavor attribute was mainly assessed

accumulation of IMP in the meat during the first day post- by retronasa! flavor perception |nd|9ates that_vqla_ule compounds
mortem mainly contribute to this flavor attribute. This is in accordance

The maximum concentration of IMP and its degradation with the general principles of the meat flavor development, as

products, inosine and hypoxanthine, was reached at 72 h after]vlai”"’"(_]I reactior] products and lipid oxidation p_roducts, which
slaughter Eigure 1), which is in agreement with data by Lindahl are mainly volatiles, are thought to be responsible for both the

et al. (16), who found that the post-mortem metabolism proceedsmeatY and the SpeCieS'SpeCiﬁ,C flavor of meaﬁ:,sl@).
up to 2 days postslaughter. Unlike the results by Bryhni et al10) reporting the lower

Our data clearly show that inosine accumulates without intensities of the pork fI_avor attribute in meat with a high_ pH,
noticeable increase in the concentration of hypoxanthine during the POrk flavor was not influenced by the pH of the meat in the
9 days of agingRigure 1). This can be explained by the fact Present study. This might be due to the rather small pH
that the rate at which IMP is dephosphorylated to inosine is différence and the low cooking temperature used in the present
much more rapid than the hydrolysis of inosine to hypoxanthine stut_:iy, which results in only low intensities of the pork flavor
(7). Moreover, the degradation of IMP proceeded more rapidly attribute. . .
at higher temperature, whereas only small or no differences were The difference in pH of the two meat quality groups
found in the concentrations of inosine and hypoxanthine upon influenced the sour flavor aFtrlbute, resulting in higher scores
increase in heating temperature from 70 to°@0(Figure 1). of sourness of the meat with normal pH, as expected from
This indicates that during heating both inosine and hypoxanthine Previous resultsl9). The source of the sour taste might mainly
go into subsequent reactions with other constituents in meat.Pe the lactic acid from a more extensive buildup of lactic acid

In the present study, we found a highly significant difference from post-mortem glycolysis of the meat with low pR(Q).
between the concentrations of IMP, inosine, and hypoxanthine Schllchtherlg-Cgmy and Grosch (21) showed that lactic acid is
in the center FFigure 1) and at the surfaceFigure 2) of the Fhe most active ion in beef broth and that 83% of thg assessors
pork samples, with higher concentration at the surface. This In & Sensory triangle test could recognize the_ omission of lactic
might just be explained by a pronounced dehydration of the acid in a model system of the broth. Lactic a_C|d is _vvater-solqble,
outer layer during cooking, even though it cannot be completely and _the onv scores for the sour flavor attrlputg in the residue
ruled out that a thermally induced dephosphorylation of residual fraction might just be a result of the combination of the fact
ATP/ADP and AMP might also take place. However, additional fthat most of _th_e lactic acid is no longer |n_th|s fraction, but is
studies are needed if this aspect has to be elucidated furtherin the meat juice, and that it is more easily masked by other

The degradation of IMP was found to be weakly dependent flavor compounds present in residue fraction. .
on the meat quality, with pork of normal pH having lower IMP The bitter taste can be elicited by hypoxanthine,. hydrophobic
concentration after 2 days of agingable 1). However, meat ~ @mino acids, either free or bound in smaller peptid 23),
quality was not found to influence the degradation of IMP @and certain Maillard reaction products, for example, pyrazines
further during aging. This influence of meat quality might be (24), which might be perceived by basic taste perception as well
explained by the fact that the stability of IMP, containing weak as by retronasal flavor perception.
chemical bonds, for example, glucoside and ester bobh2lg ( The flavor attribute bitter increased as a function of aging in
is both temperature- and pH-dependent, which is why low pH both the meat and the residue fraction as assessed by retronasal
might accelerate the dephosphorylation of IMP in the period flavor perception, with the increase being most pronounced from
early post-mortem. As expected, the concentration of ribose day 15 to 21.
increased during aging in the samples analyzed. Absolute values PCA allows describing data from chemical analysis together
of ribose equal to the concentration of hypoxanthine thereby with data from sensory evaluation in one analysis. It defines
support the stoichiometry of the degradation of IMP. However, the main effects present in data as principal components (PCs)
no significant relationship was established between ribose andand display the PC'’s strength in relation to the whole dataset
flavor attributes. This might be due to the relatively small and each other. Individual samples are placed in the score plot
number of samples analyzed and the relatively low cooking in relation to the loading plot of the variables.
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To illustrate the connection between sensory attributes of the
two meat qualities during aging and IMP and its degradation
products, a PCA of each of the three meat fractions was carried
out (Figure 4). The obtained PCs clearly distended the time of
aging and the quality of the meat in the loading plots. The data

showed that the sensory attributes brothy and meaty correlate

significantly with nonaged meat and IMP, being most pro-
nounced in whole meat, and thereby support previous data
showing that IMP is a desirable flavor enhancer in meat and
fish (25—27). Moreover, the correlation between the sensory
attribute bitter, aging for 21 days, and hypoxanthine indicates
that the formation of hypoxanthine upon degradation of IMP
might contribute to flavor deterioration during storage of pork,

as previously suggested to be the case during prolonged storage

of fish (28). Finally, the PCA data confirm the result of the
sensory analysis that the sensory attribute sour is highly
correlated to the pH of meat.

In conclusion, the obtained results clearly demonstrate that
aging and cooking are important for the development of essential
meat flavor precursors. In contrast, the difference in meat quality
(pH) within the limits studied in the present study had only
negligible effect on the development of the studied flavor

precursors. The flavor enhancer inosine monophosphate was

found to contribute to the sensory attributes brothy and meaty,
whereas its degradation product hypoxanthine was related to
the sensory attribute bitter in pork. Finally, the change in sensory
attributes from brothy/meaty to bitter taking place during the
storage of pork was found to coincide with the continuous
degradation of inosine monophosphate to hypoxanthine.
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